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Summary. Cerebellar, hippocampal and hypothalamic slices prepared from newborn and 7-day-old rats were
cultured by means of the roller-tube technique. Identification of cells was made easier by the fact that at least
part of the characteristic cytoarchitecture of the tissue was preserved in vitro. Cerebellar Purkinje cells and neu-
rones of the deep cerebellar nuclei were recognized on the basis of their size, their location within the culture
and their dendritic arborization. Pyramidal cells of all hippocampal subfields displayed their characteristic
basal and apical dendritic trees with numerous spinous processes. Hippocampal granule cells gave rise to a
monopolar dendritic arbor; their axons terminated in the dentate hilus and CA3 region. Golgi-like immuni-
peroxidase staining allowed localization of groups of neurophysin-positive neurones in slices prepared from the
anterior hypothalamus. These neurones, bilaterally bordering the third ventricle. usually displayed a simple
dendritic arborization and fine beaded axons. - Cultivation of brain slices prepared from young rats offers par-
ticular advantages in that the cultured cells are organized in an organotypic monolayer and individual living

neurones may be directly visualized.

Introduction

Slices and cultures of dissociated cells are clearly the
predominant in vitro preparations for pharmacologi-
cal, electrophysiological and morphological studies on
vertebrate brain tissue. Slices offer the advantage of
retaining the normal anatomical neuronal relation-
ships. but because of their thickness do not usually al-
low visualization of single living neurones. Nerve cells
in cultures of dissociated cells, on the other hand, can
be continuously observed and are highly accessible to
exploration with microelectrodes, but often suffer
from insufficient cellular differentiation and organo-
typic tissue organization. I have. therefore, attempted
to combine the advantages of the slice and the culture
methods by culturing slices from young animals. Such
a preparation may be useful for all those studies
which require a higher degree of cellular accessibility
than that provided by the usual slices. Moreover, it
may be the method of choice for investigations where
no advantage is gained by first dissociating the cellu-
lar elements only to let them reassemble again.

The technique for cultivation of explants by means of
the roller-tube method has been previously de-
scribed!”. The present paper focuses on the organo-
typic organization of cultured tissue derived from
three brain regions as demonstrated by several histo-
logical staining techniques.

Experimental procedures

As a rule, we have used 7-day-old rats for the cultiva-
tion of hippocampal and hypothalamic tissue and
newborn rats for the preparation of cerebellar cul-
tures. Cultivation of tissuc derived from older animals
was possible, but complicated by the necessity to oxy-
genate continuously all media used. Animals were
killed by decapitation. the skull opened with finc scis-
sors and the cerebellum and hippocampi aseptically
removed (fig. 1). After washing in Geys balanced salt
solution (BSS), they were placed on a dry Aclar foil
(Allied Chemical) and parasagitally cut into 400-pm-
thick slices by means of a Mcllwain tissue sectioner.
The ccrebellum and the hippocampi were then trans-
ferred by spatula into a petri dish containing Geys
BSS. where the individual slices started to float. For
the preparation of hypothalamic cultures, the hypo-
thalamus was first isolated on all 4 sides in situ by cuts
with a razor blade (left and right, anterior and pos-
terior border), then it was undercut at a depth of
about 1.5 mm and the entire hypothalamus removed
en bloc. After washing in Geys BSS, the hypothala-
mus was placed on a dry Aclar foil, the ventral surface
facing upwards, and cut with the tissue sectioner into
9 slices of 400 um thickness starting from the preoptic
area, up to the area including the mamillary bodies.
Each slice was placed on a separate coverslip and em-
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bedded in a plasma clot formed by a drop of hepari-
nized chicken plasma (Difco, Iyophilized) which had
been spread over the entire surface of a glass coverslip
and which was coagulated by addition of a drop of
thrombin solution (0.2 mg/ml, 20 NIHU/ml, Hoff-
mann-La Roche). The rectangular coverslips
(12 x 24 mm) were previously cleaned as described’.
Due to the release of proteolytic enzymes, presumably
from damaged cells, the plasma was soon lysed in an
area immediately surrounding the cultures. With sin-
gle cultures, this lysis only occasionally led to detach-
ment of parts of the culture, but with co-cultures,
where more tissue covered a greater surface area,
problems were more severe. We have, therefore, occa-
sionally embedded the co-cultures on coverslips coat-
ed with reconstituted rat collagen!!:34,

