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A multitarget functional bioassay was optimized as a method for detecting substances interacting with
the inflammatory process of activated neutrophil granulocytes, mainly to release elastase detected by
p-nitroanilide (pNA) formation. Using this bioassay, 100 fractionated extracts of 96 plants were screened,
with results presented in a manner that links recorded biological activity to phylogenetic information.
The plants were selected to represent a major part of the angiosperms, with emphasis on medicinal plants,
Swedish anti-inflammatory plants, and plants known to contain peptides. Of the tested extracts, 41%
inhibited pNA formation more than 60%, and 3% stimulated formation. The extract of Digitalis purpurea
enhanced pNA formation, and digitoxin, the active compound, was isolated and identified. Plant extracts
that exhibited potent nonselective inhibition (>80% inhibition) were evaluated further for direct inhibition
of isolated elastase and trypsin enzyme. The inhibitory effect of most tested extracts on the isolated enzyme
elastase was similar to that of PAF- and fMLP-induced pNA formation. Compared to trypsin, inhibition
of elastase by extracts of Rubus idaeus and Tabernaemontana dichotoma was significantly higher (80%
and 99%, respectively). Inhibition of trypsin by the extract of Reseda luteola was high (97%). Orders
such as Lamiales and Brassicales were shown to include a comparably high proportion of plants with
inhibitory extracts.

The neutrophil granulocyte is a central component of the
inflammatory process, having the ability to migrate to the
inflammation site and to release toxic products such as
proteolytic enzymes,1 reactive oxygen species,2-4 and cat-
ionic proteins5 (e.g., defensins6,7 and cathelicidins8) capable
of killing invading pathogens. The targets of the neutrophil
include bacteria, fungi, viruses, virally infected cells, and
tumor cells. Neutrophil functions are initiated by cell
surface receptors of chemoattractants, such as the bacterial
product N-formyl methionyl-leucyl-phenylalanine (fMLP);9-13

secreted products of stimulated phospholipid metabolism,
such as the platelet activating factor (PAF),14,15 and leu-
kotriene B4 (LTB4);16 and immunomodulatory molecules,
such as the cytokine interleukin 8.17,18 Neutrophils contain
azurophilic, specific, and gelatinase granules and secretory
vesicles containing various degrading enzymes. The exo-
cytosis of granules and vesicles cause not only a release of
lytic enzymes but, concurrently, increased cell response by
production of reactive oxygen intermediates and chemo-
tactic stimulation. These activities lead to the destruction
of invading pathogens.19,20

Human neutrophil elastase (HNE; IEC 3.4.21.37) is a
major secreted product of activated neutrophils and a major
contributor to destruction of tissue in chronic inflammatory
diseases such as lung emphysema, glomerulonephritis,
arthritis, and rheumatoid arthritis.21,22 HNE therefore
appears to be a possible target for therapy of chronic
inflammatory diseases.

The bioassay used in this study is a modification of an
assay originally developed by Dewald et al.,23 and later
modified and adapted by Tuominen et al.,24 to detect PAF-
antagonists. In that assay, neutrophils were incubated with
PAF, the antagonist under evaluation, and a chromogenic
substrate SAAVNA (N-succinyl-L-alanyl-L-alanyl-L-valine-
L-p-nitroanilide) for released elastase. Elastase proteolyti-

cally cleaves SAAVNA, which leads to formation of a
colored product, p-nitroanilide (pNA), that can be quanti-
fied photometrically.25,26 Making use of the complex biologi-
cal processes occurring in and around the neutrophil
allowed us to use the assay as a multitarget functional
bioassay.27

A multitarget functional bioassay, the observed effects
of which cannot be attributed directly to a specific mode of
action, encompasses assays on whole animals, isolated
organs, and intact cells. For example, an observed relax-
ation of the isolated guinea pig ileum can be due to
mechanisms involving cell membrane receptors, second
messengers, or ion channels, or due to other mechanisms.
Single target bioassays, on the other hand, are typically
tests run on an isolated enzyme or a receptor (receptor
binding). For such assays, which are highly specific, the
observed effect can be directly attributed to a specific
mechanism, such as enzyme inhibition or receptor affinity.

