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Recent studies from this laboratory established that
dexamethasone (DEX) potentiates Ca21 current via
voltage-gated Ca21 channels (VGCC), and as a conse-
quence potentiates agonist-induced cytosolic Ca21

transients in rat adrenal chromaffin cells. The present
study examined whether DEX can also modulate
VGCC activity and agonist-induced cytosolic Ca21

transients in porcine adrenal medullary chromaffin
(PAMC) cells, and if so whether this results in alter-
ations in catecholamine secretion. Forty-eight-hr expo-
sure to 1mM DEX significantly increased peak Ca21

current (D 1 138%; n 5 6; PF 0.05) in PAMC cells.
DEX treatment also significantly potentiated the increase
in cytosolic Ca21 in response tomembrane depolarization
with KCl ( D 1 20%; n 5 29;PF 0.05), but did not affect
the amplitude of Ca21 transients elicited by nicotine or
acetylcholine. Despite the potentiation of intracellular
Ca21, DEX treatment had no effect on KCl-induced
secretion of either norepinephrine or epinephrine. These
data demonstrate that as in the rat chromaffin cell, DEX
can also increaseVGCCactivity in PAMCcells. However,
the subsequent potentiation of selected agonist-induced
increases in intracellular Ca21 does not appear to be
sufficient to alter catecholamine secretion. J. Neurosci.
Res. 49:416–424, 1997.r 1997Wiley-Liss, Inc.
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INTRODUCTION
The exocytotic release of catecholamines from

adrenal chromaffin cells increases markedly in response
to accelerated splanchnic nerve activity. Mechanistically,
acetylcholine released by the splanchnic nerve stimulates
Na1 (and Ca21) influx via nicotinic receptor-operated ion
channels on the chromaffin cell (Wada et al., 1985). The
resultant depolarization activates voltage-gatedCa21 chan-
nels (VGCC) and results in a transient rise in intracellular
free Ca21, which is the primary trigger for catecholamine
exocytosis (Kilpatrick et al., 1982).

Due to the anatomical location of the medulla
within the adrenal gland, it is exposed to higher levels of
glucocorticoids than other tissues in the body, particularly
during periods of stress (Betito et al., 1992). Previous
studies from this laboratory have demonstrated that the
synthetic glucocorticoid dexamethasone (DEX) modu-
lates VGCC activity in primary cultures of rat adrenal
chromaffin cells (Fuller et al., 1997). Specifically, whole-
cell voltage clamp experiments demonstrated that 48-hr
exposure to DEX significantly increased Ca21 current
compared to DEX-restricted controls. Intracellularly, this
increased Ca21 influx resulted in a significant potentiation
of the peak increases in cytosolic Ca21 elicited by submaxi-
mal stimulatory concentrations of both KCl and nicotine.

The extremely low yield of rat chromaffin cells has
prevented us from extending these studies to address the
critical issue of whether this DEX-dependent modulation
of intracellular Ca21 signaling results in altered catechol-
amine secretory responses. Consequently, the present
study has utilized the markedly improved yield of chro-
maffin cells from porcine adrenal glands to determine
whether DEX can alsomodulate intracellular Ca21 signal-
ing, and as a consequence modulate agonist-dependent
secretion of catecholamines.

MATERIALS AND METHODS
Chromaffin Cell Isolation

Chromaffin cells were isolated from the adrenal
medullae of 50–60 lb male cross-bred Hampshire3

Contract grant sponsor: U.S. Department ofAgriculture; Contract grant
number: 9602365. Contract grant sponsor: American Heart Associa-
tion, Kentucky Affiliate. Contract grant sponsor: University of Ken-
tucky Medical Center Research Fund. Contract grant sponsor: NSF-
REU; Contract grant numbers: DMR-9424228 and NASA/EPSCoR.

*Correspondence to: Brian A. Jackson, Ph.D., Department of Physiol-
ogy, University of Kentucky, College of Medicine, Lexington, KY
40536-0084. E-mail: jackson@pop.uky.edu

Received 6 February 1997; Revised 15 April 1997; Accepted 16 April
1997

Journal of Neuroscience Research 49:416–424 (1997)

r 1997 Wiley-Liss, Inc.



