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The involvement of hormones in the regulatory mechanism
of enzymatic development of intestinal brush border mem-
brane has been estabhshed especially in the neonate
Recently sucrase?! maltase? and enterokinase® activities
were induced precociously in rat embryos by administra-
tion to the mother of cortisone and/or thyroxine. In cul-
tured chick embryo intestine, thyroxine is able to enhance
the early accumulation of AlPase in the explants®®, The
present data show that EGF treatment increases AlPase
and trehalase activities in fetal mouse small intestine in
utero.

We have previously shown that endoplasmic reticulum
membrane-bound glucose-6-phosphatase (G-6-Pase) activi-
ty develops late during the gestational period®®. The daily
administration of EGF during 3 days beginning at 15 days
of gestation induces a significant increase of G-6-Pase
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activity in the proximal intestinal thirds of the fetuses at
18 days of gestation (controls (3.43+0.24)107% EGF-
treated: (5.10+0.40)1073; 10 assays each; p < 0.0025). This
observation is in agreement with the ability of EGF to
induce in vitro the differentiation of the rough endoplasmic
reticulum of fetal mouse absorptlve cells’. This effect of
EGF on intestinal G-6-Pase activity seems to be particular
to the fetal period since it has no effect on this activity
during the postnatal g}erlod when the endoplasmic reticu-
lum is well developed®.

In conclusion the present observations suggest that EGF
may play a role in the overall maturation of absorptive cells
in mouse fetus, as it does in the differentiation of the lung
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Two cell types in monoamine-containing ‘liquor contacting’ neuron system of the frog brain
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Summary. By means of an immunofluorescent technique, ‘liquor contacting’ neurons, serotonergic in nature were demon-
strated in the paraventricular organ and in the nucleus infundibularis dorsalis, and neurons catecholaminergic in nature
were noted in the preoptic recess organ and in the caudal part of the 4th ventricle.

The distribution of monoaminergic neurons in the amphib-
ian brain has been demonstrated by means of formalde-
hyde-induced fluorescence methods®”®; catecholaminergic
and serotonergic neuron systems were localized within spe-
cific areas of the CNS. In the amphibian brain, very strong
monoamine fluorescence was found in the cells of ‘circum-
ventricular organs’ such as the preoptic recess organ (PRO),
paraventricular organ (PVO) and the lateral infundibular
region or nucleus infundibularis dorsalis (NID). These cells
were termed ‘liquor contacting neurons’ because of their in-
tense contact with the cerebrospinal fluid®. These circum-
ventricular organs have been known to contain green fluo-
rescent neurons and a few yellow or greenish-yellow
ones®®, With the technique of microspectrofluorimetry, the
ﬂuorescence in PVO or NID was thought to be due to cate-
cholamine (CA), probably dopamine, and serotonin
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(5-HT), and that of PRO to CA probably dopamine only®.
We have now performed an immunofluorescent study in
frogs using antibodies to CA-synthesizing enzymes, tyrosine
hydroxylase (TH), and to 5-HT, in order to corraborate the
findings obtained by the histofluorescence method and to
provide an ‘immunohistochemical map’ of monoaminergic
neuron systems with special reference to the liquor contact-
ing neuron system.

Materials and methods. Antiserum to TH was produced 1n
rabbits and tested for specificity as described previously'™.
Rabbit antiserum to 5-HT was purchased from RIA (UK).
Frogs (Rana catesbiana; b.wt 300-450 g) were anesthetized
with ether and perfused via the arterial trunk with Zambo-
ni’s solution (2% paraformaldehyde-0.2% picric acid in
0.1M phosphate buffer, pH 7.2). The brains were removed
and postfixed with the same fixative for 6-17 h. Subse-
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quently they were washed, rinsed in phosphate buffer con-
taining 10% sucrose, and frozen on dry ice. Frozen sections
10 um in thickness were made in a cryostat and processed
for the indirect immunofluorescent technique'®, After im-
munofluorescent staining, the sections were mounted in
buffered glycerol (0.5M carbonate, pH 8.6-glycerol, 1:1)
and examined with a Leitz Orthoplan fluorescence micro-
scope, equipped with a Ploem vertical illuminator - an acti-
vation filter KP490, a red suppression filter BG38 and bar-
rier filter K530 - with a mercury vapor lamp as the light
source!'l,

