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Abstract: The present study examined the effects of ambroxol and erdosteine, bronchial expectorants, on the cytokine
synthesis, granule enzyme release, and free radical production in rat alveolar macrophages activated by lipopolysaccharide.
Ambroxol and erdosteine significantly decreased the production of tumour necrosis factors-co, interleukin-1f, and interleu-
kin-6 in alveolar macrophages activated by lipopolysaccharide. These drugs significantly reduced the production of su-
peroxide anion, hydrogen peroxide, and nitric oxide and the release of acid phosphatase and lysozyme in lipopolysacchar-
ide-activated macrophages. Ambroxol and erdosteine showed no scavenging effect on superoxide anion and hydrogen
peroxide, whereas both drugs effectively decomposed nitric oxide. The results show that ambroxol and erdosteine may
inhibit the responses, including cytokine synthesis and free radical production, in rat alveolar macrophages activated by
lipopolysaccharide. Unlike the production of reactive oxygen species, the inhibitory effect of ambroxol and erdosteine on
the production of nitric oxide in lipopolysaccharide-activated alveolar macrophages may be accomplished by a scavenging

action on the species and inhibition of the respiratory burst.

Alveolar macrophages are considered to play a central role
in the regulation of immune response to inhaled pathogens
and the development of pulmonary inflammation and fi-
brosis (Laskin & Pendino 1995). Interaction of macro-
phages with antigens leads to cellular activation, such as
cytokine production (Nathan 1987). Tumour necrosis fac-
tor-o. and interleukin-1f are known to mediate inflamma-
tory events induced by lipopolysaccharide (LPS) in various
tissues (Laskin & Pendino 1995; Schletter ef al. 1995). Reac-
tive oxygen and nitrogen species released by activated
macrophages may play a part in tissue damage and organ
disorders (Gunawardhana et al. 1993; Kiechle & Malinski
1993; Laskin ez al. 1998). Reactive oxygen species and per-
oxynitrite are found to induce damage of lipids, proteins,
and DNA and to oxidize protein and non-protein thiols
(Gatti et al. 1994; Pryor et al. 1994; Halliwell & Gutteridge
1999).

Ambroxol (trans-4[(2-amino-3,5-dibromobenzyl)amino]-
cyclohexanol hydrochloride) is known to promote bronchial
secretion and is used as a bronchial expectorant (Disse
1987). Ambroxol has been shown to improve the clinical
course of respiratory distress syndrome, including broncho-
pulmonary dysplasia (Wauer et al. 1992). Ambroxol inhibits
the lipid peroxidation of lung tissue induced by hydrogen
peroxide (Nowak et al. 1994) and reduces the hypochlorous
acid-induced inactivation of o,-antiproteinase (Cho et al.
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1999). Ambroxol depresses functional responses of phago-
cytic cells stimulated by LPS or degraded immunoglobulin
G (Lee et al. 1999; Park et al. 1999) and decreases the stimu-
lated functional responses and cell death in rat alveolar
macrophages exposed to silica (Kim et al. 2002).

Erdosteine, (*)-[[[(tetrahydro-2-oxo-3-thienyl)carbamoyl]-
methyl]thio]acetic acid, is also used as a bronchial expector-
ants (Dechant & Noble 1996). Erdosteine and its metabo-
lites are reported to inhibit the lipopolysaccharide-induced
neutrophil influx into lung tissues, to decrease the produc-
tion of reactive oxygen species in phagocytic cells activated
by phorbol 12-myristate 13-acetate, and to protect lung
tissues against hypochlorous acid, a reactive oxidant (Mi-
yake et al. 1999; Hayashi et al. 2000).

The compounds that exert an antioxidant and augment
the cellular antioxidant defense system may be of thera-
peutic use in some inflammatory diseases. Ambroxol and
erdosteine are suggested to have an antioxidant effect. How-
ever, the effect of the compounds on stimulated responses
in activated alveolar macrophages has not been clearly
elucidated. Therefore, we investigated the effects of ambrox-
ol and erdosteine on the cytokine synthesis, granule enzyme
release, and free radical production in rat alveolar macro-
phages activated by lipopolysaccharide.

