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Abstract

AIM To study the effects of aminoguanidine
(AG) and two L-arginine analogues N“-nitro-L-
arginine methyl ester (L-NAME) and N“-nitro-
L-arginine (L-NNA) on nitric oxide (NO)
production induced by cytokines (TNF-a, IL-1j3,
and IFN-y) and bacterial lipopolysaccharide
(LPS) mixture (CM) in the cultured rat
hepatocytes, and examine their mechanisms
action.

METHODS Rat hepatocytes were incubated
with AG, L-NAME, L-NNA, Actinomycin D (ActD)
and dexamethasone in a medium containing CM
(LPS plus TNF-a, IL-1B, and IFN-y) for 24 h.
NO production in the cultured supernatant was
measured with the Griess reaction. Intracellular
cGMP level was detected with radioimmunoassy.
RESULTS NO production was markedly blocked
by AG and L-NAME in a dose-dependent
manner under inflammatory stimuli condition
triggered by CM Jjn vitro. The rate of the
maximum inhibitory effects of L-NAME (38.9%)
was less potent than that obtained with AG (53.
7%, P<0.05). There was no significant
difference between the inhibitory effects of AG
and two L-arginine analogues on intracellular
c¢GMP accumulation in rat cultured hepatocytes.
Non-specific NOS expression inhibitor

Department of Pharmacology, School of Basic Medica Sciences, Beijing
University, Beijing 100083, China

Dr. Guo Liang Zhang, graduated from Xinxiang Medical Collegein
1982, got Ph.D. at Nagoya City University Medical School, Japan in
1994, finished postdoctoral research at Beijing Medical University in
1996, now an associate professor of pharmacol ogy, specialized in hepatic
pharmacology, having 15 papers published.

Project supported by the National Natural Science Foundation of
China, No. 39770861,and JANSSEN Science Resear ch Foundation.
Correspondence to: Dr. Guo Liang Zhang, Department of
Pharmacology, School of Basic Medical Sciences, Beijing University,
Beijing 100083, China

Tel. 0086-10-62091421, Fax. 0086-10-62015681

Email. yuankui @public.bta.net.cn

Received 2001-02-06 Accepted 2001-05-08

dexamethasone (DEX) and iNOS mRNA
transcriptional inhibitor ActD also
significantly inhibited CM-induced NO
production. AG (0.1 mmol-L?) and ActD
(0.2 ng-L') were equipotent in
decreasing NO production induced by
inflammatory stimuli /n vitro, and both
effects were more potent than that
induced by non-selectivity NOS activity
inhibitor L-NAME (0.1 mmol-L*) under
similar stimuli conditions (P<0.01).
CONCLUSION AG is a potent selective
inhibitor of inducible isoform of NOS, and
the mechanism of action may be not only
competitive inhibition in the substrate
level, but also the gene expression level
in rat hepatocytes.

INTRODUCTION

The pathogenesis of inflammatory sepsisand multiple
autoimmune diseases (such as insulin-dependent
diabetesmdllitus, arthritisand viral hepatitis) islinked
totheoverproduction of nitric oxide (NO), apotentialy
toxic molecule, whichislikely to beresponsiblein part
for the cytotoxicity and mutagenicity of the
inflammatory process. NO has been reported to cause
DNA damage and mutations, and to induce apoptosis
in several cell types for example macrophages,
hepatocytes and pancreatic 3-cells* ™. The analogues
of L-arginine, N“-nitro-L-arginine (L-NNA) or N®-
nitro-L-argininemethyl ester (L-NAME) may beuseful
intreating patients with the above diseases. However,
the known inhibitors of theinducible enzyme can aso
exert their actions on the constitutive isoform NO
synthase (cNOS), which resulted in an inappropriate
vasodilatation or hypertension'®%, Thus, to inhibit
selectively theinducible NOS (iNOS) may yield less
side effects.

Aminoguanidine (AG) has effects on several
enzyme systems, it interferes with non-enzymic
glycosylation, leading to its potential use as a
treatment for the complications of diabetes.
Furthermore, recent work has showed that AG can
also be used as anovel selectiveiNOS inhibitor in
rat isolated vassel s+, although the mechanism
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underlying thisisunclear. The aim of this study was
to determine the effects of AG and two nonselective
NOS inhibitors L-NNA and L-NAME, on the NO
production and cGMPrel easeinduced by cytokinesand
LPSinrat cultured hepatocytes.

