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ABSTRACT. Thromboxane A2 (TxA2) is an arachidonic PAP, pulmonary arterial pressure 
acid metabolite which causes severe pulmonary vasocon- LVEDP, left ventricular end diastolic pressure 
striction (PV) and may mediate the PV produced by plate- 
let-activating factor (PAF-acether) and leukotriene D4 
(LTD4). To determine the role of TxAz receptors on PAF- 
acethe;, LTD4, and hypoxia-induced PV, we administered 
PAF-acether 0.1 nmollkg, the TxA2 analog U-46619 0.2 
pg/kg/min, LTD4 3.0 pg/kg, or acute hypoxia (Fio2 = 0.12 
for 3 min) before and during the infusion of the selective 
TxA2 receptor blocker SQ 29 548 50 pg/kg/min or vehicle 
into 27 open-chest, anesthetized newborn piglets, measur- 
ing pulmonary and systemic arterial pressures, cardiac 
index, and right and left ventricular pressures and dimen- 
sions. Mean pulmonary arterial pressure rose and cardiac 
index fell in response to PAF-acether (14 f 1 to 32 f 2 
mm Hg and 91 f 5 to 15 f 5 mL/kg/min, both p < 0.01), 
U-46619 (11 f 1 to 28 f 2 mm Hg and 93 2 10 to 36 f 
9 mL/kg/min, both p < 0.01), and LTD4 (13 f 3 to 22 f 
2 mm Hg and 85 f 12 to 29 + 9 mL/kg/min, both p < 
0.05). Acute hypoxia increased PAP (12 + 1 to 26 2 2 mm 
Hg, p < 0.01) but did not alter cardiac index. Infusion of 
SQ 29 548 prevented PAF-acether and U-46619-induced 
increases in pulmonary arterial pressure (13 f 1 to 14 f 1 
mm Hg and 12 + 1 to 12 f 1 mm Hg) and decreases in 
cardiac index (70 f 4 to 70 f 3 mL/kg/min and 94 f 14 
to 92 + 12 mL/kg/min) but failed to alter the response to 
LTD4 or hypoxia. Vehicle had no effect. We conclude that 
TxA2 receptors are not involved in LTD4 or hypoxia- 
induced PV but play an important role in the PV produced 
by PAF-acether and U-46619. (Pediatr Res 26:175-179, 
1989) 
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Vascular tone in the lung is determined by the local balance 
of vasodilator and vasoconstrictor influences (1). Arachidonic 
acid (2, 3) and prostacyclin (4) are involved in the regulation of 
basal tone in the normal pulmonary circulation; TxA2 (5), PAF- 
acether (6, 7), and LT (8, 9) have been implicated as mediators 
of pathophysiologic PV. Released by inflammatory cells, plate- 
lets, and vascular endothelium, these membrane lipids appear 
involved in hypoxic (9- 13) and septic (1 4- 17) PV in newborns. 

TxA2 (and its biologically stable prostaglandin endoperoxide 
analog, U-466 19) causes marked PV (5) and acts as potent stimuli 
for platelet aggregation (18). TxA2 is necessary for pulmonary 
venous constriction during hypoxia in isolated lamb lungs, but 
appears not to mediate hypoxic PV alone (19). TxA2 release 
accompanies septic (14-1 7) and PAF-acether-induced (20) PV 
in newborn experimental animals and mediates LT response in 
sheep but not in cats or pigs (8, 2 1-23). Elevated TxA2 levels are 
also present in human infants with persistent pulmonary hy- 
pertension (24). Cyclooxygenase and thromboxane synthesis 
blockade have been shown to attenuate, but not abolish, the 
pulmonary vasoconstrictor response to group Bp-hemolytic 
Streptococcus (14, 16), PAF-acether (20), and LT (19). Neither 
cyclooxygenase nor thromboxane synthetase blockade has been 
demonstrated to affect U-466 19 induced PV. The development 
of the highly specific TxA2 receptor antagonist, SQ 29 548 (19, 
25-28) should provide a new means to investigate the role of the 
TxA2 receptor on pulmonary vasoconstrictor responses. The 
present study was undertaken to evaluate the selectivity of the 
blocking effects of SQ 29 548 in the circulation of the newborn 
pig and to determine the relative contribution of TxA2 to PAF- 
acether, U-466 19, LT, and hypoxia-induced PV. 

MATERIALS AND METHODS 

Preparation. The hemodynamic effects of PAF-acether, U- 
46619, leukotriene Dq, and hypoxia were assessed in 27 open- 
chest newborn piglets weighing 2.0-3.9 kg and aged 7-14 d. 
There were 16 males and 1 1 females. 