Detection of a colored product formed by elastase re-
leased from a chemoattractant-stimulated neutrophil can
be described as a multitarget functional bioassay, where
both known and previously unknown potential drug targets
are present. An observed inhibition of formation of pNA
can, for example, be due to elastase inhibition, cytotoxic
effects on the cell, or affinity for a receptor on the neutro-
phil (Figure 1). By the same method, chemoattractant
activity of a test compound is also possible, seen as
increased amount of pNA formed. In this study, we
evaluated the originally described assay conditions with
the aim of optimizing the bioassay for multitarget func-
tional screening of natural products.

Using prefractionated plant extracts instead of crude
extracts presumably facilitates finding bioactive com-
pounds present in small amounts within the plant, and can
be used to include or exclude activity from certain classes
of substances. Common tannins, alkaloids, and flavonoids
are plant substances well known for exhibiting biological
activity in several assays28-32 and can therefore obscure

* To whom correspondence should be addressed. Tel: +46 18 4714492.
Fax: + 46 18 509101. E-mail: lars.bohlin@fkog.uu.se.

32 J. Nat. Prod. 2002, 65, 32-41

10.1021/np010323o CCC: $22.00 © 2002 American Chemical Society and American Society of Pharmacognosy
Published on Web 12/29/2001



observations of new compounds in assays of crude extracts.
A fractionation protocol, earlier developed to detect biologi-
cally active polypeptides in plants,33 was used in our study
to screen 100 fractionated plant extracts for functional
interactions with the chemoattractant-challenged human
neutrophil.

In addition, the study includes an introductory clas-
sification of the fractionated plant materials, sorting them
into mechanistic classes that can facilitate prioritizing the
extracts for future studies. Figure 2 provides an outline of
the classification procedure. The 100 fractionated plant
extracts were first tested for inhibition of PAF- and fMLP-
induced pNA formation and for ability to induce elastase
release in the absence of challenge with PAF or fMLP.
Inhibitory extracts were classified as being either selective
inhibitors (of PAF or fMLP) or nonselective inhibitors (of
pNA formation).

Plant extracts that were potent nonselective inhibitors
of pNA formation were further evaluated for direct inhibi-
tory effect on isolated elastase enzyme. To evaluate selec-
tivity of elastase inhibition, extracts were also tested for
ability to inhibit the enzyme trypsin. In addition, each
fractionated plant extract was tested for hemolytic activity
to determine whether it could damage cells.

Results and Discussion

In experiments the agent cytochalasin B was used,
which, together with stimulation by inducers such as PAF
and fMLP, converts neutrophils from phagocytic to secre-
tory cells. Cytochalasin B enhances phagocyte secretion of
lysosomal enzymes, which promote disaggregation of the
intracellular actin network, and in turn, this promotes
secretion by facilitating fusion of secretory granules with
cell membranes.34 When polymorphonuclear leukocytes
(PMNs), subsequently challenged with PAF or fMLP, were
exposed to cytochalasin B in various concentrations, rang-
ing from 0 to 20 µg/mL, formation of pNA was markedly
increased and then decreased in a concentration-dependent
manner (Figure 3a). Formation of pNA in PAF- and fMLP-
induced PMNs required cytochalasin B. The initial con-

centrations of PAF and fMLP were 0.3 and 0.01 µM. The
optimal concentration of cytochalasin B for priming was 5
µg/mL, which induced a 5-fold increase in formation of
pNA, compared to PMNs incubated with PAF or fMLP
alone.

Amount of formation of pNA depended on SAAVNA
concentration (Figure 3b). To ensure that the formation of
pNA was not limited by substrate concentration, increasing
SAAVNA concentrations were added until pNA formation
reached a maximum. Concentrations of cytochalasin B and
PAF/fMLP were kept constant. For 10 µM PAF and fMLP,
pNA reached a maximum at a concentration of 1.6 mM of
SAAVNA. At higher concentrations, pNA formation de-
creased.

