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UPTAKE OF 5-HYDROXYTRYPTAMINE IN
DIFFERENT PARTS OF THE BRAIN OF THE
RABBIT AFTER INTRAVENTRICULAR INJECTION

R.C. DOW & 1. LASZLO
MRC Brain Metabolism Unit, Department of Pharmacology,
University of Edinburgh, 1, George Square, Edinburgh, EH8 9JZ

I The uptake of 5-hydroxytryptamine (5-HT) was investigated in different areas of the rabbit brain
(anterior hypothalamus, the raphe, the region of the substantia nigra, several cortical areas and the
medulla oblongata) after intraventricular injection in pargyline pretreated animals by the
formaldehyde-induced histochemical fluorescence method.
2 The distribution of fluorescence showed that the uptake of 5-HT, after circulation in the
cerebrospinal fluid, caused a general ihcrease in intensity of green yellow to yellow background
fluorescence. There was an increased fluorescence in the nerve terminals, but no uptake occurred either
in the cell bodies of neurones or in the glial cells.

Introduction

During an investigation of the uptake of 5-hydroxy-
tryptamine (5-HT) after intraventricular injection, an
accumulation of 5-HT was found in the glial cells of
the area postrema of the rabbit (Dow, Laszlo &
Ritchie, 1973) by the formaldehyde-induced
fluorescence method described by Falck & Owman
(1965). Biochemical estimations in the same
experiments also showed an increase of 5-HT con-
centration in different areas of the brain. It appeared
interesting to study the cellular distribution of 5-HT in
other areas of the brain in order to find out if it is a
general characteristic of the glial cells in the brain to
take up this monoamine.

In this study the distribution of 5-HT in different
areas of the brain was examined by the histochemical
fluorescence method after intraventricular injection.

Methods

Thirty-three rabbits (New Zealand, white, of either
sex, weight between 2.5 and 3.4 kg) were used.

Treatment with drugs: different doses of 5-HT
creatinine sulphate (20, 40, 100 ±g base) were injected
into the right lateral ventricle through a guide tube by
the method of Moir & Dow (1970) in 0.1 ml 0.9% w/v
NaCl solution (saline). Pargyline hydrochloride
(Eutonyl) 200 mg/kg was injected intraperitoneally
alone, or 5 to 6 h before the injection of 5-HT. In each
experiment one rabbit was used as a control without
drugs, and one for obtaining tissue samples without
formaldehyde treatment for the non-specific
fluorescence. The rabbits in the control groups did not
have the guide tubes implanted, since it was found that
31

the intraventricular injection of saline did not influence
the fluorescence picture. Animals were killed by
injecting air into an ear vein 30 min after 5-HT
injection. Brains were quickly removed, and areas to
be investigated were dissected at 0°C. Visualization of
monoamines was performed by the method of Falck
& Owman (1965). The procedure used in these
experiments with fluorescence microscopy and
microspectrophotofluorimetry was described by
Laszlo (1974). The fluorescence of the sections was
observed with a BG3 (Schott) primary and a 50
(Zeiss) secondary filter. Various shades of colours are
described by the nomenclature used by Loveland
(1970), so that Green fluorescence corresponds to a
wavelength of 513, and Yellow to 577, whilst in
between Green-Yellow is 560, yellowish Green is 545
and greenish Yellow 570nm. Identification of the
areas was achieved by toluidine blue staining of the
adjacent sections with the help of the stereotaxic atlas
of the brain of the rabbit (Monnier & Gangloff, 1961).

