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Summary: Gonadotropin-releasing hormone (GnRH) stimulates rapid peak increases in [Ca2+]i 
and LH release, followed by lower but sustained elevations of both [Ca’+]i and hormone 
secretion. Omission of extracellular Ca2+ only slightly decreased the peak of Ca2+], but \ -> 
reduced the peak LH response by 40% and prevented the prolonged increases in [Ca +]I and LH 
release. Dihydropyridine calcium antagonists did not affect the peak [Ca2+]i and LH responses, 
but reduced the sustained increases by up to 50%. Whereas GnRH-induced mobilization of 
intracellular calcium initiates the LH peak, and Ca2+ entry through dihydropyridine-insensitive 
channels contributes to the peak and plateau phases of LH release, dihydropyridine-sensitive L- 
type Ca2+ channels participate only in the sustained phase of gonadotropin secretion. 0 1988 
Academic Press, Inc. 

Gonadotropin-releasing hormone (GnRH) binds to plasma membrane receptors in 

pituitary gonadotrophs and stimulates the secretion of LH and FSH. The mechanism by which 

GnRH elicits its biological actions includes rapid changes in polyphosphoinositide hydrolysis that 

are characteristic of several Ca2+ mobilizing hormones (1,2). Degradation of 

phosphatidylinositol 4,5-bisphosphate (PIP2) by phospholipase C results in the formation of 

inositol 1,4,5-triphosphate (InsP3) and 1,2 diacylglycerol (DG), which respectively mobilize Ca2+ 

from intracellular stores (3) and activate protein kinase C (4). In rat pituitary gonadotrophs, 

GnRH induces minor increases of cytosolic free calcium concentration ([Ca2+]i) as measured by 

the Quin-2 method (5-7). However, Quin-2 signals have not been adequate to permit the 

dynamic analysis of changes in [Ca2+]i during stimulation by GnRH. Dyes with lower affinity 

and higher fluorescence intensity, such as Fura- acetoxymethylester (Fura- AM), possess 

advantages over Quin-2 for measurement of basal and elevated levels of [Ca’+]i (8). The 

present analysis of the effects of GnRH in Fura- loaded pituitary cells has revealed biphasic 

changes in [Ca2+]i during gonadotroph activation. The dependence of these changes on 

extracellular calcium ([Ca2+]e) was analyzed and compared with the dynamic profile of LH 

secretion during column perifusion of GnRH-stimulated pituitary cells. 

IThe abbreviations used are: GnRH, gonadotropin-releasing hormone; LH, luteinizing 

hormone; BSA, bovine serum albumin; EGTA, [ethylene bis(oxyethyl-enenitrilo)] tetraacetic acid; 

HEPES, 4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid. 

ooO6-291X/88 $1.50 
Copyright 0 1988 by Academic Press, inc. 
All rights of reproduction in any form reserved. 398 



Vol. 154, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

EXPERIMENTAL PROCEDURES 

Pituitary glands were removed from adult female Sprague-Dawley rats (200 - 250 g) two 
weeks after ovariectomy and subjected to controlled trypsinization as previously described (9). 
The enzyme-dispersed cells were resuspended in Medium 199 (M199) with 10% horse serum for 3 
hr prior to use for [Ca2+]i studies. Measurements of [Ca2+]i was performed according to 
methods described by Grynkievich & d (8). Briefly, twenty million cells were resuspended in 
20 ml Ml99 containing 25 mM HEPES and 0.3% bovine serum albumin (BSA) and incubated with 
2 PM Fura- AM (Calbiochem Inc.), added from stock solution dissolved in dimethylsulfoxide, 
for 30 min a.t 37” C. Cells were then washed twice and resuspended in Hank’s balanced salt 
solution with 25 mM HEPES and 0.01% BSA. 3-5 million cells were used for [Ca2+]i 
measurements by fluorescence analysis (excitation wavelength 340 nM and emission wavelength 
500 nM) in a 3 ml cuvette in a Perkin Elmer spectrophotometer fitted with a magnetic stirrer 
and thermostatted cuvette holder. Following each experiment, F,,, and Fmin were determined 
after lysing the cells by addition of Triton X-100 (Calbiochem) in the presence of [Ca2+]e, and 
by adding 5 mM EGTA (Sigma) with 50 mM Tris (Sigma) after cell lysis. The fluorescence of 
extracellular Fura- was estimated by adding 50 PM MnC12 and 200 PM Ca2+ DPTPA. [Ca2+]i 
was calibrated after correction of fluorescence for extracellular Fura- leakage as previously 
described (10). 

