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ABSTRACT. The effects of aclarubicin (ACR), an anthracycline antibiotic, on inducible nitric oxide (NO)
synthesis was investigated in rat aortic smooth muscle cells (RASMCs) and RAW macrophages. ACR at
concentrations as low as 0.1 mM significantly inhibited NO production induced by interleukin-1b in RASMCs.
About 5- to 10-fold higher concentrations of ACR were required for inhibition of interferon-g and
lipopolysaccharide-induced NO production in RAW cells. When ACR was subsequently administered to
inducible NO synthase (iNOS) induction, the NO production was barely suppressed in RASMCs. Moreover,
ACR (up to 10 mM) lacked direct inhibitory effects on iNOS activity in homogenates of these cells. ACR (0.1
mM) inhibited the expression of iNOS protein and mRNA in RASMCs without concomitant cytotoxic effects.
ACR (.0.5 mM)-induced inhibition of NO production in RAW cells was associated with substantial cytotoxic
effects as shown by measurement of lactate dehydrogenase release. These results suggest that ACR is a potent
inhibitor of iNOS induction in vascular smooth muscle, but inhibits iNOS induction in macrophage only at high
cytotoxic concentrations. BIOCHEM PHARMACOL 59;6:719–726, 2000. © 2000 Elsevier Science Inc.
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Anthracycline antibiotics are potent antineoplastic drugs
that are widely used in the therapy of hematological
malignancies such as leukemia and malignant lymphoma.
Myelosuppression is a common side-effect which restricts
the therapeutic dose of anthracyclines [1]. Moreover, as
disorder of bone marrow function is a typical complication
of hematological malignancies, severe infection due to
leukopenia eventually occurs during chemotherapy. Con-
sequently, sepsis is one of the most frequent causes of death
during the therapy of blood malignancies [2]. Septic shock
is a major cause of death during severe bacterial infection
[3]. This circulatory failure is elicited by inflammatory
cytokines such as IFN-g§ and IL-1b, which induce iNOS
expression in vascular smooth muscle cells as well as in
macrophages. Excess production of NO from these cells
causes a profound reduction of arterial tone, resulting in a

severe drop in blood pressure and shock [4–6]. Nonethe-
less, NO and reactive nitrogen intermediates are known to
exert cytocidal effects on microorganisms [7–9] and to play
a pivotal role in the function of macrophages. NO produc-
tion in macrophages is considered a central mechanism in
resistance against bacterial infections [8, 10]. Thus, any
drug-induced modulation of NO production appears of
particular significance with respect to therapy of hemato-
logical malignancies.

Previous studies showed that anthracycline derivatives
such as daunorubicin, doxorubicin, and ACR inhibit en-
dothelium-dependent relaxation in rat aorta [11–13].
Moreover, a recent study has demonstrated that doxorubi-
cin and ACR inhibit the activity of constitutive NO
synthase isolated from rat cerebella [14]. It was therefore of
interest to elucidate whether these drugs also interfere with
iNOS-mediated NO production and to compare the effects
of ACR on NO production by iNOS in vascular smooth
muscle cells and in macrophages.

MATERIALS AND METHODS
Animals

Male Wistar rats (10–12 weeks old) were housed in clear
plastic cages, fed normal rat chow ad lib., and given free
access to water. The care and use of the laboratory animals
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were in accordance with guidelines established by the
Yamagata University School of Medicine.

Preparation of RASMCs

The rats were anesthetized with sodium pentobarbital (50
mg/kg body weight) and then killed by exsanguination.
RASMCs were isolated from the thoracic aorta of male
Wistar rats (10–12 weeks old) by outgrowth of explants
according to the method of Ross [15]. Briefly, segments of
thoracic aorta were dissected and placed on 60-mm plastic
dishes containing Ca21, Mg21-free PBS. Subsequently, fat
and connective tissues were removed carefully. After lon-
gitudinal dissection, the intima was removed by a scraper.
Then 1- to 2-mm2 sections of the media were prepared and
transferred to 35-mm wells in a 6-well plate containing
Dulbecco’s modified Eagle’s medium with 5% FBS, 4 mM
glutamate, 100 U/mL penicillin, and 100 mg/mL strepto-
mycin. The dishes were incubated in a humidified atmo-
sphere at 37° under 5% CO2–95% air. After 2–3 weeks of
incubation, cell layers showing the hill-and-valley pattern
characteristic of smooth muscle cells grew to confluency.
Cells from passages 15–30 were used for experiments.