Materials and Methods

Materials. Ambroxol, lipopolysaccharide (from E. coli, LPS), su-
peroxide dismutase (from bovine erythrocytes, SOD), catalase (from
bovine liver), ferricytochrome c, hypoxanthine, xanthine oxidase
(from buttermilk), phenol red, horseradish peroxidase, nitrate re-
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ductase (from E. coli), NS-monomethyl-L-arginine (NMMA),
NADPH, flavin adenine dinucleotide (FAD), sulfanilamide, N-(1-
naphthyl)ethylenediamine dihydrochloride, S-nitroso-N-acetyl-D,L-
penicillamine (SNAP), assay kit for acid phosphatase, phenol-
phthalein-glucuronic acid, Micrococcus lysodeikticus, dimethyl sul-
foxide (DMSO), Hanks’ balanced salt solution (HBSS), and Dul-
becco’s modified Eagle’s medium (DMEM) were purchased from
Sigma-Aldrich Inc. (St. Louis, MO, U.S.A.). Erdosteine prepared
under license from Edmond Pharma (Milan, Italy) was obtained
from Daewoong Pharma (Seoul, South Korea). The enzyme-linked
immunosorbent assay (ELISA) kits for interleukin-1p, interleukin-
6, and tumour necrosis factor-o. (TNF-0) were bought from Amer-
sham Pharmacia Biotech UK Ltd. (Little Chalfont, Buckingham-
shire, England). All other reagents were of analytical grade.

Animals were cared according to the NIH guidelines and the
regulations of our university. Rats were maintained under a 12 hr
light and dark cycle in a temperature-regulated (23+1°) animal
room with water and food continuously available.

Isolation of rat alveolar macrophages. Sprague-Dawley rats
weighing between 230 and 270 g each were anaesthetized by intra-
peritoneal injection of 40 mg/kg sodium pentobarbital. A tracheal
cannula was inserted through an incision in the neck, and 6 ml of
cold Ca?*, Mg?*-free phosphate buffered saline (PBS), pH 7.4, was
instilled in the lung via a syringe attached to the cannula. Instil-
lation of PBS was repeated three times to obtain macrophages. Cell
suspensions were treated with hypotonic solution for the lysis of
erythrocytes. The cell pellets suspended in Ca*, Mg?*-free HBSS
were placed on a Ficoll-Hypaque gradient and were centrifuged
at 400X g for 45 min. at 4°. Macrophages were collected from the
interphase of the gradient. The cells were washed with HBSS and
were suspended in the same solution (Kim ez al. 2002).

Measurement of cytokine production. Alveolar macrophages (3X10°
cells/200 pl of mixtures) were treated with lipopolysaccharide (LPS)
(1 pg/ml) for 18 hr at 37°. The amounts of cytokines produced were
determined by the experimental procedures described in the assay
kits for tumour necrosis factor (TNF)-o, interleukin (IL)-1B, and
interleukin-6 of Amersham Pharmacia Biotech. Cytokine concen-
trations were calculated from the standard curve by using known
amounts of recombinant cytokines (rIL-6, rIL-1B, and rTNF-o
from Amersham Pharmacia Biotech) and were expressed as picog-
rams/ml.

Measurement of superoxide anion production. The superoxide anion
produced was assayed by superoxide dismutase-inhibitable reduc-
tion of ferricytochrome ¢ (Kim ez al 2001). The reaction mixtures
(200 pl) in 96 well microplate contained 3X10° macrophages, 75
uM ferricytochrome ¢, 1 pg/ml LPS, and DMEM, pH 7.4 and were
placed at 5% CO, incubator, 37° for 6 hr. Absorbance was measured
using a microplate reader (Spectra MAX 340; Molecular Devices,
Co., Sunnyvale, CA, U.S.A.). The amount of reduced ferricytochro-
me ¢ was expressed as nanomolar concentration by using the molar
extinction coefficient of 2.1X10* M~ em™! at 550 nm.

Measurement of hydrogen peroxide production. Macrophages
(3x10° cells) were incubated in 200 ul of DMEM containing 1 pg/
ml LPS, 0.1 mg/ml phenol red, and 0.2 mg/ml horseradish peroxi-
dase for 6 hr at 37°. The reaction was terminated by adding 20 pl
of 1 N NaOH, and absorbance was measured at 610 nm (Kim e?
al. 2001). The concentration of hydrogen peroxide was calculated
using hydrogen peroxide solution as the standard.

