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Abstract
Use of cyclooxygenase (COX) inhibitors to delay preterm birth is complicated by in utero constriction
of the ductus arteriosus and delayed postnatal closure. Delayed postnatal closure has been attributed
to loss of vasa vasorum flow and ductus wall ischemia resulting from constriction in utero. We used
the murine ductus (which does not depend on vasa vasorum flow) to determine whether delayed
postnatal closure may be because of mechanisms independent of in utero constriction. Acute
inhibition of both COX isoforms constricted the fetal ductus on days 18 and 19 (term) but not earlier
in gestation; COX-2 inhibition constricted the fetal ductus more than COX-1 inhibition. In contrast,
mice exposed to prolonged inhibition of COX-1, COX-2, or both COX isoforms (starting on day
15, when the ductus does not respond to the inhibitors) had no contractile response to the inhibitors
on days 18 or 19. Newborn mice closed their ductus within 4 h of birth. Prolonged COX inhibition
on days 11–14 of gestation had no effect on newborn ductal closure; however, prolonged COX
inhibition on days 15–19 resulted in delayed ductus closure despite exposure to 80% oxygen after
birth. Similarly, targeted deletion of COX-2 alone, or COX-1/COX-2 together, impaired postnatal
ductus closure. Nitric oxide inhibition did not prevent the delay in ductus closure. These data show
that impaired postnatal ductus closure is not the result of in utero ductus constriction or upregulation
of nitric oxide synthesis. They are consistent with a novel role for prostaglandins in ductus arteriosus
contractile development.
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CLOSURE OF THE DUCTUS ARTERIOSUS plays a critical role in circulatory adaptation to newborn life. Delayed
closure of the ductus arteriosus after birth leaves the infant at increased risk for pulmonary
hemorrhage, sepsis, necrotizing enterocolitis, heart failure, and chronic lung disease (5,7).
Prostaglandins play an essential role in ductus arteriosus regulation (11). Nonsteroidal anti-
inflammatory drugs (NSAIDs), like indomethacin, induce ductal constriction in infants with a
patent ductus arteriosus (PDA) by inhibiting cyclooxygenase (COX)-1 and COX-2, the rate-
limiting enzymes for prostaglandin synthesis.
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Constriction of the ductus arteriosus can also occur in utero when NSAIDs are given to pregnant
women to treat preterm labor (13,20,25,30,31,37,38). Surprisingly, some preterm newborn
infants, who are delivered after in utero exposure to indomethacin, have an increased, rather
than decreased, incidence of PDA in the newborn period; in addition, the PDA in these infants
frequently fails to close with postnatal indomethacin treatment (12,27,34,35). A similar finding
occurs in fetal sheep that have been exposed to indomethacin for several days in utero (6,9).
The basis for this paradoxical response is not entirely clear. In the fetal sheep, indomethacin
produces ductus constriction in utero, which is accompanied by cessation of ductus vasa
vasorum blood flow and the development of hypoxic ischemia in the ductus muscle media.
This is followed by increased production of vascular endothelial growth factor and nitric oxide
and smooth muscle cell death. These in utero changes prevent the ductus from developing
effective constriction after birth (6,9). The degree of ischemia in the ductus wall is directly
related to the degree of fetal ductus constriction. With advancing gestation, there is both an
increase in indomethacin's ability to constrict the fetal ductus (20,37,38) and an increase in the
thick-walled vessel's dependence on vasa vasorum flow for its oxygen delivery (14); these two
observations may explain why human fetuses are more likely to have delayed postnatal ductus
closure when their in utero exposure to indomethacin occurs late in gestation rather than earlier
in gestation (27).

