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Efficacy of paracetamol on patent ductus arteriosus closure
may be dose dependent: evidence from human and murine

studies

Afif EI-Khuffash', Amish Jain? David Corcoran’, Prakesh S. Shah?, Christopher W. Hooper?, Naoko Brown?, Stanley D. Poole?,
Elaine L. Shelton?, Ginger L. Milne*, Jeff Reese® and Patrick J. McNamara*®

BACKGROUND: We evaluated the clinical effectiveness of
variable courses of paracetamol on patent ductus arteriosus
(PDA) closure and examined its effect on the in vitro term and
preterm murine ductus arteriosus (DA).

METHODS: Neonates received one of the following three
paracetamol regimens: short course of oral paracetamol
(SCOP), long course of oral paracetamol (LCOP), and intrave-
nous paracetamol (IVP) for 2—6 d. Pressure myography was used
to examine changes in vasomotor tone of the preterm and
term mouse DA in response to paracetamol or indomethacin.
Their effect on prostaglandin synthesis by DA explants was
measured by mass spectroscopy.

RESULTS: Twenty-one preterm infants were included.
No changes in PDA hemodynamics were seen in SCOP infants
(n =5).The PDA became less significant and eventually closed
in six LCOP infants (n = 7). PDA closure was achieved in eight VP
infants (n = 9). On pressure myograph, paracetamol induced
a concentration-dependent constriction of the term mouse
DA, up to 30% of baseline (P < 0.01), but required >1 umol/I.
Indomethacin induced greater DA constriction and suppres-
sion of prostaglandin synthesis (P < 0.05).

CONCLUSION: The clinical efficacy of paracetamol on PDA
closure may depend on the duration of treatment and the
mode of administration. Paracetamol is less potent than indo-
methacin for constriction of the mouse DA in vitro.

here is a need to explore alternatives to current therapeutic

approaches of patent ductus arteriosus (PDA) in preterm
infants for several reasons. First, medical closure of the PDA is
limited to nonselective nonsteroidal anti-inflammatory drugs
(NSAIDs), namely indomethacin and ibuprofen, but these
only achieve a closure rate of 70-80%. Second, there remain
concerns regarding the safety of NSAIDs. Third, NSAID drugs
are contraindicated in infants with feeding intolerance, nec-
rotizing enterocolitis, intestinal perforation, intraventricular
hemorrhage, concomitant use of corticosteroids, and severe

hyperbilirubinemia (1). There is an increasing interest in the
use of paracetamol for PDA closure in preterm infants with
the recent publication of several case reports (2-8). However,
the enthusiasm to proceed with interventional trials needs to
be tempered as there remains a paucity of pharmacodynamic
data on this treatment in preterm infants. The dose-response
relationship between paracetamol and PDA closure needs pro-
spective evaluation.

Case reports suggest that paracetamol may be an effective
agent in inducing ductal closure and is probably not associ-
ated with serious side effects. The vasoconstrictive effect of
paracetamol on ductal tissue is achieved through inhibition
of the peroxidase moiety, thereby inhibiting prostaglandin
production (7). Oral and intravenous (i.v.) paracetamol have
demonstrated efficacy in PDA closure in a variety of situations,
particularly when conventional NSAIDS are either contrain-
dicated, or have failed to achieve PDA closure (2,3,5,6). Those
studies however, used paracetamol in a heterogeneous group of
infants with limited echocardiography data on the characteris-
tics of the PDA. In this study, we retrospectively examined the
effectiveness of three distinct clinical regimes of paracetamol
administration in preterm infants, which provide escalating
drug levels (phase I). In addition, we performed an in vitro
evaluation of the dose-responsiveness of paracetamol in the
term and preterm murine ductus arteriosus (DA) (phase II).

