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ABSTRACT

Roles of protein kinase C and protein tyrosine kinase in the activation of neutrophil respira-
tory burst, degranulation and elevation of cytosolic Ca?* in platelet-activating factor (PAF)-stimu-
lated neutrophils were investigated.

Superoxide and H:O. production and myeloperoxidase and acid phosphatase release in PAF-
stimulated neutrophils were inhibited by protein kinase C inhibitors, staurosporine and H-7 and
protein tyrosine kinase inhibitors, genistein and tyrphostin. The PAF-induced elevation of [Ca’"]
in neutrophils was inhibited by staurosporine, genistein and methyl-2,5-dihydroxycinnamate.
Staurosporine inhibited both intracellular Ca*" release and Mn®" influx in PAF-stimulated neutro-
phils. Genistein and methyl-2,5-dihydroxycinnamate inhibited Mn’" influx induced by PAF,
whereas their effects on intracellular Ca** release were not detected. In neutrophils preactivated
by PMA, the stimulatory effect of PAF on the elevation of {Ca’*] was reduced.

Protein kinase C and protein tyrosine kinase may be involved in respiratory burst, lysosomal
enzyme release and Ca’* mobilization in PAF-stimulated neutrophils. The elevation of [Ca*" ] ap-
pears to be accomplished by intracellular Ca** release and Ca®* influx which are differently regu-
lated by protein kinases. Preactivation of protein kinase C appears to attenuate the stimulatory
action of PAF on intracellular Ca** mobilization.
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INTRODUCTION

Platelet-activating factor (PAF) is 1-o-alkyl-2-
acetyl-sn-glycero-3-phosphocholine (alkyl acetyl
GPC). PAF is synthesized and released by
platelets, neutrophils, macrophages, mast cells,
basophils, eosinophils and endothelial cells
(Braquet et al., 1987). PAF stimulates neutrophil
responses, such as chemotactic migration, super-

*To whom all correspondences should be addressed.

oxide production, degranulation and aggrega-
tion (O'Flaherty et al, 1981; Ingraham, et al,
1982). PAF receptor is a plasma membrane
protein that is coupled to guanine nucleotide
binding proteins (Hwang, et al., 1986). The bind-
ing of chemoattractants to receptors induces
phosphoinositide hydrolysis by phospholipase
C, promoting the formation of the intracellular
messengers, inositol 1,4,5-trisphosphate (InsP:)
and 1,2-diacylglycerol (DAG), which in turn
cause the Ca®" release from intracellular stores
and the activation of protein kinase C, res-
pectively (Nishizuka, 1984).
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Protein kinase C may play a major role in
the activation processes of neutrophils (Tauber,
1987). Protein kinase C is activated by DAG,
phospholipids and Ca®* (Castagna er al, 1982).
The Ca’ induces protein kinase C to associate
with the plasma membrane (Smolen ef al, 1981),
while membrane DAG binds and then activates
the adherent protein kinase C (O'Flaherty et al,
1990). The activation of neutrophils by Ca*-in-
sensitive protein kinase C has also been report-
ed. Phorbol 12-myristate 13-acetate (PMA), an
activator of protein kinase C, has been shown
to stimulate aggregation, superoxide production,
degranulation and phospholipid turnover with-
out measurable change of cytosolic Ca’
(Tauber, 1987). However, the inhibitor of pro-
tein kinase C, 1-(5-isoquinolinesulfonyl)-3-meth-
yl piperazine (H-7) does not inhibit all neutro-
phil responses evoked by N-formylmethionyl-
leucyl-phenylalanine (fMLP) (Gerard ef df,
1986; Berkow e al, 1987). Thus, it is suggested
that other protein kinases may also be involved
in the signal transduction in neutrophils.

Neutrophils stimulated by fMLP or PMA
show an increase in protein tyrosine phos-
phorylation (Berkow and Dodson, 1990). The
inhibitors of protein tyrosine kinase, such as
genistein and ST 638, inhibit both tyrosine
phosphorylation and superoxide production
(Berkow ef al, 1989; Tanimura et al, 1992).
These findings indicate that protein tyrosine
phosphorylation is involved in the activation of
neutrophil responses. It has been reported that
superoxide production by the activation of pro-
tein kinase C in nonprimed neutrophils is stim-
ulated by genistein and ST 638 (Tanimura et al.,
1992). The respiratory burst stimulated by the
activation of protein kinase C might be affect-
ed by protein tyrosine kinase.