In the preliminary experiments for the location of
fluorescence, Nissl staining by the gallocyanine
chromalum method (Drury & Wallington, 1967) was
used on the same section as prepared for the
fluorescence by the procedure described by Falck &
Owman (1965). While this method had been found to
be satisfactory for the study of the cellular localization
of fluorescence in the area postrema (Fuxe & Owman,
1965; Dow et al., 1973), in other parts of the brain it
gave variable or uncertain results. Similar findings
were obtained by using thionin and cresyl fast violet
(Drury & Wallington, 1967) and Giemsa staining
(Gurr, 1956). The reason for these discrepancies was
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Figure 1 Fluorescence in various areas of the rabbit brain in control animals and after the intraventricular
injection of various amounts of 5-hydroxytryptamine creatinine sulphate (5-HT) in animals given pargyline
hydrochloride 5-6 h previously. (a) Nucleus supraopticus: control; (b) nucleus supraopticus: pargyline, 5-HT
(100 gg); (c) nucleus suprachiasmaticus: pargyline, 5-HT (40 gg); (d) lateral wall of the third ventricle: control;
(e) lateral wall of the third ventricle: pargyline, 5-HT (100 gg); (f) lateral surface of the hypothalamus: control
(arrows indicate the surface of the hypothalamus); (g) lateral surface of the hypothalamus: pargyline, 5-HT
(40 tgg). Calibration 20 gm.

thought to be the difference between the procedures
used for preparing sections for fluorescence
microscopy (Falck & Owman, 1965) and those which
are used for Nissl staining (Drury & Wallington,
1967). An attempt was made to adopt the procedure
for Nissl staining described by Drury & Wallington
(1967) on the sections prepared for fluorescence
microscopy by the method of Faick & Owman (1965),
but the quality of staining did not improve essentially.
Methods for staining glial cells, e.g. by Cajal's gold
chloride sublimate method for astrocytes, Hortega's
silver carbonate method for astrocytes, and Hortega's
silver carbonate method for microglia (Drury &
Wallington, 1967) were also tried on different animals,
but none of these methods appeared to be applicable
for sections prepared for fluorescence microscopy.

Since sections after fluorescence microscopy cannot
be stained properly by any of the above mentioned
methods, the cellular location of fluorescence was
based on sections stained from different animals by
the procedure described for Nissl staining by the
gallocyanin chromalum method (Drury & Wallington,
1967).

Fluorescent sections were photographed on Ilford
FP4, Din 22, with an exposure time from 45 to 60 s,
or Ilford HP4 black and white films (Din 27-29) 15 to
60 s exposures.

Results

The fluorescence in the sections from the animals
treated with different doses of 5-HT (20, 40 and
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Figure 2 Fluorescence in various areas of the rabbit brain in control animals and after the intraventricular
injection of various amounts of 5-hydroxytryptamine creatinine sulphate (5-HT) in animals given pargyline
hydrochloride 5-6 h previously. (a) Cortex (area postcentralis): control (arrows indicate the surface of the
cortex); (b) cortex (area postcentralis): pargyline, 5-HT (40 gg); (c) cortex (area postcentralis): pargyline, 5-HT
(40 9g). Calibration 20 gm.

100 jg) was compared to that of the untreated
(control) animals, and the following results were
found.

Anterior hypothalamus: the Green background
fluorescence of this area, including the chiasma
opticum and the tractus opticus was more intense after
20 jg of 5-HT than in the control animals; after 40
and 100 jg, this difference was more marked, and the
sections showed Green-Yellow fluorescence. The
nerve endings in the whole area, especially in the
nucleus supraopticus exhibited increased intensity of
Green or Green-Yellow fluorescence after 20 jig of 5-
HT. The nerve endings also appeared to be present in
larger numbers, and the preterminals appeared
elongated after 20 jg of 5-HT; after 40 and 100 jg,
these differences were even more pronounced. In spite
of the increased intensity of the fluorescence in the
whole area, no uptake of 5-HT by cell bodies of
neurones or glial cells was found (Figure la,b,c).
The ependyma of the third ventricle did not show

