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Relationships Between Dopamine-Induced Changes
in Cytosolic Free Calcium Concentration ([Ca*7])

and Rate of Prolactin Secretion

Elevated [Ca*] Does Not Indicate Prolactin Release

Annisa Chang and Seon H. Shin

Department of Physiologv, Queen's University, Kingston, Ontario, Canada

This study was undertaken to investigate the relation-
ship between dopamine (DA) induced changes in the
cytosolic calcium concentration ([Ca?*])) and the rate
of prolactin secretion using GH,ZR, a rat pituitary cell
line, which express only one subtype of D, receptor.
GH,ZR, cells were loaded with Fluo-3, a fluorescent
Ca?* indicator, and then perifused with two different
doses of DA (107 mol/L and 5 x 10~* mol/L). We moni-
tored changes in [Ca®*]. and rate of prolactin release
simultaneously by attaching a spectrofluorometer to a
dynamic perifusion system. DA has stimulatory and
inhibitory effect on prolactinsecretionin GH,ZR, cells;
10”7 mol/L DAsslightly increased [Ca?*]. and stimulated
prolactin release, whereas 5 x 10-* mol/L DA decreased
[Ca**], and inhibited prolactin secretion. When the cells
were pretreated with pertussis toxin (PTX), 107 mol/L
DA had no significant change in [Ca?*], while stimulat-
ing prolactin release, and 5 x 10~ mol/L DA reduced
[Ca?*], without having any significant effect on the rate
of prolactin secretion. The results of this study demon-
strate that changes in [Ca**], do not always correlate
with the rate of prolactin release from lactotrophs. The
dissociation between [Ca?*]. and prolactin release is
somewhat expected considering the diverse role of
[Ca?*], and post-[Ca’*], events, which can change the
rate of prolactin release.
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Introduction

The synthesis of prolactin and its release from lacto-
trophs have been extensively studied over the past two
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decades. The role of dopamine (DA) as the predominating
physiological inhibitor in prolactin release (/-3), and at
much lower concentrations, a stimulator in prolactin secre-
tion from lactotrophs has been demonstrated both in vitro
(4-10) and in vivo (11}. DA, however, does not act alone;
for example, it cannot sustain its inhibitory action without
ascorbic acid in the blood (12). Cytosolic free calcium plays
a critical role in many signal transduction systems, and it is
required for prolactin secretion (3, 73). Many independent
studies have concluded that DA inhibits calcium current
(Ica) (14-16), which in turn alters the cytosolic free
calcium concentration ([Ca2+]l) (7.17-20). Nevertheless,
the relationship between [Ca®*], and the rate of prolactin
secretion is still poorly understood. We therefore exam-
ined whether the DA-induced changes in the rate of pro-
lactin release are directly correlated with changes in
[Ca?*); using GH,ZR;, cells loaded with Fluo-3, a fluores-
cent Ca’* indicator,

Results

TRH was used as a reference control to ensure that the
cells were responding properly to secretagog. With all the
fluorescent tracings, it is important to note that the declin-
ing baseline of fluorescent intensity does not represent a
decreasing [Ca®*],, but shows leakage of Fluo-3 from the
cells. Fluo-3 is a nonratiometric dye. The fluorescent
intensities were parallel with those of the control groups,
which were not treated with any secretagog (data not
shown). We overlaid a baseline into the tracings when we
analyzed our data and compared any secretagog-induced
changes in the fluorescent intensity to the baseline to com-
pensate for the effect of the declining slope of fluorescent
on the results.

The relationship between intensity of fluorescence and
[Ca®*], was established using the ionomycin and Mn?*tech-
nique (2/,22). Dulbecco’s Modified Eagle’s Medium
(DMEM) (without bovine serum albumin [BSA]) was used
in the calibration procedure, because BSA was found to
form hydrophobic bonds with ionomycin, thus reducing
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Fig. 1. The relationship between intensity of fluorescence and [Caz*]l was established using the ionomycin and Mn?* technique. Control
medium (DMEM without BSA), and ionomycin (20 X 107® mol/L) were perifused for 10 min each, then control medium, Mn** (0.2 x
10~ mol/L), Mn** (107 mol/L) plus ionomycin (10~ mol/L) were perifused for 20 min each in sequence. This is a representative tracing

out of five independent experiments.

