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ABSTRACT. We compared oxygen-related prostaglandin 
synthesis in fetal lamb ductus arteriosus (DA) pulmonary 
artery (PA) and aorta endothelial and smooth muscle cells. 
We measured basal synthesis of 6-keto-PGR, and PGE2, 
the response to calcium ionophore (A23187), a nonspecific 
stimulus of prostaglandin production, as well as the re- 
sponse to oxygen, a perinatal stimulus, monitoring both 
the effects of hyperoxia (95% 02) and hypoxia (2% 02). 
In addition, we established whether differences observed 
in fetal lamb PA cells related to oxygen tension were also 
observed in newborn central and microvessel PA cells. Our 
results indicate that DA endothelial cells increase 6-keto- 
PGF,, in response to ionophore ( p  < 0.05). With hyper- 
oxia, DA endothelial cells increase PGE2 synthesis and 
DA smooth muscle cells increase 6-keto-PGK, ( p  < 0.05 
and 0.02, respectively). Aorta smooth muscle cells increase 
6-keto-PGF,, in response to ionophore and hyperoxia ( p  
< 0.003 and 0.05, respectively). PA endothelial and smooth 
muscle cells have higher levels of basal prostaglandin 
synthesis when compared with DA and aorta. In response 
to ionophore, increased 6-keto-PGP1, is observed in both 
PA endothelial and smooth muscle cells ( p  < 0.02 and 
0.0004, respectively), and PGE2 is increased in PA smooth 
muscle cells (p < 0.003). Hypoxia, however, decreases PA 
smooth muscle production of both 6-keto-PGS, and PGE2 
(p < 0.02 and 0.01, respectively). Similar observations 
were made in newborn lamb central and microvessel PA 
cells. Thus, the hyperoxia-induced increase in prostaglan- 
din synthesis in DA (endothelium and smooth muscle) and 
aorta (smooth muscle) and the hypoxia-induced decrease 
in prostaglandin synthesis in PA (smooth muscle) seem to 
be phenotypic properties of the cells in culture. (Pediatr. 
Res 26: 330-335,1989) 

Abbreviations 

DA, ductus arteriosus 
Ao, aorta 
PA, pulmonary artery 
DPBS, Dulbecco's PBS 

natal constriction of the vessel wall (2). The identity of the 
constrictor remains unknown, although its formation from a 
cytochrome P-450-dependent monooxygenase pathway is likely 
(3). We have previously established and characterized endothelial 
and smooth muscle cell cultures from the DA (4). When com- 
pared with cells from the Ao and PA, DA cells are similar in 
appearance and growth, but show both qualitative and quanti- 
tative differences in protein synthesis (4). The purpose of this 
study was to establish whether oxygen-induced production of 
prostaglandins is also different in DA cells. The results of these 
experiments could therefore serve as the background for future 
work related to the mechanism of oxygen-induced release of 
vasoactive substances. We compared basal DA endothelial and 
smooth muscle synthesis of PGE2 and 6-keto-PGF,,, the stable 
metabolite of prostacyclin, with that of PA and Ao cells, as well 
as the response to a nonspecific stimulus, the calcium ionophore 
(A23 187), and a perinatal stimulus, oxygen. We also assessed 
whether changes in prostaglandin production in the fetal PA 
were also reflected in newborn central and microvessel PA cells. 