In this study, role of protein kinase C and
protein tyrosine kinase in superoxide and H,O,
production and lysosomal enzyme release in
PAF-stimulated neutrophils was investigated.
Elevation of cytosolic Ca® level is an early
event in the neutrophil responses to agonists,
including fMLP and PAF (Westwick and Poll,
1986). However, role of these kinases in intra-
cellular Ca’* release and Ca’ entry from the
extracellular medium is uncertain. Their in-
volvement in the elevation of cytosolic Ca** in

the activated neutrophils were examined.

MATERIALS AND METHODS

L-o-Phosphatidylcholine, S-acetyl-y-o-hexadecyl
(PAF), phorbol 12-myristate 13-acetate (PMA),
staurosporine, 1-(5-isoquinolinesulfon-yl)-3-meth-
yl piperazine dihydrochloride (H-7), genistein,
tyrphostin, methyl-2,5-dihydroxycinnamate, fer-
ricytochrome c¢, scopoletin, o-dianisidine hydro-
chloride, diagnostic kit for acid phosphatase,
cytochalasin B, fura-2/AM and Ficoll-Hypaque
solution were purchased from Sigma Chemical
Co.. All other reagents were of analytic grade.

Preparation of human neutrophils

Neutrophils were prepared from fresh whole
human blood, anticoagulated with 10% acidcit-
rate-dextrose, by dextran sedimentation, hypo-
tonic lysis of erythrocytes and Ficoll-Hypaque
density centrifugation (Markert et al, 1984). The
neutrophils were suspended in Dulbecco’s phos-
phate-buffered saline at a concentration of 1X
10/ml. Final suspensions of neutrophils were
comprised of about 97% neutrophils as judged
from Wright-Giemsa stain and viability was
more than 98% as judged from trypan blue dye
exclusion.

After neutrophils were pretreated with
cytochalasin B (5 ¢g/ml for 107 cells) for 5 min,
the assay for the respiratory burst and degran-
ulation was done.

Assay of superoxide production

The superoxide dependent reduction of
ferricytochrome ¢ was measured by the method
of Markert et al. (1984). The reaction mixtures
in plastic microfuge tubes contained 2% 10° neu-
trophils, 75u4M ferricytochrome ¢, PAF, 20 mM
HEPES-tris and Hanks' balanced salt solution
(HBSS) buffer, pH 74 in a total volume of 1.0ml
The reactions were performed in a 37°C shak-
ing water bath for 10 min. The reaction was
then stopped by placing the tubes in melting
ice, and the cells were rapidly pelleted by cen-
trifuging at 1,500g for 5min at 4°C. The
supernatants were taken, and the amount of re-
duced cytochrome c¢ was measured at 550 nm.
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The amount of reduced cytochrome ¢ was cal-
culated by using an extinction coefficient of 2.1
X 10'M-1 ¢cm-1 at 550 nm (Cohen and Chovaniec,
1978).

Assay of hydrogen peroxide production

H:0. produced from activated neutrophils
was measured by change of scopoletin fluores-
cence. The reaction mixtures contained 2x10°
neutrophils, 2.5#M scopoletin, 5pg/ml horse
radish peroxidase, PAF, 20 mM HEPES-tris and
HBSS buffer, pH 7.4 in a total volume of 1.0 ml.
After preincubation of 5min at 37°C with in-
hibitors, the reaction was initiated by the
addition of PAF. The decrease of scopoletin
fluorescence by H.0: produced was read at the
wavelength of excitation, 343 nm and emission,
460 nm (Root et al., 1975).

Assay of myeloperoxidase release

A 5x10°/ml neutrophils in HBSS buffer with
or without inhibitors were stimulated by adding
PAF at 37°C. After 15min of incubation, 250 /1
of 02M phosphate buffer, pH 62 and 2501 of
an equal mixture of 3.9mM o-dianisidine HCl
and 15mM H,O: were added. After 10 min of
reincubation, the reaction was stopped by the
addition of 250 of 1% sodium azide. The ab-
sorbance was read at 450nm (Spangrude e al.,
1985).

