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Abstract

Stimulation of B-adrenoceptors has been shown to regulate the production of various inflammatory mediators. In the present study, we
investigated in mice whether ligation of B-adrenoceptors, modulates lipopolysaccharide (LPS)-induced plasma levels of interleukin
(IL)-12, interferon-y (IFN-v), and IL-10. In BALB /c mice, isoproterenol (1-10 mgkg !, i.p.), a selective agonist of B-adrenoceptors
and also dexamethasone (10 mgkg ', i.p.) pretreatment 30 min before the administration of LPS suppressed plasma IL-12 (p40 and p70)
concentrations as determined at various time points after the LPS challenge. The inhibition of IL-12 release by isoproterenol was
prevented by the [-adrenoceptor antagonist propranolol confirming the involvement of B-adrenoceptors in the effect of isoproterenol.
Furthermore, pretreatment of the animals with propranolol alone enhanced LPS-induced plasma IL-12, suggesting that endogenous
catecholamines inhibit TL-12 production via the B-adrenoceptors. In IL-10 deficient C57BL /6 IL-10 /" mice, plasma levels of IL-12
and IFN-y were significantly higher than in their counterparts, with more than 70-fold increase in IL-12. Furthermore, while augmenting
the IL-10 response in C57BL /6 IL-10*/*, isoproterenol inhibited the production of IL-12 in both the C57BL /6 IL-10*/* and C57BL /6
IL-107/" mice, suggesting that the inhibition of IL-12 production by this compound is independent of the increased release of IL.-10. Our
results demonstrate, for the first time, that stimulation of B-adrenoceptors by isoproterenol or endogenous catecholamines suppresses
IL-12 production in vivo. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction this cytokine has been found in septic shock in the brain
(Park and Shin, 1996), in the serum of endotoxemic mice
(Heinzel et al., 1994), and in the serum of multiple sclero-
sis patients (Nicoletti et al., 1996). On the other hand,
IL-10 suppresses IL-12 and IFN-y production (Berg et al.,
1995), and is beneficial in endotoxemic shock (Berg et al.,
1995), and autoimmune diseases (Rott et al., 1994).

The pharmacological regulation of the production of
cytokines involved in inflammatory diseases has attracted
considerable interest. Notably, agents that can increase
intracellular cyclic adenosine monophosphate (cAMP) lev-
els are among the most potent regulators of cytokine
release (Hasko et al., 1996; Pastores et al., 1996; Gantner
et al.,, 1997; Németh et al., 1997). One pathway, by which
elevation of intracellular cAMP can be accomplished is
stimulation of cell surface receptors that are positively
coupled to adenylyl cyclase. For example, stimulation of
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Interleukin (IL)-12, produced primarily by antigen-pre-
senting cells, plays a key role in the induction of inter-
feron-y (IFN-v) by natural killer cells and in the genera-
tion of T helper 1 cells producing IFN-y (Trinchieri,
1995). IL-12 is a heterodimeric cytokine of 70 kDa (p70),
consisting of two covalently linked subunits (p40 and p35)
(Trinchieri, 1995). The production of IL-12 and IFN-vy has
been shown to be central in the initiation and maintenance
of several pathophysiologic states, including septic shock
(Wysocka et al., 1995), multiple sclerosis (Leonard et al.,
1995; Brosnan and Raine, 1996; Balashov et al., 1997),
and the generalized Schwartzman reaction (Ozmen et al.,
1994). Increased production of IL-12 is associated with
these inflammatory states, because enhanced expression of
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alters cytokine expression in various in vitro inflammatory
systems (Severn et al., 1992; Suberville et al., 1996; Haské
et al., 1998a). Furthermore, isoproterenol, a selective ago-
nist of B-adrenergic receptors, inhibits TNF-a (Elenkov et
al., 1995; Szabé et al., 1997) and nitric oxide (Szabé et al.,
1997) formation and potentiates IL-6 and IL-10 release
(Szab6 et al., 1997) in endotoxemic mice in vivo.

