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Abstract

AMP (cAMP) and/or cyclic GMP (¢cGMP) concentration by the inhibition of phosphodiesterase have been shown to modulate the
inflammatory response. Amrinone is a clinically used positive inotropic agent which elevates intracellular cAMP and cGMP levels by
selective inhibition of the phosphodiesterase III isoenzyme. In the current study, we investigated the effect of various concentrations
(1-300 wM) of amrinone on lipopolysaccharide-induced production of pro- and anti-inflammatory cytokines and of nitric oxide (NO) in
vitro. In cultured murine J774.1 macrophages, 1 ng/mi-10 ug/ml of lipopolysaccharide from Escherichia coli O55:B5 induced
production of tumor necrosis factor-e (TNF-a), interleukin-10, and nitrite (breakdown product of NO). Pretreatment of cells with
amrinone caused a dose-dependent suppression of TNF-« production in the concentration range of 1-100 uwM. Furthermore, this drug
suppressed NO production in the range of 30-300 wM. Similarly to the results in the J774.1 cells, amrinone also inhibited TNF-a and
NO production in the range of 10—100 uM in primary rat peritoneal macrophages. At 300 uM, but not at lower concentrations, amrinone
inhibited interleukin-10 production in lipopolysaccharide-treated J774.1 macrophages. Pretreatment of the macrophages with 100 and 300
uM amrinone increased the lipopolysaccharide-elicited translocation of nuclear factor-« B. Taken together, our results indicate that the
phosphodiesterase III inhibitor amrinone modulates the activation /production of many pro- and anti-inflammatory factors in endotoxin-
stimulated cells. It remains to be further investigated how such immunomodulatory effects contribute to the clinical profile of the agent.
© 1997 Elsevier Science B.V.

Keywords: Lipopolysaccharide; cAMP; cGMP; Phosphodiesterase III inhibitor; Monocyte; Macrophage: Interleukin-10; TNF-a (tumor necrosis factor-a );
Nitric oxide (NO)

1. Introduction

A number of stimuli such as microbial infection, tissue
injury, and tumor cells can activate macrophages or
mononuclear phagocytes. These immune cells have com-
plex and multifactorial regulatory activities exerted through
the production of various pro- or anti-inflammatory cy-
tokines, reactive oxygen metabolites, and nitric oxide (NO).
The intensive work of the past decade has demonstrated
that the systemic inflammatory response caused by bacte-
rial lipopolysaccharide is a consequence of enhanced re-
lease of these macrophage-derived mediators. Many stud-
ies have described cytokines such as tumor necrosis factor-
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a (TNF-a) (Beutler, 1995), and interleukin-1 (Dinarello,
1991) as key intermediates of an overresponsive host-de-
fense reaction. These two cytokines are essential in the
induction” of NO synthesis in response to immune stimuli
(Szabé et al., 1993a,b; Szabd, 1996b). The excessive for-
mation of NO by the macrophage-type inducible nitric
oxide synthase contributes to the peripheral vasodilatation
and vascular hyporeactivity to vasoconstrictor agents, and
eventually leads to circulatory shock in endotoxemia
(Szabé, 1996a,b). In addition, the host also provides coun-
terbalancing signals to terminate the hyperreactive phase
of the immune response. A prominent example for this is
interleukin-10, which has been shown to be a natural
suppressor of proinflammatory mediators (Gerard et al.,
1993). Interleukin-10 decreases the production of TNF-«
in lipopolysaccharide-treated macrophages (Fiorentino et
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al.,, 1991), and down-regulates lipopolysaccharide-evoked
TNF-a and NO production in endotoxemia in vivo (Moss-
mann, 1994).

One of the ways by which the inflammatory response
could be down-regulated is to reduce the activity of
macrophages. It is widely accepted that intracellular cyclic
adenosine monophosphate (cAMP) exerts a broad suppres-
sant effect on most inflammatory cells (Torphy and Un-
dem, 1991). Agents that are known to elevate intracellular
cAMP levels, such as prostaglandin E, (Strassmann et al.,
1994) or ligands of «,-adrenoceptors (Haské et al., 1995),
B-adrenoceptors (Elenkov et al., 1995), dopamine (Haskd
et al., 1996a), and adenosine receptors (Haské et al.,
1996b) can influence the production of pro- and anti-in-
flammatory cytokines and of NO in response to lipopoly-
saccharide. In addition, drugs able to clevate intracellular
¢cAMP and /or cyclic guanosine monophosphate (cGMP)
concentrations via inhibition of phosphodiesterases, the
enzymes that catalyze the breakdown of these cyclic nu-
cleotides, also regulate the cytokine response (Pastores et
al., 1996). Although seven different isotypes of phosphodi-
esterases have been characterized, recent studies have
demonstrated that inflammatory cells contain predomi-
nantly type IIT and type IV phosphodiesterases (Murray et
al., 1990; Verghese et al., 1995; Souness et al., 1996).