Measurement of nitritelnitrate production. Nitric oxide production
by the nitric oxide synthase in macrophages was measured by assay-
ing nitric oxide metabolites, nitrite and nitrate (NOx) (Gilad et al.
1998; Kim et al. 2001). Macrophages (3x10° cells/200 pl) were incu-
bated in DMEM containing 1 pg/ml LPS for 6 hr at 37°. Nitrate in
the culture medium was reduced to nitrite by incubation with ni-
trate reductase (500 munits/ml), 160 uM NADPH, and 4 uM FAD

at room temperature for 2 hr. The medium was mixed with equal
amount of Griess reagent (1% sulfanilamide, 0.1% N-(1-naphthyl)e-
thylenediamine dihydrochloride, and 2.5% phosphoric acid). Ab-
sorbance was measured at 550 nm, and the amount of nitrite pro-
duced was determined using sodium nitrite as the standard. The
results were expressed as total nitrite equivalents (NOx).

Measurement of acid phosphatase release. Macrophages (3X10°)
were incubated in 200 pl of DMEM containing 1 pg/ml LPS for 18
hr at 37°. Acid phosphatase released was measured as a hydrolysis
of p-nitrophenyl phosphate by using diagnostic kit for the enzyme
(Sigma-Aldrich Inc.). Absorbance was measured at 405 nm. The
activity of acid phosphatase was estimated from the standard curve
by using a p-nitrophenol standard reagent and was expressed as
munits/3X10° cells.

Measurement of lysozyme release. The release of lysozyme from
macrophages was measured using Micrococcus lysodeikticus suspen-
sion as described in the method of Kim ez al. (2001). Macrophages
(3%10%) were suspended in 200 ul of DMEM containing 1 pg/ml
LPS and were incubated for 18 hr at 37°. Forty microliters of
Micrococcus suspension (50 mg Micrococcus lysodeikticus in 5 ml
of 0.65 M potassium phosphate buffer, pH 6.2) was added to the
mixtures. After a 30 min. incubation at 37°, adding 50 pl of 1 N
acetic acid and stopped the incubation. Absorbance was measured
at 450 nm.

Assay of scavenging action on reactive species. The decomposing
effect of ambroxol or erdosteine on superoxide anion was measured
by using a reduction of ferricytochrome c (Trayor & Mayeux 1997).
The conversion of hypoxanthine to urate by xanthine oxidase liber-
ates superoxide anion, which induces a reduction of ferricytochro-
me c. The reaction mixtures contained 75 pM ferricytochrome c,
0.2 mM hypoxanthine, 10.5 munits/ml xanthine oxidase, 150 mM
KCl, 50 mM NaH,PO, buffer, pH 7.4 and ambroxol (or erdost-
eine).

The decomposing effect on hydrogen peroxide was measured in
the mixtures contained 20 uM H,0,, 0.1 mg/ml phenol red, 0.1 mg/
mlhorseradish peroxidase, 150 mM KCI, 50 mM NaH,PO, buffer,
pH 7.4, and ambroxol (or erdosteine). The reaction was performed
for 15 min. at 30°. The hydrogen peroxide remaining was measured
and calculated as previously described (Piedad et al. 1997).

The decomposing effect of ambroxol on nitric oxide generated
from SNAP was determined by measuring nitrite produced (Janusz
1997). The reaction mixture contained 100 pM SNAP, 120 mM
KCl, 50 mM NaH,PO, buffer, pH 7.4, and ambroxol (or erdost-
eine). After a 30 min. incubation at 30°, the mixtures were mixed
with an equal amount of Griess reagent. Absorbance was measured
at 550 nm, and amount of nitrite remained was determined using
sodium nitrite as the standard.

Data analysis. Data are expressed as mean=S.E.M. The data were
analyzed by one-way analysis of variance. The analysis of variance
justified post hoc comparison between the different groups by using
the Duncan’s test. A probability of P<<0.05 was considered to be
statistically significant.

Results

Inhibitory effect of ambroxol and erdosteine on lipopolysac-
charide-induced cytokine production.