Results. In the medulla oblongata, TH-positive neurons
were observed in the dorso-lateral part, namely in the
nucleus tractus solitarius and in the neighbouring reticular
formation. Apart from these neurons, some cells with
TH-positive immunofluorescence found beneath and
among the ependymal layer in the midline of the caudal
part of the 4th ventricle (fig. 1,a and b). Some processes of
these cells penetrated into the ventricular lumen, thus they

Experientia 38 (1982), Birkhiuser Verlag, CH-4010 Basel/Switzerland

appeared to belong to the liquor contacting neuron system.
In turn, 5-HT-positive neurons were situated in the ventro-
medial portion near the 4th ventricle but their processes
made no direct contact with the cerebrospinal fluid (CSF)
space (fig. 1,¢). These neurons were found to appear at the
level of the caudal part of the 4th ventricle and to continue
rostrally as far as the isthmic tegmentum. At the level of the
interpeduncular nucleus in the transverse section, 5-HT-
positive neurons were scattered within the raphe region and
the reticular formation, but no TH-positive neurons were
seen in these areas. Small numbers of TH-positive neurons
were found at the same level dorsally in the region ventral
to the nucleus isthmii. In the rostral part of the midbrain
tegmentum, TH-positive small neurons were observed in
the basomedial portion in the nucleus reticularis mesence-
phalii.

In the diencephalon, TH- or 5-HT-positive neurons were
noticed mainly in the periventricular area of the preoptic
and infundibular regions. Small numbers of TH-positive

Figure 1. Immunofluorescent micrographs of ‘liquor
contacting’ neurons situated in the caudal part of the 4th
ventricle (V4). @ Horizontal plane through the floor of the
4th ventricle showing numerous ‘liquor contacting’ neurons
with TH-positive immunofluorescence (upwards is rostral,
% 190); b and ¢ consecutive transverse sections through
the caudal brainstem; b TH-positive neurons were seen at
the ventro-medial wall of the 4th ventricle (V4), and
processes of these cells penetrate into the ventricular lumen
(x 190); ¢ 5-HT-positive neurons located in more ventral
part, but no 5-HT-positive liquor contacting neurons was
found at this level (x 190)).

Figure 2. Immunofluorescent micrographs through the dorsal infundibular region in consecutive transverse sections. a TH-positive
neurons are situated in the dorsal part of the NID mainly and these cells do not protrude with their processes into the ventricle (x 190);
b 5-HT-positive liquor contacting neurons located in the dorsal margin of the lateral infundibular recess (LIR) in the NID (x 190).

