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THROMBOXANE B, INHIBITS THE PULMONARY INACTIVATION OF
PROSTAGLANDIN E, IN THE DOG

THOMAS M. FITZPATRICK, LAWRENCE S. FRIEDMAN, PETER A. KOT

& PETER W. RAMWELL

Georgetown University Medical Center, Department of Physiology and Biophysics,

3900 Reservoir Road, N.W., Washington, D.C. 20007, U.S.A.

1 The systemic vasodepressor response to intravenously administered prostaglandin E, (PGE,, 0.3,
1.0 and 3.0 pg/kg) is potentiated during intravenous infusion of thromboxane B, (TXB,, 1.0 pg kg™*

min~!) in the anaesthetized dog.

2 The augmented haemodynamic response returns toward control values following cessation of the

TXB, infusion.

3 The systemic haemodynamic responses to intra-arterially administered PGE,, PGF,, and PGI,
as well as intravenously administered PGF,, and PGI, are not altered by TXB, infusion.

4 This study suggests that TXB, inhibits the pulmonary inactivation of PGE,.
§ Arachidonic acid metabolites may interact, producing haemodynamic responses differing from

their individual effects.

Introduction

Prostaglandin E, (PGE,), a product of prostaglandin
endoperoxide (PGG, and PGH,) isomerization,
depresses systemic arterial pressure (SAP) by directly
dilating the resistance vessels of the circulation (Nak-
ano & McCurdy, 1967; Malik & McGiff, 1976). Since
PGE, is approx. 90% inactivated by a single passage
through the pulmonary circulation (Ferreira & Vane,
1967) the magnitude of hypotension is dependent
upon its route of administration or site of its syn-
thesis. The lungs, therefore, play a strategic role in

regulating the concentration of PGE, reaching the -

heart and systemic vasculature.

In addition, depending upon the stimuli, endoper-
oxides may be converted to several other compounds.
Thromboxane A, (TXA;), a potent platelet aggrega-
tor and constrictor of vascular smooth muscle (Ham-
berg, Svensson & Samuelsson, 1975), is a potential
product of endoperoxide transformation. Due to
structural instability however (T; = 32 s in aqueous
solution), TXA, quickly converts to the more stable
thromboxane B, (TXB,) (Hamberg et al., 1975). It
was recently demonstrated that TXB, inhibited the
pulmonary degradation of PGE, when infused
through the rat isolated lung (Boura & Murphy,
1978a). Since there is a probable concomitant release
of PGE, and TXB, by the lung during anaphylaxis
(Anggard & Samuelsson 1965; Palmer, Piper & Vane,
1973; Dawson, Boot, Cockerill, Mallen & Osborn,
1976; Crutchley, Piper & Seale, 1977) and endotoxin
shock (Dusting, Moncada & Vane, 1979) we investi-
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gated whether interaction between TXB, and PGE,
occurs in the lungs of intact anaesthetized dogs.

Methods

Mongrel dogs (15 to 20 kg) of either sex were anaes-
thetized with intravenous sodium pentobarbitone (30
mg/kg). Airway patency was maintained with a cuffed
endotracheal tube. A Swan-Ganz catheter was pos-
itioned in the pulmonary artery. The distal lumen of
this catheter was used for monitoring pulmonary
arterial pressure (PAP) and the proximal lumen for
injecting test compounds intravenously (i.v.) The
right femoral artery was catheterized for measurement
of systemic arterial blood pressure. A Cordis ‘pig-tail’
catheter was inserted through the left femoral artery
into the left ventricle for the intra-arterial (i.a.) admin-
istration of test compounds. The left femoral vein was
catheterized and used for TXB, infusion.

The extent of PGE, inactivation by the lung was
determined by measuring the SAP response to intra-
venous and intra-arterial PGE, administered before
and during TXB, infusion (1 pg kg™! min~!). Neg-
lecting its own metabolism, we estimated that the
TXB; blood concentration after a 30 min infusion to
be less than 400 ng/ml. This TXB, concentration
alone produced no change in SAP or PAP.

Initially, control systemic arterial pressure re-
sponses to intravenous (0.3, 1.0 and 3.0 pg/kg) and
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Figure 1 A comparison of the control responses to
prostaglandin E, (PGE3), PGF%, and PGI,, when ad-
ministered by intravenous (open columns) and intra-
arterial (hatched columns) routes. Vertical bars rep-
resent s.e. mean *Significant at P < 0.05.

intra-arterial (0.03, 0.1 and 0.3 pg/kg) PGE, (n = 16)
were obtained. For purposes of comparison, intra-
venous (1.0 pg/kg) and intra-arterial (1.0 pg/kg) re-
sponses to PGI, (n = 2) and PGF,, (n = 6) were also
measured.

