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Intracellular distribution of GABA In
the rat anterior pituitary. An electron
microscopic autoradiographic study
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Abstract.  We studied the internalization and intracellular distribution of [*H] GABA in rat anterior pituitary cells.

Electron microscopic autoradiography of anterior pituitary fragments or dispersed pituitary cells incubated with
[EH] GABA showed that lactotrophs and, to a lesser extent, somatotrophs were the only cells that contained
radioactive grains. Grain density analysis performed on dispersed pituitary cells after a pulse-chase experiment
(10 min pulse and then change to a medium without radioactive GABA for various periods up to 2 h) revealed that
GABA internalized by lactotrophs was distributed in various intracellular membranous organelles. Of the cell
compartments examined, plasma membrane, Golgi apparatus, mitochondria and secretory granules had different
time-dependent labeling patterns. The highest grain density values were associated with plasma membrane (at
the first chase time) and the Golgi apparatus. Mitochondria and secretory granules also showed significant grain
density values. A similar pattern of distribution was observed when fragments of prolactin-secreting pituitary
adenomas were incubated with [*H] GABA. These results provide morphological data on the cellular specificity

and intracellular distribution of GABA in anterior pituitary cells. © 2000 Harcourt Publishers Ltd

Introduction

itary via the hypophysial portal venous system and interact:
with specific receptors in the anterior pituitary. Receptor-

Evidence from several laboratories has demonstrated ttgnding studies have suggested the coexistence of bot
role of GABA in the control of prolactin secretion by the GABA, and GABA, receptors (Apud et al., 1989;
anterior pituitary gland. GABA acts at the pituitary level asAnderson & Mitchell, 1986 (a)) in the anterior pituitary
an inhibitory factor on prolactin release and synthesigland. In addition, the expression of several GARB#u-
(McCann & Rettori, 1986; Loeffler et al., 1986). GABA itary subunit mRNAs has been reported in the gland
released from median eminence terminals reaches the pit(M/alerio et al., 1992; Berman et al., 1994; Boue-Grabot et
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al.,, 1995). Immunocytochemical studies looking for
GABAergic innervation in the pituitary, using highly

specific antibodies against GABA, have not found any
immunoreactivity in the anterior lobe (Sakaue et al., 1988;
Rabhi et al. 1987; Pow, 1993). However, central-type
benzodiazepine receptors, which are linked to the GABA
receptor molecular complex, have been demonstrated b
autoradiographic studies in the anterior pituitary gland
(Brown & Martin, 1984; De Souza et al., 1985). No reports
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have been published on the localization of these GABAulse-chase experiment
receptors on a specific type of pituitary cells. Previously w&'wenty-four rat anterior pituitaries removed in sterile
demonstrated that the anterior pituitary gland is able teonditions were placed in chambers containing KRB buffer
transport and incorporate GABA, which interacts with intra-without Ca* or Mg, with Minimum Essential Medium-
cellular particles (Duvilanski et al., 1994). In the presentaminoacids, washed three times and then cut into 1 mn
investigation we studied the internalization and intracellulapieces. The fragments were incubated in the same buffe
localization of fH] GABA in rat anterior pituitary and containing 0.2% trypsin, for 30 min, at®7in a humidified
human prolactin-secreting pituitary adenomas by electroincubator gassed with air plus 5% CQhey were then
microscopic autoradiography. treated for 2 additional min with DNAse |. After centrifuga-
tion (1 min at 1200z g) the pellet was resuspended in the
same buffer with 0.1% trypsin inhibitor and the cells were
Material and methods dispersed by gentle extrusion through siliconized Pasteu
pipetes. Viability of cells, determined by Trypan Blue, was
Male Wistar rats weighing 180-200 g were used. The ratalways greater than 95%.
were kept at 20-2& with controlled lighting (12 h Cells resuspended in Medium TC 199, pH 7.4,
light-12 h darkness) and fed a rat chow diet and wader containing 10 mM glucose, 10 mM Hepes, 0.1% albumin
libitum. They were maintained in accordance with NIH(TC medium) were preincubated at°@7 in siliconized
Guide for the Care and Use of Laboratory Animals. Ratsubes, in an atmosphere of air with 5% G@th constant
were killed by decapitation and the anterior pituitary lobeshaking for 24 h. At the end of this period, the cells were
quickly removed and separated from the neurointermeeentrifuged for 5 min at 408 g, the incubation medium
diate lobe. Human prolactin-secreting pituitary adenomas/as decanted and the cells resuspended in 3.6 mL ©
(n=4) were obtained in the operating room. A portionoxygenated TC medium at 5. Three mL of this suspen-
of the tissue was sent for pathologic evaluation, andion were incubated for 10 min in the presence ok&.8*
the remaining tissue was immediately incubated and/ [*H] GABA (5 uCi/mL). At the end of this period an

processed. aliquot of the cell suspension (0.3 mL) was taken, diluted to
10 mL with TC medium at€, immediately centrifuged for
Drugs 5 min at 4C and fixed by the addition of 2.5% glutaralde-

