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Depression of Ca
Influx in Complement C5a-stimulated Neutro
phils by Calmodulin Inhibitors
Dong Suk Ham， Hyun Ho Kim， Eun Sook Han， and Chung Soo Lee
Department of Pharmacology， College of Medicine， Chung-Ang University， Seoul 156-756， Korea

Role of C i+jcalmodulin complex in intracellular Ca2十 mobilization in neutrophils has not been c1ear1y
elucidated. In this study， effects of ch1orpromazine， trifluoperazine and imipramine on the intracellular Ca2+
2+ influx， in C5a-activated neutrophils were investigated. Complement C5amobilization， inc1uding Ca�'
stimulated superoxide production and mye1operoxidase release in neutrophils were inhibited by ch1or
promazine， tr‘ifluoperazine and imipramine， except no effect of imipramine on myeloperoxidase release.
A C5a-elicited elevation of [Ca""]i
2十 in neutrophils was inhibited by ch1opromazine， trifluoperazine， imipramine， staurosporine， genistein， EGTA， and verapami1 but not affected by pertussis toxin. The intracellular‘
Ca2+ release in C5a-activated neutrophils was not affected by ch1orpromazine and imipramine. Ch1or2+ influx by C5a-activated neutrophils. Thapsigargin-evoked Ca
promazine and imipramine inhibited Mn�'
entry was inhibited by ch1orpromazine， trifluoperazine， imipramine， genistein， EGTA and verapamil， while
the effect of staurosporine was not detected. The resu1ts suggest that Ca2十jcalmodulin complex is involved
in the activation process of neutrophils. The depressive action of calmodulin inhibitors on the elevation
of cytosolic Ca2+ level in C5a-activated neutrophils appears to be accomplished by inhibition of Ca2+
influx from the extracellular medium.
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INTRODUCTION
Complement

C5a is

a

of

activation

of

neutrophi1

response

(Smolen et al， 1981; Painter et al， 1984). Binding

principal

mediator

of

of chemoattractants to receptors elicits an elevation

inflam matory responses (Goldstein， 1992). C5a is

of [Ca2+]i. The respiratory burst induced by che

a potent chemotaxin for neutrophils and macro

moattractants can be inhibited by Ca2+ chelators，

phages and stimulates these cells to release lysoso

such as EGT A and a calmodulin antagonist， tri

mal enzymes and

fluoperazine

to

produce

superoxide anion

(Goldstein et al， 1975; Goldstein， 1992). The ef

(Smolen

et

al，

1981;

Campbell

&

Hallett， 1983).

fects of C5a are amplified by chemical mediators.

Chlorpromazine， a calmodulin inhibitor， inhibits

C5a binds to surface receptor which is associated

both opsonized zymosan-or phorbol 12-myristate

with pertussis toxin-sensitive guanine nuc1eotide

13-acetate (PMA)-activated superoxide production

binding

proteins

(G

proteins)，

and platelet-activating factor-induced degranulation

and produces its

in phagocytic cells (Cohen et al， 1980; Lee et al，

biological effects (Becker et al， 1985).

Change in the leve1 of free cytosolic ci+ ([Ci+]i)

1993).

The A23187-or fMet-Leu-Phe (fMLP)-in

been

duced cAMP elevation in neutrophi1s is inhibited

considered to play a significant role in the ear1y

by calmodulin inhibitors， chlorpromazine and tri
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effects on calmodulin， they have been shown to

accompany

neutrophi1

activation

and

has

fluoperazine (lannone et al， 1991). In addition to
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1982). Imipramine appears to have an inhibitory
action on calcium-calmodulin complex (Barritt，
1992). PMA is thought to stimulate superoxide
production in neutrophils without change of intra
2+
cellular Ca
1evel (Tauber， 1987). The inhibitory
action mechanisms of chlorpromazine and imipra
mine on the responses of activated neutrophils
have not been clearly elucidated. Both calmodulin
2+
at low Ca
mixture conditions (Ikemoto et al，
1995) and trifluoperazine (Ikemoto et al， 1996)
potentiate Ca2 ， -induced Ca2' release from the sar
coplasmic reticulum. The role of calcium-calmo
dulin complex in intracellular ca1cium mobilization
in activated neutrophils is also uncertain
In this study， effects of chlorpromazine， t꺼flu
operazine， and imipramine on respiratory burst，
+
degranulation， intracellular Ca2 mobilization in
C5a-activated neutrophils were investigated

