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In vivo AND in vitro EFFECTS OF ENDOTOXIN ON PROSTAGLANDIN
RELEASE FROM RAT LUNG

NILI FEUERSTEIN & PETER W. RAMWELL

Department of Physiology and Biophysics, Georgetown University Medical Center, Washington, D.C. 20007, U.S.A.

1 The release of prostaglandins (PGE,, PGF,,, PGI;) and thromboxane A, (TxA;) from rat lung
exposed to E. coli endotoxin, in vivo or in vitro has been studied.

2 Lung strips of endotoxin-treated rats demonstrated a preferential increase of TxA, and PGF,,

and a decrease in the ratio PGI,/TxA,.

3 These data suggest that changes in the proportions of arachidonic acid metabolites might play a
role in the pulmonary pathophysiology during endotoxin shock.

4 Incubation of lung strips with endotoxin in vitro failed to stimulate prostaglandin release;
paradoxically, it suppressed both the spontaneous and the ionophore-induced prostaglandin release.
5§ These findings suggest that the increase in prostaglandin release by the lung following endotoxin
administration in vivo is probably mediated by factor(s) generated in endotoxaemia and is not due to

a direct action of endotoxin on the lung tissue.

Introduction

Pathological derangements of pulmonary functions
have been described in human and animal endotox-
aemia (Kuida, Hinshaw, Gilbert & Visscher, 1958;
Harrison, Beller, Hinshaw, Coalson & Greenfield,
1959). Among the most striking phenomena are an
increase in pulmonary vascular resistance and a de-
crease in lung compliance, both of which appear in an
early stage of the endotoxaemia (Kuida et al., 1958;
Weil, Shubin & Biddle, 1964). In addition, it has
been shown that these haemodynamic events are
accompanied by an increase in prostaglandin release
from the lung (Anderson, Tsagaris, Jubiz & Kuida,
1975). This observation led to the assumption that
prostaglandins might be involved in the pathological
derangements induced by endotoxin.

This hypothesis was further strengthened by the
fact that lobar artery pressure is increased by infusion
of the prostaglandin precursor, arachidonic acid, into
the dog isolated lung lobe (Wicks, Rose, Johnson,
Ramwell & Kot, 1976), and in addition, by the
observation that endotoxin-induced pulmonary
hypertension is blocked by the prostaglandin syn-
thetase inhibitor, indomethacin (Parrat & Sturgess,
1974).

Since different prostaglandins exert different ef-
fects on pulmonary functions (Hyman, Spannhake &
Kadowitz, 1978), it is of particular interest to explore
whether the characteristic pulmonary derangements
in endotoxaemia can be correlated with a preferential
release of particular prostaglandins in the lung. In
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addition, the enhanced prostaglandin release from
the lung during endotoxaemia may raise the question
whether this phenomenon is a direct effect of en-
dotoxin on lung tissue or an indirect consequence
induced by factors generated during endotoxin
shock. The present study was designed to elucidate
the effect of endotoxin on the release of various
prostaglandins from rat lung tissue, both in vivo and
in vitro.

Methods

Male Wistar rats (300-350g) were used in all the
experiments.

In vivo experiment

Animals were anaesthetized with pentobarbitone
sodium (50mg/kg, i.p.), and endotoxin (E. coli
011:B4, LPS-B, Difco, 7.0 mg/kg) was injected into
the femoral vein. Forty-five minutes later a
polyethylene tubing was inserted into the portal vein,
the abdominal aorta was cut, and 1.0 ml of blood was
collected in a tube and placed in ice. The lungs were
perfused with 0.9% (w/v) NaCl solution (saline) for
S min in situ. The perfused lungs were removed and a
strip of 1-2 mm wide was cut along the edge of both
lungs and then chopped into 5.0 mm long pieces.
Four strips (randomly taken) were transferred into
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tubes containing 0.5 ml of Krebs-phosphate buffer
(0.1M, pH7.4) and incubated for 30 min at 37°C.
Incubation was stopped by transferring the tubes to
ice and removing the strips. The incubation medium
was stored at —20°C until assayed for prostaglandins.

The strips were dried in a dessicator for 24 h and
then weighed (average dry weight was 1.0 = 0.2 mg).
PGE,, PGF,,, 6-keto-PGF,, and TxB, were assayed
in each tube as described later. The rate of prostag-
landin release for each animal is an average of the
release of four lung strips. The blood samples were
centrifuged (5min, 4°C, 3000 rev/min) and the
serum was stored at —20°C until assayed for 6-keto-
PGF,,.

