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Summary. The neuropeptide thyrotropin releasing hormone
(TRH) is capable of influencing both neuronal mechanisms
in the brain and the activity of the pituitary-thyroid endo-
crine axis. By the use of immunocytochemical techniques,
first the ultrastructural features of TRH-immunoreactive
(IR) perikarya and neuronal processes were studied, and
then the relationship between TRH-IR neuronal elements
and dopamine-f-hydroxylase (DBH) or phenylethanola-
mine-N-methyltransferase (PNMT)-IR catecholaminergic
axons was analyzed in the parvocellular subnuclei of the
hypothalamic paraventricular nucleus (PVN). In control
animals, only TRH-IR axons were detected and some of
them seemed to follow the contour of immunonegative neu-
rons. Colchicine treatment resulted in the appearance of
TRH-IR material in parvocellular neurons of the PVN. At
the ultrastructural level, immunolabel was associated with
rough endoplasmic reticulum, free ribosomes and neurosec-
retory granules. Non-labelled axons formed synaptic specia-
lizations with both dendrites and perikarya of the TRH-
synthesizing neurons. TRH-IR axons located in the parvo-
cellular units of the PVN exhibited numerous intensely la-
belled dense-core and fewer small electron lucent vesicles.
These axons were frequently observed to terminate on par-
vocellular neurons, forming both bouton- and en passant-
type connections. The simultaneous light microscopic local-
ization of DBH or PNMT-IR axons and TRH-synthesizing
neurons demonstrated that catecholaminergic fibers estab-
lished contacts with the dendrites and cell bodies of TRH-
IR neurons. Ultrastructural analysis revealed the formation
of asymmetric axo-somatic and axo-dendritic synaptic spe-
cializations between PNMT-immunopositive, adrenergic
axons and TRH-IR neurons in the periventricular and me-
dial parvocellular subnuclei of the PVN.,

These morphological data indicate that the hypophysio-
trophic, thyrotropin releasing hormone synthesizing neu-
rons of the PVN are directly influenced by the central epi-
nephrine system and that TRH may act as a neurotransmit-
ter or neuromodulator upon other paraventricular neurons.
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Introduction

The tripeptide, thyrotropin-releasing hormone (TRH) (Bur-
gus et al. 1969; Schally et al. 1969) is widely distributed
within the brain and spinal cord as determined by radioim-
munoassay (Jeffcoate etal. 1973; Jackson and Reichlin
1974; Winokur and Utiger 1974; Brownstein et al. 1974)
and immunocytochemical techniques (Hokfelt et al. 19754,
b; Johansson et al. 1980; Lechan and Jackson 1982; Lechan
et al. 1983, 1984; Ishikawa et al. 1984). From among TRH-
synthesizing neurons, however, only those establish connec-
tions with capillaries of the pituitary-portal system that re-
side in the parvocellular subdivisions of the hypothalamic
paraventricular nucleus (PVN) (Greer 1957; Martin and
Reichlin 1972; Jackson and Reichlin 1979; Aizawa and
Greer 1981; Lechan and Jackson 1982; Lechan et al. 1983).

Despite the importance of TRH-synthesizing neurons
of the PVN, little information is known about their intranu-
clear organization (Johansson etal. 1980; Hisano et al.
1986) and regulation by afferent systems (for reviews see:
Krulich 1982; Reichlin 1986; Jackson and Lechan 1987).
Although there is evidence for a direct alpha-adrenergic
regulation of hypothalamic TRH secretion (Montoya et al.
1979) the effect of catecholamines upon TRH release re-
mains contradictory (Grimm and Reichlin 1973; Schaeffer
et al. 1977; Hirooka et al. 1978; Joseph-Bravo et al. 1979;
Maeda and Frohman 1980; Chen and Ramirez 1981). There
is morphologic evidence for catecholaminergic innervation
of TRH-containing neurons of the PVN (Shioda et al.
1986), however, it is uncertain whether it is derived from
noradrenergic or adrenergic sources.

To further characterize TRH-IR neurons of the PVN
and clarify the nature of their catecholaminergic innerva-
tion, we have performed single and double immunocyto-
chemical labellings on hypothalamic sections using antisera
against TRH and catecholamine-synthesizing enzymes, do-
pamine-f-hydroxylase (DBH) and phenylethanolamine-N-
methyltransferase (PNMT). A preliminary report of these
findings has appeared in abstract forms (Liposits et al.
1987a, b).

