
PHARMACOMETRIC ANALYSIS OF �1-ADRENOCEPTOR
FUNCTION IN RAT TAIL ARTERY PRETREATED
WITH LIPOPOLYSACCHARIDES

Grzegorz Grzeœk#, Leszek Szadujkis-Szadurski

Department of Pharmacology and Therapeutics, L. Rydygier Medical University of Bydgoszcz,
M. Sk³odowskiej-Curie 9, PL 85-094 Bydgoszcz, Poland

Pharmacometric analysis of ��-adrenoceptor function in rat tail artery
pretreated with lipopolysaccharides. G. GRZEŒK, L. SZADUJKIS-SZA-
DURSKI. Pol. J. Pharmacol., 2001, 53, 605–613.

The inhibitory effect of lipopolysaccharides (LPS) on contraction evoked
by �-adrenergic stimulation is quite well-known, but molecular mechanism of
this inhibition is unclear. In the present study, an interaction between �-adre-
noceptor response and LPS in rat tail artery was investigated using chemical
stimulation. In the presence of LPS noradrenaline and phenylephrine, con-
centration-response curves were shifted to the right with a change in maxi-
mal responses. The K

�
and K

�
values calculated in the presence and absence

of LPS did not differ significantly. The results strongly suggest that LPS did
not change the affinity of �-adrenoceptors. Changes in the plot showing rela-
tionship between agonist-evoked responses and receptor occupancy in the
presence of LPS and reduction of K

�
/ED

��
value suggest reduction of �-adre-

noceptor reserve. In the experiments performed on arteries without endothe-
lium, the inhibitory effect of LPS was still present. In the presence of atropine,
antazoline and indomethacin, the reduction of �-adrenoceptor reserve was
noted, but in the presence of N�-nitro-L-arginine methyl ester (L-NAME),
the inhibitory effect of LPS was not significant. Moreover, in LPS-pretreated
arteries, in the presence of L-NAME, the increase in the receptor reserve was
observed. It suggests that inhibitory effect of LPS is partially reversible. The
results strongly indicate that in early endotoxemia, main inhibitory effect of
LPS is connected with releasing nitric oxide and decreasing coupling be-
tween �

�
-adrenoceptor and signal induction.
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adrenaline, NO – nitric oxide, NOS – nitric oxide
synthase, PHE – phenylephrine

INTRODUCTION

The inhibitory effect of lipopolysaccharides
(LPS) on �-adrenergic contraction in early endo-
toxemia is quite well-documented, but molecular
mechanism of this inhibition is still unclear. The
function of adrenergic system in endotoxemia and
septic shock was investigated in many experiments.
The ability of the adrenergic system to elicit re-
sponse in arteries is one of the mechanisms of de-
creased vascular response to �-adrenergic agonists
in septic shock. The attenuated activity of the ad-
renergic system, observed in endotoxemia, may be
a result of central blood flow regulation [13] or pe-
ripheral regulation by local vasodilators [8].

Results of early experiments performed in our
laboratory suggest that loss of vascular tone may be
directly connected with reduction of �-adrenergic
receptor reserve. We have also reported that down-
-regulation of �-adrenergic receptor, vasopressin
receptor, muscarinic receptor reserve is observed in
the presence of 8-Br-cGMP. Another phenomenon,
namely up-regulation effects, were present for ex-
ample in the presence of angiotensin II [22].

Endotoxins and mediators released by endotox-
ins stimulate production of nitric oxide (NO) [12].
NO is a cell signaling molecule that has been de-
monstrated to be involved in a variety of physio-
logical and pathophysiological processes. For ex-
ample, NO is an important messenger involved in
the regulation of the vascular smooth muscle tone,
neurotransmission, inflammatory responses and host
defenses. NO is produced by at least two different
types of enzymes, responsible for the formation of
NO in vivo: inducible and constitutive nitric oxide
synthases (iNOS and cNOS). iNOS was found in
many cell types, such as macrophages and smooth
muscle and it was shown to be induced in response
to lipopolysaccharides and cytokines. iNOS re-
quires �-NADPH, FAD, flawin mononucleotide and
tetrahydrobiopterin but not calcium and calmodulin
as a cofactor for activation. It is believed that iNOS
has a significant role in immune responses, as it has
been implicated in killing tumor cells and micro-
bes, development of inflammatory responses and
septic shock. iNOS will produce NO continuously

once it is induced. Two cNOS isoforms are known,
one of which was found in endothelial cells (eNOS)
and the other was found in the neurons (nNOS).
Both isoforms require calcium, calmodulin and also
�-NADPH, FAD, flawin mononucleotide and tetra-
hydrobiopterin as a cofactor for activation. eNOS is
primary involved in the regulation of blood vessel
tone. NOS down- and up-regulation could have
many significant effects in the mechanisms of
a wide range of cardiovascular diseases, diabetes
mellitus, renal function and reperfusion following
vascular clamp release, and organ transplantation.
Thus, vascular endothelium plays an important role
as a metabolic and endocrine organ [24].