The slices were cultivated in plastic test tubes (Falcon
No.3033), by means of the roller-tube technique at
36°C in dry air. The test tubes rotated at approx-
imately 10 revolutions/h. The roller-drum was tilted
about 5 ° with respect to the horizontal axis to ensure
that cultures were completely immersed in the
medium (1 ml) during about half a cycle. The culture
medium consisted of horse serum (25%), basal
medium (Eagle, 50%) and Hanks’ or Earles BSS (25%)
supplemented with glucose to a final concentration of
6.5 mg/ml. Addition of phenol red facilitated control
of medium pH (about 7.4). The sera were heat inacti-
vated at 56 °C for 30 min. No antibiotics were added
to the medium. During the culture period (3-12
weeks), the cultures were fed once per week and in-
spected without removing the coverslips from the test
tubes to prevent contamination of the cultures.

For intracellular injection of horseradish peroxidase
(HRP, type IV, Sigma) or lucifer yellow, the cultures
were transferred to a microchamber and impaled un-
der visual control. Lucifer yellow was injected by ap-
plication of a constant negative current of 1-3 nA for
about 5 min from an electrode filled with a 4%
aqueous solution of the fluorescent compound!6. HRP
was injected by 500-msec depolarizing current pulses
of 1-5 nA at 1 pulse/sec'® for about 10 min from elec-
trodes filled with a 4% HRP solution in 0.05 M tris
HC1, pH 8.5. Following injection of HRP, the cultures
were incubated for 10 h, then fixed in 2.5% glutaralde-
hyde and exposed to diaminobenzidine. The reaction
product was made darker by heavy metal intensifica-
tion2. Cultures stained with Bodian’s protargol im-
pregnation were fixed with 4% formaldehyde. For
Timm staining, the cultures were exposed for 10 min
to a 1% solution of phosphate buffered sulphide, fixed
in 96% alcohol and stained as described?>#!. Cultures
stained for acetylcholinesterase®® (AChE) were fixed
in 4% paraformaldehyde in 0.15 M phosphate buffer.

Results

Cerebellum. Purkinje cells were recognized in the liv-
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ing state by their large size and their characteristic
dark cytoplasm as visualized by phase contrast
microscopy. They were often, but not always localized
in laminated structures in which the cells clustered,
but usually did not align in a single row as is the case
in situ (fig.2B). Intrasomatic injection of lucifer yel-
low showed that the cultured Purkinje cells had num-
erous primary dendrites originating from the cell
body. All secondary and in part primary dendrites
were covered by spinous processes, but somatic spines
were virtually absent (fig.2D). It was evident that the
dendrites of cultured Purkinje cells remained short
and that a full arborization reminiscent of adult Pur-
kinje cells was never achieved. The shape of the den-
dritic arborization of cultured Purkinje cells resem-
bled, however, that observed in experimentally
degranulated cerebellum?'42426.27.40 " Similar obser-
vations were made by several authors who cultured
explants of cerebellar tissue!>2%3%3¢ The reasons for
the failure of Purkinje cells to grow a fully arborized
dendritic tree are not fully understood, but a possible
relationship to the out-of-phase course of parallel fib-
ers in parasagitally oriented explants has been postu-
lated!?.

The axons of Purkinje cells were myelinated by the
end of the 2nd week in vitro. They grew toward the
center of the cultures where bundles of fibers could be
observed to converge (fig.2A). This center consisted
of tightly packed groups of large neurones which
could be distinguished from Purkinje cells by their
rarely branching dendrites which covered an area
much larger than that of Purkinje cells (fig.2C). In
view of their characteristic location in the center of
cerebellar cultures, their dendritic arborization!?, as
well as the presence of AChE in their cell bodies
(fig.5A), these neurones were presumably derived
from the deep nuclei.