eytochrome c was measur‘ed by the method of
Markert et al. (1984). The reaction mixtures in
6
plastic microfuge tubes contained 2 X 10 neutrophils，
75 μ M ferricytochrome c， C5a， and Hanks’
balanced sa1t solution (HBSS)， pH 7.4 in a total
volume of 1 .0 m1. The reactions were performed
in a 37'C shaking water bath for 5 min. The
reaction was then stopped by placing the tubes in
melting ice， and the cells were rapidly pelleted by
centrifuging at 800 g for 5 min at 40C. The super
natants 、νere taken， and the amount of reduced
cytochrome c was calculated by using an extinc
-'
1
- .. .--'1
4
tion coefficient of 2. 1 X 10 M- cm- at 550 nm
(Cohen & Chovaniec， 1978)，
After neutrophils were pretreated with cytα:hal
7
asin B (5 μ g/ml for 10 cells) for 5 min， the assay
for the respiratory burst and degranulation was
done
Assay 01 hydrogen peroxide production

METHODS

Complement C5a， chlorpromazine， trifluoperazine，
imipramine， staurosporine， genistein， pertussls tox
in， ethyleneglycol-bis ( β -amino-ethylether)， N， N，
N’， N’ tetraacetic acid (EGTA)， verapamil， fer
ricytochrome c， o-dianisidine HC1， fura-2/AM，
thapsigargin， cytochalasin B， and Hanks’ balanced
salt solution (HBSS) were purchased from Sigma
Chemical Co. (St. Louis， MO， U.S.A.). Other che
micals were of analytical r‘eagent grade

H202 produced from activated neutrophils was
measured by a change of scopo1etin f1uorescence，
6
The reaction mixtures contained 2 X 10 neutro
phils， 2.5 μ M scopoletin， 5 μ g/ml horseradish per
oxidase， C5a and HBSS buffer in a total volume
of 1.0 ml. After preincubation of 5 min at 37'C
、νith compounds， the r‘eaction was initiated by the
addition of stimulating agents. The decrease of
scopoletin fluorescence by H 202 produced was
read at the wavelengths of excitation， 343 nm and
emission， 460 nm (Root et al， 1975)

Preparation 01 human neutrophils
Assay 01 myelopero.λidase release

Neutrophils were prepared from fresh whole
human blood， anticoagulated with 10% acid-citrate
-dextrose， by dextran sedimentation， hypotonic
Iysis of erythrocytes， and Ficoll-Hypague density
centrifugation (Markert et al， 1984). The neutro
phils were suspended in Dulbecco’s phosphate
buffered sa1ine (PBS)， pH 7.4 at a concentration
7
of 1 X 10 cells/m1. Final suspensions of neutro
phils were comprised of about 97% neutrophils as
judged by Wright-Giemsa stain， and viability was
more than 98% as judged by trypan blue dye
exc1usion
Assay 01 superoxide production

The superoxide dependent reduction of ferri

Measurement of myeloperoxidase release was
done by the method of Spangrude et al. (1985). A
6
5 X 10 cells/ml neutrophils in HBSS buffer with
or without inhibitors were stimulated by adding 20
nM C5a at 37"C， After 1 5 min of incubation， 250
111 of 0，2 M phosphate buffer， pH 6.2 and 250 μ 1
of an equal mixture of 3，9 mM o-dianisidine HCl
and 1 5 mM H，02 were added. After 10 min of
reincubation， the reaction was stopped by the
addition of 250 μ 1 of 1 % sodium azide. Myel
operoxidase activity was determined by the change
in absorbance at 450 nm (L1 A450) using the equa
tion， dianisidine oxidation (n mol)
50 X L1 A450
(Burt et al， 1994)

