European Journal of Pharmacology

The EUROPEAN JOURNAL OF PHARMACOLOGY publishes ‘full—length papers, short communications and rapid communications on the mechanisms of
action of chemical substances affecting biological systems. The journal also considers short reviews (not exceeding 12 pages in print) intended to debate
recent advances in rapidly developing ficlds that are within its scope.

Full length papers and short communications are grouped under the following headings: Behavioral pharmacology, Neuropharmacology and analgesia,
Cardiovascular pharmacology, Pulmonary, gastrointestinal and -urogenital pharmacology, Endocrine pharmacology, Immunopharmacology and
inflammation, and Molecular and cellular pharmacology.

Manuscripts submitted to the journal are accepted on the understanding that: (1) they are subject to editor review, (2) they have not been and will not be
published in whole or in part in any other journal and (3) recommendations of the Declarations of Helsinki and Tokyo, for humans, and the European
Community guidelines as accepted principles for the use of experimental animals have been adhered to. The Eutopean Journal of Pharmacology will,
-therefore, only consider manuscripts that describe experimenets which have been carried out under approval of an institutional or local ethics committee.
Authors must state in the manuscript that protocol complies with the particular recommendation and that approval of their protocols was obtained.

Abridged ‘General instructions’ for authors are published at the end of each issue. Essential detailed instructions will be found in the “Notice to authors’,
published once yearly (for 1998, in Vol. 341, No. 1, pages v—x).

Founded in 1967. Founding editors: David de Wied and Jacques van Rossum.
Editors: W.H. GISPEN, Utrecht (chairman) J. BRUINVELS, Utrecht F.P. NIJKAMP, Utrecht D.H.G. VERSTEEG, Utrecht
Honorary editor: D. DE WIED

Editorial board:

C. ADVENIER, Paris

K. AKTORIES, Freiburg im Breisgau

J. ARNT, Valby

P.J. BARNES, London

L. BARTHO, Pécs

G. BIGGIO, Cagliari

D.S. BREDT, San Francisco
O.E. BRODDE, Halle

H. BULT, Wilrijk

T.F. BURKS, Houston

F. CATTABENI, Milan
M.G. DARLISON, Hamburg
M. ENDOH, Yamagata

J.A. GARCIA-SAINZ, Mexico City
G.F. GEBHART, Iowa City
M. HAMON, Paris

D. HOYER, Basel

E.C. HULME, London

Consultants:

D.A. KHARKEVICH, Moscow
Z. KLEINROK, Lublin

G. LAMBRECHT, Frankfurt/M
M. LAZDUNSKI, Valbonne

- R. LEFEBVRE, Gent

X.Y. LI, Shanghai

S.A. LIPTON, Boston

M.J. LOHSE, Wiirzburg.

W. LOSCHER, Hannover

T. MASAKI, Kyoto .
J. McCULLOCH, Glasgow -
D.N. MIDDLEMISS, Harlow
K.P. MINNEMAN, Atlanta
H. MOHLER, Ziirich

F. MORON, Florence

S. NAHORSKI, Leicester
D.G. NICHOLLS, Dundee

JM. PFEILSCHIFTER, Basel

J.P. PIN, Montpellier

" R. QUIRION, Verdun

J.A. RIBEIRO, Lisbon

P.J. ROBINSON, Newcastle
A. SARIA, Innsbruck

P.R. SAXENA, Rotterdam

A. SCHOUSBOE, Copenhagen
R. SCHULZ, Miinchen

P. SKOLNICK, Indianapolis
M. SOKOLOVSKY, Tel Aviv
J.C. STOCLET, Strasbourg
J.C. STOOF, Amsterdam

T. TOMITA, Nagoya

D.J. TRIGGLE, Buffalo
B.J.R. WHITTLE, London

J. WIKBERG, Uppsala

R.J. WINQUIST, Ridgefield

B. AHREN, Malmé; E.A. BARNARD, London; E. BEUBLER, Graz; J. BOCKAERT, Montpellier; R. BUSSE, Frankfurt/M;
S.J. COOPER, Durham; R. COUTURE, Montreal; J.M. CRAWLEY, Bethesda; S.E. DAHLEN, Stockholm; W. DE JONG, Strasbourg;
G. DI CHIARA, Cagliari; H.N. DOODS, Biberach; G.J. DUSTING, Parkville; A.W. FORD- HUTCHINSON, Dorval; J.R. FOZARD,
Basel; B.B. FREDHOLM, Stockholm; J.F. GIUDICELLI, Le Kremlin-Bicétre; A.R. GREEN, London; R.J. GRYGLEWSKI, Krakéw;
A. HERMAN, Antwerpen; P. HOLZER, Graz; J.P. HUIDOBRO-TORO, Santiago; K.H. JAKOBS, Essén; H. KARAKI, Tokyo;
S.J. KONTUREK, Krakéw; R. LAVERTY, Dunedin; B.E. LEONARD, Galway; B.R. LUCCHESI, Ann Arbor; C.A. MAGG]I, Florence;
M.J. MILLAN, Croissy-sur-Seine; R.J. MILLER, Chicago; A.H. MULDER, Amsterdam; T. NABESHIMA, Nagoya; D.J. NUTT, Bristol;
M. OTSUKA, Tokyo; J.M. PALACIOS, Barcelona; J.R. PARRATT, Glasgow; J.N. PENNEFATHER, Clayton; M. RAITERI, Genova;
U. RAVENS, Essen; B.P. ROQUES, Paris; H. SCHOEMAKER, Bagneux; K. SCHROR, Diisseldorf; K.F. SEWING, Hannover;
S.H. SNYDER, Baltimore; N. SPERELAKIS, Cincinnati; K. STARKE, Frelburg im Breisgau; H.A.J.. STRUYKER BOUDIER
Maastricht; J. ZAAGSMA, Groningen