Assay of acid phosphatase activity

Released amount of acid phosphatase from
activated neutrophils was measured using
Sigma diagnostic kit. The reaction mixtures
contained 2Xx10° neutrophils, 1.04M PAF,
20 mM HEPES-tris and HBSS buffer, pH 74 in
a total volume of 0.5ml. After 15 min of incu-
bation at 37°C, the reaction mixtures were cen-
trifuged at 3,000 rpm for 10 min, and the
supernatants were taken. Aliquotes (0.2 ml) were
mixed with 0.5ml of 4mg/ml p-nitrophenyl
phosphate disodium and 0.5ml of 90 mM citrate
buffer solution, pH 4.8. After 30 min of incuba-
tion at 37°C, the incubation was stopped by
adding 5ml of 0.1 N NaOH. The absorbance
was read at 405nm. Activity of acid phospha-
tase was estimated from the standard curve
using p-nitrophenol standard solution and is ex-

pressed as the mUnit/2x 10° cells.
Assay of cytosolic free calcium

Fura-2 loading and fluorescence measurement
were performed by the method of Luscinskas et
al. (1990). Neutrophils (approximately 5Xx10
cells/ml) were loaded with 2mM fura-2/AM to
1 pM/107 cells at 37°C for 10 min in the reaction
mixtures contained HBSS buffer without calci-
um and magnesium (HBSS-CMF) and 20 mM
HEPES-tris, pH 74. The suspension was then
diluted 5 fold with 0.5% bovine serum albumin
containing HBSS-CMF and was further incubat-
ed at 37°C for 15min. After loading, the sus-
pension was centrifuged at 200g for 10 min, and
neutrophils were resuspended in 0.1% bovine
serum albumin containing HBSS-CMF. This
procedure was performed twice. Neutrophils
were finally suspended in bovine serum albu-
minfree, HBSS-CMF as approximately 5x10
cells/ml. Fluorescence measurement was done
with a Turner Spectrofluorometer (Model 430).
Preloaded neutrophils (4x10°) were suspended
in the same reaction mixture in a final volume
of 1.0ml. After preincubation at 37°C for 5 min
with compounds, the response was initiated by
the addition of PAF. The fluorescence change
was read at an excitation wavelength of 340 nm
and emission wavelength of 505 nm.

The traces on Ca’” mobilization were repre-
sentative of three experiments.

Assay of intracellular Ca*" release

Intracellular Ca®" release was measured by
the modification of the method of Parys et al,
(1993) in Ca® free media containing 4x10%/ml
neutrophils (fura-2 loaded), | mM EGTA, | mM
MgCl,, HBSS and 20mM HEPES-tris, pH 74
without extracellulary added Ca’*. After 5 min
of preincubation with or without inhibitors at
37°C, the Ca®" release was initiated by adding
PAF. The elevation of cytosolic Ca** was mea-
sured spectrofluorometrically.

Assay of Mn** influx

Influx of Mn®*™ into cells was measured using
the fura-2 fluorescence quenching technique
(Demaurex et al, 1992). Fura-2 loaded neutro-
phils (4x10°/ml) were suspended in Ca’"-and
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Mg'*-containing HBSS media. After 90 sec of
stimulation with PAF, Mn** (0.5mM) was
added, and quenching of fura-2 fluorescence by
Mn** influx was measured at an excitation
wavelength of 360 nm and emission wavelength
of 505 nm.

RESULTS

Inhibitory effects of staurosporine and genistein
on superoxide production

The respiratory burst in cytochalasin B-treat-
ed neutrophils was stimulated by PAF. Amount
of superoxide produced in neutrophils activated
by 1.04M PAF was 4.80+0.66 nmol/10 min/2 X
10° cells (n=5). Role of protein kinase C and
protein tyrosine kinase in the activation of the
respiratory burst in PAF-activated neutrophils
was investigated. The stimulatory effect of PAF
on superoxide production was inhibited by
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Fig. 1. Inhibitory effects of protein kinase inhibitors
on superoxide production in neutrophil
activated by PAF. Neutrophils(2X 10° cells/ml)
were stimulated with 1.04M PAF in the pres-
ence of inhibitors. Values are mean+S.D., n=5.
C, no addition; ST, 100 nM staurosporine; H-7,
50 M H-7; GE, 10 4M genistein; TYR, 20 4M H-
7; GE, 10uM genistein; TYR, 204M tyrphostin.
**p<0.01 by Student’s t-test.

100 nM staurosporine and 50+M H-7, inhibitors
of protein kinase C and 104M genistein and 20
#M tyrphostin, inhibitors of protein tyrosine ki-
nase (Fig. 1).

H.O: production, which is attained from the
dismutation of O.* (Fridovich, 1975), was mea-
sured by the oxidation of scopoletin. Oxidation
of scopoletin by neutrophils was stimulated by
PAF. Fig 2 shows that 2#M PAF-induced HO,
production was inhibited by 100nM stauros-
porine and 10 #M genistein.

