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Prolactin is thought to exert an autoregulatory, negative 
feedback effect on its own secretion via stimulation of the 
tuberoinfundibular dopaminergic (TIDA) neurons. To inves- 
tigate possible mechanisms involved in this feedback, the 
effects of experimentally induced hyperprolactinemia on the 
release of 3H-dopamine (3H-DA) were studied in nerve ter- 
minals (synaptosomes) isolated from rat median eminence 
(ME), the TIDA neuronal projection field. Synaptosomes were 
prepared from adult male rats treated with ovine prolactin 
(oPRL) or the vehicle for 48 hr. Synaptosomes were incu- 
bated in 0.1 @A 3H-DA at 30°C until steady-state conditions 
were achieved, and then release of the preaccumulated 
transmitter was measured over l-20 set time intervals un- 
der basal and depolarizing conditions. 

Release of 3H-DA elicited by depolarization of the termi- 
nals was significantly greater in ME synaptosomes prepared 
from oPRL-treated animals as compared with preparations 
from controls. This effect of the hyperprolactinemia ap- 
peared to be specific to the TIDA neurons since oPRL treat- 
ment did not result in increased evoked release of 3H-DA 
from terminals prepared from the mesolimbic, tuberohypo- 
physeal, or nigrostriatal dopaminergic neurons. Basal efflux 
in all preparations was not changed from controls. 

The increased evoked release in oPRL-treated ME oc- 
curred when depolarization was induced either with high 
external [KCI] or veratridine. The enhanced 3H-DA efflux was 
evident during depolarization over a wide range of external 
calcium concentrations (0.01-3.0 mM), in the presence of 20 
mM Ni2+ to block Caz+ influx through voltage-gated channels, 
or when all external Ca2+ had been chelated, indicating that 
this effect of oPRL involves DA released through a mecha- 
nism independent of external calcium. 

Dopamine (DA) released from terminals of the tuberoinfundib- 
ular dopaminergic (TIDA) neurons in the median eminence 
(ME) acts as a physiological prolactin (PRL)-inhibiting hormone 
responsible for tonic regulation of basal prolactin secretion (for 
reviews, see Weiner et al., 1979; Leong et al., 1983). Evidence 
for an autoregulatory action of PRL on its own secretion was 
first reported by Clemens and Meites (1968). It was later dem- 
onstrated that DA turnover in the ME of rats was elevated by 
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PRL treatment (Hiikfelt and Fuxe, 1972) suggesting that the 
PRL feedback is mediated, at least in part, by tuberoinfundib- 
ular DA. Stimulation of TIDA neuronal activity by PRL has 
been supported by many subsequent studies using a variety of 
methods to introduce the PRL: cerebroventricular injection 
(Annunziato and Moore, 1978); ectopic pituitary grafts (Olson 
et al., 1972; HGhn and Wuttke, 1978); PRL-secreting pituitary 
tumor implants (Perkins et al., 1979); and systemic injection 
(Gudelsky et al., 1976; Selmanoff, 198 1, 1985). Administration 
of PRL also significantly elevates DA in the hypophyseal portal 
blood (Cramer et al., 1979; Gudelsky and Porter, 1980). These 
observations are consistent with an increase in DA release from 
the nerve terminals in the ME, and, indeed, PRL has been shown 
to augment DA release from medial basal hypothalamic frag- 
ments superfused in vitro (Perkins and Westfall, 1978; Foreman 
and Porter, 198 1). However, the mechanism by which PRL 
effects these changes is unknown. 

In this report, we present our observations of PRL-induced 
alterations in DA uptake and release in nerve terminals isolated 
from the median eminence of rats. We used synaptosomes pre- 
loaded with labeled DA in order to focus on possible PRL-in- 
duced alterations in the release characteristics of the neurotrans- 
mitter and minimize confounding manifestations of potential 
changes in its synthesis. In all experiments, synaptosome prep- 
arations from the corpus striatum, a dopaminergic system not 
believed to be involved in PRL regulation, were examined con- 
currently with the ME terminals for comparison. 

