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Andrographolide prevents oxygen radical production by human
neutrophils: possible mechanism(s) involved in its
anti-inflammatory effect
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1 We have reported that andrographolide (ANDRO), an active component of Andrographis
paniculata, inhibits inflammatory responses by rat neutrophils. To further elucidate the possible
mechanism(s) underlying the ANDRO’s effect, N-formyl-methionyl-leucyl-phenylalanine (fMLP)-
induced adhesion and transmigration of isolated peripheral human neutrophils were studied.

2 Pretreatment with ANDRO (0.1-10 uM) concentration-dependently prevented fMLP-induced
neutrophil adhesion and transmigration. We further examined the up-expression of surface Mac-1
(CD11b/CD18), an essential integrin mediated in neutrophil adhesion and transmigration. ANDRO
pretreatment significantly decreased fMLP-induced up-expression of both CD11b and CD18.

3 Accumulation of reactive oxygen species (ROS) as well as quick intracellular calcium ([Ca™ "]
mobilization induced by fMLP displays two important signalling pathways in regulating the up-
expression of Mac-1 by neutrophils. That ANDRO pretreatment diminished fMLP-induced
production of H,O, and O, ~, but failed to block that of [Ca™ *]; mobilization suggested that the
ROS but not [Ca™ *]; signalling could be modulated by ANDRO.

4 To clarify whether ROS production impeded by ANDRO could be an antagonism of fMLP
binding, phorbol-12-myristate-13-acetate (PMA), a direct protein kinase C (PKC) activator, was
introduced to activate ROS production. PMA triggered remarkable ROS production and adhesion,
and were partially reversed by ANDRO. This indicated that a PKC-dependent mechanism might be
interfered by ANDRO.

5 We conclude that the prevention of ROS production through, at least in part, modulation of
PKC-dependent pathway could confer ANDRO the ability to down-regulate Mac-1 up-expression
that is essential for neutrophil adhesion and transmigration.
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ANDRO, andrographolide; BAPTA/AM, 1,2-bis-(O-aminophenoxy)-ethane-N,N,N', N'-tetraacetic acid acetox-
ymethyl ester; BCECF/AM, 2',7’-bis-(2-carboxyethyl)-5(and-6)-carboxyfluorescein, acetoxymethyl ester; DCF,
2',7"-dichlorofluorescein; DCFH, 2’,7'-dichlorofluorescin; EB; ethidium bromide; FBS, foetal bovine serum;
fMLP, N-formyl-methionyl-leucyl-phenylalanine; Fura 2/AM, 1-[2-(5-carboxyoxal-2-yl)-6-aminobenzofuran-5-
oxyl]-2-(2’-amino-5"-methylphenoxy)-ethane-N,N,N', N'-tetraacetic acid acetoxymethyl ester; HBSS, Hanks’
buffered saline solution; HE, hydroethidine; H,O,, hydrogen peroxide; Mac-1, macrophage adhesion
molecule-1, also, CD11b/CD18; O, ~, superoxide anion; PKC, protein kinase C; PMA, phorbol-12-myristate-
13-acetate; ROS, reactive oxygen species

Introduction

Andrographolide

(ANDRO) 1is a bicyclic diterpenoid such as hydrogen peroxide (H,O,) and superoxide anion

lactone isolated from leaves of Andrographis paniculata
(Lu et al., 1981), a Chinese official herbal medicine used
as an anti-inflammatory drug for the treatment of
laryngitis, diarrhoea, and rheumatoid arthritis. We have
previously reported that ANDRO may be beneficial in rats
suffered with endotoxaemia by diminishing the production
of nitric oxide (NO) through inhibiting the expression of
inducible nitric oxide synthase (Chiou et al., 1998; 2000).
Production of NO and reactive oxygen species (ROS),