v

it
ELSEVIER

European Journal of Pharmacology 358 (1998) 261-268

An agonist of adenosine A ; receptors decreases interleukin-12 and
interferon-y production and prevents lethality in endotoxemic mice

Gyorgy Hask6 “**, Zoltdan H. Németh °, E. Sylvester Vizi °, Andrew L. Salzman °,
Csaba Szabd ©

* Inotek, 3130 Highland Ave., Cincinnati, OH 45219-2374, USA
b Department of Pharmacology, Institute of Experimental Medicine, Hungarian Academy of Sciences, Budapest, Hungary
° Division of Critical Care Medicine, Children’s Hospital Medical Center, 3333 Burnet Avenue, Cincinnati, OH 45229, USA

Received 7 May 1998; revised 3 August 1998; accepted 18 August 1998

Abstract

We have recently observed that the selective adenosine A, receptor agonist N°-(3-iodobenzyl)-adenosine-5'-N-methyluronamide
(IB-MECA) augments interleukin-10 and inhibits tumor necrosis factor-a production in endotoxemic mice. In the present study, we
extended our investigations into the effect of this compound on the bacterial lipopolysaccharide (endotoxin)-induced inflammatory
response in the BALB /c, as well as in the C57BL /6 interleukin-10"/" and the interleukin-10 deficient C57BL /6 interleukin-10%/°
mice strains. In the BALB /c mice, i.p. pre-treatment with IB-MECA (0.2 and 0.5 mg/kg) decreased lipopolysaccharide (60 mg/kg
i.p.)-induced plasma levels of interleukin-12 (p40 and p70), interferon-y, and nitrite /nitrate (breakdown products of nitric oxide (NO)).
On the other hand, pre-treatment with this compound failed to influence lipopolysaccharide-induced plasma interleukin-1a, interleukin-6,
and corticosterone concentrations. Similar to its effect in BALB/c mice, IB-MECA enhanced the release of interleukin-10 in the
C57BL /6 interleukin-10"/* mice. Furthermore, IB-MECA inhibited the production of interleukin-12, interferon-y, and NO in both the
C57BL /6 interleukin-10"/" and C57BL/6 interleukin-10°/" mice, suggesting that the inhibition of pro-inflammatory cytokine
production by this compound is independent of the increased release of interleukin-10. Finally, pre-treatment with this compound
protected mice against lipopolysaccharide (60 mg/kg i.p.)>-induced lethality. These results indicate that stimulation of adenosine A
receptors has potent anti-inflammatory effects and may represent a potential strategy in the treatment of septic shock and other
inflammatory diseases. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction pro-inflammatory cytokines tumor necrosis factor-o, inter-
leukin-1, and interleukin-12, which play a key role in the

The sequential release of pro-inflammatory mediators in pathogenesis of endotoxic shock (Beutler, 1995; Trinchieri,

response to bacterial, viral, or fungal infections is essential
in the fight against the invading microorganisms. How-
ever, the overproduction of these mediators may be detri-
mental for the host leading to multi-organ failure, shock,
and finally death. The systemic administration of bacterial
lipopolysaccharide (endotoxin), a cell-wall component of
Gram-negative bacteria is a prototypic stimulus for the
activation of an inflammatory cascade. Early in the course
of this cascade appear the monocyte /macrophage derived

" Corresponding author. Tel.: +1-513-475-6655; Fax: + 1-513-221-
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1995). These cytokines are central to the induction of
interferon-y production by natural killer cells and T lym-
phocytes (D’Andrea et al., 1993; Heinzel et al.,, 1994;
Wysocka et al., 1995), which is another important interme-
diate in the development of endotoxin shock (Doherty et
al., 1992). Tumor necrosis factor-o, interleukin-1, and
interferon-y trigger the subsequent induction of the
macrophage type inducible nitric oxide (NO) synthase
(Szabé et al., 1993; Thiemermann et al., 1993; Salkowsky
et al., 1997) leading to the overproduction of NO. Forma-
tion of this free radical, or the related toxic oxidant product
peroxynitrite crucially contribute to the development of
hypotension, vascular hyporeactivity, endothelial injury,
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and mortality in endotoxin shock (Szabé, 1995). Inter-
leukin-10, which is also released in the early phases of
endotoxemia, inhibits the production of tumor necrosis
factor-a, interleukin-12, interferon-y, and NO (Berg et al.,
1995; Haské et al., 1998a), and is protective in both
lipopolysaccharide- and staphylococcal enterotoxin B-in-
duced lethality (Berg et al., 1995; Hasko et al, 1998b).