Animals were sedated with intraperitoneal sodium pentobar- 
bital (10 mg/kg) and anesthetized with intravenous sodium 
pentobarbital (30 mg/kg). Each animal was intubated with a 3.5- 
mm outer diameter endotracheal tube and mechanically venti- 
lated with a Harvard animal respirator (Harvard Apparatus Co., 
Millis, MA) delivering 3 cm Hz0 positive end-expiratory pres- 
sure. Inspired oxygen concentration and ventilatory rate were 
modified at the onset of each experiment to achieve arterial P C O ~  
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between 35 and 45 mm Hg and Po2 between 100 and 200 mm 
Hg, to prevent any hypoxic component of agonist administration 
from independently affecting PAP. Polyvinyl catheters were 
placed in the left external jugular vein and carotid artery and 
advanced to the superior vena cava and ascending aorta, respec- 
tively. A 4 Fr high-fidelity pressure catheter (Millar Instruments, 
Houston, TX) was directed from the carotid artery to the left 
ventricle. 

A left lateral thoracotomy was performed in the fourth inter- 
costal space. The pericardium was incised along the main pul- 
monary trunk and the heart suspended in the pencardial cradle. 
Polyethylene cannulae were inserted into the right ventricle and 
main pulmonary artery. Since the ductus arteriosus is not patent 
in this preparation (20), a calibrated electromagnetic flow trans- 
ducer (North Carolina Instruments, King, NC) was placed 
around the main pulmonary artery to measure cardiac output. 
Two pairs of 1-mm ultrasonic crystals (Dimension 3, Cardiff-by- 
Sea, CA) were positioned 10 mm apart and embedded 1-2 mm 
beneath the anterior epicardial surface of the right and left 
ventricles. Myocardial segment length was recorded continuously 
from each region using appropriate signal processing instrumen- 
tation (Sonomicrometer 120, Triton Technology, San Diego, 
CA) and previously described techniques (20). Vascular pressures 
were measured with pressure transducers (model P23 ID; Gould- 
Statham Instruments, Hato Rey, PR) and recorded on a multi- 
channel recorder (model 7758A, Hewlett-Packard Instruments, 
Rockville, MD). Surface electrocardiogram was recorded for 
heart rate. 

Baseline hemodynamic measurements were taken and deter- 
mined to be stable for at least 1 h after the surgery in all animals. 
During the stabilization period, all animals received 0.9% NaCl 
10 mL/kg. 

Protocol I (n = 13). After base-line arterial blood gas deter- 
mination and hemodynamic measurements, blood was sampled 
for levels of TxB2 and 6-k-PGF,,, the stable metabolites of TxA2 
and prostacyclin, respectively. Animals then received PAF- 
acether 0.1 nmol/kg intravenous bolus using a standardized 2-s 
injection technique. This dose of PAF-acether was chosen to 
produce reversible, near-maximal hemodynamic changes based 
on previous experiences in our laboratory (20). All parameters 
were recorded continuously. One min after PAF-acether injec- 
tion (peak effect), TxB2 and 6-k-PGF,, levels were repeated. 
Animals were allowed up to 30 rnin to recover. Baseline param- 
eters were recorded, and piglets were then ventilated with an 
inspired gas concentration of 12% 02 ,  88% N2 for 3 min. At 3 
min, arterial blood was sampled for pH, Pc02 and PO, measure- 
ment. Hypoxia was then discontinued. Next, animals were ran- 
domized to receive either SQ 29 548 (SQ), 50 pg/kg/min by 
contiiluous intravenous infusion (n = 7), or an equal volume of 
the ethanol containing vehicle (n = 6). The dose of SQ was based 
on previous in vivo studies that showed maximal antagonistic 
capacity in dogs, cats, and pigs (25-28). Then 30 min later, 
hypoxia and PAF-acether were given in random order. At the 
conclusion of the study, animals were given a sodium pentothal 
overdose and a lethal KC1 injection. 

Protocol 2 (n = 10). To confirm the specificity of SQ for the 
TxA2 receptor in our preparation, a group of six piglets received, 
in random order, the stable TxA2 analog U-46619, 0.2 pg/kg/ 
rnin intravenous infusion, and LTD,, 3.0 pg/kg intravenous 
bolus. The dose of U-466 19 was chosen (based on preliminary 
data) to approximate the hemodynamic response to PAF-acether 
(i.e. 250% rise in mean pulmonary arterial pressure); the amount 
of LTD, was based on previous dose-response studies in our 
laboratory (29). Each drug administration was separated by a 
recovery period of at least 15 min. When circulatory status 
returned to baseline (2- 15 rnin), animals were given the hypoxic 
challenge as described in group 1. After a 30-min recovery period, 
SQ infusion was begun. Then 30 min later, administration of U- 
466 19, LTD4, and hypoxia were repeated. 

To determine the eficacy of TxA2 receptor antagonism on the 

initial exposure to PAF-acether, U-466 19, and hypoxia, a sepa- 
rate group of piglets (n = 4) was given SQ without prior agonist 
challenge. Baseline hemodynamic measurements were obtained 
before and 30 min after SQ initiation. Animals then received 
PAF-acether, U-466 19, and hypoxia, as detailed above, in ran- 
dom order. 