MATERIALS AND METHODS 

Materials. DPBS, medium 199 (contains 5 mM CaC12) with 
25 mM HEPES buffer and glutamine, antibiotic-antimycotic 
solution (penicillin, streptomycin, fungizone), and FCS were 
purchased from GIBCO, Burlington, Ontario. Culture dishes (35 
mm) were Nunclon, from Nunc, Denmark, flasks and 15-mL 
tubes were from Costar, Cambridge, MA. Microcamer beads 
(Cytodex III), were from Pharmacia, Uppsala, Sweden. Antibody 
to human factor VIII was obtained from Behring Diagnostics 
Inc. Branchburg, NJ and ovine factor VIII antibody was kindly 
supplied by Dr. M. Andrew, McMaster University, Hamilton, 
Ontario, Canada. Angiotensin converting enzyme substrate, [3H] 
benzoyl-phe-ala-pro came from Ventrex Laboratories, Portland, 
ME. Radiolabeled compounds, [5,6,8,9,11,12,14,15,-'H(N)] ar- 
achidonic acid, (83.6 Ci/mmol) and [5,6,8,11,12,14,1 5-3H(N)] 
PGE2 (185 Ci/mmol) and [5,8,9,1 1,12,14,15,-3H(N)] 6-keto- 
PGF,, (157 Ci/mmol) were obtained from New England Nu- 
clear, Boston, MA. Unlabeled thromboxane B2, prostaglandin 
D2, PGF2,, were from Upjohn, Kalamazoo, MI and 5-HETE 
and 15-HETE, from Biomol, Philadelphia, PA. Calcium iono- 
phore A23 187 was obtained from Sigma Chemical Co., St. Louis, 
MO and scintillation fluid (ACS)-from Amersham, Oakville, 
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ing the luminal surface of the vessel with a no. 11 scalpel blade 
(4, 5) and immersing the blade in a 35-mm culture dish contain- 
ing medium 199 (contains 5 mM CaC12), 20% FCS, and 1% 
antibiotic-antimycotic solution. The culture medium was not 
supplemented with growth factors. Cells were then grown to 
confluence and passaged nonenzymatically 1:2. Growth rates 
and attachment efficiencies have been previously published (4). 
Differences were apparent comparing endothelial and smooth 
muscle cells, but not in relation to vascular site, i.e. DA, PA, or 
Ao. 

After removing the adventitia from the vessels, explants of the 
muscular media were cultured in 25-mL flasks using the same 
medium as the endothelial cells, but with 10% FCS added. 
Smooth muscle cells were propagated from the explants (6) and 
also passaged 1 :2 nonenzymatically at confluence. 

Rambouillet lambs, 3-5 days of age, were used as the source 
of newborn PA central and microvessel endothelial and smooth 
muscle cells. Microvessel endothelial cells were harvested by a 
previously described perfusion technique using microcarrier 
beads, 40-140 pm (7, 8). The cells that attached to the beads 
were largely endothelial, but some smooth muscle cells were also 
present that formed colonies that were later subcultured. Endo- 
thelial and smooth muscle cells from the central PA were har- 
vested and cultured following the technique described for fetal 
cells. 

Endothelial cells in culture were characterized by phase con- 
trast light microscopy as forming a typical "cobblestone," contact 
inhibited monolayer (4, 5, 7). At passage 2, positive immunoflu- 
orescence was demonstrated using both a human and ovine 
antibody to factor VIII (4, 5). Furthermore, levels of angiotensin 
converting enzyme activity (9) were accordant with published 
values (4). Newborn central PA endothelial cells were similar to 
both newborn microvessel PA and fetal central PA cells in terms 
of converting enzyme activity, but they took approximately 1 
mo longer to reach confluence at passage 3. Smooth muscle cells 
were characterized by the "hills and valleys" phenotype on phase 
contrast light microscopy (4, 10) and by positive immunofluo- 
rescence (1 1) using a smooth muscle specific actin antibody 
kindly supplied by Dr. A. Gown, University of Washington, 
Seattle, WA. 

Measurement of prostaglandin synthesis. Confluent endothe- 
lial and smooth muscle cells from fetal DA, PA, and Ao at 
passage 3 were used for measurement of prostaglandin synthesis. 
To each 25-mL flask, containing approximately 1.2 x lo6 cells, 
fresh serum-free medium 199 with 1 pCi [3H]arachidonic acid 
was added (final volume 4 mL) and incubation was continued 
for 24 h at 37°C. The medium was then removed, cells were 
washed twice with 5 mL DPBS and then 4 mL of fresh serum 
free medium 199 were added. Prostaglandin production was 
assessed over a 1-h period under one of the following conditions 
1) room air, 2) room air plus calcium ionophore A23 187 (final 
concentration 5 pM), 3) hypoxia (2% 02, 5% C02, 93% N2) and 
4) hyperoxia (95% 02 ,  5% C02). To maintain the ambient 
oxygen environment, the cap of the flask was replaced with a 
rubber stopper pierced by two 18-gauge needles attached to 3- 
way stopcocks. One needle was attached to silastic tubing to 
bubble the various gas mixtures through the medium at 1 L/min 
for 5 min; the second needle was attached to a stopcock which 
remained open to allow gas to flow out of the flask over this time 
period, and then both stopcocks were closed for the remainder 
of the incubation time. One h later, the first stopcock with 
attached silastic tubing was open for withdrawal of 3.5 mL of 
culture medium to measure prostaglandins by HPLC and the 
remainder, 0.5 mL, was removed to measure the Po2 (Corning 
Blood Gas Analyzer, Corning Glass Works, Medfield, MA). Po2 
values were 24-42 mm Hg, and 5 17-620 mm Hg, respectively, 
in 2 and 95% oxygen for all incubations. Room air values were 
only verified in a few samples and found to be within the expected 
120- 130 mm Hg Po2 range. 