The activity of �1- and �2-adrenergic receptors
depend on the distribution of this receptors in vas-
cular system [4, 18]. The larger arterioles, such as
rat tail artery, have predominantly �1-adrenoce-
ptors, whereas vessel of microcirculation express
predominantly �2-adrenoceptors [5]. Mechanism
of attenuation of �-adrenergic receptor function by
changing G protein subunits levels is quite well-
-known [20]. Some authors have shown changed G
protein levels upon prolonged stimulation. Mecha-
nism of short-term attenuation is still unclear.

The main aim of this study was to determine
mechanisms of attenuation of �1-adrenoceptor re-
sponse during early endotoxemia, i.e. in the first
minutes and hours.

MATERIALS and METHODS

Experiments were performed on male Wistar
rats, weighing 220–270 g. Animals were anesthe-
tized by urethane (120 mg/kg, ip). Tail artery was
excised and gently cleaned off adherent tissue. The
proximal segment (2–3 cm) of the rat tail artery
was cannulated and mounted under 0.5 g tension in
an 20 ml organ bath [17, 15]. During the first stage
of experiments, all arteries were stabilized in Krebs
solution (pH 7.4, temperature of 37°C) by gradual-
ly increasing perfusion rate from 0.25 to 1.0 ml/min
until perfusion pressure 2–4 kPa was reached (about
2 h). The constriction of the tail artery in response
to noradrenaline (NA) and phenylephrine (PHE)
was measured as an increase in perfusion pressure
at a constant flow of the perfusion fluid (about
1 ml/min). Vasoconstrictor drugs as well as LPS,
atropine, antazoline, indomethacin, N� -nitro-L-ar-
ginine methyl ester (L-NAME) and prazosin were
applied into the extraluminal Krebs solution. The
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endothelium was removed according to the com-
monly applied and verified procedure [1]. The ab-
sence of endothelium was demonstrated by the
failure of the preparation to relax in response to
acetylcholine (10–6 M). Cumulative response curves
(CRCs) to agonists were obtained using Van Rossum
method [23]. Registration system was composed of
physiological pressure transducer (Statham-Gould
type P23ID), perfusion pump (ZALIMP, type 315),
polyphysiograph (Narco Bio Systems Inc. – Narco-
trace 40).

Analysis of results

The value of NA and PHE concentration neces-
sary for half-maximal contraction (EC50) was cal-
culated by linear regression of the 20–80% region
of each concentration-response curve. pD2 values
were calculated as the negative logarithm of the
EC50 value. For assessment of the effect of prazo-
sin, three different concentrations of the antagonist
were examinated. Results were related to the values
obtained in control arteries. pKB values for antago-
nists were calculated using classical Arunlakshana
and Schild method. Schild plots, drawn by linear
regression, were constructed as log (dose ratio – 1)
plotted against logarithm of antagonist concentra-
tion. Dose ratios (dr) values were calculated at the
EC50 levels. Antagonism was considerated to be
competitive when slope of the Schild plot did not
differ from unity. The affinity of agonists (KA val-
ues) was calculated using the method of Furchgott
and Bursztyn. KA values were used to calculate the
fraction of receptors occupied ([RA]/[RT]). For
more details see Kenakin [11].

Drugs and solutions

Drugs used in the perfused artery experiment
were purchased from Sigma Chemical Company,
Poland. Krebs solution was composed of KCl (4.7
mM), MgSO4 (1.2 mM), KH2PO4 (1.2 mM), NaCl
(117.8 mM), NaHCO3 (26.4 mM), glucose (11.1
mM) and CaCl2 (2.3 mM) at pH 7.4. Yohimbine
(3 × 10–9) was added to eliminate effects mediated
by �2-adrenoceptors.

Statistical analysis

The results are means ± SE. Statistical analysis
was performed using the Newman-Keuls test for
multiple comparison of means, p < 0.05 was con-
sidered statistically significant.