Materials and methods

Animals

This study was carried out on intact (No.: 4) and colchicine pre-
treated (No.: 25) male Wistar rats. In the latter group, the animals
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Fig. 1a—e. TRH-immunoreactive neuronal structures located in the hypothalamic paraventricular nucleus (PV'N). *: third ventricle.
a and b intact animal. c—e colchicine treated rat. a Varicose TRH-IR axons (arrows) distributed in the paraventricular nucleus. x 140.
b TRH-IR axon varicosities outlining the border of a non-labelled parvocellular neuron (*). x 630. ¢ Parvocellular neurons, expressing
TRH-immunoreactivity (arrows) in the medial part of the PVN. x 140. d Two TRH-immunoreactive neurons exhibiting smooth surface
contour. x 280. e Rough contoured TRH-synthesizing neuron with somatic and dendritic appendages. x 420

received a single dose of colchicine (80 pg/100 g b.w. dissolved in
5 ul of saline), injected into the central part of the lateral cerebral
ventricle, under Nembutal anesthesia (40 mg/kg; i.p.). The colchi-
cine treated animals were allowed to survive for 30-36 h.

Fixation and section preparation

Re-anesthesized (Nembutal) animals were perfused through the
ascending aorta first with 80-100 m] of 0.1 A/ phosphate buffered
saline (PBS: pH 7.4), and then with 350-500 ml of fixative solution.
Two types of fixative were used with similar success. One of these
was prepared according to the original formula of Zamboni and
DeMartino (1967) and 0.02% glutaraldehyde was added to the
final solution. The other fixative was a 4% paraformaldehyde solu-
tion, used at variable pH (6.5 and 8.6) according to the concept
of Berod et al. (1981). The satisfactory visualization of TRH anti-
gen required the addition of glutaraldehyde at a concentration
of 0.02% to the pH 8.6 component of the fixative. Using either
of these fixatives, as a final step, the vasculature of the brains
was perfused with the high pH fixative solution but in the absence
of glutaraldehyde. The same glutaraldehyde-free solutions were
used for overnight post-fixation of the brains. Thereafter, the
brains were removed from the skull and coronal, 40 ym thick sec-
tions were cut on a Lancer vibratome.

Immunocytochemical labelling

Detection of single tissue antigens. Preembedding immunocyto-
chemical techniques were used for the visualization of thyrotropin

releasing hormone (TRH), dopamine-f-hydroxylase (DBH) and
phenylethanolamine-N-methyltransferase (PNMT) antigens in the
paraventricular nucleus of the hypothalamus. Both the traditional
peroxidase-antiperoxidase complex (PAP)-3,3'-diaminobenzidine
(DAB) technique of Sternberger et al. (1970) and a modification
of this procedure (Liposits et al. 1984), which amplifies the final
DAB-reaction product by silver-gold intensification (Gallyas 1982)
were employed. All primary antibodies used in this study were
generated in rabbits. The generation and characterization of anti-
TRH sera have been previously published (Jackson and Reichlin
1974; Lechan and Jackson 1982). The anti-TRH serum # 31 was
used at a 1:2000 working dilution. The marker sera for the central
noradrenergic and adrenergic systems were generated against DBH
and PNMT, purified from bovine adrenal medulla (Eugene Tech
Int. Inc., Allendale, NJ) and units of these commercial antibodies
were diluted in 10 ml of PBS, containing 1% normal goat serum
and 0.1% sodium azide. The sections were kept in the primary
antibodies for 36-48 h and for 1-11/, h in both the bridging anti-
body (goat, anti-rabbit IgG, 1:100, Antibodies Incorporated, Da-
vis, CA) and PAP-complex (1:100, Sternberger-Meyer Immunocy-
tochemicals, Jarrettsville, MD). The antigen-antibody sequences
were visualized according to the method of Streit and Reubi (1977).
The laboratory protocol of the silver-gold intensification has pre-
viously been published (Liposits et al. 1984).