*Author for correspondence; E-mail: wfchiou@cma23.nricm.edu.tw

(Oy7), are important toxic metabolites involved in the
intracellular killing of microorganisms. Uncontrolled pro-
duction of these radicals by phagocytes could lead to
tissue injury during inflammation. For example, it is
known that exaggeratory ROS production by neutrophils
plays an important pathological factor for many inflam-
matory disorders, such as in the induction of ischaemic
and reperfused injury (Ferrari et al., 1991). Recently, we
have demonstrated that ANDRO can prevent the ROS
production and adhesion by isolated rat neutrophils (Shen
et al, 2000). However the mechanism(s) of action
remained unclear.
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Proinflammatory stimuli, such as platelet activating factor
(PAF) and N-formyl-methionyl-leucyl-phenylalanine (fMLP)
generated from tissue injury could prime neutrophil to
upregulate cell-surface glycoproteins (e.g., fMLP receptor
and Macrophage adhesion molecule-1 (Mac-1)) and enhance
inflammatory responses (e.g., adhesion, ROS production,
and degranulation) (Pabst, 1994). Therefore, neutrophils are
more likely to adhere to endothelium during inflammation
and, subsequently, infiltrate into site(s) of tissue injury where
they release hydrolytic enzymes and large amounts of ROS
to induce tissue damage (Albelda et al., 1994; Williams,
1994). This physiology course comprises distinct phases
including rolling, activation, firm adhesion, and transmigra-
tion of neutrophils (Ley, 1996). Specific interaction of
various cell adhesion molecules expressed on neutrophil
and endothelium provides a molecular explanation for these
phases. These adhesion molecules fall into three major
superfamilies: the selectins and their mucin ligands, the
integrins, and their extracellular matrix or immmunoglobulin
superfamily ligands (Brown, 1997). The selectins are
important for neutrophil rolling while firm adhesion and
transmigration of neutrophils are primarily f, integrin
dependent (Arfors et al., 1987, Werr et al., 2000). The /5,
integrins comprise a group of heterodimeric glycoproteins
with Mac-1 (CD11b/CDI18) being the predominant form
elevated on neutrophils during inflammation (Dreyer et al.,
1989). Therefore, prevention of Mac-1 mediated adhesion
and/ or transmigration by neutrophils is a potential target
for drug to control inflammation. Further, accumulation of
ROS as well as intracellular calcium ([Ca* "];) mobilization
have been demonstrated to be two important signalling
pathways in regulating the Mac-1 dependent neutrophil
adhesion by neutrophils (Shen et al., 1999). Also, it has been
shown that ROS could modulate leukocyte Mac-1 expres-
sion and leukocyte endothelial adhesion could be diminished
by antioxidants (Serrano et al., 1996). Given the antioxidant
potential of ANDRO (Choudhury & Poddar, 1984; Shen et
al., 2000), whether ANDRO could inhibit neutrophil
infiltration through prevention of Mac-1 up-expression,
therefore, warrants further investigation.

We hypothesized that the anti-inflammatory effect of
ANDRO might be mediated by interference with the ROS
production and/ or calcium mobilization, leading to impair-
ments of Mac-1 dependent neutrophil adhesion and transmi-
gration. To accomplish the investigation, fMLP-induced
adhesion and transmigration, as well as ROS production
and [Ca™*]; mobilization by isolated peripheral human
neutrophils were performed as an in vitro model in the
present studies. As remarked above, adhesion and transmi-
gration of neutrophils are mainly Mac-1 dependent; there-
fore, Mac-1 expression on the surface of neutrophils was
particularly examined.

Methods
Preparation of human neutrophils

Preparation of human neutrophils was obtained by
venipuncture from adult healthy volunteers and collected
into syringes containing heparin (20 U ml~' blood).
Neutrophils were isolated by the Ficoll gradient centrifuga-

tion method, followed by lysis of contaminating erythro-
cytes. Briefly, blood samples were mixed with an equal
volume of 3% dextran solution in a 50-ml centrifuge tube
and incubated in an upright position for 30—-40 min at
room temperature to allow sedimentation of erythrocytes.
The wupper, leukocyte-rich layer was then collected and
subjected to centrifugation at 250x g for 15 min at 4°C.
After centrifugation, the pellet was resuspended immedi-
ately in a volume of phosphate-buffered saline (PBS) equal
to the starting volume of blood. The cell suspension was
then apportioned, 6 ml per tube, into 15-ml centrifuge
tubes, followed by layering 8 ml of 1.077 gml~! Ficoll
solution (Histopaque 1077; Sigma Chemicals Co., St.
Louis, MO, U.S.A.) beneath the cell suspension, using a
pipette. After centrifugation at 400 x g for 40 min at 20°C
without brake, the upper (PBS) and lower (Ficoll) layers
were carefully removed, leaving the granulocyte/erythrocyte
pellet. To remove residual erythrocytes, the pellet was
resuspended in 10 ml cold lysis buffer (155 mm NH4CI,
10 mM KHCO;, and 0.1 mM ethylenediaminetetraacetate
(EDTA, pH 7.4). The remaining neutrophils were then
pelleted, washed twice with ice-cold PBS, and resuspended
in an adequate volume of ice-cold Hanks’ buffered saline
solution (HBSS) until further manipulation. The prepara-
tion contained more than 95% neutrophils, as estimated
by counting 200 cells under a microscope after Giemsa
staining (Sigma). In all cases except indicated where
neutrophils was pretreated with ANDRO, the cells were
mixed with drug at concentrations ranging from 0.1 to
10 uM in HBSS for 10 min at 37°C.