Based on results of our previous in vivo studies with
isoproterenol, which have shown its ability to potently
influence the inflammatory response in LPS-treated mice
(Elenkov et al., 1995; Szabé et al., 1997), in the present
study, we set out to investigate whether this agent can
modulate the production of IL-12 and IFN-vy in a similar
endotoxemic mouse model. Furthermore, since up-regu-
lation of IL-10 production by certain pharmacological
agents (van der Pouw Kraan et al., 1995; Le Moine et al.,
1996: van der Poll et al., 1996) has been attributed to the
suppression of pro-inflammatory cytokines, we compared
the effect of isoproterenol in normal and IL-10 deficient
mice.

2. Materials and methods
2.1. Animals

Male BALB /¢ mice (20-25 g) were purchased from
Charles River Laboratories (Budapest, Hungary). Male
C57BL/6 IL-10"/* and C57BL /6 IL-10 /" mice (20-25
) were obtained from the Jackson Laboratory (Bay Har-
bor, ME). Animals received food and water ad libitum, and
lighting was maintained on a 12 h cycle.

2.2. Materials

Isoproterenol and propranolol were purchased from Re-
search Biochemicals (Natick, MA). LPS from Escherichia
coli O55:B5, and all other drugs were obtained from
Sigma (St. Louis, MO).

2.3. Experimental design for plasma IL-12, IFN-y, and
IL-10 measurements

Animals were injected i.p. with drug vehicle (sterile
physiologic saline) or isoproterenol in a volume of 0.1
ml/10 g body weight. Thirty minutes later, they were
challenged with 5 or 60 mgkg ' of LPS administered i.p.
The animals were killed at 2 h, 4 h, and 8 h after LPS
treatment. Propranolol (10 mgkg™') was injected 60 min
before LPS. Blood was collected in ice-cold Eppendorf
tubes containing heparin and centrifuged for 10 min at
4°C. The plasma was stored at —70°C until assayed.

2.4. Cytokine assays

Cytokine levels in plasma were determined by ELISA
kits that are specific against murine cytokines. Plasma

levels of IL-12 (p40 and p70), IFN-vy, and IL-10 were
measured using ELISA kits purchased from Genzyme
(Boston, MA). Plates were read at 450 nm by a Spectra-
max 250 microplate reader (Molecular Devices, Sunny-
vale, CA). Detection limits were 10 pgml~' for IL-12
(p40), 5 pgml~ ! for IL-12 (p70), 5 pgml~" for IFN-y,
and 0.15 pgml~! for IL-10. Assays were performed ac-
cording to the manufacturer’s instructions.

2.5. Statistical evaluation

Values in the figures and text are expressed as mean +
SEM of n observations. Statistical analysis of the data was
performed by Student unpaired t test or Mann—Whitney
test, as appropriate. p < 0.05 was considered statistically
significant.

3. Results

3.1. Effect of B-adrenoceptor ligation on plasma IL-12
levels in BALB / ¢ mice

In BALB /¢ mice, ip. injection of LPS (5 mgkg ')
caused an elevation of plasma IL-12 (p40) levels at 2 h
after the LPS challenge, which peaked at 4 h post-LPS,
and had become undetectable at 8 h (Fig. la). These
kinetics are consistent with that found by previous studies
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Fig. 1. (a) Effect of pretreatment with isoproterenol (10 mgkg™ ') on LPS
(5 mgkg ™ !)-induced plasma IL-12 p40 levels at various time points after
the LPS challenge in BALB /c mice. (b) Propranolol injected 30 min
before isoproterenol prevents the inhibition of IL-12 p40 production by
this drug as determined 4 h after LPS. Propranolol alone augments
LPS-induced plasma IL-12 p40 levels. *, Indicates p <0.05; * *, indi-
cates p <0.01; * * %, indicates p <0.005.
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Fig. 2. Isoproterenol (1-10 mgkg™!) inhibits the production of IL-12
(p70; a) in endotoxemic BALB /c mice. Animals were pretreated i.p.
with isoproterenol 30 min prior to injection of 60 mgkg ! of i.p. LPS.
Data are the mean + SEM of 10 mice per group. * *, indicates p < 0.01;
* % % indicates p < 0.005.