All drugs were purchased from Sigma Chemical Co. (Shyde in 0.01 N phosphate buffer pH 7.4 (Time-0 post-pulse-
Louis, MO) except: H]|GABA: [2,3-°H] GABA (SA 85.4  chase sample). Simultaneously, the remaining suspension ¢
Ci/mmol) and Solvable were obtained from New Englandcells was diluted with TC medium (1:4 v/v) at°€5and
Nuclear (NEN); Kodak NTB2 emulsion and microdol from centrifuged (5 min at 40& g) at room temperature. The
Eastman Kodak, Rochester, NY; Medium TC 199 fromcells were resuspended in 8 mL of TC medium and incu-

Difco Laboratories, Detroit, MI. bated in a vial at 2& with constant shaking and gassing.
An aliquot of the suspension of cells (1 mL) was removed at
Incubation of anterior pituitary fragments different periods: 5, 10, 20, 30, 40, 50, 60 and 120 min anc

Two rat anterior pituitaries or fragments of one human pituprocessed as previously described for the time-0 post-pulse
itary adenoma were cut into small pieces, then washed witthase sample. Also, 0.5 mL of the original suspension of
Krebs Ringer bicarbonate buffer, pH 7.4, containing 1Cells were incubated for 10 min with 5:8 108M [3H]

mM glucose, 10 mM Hepes, 0.1% albumin (KRB buffer). GABA (5 uCi/mL) and nonradioactive ¥t GABA and
The fragments were preincubated for 90 min, to reducerocessed in an identical way to that described for post
endogenous GABA, in 1 mL of KRB buffer in a Dubnoff pulse-chase samples.

metabolic shaker with constant gassing by a mixture of

95% Q-5% CQ at 25C. At the end of this period, the Autoradiography

medium was replaced by a fresh one and rat pituitary fragAnterior pituitaries were fixed in 2.5% glutaraldehyde in
ments were incubated in duplicate for 20 min with 50.01 M phosphate buffer (pH 7.4) at room temperature for 2
puCi/mL [*H] GABA (final concentration 16 M) with or  h for dispersed cells or eight hours for fragments. The pitu-
without 2.4 x 10°M aminooxyacetic acid (AOAA), an itary material was post-fixed in 1% Ogfor 60 min, dehy-
inhibitor of GABA metabolization, while pituitary drated in ethanol and embedded in maraglass. Pale gol
adenoma fragments were incubated for 5 and 20 min withections were coated with Kodak NTB2 emulsion using the
[®H] GABA (final concentration 10 M) with or without loop method (Caro, 1969), exposed for 30 days, develope
cold 10° M GABA. At the end of the incubation period, the in microdol for 4 min (Kopriwa, 1975) and subsequently
medium was discarded and the fragments were rapidlgtained with uranyl acetate and lead citrate. The autoradi
washed with ice-cold KRB buffer and resuspended in 0.Bgrams were observed in a Zeiss EMefctron micro-
mL of KRB buffer. Fragments were immediately fixed scope. In order to achieve random selection, every cel
with 2.5% glutaraldehyde in 0.1 M phosphate buffer pH 7.4ectioned through the nucleus in a given grid square wa
for ultrastructural studies. analyzed. In estimating the percentage of radiolabeled cells
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a cell that contained at least 3 silver grains was consideréntracellular distribution of [ *H] GABA in dispersed
labeled. In each group at least 30 cells were analyzed. In th@terior pituitary cells
conditions used in this study, the effective resolution or halfhe quantitative study of the lactotrophs 5 min after chase
distance (HD) ofH was 0.38um (Salpeter et al., 1976). showed that the highest concentration of silver grains corre
The percentage of grains in a given compartment was detesponding to JH] GABA was associated with the plasma
mined by dividing the total grain centers in the compartmentembrane, with a grain density (GD) of 9.2 (Table 1, Fig. 3a).
by the total grain centers in all the compartments (Salpetdthe Golgi apparatus showed the second highest level c
& Mc Henry, 1973). The percent area of each compartmeniébeling (GD:2.6). The other compartments contained a GD o
was determined by the point counting method as describdess than 1. A marked reduction in the GD of the plasma
by Weibel & Bolender, 1973. The percent area occupied bghembrane was observed at 10 and 20 min after chase (Fig. 3l
a compartment was computed by dividing the total are®uring the same time interval a marked increase in GABA
points over a given compartment by the total area pointaccumulation in the Golgi complex was observed (Table 1, Fig
over all of the compartments. Finally, the grain density3b). A moderate increase in the GD of the secretory granule
(GD) of each compartment was determined by dividing thend mitochondria was also noted. At 30 min after chase, th
grain percent by the area percent values. A grain densipyicture was similar to that after 20 min (Fig. 3c). At all times
greater than 1 was considered significant labeling (Duello ehe endoplasmic reticulum, lysosomes and nucleus showed tf
al., 1983). The cells were identified on the basis of morphdewest level of labeling. A similar pattern was observed in
logical criteria, such as size and shape of the cells and t®matotrophs (Fig. 3d). Neither lactotrophs nor somatotroph:
secretion granules, as previously described (Moriarty, 1973howed silver grains when cells were incubated it [
Pérez & von Lawzewitsch, 1984). These morphologicalGABA and non-labeled tOM GABA (data not shown),
criteria by electron microscopy correlated with light ensuring the specificity of the GABA internalization mecha-
microscopy immunohistochemical studies (Yamaji et al.nism in anterior pituitary cells [Duvilanski et al. 1994].
1992)