Yorkshire pigs. Animals were obtained from the Univer-
sity of Kentucky research farm where they were main-
tained in a controlled environment, and fed a diet that met
or exceeded all of the nutrient requirement estimates
provided by the National Research Council. Pigs were
rapidly euthanatized (i.v. beuthanasia; 1 ml/10 lb) and the
adrenal glands were removed and washed in Hank’s
Balanced Salt Solution (HBSS) consisting of (in mM):
137 NaCl; 5.4 KCl; 1.3 CaCl2; 0.8 MgCl2; 0.4 K2PO4; 0.3
Na3PO4; 5.6 glucose; 10 HEPES; pH 7.4. The adrenal
medullae were then dissected from the cortical tissue, cut
into several pieces, and finely minced with a razor blade.
The tissue was transferred to a water-jacketed spinner
flask with 10 ml of Ca21/Mg21-free HBSS containing
0.3% collagenase D and 0.02% DNAase for digestion at
37°C. At 60 min and every 10 min thereafter, the solution
was triturated with a pasteur pipette and checked for the
degree of cell dispersion. Typically, cells were well-
separated after 90–110 min of incubation. The cell
suspension was then filtered through a 200-µm screen
into a 15-ml centrifuge tube containing 5 ml of Ca21/
Mg21-free HBSS and centrifuged at 1,500 rpm for 3 min.
Under these conditions, the typical yield was 1–1.53 106

chromaffin cells per adrenal gland. The pellet was washed
once more in Ca21/Mg21-free HBSS, and then resus-
pended in DMEM containing 5% fetal bovine serum
(FBS), 40 mg/L gentamicin, 100,000 units/L penicillin,
40,000 units/L nystatin, and 10 µM cytosine arabinose.
Cells were plated either in vitrogen-coated 35-mm Petri
dishes for electrophysiological recordings, vitrogen-
coated 24-well plates for analysis of catecholamine
secretion, or in 1 µM poly-L-lysine-coated glass bottom
Petri dishes for intracellular Ca21 measurements. The
cells were maintained in a humidified 37°C environment
of 95% O2 and 5% CO2. Culture medium was exchanged
24 hr after plating and every 2 days thereafter.

Ca21 Channel Analysis
Voltage-dependent Ca21 channel activity was exam-

ined electrophysiologically using a whole-cell voltage
clamp recording technique described in detail previously
(Fuller et al., 1997). Voltage-activated Na1 and K1

currents were blocked by tetrodotoxin (TTX; 3 µM) in the
extracellular solution and Cs1 in the pipette solution,
respectively. The external solution consisted of (in mM):
130 TEA Cl; 2 4-aminopyridine; 5 CaCl2; 1 MgCl2; 10
HEPES; 10 glucose, and was adjusted to pH 7.4 with
TEA OH. Recording electrodes (5–10 MV) were filled
with a solution consisting of (in mM): 120 CsCl; 20 TEA
Cl; 11 EGTA; 1 CaCl2; 2 MgATP; 1 NaGTP; 10 HEPES,
which was adjusted to pH 7.4 with CsOH. Preliminary
studies established that this pipette solution prevented
run-down of channel activity for at least 10 min, which
was far in excess of the typical 2 min recording time for

each cell. Whole cell currents were recorded using an
Axopatch 1-D amplifier (Axon Instruments, Foster City,
CA) in voltage-clamp mode. Voltage step commands and
their responses were generated, digitally recorded, and
analyzed using PCLAMP acquisition and analysis soft-
ware (Axon Instruments). For each cell, Ca21 currents
were elicited by 40 ms depolarizing pulses applied from a
holding potential of260 mV in 10 mV steps up to
160 mV.

Cytosolic Ca21 Analysis
Cytosolic Ca21 was determined in single cells with

the fluorescent dye fura-2 using a dual-excitation spectro-
fluorometric system (Photon Technologies Inc.). Prior to
experimental analysis, the cells were rinsed 33 with
HBSS and loaded with 2 µM fura-2AM plus 0.1%
Pluronic F-127 (to facilitate dispersion of the dye in
HBSS) for 45 min at 37°C. After this time, the cells were
rinsed with HBSS and allowed to recover for 15 min.
Cells were rinsed again with HBSS and 1 ml was added
back to the dish. The dish was placed on the stage of a
Nikon Diaphot inverted microscope equipped with a 403
fluorescence objective. Measurements were restricted to a
single cell by adjusting the aperture on the microscope.
Fluorescence was determined using excitation wave-
lengths of 340 nm and 380 nm and an emission wave-
length of 510 nm. The typical experimental paradigm
consisted of a baseline fluorescence measurement for
30–60 sec prior to rapid addition of 1.0 ml of prewarmed
Hanks containing the appropriate agonist. This was
accomplished by injection through a short segment of
PE-100 catheter tubing which was attached to the dish
with modeling clay such that the tip was situated beneath
the surface of the medium. This rapid addition of 1 ml of
medium ensured complete mixing and thus attainment of
the appropriate final concentration of agonist within 5–10
sec. When stimulating with KCl, 1 ml of modified
medium was added to the dish in which KCl was
substituted for NaCl to maintain isotonicity.