RESULTS

To determine the characteristics of the CRCs
for NA (10–10 – 3 × 10–4), a non-selective �-adreno-
ceptor agonist and PHE (10–9 – 10–3), a preferential
�1-adrenoceptor agonist, they were compared in
the absence and in presence of lipopolysaccharides
(2.5 �g/ml, 0.25 �g/ml, 0.025 �g/ml, incubation for
120 min). In the presence of LPS, CRCs were
shifted to the right with a change in maximal re-
sponses (Fig. 1, 2). Comparison of EC50 values in-
dicated that treatment of the segments with LPS
significantly reduced the affinity of NA and PHE
for �-adrenoceptors (Tab. 1, 3).

Prazosin at concentrations of 10–8 M, 3 × 10–8 M
and 10–7 M produced a concentration dependent,
parallel shift of the CRCs for NA without a change
in maximal responses in the absence and presence
of LPS (0.25 �g/ml, incubation 90 min). The slope
of the Schild plot did not differ significantly from
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Fig. 1. Effect of atropine, antazoline, indomethacin and L-NAME
on concentration-response curves for noradrenaline (NA) in
LPS-pretreated arteries with and without vascular endothelium.
Each point represents the mean and vertical lines show SE.
* p < 0.05 (NA), + p < 0.05 vs. control (artery without endothe-
lium), × p < 0.05 vs. LPS (0.25 �g/ml) pretreated artery
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Fig. 2. Effect of atropine, antazoline, indomethacin and L-NAME
on concentration-response curves for phenylephrine (PHE) in
LPS-pretreated arteries with and without vascular endothelium.
Each point represents the mean and vertical lines show SE.
* p < 0.05 vs. control (PHE), + p < 0.05 vs. control (artery without
endothelium), × p < 0,05 vs. LPS (0.25 �/ml) pretreated artery

Fig. 3. Effect of atropine, antazoline, indomethacin and L-NAME
on agonist-evoked responses vs. receptor occupancy plots for
noradrenaline (NA) in LPS-pretreated arteries. Each point rep-
resents the mean and vertical lines show SE. * p < 0.05 (NA),
+ p < 0.05 vs. control (artery without endothelium), × p < 0.05
vs. LPS (0.25 �g/ml) pretreated artery

Table 1. EC�� and relative potency for NA in the absence and presence of LPS, in the presence of L-NAME, indomethacin, atropine,
antazoline and performed on arteries without endothelium

n %E��� EC�� [M] pD� RP

in absence of LPS 32 100 2.95 (± 0.65) × 10�� 7.53 100%

LPS 0.025 �g/ml 12 100 3.98 (± 0.62) × 10�� 7.40 74%

LPS 0.25 �g/ml 21 77 2.17 (± 0.46) × 10�	 6.66 14%

LPS 2.5 �g/ml 12 48 8.87 (± 1.72) × 10�	 6.05 3%

without endothelium 7 100 5.29 (± 1.21) × 10�
 8.28 558%

without endothelium & LPS 0.25 �g/ml 16 100 1.91 (± 0.49) × 10�� 7.72 155%

L-NAME 8 100 3.24 (± 0.87) × 10�� 7.49 91%

Indomethacin 12 67 2.21 (± 0.27) × 10�	 6.66 13%

Atropine 14 71 3.80 (± 0.47) × 10�	 6.42 8%

Antazoline 10 69 2.31 (± 0.82) × 10�	 6.64 13%

n – number of CRCs used for calculation, %E��� – % of maximal perfusion pressure, RP – relative potency, calculated in reference to
the EC�� of NA in the absence of LPS



unity indicating competitive antagonism. The cal-
culated pKB values were 9.70 (± 0.10) and 9.72
(± 0.09) in the absence and in the presence of LPS,
respectively. Values did not differ significantly.

