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Distributions of tyrosine hydroxylase (TH) and dopamine-ƒÀ-hydroxylase

(DBH) in the rat brain were examined using immunofluorescent staining on

unperfused fresh frozen sections. TH-positive and DBH-negative dopaminer-

gic neurons were observed in the anterior hypothalamic nucleus. In other

hypothalamic nuclei such as ventromedialis, dorsomedialis, and posterior

hypothalamic nuclei, a few dopaminergic neurons were also observed.

Our immunofluorescent results with unperfused fresh frozen sections in-

dicated that TH or DBH was mainly localized in the cell bodies of catechol-

aminergic neurons and that small amounts of the enzymes were distributed

in the nerve terminals. Although it had been reported that the amine enzymes

existed in nerve terminals as well as in the cell bodies by using paraformalde-

hyde perfused sections, the fluorescence observed in nerve terminals might be

produced not only by the amine enzymes but also by amines themselves.

Distributions of catecholamines and serotonin in the brain have been mapped

by histofluorescence with the Falck-Hillarp method (2, 5, 6) and the glyoxylic acid

method (16, 17). On the other hand, localizations of amine synthesizing enzymes

such as tyrosine hydroxylase (TH) and dopamine-ƒÀ-hydroxylase (DBH) are also

mapped with the immunofluorescent technique (7, 9, 13, 14, 24).

Until now the results in immunofluorescent studies have confirmed those in

histofluorescent research. However, since biochemical studies indicate that quanti-

ties of amines are not always parallel with the activities of amine synthesizing

enzymes (22, 25, 28), use of both the histofluorescence that shows the presence of

amines and the immunofluorescence that demonstrates the presence of amine

synthesizing enzymes may be necessary to elucidate the distributions of aminergic

neurons in the brain.

For the immunofluorescent technique of the amine synthesizing enzymes, Fuxe
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et al. (7) first used unperfused sections. Later on, Hokfelt et al. (13, 14) used a 4%

paraformaldehyde perfusion for tissue fixation, in which morphology of tissue was
better preserved than in fresh frozen tissue.

We had questions as to whether or not the immunofluorescence of enzymes
on the tissue sections fixed by paraformaldehyde perfusion includes any amine
fluorescence, which might be produced by formaldehyde perfusion (Nagatsu et al.
unpublished results). Hokfelt et al. (11, 12) showed a fluorescence micrograph
(Fig. 31 in their manuscript (12)) of a perfused formalin-fixed adrenal gland. In
that micrograph, besides the immunofluorescence specific for phenylethanolamine
N-methyltransferase, the rest of the gland cells already exhibit a strong form-
aldehyde-induced fluorescence of the noradrenaline cells (4). Their findings sup-
ported the view that the reaction products after immunofluorescent treatment of
tissue sections fixed by formaldehyde perfusion may be tetrahydroisoquinoline
derivatives of noradrenaline, which are the same compounds developed after
treatment with formaldehyde vapour (5).

We used unperfused fresh frozen sections for immunofluorescent studies of TH
and DBH, since the technique can be applied to a wide variety of materials, such as
post-mortem tissues or invertebrate preparations, and since alternate sections can
be prepared for enzymic or biochemical assays, autoradiography, and other anatomi-
cal techniques. In this paper, we report on immunofluorescent studies on the
localization of TH and DBH in the mes-, di-, and telencephalon of unperfused frozen
sections. The results are compared with those previously reported on sections fixed
by paraformaldehyde perfusion (13, 14).

MATERIALS AND METHODS

Specific antisera to bovine adrenal TH and DBH, which gave a single pre-
cipitation line between each antiserum and each antigen by immunodiffusion test,
were produced in rabbits as previously described (20), and applied to the immuno-
fluorescent studies of these enzymes.

Brains of male Wistar rats (200-250g) were used for the experiments. Indirect
immunofluorescent staining was carried out by using unperfused fresh frozen sections
postfixed in chloroform-methanol incubated with antibodies with Triton X-100,
and photographs were taken, as previously described (18, 19, 20).

