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ABSTRACT Neurotensin immunofluorescence was exam-
ined in the rat central nervous system using a well-charac-
terized antiserum directed against this tridecapeptide. Mor-
phological characteristics of the fluorescence indicate its as-
sociation with neuronal cell bodies and processes in the brain
and with cells of the anterior pituitary. Fluorescence is seen in
many brain areas, with notable densities in the substantia
gelatinosa zones of the spinal cord and trigeminal nucleus,
central amygdaloid nucleus, anterior pituitary, median emi-
nence, and preoptic and basal hypothalamic areas.

Neurotensin is a tridecapeptide (<Glu-Leu-Tyr-Glu-Asn-
Lys-Pro-Arg-Arg-Pro-Tyr-Ile-Leu-OH) isolated from bovine
hypothalami and characterized by Carraway and Leeman
(1-3). This peptide elicits many biological activities affecting
glucoregulatory, hemodynamic, smooth muscle, neuroendo-
crine, thermoregulatory, and gastric secretory systems (1, 2, 4,
5). Radioimmunoassay reveals high levels of neurotensin in
specific regions of the central nervous system, pituitary, and
the gastrointestinal tract (6-8). In the canine ileum, Orci et al.
(9) and Sundler et al. (10) have observed apparently glandular
cells that display neurotensin-like immunofluorescence.

Brain neurotensin is concentrated in synaptosomal subcellular
fractions (6). 125I-Labeled neurotensin binds to brain mem-
branes with high affinity and substrate specificity that are
suggestive of interactions with physiological receptor sites
(11-14). [3H]Neurotensin binding has also been demonstrated
recently (15). This receptor binding, along with the localization
of neurotensin to synaptosomal fractions and specific grey
matter brain areas, is consistent with a neurotransmitter role
for neurotensin in the brain (12), though other criteria must also
be satisfied before full transmitter status can be imputed to this
peptide (16). We now report the presence of neurotensin im-
munofluorescence in apparently neuronal brain structures and
in cells of the anterior pituitary, as well as the mapping of the
distribution of this fluorescence throughout the rat central
nervous system.

MATERIALS AND METHODS
Antisernm Preparation and Characterization. Neurotensin

(Bachem) was conjugated to keyhole limpet hemocyanin
(Calbiochem) using ECDI [1-ethyl-3-(3-dimethylamino pro-
pyl)carbodiimide] (18) as described previously (6). Antisera for
neurotensin were produced in guinea pigs (Hartley) following
a series of injections of this conjugate in Freund's adjuvant; these
antisera were characterized by radioimmunoassay (6). In ra-
dioimmunoassay, the antineurotensin serum selected for use
in this study (no. 1-3) displayed sensitivity and specificity
comparable to those of the serum (no. 0-2) used for our initial
radioimmunoassay studies (6). Binding specificity was sup-

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
"advertisement" in accordance with 18 U. S. C. §1734 solely to indicate
this fact.

4059

ported by the fact that the fragments containing residues 2-13,
4-13, 6-13, 8-13, and 9-13 of neurotensin, substance P, gona-
dotropin-releasing hormone, thyrotropin-releasing hormone,
angiotensin II, and bradykinin were all less than 'Aooo as potent
as neurotensin itself in reducing 125I-labeled neurotensin
binding from serum (no. 1-3). Additional evidence of ra-
dioimmunoassay specificity was provided by the fact that values
for neurotensin immunoreactivity in acid/acetone extracts of
several rat brain regions obtained using this serum agreed with
those obtained using serum no. 0-2 and with values recently
reported by Carraway and Leeman (7).

Tissue Preparation. Normal Sprague-Dawley rats (100 g)
were used for most of these studies. For improved visualization
of certain neurotensin-containing cell bodies, 50,Mg colchicine
(Sigma) in 25 MI of 0.9% NaCl was injected intracerebroven-
tricularly 48 hr before sacrifice of some animals. Rats were
perfused intracardially for 15 sec with ice-cold 0.9% NaCl
followed by 10-min perfusion with ice-cold 4% depolymerized
phosphate-buffered paraformaldehyde prepared according to
Pease (17). Brains were cut into three or four slabs, postfixed
in the same fixative for 3 hr, then soaked for at least 24 hr in 5%
sucrose/0.06 M sodium phosphate buffer, pH 7.3. Brain slabs
were rapidly frozen onto cryostat chucks using liquid nitrogen;
sections were cut at 16 gm in a Harris cryostat and thaw-
mounted onto gelatin-coated slides.