Materials and Methods 
Animals. Male Sprague-Dawley rats (200-250 gm) were purchased from 
Zivic-Miller Laboratories, Inc. (Allison Park, PA). Animals were main- 
tained on a 14: 10 light : dark schedule (lights on at 0400) with food and 
water available ad libitum. Hyperprolactinemia was experimentally in- 
duced by injecting ovine prolactin (oPRL) provided through the 
NIADDK National Hormone and Pituitary Program (NIADDK-oPRL- 
16; biopotency, 30.5 IU/mg). The use of the heterologous PRL prepa- 
ration allowed both the endogenous rat prolactin (rPRL) and the oPRL 
to be monitored in the same rats. Using this experimental model, we 
have previously demonstrated PRL feedback as evidenced by increased 
turnover of DA in TIDA neurons (Selmanoff, 198 1, 1985) and suppres- 
sion of basal secretion of endogenous PRL (Selmanoff and Greg&son, 
1984: Selmanoff. 1985). The oPRL was dissolved in 0.01 M NaHCO, 
(pH 8.6, 25°C) and administered subcutaneously at a dose of 4 mg/kg: 
every 8 hr for a total of 48 hr. Subcutaneous injections at this dose 
produce a serum oPRL profile with peak values of -2000 rig/ml oc- 
curring approximately 2 hr postinjection followed by a decline to - 10 
@ml by 8 hr postinjection (Selmanoff and Gregerson, 1984; Selmanoff, 
1985). Solutions of oPRL were prepared fresh for each experiment and 
were not used beyond 48 hr following its reconstitution in the NaHCO, 
buffer. Control animals received injections of the vehicle. 

Animals were decapitated between 1 and 2 hr following the last in- 
jection. MEs (-0.4 mg wet weight each) and, for all experiments, com- 
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parably sized fragments from the caudate nucleus of the corpus striatum 
(CS) were rapidly dissected and immediately transferred to homoge- 
nization tubes containing ice-cold 0.32 M sucrose with 2.5 M HEPES- 
HCl (pH 7.4, 4°C) and 0.1% BSA. In a few experiments, the posterior 
pituitary gland (neural and intermediate lobes) and fragments of the 
olfactory tubercle and nucleus accumbens were also dissected. Twelve 
to 20 animals per group were used for each experiment, and tissues 
were pooled according to group for the preparation of synaptosomes. 
Serum was harvested from the trunk blood of individual animals and 
stored at -20°C until assayed for oPRL and endogenous rPRL. In one 
series of studies, animals were bilaterally orchidectomized under ether 
anesthesia 10 d prior to the onset of hormone treatment. 

Synaptosomepreparation. Tissues were homogenized in glass-Teflon 
tissue grinders (0.1 O-O. 15 mm clearance) and synaptosomes prepared 
through a series of homogenizations and centrifugations according to a 
modification (Krueger et al., 1979) of the method of Hajos (1975). The 
crude P, fraction was used without further purification on a gradient. 
Synaptosomes, suspended in 0.32 M sucrose, were equilibrated into a 
physiological saline solution by gradual addition, over a 30 min period, 
of 2.5 vol of ice-cold “5K” solution containing 5 mM KCl, 75 mM NaCl, 
70 mM N-methyl-D-glucamine, 1 mM MgCl,, 10 mM glucose, 10 mM 
HEPES-HCl (pH 7.4, 25”(Z), and 0.1% BSA. Synaptosomes were cen- 
trifuged a final time and resuspended in the 5K solution at a concen- 
tration of 200-300 pg protein/ml. 

Synaptosomes were allowed to incorporate 3H-DA by incubation for 
30 min at 30°C in 0.1 PM ‘H-DA (New England Nuclear Corporation, 
Boston; specific activity, 4 1.5 Ci/mmol), 0.5 mM ascorbic acid (to pre- 
vent oxidation of the DA), 0.05 mM pargyline (an MAO inhibitor), and 
0.5 mM desipramine (to prevent nonspecific uptake of 3H-DA into nor- 
adrenergic terminals; see Koe, 1976). Under these conditions, uptake 
of the )H-DA reached steady state within 30 min and remained stable 
for at least an additional 90 min. Release experiments were completed 
well within this time frame. 

jH-DA release experiments. Release of the preaccumulated 3H-DA 
from the synaptosomes was measured as previously described (Greger- 
son and Selmanoff, 1987). Briefly, an aliquot of preloaded synaptosome 
suspension (50 ~1 vol, lo-15 pg protein) was pipetted onto a glass fiber 
filter (grade #25, Schleicher and Scheull, Inc., Keene, NH) secured within 
a well of a filtration manifold. Solutions introduced into the wells of 
the manifold flow continuously over the synaptosomes trapped on the 
filters, due to gravitational force alone (-4.8 ml/min flow rate). In 
addition, application of a gentle vacuum draws remaining fluid through 
very rapidly (> 1 ml/set). The effluent is collected in vials positioned 
beneath each well. After removal of the loading medium by vacuum 
filtration, the synaptosomes were washed with 5K solution (30°C) to 
remove unincorporated ‘H-DA. Washes were discarded, and the release 
of incorporated )H-DA from the isolated terminals was initiated by 
addition of an aliquot of test solution (30°C) to the well. Efflux was 
rapidly quenched at various times (l-20 set) by the addition of a “stop” 
solution (Drapeau and Blaustein, 1983; Gregerson and Selmanoff, 1987), 
which was an ice-cold 5K solution containing 20 mM NiCl,, a calcium 
channel blocker. This was immediately followed by application of the 
vacuum to draw any remaining solution through the filter into the vial 
below. 

