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We determined the vascular and airway effects of PGFz. and its mechanism of
action on isolated-perfused lungs of rats were Isolated and perfused at 60
mi/kg/min with Krebs-Henseleit bicarbonate buffer solution containing 8% bovine
serum albumin. The lungs were ventllated with 21% 02 and 6% CO: at a tidal
volume of 2 ml. frequency of 60 per minute and positive end expiratory pressure of
3 cmH=0. Following infection of 80ug PGFz. Into the afferent pulmonary catheter,
there was a marked rise in pulmonary arterial pressure (Ppa) and in resistance to
airflow across the lung (R.) and a fall in dynamic lung compliance (Can). Double
vascular occlusion technique revealed that 29% of the rise in Ppa was due to an
increase in upstream and 71% to downstream resistance. N*-nitro-L-arginine. 100
u#m, a NO synthase inhibitor potentiated the Fpa response two-fold with significant
change in airway mechanics. Rat atrial natriuretic factor (r-ANF). 40ug. quickly
reversed the changes in Ppa. R. and Can. Infusion of r-ANF prior to PGF2a
attenuated the Ppa response by 38%. R. by 44% and Can by 12%. SQ 29548, a
thromboxane receptor blocker and Cl, a protein kinase C (PKC) inhibitor, fully
blocked both the vascular and alrway responses to PGFz.. PGFz. Is a constrictor of
pulmonary vessels and alrways In rat lungs via thromboxane SQ 29548 receptors,
thansduced by intraceliular PKC.

Key Words : Pulmonary Circulation. Prostaglandins, Vasoconstriction. Broncho-
constriction
prostanoid for its contractile action on the
INTRODUCTION smooth muscle. Lung Is one of the major

Prostanoids exert a variety of actions in
the lung and have. been Implicated in the
pathogenesis of a number of pulmonary dis-
eases. Of the biological actlons of prostanoids,
the best documented are their effects on
smooth muscles. PGF2. is one of the most
frequently studied cyclooxygenase-derived
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sltes of prostanoid synthesls and degrada-
tion. PGF2« causes bronchoconstriction and
pulmonary vasoconstriction in vivo in all spe-
cies of animals studied"”. However. In vitro,
the action of PGF2. is not uniform among
different species of animals. PGF2. contracts
trachea in man, both the trachea and paren-
chymal strips in the guinea pig. parenchymal
strips only in dogs, with no effect on tra-
chea. Data in rats, one of the most widely
utilized specles of laboratory animals, are
limted to vascular effects of PGF2.°". al
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though the site of vasoconstriction is un-
known. Little is known about the effect of
PGF2. on airway mechanics in rats.

The purpose of this study was to deter-
mine both the vascular and afrway effects of
PGF2. and its mechanism of action in isola-
ted rat lungs.

MATERIAL AND METHODS

1. Animal Preparation

Spragus-Dawley rats weighing 250-400g were
used. Rats were anesthetized by intraperi-
toneal Injection of thiamylal sodium (150 mg/
kg). After tracheostomy and the insertion of
a tracheal cannula, the animals were ventila-
ted with a Harvard respirator (Model 683).
The respirator was set at a tidal volume (Vr)
of 2 ml and a breathing rate of 60 per
minute. The lungs were hyperinflated at 20
cmH20 PEEP by a water seal to prevent
atelectasis. Ventilatory gas concentrations
were 21% 02 and 5% CO2, and 74% Na. The
chest was opened by midline incision, fol-
lowed by an intracardiac injection of heparin
(1.000 1U/kg). The lungs were Iinitially perfu-
sed in an open, non-recirculating manner for
10 minutes and the residual pulmonary blood
was slowly washed out with 80 ml of
Krebs-Henseleit bicarbonate buffer solution
containing 3% bovine serum albumin at 37.5
C. The pulmonary artery was cannulated
through an incision in the right ventricle and
the cannula containing a bubble trap ws
secured in place with a ligature around both
the pulmonary artery and aorta. A cannula
was also placed in the left ventricie and
secured In place with a silk ligature. The
heart and lungs were then removed from the
thoracic cavity and suspended in a humidi-
fied. water-jacketed chamber at 39C.