Hippocampus. Cultures prepared from the hippocam-
pus of 7-day-old rats first underwent massive morpho-
logical changes since all afferent fibers and many cells
lying close to the cut surfaces degenerated. By the end
of the 3rd week, most of this cellular debris had disap-
peared. Due to loss and migration of cells, the large
nerve cells eventually became organized as a mono-
layer structure.

The overall structure of the hippocampal formation
with pyramidal (areas CAl to CA4) and granule cell
layers is preserved in these slice cultures
(figs 3A,3B,5B). Of all the hippocampal subfields,
the granule cells of the medial blade of the fascia den-
tata were the least confined to one cell layer. Interest-
ingly, this coincides with known morphogenetic gra-
dients since in situ the medial blade of the fascia den-
tata is the latest cell layer to be formed® 3253742,
Intrasomatic injection of HRP or lucifer yellow
revealed that pyramidal cells in all hippocampal sub-
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Figure 3. Hippocampal slice cultures. 4 Staining with toluidine blue reveals pyramidal as well as granule cell layers. Age of the culture, 42 DIV. B
Hippocampal culture after Timms staining shows black mossy fiber boutons mainly in the dentate hilus and in the suprapyramidal layer of
CA3. The dentate molecular layer and stratum oriens and radiatum of CA1 showed a more brownish staining. Age of culture, 28 DIV. C
HRP-injected pyramidal cell of area CA3 in toluidine-blue stained preparation. Age of the culture, 35 DIV. D Granule cell of the dentate
gyrus injected with lucifer yellow. Age of the culture, 32 DIV. The scale indicates 340 um (A, B) and 50 um (C.D).

Figure 2. Cerebellar slice cultures. 4 Center of cerebellar culture. Bodian silver stain, viewed with dark field microscopy, shows groups of
neurones derived from deep nuclei and bundles of axons (observed as bright lines). Age of the culture, 28 days in vitro (DIV). B Row of
Purkinje cells in toluidine-stained preparation. Age of the culture, 27 DIV. C Dendritic arborization of living neurone from the deep nuclei
injected intrasomatically with lucifer yellow. The axon is difficult to distinguish from the dendrites which lack spinous processes. Age of
the culture, 28 DIV. D After injection with lucifer yellow and subsequent Bodian silver staining, a Purkinje cell can be seen in its cellular
microenvironment. Age of the culture, 25 DIV. The scale indicates 270 um (A), 100 um (B), 60 pm (C), 40 pm (D).
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fields retained their characteristic shape and bipolar
orientation with basal as well as apical dendritic ar-
borizations (fig.3C). The main dendritic shafts bifur-
cated frequently and were loaded with spinous
processes. After 1 month in vitro, the pyramidal cells
appeared fully mature; with respect to size of their
dendritic fields, development of spines and diameter
of cell bodies, these pyramidal cells closely resembled
the ones observed in situ during the late post-natal
phase®. The dendritic arbor of granule cells was
always monopolar, confined to the stratum molecu-
lare and consisted of 2-5 long dendrites which were
covered by spinous processes (fig.3D).

The granule cells grew axons (fig.3D) which were
seen as thin fibers growing toward the hilar region
with occasional supragranular mossy fibers terminat-
ing in the stratum moleculare.

During prolonged cultivation of nervous tissue,
synaptic reorganization might occur. Although the ex-
istence of synapses in explants of rat hippocampus
had been demonstrated by morphological?® and elec-
trophysical'® techniques, the specificity of these con-
nections was usually difficult to evaluate. Using the
Timms sulfide silver method which intensely stains
the zinc-containing boutons formed by the mossy fib-
ers?>4l we have been able to show the projection of
granule cells to the dentate hilus and the CA3 pyra-
midal cells where the mossy fibers predominantly ter-
minated within the suprapyramidal layer (J. Zimmer
and B.H. Gihwiler, in preparation). Like their in situ
counterparts, the mossy fibers respected the CAl/CA3
borderline; thus, no black densely stained mossy fib-
ers were observed in the CA1 area. Instead, the stra-
tum oriens and radiatum contained smaller brownish
elements (fig.3B).