The newborn central and microvessel PA cells were obtained 

from at least three different harvests but each flask was used as 
its own control. All cells were incubated with 1 pCi [3H]arachi- 
donic acid as described above, and prostaglandin synthesis was 
assessed during 1 h of exposure to room air. Fresh serum-free 
medium was added to the flask and repeat assessment was made 
during one hour of hypoxia (2% 02, 5% C02, 93% N2). Then, 
0.5 h equilibration in room air intervened after which, fresh 
serum-free medium with calcium ionophore A23 187 (final con- 
centration 5 pM) was added. Prostaglandin synthesis was reas- 
sessed in room air only to ascertain that, despite the change in 
precursor pool, the cells could respond to a prostaglandin-pro- 
ducing stimulus. 

In all experiments, cells were checked after the exposure to 
ionophore, hypoxia, or hyperoxia to verify that they had main- 
tained an intact cobblestone phenotype and had no signs of 
detachment or injury from the 5-min bubbling. None was ob- 
served. The culture medium was then removed, and the cells 
from each flask were subsequently scraped in DPBS, aspirated 
up and down in a syringe via an 18-gauge needle to break up the 
clumps and counted (model HZ counter, Coutler Electronics, 
Hialeah, FL) so that results could be referred quantitatively to 
the constituent cells. The culture medium removed was acidified 
with 1 N HC1 to pH 3 and passed through a C18 Sep-Pak followed 
by 2 x 5 mL DPBS washes. The cartridges were then rinsed with 
6 mL H20, 6 mL hexane and the prostaglandins were eluted off 
the Sep-Pak with 12 mL acetone. Recovery was 86-90%. The 
acetone fraction was evaporated under a stream of N2 and 
samples were reconstituted in 250 pL acetonitrile. 

Prostaglandins were resolved using an HPLC system from 
Waters, Milford, MA which included two model 5 10 pumps and 
a CIS Nova-Pak column (1 5.0 x 3.5 cm). A flow rate of 1.5 mL/ 
min with an isocratic gradient system of 0.1 % H3P0 JCH3CN 
(3:l by vol) (pH 3.5) increasing linearly to 100% CH3CN over 
18 min was used. Radioactivity was monitored using a Berthold 
LB505 detector and LB 5034 splitter/mixer (Berthold, Wildbad, 
West Germany, distributed by Labserco, Oakville, Ontario, Can- 
ada) interfaced to a Waters System module with a Digital 350 
Professional Computer (Waters, Milford, MA). At the same time, 
1-min fractions of eluate were collected and mixed with 3 mL 
ACS scintillation fluid and counted on a 12 19 Rackbeta Spectral 
liquid scintillation counter (LKB, Washington, DC). Radiola- 
beled standards of 6-keto-PGF,,, PGE2, and arachidonic acid 
had retention times of 5.5, 9.4, and 18 min, respectively. Reten- 
tion times of unlabeled standards detected at 195 nm using a 
Waters model 490 multiwavelength U.V. detector, were as fol- 
lows: PGD2, 10.5 min, thromboxane B2, 7 min, PGF2,, 8 min, 
hydroxyacids, (5-HETE and 15-HETE), 13 and 18.8 min, re- 
spectively. Recovery of the radiolabeled standards was 99%. 
Inasmuch as the monohydroxyacid retention times coincided 
with the shoulder of the arachidonic acid peak, any small amount 
of HETE compound, could not be resolved by our system. 

