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Abstract

The effects of Ca2� and Ca2�/calmodulin on the polychlorinated biphenyl (PCB)-induced activation of phospholipase A2 (PLA2) in rat
neutrophils were examined. The commercial PCB mixture Aroclor 1242 induced activation of PLA2 and promoted an increase in the
intracellular free calcium concentration ([Ca2�]i). Bromoenol lactone (BEL), an inhibitor of the Ca2�-independent PLA2 isoform (iPLA2)
activated by PCBs, did not abrogate the increase in [Ca2�]i, suggesting that this change in Ca2� concentration is not downstream from the
activation of iPLA2. TMB-8 [8-(N,N-diethylamino)octyl-3,4,5-trimethoxybenzoate], a blocker of the release of intracellular Ca2�, decreased
Aroclor 1242-induced stimulation of PLA2 with a maximal inhibition of 17% at 50 �M. These two results suggest little direct dependence
between the PCB-induced activation of iPLA2 and increase in [Ca2�]i. Calmidazolium and W7 [N-(6-aminohexyl)-5-chloro-1-naphthale-
nesulfonamide], two chemically distinct calmodulin inhibitors, inhibited Aroclor 1242-induced PLA2 activity, whereas trifluoperazine
(TFP), another inhibitor of calmodulin, had no effect at noncytotoxic concentrations. Thus, activation of PLA2 is dependent, in part, on
calmodulin. Furthermore, both TFP and Aroclor 1242 inhibited neutrophil degranulation stimulated by the bacterial peptide formyl-
methionyl-leucyl-phenylalanine. These results raise the possibility that some of the effects of PCBs on neutrophil function can be explained
by effects on Ca2�/calmodulin-dependent processes. © 2001 Elsevier Science Inc. All rights reserved.

Keywords: Arachidonic acid; Phospholipase A2; Trifluoperazine; Polychlorinated biphenyls; Calmodulin

1. Introduction

The chemical stability of PCBs makes this group of
organochlorine compounds one of the most ubiquitous and
persistent chemicals in the environment. These chemicals
have been detected around the world in remote areas [1],
wildlife refuges [2], dairy products [3], and human breast
milk [4,5]. In environmental matrices, PCBs are found as
complex mixtures resembling those found in commercial

mixtures known as Aroclors that, in general, are termed
according to their percentage of chlorine content by weight
[6]. For example, Aroclors 1221, 1242, and 1248 have 21,
42, and 48% chlorine content by weight, respectively. The
multiple cellular mechanisms of action, widespread envi-
ronmental distribution, physicochemical properties, and dif-
ferences in activity among congeners have made the toxi-
cological profile of PCBs both extensive and complex. The
physiological effects of PCBs in mammals include behav-
ioral impairment [7], stimulation of oscillatory uterine con-
traction [8], changes in immunoglobulins M and G [9], and
enzyme induction [10]. Some evidence has suggested a
relationship between PCB exposure and effects on motor
functioning [11], neurotoxicity [12], cancer [13], and can-
cer-derived mortality [14].

The mechanisms of action of PCBs are multiple and
structure-dependent. Many of the PCBs can bind with rel-
atively high affinity to the Ah receptor and elicit toxic
responses similar to those observed for TCDD. Another
group of PCBs has low affinity for the Ah receptor and
exhibits different biological activities such as neurotoxicity
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[15,16], stimulation of insulin release [17], and effects on
neutrophil function [18,19]. With respect to neutrophils,
PCBs activate these cells and alter their response to other
stimuli. For example, phorbol ester-stimulated superoxide
anion production is increased in cells treated with PCBs
[20]. On the other hand, neutrophil degranulation induced
by the peptide fMLP is inhibited by PCBs [20].

In addition to alterations in cellular function, several
intracellular signals are activated by PCBs in neutrophils
including PLA2, TKs, and PLC [21–23]. PLA2 hydrolyzes
phospholipids at the sn-2 position to release the second
messenger AA. This enzyme regulates neutrophil function
by modulating superoxide anion production [24,25] and
degranulation [26]. Indeed, inhibition of PLA2 prevents
PCB-induced stimulation of these cells [22]. In neutrophils,
both Ca2�-dependent and -independent isoforms of PLA2

have been identified, and most of the PCB-induced ac-
tivity is attributed to activation of iPLA2 [22]. The bio-
chemical mechanisms underlying the regulation of iPLA2

are not known. It has been shown that iPLA2 can be
regulated by ATP [27,28], nitric oxide [29], and peptides
such as [Arg8]vasopressin [30] and parathyroid hormone
[31]. An intriguing observation is that iPLA2 can be
modulated by direct protein–protein interactions with bi-
omolecules such as phosphofructokinase [32] and cal-
modulin [33].