Column perifusions were performed on 3-day cultured cells with exposure to 10 nM GnRH 
for 15 min, under previously reported conditions (11). Briefly, 10 x lo6 cells were incubated on 
preswollen Cytodex-1 beads (Pharmacia) for 3 days, then collected and resuspended in Ml99 
with 25 mM HEPES and 0.01% BSA and loaded into 500 ~1 perifusion chambers (Endotronics, 
Minneapolis, MN). Cells were perifused with the same medium for 90 min at a flow rate of 0.6 
ml/min, and then with control medium (containing 500 PM Ca2+); control medium t 1 PM 
nifedipine or 1 PM nicardipine (Sigma, St. Louis, MO.) or Ca2+-free medium (Ca2+-deficient 
medium t 100 PM EGTA). GnRH (10 nM) dissolved in conditioned medium was added for 15 
min as indicated; each set of experiments was performed with the same batch of cells. 
Fractions were collected every 30 set and stored at -20” C prior to radioimmunoassay using the 
RP-2 rat LH standard provided by the National Pituitary Agency, Baltimore, MD. Significances 
for differences between means were derived by Student’s t test. 

RESULTS AND DISCUSSION 

GnRH-induced changes in [Ca2’]i of pituitary cells incubated in control medium are 

characterized by a rapid peak increase within 20 seconds, followed by a decline to a lower 

level that is sustained for at least 10 min. (Fig. 1A). The rapid first phase was little affected 

by the omission of extracellular calcium and addition of 100 pM EGTA ([Ca2+]e < 20 nM) (Fig. 

1B) and was not inhibited by addition of the voltage sensitive Ca2+ channel blockers (12), 

nifedipine and nicardipine (Fig. 1C). In contrast, the second phase of [CaZt]i increase during 

GnRH action was completely abolished in calcium-free medium (Fig. lB), and was partially 

inhibited by addition of nifedipine (Fig. 1C) or nicardipine (not shown). 

The mean resting level of [Ca2’]i was 148 t 25 nM, and the [Ca’+]i changes during 

GnRH stimulation under each incubation condition are summarized in Fig. 2. The magnitude of 

the first phase of the calcium response was determined as the height of the peak above resting 

levels, and that of the second phase was determined as the elevation of [Ca2’]i above the basal 

level 5 min after addition of GnRH. The first phase of the calcium response showed little 

change under any of the incubation conditions employed (Ca2’-free medium plus EGTA, or 

control medlium plus nifedipine or nicardipine), and was largely independent of extracellular 

calcium. However, the second, prolonged phase of the calcium response was abolished by 

omission of [Ca2+]e and was reduced by addition of 1 PM nifedipine (to 53 * 4%) or nicardipine 

(to 72 _+ 5%). Thus, the agonist-induced increase in [Ca’+]i differed both quantitatively and 
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Fia. [Ca2+]i changes in pituitary cells stimulated by 10 nM GnRH. A, medium containing 
500 CM CaC12; B, calcium-deficient medium containing 100 CM EGTA; C, medium containing 500 
pM CaC12 + 1 pM nifedipine; D, medium containing 500 PM CaC12 t I JIM nicardipine. Similar 
changes were observed in 5 independent experiments. 

Fig. 2. Relative changes in the first (peak) and second (plateau) components of the [CaZt]i 
response to GnRH. Increases during the first phase represent the maximum rise above the 
resting level, and those in the second phase were measured 5 min after addition of GnRH. 
Increases in each phase are expressed as percentages of the control values (*, p < 0.01, t- 
test). 

qualitatively with time after the addition of GnRH, and in particular in its sensitivity to 

external calcium and blockers of L-type calcium channels. 

The kinetics of the LH response to GnRH were analyzed during cell column perifusion 

to permit comparison with the rapid changes in [CaZ+]i described above. In perifused pituitary 

cells, LH release was detectable within 6 seconds of exposure to GnRH. The rapid initial peak 

of LH release reached a maximum in 1.5 min, and was followed by a lower and sustained phase 

of hormone secretion (Fig. 3). Omission of calcium from the perifusion medium reduced the 

magnitude of the first phase, and completely inhibited the second phase of LH secretion. 
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Addition of nifedipine or nicardipine had little effect on the first phase, but consistently 

reduced the magnitude of the second phase of LH secretion. The results of 5 similar column 

perifusion studies are summarized in Fig. 4. Peak phase secretion was determined as the 

integrated L’H release during the first 3 min, and second phase secretion was determined as the 

subsequent integrated release of LH, each being expressed as a percentage of the corresponding 

responses obmserved in normal [Ca2+]e medium. In the combined data, the initial peak of LH 

release was reduced to 63 ? 6% by omission of [Ca2+]e but was unaffected by addition of 

nifedipine or nicardipine, whereas the second, sustained phase of LH secretion was completely 

blocked by the omission of [Ca2+]e and was reduced by nifedipine (to 61 f  10%) or nicardipine 

(to 72 + 7%). 