Recently, Giroir and Beutler (1992) and our group
(Németh et al., 1997) showed that amrinone, a selective
inhibitor of the phosphodiesterase IIT isotype, suppressed
the lipopolysaccharide-evoked production of TNF-a and
nitrite /nitrate in endotoxemic mice. We also demonstrated
that this drug caused a biphasic time-course response of
interleukin-10 production in endotoxemic mice; intraperi-
toneal pretreatment of animals with amrinone decreased
the plasma interleukin-10 concentration in the first phase
of the response, but enhanced it in the second part (Németh
et al, 1997). These results prompted us to investigate
whether the phosphodiesterase III inhibitor amrinone can
also influence lipopolysaccharide-induced TNF-«, inter-
leukin-10, and NO production in vitro in cultured
macrophages. Since the translocation of nuclear factor-« B
(NF-kB) is an essential event in the activation of
macrophages in response to lipopolysaccharide (Miiller et
al., 1993), we also aimed to determine the effect of
amrinone on lipopolysaccharide-stimulated activation of
NF-«B in vitro.

2. Materials and methods
2.1. Materials

Dulbecco’s Modified Eagle’s Medium (DMEM) was
purchased from Gibco Life Technologies (Grand Island,
NY). Amrinone, lipopolysaccharide from Escherichia coli
055:B5, and all other drugs were obtained from Sigma
Chemical (St. Louis, MO). Enzyme-linked immunosorbent
assay (ELISA) kits for murine interleukin-10 and TNF-«

were obtained from Genzyme (Genzyme, Boston, MA).
These kits are specific for mouse cytokines, but the TNF-a
kit also cross-reacts with the rat TNF-a. Amrinone did not
interfere with the detection of cytokines using this kit.

2.2. Cell culture

The murine monocyte /macrophage cell line J774.1 was
grown in DMEM supplemented with 10% fetal calf serum,
100 U/ml penicillin, and 100 ug/ml streptomycin at
37°C in 5% CO, /95% air. Cells were treated with various
concentrations (1-300 uM) of amrinone or drug vehicle
(DMEM supplemented as mentioned above) 30 min prior
to lipopolysaccharide challenge and thereafter with lipo-
polysaccharide (1 ng/ml-10 pwg/ml) for 24 h. At 24 h,
TNF-«, interleukin-10 and nitrite were measured in the
supernatant and viability was measured with the MTT
method as described below.

2.3. Preparation of peritoneal macrophages

Peritoneal macrophages from male Wistar rats (Charles
River, Wilmington, MA) were harvested by peritoneal
lavage with RPMI medium containing L-glutamine (3.5
mM), penicillin (50 U /ml), streptomycin (50 pg,/ml) and
heparin sodium (10 U/ml) as described (Zingarelli et al.,
1996). The cells were plated on 12-well plastic plates at 1
million cells/ml and incubated for 2 h at 37°C in a
humidified 5% CO, incubator. Non-adherent cells were
removed by rinsing the plates three times with 5% dex-
trose in phosphate-buffered saline. Cells were stimulated
with lipopolysaccharide (10 wg/ml) for 24 h. At 24 h,
TNF-« and nitrite were measured in the supernatant and
viability was measured with the MTT method as described
below.

2.4. Measurement of interleukin-10 and TNF-o concentra-
tion

Production of interleukin-10 and TNF-a 24 h after
lipopolysaccharide stimulation was measured in samples of
cell culture supernatant using solid-phase ELISA, employ-
ing the multiple antibody sandwich principle that specifi-
cally detects TNF-a and interleukin-10 (Genzyme, Boston,
MA). Assays were performed according to the manufac-
turer’s instructions. Plates were read at 450 nm by a
microplate reader (Model 450, BIO-RAD, Richmond, CA).
Absorbancy was recalculated as concentration (ng/ml)
using a standard curve by the Microplate Manager/PC
Data Analysis Software (BIO-RAD, Richmond, CA).

2.5. Measurement of nitrite (breakdown product of NO)
concentration

Nitrite in culture supernatants at 24 h was measured by
adding 100 ul of Griess reagent (1% sulfanilamide and
0.1% naphthylethylenediamide in 5% phosphoric acid) to
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100 w1 samples of medium (Haskd et al., 1996b). The
optical density at 550 nm (ODss,) was measured by using
the BIO-RAD 450 microplate reader. Nitrite concentra-
tions were calculated by comparison with ODsy, of stan-
dard solutions of sodium nitrite and sodium nitrate. The
measurements of nitrite were performed using reagents
free of nitrite and nitrate: no basal or background nitrite or
nitrate levels were detected. Amrinone did not interfere
with the detection of nitrite by this assay.