Given that iPLA2 plays an important role in neutrophil
stimulation by PCBs, it was of interest to determine whether
activation of this enzyme depends on other intracellular
signals. The objective of this study was to examine the
interaction among several signaling pathways involved in
activation of neutrophils by PCBs. In particular, the roles of
intracellular calcium and calmodulin in the activation of
PLA2 were explored.

2. Materials and methods

2.1. Chemicals

Aroclor 1242 (Lot No. 187–56B; 99% pure) was pur-
chased from ChemService; BEL was purchased from Bi-
omol. [3H-5,6,8,9,11,12,14,15]AA ([3H]AA; 180–240 Ci/
mmol; radiochemical purity � 98%) was purchased from
DuPont NEN. Cytochalasin B, fMLP, TFP, TMB-8, W7,
and CMDZ were obtained from the Sigma Chemical Co.
Fura 2/AM was obtained from Molecular Probes.

2.2. Isolation of rat peritoneal neutrophils

Neutrophils were isolated from the peritoneum of male,
Sprague–Dawley, retired breeder rats by glycogen elicita-
tion as described [34]. Isolated neutrophils were resus-
pended in HBSS, pH 7.35, containing 1.6 mM CaCl2. The
percentage of neutrophils in the cell preparations was

�95%, and the viability was � 95% determined by the
ability to exclude trypan blue. The isolation procedure was
performed at room temperature.

2.3. Exposure to PCBs

The PCB mixture Aroclor 1242 was used to study the
effects of PCBs in the activation of rat neutrophils because
in environmental samples PCB congeners are found in com-
plex mixtures similar to those present in Aroclor 1242. In
addition, toxicological information from these mixtures has
been proven to be effective in risk assessment processes
[35]. Aroclor 1242 stock solutions were prepared by disso-
lution in DMF. Neutrophils were suspended in HBSS in
borosilicate glass test tubes, 12 � 75 mm (VWR), and 1 �L
of a stock solution of Aroclor 1242 was added to the cells to
achieve the desired concentration. Control neutrophils re-
ceived 1 �L DMF.

2.4. Determination of PLA2 activity

Neutrophils (107/mL) were suspended in Mg2�- and
Ca2�-free HBSS containing 0.1% bovine serum albumin
and incubated in the presence of 0.5 �Ci/mL of [3H]AA for
2 hr, gently shaking at 37°. Neutrophils were then washed
twice with Mg2�- and Ca2�-free HBSS and resuspended in
HBSS containing Mg2�, Ca2�, and bovine serum albumin
(0.1%). The cell count was adjusted so that the final con-
centration of neutrophils was 2 � 106/mL. Total cellular
uptake of [3H]AA was measured in a 1-mL aliquot of
suspended cells: the incorporation of [3H]AA was between
80 and 88%. Release of [3H]AA from labeled neutrophils
was measured in cells incubated with inhibitors for 20 min
and then exposed to Aroclor 1242 at 37° for 30 min. At the
end of each incubation, neutrophils were placed on ice and
centrifuged at 4000 g at 0° for 10 min. The cell-free super-
natant fluids were transferred to vials containing scintilla-
tion fluid (14 mL), and the total radioactivity in each sample
was determined by liquid scintillation counting. Control
neutrophils (DMF) released about 3–5% of the total incor-
porated radioactivity.

2.5. Neutrophil degranulation

Degranulation was measured by the release from neutro-
phils of the enzyme MPO. Neutrophils (2 � 106) were
suspended in HBSS and pretreated with 5 �g/mL of cy-
tochalasin B for 5 min at room temperature. Then the
quiescent neutrophils were exposed to PCBs or vehicle for
10 min at 37° followed by incubation for an additional 10
min at 37° with 100 nM fMLP. Cells were centrifuged at
4000 g at 4° for 10 min, and the cell-free supernatant fluids
were collected. Activity of MPO in the medium was deter-
mined using the method of Henson et al. [36]. Total cellular
MPO activity was determined in 2 � 106 neutrophils lysed
with Triton X-100 and sonicated. Degranulation was ex-
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pressed as a percent of total cellular MPO released into the
medium.