the availability of ionomycin dissolved in DMEM (22).
DMEM without BSA was initially perifused through
Fluo-3-loaded cells until acalcium fluorescence baseline
was established, followed by the perifusion of 10 pmol/L
ionomycin in DMEM without BSA. Figure 1 shows the
calibration curve. The optical density increased from
109 optical density units (OD) to 124 OD, and the level
was sustained (Fig. 1). When the calcium complex of
extracellular Fluo-3 was quenched with 0.2 mmol/L
Mn?*in DMEM without BSA, the optical density of light
emission decreased drastically from 124 OD to 90 OD
(Fig. 1). The optical density dropped even further (from
90 OD to 85 OD) when the intracellular calcium-Fluo-
3 complex was quenched with 1 mmol/L. Mn>* plus
10 mmol/L ionomycin in DMEM without BSA (Fig. 1).
[Ca?*]; was calculated according to Tsien et al. (23), and
the value was 106.7 nM.

In both the naive (nonpertussis-toxin [PTX] treated)
and the PTX-treated GH,ZR; cells, perifusion of TRH
(107° mol/L) triggered a burst of [Ca?*]; and a significant
increase of prolactin release as expected (Figs. 2 and 3).
The peak fluorescent intensity induced by TRH in the naive
cells reached, on an average, two units of fluorescent inten-
sity above the baseline level (p < 0.05; n = 3), and the peak
percentage change in prolactin concentration reached 263
+ 35% (mean £ SEM) within the first 7 min of TRH
perifusion (Fig. 2). Similarly, the peak fluorescent inten-
sity induced by TRH in the PTX-treated cells reached about
3 U of fluorescent intensity above the baseline level (p < 0.05;
n=13), and the peak percentage change in prolactin concen-
tration reached 277 £ 28% within the first 7 min of TRH
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Fig. 2. The effects of TRH (107 mol/L) on [Ca*], (upper panel) and
prolactin release (lower panel) in Fluo-3-loaded GH,ZR, cells.
Control medium (DMEM-BSA) (fractions#1—15), TRH (10 mol/L)
(fractions #16-30), and control medium (fractions #3 1-45) were
perifused through the cuvet. Perifusate was collected at the rate of
1 fraction/min. One representative spectrofluorometric tracing and
three representative experiments of prolactin secretion are shown.
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Fig. 3. The effects of TRH (10 mol/L) on [Ca“]l (upper panel)
and prolactin release (lower panel) in PTX- (50 ng/mL) pre-
treated, Fluo-3-loaded GH,ZR, cells. Control medium (DMEM-
BSA) (fractions #1-15), TRH (10® mol/L) (fractions #16-30),
and control medium (fractions #31-45) were perifused through
the cuvet. Perifusate was collected at the rate of 1 fraction/min.
One representative spectrofluorometric tracing and three rep-
resentative experiments of prolactin secretion are shown.

perifusion (Fig. 3). The TRH-induced changes in [Ca’*],
and prolactin secretion in the naive group (Fig. 2) were not
significantly different from that of the PTX-treated group
(Fig. 3), indicating that PTX had no significant effect on the
stimulatory action of TRH on prolactin release. The results
also confirmed that [Ca®*], is involved in the TRH-induced
prolactin release pathway.

When the naive GH,ZR; cells were treated with
10-7 mol/L DA, [Ca*], always increased as well as the
rate of PRL release. A low dose of DA caused a brief and
slight elevation (to about 1.5 U above the basal level) in
the fluorescent intensity (Fig. 4). The peak percentage
change in prolactin concentration reached 123 + 11%
(p <0.05; n =3) and returned to a baseline concentration
during DA perifusion (Fig. 4). On the other hand, a higher
concentration of DA (5 x 10~ mol/L) reduced [Ca®*], and
decreased the rate of prolactin secretion. In a typical
experiment, the fluorescent intensity gradually dropped
to about 3 U below the basal level. The prolactin concen-
tration dropped rapidly to its lowest level within the first

Fraction number

Fig. 4. The effects of DA (107 mol/L) on [Ca™], (upper panel)
and prolactin release (lower panel) in Fluo-3-loaded GH/ZR,
cells. Control medium (DMEM-BSA) (fractions #1-15), DA
(107" mol/L) (fractions #16-30). and control medium (fractions
#31-45) were perifused through the cuvet. Perifusate was col-
lected at the rate of 1 fraction/min. One representative spectro-
fluorometric tracing and three representative experiments of
prolactin secretion are shown.