Hypothalamus. For long-term studies of hypothala-
mo-hypophyseal interactions and investigations of
hypothalamic function in vitro, culturing of discrete,
identified hypothalamic areas is a necessary prerequi-
site. The slice culture technique allows reproducible
cultivation of the entire hypothalamus of a 7-day-old
rat in nine 400-um-thick slices. Their relative struc-
tural interrelationships were retained even after culti-
vation for periods up to 3 months. Following fixation
and Golgi-like immunoperoxidase staining for neuro-
physin3®, various hypothalamic nuclei could be tenta-
tively identified. In an area derived from the ventral
surface of the brain, two neurophysin-positive nuclei
could be recognized (fig.4 A). These nuclei, presumed
to be the suprachiasmatic nuclei, consisted of small
parvocellular cells whose axons formed complicated
networks with bundles of fibers passing along the sur-
face of the slice. Other groups of neurophysin-positive
cells with large diameter, presumably derived from
the paraventricular nuclei, were located bilaterally
directly bordering on the third ventricle (figs. 4A,4B).
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In fixed preparations, the ventricle was only seen as a
cell-free area (fig.5C), but it was easily recognized in
living preparations by the presence of ciliated epen-
dymal cells forming the ventricular walls.

In slices including the supraoptic and paraventricular
nuclei, cellular morphology was also studied by injec-
tion of HRP into large hypothalamic neurones (figs.
4D-4G). These neurones were found to be morpho-
logically heterogenous. The most frequently encoun-
tered cell type displayed a simple dendritic pattern
with 2-4 long, rarely branching dendrites and a
beaded axon which often emerged from a primary
dendrite (figs. 4C,4E), gave rise to numerous axon
collaterals and could be followed for several millime-
ters (fig.4E). Other cells showed a more complex mor-
phology with somatic as well as dendritic spines which
varied greatly in number and length (figs.4F,4G).
Many of these morphological features closely resem-
bled those of magnocellular neurones in Golgi prep-
arations® 713283031 and after Golgi-like immuno-
peroxidase staining in situ’®.

Conclusions

The slice culture technique yields a preparation of
which the main advantages are its organotypic organ-
ization and the excellent accessibility of individual
cells to experimental manipulation. In cerebellar cul-
tures, Purkinje cells and cells derived from the deep
nuclei were recognized on the basis of their size, loca-
tion and arborization. Identification of hippocampal
neurones was eased by the fact that the characteristic
hippocampal cytoarchitecture with pyramidal and
granule cell layers remained preserved. Golgi-like im-
munoperoxidase staining of hypothalamic cultures
demonstrated that the gross anatomical interrelation-
ships between hypothalamic nuclei were retained and
that cultured hypothalamic neurones displayed their
characteristic cellular morphology with beaded axons
and typical dendritic arbors.

A similar degree of tissue organization could at times
be preserved using conventional explant cultures. The
introduction of standardized slicing techniques has,
however, significantly improved reproducibility and
reduced variations between cultures of the same ana-
tomical origin.

Slice cultures appear to provide a tool suitable for a
variety of multidisciplinary studies. Firstly, long-last-
ing intracellular recordings from neurones in slice cul-
tures demonstrated the existence of normal spiking
and synaptic activity, and the feasibility of measuring
the chemosensitivity of these neurones'®!°. Secondly,
slice cultures can be used for release studies; it was
possible to determine levels of arginine vasopressin in
tissues as well as in the medium of long-term cultures
of hypothalamic slices®®. Thirdly, intracellular dye in-
jection and immunohistochemical staining techniques