Pulmonary arterial and lsft ventricular ca-
theters were connected to Validyne pressure
transducers to continuously record inflow and
outflow pressure on a strip chart recorder
(Astro-Med Model MT 9500). The perfusion
chamber (reservoir) had a volume of 50 mi
and was maintained at 37-39C. The height
of the reservoir was adjusted to -4 cmH20

relative to the left atrium. Perfusion was then
changed to a recircutating mode. The can-
nulas were manipulated until resistance to
flow was less than 1 mm Hg/ml per minute.

Perfusion rate was advanced in small steps
to 0.05 ml/gm per minute and then held
constant throughout the experiment using a
Masterflex peristaltic pump®. During studies.
samples of effluent perfusate were collected
from the left ventricular cannula for determi-
nation of blood gases and pH. Partlal pres-
sure of CO; was maintained in the range of
30-835 mmHg and pH at 7.3-7.4.

Proximal airway opening pressure (Pao)
was measured via a side port in the tracheal
cannula. Tidal airflow was continuously moni-
tored by measuring the pressure difference
across a heated pneumotachograph (Hans
Rudolph, Model 8300) connected to the tra-
cheal cannula. All pressure signals were
measured with Validyne differential pressure
transducers. Airflow was callbrated by using
a rotameter. Vr was obtained by slectrical
integration of the flow signal by using a
Buxco Puimonary Mechanics Computer (Model
6). The latter also computed on a breath-by-
breath basis the dynamic Ilung compliance
(Cayn)and the resistance to airflow across the
lung (R.) from the input signals of volume
(V7). pressure (Pao) and flow, Can was cal-
culated as Vr divided by Pao at ponits of
zero flow and expressed as milllliters per
centimster of water. R. was calculated as
the difference between the inspiratory and
expiratory Pao at mid-Vr divided by th diffe-
rence between the inspiratory and expiratory
flow at mid-Vr®. R. was expressed as cen-
timeters of water per milliliter per second. R.
measures total pulmonary resistance, of which
approximately 80% is airway resistance and
20% is tissue viscous resistance. Pao, flow,
Vr. Can and R. were all recorded conti-
nuously on the strip chart recorder.

Before experlments were started. a 30~
minute equilibration perfusion period was
aliowed to establish stable values of puimo-
nary arterial pressure, dynamic lung compli-
ance and lung resistance to airflow. Based
on our previous experiments’’. a single dose
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of 60 ug of PGFz. was used in all experi-
‘ments. This dose of PGFz. Injected into the
afferent pulmonary arterlal catheter produced
maximal vascular and airway responses in
the isolated-perfused lungs of rats. The
following procedures were carried out with a
minimum Interval of 10 minutes between the
procedures or until the vascular and airway
responses returned to the bassline values
following a particular procedurs.

2. Effect of PGF2. on Ppa and Microvascular
Pressure

To obtain an estimate of the microvascular
praessure of the experimental animals, a dou-
ble vascular occlusion technique® ® was ap-
plied in 15 rat lungs at the end of exhalation
by simultansously occluding the puimonary
artery and the left atrial catheters and
turning off the ventilatory pump. The vascular
occlusion technigue was applied first under
stable baseline conditions and then at the
peak Ppa response to PGFa.

3. Eftects of Different Vasoactive and Bloc-
king Agents on Vascular and Airway
Responses to PGFz.

.. Atrial Natriuretic Factor (ANF). ANF is a
potent shoet-lived peptide pulmonary vasodi-
lator that we used to determine the reversi-
bility of the contractile response to PGF2."
' Two sets of experiments were performed
with ANF, with each set containing 6 rat
lungs. In one set. 40 ug of r-ANF (r-ANF, 28
amino acids: Peninsula Laboratories. Belmont,
CA) were added when the Ppa reached its
peak after the Injection of 60 wug of PGFaz..
In the second set, 40 ug of rat ANF were
injected into the pulmonary artery chatheter 2
minutes before the injection of 50 ug of PGFaa.
The dose of ANF chosen was based on our
previous experiments for maximal response'®.
N-nitro-L-arginine(NNLA). In 12 rat lungs,
following two consecutive doses of 50 ug of
PGF22, NNLA, a nitric oxide synthase inhibitor
was added to the perfusate at a final
concentration of 100 uM'®> " Three minutes
later, another dose of 50 wug of PGF2. was
injected into the pulmonary artery catherter.
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Thromboxane (TX) Receptor Inhibitor, SQ
295648 This compound was provided by Sauibb.
50 ug of PGFz. was injected into the pulmo-
nary arterial catheter of 4 rat lungs before
and after the addition of SQ 29548 to the
%?rfusate at a final concentration of 40 uM’”