7 min of DA treatment and returned quickly to the basal
level, whereas depressed [Ca?*], was sustained during the
entire DA perifusion period (Fig. 5). The percentage
change in nadir prolactin concentration reached 77 + 3%
(p <0.05; n=73).

In the PTX-treated cells, a low concentration of DA
(107" mol/L) had no significant effect on [Ca*]; (p > 0.1);
however, it stimulated prolactin release (Fig. 6). Prolactin
concentration went up to 133 £ 5% of basal concentration
(p <0.05; n =3). In this study, the peak prolactin concen-
tration induced by DA in the PTX-treated group (Fig. 7)
was not significantly different from that of the naive group
(peak % change: 123 + 11%) (Fig. 5) indicating that the
stimulatory action of DA was not affected by the PTX. A
higher concentration of DA (5 x 10~ mol/L) caused a simi-
lar reduction in [Ca®*], in the PTX-treated group (Fig. 7)
(to about 3 U of fluorescent intensity below basal level) as
it did in the naive group (Fig. 5). However, it did not cause
any significant change in the rate of prolactin secretion.
These observations confirmed that the DA’s inhibitory
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Fig. 5. The effects of DA (5x 10~ mol/L) on [Ca™] (upper panel)
and prolactin release (lower panel) in Fluo-3-loaded GH,ZR,
cells. Control medium (DMEM-BSA) (fractions #1-15), DA
(5 x 107" mol/L) (fractions #16-30), and control medium (frac-
tions #31-45) were perifused through the cuvet. Perifusate was
collected at the rate of 1 fraction/min. One representative spec-
trofluorometric tracing and three representative experiments of
prolactin secretion are shown.

action is mediated through G;-protein and showed that
changes in [Ca**]; are not always proportional to changes
in the rate of prolactin secretion.

Discussion

Most studies concerning changes of [Ca®*]; were per-
formed with either single cells (78,79,24) or suspended
cells in a cuvet (25-27). Cell suspension in a cuvet can be
used to measure dynamic changes of [Ca®*];, but the system
reveals only the final accumulated concentrations of a
released hormone in the medium. Thus, one cannot make
any dynamic correlation between alterations in [Ca>*]; and
rates of prolactin release. We applied a technique of spec-
trofluorometry to a dynamic perifusion system; [Ca2*]; was
measured by Fluo-3 during a perifusion period, but frac-
tions for quantification of prolactin were collected. There-
fore, we were able to monitor simultaneously the two
important parameters.

Some studies have tried to correlate relationships between
changes of [Ca”*], and rates of prolactin release (22,28), but

10
DA (107 moliL)

Fluorescent intensity (arbitrary units)

1504

1304

110+

% Change in PRL secretion

70+

50 T T 1
0 15 30 45

Fraction number

Fig. 6. The effects of DA (107 mol/L) on [Ca™] (upper panel)
and prolactin release (lower panel) in PTX- (50 ng/mL) pre-
treated, Fluo-3-loaded GH,ZR, cells. Control medium (DMEM-
BSA) (fractions #1-15), DA (107" mol/L) (fractions #16-30), and
control medium (fractions #31-45) were perifused through the
cuvet. Perifusate was collected at the rate of 1 fraction/min. One
representative spectrofluorometric tracing and three representa-
tive experiments of prolactin secretion are shown.