Effects of staurosporine and genistein on lyso-
somal enzyme release

The secretion of lysosomal enzyme from
activated neutrophils was assayed by measuring
release of myeloperoxidase and acid phospha-
tase. Effects of kinase inhibitors on the release
of lysosomal enzyme induced by PAF were ex-
amined. After neutrophils were preincubated
for 5 min with the inhibitors, myeloperoxidase
and acid phosphatase release was initiated by
the addition of PAF. As shown in Fig. 3,
100 nM staurosporine, S0 #sM H-7, 10 uM geniste-
in and 20¢M tyrphostin inhibited the release of
myeloperoxidase by 1.04M PAF. The stimula-
tory effect of PAF on acid phosphatase release
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Fig. 2. Inhibition of PAF-induced hydrogen peroxide
production by the kinase inhibitors. Neutro-
phils(2X 10° cells/ml) were stimulated with 2 1M
PAF in the presence of 100nM staurosporine
(ST) and 104M genistein (GE) or not (C). The
traces are representative of three experiments.
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Fig. 3. Effects of protein kinase inhibitors on PAF-in-
duced myeloperoxidase release. Neutorphils(5
X 10 cells/ml) were stimulated with 1.0 uM PAF
for 15 min in the presence of inhibitors. Values
are expressed as % inhibition and are means+S.
D, n=5, ST, 100 nM staurosporine; H-7, 50 M
H-7; GE, 10u4M genistein; TYR, 204M tyrp-
hostion.
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Fig. 4. Effects of staurosporine and genistein on acid
phosphatase release by PAF. Neutrophils(2x 10°
cells/0.5 ml) were stimulated with 1.04M PAF
in the presence of inhibitors. Values are mean+t
S.D., n=3. C, no addition; ST, 100 nM stauros-
porine; GE, 10 4M genistein. **p<0.01, *p<0.05
by Student’s t-test.

was also inhibited by staurosporine and geniste-
in (Fig. 4).

Effects of staurosporine and genistein on calci-
um mobilization

The cytosolic Ca*" level was assayed by mea-
suring fluorescence change of fura-2 due to the
complex formation of fura-2 and Ca’". One M
PAF elicited an increase of [Ca’"] in neutro-
phils. The maximum mobilization occured with-
in 30 sec post addition, and then the level of
[Ca™] was maintained. Role of protein kinase
C and protein tyrosine kinase in PAF-induced
Ca’" mobilization was examined. Fig. 5 shows
that PAF-induced elevation of [Ca* ] was in-
hibited by 100nM staurosporine, 10 M geniste-
in and 1xg/ml methyl-2,5-dihydroxycinnamate
(protein tyrosine kinase inhibitor).

The elevation of [Ca’*"] is attained by both
release of Ca’™ from intracellular stores and
subsequent Ca’" influx from the extracellular
medium. In Ca** free media, the release of Ca’"
from the intracellular stores was induced by
the addition of PAF. Influence of the kinase
inhibitors on the intracellular Ca*" release was
observed. As can be seen in Fig. 6, 100nM

o C
o GE
o CIN
by ST
o

o

=

N

o

= 2 min

] (Eihadhblesl

o

<

Fig. 5. Inhibition of PAF-induced elevation of [Ca’};
by staurosporine and genistein. Fura-2 loaded
neutophils(4X 10° cells/ml) were preincubated
with inhibitors for S min, and then the response
was initiated by the addition of 1.0M PAF. C,
no addition; ST, 100nM staurpsporine; GE,
10 M genistein; CIN, 1 1g/ml methyl-25-dihyd-
orxyxinnamate.
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staurosporine inhibited the Ca®" release in neu-
trophils activated by PAF, whereas the effects
of genistein and methyl-2,5-dihydroxycinnamate
were not detected.

The activity of the Ca’ influx pathway was
assayed with Mn’" influx. The Mn*" is consid-
ered to permeate through the neutrophil Ca®**
influx pathway activated by chemoattractants
(Demaurex er al, 1992). The experiments were
done at an excitation wavelength of 360 nm. In
this wavelength, PAF did not cause fluores-
cence change in Fura-2-loaded neutrophils.
When added to 1.04M PAF-stimulated neutro-
phils, 0.5 mM Mn’* caused a rapid and continu-
ous decrease in fluorescence. The stimulated in-
crease of Mn*" influx was inhibited by 100nM
staurosporine, 10uM genistein and 1 xg/ml
methyl-2,5-dihydroxycinnamate (Fig. 7).