2.6. Measurement of mitochondrial respiration

Mitochondrial respiration, an indicator of cell viability,
was assessed by the mitochondria-dependent reduction of
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium  bro-
mide (MTT) to formazan (Szabd et al., 1993c). Cells were
incubated in 96-well plates with MTT (0.2 mg/ml) for 1 h
at 37°C. Cell medium was removed by aspiration, and cells
were solubilized in dimethyl sulfoxide (100 wl/well). The
extent of reduction of MTT to formazan within cells was
quantitated by measurement of ODys, using the BIO-RAD
450 microplate reader. Amrinone did not interfere with this
assay.

2.7. Preparation of nuclear extracts and NF-k B Western
blotting

Preparation of nuclear extracts and NF-«B Western
blotting was performed as previously described (Haské et
al., 1996b). Cells were treated with 100 and 300 uM
amrinone or drug vehicle 30 min prior to lipopolysaccha-
ride challenge and thereafter with lipopolysaccharide (10
ug/ml) for 90 min. Cells were scraped, and pellets were
resuspended in 400 ul of cold buffer A (HEPES, pH 7.9)
(10 mM); KCI (10 mM); EDTA (0.1 mM); EGTA (0.1
mM); phenylmethylsulfonyl fluoride (0.5 mM); pepstatin
A (1 ug/ml); leupeptin (10 wg/ml); and aprotinin (10
wg/ml) on ice for 15 min in the presence of 25 ul of 1%
Nonidet P-40. Then, samples were vortexed and cen-
trifuged for 1 min at 10,000 X g, and the pellet was
resuspended in 100 ul of Buffer B (HEPES, pH 7.9) (20
mM); NaCl (400 mM); EDTA (1 mM); EGTA (I mM);
dithiothreitol (1 mM); phenylmethylsulfonyl fluoride (0.5
mM); pepstatin A (1 wg/ml); leupeptin (10 ug/ml); and
aprotinin (10 wg/ml). After shaking on a rocker platform
for 15 min at 4°C, samples were centrifuged for 15 min at
10,000 X g at 4°C. Seventy-microliter aliquots were then
treated with 150 ul of sodium dodecyl sulfate polyacryl-
amide gel electrophoresis sample buffer. Western blotting
was performed (as described above) with rabbit anti-mouse
NF-kB as the primary Ab (Santa Cruz Biotechnology,
Santa Cruz, CA; 1/750 in Tween/Tris-buffered saline
(0.02%)).

2.8. Statistical evaluation

All values in the figures and text are expressed as
mean + standard error of the mean (S.E.M.) of n observa-

tions, where n represents the number of samples studied.
Statistical analysis of the data was performed by one-way
analysis of variance followed by Bonferroni multiple com-
parison test, as appropriate. A P-value less than 0.05 was
considered statistically significant.

3. Results

3.1. Amrinone causes a biphasic response of TNF-«
production in lipopolysaccharide-stimulated macrophages

Pretreatment of J774.1 macrophages with 1-100 uM
amrinone 30 min prior to lipopolysaccharide (10 ug/mi)
challenge caused a significant, concentration-dependent in-

100,
a.
804 R ax
- sk
S " !§/§~— ok
g
B 40
Z Kk
20
0 T T 1
1 10 100 1000
b 100,
.
80 4
9 60 -
< sk
E 1 sk
- 20
0 ] T T 1
1 10 100 1000
120
C.
100
S 80
= 60
= 40 ok
20
0 T T )
1 10 100 1000
d. € 10
g 100
£ 80
&
@ 60
E 4
R
kS
g 0 : T )
g 1 10 100 1000
Amrinone (LM)

Fig. 1. Effect of pretreatment with amrinone (1-300 wM) on lipopoly-
saccharide-induced TNF-e (a), nitrite (b), and interleukin-10 {c) produc-
tion and mitochondrial respiration (d) in J774.1 macrophages.
Macrophages were stimulated with lipopolysaccharide (10 g /ml) for 24
h in the presence or absence of various concentrations (1-300 uM) of
amrinone. TNF-«, nitrite, and interleukin-10 concentrations were deter-
mined in the cell supernatants. Data (% of lipopolysaccharide-stimulated
values) are expressed as the mean+S.E.M. of 8 wells. Lipopolysaccha-
ride-stimulated concentrations of TNF-«, nitrite, and interleukin-10 in the
absence of amrinone were 8.7-+0.8 ng/ml, 54+4 uM and 1.13+0.03
ng/ml, respectively. * " Indicates P < 0.01.