they were performed using primary cultured rat pituitary
cells. Primary cultured pituitary cells are mixed popula-
tions. They include several different lactotroph subtypes
(29), and different lactotroph subtypes express different
types of DA receptors, which include receptors for the
stimulatory and inhibitory actions (30). Different receptors
can be activated in different experimental conditions, thus
making it difficult to define relationships between [Ca*];
and prolactinrelease. We used cloned GH,ZR, cells, which
originate from the rat pituitary tumor cell line, GH,C, -
GH,C, cells synthesize and secrete PRL, and express many
characteristics of anormal lactotroph, but they donot express
DA receptors. GH,ZR; cells evolved after GH,C, cells were
transfected with DA D,  receptor-complementary DNA, and
they express solely the shortisoform of the D, receptors (31).
Using the cultured GH,ZR; cells is advantageous, because
they allowed us to focus on the signaling pathway of a single
DA D,-receptor subtype. On the other hand, GH,ZR; cells
are much less sensitive to DA’s inhibitory action than pri-
mary cultured ceils. The difference in sensitivity between the
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Fig. 7. The effects of DA (5x 10 *mol/L) on [Ca™] (upper panel)
and prolactin release (lower panel) in PTX- (50 ng/mL) pre-
treated, Fluo-3-loaded GH,ZR, cells. Control medium (DMEM-
BSA) (fractions #1-15), DA (5 x 10~ mol/L) (fractions #16-30),
and control medium (fractions #31-45) were perifused through
the cuvet. Perifusate was collected at the rate of 1 fraction/min.
One representative spectrofluorometric tracing and three repre-
sentative experiments of prolactin secretion are shown.

two types of cells can be explained by their not having the
same number of active membrane-bound receptors (/0).
Because of the low sensitivity of GH,ZR; cells to DA, we
considered 10~" mol/L DA as a low concentration and 5 X
10 mol/L as a high concentration.

[Ca*], plays many important roles in a cell; one of the
functions is to stimulate hormone release. There is ample
evidence showing that DA elevates and reduces [Ca®*],
along with prolactin release in a dose-dependent manner
(17). A concentration of DA that would stimulate prolactin
secretion increased [Ca’*],, and another concentration that
would inhibit prolactin release reduced {Ca™*],. Thus, it has
been generally assumed that the [Ca>*], is directly related
to the level of prolactin output from the lactotroph cells.
However, when we closely examined the relationship
between the two parameters. the degree of changes in
[Ca*]; did not appear to be proportional to the rate of
prolactin release from GHZR; cells. During a 15-min
perifusion period with a low concentration of DA, there
was a burst of prolactin release with only a brief and slight

increase in the [Ca’*], (Fig. 4). On the other hand, when a
high dose of DA was perifused through the cells, the rate of
prolactin secretion decreased for a relatively short time
before returning to the basal level, whereas the level of Ca?*
remained at a reduced level (Fig. 5). When PTX-treated
cells were perifused with alow dose of DA, prolactinrelease
was stimulated, whereas there was no apparent change in
[Ca*], (Fig. 6). Also, when the PTX-treated cells were
perifused with the high dose of DA, no significant change
in the rate of prolactin release occurred, but the level of
[Ca®); was greatly reduced (Fig. 7).

Our results indicate that there is no direct relationship
between [Ca’*]; and the rate of prolactin release. However,
the dissociation between [Ca®*), and prolactin release
should not be surprising considering the diverse actions of
[Ca®*], in the physiological system. [CaZ*], is a link to a
series of events in prolactin release, and prolactin secretion
can be inhibited or stimulated by activation of other links
after the [Ca®*? event. In the proposed mechanism, DA
binds to the D, receptors and poses an inhibitory effect
on the negatively coupled adenylyl cyclase (8,32) via a
PTX-sensitive G-protein (7,10,31,33,34). Potassium con-
ductance increases through activation of both the G-pro-
tein-regulated (35,36) and voltage-dependent potassium
channels (37), and the cell membrane hyperpolarizes (38).
This leads to inhibition of calcium-dependent action
potentials and a reduction in the intracellular calcium con-
centration (24}, and subsequently a decrease in prolactin
secretion. The model suggests that the amount of prolactin
output depends on the level of [Ca**],. Nevertheless, the
observed dissociation between prolactin release and
changes of [Caz“‘]l illustrates that [Ca>*), is a factor, but not
the sole, final determinant of prolactin output.