We hypothesized that prolonged in utero COX inhibition might also alter ductus contractility
through mechanisms that are independent of initial ductus constriction, vasa vasorum flow, or
the resultant hypoxic ischemia. In contrast to humans and sheep, the rodent ductus arteriosus
has no vasa vasorum in its muscle media; the thickness of the rodent ductus is so thin that
luminal blood flow is sufficient to meet all of its oxygen needs (29,36,40). The absence of
compressible vasa vasorum in the ductus muscle media makes it less susceptible to developing
hypoxia in utero during episodes of ductus constriction. In addition, although indomethacin
constricts the rodent ductus arteriosus, it does so only late in gestation (23,29). As a result, the
rodent ductus is unlikely to develop hypoxic ischemia when exposed to indomethacin early in
gestation. In this study, we used fetal and newborn mice after acute and chronic exposure to
selective COX-1 and COX-2 inhibitors to study the nonischemic effects of prostaglandin
inhibition on ductus contractility. The ductus arteriosus of mice with targeted deletions of genes
encoding COX-1, COX-2, or both COX isoforms was also examined.

MATERIALS AND METHODS
Animals and tissues

Animals were housed in an American Association for the Accreditation of Laboratory Animal
Care-approved facility and managed in accordance with National Institutes of Health animal
care standards. All protocols were approved by the Vanderbilt University Institutional Animal
Care and Use Committee. Wild-type female CD-1 mice (7–8 wk old; Charles River, Raleigh,
NC) were bred with fertile males to produce timed pregnancies (where day 1 = presence of
vaginal plug). COX-1 null (Taconic, Hudson, NY) and COX-2 null (Jackson Laboratory, Bar
Harbor, ME) mice were outbred on the CD-1 background to enhance reproductive vigor (28)
and facilitate comparison with wild-type CD-1 results. COX-1 and COX-2 mice on this genetic
background were interbred to generate COX-1(–/–)COX-2(–/+) compound heterozygote
mating pairs. Cross-breeding of COX-1(–/–)COX-2(–/+) mice was performed to generate
COX-1/COX-2 double null offspring (28).

Pregnant females were anesthetized with avertin (2,2,2 tribromoethanol in tert-amyl alcohol;
0.4–0.6 mg/g body wt ip) followed by isoflurane inhalation (Baxter, Deerfield, IL) to achieve
deep anesthesia and allow time for fetal anesthetic effects. Caesarian section was performed
to deliver fetal pups at various gestational stages. After removal from the uterus, a transverse
incision was made through the abdominal wall of anesthetized nonbreathing fetuses, and the
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diaphragm was opened. Skin overlying the chest wall was removed to enhance tissue fixation.
Fetal tissues were preserved by immersion in chilled 4% paraformaldehyde for 24 h followed
by 70% ethanol. Newborn pups were delivered by caesarean section on the morning of day
19 of pregnancy (mice in this colony typically deliver on the evening of day 19). Pups were
dried and stimulated until respirations were established and then placed in prewarmed
microisolator cages at 37°C for 4 h. To produce hyperoxia and accelerate ductus closure, pups
were placed in FIO2 = 0.8–1.0. At 4 h of age, newborn pups were killed by isoflurane overdose
(~30 s exposure), and the abdomen and diaphragm were surgically exposed. Newborn tissues
were preserved in 4% paraformaldehyde followed by 70% ethanol. The thorax of preserved
fetal and newborn pups was excised from surrounding tissues and embedded in paraffin. The
thorax was sectioned in a plane parallel to the diaphragm. Ribbons of serial 6-μm sections
containing heart and outflow tracts were mounted on poly-L-lysine-coated slides and stained
with hematoxylin.