To evaluate the selectivity of inhibitors of the PAF- or
fMLP-induced exocytosis, dose titrations of both agents
were done. Concentration-response curves for the inducers
PAF and fMLP were recorded. The PMNs were incubated
with cytochalasin B and subsequently exposed to the
chemoattractants (PAF or fMLP) at concentrations ranging
from 0.0001 to 1000 µM. The two inducers were tested in
parallel using PMNs from the same preparation. Then the
amount of pNA was determined, as a measure of amount
of released extracellular elastase. Figure 3c shows the
concentration-response relationships for PAF- and fMLP-
induced elastase release. Equal biological responses for
PAF and fMLP, reaching approximately 80% of maximum,
were obtained at a concentration of 0.1 µM (Figure 3c),
which was chosen as assay condition.

Because the concentrations of PAF and fMLP were then
reduced to 0.1 µM to give equal biological responses, the
concentration of SAAVNA was reevaluated. Increasing
concentrations of SAAVNA were added until pNA forma-
tion reached the maximum (0.8 mM SAAVNA).

To further validate the optimized assay, one additional
agonist, interleukin-8 (IL-8), and one additional indicator

Figure 1. Schematic picture of the neutrophil viewed as a multitarget
functional bioassay with various possible modes of action for test
substances. Both inhibiting and stimulating effects can be detected.

Figure 2. Schematic representation of the evaluation of the activity
of the fractionated plant extracts, which were first tested for the ability
to induce elastase release in the absence of PAF or fMLP, and then
for inhibiting PAF- and fMLP-induced pNA formation. Inhibiting
extracts were catagorized as being selective or nonselective inhibitors
of PAF or fMLP. The plant extracts that showed a high nonselective
inhibition of pNA formation (>80% inhibition) were further evaluated
for direct inhibitory effect on the isolated enzyme elastase. To roughly
evaluate selectivity for elastase inhibition, the extracts were also tested
for ability to inhibit the enzyme trypsin. In addition, the fractionated
plant extracts were tested for hemolytic activity.
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of exocytosis, generation of reactive oxygen species, were
evaluated under the test conditions described. Figure 4
shows IL-8-induced elastase release. The same concentra-
tion as of PAF and fMLP (i.e., 0.1 µM) can be used to
induce, by IL-8, elastase release from PMNs. For measur-
ing generation of the superoxide anion O2- in PAF- or
fMLP-activated neutrophils, cytochrome C reduction meth-
odology was used.35 As seen in Figure 5, fMLP induced a
higher increase in the production of O2- than did PAF. This
agrees with the literature, where PAF is reported to only
weakly stimulate superoxide generation of neutrophil
granulocytes (in concentrations below 10 µM), while fMLP
is reported to be more potent (EC50: 48 nM).36

Because testing of multiple concentrations of plant
extracts in a full-scale screening, without access to robotics,
is a cumbersome and time-consuming task, a suitable
single concentration for extract testing was sought. Twenty-
three randomly selected plant extracts were prescreened
at 10 and 100 µg/mL (data not shown). At an exposure
concentration of 100 µg/mL, inhibition for seven of these
plant extracts was more than 60%. At 10 µg/mL, on the

other hand, none of the compounds induced significant
inhibition. From this initial study, a final concentration of
100 µg/mL was chosen for the full-scale screening. This
provided a safety margin against overlooking active com-
pounds occurring at low concentrations in the extracts.
Working at this concentration, the assay could also be used
for a preliminary ranking of the potency of the extracts,
but concentration-response experiments would then be
needed for more precise information about potency.

For evaluation of reference compounds in independent
experiments, repeatability and reproducibility of the assay
was good, and different modes of action could clearly be
detected. When added to cytochalasin B-treated PMNs, the
PAF-antagonist ginkgolide BN 5202137 exhibited a selective
inhibitory effect on PAF, as expected, and the IC50 value
(Table 1) was 72 µg/mL, which is consistent with previously
reported values for inhibition of PAF by the ginkgolide BN
52021.23 At the highest tested concentration (100 µg/mL),
ginkgolide was unable to inhibit the fMLP inducer. The
elastase inhibitor R1-antitrypsin38 [IC50: 10 µg/mL (PAF),
11 µg/mL (fMLP)] showed a nonselective inhibitory effect.