1-(8~/soquinolinesulfonyl) Piperazine (Cl). 50
ug of PGF2. were Injected into the pul-
monary arterial catheter of 4 rat lungs before
and after the addition in the perfusate of 0.2
£M of Cl. an Inhibitor of protein kinase C'* %

4. Statistical Analyses

Means and stantard errors of mean are
presented for values obtalned In esach series
of experiments. The statistical significance of
diffenrences among the means was analyzed
by Student’s t-test and paired t-test where
applicable.

RESULTS

1. Effects of PGF2« on Microvascular Pressure

PGF2« caused significant vascular and air-
way responses in Igolated rat lungs. The
results of double occlusion studies are shown
in Fig. 1. Ppa rose from 8.6+0.3 to 14.2%
0.6 omH20 after 50 ug of PGFe. (p¢0.01)
and microvascular pressurs (Pmv) increased
from 2.7+ 0.3 to 6.7 £ 0.5 cmH0 (p(0.01).

20+
) Control
515 . N PGFa
% * P<0.05 from controt
» 104
L ] *
0 l
Pea Paw Pra-Pmv

Fig. 1. Change in longitudinal vascular segment
pressure to a bolus dose of 50 4 PGFz.
in 15 isolated-perfused rat lungs, mea-
sured by double occlusion. Pea, pulmo-
nary arterial pressure. Pmv. microvascular
pressure. Ppa-Pmv, difference. Most of
the pressure change was in the downs-
tream segment.
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Table 1. ANF Caused a More Rapid Decay of Pulmonary Arterial Pressure Following PGFa

CONTROL ANF
Basal Ppalcm H20) 8 7 + 0.3 8.3+£0.3
Peak Pralcm H20) 0+ 0.9 140+ 1.0
Time to Baseline(min) 8 2 + 0.6 1.2 £0.1*°
Time to Half of Peak(min) 42 £ 0.4 0.3 £0.1"
Values are means =SE of 6 experiments. ANF, atrial natriuretic factor. *p < 0.05

Table 2. ANF at Peak Response to PGFz. Caused a Partial Recovery of Lung Resistance (R.) and

Dynamic Compliance (Cay) Values

RL (em H20/mi/sec) Cayn(ml/cmH20)

Basseline 0.21 = 0.02 0.29 = 0.02

Peak Response 0.32 = 0.04 0.22 = 0.01

After ANF 0.24 = 0.03 0.25 = 0.02

% Recovery(1min) 78.33+ 4.87 47 .67+ 1.96

Values are means * SE of 8 experiments
Of the rise in Ppa, 29% was due to an 20+
i i g * P<0,05 from baseli
fncrease f” upstream and 71% dus to an #pjovuﬂfgmmg:egpo%ps
increase in downstream resistance. Venous L 181 P and AP
resistance could not be calculated, because % B 2 paseline
the lungs were under zone II conditions 8107 AP = ANF + PGFa
(outfolw pressure less than alveolar pres- & .
sure). Yet, following the application of the
double vascular occluslon technigue, pulmo- 0

nary arterlal pressure dropped and left atrial
pressure rose to the identical value, giving
an estimate of the microvascular pressure.
Following 50urg PGF2.. R. increased from
bassline value of 0.21+0.02 to 0.32+0.04
cmH0/mi/sec (p0.01) and Cayn declined from
0.29+0.02 to 0.22+0.01 ml/cmH20 (p{0.01).