Intracellular Ca21 was calculated from the ratios of
the light emitted at the two excitation wavelengths using
the equation given by Grynkiewicz et al. (1985):

[Ca21] 5 KD 3 [(R 2 Rmin)/(Rmax2 R)]

where R5 the ratio of fluorescence intensity from the
cell at the two excitation wavelengths; Rmin 5 the
fluorescence ratio recorded in theabsenceofCa21; Rmax5 the
fluorescence ratio at a saturating concentration of Ca21;
and Kd 5 the Ca21 dissociation constant of the dye. Rmin
(0.56) and Rmax (7.27) were established using calibration
solutions containing 100 mM KCl, 10 mM MOPS, pH
7.2, 2 µM fura-2, and either 10 mM EGTA (Ca21-free) or
10 mM CaEGTA (40 µM free Ca21). A Kd value of 282
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nM was calculated from the fluorescence ratio values of a
series of Ca21 standards prepared from the above solu-
tions.

Catecholamine Secretion
Cells maintained in 24-well plates were placed in a

37°C water bath and rinsed 33 with prewarmed HBSS
and allowed to equilibrate for 5 min. At timed intervals,
the HBSS was aspirated off each well and replaced with
500 µl of temperature-equilibrated HBSS6 agonist(s) as
appropriate. After 5 min incubation, the supernatants
were removed from the wells and syringe-filtered (0.22
µm) into microcentrifuge tubes. The cells remaining in
the wells were lysed with 300 µl of 10% trichloro-acetic
acid (TCA) for total catecholamine determination. All
samples were protected from light and stored at270°C
until analysis.

Secreted and cellular catecholamines were quanti-
fied by high-performance liquid chromatography (HPLC)
with electrochemical detection (ESA Coulochem II)
using a Biophase II reverse phase separation column. The
mobile phase, flowing at 1 ml/min, consisted of (in mM):
27.4 citric acid (C6H8O7H2O); 50 sodium acetate
(NaC2H3O2); 1.5 octane-sulfonic acid (C8H17O3SNa); 0.1
EDTA; 1% MeOH; pH 7.4. Sample catecholamine levels
were determined from a set of standards run prior to each
analysis. Final secretion rates were expressed as the
percent of total cellular content released per 5 min
incubation.

Statistical Analysis
Results are expressed as the mean6 S.E.M.

Statistical significance was determined using a paired
t-test or ANOVA as appropriate. Post-hoc analysis to
compare multiple treatment groups utilized the Student-
Newman-Keuls test. The significance level was set atP,
0.05.

RESULTS
Ca21 current characteristics were assessed using

whole-cell voltage clamp recordings. Under control con-
ditions, the initial increase in Ca21 current in response to
a stepwise depolarization from a holding potential of260
mV occurred at approximately220 mV, with peak
current occurring between110 and120 mV (Fig. 1).
Pretreatment with 10 µM nifedipine reduced peak Ca21

current by 446 7.5% (PRE: 24.16 3.1 vs. POST:
13.56 2.1 pA/pF; P, 0.05; n5 5), indicating that
approximately 50% of this current was due to L-type
Ca21 channels. Exposure to 1 µM DEX for 48 hr had no
effect on cell capacitance, an index of total membrane
area (DEX; 6.76 0.5 vs. CON; 7.96 1.1 pF; n5 8).
However DEX treatment significantly increased voltage-

dependent Ca21 current without affecting voltage depen-
dency (Fig. 1). Peak Ca21 current, normalized to cell
capacitance, was more than 2-fold higher in DEX-treated
cells compared to controls (36.26 4.6 vs. 15.66 1.9
pA/pF; P, 0.05; n5 6). In contrast to these effects of
long-term exposure to DEX, direct addition of 1 µMDEX
to the medium during recording had no effect on peak
Ca21 current (DEX: 22.56 3.9 vs. CON: 21.96 3.5
pA/pF; n5 5).