Protocol 3 (n = 4). To determine the effects of sustained 
exposure to PAF-acether and to evaluate reversibility of more 
extended PAF-acether action by TxA2 receptor blockade, four 
piglets received PAF-acether 0.1 nmol/kg/min by continuous 
intravenous infusion for 15 min. Animals were allowed a 60- 
min recovery period. Two animals were assigned to receive SQ 
and two were given only vehicle, as described above, followed 
by repeat agonist infusion. One vehicle-treated animal died in 
the first 60 s of repeat PAF infusion; one experimental animal 
died shortly after SQ initiation, prior to receiving PAF-acether. 

Drugs. Pure synthetic PAF-acether (1-0-hexadecyl-2-acetyl-sn- 
glycero-3-phosphocholine, kindly provided by Dr. F. Snyder, 
Oak Ridge Associated Universities, Oak Ridge, TN) was dis- 
solved in 0.9% NaCl to a concentration of 1 nmol/lO pL and 
aliquots kept frozen (-70°C) until used. Each aliquot was thawed 
only once and diluted with 0.9% NaCl to a final volume of 100 
pL/injection. A stable TxA2 analog, the prostaglandin endoper- 
oxide U-466 19 (kindly provided by Upjohn Diagnostics, Kala- 
mazoo, MI), was dissolved in absolute ethanol and was stored 
frozen. Solutions of U-466 19 for injection were freshly prepared 
in 0.9% NaC1. Pure synthetic LTD4 (kindly provided by Dr. J. 
Rokach, Merck Frosst, Dorval, Canada) was stored as a stock 
solution at -70°C. On the day of an experiment an aliquot of 
the stock solution was thawed once and diluted with 0.9% NaCl 
to a final volume of 100 pL for injection into the animal. A 
stock solution of SQ 29 548 (lS-[la,2P(5Z),3P,4a])-7-[3-(2- 
[(phenylamino) carbonyl] hydrazino methyl-7-oxabicyclo-[2,2,1] 
hept-2-yl]-5-heptanoic acid, generously supplied by Dr. M. Og- 
letree, Squibb, Princeton, NJ) was prepared by dissolving 15 mg 
in 2.5 mL of absolute ethanol and stored in the freezer. Solutions 
for infusion were prepared daily by a 1: 10 dilution of the stock 
by 2 mM Na2C03 in 0.9% NaCl. 

TxB2 and 6-k-PGF,, RIA. Blood samples (1.5 mL) were drawn 
from the external jugular vein, collected into heparinized (100 
U/mL) syringes, and immediately decanted into tubes containing 
a final concentration of indomethacin 20 pM. They were centri- 
fuged for 1 min. The plasma was harvested and frozen at -70°C 
for later analysis by RIA, as detailed previously (30). 

Data analysis. All data were continuously recorded; those from 
mid- to end-expiration were chosen for analysis; the respirator 
was not stopped at any point. Pulmonary flow was assumed to 
approximate cardiac output (mL/min). CI was calculated as 
cardiac output/wt (kg); SVRI was calculated as 80 x (MAP - 
RVEDP)/CI; and the PVRI was calculated as 80 x (PAP - 
LVEDP)/CI. Ventricular segment lengths and shortening frac- 
tions were assessed using standard methods (3 1). 

Data are presented as mean values f SEM for the indicated 
number of piglets. One-way analysis of variance followed by the 
Student-Newman Keuls test for multiple comparison was used 
for statistical evaluation. Differences were considered significant 
when p < 0.05. 

RESULTS 

Protocol I: effects of PAF-acether before and after SQ or vehicle 
infusion (Fig. I). Initial bolus injection of PAF-acether (n = 13) 
produced significant increases in RVEDP (3 f 0 to 8 f 1 mm 
Hg, p < 0.01), PAP (14 f 1 to 32 & 2 mm Hg, p < 0.01), and 
PVRI (9.1 f 1.4 to 340.4 f 66.2 dynes s ~ m - ~  . kg X p < 
0.01). PAF-acether decreased CI (9 1 a 5 to 15 f 5 mL/kg/min, 
p < 0.01), MAP (62 * 4 to 37 * 4 mm Hg, p < 0.01), left and 
right ventricular shortening fraction (1 4 & 2 to 7 f 1 % and 19 
f 1 to 8 & 2%, respectively, bothp < 0.05), and the ratio SVRI/ 
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31 pg/100 pL). The ethanol-containing vehicle for SQ did not 
significantly attenuate PAF-acether-induced hemodynamic de- 
rangements (PAP: 13 f 1 to 34 f 2 mm Hg; CI: 97 f 6 to 29 f 
13 mL/kg/min, both p < 0.01). 

Effects of hypoxia before and during SQ or vehicle infusion 
(Fig. 1). Initial administration of hypoxia ( n  = 13) produced 
marked hypoxemia without altering pH or P C O ~  (pH 7.41 f 0.0 1 
Pco2 38 f 1 Po2 179 f 13 versus pH 7.41 f 0.01 Pco2 38 f 1 
Po? 39 + 2). Hvuoxia uroduced increases in PAP (12 f 1 to 26 

j 2 O 0  f s 2 mm . kg ~ g ,  x p -?0.0l)~and p < 0.01). PVRI These (7.7 values f 1.0 peaked to 18.6 at f 3 3.2 min dynes and 

2: 
returned to base line within 7 min of discontinuation of hypoxia. 