(Heinzel et al., 1994; Wysocka et al., 1995). Intraperi-
toneal pretreatment of the mice with isoproterenol (10
mgkg™") suppressed plasma IL-12 p40 levels at both the 2
and 4 h time points, while there was no difference in 1L-12
plasma concentrations between the control and drug-treated
groups at 8 h after LPS (Fig. 1a). Propranolol (10 mgkg™"')
given 30 min before isoproterenol completely prevented
the suppression of IL-12 production by isoproterenol as
determined at 4 h following LPS administration. (Fig. 1b).
Moreover, propranolol alone caused a significant enhance-
ment of the plasma IL-12 concentration, indicating that
endogenous catecholamines exert a suppressive effect on
IL-12 production via B-adrenoceptors (Fig. 1b). To study,
whether isoproterenol can also affect IL-12 p70 produc-
tion, we injected the mice with 60 mgkg ' of LPS and
determined plasma IL-12 at 4 h. The choice of these
parameters was based on our previous results, which
demonstrated that only such high doses of LPS are capable
of triggering detectable levels of IL-12 p70 (Haské et al.,
1998b). Pretreatment of the mice with isoproterenol 30
min before LPS decreased also IL-12 p70 levels (Fig. 2).
Finally, isoproterenol decreased plasma IL-12 p40 when
induced by this high dose of LPS (not shown).

In addition, pretreatment of the animals with the gluco-
corticoid receptor agonist dexamethasone (10 mgkg ',
i.p.) resulted in a reduction of LPS-induced plasma IL-12
p70 concentrations, as measured at 4 h following the LPS
challenge; IL-12 p70 levels were 21.03 +7.51 pgml ™!
(n=10) in vehicle pretreated mice, whereas IL-12 p70
levels dropped to 4.32 + 1.18 pgml ' (n=10) in dexa-
methasone-treated mice ( p < 0.05).

3.2. Isoproterenol retains its ability to inhibit IL-12 pro-
duction in IL-10 deficient mice

Using IL-10 deficient mice it was shown that during
endotoxemia this cytokine is critically involved in the

down-regulation of the pro-inflammatory cytokines 1L-12
and IFN-y (Berg et al., 1995). Since we previously
demonstrated in endotoxemic mice that isoproterenol aug-
ments I1.-10, we wished to determine whether the inhibi-
tion by activation of B-adrenoceptors of pro-inflammatory
mediators was in association with elevated plasma IL-10
levels. To investigate this possibility, we pretreated
C57BL/6 IL-10"/* and C57BL/6 IL-10"/~ mice with
i.p. isoproterenol (10 mgkg™' a dose, which has been
shown to be able to influence cytokine production in this
and previous studies (Elenkov et al., 1995; Szabé et al.,
1997)) 30 min prior to LPS, and determined plasma levels
of IL-10, IL-12 p70, and IFN-v at 4 h after LPS challenge.
In the C57BL/6 IL-10"/* mice, isoproterenol elevated
plasma levels of IL-10 (Fig. 3a), but decreased plasma
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Fig. 3. Effect of isoproterenol (iso) (10 mgkg™!, i.p.) on LPS-induced
plasma IL-10 (a), IL-12 (b) and IFN-y concentrations in C57BL/6
IL-10"/* (open bars) and C57BL/6 IL-10~/" (hatched bars) mice.
Isoproterenol was injected 30 min before LPS (60 mgkg™', i.p.). Data
are the mean+SEM of 10 mice per group. *, Represents a significant
effect of isoproterenol when compared to control (vehicle) ( p < 0.05);
* %, Represents a significant effect of isoproterenol when compared to
control (vehicle) (p < 0.01). ###, Represents a significant increase in
cytokine levels in IL-10 KO mice as compared to their wild-type counter-
parts (p < 0.005).