Cell Culture

RAW 264.7 murine macrophages and RASMCs were
cultured in Dulbecco’s modified Eagle’s medium containing
5% FBS, 4 mM glutamate, 100 U/mL penicillin, and 100
mg/mL streptomycin in a humidified atmosphere at 37°
under 5% CO2–95% air. The cells were spread in 24- or
6-well culture plates and cultured until confluency. Then,
confluent cells were used for the assays. iNOS was induced
in RASMCs by IL-1b (2 ng/mL) and in RAW cells by
IFN-g (10 U/mL) plus LPS (1 mg/mL).

Measurement of NO Production

Production of NO was assayed by measuring the accumu-
lation of nitrite in the culture medium by the Griess
reaction using sodium nitrite as a standard. Aliquots of
culture medium were mixed with an equal volume of Griess
reagent (1% sulfanilamide/0.1% N-(1-naphthyl)ethyl-
enediamine dihydrochloride in 5% phosphoric acid), the
mixture was incubated at room temperature for 10 min, and
the absorbance at 540 nm measured using a spectropho-
tometer. Standard curves were determined using known
concentrations of sodium nitrite. In preliminary experi-
ments, it was confirmed that ACR, at least up to 1 mM, did
not interfere with the Griess reaction. The amount of net
NO production after stimulation with LPS and/or the
cytokine was calculated by subtracting the basal NO pro-
duction from the total production, and the quantity thus
determined was expressed as the % nitrite release relative to
the control (cells treated with vehicle) or as the absolute
value of nitrite (nmol) per mg protein of the cell lysates.
Basal levels of NO production (in the absence of any

stimulation) were 3.62 6 0.30 and 5.25 6 0.39 nmol/mg
protein in RASMCs and RAW cells, respectively. L-
NMMA, a classical and potent inhibitor of NO synthase,
was used to demonstrate that NO production stimulated by
LPS and/or the cytokine was due to NO synthase activation
(Fig. 1) and to compare the effect of complete inhibition
of NO synthase by L-NMMA with the effects of ACR
(Fig. 2).

Measurement of LDH Activity

LDH release into the cell culture medium was used to assess
the cytotoxic effect of ACR. LDH was measured using a
commercially available kit (Liquitech LDH, Boehringer
Mannheim). Briefly, 10 mL of the sample was added to 350
mL of a solution containing 0.6 mM pyruvate and 50 mM
phosphate buffer (pH 7.5), and incubated at 37° for 5 min.
Next, 70 mL of 0.18 mM NADH solution was added and
incubated for a further 5 min. Then, absorbance at 340 nm
was measured by a spectrophotometer.

Measurement of iNOS Activity

iNOS activity was measured in cell homogenates by mon-
itoring the formation of L-[2,3,4,5-3H]citrulline from
L-[2,3,4,5-3H]arginine as described previously [16]. Cells
were centrifuged and washed with PBS. The cell pellet was
resuspended in a buffer containing 50 mM triethanolamine
plus 10 mM mercaptoethanol at pH 7.4 (300 mL/sample)
and sonicated for 30 sec (3 times 10 sec). Incubations were
performed for 10 min at 37° in 0.1 mL of 50 mM
triethanolamine/HCl buffer, pH 7.4, containing 20 mL of
cell homogenate, 10 mM L-[2,3,4,5-3H]arginine, 0.2 mM
NADPH, 10 mM H4 biopterin, 5 mM flavin adenine
dinucleotide, 5 mM flavin mononucleotide and 0.2 mM
3-[(3-cholamidopropyl)-dimethylammonio]-1-propanesul-
fonate (CHAPS).

Protein Separation and Western Blotting

RASMCs were cultured in a 6-well plate. Following incu-
bation with the requisite treatments, the culture medium
was removed, and the cells were washed twice in cold PBS,
then solubilized in hot (70°) SDS–PAGE sample buffer
(0.625 M Tris–HCl, pH 6.8, 5% SDS, 25% b-mercapto-
ethanol, 50% glycerol, 0.025% bromophenol blue). The
samples were dispersed by repeated passage through a 25G
needle and then transferred to Eppendorf tubes. The
samples were boiled for 10 min and then stored at 280°
until analysis. Aliquots (20 mg protein) were subjected to
SDS–PAGE on 7.5% polyacrylamide slab gels and then
blotted onto polyvinylidene difluoride membrane. Polyvi-
nylidene difluoride blots were blocked for 1 hr in 150 mM
NaCl, 20 mM Tris (TBS, pH 7.5), containing 5% non-fat
milk, and then incubated overnight at 4° with anti-(mouse
iNOS) immunoglobulin G (1:10,000 dilution) in TBS
containing 5% non-fat milk. The membrane was then
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washed in TBS and incubated with goat anti-mouse alka-
line phosphatase-conjugated antibody (1:3000 dilution) for
1.5 hr. After further washing with TBS, blots were detected
by the enhanced chemiluminescence method using an
immunoblot assay kit (Bio-Rad).