RESULTS

Human Study

A total of 21 infants were included in the study; specifically,
5 infants received a short course of oral paracetamol (SCOP),
7 received a long course of oral paracetamol (LCOP), and
9 infants received a course of intravenous paracetamol (IVP)
(Table 1). The PDA remained open in all neonates who received
SCOP. There was neither clinical improvement nor change in
the echocardiography markers of hemodynamic significance
following treatment (Table 2). All infants eventually required
PDA ligation. Seven infants received a LCOP (LCOP group,

"Department of Pediatrics, The Rotunda Hospital, Dublin, Ireland; 2Department of Pediatrics, Mount Sinai Hospital, Toronto, Ontario, Canada; *Division of Neonatology,
Department of Pediatrics, Vanderbilt University Medical Center, Nashville, Tennessee; *Division of Clinical Pharmacology, Department of Medicine, Vanderbilt University
School of Medicine, Nashville, Tennessee; *Department of Neonatology, The Hospital for Sick Children, Toronto, Ontario, Canada; “Department of Physiology and Experimental
Medicine, Hospital for Sick Children, Toronto, Ontario, Canada. Correspondence: Patrick J. McNamara (patrick.mcnamara@sickkids.ca)

Received 8 October 2013; accepted 19 February 2014; advance online publication 30 July 2014. doi:10.1038/pr.2014.82

238 Pediatric RESEARCH Volume 76 | Number 3 | September 2014

Copyright © 2014 International Pediatric Research Foundation, Inc.


http://www.nature.com/doifinder/10.1038/pr.2014.82
mailto:patrick.mcnamara@sickkids.ca)

Articles

'snsola1le snidnp 1ualed ‘Yad ‘sbnip AJo1ewwelul-IIU. [epIoIa1SUoU ‘dIYSN ‘S1I[020121US Buizi10139U DN 2BRYLIOWSY Je|NdLIUSARIIUL 'HAl {UONDLISaI YIMOIE SuLsInelul ‘Yo ‘2inssald Aemuie aA11S0d SNONURUOD dydD
'S9SOP PAPIAIP N0y Ul p/B3/B 09 pasiiduod JusuIeal) joweladeled Jo Aep Yyoe3 p/by/|w 0g> Se paulap die Spasy [eWIUIA ‘p/B%/|u 07 L < 931Ul [BI9IUS U Se Pauljap aie spasy ||N4

Paracetamol and PDA closure

ON uondIsay uoneio}sd SUON 9 0 (474 pa1e|usA us LT Sl oL8 s ST ¥4
ON 2Inso|D BEN usjoidnq 9 0 1744 pa3e|lausA 15 6C 6 000°L 12 8C 0¢
ON uondHIsay SUON usjoudnq € lInd 143 pa3e|l3usA 1 0€ 9C SvS 199C 6l
ON uondHIsay SUON uajoidnq S 1Ind4 0'€ pa3e|lausA 199C 8l 0€s a4 8l
ON uondHIsay SUON usjoidnq [4 lInd €t pa3e|lausA 196C a4 oLz 109C Ll
ON 2Inso|3 40N SUON 4 0 Lt pa3e|l3usA us LT € ors we LT ol
ON 2Inso|D uonelopsad/d3IN usjoudng| S 0 LS pa1e|usA 1s CE Ly 596 199C Sl
ON 2Inso|D SUON usjoidnq [4 IIn4 L'c pa1g|lluUsA 108C 8l 06L 1z SC 4"
ON 2Inso|) HAI 919A3S SUON [4 [ewnuiiy 8'¢ pa3e|l3usA 126C 8 00Z'L 1 8C €l

_OEmuwumLmQ snousAeNU|

ON uondLISaY SUON uldeyiawopui L lIn4 €¢ dvdD 1z 0€ 53 080°L 12 ST 4!
S9N abueydoN 9dUON uibeyiswopui L lIn4 0¢C UoRie|RUSA n6¢ SC 0S0°L w ST Ll
ON uoId1ISAY QUON upeylawopu| L IIn4 (44 dVdD 1/06¢C 9C 00£ 12 SC oL
ON uondLISaY SUON uldeyiawopui L lIn4 v dvdD 06T 14 0LL 1z ST 6
ON 2Inso|) ainjieq jeuay SUON L [In4 ¥ pa3ie|iusp 29T 8 068 m ST 8
ON uondLIsaY SUON ul>eyiawopui L [In4 ¥'C pa31e|IusA 28T 0€ ov8 w¥T L
ON uondLISaY SUON uldeyiawopui L lIn4 ce dvdD s 0€ o€ 0LLL 19T 9
Joweladesed |40 JO 95IN0D BuoT