The KA values obtained for NA and PHE in the
absence of LPS were 1.50 (± 0.83) × 10–7, 3.38
(± 0.45) × 10–7, respectively. The KA values for NA,
calculated in the presence of LPS (2.5 �g/ml, 0.25
�g/ml, 0.025 �g/ml) were 1.60 (± 0.49) × 10–7,

1.63 (± 0.52) × 10–7, 1.41 (± 0.40) × 10–7, respec-
tively. The KA values obtained for PHE in the pres-
ence of LPS were 3.77 (± 0.58) × 10–7, 3.61 (± 0.47)
× 10–7, 3.09 (± 0.45) × 10–7, respectively. The KA
values for NA and PHE at various concentrations
of LPS did not differ significantly. Relative po-
tency and relative efficacy decreased in the pre-
sence of LPS but relative affinity did not change in
the presence of LPS. The presence of indometha-
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Table 2. Comparison of K� values, relative affinities, relative efficacies for NA in the absence and presence of LPS, in the presence of
L-NAME, indomethacin, atropine, antazoline and performed on arteries without endothelium

n K� [M] pK� K�/ED�� RA RE

in absence of LPS 8 1.50 (± 0.83) × 10�	 6.82 5.08 100% 100%

LPS 0.025 �g/ml 12 1.60 (± 0.49) × 10�	 6.80 4.02 94% 72%

LPS 0.25 �g/ml 21 1.63 (± 0.52) × 10�	 6.79 0.75* 92% 22%

LPS 2.5 �g/ml 12 1.41 (± 0.40) × 10�	 6.85 0.16* 107% 7%�

without endothelium 7 1.45 (± 0.90) × 10�	 6.84 27.32* 104% 183%

without endothelium & LPS 0.25 �g/ml 8 1.44 (± 0.89) × 10�	 6.84 7.64� 103% 136%

L-NAME 15 1.54 (± 0.62) × 10�	 6.81 4.75 98% 71%

Indomethacin 12 1.44 (± 0.27) × 10�	 6.84 0.65* 104% 22%

Atropine 14 1.41 (± 0.42) × 10�	 6.85 0.37* 106% 21%

Antazoline 10 1.86 (± 0.81) × 10�	 6.73 0.81* 81% 22%

n – number of experiments, RA – relative affinity, calculated with reference to K� in the absence of LPS, RE – relative efficiency with
respect to NA in the absence of LPS at a relative response of 50% of the respective agonist. � – Because of relative response < 50%,
RE was calculated at a relative response of 30%. * p < 0.05 vs. control, � p < 0.05 vs. control (artery without endothelium),  p < 0.05
vs. LPS (0.25 �g/ml) pretreated artery

Table 3. EC�� and relative potency for PHE in the absence and presence of LPS, in the presence of L-NAME, indomethacin, atropine,
antazoline and performed on arteries without endothelium

N %E��� EC�� [M] pD� RP

in absence of LPS 27 100 5.37 (± 0.62) × 10�� 7.27 100%

LPS 0.025 �g/ml 11 100 6.30 (± 0.47) × 10�� 7.20 85%

LPS 0.25 �g/ml 22 75 5.20 (± 0.62) × 10�	 6.28 10%

LPS 2.5 �g/ml 10 50 1.83 (± 0.84) × 10�� 5.74 3%

without endothelium 7 100 3.68 (± 0.20) × 10�� 8.43 1459%

without endothelium & LPS 0.25 �g/ml 13 100 5.28 (± 0.64) × 10�� 7.28 102%

L-NAME 8 100 6.21 (± 0.31) × 10�� 7.21 87%

Indomethacin 9 70 4.22 (± 0.28) × 10�	 6.38 13%

Atropine 12 75 4.90 (± 0.48) × 10�	 6.31 11%

Antazoline 9 72 5.31 (± 0.30) × 10�	 6.27 10%

n – number of CRC� used for calculation, %E��� – % of maximal perfusion pressure, RP – relative potency, calculated in reference to
the EC�� of PHE in the absence of LPS



cin, atropine and antazoline did not change the in-
hibitory action of LPS. Relative potencies, relative
efficacies and relative affinity for NA and PHE
in the presence of LPS, and in the presence of LPS
and indomethacin, atropine, antazoline did not differ
significantly (Tab. 1– 4). In the presence of L-NAME
(10–5 M), in the absence and presence of LPS, rela-
tive potency, relative affinity and relative efficacy
calculated for NA and PHE did not change signifi-
cantly.