Basal efflux of 3H-DA was measured in response to a pulse of 5K 
solution. Evoked release was measured in response to a pulse of a 
depolarizing solution often containing calcium. Depolarization was elic- 
ited either by adjusting the external KC1 concentration to 75 mM by 
iso-osmotic substitution of N-methyl-D-glucamine or by addition of 100 
ELM veratridine (Aldrich Chemicals, Milwaukee, WI) to the control 5K 
solution. External NaCl concentration was held constant to avoid pos- 
sible effects on the Na+-dependent DA carrier (Bruinvels, 1975; Raiteri 
and Levi, 1978). 

Both the uptake and subsequent release of 3H-DA were calculated 
from the tritium in the collected effluent and that trapped on the filters 
as quantitated by liquid scintillation spectroscopy. Following subtrac- 
tion of background radioactivity in the effluent and filters (determined 
under assay conditions in the absence of synaptosomes), total )H-DA 
uptake into the synaptosomes was determined to be the sum of the dpm 
in the effluent and those trapped on the filters. Release is presented as 
the percentage of the total incorporated cpm subsequently measured in 
the effluent. This expression of “fractional release” normalizes for in- 
tersample and interexperimental variation in 3H-DA uptake and may 
be indicative of the size of the “releasable ~001s” of neurotransmitter 

assayed for protein content by the dye-binding microassay of Bradford 
(1976). 

Since the size of the dissected tissues precluded preparations from 
individual animals and required isolating the terminals from pooled 
tissues, it was necessary to repeat all experiments on multiple, inde- 
pendent synaptosome preparations. The data presented illustrate the 
means of values determined in 2-6 independent experiments (i.e., dif- 
ferent synaptosome preparations). The value obtained for each param- 
eter within one experiment was determined by 4-6 replicate measure- 
ments. Bars indicating the SEM are drawn unless they fall within the 
symbols. 

Assay of serum prolactin. Rat and ovine PRL were determined on 
individual serum samples by homologous double-antibody radioim- 
munoassays (Niswender et al., 1969) using reagents provided by the 
NIADDK through the National Hormone and Pituitary Program. En- 
dogenous serum rPRL was assayed using rPRL-I-5 and anti-rPRL-S-9. 
The sensitivity of the assay was 50 pg rPRL-RP-3 (biopotency, 30 IU/ 
mg, which is 2.8 times more potent than RP-1 and equipotent to RP- 
2). Circulating oPRL was assayed using oPRL-I-l and anti-oPRL-1. 
The sensitivity of the assay was 100 pg oPRL-I-1 (biopotency, 35 IU/ 
mg). 

Statistics. Statistical analysis of radioimmunoassay data and uptake 
data was performed by Student’s t test. Nonparametric statistical tests 
were employed for analysis of the release data since these were per- 
centages of another variable (uptake) and, thus, are considered to com- 
prise a population in which the criterion scores are not normally dis- 
tributed. The Mann-Whitney U test was used to compare pairs of means 
(oPRL versus control) in Figures lB, 3, and 6. A univariate repeated- 
measures analysis of variance (Winer, 197 1) was implemented (“PROC 
GLM” ofSAS Institute Inc.. 1985) to assess the effect ofoPRL treatment 
on the time course and calcium dose response of 3H-DA efflux. To use 
this type of analysis, it was first established that certain assumptions 
regarding the structure of the covariance matrices were satisfied so that 
the F-ratios of the “within subject” factors (i.e., time and calcium dose) 
followed an exact F distribution (Huynh and Feldt, 1970; Rouanet and 
Lepine, 1970). In other words, it was determined that the covariance 
of the preparations was not different between experiments. 

Results 

Steady-state uptake of 3H-DA was suppressed in ME synapto- 
somes prepared from oPRL-treated animals compared with 
preparations from control animals (Fig. 1.4). In contrast, 3H- 
DA incorporation into CS synaptosomes was enhanced follow- 
ing in vivo exposure to oPRL. From preparation to preparation, 
the suppression of uptake in ME terminals ranged from 12 to 
2 l%, while the increased steady-state accumulation into CS syn- 
aptosomes from oPRL-treated animals ranged from 18 to 25%. 
These divergent effects of hyperprolactinemia on steady-state 
3H-DA uptake into terminals isolated from these 2 brain regions 
was a consistent finding in all the studies presented. 

