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The effects of the prostaglandins on the
cardiovascular system in man and experi-
mental animals have been studied exten-
sively in recent years (1, 2). These sub-
stances have been shown to produce
marked effects upon the circulation although
dose and species variation have been
observed (1-3). It has been reported re-
cently that the sheep is insensitive to pro-
staglandins in that doses that produce strik-

“ing effects in other animal species did not
alter systemic arterial blood pressure or
heart rate (4). Although the prostaglandins
have little or no effect on the systemic cir-
culation in the sheep, to our knowledge
nothing is known about their effects on the
pulmonary circulation in this species. Since
prostaglandins are present in the normal
sheep lung and the lung serves as a major
organ for inactivation of these lipids (5-7),
a study was undertaken to determine the
effects of PGE, and PGF,, on pulmonary
vascular resistance in the intact sheep using
a new right heart catheterization procedure.

Methods. Six sheep weighing from 26 to
41 kg were anesthetized with pentobarbital
sodium 30-45 mg/kg iv and were strapped
to a fluoroscopic table. A specially designed
20F balloon catheter was introduced from
the external jugular vein into the artery of
the left lower lung lobe under fluoroscopic
guidance. A 0.9 mm Teflon catheter with its

1 Supported by U. S. Public Health Service
Grants HL 11802 and HL 15580 and a grant
from the American Heart Association.

2 This work was done during the tenure of an
Established Investigatorship of the American
Heart Association.

tip positioned about 2 cm from the tip of
the balloon catheter was used to measure
pressure in the perfused lobar artery. Cath-
eters with side holes were passed into the
main pulmonary artery and femoral artery
and into a small lobar vein and the left
atrium transseptally. All pressures were
measured with Statham P23D transducers
and recorded an oscilloscopic recorder
model DR-8 (Electronics for Medicine,
Inc., White Plains, N. Y.). Mean pressures
were obtained from the pulsatile signal by
electrical averaging. Systemic injections
were made through a catheter in the femoral
vein. The trachea was intubated with a
cuffed endotracheal tube and the sheep
breathed room air enriched with oxygen
spontaneously. The methods used in these
experiments were similar to those employed
in the dog and have been described in detail
previously (8).

After all catheters were positioned and
the animals heparinized (1000 units/kg),
the balloon on the perfusion catheter was
distended with 2—4 ml Hypaque until pres-
sure in the lobar artery decreased to near
left atrial pressure. The left lower lung lobe
was then perfused at controlled blood flow
with a Sarns roller pump (model 3500)
with blood withdrawn from the right atrium.
The pumping rate averaged 200 ml/min
and was not changed during the experiment.
A standard lead II electrocardiogram was
recorded on the oscilloscopic recorder.

Prostaglandins E, and F.,, supplied by
the Upjohn Company, Kalamazoo, Michi-
gan, were dissolved in 100% ethyl alcohol,
5 mg/ml, and stored in a freezer. Imme-
diately before use an aliquot of the stock
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solution was diluted to a concentration of
200 pg/ml with saline and infused into the
lobar artery at 0.1 ml/min (20 ug/min)
with a Harvard infusion pump. After a 20
min equilibration period all 6 animals re-
ceived an infusion of PGE, whereas 5 of
the 6 received PGF,.. The order of infusion
of the prostaglandin was randomized and
all vascular parameters had returned to con-
trol value before a second prostaglandin was
given. Pulmonary vascular responses to the
prostaglandins were consistent in each ani-
mal so that interaction between prostaglan-
dins was minimal. The period between
prostaglandin infusions was at least 60 min
in each animal. The hemodynamic data were
evaluated using methods described by
Snedecor for paired and group comparisons
9).

Results. The effects of PGF,. on vascular
pressures in the intact spontaneously breath-
ing sheep are summarized in Fig. 1. Infu-
sion of PGF.., 20 pg/min, directly in the
lobar artery increased lobar arterial perfu-
sion pressure. The onset of this pressor
effect was rapid and pressure was increased
significantly 60 sec after the onset of the
infusion. Pressure rose progressively during

A PGP,
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the first 7 min of the infusion period at
which time a peak was reached and pres-
sure was maintained during the final 3 min
of the infusion. No significant change in
pressure occurred in the small lobar vein,
the left atrium, the main pulmonary artery
or the aorta during the PGF,, infusion.
Pressure in the lobar artery decreased to-
ward control value when the prostaglandin
infusion was terminated; however, lobar ar-
terial pressure was significantly greater than
control 20 min after the termination of the
infusion.