Measurement of neutrophil adhesion

Adhesion of neutrophils to extracellular matrix was
determined in 24-well tissue culture plates (FALCON®™,
NJ, U.S.A.) coated with fibrinogen as our previous study
(Shen et al., 1999). Prior to the addition of neutrophils, the
plates were incubated with 250 ul per well of human
fibrinogen (50 ug ml~' in PBS; Chemicon International,
Inc., CA, U.S.A)) for 2 h at 37°C. The wells were washed
once with HBSS, blocked with 1% BSA (Sigma, U.S.A.) in
HBSS for 1h at 37°C, and washed twice with HBSS
containing 0.1% Tween-20 (Sigma, U.S.A.) and once with
HBSS. Immediately prior to addition to the coated-plate,
neutrophils (1 x 107 cells ml~') were loaded with 1 um 2',7'-
bis-(2-carboxyethyl)-5(and-6)-carboxyfluorescein, acetoxy-
methyl ester (BCECF-AM) (Molecular Probe, Inc., Eugene,
OR, U.S.A.) in HBSS for 20 min at 37°C and then washed
twice with 10 ml HBSS without Mg"* or Ca**. Two
hundred microliters per well of ANDRO-pretreated BCECF-
AM labeled neutrophils (5 x 10° cells ml~' in HBSS) was
then added to individual wells. After stimulation with 1 uM
fMLP (as a receptor-mediated activator) or 100 ng ml~'
PMA (as a non receptor-mediated activator) for 30 min at
37°C, non-adherent cells were removed by aspiration and the
wells were gently washed twice with warm PBS containing
1 mM Ca™*. Adherent neutrophils were then determined by
measuring the fluorescence with a fluorescent plate reader
(Cytofluor 2300, Millipore®™) with excitation at 485 nm and
emission at 530 nm. Data are expressed as fluorescence
intensity.
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Measurement of neutrophil transmigration

Transmigration of neutrophils was quantified as described
previously (Krull er al., 1999) with some modification.
Briefly, 6.5-mm-diameter Transwell inserts of 5 um pore size
(Corning Costar, Cambridge, MA, U.S.A.) were pre-coated
with human fibrinogen (20 pg ml~', 100 ul). Immediately
prior to add to the upper chamber of fibrinogen-coated
inserts, 100 ul per well of BCECF-labelled neutrophils
(5x10° cells ml~!' in HBSS) was treated with ANDRO
(0.1-10 pm) for 10 min at 37°C. After incubation with fMLP
(1 um) in the lower chambers for 90 min at 37°C,
fluorescence intensity in the lower chambers (represent
migrated neutrophils) was quantitated with a fluorescent
plate reader (Cytofluor 2300, Millipore®) with excitation at
485 nm and emission at 530 nm. Data are expressed as
fluorescence intensity.

Measurement of Mac-1 upregulation by flow cytometry

Expression of Mac-1 (CD11b/CDI18) was analysed as our
previous study (Shen et al., 1999). Briefly, ANDRO-pretreated
neutrophils were stimulated with fMLP (1 uM) for 15 min. The
cells were then pelleted and resuspended in 1 ml ice-cold PBS
containing 10% heat-inactivated foetal bovine serum (FBS) and
10 mM sodium azide. For staining of Mac-1, all subsequent steps
were carried out in an ice bath. Cells were incubated in the dark
for 60 min with a proper aliquot of fluorescein isothiocyanate
(FITC)-conjugated anti-Mac-1 antibody (mouse anti-human
CD11b or CDI18, class IgG;; Pharmingen, San Diego, CA,
U.S.A.) or a non-specific mouse antibody (class [gG, Sigma) as
a negative control. After two washes with PBS containing 5%
FBS, stained cells were resuspended in flow cytometer sheath
fluid (Becton Dickinson) containing 1% of paraformaldehyde
and analysed on a flow cytometer (FACSort; Becton Dickinson)
for Mac-1 expression. Data are expressed as mean channel
fluorescence for each sample as calculated by the CellQuest®
software (Becton Dickinson) on a Power Macintosh 6100/66
computer.

