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Abstract

Administration of a low dose of endotoxin (from Escherichia coli, 3 mgkg™?, i.v.), which does not affect vascular permeability or
blood pressure over 1 h, leads to the release of endogenous vasopressin and damage to the mucosal microvasculature. Thus, endogenous
vasopressin could be involved in septic shock. In the present study, we investigated the role of endogenous vasopressin in gastrointestinal
mucosal injury induced by acute endotoxin shock, which was generated in rats by administering a high dose of E. coli endotoxin (50
mgkg~?, i.v.). Tissues were removed 15 min after endotoxin. The vasopressin V, receptor antagonist, dCH,]sTyr[Melarginine—
vasopressin (0.2—1 ugkg™?, i.v.), was injected 10 min before endotoxin. Monastral blue (30 mgkg™?, i.v.), which stains damaged
vasculature, was injected 10 min before autopsy. Endotoxin reduced systemic arterial blood pressure (from 115 + 5 to 42 + 4 mmHg),
generated macroscopic and microvascular injury, and elevated plasma vasopressin levels (from 3.4 + 0.2 to 178 + 16 pgml~1). The
vasopressin V; receptor antagonist reduced this macroscopic injury, and in the vasopressin-deficient Brattleboro rat a similar reduction of
gastrointestinal mucosal damage was found. Substantial decreases in endotoxin-induced microvascular damage were observed in each
tissue, e.g., the gastric Monastral blue staining was reduced by 47 + 3% and 96 + 3% (P < 0.01) after vasopressin V, receptor antagonist
treatment and in Brattleboro rats, respectively. Vasopressin, acting through its V; receptors, thus appears to be involved in acute

endotoxin shock-provoked gastrointestinal injury. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Endotoxin shock is characterised by hypotension, in-
creased vascular permeability and gastrointestina damage.
Bleeding from this gastrointestinal erosions commonly oc-
curs. Once the bleeding becomes manifested, it augments
the severe condition and elevates the mortality rate (Robert
and Kauffman, 1989; Root and Jacobs, 1991). Although it
is important to prevent these stress erosions, it is currently
not known how this should be done (Ben-Manachem et al.,
1994).

Stress erosions have a multifactorial pathogenesis. Mi-
crovascular damage, which leads to hypoxia, has been
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shown to be an important factor in the generation of
gastrointestinal  stress erosions (Robert and Kauffman,
1989) as well as in the septic shock (Bone, 1991). In
endotoxin shock, the impaired microcirculation may result
from a direct injurious action of the lipopolysaccharide
component of the bacterial wall on the vascular endothe-
lium (Harlan et al., 1983; Meyrick et al., 1986), or may
reflect the formation of tissue-damaging neutrophil- and /or
endothelium-dependent vasoactive mediators, such as
platelet-activating factor, thromboxanes, |eukotrines
and/or endothelin (Parillo, 1990; Bone, 1991; Baker et al.,
1990; Lefer and Lefer, 1993).

The early release of the potent pituitary nonapeptide,
vasopressin, into the plasma has been detected in endotox-
aemic states in humans (Dennhardt et al., 1989) and in rats
(Baker et al., 1990). Endogenous vasopressin, acting
through its pressor (V,) receptors, has been demonstrated
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to have an aggressive action on the gastrointestinal mucosa
during the generation of mucosal stress erosion, e.g., le-
sions induced by ethanol, indomethacin, reserpine, cold-re-
straint stress and haemorrhagic shock (LaszI0 et al., 1991a,
1994, 1996; Laszlo and Whittle, 1994). It has also been
found that in the early phase of endotoxaemia, i.e., follow-
ing the administration of a low dose of endotoxin (which
does not affect vascular permeability or blood pressure),
endogenous vasopressin counteracts the actions of en-
dothelium-derived protective factors, such as congtitutive
nitric oxide (Laszl6 and Whittle, 1994). This might suggest
that endogenous vasopressin can be involved in septic
shock, i.e., in the generation of microvascular dysfunction
and damage. The aim of our present study was to investi-
gate the effect of vasopressin on the development of acute
gastrointestinal mucosal injury induced by endotoxin shock.
For the evaluation of the actions of vasopressin released
endogenoudly, we used a vasopressin-deficient rat strain
(homozygous Brattleboro rats; for review see Sokol and
Valtin, 1982) and a specific vasopressin V, receptor antag-
onist (for review see Laszl0 et al., 1991b).

