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ATP-sensitive Potassium Channel in the Ductus Arteriosus of Fetal Rat

Jing SHEN, Toshio NAKANISHI and Makoto NAKAZAWA
Pediatric Cardiology, Heart Institute of Japan,
Tokyo Women’ s Medical University, School of Medicine

The O»sensing mechanism may be underdeveloped in the ductus arteriosus of the premature fe-
tus. The ATP-sensitive K channel may be one of the O:-sensors. This study was designed to investi-
gate developmental changes in the ATP-sensitive K channel in smooth muscle cells of the ductus ar-
teriosus in the rat fetus. The ductus arteriosus was isolated from fetal rats at 19 and 21 days of gesta-
tion (term: 215 days). The fetus at 19 days served as a model of the premature fetus. The effect of
glybenclamide, an inhibitor of the ATP-sensitive K channel, on ductal contraction was studied. Gly-
benclamide caused significant contraction in the 21-days fetus, but not in the 19-day fetus. Whole-cell
K currents were measured in single smooth muscle cells isolated from the ductus arteriosus using
voltage-clamp techniques. The K current density activated by pinacidil, an opener of the ATP-
sensitive K channel, and that inhibited by glybenclamide were significantly greater in the fetus at 21
days than in the fetus at 19 days of gestation. Glybenclamide depolarized the membrane potential in
the two age groups, but the degree of depolarization in the 21-day fetus was significantly greater
than in the 19-day fetus. These data suggest that Kamw is underdeveloped in the premature fetus and
support the hypothesis that Kar is one of the O; sensors in the DA and that O-induced contraction of
the DA may not occur because Karr is underdeveloped in the premature fetus.
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A. 21-day fetus

Glybenclamide (3uM)

L50 mM KCl

(]

Force (mN/mm)

B. 19-day fetus

Glybenclamide (4uM)

50 mM KCl

Force (mN/mm)

1 FWHEIRE oI
ATP 2K F v ¥ 2 VOMEHRTH % glybenclamide (4 uM) % &L THER T 2
&, 21 BIsFEIIRE (A) UUR L7225, 19 HIBFEIRE (B) 13IUHE L d o 72,
50 mM KCI T, 21 HEEFEIIRE, 19 HIGHFEIIRE & & 12UE L 72,

%L OF B L.

T AIILIENS, 21 HEBFT v S 0BhIRE 3
BRFECTIHEL, 19 HIBFO T v MIBEE T L
BN ERRLAEY. b LANIC ATP &2 K
F v ARIVHRFEIC L ZERE DS ICE S LTw
57% 5, 19H7 v MEHFTIZ ATP &K F ¥
VANDREETH B ARMNL D B.

Kifsen HE, 5 v MEFEIRE BT
ATP S K F v v 2 VOFEITES L%
N, BREICHFET S ATP EEZHK F v » 2
DEHPERIIOVWTHET LI L TH 5.

HRELVHE

1. MR

IR + A% —F v b & EERE WG X
DEEAL, FORBFEHW.

REBRIER L FERRFHYERGEREE S
DR Z1F72H O T, B OHY o 12 LT,
R TR RF B ERMGIE R B SR 2 M5
L7

2. Bk

1) BhARE UG O J 2

HiRZ v &RV bNLE Y — )L (50 mg/kg
PEREPIESS) TRRERER, BRIT % 80 Ttk S 2 7.
JeA 21 HERRA 19 H (X 215 H) &5 v b
fatF 2 SEIIRE 2/ L, 04~06mm DR S DF)
IREDY > 7 EREEH L 7. 2 K0 E %8R
BIZEL, 2095 1 RIEZEL, o 1 KTH)
REZ Vo do7. ZOHEIZENIS VR
Ta—h—2o4X, BREVEETLENZHE
SE L7270,

a2 b a— )b o ¥ 1d Krebs-Henseleit i
(# % (mM) : NaCl 118, KC15, CaCl, 1.5, glucose
6, MgCl. 1, NaHCO; 24, NaH,PO, 0.436) T, &2 1Z
95%N:5%CO, W A D XIZ % @& L 72. PO, & 22
~25mmHg, pH & 7.38~7.42, PCO, i% 35~42
mmHg TH -7z, & KClLIEZEFIZHW228, 0
&1 213 KC150mM, NaCl73mM & L7z,