Sequential detection of two tissue antigens. In order to elucidate
the relationship of DBH and PNMT-IR axons with TRH-synthe-
sizing neurons, DBH or PNMT antigens were simultaneously local-
ized with TRH-immunoreactive sites in the PVN, using a recently
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Fig. 2a—f. Ultrastructural detection of TRH-immunoreactivity in perikarya (a—c) and processes (d—f) of parvocellular neurons obtained
from the periventricular and medial parvocellular subnuclei of the PVN. Colchicine treated animal, silver-gold postintensified DAB-
chromogen. a TRH-synthesizing perikaryon characterized by indented nucleus (N), immunolabelled neurosecretory granules (arrows),
free and membrane-bound (RER) ribosomes. x 15500. b High power micrograph of the enframed area shown in a. In contrast to
the mitonchrondria (*) and nucleus (&), the rough endoplasmic reticulum (RER) and the neurosecretory granules (arrows) are intensely
labelled by metal particles. x 39000. ¢ Marginal cytoplasmic zone of a TRH-IR neuron (TRH) containing many labelled secretory
granules (arrowheads). A non-labelled axon terminal (*) establishes a synaptic specialization with the cell. Double arrows point to
a somatic appendage. x 38500. d TRH-immunoreactive dendrite (arrow) in the vicinity of an immunonegative dendritic process (double
arrows), which receives a synapsing axon terminal (¥). x25500. e An axon terminal (arrow) forming synaptic connection (arrowhead)
with a TRH-containing dendrite (D). Note the labelled neurosecretory granules in the dendrite. x 40000. f Cross sectioned axon (arrows)
filled with numerous TRH-immunopositive neurosecretory granules. x 25000

developed double labelling technique (Liposits et al. 1983a, 1986D). DAB chromogen. The high contrast of color and electron density
First, DBH or PNMT-IR axons were detected by the black silver- between the chromogens allows the distinctive separation of neuro-
gold intensified (SGI)-DAB-endproduct. Thereafter, TRH-con-~ nal structures that express different immunoreactivities at both the
taining neuronal elements were identified by the natural brown light and electron microscopic levels.



Some of the immunostained sections were mounted on glass
slides for light microscopic evaluation while the majority of them
were processed for flat embedding in epon resin. The ultrathin
sections were placed on Formvar-coated single-slot grids con-
trasted with uranyl acetate and Reynolds’ lead citrate and exam-
ined with a Zeiss EM-10 CR transmission electron microscope.

Results

Thyrotropin releasing hormone (TRH )-immunoreactive
elements of the hypothalamic paraventricular nucleus

Light microscopy. In control animals, TRH-immunoreactiv-
ity was found exclusively in varicose axons and their termi-
nals. Labelled fibers were located in the periventricular and
medial parvocellular subnuclel of the PVN (Fig. 1a). TRH-
containing axon varicosities were noted to be associated
with non-labelled parvocellular neurons (Fig. 1b), in addi-
tion, to TRH-IR fibers leaving or entering the paraventricu-
lar nucleus. As a result of colchicine treatment, the TRH-
immunoreactive material became detectable in dendrites
and parvocellular perikarya of the PVN (Fig. 1c¢). Both fu-
siform and multipolar neurons demounstrated TRH immu-
noreactivity. The TRH-synthesizing neurons exhibited ei-
ther a smooth (Fig. 1d) or a rough surface contour (Fig. 1¢)
due to the presence of dendritic and somatic appendages.
The cytoplasm of the immunolabelled cells was densely
packed with neurosecretory granules.

Electron microscopy. Silver-gold intensified diaminobenzi-
dine chromogen was used to demonstrate the TRH-immun-
oreactivity at the ultrastructural level. TRH-synthesizing
parvocellular neurons showed a very intense immunolabell-
ing. The metallic grains were deposited in neurosecretory
granules (Fig. 2a—c) and were also seen in association with
free ribosomes and the rough endoplasmic reticulum system
(Fig. 2a and b). The cell nuclei, mitochondria and cisternae
of the Golgi complex were immunonegative. Dendrites of
TRH-IR neurons contained microtubules and intensely
stained neurosecretory granules (Fig. 2d and e). Both peri-
karya (Fig. 2¢) and dendrites (Fig. 2¢) of the TRH-synthe-
sizing neurons received immunonegative synapsing axon
terminals.

Numerous immunolabelled neurosecretory granules
were located in TRH-IR axons (Figs. 2f and 3) and, as
suggested by the light microscopic observations, they
formed bouton terminale (Fig. 3b and ¢) and en passant-
type (Fig. 3e) synapses with paraventricular neurons. Axo-
somatic (Fig. 3b) and axo-dendritic (Fig. 3¢, d, e) commu-
nications of the asymmetric type were observed. Within
the terminating TRH-IR axons, electron dense neurosecre-
tory granules (75-90 nm in diameter) and small electron
lucent vesicles (30-40 nm in diameter) demonstrating a fine
immunolabelling were seen (Fig. 3b, ¢, d, f).

