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Dinoprostone potentiates cytokines and lipopolysaccharides inducing nitric oxide

production in cultured rat hepatocytes'
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ABSTRACT

AIM.: To study the effects of dinoprostone (Din)
on mirc oxide (NO) production induced by
lipopolysaccharides (LPS) and cytokines mixture
(CM) in cultured rai hepatocytes, and the role of
cAMP  signaling pathway in the induction
process. METHODS: Ral hepatocytes were
incubated  with ( Ind ), Din,
forskolin  { For ), or dibutyryl cyclic GMP
(db eGMP) in a medium containing CM (IPS
plus TNF-a, IL-18, and IFN-¥) for 24 h. NO
production in the cultured supernatant was
Intracellular
cAMP level was measured with radioimmuno-
assay. RESULTS: NO production stimulated
by CM was markedly attenuated by Ind in the
cultured whereas Din and For
increased nitrile conceniralion in the medium.
In the presence of CM. both Din and For
increased intracellular cAMP level, and had no
effect on cAMP level in absence of the stimmli;
db ¢GMP had no influnence on the cAMP and NO
production both in the presence and absence of
CONCLUSION: Din potentiates

indometacin

measured with the Griess reaction .

supernatant

same stimuli.
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cytokines and LPS 1o induce NO production in rat
hepatocytes. and the induction may be regulaied
cAMP

via  intracellular second messenger
signaling pathway .

INTRODUCTION

Nitric oxide ( NO) produced by inducible
nilric-oxide synthase (iNOS) has been recognized
as one of important effector molecule in immune
and inflammaiory responses[']. Attention has
been paid 1o identify the extracellular stimuli and
the intracellular signaling mechanisms that
regulate the INOS activity and to evaluate the
contribution of NO synthesized by iNOS 10 the
development and the prevention of various
diseases. The inflammatory cytokines such as
IL-13 and TNF-e¢ increased the synthesis of
prostanoids, in particular dinoprosione (Din) in
vascular smooth muscle cells®-
intracellular ¢cAMP is an importanl intracellular
signaling mechanism involved in the regulation of
the expression of many proleins[3]. and this

Elevation of

cAMP also acls as a second messenger for same
inflammalory medialors such as epoprostenol and
Din'*. NO production required the induction of
multiple inflammatory cytokines, including IL-
13, TNF-a, IFN-y, and LPS in the primary
cultured rai hepalm:y‘ua-s[5 ). However, whether a
classical inflammatory mediator Din affects NO
production in the hepalocytes ramains unknown.
It also remains undetermined whether cAMP is
involved in the process of this induction. The
purpose of this study was to examine the effects of
Din on cytokines-stimulated NO production in
cultured ral hepatocytes, and the rle of cAMP
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signaling pathway in the induction process.

MATERIALS AND METHODS

Materials Wistar rats ( 3, 180 -220 g.
Certificate No  01-3056 conferred by Beijing
Medical Experimental Animal Management
Committee) were purchased from Experimental
Animal Center of Beijing Medical University.
Collagenase (type IV ), bovine insulin, lipo-
polysaccharides (LPS) from E coli 0111 : B4,
forskolin  { For ), dibutyryl cyclic GMP
{ db cGMP ), dinoprostone { Din ). and
indometacin {Ind) were purchased from Sigma
Chemical Co. Human recombinant (rh) tumor
necrosis factor-alpha { TNF-a ), interleukin-1
beta (lL—lB). and interferon-gamma ( [FN-y)
were from Academy of Military Medical Sciences
(Beijing, China). Dulbecco's modified Eagle’s
medium ( DMEM ) from Gibeo BRL. °H-
radioimmunoassay kit for cAMP was bought from
China Institute of Atomic Energy, Beijing. All
reagents were diluted in medium before use.

Isolation and culture of hepatocytes Rat
hepatocytes were harvested using an in site
collagenase perfusion tec}mique[ﬁj . Viability of
cells exceeded 90 % as determined by trypan
blue exclusion. Hepatocytes were placed onto 6-
well tissue culture plates {1 x 10° cells-L~", 1
mL/well) . Medium consisted of DMEM with L-
arginine 0.5 mmol* L™', insulin 1 pmol*L~7,
HEPES 15 mmol + L', L-glutamine, benzyl-
streptomycin  sulfate, and
10 % low-endotoxin newbomn calf serum. ~ After
ovemight incubation, the medium was changed
with a cytokines mixture (CM) containing LPS 10
mg-L~", IL-13 10 kU-L"!, TNF-a 500 kU -
L°!, and TEN-y 100 kU - L7'S'. Other
experimental conditions included addition of CM
with Ind, For, Din, or db ¢cGMP. After the
primary cultures were maintained at 37 C in
95 % air + 5 % CO; for 24 h, hepatocytes or
cultured supernatants were collected for NO and

penicillin - sodium,

cAMP assays.