In order to establish whether the effect of TXB,
was reversible, PGE, (n = 6) (i.v. 1 ug/kg) was admin-
istered at 5 min intervals following termination of the
TXB, infusion.

Stock solutions of TXB,, PGI,, PGE, and PGF,,
were prepared in ethanol (I mg/ml) and stored at
—20°C. Solutions of PGE,, PGF,, and PGI, were
dried under nitrogen and diluted to concentrations of
10 pg/ml (i.a. PGE,) and 100 pg/ml (PGI,, PGF,,
and intravenous PGE,) with isotonic saline. TXB,
was prepared in a similar manner at concentrations
that varied in proportion to the weight of the dog.

Data were analyzed by Student’s ¢ test for paired
data. A P < 0.05 was considered significant.

Results

Control percentage changes in systemic arterial dias-
tolic blood pressure to intravenously and intra-
arterially administered PGE,, PGF,, and PGI, are
compared in Figure 1. PGE, responses, compared at
0.3 ng/kg, represent the only common intravenous
and intra-arterial dose level employed. The systemic

=)
£ o
£
~ -
o
2
ﬁ -30}
S
Q .
L
.g -20}
K-
© L
£
o -10f
[=4
©
b L
[¥]
R

003 01 03 10 30

Dose PGE, (ug/kg)
Figure 2 Log dose-responses to prostaglandin E,
(PGE,) administered intravenously (M) and intra-
arterially (®) before (——) and during (----- ) infusion of
thromboxane B,. Vertical bars represent s.e. mean.

hypotensive action of PGI, was the same by either
route of administration. In contrast, both PGE, and
PGF,, elicited a significantly (P < 0.05) greater re-
sponse when administered intra-arterially.

Figure 2 shows the log dose-responses to intra-
venous and intra-arterial administration of PGE,
before and during the infusion of TXB,. The systemic
depressor response to intravenous PGE, was signifi-
cantly (P < 0.05) augmented at each of the three dose
levels tested. However, the log dose-responses to
intra-arterial administration of PGE, were unaffected
by the TXB, infusion.

To determine whether the effect of TXB, was
specific for PGE,, the systemic arterial diastolic
pressure responses to PGE,, PGF,, and PGI, were
compared before and during TXB, infusion. Figure 3
illustrates the percentage change in arterial diastolic
pressure elicited by intravenous bolus injections (1.0
ug/kg) of each of the three test compounds. Only the
systemic arterial diastolic pressure response of PGE,
was significantly (P < 0.05) augmented during TXB,
infusion.

The ability of TXB, to potentiate the systemic
hypotensive action of intravenously administered
PGE,; was rapidly reversible. In six animals PGE,
(1.0 pg/kg) was administered before, during and at 5
min intervals following termination of the TXB, infu-
sion. Within 5 min after stopping the TXB, infusion,
the systemic depressor response elicited by PGE, was
significantly (P < 0.05) diminished and continued to
be reduced during the subsequent 15 min (Figure 4).
At 20 min after the end of the TXB, infusion, the
PGE, response was not significantly different from
control.
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Figure 3 Comparison of response to intravenously ad-
ministered prostaglandin E, (PGE$), PGF,, and PGI,
before (open columns) and during (hatched columns)
infusion of thromboxane B, (TXB,). The difference in
PGF,, response is not significant. Vertical bars rep-
resent s.e. mean *Significant at P < 0.05.

Discussion

The magnitude of the systemic arterial depressor re-
sponse to PGE, when administered intra-arterially is
normally several times greater than the response eli-
cited by an equivalent dose administered intra-
venously (Waldman, Alter, Kot, Rose & Ramwell,
1978). The i.a.-i.v. difference is explained by 15-pros-
taglandin  dehydrogenase  (15-PGDH)-mediated
degradation in the lung (Ferreira & Vane, 1967; Ang-
gard & Samuelsson, 1967). 15-PGDH is not unique to
the lung but its presence there is important in regulat-
ing the concentration of several prostaglandins that
affect the heart and systemic circulation.