fluorescence in either the sections from the control, or
from the 5-HT-treated animals, although the area
around the third ventricle exhibited increased intensity
of fluorescence (Figure 1d,e) The surface of the brain,
including the optic chiasma, did not exhibit fluores-
cence in control animals, but in the 5-HT-treated
animals (20 jg) it showed increased intensity of yel-
lowish Green fluorescence, which after higher doses
(40 jg) of 5-HT became a fairly intense Green-Yellow
or greenish-Yellow diffuse fluorescence layer
(Figure lf,g; Figure 2a,b,c). After 100 jg the colour in
some cases showed Yellow, quickly fading
fluorescence, as was found at the surface of the optic
chiasma and in the meninges. The wall of the blood

vessels, lateral to the nucleus supraopticus, after
100 jg of 5-HT also exhibited intense Yellow
fluorescence. Estimates of intensity by microspectro-
photofluorimetric method showed a similar
distribution of fluorescence intensity to that described
above.
The fluorescence picture in other parts of the brain,

e.g. in the substantia nigra and in adjacent areas, in
the raphe nuclei and in cortical areas as described by
Falck, Mchedlishvili & Owman (1965), (e.g. the area
postcentralis and insularis, the area occipitalis and
temporalis, and the area occipitotemporalis) showed
an essentially similar distribution of fluorescence. In
these areas the background fluorescence after 20 jg of
5-HT (and pargyline) usually exhibited more intense
Green or yellowish Green fluorescence than sections
from control animals; after 40 jg the fluorescence
became more intense Green-Yellow, and after 100 jig
a greenish Yellow to Yellow very intense diffuse
fluorescence was usually found. In spite of the
generally increased intensity of background
fluorescence, the cells remained dark in the whole area
(Figure 2a,b,c).

After 5-HT-treatment the Green fluorescence,
which is normally seen only at the terminals of nerve
fibres in control animals, spread along the fibre so that
they appeared more elongated. There was also more
intense Green-Yellow fluorescence in the brain as well
as around blood vessels at the surface of the brain.
The ependyma of the lateral ventricles and of the

aqueduct in some cases after 5-HT showed a very
quickly fading Yellow or Green fluorescent layer. In
pargyline pretreated animals the surface of the brain
and the areas near to it, after 20 jg of 5-HT exhibited
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Figure 3 Schematic representation of the uptake of
5-hydroxytryptamine in different areas of the rabbit
brain after intraventricular injection. Frontal plane
corresponding to the level of the area preoptica
(redrawn after Monnier & Gangloff, 1961).
SON=supraoptic nucleus; Ch=optic chiasm;
V=third ventricle; A=control; B=40 or 100 Lg 5-
hydroxytryptamine creatinine sulphate 5-6 h after
pargyline. Calibration: 3 mm. Areas marked
by---line indicate the regions investigated. Intensity
of fluorescence: dotted areas= low; cross-hatched
areas=medium; shaded areas=high intensity.

Green or Green-Yellow diffuse fluorescence, and an
intense fluorescent layer was usually present, cor-
responding to the meninges; after 40 and 100 jg the
colour of fluorescence became greenish Yellow or
Yellow. The fluorescence at the surface after the
photographic exposure (1 min) became Green. After
the intraventricular injection of 5-HT, a layer
exhibiting an increased fluorescence, compared to the
control, was found 1 to 2 mm from the external and
internal surfaces of the brain (Figure ld,e;
Figure 2a,b). A schematic representation of the uptake
of 5-HT can be seen in Figure 3 in the plane cor-
responding to the anterior hypothalamus. Similar
distribution of the uptake was found in the region cor-
responding to the frontal planes of the raphe nuclei
and the substantia nigra as well. Walls of blood vessels
(at the surface of the brain) after 5-HT-treatment
exhibited increased intensity of Green-Yellow
fluorescence.
The fluorescence of the area postrema after 100 pg

of 5-HT and pargyline was examined, and was found
to be similar to that which had been described by Dow
et al. (1973), showing increased number and intensity
of Green fluorescent cells and Yellow fluorescent