Internalization of [*H] GABA in human pituitary

adenoma fragments

Results After 5 min of incubation, the silver granules indicating the
presence ofH] GABA were observed near the plasma

Internalization of [*H] GABA in rat anterior pituitary membrane and also internalized in the cytoplasm, the Golg

fragments region and in the rough endoplasmic reticulum (Fig. 4

The autoradiography of the cells from the pituitary frag-a,b,c). After 20 min, a distribution of silver granules similar
ments incubated with 10M [*H] GABA showed that the to those observed after 5 min incubation were detected. N
silver grains were mainly located in lactotrophs and to grains were observed when pituitary adenoma fragment:
lesser extent in somatotrophs. The silver grains wergrere incubated with®H] GABA and cold 16° M GABA
found close to the plasma membrane and intracellularlfor 20 min (data not shown).

distributed in different organelles, such as Golgi complex,

mitochondria, secretory granules (Figs. 1a and 1d) and in

the cellular prolongations of lactotrophs (Fig. 1b). ADiscussion

similar distribution pattern of the grains in the autoradi-

ograms was observed when anterior pituitary fragment$his investigation showed that when anterior pituitary frag-
were incubated with ®*H] GABA in the presence of ments or dispersed cells were incubated Wit GABA in

AOAA (Fig. 1c). vitro there was a rapid uptake of this neurotransmitter. Since
incubations done with AOAA showed a distribution of

Pulse-chase experiment with*H] GABA in dispersed silver grains similar to those with GABA alone, the pres-

anterior pituitary cells ence of well localized silver grains in anterior pituitary cells

Immediately after the incubation of dispersed cells withmay correspond to sites whefel] GABA has been taken
[*H] GABA, approximately 44% of cells were labeled, theseup and retained in an unchanged form.
being only lactotrophs and somatotrophs. All the One of the most remarkable morphological observations
lactotrophs were labeled, while approximately 20% of thevas that GABA specifically interacted with lactotrophs and,
total number of somatotrophs showed grains of radioacto a lesser extent, with somatotrophs, and was internalize:
tivity. The background was usually very low and other celby them. No other pituitary cell types interacted with or
types were rarely labeled; when labeled, they neveinternalized GABA. Dopamine, another neurotransmitter
contained more than one silver grain. that plays an important role in the intracellular control of
The number of labeled cells decreased rapidly after chaggolactin release and synthesis (Lamberts & MacLeod,
(Fig. 2). Five min after chase, 30% of cells containedl990), is also internalized by lactotrophs (Gudelsky et al.,
radioactivity, while at 30 min, only 10% of cells were 1980; Rosenzweig and Kanwas, 1982), showing a similal
labeled. pattern of intracellular distribution to GABA.
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Fig. 1 Autoradiography of rat anterior pituitary fragments incubated ’HIABA (a, b, d) or with {H|{GABA and AOAA (c).a—clactotrophsp
cellular prolongations of lactotrophdsomatotrophs. Grains are associated with various intracellular organelles. Golgi apparatus (G); secretory granu
(S); nucleus (N); mitochondria (M). (X 8,500).
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subsequently distributed into intracellular organelles,

especially the Golgi complex. Such a close apparent assc

\ ciation with the Golgi complex suggests some participa-
tion of GABA in the intracellular processing of prolactin.
Mitochondria also presented a low but significant accumu-
lation of silver grains. Internalized GABA associated with
mitochondria could be related to GABA metabolization