Flow cytometric analysis of intracellular ROS production
Intracellular production of O, ~ and H,O, were measured as
ROS production in this study and analysed on a flow cytometer
(FACSort; Becton Dickinson) according to our previous work
(Shen et al., 1998). Briefly, neutrophils were incubated at 37°C
for 5 min with 20 um 2’, 7'-dichlorofluorescin diacetate (DCFH-
DA; Molecular Probes, Inc., Eugene, OR, U.S.A.) and for an
additional 15 min with 10 uM of hydroethidine (Molecular
Probes). The acetate moieties of DCFH-DA are cleaved off
intracellularly by esterases, liberating the membrane imperme-
able 2',7'-dichlorofluorescin, which fluoresces when oxidized to
2", 7-dichlorofluorescein (DCF) by H,O,; hydroethidium, on the
contrary, can be directly oxidized by O, ~ to ethidium bromide
(EB), which fluoresces after intercalating with nucleic acids.
After labeling, cells were pretreated with ANDRO (0.1-10 um)
or staurosporine (200 nM) for 10 min and stimulated with fMLP
(1 um) or PMA (100 ng ml~"). Production of O, ~ and H,0O,
were then determined 60 min after on a flow cytometer
(FACSort; Becton Dickinson) by measuring emission at
525 nm (FL1) for DCF and 590 nm (FL2) for EB. Data are
expressed as mean channel fluorescence.

Determination of intracellular calcium concentration

([Ca™"])

Neutrophils were preloaded with 5 um 1-[2-(5-carboxyoxal-2-
yl)-6-amino-benzofuran-5-oxyl]-2-(2'-amino-5-methylphenoxy
-ethane-N,N,N’,N'-tetraacetic acid acetoxymethyl ester (Fura
2/AM, Molecular Probes, Eugene, OR, U.S.A.) at 37°C for
45 min, washed twice and resuspended at 2 x 10° cells ml~!
in calcium free HBSS containing ANDRO, BAPTA/AM or
control vehicle. After drugs pretreatment for 10 min, 1 ml of
cell suspension from each sample was mixed with 1 ml of
HBSS containing 2 mM Ca*". Samples were then trans-
ferred to individual cuvettes and gently mixed with a
micromagnetic stirrer at 37°C for 5 min before addition of
fMLP (1 um) or thapsigargin (0.16 um). The fluorescence of
Fura 2-loaded cells was measured on a spectrofluorometer
(Hitachi F-4500) with excitation at 340 and 380 nm and
emission at 510 nm. Intracellular calcium concentration for
each sample was calculated from the ratio of emission versus
excitation as previously described (Shen et al., 1999):

[Ca++]i =K- (R - Rmin(SBSO)/(Rmax - R)(Sb380)

where: K=224 nM (Fura 2 at 37°C), R,;,=ratio value in
minimal Ca** conditions, R, =ratio value at a maximal
Ca™ " concentration, Sggo=380 nm reading in minimal
Ca™ " conditions (corrected for background), Syszz0=380 nm
reading in maximal Ca™™" conditions (corrected for back-
ground). Ry, and Spzgg were obtained at the end of a
measurement by permeabilizing the cells with 0.2%
digitonin, where R,,;, and Sggo were determined by adding
20 mM EGTA after digitonin lysis. All measurements were
performed in Ca"* *-containing medium, because no sig-
nificant changes in [Ca™ "]; could be detected under Ca™ *-
free conditions.

ANDRO and other chemicals

ANDRO (andrographolide) were purchased from Aldrich
(Milwaukee, U.S.A.). It was first dissolved in dimethylsulph-
oxide at 10 mM and then serially diluted in PBS immediately
prior to experiments. Thapsigargin, digitonin, NH4Cl,
KHCO;, EDTA (ethylene diamine tetraacetate), EGTA
(ethylen glycol-bis-f-aminoethyl ether tetraacetate) stauros-
porine, and Hanks’ buffered saline solution (HBSS) were
purchased from Sigma (U.S.A.). Stock solution of ANDRO
was used within 1 week after preparation. For examination of
the effect of these drugs, except indicated, 10 ul of drug
solution was added to 1.0 ml neutrophils suspension and
incubated at 37°C for 10 min prior to the addition of 1 um
fMLP or 100 ng ml~' PMA (Calbiochem, U.S.A.).