granules. No attempt has been made to characterize
specifically the cell bodies showing fluorescence in the
area postrema; it is probable from our earlier studies
(Dow et al., 1973) that they are glial cells. The
ependyma of the central canal exhibited a very quickly
fading fluorescent layer, which was more intense than
in the control. Adjacent to the area postrema were
present increased number of Green fluorescent
varicosities, but there was no uptake of 5-HT by cell
bodies.
The sections from animals injected only with

pargyline showed an increased intensity of specific
fluorescence, in agreement with Fuxe & Owman
(1965), but this was less marked than after the in-
traventricular injection of 5-HT in pargyline
pretreated animals.

Discussion

The earlier finding that glial cells in the area postrema
of the rabbit contained 5-HT after intraventricular
injection (Dow et al., 1973) prompted a study of the
uptake in other parts of the brain under the same
experimental conditions. The areas of this study were
selected on functional as well as morphological
grounds, e.g. the anterior hypothalamus and the
region of the raphe nuclei, which contained 5-HT
nerve terminals and nerve cells, respectively (Carlsson,
Falck & Hillarp, 1962; Fuxe, Hokfelt & Ungerstedt,
1969; Fuxe & Jonsson, 1974; Jonsson, Einarsson,
Fuxe & Hallman, 1974); the cortical areas and the
region of the substantia nigra, where the cell bodies of
neurones and glial cells could be identified on the basis
of morphological differences. This was necessary since
identification by the conventional staining methods
(e.g. Nissl staining or glial staining) on the sections for
fluorescence microscopy did not appear satisfactory.
The presence of freeze artefacts in cell bodies or freeze
dried sections were mentioned by Dahlstrom & Fuxe
(1964), who found that Nissl staining did not give
satisfactory results on these sections.
The region adjacent to the area postrema also

appeared interesting for this study, since the uptake of
5-HT by glial cells had been found previously in the
area postrema (Dow et al., 1973). The results obtained
by the histochemical fluorescence method showed no
uptake of 5-HT by cell bodies of neurones or glial cells
in any of these parts of the brain, apart from the area
postrema, which had been described earlier (Dow et
a., 1973). In contrast nerve endings, especially in the
anterior hypothalamus, showed a marked uptake of
this monoamine. An intense fluorescence was
regularly found in the wall of the blood vessels after 5-
HT treatment, as in the previous study by Dow et al.
(1973). An accumulation of noradrenaline and 5-HT
in arterial smooth muscle was also described by
Buchan, Lewis & Sugrue (1974).
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The colour of fluorescence after increasing doses of
5-HT changed toward the longer wavelengths; a shift
of colour during photographic exposure in the
opposite direction was also found in sections of 5-HT-
treated animals. Both phenomena can be explained by
the relationship between concentration and colour of
fluorescence described by Laszlo (1975a, 1975b). The
quickly fading fluorescence in the sections is
characteristic of 5-HT (Falck & Owman, 1965).
The lack of uptake of 5-HT by the glial cells in

different parts of the brain compared to the area
postrema after its intraventricular injection can be
explained by the characteristics of glial cells and those
of the ependyma in these areas. The flat cell bodies of
the ependyma over the area postrema differ from
those of the rest of the brain (Wislocki & Putnam,
1920; Clemente & Breemen, 1955; Morest, 1960), and
a free access of 5-HT could occur from the

cerebrospinal fluid, where it is present in a high con-
centration after intraventricular injection. The glial
cells in the area postrema also differ structurally from
mature astrocytes in other parts of the brain (Wislocki
& Putnam, 1920; Clemente & Breemen, 1955;
Morest, 1960).
The uptake of 5-HT after intraventricular injection

in pargyline pretreated rabbits produces greater
intensity of fluorescence from both surfaces of the
brain inward. Neither cell bodies of neurones nor glial
cells appeared to contain this monoamine other than
in the area postrema.
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