2.6. Intracellular free CA2� measurements

Cells were incubated with 2 �M Fura-2/AM for 20 min
at 37° in HBSS and then washed with HBSS. Neutrophils
(2.5 � 106/mL) were loaded in a spectrofluorometer cell,
and data collection was started 50 sec before adding the
PCBs or TFP. Experiments with BEL were done after Fura-
2/AM labeling by incubating the cells with the inhibitor for
20 min at 37°. Fluorescence emission at 505 nm was mon-
itored at room temperature using a dual wavelength spec-
trofluorometer system with excitation at 340 and 380 nm.
An increase in intracellular free calcium concentration
([Ca2�]i) was detected by a change in the fluorescence ratio
340/380 [37]. Maximal fluorescence was obtained by add-
ing 0.01% Triton X-100 to the cells, whereas the minimal
fluorescence ratio was determined after adding 30 �L
EGTA (10 mM). These two parameters did not change
significantly in the presence of Aroclor 1242. Fluorescence
at 360 nm was monitored and remained constant during data
collection.

2.7. Statistical methods

Generated PLA2 data consisted mostly of percentages,
and for this reason an angular transformation (arcsin) was
used to generate an approximated gaussian distribution of
data. Detection of significant differences among groups was
determined using ANOVA and the Tukey test as a post-hoc
test. When angular transformation did not produce gaussian
data, Kruskal Wallace ANOVA on Ranks was used. The
IC50 values were calculated by using non-linear regression
with sigmoidal modeling (SigmaPlot, V4). Data are pre-
sented as the means � SEM from at least four different
experiments conducted in triplicate. Two-tailed P values
�0.05 were considered significant.

3. Results

3.1. Involvement of Ca2�/calmodulin in PCB-induced
activation of PLA2

It has been reported previously that PCB-induced acti-
vation of PLA2 is independent of extracellular calcium [22].
To investigate whether intracellular calcium is important for
Aroclor 1242-induced PLA2 activation, neutrophils were
pretreated with the intracellular calcium release blocker
TMB-8 [38]. TMB-8 (25–50 �M) produced a small but
significant decrease in Aroclor 1242-elicited release of
[3H]AA (Table 1). This suggests that a small fraction of the
total PLA2 activity induced by Aroclor 1242 depends on the
release of Ca2� from intracellular stores.

Exposure of neutrophils to Aroclor 1242 caused a time-

dependent increase in [Ca2�]i (Fig. 1). This increase began
after about 5 min of exposure to PCBs and continued
through 18 min. This response was quite different from that
observed for fMLP, a neutrophil stimulus for which the rise
of [Ca2�]i is known to be critical [39]. To determine if this
increase in [Ca2�]i was caused by the activation of PLA2 by
Aroclor 1242, calcium measurements were made in cells
preincubated with the cell permeable PLA2 inhibitor BEL
(10 �M). Treatment with BEL did not abrogate the overall
increase in [Ca2�]i elicited by 10 �g/mL of Aroclor 1242
measured as area under the curve (189 � 8 � 103 nM�sec
and 164 � 6 � 103 nM�sec in the absence and presence of

Table 1
TMB-8-induced inhibition of Aroclor 1242-stimulated release of [3H]AA
from rat neutrophils

TMB-8
(�M)

Release of [3H]AA from rat neutrophils
(% of control)

0 100
1 98.0 � 1.8
10 96.9 � 3.4
25 87.1 � 3.6*
50 83.3 � 4.0*

Cells were preincubated with TMB-8 and then exposed to 10 �g/mL of
Aroclor 1242. Release of [3H]AA was determined as described in “Mate-
rials and methods.” Release of [3H]AA was about 5–10% in cells exposed
to vehicle (DMF) alone and about 4–11% in cells treated with TMB-8 in
the absence of Aroclor 1242. Exposure to Aroclor 1242 alone caused
release of 25–35% (14,960 � 4815 cpm) of the total incorporated radio-
activity. Data are expressed as means � SEM of four different experiments
with triplicates per assay.

* Significantly different (P � 0.05) from the control group (100%) when
analyzed by ANOVA using the Tukey test as a post-hoc test.

Fig. 1. Changes in intracellular free calcium ([Ca2�]i) in neutrophils
exposed to Aroclor 1242. Cells were loaded with Fura-2/AM as described
in “Materials and methods.” Aroclor 1242 (10 �g/mL) was added to
Fura-2-loaded neutrophils at 50 sec. Data for vehicle control (DMF) and
the agonist fMLP are shown for comparison. Results are expressed as
means � SEM for four different experiments.
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BEL, respectively; no significant difference) but produced a
variation in the kinetics of the release over a period of 18
min (Fig. 2).