The results of this study have shown that GnRH stimulates two distinct phases of 

elevated [Ca?+]i and LH secretion in cultured pituitary cells. The rapid peak elevation of 
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Fig.: Profile of LH secretion stimulated by 10 nM GnRH, showing the initial peak (A) and 
the sustained plateau phase (B). Results are representative of data from 5 similar experiments, 
each performed under the conditions described in Fig. I. 
Fig.: LH release measured during the peak and plateau phases of secretion stimulated by 10 
nM GnRH (see Fig. 3). Increases are expressed as percentages of the corresponding control 
values in each experiment (*, p < 0.01). 
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[CaZ+]i is largely attributable to mobilization of Ca 2+ from intracellular stores as a consequence 

of InsP3 production, and shows little dependence on entry of extracellular calcium. However, 

the initial peak of LH release is reduced in magnitude in the absence of extracellular calcium, 

but is completely unaffected by dihydropyridine channel antagonists and thus does not involve 

calcium entry through L-type VSCC (13,14). In contrast to the peak responses, the sustained 

increases in [Ca2+]i and LH release are highly dependent on extracellular calcium and are 

partially mediated by entry through dihydropyridine-sensitive L-type VSCC. The calcium 

requirement for the prolonged component of LH secretion is consistent with the major 

dependence of GnRH action in static cell cultures on calcium entry from extracellular sources 

(15), following the initial mobilization of intracellular calcium (16). 

The reduction in magnitude of the LH peak response in the absence of extracellular 

calcium, with little change in the [Ca2+]i peak, reflects the greater rapidity of the calcium 

response to GnRH. Since the LH peak outlasts the calcium spike and is in part supported by 

the sustained phase of the GnRH-induced rise in cytosolic calcium, it is significantly impaired 

by omission of extracellular calcium. The participation of VSCC in the overall secretory 

response to GnRH has been previously indicated by studies with nitrendipine and the calcium 

channel agonist, Bay K 8644 (6,16). The present results have shown that calcium entry through 

VSCC participates in the maintenance of the second, sustained phases of elevated [Ca2+]i and 

LH secretion. However, the inability of dihydropyridine agonists, including nitrendipine (6) and 

nifedipine or nicardipine, to inhibit completely the second phase of LH secretion suggests that 

calcium channels other than VSCC are also involved in the maintenance of the LH response 

during GnRH action. 

Many agonist-stimulated cells show an initial rapid increase in cytosolic free calcium 

during the first minute of activation, derived primariIy by calcium mobilization from 

intracellular stores such as the endoplasmic reticulum (17). This is frequently followed by a 

less prominent but prolonged second phase or plateau of elevated cytosolic calcium that is 

largely or completely dependent on calcium influx across the plasma membrane (18,19). Such 

influx may be secondary to the initial action of Ins-1,4,5-P3 on calcium mobilization from pools 

located near the plasma membrane (20,21), and/or to the potential actions of Ins-1,3,4,5-P4 (22) 

or other second messengers responsible for calcium entry and maintenance of the cell response 

(23). 

We have previously observed that LH responses to short (2 min) pulses of GnRH are 

potentiated by Bay K 8644 and attenuated by nitrendipine, consistent with the participation of 

voltage-dependent calcium channels as well as mobilization of internal stores in GnRH action 

(6). That the rise in [CaZt]i in GnRH-stimulated gonadotrophs originates partly from 

intracellular Ca2+ pools and partly from influx was further demonstrated by studies with Quin-2 

in enriched gonadotrophs from normal female rats (7). The independence of the initial phase of 

GnRH-stimulated LH secretion from calcium entry through voltage-dependent calcium channels 

was recently indicated by kinetic studies on the effects of nifedipine and D600 on LH release 

in rat and chicken pituitary cells (24). The present findings have clearly defined the primary 

and secondary phases of calcium mobilization and influx during GnRH action, and have 
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demonstrated the dependence of the prolonged phase of cytosolic calcium elevation and 

sustained LH secretion upon the influx of calcium through both L-type VSCC and 

dihydropyridine-insensitive channels in the plasma membrane. 
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