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Oxidative injury and survival during endotoxemia
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Abstract This study investigates the plasma levels of 8-iso-
PGF5,, a non-enzymatic, and 15-K-DH-PGF5, a cyclooxygen-
ase catalyzed oxidation product of arachidonic acid in an
experimental porcine endotoxemic shock model. A significant
(P <0.001) and rapid appearance and disappearance of PGF,,
metabolite after endotoxin infusion was very similar in both non-
survival and survival groups indicating an acute progression and
recession of inflammation. When oxidative injury was assessed
by measuring free 8-iso-PGF5, the levels in plasma increased
significantly up to 2 h and remained at this level until death
among the non-survivors. This was apparently different from the
survivors where the 8-iso-PGF, levels increased to its height at
1 h, then decreased to the basal levels after 5 h. Thus, free radical
and cyclooxygenase catalyzed oxidation of arachidonic acid
occurs during endotoxemia. Free radical dependent oxidative
injury following endotoxin induced inflammation may be the
major cause of organ failure and increased mortality.
© 1998 Federation of European Biochemical Societies.

Key words: Inflammation; Oxidative stress; Endotoxin;
Isoprostane; Prostaglandin; Septic shock

1. Introduction

Oxygen derived free radicals are believed to be important
mediators of cellular injury contributing to the development
of sepsis or endotoxemic shock, a condition of major concern
with a high mortality. The human response to the bacterial
endotoxin or lipopolysaccarides, which are found in the cell
wall of Gram-negative bacteria and which are released during
bacterial death, includes cardiovascular and metabolic disor-
ders and activation of coagulation cascades [1,2]. The increase
of free radicals or arachidonic acid metabolites which cause
pulmonary and renal vasoconstriction and increase vascular
permeability seem to be directly involved in the tissue injury
following endotoxin induced septic processes.

Several methods have been developed to measure the prod-
ucts of free radical induced lipid peroxidation to assess oxi-
dant injury in vivo. The limitations of these methods in as-
sessing lipid peroxidation as a mechanism of oxidative injury
are common [3]. The non-enzymatic formation of isoprostanes
through free radical catalysed oxidation of arachidonic acid or
the formation of prostaglandins, mainly prostaglandin Fyq
(PGFyy) through oxidation catalysed by cyclooxygenase, are
thought to be unique indices of in vivo oxidative injury or
inflammation, respectively [4-6]. 8-Iso-prostaglandin Fy, (8-
i80-PGF,,), one of the major isoprostanes, increases during
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free radical mediated tissue damage in human and animal
studies [4,5]. Primary prostaglandins, mainly PGFy, increase
following endotoxin induced inflammation [6,7], a conse-
quence of cytokine induced cyclooxygenase (COX)-2 gene ex-
pression [8].

We have recently developed highly specific and sensitive
radioimmunoassays (RIA) through raising unique antibodies
in the rabbits against both 8-iso-PGF,, and 15-keto-13,14-
dihydro-PGF5, (15-K-DH-PGF,,), a major plasma metabo-
lite of PGFy, to be used in the study of a well proven ex-
perimental porcine endotoxemic shock model [5,6,9]. The
antibodies distinctly discriminate these two very closely re-
lated substances which increase during two different impor-
tant pathophysiological manifestations, namely, oxidative in-
jury and inflammation. The details of the antibody properties
and assay development are described elsewhere [5,6]. The ul-
timate aim of this study was to evaluate whether oxidative
injury is involved in the endotoxin induced inflammation in
an experimental porcine endotoxemia shock model and also
its involvement in survival.

2. Materials and methods

2.1. Materials

Unlabelled 8-is0-PGFs5,, 15-K-DH-PGF,, and other related iso-
prostanes and prostaglandins were purchased from Cayman, Ann
Arbor, MI, USA. Tris-HCI, Tris-base, EDTA-disodium salt and bo-
vine y-globulin were purchased from Sigma (St. Louis, MO, USA).
Instagel scintillation cocktail was obtained from Packard Instruments
(Meriden, CT, USA). Polyethylene glycol (MW 4000) was purchased
from Merck (Germany). Tris-HCI buffer 0.05 M, pH 7.8, was used in
the radioimmunoassay. Bovine y-globulin 0.5% was prepared in the
RIA buffer. Unlabelled 8-iso-PGF,,, 15-K-DH-PGF,,, standards, tri-
tium labelled tracer and working antibody solution were prepared in
the RIA buffer. The tritium labelled 8-iso-PGFy, (specific activity 608
GBq mmol™!) was synthesized and purified as described previously
[5]. The tritium labelled 15-K-DH-PGF,,, (specific activity 6.77 TBq
mmol™!) was obtained from Amersham (Buckinghamshire, UK).
Antibodies against both 8-iso-PGFj, and 15-K-DH-PGF,, were
raised at our laboratory and well characterized [5,6].