The effects of PGE, on the pulmonary
circulation in the intact sheep are shown in
Fig. 2. Infusion of PGE,, 20 pg/min di-
rectly into the lobar artery decreased lobar
arterial perfusion pressure. The onset of the
depressor response was rapid and lobar ar-
terial pressure decreased from a control
value of 23 = 2 mm Hg to 16 = 2 mm Hg,
in 4 min and pressure was maintained at
this level for the remainder of the infusion.
Pressure in the lobar artery returned toward
control value after the termination of the
prostaglandin infusion and was not signifi-
cantly different from control 20 min later.
During the PGE, infusion no significant

(20 pg/min)

1o

o W AORTA

Pressvre (mmHg + SE)

10~ SMALL
LOBAR V.

55 um—w—u L aTRIM

ob—1> 0 11 L

LOBAR A,
“® MAIN PUL. A,

T WS '\, . |

-2 0 2 4 6

8 10 30

Minutes

Fie. 1. Effect of PGF.. on vascular pressures in the aorta, main pulmonary artery, perfused
lobar artery, small lobar vein and the left atrium in 5 sheep. PGF.. was infused directly
into the lobar artery at 20 ug/min for a period of 10 min.
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Fi1G. 2. Effect of PGE: on vascular pressures in the aorta, main pulmonary artery, per-
fused lobar artery, small lobar vein, and the left atrium in 6 sheep. The prostaglandin was
infused directly into the lobar artery at 20 wug/min for a period of 10 min.

change in pressure in the main pulmonary
artery, small lobar vein, left atrium or the
aorta was observed. There was no consistent
change in respiratory rate during infusion of
either prostaglandin.

Discussion. Results of the present study
show that PGF., increases lobar arterial
pressure in the sheep. Since lobar blood
flow was maintained constant with a pump
and left atrial pressure did not change, the
increase in lobar arterial pressure reflects an
increase in vascular resistance across the left
lower lung lobe. These results are in agree-
ment with other published studies in which
PGF,, increased calculated pulmonary vas-
cular resistance in several other animal
species (10-13). The present results are
consistent with studies in which the effects
of PGF,, were investigated in the dog and
swine using similar right heart and trans-
septal catheterization techniques (14, 15).
However, the site of vasoconstriction in the
lung appears to be different in sheep and
dog. In sheep the rise in lobar arterial pres-
sure occurred in the absence of a consistent
change in the pressure gradient between the
small lobar vein and the left atrium; there-
fore, vasoconstriction occurred primarily in

vessels upstream from the small lobar veins.
In canine lungs PGF,, actively constricted
lobar veins. The sheep and swine are similar
in that in both species PGF,. was without
effect on lobar veins, but different in that
the effect of this prostaglandin was much
greater in swine (15).

The progressive decrease in lobar arterial
perfusion pressure in the absence of a
change in left atrial pressure indicates that
under conditions of controlled blood flow
PGE, actively dilates the sheep pulmonary
vascular bed. Since the decrease in lobar
arterial pressure was not accompanied by a
change in the pressure gradient from the
small lobar vein to the left atrium, the de-
crease in pulmonary vascular resistance was
probably the result of vasodilatation of ves-
sels upstream from small veins. These re-
sults are in agreement with studies in the
isolated rabbit lung and the intact dog and
swine (14-16). Although PGE, decreased
pulmonary vascular resistance in the dog,
swine and sheep, the effects of this lipid on
the lobar veins are different in the dog where
PGE, caused venodilatation but only dilated
upstream vessels in the sheep and swine
(14, 15).
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Since prostaglandins may affect bronchial
smooth muscle it is possible that changes in
bronchomotor tone may influence the re-
sponse of the pulmonary vascular bed to
these substances. However, the effect of
changes in bronchomotor tone are small
when compared to the effects of the pro-
staglandins on pulmonary vascular resist-
ance (17). In addition, studies in the dog
indicate that the effects of PGF,. on pul-
monary vascular resistance may be inde-
pendent of changes in airway resistance
(18).

Present results which show that the pro-
staglandins did not alter systemic arterial
pressure are consistent with the results of a
previous study in which these agents had
little effect on blood pressure and heart rate
in this species (4). Therefore, it appears
that there is a marked difference in the re-
sponse of the systemic and pulmonary cir-
culations to prostaglandins in the sheep.

Summary. The effects of PGF,, and PGE,
on pulmonary vascular resistance in the in-
tact sheep were investigated using a new
right heart catheterization technique. PGF.,
increased lobar arterial pressure but did not
change pressures in the small lobar vein or
left atrium. PGE, decreased lobar arterial
pressure but did not alter pressure in the
small lobar vein or the left atrium. These
results indicate under conditions of con-
trolled blood flow PGF.. increases pulmo-
nary vascular resistance by constricting ves-
sels upstream from the small lobar veins
whereas PGE, decreases pulmonary vas-
cular resistance by dilating upstream
vessels, presumably the lobar arteries. Nei-
ther prostaglandin altered systemic arterial
pressure. It is concluded that in the sheep
lung the precapillary vessels are responsive
to prostaglandins E, and F,,.
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