E - 0 The ratio SVRI/PVRI fell (8 f 2 to 2 f 0, p < 0.01). All other 
measured parameters were unchanged. Neither SQ nor vehicle 
infusion altered baseline arterial blood gas content, PAP (1 1 f 1 
versus 10 % 1 mm Hg), or MAP (64 f 5 versus 58 f 5 mm Hg). 
Infusion of SQ failed to block hypoxia-induced pulmonary vaso- 
constriction (PAP:12 f 1 to 30 f 2 mm Hg, PVRI:10.2 f 2.0 to 
27.2 f 3.7 dynes s . kg x both p < 0.01, Fig. !). 

E Protocol 2: specijicity studies-effects of U-46619 and LTD4 
before and during SQ infusion (Fig. 2; Table 1). Infusion of U- 
466 19 ( n  = 6) caused rises in RVEDP (2 f 1 to 6 f 1 mm Hg, 

O BASE PAF BASE PAF BASE (0, BASE 10, 

Fig. 1. Influence of TxAz receptor antagonism on pulmonary vaso- 
constrictor responses to PAF-acether and hypoxia. Both PAF-acether 0.1 
nmol/kg and hypoxia caused significant rises in PAP and PVRI when 
compared to baseline; PAF administration also caused RVEDP to in- 
crease and CI to decrease. Baseline values were not significantly different 
before and after infusion of the TxA2 receptor blocker, SQ 29 548. TxAz 
receptor antagonism completely blocked PAF-acether-induced pulmo- 
nary vasoconstriction and the related fall in CI; hypoxic pulmonary 
vasoconstrictor responses remained intact. Results are expressed as ab- 
solute values + SEM. PVRI data are shown on a logarithmic scale. 
BASE, baseline; BASE + SQ, baseline during SQ 29 548 infusion; CI, 
cardiac index; PAF, platelet-activating factor; PAF + SQ, platelet-acti- 
vating factor during SQ 29 548 infusion; PAP, mean pulmonary arterial 
pressure; PVRI, pulmonary vascular resistance index X RVEDP, 
right ventricular end-diastolic pressure; TxA2, thromboxane A2; J02, 
hypoxia; 402 + SQ, hypoxia during SQ 29 548 infusion. *p < 0.05 versus 
BASE; **p < 0.01 versus BASE + SQ. 

PVRI (7 + 1 to 1 f 0, p < 0.01). LVEDP was unchanged. The 
pulmonary vasoconstrictor response produced by PAF-acether 
peaked 15-1 7 s after injection. Circulatory status returned to 
baseline within 15 min. In the two animals where TxB2 and 6- 
k-PGF], were measured, TxB2 rose 440% (10 to 54 pg/100 pL 
and 6-k-PGF,, increased 650% (8 to 60 pg/100 pL). SQ infusion 
did not alter baseline MAP (6 1 f 5 versus 55 + 4 mm Hg) or 
PAP (1 3 f 1 versus 13 f 1 mm Hg) when compared to vehicle 
infusion. There was a slight decrease in baseline CI in the 
experimental group from 80 f 3 mL/kg/min at the onset of the 
study to 70 f 4 mL/kg/min with SQ infusion. Similarly, there 
was a small decrement in base-line CI in vehicle-treated controls 
from 102 f 8 to 97 f 6 mL/kg/min. Baseline CI was significantly 
lower in experimental versus control animals both initially (80 
f 3 versus 102 f 8 mL/kg/min) and during infusion of SQ 
(70 f 4 versus 97 f 6), both p < 0.05. TxA2 receptor antagonism 
with SQ completely inhibited the PAF-acether-induced rise in 
RVEDP, PAP, and PVRI and fall in CI (Fig. I). SQ infusion 
also prevented the PAF-acether-induced decline in right (1 7 f 3 
to 1 7 f 3 %) and left ventricular shortening fraction ( 10 % 1 to 
10 I 0%). After SQ TxB2 and 6-k-PGFI, levels also rose in 
response to the second dose of PAF-acether (1 3 to 62 and 13 to 

BASE U BASE U BASE U BASE U 

Fig. 2. Circulatory effects of U-466 19 before and during SQ 29 548 
infusion. U-466 19 0.2 pg/kg/min was given to six animals. Initial infu- 
sion of U-466 19 caused significant rises in PAP, PVRI, and RVEDP and 
falls in CI, MAP, and RATIO (see text). Administration of the TxA, 
receptor antagonist SQ 29 548 completely inhibited U-46619-induced 
hemodynamic derangements. Values are + SEM. Abbreviations as in 
Figure 1. MAP, mean arterial pressure; RATIO, ratio of systemic vascular 
resistance index/pulmonary vascular resistance index; U, U-466 19; U + 
SQ, U-46619 during infusion of SQ 29 548. *p < 0.05 versus U, **p < 
0.01 versus U. 