Figure 3. Relationships between concentration and response (influence on pNA formation) measured by absorbance (ABS). (a) Formation of pNA
at several concentrations of cytochalasin B. No effects of the chemotactic peptide fMLP or PAF on the pNA formation were observed in the absence
of cytochalasin B. (b) Formation of pNA at several concentrations of SAAVNA, with maximum formation reached at at 1.6 mM. A concentration
of 10 µM for PAF and fMLP was used to induce exocytosis. (c) PAF- and fMLP-induced concentration-dependent responses by release of elastase.
Biological responses of similar magnitudes were obtained for both PAF and fMLP at concentration 0.1 µM. (d) Increasing concentrations of SAAVNA
were added until formation of pNA reached a maximum. The concentration 0.8 mM was chosen as the assay condition. All the points represent
mean values ( SEM from three independent experiments run in duplicate.
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After optimization, the assay operated successfully for
100 plant extracts from 96 species, representing 46 families
of 26 orders, where both PAF and fMLP were used as
exocytosis inducers. For a primary selection of plants, the
following protocol was used: sample widely; sample plants
known to produce peptides; sample Swedish antiinflam-
matory plants; and include a number of traditionally used
medicinal plants. This resulted in a set of 96 taxa, listed
in Table 2. We followed classifications suggested by the
Angiosperm Phylogeny Group.39-41 Of the 40 recognized
orders of higher plants, 23 are represented among the
tested samples (Figure 6).

Of the 100 tested extracts, 41% inhibited pNA formation
more than 60%; 18% nonselectively inhibited pNA forma-
tion less than 30%; and 3% stimulated formation of pNA,
without the challenge of PAF or fMLP. In the order

Malpighiales, 4 out of 7 tested extracts inhibited pNA
formation less than 30%, whereas in the family Violaceae,
3 of 4 tested species inhibited formation less than 30%, and
one, Viola patrinii, stimulated formation (Table 2). In other
orders, such as Lamiales and Brassicales, a comparably
high proportion of the tested species showed prominent
inhibitory activity. For Lamiales, 11 out of 17 tested
extracts inhibited pNA formation more than 60%. The
fractionated plant extract of Nymphoides peltata of Men-
yanthaceae inhibited pNA formation of PAF-induced elastase
release 36 ( 14%, and fMLP-induced elastase release 90
( 3%, which may indicate selective inhibition by fMLP
receptors. However, since all the fractionated plant extracts
contain a mixture of substances, more than one active
compound is possible, and therefore the presence of selec-
tive inhibitors in fractions cannot be ruled out, which can
influence and modify nonselective inhibition.

The fractionated plant extracts that nonselectively in-
hibited pNA formation more than 80% were tested for
ability to inhibit, in a single target bioassay, the isolated
enzyme elastase. For comparison, other plant extracts were
included as negative controls. The fractionated plant
extracts inhibited the isolated elastase in the same con-
centration range as they inhibited pNA formation (Table
2). Mitrostigma axillare and Justitia adathoda inhibited
pNA formation of PAF-induced elastase release 93 ( 1%
and 84 ( 2%, and fMLP-induced elastase release 93 ( 0%

Figure 4. Amount of pNA formation (i.e., absorbance, ABS) at
different concentrations of the inducer IL-8. Each point represents the
mean value ( SEM from two to three independent experiments run
in duplicate.

Figure 5. Superoxide production by PMNs when stimulated by the
addition of PAF (0) and fMLP ([). Each point is the mean absorbance
value ( SEM of three independent experiments run in duplicate.

Table 1. Reference Substances Tested in the Optimized Assay

substance
PAF IC50

µg/mL n
fMLP IC50

µg/mL n

R1-antitrypsin 10 9 11 9
trypsin-inhibitor 10 9 8 10
BN 52021 72 12 11

Figure 6. Systematic position and distribution of taxa included in
the study. Phylogenetic relationships according to APG (1998)39 and
NCBI/GenBank taxonomy section. Numbers following ordinal names
indicate approximate number of included families, numbers following
familial names indicate approximate number of genera and species,
respectively. Ordinal names in bold type face indicate orders repre-
sented in the study.
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and 80 ( 3% (Table 2). These extracts were shown to
inhibit the isolated enzyme elastase 93 ( 1% and 84 ( 1%,
which indicates that the observed effects in the whole cell
assay are probably due to inhibition of isolated enzyme
elastase.