(=)
Q

% of Radiolabeled Cells
3

_ since GABA-transaminase (E.C. 2.6.1.19) is present in
\ mitochondria (Schousboe et al., 1980). Thus, the relatively
o . low accumulation of GABA in mitochondria could be a
\ consequence of the rapid metabolization of GABA by
. anterior pituitary cells (Duvilanski et al.(a), 1985) and the

release of its metabolites. Internalized GABA was also
found close to the secretory granules, although grair
density was never higher than 1%. On the other hand
Fig. 2 Loss of internalizecd®H]GABA from anterior pituitary cells asa  Other intracellular organelles, such as lysosomes, endo
function of time after chase. Dispersed anterior pituitary cells were pulseolasmic reticulum and nucleus, did not show a significant
for 10 min with PHJGABA and subsequently chase incubated for different gccumulation of GABA.
times. The results are the mean of two experiments. We observed a similar pattern of distribution #][
GABA in a prolactin-secreting pituitary adenoma. These
The mechanism by which GABA is internalized into results suggest that lactotrophs of the pituitary adenoma di
anterior pituitary cells is not fully clear yet. The internaliza-not loose the ability to bind and incorporate GABA.
tion of GABA may be due to specific transport mechanismsSupporting these observations, it was demonstrated the
such as GABA transporters and/or endocytosis of GABAGABA application produced membrane hyperpolarization
receptor. GABA transporters have been identified in severalnd inhibited electrical activity in the prolactin-secreting
neural tissues (Radian et al., 1986, Borden, 1996). Since themor cells (Israel et al., 1981).
anterior pituitary gland can specifically take up and concen- GABA can modify the secretion of pituitary hormones
trate PH] GABA by a process independent of receptorsby exerting direct effects at the pituitary level or by modi-
(Duvilanski et al., 1994) we can suggest the existence of fging hypothalamic mechanisms involved in pituitary
GABA transport system in the anterior pituitary cells. It ishormone regulation (McCann & Rettori, 1986; Apud et al.
also possible that GABA could enter the lactotrophs by 4989). At the pituitary level, GABA inhibits prolactin secre-
receptor mechanism such as endocytosis, which has beton by acting on specific GABA receptors (Enjalbert et al.,
observed for haloperidol, a dopamine agonist (Goldsmitd979; Duvilanski et al., 1985 (b); Apud et al., 1989). The
et al., 1979). Therefore, GABA receptors (McCann &presence of GABA receptors (Anderson & Mitchell, 1986
Rettori, 1986; Apud et al., 1989) and/or a specific GABA(a); Apud et al., 1989) and their mRNAs (Valerio et al.,
transport mechanism (Duvilanski et al., 1994) in anteriod992; Berman et al., 1994) in the anterior pituitary has beel
pituitary cells may be found mainly in lactotrophs anddescribed. Our autoradiographic observations on the inter
somatotrophs. action of GABA with plasma membrane of lactotrophs
In our study, GABA was associated first with the support these results and indicate a direct effect of GABA
plasma membrane. Then, the internalized GABA wa®n this cellular type. Regarding the effect of GABA on the

51 20 30 80 120
Time after chase ({minutes)

Table 1 Distribution of autoradiographic grains over cell organelles in lactotrophs of anterior pituitary dispersed cells

% of total grain (TG) and grain density (GD) (a)

Compartments 5 min chase 10 min chase 20 min chase 30 min chase
TG GD TG GD TG GD TG GD
Plasma membrane _ 42 9.2 18 3.9 10 2.2 9 2.0
Golgi complex 12 2.6 23 5.0 _ 30 6.5 24 5.2
Lysosomes 6 0.3 6 0.3 7 0.4 _ 15 0.7
Mitochondria 7 0.5 13 0.9 15 1.0 _19 14
Secretory granules 13 0.7 _ 18 1.0 16 0.9 14 0.8
Endoplasmic reticulum 8 0.4 9 0.4 10 0.5 9 04
Nucleus 2 0.09 3 0.1 5 0.2 2 0.09
Cytoplasmic matrix 10 0.9 10 0.9 7 0.6 8 0.7