In vitro experiment

Lung strips were prepared as described in the in vivo
section. Eighteen strips were placed for 10 min in
Krebs buffer at room temperature and then transfer-
red to tubes for 30 min incubation at 37°C. Prostag-
landin release from lung strips by the calcium
ionophore A23187 was used as an internal probe for
the viability and responsiveness of the lung tissue.
The incubation protocols in the in vitro experiments
were as follows: Experiment A: (1) control (Krebs
buffer only): (2) Ca?* ionophore (5 pg/ml); (3) en-
dotoxin (50, 100, 200 or 400 p.g/ml). Experiment B:
(1) control; (2) Ca?* ionophore (5.0 pg/ml); (3) en-
dotoxin (100 pg/ml); and (4) Ca?* ionophore
(5.0 pg/ml) combined with endotoxin (100, 200 or
400pg/ml). All the procedures following the incuba-
tion period, namely tissue drying and prostaglandin
assay, were the same as described in the in vivo
section. The rate of prostaglandin release for each
condition is an average of the release of three differ-
ent lung strips.

Prostaglandin assay

Prostaglandins were assayed by radioimmunoassay
technique (Granstrom & Kindahl, 1976). The *H-
prostaglandins were purchased from New England
Nuclear, Mass. PGE, antibody was purchased from
Accurate Chemical & Scientific Corporation, N.Y.
The cross reactivity was 1.25% with PGF,, and less
than 1.0% with 6-keto-PGF,,. The cross reactivity of
TxB, antibody with 6-keto-PGF,,, PGE, and PGF,,
was less than 1.0%. 6-keto-PGF,, antibody was pre-
pared in our laboratory; its cross reactivity with
PGE, was 10%, PGF,, 7.6% and TxB, less than
1.0% . PGF,, antibody was a gift from Dr Behrman,
Yale University (Orczyk & Behrman, 1972).

Data analysis

Rate of prostaglandin release is presented as the
amount of prostaglandin per mg dry weight in 30 min.
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Figure 1 Effect of endotoxin in vivo on prostaglandin
E, (PGE;), PGF,,, thromboxane B, (TxB;) and 6-
keto-PGF}, release from parenchymal lung strips.
Hatched columns: rats injected with saline (control,
n=12); open columns: rats injected with endotoxin
(n=12). Data represent means values, vertical lines
show s.e.mean. Statistical evaluation was by Student’s
unpaired ttest: *P<0.05; **P<<0.005; ***P<<0.001.

Data presented in text and figures are means
+ s.e.mean. Statistical evaluation was by Student’s ¢
test (paired or unpaired as denoted in the legends).

Results
In vivo experiment

The serum level of 6-keto-PGF,, in the endotoxin-
treated rats was 2.01 £0.16 ng/ml, compared with
0.82 £0.15 ng/ml in the control rats (P <<0.05). This
increase in serum level of 6-keto-PGF,, following
endotoxin administration confirms previous findings
(Bult, Beeteus, Vercruysse & Herman, 1978).

Lung strips of control animals release prostaglan-
dins at the following rate (pgmg~' 30 min~'): PGE,
433.0£78.9, TxB, 90.0+11.0, 6-keto-PGF,,
2630+ 316 and PGF,, 12.0+5.2 (Figure 1). Lung
strips of endotoxin-treated rats released significantly
more prostaglandins (Figure 1). The increase in pros-
taglandin output following endotoxin treatment var-
ied considerably among the different prostaglandins,
as shown in Figure 2. The release of PGF,, increased
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Figure 2 Percentage increase of prostaglandin E;
(PGE,), PGF,,, thromboxane B; (TxB;) and 6-keto-
PGF;, induced by endotoxin in vivo. Data represent
mean of % increase (n=12); vertical lines show
s.e.mean. Statistical evaluation was by Student’s ¢ test:
*P<<0.02; **P<0.005; ***P<0.001.

by 1111+162%, TxB, 837+ 179%, 6-keto-PGF,,
245+ 19% and PGE; 170 £ 25% . The increase in the
release of TxB, was higher than that of 6-keto-PGF,,
(P<0.005) and PGE, (P<0.005). The increase in
the release of PGF,, was also higher than that of
6-keto-PGF,, (P<0.001) and PGE, (P<0.001).
However, there was no significant difference be-
tween the increase in PGF,, and TxB,. The ratio of
6-keto-PGF,,/TxB, decreased from 29.8 + 4.4 in the
control group to 8.8+ 2.2 in the endotoxin-treated
group (P<<0.001). This was due to the greater in-
crease in the release of TxB, which is induced by
endotoxin.