MATERIALS AND METHODS

Reagents

Collagenase (Type 1V, 340kU-g*), bovineinsulin,
lipopolysaccharide (LPS, E. coli 0111:B4), N®-nitro-
L-arginine methyl ester (L-NAME), N®-nitro-L-
arginine (L-NNA), aminoguanidine (AG),
dexamethasone were purchased from Sigma
Chemical Co.; human recombinant (rh) tumor
necrosis factor-alpha (TNF-a), interleukin-1 beta
(IL-1B), interferon-gamma (IFN-y) were from
Academy of Military Medical Sciences (Beijing),
and Dulbecco’ smodified Eagle’ smedium (DMEM)
from Gibco BRL; Bacille Calmétte-Gueérin vaccine
(BCG) was obtained from the National Vaccine and
Serum | nstitute(Beijing), [*H]-radioimmunoassay kit
for cyclic guanylate monophosphate (cGMP) was
bought from Beijing Institute of Nuclear Research.
All thereagentswerediluted in medium and prepared
freshly before use.

Isolation and culture of hepatocytes

Hepatocytes were harvested from male adult
Wistar rats (weighing 180 g-220 g) using anin situ
collagenase perfusion technique. After inhalation
anesthesia, the abdomens of the animals were
opened and shaved, the portal vein was exposed
and cannulated. Then the liver was perfused at 37
C in situ first with a calcium-free phosphate-
buffered saline solution (PBS). This perfusion was
continued for 5 min, then it was switched to 0.5
g-L* collagenase and 10 g-L* bovine albumin in
PBS buffer for 15 min. The liver was removed and
the cells were combed gently in tissue culture
medium. Hepatocytes were pelleted, washed, and
separated from nonparenchymal cellsby differential
centrifugationsat 50 x g. Viability of cellsexceeded
90% as determined by trypan blue exclusion.
Hapatocytes were plated onto 6-well plastic tissue-
culture plates (1 x 10° cells-L* in each well).
Medium in the control consisted of DMEM with L-
arginine (0.5 mmol-L™?), insulin(1 umol -L*), Hepes
(15mmol L), L-glutamine, penicillin, streptomycin,
and 100 mL -L* low-endotoxin newborn calf serum.
After overnight incubation, the medium was
changed with acytokines mixture (CM) containing
LPS (10 mg-L™Y), IL-1B (10KU-L), TNF-a
(500KU-L*Y) and IFN-y (100KU-Lt). Other
experimental conditionsincluded addition of NOS
inhibitors (L-NAME, L-NNA or AG), actinomycin
D (ActD) or dexamethasone (DEX) to the CM.

After primary cultures were maintained for 24 h at
37°C in 50 mL-L* CO,, hepatocytes or cultured
supernatants were collected for nitrite and cGMP
assays®l,

Determination of NO production and cGMP
levels

To determine the amount of NO produced by
hepatocytes, the culture supernatants were assayed for
the stable oxidative product, nitrite, by an automated
procedure based on the Griess reaction, as previously
described!™. The intracellular levels of cGMP were
determined using a [*H]-label ed radioimmunoassay
(RIA) kit, as described!*+*,

Statistical analysis

Data were expressed as X £ s. The significance of
differences was determined with the Student’ st test.
Statistical significance was established at a P value
<0.05.

RESULTS

Effect of aminoguanidine and N“-nitro-L-arginine
methyl ester on nitrite production

Being consistent with our previous results, the
inflamatory factorsinduced alargeamount of NOina
time- and dose-dependent manner intheprimary culture
of rat hepatocytes. Both L-NAME and AG inhibited
LPS and cytokines-induced NO production (Table 1)
in adose-dependent fashion. On the other hand, AG
completely blocked NO production stimulated by
inflamatory factorsin rat hepatocytes, however,the
rate of the maximum inhibitory effects of L-NAME
(38.9%) was | ess potent than that obtained with AG
(53.7%, P<0.05).