Some of the plant materials were also tested against the
enzyme trypsin to give an indication of the enzyme
selectivity of the observed inhibition of elastase. Inhibition
of trypsin by extracts of Reseda luteola was high (97%).
The extracts of Rubus idaeus and Tabernaemontana di-
chotoma inhibited elastase (80% and 99%) significantly
more than they inhibited trypsin (8% and 11%). These
results suggest that some of the extracts studied might
contain selective protease inhibitors.

Examination of the fractionated plant extracts of Digi-
talis lanata, Digitalis purpurea, and Viola patrinii revealed
an unusual and unexpected effect on the formation of pNA.
The extracts from these plants significantly increased
formation of pNA, in a concentration-dependent manner
(Figure 7), independent of challenge with PAF or fMLP.
The formation of pNA was dependent in these cases on the
presence of cytochalasin B and was not inhibited by the
PAF-antagonist ginkgolide BN 52021; but the presence of
R1-antitrypsin decreased the amount of pNA formed.

The cardiac glycoside digitoxin was isolated in a bio-
assay-guided fractionation procedure as the most potent
compound in D. purpurea for enhancing pNA formation.
The substance was identified by spectroscopic methods. The
1H NMR spectrum (recorded at 600 MHz) and mass
spectrum (obtained by the electrospray ionization tech-
nique) was in agreement with those of an authentic sample
of digitoxin (Sigma). Digitoxin’s concentration-response for
enhancement of pNA formation is shown in Figure 8. In
the optimized assay, the maximal pNA-formation enhance-
ment by isolated digitoxin was lower than that of the
inducers PAF, fMLP, and the original extract of D. pur-
purea. The substantial enhancement by the fractionated
extract was possibly a synergistic effect involving more
than one cardiac glycoside.

The saponin digitonin, a detergent from D. purpurea
known to lyse plasma membranes and granules of neutro-
phils,42 was earlier shown to induce both lysosomal enzyme
release43 and superoxide release from neutrophils.44,45

Digitonin could, however, not be detected in the fraction-
ated plant extract of D. purpurea by TLC or HPLC.

Elastase is present in the neutrophils mostly in the
azurophil or primary granules.46,47 Digitonin’s pNA-forma-
tion enhancement was dose-dependent (Figure 9) with two
different maxima. This is likely the result of the two
different granules containing elastase. Our findings are
very similar to those of Garcia et al. (1985), who obtained
a dual distribution of elastase in neutrophils.48

To compare the effects of digitoxin and digitonin, parallel
samples of PMN were pretreated with either digitoxin or
digitonin in several concentrations and then assayed for
PAF- or fMLP-induced elastase release (data not shown).
Interestingly, pretreatment of PMNs with digitonin re-
sulted in a failure of the PMNs to respond and in increased
pNA formation when PAF or fMLP was used as inducer.
By contrast, PMNs pretreated with digitoxin were still able
to increase pNA formation after challenge with the induc-
ers PAF or fMLP. The release of elastase by digitoxin in
our study (Figure 8) was unlike that by digitonin (Figure
9), which indicates that digitoxin has a mechanism of action
other than that of digitonin. Whether the release of elastase
by digitoxin is an agonistic receptor-mediated effect or a
direct cytotoxic effect is unknown.

Figure 7. Amount of pNA formation induced by fractions from
Digitalis purpurea (9) and Viola patrinii (0) compared to that of fMLP
(O) stimulated neutrophils. Each point is the mean absorbance value
( SEM from three independent experiments.

Figure 8. Amount of pNA formation from neutrophils treated by
different concentration of the isolated digitoxin. Each point is the mean
absorbance value ( SEM of three independent experiments.