In some instances, the structural preservation of the im-
munolabelled tissue allowed a high resolution analysis of
the TRH-IR synapse. Occasionally TRH-immunopositive
neurosecretory granules accumulated around the presyn-
aptic membrane specialization (Fig. 3¢ and {) and the pre-
synaptic dense material contained TRH-immunoreactive
synaptic vesicles (Fig. 3f and g). In one instance, (Fig. 3g)
the immunolabelled vesicle (30 nm in diameter) was at-
tached to the inner face of the presynaptic membrane. The
synaptic cleft was 20 nm wide and contained a dense inter-

cellular material. The postsynaptic membrane also demon-
strated a prominent density.

Light microscopic indications for catecholaminergic
innervation of TRH-synthesizing neurons

The periventricular and medial parvocellular subnuclei of
the PVN, received a very intense noradrenergic and adren-
ergic innervation, as visualized using antisea against dopa-
mine-f-hydroxylase (DBH) (Fig. 4a) and phenylethanola-
mine-N-methyltransferase (PNMT) (Fig. 4b). The simulta-
neous light microscopic localization of these catecholamine-
synthesizing enzymes and TRH revealed a congruency of
the immunoreactive neuronal elements. In vibratome sec-
tions, brown-colored TRH-synthesizing cells were located
among black, DBH (Fig. 4c) and PNMT (Fig. 4d) contain-
ing axons. At high magnification, both DBH-IR fibers
(Fig. 5a) and PNMT-containing axons (Fig. 5b) appeared
to form multiple contacts with TRH-producing neuromns.
Since dopamine-f-hydroxylase occurs in both noradrener-
gic and adrenergic axons, and PNMT is predominantly
present in adrenergic fibers, we used the anti-PNMT serum
to visualize the adrenergic system and to address the possi-
bility of an interaction of the central epinephrine system
with the TRH-IR cell populations of the PVN.

Semithin sections (1 um) demonstrated more convinc-
ingly (Fig. 5¢) that PNMT-IR axons and TRH-synthesizing
neurons had a similar distribution pattern within the medial
part of the PVN. Adrenergic fibers contacted the cell bodies
(Fig. 5d) and dendrites (Fig. 5e) of TRH-IR neurons.

Synaptic interaction between adrenergic,
PNMT-IR axons and TRH-IR neurons

At the ultrastructural level, PNMT-IR fibers were recog-
nized by the presence of silver-gold grains in their axoplasm.
The natural, non-intensified DAB-endproduct ensured the
identification of TRH-containing neurons. Because of the
different properties of the chromogens used, the PNMT-
and TRH-containing profiles were easily distinguishable
(Fig. 6b and c). Adrenergic fibers formed asymmetric syn-
apses (Fig. 6a and b) with non-labelled paraventricular neu-
rons and were also found in juxtaposition to TRH-IR cells
(Fig. 6d). The detection of these chemically identified, ap-
posed neuronal elements in series of ultrathin sections re-
vealed that they are interconnected via synapses. Adrener-
gic, PNMT-IR axons were noted to form asymmetric syn-
apses on both the cell bodies (Fig. 6d, e, f) and dendritic
processes (Fig. 6¢) of TRH-synthesizing neurons.