2
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Assay of cytosolic free calcium

Fura-2 loading， fluorescence measur‘ement， and
2+
assay of Ca
amount were performed by the
method of Luscinskas et a1. (1990). Neutrophi1s
7
(approximate1y 5 X 10 cel1잉:jm1) were 10aded with
7
2 mM fura-2jAM (1 μ Mj10 cells) at 370C for 10
min in the reaction mixtures containing HBSS
buffer without calcium and magnesium (HBS S
CMF) and 20 mM HEPES-tris， pH 7.4. The
suspension was then diluted 5 fold 、νith 0.5 %
bovine serum albumin containing HBSS-Cκ1F and
further incubated at 37"C for 1 5 min. After
10ading， the suspension was centrifuged at 200 g
for 10 min， and neutrophi1s were resuspended in
0 . 1% bovine serum albumin containing HBSS
CMF. This procedure was performed twice. Neu
trophils were finally suspended in bovine serum
7
albumin-free HBSS-CMF at approximately 5 X 10
cellsjml. Fluorescence measurements were made
using a Turner Spectrofluorometer (Model 430)
6
Pre10aded neutrophils (4 X 10 ) were suspended in
2+
2+
1 .23 mM Ca
and 1 mM Mg
containing HBSS
in a final volume of 1.0 m1. After preincubation
at 370C for 5 min with compounds， the response
was initiated by the addition of C5a. The fluo
rescence change was read at an excitation wave
length of 340 nm and an emission wavelength of
2'
505 nm. The traces on intracellular Ca
mo
bilization are representative of three experiments
'
Assay of intracellular Ca

+

release

2+
Intracellular Ca
release was measured by the
modification of the method of Parys et al. ( 1993)
2+
in Ca
free media contained neutrophils (4 X
6
10 jn너， fura-2 loaded)， 1 mM EGTA， 1 mM MgCh，
HBSS， and 20 mM HEPES-tris， pH 7.4 、νithout
2
extracellulary added Ca ， • After 5 min of preincu
2+
bation with or without inhibitors at 37"C， the Ca
release was initiated by adding C5a. The elevation
2+
of cytosolic Ca
was measured spectrofluorome
trically
Assay of Mn

2

+
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influx

2'
Influx of Mn
into cells 、νas measured using
the fura-2 fluorescence quenching technique (De
maurex et al， 1992). Fura-2 loaded neutrophils (4
2+
2+
6
× lO /ml) were suspended In Ca
and Mg

containing HBSS media. After 2 min of stimula
2'
tion with C5a， Mn
(0.5 mM) was added， and
2'
quenching of fura-2 fluorescence by Mn
influx
was measured at an excitation wavelength of 360
nm and emis잉ion wavelength of 505 nm
2+
Assay of capacitative Ca
entη’

2+
entry
In thapsigargin-treated neutrophils， Ca
、νas measured (Sargeant et al， 1993). The reaction
mixtures contained fura-2 loading neutrophils (4 X
6
10 celljml)， 200 1" M EGTA， 20 αM HEPES-tris，
and HBSS buffer without calcium， pH 7.4. After
5 min of preincubation with inhibitors， neutrophils
were treated with 50 nM thapsigargin for 90 sec，
2+
2+
and then 1 mM Ca
was added to induce Ca
influx
Data analysis

The results in experiments of respiratory burst
and myeloperoxide release were analyzed for Ievel
of significance using the Student’s t-test

RESULTS
lnhihition of C5a-induced respiratory hurst and de
granulation hy calmodulin inhibitors