Figure 1B illustrates the subsequent release ofthe 3H-DA from 
the same preparations presented in Figure IA. Increasing the 
external KC1 concentration from 5 to 75 mM, thereby depolar- 
izing the synaptosomes (Blaustein and Goldring, 1975), evoked 
a substantial increase in the efflux of the neurotransmitter from 
both ME and CS synaptosomes. Despite the oPRL-induced de- 
crease in ME accumulation of the labeled DA, this preparation 
displayed a selective increase in the evoked release of preloaded 
3H-DA. The release data is presented as fractional release and, 
thus, adjusts for the lower quantity of 3H-DA accumulated in 
the oPRL-treated group. However, in most preparations, the 
augmentation in depolarization-induced release from ME syn- 
aptosomes following hyperprolactinemia was such that the in- 
crease was detectable in the absolute values of release, prior to 
being normalized for the differences in uptake. Basal efflux in 
the ME preparation was unchanged from controls (Fig. 1B). The 

in a given preparation. Representative aliquots ofeach preparation were hormone treatment did not alter the fractional 3&I-DA release 
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Figure 1. Effect of in vivo oPRL 
administration on the steady-state up- 
take (A) and subsequent release (B) of 
3H-DA in synaptosomes prepared from 
ME and CS. Rats were treated with 
oPRL or vehicle for 48 hr prior to de- 
capitation. Synaptosomes prepared 
from ME and CS were incubated in 0.1 
PM ‘H-DA for at least 30 min at 30°C. 
Uptake was terminated when aliquots 
(50 ~1) of loaded synaptosome suspen- 
sions were filtered and washed. Release 
of the incorporated 3H-DA was mea- 
sured during a 5 set incubation with 5 
or 75 mM KC1 solution. Data are ex- 
pressed as means + SEM of values ob- 
tained in 6 independent experiments. 

5mM KCI 75mM KCI 5mM KCI 75mM KCI *Different at p < 0.001 from corre- 
MEDIAN EMINENCE STRIATUM sponding control group. 

from CS synaptosomes under either basal or depolarizing con- lease of 3H-DA between ME and CS have been observed 
ditions (Fig. 1B). throughout our studies (Gregerson and Selmanoff, 1987; present 

In addition to the differential responses to the oPRL treat- report). 
ment, it can be seen in the control data in Figure 1, A, B, that Figure 2A-D illustrates the time courses of 3H-DA efflux from 
there existed quantitative differences between ME and CS syn- ME and CS synaptosomes prepared from both oPRL- and ve- 
aptosome preparations with regard to both 3H-DA uptake and hicle-treated rats. Again, the data show an enhanced fractional 
release. Under steady-state conditions, )H-DA accumulation release of 3H-DA from ME synaptosomes of hyperprolactinemic 
into CS synaptosomes was 1 S- to 2-fold greater than that into rats during depolarization, while the basal efflux ofthe preloaded 
terminals prepared from the ME (Fig. 1A). Also, the quantity neurotransmitter did not differ in oPRL-treated and control 
of the accumulated 3H-DA released during a 5 set depolarization groups. Analysis of the profiles revealed that the enhanced re- 
was much greater from the CS preparation. This was true even lease in ME during stimulation with 75 mM KC1 was significant 
when the data were normalized for the differences in the incor- at 1 set and thereafter increased as depolarization was main- 
poration of the labeled neurotransmitter (Fig. 1 B). These quan- tained (Fig. 2A). Augmented 3H-DA release from ME synap- 
titative differences in incorporation and evoked fractional re- tosomes of hyperprolactinemic rats was also observed when 
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Finure 2. Effect of in vivo oPRL 
administration on the time course of 
3H-DA efflux from ME (A. B) and CS 
(C, D) synaptosomes. Synaptosomes 
were prepared from brain tissues of 
oPRL-treated rats (open symbols) and 
vehicle-treated controls (closed sym- 
bols). Release of preaccumulated ‘H-DA 
was measured in response to exposure 
to solutions (30°C) containing 5 mM KC1 
(all panels; b, l ), 75 mM KC1 (A and 
C, n, A), or 100 PM veratridine in 5 mM 
KC1 (B and D; 0, W). All solutions con- 
tained 1 mM CaCl,. Efflux of jH-DA 
was terminated at the times indicated 
by dilution with ice-cold 5 mM KC1 with 
20 mM NiCl,, followed by vacuum fil- 
tration. Each symbol represents the 
mean f  SEM of values obtained in 3 
independent experiments. (Note differ- 
ences in the scales of the ordinates for 
ME and CS data.) *Different atp < 0.0 1 
from corresponding control group. 

i ! -*---- 

II , 1 , " 

0 I 5 IO 20 

Time (seconds) 



2460 Gregerson and Selmanoff + Hyperprolactinemia and Dopamine Release 

m 
NA 

-I 1 75mM KCI 

E 
0 

ME CS NA OT PP 
-z l6r 
E 

x 
IOOJJM Veratridine 

ME CS NA OT 

Figure 3. Effect of in vivo oPRL administration on the reiease of ‘H- 
DA from nerve terminals isolated from various central dopaminergic 
systems. Synaptosomes were prepared from the ME, CS, nucleus ac- 
cumbens (NA), olfactory tubercle (OT), and posterior pituitary gland 
(PP) of rats treated with oPRL or vehicle for the preceding 48 hr. Release 
of preaccumulated ‘H-DA was measured during a 5 set exposure to 
various stimuli. Data are expressed as means ? SEM of values obtained 
in 2 independent experiments. **Different at p < 0.005 from corre- 
sponding control group; *different at p < 0.05 from corresponding con- 
trol group. 

depolarization was induced by veratridine (Fig. 2B). Again, the 
difference between the oPRL and control groups increased as 
the stimulus was prolonged. In marked contrast, in vivo admin- 
istration of oPRL had no subsequent effect on fractional release 
from CS terminals under any of these conditions (Fig. 2, C, D). 