Figure 9. Amount of pNA formation from neutrophils in the response
to digitonin in different concentrations. Each point is the mean
absorbance value ( SEM for six experiments run in duplicate.
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A lysis test on erythrocytes was appended to the neu-
trophil assay to indicate whether an inhibitory effect of the
plant extracts at a concentration of 100 µg/mL would
depend on a general damage of the cells, which may affect
the release of elastase from the neutrophil. At extract
concentration 100 µg/mL, hemolytic activity occurred in
seven of the extracts tested (Table 2).

With increased acceptance that the distribution of chemi-
cal substances and substance classes in plants is not purely
random, a logical consequence is that, to efficiently explore
the chemical diversity of plants, one must also explore the
biological and evolutionary diversity. Thus, from a phylo-
genetic perspective, selecting and evaluating results from
a phytochemical screening allows diversity coverage to be
estimated. Furthermore, the results will be most useful if
sampling is expanded in order, for example, to select groups
of plants with comparably good potential for the discovery
of additional active substances. Eventually, with an in-
creasing amount of information available for a particular
assay, it can also be possible to make preliminary identi-
fications of different modes of action. This would then be
indirectly derived from the plausibility of occurrences of
similar compounds in more or less closely related plants.
However, environmental factors (e.g., presence/absence of
predators, pathogens, or nutrients) should also be consid-
ered as a possible impact for the expression of these
compounds.49

In conclusion, this work describes a bioassay adapted to
detect substances or plant extracts that affect the cascade
of cellular events of the challenged human neutrophil
leading to an increased or decreased activity of the down-
stream target enzyme elastase. The effects of approxi-
mately 100 fractionated plant extracts of diverse phyloge-
netic origin were evaluated in this assay, and some
secondary assays were appended to add complementary
information on the mechanism of action of the agents
tested.

Experimental Section

Plant Materials. The plant materials were mainly collected
in Uppland, Sweden, and in the Uppsala University Botanical
Garden. Voucher specimens have been deposited at the Upp-
sala University Herbarium (UPS). The sampled plants include
46 out of 464 families from 23 of the 40 orders of angiosperms
recognized in the APG system39 and, additionally, four families
of Coniferophytes and Pteridophytes.

Fractionation of Plant Extracts. The 100 fractionated
plant extracts from 96 plant species were obtained according
to a previously described protocol.33 Briefly, the dried, pow-
dered plant material (4.0 g) was extracted with 4 × 75 mL of
CH2Cl2. The CH2Cl2-soluble extractives were discarded. The
main extraction with 3 × 75 mL of 50% EtOH was carried out
analogously. Tannins from the evaporated 50% EtOH extract
were removed by filtration through acidified polyamide 6S
(Riedel-de Haen, Seelze, Germany) in a column. The column
was eluted with 2% HOAc, followed by 50% EtOH, and 2%
HOAc. The collected eluates were combined. The tannin-free
extract was injected onto a size-exclusion column packed with
Sephadex G-10 (Amersham Pharmacia Biotech AB, Uppsala,
Sweden). A mobile phase of EtOH (50%)/HOAc (2%)/NaCl 0.2
M was used to elute the high molecular fraction (>700 Da),
which subsequently was applied to a C18 Isolute SPE (solid-
phase extraction) column (5 g/20 mL; Sorbent AB, Sollentuna,
Sweden). The column was washed with water, followed by
elution with 20% EtOH and by 50%, 80% EtOH in NH4HCO3

buffer (50 mM). The combined eluates were evaporated in
vacuo and lyophilized to yield the fraction used in this test.

