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A technique for using routine rapid Golgi impregnation procedures on very thin
freshly fixed slices (less than 0.5 mm) of brain tissue is described. The technique was par-
ticularly successful with hippocampal slices that were maintained and stimulated in vitro
prior to fixation. Thin tissue slices were surrounded by thicker sections of tissue to form
a 5 mm thick bundle. The tissue bundle was then processed by a rapid Golgi procedure,
5 days each in chromate osmium and silver nitrate solutions. At the end of this time the
thin tissue slices were unwrapped from their thicker protecting tissue sections, embedded
in celloidin, cut at 60—100 um thickness on a sliding microtome and mounted in per-
mount under cover glass. Qualitative light microscopic analysis of the rapid Golgi impreg-
nated slices revealed fully impregnated cell bodies, dendrites, dentritic spines, axons and
axonal varicosities with minimal background artifact. In contrast, unprotected thin tissue
slices showed only a dense black artifact without cells or processes.

INTRODUCTION

Recent advances in the use of in vitro preparations to study neuronal
function have prompted the development of a Golgi technique for thin brain
tissue slices. The hippocampal in vitro slice preparation has become very
popular for studying physiology, plasticity and pharmacology of brain tissue
(Lynch and Schubert, 1980). Therefore, the rapid Golgi technique described
in this study was developed specifically to reveal anatomical detail of 300—

400 pm thick hippocampal slices. In addition, the following method has
been used successfully on thin slices of cortex and with moderate success on
a small superficial region of rattlesnake brain containing the dorsal lateral
nucleus (Stanford, 1979). It is suggested that modifications of the method
would render it acceptable for impregnating retina, and neuronal tissue cul-
tures, as well.

* Present address: Neural and Behavioral Biology Program, University of Illinois, Cham-
paign, 11 61820, U.S.A.
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The exact mechanism of Golgi impregnation is not well understood.
Valverde (1970) suggested that the rapid Golgi procedure might involve the
formation of a lipoprotein—chrome—silver compound. His technique
involved double infiltration of the chromate osmium and silver solutions,
with optimum staining times determined by varying the amount of time the
tissue of interest remained in each solution. When rapid Golgi processed tis-
sue was analyzed by electron microscopic techniques, the dark precipitate
was usually found to be confined within cytoplasmic ground substance. Oc-
casionally, the precipitate was found deposited extracellularly at the surface
of neuronal membranes (Blackstad, 1970).

Light and electron microscopic studies do not reveal how fast the precipi-
tate forms or by what mechanism the two solutions impregnate the neuronal
tissue. In the following experiments it was initially (experiment I) hypothe-
sized that the rapid Golgi impregnation rate followed diffusion properties
and that the thin tissue slices could be processed without special treatment,
other than varying the time in each or the concentrations of the chromate
osmium and silver solutions. Results from these initial attempts to impreg-
nate unprotected thin tissue slices were mostly negative or inconclusive, due
to excessive deposition of dark granules throughout the slices.

Routine rapid Golgi impregnation procedures (cf. Scheibel and Scheibel,
1978), call for using sections of brain tissue approximately 5 mm thick, with
the region of interest located near the center of the 5 mm section. About
200 um of tissue are lost on either side (total 400 um) of the thick tissue sec-
tion due to the excessive deposition of dark granules. Since a region of inter-
est is protected from excessive dark granule deposition when located near
the center of a thick section, it was reasoned that if the thin tissue slices
could be surrounded by other brain tissue, they would also be protected.
This report describes a method for protecting thin brain tissue slices from
dark granule deposition and achieving complete impregnation of neurons by
modifying a rapid Golgi procedure (Lund, 1973).

METHODS

Initially experiments were conducted to determine if thin tissue slices
from hippocampus or neocortex could be impregnated by the Golgi method
without surrounding the slices with thicker protecting sections. Results from
14 representative slices are shown in Table 2 under experiment I. Several
experiments were tried varying the amount of time the slices spent in chro-
mate osmium and silver nitrate solutions (1 h—4 days), and using one-half
the concentration of the chromate osmium and silver nitrate solutions used
in the procedure outlined below. Overall, the results from these initial
attempts were unsuccessful, and attempts to further modify impregnation
times or solution concentrations were discontinued in favor of the procedure
described below.