Macrophages exposed to stimulating agents effectively
discharge a variety of proinflammatory cytokines such as
tumour necrosis factor-a and interleukin-1f, which are in-
volved in tissue injury. We investigated the effect of ambrox-
ol or erdosteine on the production of tumour necrosis fac-
tor-o, interleukin-1f, and interleukin-6 in rat alveolar
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macrophages activated by lipopolysaccharide. Alveolar
macrophages treated with 1 pg/ml of lipopolysaccharide for
18 hr produced 105.0 pg of tumour necrosis factor-o/3x 103
cells, 26.1 pg of interleukin-1B/3X 103 cells, and 129.1 pg of
interleukin-6/3X10° cells. Fig. 1 shows that ambroxol and
erdosteine (1-100 uM) significantly decreased the lipopoly-
saccharide-induced production of cytokines in macrophages
in a concentration-dependent manner. Ambroxol at 100 uM
showed the 60, 41, and 35% of inhibitory effects on the
production of tumour necrosis factor-o., interleukin-1f, and
interleukin-6, respectively. The inhibitory effect of erdost-
eine on the cytokine production was less than that of am-
broxol.

Effect of ambroxol and erdosteine on lipopolysaccharide-in-
duced free radical production.

Effect of ambroxol or erdosteine on the respiratory burst
stimulated by lipopolysaccharide in alveolar macrophages
was examined. Intact macrophages liberated 1.34%0.1 nmol
superoxide anion/3X 10° cells and 1.060.20 nmol hydrogen
peroxide/3xX10° cells for 6 hr of incubation. Alveolar
macrophages treated with 1 ug/ml of lipopolysaccharide for
6 hr released 5.02 nmol superoxide anion/3X10° cells and
3.31 nmol hydrogen peroxide/3x10° cells. Ambroxol or er-
dosteine (1-100 pM) attenuated the lipopolysaccharide-
stimulated superoxide anion and hydrogen peroxide produc-
tion in a concentration-dependent manner, and at 100 pM,
the compounds decreased the production of reactive oxygen
species by 25 to 76% (fig. 2). The depressant effect of am-
broxol on production of reactive oxygen species was greater
than that of erdosteine on the basis of concentration.

In the present study, nitric oxide produced was assayed
by measuring nitric oxide metabolites (NOx). Intact macro-
phages liberated 2.10+0.15 uM NOx/3X10° cells for 6 hr
of incubation. Alveolar macrophages stimulated with 1 pg/
ml of lipopolysaccharide for 6 hr of incubation produced
5.72 uM NOx/3%x 10 cells. The NOx production in macro-
phages treated with lipopolysaccharide was significantly de-
creased by the addition of 500 uM NMMA, an inhibitor of
nitric oxide synthase. Ambroxol or erdosteine significantly
decreased the LPS-induced nitric oxide production in a con-
centration-dependent manner (fig. 3). Erdosteine showed an
inhibitory effect on the nitric oxide production less than
ambroxol.

Effect of ambroxol and erdosteine on granule enzymes release
induced by lipopolysaccharide.

The secretion of granule enzyme by activated alveolar
macrophages was assayed by measuring the release of acid
phosphatase and lysozyme. Alveolar macrophages exposed
to 1 pg/ml of lipopolysaccharide for 18 hr discharged acid
phosphatase and lysozyme. Fig. 4 shows that when macro-
phages were incubated with ambroxol or erdosteine, the
lipopolysaccharide-induced release of acid phosphatase and
lysozyme was reduced with concentration of drug. Like the
finding in the respiratory burst, the inhibitory effect of am-
broxol was greater than that of erdosteine. Combined ad-
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Fig. 1. Effect of ambroxol and erdosteine on lipopolysaccharide
(LPS)-induced production of tumour necrosis factor (TNF)-o, in-
terleukin (IL)-1p, and IL-6. Alveolar macrophages (310> cells/200
pl) were treated with 1 pg/ml of LPS in the presence of various
concentrations of ambroxol and erdosteine for 18 hr. Data represent
mean*S.E.M. (n=5). ¥*P<0.05, significantly different from LPS.

dition of ambroxol and erdosteine did not show a potentiat-
ing effect on the release of acid phosphatase.
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Fig. 2. Effect of ambroxol and erdosteine on LPS-induced produc-
tion of superoxide and hydrogen peroxide. Alveolar macrophages
(3%10° cells/200 ul) were incubated with 1 pg/ml of LPS in the
presence of various concentrations of drugs for 6 hr. Data represent
mean*S.E.M., n=5. *P<0.05, significantly different from no ad-
dition of drugs.

Scavenging effect of ambroxol and erdosteine on reactive spe-
cies.