Complement C5a activated neutrophils to stim
ulate functional responses. C5a stimulated super
oxide production by neutrophils， and at 20 nM
16.75:t 1.28 nmol of superoxide anionj5 minj2 X
6
2+
lO cells (n=6) was produced Role of Ca 
calmodulin complex in the activation process of
respiratory burst 、νas studied. As shown in Fig. 1 ，
a 50 μ M to 100 μ M of calmodulin inhibitors，
chlorpromazine， trifluoperazine and imipramine in
hibited 20 nM C5a-induced superoxide production
by 78.8%， 6 1 .9% and 50.5%， respectively. A
C5-induced superoxide production was inhibited
by 100 nM staurosporine and 10 μ κ1 genistein
PMA selectively stimulates protein Idnase C
without activation of G proteins to cause ne
utrophil responses (Tauber， 1987). Influences of
calmodulin inhibitors on activation of protein
kinase C were observed. The stimulatory action of
0 . 1 μ gjml PMA on superoxide production was
inhibited by 50 μ M chlorpromazine， 100 μ M im
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Fig. 1. Inhibition of C5a-induced superoxide produc

Fig. 2. Inhibitory effects of chlorpromazine and imip

tion by chlorpromazine and imipramine. Neutrophils

ramine on PMA-stimulated with 0.1 μ gjml PMA in

were stimulated with 20 nM C5a in the presence of

the presence of 50 μ M chlorpromazine (CPZ)， 100 μ M

50 μ M chlorpromazine (CPZ)， 50 μ M trifluoperazine
(TFP)，

100 μ M imipramine (IMP)，

100 nM stauro

sporine (STA) and 10 μ M genistein (GEN) or with

imipramine (lMP) and 100 nM staurosporine (STA) or
without reagent (C)， respectively. Values are means:t
SD， n=3 . *p<0.05， **p<O.Ol by Student’s t -test

out reagent (C). Values are means:tSD， n=6. *p<
0.05， **p<O.Ol by Student’s t-test.
Table 1. Inhibitory effects of calmodulin inhibitors on
C5a-induced hydrogen peroxide production

ipramine and 100 nM staurosporine (Fig. 2).
Hydrogen peroxide production， which is attained

Arbitary units of

Compounds

fluorescnce

from the dismutation of superoxide anion (Frido
vich， 1975)， was measured by change of scopoletin
fluorescence.

Oxidation of scopoletin by neutro

phils was stimulated by the addition of C5a. As
shown in Table 1， H202 production in neutrophils

20 nM C5a

26.5:t2.0

+ 50

μ M Chlorpromazine

+ 50

μ M Trifluoperazine

l .8:t 0.3**

+ 100

μ M Imipramine

3.7:t0.4**

0.7:t 0.3**

activated by 20 nM C5a was almost completely
inhibited by 50 μ M chlorpromazine， 50 μ M tri
fluoperazine and

100 μ M imipramine. Thus， the

participation of calmodulin in production process

After 5 min of preincubation with inhibitors， neutrophils
were stimulated with 20 nM C5a. Values are means 土 SD，
n=3-6. **p<O.Ol by Student’s t -test.

of H202 is suggested.
The secretion of lysosomal enzymes from neu
trophils was assayed by measuring the release of
myeloperoxidase. The involvement of calmodulin

Alteration of intracellular Ca

in the process of degranulation was studied. As

modulin inhibitors

can be seen in Fig. 3， 50 μ M chlorpromazine， 50
μM

bited

trifluoperazine

and

myeloperoxidase

10 μ M

release

genistein inhi

fr‘om

neutrophils

activated by 20 nM C5a， while the effect of 100
μ M imipramine and 100 nM staurosporine were

not detected.

2

+

mobilization by cal

2+
The cytosolic Ca
level was assayed by mea
suring fluorescence change of fura -2 due to the
2十
formation of fura-2 and Ca�� complex. A 20 nM
2+
C5a elicited an instantaneous elevation of [Ca ]j
after the addition. Influence of calmodulin inhi
2+
bition on intracellular Ca
mobilization was in
vestigated. As shown in Fig. 4， C5a-induced eleva-
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Effects of calmodulin inhibitors on myeloper

oxidase release. After 5 min of preincubation with 50
μ M chlorpromazine
(TFP)，

100 μ

rosporine

M

(STA)

(CPZ)，

imipramine
and

50 μ M
(lMP)，

10 μ M

trifluoperazine
100

genistein

nM

stau

(GEN)

or

without reagent (C)， neutrophils were stimulated with
20 nM C5a. Values are means:tSD， n=4.