The standard in vitro hippocampal slice preparation used for these experi-
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ments has been described in detail elsewhere (Alger and Teyler, 1976;
Teyler, 1980). Hippocampal slices (300—400 um) were obtained from post-
puberty Long—Evans, Sprague—Dawley, or Zucker rats, and assigned to one
of three groups. One group of slices (group A) was preserved immediately in
buffered (0.43% NaOH and 1.88% NaH,PO,, pH 7—7.3) 4% paraformalde-
hyde. Other slices were maintained in vitro in an incubation chamber (Alger
and Teyler, 1976) for up to 6 h. Hippocampal slices from this second group
were either stimulated (group B) or allowed to remain undisturbed in the
chamber (group C). Slices from groups B or C showing no spontaneous activ-
ity at the end of the in vitro manipulations were discarded.

Following the in vitro manipulations, slices were perfused in 4% buffered
paraformaldehyde for at least 24 h. Next, slices from groups A, B and C were
surrounded by two small rectangles of very coarse, stiff filter paper (Norelco
coffee filters, average hole diameter 100 um), and then placed between two
full sagittal or coronal protecting sections (dissected from similarly fixed
brains, 2 mm thick). The sagittal or coronal sections were wide enough to
accommodate two hippocampal slices, so that two slices from different
groups A, B or C of a single experiment were processed simultaneously in a
given tissue bundle. Location of each slice was identified by the presence of
a notch cut on one side of the tissue bundle. A needle and thread were
inserted through the protecting tissue sections between the two hippocampal
slices, the threads cut near the eye of the needle, and loose ends tied securely
around the tissue bundle (see Fig. 1). Then the bundle was wrapped in gauze,

THIN TISSUE
SLICES

protecting section
s——filter paper

protecting section

A. OPEN SIDE VIEW

8. CLOSED TOP VIEW

Fig. 1. Tissue bundle. A: thin tissue slices are placed between filter paper and thicker
protecting sections. Thread is passed through the bundle and the loose ends (B) tied
securely around the entire tissue bundle.
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placed in 50—100 ml chromate osmium (2.3% K,Cr,0, and 0.16% OsO,)
solution for 5 days, and stored in the dark at 25°C. The gauze was removed;
the tissue bundle rinsed twice in distilled water and twice in 1% silver nitrate
solution, wrapped in gauze, transferred to 50—100 ml of 1% AgNO; for
5 days, and stored in the dark at 25°C. Next, slices were carefully dissected
free from their tissue bundles, dehydrated through 1 : 1 acetone : ethanol
(1—3 h), 100% ethanol (10—30 min) and 1 : 1 ether : ethanol (10—30 min),
placed in 8% celloidin (w : w, CED) for 7 days, and transferred to 16% CED
for 3 days (5—10 ml of CED is sufficient). Then, the slices were embedded in
16% CED and hardened over chloroform for 36 h, mounted on cutting
blocks, and further hardened for 36 h over chloroform. Finally the slices
were sectioned at 60—100 um thickness, cleared through cedarwood oil and
xylene, and mounted in permount under cover glass (see Table 1).

All slices were coded, so that the experimenter was blind to their respec-
tive treatments, and analyzed qualitatively via light microscopy for com-
pleteness of impregnation. A slice was rated ‘good’ if cell bodies, processes
and dendritic spines were fully impregnated. A ‘poor’ rating was given if cell

TABLE 1

SUMMARY OF A RAPID-GOLGI PROCEDURE FOR IMPREGNATING THIN TISSUE
SLICES

(1) Preserve all brain tissue in buffered (17 ml of 2.5% NaOH and 83 ml of 2.6% NaH, -
PO4, pH 7.2—7.4) 4% paraformaldehyde for at least 24 h.

(2) Place the thin tissue slice between two small rectangles of very coarse filter paper
(100 um hole diameter).

(3) Cut two full coronal or sagittal protecting sectlons from similarly fixed brain tissue,
each 2 mm thick.

(4) Place one thin tissue slice with its filter paper near midline on each side of a protect-
ing section and cover the two thin tissue slices with the other section.

(5) Insert a needle and thread into the protecting tissue between the two thin tissue
slices and pull the double thread halfway through the tissue bundle.