To further investigate the regional specificity of the oPRL 
effects on DA release, 3H-DA efflux was examined in synapto- 

somes prepared from several dopaminergic terminal projection 
fields dissected from oPRL- and vehicle-treated rats. These in- 
cluded the nucleus accumbens (NA, mesolimbic), olfactory tu- 
bercle (OT; mesolimbic), and posterior pituitary gland (PP; tu- 
berohypophyseal), as well as the CS (nigrostriatal) and ME 
(tuberoinfundibular). These data are illustrated in Figure 3. Con- 
sistent with previous observations, high [KCl]- and veratridine- 
induced 3H-DA efflux from ME terminals was greater in the 
oPRL-treated group; however, oPRL did not affect basal efflux. 
We observed no changes in the fractional release of 3H-DA 
(basal or depolarization-induced) in response to oPRL-treat- 
ment in any of the 4 other preparations with the exception of 
the OT. Terminals isolated from this region demonstrated a 
reduced fractional release in 75 mM KC1 when previously ex- 
posed to oPRL. This reduced efflux in oPRL-treated OT prep- 
arations was not seen under basal conditions or when depolar- 
ization was induced by veratridine. 

In this experiment, we again observed that steady-state uptake 
of 3H-DA was decreased in ME and increased in CS following 
in vivo oPRL administration. No consistent effects of the treat- 
ment on steady-state 3H-DA uptake into synaptosomes from 
the NA, OT, or PP were seen (data not shown). 

Since PRL has numerous effects on steroidogenesis and ste- 
roids can, in turn, alter catecholamine secretion, it was ofinterest 
to determine the effect(s) of removing the gonads. We first de- 
termined that castrated rats demonstrated a feedback response 
to elevated circulating PRL. Table 1 presents data showing that 
basal levels of endogenous rPRL were suppressed in oPRL- 
treated rats that had been orchidectomized 10 d earlier, which 
agrees with reports from other laboratories studying gonadec- 
tomized males (Laherty et al., 1983) and females (Nagasawa et 
al., 1976). Treatment with exogenous oPRL produced a 63% 
suppression of basal circulating rPRL in the orchidectomized 
rats, which is comparable to the 70% suppression of endogenous 
rPRL observed in intact male rats (Table 1). The 3H-DA release 
data from synaptosomes prepared from these animals are illus- 
trated in Figure 4. Release of 3H-DA from ME, CS, and PP 
preparations was measured under basal conditions and during 
depolarization evoked by 75 mM KCl. Only the evoked frac- 
tional release from ME was altered by hyperprolactinemia in 
the castrated rats. As observed in preparations from intact rats, 
augmentation ofthe KCl-induced release by the oPRL treatment 
was evident at 1 set of depolarization and increased as the 
stimulus was maintained. 

Table 1. Peripheral serum concentrations of oPRL and endogenous rPRL in intact and 
orchidectomized male rats with or without oPRL administration 

Animal group” TreatmenV n 
Peripheral serum concentration’ 
oPRL (rig/ml) rPRL (r&ml) 

Intact males NaHCO, 19 n.d.d 9.00 f  0.99 
oPRL 18 2286.1 ? 179.1 2.69 + 0.22’ 

Orchidectomized NaHCO, 19 n.d.d 13.04 + 1.67 

(10 4 oPRL 19 1050.0 Z+ 123.2 4.77 +- 0.31e 

u Although serum samples were aaalyzed in the same radioimmunoassays, these groups are from 2 separate series of 
experiments and were injected with different preparations of oPRL. Therefore, no direct comparisons are made between 
the hormone values of intact and orchidectomized animals. 
h Injections were administered as described in Materials and Methods. 

< Serum was harvested from blood collected between 1 and 2 hr after the final injection of the 48 hr treatment. 
d n.d., c 1.0 &ml. 
e Different at p < 0.001 from corresponding control group. 
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Figure 4. Effect of oPRL administration in orchidectomized rats on 
the time course of 3H-DA efflux from subsequently prepared synapto- 
somes. All animals were bilaterally orchidectomized 10 d prior to hor- 
mone treatment. Nerve terminals were isolated from the ME, PP, and 
CS of oPRL-treated animals (open symbols) and controls (closed sym- 
bols). Release of preaccumulated 3H-DA was measured over a 5 set 
period under basal conditions (5 mM KCI; 0,O) or during depolarization 
induced bv 75 mM KC1 (A. A). Data are exuressed as means f  SEM of 
values obtained in 2 independent experiments. (Note the different scale 
of the ordinate for the CS data.) *Different at p < 0.005 from corre- 
sponding control group. 