2. Effects of ANF on Vascular and Air-
way Responses

Rat atrial natriuretic factor quickly reserved
the changes in Ppa, Cgn and R, induced by
PGF2+. When 40 ug of r-ANF were injected
at the peak Ppa rise after 50ug of PGFz. in
6 rat lungs, the half time for the decline of
Ppa to the baseline was 0.3 min as opposed
to 4 min when no r-ANF was added (Tabls
1). The return time to baseline Ppa was
shortened by 73%. Injection of r~ANF at peak
response caused a 78% recovery in R. and

48% recovery in Cayn within one minute
(Table 2). Injection of 40 wumg or r-ANF in

B P B AP

Fig. 2. Pulmonary arterial pressure response to
PGFz2. without and with pre-treatment
with atrial natriurstic factor(ANF). Values
are means*8E of 8 experiments.

another set of 8 rat lungs before the injec-
tion of 80 ng PGF2. caused a 38% reduction
In peak Ppa rise. a 44% reduction in the rise
in R. and a 12% reduction in the decline in
Cayn, compared with the pre-ANF injection
response to 50 wmg PGF2« in the same rat
lung (Fig. 2). The ANF effect was greater on
R. than on Cayn.

3. Mechanism of Ppa Response to PGF:z.

NNLA increased baseline Ppa only at
doses)100 «M. Subsequent injection of PGF:
« caused pulmonary edema associated with a
pronounced increase ()60 mmH20) in Ppa.
The dose of NNLA ws choss did not affect
baseline Ppa. nor was there any change in
alrway mechanics after the addition of NNLA
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* P<0,05 from baseline
# P<0.05 between groups
P and NP

B = baseline
P = PGFy
N = NNLA
NP = NNLA + PGFa,

B P B N NP

Fig. 8. Pulmonary arterial pressure response to
PGFz2. without and with pretreatment with
N"-nitro~L-arginine (NNLA).

Values are means*SE of 12 experiments.

in the perfusate. 100 u#M of NNLA potentia-
ted the peak Ppa response to 850 ug PGFa,
with no statistically significant change In R.
and Cdyn (Fig 3)

Before and after addition of NNLA, the
response to 50 ug PGF2. were as follows :
Ppa values increased from 8.7+0.3 to 13.1%
0.5 cmH20 without NNLA and from 9.0+0.3
to 20.0£1.1 cmH20 with NNLA. The diffe-
rence in the rise in Ppa with and without
NNLA was significant at p{0.01. Similarly,
PGF2. increased R. values from 0.20%0.01
to 0.831£0.01 cmH20/ml/sec without NNLA
and from 0.22+0.01 to 0.31x0.01 cmH0/
mi/sec with NNLA. Cgyn decreased from 0.28
+0.02 to 0.21%20.01 mi/cmHz0 without NNLA
and from 0.26+0.01 to 0.20%0.01 ml/cmH0
with NNLA. The addition of SQ 29548 and ClI
fully blocked the pulmonary vascular and
airway effacts of PGF.. (data not shown).

DISCUSSION

PGF2. caused both pulmonary vasocon-
striction and bronchoconstriction in rat lungs
which were isolated and perfused with Krebs-
Henseleit bicarbonate buffer solution. The
vascualr effects are similar to those reported
by others”. 1t has been shown that PGFz.
increases Ppa with an increase in pulmonary
vascular resistance but has no effect on
pulmonary vascular permeability either in vitro
or in vivo in dogs and sheep. In addition,
PGF2. causes bronchoconstriction both in
vitro and in vivo in guinea plgs. dogs and
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humans. Although we wanted a maximal
pulmonary response following PGFz. Injection
into rat lungs, we limited the PGF2. dose to
50 wmg. because severe pulmonary hyper-
tension and pulmonary edema developed at
higher doses. Only a small part (29%) of the
pultmonary arterial pressure rise was due to
an increase in arterial resistance. With an
Fo-isoprostane. 8-epi~PGF2.. we also found
that only 28% of the rise in Ppa in rat lungs
was due to an increase in arterial
resistance”. On the other hand. In rabbits,
78% of the 8-epi-PGF2.~induced increase in
Ppa was contributed by the increase in arte-
rial resistance'”’. Ducharme et al'” found
that the primary site of activity of PGF2e in
dogs was the smooth muscle of the small
veins?. In contrast, taylor and his co-workers
pavititioned the effect of PGFz. on vascalar
resistance of Isolated rat lungs into segments
of large and small arteries and veins and
found that the primary site of action was the
small arteries®. In rat lungs. PGFz. caused
contraction of the airways, as observed with
other species of animals”., However, PGFa.
caused a larger change in lung resistance
than in dynamic compfiance, which suggests
that effects of PGFa2. is greater on central
than on peripheral alrways of rats'®. This
needs to be confirmed with tissue bath
experiments containing different segments of
the airways.