Statistical analysis

All values in the text and figures represent means+s.e.m.
Data were analysed by one-way analysis of variance
(ANOVA) followed by post-hoc Dunnett’s t-test for multiple
comparison. Concentration dependency was analysed by
simple linear regression analysis of response levels against
concentrations of drug and testing the slope of the regression
line against 0 by Student’s r-test. Values of P<0.05 were
considered significant.
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Results

Effects of ANDRO on fM L P-induced neutrophil adhesion
and transmigration

We established an in vitro assay system in which fMLP
(1 um) was used to induce neutrophil adhesion and
transmigration, functions underlying neutrophil infiltration,
to examine whether ANDRO could inhibit neutrophil
infiltration. In the adhesion assay, whereas untreated
neutrophils displayed spontaneous adhesion with a fluores-
cence intensity of 171418, fMLP caused up to 300%
enhancement in neutrophil adhesion relative to background
levels (Figure 1). Pretreatment of neutrophils with ANDRO
(0.1-10 um) concentration-dependently inhibited fMLP-in-
duced neutrophil adhesion (Figure 1). Similar results were
also observed in the transmigration assay (Figure 1).
Neutrophils displayed spontaneous transmigration with a
fluorescence intensity of 179+6, fMLP caused up to 400%
enhancement in neutrophil transmigration relative to back-
ground levels (Figure 1). ANDRO alone did not influence
spontaneous neutrophil adhesion or transmigration. At these
concentrations (0.1-10 uM), ANDRO were not cytotoxic to
neutrophils (viability after drugs treatment >95% by trypan
blue exclusion assay at the end of the experiments).

Effect of ANDRO on fMLP-induced Mac-1 (CD11b/
CD18) upregulation

Neutrophils adhesion and extravasation have been shown to
be mainly depend on upregulation of Mac-1 (CD11b/CD18)
(Everitt et al., 1996; Werr et al., 2000). We further examined
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Figure 1 Mean concentration-response curves for andrographolide
(ANDRO) in the inhibition of fMLP (1 um)-induced neutrophil
adhesion and transmigration. BCECF-labeled neutrophils were
pretreated with ANDRO (0.1-10 um) for 10 min at 37°C. For
adhesion assay, cells were plated into fibrinogen-coated 24 well plate.
After stimulated with fMLP for an additional 30 min at 37°C, non-
adherent cells was wash off and adherent cells were quantified by
measuring fluorescence intensity. For transmigration assay, cells were
plated into upper chamber of fibrinogen-coated inserts. After
stimulated with fMLP in the lower chamber for an additional
90 min at 37°C, transmigrated cells in the lower chambers were
quantified by measuring fluorescence intensity. Values are mean and
vertical lines s.e.m. of six experiments. *, ¥ P<0.05, as compared to
samples receiving fMLP alone for transmigration and adhesion,
respectively.

whether ANDRO could inhibit neutrophil adhesion/ transmi-
gration by down regulation of Mac-1 expression. Surface
levels of Mac-1 expression by fMLP-stimulated neutrophils in
the presence or absence of ANDRO was measured by flow
cytometry to assess the effect of ANDRO on Mac-1
expression. fMLP caused a marked increase in Mac-1
fluorescence and an apparent shifting-to-the-left of Mac-1
fluorescence was observed in samples pretreated with 10 um
of ANDRO (Figure 2a). A statistical summary revealing that
ANDRO significantly inhibited fMLP-induced Mac-1 upre-
gulation is illustrated in Figure 2b (P<0.05, n=4).

ANDRO inhibits intracellular ROS (O, ~ and H5>0,)
production

ROS (e.g., Oy~ and H,0,) has been reported to upregulate Mac-
1 expression and enhance neutrophil adhesion that could be
abolished by antioxidants (Serrano et al., 1996; Fraticelli et al.,
1996). We hypothesized that the de novo production of ROS by
neutrophils may serve to upregulate Mac-1 expression that
could be impeded by ANDRO. A flow cytometric method
enables us to on line measure intracellular ROS accumulation by
fMLP-stimulated neutrophils in the presence or absence of
ANDRO. A representative experiment by fMLP-stimulated
accumulation of intracellular H,O, (measured as DCF fluores-
cence) and O, ~ (measured as EB fluorescence), respectively, was
illustrated (Figure 3a), while the results of six experiments are
summarized (Figure 3b). ANDRO concentration-dependently
decreased the fluorescence intensity of EB and DCF induced by
fMLP (Figure 3b, P<0.05, n=6).