Table 1. Hemodynamic effects of leukotriene D4 before and 
during infusion of SQ 29,548 (SQ* 

Leukotriene D4 + 
Leukotriene D4 

SQ 

Base Peak Base Peak 

PAP (mm Hg) 1 3 + 3  2 2 k 2 t  1 3 + 1  1 9 + 3 t  
CI (mL/kg/min) 85 2 12 29 * 9 t  100 + 8 49 k 107 
LVEDP(mmHg) 4 & 2  1 3 + 5 t  4 * 3  1 3 + 4 t  
LVSF (%) 1 4 ? 2  4 ? 1 t  1 5 t 2  4 + 2 t  

*Values are absolute values -+ SEM at baseline and 1 min after 
leukotriene D4 injection, before and during infusion of the thromboxane 
A? receptor blocker, SQ 29 548. SQ 29 548 did not significantly alter the 
circulatory response to leukotriene D4. LVSF = left ventricular shorten- 
ing fraction. 

t p < 0.05 versus respective baseline. 
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p < 0.05), PAP (1 1 + 1 to 28 + 2 mm Hg, p < 0.01), and PVRI or hypoxia. Thus, the capacity of SQ 29 548 to prevent the 
(6.0 + 1.5 to 83.3 + 33.8 dynes s cm-5 . kg x p < 0.05), actions of PAF-acether or U-46619 cannot be attributed to the 
as well as falls in CI (93 f 10 to 36 + 9 mL/kg/min, p < 0.01), mildness of response to those agonists. The data suggest that, in 
MAP (55 k 3 to 30 5 7 mm Hg, p < 0.05), and the ratio of our preparation, the TxA2 receptor is involved in the pulmonary 
SVRI/PVRI (12 f 3 to 2 + 1, p < 0.05). Right ventricular vasoconstrictor actions of PAF-acether and U-46619, but not in 
shortening fraction also declined (1 5 + 1 to 11 + 1 %, p < 0.05). those of LTD4 or hypoxia. 
Left ventricular shortening fraction and LVEDP did not change. We have previously reported PAF-acether to be an extremely 
The peak PAP induced by U-466 19 occurred 1 min after infusion potent pulmonary vasoconstrictor in open-chest, anesthetized 
was started. PAP decreased to 22 f 3 mm Hg by 5 min after newborn piglets. Recent work from our laboratory also suggested 
infusion was ended, and returned to baseline levels within 10 + a pivotal role for TxA2 as a mediator of PAF-acether action: 
2 min. SQ infusion totally blocked U-466 19-induced PV and the cyclooxygenase blockade with indomethacin attenuated the pul- 
resultant decrement in CI and MAP (Fig. 2). monary vasoconstrictor response to PAF-acether; LTDJE, 

Initial injection of LTD4 ( n  = 5) caused significant rises in receptor antagonism had no effect (20). In contrast, Soifer and 
PAP (13 + 3 to 22 f 2 mm Hg, p < 0.05), PVRI (9.5 2.9 to Schreiber (32) reported both indomethacin and the LT antago- 
46.3 + 17.2 dynes s cm-' . kg x p < 0.05), and LVEDP (4 nist, FPL 57231, to decrease PAF-acether-induced pulmonary 
+ 2 to 13 + 5 mm Hg, p < 0.05). CI and left ventricular hypertension in newborn lambs. The dose of PAF-acether chosen 
shortening fraction fell in response to LTD4 (from 85 + 12 to 29 for the present study, 0.1 nmol/kg (50 ng/kg) was similar to that 
+ 9 mL/kg/min and from 14 f 2 to 4 + 1 %, both p < 0.05). described by other investigators in pigs, dogs, and lambs (7, 32, 
The circulatory effects of LTD4 peaked at 1 min after injection 33) and produced a comparable rise in PAP and PVRI. Unlike 
and dissipated in 7 + 1 min. TxA2 receptor antagonism failed to its action in the lamb, PAF-acether injection in our piglets caused 
attenuate LTD4-induced hemodynamic derangements (Table 1). marked decreases in cardiac output and systemic arterial pres- 

Effects of pretreatment with TxA2 receptor blocker on pulmo- sure. Diminished response to PAF-acether during SQ 29 548 
nary vasoconstrictor responses. Infusion of SQ for 30 min did cannot be attributed to tachyphylaxis because diminution of 
not significantly alter CI (1 18 f 2 versus 1 13 + 4 mL/kg/min), response did not occur during control infusions with vehicle for 
left ventricular shortening fraction (1 3 a 1 versus 13 k 1 %) or SQ 29 548. In addition, SQ 29 548 blocked PAF-acether-induced 
arterial blood gas content when compared to baseline (pH 7.37 pulmonary vasoconstriction in the group without prior exposure 
a 0.03, Pco2 38 + 5 mm Hg, Po2 127 a 13 mm Hg versus pH to PAF-acether. Taken together, these results support the hy- 
7.40 + 0.02, Pc02 43 + 3 mm Hg, Po2 120 + 6 mm Hg). pothesis that PAF-acether in piglets is mediated by stimulation 
Pretreatment with SQ eliminated both PAF-acether and U- of TxA2 receptors. This interpretation depends on the specificity 
466 19-induced hemodynamic derangements although not af- of the blocking effects of SQ 29 548. 
fecting hypoxic PV (Table 2). SQ 29 548 has proven a selective and potent TxA2 receptor 