**

p<O.OI

tion of [Ca2十]i was inhibited by 50 μ M chlor
promazine， 50 μ M trifluoperazine and 100 μ M
imipramine. In this reaction， chlorpromazine show
ed an almost complete inhibition. Role of protein
2十 mobilization induced
kinases in intracellular Ca"'�
by C5a was examined. Fig. 4 shows that 100 nM
staurosporine， 10 μ M genistein， 5 mM EGTA and
100 μ M verapamil inhibited elevation of [Ca2+]i in
neutrophils by C5a， whereas 0. 1 μ gjml pertussis
toxin did not affect it.
2+ is attained b both
The elevation of [CaL']i
y
2
re1ease of Ca 十 from intracellular stores and sub
sequent Ca2+ influx from the extracellular me
dium. In Ca2十 free media， the re1ease of Ca2+
from intracellular stores was induced by adding
C5a. Effect of calmodulin inhibition on intra
cellular Ca2+ re1ease was examined. As shown in
Fig. 5， a 50 μ M chlorpromazine and 100 μ M
imipramine did not affect intracellular Ca2+
re1ease in neutrophils stimulated by 20 nM C5a.
2十 influx pathwa was
The activity of the CaL'
y
assayed with Mn2+ influx. The Mn2+ is thought
to permeate through the neutrophil Ca2+ influx
pathway activated by chemoattractants (Demaurex

PT
C
STA
1 mln

GEN

댄
터
C

by Student’s t-test.
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Fig. 4. Inhibition of C5a-induced elevation of [Ca

2

I

]i

by calmodulin inhibitors. Fura-2 loaded neutrophils (4 X
6
10 cellsjml) were stimulated with 20 nM C5a in the
presence of 50

μ M chlorpromazine (CPZ)， 50 μ M

trifluoperazine (TFP)， 100 μ M imipramine (IMP) (A);
100 nM staurosporine (STA)， 10 μ M genistein (GEN)，
0.1 μ gjml pertussis toxin (PT)， 5 mM EGTA (EG)，
and 100 μ M verapamil (VE) (B) or absence of rea
gent (C).

et al， 1992). The experiments were done at an
excitation wavelength of 360 nm. In this wave
length， C5a did not cause fluorescence change in
fura-2-1oaded neutrophils. At 90 sec after stim
ulation of neutrophils with 20 nM C5a， Mn2+
2十 influx pathwa
influx through the Ca�'
y was
initiated by adding 0.5 mM Mn2+. The stimulated
increase in Mn2十 influx was inhibited by 50 μ M
of chlorpromazine and 100 μ M imipramine (Fig. 6).
Regulatory action of calmodulin on the Ca2+
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Fig. 5. Effects of chlorpromazine and imipramine on
ι 1

the

intracellular Ca�'

after

preincubation

ι

release.
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In Ca�'

neutrophils

@

free media，

with

50 μ M

l

of

1

n1l
n

l

chlorpromazine (CPZ) and 100 μ M imipramine (IPM)
or without reagent (C)， the assay was done.
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Fig. 7. Effects of calmodulin inhibitors on the ele
2
vation of [Ca +]i evoked by thapsigargin. Neutrophils

C

were preincubated with either 50 μ M chlor‘promazine
(CPZ)，

Fig. 6. Effects of chlorpromazine and imipramine on
2

I

min

IMP
1 mtn

Mn

EG

一

influx induced by C5a. Neutrophils were pre

incubated with either 50 μ M of chlorpromazine (CPZ)

50 μ M

trifluoperazine

(TFP)，

and

100 μ M

imipramine (IMP) (A); 100 nM staurosporine (ST A)，
10 μ M genistein (GEN)， 5 mM EGTA (EG)， and 100
μ M verapamil (VE)

(B) or without reagent (C).

and 100 μ M imipramine (IMP) or without reagent (C).
2
After this， assay of Mn + influx was done.