Drug administration
COX inhibitors were administered at different time points during mid- and late gestation
according to treatment protocol (Fig. 1). All drugs have been previously shown to cross the
placenta (17). Selective COX inhibitors were reconstituted in a 0.1% methylcellulose solution
and continuously stirred before administration. Caesarian deliveries were performed at noon,
4 h after the final dose of any drug was administered. Protocols A-D addressed the fetal ductus
arteriosus, whereas protocols E-G addressed the newborn ductus arteriosus. In protocol A,
pregnant wild-type females received either a single dose of indomethacin (5.0
mg·kg–1·dose–1 ip; Merck, West Point, PA), a selective inhibitor of COX-1 (SC560, 30
mg·kg–1·dose–1, 0.2 ml gavage), or a selective COX-2 inhibitor (SC236, 15 mg·kg–1·dose–1;
0.2 ml gavage; Cayman Chemical, Ann Arbor, MI) at 0800 on day 19 of gestation. Fetal tissues
were harvested 4 after the last drug dosage. In protocol B, pregnant females were chronically
treated with either SC560 (30 mg·kg–1·dose–1 two times daily; 0.2 ml gavage), SC236 (15
mg·kg–1·dose–1 every other day; 0.2 ml gavage), or both compounds from day 15–19 of
gestation (term = day 19). Fetal tissues were harvested 4 h after the last drug dosage. In some
experiments, COX-1 null females were treated with SC236 on days 15–19 of gestation
according to the schedule in protocol B. Because of signs of dehydration and lethargy in COX-1
null females treated with the COX-2 inhibitor, omeprazole (100 mg·kg–1·dose–1; Calbiochem,
San Diego, CA) was given by gavage one time daily. In protocol C, pregnant wild-type females
were treated with a single dose of both SC560 and SC236 at 0800 on either day 16, 17, 18, or
19 of gestation; fetal tissues were harvested 4 h after the drug dosage on each respective day.
In protocol D, pregnant wild-type females were chronically treated with both SC560 and SC236
on days 15–18 of gestation. Fetal tissues were harvested 4 h after the final drug dosage on day
18. In protocol E, pregnant wild-type females were chronically treated with both SC560 and
SC236 on days 11–14 of gestation. Pregnancy was allowed to continue until caesarian section
at term gestation. Tissues were harvested from newborn pups after 4 h of oxygen exposure. In
protocol F, pregnant females were chronically treated with either SC560, SC236, or both
compounds from day 15–19 of gestation (similar to protocol B). Newborn tissues were
harvested after 4 h of postnatal oxygen exposure. In protocol G, pregnant females were
chronically treated with both SC560 and SC236 from day 15–19 of gestation (same drug dosage
as protocol B). Newborn litters were divided into thirds, and pups were treated with one of the
following: the nonselective nitric oxide synthase (NOS) inhibitor NG-nitro-L-arginine methyl
ester (L-NAME, 100 mg·kg–1·dose–1; Cayman Chemical), the thromboxane receptor agonist
U-46619 (0.5 μg/mouse; Cayman Chemical) given at birth and 1.5 and 3 h of age, or 10 μl
sterile saline. Compounds were injected through the nuchal fold to form a subcutaneous pocket
along the back under direct visualization by stereomicroscopy. Pups with leaking injection
sites were excluded from analysis.
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Determination of vessel caliber
Serial sections through the fetal and newborn thorax allowed quantitative assessment of ductus
arteriosus diameter in relation to the size of the transverse aorta (Fig. 2). The inner diameters
of the ductus arteriosus and aorta were measured with a microscope (Nikon, Tokyo, Japan)
fitted with a micrometer. The size of the ductus arteriosus lumen was determined at its
narrowest point. The narrowest diameter of the transverse aortic arch was measured on
subsequent serial sections. Tissue sections were examined by an observer who was blind to
treatment group (Clyman), and vessel caliber was recorded. Size of the ductus arteriosus was
expressed as a percentage of the diameter of the transverse aortic arch (ductus arteriosus-to-
aorta ratio). Comparison between treatment groups was made by Student's t-test. Results are
expressed as means ± SD.

RESULTS
Response of the fetal ductus arteriosus to acute COX-1 and COX-2 inhibition

At full term (19 days gestation), a single acute dose of the nonselective COX inhibitor
indomethacin (protocol A) produced marked constriction of the fetal ductus arteriosus 4 h after
it was injected in the pregnant dam (Fig. 3A). Selective inhibition of either COX-1 or COX-2
appeared to produce fetal ductus constriction; however, the constriction after inhibition of
COX-2 (SC236) was significantly greater than that after inhibition of COX-1 (SC560; Fig.
3A). The reduction in ductus lumen size after acute, combined treatment with both inhibitors
(SC560 + SC236) was similar to the reduction found after indomethacin exposure (Fig. 3A).