The present study examined whether effects of the com-
pounds on the production of free radicals by macrophages
may be attributed to the scavenging action on reactive spe-
cies. The scavenging action of ambroxol and erdosteine on

200 pl) were treated with 1 pg/ml of LPS in the presence of various
concentrations of drugs or 500 uM NMMA for 6 hr. Data represent
mean*S.E.M., n=5. ¥P<0.05, significantly different from LPS.

superoxide anion was measured by looking at the effect on
the reduction of ferricytochrome ¢ induced by superoxide
anion formed by reaction of hypoxanthine with xanthine
oxidase, which was significantly decreased by 10 pg/ml su-
peroxide dismutase. As shown in fig. 5, ambroxol or erdost-
eine (10 and 100 pM each) did not decrease the reduction
of ferricytochrome ¢ induced by superoxide anion formed
by reaction of 0.2 mM hypoxanthine with 10.5 munits/ml
xanthine oxidase. The same concentrations of compounds
alone did not reduce the activity of xanthine oxidase (data
not shown).

Hydrogen peroxide is attained from the dismutation of
the superoxide anion and is well known as a precursor of
highly reactive species (Kim ez al. 2001). We examined the
decomposing effect of ambroxol and erdosteine on hydro-
gen peroxide. Catalase (10 pg/ml) significantly decomposed
hydrogen peroxide, whereas ambroxol and erdosteine (10
and 100 puM each) did not show a decomposing effect on
hydrogen peroxide (fig. 5).

The scavenging action of ambroxol or erdosteine on ni-
tric oxide was measured by measuring the effect on nitrite
liberated from SNAP. Ambroxol, erdosteine, and 1 mM
GSH significantly decomposed the nitrite produced from
SNAP (fig. 5). Ambroxol or erdosteine at 100 uM removed
70 and 48% of nitric oxide, respectively.

Discussion

A bacterial infection of the respiratory tract results in tran-
sient elevation of tumour necrosis factor-a, interleukin-1,
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and interleukin-6 concentration in the lung (Victor et al.
1999; Michel 2000). Inflammatory cytokines released from
macrophages play an important role in the regulation of
endotoxin-mediated tissue injury (Laskin & Pendino 1995).
Ambroxol and erdosteine have been suggested to depress
responses of activated phagocytic cells. Therefore, we inves-
tigated the effect of ambroxol or erdosteine on the produc-
tion of tumour necrosis factor-c, interleukin-1f, and in-
terleukin-6 in activated rat alveolar macrophages. Exposure
of alveolar macrophages to lipopolysaccharide showed a
significant increase in production of tumour necrosis factor-
o, interleukin-1B, and interleukin-6. Depressant effect of
the compounds on the cytokine synthesis in lipopolysac-
charide-activated macrophages indicates that ambroxol or
erdosteine may provide a beneficial effect in alleviation of
the lung injury mediated by cytokines.

Reactive oxygen species appear to be implicated in tissue
damage in various pathologic conditions. The destruction
of bronchial tissue associated with inflammation is ascribed
in part to the role of free radicals (Weiss 1989; Halliwell &
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Gutteridge 1999). We investigated the depressant mechan-
ism of erdosteine on the respiratory burst of alveolar
macrophages exposed to lipopolysaccharide. It has been
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oxygen species and nitric oxide. Experimental conditions were the
same as described in Materials and Methods. Data represent
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suggested that the inhibitory effect of erdosteine on the
respiratory burst in inflammatory cells in vivo may be ac-
complished by the metabolites containing sulthydryl groups
(Miyake et al. 1999; Braga et al. 2000). In contrast to these
reports, we found that erdosteine, which does not contain
sulfhydryl groups, decreased the production of reactive oxy-
gen species and nitric oxide as well as cytokine production
in lipopolysaccharide-activated macrophages. In addition,
ambroxol without sulfhydryl groups also significantly inhib-
ited production of the same reactive species, and the effect
was greater than erdosteine. This finding indicates that er-
dosteine may reduce the respiratory burst of alveolar
macrophages without intervention of the role of sulfhydryl
groups. Ambroxol and erdosteine appear to exert a protec-
tive effect on lung tissues against free radicals by inhibition
of the respiratory burst in phagocytic cells.