Discussion

In this study, the location of TRH-synthesizing neurons
in the PVN, one of the ‘“hypophysiotrophic” regions of
the hypothalamus (Greer 1957; Aizawa and Greer 1981)
is in agreement with data from previous immunocytochemi-
cal studies (Lechan and Jackson 1982; Lechan et al. 1983;
Nishiyama et al. 1985). Morphologically, two types of neu-
rons were observed, including cells with smooth surface
contour and those exhibiting somatic and dendritic append-
ages. The latter is also characteristic of other hypothalamic
neurons synthesizing luteinizing hormone-releasing hor-
mone (LHRH) (Krisch 1980; Liposits et al. 1984) and corti-
cotropin releasing factor (CRF) (Liposits et al. 1983¢). At
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Fig. 3a—g. Ultrastructural features indicative of a neurotransmitter action of TRH upon neurons of the PVN. Silver-gold postintensifica-
tion. a Cross-sectioned TRH-IR neuronal process (arrows) located within the medial parvocellular subnucleus. There are no signs
of synaptic communication. x 25000. b TRH-immunoreactive axon (arrows) establishes synaptic specialization (arrowhead) with a parvo-
celtular perikaryon (P). The neurosecretory granules are heavily labelled. Fine metallic grains are also present over the small electron
lucent vesicles. x 54000. ¢ and d TRH-containing axons (arrows) synapse on non-labelled dendrites (*). x .39000; x 439000. e Longitudin-
ally sectioned, TRH-IR axon (arrows) is juxtaposed to a non-labelled dendrite (D). The labelled axon establishes three en passant-type
synapses (arrowheads). Note also that the axon demonstrates three varicosities (7,2,3). x 19000. f High power micrograph of the axo-
dendritic synapse established by varicosity No. 2 of the TRH axon, shown in e. The majority of the immunolabel is in neurosecretory
granules (arrowheads). A delicate labelling is also associated with some of the electron lucent vesicles. x 100000. g Micrograph showing
the enframed area in f at higher magnification. The asymmetric synaptic specialization (arrowhead) found between the TRH-IR axon
(*) and the dendritic process (D) is in the center of the micrograph. Note that both the pre- and postsynaptic membranes are well
preserved. The presynaptic active zone is surrounded by three neurosecretory granules (Jarge arrows). Two immunolabelled vesicles
(small arrows) of 30 nm diameter can be observed in the pre-synaptic dense material. The lower vesicle on the left side is attached
to the inner face of the presynaptic membrane. x 200000
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Fig. Sa—e. High power light microscopic demonstration of contacts between catecholaminergic axons and TRH-IR neurons in 40 um
thick vibratome (a and b) and semithin (c—e) sections of the paraventricular nucleus. Dual antigen detection. a TRH-synthesizing neuron
(arrow) heavily contacted by DBH-IR axon varicosities. x 700. b PNMT-IR axons apposed to the cell body (*) of a TRH-producing
neuron. A PNMT-IR axon (arrows) runs parallel to the dendritic process (arrowhead) of the immunolabelled neuron. x 700. ¢ Simultaneous
localization of PNMT-IR axons (arrowheads) and TRH-synthesizing neurons (arrows) in a 1 um thick plastic section. *: third ventricle.
x140. d One (*) of the TRH-synthesizing perikarya (arrows) is contacted by a PNMT-IR axon (arrowhead). x 700. e PNMT-IR
axon varicosity {(arrowhead) is juxtaposed to the dendrite (arrows) of a longitudinally sectioned TRH-synthesizing neuron. x 700

Fig. 4a—c. Distribution of catecholaminergic fibers within the paraveniricular nucleus (a and b) and their relationship to TRH-synthesizing
neurons (¢ and d). *: third ventricle. a and b Dopamine-f-hydroxylase (DBH) immunoreactive (a) and phenylethanolamine-N-methyltrans-
ferase (PNMT)-containing (b) axons innervating the periventricular (pv) and medial parvocellular (mp) subnuclei of the PVN. x,140;
% p140. ¢ Simultaneous detection of DBH-IR axons (arrowheads) and TRH-synthesizing neurons (arrows) in the hypophysiotrophic
areas of the PVN. Note the congruency of the systems. x 140. d TRH-IR neurons (arrows) located in the “bed” of PNMT-containing,
adrenergic axon terminals (arrowheads) within the PVN. Even at this low magnification, it is possible to observe that most of the
TRH cells are surrounded by PNMT-IR axon varicosities. x 140



Fig. 6a—g. Simultaneous localization of PNMT-IR and TRH-containing structures in the PVN at the ultrastructural level and demonstra-
tion of synaptic specializations between the structures. a PNMT-IR axon (arrows) synapses (arrowhead) on a non-labelled profile (*).
x 46000. b A terminating {(arrowhead) PNMT-IR axon (arrows) in the vicinity of a TRH-IR perikaryon (TRH). x47000. ¢ PNMT-IR
axon (arrows), labelled by metallic grains, in the vicinity of a TRH-IR dendrite (D) that is identified by the presence of diaminobenzidine
chromogen. x37500. d PNMT-IR axon (arrows) forming a synapse (arrowhead) with a TRH-synthesizing perikaryon (TRH). x 24000.
e Axo-somatic synapse (arrowhead) established between an adrenergic, PNMT-IR axon (double arrow) and a TRH-producing parvocellular
neuron (TRH). Note the presence of many neurosecretory granules (arrows) in the cytoplasm of the labelled cell. x 24000. f High
power micrograph of the synapsing profiles shown in e. Note the asymmetric character of the synapse (arrowhead) and the different
appearance of the pre- and postsynaptic immunolabels. x 47000. g TRH-IR dendrite (D) receives both adrenergic, PNMT-immunopositive
(arrows) and non-labelled (*) axon terminals. Arrowheads indicate the synaptic specializations. x 40000

the ultrastructural level the TRH synthesizing neurons dem-
onstrated the general morphological features of peptidergic
hypophysiotrophic hormone producing cells of the dience-
phalon (Krisch 1980; King and Anthony 1983; Liposits
et al. 1983 b; Beauvillain et al. 1987). As a special character-
istic, however, TRH-IR neurons contain numerous intense-
ly labelled neurosecretory granules. This contrasts with LH-
RH, CRF and growth hormone-releasing factor (GRF)
producing neurons, in which immunolabelled granules pre-
dominate in axons and their terminals following colchicine
administration.