RNA Isolation and RT–PCR Analysis

RASMCs were cultured in a 24-well plate. Following
incubation with the requisite treatments, the culture me-
dium was removed, and the cells were washed once in PBS,
then scraped and collected by centrifugation. Total RNA
was prepared from RASMCs using Isogen (Nippon Gene
Co., Ltd.). The quality and yield of the RNA were assessed
by the 260/280-nm optical density ratio. Total RNA (0.5
mg) from each sample was reverse-transcribed (RT) into
complementary DNA (cDNA) using a commercial kit
(Rever Tra Dash™ from Toyobo Co., Ltd.). The PCR
amplification for iNOS and GAPDH was carried out in an
automatic DNA thermal cycler (PCR Thermal Cycler
PERSONAL TP240, Takara Shuzo Co., Ltd.) using Taq
DNA polymerase and oligonucleotide primers. The se-
quence of the iNOS-specific primers was 59-TCGAGC-
CCTGGAAGACCCACATCTG (sense) and 59-GTTGT-
TCCTCTTCCAAGGTGTTTGCCTTAT (antisense). The
sequence of the GAPDH-specific primers was 59-ACCA-
CAGTCCATGCCATCAC (sense) and 59-TCCACCAC-
CCTGTTGCTGTA (antisense). The PCR amplification of
iNOS and GAPDH was carried out for each 30 cycles at 94°
for 1 min, 70° for 2 min, and 72° for 3 min for iNOS and at
98° for 10 sec, 60° for 2 sec, and 74° for 30 sec for GAPDH.
The PCR products were size-fractioned by agarose (2%) gel
electrophoresis, stained with ethidium bromide, and visualized
by using an ultraviolet transilluminator. The intensity of the
iNOS- and GAPDH-specific bands was quantified by densi-
tometry, and the data were expressed as the iNOS/GAPDH
ratio.

Measurement of Cell Proliferation

Cells were spread to a 24-well dish at a density of 5 3
104/well. Twenty-four hours later, the medium was replaced
with that containing 0.5% BSA instead of FBS. After 48 hr
incubation, the medium was replaced with 1% FBS-con-
taining medium, supplemented with ACR at various con-
centrations or vehicle (controls). [3H]Thymidine (0.125
mCi/well) was added to each well. After further incubation
for 24 hr, the cells were washed twice with 1 mL of PBS and
then incubated with ice-cold 5% trichloroacetic acid for 10
min and dissolved in 1 N NaOH. This solution was finally
neutralized by addition of 2N HCl, and the radioactivity
was counted with a liquid scintillation analyzer.

Protein Determination

The cells were solubilized in 1 N NaOH. After neutraliza-
tion with 2 N HCl, the protein concentration of the cell

lysates was determined using Bradford reagent (Bio-Rad)
with BSA as a standard.

Chemicals

ACR hydrochloride (Wako) and L-NMMA and cyclohex-
imide (both Sigma) were dissolved with PBS in solutions of
1, 100, and 1 mM, respectively, and stored at 4°. DRB
(Sigma) was dissolved with dimethylsulfoxide in a solution
of 100 mM and stored at 220°. Stock solutions of IL-1b
(recombinant human IL-1b, Genzyme), LPS (lipopolysac-
charide from Escherichia coli 055:B5, Sigma), IFN-g (recom-
binant mouse interferon-g, Biosource International), and
anti-iNOS antibody (Transduction Laboratories) were
stored at 220°. The concentration of each drug was
expressed as the final concentration in the well.