In summary, we have observed dissociation between
DA-induced changes in [Ca**], and rates of prolactin secre-
tion in the cloned GH,ZR; lactotroph cells. There is no
doubt that an elevated level of [Ca?*],is required for prolac-
tin secretion, but the level of [Ca>*], is not directly related
to the amount of prolactin release.

Materials and Methods

Cell Culture

GH,ZR; cells (kindly provided by H. Elsholtz, Univer-
sity of Toronto) were cultured in a mixture of Ham’s
Nutrient Mixture F-12 (Connaught Laboratories Ltd.,
Willowdale, Canada) and DMEM (Gibco Lab., Grand
Island, NY) (3:4) supplemented with 2.5% fetal calf serum,
15% horse serum (Gibco Lab.), and penicillin 50 1U/mL
(Sigma Chemical Co., St. Louis, MO) (culture medium).
The cells were grown in tissue-culture flasks (75-cm? style,
Becton Dickinson Labware, Lincoln Park, NJ), which
were incubated at 37°C under a humidified atmosphere of
5% CO,: 95% air, and were passaged once per week into
new flasks. For collecting cells from the monolayer in the
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flask, we used jet streams of medium (obtained by squeez-
ing medium in and out of a Pasteur pipet) to lift up cells
from the surface without any treatment with a proteinase.
Afterward, the lifted cells were harvested by centrifugation
(700g for 5 min). This method eliminates the possibility
that receptors may be damaged by enzyme treatment.

One group of cells was treated with PTX (Research
Biochemicals International, Natick, MA), a G,-protein
inactivator. PTX was first dissolved in distilled water to
make stock solution of 1 mg/10 mL. The stock PTX solu-
tion was further diluted in the culture medium to make a
50 ng/mL solution, and GH,ZR; cells were incubated in
this PTX-containing medium for 12 h,

Construction of Perifusion Column

A semimicro size disposable cuvet (Dynalon Dispos-
able polystyrene cuvets, 1.5 mL, 10 x 4 X 45 mm, Canlab
Scientific Products, Toronto, Canada) was chosen for this
study. The lower right corner of the cuvet was drilled, and
a piece of silicone tubing (1/23-in. inner diameter, 5/64-in.
outer diameter) was inserted into the hole. The lower part
of the cuvet was plugged with glass wool (Corning Glass
Works, Corning, NY) to prevent leakage of the gel matrix.
A matrix is required in the cuvet to attain a perifusion
system. Thus, the cuvet was packed with Sephadex gel
matrix, which was equilibrated with DMEM containing
0.1% (w/v) BSA (Sigma Chemical Co.) (DMEM-BSA).
The cuvet was capped using a rubber stopper, which had
been pierced by a piece of 18-gage steel tubing (syringe
needle, Becton, Dickinson & Co.), and the pierced stop-
per was connected to a medium reservoir with a piece of
Tygon tubing (R-3603, 1/32-in inner diameter, 3/32-in
outer diameter).

Loading of Cells into the Cuvet

Approximately 20 million cells were suspended in
5 mL DMEM in which 10 uL. dimethyl sulfoxide (DMSO,
Baker Chemical Co., Phillipsburg, NJ) solution containing
1 mmol acetoxymethyl Fluo-3 (Fluo-3, AM; Molecular
Probes, Inc., Eugene, OR) and 25% (w/w) Pluronic F-127
were added to make a final concentration of 2 pumol/L
Fluo-3, AM. The cells were left incubated for 3 h at room
temperature, and then recovered by centrifugation (700g
for 5 min). The Fluo-3-loaded cells were resuspended in
50 uL. DMEM-BSA and were loaded into the prepared cuvet
containing 1 mL of Sephadex G-150, which was equi-
libriated with DMEM-BSA and an addition of 0.2 mL of
DMEM-BSA ontop of the Sephadex matrix. The cells were
injected into the gel matrix between 9 and 18 mm from the
bottom of the cuvet, where the excitation light projects in
the Perkin-Elmer LS-50 Spectrofluorometer.