In a few experiments in room air sampling endothelial and 
smooth muscle cells from the DA, Ao, and PA, we monitored 
the amount of radiolabeled arachidonic acid that remained in- 
corporated in the cells and the proportion released into the fresh 
medium. Of the latter, we assessed how much was arachidonic 
acid relative to prostaglandins. Approximately 50% of the added 
tracer remained incorporated in the cells and 15 % was released 
into the medium after the 1-h experimental period. Of the latter, 
approximately 95% was arachidonic acid, 3% PGE2 and 2% 6- 
keto-PGF,,. 

To rule out any interference from catabolism with the meas- 
ured levels of prostanoids, the following additional studies were 
carried out. Flasks with confluent (passage 3) PA, Ao, and DA 
endothelial and smooth muscle cells were incubated in serum- 
free medium 199 for 24 h at 37°C to simulate the conditions of 
the previous experiments. The incubation medium was then 
replaced with 2 mL of fresh medium to which 1 pCi [3H]PGE2 
had been added, and the cells were incubated for a further 1 h at 
37°C. The medium was removed, cells washed twice with 2 mL 
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DPBS, and washes pooled. Combined medium and washes were 
passed over a C18 Sep-Pak and acetone was added to bring the 
final volume to 12 mL. The samples were dried under N2 and 
reconstituted into 0.3 mL acetone: aliquots of the unknown (50 
pL) and standards were applied to silica-coated thin-layer chro- 
matography plates and samples were developed for 1.5 h in 
chloroform:methanol:acetic acid:water (90:9: 1:0.65 by vol). The 
portion of the plates containing the standards was then sprayed 
with phosphomolybdic acid (10% in ethanol), whereas radioac- 
tivity in the unknown was determined using a Berthold scanner 
(model LB2722-2). No evidence of catabolism was found because 
92-99% of added radioactivity was recovered and migrated on 
thin-layer chromatography as a single peak with the same mo- 
bility as the PGE2 standard. 

Analysis of data. Comparisons of data were based upon values 
obtained from four flasks for each cell type (e.g. PA smooth 
muscle). Cells were derived from at least two different harvests. 
Because of the variability in the distribution of the data, logarith- 
mic transformation was performed and then a one-way analysis 
of variance was used to determine whether, for baseline endothe- 
lial or smooth muscle values of 6-keto-PGF1, or PGE2, there was 
a difference related to the origin of the cells and whether for a 
given origin, there were differences related to the experimental 
condition (e.g. hypoxia, hyperoxia, or ionophore). An F test 
(control versus stimulus) was then calculated (12) and a more 
stringent Tukey's test was also used to establish for each cell 
type, whether a specific expermental condition, produced a sig- 
nificant difference. In newborn PA central cells and in those 
derived from microvessels, the paired Student's t test was used 
to compare prostaglandin synthesis values during normoxia with 
those obtained during hypoxia. All values are given as mean f 
SE, and differences are considered significant with p < 0.05. 

RESULTS 

In the DA, there were no significant changes in endothelial or 
smooth muscle prostaglandin synthesis with hypoxia (Figs. 1 and 
2). Hyperoxia, however, increased both endothelial PGE2 ( p  < 
0.05, F test) (Fig. 1) and smooth muscle 6-keto-PGF,, ( p  < 0.02, 
F test, and <0.05, Tukey's test) (Fig. 2). In addition, there was a 
trend toward increased endothelial 6-keto-PGF], ( p  = 0.06, F 
test) (Fig. 1). DA endothelial cells responded to calcium iono- 
phore with increased 6-keto-PGF,, synthesis ( p  < 0.05, F test) 
(Fig. I), but in DA smooth muscle cells (Fig. 2) only a trend 
toward an increase in PGE2 was apparent. 

In the Ao, as in the DA, there was no significant change in 
endothelial or smooth muscle prostaglandin synthesis with hy- 
poxia. Hyperoxia did not significantly alter Ao endothelial pros- 
taglandin synthesis, but did increase Ao smooth muscle 6-keto- 
PGF,, ( p  < 0.04, F test) (Fig. 2). In contrast to the DA, Ao 
smooth muscle cells, rather then endothelial cells responded to 
calcium ionophore with increased 6-keto-PGF,, (p < 0.0025, F 
test, <0.05, Tukey's test). 

