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ABSTRACT

Septic shock or sepsis is reported to be one of the
major causes of death when followed by systemic
infectioustraumain humansand other mammals. Its
development leadsto alarge drop in blood pressure
and a reduction in vascular responsiveness to
physiological vasoconstrictors which, if not
contained, can lead to death. It isproposed that this
vascular responseisduetotheaction of bacterial cell
wall products released into the bloodstream by the
vascular endothelium and is considered a normal
response of the body's defenses against infection. A
reduction in vascular reactivity to epinephrine and
norepinephrine is observed under these conditions.
In the present study in rats, the aim was to assess
whether those effects of hypotension and
hyporeactivity arealso related to another endogenous
vasoconstrictor, angiotensin 11 (All). We evaluated
thevariation in the power of thisvasoconstrictor over
themean arterial pressurein anesthetized rats, before
and after the establishment of hypotension by
Escherichia coli endotoxin (Etx). Our results show
that in thismodel of septic shock, thereisareduction
in vascular reactivity to All and this reduction can
bereversed by theinhibitor of nitric oxide synthase,
Nw-Nitro-L-Arginine (NoNLA). Our results also
suggest that other endogenous factors (not yet fully
known) areinvolved in the protection of ratsagainst
septic shock, in addition to the L-arginine NO
pathway.
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INTRODUCTION

Septic shock, a trauma following an infectious
process, isamajor cause of death in the human population
(Titheradge, 1999; Ambrésio & Fracasso, 2000). Acute
inflammation causes endothelial dysfunction, which is partly
mediated by oxidative stress and activation of nitric oxide
(Mittermayer et al., 2005). Death occurs by circulatory
collapse and development of systemic dysfunction of vital
organs, including other clinical conditions such as acute lung
injury shock, renal failure, and multiple organ failure
(Ambrésio & Fracasso, 2000; Fracasso et a., 2003). These
conditions are critical when the pathogens are Gram-negative
bacteria such as Escherichia coli, which release endotoxin
(Etx) that provokes an acute release of powerful endogenous
mediators into the blood (Thiemermann & Vane, 1990; Fra-
casso et al., 1996). There are no recordsin the literature of
similar events occasioned by toxins from other
microorganisms.

Etx is alipopolysaccharide component of the Gram-
negative bacterial wall that is responsible for many of the
pathophysiological events that occur during septic shock
(sepsis). It is suggested that Etx-induced sepsisin ratsis due
to the release of several cytokines that in turn induce the
release of other cytokines (interleukin-1, interleukin-6,
interferon-y) and the tumor necrosis factor-o. (TNF-o. ),
which act as an amplifying mechanism in the inflammatory
response (Bone et a., 1992; Ferreira et a., 1993). Despite
advances in treatment, sepsis is still associated with high
mortality (Pleiner et a., 2003). TNF-o. plays an important
rolein Etx-induced hyperalgesia and its presence is essential
for the release of other cytokines. On the other hand, vascular
hyporeactivity to catecholamine is one of the main features
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of sepsis and Etx reproduces this hyporeactivity in both
animals and humans (Ambrésio & Fracasso, 2000; Pleiner
et a., 2003). Etx aso activates the endothelial constitutive
nitric oxide synthase (cNOS), with consequent
overproduction of nitric oxide (NO) that resultsin reduced
contractile responsiveness to norepinephrine and an acute
fall in blood pressure. In addition, an inducible isoform of
NOS (iNOS) isinduced in various organs and in the blood
vessel walls, further decreasing the vascular reactivity in vivo
and reducing the blood pressure in rats and patients with
sepsis (Pleiner et al., 2003). While the increase of bacterial
Etx-induced NO in rats plays an important protective action
in against the infection itself (Pleiner et al., 2003), it can
lead to death of therat if excessive. Systemic and regional
vascular hyporeactivity to adrenoceptor agonists has been
demonstrated following the administration of low doses of
Etx to humans (Y oshikawa 1998). This hyporeactivity was
detected together with hypotension, in the presence of
increased levels of nitric oxide (NO) in the blood.