SOA abueyd oN SUON ueswopu| 4 [In4 9C dvdD e €€ 9s (0]74 e ST S
SOA abueyd oN SUON uldeyiawopui [4 lIn4 L'c pa1e|lIuUsA w0 LT Pl 009 10 ST ¥
S9N abueydoN dUON uibeyiswopui [4 lIn4 o€ paiejiiusp 129¢ 91 06/ w0 ST €
SOA abueyd oN SUON ueswopu| 4 [In4 €€ pa31e|IusA 26T 74 0z 19 ST [4
SOA abueyd oN oinjlej [eusy SUON [4 IIn4 ST pa1e|lIusA wm LT L1 09 us ¥ L
Joweladeled [0 JO 3SINOD 1IOYS

uonebl|yad asuodsalydd SAIYSN 01 asn dIYSN SVETTHIEN Spady (wiw) JUsWIeaI} JO (s>199Mm) juswieasy  (6)1yblam (s>199m) ased

uolledIpule;uo) snoiInald joskeg |esa1ug J919Welp uels e poddns uoneisab jo Keg yuig uol11eISID)

vad K1ojesdsay pa102110D

JusWyeas} joweladeled 0} asuodsal pue sdl3siIdeIRYD JUSNEd [BNPIAIPU| *L 3jqeL

Pediatric RESEARCH 239

Volume 76 | Number 3 | September 2014

Copyright © 2014 International Pediatric Research Foundation, Inc.



ArtiCIes ‘ El-Khuffash et al.

Table 1). Following a 7-d course, PDA closure was achieved
in one patient and there was a reduction of ductal diameter
and an improvement of the echocardiography markers of PDA
significance in five infants (Table 2). All six infants demon-
strated clinical improvement and were successfully weaned
from respiratory support. There was no response to treatment
in one infant who required PDA ligation.

Nine infants received IVP treatment (IVP group). Of these,
five achieved immediate PDA closure and three infants dem-
onstrated a significant reduction of PDA diameter (Table 2).
Subsequent PDA closure was achieved in the three infants
prior to discharge without any need for further intervention.

The remaining infant had a nonsignificant PDA on discharge.
Two infants died during their hospital stay due to unrelated
causes (pulmonary hypoplasia and cystic periventricular leu-
komalacia). None of the deaths occurred during paracetamol
therapy. None of the infants in the cohort had elevated liver
enzyme or developed liver toxicity. None of the PDAs success-
fully closed following LCOP or IVP reopened after treatment.

In Vitro Study

The isolated mouse DA is more sensitive to indomethacin
than paracetamol. Exposure to paracetamol did not produce
a significant change in the diameter of the ex vivo preterm

Table 2. Echocardiography characteristics before and after treatment of the groups

Short course of oral paracetamol

Long course of oral paracetamol

Intravenous paracetamol

Pre Post P Pre Post P Pre Post P
PDA diameter (mm) 2.8(2.6-3.0) 3.1(3.0-3.1) 0.04 24(2.2-2.5) 14(1.0-1.8) 0.03 3.7(3.2-43) 0(0-1.1) <0.01
Leftatrium:aorticratio  2.4(2.3-2.5) 25(22-27) 046 2.0(1.8-2.3) 1.8(1.8-1.9) 0.07 2.00(1.85-2.80) 1.85(1.31-2.24)  0.03
IVRT (msec) 36 (34-37) 36 (34-37) 0.29 39(35-41) 52 (47-57) 0.08 44 (37-57) 48 (43-54) 0.67
LVO (ml/min/kg) 328(305-385) 358(334-555) 0.27 435(395-533) 321(246-350) 0.03 271 (238-390) 192 (184-224) 0.03
LVEDD (mm) 16 (12-20) 18 (16-21) 0.19 16(13-17) 16(11-17) 0.68 14 (12-16) 13(11-13) 0.09

Data are presented as medians (interquartile range).

IVRT, isovolumic relaxation time; LVO, left ventricular output; LVEDD, left ventricular end diastolic velocity; PDA, patent ductus arteriosus.
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Figure 1. Paracetamol-induced constriction of the ex vivo ductus arteriosus. The ductus arteriosus (arrow) of fetal mice (a) was sharply excised from sur-
rounding tissues. The ductus of term (day 19) and preterm (day 15) fetuses were removed along with a vascular segment extending from the base of the
pulmonary artery to the transverse aortic arch (b) (shown with 100 um dissecting pins). This vascular bloc was mounted on glass pipette tips and secured
by tying back the branch pulmonary arteries and the aortic arch, in order to isolate the entire length of the ductus for myography studies (c). Pressure
myography was performed to study ductus tone and examine drug-induced changes in lumen diameter (d). After pressurization and equilibration,
mounted vessels were briefly exposed to 50 mmol/I KCl to verify contractile potential, then allowed to return to baseline tone. Cumulative exposure to
increasing paracetamol demonstrated concentration-dependent constriction of the day 19 ductus (d). Constricted vessels were then exposed to sodium
nitroprusside, a potent nitric oxide donor, to document vasodilatory capacity. Terminal exposure to KCl ensured viability of the preparation at the end of
each experiment.