The constrictive effects of acute inhibition of COX-1 and COX-2 were observed only in late
gestation fetuses. There was no reduction in fetal ductus caliber when dams were treated earlier
in gestation (days 16 and 17; protocol C; Fig. 4A).

Chronic COX inhibition does not constrict the fetal ductus arteriosus
We wanted to examine the effects of chronic COX inhibition on subsequent fetal ductus
contractility. Because we wanted to examine the effects that were independent of the initial
acute constriction, we exposed fetal mice to prolonged COX inhibition and started the treatment
at a point in gestation when the inhibitors had no acute contractile effect on the fetal ductus
(day 15, see Fig. 4A). Chronic exposure to a combination of COX-1 and COX-2 inhibitors
significantly altered fetal ductus contractility in vivo. In contrast to the marked ductus
constriction that occurs when dams are treated acutely on days 18 or 19 of gestation (Fig.
4A), the fetuses of dams that received chronic treatment (from days 15–18 or 15–19 of
gestation; protocols B and D) had ductus that remained patent and were unresponsive to
treatment on days 18 and 19 (Fig. 4B). Prolonged administration of either COX inhibitor alone
(from days 15 to 19) also was associated with failure of the fetal ductus to constrict after
treatment with the inhibitor on day 19 (Fig. 3B).

Failure of newborn ductus arteriosus closure after exposure to chronic COX inhibition in
utero

We examined the effects of chronic in utero COX inhibition on the ability of the newborn
ductus to constrict after birth. Newborns were delivered by caesarean section and exposed to
80% oxygen for 4 h. Control pups, born to dams that did not receive COX inhibitors during
pregnancy, closed their ductus completely by 4 h after delivery (Fig. 5A, compare with fetal
dimensions in Fig. 2B). Newborn pups, born to dams that received both COX-1 and COX-2
inhibitors in midpregnancy, on days 11–14 of gestation (protocol E) also had complete ductus
closure by 4 h after delivery. In contrast, newborn pups exposed to both COX inhibitors on
days 15–19 of gestation (protocol F) had incomplete constriction of their ductus (Fig. 5A).
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There was no significant difference between the treated (SC560 + SC236) and control groups
in mixed arterial-venous blood PO2 samples obtained by cervical transection after 4 h of postnatal
oxygen exposure (PO2: 101.5 ± 28, n = 5 vs. 89.1 ± 14, n = 8, respectively). Prolonged exposure
to either COX-1 or COX-2 inhibitor alone also resulted in incomplete closure of the newborn
ductus (Fig. 5A).

Patency of the ductus arteriosus in newborn mice with targeted deletion of COX isoforms
We also examined the effects of COX inhibition on postnatal ductus closure by using targeted
deletion of the COX-1 and COX-2 isoforms. Deletion of the COX isoforms resulted in
incomplete closure of the newborn ductus (Fig. 5B). Targeted deletion of the individual COX
isoforms produced a pattern of closure that was similar to that found after treatment of pregnant
dams with selective COX inhibitors (between days 15 and 19 of gestation; Fig. 5B). Newborn
mice with combined COX-1 and COX-2 deletion showed the highest degree of ductus patency,
and COX-2 null mice had a much greater degree of ductus patency than COX-1 null mice (Fig.
5B). In addition, COX-1 null fetuses exposed to the selective COX-2 inhibitor SC236 on days
15–19 of gestation had the same degree of postnatal ductus patency as the COX double-null
mice. These data demonstrate that combined inhibition or deletion of COX-1 and COX-2 has
a greater effect than inhibition or deletion of a single COX isoform alone.

Impaired response of newborn PDAs to vasoconstrictive stimuli
We examined whether the persistent postnatal PDA that follows chronic in utero COX
inhibition might be due, in part, to increased nitric oxide production (3). Fetuses that were
exposed to both COX-1 plus COX-2 inhibitors in utero (on days 15–19 of gestation) were
delivered by caesarean section and either treated with saline or the nonspecific NOS inhibitor
L-NAME (protocol G). The L-NAME-treated newborns had the same degree of ductus patency
as the saline-treated controls (Fig. 6). The effect of NOS inhibition was also examined in
COX-1 null mice that were chronically treated with COX-2 inhibitors on days 15–19 of
gestation. Newborns from these dams showed no difference in ductus caliber between saline-
treated pups and pups that were treated with L-NAME (Fig. 6).