BIRENME L 3 DD K, Thabh, OATP
B K F v Y A NVOHEHR TH 5 glybencla-
mide (4uM) % &R CHER”, OBEEMKRGEME

—522—



A. 19-day fetus

Control

27

60mV
-T0mV
-80mV
10 4 M pinacidil
o
10 M pinacidil

K2 BREFEGHETCON) 7 ABHROUE
RRERIZ-70mV & L, ERRICEEZ 200 ms O/, —-80mV 45 +60mV T
20mV IR TELEE, MNP EHREZME L/, 2> P — L TOE) L pinacidil
HAETCOBERAYTT. 19 HIBF B) Tik pinacidil 12 & % K BROZELZHT 1T
Hotzh, 21 AR (A) T K EREHEmMmL ..

KF % ¥ 2 VOHERCTH % 4-aminopyridine (4
AP, 10mM) % & & C# ¥, @50 mM KCl
EUHTER", CTOBREDHOR KL A7,

2) HliREHAE

far 21 HEBRAE 19 HOS v MEEFD S BIIRE
ZHE L, LT OFETEIRE FE 2 BEE
L7

# L 78R & % Cafree Hanks i (R B
(mM) : NaCl 138.8, KCl 5.4, NaH.PO, 1.2, MgCl,
05, HEPES 10, EGTA 0.1, pH 74) HIZ AN 72, X
|2 papain (04mg/ml, Sigma #1:), dithiothreitol
(0.19mg/ml, Sigma), bovine serum albumin (0.2
mg/ml, Sigma) #* & tr Hanks ¥iH TEIRE % M
WL, 37C 5~84MA yFax—hrL7% KIZ
B Rk %5 #L#k % collagenase (0.25mg/ml, Yakult
)2 ELWTITC 5~7THf vy Fax—FLk
%, BE2EIRVIRICEBL, R L. MR

RWEHTIRS Z & CHEETEHMREZES 2 e
T&7, MIEHBEYHOAM .

3) NvFrI Tk

B & B EE E DN A DRI E S E
B, NZA B RER L 8RO PO, 1 30~35
mmHg Tdh - 72, 1 EOHIL % FH 72 whole-cell
Ny F27 7 TEERCWT, BEMEEERT, 7
Y LB (K Bl 2fllE L7z ExXy bPHOD
W oo M E (mM) & KC120, KOH 120, MgCl. 2,
EGTA 10, HEPES 5, Mg-ATP 5, aspartate 60, pH
74 THolz. NADERBOMBE (mM) 13 NaCl
143, KCl 54, NaH.PO, 0.33, MgCl, 0.5, HEPES 5,
pH 74 T o7z, BERWZ pinacidil (4uM) F 7213
glybenclamide (10 uM) % & i I1ZZE 2, pinacidil
TiEHIb s b K it Lk, glybenclamide THIH]
SNAKERZATPE = HKE R & L
7208 B 7 ¥ 7 Axopatch 200B (Axon
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A. 19-day fetus
2%

= Control
» -+ Pinacidil

-
»

Current (pA/pF)
s

-30 -60 -40 -20 0 20 40 60

Test potential (mV)

C. Difference current
7

Il 19-day fetus
21-day fetus

Current (pA/pF)

80 .60 40 -20 0 20 40 60

Test potential (mV)

Current (pA/pF)

B. 21-day fetus

25 —— Control

-#- Pinacidil
20 x
15 *

-80 -0 -40 -20 0 20 40 60 %0 100

Test potential (mV)

3 BREFRGHETON Y Y A EH-BITEBE
a2 Fa— )V TOERE pinacidil FHET TOEREZRT. 19 HIBT (A), 21 HiEF

(B) &b K EiixHmL 7.
Bl miroie.