Calmodulin is the main Ca2� regulatory protein in eu-
karyotic cells. To examine its role in Aroclor 1242-induced
PLA2 activity, the effects of the calmodulin inhibitors TFP,
W7, and CMDZ were examined. At noncytotoxic concen-
trations (lactate dehydrogenase release � 20%; not signif-
icantly different from vehicle control), both W7 and CMDZ
induced a significant blockade of Aroclor 1242-induced
PLA2 activity (Fig. 3). On the other hand, noncytotoxic
concentrations of TFP did not reduce Aroclor 1242-stimu-
lated release of [3H]-AA.

3.2. Similarity in action of TFP and Aroclor 1242 on
neutrophil function

Aroclor 1242 induced a concentration-dependent inhibi-
tion of fMLP-induced neutrophil degranulation (Fig. 4A),
consistent with a previous report [18]. The effect of TFP on
neutrophil degranulation was also examined. Like Aroclor
1242, TFP almost completely blocked degranulation in re-
sponse to fMLP (Fig. 4B).

4. Discussion

PCBs cause an increase in [Ca2�]i in cerebellar granule
cells [40], hepatocytes [41], endothelial cells [42], and hu-

man neutrophils [43]. The mechanisms associated with this
increase in intracellular free calcium are unknown. In rat
neutrophils, omission of extracellular Ca2� or inhibition of
intracellular Ca2� reduced superoxide anion production and
degranulation in response to PCBs, suggesting an important
consequence to the increase in [Ca2�]i [19]. We have dem-
onstrated previously that Aroclor 1242 increased PLA2 ac-
tivity with release of AA and that this event, although
necessary for superoxide anion production, did not require
extracellular calcium [22]. Similarly, Aroclor 1242 induced
an increase in [Ca2�]i in rat neutrophils (Fig. 1). One ques-
tion addressed in this study is whether there is a causal
relationship between activation of PLA2 and the increase in
[Ca2�]i. For example, it is known that arachidonate [44] or
its metabolites [45] can cause depletion of intracellular
calcium stores, leading to a rise in [Ca2�]i. Following ex-
posure of neutrophils to Aroclor 1242, AA was released
within 2 min [22], whereas the increase in [Ca2�]i began
after 5 min (Fig. 1). Given this, it was hypothesized that
inhibition of PLA2 would block the Aroclor 1242-induced
increase in [Ca2�]i. This was not the case (Fig. 2). We have
demonstrated previously that BEL abrogated Aroclor 1242-
stimulated release of AA [22]. The lack of effect of BEL on
the overall increase in [Ca2�]i elicited by Aroclor 1242 led
us to conclude that PCBs act on [Ca2�]i through a signal
that is not downstream from activation of iPLA2; however,
iPLA2 can modulate the kinetics of the process. This dis-
sociation between iPLA2 and Ca2� has also been observed
in aortic smooth muscle cells in which [Arg8]vasopressin,
an activator of iPLA2, elicited a spike in [Ca2�]i [30]. In
these cells, BEL did not abolish this rise in [Ca2�]i when

Fig. 2. Effects of BEL on the Aroclor 1242-induced increase of [Ca2�]i in
rat neutrophils. Cells were loaded with Fura-2/AM as described in “Ma-
terials and methods.” Fura-2-loaded neutrophils were incubated with 10
�M BEL for 20 min, and Aroclor 1242 (10 �g/mL) was added at the time
indicated by the arrow. Data for control (BEL � DMF) and Aroclor 1242
alone are shown for comparison. Results are expressed as means � SEM
for four different experiments.

Fig. 3. Effects of calmodulin inhibitors on PLA2 activity induced by
Aroclor 1242. Neutrophils were labeled with [3H]AA and incubated with
different concentrations of the calmodulin inhibitors W7, CMDZ, and TFP
for 20 min at 37°, followed by incubation with 10 �g/mL of Aroclor 1242
for 30 min at 37°. The release of [3H]AA into the medium at each
concentration of inhibitor was compared with the release by Aroclor 1242
alone (Con) and presented as a percentage of activity. Release of [3H]AA
in the presence of Aroclor 1242 alone was 25–35% (11,570 � 1410 cpm)
of the total radioactivity. Results are expressed as means � SEM from four
different experiments performed in triplicate. Key: (*) significantly differ-
ent from control (P � 0.05).
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experiments were performed in the absence of extracellular
Ca2� but prolonged the duration of the response in the
presence of extracellular Ca2� [30].