FIG. 1. Effects of ACR and L-NMMA on NO production in
RASMCs (A) and RAW cells (B). NO production was assessed
by measuring the nitrite accumulation in the culture medium at
24 hr after stimulating RASMCs with IL-1b (2 ng/mL) and
RAW cells with LPS (1 mg/mL) plus IFN-g (10 U/mL).
Various concentrations of ACR or L-NMMA (2 mM) were
added at the start of the stimulation with LPS and/or the
cytokine. NO production is expressed as % of the control
(incubation with vehicle). The mean actual values of the
controls in A and B are 206.4 6 10.5 and 320.2 6 14.2
nmol/mg protein, respectively. Asterisks denote significant dif-
ferences compared to the control (P < 0.01). The values are
means 6 SEM of 5 different experiments.
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Statistics

Data are expressed as means 6 SEM. Analysis of variance
followed by Dunnett’s post hoc test was used for statistical
analysis. P values less than 0.05 were taken to be signifi-
cant.

RESULTS
Inhibitory Effect of ACR on NO Production in
RASMCs and RAW Cells

ACR concentration dependently (0.1–1 mM) inhibited the
L-NMMA-sensitive NO production induced by IL-1b in
RASMCs (Fig. 1A). Inhibition of IL-1b-induced NO
production in RASMCs was statistically significant at
concentrations as low as 0.1 mM. In contrast, ACR failed to
inhibit the L-NMMA-sensitive, LPS plus IFN-g-stimulated
NO production in RAW cells up to 0.75 mM (Fig. 1B).
Under these experimental conditions, significant inhibi-
tion of NO production in RAW cells required 1 mM ACR.
When RAW cells were stimulated with LPS (1 mg/mL)
alone, ACR at concentrations of 0.5 mM or more was
required to significantly inhibit NO production (143.8 6
10.1 [control] vs 121.9 6 7.4 [0.5 mM ACR-treated]
nmol/mg protein, P , 0.05).

Effects of ACR on iNOS Activity

Inhibition of NO production in RASMCs by ACR required
that the antibiotic be administered before or during chal-
lenge of the cells with IL-1b. When ACR (0.5 mM) was
added at a later time point (24 hr after stimulation with
IL-1b), the antibiotic barely suppressed NO production in

RASMCs. In contrast, the NOS inhibitor L-NMMA (2
mM) remarkably inhibited NO production when adminis-
tered 24 hr after induction of iNOS expression (Fig. 2).
Figure 3, A and B illustrates that ACR lacks the inhibitory
effects of iNOS activity measured in cell homogenates of
activated RASMCs and RAW cells, up to concentrations
of 10 and 100 mM, respectively.

Inhibitory Effect of ACR on iNOS Expression in
RASMCs

Western blot experiments demonstrated that ACR
(0.1–1 mM) suppressed IL-1b-stimulated iNOS synthesis
(Fig. 4). Under basal conditions, iNOS expression was
not detectable in RASMCs, as shown in lane a of Fig. 4.
Activation of the cells with IL-1b (2 ng/mL) for 24 hr
resulted in substantial expression of iNOS protein, as
illustrated in lane b of Fig. 4. iNOS expression was
concentration dependently suppressed by pretreatment
of the cells with ACR (Fig. 4, lanes c– e). For compari-
son, an experiment with cycloheximide (1 mM), which

FIG. 2. Inhibition of IL-1b-induced NO production in
RASMCs by ACR depends on the timing of incubation.
RASMCs were stimulated with IL-1b (2 ng/mL). ACR (0.5
mM) or L-NMMA (2 mM) was added at 0 or 24 hr after the
stimulation, and the nitrite levels of the supernatant were
measured at 48 hr after the stimulation. Nitrite levels are
expressed as % of the control (incubation with IL-1b plus
vehicle). The mean absolute value of the control was 567.2 6
29.5 nmol/mg protein. Asterisks denote significant differences
compared to the control (*, P < 0.05; **, P < 0.01). The
values are means 6 SEM of 5 different experiments.

FIG. 3. Effects of ACR on iNOS activity in homogenates of
activated RASMCs (A) and RAW cells (B). The mean absolute
levels of NO synthase activity in the controls were 49.4 6 20.2
pmol/min/mg protein in RASMCs and 66.6 6 3.2 pmol/min/mg
protein in RAW cells. An asterisk denotes significant difference
compared to the control (P < 0.05). The values are means 6
SEM of 4 different experiments.
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completely inhibited iNOS expression, is shown in Fig.
4, lane f.

Inhibitory Effect of ACR on the mRNA Level of iNOS

The effect of ACR on the mRNA level of iNOS was
determined by using semi-quantitative RT–PCR. ACR
(0.1–1 mM) significantly and concentration dependently

reduced the mRNA level of iNOS in RASMCs (Fig. 5, A
and B).

