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Experimental Study of the Pharmacological Manipulation
of the Fetal Rat Ductus Arteriosus over 40 Years

Kazuo Momma

Division of Pediatric Cardiology, Heart Center, Tokyo Women’s Medical University, Tokyo, Japan

Since 1976, patent ductus arteriosus (DA) in the premature infants has been treated with cyclooxygenase inhib-
itors with some success. In 1993, Nakanishi discovered that DA strips in rabbit fetuses could be constricted with
glibenclamide, an anti-diabetic sulfonylurea drug. In fetal rats with direct fetal administration and whole-body
freezing, glibenclamide constricts the DA dose-dependently. In the near-term fetus, DA constriction is mild
and the inner diameter was shortened up to 30% with 1 mg/kg glibenclamide (a clinical dose for children with
diabetes with Kir 6.2 mutations). The fetal DA closes completely with 100 mg/kg glibenclamide. Following the
administration of indomethacin, glibenclamide induced the same additional DA constriction in both near-
term and preterm fetuses. In 1-day-old neonatal rats under maternal feeding, orogastric administration of large
doses (up to 100 mg/kg) of glibenclamide induced hypoglycemia over 3 days with blood glucose levels of about
30mg/dL. All of the neonates showed intact survival with good body weight gain and normal blood parameters.
These findings suggest that glibenclamide at doses of 1 mg/kg and lhigher, with concomitant administration
of glucose to prevent hypoglycemia, is useful for the closure of patent DA in the premature infants following
unsuccessful treatment with indomethacin.

Keywords: ductus arteriosus, patent ductus arteriosus in premature infant, sulfonylurea, gliben-
clamide
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Molecular mechanisms of the constriction of the ductus smooth muscle cell by oxygen at birth

Modified and cited with the permissions of the authors from Reference 7). K*: potassium ion, Ca®*: calcium ion, O,:
oxygen, O; : superoxide anion, H,0,: hydrogen peroxide, ATP: adenosine triphosphate, Karp: ATP-dependent potassium
channel, VDCK: voltage-dependent potassium channel, VDCC: voltage-dependent calcium channel, SOC: store-operated
calcium channel, Mt: mitochondria, SR/ER: sarco/endoplasmic reticulum, IP3: inositol triphosphate, IP3R: IP3 receptor,
PLC: phospholipase C, MLCK: myosin light chain kinase, CYP: cytochrome P 5.
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Clinical Doses of NSAIDs and Ductus
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Fig. 2 Constriction of the fetal ductus arteriosus following orogastric administration of clinical doses of

four common analgesics to the near-term pregnant rat
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Construction of the fetal DA with intraperitoneal injection of glibenclamide

A: Cross-sections of the ductus arteriosus (DA) and aortic arch (Ao) in the fetal rat 1h after direct intraperitoneal injec-
tion of glibenclamide in dimethylsulfoxide; C: Control, with injection of dimethylsulfoxide. G(1): glibenclamide 1 mg/kg.
G(10): glibenclamide 10mg/kg. G(100): glibenclamide 100mg/kg. LPA: left pulmonary artery. RPA: right pulmonary
artery. B: Constriction of the fetal ductus arteriosus by glibenclamide injected intraperitoneally to the fetal rat under
general anesthesia with isoflurane and laparotomy of the pregnant rat. C and D: Combined effects of indometacin and
glibenclamide in preterm (19th day) and near-term (21st day) fetal rats. Indomethacin (0.1, 1, or 10mg/kg) was first
administered orogastrically to the pregnant rat, then 3h later, glibenclamide (1 mg/kg) was injected directly to the fetus.
The ductus was studied 1h later. Glibenclamide constricted the ductus to the same degree in preterm and near-term

fetuses.
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MK (1962 ) I3 AR ENARE RS (B —
GRS DY 1969 4F) IZHISNTWiah o fe.
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B Weight Gain:
Neonatal Rats with Glibenclamide
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Fig. 4 Hypoglycemia in rat neonates with glibenclamide and treatment with glucose

A: Hypoglycemia in 1-day-old neonatal rats with orogastric glibenclamide under maternal feeding. B: Mortality and
weight gain in the neonatal rats with glibenclamide. Mortality is shown as the number of deaths the over the total.
Death occurred within 24 h of glibenclamide administration. 1,000 mg/kg glibenclamide was given to 12 rats and 2 died.
Ten survivors showed good weight gain. C and D: Glucose tolerance test in 1-day-old rats. Glucose water (5%, 10%, or
20%) was administered to 1-day old rats under maternal feeding. Rats with administration of glibenclamide at 3h before

showed smaller rises and rapid falls of blood glucose (D).
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TIIRE AT FH O BIIRE IR 19 H (preterm)
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P FREAE L (W ERAIER EhEsATD 1T
Lo TRV,

TUNY T I FHRE% 3~6 R ORI 63
% 5%, 10%, 20% 7" F U HEHE NIEA DR Z X%
&, JINYT T I RIREGETIET FURE 1gm/kg
T+80mg/dL D MkfE 548 30 77H 5 2 Kl X T
AL, JUNYT T3 R 100mg/kg B5%ICIET R
Wi 1gm/kg 6 XU 2gm/kg 5% MEHE FFE TN T
N+20mg/dL B & U+30mg/dL TH > 7z (Fig. 4C,
D). L7eh->T, KEDOT FUHiZHiihd hidm
DTV 5 I ROMHANARELHEEET NS, D
FERTIE Ty MHTEF OFFIE NTE A RRARH O
3F 7 FLFa—T&IEHL.

BEL Y —DFETH S HO, KOS AHY
Y InF v )L (VDKC) O inhibitor iZ4-7 X/ EVU
VY (4AP) T, BIRENFHEHDH 2139 THS
M, 4AP F#EMENERL AR E Ty MG TS L
ETCHTCTZDT, FEeLUTIEAT.

Katp 7+ 3JL Oopener

Karp F ¥ %)V D opener BNV 7VF KT, #HiER
DA > A YR OEFHN SN TS, ¥
TYVFYRETIRYT T IR EFIIC Kypp F ¥ %
R T DBIIREIE NS 5139 T, v MaffF&
WAEAFCEERT % &, R DI F O BIRE L
RIEHDH - 72, 6 U Kypp F ¥ )LD opener TdH
% Pinacidil IC L BIIREILRIFH N D > 7. T ORER
F S S ESEE L (R EsERE
2 —#FERBER) DHERNDIRZEE T 2011 4F
ICFREL Y, FUAEIC MLah SEKROF 1 FIHE
BRERICHE TN Y. ZOBBRAETEEROERK
BIHNEOH oz, THISE D Kypp F ¥ FIVDENRE
THHEMITEN TS T EHEDIF SN,
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