Subsequent experiments utilized a fura-2-based
fluorescence system in order to determine whether these
DEX-dependent changes in Ca21 channel activity af-
fected agonist-stimulated intracellular Ca21 transients.
Basal Ca21 levels were unaffected by DEX-treatment
(Fig. 2). In contrast, DEX treatment significantly potenti-
ated the peak amplitude of the intracellular Ca21 transient
stimulated by 45 mM KCl (D 1 22%; Fig. 2). However,
the peak Ca21 responses to submaximal concentrations of
both nicotine (50 µM) and acetylcholine (5 µM) did not
differ between DEX and vehicle-treated cells (Fig. 2).

A final series of experiments was designed to
determine whether the DEX-dependent potentiation of
the KCl-induced intracellular Ca21 transient was suffi-
cient to affect catecholamine secretion. Exposure to 1 µM
DEX for 48 hr had no effect on the total intracellular
content of either norepinephrine (DEX: 11926 333 vs.
CON: 12546 301 pg/µg) or epinephrine (DEX:
4576 104 vs. CON: 4946 93 pg/µg). Exposure to 45
mM KCl for 5 min significantly increased secretion of
both norepinephrine and epinephrine above basal levels
(Fig. 3). However, DEX treatment had no effect on either
basal or KCl-stimulated secretion of either catecholamine
(Fig. 3).

A more detailed analysis of the Ca21 transient
elicited by a sustained 5 min exposure to KCl provides
some insight into the reason for the lack of effect of DEX
on catecholamine secretion. Using this paradigm, KCl
elicited a rapid increase in intracellular Ca21 which
peaked within 10–20 sec and then declined to a new level
above basal, which was sustained for the remainder of the
stimulatory period (Fig. 4, inset). Under these conditions,
DEX treatment significantly potentiated peak intracellu-
lar Ca21 as observed previously. However, within 30 sec
of attaining this peak level, no significant difference in
intracellular Ca21 could be detected between DEX and
vehicle-treated cells for the remainder of the 5 min
stimulation period (Fig. 4).

DISCUSSION
Previous studies from this laboratory have demon-

strated that glucocorticoids can modulate intracellular
Ca21 signaling pathways in primary cultures of rat
adrenal chromaffin cells (Fuller et al., 1997). The present
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studies have established that glucocorticoids can also
affect Ca21 signaling in primary cultures of porcine
chromaffin cells. Specifically, 48 hr exposure to the
synthetic glucocorticoid dexamethasone (DEX; 1 µM)
significantly increased voltage-gated Ca21 channel activ-
ity compared to DEX-restricted controls. Intracellularly,
this increased Ca21 influx resulted in the potentiation of
the peak increase in cytosolic Ca21 elicited by KCl.
Functionally however, this DEX-dependent increase in
intracellular Ca21 had no effect on agonist-stimulated
catecholamine secretion compared to controls.

The treatment paradigm selected for these experi-
ments as well as our earlier rat studies (Fuller et al., 1997)
was based on previous time- and dose dependency studies
with PC18 cells in which we demonstrated that maximal
changes in cAMP metabolism were evident only after
36–48 hr exposure to a minimum of 0.1 µM DEX
(Yingling et al., 1994). Although the concentration of
DEX used in these experiments could be considered to be
in the pharmacologic range for the systemic circulation, it
is certainly within the physiologic range experienced by
adrenal medullary chromaffin cells in vivo, particularly

Fig. 1. Effect of 48-hr exposure to 1 µM dexamethasone (DEX) or vehicle (0.1% EtOH; CON)
on voltage-dependent Ca21 currents recorded from porcine adrenal chromaffin cells. Values
represent mean6 S.E.M. of 1–4 cells from five separate experiments. *P , 0.05 compared to
respective vehicle-treated control value.Inset: Raw trace of Ca21 current from one vehicle-
treated (CON) and one DEX-treated chromaffin cell; Ca21 currents were elicited by 40 ms
depolarizing pulses applied from a holding potential of260 mV in 10 mV steps up to160 mV.
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during periods of stress (Betito et al., 1992). At the
present time, we cannot say with certainty that as with
cAMP metabolism, maximal effects of DEX on Ca21