Phagocytic cells exposed to stimulating agents discharge
granule enzymes that are involved in tissue injury associated
with inflammation. Ambroxol has been shown to attenuate
the stimulated respiratory burst and granule enzyme release
in human neutrophils activated by degraded immunoglob-
ulin G (Park et al. 1999). Lipopolysaccharide significantly
stimulated the release of acid phosphatase and lysozyme
from rat alveolar macrophages. Inhibitory effect of ambrox-
ol on the production of free radicals as well as lysosomal
enzyme release in rat alveolar macrophages activated by
lipopolysaccharide was similar to results in the previous re-
port using the same cells (Lee ez al. 1999). Like the produc-
tion of cytokines and reactive oxygen species, the inhibitory
effect of ambroxol on release of lysosomal enzymes was
greater than that of erdosteine. In the cell viability assay
using MTT (3-4,5-dimethylthiazoyl-2-yl)-2,5-diphenyltetra-
zolium bromide), the ambroxol and erdosteine up to 100
pM did not show a cytotoxic effect on alveolar macro-
phages (data not shown). The present results indicate that
the cytotoxic effect may not mediate depressant effects of
ambroxol and erdosteine on functional responses of lipo-
polysaccharide-activated macrophages. Co-addition of am-
broxol and erdosteine did not enhance their effect on the
production of reactive oxygen species (data not shown) and
release of granule enzyme. This finding suggests that both
drugs appear to show an effect on macrophage responses
through a similar action.

Ambroxol has been shown to scavenge hydroxyl radicals
and hypochlorous acid (Gillissen & Nowak 1998), while the
decomposing effects on superoxide anion and hydrogen per-
oxide are uncertain (Gillissen et al. 1997; Cho et al. 1999).
Compared with the active metabolites, the scavenging effect
of erdosteine on free radicals is not clear (Miyake et al.
1999; Braga et al. 2000). The results show that ambroxol
and erdosteine do not have a decomposing effect on su-
peroxide anion and hydrogen peroxide. Therefore, the de-
pressant action of ambroxol and erdosteine on the produc-
tion of reactive oxygen species in activated macrophages
may be accomplished by inhibition of functional responses
rather than the scavenging action. In contrast to production
of reactive oxygen species, the effect of ambroxol or erdost-

eine on the production of nitric oxide may be partially as-
cribed to their scavenging action on the same species. The
compounds, which have an antioxidant effect, could pro-
vide a protective effect on tissue components against oxi-
dants (Whiteman et al. 1996; Kim et al. 1999). Co-addition
of iron and ascorbate has been reported to stimulate cyclo-
sporine-induced damage of mitochondria and epithelial cell
line of kidney (Lee ez al. 2001). The reaction of superoxide
anion with nitric oxide produces a reactive oxidant peroxyn-
itrite that is involved in the tissue destruction in inflamma-
tory diseases (Beckman et al. 1994; Whiteman et al. 1996;
Halliwell & Gutteridge 1999). Therefore, the scavenging ef-
fect of ambroxol and erdosteine on nitric oxide may provide
a protective effect on lung tissues against the damaging ac-
tion of peroxynitrite.

In conclusion, ambroxol and erdosteine may attenuate
the functional responses of rat alveolar macrophages in-
cluding cytokine synthesis. Ambroxol and erdosteine may
show an inhibitory effect on free radical production in acti-
vated macrophages by a different action. Unlike the pro-
duction of reactive oxygen species, the effect of compounds
on the production of nitric oxide by activated macrophages
may be partially accomplished by the scavenging action on
the species.

References

Beckman, J. S., J. Chen, H. Ischiropoulos & J. P. Crow: Oxidative
chemistry of peroxynitrite. In: Methods in enzymology. Ed.: L.
Packer. Academic Press, San Diego, CA, U.S.A. 1994, Vol. 233,
pp. 229-240.

Braga, P. C., M. D. Sasso & T. Zuccotti: Assessment of the antioxi-
dant activity of the SH metabolite I of erdosteine on human neu-
trophil oxidative bursts. Arzneimittel-forsch./Drug Res. 2000, 50,
739-746.

Cho, Y., Y. Y. Jang, E. S. Han & C. S. Lee: The inhibitory effect
of ambroxol on hypochlorous acid-induced tissue damage and
respiratory burst of phagocytic cells. Eur. J. Pharmacol. 1999,
383, 83-91.