Cytotoxicity of ACR

ACR failed to induce LDH release from RASMCs up to 0.5
mM, i.e. 5 times the minimum concentration required for
significant inhibition of iNOS expression in these cells
(Fig. 6A). ACR induced LDH release from RAW cells
already at 0.5 mM (Fig. 6B), whereas 1 mM ACR was
necessary to show cytotoxic effect in RASMCs (Fig. 6A).

Inhibitory Effect of ACR on Proliferation of RASMCs
and RAW Cells

To assess the effect of ACR on cell proliferation, incorpo-
ration of [3H]thymidine was measured. ACR concentration
dependently suppressed proliferation of both RASMCs and
RAW cells. [3H]Thymidine incorporation into RASMCs
was significantly suppressed by ACR at concentrations as

FIG. 4. ACR inhibits iNOS expression in RASMCs. Western
blot analysis of iNOS expression in RASMCs incubated under
different conditions: a, basal; b, IL-1b (2 ng/mL) 1 vehicle; c,
IL-1b (2 ng/mL) 1 ACR (0.1 mM); d, IL-1b (2 ng/mL) 1
ACR (0.5 mM); e, IL-1b (2 ng/mL) 1 ACR (1 mM); f, IL-1b
(2 ng/mL) 1 cycloheximide (1 mM).

FIG. 5. ACR inhibits iNOS mRNA levels in RASMCs. (A) Representative gel photograph of PCR-amplified cDNA derived from
iNOS and GAPDH mRNA in RASMCs cultured for 24 hr without IL-1b (a, basal) or with IL-1b (2 ng/mL) 1 vehicle (b, control),
IL-1b (2 ng/mL) 1 ACR (0.1 mM) (c), IL-1b (2 ng/mL) 1 ACR (0.5 mM) (d), and IL-1b (2 ng/mL) 1 ACR (1 mM) (e). GAPDH
was not increased by IL-1b with or without ACR. (B) Densitometric analysis of the gel photograph. The mRNA levels of iNOS and
GAPDH on the gel photograph were quantified by densitometry. The results were expressed as a percentage of the IL-1b-stimulated
control without ACR treatment for the ratio of iNOS to GAPDH. The values were means 6 SEM of four different experiments.
Asterisks denote significant differences compared to the control incubated with vehicle (P < 0.01).
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low as 0.1 mM, whereas 5-fold higher concentrations of
ACR were required for inhibition of [3H]thymidine incor-
poration into RAW cells (Fig. 7).

Inhibitory Effect of DRB on NO Production and iNOS
Expression

DRB at 25–100 and 50–100 mM significantly inhibited NO
production in RASMCs and RAW cells, respectively (Fig.
8A). The inhibitory effect of DRB at 25 and 50 mM on NO
production was stronger in RASMCs than in RAW cells.
iNOS expression was concentration dependently sup-
pressed by pretreatment of RASMCs with DRB (25–100
mM) (Fig. 8B).

DISCUSSION

The present study demonstrates that ACR is a potent
inhibitor of iNOS-mediated NO production in vascular

smooth muscle, whereas NO production in macrophages is
suppressed by this anthracycline antibiotic only at high
concentrations. We provide evidence that the profound
effect of ACR on vascular smooth muscle NO production is
based on inhibition of protein expression. Our results show
that ACR inhibits NO production in RASMCs at concen-
trations as low as 0.1 mM, i.e. at concentrations which
clearly lack cytotoxic effects. In contrast, in macrophages,
suppression of NO production by ACR required relatively
high concentrations (.0.5 mM), which exerted significant
cytotoxicity as evident from induction of LDH release from
the cells. Thus, non-specific cytotoxicity may be involved
in the inhibitory action of ACR on NO production in
macrophages, but not in vascular smooth muscle.

A recent study by Luo and Vincent demonstrated that
ACR inhibits neuronal NOS in a non-competitive manner
with a Ki of 50 mM [14]. Previous experiments using rat
aortic tissues showed that ACR decreased endothelium-
dependent relaxation and concomitant increases in cyclic
GMP levels [11]. Thus, this effect has been suggested to be
due to inhibition of constitutive NOS in endothelial cells.
However, to our knowledge, there is no direct evidence for
inhibition of constitutive NOS in isolated/cultured endo-
thelial cells by ACR. In the present study, direct inhibition
of iNOS activity as a mechanism of inhibition of iNOS-
mediated NO production in RASMCs appeared unlikely,
since ACR was barely effective when administered 24 hr
after induction of iNOS expression. Moreover, ACR failed
to inhibit iNOS activity in homogenates of RASMCs up to
a concentration of 10 mM, and no significant inhibition of
iNOS activity in RAW cells was detected up to 100 mM.
This prompted us to investigate the effects of ACR on
expression of iNOS. Western blotting experiments demon-
strated that expression of iNOS in activated RASMCs was
indeed substantially reduced by ACR.