current requires 48 hr of continuous exposure to glucocor-
ticoid. Indeed, previous studies in brain synaptosomes
have demonstrated that direct addition of DEX to the
medium results in a rapid-onset increase in voltage-gated
Ca21 current (Sze and Iqbal, 1994). These data suggest
that in this system, DEX can affect channel activity via a
mechanism which is independent of gene expression. In
the present studies, however, acute exposure to DEX had
no effect on Ca21 channel activity in the porcine chromaf-
fin cell. Consequently, we believe that the mechanism of
DEX action in this model involves a steroid hormone

receptor-dependent increase in Ca21 channel expression.
Consistent with this concept, studies in GH3 cells have
demonstrated that DEX elicited measurable increases in
mRNA for thea1c subunit of the L-type Ca21 channel
within 4 hr, while significant increases in Ca21 current
were not apparent for 12–24 hr (Fomina et al., 1996). This
time frame is also consistent with other studies in
chromaffin cells which have shown that at least 24 hr of
glucocorticoid exposure is required to elicit maximal
effects on expression of catecholamine biosynthetic en-
zymes including tyrosine hydroxylase and phenylethanol-
amine N-methyltransferase (Betito et al., 1992; Tank et
al., 1986). The specific mechanism(s) underlying the
increase in voltage-dependent Ca21 current remain to be

Fig. 2. Effect of DEX on basal and agonist-induced Ca21 transients in porcine adrenal
chromaffin cells. Cells were exposed to 1 µM DEX or vehicle (CON) for 48 hr prior to fura-2
analysis of responses to 45 mM potassium chloride (KCl), 50 µM nicotine (Nic), or to 5 µM
acetylcholine (ACh). Values represent mean6 S.E.M. of 3–5 cells from six separate
experiments. *P, 0.05 compared to respective vehicle-treated control value.
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fully established. For example, previous studies in vascu-
lar smooth muscle cells have demonstrated that glucocor-
ticoids can modulate single channel kinetics as well as the
total number of voltage-dependent Ca21 channels (Kato
et al., 1992; Oberjero-Paz et al., 1993).

Based on the voltage clamp data, we anticipated
that an approximately 2-fold increase in Ca21 current in
DEX-treated cells should result in augmented increases in
intracellular Ca21 in response to agonists which operate
via voltage-gated Ca21 channels. In fact, this proved to be
the case only under certain circumstances. DEX treat-
ment significantly potentiated the peak rise in intracellu-

lar Ca21 in response to direct membrane depolarization
with KCl (Fig. 2). In contrast, DEX had no effect on the
magnitude of receptor-mediated Ca21 transients elicited
by either nicotine or acetylcholine (Fig. 2). The reason(s)
underlying the lack of potentiation with these agonists
remains to be determined. It is conceivable that DEXmay
also elicit a suppressive and thus offsetting effect on one
or more components of this signaling pathway upstream
of the Ca21 channel. In this context for example, it has
been previously demonstrated that acute exposure to
DEX inhibits acetylcholine-induced current in guinea pig
chromaffin cells (Inoue and Kuriyama, 1989). Similarly,

Fig. 3. Effect of DEX on basal and KCl-induced norepinephrine (N-EPI; left panel) and
epinephrine (EPI; right panel) secretion in porcine adrenal chromaffin cells. Cells were exposed
to 1 µMDEX or vehicle (CON) for 48 hr prior to analysis. Catecholamine secretion is expressed
as the percent of total cellular catecholamine content secreted per 5 min incubation period.
Columns represent mean6 S.E.M. of triplicate incubations from five separate experiments.
*P, 0.05 compared to respective basal secretion value.
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steroids can inhibit nicotinic acetylcholine receptor func-
tion in the SH-SY5Y neuroblastoma cell line (Ke and
Lukas, 1996).

Given the 2-fold increase in Ca21 current, a greater
degree of potentiation of the KCl-induced intracellular
Ca21 transient might have been anticipated in the DEX-
treated cells. Indeed, a similar apparent discepancy
existed in our previous studies in rat chromaffin cells
(Fuller et al., 1997). However, we demonstrated in the rat
model that treatment with the Ca21 channel agonist BAY
K-8644 increased both voltage-gated Ca21 current and

the amplitude of KCl-stimulated intracellular Ca21 tran-
sients to very similar extents to those seen with DEX
(Fuller et al., 1997). These data suggested that although
the mechanisms underlying the enhancement of channel
activity by DEX and BAY K may differ, the degree of
potentiation of intracellular Ca21 transients elicited by
DEX may well be appropriate for the observed twofold
increase in Ca21 current.