Basal levels of prostaglandin synthesis were highest in cells 
from the PA. Endothelial cells from the PA produced more 6- 
keto-PGF,, than those from either Ao ( p  < 0.05) or DA ( p  < 
0.025) and more PGE2 than DA cells (p < 0.025) (Fig. 1). 
Smooth muscle cells from the PA produced more 6-keto-PGF,, 
than those from the DA (0 < 0.025) (Fig. 2). PA endothelial 
prostaglandin synthesis during hypoxia was not significantly 
different from that observed in room air (Fig. 1) but PA smooth 
muscle cells showed a significant decrease in 6-keto-PGF,, ( p  < 
0.02, F test, <0.01, Tukey's test) and PGE2 ( p  < 0.01, F test, 
<0.05, Tukey's test) (Fig. 2). In further contrast to DA and Ao 
cells, hyperoxia did not significantly alter PA endothelial or 
smooth muscle prostaglandin synthesis. In response to stimula- 
tion with calcium ionophore, 6-keto-PGF,, was increased in 
both PA endothelial and smooth muscle cells ( p  < 0.02 and 
<0.0004, respectively, F test) (Figs. 1 and 2), and PGE2 was 
increased in smooth muscle cells ( p  < 0.003, F test, <0.05, 
Tukey's test) (Fig. 2). 
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Fig. 1. Fetal endothelial prostaglandin synthesis. A histogram show- 
ing 6-keto-PGF,, and PGEz synthesis during room air 0, hypoxia (2% 
02)  W, hyperoxia (95% Oz) H, and stimulation with calcium ionophore, 
A23 187 (*p < 0.05, **p < 0.02, F test). a, differs from DA ( p  < 0.025) 
and b, differs from Ao ( p  < 0.05). 

As was observed in fetal PA smooth muscle cells, newborn 
central PA smooth muscle cells also showed decreased produc- 
tion of 6-keto-PGF,, during hypoxia ( p  < 0.01), and both central 
and microvessel PA smooth muscle cells had reduced PGE2 
synthesis ( p  < 0.05 and 0.01, respectively) (Fig. 3). The hypoxic 
stimulus had not interfered with prostaglandin synthesis by dam- 
aging the cells in that they subsequently responded to stimulation 
with ionophore (Fig. 3). 

Thus the newborn PA cells responded in a similar manner to 
hypoxic stimulation despite some differences when compared 
with fetal cells in baseline prostaglandin synthesis. Fetal PA 
endothelial cells produced more 6-keto-PGF,, than newborn 
central PA endothelial cells, and fetal PA smooth muscle cells 
produced more 6-keto-PGF,, than newborn microvessel PA cells 
( p  < 0.01 for both comparisons). Newborn central PA smooth 
muscle cells had higher rates of 6-keto-PGF,, synthesis than 
newborn microvessel PA cells ( p  < 0.05, Fig. 3). 

DISCUSSION 

Prostaglandin synthesis related to vascular site. In this study, 
we investigated whether cultured endothelial and smooth muscle 
cells from the fetal DA, PA, and Ao show differences in prosta- 
glandin synthesis related to site and exposure to high versus low 
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Fig. 2. Fetal smooth muscle prostaglandin synthesis. A histogram 
showing 6-keto-PGFI, and PGE2 synthesis in ductus arteriosus, aorta 
and pulmonary artery smooth muscle cells during room air 0, hypoxia 
(2% 0 2 )  W, hyperoxia (95% 0 2 )  El, and stimulation with calcium iono- 
phore, A23 187 N (*p < 0.05 or 0.04, **p < 0.02 or 0.01). ***p < 0.003 
and ****p < 0.0004, F test t p  < 0.05, t t p  < 0.01, Tukeys test. a, differs 
from DA ( p  < 0.025). 

ambient oxygen. We found that endothelial and smooth muscle 
cells from all three vascular sites synthesize prostaglandins. More- 
over, the amounts recovered are a reflection of synthetic activity 
in individual cells because no catabolism was evident in our 
system. We have thus extended studies of other investigators by 
showing that vascular endothelial and smooth muscle cells not 
only synthesize prostaglandins (13-1 5), but also exhibit peculiar 
features reflecting their origin. 