Protocol 3: effects of sustained PAF-acether infusion with and antagonist in a variety of test systems. It does not alter cycloox- 
without TxA2 receptor antagonism (Fig. 3). Continuous PAF- ygenase, thromboxane synthetase, prostacyclin synthetase, or 
acether infusion for 15 min increased PAP to a comparable adenylate cyclase activity in vitro or in vivo (25). SQ 29 548 has 
degree as bolus injection (1 3 + 2 to 33 k 2 versus 14 k 2 to 32 been shown to have no effect on systemic concentrations of TxB2 
+ 2 mm Hg, Fig. 3). Interestingly, unlike bolus injection, sus- or 6-k-PGF,, in dogs (26) and similarly had no significant effect 
tained PAF-acether-infusion did not significantly decrease CI, 
MAP (59 + 10 to 55 + 9 mm Hg), or right or left ventricular 
shortening fractions (1 7 + 3 to 17 2 and 1 1 + 1 to 10 + 1 %, 
respectively). Treatment with SQ 29 548 prevented PAF-acether - 4K , : 
induced pulmonary vasoconstriction (PAP: 14 to 13 mm Hg, o l  

PVRI: 3.6 to 2.9 dynes s cm-' . kg X although vehicle g 20 1: 20. 

administration had no effect (PAP: 18 to 29 mm Hg, PVRI: 12.9 : - t? x 1 

to 17.8 dynes s cm-' . kg X Fig. 3). IL P - 
a ill 

5 10 15 2 5 10 15 

DISCUSSION TIME (m~nutes) TIME (m~nufcs) 

Results of the present study demonstrate that the pulmonary U P A F  (Ny4)  M P A F +  SQ M P A F  + VEHICLE 

vascular responses to PAF-acether and the TxA2 mimic, U- Fig. 3. Pulmonary vascular effects of sustained PAF-acether infusion 
466 19, in the open-chest newborn piglet are markedly reduced before and during infusion of SQ 29 548 or vehicle. PAF-acether 0.1 
by the TxA2 receptor antagonist, SQ 29 548. By contrast, the nmol/kg/min was infused into four animals for 15 min and caused PAP 
pulmonary vasoconstrictor response to acute hypoxia and LTD4 and PVRI to rise. TxA2 receptor antagonism with SQ 29 548 completely 
is preserved. The hemodynamic changes induced by selected blocked PAF-acether-induced pulmonary vasoconstriction whereas ve- 
doses of PAF-acether or U-466 19 were severe, much greater than hicle had no effect. Results are expressed as absolute values + SEM. 
the changes induced in response to selected exposure to LTD4 Abbreviations as in Figure 1. 

Table 2. Effect of SQ 29 548 pretreatment on pulmonary vasoconstrictor responses in piglets (n = 4) 

PAF-acether U-466 19 Hypoxia 

Base Peak Base Peak Base Peak 

PAP (mm Hg) 1 7 k 3  20 + 3 1 6 + 2  18 C 3 12 + 4 32 + It 
PVRI (dynes s cm-*. kg) x 8.9 + 1.9 10.5 + 1.7 8.0 + 1.3 8.8 k 2.1 7.4 + 1.2 18.4 + 2.3t 
CI (mL/kg/min) 122 + 10 1 1 8 k  19 113k  11 1 1 9 + 8  114+ 5 127 + 8 
RVEDP (mm Hg) 2 + 1  1 + 1 1 + 1  1 + 1 1 + 1  3 + 1  
RVSF (%) 1 3 a 3  14 a 3 1 4 a 3  1 4 + 2  1 4 + 2  12 + 4 

* Values are absolute values k SEM at baseline and at peak effect. Pretreatment with SQ 29,548 eliminated PAF-acether and U-466 19 circulatory 
derangements but did not diminish the pulmonary vasoconstrictor response to hypoxia. Abbreviations: RVSF = riaht ventricular shortening fraction, 
others as per text. 

t p < 0.0 1 versus respective baseline. 
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on the generation of these TxA2 or prostacyclin metabolites in 
the current study. 