240 Pediatric RESEARCH

Volume 76 \ Number 3 | September 2014 Copyright © 2014 International Pediatric Research Foundation, Inc.



DA. Indomethacin caused a small but significant constriction
of the ductus with increasing concentration (Figure 2a). In
contrast, indomethacin produced marked constriction of the
isolated mouse ductus at term gestation, with complete clo-
sure of the vessel lumen at the highest concentrations studied
(Figure 2b). Paracetamol also caused significant concentra-
tion-dependent constriction of the term ductus. The magni-
tude of paracetamol-induced constriction was less than half
of indomethacin-induced constriction at each concentration.
Ex vivo lumen closure was not observed in paracetamol
treated vessels.

Indomethacin inhibits ductus-specific prostaglandin produc-
tion. Due to the limited quantity of preterm ductus tissue and
because isolated preterm vessels had only modest response to
inhibitors (Figure 2a), only the excised ductus of term gesta-
tion mice was assayed for prostaglandin synthesis. We observed
significant reduction in 6-keto prostaglandin F, (PGF ), the
stable metabolite of prostacyclin (PGI,), and prostaglandin E,
(PGE,) in response to indomethacin treatment (Figure 3). A
reduced trend in prostaglandin (PG) synthesis was noted in
paracetamol-treated explants, but did not reach significance
in this particular assay. Thromboxane B, (TxB,) and prosta-
glandin D, (PGD,) levels were below the detection limits of the
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Figure 2. Response of the ex vivo ductus arteriosus to paracetamol and
indomethacin. The isolated ductus of preterm mice (a) displayed limited
response to increasing concentrations of paracetamol (black squares, n =
12) whereas indomethacin (white circles, n = 12) induced a modest, sig-
nificant constriction (*P < 0.05). The isolated ductus of term gestation mice
(b) showed significant concentration-dependent constriction in response
to either drug (**P < 0.01). Indomethacin (white circles, n = 9) was more
effective than paracetamol (black squares, n = 9) at term gestation (P <
0.001). Each drug was more potent at term than preterm gestation (P <
0.01). Mean + SEM.

Copyright © 2014 International Pediatric Research Foundation, Inc.
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instrument; interfering substances with similar m/z character-
istics prevented accurate interpretation of PGF,_ results.