Adenosine is a purine nucleoside that is released from
cells in response to metabolic stress (Dubyak and El-
Moatassim, 1993) or from the sympathetic nervous system
(White and MacDonald, 1990; Sperlagh and Vizi, 1992;
Haské and Szabé, 1998), and occupies adenosine Ay, Ajy,
A,y and A receptors on target cells. Adenosine or selec-
tive agonists of the different adenosine receptors are im-
portant regulators of the production of inflammatory medi-
ators in endotoxemia (Rose et al., 1988; Schrier et al.,
1990; Le Vraux et al., 1993; Parmely et al., 1993; Bouma
et al., 1994; Cronstein, 1994). Recently, a role for the
adenosine A, receptor in the modulation of immune re-
sponse has been proposed, since the suppression of tumor
necrosis factor-a production (Le Vraux et al., 1993; Hasko
et al., 1996), NO formation (Haské et al., 1996; Moochhala
et al., 1996), or the inhibition of major histocompatibility
complex-unrestricted cytolytic activity of natural killer cells
(Hoskin et al., 1994) by selective A, and A, receptor
agonists was not clearly characteristic of either the A, or
A, subtype. Moreover, in recent studies, using selective
agonists of adenosine A, receptors, we and others have
demonstrated that the stimulation of this receptor subtype
potently inhibits tumor necrosis factor-a (Haské et al.,
1996; McWhinney et al., 1996; Sajjadi et al., 1996) and
augments interleukin-10 (Hasko et al., 1996) production.

The aim of the present study was to further characterize
the effect of adenosine A, receptor activation on the
course of inflammatory processes. Using N 6.(3-iodoben-
zyl)-adenosine-5'-N-methyluronamide (IB-MECA), a se-
lective agonist of adenosine A ; receptors (Gallo-Rodriguez
et al., 1994), we investigated whether the stimulation of
this receptor subtype modulates interleukin-12, interferon-
v, interleukin-6, interleukin-la, corticosterone and NO
production. Since up-regulation of interleukin-10 produc-
tion by certain pharmacological agents (Kambayashi 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 have compared the effect of IB-MECA in
normal and interleukin-10 deficient endotoxemic mice.
Furthermore, we determined whether the activation of
adenosine A , receptors with IB-MECA prevents lipopoly-
saccharide-elicited lethality.

2. Materials and methods
2.1. Animals

Male BALB /c mice (20-25 g) were purchased from
Charles River Laboratories (Budapest, Hungary). Male

C57BL /6 interleukin-10"/" and C57BL/6 interleukin-
10%° mice (7-week old) were obtained from the Jackson
Laboratory (Bay Harbor, ME, USA). Animals received
food and water ad libitum, and lighting was maintained on
a 12-h cycle. The animal experiments were performed with
the approval of the Institutional Animal Care and Use
Committee.

2.2. Materials

IB-MECA was purchased from Research Biochemicals
International (Natick, MA, USA). Lipopolysaccharide from
Escherichia coli 055:B5 and all other drugs were obtained
from Sigma (St. Louis, MO, USA).

2.3. Experimental design for plasma interleukin-12, inter-
feron-y, interleukin-6, interleukin-10, nitrite / nitrate
(breakdown products of NO), and corticosterone measure-
ments

For stimulation of adenosine A; adenosine receptors,
animals were treated with IB-MECA at a dose of 0.2-0.5
mg/kg. The selection of this dose, at which IB-MECA
specifically binds to adenosine A, receptors, was based on
previous in vivo studies (Von Lubitz et al., 1994; Aucham-
pach et al., 1997; Tracey et al., 1997). Animals were
injected i.p. with drug vehicle (physiologic saline contain-
ing 2% dimethylsulfoxide) or IB-MECA in a volume of
0.1 ml/10 g body weight. Thirty minutes later, they were
challenged with 60 mg/kg of lipopolysaccharide adminis-
tered i.p. The animals were killed at various time points
after lipopolysaccharide treatment. Blood was collected in
ice-cold Eppendorf tubes containing heparin and cen-
trifuged 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 interleukin-12 (p40 and p70), interferon-y, inter-
leukin-6, interleukin-lae, and interleukin-10 were mea-
sured using ELISA kits purchased from Genzyme (Boston,
MA, USA). Plasma levels of macrophage inflammatory
protein-la. were measured using ELISA kits purchased
from R&D Systems (Minneapolis, MN, USA). Plates were
read at 450 nm by a Spectramax 250 microplate reader
(Molecular Devices, Sunnyvale, CA, USA). Detection lim-
its were > 5 pg/ml for interleukin-12, >5 pg/ml for
interferon-y, > 15 pg/ml for interleukin-6, > 15 pg /ml
for interleukin-la, > 1.5 pg/ml for macrophage inflam-
matory protein la, and > 0.15 pg/ml for interleukin-10.
Assays were performed as described previously (Haské et
al., 1998a,b) and according to the manufacturer’s instruc-
tions. IB-MECA did not interfere with any of the assays
used.