In general, the levels of PGE2 detected were similar or higher 
than those of 6-keto-PGF,,. Although this has been described in 
smooth muscle cells, previous reports indicate that cultured 
endothelial cells produce higher levels of 6-keto-PGF1, than 
PGE2 (1 3). The conditions we used, i.e. 1 h serum free, have not 
however, been previously studied. In other experiments in our 
laboratory in passage 3 neonatal PA endothelial cells, prostaglan- 
dins were assayed after 24 h in low mitogen serum replacement 
(Sigma) rather than serum-free medium, and higher levels of 6- 
keto-PGF,, than PGE2 were measured (16). 

A drawback in the interpretation of our results may be the fact 

that the fetal cells were maintained and propagated in normoxia 
and this would not reproduce the fetal hypoxic environment. 
Previous studies by Benitz et al. (17), however, have shown that 
PA smooth muscle cells do not grow well in a hypoxic environ- 
ment, so this was a necessary limitation. Despite the fact that 
they were cultured and passaged in normoxia, fetal cells were 
initially adapted to low oxygen and for this reason may be 
phenotypically different. We have established in a previous study 
that there are qualitative and quantitative differences in protein 
synthesis in DA cells compared with those from the Ao or PA 
(4) indicating that they maintain a distinct phenotype in culture. 
Moreover, studies by Mecham et al. (18) have shown that cells 
harvested from chronically hypoxic calves, but cultured in room 
air do indeed maintain phenotypic characteristics related to their 
altered functions in vivo (19). This is true despite the fact that in 
vivo vascular abnormalities regress when the calves are removed 
from the hypoxic environment (19). 

We were surprised that DA smooth muscle and Ao endothelial 
cells did not show an increase in 6-keto-PGF,, and/or PGE2 
synthesis in response to the calcium ionophore because this is a 
nonspecific stimulus that activates calcium-dependent phopho- 
lipase A2. We can only speculate that the lack of responsivity 
especially of fetal DA smooth muscle and Ao endothelial cells is 
a feature peculiar to these cells, related perhaps to the accessibility 
and state of activation of the enzyme. 

In previous studies, few differences in metabolic functions 
have been found when comparing endothelial or smooth muscle 
cells from different vascular sites (20-22), although arterial endo- 
thelial cell synthesis of prostaglandins is generally found to be 
higher than that of veins (1 5). In other studies, calcium ionophore 
was found to be a stimulus of vascular prostaglandin production 
regardless of site of origin (21). No specific differences were 
found when comparing bovine PA with Ao. The higher prosta- 
glandin synthesis in PA compared with Ao or DA cells which we 
observed may reflect the fact that we used fetal cells. Because 
fetal vessels produce five times more prostacyclin than those of 
the adult animal, small differences may more readily be apparent 
(23). Alternatively, the difference may reflect the fact that the 
cells were harvested and passaged nonenzymatically and, there- 
fore, may have retained characteristics more reflective of their 
vascular site of origin. Forstermann et al. (24) found that the 
intact rabbit pulmonary artery produced comparatively higher 
levels of prostaglandins than the aorta. 

Mechanism of hyperoxia-induced DA prostaglandin synthesis. 
Both in the studies of Coceani et al. (25) and Clyman et al. (26) 
the response of the isolated DA vessel to hyperoxia consisted of 
increased PGE2 synthesis. In the study by Coceani et al. (25) 
increased PGE2 was observed in DA specimens lacking both 
intima and adventitia, suggesting that the smooth muscle cells 
of the media were also an important source. Although 6-keto- 
PGF,, was not measured, it could be anticipated that it was also 
increased. Thus the increased DA endothelial and smooth muscle 
prostaglandin synthesis observed in cultured cells appears to 
reflect a property also apparent in intact vessels. 

Using time-lapse cinematography, we have demonstrated that 
DA smooth muscle cells, despite increased production of dilator 
prostaglandins, do indeed appear to contract during exposure to 
hyperoxia (Rabinovitch M, unpublished observations), and we 
are in the process of trying to adapt our system so that we can 
make further functional measurements, e.g. a measurement of 
calcium uptake. Because this feature is similar to the DA con- 
striction with hyperoxia observed in whole tissue (4), it appears 
that the increase in prostaglandin synthesis apparent both in 
whole tissue and in cell culture may serve to counteract the full 
effect of an as yet unknown vasoconstrictor (3). Our HPLC 
system would not be expected to detect the cytochrome P-450- 
dependent metabolite that constricts the vessel because it is likely 
not an eicosanoid (3). 