In vitro experiment

Experiment A: Figure 3 shows that A23187 en-
hanced the release of all the prostaglandins ex-
amined. The % increase of prostaglandin release
induced by A23187 was as follows: PGF,,
262+28%, 6-keto-PGF,, 246*33%, TxB,
200+ 32%, PGE,; 224 +44%. Thus, the increase in
prostaglandin release induced by A23187 did not
vary among the different prostaglandins. Figure 3
also demonstrates that endotoxin in vitroreduced the
spontaneous release of prostaglandins from lung
strips. The % inhibition of prostaglandin release
induced by the highest dose of endotoxin (400 pg/ml)
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Figure 3 Effect of endotoxin or A23187 (Ca2+
ionophore) on prostaglandin E; (PGE;), PGF,,, throm-
boxane B; (TxB;) and 6-keto-PGFj, release from lung
strips in vitro. Data represent means of the change in
prostaglandin release induced by incubation of lung
strips with A23187 (5'ung/ml) or with endotoxin (ETX)
at the following concentrations: 50, 100, 200 or
400 pwg/ml; vertical lines show s.e.mean. Statistical
evaluation was by Student’s paired ¢ test: *P<0.0S;
**P<0.02;***P<0.005;****P<0.001.

was as follows: PGF,, 52.4 +16.4%, 6-keto-PGF,,
17.6£5.6%, TxB, 459%9.6%, PGE,
81.6+10.5%. Furthermore, the inhibitory effect of
endotoxin on the release of PGE, and PGF,, was
dose-dependent as shown in Figure 4.

Experiment B: In order to explore further the inhibi-
tory effect of endotoxin on prostaglandin release, the
effect of endotoxin was also examined on the release
of PGF,, and 6-keto-PGF,, induced by A23187.
Figure 5 shows that endotoxin significantly suppres-
sed the A23187-induced release of both PGF,, and
6-keto-PGF,,. The highest dose of endotoxin
(400 pg/ml) suppressed the A23187-induced release
of 6-keto-PGF,, and PGF,, by 50.8%+3.9%
(P<0.001) and 34 £3.7% (P<<0.001), respective-
ly. As in Experiment A, endotoxin alone suppressed
the spontaneous release of these prostaglandins from
lung strips (Figure 5).
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Figure 4 Dose-response curves of the inhibitory effect
of endotoxin on prostaglandin release. Curves represent
the regression lines of prostaglandin E; (PGE;, solid
line) n=25; PGF;, (dotted line) n = 25; 6-keto-PGF,
(dashed line) n=53.

Discussion

The present results show that administration of en-
dotoxin in vivo markedly increased prostaglandin
release from rat lung strips. An important finding in
our work was that following endotoxin injection, the
pattern of prostaglandin output by lung tissue shifts
toward a more pronounced release of TxA, and
PGF,,, compared to PGI, and PGE,. In contrast, the
release elicited by Ca?* ionophore was of the same
magnitude for all the prostaglandins measured. This
suggests that a specific alteration in the pattern of
prostaglandin release occurs in the lung during en-
dotoxaemia. It is of interest that both PGF,, and
TxA,, which exhibited the largest increase by en-
dotoxin in vivo, have been previously suggested to be
involved in pulmonary hypertension during endo-
toxaemia (Anderson et al., 1975; Parrat & Sturgess,
1977; Harris, Zmudka, Maddox, Ramwell &
Fletcher, 1980). An increase in plasma levels of TxB,
during endotoxin shock was found to be temporally
correlated with the increase in pulmonary artery
pressure (Harris et al., 1980). Anderson etal. (1975)
observed that the injection of endotoxin into calves is
followed by a concomitant increase of pulmonary
artery pressure and release of PGF,, from the lung.
Furthermore, administration of the PGF,, antagon-
ist, polyphloretin phosphate, attenuated the
endotoxin-induced pulmonary hypertension in cats
(Parrat & Sturgess, 1977). In contrast to previous
work, we measured the simultaneous release of
PGE,, PGF,,, TxA; and PGI,. This enables us to
conclude that, following endotoxin administration in
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Figure 5 Effect of endotoxin on A23187 (Ca**
ionophore)-induced prostaglandin F2, (PGF,,) and 6-
keto-PGF, release from lung strips in vitro. Data rep-
resent means of prostaglandin release in the following
incubation conditions: control (Krebs buffer only); ETX
(endotoxin, 100 ug/ml); A23187 only; A23187 +
100 pg/ml endotoxin (column A); A23187 + 200 pg/ml
endotoxin (column B); A23187 + 400 pg/ml endotoxin
(column C). Data were analyzed by Student’s paired ¢
test as follows: Conditions A, B, and C were compared
to A23187 only. Level of significance is denoted by
t(dagger) as follows: 1P<<0.02; *11P<<0.01;
+11P<0.001. The effect of A23187 only and endotoxin
only were compared to control. Level of significance is
denoted by asterisks as follows: * P<<0.05, **P <0.005,
***Pp<0.001.