It has been suggested that activation of PKC
with PMA decreases agonist-induced elevation
of [Ca**] by inhibition of Ca’* mobilization
(MaCarthy et al, 1989). The activation of pro-
tein kinase C is thought to decrease agonist-
stimulated elevation of [Ca®J in neutrophils.
As shown in Fig. 8, after the pretreatment with
0.1 zg/ml PMA, the stimulatory effect of 1.0xM
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Fig. 6. Effects of the kinase inhibitors on the intracel-
lular Ca** release. In Ca®* free media, fura-2
loaded neutrophils (4 X 10° cells/ml) were stimu-
lated to induce Ca®" release with 1.0 sM PAF. C,
no addition; ST, 100 nM staurosoporine; GE, 10
#M genistein; CIN, !g/ml methyl-2,5-dihydr-
oxycinnamate.
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Fig. 7. Effects of staurosporine and genistein on Mn**
influx. Fura-2 loaded neutrophils(4X10° cells/
ml) were stimulated with 1.0 M PAF for 90sec
in the presence of inhibitors, and then Mn’* in-
flux was initiated by adding 0.5 mM Mn*". C, no
addition; ST, 100 nM staurosporine; GE, 10M
genistein; CIN, 1ug/ml methyl-2,5-dihydroxyc-
innamate.
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Fig. 8. Inhibition of PAF-induced elevation of [Ca*"];
by pretreatment of PMA. Fura-2 loaded neuto-
rphils (4X10° cells ml) was treated with 0.1 zg/

ml PMA, and then 1.0 “M PAF was added to in-
duce elevation of [Ca**] sequentially.
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PAF on the elevation of neutrophil cytosolic
Ca’" was significantly decreased.

DISCUSSION

Activation of neutrophils by chemoattrac-
tants, such as PAF and fMLP initiates ionic
and molecular changes including membrane
depolarization (Mottola and Romeo, 1982),
phospholipid inositol turnover (Bareis et al,
1982) and elevation of intracellular Ca*
(Westwick and Poll, 1986), and these changes
are followed by responses, respiratory burst and
degranulation. Chemoattractants appear to exert
their action by binding to G protein-linked, cell
surface receptors at the plasma membrane
(Verghese et al, 1985). Stimulation of receptors
causes the activation of phospholipase C and A,,
which promotes the formation of InsP3, DAG
and arachidonate (Kawaguchi and Yasuda,
1986; Berridge, 1987). In addition, the binding
of PAF to the receptors is known to induce the
activation of tyrosine kinase (Gomez-Cam-
bronero ef al, 1991). InsP; increases intracellu-
lar Ca** through the promotion of intracellular
Ca’" release (Nishizuka, 1984), and DAG
activates the Ca’'-adherent protein kinase C
(O’Flaherty er al, 1990).

Elevation of intracellular Ca® level, activa-
tion of protein kinase C and phosphorylaton of
tyrosine kinase appear to regulate neutrophil
responses, degranulation and superoxide pro-
duction. In PAF-activated neutrophils, superox-
ide and H.O. production and myeloperoxidase
and acid phosphatase release were inhibited by
staurosporine, H-7, genistein and tyrphostin.
These findings indicate that protein Kkinase C
and protein tyrosine kinase may be involved in
the activation of neutrophil responses by PAF.
The weak inhibitory effect of kinase inhibitois
on acid phosphatase release suggests that the
process of degranulation is regulated by other
systems chiefly rather than the Kkinases. The
activation mechanism of the respiratory burst
may be different from the lysosomal enzyme re-
lease (Shin ef al., 1989).

Surface stimulation by particulate or soluble
agents leads to the elevation of [Ca*'] in neutro-

phils {Goldstein ef al., 1975). A rise in cytosolic
Ca’ level is thought to play an important role
in the activation of neutrophil responses. The
elevation of [Ca®"] is attained by both release
of Ca** from the intracellular stores and Ca*"
influx from the extracellular medium (Pozzan er
al., 1983; Westwick and Poll, 1986). The release
of Ca’" from the intracellular stores is mediat-
ed by InsP. The InsP; activates specific Ca**
channels localized in the membrane of intracel-
lular stores (Berridge, 1993). The channels ap-
pear to be regulated by Ca’”, ATP and proba-
bly protein kinases (Zhang et al, 1993). Intra-
cellular Ca’' level of neutrophils was signifi-
cantly increased by the addition of PAF. Role
of protein kinase C and protein tyrosine kinase
in the elevation of [Ca*'} in neutrophils
activated by PAF was investigated. Staurospor-
ine, genistein and methyl-2,5-dihydroxycinna-
mate inhibited the elevation of [Ca’*] by PAF.
Thus, PAF-induced elevation of [Ca* ] may be
regulated by protein kinase C and protein tyro-
sine kinase.