ANDRO does not inhibit [Ca™* ™ ]; mobilization

We have previously reported that impediment to calcium
influx diminished Mac-1 dependent neutrophil adhesion
(Shen et al., 1999). Also, other’s report showed that cytosolic
calcium fluctuation could regulate neutrophil migration
(Lawson & Maxfield, 1995). Therefore, effects of ANDRO
in fMLP-induced Ca™ " influx as well as thapsigargin-released
Ca™™" from intracellular storage (Thastrup et al., 1989) were
determined. fMLP (1 uMm) triggered rapid increment in
[Ca®*]; which was significantly impeded by verapamil
(1 uM), a nonspecific calcium channel blocker (Figure 4,
P<0.05, n=15), but could not been blocked by ANDRO
(Figure 4, P>0.05, n=5). ANDRO also failed to block the
[Ca*"]; increment induced by thapsigargin (0.16 uM) that
was diminished by BAPTA/AM (10 uM), an intracellular
calcium chelator (Barritt & Lee, 1985) (Figure 4).

ANDRO inhibits PM A-induced ROS (0>~
production and adhesion

and HZOQ)

To further clarify whether inhibition of ROS production by
ANDRO could be an antagonism of fMLP binding, PMA, a
direct PKC activator, was used to activate NADPH oxidase
bypassing the receptor. PMA (100 ng ml~") triggered obvious
ROS production and adhesion that were almost completely
abolished by staurosporine (200 nM), a non-specific PKC
inhibitor (Figure 5). ANDRO pretreatment significantly
impeded PMA-induced ROS production and adhesion
(Figure 5) indicating a PKC-dependent mechanism might be
interfered by ANDRO.

British Journal of Pharmacology vol 135 (2)
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Figure 2 Effect of ANDRO on fMLP (1 uM)-induced Mac-1
upregulation. (a) Flow cytometric analysis of total Mac-1 levels on
the cell surface of neutrophils. Control neutrophils received neither
ANDRO nor fMLP treatment. ANDRO-pretreated sample, desig-
nated ‘fMLP+ANDRO’, has been stimulated with fMLP. (b)
Statistical summary of fMLP-upregulated Mac-1 expression in the
presence or absence of ANDRO (1-10 um). Non-specific IgG; was
included to contrast the specificity of anti-CD11b or CD18 staining.
Values represent the mean of four experiments and horizontal lines
show SEM. *, ¥ P<0.05, as compared to samples receiving fMLP
alone for CD11b and CD18 staining, respectively.
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Figure 3 Effect of ANDRO on fMLP (1 um)-induced neutrophils
ROS (H,O, and O, ™) production. (a) Flow cytometric analysis of
H,0, (DCF fluorescence, upper panel) and O, ~ (EB fluorescence,
lower panel) production. Control neutrophils received neither
ANDRO nor fMLP treatment. ANDRO (0.1-10 um)-pretreated
sample, designated fMLP+ANDRO’, has been stimulated with
fMLP for 60 min. (b) Statistical summary of fMLP-induced H,O,
and O, ~ production in the presence of ANDRO (10 um). Values are
mean and horizontal lines s.e.m. from six experiments. *, T P<0.05,
as compared to sample receiving fMLP alone for DCF and EB
fluorescence intensity, respectively.