DISCUSSION

In this study, we demonstrated that the responsiveness of the
DA to paracetamol may depend on the method of adminis-
tration, duration of treatment, and the dose of the drug. The
response to paracetamol treatment was highly variable, rang-
ing from no response in infants receiving SCOP, to near-com-
plete closure in the majority of patients who received IVP,
which suggests that a critical paracetamol level is required to
achieve maximal therapeutic effect. The complete ineffective-
ness of SCOP is in contrast to other recent reports assessing
the efficacy of oral paracetamol on ductal closure (2,4,6,8).
There were, however, differences in the treatment cohort that
may explain the discordance. Unlike our cohort, neonates had
a higher gestational age at birth (26 up to 36 vs. 25wk), PDA
diameter was smaller (1.5-2.0 vs. 2.0mm and greater), and
treatment was initiated at an earlier postnatal age (5-9 vs. 17
d). In addition, no echocardiography information was available
to appraise the hemodynamic impact of the PDA. It is possible
that the PDA was of borderline hemodynamic significance and
may have closed spontaneously. Our experience with a longer
course of oral paracetamol was more positive with avoidance
of the need for PDA ligation in all but one patient. This may
relate to achieving a higher serum drug level or may be a func-
tion of more prolonged exposure to the biological effects of
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Figure 3. Inhibition of ductus arteriosus prostaglandin synthesis. Freshly
isolated term gestation ductus explants were incubated in the presence
of drug or the appropriate vehicle. Prostaglandin synthetic activity was
measured by the formation of 6-keto PGF10, the stable metabolite of
prostacyclin (PGI2) (a), or PGE2 (b) after exposure to exogenous 2 umol/I|
arachidonic acid for 40 min. Vessels treated with paracetamol (Para) had
insignificant reduction in prostaglandin synthesis compared to vehicle
(water). Indomethacin-treated vessels (Indo) produced significantly less
PGI2 and PGE2 compared to controls (ethanol). *P < 0.01.
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paracetamol. Oncel et al. (3) achieved 100% closure rate in 10
infants who received IVP. Although gestational age and weight
at birth were comparable, advanced age at treatment (median
of 18 vs. 6 d) and larger PDA diameter (3.7 (3.2-4.3) vs. 2.0
(1.8-2.4)) in our cohort may account for the discrepancy in
treatment success rate between the two studies. Paracetamol
serum levels after 48h of an i.v. course are higher than those
achieved after 48 h of an oral course of 60 mg/kg/d as reported
by Yurttutan et al. (6) (15.5 (10-26) vs. 13 pug/ml (5-18)). The
benefits of IVP have not been uniform. Roofthooft et al. (9)
reported giving paracetamol at a dose of 60mg/kg/d to 10
infants (9 with i.v. and 1 with oral paracetamol) with a median
(range) gestation of 25 7 (23 ©7-26 7) at a median age of 22 d.
PDA failed to close in seven of those infants with all needing
ligation. PDA closure was achieved in only one infant, with one
infant exhibiting PDA restriction and another infant died from
gastrointestinal problems. None of the infants developed liver
toxicity. Similarly, another case series of three infants reported
failure of PDA closure in all patients following IV paracetamol
(15mg/kg every 6h of unspecified duration), necessitating
surgical ligation. Two infants developed transient raised liver
enzymes (10). More recently in a randomized controlled trial,
Oncel et al. compared the efficacy of oral paracetamol (at a
dose of 15mg/kg every 6h for 3 d) with that of oral ibuprofen
(at a dose of 10mg/kg followed by two doses of 5mg/kg 24h
apart) in a group of 80 preterm infants less than 1,250¢g. The
treatment was instituted between 48 and 96 h of life. The group
found that paracetamol achieved similar PDA closure rates
to ibuprofen (72.5 vs. 77.5%) with no significant differences
in reopening rates (11). This study suggests that the timing of
treatment is also an important consideration as early PDAs
may be more responsive to paracetamol than the ones treated
beyond the second week of life.

In the animal experiment, unlike indomethacin, paracetamol
did not have an ex vivo constricting effect on the preterm duc-
tus, and vessels treated with paracetamol had insignificant
reduction in prostaglandin synthesis compared to vehicle
(water). Indomethacin-treated vessels produced significantly
less PGI, and PGE, compared to controls (ethanol). We previ-
ously showed that the preterm mouse DA was less affected by
10~ mol/l indomethacin than the term gestation DA (12). The
current study examined the ductus response to an extended
range of indomethacin concentrations and demonstrates a
marked upregulation in sensitivity of the ductus to prosta-
glandin inhibition with advancing gestation. This finding is
in agreement with previous clinical reports (13,14) and obser-
vations in other animal species (15). Momma et al. (16) also
demonstrated that indomethacin (when administered to the
maternal rat) possesses a more potent DA-constricting effect
in fetal rats when compared to paracetamol. Paracetamol,
however, also possessed a significant but milder constrictive
effect. The results of the clinical observation by Roofthooft (9)
highlighted above support the finding of our animal study. The
difference in response between the human and mouse preterm
ductus may represent different expression of the peroxidase
moiety of prostaglandin H, Synthetase enzyme responsible for

242 Pediatric RESEARCH Volume 76 | Number 3 | September 2014

metabolizing arachidonic acid (7). The differences may also
relate to the fact that the majority of human neonates who
received paracetamol were previously treated with NSAIDs,
which may modulate the responsiveness of ductal tissue
through mechanisms that have not been delineated. It was
not possible to mimic the human situation using the in vitro
experimental design.