RESULTS

For the purpose of identifying specific fluorescence of TH and DBH, the locus
coeruleus was stained by immunofluorescent technique (18,19,20). As shown in
Fig.1,DBH specific cell bodies and terminals were clearly observed in the locus
coeruleus (A6 according to Dahlstrom and Fuxe (3)) and subcoeruleus (A7 accord-
ing to Dahlstrom and Fuxe (3))in this sagittal section. In the following pictures
of sagittal sections the left side is rostral and the downside is ventral unless stated
otherwise. The serial section was used for TH immunofluorescence and the same
results were obtained. A TH-positive picture of the locus coeruleus and sub-
coeruleus in the frontal section has appeared in our previous paper(20).

Sagittal and frontal sections of mes-, di-, and telencephalon were stained by
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using preimmune serum, TH- and DBH-antiserum, serially.

Mesencephalon

One of the sagittal sections examined of the mesencephalon is shown by a
montage of immunofluorescent pictures (Fig.2) and its schematical drawing (Fig.
3). From the dorsal part of the nucleus interpeduncularis, dopaminergic neurons
(TH-positive and DBH-negative) (A10 according to Dahlstrom and Fuxe (3) )
continued rostral and dorsal to the pedunculus cerebellaris superior and crossed
the fasciculus longitudinalis medialis and reached the substantia grisea centralis

FIG.1. Locus coeruleus. DBH-positive cell bodies, terminals and fibers are observed in this sagittal

section. The left side is rostral and the downside is ventral.•~111
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FIG.2. Mount of the mesencephalon (the medial part, a TH-stained sagittal section). Unless other-

wise stated all micrographs in the paper represent immunofluorescent micrographs of cryostat

sections of rat brain incubated with TH or DBH antiserum, diluted 1:10, followed by FITC-

conjugated serum diluted 1:30.•~17

passing through nucleus raphe dorsalis. The dopaminergic neurons contained and
followed the fibrae periventriculares hypothalami (All according to Dahlstrom and
Fuxe (3) ). The nucleus interpeduncularis and nucleus n. oculomotorius showed
negative TH (Figs.2, 3) and DBH.

As shown in Figs.10 to 12, green immunofluorescence specific for TH was found
in some cell bodies together with many serotonergic neurons of the nucleus raphe
dorsalis. Especially in the part just above and medial to the fasciculus longi-
tudinalis medialis (Fig.9, a toluidine blue-stained frontal section), small to medium-
sized immunofluorescent cells (Figs.10 and 11, TH-stained frontal section) were
scattered in the central gray ventral to the aqueduct of the mesencephalon. The
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FIG.3. Mesencephalon, same section as in Fig.2. TH-positive cell bodies are schematically shown

as medium-sized dots in this sagittal plane.

FIGS.4-6. Mesencephalon (slightly lateral parts from middle, sagittal sections). TH-positive cell
bodies are schematically shown.
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FIG.4

FIG.5

FIG.6



26 NAGATSU ET AL.

FIG.7. Mesencephalon (a frontal section). TH-positive cell bodies are schematically drawn.

FIG.8. Mount of the mesencephalon, which is the same section as in Fig.7. TH-positive and DBH-

negative dopaminergic neurons are observed in the arcuate nucleus. Some cells have long

processes.•~225
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FIG.9 FIG.10

FIG.9. Nucleus raphe dorsalis (a toluidine blue-stained frontal section). FLM, fasciculus long-

itudinalis medialis; AC, aqueductus cerebri; RD, nucleus raphe dorsalis.•~118

FIG.10. Nucleus raphe dorsalis. A TH-stained frontal section as indicated in Fig.9. In the part

just above and medial to the FLM, small to medium-sized immunofluorescent cells are scattered

in the central gray ventral to the aqueduct of the mesencephalon.•~121
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same results were observed in the sagittal section (Fig. 12, TH-stained). On the
other hand, serial sections stained with anti-DBH showed only very low levels of
immunofluorescent terminals but no DBH-specific cell bodies in the nucleus raphe
dorsalis (Fig.13, a sagittal section).