To examine the effects of chronic in utero COX inhibition on the ability of the newborn ductus
to respond to other vasoconstrictive stimuli, newborn pups (that had been pre-treated with
COX-1 + COX-2 inhibitors in utero on days 15–19 of gestation) were treated with either saline
or the thromboxane mimetic U-46619 immediately after delivery (protocol G). U-46619 had
no significant effect on the degree of ductus patency after chronic in utero COX inhibition (Fig.
6).

DISCUSSION
We found that inhibition of prostaglandin production has different effects on ductus patency
depending on developmental stage and duration of treatment. Acute inhibition of either COX
isoform led to fetal ductus constriction, with the inhibition of COX-2 having greater effects
than those of COX-1. The constrictive effects of acute COX inhibition were not apparent until
day 18 of gestation (last 10% of gestation). Our findings are consistent with previous studies
in mice (29), rats (22), and humans (20,37,38).

In contrast, prolonged COX inhibition during the last 25% of gestation did not induce fetal
ductus constriction; rather, it led to impaired contractile responses in the near-term fetus and
a persistent PDA in the newborn mouse. Combined COX gene deletion had similar effects in
delaying ductus closure as prolonged pharmacological COX inhibition. This finding is similar
to previous reports (17). In contrast to the ovine ductus (6,9), the inhibitory effects of prolonged
COX inhibition in the full-term mouse did not appear to be because of prior vasa vasorum
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hypoperfusion secondary to in utero ductus constriction. First, the muscle media of the fetal
mouse ductus has no vasa vasorum (29,36,40), and, second, no change in ductus diameter was
observed throughout gestation (Fig. 4) since the prolonged COX inhibition was started at a
time when COX inhibition does not contract the fetal ductus (day 15, see Fig. 4). One possible
explanation for the delayed closure after prolonged COX inhibition is that prolonged COX
inhibition results in the upregulation of other vasodilators. Functional coupling of COX and
NOS systems is a well-recognized phenomenon (10,18,21). In the mouse ductus arteriosus,
endothelial NOS is the predominant isoform for nitric oxide production, and its expression is
stable in mid- to late gestation (29). Baragatti et al. (3) recently hypothesized that absence of
COX-derived prostaglandins in utero may lead to an increase in nitric oxide production in the
ductus; they found that the NOS inhibitor L-NAME produced a stronger contractile response
in isolated ductus from COX-1 null or COX-2 null fetal mice than from wild-type mice.
Although functional coupling of COX and NOS systems may occur locally within the ductus,
it does not appear to explain the decreased contractility of the postnatal ductus after prolonged
COX inhibition in vivo; we observed no increase in postnatal ductus constriction when fetuses
that were chronically exposed to COX inhibition in utero were treated with L-NAME after birth
(Fig. 6).

Our studies suggest that prostaglandins may have a unique and previously unappreciated role
in the development of pathways that control ductus contractility to any vasoactive stimulus.
For example, after chronic in utero COX inhibition, the thromboxane mimetic U-46619 has
no effect on the degree of ductus patency even when used at doses that previously have been
shown to constrict the neonatal ductus (Fig. 6 and Refs. 17 and 33). Muscular development of
the ductus is marked by precocious differentiation of specific myosin isoforms (15) and
cytoskeletal proteins (4,8,32) that appear to play a role in its postnatal closure and remodeling.
Interruption of smooth muscle differentiation leads to delayed postnatal ductus closure (24).
Prostaglandins play an important role in vascular smooth muscle migration and differentiation
(1,16,19). We hypothesize that prolonged COX inhibition on days 15–19 of gestation alters
the development of the contractile apparatus that is essential for rapid constriction after birth.
Our results also suggest that days 15–19 of gestation span the critical period of contractile
development since ductus contractility was unaffected when mice were exposed to combined
COX inhibition at an earlier time in gestation (days 11–15 of gestation; Fig. 5).