Material. The following stock solutions were used for
preparing the test solutions of cytochalasin B, SAAVNA, fMLP,

and PAF: Cytochalasin B (Bachem Feinchemikalien AG,
Switzerland), 5 mg/mL in 20% DMSO (0.965 mg/mL); the
elastase substrate SAAVNA (Bachem Feinchemikalien AG,
Switzerland), 300 mM in DMSO; fMLP (Sigma), 10 mM in
EtOH and phosphate buffered saline (PBS) containing 0.9 mM
CaCl2 and 0.49 mM MgCl2 (SVA, Uppsala, Sweden), and 2.5%
bovine serum albumin (BSA); PAF (Sigma), 10 mM in EtOH
and PBS containing 0.9 mM CaCl2 and 0.49 mM MgCl2, and
2.5% BSA. The trypsin substrate was BAPNA ()N-benzoyl-
DL-arginine p-nitroanilide) (Sigma) solution (0.01 M BAPNA
in 0.05 M TRIS-HCl adjusted to pH 7.5). The PAF-antagonist
BN 52021 was kindly provided by Dr. P. Braquet, Institut
Henri Beaufort, Le Plessis Robinson, France.

Neutrophil Isolation. PMNs were isolated from blood of
healthy volunteers. Heparinized blood samples were mixed
with 10% dextran-T-500 (Amersham Pharmacia Biotech AB,
Uppsala, Sweden) in 0.9% NaCl for erythrocyte sedimentation.
The cells from the leukocyte upper layer were resuspended in
Ca2+- and Mg2+-free PBS, placed on Ficoll-Paque (Amersham
Pharmacia Biotech AB, Uppsala, Sweden), and centrifuged at
500g for 30 min at 20 °C. After removal of the supernatant,
the cell pellet was treated with one volume of ice-cold sterile
water for 21 s, followed by the addition of 9 volumes of Ca2+-
and Mg2+-free PBS (SVA, Uppsala, Sweden) in order to lyse
the remaining red blood cells. After centrifugation (500g for
10 min, 4 °C), the PMNs were resuspended at a concentration
of (10-30) × 106 cells/mL in PBS containing 0.9 mM CaCl2

and 0.49 mM MgCl2.
Elastase Release Assay. The test tubes without the

sample, but with an inducer (PAF or fMLP), gave the maxi-
mum release of elastase at the assay conditions. The test tubes
without the sample and the inducers represented the sponta-
neous release of elastase. We added 10 µL of the test solution,
or 10% EtOH, to 750 µL of the incubation medium containing
SAAVNA in PBS containing 0.9 mM CaCl2 and 0.49 mM
MgCl2, and 2.5% bovine serum albumin (BSA).

To each test tube, cytochalasin B solution (5 µL) was added,
followed by 100 µL of the PMN suspension. The test tubes were
incubated for 5 min at 37 °C. The reaction was started by
adding 100 µL of fMLP, PAF, or IL-8. To allow a direct
comparison, samples were tested in parallel for both PAF- and
fMLP-induced exocytosis, using PMN from the same prepara-
tion. Also, test tubes without the addition of PAF/fMLP were
run in parallel.

After incubation at 37 °C for 10 min, the reaction was
stopped by adding 250 µL of 2% citric acid, and then the tubes
were centrifuged at 500g for 10 min. The absorbance of each
sample (volume 1215 µL) was recorded 405 nm using a
Shimadzu UV-vis double-beam recording spectrophotometer.
All samples were run in duplicate. The absorbance of the
corresponding background tube (without inducer) was sub-
tracted from that of the sample. The percentage inhibition of
fMLP or PAF formation of pNA was, as a percentage, the
relative decrease in absorbance compared to that of fMLP or
PAF alone (100%), using the formula

where, in the subscripts, S is the sample; I, the inducer; and
B, the buffer.

In our experience, the effect of DMSO, EtOH, or MeOHs
giving a final concentration of 0.1%shad no significant effect
on the PMN (data not shown) and did not appear to compro-
mise the integrity of the results from the assay. Also, the use
of alcohol decreases the risk of nonspecific binding of com-
pounds (in the fraction) to the walls of glass and plastic.50

Superoxide Production. PMNs were isolated as described
above. The assay used for measurement of the superoxide
production by PMNs is a slight modification of the assay
described by Jones and Hancock (1994).51 Test tubes containing
400 µL of 100 µM cytochrome C (Sigma) in PBS (Ca2+ and
Mg2+) solution were prewarmed at 37 °C in a water bath. The
cell suspension (50 µL) was added to all the test tubes, and to
one of each pair was added 10 µL of the superoxide dismutase

% Inhibition) {1 - [(ABS(S+I) - ABS(S+B))/(ABS(I) - ABS(B))]} ×
100 (1)
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(SOD, Sigma) in PBS solution to give a final concentration of
100 µg/mL. After incubation for 5 min at 37 °C, 0.1 µM of PAF,
fMLP, or the test substance was added to all the test tubes.
After 20 min incubation (37 °C) in a shaking water bath, the
reaction was stopped by 5 min centrifugation (500g, 4 °C). The
amount of the cytochrome C reduction was measured by
recording the absorbance at 550 nm.