Anterior pituitary cells were incubated as indicated in pulse-chase experiment (M & M) 5, 10, 20, 30 min after chase agpaisessed for EM
autoradiographyUnderlinednumbers indicate maximum accumulation of grain in compartments that showed changes after chase. (a): includes all g
within 2 HD. Data are the average of two experiments.
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Fig. 3 Autoradiography of a lactotropla,(b, @ and a somatotropll) that were pulsed witiff]]JGABA for 10 min and subsequently chase incubated
for 5 (@), 20 p), 30 €) and 10 mind). Grains are associated with various intracellular organelles. Golgi apparatus (G), secretory granules (S), nucleu
(N), mitochondria (M), lysosomes (L). (X 14,500).
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Fig. 4 Prolactin cell from a pituitary adenoma. 5 min after the incubation WitlGABA grains can be seen close to the plasma membrane, within the
cytoplasm, in the vicinity of the Golgi Complex (G) and mitochondria (M), (a, b), (X 10,000). Higher magnification of praistivith a grain close to
the plasma membrane (c), (X 20, 000).
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secretion of other pituitary hormones, most informationPuvilanski, B.H., Seilicovich, A., Diaz, M.C., Mufioz-Maines, V., Lasaga,

; ; M. and Debeljuk, L. (b). 1985. Effect of GABA-T inhibitors on
available suggests that these effects of GABA are mediated prolactin secretion in vitro, Eur. J. Pharmacol., 115, 65-69.

by changes in hypothalamic hormones or neurotransmitt@uvilanski, B.H., Seilicovich, A., Debeljuk, L., Lasaga, M., Diaz, M.C.
release rather than by direct pituitary action (McCann & and Pisera, D. 1994. GABA transport and subcellular distribution in

; ; ; ; - the rat anterior pituitary gland. Neuroendocrinology, 59, 183-188.
Rettor, 1986)' There is some eXperlmental evidence IEnjarbert, A., Ruberg, M., Aranciba, S., Fiore, L., Priam, M. and Kordon,

favor of direct effects of GABA on the secretion of several "¢ 1979. Independent inhibition of prolactin secretion by dopamine
pituitary hormones (Anderson & Mitchell, (b) 1986; Tapia-  andy-aminobutyric acid in vitro. Endocrinology, 105, 823-826.

Arancibia et al.. 1987: Virmani et al 1990) However Sincé;oldsmith, P.C., Cronin, M.J. and Weiner, R.l. 1979. Dopamine receptor
. ! o ’ ! sites in the anterior pituitary. J. Histochem. Cytochem., 27,

we could not detect GABA associated with gonadotrophs or 1205-1207.
corticotrophs, the local effects of GABA on LH and ACTH Gudelsky, G.A., Nasel, D.D. and Porter, J.C. 1980. Uptake and processin

secretion could result from paracrine interactions between ©°fdopamine by cells of the anterior pituitary gland. Endocrinology,
107, 30-34.

different cell types in the anterior pituitary. Israel, J.M., Duffy, B., Gourdji, D. and Vincent, J.D. 1981. Effects of
In conclusion, the results of the present investigation GABA on electrical properties of cultured rat pituitary tumor cells: An

demonstrate that GABA interacts almost specifically with,_ntracellular recording study. Life Sci., 29, 351-359. . .
Kopriwa, B.W. 1975. A comparison of various procedures for fine grain

!aCtOtrOphS. Internalized GABA associated with SpeCifiC development in electron microscopic radioautography.
intracellular organelles which are very likely related to the Histochemistry, 44, 201-224.

; ; ; ; ; . Lamberts, S.W. and MacLeod, R.M. 1990. Regulation of prolactin secre-
mechanisms involved in prOIaCtln processing and SecretIOh' tion at the level of the lactotroph. Physiological Rev., 70, 279-318.

Therefore, the action of GABA on prolactin cells is notyeffier, J.F., Kley, N., Pittius, C.W., Almeida, O.F., Hollt, V. 1986. In
restricted to binding to its receptor at the level of the plasma vivo and in vitro studies of GABAergic inhibition of proalctin biosyn-

P ot ; thesis. Neuroendocrinology 43, 504-510.
membrane, but it is also related to the association Wltp/IcCann, S.M. and Rettori, V. 1986. Gamma amino butyric acid (GABA)

specific intracellular organelles. These mechanisms also controls anterior pituitary hormone secretion. In: Racagni, G. and

seem to function in prolactin-secreting cells of human pitu- Donoso, lf\.O. (eds) GABA and Endocrine Function. Raven Press,

; New York, pp. 173-189.

itary adenoma. Moriarty, G.C. 1973. Adenohypophysis: Ultrastructural cytochemistry. A

review. J. Histochem. Cytochem., 21, 855-894.
Pérez, R.L. and von Lawzewitsch, |. 1984. Effect of sulpiride on the
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