Determination of NO production NO
was measured as itz stable oxidative product,
nitrite'”). At the end of the incubation. 100 pL
of the culture supematant was mixed with an
equal volume of Griess reagent (1 part 0.1 %
naphthylethylenediamine dihydrochloride and 1
pat 1 % sulfanilamide in 5 % phosphone
acid) . The absorbance at 540 nm was measured ,
and the nitrite conceniration was determined
using a curve calibrated on sodium nitrite
standards.

Determination of cAMP levels  The
intracellular levels of ¢cAMP were determined
using a “H-labeled radioimmunoassay ( RIA )
kit®). The reaction was terminated by adding 2
mL of ice-cold 5 % trichloroacetic acid, and the
cells were scraped from the dishes into the
medium. The acidified medium containing the
scraped cells was frozen, thawed, and centrifu-
ged at 1500 x g for 10 min.
acid in the supematant was then removed by

Trichloroacetic

extraction with 5 volumes of water-saturated
diethyl ether, and the combined extracts were
dried at 75 C. The cAMP content of the dried
cel]l extracts were processed for RIA determina-
tion of cAMP.

Statistical analysis Data were expressed

as ¥ = 5 and compared by ¢ test

RESULTS

Effects of Ind and N“-nitro- L-arginine
(L-NNA) on cytokines- and LPS-stimulated
NO production  Accumulation of NO was
inhibited by Ind 0.1 mmol-L~", following 24-h
incubation with cytokines mixture (CM). L-
NNA had more potent inhibition of NO production
stimulated by CM than that of Ind under the
similar condition (Tab 1).

Effects of Din, For, and db ¢GMP on
cytokines- and LPS-stimulated NO production

To examine the role of iniracellular second
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Tah 1. Effect of indometacin and N®-nitro-IL.-
arginine on NO production of rat hepatocytes in the
presence of cytokines and LPS mixture (CM} for 24
h. n =6 rats (3 wells for each treatment in each
experiment, 1 x 10° cells*L~", 1 mL/well}.

¥+s. 2P>0.05, ‘P <0.01 vs control.

P<0.05, 'P<0.01 vs CM.

Nitrite

Treatment
Amol L' 7% of CM

Control 6.2+x1.1 534
Cytokines mixture { CM} H.7£2.3 100
UM + Indometaciz 0. 1 mmol-L~! 7.8£2.5" 66.6

CM+ £-NNA 0.1 mmol-L~! 6.6£2.09  56.4

messenger cAMP in the NO induction period,
hepatocytes were incubated with media containing
For or Din in the presence and absence of CM for
24h. Din (1-100 gmol-L™!) increased NO
production in the culture media under the
presence of CM condition in a concentration-
dependent fashion. Similarly, adenylate cyclase
activator For also enhanced NO production
induced by CM. Din and For appeared to
slightly potentiate NO production in the absence
of cytokines stimuli ( 2 >0.05). db cGMP, a
membrane-permeable ¢GMP derivative. had only
slightly influence on NO formation induced by
inflammatory stimuli. {Tab 2)

Effects of Din, For, and db ¢GMP on
intracelular cAMP levels in cultured rat

Tab 2.
mixture (CM) for 24 h.

hepatocytes  In the presence of CM stimuli
conditions, Din and For enhanced intracellular
cAMP level by 3- and 5-fold above control
levels, respectively. On the other hand,
db eGMP failed to affect the levels of intracellular
cAMP both in the presence and absence of
cytokine stimuli in rat hepatocytes (Tab 3).

Tab 3. Effect of forskolin, db ¢GMP, and Din on
intracellular cAMP levels in the presence (CM + )
and absence [ CM - ) of cytokines mixture [ CM) in
cuftured rat hepatocytes after 24 h., n =4 or § rats
(4 wells for each treatment in each experiment,
1x10° cells-L~!, 1 mL/well}. £ x5.