induced by subsequent1y adding 1 mM Ca2+. The
Ca2十 entry in thapsigargin-pretreated neutrophi1s
influx

across

the

plasma

membrane

was

also

assayed with thapsigat’gin-treated neutrophils. Thapsig

were inhibited by 10 μ M genistein， 5 mM EGTA
and 100 μ M verapami1 (Fig. 7). In this reaction，

at’gin， which inhibits intracellu1ar Ca2+ _Mg2+ ATPase，

the effect of 100 nM staurosporine on the Ca2十

depletes the intracellular medium. Fig. 7 shows

entry was not detected.

that the addition of 1 mM Ca2+ to 50 nM thapsi
gargin-pretreated

neutrophi1s

resulted

in

Ca2+

influx and then eHcited elevation of [Ci十]i. In 50

nM thapsigargin-treated cells， preincubation of 50
μ M

chlorpromazine， 50 μ M trifluoperazine and

100 μ M

imipramine

inhibited

the

Ca2+

entry

DISCUSSION
Stimulation of chemoattractant receptors causes
activation of phospholipase C and A ， promoting
2

2
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formation of inositol 1 ， 4， 5-trisphosphate (InsP3)，
1， 2-diacylglycerol and arachidonate (Nishizuka，
1984; Ka、νaguchi & Yasuda， 1986). These media
2+
tm잉 are responsib1e for the re1ease of Ca
from
2+
intrace11u1ar stores and the activation of Ca _
dependent protein kinase C. The e1evation of
'+
cytosolic Ca
concentration and the activation of
protein kinase C are considered to be an important
factor in the stimulation of neutrophi1 responses
(Smolen et al， 1981; Sha’afi et al， 1983). The
2'
cellular effects of elevated intracellular Ca ’
inc1uding secretion and moti1ity， are mediated by
2+
Ca jca1modu1in-dependent protein phosphory1a
2+
tion cata1yzed by Ca jca1modu1in-dependent pro
teiTI kinase잉 (Baπitt， 1992). It has been shown that
calmodulin inhibitors， chlorpromazine and trifluo
perazine inhibit respiratory burst and degranula
tion in activated phagocytic cells (Cohen et al，
1980; Lee et al， 1993). Imipramine appears to have
an inhibitory action on calmodulin system. Imipra
mine also inhibited superoxide and H202 produc
tion in degraded IgG-activated neutrophi1s and
2+
deprtRsed Ca
transpott at synaptosomes (dam
not shown)
C5a effectively stimulated respiratory burst and
Iysosomal enzyme release in neutrophi1s. Chlor
promazine， trifluoperazine， ir띠pramine， staurosporine
and genistein inhibited superoxide production in
C5a-activated neutrophi1s. PMA is thought to
stimulate neutrophils by direct activation of protein
kinase C bypass generation of inosito1 phosphates
2+
and resu1tant e1evation of intrace11u1ar Ca (Sha'afi et
a1， 1983; Tauber， 1987). PMA-stimu1ated superoxide
production was inhibited by chlorpromazine， imi
pramine and staurosporine (Fig. 3). Thus， chlor
promazine and imipramine appear to inhibit pro
tein kinase C. This finding supports that calmod
ulin inhibitors， including chlorpromazine， inhibit
the activity of protein kinase C indirect1y (Hidaka
& Kobayashi， 1993). Ch10rpromazine， trif1uo
perazine， imipramine， EGT A and verapami1 a11
inhibited superoxide and H202 production in
C5a-activated neutrophi1s. The stimulatory effect
of C5a on the respiratory burst was inhibited by
staurosporine and genistein. These findings indi
cate that receptor-linked G proteins， protein kinase
2'
C and Ca -calmodulin system may be involved
in acti vation of neutrophils by C5a. Inhibitory
effect of genistein on the re잉piratory burst
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Effect of calmodulin inhibition on the secretion
of Iysosomal enzymes， such as mye1operoxidase，
from activated neutrophi1s was investigated. C5a
induced re1ease of 1ysosoma1 enzymes was inhib
ited by ch10rpromazine， trif1uoperazine and genis
tein， whi1e imipramine and staurosporine did not