Part of this work has been presented to The British
Society of Gastroenterology (LaszlO et d., 1993) and to
The IVth International Vasopressin Conference (Berlin,
Germany, 1993 May).

2. Materials and methods
2.1. Experimental protocol

Female Wistar and homozygous Brattleboro rats (from
our breeding farm), weighing 200-220 g, were fasted for
24 h, but received water ad libitum. The animals were
anaesthetised with Nembutal (40 mgkg™?, i.p.; Serva,
Heidelberg, Germany) and Escherichia coli endotoxin
(serotype 0111:B4; 50 mgkg~!; Sigma) or saline (control)
was injected into the tail vein and the rats were killed 15
min later. This high dose of endotoxin was chosen on the
basis of previous studies to generate a mild—moderate
grossly visible mucosal injury (Hutcheson et al., 1990).
For staining of the injured vasculature, al rats were in-
jected with Monastral blue (30 mgkg™?, i.v.; Sigma) 10
min before autopsy. It should be mentioned here that this
colloidal stain penetrates only through damaged microvas-
cular endothelial cells, and not through the basal mem-
brane. The vasopressin V, receptor antagonist,
d[CH, 1. Tyr[Melarginine—vasopressin  (0.2-1 ugkg %
Bachem, Germany), was injected i.v. 10 min before endo-
toxin administration. These doses of the vasopressin V,
receptor antagonist were selected from previous studies on
the basis of their potency to reduce the increase in blood
pressure provoked by exogenous vasopressin and to pro-
tect the gastric mucosa against damage, i.e., against injury
provoked by ethanol, indomethacin, reserpine, cold-re-
straint stress and haemorrhagic shock (Laszl0 et al., 1991a,

1994, 1996). Blood pressure in the right carotid artery was
monitored with an Elcomatic blood pressure transducer
connected to a Grass Polygraph.

2.2. Gross evaluation of lesions

The stomach, duodenum and jejunum were removed,
stretched out on cork and photographed. The lesions were
examined by an investigator unaware of the nature of the
experiment and scored on the basis of a semiquantitative

scale (from 0 to IlI), where 0=no damage; | = 1-5
petechiae on the mucosa surface; |l = more than 5 pe-
techiae and/or mild vasocongested parts, Ill = severe

vasocongestion (Hutcheson et al., 1990).
2.3. Microvascular damage

Two standard-size (3 X 10 mm) pieces of tissue were
cut out from standard sites of the stomach, duodenum and
jeiunum, fixed in formalin and embedded in paraffin. For
histological staining of vascular elastic fibres, orcein stain
was used. In these sections the background was light
brown, blood vessels were dark brown, and injured vessels
were blue. The distance of damaged blood vessels (stained
with Monastral blue) from the serosal parts was measured
with an ocular micrometer, and data are expressed as the
maximum average distance of injured (i.e., Monastra
blue-stained) blood vessels from the serosal surface in

mm.
2.4. Plasma vasopressin level

For the evaluation of changes in plasma arginine—
vasopressin levels, in a separate study, rats were decapi-
tated and blood was immediately collected from the wound
before (0 min) and after (15 min) endotoxin administra-
tion. In control studies plasma arginine—vasopressin levels
were measured in intact animals that had been fasted for
24 h, but which had access to water ad libitum. Plasma
arginine—vasopressin level was determined with a specific
radioimmunoassay system as described previously (Laszlo
et al., 1994).