Figure 3. Immunofluorescent micrographs through
the rostral part of the hypothalamus in the
transverse plane. a No specific TH-positive
fluorescence was seen in the PVO, but cells near the
PVO (so-called PVO-accompanying cells) show TH-
positive immunofluorescence (x75); b 5-HT-
positive  immunofluorescent liquor contacting
neurons in PVO (x 75); ¢ high power magnification
of 5-HT-positive cells in the PVO. Apical
‘palisading’ protrusions with specific fluorescence
(x 190).
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neurons were found in the pretectal area. In the transverse
plane at the level of caudal hypothalamus, TH-positive
neurons were localized in the dorsal part of the NID; yet,
they were not found to protrude with their processes into
the 3rd ventricle (fig.2,a). After incubation of the consecu-
tive section with 5-HT antiserum, ‘liquor contacting’ neu-
rons with specific immunofluorescence appeared at the
dorsal margin of the lateral infundibular recess (LIR) in the
NID (fig.2,b). In the more rostral sections of the hypotha-
lamus, TH-positive neurons were found to be scattered in
the area lateral to the PVO, the so called PVO-accompany-
ing cells’, but the liquor contacting neurons in the PVO
lacked TH-positive immunofluorescence (fig.3,a). The
liquor contacting neurons of PVO were found to show
5-HT-positive immunofluorescence, but the PVO-accom-
panying cells were negative (fig.3,b). 5-HT-positive
processes of these cells penetrated into the 3rd ventricle and
their intraventricular protrusions had strong immunofluo-
rescence and formed palisades (fig.3,c). In the preoptic
region, TH-positive liquor contacting neurons were widely
distributed between the lining of ependymal cells and in
the subependymal layer (fig.4,a). These cells were more
abundant in the rostro-dorsal part than in the caudoventral
part. Apart from these cells, TH-positive neurons were seen
in the suprachiasmatic region and in the periventricular
gray around the preoptic recess. However, 5-HT-immuno-
fluorescent cells were not detected in these areas (fig.4,b).
Discussion. The distribution of monoaminergic neuron sys-
tems, as elucidated in the present immunohistochemical
study, generally agrees with grevious findings obtained by
histofluorescent techniques’”. However, some differences
and new findings were seen in the present study.

Figure 4. Immunofluorescent micrographs through the PRO in the
transverse plane. a Numerous liquor contacting neurons with
TH-positive immunofluorescence around the preoptic recess (PR)
(% 190); b no 5-HT-positive immunofluorescence are present in the
PRO (% 190).
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1. In the caudal part of the 4th ventricle, there are TH-posi-
tive, CA-producing liquor contacting neurons but not 5-HT
containing ones. 2. The liquor contacting neurons in the
PVO and NID were found to be TH-negative but 5-HT-
positive. 3. Small numbers of TH-positive neurons, but no
5-HT-positive neurons, were found in the pretectal area.
The liquor contacting neurons localized in the caudal
brainstem, are similar in their morphology to the CA-pro-
ducing, liquor contacting neurons in the PRO. Their local-
ization suggests a phylogenetic relationship to the area pos-
trema of mammals.

We also found besides 5-HT-containing liquor contacting
neurons another type of neurons in the NID and around
the PVO; especially in the NID, TH-positive neuronal peri-
karyas were noted to be situated near the 5-HT-positive
liquor contacting neurons. Therefore, this region may be
supplied with a specific innervation by both CA (dopa-
mine) and 5-HT neurons.

From histofluorescent studies, it has been reported that
‘liquor contacting” neurons of PVO contained both cate-
cholamine and serotonin®®. From our present immuno-
fluorescent findings, it is now clear that ‘liquor contacting’
neurons of PVO contain only 5-HT but no TH-positive
catecholaminergic neurons. This fact may suggest the possi-
bility that monoamines (dopamine and 5-HT) were taken
up from CSF into the liquor contacting neurons in PVO.
The functions of these ‘liquor contacting’ neurons are un-
known. There may be 2 functions: 1. to discharge their neu-
rosecretory material by way of an apocrine secretion from
liquor contacting neurons into the ventricle; and 2. to
receive information from the CSF that may influence the
neurosecretory activity. Further studies are necessary to
elucidate the physiological function of ‘liquor contacting’
neurons.
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A specific endogenous inhibitor of two forms of Ca™ * activated neutral proteases in platelets
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Summary. An endogenous, specific inhibitor of high molecular weight has been isolated from bovine blood platelets,

which inhibits the activity of the 2 forms of platelet Ca*™*

activated neutral proteases reported previously by us. The

inhibition is not due to chelation of Ca™* but results from a stoichiometric complex formation.

The presence of a Ca*™ activated neutral protease
(CANP) has been reported in various tissues and it has
been termed as KAF! CaAF?, CANP? RTF* Their

physiological roles may consist in myofibrillar protein
degradation®? or activation of kinases’% but these reported
CANPs require a relatively higher concentration of Ca**