K BH O (O) 1 21 HIIFICHA, 19 HibF T

*lvs a2y bO— ) p<005, **vs2] HIBF (n=6) p<0.05.

Instruments, Foster City, CA, USA) #ZHwWT
WEL F—% A Y 7 & pClamp 8.2
(Axon Instruments) # 7z,

REEEIE-70mV & L, HEERICEEZE 200
ms O, —80mV 25 +60mV F T 20mV MFET
AL, WML EMEHE L.

PREFEE OmV 205 10mV (S0 sz &
@ capacitance transient 2* 5, JE% & membrane
capacitance % K7z, BRE 0 55 H AR D
HE321 HRFTE 11804 pF (n=40), 19
HIEF Tt 114+05pF (n=42) EHFEEE R
o7, BIFEE current density I BHR 2 KA E
THLTHELZ (pA/pF).

JREENIET > T OBHEEE— F 2 A THlE

L7,

4) #% &t

FERIL Y + EHER A TR L 2. 280 FIE
DI IE Student @ t HRE & FV 72, i
MY BHUSDAEBEMEMET 5121, Fendb
t MUE 72\ L2 B HT repeated measurements of
analysis of variance "THET L7z, p EA 0.05 A
DYERAERL L.

B - -

1. EPAREANME

50 mM KCLIZ & - T, 21 HIEFEIRE (n=6),
19 HIEHEIIRE (n=6) & HITUHEL 2. ATP
EZWKF v Y ANVOBRER TH 5 4uM gly-
benclamide Z &L TH T 5 &, 21 HIGTFE
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Current inhibited by glybenclamide after activation by pinacidil

! B 19-day fetus
) 7 21-day fetus T T
S
& ‘l' /
2 o iy
r ‘A B
. 1000
1 1 / o / - / - ://; o /fé
8 60 -40 20 0 20 40 60

Test potential (mV)

4 BIREFHEHMAMIZB VT, pinacidil (4 uM) TiHEMEL S 72, glybencla-
mide (10 uM) THHI SN B A1) 7 L EHT
Glybenclamide THIHl * N % K B, 21 HRTFIZH~N, 19 HEFTEEIZA L
Motz **ivs21 HERfF (n=6) p<<0.05.

MR T UHE L7245, 19 HIBHBIIRE (LU L 72
holz(W1). BREMEZEK Fv A VOlE
#| T 3 % 4-aminopyridine % & LW THEW T 5
&, 21,19 HFEMRE & HIZPUE L 7.

2. ATP RS K F v > XIVER

BIRE 2O BB L - PR TK F v v %
VEREZWET S &, pinacidil TIHEHIL XN S E
Wit d, glybenclamide THIfl S5 EiR D, 21 Hia
FTIX 19 HIBFICHARKE o7 (K2,3,4).

— 7, BEMAESEK F v A VOHERTH
% 4-aminopyridine DA A5 L, 21 HIEF &
19 HJ&F TIx, 4-aminopyridine THIH| S5 K
FX Uy ANVEBRICEZ2HEMTAREI Do
(n=6).

3. BREM

FiILBEEEALE 21 HIGH (—407+£33mV) & 19
HIEF (-415+40mV) TEEZEI L0 o 72, Gly-

benclamide (310 H #G#E TR 282 2 L7243, £
DA OFEREE I 21 HIEMF (333+33mV, n=
12) ®FH19 HigF (82128 mV, n=12) 2k
RTKRKED»o7 (K5).
z E

ATP &M K F v v 2 VIdHIA ATP B E
BTFDLERLIY., ATPEZEK F v ~ 2 U8
BV 72 REE O MBI glybenclamide 235 & b
&, ATPESMHKF v v 2 VIZH L 5. ATP
EZEK F ¥ v AV L CREAM DB 5 A%
I BE,CaF v v ANDEWTHIE D & N
® Ca i AW X, MFEN CaiBEN LA L TR
BIHEAE 2 5.