Calcium entry has been correlated with 3H-DA (Drapeau and 
Blaustein, 1983) and endogenous DA (Leslie et al., 1985) release 
from CS synaptosomes during the initial seconds of depolari- 
zation. We have also shown that 3H-DA release from ME ter- 
minals demonstrates a graded response to increasing concen- 
trations of external Ca*+ (Gregerson and Selmanoff, 1987). Since 
the oPRL treatment selectively increased the depolarization- 
induced 3H-DA release from ME, it was of interest to investigate 
the possible involvement of external calcium in this response. 
The calcium dose responses of )H-DA efflux in terminals iso- 
lated from hyperprolactinemic and control rats are shown in 
Figure 5. Increasing external calcium in the 5 mM KC1 solution 
results in a very small rise in basal release (dashed lines, Fig. 
5). In contrast, when the synaptosomes are depolarized, acti- 
vating voltage-sensitive calcium channels, the efflux of 3H-DA 

6 

F 

MEDIAN 
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OL, I I I I 8 
0.01 0.03 0.1 0.3 I 3 

[Calcium],,, (mM) 
Figure 5. Effect of oPRL treatment on the external calcium dose re- 
sponse of ‘H-DA efflux. Synaptosomes were prepared from ME and CS 
of oPRL-treated rats (open symbols) and vehicle-treated controls (closed 
symbols). Basal (A, A) and depolarization-induced (75 mM KCl; 0, 0) 
efflux of 3H-DA was measured over a period of 5 sec. The free [Cal+] 
contaminating the solutions was approximately 10 PM as measured with 
a Ca2+-selective electrode. Sufficient CaCl, was added to provide total 
calcium concentrations indicated on the abscissa. Data represent the 
means k SEM of values from 4 independent experiments. *Different 
at p < 0.00 1 from corresponding control group. 

displays a graded increase as external calcium is raised from 
0.01 to 3 mM (solid lines, Fig. 5). In synaptosomes from control 
animals, the apparent half-maximal saturation for calcium (Kc,) 
was -0.20 mM for both ME and CS preparations. 

PRL treatment resulted in elevated fractional 3H-DA release 
from ME synaptosomes during depolarization at all concentra- 
tions of external calcium tested (Fig. 5). This produced a dose- 
response curve that displayed an upward shift with no change 
in the apparent half-maximal saturation for calcium, suggesting 
that the oPRL treatment increased evoked DA release from ME 
synaptosomes by a mechanism not dependent upon external 
calcium. To confirm this, release was measured under condi- 
tions that would prevent or minimize the actions of external 
calcium. In one set of experiments, all contaminating free cal- 
cium was chelated with EGTA (Fig. 6, bar graphs). In the ab- 
sence of free external calcium, fractional 3H-DA release from 
ME synaptosomes during a 5 set depolarization was significantly 
greater in the oPRL-treated group than in vehicle-treated con- 
trols (Fig. 6, upper bar graph). In a second study, the release of 
3H-DA was measured in the presence of 20 mM NiCl, to block 
the influx of Ca2+ through voltage-gated channels during the 
depolarization (Fig. 6, right-hand figures). The external solutions 
contained total (no EGTA) calcium concentrations to produce 
(in the absence of Ni2+) minimal, half-maximal, and maximal 



2482 Gregerson and Selmanoff - Hyperprolactinemia and Dopamine Release 

STRIATUM 

0.1 mM 
EGTA 

T 1” k! 

4 
/’ / , 

20 mM NiCI, 
P------P 

--h 
I I t 

002 02 2 

[ Calcium ],,,(mM) 

Figure 6. Effect of oPRL treatment on depolarization-induced 3H-DA 
efflux independent of external calcium. )H-DA released during a 5 set 
depolarization (75 mM KCl) was measured in synaptosomes prepared 
from ME and CS of oPRL-treated rats (hatched bars and open symbols) 
and vehicle-treated controls (shaded bars and closed symbols). The bar 
graphs represent ‘H-DA released when the contaminating free Ca*+ (- 10 
PM) in the external solution was bound by 0.1 mM EGTA (mean + SEM 
of values from 3 independent experiments). The figures on the right 
illustrate 3H-DA released in the absence (A, A) or presence (Cl, n ) of 20 
mM NiCl, in external solutions containing calcium concentrations (total; 
no EGTA) indicated on the abscissa. These data are the means ? SEM 
of values bbtained from 2 independent experiments. *Different at p < 
0.00 1 from vehicle-treated control. 

release responses to 75 mM KC1 (as determined from data in 
Fig. 5). That the 20 mM NiCl, completely blocked the influx of 
calcium ions during depolarization with 7 5 mM KC1 is supported 
by the absence of a change in 3H-DA release as external calcium 
is raised from 0.02 to 2.0 mM. This block was effective in both 
ME and CS preparations (Fig. 6, square symbols versus trian- 
gles). However, the Ni2+ did not block the oPRL-induced ele- 
vation in 3H-DA release from ME synaptosomes, confirming 
that this response is independent of depolarization-induced Ca2+ 
influx. 