2.5. Satigtics

For statistical comparisons, analysis of variance with
the Bonferroni test was used. Differences were taken as
significant when the probability was less than 5%.
3. Results

3.1. Gross evaluation of lesions

Administration of endotoxin (50 mgkg 2, i.v.) reduced
blood pressure by 63% (Table 1). As described previously
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Table 1
Blood pressure (mmHg) before and during acute (15 min) endotoxin
(LPS) shock in rats

Groups—treatments

Beforetreatment  After treatment
Saline (control) 98+ 6 95+5

LPS (50 mgkg™1) 115+5 42442
LPS+V; antagonist (1 ugkg™!) 11245 50+52
LPS in Brattleboro 105+7 43+ 62

n=4-8; mean+ SE.M.
4P < 0.05 before treatment groups compared to after treatment groups.

(Hutcheson et al., 1990), this acute endotoxin shock gener-
ated gross gastric, duodenal and jejunal mucosal injury in
normal (Wistar) rats 15 min later (Fig. 1).

Pretreatment with the vasopressin V, receptor antago-
nist (0.2-1 ugkg™?, i.v.) dose dependently attenuated the
mucosal damage of the stomach, duodenum and jejunum
provoked by endotoxin in normal (Wistar) rats (Fig. 1).
Moreover, endogenous vasopressin deficiency (in homozy-
gous Brattleboro rats) also reduced macroscopic mucosal
damage (Fig. 1). The vasopressin V, receptor antagonist (1
wgkg ™1, i.v.) and vasopressin deficiency did not affect the
reduced blood pressure caused by endotoxin shock (Table
D.

3.2. Microvascular damage

Acute endotoxin shock injured intra- and submucosal
and subserosal blood vessels in the stomach, duodenum
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Fig. 1. The protective effect of a vasopressin pressor (V,) receptor
antagonist (Antagonist; d/CH, /:Tyr/Me/arginine-vasopressin, 0.2-1
wgkg™!, i.v.) and endogenous vasopressin deficiency (in homozygous
Brattleboro rats (Brattleboro)) against acute (15 min) endotoxin (LPS, 50
mgkg~?, i.v.) shock-induced gastric, duodenal and jejunal lesions.
Macroscopic severity scale: O—l11, determined by an investigator unaware
of the nature of the experiment; n=min 4, mean+ SEM.; % P <0.05
compared to the LPS-treated (CONTROL) groups.

Table 2

Histological appearance of acute (15 min) vascular damage (assessed by
the combination of orcein staining of elastic fibres in blood vessels with
the Monastral blue technique for staining damaged vessels) induced by E.
coli lipopolysaccharide (LPS, 50 mgkg~?), and the protection provided
by a vasopressin V; receptor antagonist and vasopressin deficiency
(homozygous Brattleboro rat)

Groups Stomach Duodenum Jejunum
Sdline (control) 0.0 0.0 3.1+0.8?2
LPS 182.3+7.8 131.5+41 56.3+3.2
LPS+V, antagonist ~ 137.44 4.8 98.0+33* 37.3+38%
(0.2 ngkg™1)

LPS+V, antagonist 93.9+5.9% 239427% 1341227
(1.0 ugkg™™

LPS in Brattleboro 6.1+3.7% 18+0.92 135+4.3?

n=min 4; mean+ S.E.M.

%P < 0.05 compared to LPS-treated groups, data are expressed as the
maximum average distance (in wm) of damaged blood vessels (stained
with Monastral blue) from the serosal parts of the organs.

and jejunum within 15 min. It was found that endotoxin
administration provoked microcirculatory damage that in-
volved almost the entire wall of the gastrointestinal organs
investigated. In endotoxin-treated control rats the sub-
serosal vessels were affected the most. This vascular en-
dothelia injury induced by endotoxin shock was signifi-
cantly and dose dependently attenuated by pretreatment
with the vasopressin V, receptor antagonist (0.2-1
wgkg™t, i.v.) and by vasopressin deficiency (in homozy-
gous Brattleboro rats) as demonstrated in Table 2.

3.3. Plasma vasopressin level

Anaesthesia (Nembutal, 40 mgkg™?, i.p.) elevated cir-
culating vasopressin levels. Endotoxin shock caused a
further increase in plasma vasopressin. In homozygous
Brattleboro rats the plasma vasopressin level was unde-
tectable (Table 3).