Whereas we showed an increase in Ao smooth muscle prosta- 
cyclin synthesis during hyperoxia, previous studies by other 
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Fig. 3. Newborn pulmonary artery central and microvessel endothelial and smooth muscle prostaglandin synthesis. Histograms showing 
prostaglandin synthesis of newborn endothelial and smooth muscle cells from central pulmonary artery and pulmonary artery microvessels in room 
air 0, and during hypoxia (2% Oz) W. The response to ionophore B4 after 0.5 h equilibration in room air is then shown (*p < 0.05 and **p < 0.01 
paired t test). a, differs from central PA ( p  < 0.05). 

investigators (27) have observed an increase in Ao endothelial 
cells, but only after an exposure period much longer than the 
one we used. 

Decreased prostaglandin synthesis in PA smooth muscle cells 
during hypoxia. The normal level of Po2 in the fetal PA (28) is 
lower than the one attained in vitro with the 2% oxygen mixture. 
The latter would, however, be considered hypoxic for neonatal 
animals. We chose 2% oxygen for all our studies because that 
particular tension represented a relative change from the condi- 
tions under which cells had been harvested and propagated. 

Synthesis of PGE2 during hypoxia had not been assessed before 
in cell culture, whole tissue, or isolated lungs. PGE2 is a dilator 
of the pulmonary vascular bed in newborn goats (29). Thus, the 
decrease in PGE2 and, even more significant functionally, the 
decrease in prostacyclin production in PA smooth muscle cells 
during hypoxic exposure may, if indicative of the situation in 
vivo, promote vasoconstrictor influences. In addition, because 
PGE2 is an inhibitor of vascular smooth muscle DNA synthesis 
(30), a decrease in its production in the PA might have the 
detrimental effect of inducing the smooth muscle proliferation 
associated with medial hypertrophy of chronic hypoxia (3 1). 

Endothelial and smooth muscle cell prostacyclin synthesis in 
response to decreased oxygen concentration has been studied 
previously in cultured cells (32). Calf pulmonary arterial endo- 
thelial, but not smooth muscle cells, were shown to synthesize 
less prostacyclin in response to low 10% oxygen. Aortic endothe- 
lial cells showed a similar response, but only with 0% oxygen. 
Our inability to detect a decrease in endothelial prostacyclin 
production with 2% oxygen exposure may mean that fetal, and 
perhaps early neonatal endothelial cells were relatively adapted 
to low oxygen in vivo. Species differences may also play a role, 
although ovine and bovine cells should be closely related. The 
shorter length of exposure, 1 h in our studies compared with the 
4 h of others (32) or the earlier passage, 3 compared with 3-15 
may also explain the differences. 

Mechanism of hypoxia-induced changes in prostaglandin re- 
lease. The mechanism whereby during hypoxia pulmonary ar- 
teries constrict, but systemic arteries and the DA remain dilated 
is not understood. It could be speculated that, in systemic arteries, 

endogenous smooth muscle production of prostacyclin and PGE2 
maintains dilatation whereas in the PA, the decreased smooth 
muscle production of dilator prostaglandins promotes contrac- 
tion. Observations in the isolated lung suggest that, once con- 
striction is initiated, release of prostacyclin, perhaps from endo- 
thelial cells, limits the magnitude of the response (33). The 
mechanism of decreased prostacyclin and PGE2 production in 
PA smooth muscle cells in response to low oxygen suggests 
interference with cyclooxygenase or phospholipase A2 activity 
(34). 

Although there is evidence implicating endogenous and blood- 
borne PGE2 in prenatal patency of the DA (2) ,  the identity of 
the agent responsible for postnatal closure of the vessel remains 
unknown, although its formation through a cytochrome P-450 
reaction is most likely (3). We have shown, in this study, that 
DA cells respond to hyperoxia by increased production of pros- 
taglandins, a function observed in whole tissue. The ability to 
culture and propagate vascular endothelial and smooth muscle 
cells should provide the opportunity to scale-up production of 
small quantities of vasoactive substances and to examine impor- 
tant interactions between the two cell types and this, in turn, 
might improve the prospect of isolating the elusive DA constric- 
tor. 
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