2.2. Animal experiment

Endotoxemic septic shock was induced in 10 anesthetized pigs (both
sexes; 3—4 months of age, 23-30 kg) by intravenous infusion of E. coli
(10 pg/kg/h) during 6 h. Anesthesia and surgical procedures were
performed according to experimental guidelines from our laboratory
[9,10]. Various clinical and blood parameters were checked during the
experiments [9,10]. Circulatory and respiratory variables deteriorated
during endotoxemia. Blood samples were collected from all animals
immediately before the start of the endotoxin infusion and thereafter
every hour throughout the experiment. The plasma samples were kept
frozen at —70°C until analysis. The animal experiments were ap-
proved by the Animal Ethical Committee, Uppsala University, Swe-
den.

2.3. Radioimmunoassay of 8-iso-PGF,
The plasma samples were analyzed for 8-iso-PGF,, by a newly
developed radioimmunoassay at our laboratory as described elsewhere
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[5]. In brief, unextracted plasma samples were used in the assay. The
cross-reactivity of the 8-iso-PGFy, antibody with 15-keto-13,14-dihy-
dro-8-is0-PGFyy, 8-is0-PGFas, PGFay, 15-keto-PGFyy, 15-keto-
13,14-dihydro-PGFs,, TXBs, 11B-PGFy,, 9B-PGFy, and 8-iso-
PGFj3,, respectively, was 1.7, 9.8, 1.1, 0.01, 0.01, 0.1, 0.03, 1.8 and
0.6%. The detection limit of the assay was about 23 pmol/l.

2.4. Radioimmunoassay of 15-K-DH-PGFy,

The plasma samples were analyzed for 15-K-DH-PGF, by a newly
developed radioimmunoassay at our laboratory as described elsewhere
[6]. In brief, unextracted plasma samples were used in the assay. The
cross-reactivity of the antibody with PGFy,, 15-keto-PGF,,, PGE,,
15-keto-13,14-dihydro-PGE,, 8-is0-15-keto-13,14-dihydro-PGFy,
11B-PGFq, 9B-PGFyy, TXBy and 8-iso-PGFj, was 0.02, 0.43,
<0.001, 0.5, 1.7, <0.001, <0.001, <0.001 and 0.01%, respectively.
The detection limit was about 45 pmol/l.

3. Results and discussion

3.1. 15-K-DH-PGF,, levels in plasma (inflammatory index)
When 15-K-DH-PGF,, was measured in the plasma as an
index of inflammation, a significant increase of this metabolite
was observed in both groups (non-survivors, n=35 and survi-
vors, n=15; Fig. 1). A similar increase was previously demon-
strated by us for proinflammatory cytokine TNFa levels [9]
and platelet microvesicle formation [10] during endotoxemia.
Cytokine regulated COX-2 gene expression is known to be
involved in induced inflammation [8] as demonstrated in our
study by in vivo PGF,, formation. The rapid appearance and
disappearance of the PGF,, metabolite after endotoxin infu-
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Fig. 1. The mean levels of 8-is0-PGFs, (upper) and 15-K-DH-
PGFy, in plasma in surviving and/or non-surviving endotoxemic
pigs (*P<0.05; **P <0.01; ***P <0.001).
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sion was very similar in animals from both groups describing
an acute progression and recession of inflammation via acti-
vation and deactivation of COX-2, respectively.

3.2. 8-iso-PGFs, levels in plasma (oxidative injury index)

An increase in 8-iso-PGF,, in plasma as an index of oxi-
dative injury was seen in all animals after endotoxin infusion
but with a different time course in the survivors compared
with the non-survivors (Fig. 1). The levels of 8-iso-PGF in
plasma increased up to 2 h and remained at this level until
death among the non-survivors. This was apparently different
from the survivors where the 8-iso-PGFs, levels increased to
its height at 1 h, then decreased to the basal levels after 5 h.
This indicates an involvement of severe oxidative injury in the
endotoxemic state both in non-survivors and survivors. One
animal who died at about 2 h (not included in the figure) had
very high levels of 8-is0-PGF5,, (34 times higher than the basal
level in plasma) and 15-K-DH-PGF,, (22 times in plasma).

These findings reveal that both free radical and cyclooxy-
genase catalyzed oxidation of arachidonic acid occur during
endotoxemia. Free radical dependent oxidative injury follow-
ing endotoxin induced COX-2 mediated inflammation may be
the major cause of organ failure and increased mortality
which may also be involved in human septic injury cases or
other fatal diseases mediated by oxidative damage. The use of
specific antibodies to determine the degree of oxidative mod-
ification of arachidonic acid opens excellent possibilities of
accurate determination of both oxidative injury and inflam-
matory state in the pathogenesis of various diseases and clin-
ical conditions.

In conclusion, it was seen that both free 8-iso-PGF5, and
15-K-DH-PGF,, in plasma increased rapidly in an experi-
mental porcine model of endotoxemia indicating free radical
and cyclooxygenase catalyzed oxidation of arachidonic acid
are well involved in endotoxemia or septic shock. Free radical
dependent oxidative injury following endotoxin induced, pre-
sumably COX-2 mediated inflammation may be the major
cause of organ failure and increased mortality.
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