FIG. 6. Effects of ACR on LDH release from RASMCs (A) and
RAW cells (B). LDH levels in the culture medium were
measured at 24 hr after stimulating RASMCs with IL-1b (2
ng/mL) and RAW cells with LPS (1 mg/mL) plus IFN-g (10
U/mL). LDH levels are expressed as % of the control (incuba-
tion with vehicle). The mean absolute LDH levels of the
controls were 56.7 6 4.8 IU/mg protein in RASMCs and 791 6
69 IU/mg protein in RAW cells. Asterisks denote significant
differences compared to the control incubated with vehicle (P <
0.01). The values are means 6 SEM of 5 different experiments.

FIG. 7. Effects of ACR on [3H]thymidine incorporation in
RASMCs and RAW cells. Data are presented as % control
values (incubation with vehicle). The mean absolute values of
the controls in RASMCs and RAW cells were (837 6 92) 3
102 and (1463 6 69) 3 102 dpm/well, respectively. *, signifi-
cantly different compared to the controls (P < 0.01); **,
significantly different compared to the values in RAW cells
(P < 0.01). The values are means 6 SEM of 5 different
experiments.
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A recent study showed that doxorubicin (10 mM) inhib-
its the relaxation elicited by exogenous L-arginine in rat
aortae pretreated with LPS, and that LPS-induced NO
synthase activity of rat lung homogenate was reduced when
the rats had been pretreated in vivo with doxorubicin [13].
Our present findings suggest that these effects of doxorubi-
cin are due to inhibition of iNOS induction. Interestingly,
high concentrations (.10 mM) of doxorubicin have been
reported to stimulate NO production in EMT-6 cells, a
murine breast cancer cell line [17], and elevated NOS
activity in brain was observed after in vivo treatment of rats
with daunorubicin [18]. Thus, anthracycline antibiotics
may stimulate NOS activity at high concentrations via an
as yet unknown mechanism. Nonetheless, the present study
demonstrates unequivocally that iNOS expression in vas-
cular smooth muscle is reduced significantly at submicro-
molar concentrations of ACR. Thus, this action of ACR
may be considered of particular therapeutical relevance.
The molecular mechanism of this action of ACR remains

to be elucidated in detail. It is well established that ACR
suppresses the growth of neoplastic cells by generating free
radicals and inhibiting the catalytic activity of both type I
and type II DNA topoisomerases, which regulate DNA
topology during DNA replication, transcription, and repair
[19–22]. In the present study, ACR significantly reduced
the mRNA level of iNOS in RASMCs. Inhibition of NO
production in both RASMCs and RAW cells was associ-
ated with reduced proliferation. RASMCs exhibited a
higher sensitivity than RAW cells with respect to both
ACR-induced suppression of proliferation and inhibition of
iNOS expression. Our results, therefore, strongly suggest
that ACR exerts the observed effects on NO signaling
predominantly via interference with gene transcription.
Moreover, DRB, a classical inhibitor of transcription, sig-
nificantly inhibited NO production and iNOS expression.
DRB mimicked the effects of ACR in that the inhibition
was stronger in RASMCs than in RAW cells. Thus, these
results are again in line with our suggestion that ACR may
inhibit NO production at the transcription level.

In septic patients, excessive production of NO is in-
volved in the pathogenesis of circulatory shock [4]. Since
ACR inhibits iNOS induction preferentially in the vascu-
lature, it might consequently stabilize circulation in these
patients. On the other hand, NO production of macro-
phages at the infectious focus may be impaired at higher
ACR concentrations, resulting in decreased resistance
against infection [7]. Further studies including in vivo
experiments are required to evaluate the clinical signifi-
cance of ACR’s effect on inducible NO synthesis during
sepsis.

In conclusion, our study demonstrates that ACR is a
potent inhibitor of iNOS induction in vascular smooth
muscle. This action of ACR may be beneficial in therapy of
septic patients since it moderates NO-mediated vasodepres-
sion.

This work was supported by the Austrian Research Foundation (SFB
Biomembranes, F715 and P-11478 Med).
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