It has been reported that the majority of AA released
from neutrophils after PCB treatment comes from stimula-
tion of iPLA2; however, the partial reduction by TMB-8 of
Aroclor 1242-induced release of AA suggests that release of
Ca2� from intracellular stores contributes to a small fraction
of the PCB-stimulated PLA2 activity. Previously, it was
reported that PCB-induced activation of PLA2 was insensi-
tive to the intracellular calcium chelator BAPTA [1,2-
bis(aminophenoxy)ethane-N,N,N�,N�-tetraacetic acid) [22].
The TMB-8 data reported here are largely in agreement with

this finding, although the small inhibition observed for this
compound suggests differences in the mechanisms of intra-
cellular calcium sequestration by TMB-8 and BAPTA. In
comparison to BAPTA, the effects of TMB-8 on intracel-
lular Ca2� can be considered more local than global. It has
been suggested that TMB-8 causes its effects on lysosomal
or other intracellular Ca2� pools, and on intracellular cal-
cium pools that are associated with cytoskeletal elements
and anchoring Ca2� to its membranous storage sites [46,
47]. Neutrophils have at least two distinct Ca2� storage and
release sites, one located peripherally under the plasma
membrane and the other deep and close to the juxtanuclear
space. The latter pool is sensitive to fMLP [48,49], and
TMB-8 decreases fMLP-induced responses [46], suggesting
that this pool may be inhibited by TMB-8.

Despite the observations that the PCB-induced increase
in [Ca2�]i is independent of PLA2 activity (Fig. 2) and that
the stimulation of PLA2 by PCBs is largely independent of
calcium (Table 1), there appears to be some interaction
between calcium signaling and release of [3H]AA. This
interpretation is based on the known relationship between
calcium and calmodulin and the results of studies with the
calmodulin inhibitors W7 and CMDZ in which these com-
pounds decreased PCB-stimulated release of AA (Fig. 3). A
third calmodulin inhibitor, TFP, did not affect PCB-induced
activation of iPLA2. This lack of effect could be related to
the concentrations of TFP used: larger concentrations pro-
duced cytotoxicity and therefore were not used.

One explanation for the effects of W7 and CMDZ on the
release of [3H]AA is that Ca2�/calmodulin regulates the
iPLA2 activated by PCBs in neutrophils. Activity of some
enzymes is inhibited by calmodulin. For instance, in Limu-
lus, Ca2�/calmodulin-binding peptides and calmodulin it-
self block PLC activity, probably through a calmodulin-like
structure present in the amino-terminal domain of PLC [50].
W7 binds tightly to calmodulin in solution [51,52]. W7 or
CMDZ binding to calmodulin causes a change in tertiary
structure from an elongated dumbbell with exposed hydro-
phobic surfaces to a compact globular form that can no
longer interact with its target enzymes. Regulation of neu-
trophil iPLA2 might be similar to that observed in myocytes,
in which iPLA2 forms a complex with calmodulin, and this
binding inhibits activity [33]. If this model of enzyme reg-
ulation by calmodulin applies to neutrophil iPLA2, then the
interaction between PLA2 and PCBs may require the pres-
ence of calmodulin. Prior treatment with W7 or CMDZ may
alter the conformation of calmodulin bound to iPLA2 such
that the enzyme binding site for the PCBs is inaccessible but
at the same time allowing calmodulin to remain bound to
iPLA2, thus maintaining inhibition of enzyme activity. Al-
ternatively, PCBs may induce PLA2 activity through a dif-
ferent mechanism, but inhibition of calmodulin by CMDZ
or W7 interferes with this mechanism indirectly. For in-
stance, a fraction of Aroclor 1242-induced activation of
PLA2 is dependent upon protein phosphorylation pathways

Fig. 4. Inhibitory effect of (A) Aroclor 1242 and (B) TFP on fMLP-induced
neutrophil degranulation. Cytochalasin B-treated neutrophils were exposed
to Aroclor 1242 or TFP at the indicated concentrations for 10 min and then
were incubated for another 10 min with 100 nM fMLP. Degranulation was
measured as described in “Materials and methods.” Data are expressed as
a percentage of the release of MPO in the presence of 100 nM fMLP alone
(i.e. control) for each individual experiment. For all experiments, the
average release of MPO in the presence of fMLP alone was 58 � 12% of
total cellular MPO activity. Data are presented as means � SEM of four
different experiments.
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[53] that may include Ca2�/calmodulin-dependent protein
kinases as intracellular mediators [54].