Dechant, K. L. & S. Noble: Erdosteine. Drugs 1996, 52, 875-882.

Disse, B. G.: The pharmacology of ambroxol. Eur. J. Respir. Dis.
1987, 153, 255-262.

Gatti, R. M., R. Radi & O. Augusto: Peroxynitrite-mediated oxi-
dation of albumin to the protein-thiyl free radical. FEBS Lett.
1994, 348, 287-290.

Gilad, E., H. R. Wong, B. Zingarelli, L. Virag, M. O’Connor, A.
L. Salzman & C. Szaba: Melatonin inhibits expression of the in-
ducible isoform of nitric oxide synthase in murine macrophages:
role of inhibition of NFkB activation. FASEB J. 1998, 12, 685—
693.

Gillissen, A & D. Nowak: Characterization of N-acetylcysteine and
ambroxol in antioxidant therapy. Respir. Med. 1998, 92, 609-623.

Gillissen, A., B. Scharling, M. Jaworska, A. Bartling, K. Rasche &
G. Schultze-Werninghaus: Oxidant scavenger function of am-
broxol in vitro: A comparison with N-acetylcysteine. Res. Exp.
Med. 1997, 196, 389-398.

Gunawardhana, L., S. A. Mobley & 1. G. Sipes: Modulation of 1,2-
dichlorobenzene hepatotoxicity in the Fisher-344 rat by a scaven-
ger of superoxide anions and an inhibitor of Kupffer cells.
Toxicol. Appl. Pharmacol. 1993, 119, 205-213.

Halliwell, B & J. M. C. Gutteridge: Free radicals, other reactive
species and disease. In: Free radicals in biology and medicine
(Third edition). Eds.: B. Halliwell & J. M. C. Gutteridge. Oxford
University Press: New York, NY, U.S.A. 1999, pp. 617-783.

8SUB01 SUOWIWIOD SAIERID 3|1 |dde 3L Aq peusn0b a1 3P YO ‘B8N JO S3INJ 10j ARIqIT BUIIUO AB]IA UO (SUORIPUOD-PUE-SLLBY WD B 1M ALRIq 1 BUIIUO//SANY) SUORIPUOD PUe SWB L U} 89S *[£202/90/02] U0 Ariqriauliuo Aoiim * Aiseaun Buy-bunyd - Buos BunAi e Aq X 20v026 €00 €220-009T I7E0T OT/10p/0d" A3 AzeIq 1 pU1UO//SRY LU0} POPEOIUMOQ ‘Y ‘E00Z BELL0009T



EFFECT OF AMBROXOL AND ERDOSTEINE ON ACTIVATED MACROPHAGE RESPONSES 179

Hayashi, K. 1., H. Hosoe, T. Kaise & K. Ohmori: Protective effect
of erdosteine against hypochlorous acid-induced acute lung in-
jury and lipopolysaccharide-induced neutrophilic lung inflam-
mation in mice. J. Pharm. Pharmacol. 2000, 52, 1411-1416.

Janusz, M.: Nitric oxide and antimicrobial activity of reactive oxy-
gen intermediates. Immunopharmacol. 1997, 37, 35-41.

Kiechle, F. L. & T. Malinski: Nitric oxide: biochemistry, pathophys-
iology, and detection. Amer. J. Clin. Pathol. 1993, 100, 567-575.

Kim, H. H., Y. Y. Jang, E. S. Han & C. S. Lee: Differential antioxi-
dant effects of ambroxol, rutin, glutathione and harmaline. J.
Appl. Pharmacol. 1999, 7, 112-120.

Kim, Y. K., Y. Y. Jang, E. S. Han & C. S. Lee: Depressant effect of
ambroxol on stimulated functional responses and cell death in
rat alveolar macrophages exposed to silica in vitro. J. Pharmacol.
Exp. Therap. 2002, 300, 629-637.

Kim, Y. K., Y. Y. Jang, D. H. Kim, H. H. Ko, E. S. Han & C. S. Lee:
Differential regulation of protein tyrosine kinase on free radical
production, granule enzyme release, and cytokine synthesis by
activated murine peritoneal macrophages. Biochem. Pharmacol.
2001, 61, 87-96.

Laskin, D. L. & K. J. Pendino: Macrophages and inflammatory
mediators in tissue injury. Ann. Rev. Pharmacol. Toxicol. 1995,
35, 655-677.