Underwood et al. (28) showed that SQ 29 548, 0.5 mg/kg 
intravenous bolus, eliminated U-466 19-induced bronchocon- 
striction but failed to block the constrictor airway response to 
prostaglandins FZa and D2, 5-hydroxytryptamine, metacholine, 
and histamine (28). Our study in piglets showed that a similar 
dose of SQ 29 548 markedly diminished the substantial circula- 
tory actions of PAF-acether and U-46619 while having little 
effect on the more modest vasoconstrictor responses to LTD4 
and hypoxia. We have previously demonstrated that there is no 
tachyphylaxis to LTD4 in our preparation (29). Thus, it seems 
likely that LTD4 action in the piglet is not mediated by TxA2 
release. These results contrast to findings in mature sheep, where 
TxA2 mediates both the pulmonary hemodynamic and lung 
lymph responses to LTD4 (8, 2 1). 

The finding that SQ 29 548 not only fails to block, but slightly 
enhances, the pulmonary pressor response to hypoxia (Fig. 1) is 
interesting and agrees with results in isolated blood-perfused 
lamb lungs (19). In the in vitro studies, untreated control lungs 
demonstrated both arterial and venous constriction during hy- 
poxia; addition of indomethacin, Dazmegrel (a thromboxane 
synthetase inhibitor) or SQ 29 548 to the perfusate abolished 
hypoxia-induced pulmonary venous constriction and accen- 
tuated pulmonary arterial constriction. The observed enhance- 
ment of arterial constriction in vitro was thought to be due to 
shunting of arachidonic acid preferentially to the lipoxygenase 
pathway. A similar mechanism should not account for our 
results: Hammerman et al. (15) in a similar model have shown 
that TxBz levels do not rise in response to hypoxia alone. 
Moreover, the TxA2 receptor blocker SQ 29 548 had no inhibi- 
tory action on synthesis of cyclooxygenase products. 

In conclusion, our results suggest that TxA2 receptor activation 
is involved in the pulmonary vasoconstrictor response to both 
PAF-acether and U-466 19, but not to LTD4 and hypoxia. SQ 29 
548 may be a useful pharmacologic tool for studying the role of 
TxA2 in pathophysiologic processes in the circulation of the 
newborn piglet. 

Acknowledgments. The authors thank Joan McMillen for man- 
uscript preparation. 

REFERENCES 

1. Voelkel NF, Chang SW, McDonnell TJ, Wescott JV, Haynes J 1987 Role of 
membrane lipids in the control of normal vascular tone. Am Rev Respir Dis 
135:214-217 

2. Hyman SL, Spannhake EW, Kadowitz PJ 1980 Divergent actions of arachi- 
donic acid on the feline pulmonary vascular bed. Am J Physiol 239:H40- 
H46 

3. Wicks TC, Rose JC, Johnson M, Ramwell PW, Kot PA 1976 Vascular 
responses to arachidonic acid in the perfused canine lung. Circ Res 38:167- 
171 

4. Voelkel NF, Gerber JG, McMurtry IF, Nies AS, Reeves JT 1981 Release of 
vasodilator prostaglandin, PGI2, from isolated rat lung during vasoconstric- 
tion. Circ Res 48:207-213 

5. Kadowitz PJ, Hyman AL 1980 Comparative effects of thromboxane B2 on the 
canine and feline pulmonary vascular bed. J Pharmacol Exp Ther 2 13:300- 
305 

6. Heffner JE, Shoemaker SA, Canham EM 1983 Acetyl glyceryl ether phospho- 
rylcholine stimulated human platelets cause pulmonary hypertension in 
isolated rabbit lungs. J Clin Invest 7 1 :35 1-357 

7. Goldstein RE, Ezra D, Laurindo FRM, Feuerstein G 1986 Coronary and 
pulmonary vascular effects of leukotrienes and PAF-acether. Pharmacol Res 
Comm 18(suppl): 15 1- 162 

8. Kadowitz PJ, Hyman AL 1984 Analysis of responses to leukotriene D, in the 
pulmonary vascular bed. Circ Res 55:707-717 

9. Stenmark KR, James SL, Voelkel NF, Toews WH, Reeves JT, Murphy RC 
1983 Leukotriene Cq and Dq in neonates with hypoxemia and pulmonary 
hypertension. N Engl J Med 309:77-80 

10. Morganroth ML, Stenmark KR, Zirolli JA, Mauldin R, Mathias M, Reeves 
JT, Murphy RC, Voelkel NF 1984 Leukotriene Cq production during hy- 
poxic pulmonary vasoconstriction in isolated rat lung. Prostaglandins 
28:867-875 

11. Morganroth ML, Reeves JT, Murphy RC, Voelkel NF 1984 Leukotriene 
synthesis and receptor blockers block hypoxic pulmonary vasoconstriction. 
J Appl Physiol 56: 1340-1346 

12. Schreiber MD, Heymann MA, Soifer SJ 1985 Leukotriene inhibition prevents 
and reverses hypoxic pulmonary vasoconstriction in newborn lambs. Pediatr 
Res 19:437-441 