Discussion

The recruitment of circulating neutrophil to inflamed site or
tissue injury is an essential course during inflammation

British Journal of Pharmacology vol 135 (2)
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ANDRO (10 um). Net increase in [Ca**]; was calculated by
subtracting control values from respective experimental values
(control [Ca™™]; in resting cell was 76412 nm). * 1 P<0.05, as
compared to samples receiving fMLP or TSG alone. Values are mean
and vertical lines s.e.m. from five experiments.
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Figure 5 Effect of ANDRO on PMA-induced neutrophils ROS
(H>O, and O, ™) production and adhesion. Flow cytometric analysis
of H,O, (DCF fluorescence) and O, ~ (EB fluorescence) production,
and neutrophil adhesion (BCECF fluorescence) were measured as
described in Methods. Control neutrophils received neither ANDRO
nor PMA treatment. A PKC inhibitor, staurosporine (200 nm)- and
ANDRO (1-10 um)-pretreated samples, designated as ‘PMA +S-
TAU’ and ‘PMA + ANDRO?’, respectively, had been stimulated with
PMA (100 ng ml™"). Values are mean and horizontal lines s.e.m.
from three experiments. *, +, I P<0.05, as compared to sample
receiving PMA alone for BCECF (adhesion), DCF, or EB
fluorescence intensity, respectively.

(Albelda et al., 1994). Crucial steps underlying this process
include attachment, rolling, firm adhesion, and finally transmi-
gration of neutrophils (Butcher, 1991). Thus, drug that can
prevent neutrophils from adhesion and/or transmigration
should be useful as an anti-inflammatory drug. In the present
study, neutrophils pretreated with 0.1-10 umM of ANDRO for
10 min significantly impaired neutrophil adhesion and transmi-
gration. These effects of ANDRO were not due to cytotoxicity
because under these conditions there was no significant
difference in viability between drug-treated neutrophils and
control cells (viability >95% at the end of the experiments). To
further elucidate the mechanism(s) involved in ANDRO’s
effects, in consideration of the pivotal role of Mac-1 (CD11b/
CD18) in neutrophil adhesion and transmigration (Albelda et
al., 1994; Werr et al., 2000), we examined the effect of ANDRO
in Mac-1 expression on cell surface. ANDRO significantly
prevented fMLP-induced Mac-1 upregulation indicating that
the inhibition of Mac-1 upregulation on neutrophil membrane
might be involved in mediating the anti-adhesion and anti-
transmigration effects of ANDRO.

Mac-1 expression has been reported to be up-regulated by
ROS and Mac-1-mediated neutrophil accumulation and
adhesion could be diminished by anti-oxidants (Serrano et
al., 1996; Fraticelli et al., 1996). ANDRO decreased the
fMLP-induced ROS (O, ~ and H»0O,) production indicating
that ANDRO might serve to act as a ROS scavenger through
which in turn down-regulate Mac-1 expression and then
neutrophil adhesion/transmigration. It has been reported that
ROS production induced by fMLP closely relates to calcium-
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dependent priming of neutrophil which if blocked interferes
with ROS production (Lew et al., 1984). Besides, cytosolic
Ca*" fluctuation could regulate Mac-1-mediated neutrophil
adhesion (Lawson & Maxfield, 1995; Perry et al., 1993). Our
previous finding confirmed that antagonism of calcium influx
could diminish Mac-1 dependent neutrophil adhesion (Shen
et al, 1999). In this study, fMLP caused prompt and
prominent [Ca™"]; increment which was diminished by a
classic calcium channel antagonist, verapamil, but not by
ANDRO. Furthermore, thapsigargin triggered significant
Ca™ " release from intracellular stores that was effectively
suppressed by BAPTA/AM (10 uM), an intracellular Ca* *-
chelator, but ANDRO again failed to inhibit the thapsigar-
gin-induced [Ca™*]; increment. These results indicate that
ANDRO inhibit fMLP-induced ROS production might
mediate a calcium independent pathway.

ROS production in neutrophils could be through coupling
of inflammatory stimuli to their relative receptor(s) to
activate PKC-dependent phosphorylation of the cytosolic
component(s) of NADPH oxidase for activation of this
enzyme (Casimir & Teahan, 1994). On the contrary, artificial
stimuli such as fluoride, PMA and other phorbol esters, the
calcium ionophore A23187, and opsonized latex beads also
can activate the NADPH oxidase through direct PKC
activation (Castagna et al., 1982). To further elucidate
whether ROS prevention by ANDRO could be antagonism
of fMLP binding, PMA was introduced to activate NADPH
oxidase bypassing the receptor. PMA triggered obvious ROS
production and adhesion that were significantly impeded by
ANDRO indicating a (PKC)-dependent mechanism might be
interfered by ANDRO. Our prior studies confirmed that
ROS scavengers such as superoxide dismutase (SOD) and
catalase significantly down regulated PMA-induced ROS
production as well as Mac-1 expression and neutrophil
adhesion to fibrinogen coated surface (Shen er al., 1998;
1999). We found accumulation of O,~ and H,0O, began
almost immediately after stimulation (Shen et al., 1998). The
rapid accumulation of O, ~ and H,O, in response to stimuli
and our observation that Mac-1 upregulation could be
inhibited by ROS scavengers (Shen et al., 1999) suggest that
ROS are early signaling molecules involved in the regulation
of neutrophil function. This argument is further strengthened
by the observation that ROS can act as second messengers in
activation of ligand-stimulated NF-«B, various PKC family
members, and mitogen-activated protein kinase (MAPK), as
well as tyrosine kinases/phosphatase (Finkel, 1998). Thus, we
suggest that ROS could regulate neutrophil functions through
second messenger mechanism(s).