One major impetus for conducting these studies in
the porcine model was that in contrast to the rat, the
relative abundance of cells provided an opportunity to

Fig. 4. Effect of DEX on 40 mM KCl-induced Ca21 transients
in porcine adrenal chromaffin cells. Cells were exposed to 1 µM
DEX or vehicle (CON) for 48 hr prior to fura-2 analysis of
changes in intracellular Ca21 in response to a 5-min exposure to
45 mM KCl. Values represent mean6 S.E.M. of the peak

intracellular Ca21 level and the Ca21 level at 30 sec intervals
postpeak, taken from five separate experiments. *P , 0.05
compared to respective vehicle-treated control value.Inset:
Representative trace of the effect of 45 mMKCl on intracellular
Ca21 in a single control porcine chromaffin cell.
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determine whether DEX-dependent modulation of intra-
cellular Ca21 signaling ultimately affects catecholamine
secretion by these cells. In support of this concept, for
example, studies in bovine chromaffin cells have demon-
strated that DEX enhances histamine-evoked catechol-
amine secretion, and that this is due at least in part to
increased expression of H1-histamine receptor expression
(Choi et al., 1995). However, in our porcine chromaffin
cells, the DEX-dependent increase in Ca21 channel
activity and the consequent enhancement of KCl-evoked
intracellular Ca21 transients had no effect on secretion of
either norepinephrine or epinephrine in response to KCl
(Fig. 3).

Amore detailed analysis of the KCl-evoked intracel-
lular Ca21 transient, however, provides one potential
explanation for this apparent discrepancy (Fig. 4). For the
secretion experiments, cells are continuously exposed to
KCl for 5 min. Under these conditions, intracellular Ca21

concentration increases rapidly, reaches a peak within 10
sec, and then declines to an intermediate plateau level for
the remainder of the stimulation period (Fig. 4, inset).
Previous studies in bovine chromaffin cells have demon-
strated that with this form of sustainedmembrane depolar-
ization, Ca21 influx is in fact relatively short-lived due to
Ca21-dependent inactivation of the voltage-gated Ca21

channels within 10 sec (Calvo et al., 1995). These studies
also demonstrated that the plateau phase is dependent on
continuous membrane depolarization, leading to the sug-
gestion that one or more factors involved in intracellular
Ca21 homeostasis such as Ca21 buffering or Ca21 efflux,
may be voltage-dependent. In the present studies, we
have established that the initial peak concentration of
intracellular Ca21 elicited by KCl is significantly higher
in DEX compared to vehicle-treated cells. Within 30 sec
of this peak, however, presumably at a point when Ca21

influx has ceased due to channel inactivation, the lower
plateau levels of intracellular Ca21 do not differ between
experimental and control cells. Consequently, it may not
be surprising that catecholamine secretion does not differ
in these cells, since intracellular Ca21 levels are essen-
tially the same in the experimental and control cells for all
but the first 20 sec or so of the total 5-min incubation
period.

A more detailed analysis of whether or not this
initial difference in intracellular Ca21 is sufficient to
affect catecholamine secretion will likely require single
cell measurements using carbon fiber amperometry which
provides a level of time resolution which is not possible
with cell population incubations (Finnegan et al., 1996).
Even under these conditions, however, at least one recent
study has suggested that the rate and extent of catechol-
amine secretion is primarily dependent on the initial rate
of Ca21 influx, rather than the absolute level of intracellu-
lar Ca21 achieved in response to agonists (Held-

man et al., 1996). Clearly, resolution of this issue
represents a subject for future studies.

In summary, the present studies have demonstrated
that in porcine adrenal chromaffin cells, the synthetic
glucocorticoid dexamethasone increases Ca21 influx via
voltage-gated Ca21 channels. As a result, DEX increases
peak intracellular Ca21 levels, but only in response to
membrane depolarization with KCl. With the techniques
currently available to us, however, the extent and/or
duration of this enhanced Ca21 transient appears to be
insufficient to alter KCl-evoked catecholamine secretion
in this system.
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