Perifusion

Two jacketed columns were used to warm up the control
medium (DMEM-BSA) and medium-containing secretagog

to 37°C before perifusing through the column. Before the
performance of each experiment, DMEM-BS A was pumped
out (12000 Vario Perpex, LKB) from the cuvet at a rate of
0.4 mL/min for 20 min to allow cells to adjust to the
perifusion environment. During the experimental period,
the flow rate was maintained at 0.4 mL/min, whereas either
DMEM-BSA or DMEM-BSA containing an appropriate
concentration of secretagog was perifused through the cells.
Atthe same time, the perifusate was collected in disposable
cups (24 x 14 mm, Sarstedt Canada inc., V-St. Laurent,
Quebec) at the rate of 1 sample/minute. The dead spaces
between the medium reservoir and the cuvet, and between
the cuvet and the fraction collector for the perifusate
were (0.3 and 0.9 mL, respectively. At the end of each
experiment, the collected fractions were stored at —20°C
until assayed.

Fluorometry

The temperature of the cuvet was maintained at 37°C by
circulating water through a jacket surrounding the cuvet
chamber in the spectrofluorometer. An excitation beam at
490 nm was shone on the cells, and the optical density of the
emission light at 540 nm was monitored. Both the excita-
tion and emission slit widths were 10 nm. The relationship
between the intensity of fluorescence and [Ca®*]; was
established using the ionomycin and Mn?* quenching tech-
nique (2/) (Fig. 1). and the basal levels of [Ca®*], were then
computed according to Tsien et al. (23) with a Ky =320 nM
(39,40). The basal [Ca®*], in our cells was 114 + 5 nmol/L.
The actual changes of optical density were recorded with-
out converting them to [Ca®*],.

All perifusion media were prepared immediately prior
to use. Frozen TRH (1 mmol/L, Sigma) stock solution was
diluted in the control DMEM-BSA medium to make 1 umol/LL
solution. DA (DA-HCI, Sigma) was dissolved in appropri-
ate volumes of DMEM-BS A medium to make solutions of
different concentrations. lonomycin (Sigma) was first dis-
solved in absolute alcohol (5 mmol/L) and then diluted with
DMEM to make the appropriate concentrations. A stock
solution of 1 mol/L manganese chloride (Mallinckrodt) was
made in distilled water and was further diluted in DMEM
to make 0.1 mmol/L Mn?* to quench the fluorescence.
Finally, 1 mmol/L. Mn?* plus 10 pumol/L ionomycin was
made with DMEM to quench [Ca®*],.

Radioimmunoassay

Two hundred microliters of the perifused medium were
assayed in duplicates using the radioimmunoassay kit for
rat prolactin, which was kindly supplied by A. F. Parlow
and P. F. Smith through the Rat Pituitary Hormone Distri-
bution Program. The quantity of prolactin was expressed in
terms of NIAMDD rat prolactin RP-3. Coefficients of varia-
tion for inter- and intra-assay variability were 14.5 and
7.2%, respectively. The sensitivity was 0.03 ng/tube.
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Statistics

Fluo-3 tracings: For each tracing, a straight line was
connected between the mean levels before and after secre-
tagog treatment, and considered as the basal level. Changes
in [Ca®*]; were indicated by area surrounded by the tracing
between the basal level and the responded level induced by
the secretagog treatment. A “cut-and-weigh” method was
used to calculate the percentage change in area under the
curve (AUC) of the original fluorescent tracing, such that
the areas (mg of paper) are expressed in arbitrary units (U?).

Prolactin data: For each experiment, data for prolactin
assays were normalized by considering the average PRL
concentration of 15 samples collected before the perifusion
of a secretagog-containing medium as the 100% PRL con-
centration. AUCs in graphs for individual experiments were
calculated using the Prism 2.01 program (GraphPad Soft-
ware Inc., San Diego, CA). Areas were expressed as an
arbitrary unit (A?). AUC of the 7-min immediately prior to
secretagog treatment was used as the control. AUC of a
7-min period centering the peak response was taken as the
response, since the response of cells to secretagog usually
lasted for about 7—-10 min.

For both the [Ca’*], and prolactin concentration,
differences between the experimental groups (control vs
treatment) were compared using Student’s ¢-test, and a dif-
ference was considered to be statistically significant when
a P value was <0.05.
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