Experientia 40 (1984), Birkhduser Verlag, CH-4010 Basel/Switzerland 241

Figure 4. Hypothalamic slice cultures. 4 to C are Golgi-like immunoperoxidase stainings for neurophysin. D to G illustrate cells of the
paraventricular and supraoptic region injected with HRP. A Survey of slice prepared from the anterior hypothalamus. On the basis of
their location within the slice and the small diameter of their cells, the 2 nuclei on the left were tentatively identified as suprachiasmatic
nuclei (scn). Directly bordering the 3rd ventricle (V) bilaterally were 2 groups of neurones which were presumably derived from the para-
ventricular nuclei (pvn). Age of the culture, 32 DIV. B Detail of a paraventricular nucleus displayed in A. C Large neurophysin-positive
neurone in a slice from the posterior hypothalamus. Note the axon (a) emerging from a dendrite. Age of the culture, 33 DIV. D 3 cells were
labeled by injection of HRP. Age of the culture, 56 DIV, E Large nerve cell with beaded axon (a). Age of the culture, 63 DIV. F Nerve
cell displaying dendrites covered by spinous processes and an elaborate axonal pathway (a). Age of the culture, 35 DIV. G Detail of F.
The scale indicates 500 um in A and 100 um in all other figures.
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allowed the study of cellular morphology and axonal
pathways.

Further studies with slice cultures may help to clarify
the degree to which this model is complementary to
those existing techniques such as brain slices, cultures
of dissociated cells and brain transplants. I anticipate
that slice cultures, and particularly the co-cultivation
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of slices derived from different brain regions, may be
instrumental in elucidating the mechanisms involved
in synaptogenesis. Furthermore, using hypothalamo-
hypophyseal cultures, it appears to be possible to
identify neuronal sites involved in the synthesis and
release of hypothalamic factors which influence pitui-
tary function. Finally, the possibility of observing in-

Figure 5. Acetylcholinesterase (AChE) staining of
cultures derived from cerebellum (A), hippocampus
(B) and hypothalamus (C). 4 AChE-stained cell
bodies were only found in the center of cerebellar
cultures. Age of the culture, 18 DIV. B AChE-
positive cells were found in the hilar region and in
areas CAl and CA3 of the hippocampus where
they displayed a distribution usually attributed to
interneurones. Age of the culture, 25 DIV.
C AChE-staining demonstrates the cyto-organiza-
tdon of a culture prepared form the medial-basal
hypothalamus. Groups of AChE-positive neurones
are clustered in an area bordering the 3rd ventricle
(V). Note the presence of ependymal cells (EC). Age
of the culture, 22 DIV. The scale indicates 100 pm
(A), 500 um (B), 800 pm (C).
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dividual neurones within neuronal networks may
facilitate the use of advanced electrophysiological
techniques such as the patch-clamp?' for investiga-
tions of identified central neurones.

20

Acknowledgments. I would like to thank Dr J. Zimmer and
Dr M. Sofroniew for their valuable help with the Timms and
immunoperoxidase staining techniques and Mr R. Schlichter
and L. Wohlfart for illustrating the culture procedure. The ex-
cellent technical assistance of Ms L. Rietschin and E. Hoff-
mann is gratefully acknowledged.

Adams, J.C., Heavy metal intensification of DAB-based HRP
reaction product. J. Histochem. Cytochem. 29 (1981) 775.
Altman, J. and Anderson, W., Experimental reorganization of
the cerebellar cortex. 1. Morphological effects of elimination of
all microneurons with prolonged X-irradiation started at birth.
J. comp. Neurol. 746 (1972) 355-406.

Altman, J., and Das, G.D., Autoradiographic and histological
evidence of postnatal hippocampal neurogenesis in rats.
J. comp. Neurol. /24 (1965) 319-336.

Angevine, J.B. Jr, Time of neuron origins in the hippocampal
region. An autoradiographic study in the mouse. Exp. Neurol.,
suppl. 2 (1965) 1-70.

Armstrong, W.E., Scholer, J., and McNeill, T.H., Immunocy-
tochemical, Golgi and electron microscopic characterization of
dendrites in the ventral glial lamina of the rat supraoptic
nucleus. Neuroscience 7 (1982) 679-694.