Although the DCF technique for the measurement of ROS
production has been criticized extensively over the last two
years (Rota et al., 1999), we had reported that DCFH-DA is
a relative specific probe for the on-line monitoring of the
accumulation of intracellular H>,O, (Shen et al., 1999). In the
report (Shen er al, 1999), we showed that catalase
(500 U ml~") can completely prevent the increase of DCF
fluorescence level in vivo. The major problems regarding the
use of DCFH to measure H,O, production raised by Mason
RP (Rota er al., 1999) are: (1) the deacetylation of DCFH-
DA, by esterase, can produce H,0O, to enhance DCF
fluorescence and (2) the disproportional Oy~ forms H,O,
which, in the presence of peroxidase activity (1 uMm HRP),
will oxidize more DCFH to DCF with self-amplification of

the fluorescence. In our experiments, the DCFH-DA and HE
loaded cells (neutrophils) had been monitored for the basal
H,0O, and O, production, respectively, and the DCF and
EB fluorescence did not increase significantly over 60 min.
This results imply that the production of H,O, (or O, ) by
esterase (or peroxidase), in vivo, can be ignored. For the self-
amplification of DCF fluorescence by HRP-catalyzed DCFH
oxidation to DCF in Mason’s report, it is questionable
whether the peroxidase concentration in vivo can reach to the
relative high level (1 uM HRP) as used in Mason’s study. To
further strengthen the inhibition of ROS production by
ANDRO, the ‘SOD-inhibitable reduction of cytochrome C’
had been compared to the flow cytometric technique using
HE as a probe for the measurement of O, production in
our laboratory. Our unpublished results show that the flow
cytometric method is relative sensitive, reproducible, and
possible of on-line monitoring of the ROS production than
the cytochrome ¢ reduction assay, although ANDRO showed
comparable results by the latter method in our unshown
data.

It is likely that other biochemical pathway(s), in addition
to inhibition of ROS production, could be regulated by
ANDRO for the Mac-1 expression. For example, blocking
the synthesis of arachidonates by phospholipase A, (PLA,)
inhibitors could inhibit the surface expression of Mac-1
(Jacobson & Schrier, 1993) and prostaglandin F,, oxidative
modification of arachidonic acid, could induce f, integrin-
mediated rapid adhesion of neutrophils (Fontana et al.,
2001). Although ANDRO had been shown not to interfere
the biosynthesis of eicosanoids, downstream metabolites of
arachidonate (Amroyan et al., 1999), further studies should
be focused on the effect of ANDRO in the signaling of cyclic
nucleotide induced by the eicosanoids. Besides, it is noted
that MAPK pathways play central roles in regulating a wide
range of inflammatory responses including activation of
NADPH oxidase (Yamamori et al., 2000), migration of
neutrophils (Atta et al., 1999) as well as f, integrin
expression (Tandon et al., 2000). Whether these biochemical
pathways are targets of ANDRO in the regulation of Mac-1
dependent neutrophil adhesion and transmigration needs
further research and is currently under investigation in our
laboratory.

In conclusion, we have established that the anti-inflamma-
tory effect of ANDRO could be explained by its ability to
inhibit neutrophil adhesion/transmigration through suppres-
sion of Mac-1 upregulation. The inhibitory effect of ANDRO
on Mac-1 expression could be mediated by down regulation
of ROS production via a PKC-dependent but calcium
independent mechanism. As effective anti-adhesive and anti-
transmigration drug at pharmacological concentrations (0.1—
10 um), ANDRO may be useful for the improvement of
inflammatory disorders by limiting the early phases of
neutrophil infiltration.
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