Staining. Neurotensin was stained by the indirect immu-
nofluorescence method of Coons (19, 20). Sections were incu-
bated for 30 min at 370 in a humid atmosphere with either
anti-neurotensin serum (diluted 1:20), antineurotensin serum
previously absorbed overnight at 40 with neurotensin or other
substances, or guinea pig preimmune serum. Primary sera were
diluted with phosphate-buffered saline containing 0.2%
(wt/vol) Triton X-100 (21) as previously described (22). Triton
concentrations were selected to maximize the ratio of specific
to nonspecific fluorescence, with acceptable morphological
preservation. Sections were washed for 15 min in three changes
of phosphate-buffered saline/0.05% Triton, and then incubated
for 15 min at 370 with fluorescein-conjugated goat anti-guinea
pig IgG (IgG fraction, Cappel Laboratories) diluted 1:50 with
phosphate-buffered saline/0.1% Triton. Sections were washed
in phosphate-buffered saline/0.2% Triton, dipped in H20,
mounted with 0.5 M Na bicarbonate buffer, pH 8.4, diluted 1:1
with glycerol, and examined under dark field conditions with
a Zeiss Universal fluorescence microscope. Regions discussed
in detail here were examined by two independent observers,
and were studied in sections from at least two brains. Adjacent
sections stained using both preimmune and neurotensin-
preadsorbed primary antisera served as control for nonspecific
fluorescence at all levels discussed in detail. The anatomic
drawings of Konig and Klippel (23), Palkovitz and Jacobowitz
(24), and Steiner and Turner (25) were consulted; study of ad-
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FIG. 1. Immunofluorescence micrographs of (A and E) the interstitial nucleus of the stria terminalis (st) and anterior commissure (CA), (B)

the lateral preoptic nucleus (pol), (C) the anterior pituitary (pit), and (D) the amygdala. Sections A-C are from normal rats, D and E from rats
pretreated with colchicine. Bars = 25 Mm.

jacent pyronin Y- or cresyl violet-stained sections aided ana-

tomic localization.

RESULTS
Several characteristics of the observed immunohistofluores-
cence indicate that it is associated with the tridecapeptide
neurotensin. Regional variations in neurotensin immunohis-
tofluorescence generally parallel variations in endogenous levels
of neurotensin and neurotensin receptor binding density (6-8,
11-14). Control experiments using preimmune serum or serum

previously incubated with 10-1000 ,uM neurotensin show
negligible fluorescence, while adsorption with hemocyanin (20
mg/ml), substance P (10 ,uM), thyrotropin-releasing hormone
(10 ,uM), prolylleucylglycinamide (100 ,uM), angiotensin II (100
AM), or bradykinin (100 ,M) failed to eliminate specific fluo-
rescence.

Neurotensin immunohistofluorescence is localized
throughout the rat central nervous system to fiber- and dot-like
configurations resembling histofluorescence patterns associated
with certain other brain peptides and biogenic amines (22,
26-28). These fluorescent patterns reflect the localization of
neurotensin to axons and nerve terminals. Additionally, in
several areas of the hypothalamus, a limited number of fluo-
rescent cell bodies have been localized in normal rats that are

not fluorescent in control sections. These perikarya display a

dim, granular fluorescence superimposed on a lower intensity,
more diffuse fluorescence that overlies their nonnuclear por-

tions. In rats pretreated with colchicine, cell bodies with much
more intense fluorescence occur in several hypothalamic areas,

the interstitial nucleus of the stria terminals, the amygdala, and
the midbrain tegmentum (Fig. 1 D and E).
Numerous regions of the rat central nervous system and pi-

tuitary have been mapped for the detailed localization of im-
munoreactive neurotensin. In the discussion below, density of
fiber- and terminal-like fluorescent patterns is described, unless
indicated otherwise.

Spinal Cord. In the mid-cervical spinal cord, a dense band
of fiber- and terminal-like fluorescence occurs in lamina II, with
somewhat lower density in lamina I (Figs. 2 and 3). Fluorescent
fiber- and terminal-like structures are seen scattered through
the rest of the dorsal horn and, with somewhat lesser density,
in the ventral horn and lateral to laminae I and II.

Medulla-Oblongata. In the caudal medulla, densest fluo-
rescence occurs in the substantia gelatinosa of the spinal tri-
geminal nucleus (Figs. 2 and 3). More widely scattered fibers
are seen through the remainder of the trigeminal nucleus. The
lateral portion of the medullary reticular formation contains
a limited number of fluorescent fibers and terminals; even
fewer are seen in the medial reticular formation. Neurotensin
fluorescence is also notable in the nucleus of the solitary tract,
the nucleus of the vagus, and the commissural nucleus.