show any significant effect. Thus， these results
2+
suggest that Ca jcalmodulin complex and protein
tyrosine kinase is involved in activation of de
granulation process. In contrast to superoxide pro
duction， degranulation is not regulated by protein
kinase C. No effect of imipramine may be asso
ciated with its re1ative1y weak inhibitory action on
2+
Ca jca1modu1in comp1ex.
Activation of neutrophi1s by cell surface ago
2+
nists causes Ca
release from intracellular stores
2+
and Ca
influx across the plasma membrane
(Pozzan et al， 1983; Westwick & Poll， 1986). It
2'
has been demonstrated that the release of Ca
from intracellular stores is mediated by InsP，. The
2+
InsP3 activates specific Ca channe1s 10ca1ized in the
membrane of intrace11u1ar stores (Berridge， 1993)
2+
The channels appear to be Iegulated by Ca ， ATP
and probably protein kinases (Iino， 1991; Zhang et al，
'+
1993). Cytosolic Ca concentration was reached ins
tantaneously to the maximum level after the addition
of C5a πle regulatory action of calmodulin on
"
intracellular Ca
mobi1ization in neutrophils were
"
examined. C5a-elicited e1evation of [Ca ]i was
inhibited by ch10rpromazine， imipramine， staurospor
ine， genistein， EGT A and verapami1 but was not
affected by pertussis toxin. These findings indicate
'+
that Ca jcalmodulin complex and protein kinases
2+
may be involved in the elevation of [Ca ]i in
2+
C5a-activated neutrophils. The elevation of [Ca ]i in
C5a-stimulated neutrophils is probably mediated by
the pertussis toxin-insensitive G proteins
"
In Ca
free media， C5a induced the re1ease of
2+
from intrace11u1ar stores. The C5a-induced
Ca
2+
Ca
re1ease was not inhibited by ch10rpromazine
and imipramine. Previous report suggests that
2+
2+
trifluoperazine potentiates Ca -induced Ca
re
lease in sarcoplasmic reticulum in skiffiled fibers
of rabbit musc1e (Ikemoto et al， 1996). Thus， in
2'
neutrophils intracellular Ca
release may not be
2
regulated by Ca ， jcalmodulin complex. The regu
2'
latory mechanism involved in Ca
entry across
the neutrophi1 membrane has not been c1ear1y
2+
e1ucidated. It is reported that Ca
inf1ux
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nulocytes may not involve voltage-operated， recep
2'
tor-operated or second messenger-operated Ca
channels (Jaconi et al， 1993). Some reports suggest
the involvement of tyrosine kinases in the control
2+
of Ca
entry in platelets (Sargeant et al， 1993)
2+
The diva1ent cation Mn
has been shown to per
2+
meate through the neutrophil Ca
int1ux pathway
activated by chemoattractants (Demaurex et al，
1992; Jaconi et al， 1993). In C5a-activated neutro
2'
phils， Mn
int1ux was inhibited by chlorproma
2
zine and imipramine. The Ca ， fcalmodulin system
2'
appears to be involved in Ca
in더ux in C5a-acti
vated neutrophils. Thapsigargin， an inhibitor of the
ι+ A
endomembraneous Ca
TPase， depletes intra
2+
cellular Ca
store잉 independent1y of inositol pho
sphate forrnation (Jackson et al， 1988; Sargeant et
al， 1993). Thapsigargin is thought to activate ty
rosine kinase activity， leading to enhanced tyro
"
sine phosphorylation and promote Ca
entry (V ostal
et al， 1991; Sargeant et al， 1993). In thapsigar
2'
gin-treated neutrophils， capacitative Ca
entry
2+
was initiated by adding Ca
extracellular1y. The
2+
thapsigargin-evoked [Ca ]i nse was inhibited by
chlorpromazlne， trifluoperazlne， imipramine， vera
pamil， and genistein but not affected by staurospo
rine. These results suggest that the store regulated
2+
2+
Ca
entry is regulated by Ca fcalmodulin sys
tem and protein tyrosine kinase. Meanwhile， it
2'
seems unlikely that capacitative Ca
entry is re
gulated by protein kinase C
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