Laskin, D. L., D. E. Heck & J. D. Laskin: Role of inflammatory
cytokines and nitric oxide in hepatic and pulmonary toxicity.
Toxicol. Lett. 1998, 102-103, 289-293.

Lee, C. S., Y. Y. Yoon & E. S. Han: Depressant effects of ambroxol
on lipopolysaccharide- or fMLP-stimulated free radical produc-
tion and granule enzyme release by alveolar macrophages. Pulm.
Pharmacol. Therap. 1999, 12, 275-284.

Lee, S. H., Y. C. Yoon, Y. Y. Jang, J. H. Song, E. S. Han & C. S.
Lee: Effect of iron and ascorbate on cyclosporine-induced oxida-
tive damage of kidney mitochondria and microsomes. Pharmacol.
Res. 2001, 43, 161-171.

Michel, O.: Systemic and local airways inflammatory response to
endotoxin. Toxicology 2000, 152, 25-30.

Miyake, K., T. Kaise, H. Hosoe, K. Akuta, H. Manabe & K. Ohmo-
ri: The effect of erdosteine and its active metabolite on reactive

oxygen species production by inflammatory cells. Inflamm. Res.
1999, 48, 205-209.

Nathan, C. E: Secretory products of macrophages. J. Clin. Invest.
1987, 79, 319-326.

Nowak, D., A. Antczak., T. Pietras, P. Bialasiewicz & M. Krol: Pro-
tective effect of ambroxol against heat- and hydrogen peroxide-
induced damage to lung lipids in mice. Eur. Resp. J. 1994, 7,
1629-1634.

Park, N. H., E. S. Han & C. S. Lee: The inhibitory effect of ambrox-
ol on respiratory burst, degranulation and cytosolic Ca?* change
in degraded immunoglobulin G-activated neutrophils. Pharma-
cology Toxicology 1999, 84, 81-87.

Piedad, R. T., L. Javier, G. R. Mercedes, R. P. Manuel & R. P.
Diego: Oxidant/antioxidant balance in isolated glomeruli and
cultured mesangial cells. Free Radic. Biol. Med. 1997, 22, 49-56.

Pryor, W. A., X. Jin & G. L. Squadrito: One- and two- electron
oxidations of methionine by peroxynitrite. Proc. Natl. Acad. Sci.
1994, 91, 11173-11177.

Schletter, J., H. Heine, A. J. Ulmer & E. T. Rietschel: Molecular
mechanisms of endotoxin activity. Arch. Microbiol. 1995, 164,
383-389.

Trayor, L. A. & P. R. Mayeux: Nitric oxide generation mediates
lipid A-induced oxidant injury in renal proximal tubules. Arch.
Biochem. Biophys. 1997, 338, 129-135.

Victor, V.M., N. Guayerbas, D. Garrote, M. Del Rio & M. De la
Fuente: Modulation of murine macrophage function by N-ace-
tyleysteine in a model of endotoxic shock. BioFactors 1999, 10,
347-357.

Wauer, R. R., G. Schmalisch, B. Bohme, J. Arand & D. Lehmann:
Randomized double blind trial of ambroxol for the treatment of
respiratory distress syndrome. Eur. J. Pediatr. 1992, 151, 357—
363.

Weiss, S. J.: Tissue destruction by neutrophils. New Engl. J. Med.
1989, 320, 365-376.

Whiteman, M., H. Kaur & B. Halliwell: Protection against peroxyn-
itrite dependent tyrosine nitration and o,-antiproteinase inacti-
vation by some anti-inflammatory drugs and by the antibiotic
tetracycline. Ann. Rheum. Dis. 1996, 55, 383-387.

d ‘v '€00Z 'eELL0009T

dny wouy

85UB01 SUOWIWIOD SAIERID 3|1 |dde 3L Aq peusnob a1 3PN YO ‘88N J0 S3In1 1oj ARIq1T BUIIUO AB]IM UO (SUORIPUOD-PUE-SLLLBYWD 8] 1M AIq1BUIIUO//SANY) SUORIPUOD PUB SLB L 84} 89S *[£202/90/02] U0 AriqrTaunuo Aiim * Aseaun Buy-Bunyd - Buos BunAi e Ag x20v026'€00¢ €2£0-009T [7E0T OT/10p/LI0D A3 A