Discussion 
In the present studies, we have demonstrated that short-term 
hyperprolactinemia, which decreases endogenous PRL secretion 
in vivo, produces significant augmentation of 3H-DA release 
evoked from the isolated tuberoinfundibular nerve terminals. 
This oPRL-induced elevation in 3H-DA release is (1) specific 
to stimulated release, having no effect on basal DA efflux, and 
(2) is not dependent upon external calcium. This effect of oPRL 
treatment appears to be specific to the TIDA neurons since it 
had no similar effect in preparations of mesolimbic, nigrostri- 
atal, or tuberohypophyseal dopaminergic nerve terminals. In 

the ME terminals from hyperprolactinemic animals, the in- 
creased 3H-DA release is evident during the fast component 
(initial release in 1 set) of KCl-evoked release and also displays 
a slower, time-dependent component with prolonged depolar- 
ization. In addition to an enhanced release of 3H-DA, ME syn- 
aptosomes from oPRL-treated animals demonstrated a signif- 
icantly decreased steady-state uptake of 3H-DA compared with 
control preparations. In situ decreased reuptake of DA into ME 
terminals and augmented DA release during a given stimulus 
would both act to increase the amount of DA available to lac- 
totrophs in the anterior pituitary gland via the hypophyseal 
portal vasculature, leading to subsequent suppression of PRL 
secretion (Table 1). Indeed, PRL treatment has been shown to 
elevate portal blood DA in rats (Gudelsky and Porter, 1980). 

The regional specificity of the synaptosome responses lends 
support to the possibility that they are part of a physiological 
response in a short-loop feedback system in PRL regulation. 
Among the dopaminergic regions examined, only the tuberoin- 
fundibular terminals demonstrated increased evoked release and 
suppressed steady-state uptake following oPRL treatment (Fig. 
3). No PRL-induced alterations in either 3H-DA uptake or re- 
lease were observed in synaptosomes prepared from the pos- 
terior pituitary gland, although it has been suggested that these 
neurons also play a role in PRL regulation (Peters et al., 1981). 
Consistent with our findings, Moore and Demarest (1982) re- 
ported no effect of PRL treatment on either DA synthesis or 
turnover rates in the posterior pituitary. This study and ours 
utilized the whole neurointermediate unit, which may account 
for the lack of response to hyperprolactinemia. In examining 
DA receptor-mediated regulatory mechanisms, Lookingland and 
coworkers (1985) observed markedly different responses in the 
isolated neural lobe and on the isolated intermediate lobe of the 
PP. Such a differential response in the 2 lobes to other stimuli 
(i.e., PRL) may account for an obscured response when exam- 
ining the combined neurointermediate hypophyseal unit. Al- 
ternatively, the present data may be an accurate manifestation 
of differential actions of hyperprolactinemia on the tuberohy- 
pophyseal and tuberoinfundibular neurons. 

The PRL-induced changes in the uptake and release of 3H- 
DA in ME synaptosomes does not require the presence of the 
testes (Fig. 4). This is consistent with reports that exogenous 
PRL-induced suppression of endogenous PRL release occurs in 
orchidectomized rats (Laherty et al., 1983; present report, Table 
1). This does not obviate an intermediary role for the adrenal 
gland (where PRL has been shown to alter androgen production: 
Higuchi et al., 1984), for other central neurons, or for the cell 
body of the DA neuron since our examination of the isolated 
terminals followed in viva treatment with oPRL. Specific, high- 
affinity binding sites for PRL have been identified in rat ME 
and arcuate nucleus (Walsh et al., 1978), and, in rabbit hypo- 
thalamus, the number of these binding sites has been shown to 
vary after administration of PRL regulators or PRL itself (Di 
Carlo and Muccioli, 198 1 j. These findings are consistent with 
a direct action of PRL in the brain, although they do not dis- 
tinguish between the perikarya and the terminals of the TIDA 
neurons, nor do they rule out possible PRL effects on inter- 
mediary neurons. Preliminary studies in which ME synapto- 
somes prepared from untreated rats were exposed to oPRL or 
rPRL in vitro showed no effect of PRL on the release of 3H-DA 
(Gregerson and Selmanoff, unpublished observations). In these 
studies, the synaptosomes were preincubated with PRL (l-10 
j&ml) for up to 30 min prior to testing 3H-DA release. It may 
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be that PRL does not exert its effects directly at the presynaptic 
membrane but requires either the intact DA neuron or its in 
situ connections with other neurons. This seems possible in light 
of studies by Foreman and Porter (198 1) and Perkins and West- 
fall (1978) in which in vitro application of PRL to hypothalamic 
slices, which contained intact tuberoinfundibular neurons, re- 
sulted in elevated DA release during stimulation. 