PGE, is the most important factor in the regulation of DA
tone during fetal DA development. It is generated through the
combined actions of prostaglandin H synthase-1/-2 (PGHS-
1/-2) and microsomal PGE synthase enzymes on arachidonic
acid. PGE, acts on G protein-coupled E-prostanoid receptors
causing vasodilation of ductal tissue (17). The inhibition of
PGHS-1 leads to reduced PGE, levels and ductal constriction
(18). Current practice exploits this mechanism by the use of
nonselective PGHS inhibitors such as indomethacin and ibu-
profen to close ducts postnatally (19,20). Paracetamol is also
thought to be a potent PGHS inhibitor and reduces the levels
of PGE,. The paracetamol trend of lowering PGE, levels in our
study further supports this mechanism. However, there may be
a graded inhibition effect, which is related to gestation. Both
clinical and animal evidence suggest that the inhibitory effect
of paracetamol on PGE, is not present at lower gestations.

Our study was limited by the small number of infants and
the lack of paracetamol drug levels in the clinical study. As a
result, we could not demonstrate that the escalating dosing
regimen described in our infant cohort translated into an esca-
lating drug level. We based this assumption on the graded clin-
ical response to the varying regimens. In addition, the ex vivo
effect of paracetamol on preterm and term mice DAs may not
mirror the in vivo effect in humans, and the result of this needs
to interpret with caution.

In conclusion, the routine use of paracetamol for PDA clo-
sure in preterm infants cannot be recommended until ran-
domized controlled trials of its efficacy are completed. Those
RCTs should be supported by robust pharmacokinetic data
designed to determine the optimal dosing regimen, duration
of treatment, and mode of administration. The safety of the use
of paracetamol to close PDAs in preterm infants also warrants
further investigation.

METHODS

Human Study

Study setting. This was a retrospective review of all infants who
received paracetamol for PDA closure in two tertiary neonatal inten-
sive-care units between January 2012 and June 2013: Mount Sinai
Hospital, and The Rotunda Maternity Hospital, Dublin, Ireland. One
center (Mount Sinai Hospital) administered either SCOP of 15mg/
kg every 6h for 48h or LCOP of 15mg/kg every 6h for 7 d (tyle-
nol oral suspension liquid 160 mg/5ml, Johnson & Johnson, Toronto,
Ontario, Canada). This was done on an ad hoc basis due to the various
reports of the differing regimens at the time. Neonates at the second
center (Rotunda) received IVP of 15 mg/kg every 6h for a minimum
of 48h until PDA closure was confirmed on echocardiography or
up to a maximum of 6 d (paracetamol 10 mg/ml solution for infu-
sion, Fresenius Kabi, Cheshire, UK). In both centers, the decision
to administer paracetamol treatment to neonates with a hemody-
namically significant PDA was either after failure of two courses of
either ibuprofen or indomethacin or if there were contraindications
to medical treatment. Liver enzymes were measured before and after

Copyright © 2014 International Pediatric Research Foundation, Inc.



treatment. Paracetamol was only commenced if liver function tests
were normal.

Clinical and echocardiography data. The following clinical infor-
mation was collected for every infant enrolled: gestation and birth
weight; previous use of NSAID; contraindications to NSAID use; age
and weight at paracetamol treatment; duration of paracetamol treat-
ment; and reason for PDA treatment. Treatment of the PDA was at the
discretion of the attending neonatologist. Clinical outcomes within 7
d of treatment were also collected and included PDA ligation, wean-
ing of ventilator or continuous positive airway pressure support, and
death.

In both centers, echocardiography assessment of PDA significance
was performed before and after paracetamol treatment using GE
Vivid I (GE Medical, Milwaukee, WI), or Phillips HD15 Ultrasound
system (Andover, MA). PDA treatment with paracetamol was com-
menced if there was clinical concern and echocardiography evidence
of a large PDA (>2.0mm) accompanied by echocardiography evi-
dence of pulmonary over circulation or systemic hypoperfusion (21).
The following echocardiography parameters were collected before
and after treatment: PDA diameter (measured in 2D at the pulmo-
nary end) and shunt direction, mean pressure gradient across the
PDA, and markers of pulmonary over-circulation (left atrium: aortic
(LA:Ao) ratio; isovolumic relaxation time; left ventricular output and
left ventricular end diastolic velocity).

The institutional ethics committees of Mount Sinai Hospital and
The Rotunda Hospital approved the retrospective clinical review.