Diencephalon

In diencephalon, we observed many dopaminergic neurons (TH-positive and
DBH-negative) in the arcuate nucleus (Figs.2, 3, 4, 7, 8) (A12 according to
Dahlstrom and Fuxe (3) ) and around the anterior hypothalamic nucleus (A14
according to Bjorklund and Nobin (1)), and also some cells of the anterior hypoth-
alamic nucleus (Figs.2, 3, 4, 5). In the lateral sagittal sections of the hypothalamus

FIG.11. Nucleus raphe dorsalis. An enlarged photograph of a part of Fig .10.•~296
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FIG.12 FIG.13

FIG.12. Nucleus raphe dorsalis (a TH-stained sagittal section). In the central gray, green im-

munofluorescence specific for TH is found in cell bodies among many serotonergic neurons.•~296

FIG.13. Nucleus raphe dorsalis (a DBH-stained serial section in the sagittal plane). Only very low

levels of immunofluorescent terminals but no DBH specific cell bodies are found.•~296

(from middle, Figs.4, 5, 6) and in one of the frontal sections of the diencephalon
examined (Fig.7), numerous dopaminergic neurons were observed in the zona
incerta (Figs.5, 6, 7) (A13 in the nomenclature of Fuxe el al. (8) ), a few in the
ventromedialis hypothalamic nucleus (Figs.6, 7) and in the dorsomedialis nucleus
(Figs.2, 3, 5), and probably in the posterior hypothalamic nucleus (Figs.2, 3).

The outer layer of the median eminence showed strong specific immunofluo-
rescence for TH (Figs.2, 14), but not for DBH (Fig.15). The inner layer of the
median eminence had many capillaries of the tuberoinfundibular sulcus and showed
a very low level of autofluorescence, but distinguishably specific fluorescence for
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FIG.14 FIG.15

FIG.14. Median eminence (a TH-stained sagittal section). In the outer layer TH-positive terminals

are abundantly shown.•~185

FIG.15. Median eminence (a DBH-stained sagittal section). In the inner layer DBH-positive ter-

minals are observed around capillaries of the tuberoinfundibular sulcus. In the most lateral parts

of the external layer, thin strands of DBH terminals are found adjacent to the primary capillary

plexus.•~185

DBH (Fig.15) and for TH (Fig.14). In the most lateral parts of the external
layer of the median eminence, thin strands of DBH terminals were found at certain
levels adjacent to the primary capillary plexus (Fig.15). The corpus mamillare
showed no specific fluorescence for both TH and DBH (Fig.2).

Telencephalon

One of the examined sagittal sections of the telencephalon is drawn in Fig.16.
In the olfactory bulb, some periglomerular cells were fluoresced specifically only
for TH (Fig.17), but not for DBH. These dopaminergic neurons were newly found
and named A15 by Halasz et al.(10). Many TH terminals were found in the glo-
merular layer (Fig.17).

TH terminals were abundantly observed in the nucleus caudate-putamen,
nucleus accumbens and tuberculum olfactorium (Figs.16, 18). DBH fibers were
observed in the tractus olfactorius intermedius and fasciculus medialis prosencephali.

DISCUSSION

The present results of immunofluoreseent work indicate that only when un-
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FIG.16. Telencephalon. TH-positive cell bodies are schematically shown like medium-sized dots

in the periglomerular cells in this horizontal section. Small dotted TH-terminals are densely packed

in the caudate-putamen and the tuberculum olfactorium in this sagittal section.

perfused sections were used could the real enzyme localization be seen without
interfering amine fluorescence, which might be observed in sections perfused with
formaldehyde. Although complete fluorophore formation does not occur without
exposing dry tissue slices to formaldehyde vapor, still monoamines may be retained
and partially fixed in the tissue during formaldehyde perfusion, even at room
temperature (4, 11, 12). These monoamines might have some yellow fluorescence
besides green enzyme immunofluorescence, and such amine fluorescence is un-
specific.

For specialists, differentiation between specific and unspecific fluorescence may
present no problem, but from black and white pictures distinguishing specific green
fluorescence from unspecific yellow fluorescence is sometimes difficult and confusing.
Therefore, lack of such unsepcific amine fluorescence in the immunofluorescence of
unperfused sections can give a higher specificity for the localization of the amine
enzymes.