Table 1 Inhibitory effect of aminoguanidine and L-NAME on
CM stimulated in vitro nitrite production in primary cultured
rat hepatocytes

Dose n ¢ (NO?) Inhibition Dose ¢ (NO?) Inhibition
(umol-L?) (umol-L*Y) rate (%) (umol-L*) n (umol-L™) rate (%)
Control 6 6.2+1.0 Control 6 6.5£1.3
CM 16 12.3+4.1° CM 8 12.6+3.7°

CM+Aminoguanidine CM+Aminoguanidine

0.1 16 9.6+3.9 22.0 0.1 9 101+19 198

1 16 8.4+2.6* 317 1 9 9.4+25 254

10 16 6.9+2.8¢ 44.0 10 9 8.5+3.0° 325
100 16 5.7x1.9¢ 537 100 9 7724 389
1000 16 55+2.1¢ 55.3 1000 9 7.8+28* 381

CM (Cytokines mixture): IL-1B 10KU-L?, TNFa 500KU-L?, and
IFNy 100KU-L* plus LPS 10 mg-L*; Cultured hepatocytes were
stimulated in vitro with CM in the absence or presence of
inhibitors (aminoguanidine or L-NAME) at various
concentrations for 24 h. Amounts of nitrite in the supernatant
were assayed 24h after start of stimulation in vitro. X+ s, n =
6-16 rats (3 well for each treatment in each experiment); °P
<0.01, compared with control,?P<0.05, “P<0.01 compared
with corresponding CM.
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Effect of aminoguanidine, L-NNA and L-NAME on
intracellular cGMP accumulation

To confirm that AG and two L-arginine anal ogues
NOS inhibitor L-NAME and L-NNA, inhibit NO
productioninduced by inflamatory stimuli, the effects
of thethree compounds on CM-induced accumul ation
of intracellular cGMP (asensitive but non-specifical
index of NO production) were investigated. Two L-
arginine analogues L-NAME and L-NNA amost
compl etely inhibited cytokines-stimul atedintracel lular
cGMPaccumulationfrom 3.0+1.5 (pmol -L *) to 1.4+0.
4 (pmol-L™*) with L-NAME, and to 1.3+1.1 (pmol -L-
Y with L-NNA (Table 2). AG onintracellular cGMP
accumulation was also parallel with NO production,
although the inhibitory effect of AG seemed weaker
ascompared with that of thetwo L-arginineanal ogues
t01.48+0.8 (pmol -L%).

Table 2 Effect of aminoguanidine, L-NAME and L-NNA on
intracellular cGMP accumulation induced by CM in vitro

Groups n ¢ (cGMP) Inhibition
(pmol-L?) rate (%)

Control 7 1.29+0.6

Cytokines mixture (CM) 12 3.01+1.5°

CM+Aminoguanidine (0.1mmol-LY) 7 1.48+0.8° 50.9

CM+L-NNA (0.1mmol-L?) 7 1.33+1.1° 55.8

CM+L-NAME (0.1mmol-L?) 7 1.36+0.4° 54.8

CM (Cytokines mixture): IL-1B 10KU-L*, TNFa 500KU-L?,
and IFNy 100KU-L* plus LPS 10 mg-L* Cultured
hepatocytes were stimulated in vitro with CM in the absence
or presence of inhibitors (aminoguanidine, L-NAME, or L-
NNA, respectively) for 24 h; Levels of intracellular cGMP
were assayed 24 h after start of stimulation in vitro (CM or
CM were co-incubated with inhibitors,respectively); x s, n =
7 rat or 12 rat (4 replicates for each treatment in each
experiment); *P<0.05 compared with control, °P<0.05
compared with CM.

Comparison of inhibitory effects of
aminoguanidine, L-NAME, DEX and ActD on
nitrite production stimulated by CM in vitro

NO production was blocked by AG and L-NAME
under inflammatory conditiontriggered by CM invitro,
AG (inhibition 52.2%) isamore potent inhibitor than
L-NAME (35.5%, P<0.01, Table 3), the former
completely blocked NO formation induced by CM in
vitro. Similarly, both dexamethasone (DEX, 33.9%)
and actinomycin D (ActD, 53.8%), inhibitors of non-
specific NOS expression and iNOS mRNA
transcription, a soinhibited CM-induced NO production
inrat hepatocytes. Furthermore, AG and ActD were
equipotent in decreasing NO production triggered by
inflammtory stimuli in vitro, and both effects more
potent than that induced by L-NAME under similar
stimuli condition (P<0.01).