The intense immunolabelling of neurosecretory granules
supports the assumption that processing of pro-TRH oc-

curs primarily in the cell bodies of the neurons and the
mature TRH is then transported to axons and terminals
(Jackson et al. 1985; Lechan et al. 19864, b), since the TRH
antiserum used in this study recognizes only the fully pro-
cessed tripeptide-amide (Jackson and Reichlin 1974) and
not any portion of its precursor molecule (Wu et al. 1987).
In addition to large, granular vesicles, however, reaction
product was also seen in association with ribosomal ele-
ments of TRH-IR cells. The explanation for this labelling
will require further studies but could indicate an alternate
mechanism for pro-TRH processing in the endoplasmic re-
ticulum.

TRH-IR neurons of the PVN were observed to establish



axo-dendritic and axo-somatic synapses with non-labelled
axons, a finding in agreement with a recent report of Hisano
et al. (1986). The synaptic specializations observed in our
material, however, were mainly asymmetric. Conversely,
TRH-IR granules and moderately-staining small vesicles
were also observed in axon terminals presynaptic to other,
non-labelled paraventricular neurons. The presence of some
immunopositive vesicles embedded in the presynaptic dense
material and attached to the inner face of the presynaptic
membrane indicates that TRH may be secreted into the
synaptic cleft and function as a neurotransmitter in the
PVN. The origin of these terminals is unknown, although
they may arise from the PVN, itself through axon collaterals
(van den Pol 1982). This raises the possibility that some
TRH-IR neurons may serve a dual function by modulating
neuronal activity of certain paraventricular neurons in addi-
tion to regulating TSH secretion from the anterior-pituitary
gland.

A number of studies have indicated a role for catechol-
amines in the regulation of the hypothalamo-hypophysial-
thyroid axis, with actions both at the hypothalamic and
pituitary levels (for reviews see Montoya et al. 1979; Kru-
lich 1982; Jackson and Lechan 1987). Interruptions of nor-
adrenergic neurotransmission causes a decrease of serum
TSH levels and blocks cold-induced stimulation of TSH
secretion (Krulich 1982). These data support a stimulatory
role for norepinephrine on the hypothalamic TRH-synthe-
sizing system and is consistent with ultrastructural studies
showing synaptic specialization of 5-OHDA and *H-NA-
labelled axons on TRH-IR neurons (Shioda et al. 1986).
Catecholaminergic neurons which synthesize epinephrine
also contain DBH and can accumulate *H-NA and incor-
porate 5-OHDA. Therefore, we studied the synaptic associ-
ation of axon terminals containing PNMT, a marker specif-
ic for epinephrine, to TRH-IR neurons of the PVN. These
studies showed PNMT-containing axons synapse on both
dendrites and somata of TRH-synthesizing neurons, sup-
porting a role for epinephrine in the neurotransmitter regu-
lation of TRH-IR neurons. This is in keeping with observa-
tions by Terry (1986), suggesting a stimulatory role for epi-
nephrine in the regulation of thyrotropin secretion. It is
likely, however, that epinephrine may have several sites of
action for the regulation of anterior pituitary TSH secre-
tion, including the PVN, median eminence and anterior
pituitary. This is based on preliminary evidence of the close
proximity of TRH-IR fibers to PNMT-containing axons
in the median eminence (personal observation) and previous
reports that epinephrine causes a significant increase in
TSH from anterior-pituitary cell cultures (Klibanski et al.
1983) and has a synergistic action with TRH on inducing
TSH secretion (Dieguez et al. 1984).

The adrenergic innervation of TRH-producing neurons
is not a unique phenomenon in the hypothalamus. We have
recently reported an intense PNMT-immunoreactive inner-
vation of corticotropin releasing factor synthesizing neu-
rons of the PVN (Liposits et al. 1986a). Our latest findings
indicate that the adrenergic innervation of hypophysio-
tropic neurons seems to be a general phenomenon, observed
for LH-RH, somatostatin and GFR-synthesizing neurons
of the diencephalon (Liposits et al. 1987a).
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