Armstrong. W.E., Warach, S., Hatton. G.I., and McNeill,
T.H., Subnuclei in the rat hypothalamic paraventricular
nucleus. A cytoarchitectural, horseradish peroxidase and im-
munocytochcmical analysis. Necuroscience 5 (1980) 1931-1958.
Baertschi, A.J., Bény, J.L.. and Giahwiler. B., Hypothalamic
paraventricular nucleus is a priviledged site for brain-pituitary
interaction in long-term tissue culture. Nature 295 (1982) 145-
147.

Baertschi, A.J.. Bény, J.L.. and Gahwiler, B., The hypothala-
mo-hypophysial system in long-term tissue culture. in: Vaso-
pressin, Corticoliberin and Opiomelancortins, pp. 259-271.
Eds. A.J. Baertschi and J.J. Dreifuss. Plenum Press, London
1982.

Blank. N.K.. and Seil. F.J., Mature Purkinje cells in cerebellar
tissue cultures. An ultra-structural study. J. comp. Neurol. 208
(1982) 169-176.

Bornstein, M. B.. Reconstituted rat-tail collagen used as sub-
strate for tissue culture on coverslips in Maximov slide and rol-
lertubes. Lab. Invest. 7 (1958) 134-140.

Calvet, M.C.. and Calvet. J.. Horseradish peroxidase ionto-
phoretic intracellular labelling of cultured Purkinje cells. Brain
Res. /173 (1979) 527-531.

Chan-Palay, V., Cerebellar Dentate Nucleus. Organization,
Cytology and Transmitters. Springer-Verlag, Berlin 1977.
Crepel, F.. Dethaye-Bouchaud, N., Dupont, J.L., and Sotelo,
C., Dendritic and axonic fields of Purkinje cells in developing
and X-irradiated cerebellum. A comparative study using in-
tracellular staining with horseradish peroxidase. Neuroscience
5(1980) 333-347.

Dyball, R.E.J.. and Kemplay, S.K., Dendritic trees of neu-
rones in the rat supraoptic nucleus. Neuroscience 7 (1982) 223-
230.

Gihwiler, B.H.. Labelling of neurons within CNS explants by
intracellular injection of Lucifer yelow. J. Neurobiol. /2 (1981)
187-193.

Gahwiler, B.H.. Organotypic monolayer cultures of nervous
tissue. J. neurosci. Meth. 4 (1981) 329-342.

Gihwiler, B.H., Hypothalamic magnocellular neurones in cul-
ture, in: Vasopressin, Corticoliberin and Opiomelanocortins,
pp. 129-135. Eds A.J. Baertschi and J.J. Dreifuss. Academic
Press, London 1982.

Giahwiler, B.H., and Dreifuss, J.J., Multiple actions of acetyl-
choline on hippocampal pyramidal cells in organotypic ex-
plant cultures. Neuroscience 7 (1982) 1243-1256.
Geneser-Jensen, F.A., and Blackstad, T.W., Distribution of
acetylcholinesterase in the hippocampal region of the guinea-
pig. L. Entorhinal area, parasubiculum and presubiculum.
Z. Zellforsch. 114 (1971) 460- 481.

21

22

23

24

25

26

27

28

29

30

31

36

37

38

39

40

41

42

243

Hamill. O.P., Marty, A., Neher, E., Salzman, B., and Sigworth,
I'.J., Improved patch-clamp techniques for high-resolution
current recording trom cells and cell-free membrane patches.
Pflugers Arch. 397 (1981) 85-100.

Haug. F.-M.S.. Heavy metals in the brain. A light microscope
study of the rat with Timm’s sulphide silver method. Methodo-
logical considerations and regional staining patterns. Adv.
Anat. Embryol. Cell Biol. 47 (1973) 1-71.

Hendelman, W.J., Marshall, K.C., Aggerwal, A.S., and Woj-
tovicz, J. M., Organization of pathways in cultures of mouse
cerebellum, in: Cell, Tissue and Organ Cultures, pp.539-555.
Eds S. Fedoroff and L. Hertz. Academic Press, New York
1977.

Herndorn, R.M., Margolis, G., and Kilham, L., The synaptic
organization of the malformed cerebellum induced by peri-
natal infection with the feline panleucopenia virus (PLV).
}. Neuropath. exp. Neurol. 30 (1971) 557-570.