4B OWFFE Tl glybenclamide i 21 H & T
FEREIGE 22 L2225, 19 BIBF T T &
Bhpol, TOIEX, 21 ABFORKL Bk
ECTIXATPREZEK F v Y AVPHFLEL TV T
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A. 21-day fetus

mV ' Glybenclamide
20—
40 -
| N —
S mi
B. 19-day fetus i
mV
.20 _ Glybenclamide r
" MWMM
——
5 min

5 Glybenclamide 2 & % JEEN HZAL
Glybenclamide ¥/ HEFE TR OB EZ R L2AS, 4
DB ROIEEIL 21 HIRHIZH~, 19 HEfFTkb
THhTHoT.

IEE S IREE TIZBALT L Tw % %%, 19 HIBIF D43t
ZERE TIE ATP BZEK F v v AVIZEIC
PPN REETCHAI L 2RIET 5.

ERICHRED> S HBEL 2 FEHMiacK
Fx rANVERZEET S L, pinacidil THEMEAL
SNAHEIRD, glybenclamide T S 5 Bk
b, 19 HIgF T 21 BIRHFICHANE o7z &
DZELIFEATPEZHEK F v 2 IVERIZ 19 H
FafF Tt 21 HIRFIC AR W L 2RI T 5.

FaxLanc, 21 HIBfF o v b OERE BEE
TG L, 19 HEEF T v MIBRETIWE L 2nwa
EaRRNLEE. SHoFERERETSH L, 21 HIA
FENIRAE (2B CUUHE L, 19 HBTEIIRE B
TG L Z20wolk, ATPEZEK F v v 2 U8
FRICMEL VY —L LTEWTWT, 19 HIBHF
TIEATP BEZEK F¥ Y ANVDBERBETH A7
DO REEDE . ‘

SE O TIX, BEMKGEHEK 7+ A0
FHEH#] Td 5 4-aminopyridine % & $ il THEEW T

b &, 21 BIEFEIIRE, 19 HEEFEIIRE & 312X
fg L7z, %72, 4-aminopyridine % F W72 EE AKX
FHEKF ¥ 2 VEROMETIX, 21 HEFE
IOHBHFTCEREEEZI R o2, Z0Z kid19
HRGF CREICEBMAKAFEK F v » 2 V2358 5E
LTwaIZLERETA b LEEMEZEK
F v YAV EBREL V-5 5, 19 HIEF T4
aminopyridine % & T THEFE L T b IUHEANE =
LRWVWETTHAS. ULoiER2S, 19 HBFE
AREDVEEHZ TIUE L 2 WEHNIZ, Pt d 5
ik, ATP BREH K F v v A IVORBEN R
LTWBbZEmRETS.

Roulet & Coburn”i3, BEFIIBIIRE Filgs OB
SRERITZE 2R L. SEOERTIT, gly-
benclamide b BIIRE FEMH OB B E R Z L 72,
Glybenclamide (3 BIIRE 45 /) 0 Bl o & 42 = 3
CETHEZ D72 5T REMSE WA, ZOlisg
WOIEEE 21 HIF O 44319 HIRFICHARTK
&L, 9 HBEHFCORGBIZb T RDDOTHo
72. 19 AMRF Tl ATP S K F % ¥ R IVDSR
FE T, Z N, glybenclamide O i 5 4&1E H A4
% <, glybenclamide ##5 L THUHEIZE S &
WEZZOHN5.

B

Ty FTIBFREL EDICATPIESZHK
F o U ANDEENT 5. 5RO, BIREIC
BYTE, ATPREMK F 4 ¥ A VAEEL »
Y=L LTEERZEZ I 2T W INE 2 X
T 5.
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