P >0.05, "P <0.05 vs control of CM ( - ).
4P>0.05, 'P <0.01 vs control of CM { + ).

cAMP/nmal per well
Concentration” gmol * L™ 1 n

CM(-) CM{ +)
Control 4 7.5£0.8 10.8+2.7
Forskolin 100 4 18.3+6.5" 54.5+12.3
Control 5 9.7:1.8  11.2+2.4
db «GMP 100 4 74+£1.8  98+2.9
Control 5 9.7+2.5 8.4+2. 4
Dinoprostone 100 5 10,3208 24.8:2.8f
DISCUSSION

The present study has demonstrated that Ind
attenuated NO preduction stimulated by CM.
Whereas, exogenous application of Din increased
nitrite concentration in the media, suggesting that
prostaglandins, such as Din may be involved with

Effect of forskolin, db ¢GMP, and Din on NO production in the presence/abhsence of cytokines
n =6 rats |3 wells for each (reatment in each experiment, 1 x 10 cells* L', 1

mL/well}. Ezxs. "P>0.05, "P<0.05, P <0.01 vs control. 9P >0.05, °P <0.05, 'P <0.01 vs CM.

Treamwnt Nitrite Treatment Nitrite Treatment Nitrike

/jemol*L~! /ol "L /pmol-L~7 /pmol+L~! Zumol*L7! Apmnl-L !
Cortmnl 5.7¢1.2 Coatrol 58:£1.3 Control 6.5+1.3
Cytokines mixture (€M) 9.1+3.1"  Cytokines mixture { CM) 0.412.9%  Cyiokines mixture (CM)  y 3 2.5
Forskolin 100 690+1.2° db cGMP 100 6.24+1.% Dinoprostone 100 6.7£2.0°
M + Forskolin 1 84+2. 1M CM+dbcGMP I 9,443,204 CM + Dinoprostone | 0,7 +2.3
CM + Forskodin 10 932,64 CM+db cGMP (D 10.4+3.2% €M+ Dinoprostone 10 1n.8«1.1%
CM + Forskolin 100 13.2+3,0¢ CM+ db cGMP 100 11.2+2.4%  CM+ Duoprostone 100 14,3 £2.6%
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lhe upregulating cytokines-induced NO production
Both LPS and TNF-u
slimulaled the release of Din, one of several
eicosanoids synthesized by Kupffer cells'®', this
release is sensilive lo ambienl arginine concentra-

in the hepalocytes.

tion v the exlenl that a reduclion in arginine
availability can augment Din production o
downregulale the LPS-slimulated release of TNE-
a'¥).  The modulation of Din by ambient arginine
may be relevanl particularly in the liver, the
primary organ of the urea cycle, because [-
arginine is a substrate nol only for NO synthase
but also for arginase, an enzyme of the urea
cycle, and arginine levels are lowered within the
liver by high hepatic arginase aclivity and by
inducible NOS'” | Thus, it is possible that Din
synergislics with cytokines lo acl as a feedback
regulale loop in the process of NO formation in
hepalocytes, conversely, as a negalive feedback
mechanism in  Kupffer cells.  Furthermore,
recent work prompled lhal L-NNA might affect
NO synthesis by modifying electron transfer
through iron centers. On the other hand,
arachidonic acid is known lo accelerate electron
transfer' "', thus il is conceivable thal through
inhibition of arachidonic acid release, NO
synthesis is also indirectly inhibiled.

The present sludy has also shown that in the
presence of CM, both Din and For enhanced
intracellular cAMP level, and in parallel with
this reaction, NO production was also increased
in culture supernalant, but db cGMP neither
increased cAMP level nor affected NO formation,
sugessling that ¢cAMP as a second messenger,
might be an important factor to participale in
induction mechanism of cytokines and Din for NO
production in rat hepatoeytes.  Binding of Din to
a specific cell surface receplor led to aclivation of
adenylate cyclase via a family of membrane-
associated G proleins''?, then. cAMP mediated
its hormonal induction of numerous genes through
a specific protein kinase C ( PKC) that termed

“cAMP response element hinding protein™t™ | 10

miliate gene lranscriplion. On the other hand,
inducible NOS was mainly regulaled in
transcription level'™ . Thus, although the
queslion as lo whether iINOS gene contains cAMP
response elemenl sequence in the promoter region
needs to be delermined by more precise
experimenl, lhe present resulls lend strong

support lo above hypothesis.
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