Agonist-induced responses vs. receptor occu-
pancy curves for NA and PHE were compared in
the absence and presence of LPS. In the absence of
LPS, plots for NA and PHE showed hyperbolic re-
lations. After incubation in the presence of LPS, it
became a linear relation (Fig. 3, 4). Reductions of
KA/ED50 values in the presence of LPS were ob-
served too (Tab. 2, 4, Fig. 3). In the presence of
atropine (10–6 M), antazoline (10–5 M) and indome-
thacin (3 mcg/ml), reduction of �-adrenoceptor
reserve was still present, but in the presence of
L-NAME, inhibitory effect of LPS was not signifi-
cant. Moreover, in LPS-pretreated arteries, in the
presence of L-NAME, the plots for NA and PHE
were reversed from linear to hyperbolic relation in-
dicating an increase in the receptor reserve. To as-
sess the contribution of an intact endothelium, ad-
ditional contraction studies were performed on rat
tail artery lacking a functional endothelial layer.
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Table 4. Comparison of K� values, relative affinities, relative efficacies for PHE in the absence and presence of LPS, in the presence
of L-NAME, indomethacin, atropine, antazoline and performed on arteries without endothelium

n K� [M] pK� K�/ED�� RA RE

in absence of LPS 8 3.38 (± 0.45) × 10�	 6.47 6.29 100% 100%

LPS 0.025 �g/ml 11 3.77 (± 0.58) × 10�	 6.42 5.98 90% 66%

LPS 0.25 �g/ml 22 3.61 (± 0.47) × 10�	 6.44 0.69* 94% 19%

LPS 2.5 �g/ml 10 3.09 (± 0.45) × 10�	 6.51 0.17* 109% 9%�

without endothelium 7 4.04 (± 0.92) × 10�	 6.39 109.78* 84% 218%

without endothelium & LPS 0.25 �g/ml 13 3.35 (± 0.92) × 10�	 6.47 6.34� 101% 118%

L-NAME 8 3.39 (± 0.54) × 10�	 6.47 5.46 100% 76%

Indomethacin 9 3.48 (± 0.93) × 10�	 6.46 0.82* 97% 16%

Atropine 12 3.65 (± 0.54) × 10�	 6.44 0.74* 93% 17%

Antazoline 9 3.26 (± 0.52) × 10�	 6.49 0.61* 104% 16%

n – number of experiments, RA – relative affinity, calculated with reference to K� in the absence of LPS, RE – relative efficiency with
respect to PHE in the absence of LPS at a relative response of 50% of the respective agonist. � – Because of relative response < 50%,
RE was calculated at a relative response of 40%. * p < 0.05 vs. control, � p < 0.05 vs. control (artery without endothelium),  p < 0.05
vs. LPS (0.25 �g/ml) pretreated artery

Fig. 4. Effect of atropine, antazoline, indomethacin and L-NAME
on agonist-evoked responses vs. receptor occupancy plots for
phenylephrine (PHE) in LPS-pretreated arteries. Each point
represents the mean and vertical lines show SE. * p < 0.05 vs.
control (PHE), + p < 0.05 vs. control (artery without endothe-
lium), × p < 0.05 vs. LPS (0.25 �g/ml) pretreated artery



In experiments performed on rat tail arteries
without vascular endothelium, control CRCs were
significantly shifted to the right, showing increase
in receptor reserve. In the presence of LPS, we
observed significant (vs. control without endothe-
lium, not vs. control with endothelium) shift of the
CRCs.

DISCUSSION

During the septic response, exposure to LPS ac-
tivates a series of biochemical responses. In arteries
of isolated blood-perfused rat lungs, the biphasic
reaction of arteries was present. Biphasic reaction
was not seen in lungs perfused with plasma or
Krebs buffer, suggesting important, protective role
of morphotic elements of blood in production of
mediators of sepsis like NO [3, 6]. To eliminate do-
nors of sepsis mediators other than vascular endo-
thelium and smooth muscle cells, we perfused ar-
tery with Krebs buffer. Cellular response to LPS
included the release of endogenous substances such
as cytokines, metabolites of arachidonic acid, co-
agulation factors, NO and others from endothelial

cells, smooth muscle and immune defense system
cells [7, 25]. Some of these substances may be re-
sponsible for loss of vascular tone. In vivo, in ex-
perimental sepsis, with prolonged exposure to LPS,
mortality may be reduced by metabolic fragment of
bradykinin, Arg-Pro-Pro-Gly-Phe. In experiments
performed on aortic smooth muscle pretreated with
that metabolic fragment of bradykinin, reactivity of
tissue was increased too [16]. To further assess the
concept that the �1-adrenoceptor activity was signi-
ficantly attenuated by endotoxenemia, the responses
to PHE and NA were tested. We have demonstrated
that in the presence of LPS, the �-adrenergic re-
ceptor reserve is decreased. Changes in receptor
occupancy curves and reduction of KA/ED50 values
strongly suggests reduction of receptor reserve in
the presence of LPS.