For example, in distribution of immunofluorescence for DBH (Fig.1) or TH
(20) of the locus coeruleus, each cell was separated and between each cell many
terminals and fibers were observed. In contrast, densely packed TH-positive cell
bodies and terminals were reported to be observed in the locus coeruleus of immuno-
fluorescence for TH using paraformaldehyde perfusion (13). This may be due to
the presence of both TH immunofluorescence and catecholamine histofluorescence.
TH-specific cells in the locus coeruleus were also reported to be clearly shown by
immunofluorescent method in unperfused fiozen sections (21).

It was described by using unperfused sections that dopamine-containing cell
bodies of the A10 area, lying at the level of the decussation of the superior cerebellar
peduncle, showed dopamine fluorescence in extended processes but very low dop-
amine fluorescence in the cell body (26). However, in our present study, TH-
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FIG.17. Olfactory bulb. TH-positive periglomerular cells are shown around TH-positive fibers of

the glomeruli. An olfactory nerve layer (the left side) and an external plexiform layer (the 

right side) show TH-negative.•~118

specific immunofluorescence (Fig.19, a frontal section) of extended processes was
clearly observed in the substantia nigra, but the density of immunofluorescence
in the cell body was much higher than that of the dendrites.

The occurrence of catecholamine-containing neurons in the nucleus raphe
dorsalis and in other parts of the central grey has been mapped previously by
Lindvall and Bjorklund (17). They also gave some data on the afferent and
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FIG.18. Mount of the telencephalon, which is a part of the same section as in Fig.16. •~28

efferent catecholamine connections of this area as well as the catecholamine inner-
vation pattern. The catecholamine neurons in the dorsal raphe belong to a
periventricular paramedian cell system that is classified either as A10 or All,
depending on which the connections are. Subsequently Swanson and Hartman
(24) reported the absence of DBH-positive neurons in this area, and Hokfelt et al.
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FIG.19. Substantia nigra (a frontal section). TH-positive and DBH-negative dopaminergic neurons,

processes and terminals are shown. Immunofluorescence specific for TH is very strong in the cell

bodies showing halation.•~277

(13) have shown TH-positive neurons in this area in their Fig.11. Our results
confirmed the above. Thus, dopaminergic neurons coexist in the nucleus raphe
dorsalis with serotonin neurons (17, 27).

TH-positive and DBH-negative dopaminergic cell bodies were distributed
numerously in the arcuate nucleus (A12) and their processes extended to the median
eminence. These dopaminergic nerve terminals mostly located in the external
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layer of the median eminence may directly and/or indirectly control luteinizing
hormone-releasing hormone (11, 23) and somatostatin (inhibitory action on growth
hormone release) (11), which are abundantly distributed in this area. Our immuno-
fluorescent results agree well with those of histofluorescence; catecholamine nerve
terminals in the external layer of the median eminence contain dopamine and
originate from cell bodies present in the arcuate nucleus and the anterior periventri-
cular hypothalamic nucleus, whereas the catecholamine nerve terminals in the
internal layer of the median eminence contain noradrenaline and have their origin
in cell bodies present outside the hypothalamus (15).

TH-positive (Figs.2, 3, 4, 5) and DBH-negative dopaminergic neurons were
observed in the anterior hypothalamic nucleus. In other hypothalamic nuclei
such as ventromedialis (Figs.6, 7), dorsomedialis (Figs.2, 3, 5) and posterior
hypothalamic (Figs.2, 3), a few dopaminergic neurons were observed. These
results have not been reported yet by histofluorescence. Hokfelt et al. (11) have
mentioned as unpublished results that DBH-positive nerve terminals have been
visualized in human post-mortem hypothalamus. In accordance with this, we
could not find DBH-positive neuron, but could find DBH-positive terminals in rat
hypothalamus.

Present studies indicate that immunofluorescence for TH and DBH by using
unperfused frozen sections can locate only the enzymes, and that TH or DBH is
mainly localized in the cell body, but a little amount in the nerve terminals. In
contrast to this finding, distribution of dopamine or noradrenaline by histofluo-
rescence is found not only in the cell bodies but also in the nerve terminals where
the amines are taken up by a transport mechanism.
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