Mesencephalon. The most intense fluorescence at this level
occurs in the midbrain tegmentum just dorsal to the interpe-
duncular nucleus (Fig. 4). As observed in the medulla-oblon-
gata, low levels of fluorescence in the reticular formation are
higher in lateral than in medial areas. The zona compacta of
the substantia nigra displays limited fluorescence. A moderately
low density of fluorescence is observed throughout the peri-
aqueductal grey, merging ventrally with the higher densities
of the more ventral tegmentum.

Diencephalon. Within the hypothalamus (and preoptic
areas), anterior areas in general display more fluorescence than
posterior areas (Figs. 1, 4, and 5). Densest fluorescence within
the hypothalamus occurs in a band near the ventral surface,
most pronounced in the more anterior portions of the hypo-
thalamus, and apparently continuous with the dense fluores-
cence seen in the median eminence. Preoptic areas display
fluorescence almost as great as that of this ventral band. Mod-
erate fluorescence occurs in lateral hypothalamic areas with
somewhat lower fluorescence densities in periventricular re-
gions and least concentrated fluorescence in intermediate zones.
Low levels of fluorescence occur in the mammillary bodies.
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FIG. 2. Immunofluorescence micrographs of (A and B) the sub-
stantia gelatinosa (sg) of the cervical spinal cord, (C) the substantia
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FIG. 3. Distribution of neurotensin immunohistofluorescence.
Abbreviations are as follows: amb, ambiguus nucleus; cu, cuneate
nucleus; DP, decussation of pyramids; FC, cuneate fasciculus; G,
gracile fasciculus; gr, gracile nucleus; io, inferior olivary nucleus; iod,
dorsal accessory olivary nucleus; iom, medial accessory olivary nu-
cleus; nco, commissural nucleus; nrd, dorsal medullary reticular nu-
cleus; nrp, paramedian reticular nucleus; nrv, ventral medullary re-
ticular nucleus; nts, nucleus of the solitary tract; ntV, nucleus of the
spinal tract of the trigeminal; nX, vagal nucleus; nXII, hypoglossal
nucleus; P, pyramid; PCI, inferior cerebellar peduncle; rgi, giganto-
cellular reticular nucleus; rl, lateral reticular nucleus; ro, raphe ob-
scurans nucleus; rpc, parvocellular reticular nucleus; sgV, "substantia
gelatinosa" of the caudal trigeminal; ts, solitary tract; TSiV, spinal
tract of the trigeminal. Levels P 8.0 and P 6.5 are from ref. 24, cervical
spinal cord from ref 25.

The densest fluorescence in the thalamus is observed in the
periventricular nuclei (Figs. 4 and 5). Appreciable fluorescence
in the medial thalamic nuclei is most enriched closer to the
midline. Other medial thalamic regions with substantial den-
sities of neurotensin fluorescence include the area of the
rhomboid and reuniens nuclei. In contrast to the medial and
periventricular nuclei, the lateral complex of thalamic nuclei
is virtually devoid of fluorescence. At a more anterior level, the
medial thalamic regions with the most concentrated neuro-
tensin immunofluorescence include the areas of the parataenial
and anterior medial nuclei; fluorescence is also seen in the nu-
cleus reuniens and anterior ventral nuclei.

In the epithalamus, a moderately dense band of fluorescence
occurs at the medial border of the lateral habenula at posterior
levels of this structure. The remainder of the lateral habenula
displays sparse fluorescence, while an extremely low density
of immunoreactivity is seen in the medial habenula.

Telencephalon. The central nucleus of the amygdala is the
most densely fluorescent area of the telencephalon (Figs. 2, 4,
and 5). Fluorescence concentration decreases progressively in
more ventral and more lateral portions of the amygdala.

In contrast to the amygdala, the hippocampus displays
negligible fluorescence with only rare fibers and terminals
observed in the area of the pyramidal cells.