Etx can nonspecifically influence the course of an
infection. The increase or decrease of its pathogenicity
depends on the dose and administration route and the time
elapsed between doses. An increase in the host resistanceis
observed when small doses of Etx are given 24 hours before
an experimental infection or alethal dose of Etx. Conversely,
if Etx is given immediately before the pathogen, the animals
become more susceptible to infection or lethal doses of Etx
(Ferreiraet al., 1993; Klosterhalfen & Bhardwaj, 1998).

The mechanisms by which Etx enhances host
resistance can be separated into two phases: an early,
nonspecific phase, clearly distinguishable from a later,
antibody-dependent phase. The latter involves distinct
humoral and cellular interactions, of which activation of the
mononuclear-phagocytic system with subsequent effective
clearance of infective agents from the host seems to be most
prominent. On the other hand, the interaction of Etx with
cells of higher organisms (lymphocytes, macrophages, mast
cells, etc) results in the production and release of biologically
active substances, such as bradykinin, serotonin and
prostaglandins, which mediate a number of immunological
reactions (Flohé et al., 1991). These mediators play apart in
inflammation, fever induction, cell proliferation,
differentiation and other biological phenomena
(Thiemermann & Vane, 1990).

It has been suggested that the Etx-induced NO
overproduction contributes to the acute low resistance to
treatment for low blood pressure and hyporeactivity to
endogenous and exogenous catecholamines and vasopressin,
in the multiple organ dysfunction syndrome observed in
sepsis. A conceivable pharmacological approach to protect
tissues against the deleterious effects of excessive NO
production includes specific inhibition of iINOS by Nw-
Nitro-L-Arginina (NowNLA).

The current experiments were performed to
characterize the protective effects of NoNLA against Etx-
induced decreased vascular reactivity to Angiotensin Il (All)
invivo (Navaet a., 1991; Thiemermann & Vane, 1990).
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MATERIALSAND METHODS
Endotoxin and Drugs

The Etx from Escherichia coli serotype 026:B6 was
from Difco, Angiotensin Il from Sigma Chemical Co. (St
Louis, USA), NoNLA from RBI laboratories and thiopental
sodium from Cristdlia Laboratories (Itapira, SP, Brazil).

Drug solutions: All, Etx, NoNLA were dissolved
in saline (0.15M NaCl solution).

Animals

The male Wistar rats (220-300g) were from the
Department of Active Principles and Toxicology of the
School of Pharmaceutical Sciences, Unesp at Araraquara (SP,
Brazil). They were maintained under controlled conditions
(22 £ 1°C; relative humidity 55 & 5 %; 12/12 h dark/light
cycle) with free access to water and rat feed.

M ethods

The rats were anaesthetized with thiopental sodium
(40 mg/kg b.w. intraperitoneal). The experiments were carried
out during daylight hours.

The trachea was cannulated to facilitate respiration.
Theright carotid artery was cannulated and connected to a
pressure transducer (ANAMED 1000), which was connected
to a physiograph to record the variations in mean arterial
blood pressure (MAP). A cannulawas also placed in the left
jugular vein for the administration of drugs.

After being connected to the physiograph, the rat
was allowed to stabilize for 30 min. Pressor responses were
recorded after successive intravenous (i.v) injections of 0.5
and 1.0 pg/kg of All at intervals of 2 min. To observe the
effects of Etx (5.0 mg/kg) and NoNLA (25 mg/kg) on All-
induced increases in MAP, the pressor responsesto All were
again assayed 1 hour after Etx, NoNLA or saline were
injected (i.v.). NoNLA was injected 60 min after the Etx-
induced hypotension had been observed.

Statistical Analysis

The results were expressed as mean + standard error
of the mean (SEM) of n experiments. They were compared
by analysis of variance (ANOVA), followed by the
Bonferroni Test. When P < 0.01, the difference was
considered significant (Winner et al., 1991).

RESULTS
Demonstration chart
The mean arterial pressure (MAP) was increased

by All (0.5 and 1.0 pg/kg i.v.) in a dose-dependent way in
control rats (Figure 1).
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Figure 1. Representative chart recording (single animal) of mean arteria
pressure (MAP) aterations induced by All (0.5 and 1.0 ug/kgi.v.), recorded
before (control) and 60 min after treatment with Etx (5.0 mg/kg i.v.).

Effect of Etx

The MAP was reduced significantly 60 min after
Etx (5.0 mg/kgi.v.), as can be observed in Figure 2.

Control: basal 118.8 + 2.5, All (0.5ug/kgi.v.) 149.7
* 74.9 and All (1.0 pg/kg i.v.) 177.5 = 4.7; after Etx (5.0
mg/kg): basal 71.5 + 6.6, All (0.5ug/kgi.v.) 88.2 £ 4.5, All
(2.0 2g/kgi.v.) 99.0 £ 5.2 [mm of Hg].
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Figure 2. Mean arterial pressure (MAP). Responses
to All (0.5 and 1.0 ug/kg i.v) were recorded before
(control) and 60 min. after Etx injection (5 mg/kg i.v.)
in rats.

* P<0.01 (n=6), inrelation to control.

Effect of NoNLA

The effect of Etx on MAP was reversed 60 min.
after the injection of NoNLA (25 mg/kg i.v., 60 min after
effects of Etx were observed), as can be seen in Figure 3.
Control: basal 121.3+ 1.8, All (0.5upg/kgi.v.) 147.5+ 2.0,
All (1.0pg/kgi.v.) 179.2 £ 4.5; after Etx (5.0 mg/kg): basal
71.3+1.8*, All (0.5ug/kgi.v.) 86.7+ 1.2*, All (1.0ug/kg
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Figure 3. Mean arterid pressure (MAP). Pressor responses
induced by All (0.5 and 1.0 pug/kg i.v. ) recorded before (control),
after 60 min. of the treatment with ETX (5.0 mg/kgi.v.) and 60
min. after the administration of NwNLA (25 mg/kgi.v.) inrats.

* P<0.01 (n=6), in relation to control.
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i.v.) 98.7+ 2.7%, and after NoNLA: basal 117.7 + 4.5, All
(0.5ug/kgi.v.) 141.8+ 4.1, All (1.0 ug/kgi.v) 1745+ 4.3
[mm of Hg).

Pressor responses to All were unaltered by
administration of saline, compared to Etx (data not shown).

DISCUSSION

Sepsis is characterized by signs and symptoms of
decreased vascular reactivity, in paralld with hypotension
resulting from the intense secretion of relaxing factors
essentially by blood-vessdl endothelia cells, in response to
substances released from the cell walls of infecting bacteria.
This process can progress to death. The vascular reactivity to
catecholamines (epinephrine and norepinephring) is seen to
diminish in Etx-induced hypotension, but there are no
published data on the vasoconstrictor effect of angiotensin 1
under these conditions. Studies have shown that the
vasoconstrictor potency of norepinephrine is significantly
reduced after pretreatment of the animal with Etx (LPS from
Escherichia coli) and that this can be reversed by an inhibitor
of ctNOS, NoNLA (Ambrosio & Fracasso, 2000).

The hypotension during Etx-induced sepsis may
reflect increased synthesis of the potent vasodilating factor
nitric oxide (NO), which is often refractory to endogenous
vasoconstrictors (Titheradge, 1999). This hypotension is
characterized by peripheral arterial vasodilatation, which leads
to ahypodynamic status with low systemic vascular resistance,
high cardiac output, and inadequate tissue perfusion, resulting
in a high mortality rate (Moncada et a., 1991; Paya et d.,
1993). A possible pharmacological approach to protect tissues
againgt the deleterious effects of excessive NO production
could include inhibition of NOS, for example with L-NAME
or NoNLA. Etx stimulates cytokine formation and reproduces
many of the cardiovascular features of sepsisin animals and
humans (Pleiner et a., 2003). In animals, Etx, stimulates
platelet-activating factor (PAF) and cytokines such as
interleucin-1 (IL-1) and tumor necrosis factor oo (TNF-av),
which cause vascular relaxation and hypotension by increasing
NO synthesis (Moncada et al., 1991; (Pleiner et a., 2003).
NO-synthesis'inhibitors may thus be helpful in the treatment
of hypotension associated with sepsis, but complete inhibition
of endogenous NO synthesis may be counter-productive
(Moncada et al., 1991). NO is a potent vasodilator synthesized
from L-arginine by two isoforms of NO synthase in the vessel
wall. One enzyme (cNOS) is dways present in the vascular
endothelium of animals, where it generates low NO
concentrations to activate the soluble guanylate cyclase in
vascular smooth muscle and regulates physiological vascular
tone, blood pressure and tissue perfusion (Klosterhalfen &
Bhardwaj, 1998). The second NO synthase (iNOS) isinducible
in the vascular endothelium by Etx and the induction of this
enzyme causes prolonged NO synthesis, which leads to
sustained vasodilation and low vascular resistance to
vasoconstrictors (Thiemermann, 1997). These effects can be
corrected with the L-arginine analogue L-NAME, which
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inhibits both isoforms of NO synthase. These changes can
also be prevented by pretreatment with glucocorticoids, which
inhibit the expression of iNOS but do not affect the activity of
cNOS (Klosterhalfen & Bhardwaj, 1998).