In our experiments, NNLA, an NO synthase
inhibitor, potentiated the pulmonary vascular
response to PGFz. with no change in airways
mechanics. This suggests that the effect of
PGFz2« on pulmonary vasculature can be
modulated by the release of NO. |t is some-
what controversial whether NO contributes to
normal low pulmonary arterial tone'. In iso-
lated perfused lungs of pigs, sheep and
humans. Cremona et al® showed that re-
lease of NO regulates basal pulmonary
vascular tone. On the other hand. Hasunuma
ot al®”, lke us. found that NO inhibitors did
not increase the baseline perfusion pressure
in isolated rat lungs. Also. Nishiwaki et al®®
showed in consclous dogs that NNLA had no
effect on the baseline pulmonary vascular
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pressure-flow relationship but did potentiate
the pulmonary vasoconstrictor response to
the TX mimetic, U-46619. However, Thomas
et al®® showed in dogs, in vivo, an increase
in pulmonary vascular tone in both normoxic
and hypoxic lung after the administration of
N-methyl arginine, another NO blocker. The
use of methyl arginine., as an adequate probe
to study the role of endogenous EDRF has
recently been challenged by Hyman and his
co~workers®”. These authors failed to de-
monstrate the inhibition of NO in adult feline
pulmonary vascular bed in vivo, by this
enzyme which contains a methy! group at the
qguanidino-nitrogen position. The same methy!
group. containing enzyme. has recently been
found to paradoxically relax preconstricted
canine intrapulmonary arteries and a role of
an Intermediate dilator-prostaglandin has been
suggested for its action®®. We conclude ‘that
NO has variable effects on resting tone.
depsending on species and baseline condi-
tions., but that NO synthase inhibition by
NNLA is associated with augmented vasocon-
strictor responses.

Both the airway hemodynamic effects of
PGF.s were fully prevented by SQ 28548, an
endoperoxide-TX receptor blocker. This strongly
suggests that the mechanism of PGFz.-
induced pulmonary vasoconstriction and bron-
choconstriction is due to TX receptor activa-
tion. We showed earlier, in sheep, that TX
receptor blockade antagonized the effect of
PGD2. and PGF2. on the pulmonary vascu-
lature, with no effect on either the systemic
vasculature or the airways%). Evidence for TX
receptor-mediated contraction by PGD2a PGE24
and PGF2. has besn shown in guinea pig and
human airways in vitro by several investi-
gatiors® ¥®®_ Finally, at the cellular level,
the muscular contraction of pulmonary vas-
culature and the airways may be due to the
involvement of protein kinase C (PKC). since
the use of Cl, a PKC inhibitor completely
blocked the pulmonary response to PGFa..
There is evidence for the participation of
both intracellular calcium and PKC in PGFa2.
-induced vasoconstriction® * . Involvement of
PKC in the tonic phase of smooth muscle

contraction has also been suggested by
other investigators®®® . However, the pulmo-
nary response of isolated-perfused lungs of
rats to PGFz. was more of a phasic rather
than a tonic nature. Thus, we cannot assert
fully that these data are sufficlent to prove
the definitive role of PKC in the observed
response.

In summary, PGF:. Is both pulmonary va-
soconstrictor. primarily a venoscostrictor, and
a bronchoconstrictor in isolated perfused
lungs of rats. The effect of PGFz2. on rat
lungs appears to be greater on central than
on peripheral airways. The vaso-, but not the
bronchoconstrictor effect., is potentiated by
the use of NNLA, a nitric oxide (EDRF) syn-
thase inhlbitor. However, both the vaso and
bronchoconstrictor effects are partially rever-
sed by the use of atrial natriurstic peptide.
The mechanism of action of PGF:. on the
pulmonary vasculature and the alrways ap-
pears to be due to the activation of 8SQ
20548-responsive thromboxane receptors. Also,
it is likely that protein kinase C may play a
role in the smooth muscle response of pul-
monary vessels and airways to PGFz. Intra-
celiularly.
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