Using a molecular modeling program, the three-dimen-
sional structure of TFP can be superimposed on an ortho-
substituted PCB, 2,2�,4,4�-tetrachlorobiphenyl, suggesting
some structural similarity. Aroclor 1242 contains many
lower chlorinated PCB congeners, like 2,2�,4,4�-tetrachlo-
robiphenyl, and inhibits neutrophil degranulation [20]. Ac-
cordingly, the effect of TFP on neutrophil degranulation
was examined. It is interesting that both the calmodulin
inhibitor TFP and Aroclor 1242 inhibited fMLP-induced
neutrophil degranulation (Fig. 4). The concentration–re-
sponse curve for TFP-elicited inhibition of fMLP-induced
neutrophil degranulation measured as MPO release was
similar to that reported for release of the enzyme �-glucu-
ronidase [55], another marker of neutrophil degranulation.
A noncytotoxic concentration of TFP (10 �M) inhibited
approximately 50% of fMLP-induced neutrophil degranu-
lation. This concentration of TFP is equivalent to that re-
ported for TFP inhibition of calmodulin activity [56]. The
role of calmodulin in neutrophil degranulation is extensive.
It binds tightly to vacuoles during the post-docking phase of
vacuole fusion, promoting bilayer mixing [57], and it me-
diates membrane fusion, an event essential for degranula-
tion, by allowing the phosphorylation of trafficking proteins
such as syntaxin 3 by protein kinase II [58]. Therefore, it is
not unexpected that inhibition of calmodulin activity inter-
feres with degranulation.

Although inhibition of neutrophil degranulation has been
observed with other, chemically unrelated calmodulin and
Ca2�/calmodulin-coupling inhibitors [59,60], data pre-
sented here should be interpreted with care. The concentra-
tions of TFP that inhibited neutrophil degranulation were
not effective in reducing iPLA2 activity, although the other
calmodulin inhibitors were effective. Therefore, alternative
mechanisms unrelated to calmodulin should be considered
for inhibition of degranulation by TFP. For instance, TFP
inhibits annexin I- and annexin II-mediated aggregation of
liposomes by releasing them from the plasma membrane
[61] and blocks annexin II tetramer-mediated membrane
fusion [62]. Although calmodulin could participate in these
processes, calmodulin inhibitors have other, non-calmodu-
lin effects such as direct calcium channel blocking [63],
alteration in microfilament function [64], and changes in
membrane fluidity [65] that could contribute to inhibition of
degranulation. The mechanisms by which PCBs inhibit de-
granulation are also unclear; however, some properties at-
tributed to TFP, such as alterations in membrane fluidity
[66] and inhibition of calcium influx induced by fMLP [67],
have also been observed for PCBs. To date, no information
is available regarding the interaction between PCBs and
calmodulin. It has been proposed that one essential feature
for optimal ligand binding to calmodulin is the presence of
two hydrophobic, aromatic rings, such as are found in PCBs
[56], which may suggest that calmodulin might be one

relevant target that mediates cellular responses elicited by
PCBs.

How is it that calmodulin inhibitors both mimic and
inhibit the effects of Aroclor 1242 in neutrophils? Both
effects may arise from an ability of Aroclor 1242 and the
inhibitors to bind to calmodulin. For example, binding of
Aroclor 1242 to calmodulin may alter the conformation of
the protein, as described above for W7, leading to disinhi-
bition of PLA2 and release of AA. For calmodulin inhibi-
tors, the change in conformation prevents Aroclor 1242
from binding to calmodulin and activating PLA2. With re-
spect to degranulation, binding of either TFP or Aroclor
1242 may cause a change in conformation that inhibits the
degranulation response, perhaps through one of the mech-
anisms described in the previous paragraph.

In summary, the PCB mixture Aroclor 1242 activates
neutrophils through different signal transduction pathways
involving Ca2�/calmodulin-dependent processes. The cal-
modulin inhibitor TFP mimics one of the effects of Aroclor
1242 on neutrophil function. Aroclor 1242-induced release
of AA via iPLA2 is not coupled to the increase in [Ca2�]i

elicited by Aroclor. The above findings add a new aspect
toward the recognition of cellular targets for PCBs.
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