It is known that main defect exists in the ability
of the adrenergic system to respond in endotoxemia
[2]. Baker et al. [2] suggest that the reduced adren-
ergic vasoconstrictor response of cremaster muscle
arterioles during endotoxemia is a result of greatly
attenuated activity of �2-adrenergic receptors. Ar-
teries tested by Baker belong to small resistance ar-
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Fig. 5. Effect of atropine, antazoline, indomethacin and L-NAME on K�/ED�� for noradrenaline (NA) and phenylephrine (PHE)
(p-values for NA and PHE, respectively), * p < 0.05 vs. control, + p < 0.05 vs. control (artery without endothelium), × p < 0.05 vs.
LPS (0.25 �g/ml)-pretreated artery



teries. Thus, there are arteries with predominance
of �2-adrenoceptors, whereas rat tail artery is one
of quite big resistance arteries with predominant
�1-adrenergic receptors. After the administration of
LPS, the ED50 values for NA and PHE were sig-
nificantly decreased, indicating that the sensitivity
of receptors had greatly decreased. The loss of ad-
renergic reactivity may be a result of the changes in
the affinity of the receptor for an agonist, or de-
creasing receptor reserve.

The overproduction of NO via induction of
iNOS may be responsible for cardiac and vascular
dysfunction in endotoxemia [9]. Some substances,
such as NO may decrease receptor reserve. Results
of experiments performed in the presence of
L-NAME suggest that this effect may be partially
reversible. Thus, treatment with L-NAME or other
NOS inhibitor should increase receptor reserve and
increase perfusion pressure. Rapid induction of
iNOS has been reported at 60 min after LPS ad-
ministration in the rat aorta [21]. Olsson et al. [19]
reported increase in the production of NO and
cGMP in rat urinary bladder after ip injection of
Escherichia coli lipopolysaccharides. MacMicking
et al. [14] reported a decrease in death rates in
iNOS deficient mice. Our experiments performed
on isolated rat tail artery with and without endothe-
lium suggest that endothelium is necessary to obtain
inhibitory effect of LPS. In experiments performed
on rat tail arteries without vascular endothelium,
the inhibitory effect of LPS was not statistically
significant. Moreover, in LPS-pretreated arteries, in
the presence of L-NAME, NOS inhibitor, the plots
for NA and PHE were reversed from linear to
hyperbolic relation indicating an increase in the
receptor reserve. Changes in receptor occupancy
curves and reduction of KA/ED50 values strongly
suggests reduction of receptor reserve in the pre-
sence of LPS.

It may suggest that in early endotoxemia, the
inhibitory effect of LPS is partially reversible after
administration of inhibitors of NOS. It has also
been reported that the NOS inhibitor augmented
the �-adrenoceptor response. Effect of inhibition of
NOS in endotoxemia by aminoguanidine (NOS in-
hibitor) was presented by Hock et al. [9]. Kazmier-
ski et al. [10] reported that iron chelates binding
NO might decrease mortality in experimental mo-
dels of septic shock. It shows important role of NO
in early sepsis. Seasholtz et al. [20] suggested that

desensitization of �1-adrenergic receptor responses
in aortic smooth muscle after exposure to catecho-
lamines was directly connected with the changes in
levels of G-protein units. This mechanism may me-
diate the loss of function of not only �1-adrenocep-
tors but probably other G-protein coupled receptors
too. Desensitization with the changes in G protein
levels was present only after prolonged incubation.
Seasholtz incubated rat aortic rings for 22 h. When
the shortest incubation time was used, there was no
change in G-protein levels. All our experiments
were performed using 2 h incubation with LPS,
thus mechanism of desensitization was other than
the changes in G-protein level.

In conclusion, our results strongly suggest that
inhibitory effect of LPS after 2 h incubation is pre-
dominantly a result of releasing of NO from endo-
thelial cells and decreasing of signal transduction
between �-adrenoceptor and calcium channel.
Thus, the changes in activity of enzymes such as
phospholipase C or protein kinase C or the changes
in G-protein levels may mediate the loss of func-
tion of �-adrenoceptors in the presence of LPS in
prolonged sepsis, but in early septic shock, uncou-
pling of receptor from their G-protein or uncou-
pling of G-protein and enzymes seems to be more
important. Moreover, this process seems to be par-
tially reversible, thus treatment with iNOS antago-
nists may be effective in early sepsis.
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