13. Voelkel NF  1986 Mechanisms of hypoxic pulmonary vasoconstriction. Am 
Rev Respir Dis 133:1186-1195 

14. Runkle B, Goldberg RN, Streitfeld MM, Clark MR, Buron E, Setzer ES, 
Bancalari E 1984 Cardiovascular changes in group B streptococcal sepsis in 
the piglet: response to indomethacin and relationship to prostacyclin and 
thromboxane A2. Pediatr Res 18:874-878 

15. Hammerman C, Komar K, Abu-Khudair H 1987 Hypoxic vs septic pulmonary 
hypertension selective: role of thromboxane. Am J Dis Child 142:319--325 

16. Tarpey MN, Graybar GB, Lyrene RK, Godoy G, Oliver J, Gray BM, Philips 
JB 1987 Thromboxane synthesis inhibition reverses group B streptococcus- 
induced pulmonary hypertension. Crit Care Med 15:644-647 

17. Gibson RL, Truog WE, Redding GJ 1988 Thromboxane-associated pulmonary 
hypertension during three types of gram-positive bacteremia in piglets. 
Pediatr Res 23553-556 

18. Oates JA, Fitzgerald GA, Branch RA, Jackson EK, Knapp HR, Roberts W 
1988 Clinical implications of prostaglandin and thromboxane A2 formation. 
N Engl J Med 319:689-698,761-767 

19. Raj JU, Chen P 1987 Role of eicosanoids in hypoxic vasoconstriction in 
isolated lamb lungs. Am J Physiol 253:H626-H633 

20. Bradley LM, Goldstein RE, Feuerstein GZ, Czaja JF  1989 Circulatory effects 
of PAF-acether in the newborn piglet. Am J Physiol256:H205-212 

21. Noonan TC, Malik AB 1986 Pulmonary vascular response to leukotriene D4 
in unanesthetized sheep: role of thromboxane. J Appl Physiol60:765-769 

22. Michelassi F, Landa L, Hill RD, Lowenstein E, Watkins WD, Petkau AF, 
Zapol WM 1982 Leukotriene Dq: a potent coronary artery vasoconstrictor 
associated with impaired ventricular contraction. Science 2 1734 1-843 

23. Boyd LM, Ezra D, Feuerstein G, Goldstein RE 1983 Effects of FPL-55712 or 
indomethacin on leukotriene-induced coronary constriction in the intact pig 
heart. Eur J Pharmacol89:307-3 I1 

24. DeGiulio PA, Fox WW, Peterson M, Gerdes JS 1988 Measurements of 
thromboxane (TX) and prostacyclin metabolites in infants with persistent 
pulmonary hypertension of the newborn. Pediatr Res 23:405A(abstr) 

25. Ogletree ML, Harris DN, Greenberg R, Haslanger MF, Nakane M 1985 
Pharmacological actions of SQ 29,548, a novel selective thromboxane antag- 
onist. J Pharmacol Exp Ther 234:435-441 

26. Ashton JH, Schmitz JM, Campbell WB, Ogletree ML, Raheja S, Taylor AL. 
Fitzgerald C, Buja LM, Willerson JT  1986 Inhibition of cyclic flow variations 
in stenosed canine coronary arteries by thromboxane A2/prostaglandin H, 
receptor antagonists. Circ Res 59:568-578 

27. Schumacher WA, Adams HD, Ogletree ML 1987 Effect of the thromboxane 
Az-receptor antagonists, SQ 29,548 and SQ 28,668, on the pulmonaw 
hypertensive response to endotoxemia in swine. Pharmacology 34:301-308 

28. Underwood DC, Kriseman T, McNamara DB, Hyman AL. Kadowitz PJ 1987 
Blockade of thromboxane responses in the airway of the cat by SQ 29,548. 
J Appl Physiol 62:2193-2200 

29. Bradley LM, Feuerstein G, Goldstein RE 1989 Leukotriene Dq and hypoxia: 
differential effects on the pulmonary and systemic circulations in newborn 
~ i ~ l e t s .  Eicosanoids 2: 15-20 

30. E Z ~ ~ D ,  Laurindo FRM, Czaja JF, Snyder F, Goldstein RE, Feuerstein G Z  
1987 Cardiac and coronary consequences of intracoronary platelet activating 
factor in the domestic pig. Prostaglandins 34:41-57 

31. Theroux P, Ross J, Franklin D, Kemper WS, Sasayama S 1976 Regional 
myocardial function in the conscious dog during coronary occlusion and 
responses to morphine, propranolol, nitroglycerin, and lidocaine. Circulation 
53:302-314 

32. Soifer SJ, Schreiber M 1988 Arachidonic acid metabolites mediate pulmonary 
hypertension caused by platelet activating factor in newborn lambs. Pediatr 
Res 23:525A(abstr) 

33. Bessin P, Bonnet J, Apffel D, Soulard C, Desgroux L, Pelas I, Benveniste .I 
1983 Acute circulatory collapse caused by platelet-activating factor (PAF- 
acether) in dogs. Eur J Pharmacol 86:403-413 


	Influence of Thromboxane A2 Receptor Antagonism on Pulmonary Vasoconstrictor
Responses
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES


