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Lipopolysaccharides (LPS) are endotoxins present in gram-
negative bacteria, that cause of insufficiency in the cardiovascular
system and damage to the internal organs. it has been shown that
LPS and cytokines (TNF, IL-1 and INF-y) act upon the endothelium
of blood vessels, activiting the enzymes, inducible NO-synthase and
cyclo-oxygenase (COX-2). At the same time, LPS induces marked
synthesis and release of nitric oxide (NO) and prostacyciin (PGlz).
These endothelial mediators (NO and PGlz) relax the vascular smooth
muscle, thus bringing about proncunced vasodilatation and hypoten-
sion. They also cause a hyporeactive effect of the blood vessels to
the vasoconstrictive drug. Having in mind theimportance of NO in
the pathogenesis of septic shock, we undertook to examine the
effect of the NO-synthase inhibitors, NG-nitro-L- arginine methyf ester
(L-NAME} and dexamethasone on the contraction of isolated bovine
abdominal aorta induced by noradrenaline in the presence of LPS.

After an incubation of 4 hours, the lipopolysaccharide from E.
coli 055:B5, depressed the coniractile effect of noradrenaline on
isolated bovine abdominal aorta. This LPS depressing effect was
antagonised by the NO-synthase inhibitor (L-NAME). This L-NAME
specific effect was confirmed by the administration of L-arginine (as
a NO donor), that antogonised the [-NAME effect, i. e. it reversed
the depressed contractile effect of noradrenaline in the presence
of LPS. Dexamethasone, after an incubation period of 20 minutes,
did not affect the decreased contractile effect of noradrenaline in-
duced by LPS. However, after incubation for 60 minutes, this
glucocorticosteroid eliminated the LPS depressing effect on the
isofated aorta contractions, produced by noradrenaline. The obtained
resufts show that the L-arginine NO system has an important role
in the development of fowered reactivity of the isolated bovine ab-
dominal aorta to noradrenaline in thepresence of LPS. Therefore,
an early application of the specific inhibitors NO-synthase and
dexamethasone could prove very useful in the prevention of progres-
sive vasodialatation during septic shock.
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INTRODUCTION

Lipopolysaccharide (LPS) derived from gram-negative bacteria is an en-
dotoxin that produces progressive vasodilatation, hyporeactivity of blood ves-
sels to vasoconstrictive drugs, as well as an increases permeability of the
vascular system, in an organism, i. e. septic shock (Rees at al., 1886). An
enzyme, the inducible NO-synthase (INOS), takes an important place in the
pathogenesis of this cardiovascular disorder, It is synthesized and adivated in
the vascular endothelial and smooth muscie celle and cardiac myocytes under
the influence of LPS and cytokines, such as tumor necrotic factor (TNF),
interleukin-1 (L) and interferon-y (NF-y) (Thiemermann, 1995). INOS adivation
synhesizes and relaases an extra amount of nitric oxide that produces relaxation
of the smooth vascular muscles, i. e. pronounced vasodilatation and hypoten-
sion (Parratt, 1995; Kumar et al., 1997). However, under physiological conditions,
the vascular endothelium with the help of the conscitutive NO-synthase (cNOS)
produces a small amount of NO, which, as a vasodilative mediator, participates
in the maintenance of the physiological tonus of blood vesseels (Moncada et
al., 1991; Forstermann and Kleinert, 1995).

The specific inhibitor of iINOS, N@-nitro-L-arginine methyl ester (L-NAME)
is an analogue of L-arginine, an aminoacid that acts the within the body as a
NO donor. This inhibitor blocks the activity of the constitutive and inducible
NOS, i e. the synthesis and release of NO from the vascular endothelium
(Adams, 1995; Bryant et al., 1995).

Dexamethasone Is a synthetic gluccorticosteroid that has been shown
to inhibit INOS activation, without any effect on the already activated enzyme.,
Within the vascular smooth muscle cells it increases the production of lipocor-
tin-1 (LC-1), a protein with a role of "second messenged® in its antiinflammatory
effect. Within a cell LC1 binds to iNOS and blocks the activation of this enzyme
{Cannon et al., 1998; Bryant et al., 1998),

The goal of our experiments, was to examine whether and for how long
LPS from E. coli depresses the contractile effect of noradrenaline on isolated
bovine abdominal aorta. Al the same time we undertook to determine whether
the inhibitors NO-synthase, L.NAME and dexamethasone could eliminate the
depressive effect of LPS on the contraction of isolated blood vessels.

MATERIAL AND METHODS

The experiments were performed on the isolated abdominal aorta of male
Simmenthal cattle, aged 12 to 14 months and of body weight about 500 kg.
A part of the abdominal aorta was always dissected from the same anatomical
region, i. a, between the last thoracic and second lumbar vertebra. The isclated
blood vessels were cut into rings, 8-5 mm wide, and immersed in organ baths,
containing 25 ml of nutritive medium(Tyrode solution) of the following com-
position" NaCl 137, KCi 2,6, CaClz 1.8, MgClz 0.1, NaMz PO4 0.42, NaHCO3
11.8 and glucose 11.1 (in mM). The medium was aerated with a mixture of
oxygen (95%) and carbon dioxide (5%), at a constant temperature of 370C
and pH 7.2,
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The isometric contraction of the isolated aorta was recorded by an iso-
metric transducer and preamiifier (Ugo Basile 7080) on the "Gemini" 2-channel
éecorder (Ugo Basile 7070), with an initial pereloading of the preparation of

50.

For each experiment two segments of the same blood vessel were used,
one of them being the control; whereas in the organ bath of the second
segment the endotoxin, LPS, from E.coli was added at the concentration of
1 g/ml. The segments were first incubated in the organ bath for 4 hours, and
consequently treated with noradrenaline (from 0.1x10-7M to 0.35x 10-8M). Every
registration of the noradrenaline effect in the presence of LPS (1u g/mi), -NAME
(10:6M), L-arginine (10-3M) and dexamethasone (10-6M) was repeated six times,
i. e. 6 isolated segments of biood vessels taken from 6 animals. The following
substances were used: LPS from E .coli 055:B5 (Difco Laboratories), N nitro-
L-arginine methyl ester (L-NAME) (Sigma), L- arginine (Sigma), dexa-methasone
(Deksazon®) (ICN Galenika) and noradrenaline hydrochloride (Serva),

The obtained resuits are expressed as the mean + s.e. m. in percentages
(%) of the greatest confractile effect observed (100%). Statistical evaluation
was done by the paired and unpaired Student’s test for the dependent meas-
urements and the Test of Parallelism for the probablity levels 0.05 and 0.01.

REsULTS

Noradrenaline (0.1 x 107M to 0.19 x 105M) produced a conceniration
dependent contraction of the isolated bovine abdominal aorta, after incubation
in a isolated organ bath for 4 hours. (Figure 1.) The greatest response was
assigned a value of 100%.
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Flgure 1, The dose-response curve indicating the contactile efiect of increasing concentrations
of naradrenallne on the Isclated bovine abdominal aorta, incubated for 4 hours In Tyrade
solution. The isometric contraction increase of the maximal achievable contractile effect
is shown on the ordinate. Data are expressed as mean + s.e.m. of (n=8) cbservations.
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Lipopolysaccharide from E. coli {1 g/ml), produced a significant decrease
{P=<0.01) in the contractile effect of noradrenaline on the isolated bovine ab-
dominal aorta, compared to the control. The cumulative concentration depend-
ent curve for noradrenaline in the presence of LPS was shifted to the right in
relation 1o the control concentration dependent curve (Figure 2). Thus, LPS
significantly reduced the noradrenaline contractile effect, so that noradrenaline
at the concentration of 0.19x10:8M produced a contraction of only 51.65% of
the control value (Fig.3). Twice as much noradrenaline (0.35x 106M), resulted
in a slight increase in the contraction of the isolated bovine abdominal aorta
to 63.,42%.

In the presence of the inhibitor of NO-synthase L-NAME (10-3M - incubation
period of 30 min.,) and LPS, the contractile effect of noradrenaline was sig-
nificantly more pronounced (P<0.05) than its contractile effect in the presence
of endotoxin alone. Thus, noradrenaline (0.35x106M), in the presence of both
L-NAME and LPS, produced a 100% contractile effect (Figure 2 and 8). The
cumulative concentration-response curve for noradrenaline in the presence of
LPS and L-NAME was shifted to the left in comparison to the concentration-
response curve for noradrenaline in the presence of LPS alone.
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Figure 2. The dose-respores curves indicating the effects of L-NAME and L-arginine on the respon-
siveness to Increasing concentratioins of noradrenaline of isolated bovine abdainal
aorla, to the presence of LPS. The line marked with circles (®), which is the control
dose-respanse line in all experiments, shows the dose-response relationship for
noradrenaling in preparations incubated only in Tyroide solution for 4h. The line marked
with squares gL). shows the dose-response relationship for noradrenaline in preparations
incubated in the presence of LPS (1ug/ml) for 4h. The line marked with triangles (A),
shows the dose-response relationsnip for noradrenaline in preparations Incubated in
the presence of both LPS and L-NAME (10'3M) for 4h. The line marked with invarted
triangles (V) is the dose-response curve showing the effect of lncreassi_rlg concentrations
of noradrenaline in the presence of LPS, L-NAME and L-arginine {10™M) for 4h.
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If the isolated bovine abdominal aorta was incubated in the presence of
L-arginine (10°M) - incubation period of 30 mmin.), L-NAME and LPS, the
contractile effect of noradrenaline was significantly weaker (P<0.01) than in
the presence of L-NAME and LPS, L-NAME and L-arginine, was shifted to the
right, compared to that for noradrenaline in the presence of LPS and L-NAME
alone. Thus, the contractile effect of noradrenaline {0.35x10-6M), inthe presence
of L-arginine, L-NAME and LPS amounted only to 60.11% of that under the
same conditions but without L-arginine.
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Figure 3, Eflects of L-NAME and L-arginine on the respensiveness to increasing concentrations
of noradrenaline of isolated bovine abdominal aorts, to the presence of LPS, Data are
expressed as mean + s.e.m. of (n=6) obseervations; **P<0.01 versus Nor-control.

Dexamethasone (10°M - incubation periods of 20 min, and 60 min.) did
not directly affect the contractile effect of noradrenaline on bovine abdominal
aorta, Namely, the cumulative concentration- response curves for noradrenaline
alone and in the presence of dexamethasone (incubation periods of 20 and
60 min.) were nearly identical (Figure 4.).

After an incubation period of 20 min. dexamethasone in the presence of
LPS did not change significantly the noradrenaline contractile effect, compared
that in the presence of LPS alone. Namely, the cumulative concentration-
response curves for noradrenaline in the presence of LPS and dexamethasone
(incubation period of 20 min.) and noradrenaline in the presence of only LPS
coincided (Figure 5). The contractile effects of noradrenaline (0.35x105M} in
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Figure 4. The dose-respanse curves indicating the effect of dexamethasanee on the responsive-
ness to increasing concentrations of noradrenaline of isolated bovine abdominal aoria.
The line marked with cincles (@) Is the control dose- response line (see flg. 1 and 2.).
The line marked with triangles (A}, shows the dose-response relationship. for
noradrenafine in preparations Incubated in the presence of dexamethasone (10°M -
incubated for the last 20 min). The line marked with invected triangles (v), is the
dose-response curve, showing the effeé;t of increassing concentratiens of neradrenaline
in the presence of dexamethasone (10°M - Incubated for the last 60 min). It is noticeable

that these dose-response lines overlap,

the presence of LPS and dexamethasone (incubation period of 20 min)
amounted to 58.18%; whereas the contractile effect of noradrenaline in the
presence of only LPS was insignificantly stronger and amounted to 63.42%.
However, after incubation with dexamethasone, for 60 min. and LPS, the
noradrenaline contractile effect was significantly stronger (P<0.05). The
cumulative cancentration-response curve for noradrenaline in the presence of
LPS and dexamethasone (incugation period of 60 min.) was shifted to the left
compared to that in the presence of LPS alone, Namely, noradrenaline (0.35
X 10-8M} in the presence of dexamethasone (incubation period of 60 min.) and
LPS, produced a 100% contractile effect (Figure 6.).

DISCUSSION

it is well krown that noradrenaline is a mediator of the adrenergic nervous
system, that may produce either contraction or relaxation of smooth muscles.
Its contractle effect on vascular smooth muscle is achieved via alpha-adrenergic
receptors. Relaxation of smooth muscle is the result of the activation of betap-
adrenergic receptors, to which noradrenaline shows much weaker affinity (Hof-
fman and Lefkowitz, 1995),
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Figure 5. The dose-response curves indicating the effect of dexamethasane on the responsiveress
to increasing concentrations of noradrenaline of isolated bovine abdominal aorta to the
preserice of LPS. The line marked with circles (@) is the control dose-response line.
The line marked with aquares (), shows the dose-response relationship for
noradrenaline in preparations incubated in the presence of LPS (1 ng/ml) for 4h. The
lin marked with triangles {A), shows the dose-response relationship for noradrenaline

in_preparations incubated for 4h, in the presence of both LPS and dexamethasone

{10°M - incubated for the last 20 min). The line marked with inverted triangles (V), is

the dose response curve, showing the sifect of increassing congentraﬁons of

noradrenaline for 4h, in the presence of both LPS and dexamethasone {10°M - incubated
for the last 60 min).

During this experiment noradrenaline alone, at the concentration of 0.19
% 10-6M, produced the greatest contractile effect on isolated bovine abdominal
aorta.

In the presence of LPS from E, coli the contractile effect of noradrenaline
was markedly reduced, in accordance with earlier findings of other authors
(Wu et al. 1994; Villamor et al., 1995 Isao et al., 1995). In the endothelium
and smooth muscles of isolated blood vessels, LPD activates the inducible
NO-synthase (iNOS), that affects L-arginine, thus releasing nitric oxide (NO)
(Moncada et al., 1991; Szabo et al., 1993). As a highly reactive free radical,
NO passes into the cytosol of smooth muscle vascular cells and activates the
enzyme, soluble guanylyl cyclase (sGC). This activation in smooth muscle
vascular cells increasses the accumulation of cGMP which produces vagodilata-
tion of smooh muscle blood vessels (Wu et al., 1994; Shulz and Triggle, 1994),
Namely, under the influence of the endotoxin LPS an excessive synthesis of
NO occurs, resulting in blood vessel dilatation and decreased reactivity to
noradrenaline.

The inhibitor of NOS, L-NAME was found to remove almost completely
the depressing effect of LPS on the contraction of the abdominal bovine aoria,
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Figure 6. Efecls of dexamethasone on the responsiveness to increasing concentations of
noradrenaline of isclated bovine abdominal aorta, to the presence of LPS. Data are
expressed as men + s.e.m. of (n-8) observations, **P<1.01 versus Nor-control.

induced by noradrenaline. Similar resuits have been obtained in other ex-
perimental animals such as the intrapulmonary arteries of neonatal piglets
(Vilamor et al., 1995), rat mesenteric arteries (Martinez et al, 1996; Mitolo-
Chieppa et al.,, 1996} and ovine pulmonary arteries and veins (Nelson et al,,
1996). L-NAME is krown to be an inhibitor of the constitutive and inducibie
NO-synthase. In chemical structure it is an analogue of L-arginine, an aminoacid
that is a donor of NO, and as such L-NAME blocks the overproduction of NO
induced by LPS (Bryant et al., 1995; Offner et al., 1995; Adams, 1995). The
antagonistic activity of L-NAME is of a compettive nature in relation to the
natural substrate L-arginine, as demonstrated in our experiment. When isolated
bovine abdominal aorta was incubated in the presence of LPS, L-NAME and
L-arginine, L-arginine antagonised the effect of LNAME , thus allowing the
contractile effect induced by noradrenaline on bovine abdominal aorta to be
similar to that in the presence of LPS alone.

After an incubation period of 20 min. dexamethasone did not affect the
depressing effect of LPS on the coniraction of bovine abdominal aorta induced
by noradrenaline, However, an incubation perioad of 60 min. enabled this
giucocorticosteroid to inhibit INOS, i. e. the synthesis of NO, thus allowing a
much greater contractile effect of noradrenaline, in spite of the presence of
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LPS. Similar results for dexamethasone on the isolated blood vessels were
obtained by Villamor et al., {1995). They showed that dexamethasone, applied
for an incubation period of 60 min., can normalize the LPS reduced reactivity
of isolated intrapulmonary arteries of neonatal piglets to noradrenaline. On the
basis of our results and those of other authors, dexamethasone can prevent
the occurrence of hyporeactivity of blood vessels, which results from direct

action of endotoxins.

The data obtained here show that the endotoxin LPS from E. coli sig-
nificantly reduced the contractile effect of noradrenaline on isolated bovine
ahdominal aorta. The inhibitor of NOS N€-nitro-L-arginine methy| ester (L-LNAME)
greatly decreased the depressing effect of LPS on the contractions of bavine
abdominal aorta induced by noradrenaline, i. e, changed relaxation into con-
traction. Dexamethasone (as an inhibitor iINOS) after a long period of contact
(incubation period of 60 min.) significantly increased the reactivity of the ab-
dominal aorta to noradrenaline.
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UTICAJ INHIBITORA NO-SINTAZE NA KONTRAKCIJU 1ZOLOVANE ABDOMINALNE AORTE
GOVECETA PROUZROKOVANU NORADRENALINOM U PRISUSTVU LPS-A

MIRJANA MILOVANOVIC i MILANKA JEZDIMIROVIG

SADRZAJ

Poznato je da su endotoksini, lipopolisaharidi (LPS) iz gram-negativnih
bakterija i da u organizmu sisara prouzrokuju ozbiljna o$tecenja kardovaskular-
nog sistema, koja dominiraju septickim Sokom. U ovim eksperimentima, iz-
vedenim na izolovanoj abdominainoj aorti govedeta, ispitali smo uticaj LPS-a
iz E. coli na kontraktiinost prouzrokovanu noradrenalinom. Takode, nastojali
smo da proucimo da li inhibitori NO-sintaze, 1-NAME i deksametazon, utitu
na moguce depresivno dejstvo LPS-a, na kontrakciju izolovane abdominalne
aorte govedeta, prouzrokovanu noradrenalinom. Dobijeni rezultati pokazuju da
LPS iz E. coli 055:B5 posle 4h inkubacile, izrazito znadajno redukuje kontraktilni
efekat noradrenaling, na izolovanoj abdominalnoj aorti govedeta. Inhibitor NO-
sitaze L-NAME, svojim specifitnim mehanizmom, antogonizuje depresivno
dejstvo LPS-a, | tako omogucava noradrenalinu da dostigne maksimalan
kontraktilni efekat na izolovanom krvnom sudu. Specificnost dejstva L-NAME
je potvrdena primenom L-arginina, koji je kao davaoc azotnog oksida, smanjio
kontraktilni efekat noradrenalina u prisustvu LPS-a, Deksametazon, kao inhibitor
iINOS, samo posle duZeg perioda inkubacije (60 minuta), znaéajno otklanja,
odnosno antagonizuje depresivno dejstvo LPS-a, na kontrakeije izolovane ab-
dominalne aorte govedeta prouzrokovane noradrenalinom.

Dobijeni rezultati pokazuju da depresivno dejstvo LPS-a na kontrakciju
abdominalne aorte prouzrokovanu noradrenalinom, nastaje posredstvormn L-ar-
ginin-NQ sistemna, Ovaj sistem ima znadajnu ulogu u razvoju izrazite relaksacije
glatkin misica krvnih sudova u endotoksickom Soku. Rana primena specifiénih
inhibitora NO-sintaze | deksametazona moZe biti veoma korisna u spredavanju
progresivne hipotenzije u septitkom Soku.