The observed decrease in the steady-state accumulation of 
IH-DA in ME synaptosomes from oPRL-treated rats could be 
an action of PRL on the DA uptake carrier, either direct or 
indirect. Lee and coworkers (1983) presented evidence that the 
intraterminal concentration of norepinephrine (NE) regulates 
the density of NE uptake recognition sites on the synaptosomal 
membrane. The data demonstrated that depletion of NE leads 
to a reduction in the number of uptake sites. In our studies, if 
the rate of DA synthesis in the TIDA neurons does not match 
the increased rate of DA release following PRL treatment, the 
resulting decrease in intraterminal DA may, in turn, lead to 
fewer DA uptake sites. Consistent with this are our previous 
observations (Selmanoff, 1985; Mechanick et al., 1987) that ME 
DA content is significantly reduced following 26-48 hr of oPRL 
administration. 

Since net accumulation is the balance between uptake and 
release, it is conceivable that the change in one process is merely 
a reflection of a change in the other. Augmented release of 3H- 
DA induced by PRL could produce an apparent decrease in 
uptake. Conversely, a PRL-induced reduction in steady-state 
uptake may account for an apparent increase in fractional re- 
lease. However, the failure of PRL to alter the basal release of 
3H-DA from the ME terminals argues against these simple cases. 
The mechanisms underlying the PRL-induced changes in DA 
uptake and release in ME synaptosomes may be related, but 
one change does not wholly account for the other. 

An increased steady-state incorporation of 3H-DA into CS 
synaptosomes prepared from oPRL-treated rats was a consistent 
observation in all of the studies presented here. We have pre- 
viously reported this effect of PRL on 3H-DA uptake in the 
striatum (Gregerson and Selmanoff, 1984). In analyzing the ki- 
netics of this system, oPRL treatment in vivo was found to 
enhance maximal rate of 3H-DA uptake into CS synaptosomes 
without altering the affinity of the carrier for the amine. Sup- 
portive findings have been reported by Chen and Ramirez (1982) 
who, using a push-pull perfusion technique, observed a PRL- 
induced increase in rat striatal DOPAC, but not DA, in vim. 
Our evidence is that hyperprolactinemia can, either directly or 
indirectly, produce alterations in DA transport in nigrostriatal 
terminals. There is ample precedent for modulatory effects of 
PRL on behavior in mammals (Nicoll, 1974). The CS, a basal 
ganglia structure involved in the processing of motor, sensory, 
and motivational sensations (Marsden, 1980), is a possible site 
of action for these effects. Specific, high-affinity binding sites for 
PRL have been identified in the substantia nigra and the stria- 
turn of the rabbit (Di Carlo et al., 1985). Although the blood- 
brain barrier may limit the accessibility of these regions to vas- 
cular PRL, it is possible that PRL could be delivered to these 
brain areas by a CSF route. PRL concentrations in the CSF 
parallel the serum concentrations in rats and humans (Login 
and MacLeod, 1977) and the high density of PRL binding sites 
found on the choroid plexus of rats (Walsh et al., 1978) may 
play a role in the uptake of PRL from blood into CSF. 

Yamada (1975) recording the single-unit activity of hypo- 
thalamic neurons, demonstrated increased firing rates in re- 

sponse to iontophoretically applied PRL. Although the manip- 
ulations used in the present report may not induce depolarization 
by the same mechanisms as the physiological stimulators of DA 
release, they serve as useful probes for elucidating the basic 
responses of these neurons. 

It can be concluded from the present data, which were ob- 
tained in experiments using KC1 and veratridine to elicit de- 
polarization of isolated nerve terminals, that (1) PRL treatment 
will augment DA release from ME synaptosomes during de- 
polarization, and (2) this augmentation involves a release of DA 
that is independent of external calcium. Clearly, further studies 
are required to better define the specific sites and pathways 
involved in PRL actions in the brain. For example, the possible 
involvement of intrasynaptosomal stores of calcium in the PRL- 
sensitive DA release from ME is yet to be determined. None- 
theless, it is impressive that alterations in TIDA neurons re- 
sulting from exposure to elevated circulating oPRL levels in vivo 
are preserved in vitro in terminals isolated by a procedure in- 
volving homogenizations of treated and control tissues in iden- 
tical solutions. Whether the observed changes are due to direct 
actions of PRL on the TIDA neurons or not, it is clear that the 
responses are translated into long-term alterations of function 
at the nerve terminal. 
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