Hine, R.J., and Das, G.D., Neuroembryogenesis in the hippo-
campal formation of the rat. Z. Anat. Entwickl.-Gesch. /44
(1974) 173-186.

Hirano, A., and Dembitzer, H.M., Cerebellar alterations in the
weaver mouse. J. cell. Biol. 56 (1973) 478-486.

Hirano, A., Dembitzer, H.M., and Jones, M., An electron-
microscopic study of cycasin-induced cerebellar alterations.
J. Neuropath. exp. Neurol. 37 (1972) 113-125.

Ifft, J.D., and McCarthy, L., Somatic spines in the supraoptic
nucleus of the rat hypothalamus. Cell Tissue Res. /48 (1974)
203-211.

La Vail. J.H., and Wolf, M.K., Postnatal development of the
mouse dentate gyrus in organotypic cultures of the hippocam-
pal formation. J. Anat. /37 (1973) 47-66.

Leontovich, T.A., The neurons of the magnocellular ncurose-
cretory nuclei fo the dog’s hypothalamus. J. Hirnforsch. //
(1969/70) 499-517.

Luqui, I.J., and Fox, C.A., The supraoptic nucleus and the
supraopticohypophysial tract in the monkey (Macaca mulatta).
J. comp. Neurol. /68 (1976) 7-40.

Minkwitz, H.G., Zur Entwicklung der Neuronenstruktur des
Hippocampus wihrend der pri- und postnatalen Ontogencse
der Albinoratte. }. Hirnforsch. 77 (1976) 213-231.

Minkwitz, H.G.. and Holz. L., Die ontologische Entwicklung
von Pyramidenncuronen aus dem Hippocampus (CAl) der
Ratte. J. Hirnforsch. /6 (1975) 37-54.

Murray, M.R., and Stout, A.P.. Adult human sympathetic
ganglion cells cultivated in vitro. Am. J. Anat. 80 (1947) 225-
273.

Neale, E.A., Moonen., G.. Mac Donald, R.L.. and Nelson,
P.G., Cerebellar macroneurons in microexplant cetl culture:
ultrastructural morphology. Neuroscience 7 (1982) 1879-1890.
Privat. A.. Dendritic growth in vitro, in: Physiology and
Pathology of Dendrites. Advances in Neurology. vol. 4, pp.
201-216. Ed. G.W. Kreutzberg. Raven Press, New York, 1975.
Schlesinger, A.R., Cowan, W.M., and Gottlieb, D.1.. An auto-
radiographic study of the time of origin and the pattern of gra-
nule cell migration in the dentate gyrus of the rat. J. comp.
Neurol. 159 (1975) 149-176.

Sofroniew, M. V., Gahwiler, B.H.. and Dreifuss. J.J., Cultured
hypothalamic vasopressin (AVP), oxytocin (OT) and neuro-
physin (NPH) ncurons examined by Golgi-like immunoperox-
idase staining. Neuroscience 7 (1982) S198-S199.

Sofroniew, M.V., and Glasmann, W., Golgi-like immuno-
peroxidase staining of hypothalamic magnocellular ncurons
that contain vasopressin, oxytocin or neurophysin in the rat.
Neuroscience 6 (1981) 619-643.

Sotelo, C., Anatomical, physiological and biochemical studies
of the cerebellum from mutant mice. 1. Morphological study
of cerebellar cortical neurons and circuits in the weaver mouse.
Brain Res. 94 (1975) 19-44.

Timms, F., Zur Histochemie des Ammonshorngebietes. Z.
Zellforsch. 48 (1958) 548-555.

Zimmer, J., Development of the hippocampus and fascia den-
tata: morphological and histochemical aspects, in: Maturation
of the Nervous System, pp.171-189. Ed. M.A. Corner. Else-
vier/North Holland Press, Amsterdam 1978.

0014-4754/84/030235-09%1.50 + 0.20/0
) Birkhiuser Verlag Basel, 1984