Although both COX-1 and COX-2 affect the development of ductus contractility, they do so
to different degrees. Our results are similar to the observations of Loftin et al. (17) where
chronic COX-2 inhibition on days 16–19 of gestation resulted in a postnatal PDA, whereas
chronic COX-1 inhibition over the same period did not. We observed a small but significant
PDA after chronic COX-1 inhibition on days 15–19 of pregnancy (Fig. 5). This discrepancy
may be explained by a longer duration of COX-1 inhibition in our studies, strain differences
in susceptibility to COX inhibition, or different environmental conditions that alter COX
functions (2,39). Nevertheless, our data clearly show that prolonged inhibition of either COX-1
or COX-2 alone impairs ductal constriction after birth and is not the result of in utero
constriction of the fetal ductus. Mice with targeted deletion of the PGE2 receptor EP4 have a
similar PDA phenotype (26), suggesting that a specific prostaglandin receptor pathway may
regulate the development of ductus arteriosus contractility.

In summary, we suggest that prostaglandins may play a novel role in ductus arteriosus
development that is distinct from their function as a mediator of vascular tone. A better
understanding of this process will be important for the development of new strategies to treat
preterm labor without affecting fetal vascular development.
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Fig. 1.
Drug treatment protocols. Pregnant dams were treated with a nonselective cyclooxygenase
(COX) inhibitor [indomethacin (Indo)], a selective COX-1 inhibitor (SC560), and/or a selective
COX-2 inhibitor (SC236) on the indicated days of gestation [day (d) 1 = presence of vaginal
plug]. Fetal studies: protocol A examined the effects of a single dose of a COX inhibitor (either
indomethacin, SC236, SC560, or the combination of SC236 with SC560) on the fetal ductus
(tissue collected 4 h after treatment); protocol B examined the effects of prolonged COX-1,
COX-2, or combined COX-1 and COX-2 inhibition on the fetal ductus (study drugs were
administered at the indicated times, and the tissues were harvested 4 h after the last dose);
protocol C examined the effects of a single treatment with both COX-1 and COX-2 inhibitors
on the fetal ductus. Pregnant dams were treated at either gestation day 16, 17, 18, or 19, and
the fetal tissues were harvested 4 h later; protocol D examined the effects of prolonged COX-1
and COX-2 inhibition on the fetal ductus at day 18 of gestation. Pregnant dams were treated
on days 15–18 of gestation, and the fetal tissues were harvested 4 h after the last dose on day
18. Newborn studies: protocol E examined the effects of prolonged COX-1 and COX-2
inhibition (on days 11–14 of gestation) on the newborn ductus. Newborn tissues were harvested
4 h after delivery; protocol F examined the effects of prolonged in utero exposure to either
COX-1, COX-2, or combined COX-1 and COX-2 inhibitors (on days 15–19 of gestation) on
the newborn ductus. Newborn tissues were harvested 4 h after delivery; protocol G examined
whether treatment of newborn littermates with NG-nitro-L-arginine methyl ester (L-NAME) or
U-46619 (or saline) altered patency of the ductus arteriosus (after prolonged in utero exposure
to both COX inhibitors on days 15–19 of gestation). PP1, postpartum day 1.
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Fig. 2.
Physiological closure of the mouse ductus arteriosus. Anatomical views of the open fetal ductus
arteriosus on the morning of day 19 of gestation (A) and constricted newborn ductus arteriosus
at 4 h of age (B). Serial thoracic sections demonstrate histologic features and dimensions of
the open fetal ductus (C) and adjacent transverse aortic arch (E) compared with the closed
newborn ductus (D) and corresponding transverse aortic arch (F). aAO, ascending aorta; tAO,
transverse aorta; dAO, descending aorta; PA, pulmonary artery; DA, ductus arteriosus; Tra,