In this study, asingle injection of a sublethal dose of
Etx leads to early activation of cNOS that reaches a peak
response after one hour, which is responsible for the early
hyporeactivity to All. Human umbilical vein endothelial cells
incubated for 24 hours with vitamin C were protected from
vasodilation and hyporeactivity (Mittermayer et d., 2005).
However, the early hyporeactivity and hypotension produced
after rapid i.v. administration of Etx, asin the present studies,
may involve different mechanisms than those producing the
persistent vascular hyporeactivity which occurs after one hour
of adminigtration of Etx. The enhanced formation of NO
following the activation of cNOS present in endothelial cells
mediates the immediate release of NO in response to Etx.
According to Mittermayer et al. (2005) this was avoided in
their experiment.

NwNLA was capable of reversing Etx-induced
vascular hyporeactivity to All in rats, as this inhibitor is
selective for cNOS, the isoform involved in the rise in NO
production. The reversa of the fall in MAP was due to the
reduction of the synthesis of NO. The mechanism of this
phenomenon remains to be clarified. On the other hand, higher
doses of NoNLA inhibit both the constitutive and inducible
NOS and remove all NO-dependent vasodilator tone which,
in the presence of circulating vasoconstrictors during sepsis,
may lead to fatal organ damage.

Thereversal by All of the effects of Etx on both the
blood pressure and the vascular reactivity may be due to a
sudden fal in the production of NO caused by inhibition of
the enzyme or reduction of the biosynthesis of iINOS; whereas
the biological half-life of NO is very short, the reversal occurs
an hour after the administration of the inhibitor.
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RESUMO

Hiporreatividade vascular a angiotensina Il induzida pela
endotoxina de Escherichia coli é revertida pelo inibidor
de 6xido nitrico sintase, Nw-Nitro-L-Arginina.

O choque séptico é uma das maiores causas de morte
quando seguido de um trauma infeccioso sistémico no
homem e outros mamiferos. A suainstalacio leva a uma
potente hipotensdo aguda e a uma reducdo da
responsividade vascular aos agentes vasoconstritor es fi-
sioldgicos e caso ndo sgjam contidos, levam a morte. Pro-
pde-se que estas respostas vasculares sgjam devidas a
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acao dos produtos da parede celular bacteriana libera-
dos na corrente sangiiinea pelo endotélio vascular, sen-
do considerado uma resposta nor mal de defesa do orga-
nismo contra a infeccdo. A reducéo da reatividade
vascular & noradrenalina e adrenalina é observada nes-
ta condigdes. No presente estudo em ratos, procur ou-se
avaliar se esses mesmos efeitos hipotensores e
hiporreatividade também estariam relacionados com
outra substancia vasoconstritora endégena, a
Angiotensinall (All). Avaliou-se a variacgdo da poténcia
vasoconstritora da All sobre a pressdo arterial média
em ratos anestesiados, antes e ap6s a instalacdo da
hipotensdo produzida pela Endotoxina de Escherichia
coli (Etx). Os resultados mostram que neste modelo de
chogue séptico, ha reducdo da reatividade vascular a Al
e estareducdo pode ser revertida pelo inibidor de 6xido
nitrico sintase Nw-Nitro-L-Arginina (NoNLA). Osre-
sultados sugerem que fator es enddgenos associados (ain-
da nao totalmente conhecidos), estao envolvidos na pro-
tecdo dos ratos ao choque séptico, além do envolvimento
daviaL-argininaNO.

Palavras-chave: hiporreatividade vascular; Oxido Nitrico (NO);
rato; angiotensina ll; New NLA; endotoxina Escherichia coli.
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