gelatinosa of the caudal trigeminal nucleus (sgV), the nucleus of the
spinal tract of the trigeminal (ntV), and the spinal tract of the tri-
geminal (TSV), and (D) the central (ac) and lateral posterior (alp)
amygdaloid nuclei in normal rats. Micrographs A and B were taken
from serial sections, but the primary serum used for staining inB was
previously adsorbed overnight with 1 mM neurotensin to establish
a control. Bars = 25 gm.
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FIG. 4. Distribution of neurotensin immunofluorescence. Ab-
breviations are as follows. abl, lateral part of basal amygdaloid nu-
cleus; abm, medial part of basal amygdaloid nucleus; ac, central am-
ygdaloid nucleus; aco, cortical amygdaloid nucleus; alp, posterior part
of lateral amygdaloid nucleus; am, medial amygdaloid nucleus; AVT,
ventral tegmental area of Tsai; CAI, internal capsule; CAIR, retro-
lenticular internal capsule; CCS, commissure of the superior colliculus;
CL, claustrum; CP, posterior commissure; cp, caudate/putamen nu-
cleus; F, fornix; FH, fimbria of hippocampus; FMP, medial forebrain
bundle; FMT, mammillothalamic tract; FOR, reticular formation;
g, gelatinosa nucleus; GD, dentate gyrus; hdd, dorsal part of dorso-
medial hypothalamic nucleus; hdv, ventral part of dorsomedial hy-
pothalamic nucleus; HI, hippocampus; hl, lateral hypothalamic nu-
cleus; hpv, periventricular hypothalamic nucleus; i, interstitial nucleus
of Cajal; ip, interpeduncular nucleus; lh, lateral habenular nucleus;
LM, medial lemniscus; mh, medial habenular nucleus; pp, profundus
pretectal nucleus; pg, periaqueductal grey; pvr, rotundocellular part
of periventricular thalamic nucleus; r, red nucleus; re, reuniens nu-
cleus; rh, rhomboideus nucleus; S, suprageniculate nucleus; SNR,
reticulate of substantia nigra; ST, stria terminalis, TCC, truncus of
corpus callosum; tl, lateral thalamic nucleus; tml, lateral part of medial
thalamic nucleus; tmm, medial part of medial thalamic nucleus; tvm,
magnocellular part of ventral thalamic nucleus; tv, ventral thalamic
nucleus; tvd, dorsomedial part of ventral thalamic nucleus; ZI, zona
incerta. Levels are from ref. 23.

The ventrolateral portion of the stria terminalis is densely
fluorescent, as is the interstitial nucleus of the stria terminalis
(Figs. 1, 4, and 5). Fluorescence occurs throughout the septal
area, with greater density in more lateral portions. The lateral
part of the nucleus accumbens displays dense fluorescence, as
does the nucleus of the diagonal band of .Broca (not shown).
Both the diagonal band itself and areas of cortex adjacent to the
nucleus accumbens display moderate fluorescence densities.
Low levels of neurotensin immunofluorescence are observed
in the corpus striatum (Figs. 4 and 5). Within the caudate/
putamen, sparse fluorescence occurs in patches. A more even
distribution of fluorescence with similar intensity is observed
throughout gray matter regions of the globus pallidus.

In several regions of the cerebral cortex (Figs. 4 and 5) a thin
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FIG. 5. Distribution of neurotensin immunofluorescence. Ab-
breviations are as follows: AA, anterior amygdaloid area; ac, central
amygdaloid nucleus; aco, cortical amygdaloid nucleus; am, medial
amygdaloid nucleus; C, cingulum; CA, anterior commissure; CAI,
internal capsule; CFV, ventral commissure of the fornix, CL, claus-
trum; CO, optic chiasm; cp, caudate/putamen nucleus; F, fornix; FH,
fimbria of hippocampus; FMP, median forebrain bundle; GP, globus
pallidus; ha, anterior hypothalamic nucleus; hI, lateral hypothalamic
nucleus; hpv, periventricular hypothalamic nucleus; ol, lateral nucleus
of olfactory tract; pol, lateral preoptic nucleus; pom, medial preoptic
nucleus; poma, magnocellular preoptic nucleus; posc, suprachiasmatic
preoptic nucleus; pt, paratenial nucleus; re, reuniens nucleus; RCC,
radiations of the corpus callosum; sl, lateral septal nucleus; sm, medial
septal nucleus; SM, stria medullaris; ST, stria terminalis; st, inter-
stitial nucleus of the stria terminalis; tam, anterior medial thalamic
nucleus; tav, anterior ventral thalamic nucleus; TCC, truncus of
corpus callosum; td, nucleus of the diagonal band of Broca; TD, di-
agonal band of Broca; TO, optic tract; TOL, lateral olfactory tract;
tr, reticular thalamic nucleus. Levels are from ref. 23.

band of fairly sparse fluorescence occurs in apparently neuronal
elements near the pial surface. A somewhat thicker band of
fluorescence is observed in the deepest layers of the cortex, with
no appreciable fluorescence in intermediate regions.