trachea; Eso, esophagus, VB, vertebral body.
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Fig. 3.
Response of the fetal ductus arteriosus to acute and chronic COX-1 or COX-2 inhibition.
Fetuses of wild-type dams treated with indomethacin, a selective COX-1 inhibitor (SC560),
or selective COX-2 inhibitor (SC236) were compared. Vessel dimensions are expressed as a
ratio of ductus arteriosus (DA) and transverse aorta (AO) diameters. A: acute pharmacological
inhibition with indomethacin (n = 6, 2 litters) or combined COX inhibitors (n = 19, 7 litters)
showed similar ductus constriction at term gestation compared with untreated (No Tx) controls
(n = 11, 6 litters). Acute COX-1 inhibition (n = 9, 3 litters) caused less ductus constriction than
COX-2 (n = 11, 4 litters). B: chronic COX-1 (n = 9, 3 litters), COX-2 (n = 35, 12 litters), or
combined COX inhibition (n = 20, 6 litters) did not constrict the fetal ductus. P < 0.05 compared
with control (*) and compared with SC560 (§).
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Fig. 4.
Developmental stage-specific response of the fetal ductus arteriosus to acute and chronic COX
inhibition. Fetuses of wild-type dams treated with combined COX-1 (SC560) and COX-2
(SC236) inhibitors were compared. Vessel dimensions are expressed as a ratio of DA and AO
diameters. A: acute inhibition of both COX isoforms did not alter the day 16 (n = 9, 3 litters)
or day 17 (n = 9, 3 litters) gestation ductus but induced constriction on day 18 (n = 13, 4 litters)
and day 19 (n = 19, 7 litters). B: in contrast to the acute responses, chronic exposure to both
COX inhibitors, starting on day 15, was not associated with ductus constriction on either day
18 (n = 12, 3 litters) or day 19 (n = 20, 6 litters). *P < 0.05 compared with vehicle-treated dams
at each gestation.
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Fig. 5.
Ductus contractility in the newborn mouse after genetic and/or prolonged pharmacological
COX inhibition in utero. A: newborn pups born to dams with chronic COX-1 (SC560), COX-2
(SC236), or combined COX inhibitors were placed in 80% oxygen for 4 h after birth. Vessel
dimensions are expressed as a ratio of DA and AO diameters. Chronic COX inhibition on days
11–14 of gestation (n = 20, 7 litters) did not alter ductus closure after birth, whereas pups with
COX-1 (n = 12, 4 litters), COX-2 (n = 23, 13 litters), or combined COX inhibition (n = 29, 11
litters) on days 15–19 of gestation had delayed closure of the ductus compared with controls
(n = 12, 4 litters). B: targeted deletion of COX-1 (n = 11, 4 litters) had minimal effect on ductus
closure after birth, whereas COX-2 deletion (n = 20, 8 litters) and COX-1/COX-2 double-null
pups (n = 12, 6 litters) had a significant delay in ductal closure compared with controls (n =
12, 4 litters). Closure of the ductus of COX-1 null pups chronically exposed to COX-2 inhibitor
in utero (n = 16, 6 litters) was also significantly delayed. KO, knockout. *P < 0.05 compared
with untreated newborns at 4 h of age.
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Fig. 6.
Responsiveness of the newborn patent ductus arteriosus. Newborn pups born to dams with
chronic COX-1 (SC560) plus COX-2 (SC236) inhibition on days 15–19 of gestation were
placed in 80% oxygen for 4 h after birth. Vessel dimensions are expressed as a ratio of DA and
AO diameters. Ductus closure rates of pups treated with saline (n = 24, 12 litters), L-NAME
(n = 21, 6 litters), or U-46619 (n = 24, 7 litters) were significantly delayed compared with
untreated controls (n = 12, 4 litters; P < 0.05) but did not differ between the treatment groups.
Similarly, there was no difference in ductus caliber between saline-treated (n = 15, 5 litters)
and L-NAME-treated (n = 14, 4 litters) COX-1 null pups chronically exposed to COX-2
inhibitor in utero.
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