4, Discussion

In the present study, the role of endogenous vasopressin
in the development of endotoxin shock-provoked acute

Table 3
Changes in plasma arginine vasopressin level during acute (15 min)
endotoxin (LPS, 50 mgkg™?, i.v.) shock in rats

Groups Vasopressin levels (pgml 1)
Control (conscious) 3.4+0.22

Saline (anaesthetised) 43.6+9.0°

LPS (anaesthetised) 178.1+16.0%

LPS in Brattleboro (anaesthetised) >1.04+0.0

n=4-8, mean+ SEM.
8P < 0.05 compared to the saline group.
®p < 0.05 compared to the control group.
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gastrointestinal mucosal and microcirculatory damage was
evaluated in the stomach, duodenum and jejunum of rats.
It was shown that administration of a high dose of endo-
toxin reduced arterial blood pressure, elevated circulating
vasopressin level and generated gastric, duodena and jeju-
nal macroscopic mucosal and microcirculatory damage in
norma (Wistar) rats. Our observations, in relation to
changes of plasma vasopressin levels, are in agreement
with previous findings in which an increase in circulating
vasopressin following anaesthesia or endotoxin administra-
tion has been described (Reichlin, 1985; Robertson, 1987;
Dennhardt et al., 1989; Baker et al., 1990). Moreover, we
found that homozygous Brattleboro rats, which have a
congenital deficiency to synthesize vasopressin and conse-
quently have diabetes insipidus (Sokol and Valtin, 1982),
were less sensitive to the injurious actions of acute endo-
toxin shock. Finally, in norma rats, administration of a
vasopressin V,; receptor antagonist dose dependently pro-
tected the gastrointestinal microvasculature against the vas-
cular endothelial damage induced by endotoxin. These
findings indicate the role of endogenous vasopressin in the
generation of acute endotoxin shock-induced gastrointes-
tinal stress erosions.

Microvascular permeability and gastrointestinal damage
may respond to initial local changes in blood flow, as
vasopressin is a potent vasoconstrictor in the gastrointes-
tinal microcirculation (Burnstock, 1990; Baker et d., 1990;
Vanner et a., 1990). Even in endotoxaemic states when
the vascular bed is less sensitive to endogenous vasocon-
strictor agents, this hormone has been shown to be the
most effective vasoconstrictor when compared to other
endogenous circulating constrictor agents (Vanner et 4.,
1990). In addition, vasopressin, via its V; receptors, can
cause platelet aggregation which may lead the formation of
microthrombi in the microcirculation (Filep and
Rosenkrantz, 1987). Furthermore, vasopressin may induce
gastrointestinal vasoconstriction, vasocongestion or vascu-
lar endothelia injury through a thromboxane-dependent
mechanism, since it can release thromboxanes from
platelets and from vascular tissues (Filep and Rosenkrantz,
1987; Nadasy et a., 1992). The damaging effects of
thromboxanes on the gastrointestinal microvasculature fol-
lowing the administration of high doses of endotoxin have
been previously reported. In these studies, endotoxin in-
creased the intestinal synthesis of thromboxanes, and the
mucosal injury was prevented by thromboxane synthase
inhibitors (Boughton-Smith et al., 1989). All of the above
described effects of an increased vasopressin formation
can lead to an impaired tissue oxygen supply. Indeed, in a
recent study vasopressin blockade was shown to improve
the impaired oxygen extraction ratio and ketone body
availability in the mesenteric circulation following endo-
toxin administration (Matsuoka and Wisner, 1997).

In conclusion, our current results suggest that endoge-
nous vasopressin has acute injurious actions in the gastro-
intestinal microcirculation during endotoxin shock. These

findings, in conjunction with the beneficial actions of
vasopressin deficiency and vasopressin V; receptor antago-
nists in the development of various experimental gastro-
intestina lesions (LaszI0 et al., 1991a, 1994, 1996), indi-
cate the aggressive role endogenous vasopressin has in the
generation of gastrointestinal stress erosions in acute septic
shock.
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