In Ca* free media, PAF-induced release of
Ca’" from the intracellular stores was inhibited
by staurosporine but was not affected by genis-
tein and methyl-2,5-dihydroxycinnamate. These
findings indicate that protein kinase C could
affect the intracellular Ca*" release in PAF-
activated neutrophils. And it is unlikely that
the Ca®" release is affected by the protein tyro-
sine phosphorylation. The regulatory mecha-
nism involved in Ca’* entry across the plasma
membrane of neutrophils has not been clearly
elucidated. It is reported that Ca’" influx in
granulocytes may be not accomplished by volt-
age-operated, receptor-operated or second mes-
senger-operated Ca** channels (Jaconi et al,
1993). The Ca’" entry in platelets is probably
controlled by tyrosine kinases (Sargeant er al.,
1993). The divalent cation Mn** has been shown
to permeate through the neutrophil Ca® influx
pathway activated by chemoattractants (De-
maurex et al, 1992; Jaconi er al, 1993). How-
ever, role of the kinases in Ca*" influx is un-
certain. In PAF-activated neutrophils, Mn’" in-
flux was inhibited by staurosporine, genistein
and methyl-2,5-dihydroxycinnamate. The in-
volvement of protein kinase C and protein ty-
rosine kinase in the control of Ca® entry in
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PAF-activated neutrophils is suggested. Protein
kinase C and protein tyrosine kinase may be
involved in the elevation of [Ca*] in PAF-
stimulated neutrophils by their different regula-
tory role in intracellular Ca®* release and Ca®"
influx.

The activation of protein kinase C can inhib-
it agonist-stimulated elevation of [Ca’"] in neu-
trophils by blocking stimulation of influx of di-
valent cations from the extracellular medium
and by partially inhibiting release of Ca** from
the intracellular stores (McCarthy et al, 1989).
After neutrophils were pretreated with PMA,
an activator of protein kinase C, the stimula-
tory effect of PAF on Ca’* mobilization was
significantly reduced. The result supports the

above view that agonist-induced stimulation of
the response could be attenuated by the acti-
vation of protéin kinase C.
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Protein Kinase A4 37} ¥ Platelet-Activating Factoroll
ojste] A= TFFRES-S WA

Zobfsta olzhujat ofejstmal

oz - IX|Y - SN - MER - 0|FF

Platelet-activating factor (PAF)el ¢J3le] 2155 5% respiratory burst, B33 AEA
Zg552 Z7te) 9le] protein kinase C2} protein tyrosine kinase®} 98& Fa3}c)

PAFel 9gte] =8 &% T4 superoxide ¥ H.0.2] 443} myeloperoxidase®} acid
phosphatase®] 2|& protein kinase C %A ) staurosporines} H-7 2|3l protein tyro-
sine kinase %7143l genistein®} tyrphostinell 28t} A Hgich PAF g 357 AE|
ZH5E2 %71 staurosporine, genisteini} methyl-2,5-dihydroxycinnamated] 2J3}o] A
%%tk Staurosporined PAFo| £3lo} A3R 537X Az Zafed D0Fds 94
3t} Genistein® methyl-2,5-dihydroxycinnamate:= PAFol €3 %7h-#9S A g o,
AE Zgirelel e o|&9 vt TR Akt PMAC] &5te] @45t 3574 A
2 25w Fkd dig PAFS AFE9E ik

Protein kinase C%} protein tyrosine kinase: PAFel 9l8lod 24338 5 F -4 9] respira-
tory burst, lysosomal enzyme-$-2l¢} ZFE o] Bed 7o 2 AL AxY Lasre F
7b= protein kinase®| %<& tiE2A B XU ZdEfelel AZRE e Zafslel 9
gtod o]Folzl Ao 2 FAHcl Protein kinase C7F 43 E ] 9 Aelold Az a5
o tigk PAFS] A=2t42 had Hed Apgc)
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