vivo, the vasoconstrictor prostaglandins are predo-
minantly increased. This observation provides furth-
er support for the hypothesis that vasoconstrictor
prostaglandins may be involved in pulmonary hyper-
tension in endotoxaemia.

The pulmonary changes which appear in endotox-
aemia have been also ascribed to augmentation of
platelet aggregation in the lung capillary bed (Bre-
denberg, Taylor & Webb, 1980). Platelet aggrega-
tion is facilitated by TxA, and inhibited by PGI,
(Lefer, 1979). Our data show that 6-keto-
PGF,,/TxB, ratio decreased following endotoxin ad-
ministration. Thus, exposure to endotoxin induces an
alteration in the balance between PGI, and TxA,
which may lead to a more pronounced effect of TxA,.
This evidence implies that either an increase in PGI,
or a decrease in TxA , could be beneficial in overcom-
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ing the effects induced by endotoxin. Indeed, it has
been recently shown that PGI, infusion (Fletcher &
Ramwell, 1980), as well as administration of the
TxA,; inhibitor, imidazole, (Cook, Wise & Halushka,
1979) exert protective effects in endotoxin shock.

The evidence presented in this investigation might
raise the hypothesis that the involvement of prostag-
landins in the pathogenesis of endotoxin shock might
not be the result of the increase in prostaglandins
release per se, but might be due to an alteration in the
balance of arachidonic acid metabolites during en-
dotoxaemia.

In contrast to the effect of endotoxin in vivo,
incubation of lung strips with endotoxin in vitro failed
to stimulate prostaglandin release. In fact, endotoxin
in vitro significantly reduced prostaglandin release.

The mechanism which underlies the inhibitory ef-
fect of endotoxin on prostaglandin release in vitro is
obscure. However, our observation that endotoxin in
vitro also suppresses prostaglandin release induced
by calcium ionophore, indicates that endotoxin sup-
pression of prostaglandin release may be by interfer-
ence with the transmembranal flux of calcium ion.
This suggestion is supported by the finding that incu-
bation of heart homogenates with endotoxin in-
creases Ca?* efflux from the tissue homogenate to the
incubation medium (Liu & Spitzer, 1977).

References

ANDERSON, F.L., TSAGARIS, 1.J,, JUBIZ, W. & KUIDA, H.
(1975). Prostaglandins F and E levels during endotoxin-
induced pulmonary hypertension in calves. Am. J.
Physiol., 228, 1479-1482.

BREDENBERG, C.E., TAYLOR, G.A. & WEBB, W.R. (1980).
The effect of thrombocytopenia on the pulmonary and
systemic hemodynamics of canine endotoxin shock.
Surgery, 87, 59-68.

BULT, H., BEETENS, J., VERCRUYSSE, P. &« HERMAN, A.G.
(1978). Blood levels of 6-keto-PGF;,, the stable
metabolite of prostacyclin during endotoxin-induced
hypotension. Archs int. Pharmacodyn. Ther., 236,
285-286.

COOK, J.A., WISE, W.C. & HALUSHKA, P.V. (1979). Ele-
vated thromboxane levels in rat during endotoxin shock.
Protective effects of imidazole, 13-azoprostanoic acid
and essential fatty acid deficiency. J. clin. Invest., 65,
227-230.

DINARELLO, C.A. & WOLF, SM. (1978). Pathogenesis of
fever in man. New Engl. J. Med., 298, 607-612.