Pituitary. The lobes of the pituitary provide striking contrasts
in the morphology of neurotensin immunofluorescence (Fig.
1). In the posterior and intermediate lobes, a low density of
fiber- and terminal-like fluorescent patterns is noted; these
patterns resemble the morphology of neurotensin fluorescence
throughout the brain. In the anterior pituitary, however, a
distinct population of pituitary cells exhibits brilliant neuro-
tensin-like fluorescence over cytoplasmic regions. No fiber- and
terminal-like patterns of fluorescence are seen in the anterior
pituitary.

DISCUSSION
The immunohistofluorescence examined in the brain appears
to represent authentic neurotensin tridecapeptide. The ra-
dioimmunoassay specificity of the serum for neurotensin both
in brain extracts and in competition with related sequence
fragments suggests that this serum may selectively recognize
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neurotensin in immunohistochemical studies. The ability of
preadsorption with neurotensin, but not with hemocyanin or
other peptides, to block neurotensin fluorescence also weighs
in favor of specificity. However, neither radioimmunoassay
studies of the serum used nor immunohistofluorescent pread-
sorption controls totally rule out crossreactivity with a related
antigen (26). Thus, it is conceivable that variants or precursors
of neurotensin could be detected by this staining technique.
The distribution of neurotensin immunofluorescence

throughout rat brain closely parallels neurotensin levels from
microscopically dissected rat brain regions recently obtained
by Kobayashi et al. (8). The microdissection data shows high
levels of neurotensin immunoreactivity in the mediobasal,
median eminence, and preoptic hypothalamic areas, where we
find dense fluorescence. Elevated amounts of immunoreactive
neurotensin occur in the nucleus accumbens, amygdala, in-
terpeduncular nucleus, and mesencephalic grey (8). These re-
sults may correspond to the fluorescence densities we observe
in the lateral accumbens and interstitial nucleus of the stria
terminalis, in the central amygdala, and immediately dorsal
to the interpeduncular nucleus, extending dorsally to the central
mesencephalic grey. While neurotensin radioimmunoassay
showed fairly high values in calf caudate (6), Kobayashi et al.
(8) have found low levels of neurotensin immunoreactivity in
the rat striatum (caudate/putamen), where fluorescence density
is also relatively low.

Aspects of the localization of neurotensin-containing elements
in the central nervous system resemble the distribution of other
neuropeptides. For instance, enkephalin, substance P, and so-
matostatin are highly concentrated in the area of the substantia
gelatinosa in the dorsal grey matter of the spinal cord as neu-
rotensin is (22, 27). The central nucleus of the amygdala displays
a high density of structures containing enkephalin, substance
P, and neurotensin (22, 27). There are, however, major differ-
ences between the localization of neurotensin and that of other
neuropeptides. Neurotensin fluorescence, for example, is found
just dorsal to the interpeduncular nucleus, while substance P
fluorescence is seen within this nucleus (27).
Some discrete localizations of neurotensin immunohistoflu-

orescence suggest possible pathways of neurotensin-containing
systems. For example, the existence of intense fluorescence in
the amygdala, stria terminalis, and interstitial nucleus of the
stria terminalis suggests that these anatomically connected
structures may be part of a "neurotensinergic" pathway, a

possibility that can be examined by lesion experiments.
The presence of neurotensin-containing cell bodies in col-

chicine-treated rats in areas where elevated fiber- and termi-
nal-like fluorescence densities are found in normal rats suggests
that many neurotensin neurons could be interneurons. Possible
variability in the degree to which intracerebroventricularly
administered colchicine penetrates to different brain regions
limits the strength of this argument, however.
The localization of neurotensin fluorescence to neuronal

perikarya, fibers, and terminals supports the notion that neu-
rotensin may be a transmitter in the central nervous system. The
functions of brain systems that might use this peptide as a

transmitter, however, are currently largely unknown.
Immunoreactive neurotensin has been detected in the an-

terior pituitary and in the posterior pituitary/median eminence
in high concentrations (7). The reported discrepant behavior
of pituitary extracts in several different Tadioimmunoassay
systems (7) suggests that especial caution should be given to
interpretation of pituitary neurotensin immunofluorescence.
Nevertheless, its striking cellular localization and elimination
by neurotensin preadsorption of antiserum suggests that a

neurotensin-like antigen is contained in secretory cells here.
Because neurotensin is also found in the gut (7, 9, 10) it is con-
ceivable that neurotensin may fit into the emerging paradigm
of peptides with gut and brain localizations, possessing neuro-
transmitter and hormonal activities (29).
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