Inhibition Assay of the Isolated Elastase. The PMNs
were isolated as described above. The cells were diluted with
PBS (having Ca2+ and Mg2+) and 2.5% BSA to a concentration
of (1.5-5) × 106 cells/mL. The cells were activated by the
addition of cytochalasin B to a final concentration of 5 µg/mL
and then incubated for 10 min at 37 °C. Addition of PAF to a
final concentration of 0.1 µM initiated the release of elastase
from the PMNs. After incubation (10 min), the exocytosis was
stopped by centrifugation of the solution at 500g for 10 min
at 20 °C. After decanting the supernatant, the cell pellet
consisting of the PMNs was discarded. The elastase-containing
supernatant (750 µL) was added to the test tubes containing
10 µL of either the test solution or 10% EtOH. The background
reference samples were inactivated by adding 250 µL of citric
acid (2%). The reaction was initiated with the addition of 200
µL of SAAVNA solution to a final concentration of 0.8 mM.
After incubation at 37 °C for 30 min, the reaction was stopped
by adding 250 µL of citric acid (2%). The test tubes were
centrifuged at 500g for 10 min. All samples were run in
duplicate. The absorbance of each sample was measured at
405 nm, and the inhibition of elastase was calculated as
described above.

Inhibition Assay of Trypsin. In the method used, de-
scribed by Shibata et al. (1986),52 a trypsin-containing solution
is incubated with the test solution and BAPNA. The reaction
of trypsin with its substrate leads to formation of a colored
product, pNA, which can be quantified by UV measurement.

Trypsin was dissolved in 0.001 M HCl and 0.02 M CaCl2 to
a concentration of 200 µg/mL. This trypsin-containing solution
(50 µL) was added to test tubes containing 100 µL of test
solution or EtOH (0.1%). After incubation at 37 °C for 10 min,
500 µL of 0.01 M BAPNA solution (0.01 M BAPNA in 0.05M
TRIS-HCl adjusted to pH 7.5) was added. The test tubes were
incubated at 37 °C for 10 min. After the incubation, the
reaction was stopped by adding 100 µL of 30% HOAc. The test
tubes were centrifuged at 500g for 2 min. All samples were
run in duplicate, and the absorbance of each sample was
measured at 405 nm. The inhibition of trypsin was calculated
as described above.

Hemolytic Test. Hessinger and Lenhoff (1973)53 describe
this test. Human erythrocytes, obtained from the blood of
healthy volunteers, were separated from PMNs by sedimenta-
tion in a 10% solution of Dextran T-500 in 0.9% NaCl. The
mixture of erythrocytes and dextran was centrifuged for 30
min (500g, 20 °C); and the supernatant, discarded. The
remaining erythrocytes were washed with 50 mL of Krebs-
Henseleit solution and centrifuged for 10 min (500g, 4 °C). The
erythrocyte concentration was adjusted such that the absor-
bance for total hemolysis, by the addition of a saponin from
Quillaja bark (Sigma) (Quillaja saponaria Molina), was be-
tween 1.2 and 1.4 at 570 nm. To each test tube, 100 µL of the
test substance in Krebs-Henseleit solution and 900 µL of the
erythrocyte test solution were added. After incubation for 15
min at 37 °C, the reaction was terminated by centrifugation
for 10 min at 1000g and 20 °C. The absorbance of the samples
was compared with a sample that was without blood (as a
blank), with saponin for total hemolysis, and with water for
no hemolysis. The assays were run in duplicate. The fraction-
ated plant extracts were tested at a concentration of 100 µg/
mL.
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