In Vitro Study

Animals and tissues. Due to the limited availability and viability
of human ductus tissues, the response of the ex vivo term and pre-
term mouse DA to indomethacin and paracetamol was examined.
Experiments were conducted in accordance with National Institutes of
Health animal care standards and were approved by the Institutional
Animal Care and Use Committee at Vanderbilt University Medical
Centre. Adult female CD1 mice (Charles River, Raleigh, NC) were
bred with fertile males of the same strain to produce timed pregnan-
cies. The morning of finding a vaginal plug was considered day 1 of
pregnancy. Preterm (day 15) and term (day 19) gestation DA were
surgically isolated and either mounted in microvessel perfusion
chambers as previously described (12), or plated for drug inhibition
studies.

Pressure myography. Pressure myography was used to directly study
vasomotor tone of the isolated DA. Myography chambers were placed
on inverted microscopes equipped with a digital image capture sys-
tem (IonOptix, Burlington, VT) to record intraluminal diameter.
Vessels were studied in deoxygenated (95% N,, 5%CO,) Krebs buffer
that was modified (in mmol/I: 109 NaCl, 34 NaHCO,, 4.7 KCl, 0.9
MgSO,, 1.0 KH2PO,, 11.1 dextrose, and 2.5 CaCIZ) to maintain a sta-
ble pH (7.30-7.35) and relative hypoxia in the vessel bath (dissolved
oxygen content = 1.5-1.8%; measured Pao, = 38-45 Torr). Mounted
vessels were pressurized using a column of Krebs buffer and allowed
to equilibrate, after which the pressure was increased in a stepwise
manner to approximate mean arterial pressure (6 mmHg, preterm;
20 mmHg, term). Vessels were then challenged with two doses of 50
mmol/l KCI in Krebs buffer to test vessel reactivity and to determine
maximum constriction values. Vessels that failed to constrict were
excluded from further study. After wash out with Krebs buffer, ves-
sels were exposed to increasing concentrations (10~ to 10~ mol/l)
of paracetamol or indomethacin in the perfusion bath. Changes in
vessel diameter were continuously monitored by video recording;
lumen diameter was plotted in real-time to determine the concen-
tration-specific effects of each drug. Following each drug dose, ves-
sel diameters were allowed to plateau (10-20min) before addition of
the next dose. At the end of each drug study, the nitric oxide donor,
sodium nitroprusside (SNP) was added to demonstrate the vasodila-
tory capacity of the ductus after drug-induced vasoconstriction; then
compounds were washed off and vessels returned to resting baseline
tone (Figure 1). After the final wash out, vessels were challenged with
50 mmol/l KCI at the completion of each study to demonstrate via-
bility of the vessel preparation. Paracetamol was prepared in water;

Copyright © 2014 International Pediatric Research Foundation, Inc.
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indomethacin was dissolved in ethanol but did not exceed 0.1% in the
final bath concentration.

Measurement of prostaglandins. The ductus of term fetal mice (day
19, n = 3 litters) were sharply excised from surrounding tissues, split
open along the longitudinal axis, and placed in a 96-well plate con-
taining serum-free Dulbecco's modified Eagle's medium media + 1%
penicillin-streptomycin (three vessels per well). Vessels were then
exposed to paracetamol (10~* mol/l), indomethacin (5.6 x 10~ mol/l),
or vehicle controls (water or ethanol, respectively) for 40 min at 37
°C, after which the conditioned media was collected for analysis. PG,
including PGE,, PGD,, PGF, , TxB, and the prostacylin metabolite
6—ket0—PGFm, were measurecT in the conditioned media by a stable
isotope dilution assay utilizing gas chromatography/negative ion
chemical ionization-mass spectrometry as previously described
(22-25).

Statistical analysis. Continuous data were presented as medians and
interquartile ranges, and categorical data as absolute values and per-
centages. Independent data were compared using Mann-Whitney
U-test, and paired data were compared using Wilcoxon signed-rank
test. Multiple groups were compared using the Kruskal-Wallis test.
Clinical variables were not compared statistically. For the animal
data, individual drug responses were analyzed by repeated mea-
sures ANOVA; interdrug comparison was analyzed using two-way
ANOVA. Post hoc analysis (Tukey) was performed for studies that
were significant. We considered a P value of <0.05 as significant.
We used SPSS (version 20.0) to perform the analysis.
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