Table 3 Effect of AG, L-NAME, DEX or ActD on rat hepatocytes
NO production stimulated by CM only in vitro

Groups n c(NO?) Inhibition
(umol-L?) rate (%)
Control 12 6.0+2.4
Cytokines mixture (CM) 12 12.1+4.5°
CM+Dexamethasone (10 pumol-L?) 12 8.1+2.3¢ 33.9
CM+L-NAME (0.1 mmol-LY) 12 7.8+1.6° 35.5
CM+Aminoguanidine (0.1 mmol-L?%) 12 5.8+1.1¢ 52.2
CM+Actinomycin D (0.2 ng-L?) 15 5.742.3¢ 53.8

CM (Cytokines mixture): IL-1B 10KU-L*, TNFa 500KU-L*, and
IFNy 100KU-L* plus LPS -10 mg-L*%; cultured hepatocytes were
harvested from rats that control group stimulated in vitro with
CM in the absence or presence of inhibitors (AG, L-NAME, ActD
or DEX, respectively) for 24 h; the amount of nitrite in the
supernatant was assayed 24 h after start of stimulation in vitro.
X £s,n =12 or 15 rats (3 wells for each treatment in each
expriment); °P<0.01, compared with control. °P<0.05, 9P<0.01,
compared with CM.

DISCUSSION

Recent work showed that AG, anucleophilic hydrazine
compound, isstructurally similar to L-argininein that
these compounds contain two chemically equivalent
guanidino nitrogen groupsand to L -arginine ana ogues
that competitively inhibit NO synthase. The present
study showed that AG completely prevents
inflammatory stimuli induced formation of NO and
confirmed that it isa potent inhibitor of the cytokine-
inducible isoform NOS. On the other hand,
administration of L-NAME failed to completely
suppress the NO production induced by inflamatory
stimuli in rat hepatocytes. This result was not
associated with the previous observation***that AG
and two L-arginine analogues, L-NNA and L-NAME,
wereequipotentininhibitingtheNO productioninduced
by endotoxin only in rat aortic rings, suggesting that
therole of AG may be dueto incompleteinhibition of
NOS, or that the devel opment of immunol ogica hepatic
damage!*®21 may involve both NO-sensitive and NO-
insensitive phases.

It has been recognized that the cNOS is Ca**
dependent and produces small amounts of NO that
activate soluble guanylate cyclase, resulting in the
formation of cGM P, which mediates endothelium-
dependent relaxation and neural transmission. NO
is produced in much larger amounts by the iNOS,
which is Ca?" independent and appears to mediate
the cytotoxic actions of macrophagesontarget cells,
and which may implicate in the existence of other
cGM P-independent mechanisms'?>%!, The present
results showed that AG failed to inhibit completely
the formation of cGMP by inflammatory stimuli, in
contrast to NO production. Therefore, the effects
of AG and two L-arginine analogs on the cGMP
level were different, supporting the hypothesisthat
AG isaselectiveinhibitor for inducible isof orm of
NOS.

The specificity and possible mechanisms of
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variousL -arginineanal ogsasNOSinhibitorshave been
investigated. Recent work suggested that L-NAME and
L-NNA may affect NOSactivity by modifying e ectron
transfer through iron centers, and then limitsarginine
transport or utilization'®27, However, itisunlikely that
adifference in the transport of AG into the cells can
explain the lack of effects of thisinhibitor on cNOS
sinceit effectively inhibitsiNOS?. Furthermore, the
differencebetweeninaffinity orinargininebindingsites
for the constitutiveand inducibleisoformsof NOSmay
not be used to explain the differences between the
effects of L-arginine analogs and AG, sinceiNOS is
not only regulated in the enzyme activity but alsointhe
gene expression level®%, Moreover, in the present
study the results showed that AG and transcriptional
inhibitor ActD were equipotent in decreasing NO
production triggered by inflammtory stimuli in vitro,
and both effects more potent than that induced by
dexamethasone, thelatter have non-specifical and post-
transcriptiond inhibitory effect onNOSenzymeactivity
[31-33] " suggesting that there is possibility of other
mechanism in the AG inhibition, which in addition to
competitiveinhibitioninthesubstratelevel, dsoingene
transcriptionlevel . Further experimentswill berequired
to determine whether AG directly affected the
transcription of theiNOS gene or viathe modul ation of
an intermediary protein(s) activity which indirectly
influenceon mMRNA stability.
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