FLETCHER, J.R. & RAMWELL, P.W. (1980). The effect of
prostacyclin (PGI;,) on endotoxin shock and endotoxin-
induced platelet aggregation in dogs. Circ. Shock, (in
press).

GRANSTROM, E. & KINDAHL, H. (1976). Radioimmunoas-
say for prostaglandin metabolites. Adv. Prostaglandin
Thromboxane Res., 1, 81-92.

HARRIS, R.H., ZMUDKA, M., MADDOX, Y., RAMWELL,

The physiological significance of prostaglandin in-
hibition by endotoxin, in vitro, remains to be estab-
lished. However, the differential effect of endotoxin
on prostaglandin release by the lungs in vivo versus in
vitro suggests that the enhanced prostaglandin
metabolism observed in the lung during endotox-
aemia is not due to a direct effect of endotoxin on
lung parenchymal tissue.

We suggest that other cell types should be ex-
amined as the possible target of endotoxin in vivo.
Possible candidates are the immunoreactive cells,
such as macrophages and lymphocytes which have
been shown to respond to low does of endotoxin both
in vivo and in vitro (Morrison & Ulevitch, 1978), and
to produce a factor that mediates the pyrogenic effect
of endotoxin (Dinarello & Wolf, 1978). Thus, it is not
inconceivable that the increase in prostaglandin re-
lease induced by endotoxin in vivois also mediated by
a factor(s) produced by these cells. It appears that
further investigations are necessary in order to eluci-
date the putative prostaglandin releasing factor that
mediates the increase in prostaglandin release during
endotoxaemia.

The authors wish to thank Dr M. Foegh for her valuable
suggestions in reviewing the manuscript, and Ms Swoboda
for her excellent secretarial assistance.

P.W. & FLETCHER, J.R. (1980). Relationships of TxB;
and 6-keto-PGF, to the hemodynamic changes during
baboon endotoxin shock. Adv. Prostaglandin Throm-
boxane Res., 7, 843 -849.

HARRISON, L.H,, BELLER, J.J., HINSHAW, L.B.,, COALSON,
J.J. & GREENFIELD, L.J. (1959). Effects of endotoxin on
pulmonary capillary permeability ultrastructure and
surfactant. Surgery Gynec. Obstet., 129, 723-733.

HYMAN, AL., SPANNHAKE, E.W. & KADOWITZ, PJ.
(1978). Prostaglandins and the lung. Am. Rev. Resp.
Dis., 117,111-136.

KUIDA, H., HINSHAW, L.B., GILBERT, R.P. & VISSCHER,
M.B. (1958). Effect of gram-negative endotoxin on pul-
monary circulation. Am. J. Physiol., 192,335-344.

LEFER, AM. (1979). Role of the prostaglandin-
thromboxane system in vascular homeostasis during
shock. Circ. Shock, 6,297-303.

LIU, M.S. & SPITZER, 1.J. (1977). In vitro effects of E. Coli
endotoxin on fatty acid and lactate oxidation in canine
myocardium. Circ. Shock, 4, 181-190.

MORRISON, D.C. & ULEVITCH, R.J. (1978). The effects of
bacterial endotoxin on host mediation system: a review.
Am.J. Path.,93,527-617.

ORCZYK, G.P. & BEHRMAN, H.R. (1972). Ovulation block-
ade by aspirin or indomethacin in vivo. Evidence for a
role of prostaglandin in gonadotrophin secretion. Pros-
taglandins, 1, 3-20.

PARRATT, J.R. & STURGESS, R.M. (1974). The effects of



516 NILI FEUERSTEIN & PETER W. RAMWELL

indomethacin on the cardiovascular and metabolic re-
sponses to E. coli endotoxin in the cat. Br. J. Pharmac.,
50,177-183.

PARRATT, J.R. & STURGESS, R.M. (1977). The possible
roles of histamine, 5-hydroxytryptamine and prostag-
landin F;, as mediators of the acute pulmonary effects of
endotoxin. Br. J. Pharmac., 60,209-219.

WEIL, N.H,, SHUBIN, H. & BIDDLE, M. (.1 964). Shock

caused by gram-negative organism. Analysis of 169
cases. Anns intern. Med., 60, 384—-399.

WICKS, T.C., ROSE, J.C., JOHNSON, M., RAMWELL, P.W. &
KOT, P.A. (1976). Vascular responses to arachidonic
acid in the perfused canine lung. Circulation Res., 38,
167-171.

(Received October 22, 1980.
Revised December 17, 1980.)