The present study demonstrates that the systemic
vasodepressor response produced by intravenous
PGE, is augmented in the intact canine circulation
during TXB, infusion. The shift of the log dose-
response to intravenous PGE, suggests that greater
concentrations of this substance are reaching the sys-
temic circulation.

However, TXB, does not alter the vascular re-
sponse to intra-arterially administered PGE, and the
duration of the potentiated PGE, response was simi-
lar to that of the control response. Furthermore, peri-
pheral inactivation of PGE, appears to be unaffected

by TXB, and the potentiating action appears specific
for PGE, since TXB, does not affect the SAP re-
sponses of PGF,, and PGI,.

Induction of pulmonary PGE, synthesis by TXB,
could account for the augmented vascular response
that we observed. However, Boura & Murphy (1978a)
have demonstrated that TXB, does not increase
prostaglandin release when perfused through the iso-
lated lung of the rat.

Reduced synthesis of the inactivating enzyme
15-PGDH could also account for the increased re-
sponsiveness to PGE,. For instance, rats pretreated
with cycloheximide, an inhibitor of 15-PGDH syn-
thesis, demonstrate a reduced inactivation of PGE,
(Boura & Murphy, 1978b). Since the potentiated re-
sponse to PGE, is significantly reversed within 5 min
after termination of the TXB, infusion it seems un-
likely that 15-PGDH synthesis could be inhibited and
re-established within that short time.

TXB, itself, is not a substrate for 15-PGDH
(Roberts, Sweetman, Morgan, Payne & Oates, 1977),
yet it may interfere with the carrier-mediated intra-
cellular prostaglandin transport mechanism postu-
lated by Bito, Wallenstein & Baroody (1976). Block-
ade, competition or saturation of this process in the
pulmonary vasculature by TXB, would potentiate in-
travenously administered PGE,. Probenecid, an or-
ganic acid transport inhibitor reduces the inactivation
of PGE; in the rat (Bito & Baroody, 1975; Boura &
Murphy, 1978b) and dog lungs (Wicks, Ramwell, Kot
& Rose, 1978). In addition, clinical indicator dyes
such as indocyanine green, sulphobromophthalein,
phenol red, Evans blue, methylene blue and bromcre-
sol green once considered inert compounds, inhibit
PGE, inactivation in isolated lung preparations of
the rat (Bito & Baroody, 1975; Bakhle, 1978).

Furthermore, although PGI, is a substrate for
15-PGDH in lung homogenate (McGuire & Sun,
1978) and intact liver (Wong, Sun & McGiff, 1979) it
is unaffected by transit through the pulmonary circu-
lation (Dusting, Moncada & Vane, 1978a). It has been
postulated that a transmembrane transport system for
PGI, is lacking in the lung (Dusting, Moncada &
Vane, 1978b). This would explain why TXB, did not
affect the PGI, vasodepressor response.

Whatever the mechanism by which TXB, is acting,
it is the first substance of endogenous origin found to
be able to inhibit the pulmonary inactivation of
PGE, in an intact animal.

Prostacyclin is the major arachidonic acid metab-
olite produced by the lung under physiological con-
ditions (Dusting et al., 1979; Mullane, Dusting, Sal-
mon, Moncada & Vane, 1979). There are circum-
stances however when the pulmonary production of
other AA metabolites increases. Although elevated
blood levels of PGE, and TXB, have yet to be con-
clusively measured simultaneously in the same ani-
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Figure 4 A comparison of the depressor response to prostaglandin E, (PGE,, i.v. 1 ug/kg) before, during and at 5
min intervals following cessation of thromboxane B, (TXB,) infusion. Vertical bars represent s.. mean; n = 6

*Significantly different from control at P < 0.05.

mal, PGE, is elevated in the dog (Anderson, Jibiz,
Fralios, Tsagaris & Kuida, 1972) and baboon
(Fletcher, Ramwell & Herman, 1976) following endo-
toxin shock. Frolich, Ogletree & Brigham (1979)
recently found a marked increase of TXB, (>200
ng/ml) in the lung lymph of sheep and Harris,
Zmudka, Maddox, Ramwell & Fletcher (1979)
reported elevated plasma TXB, (maximum 2260
ng/ml) in the conscious baboon following endotoxin
shock. These studies lead us to speculate that under
some pathophysiological conditions, large enough
quantities of TXB, may be produced to inhibit par-
tially the pulmonary degradation of PGE,. Their
interaction would result in the augmented systemic
hypotension we have observed.

In conclusion, our study demonstrates: (1) TXB,
augments the systemic vasodepressor response of in-
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