(6) Cut the threads and tie the 4 loose ends securely around the entire tissue bundle.
Wrap this bundle loosely in cotton gauze.

(7) Immerse the tissue bundle in 100 ml of chromate osmium solution (92 ml of 2.5%
K,Cr,0, and 8 ml of 2% 0s04) for 5—7 days, and store in a dark place at constant
temperature, 25°C.

(8) Rinse the tissue bundle twice in distilled water and 1% AgNO; and transfer to 1%
AgNOj; for 5—7 days, and store in a dark place at constant temperature, 25 °c.

(9) Remove thin tissue slices from protecting tissue sections by cutting and removing
threads, and dehydrate the thin tissue slices (1 : 1 acetone : ethanol for 3 h; 100%
ethanol for 30 min;and 1 : 1 ether : ethanol for 30 min).

(10) Permeate the thin tissue slices with 8% cellodin (w : w) for 7 days, and 16% celloidin
for 3 days. Embed the slices in 16% celloidin and harden over chloroform for 36 h.

(11) Mount the embedded slices on cutting blocks and section with 95% ethanol at
60—100 um thickness. Clear these sections in two washes of cedarwood oil and one
wash of xylene.

(12) Mount the 60—100 um sections in permount under cover glass.
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bodies, processes or dendritic spines were only partially impregnated. A rat-
ing of ‘none’ indicated that no cell bodies, processes or dendritic spines were
impregnated.

RESULTS

Table 2 summarizes results from qualitative light microscopic analysis of
hippocampal slices processed by the rapid Golgi technique. Experiment I
shows that for most of the unprotected slices no cells were impregnated. All
of the slices in this unprotected group were filled with large dark granules.
These granules obscured large portions of neurons in the one ‘good’ slice
which had some fully impregnated cells. In experiments II—V all slices were
protected by the tissue-bundle technique. Experiment II is the combined
results of attempts to optimize impregnation quality by varying the times
that the tissue bundles remained in each solution. Several filter papers were
used to determine optimal coarseness. The ‘poor’ and ‘none’ quality ratings
seen in experiment II, were primarily due to short time intervals at steps 7
and 8, and the use of the fine filter papers (Whatman no. 1 and finer).

It was found that 5 days in each solution under the described procedure
produced complete cell impregnation most consistently, with minimal back-
ground artifact. In experiments III—V tissue bundles remained 5 days in
chromate osmium and 5 days in the silver nitrate solutions. Note that the
majority of slices had completely impregnated cell bodies, processes and
dendritic spines, at a low enough density to be observed in their entirety
under the light microscope.

When Golgi impregnation was compared for hippocampal slices which had

TABLE 2

NUMBER OF SLICES IN EACH EXPERIMENT SHOWING GOOD, POOR OR NO IM-
PREGNATION

Good, cell bodies, processes, and dendritic spines completely impregnated; poor, cell
bodies, processes, and dendritic spines incompletely impregnated; none, no cell bodies,
processes, or dendritic spines impregnated. See text for further description.

Quality Experiment

I 11 111 v \%

Unprotected Group .

group A B B C A B C A B C
Good 1 15 10 3 3 7 4 5 10 7 7
Poor 1 21 5 0 2 0 1 2 2 1 1
None 12 6 27 O 0 0 0 0 0o o0 0
Total 14 42 42 3 5 7 5 7 12 8 8
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Fig. 2. Two CA1 cells from hippocampal slices of a single animal. A and B: low and high
magnifications of a cell from a group A slice which was fixed immediately. C and D: low
and high magnifications of a cell from a group B slice which was maintained and stimu-
lated in vitro. Note that impregnation quality of these two cells is equivalent in that cell
bodies, processes and dendritic spines are fully impregnated. Bar = 10 um.
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Fig. 3. Dentate granule cells from hippocampal slices of group A (A) and group C (B).
Cells of this region of the hippocampal formation also are completely impregnated
whether the slices are fixed immediately or maintained in vitro. Bar = 10 um.

R - g
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Fig. 4.A and B: low and high magnifications of a CAl pyramidal cell from a hippocampal

slice of group C which was maintained undisturbed in vitro. Note that this cell was well-
aligned in the plane of section so that most of its processes are clearly discernible and

fully impregnated. Bar = 10 um.
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been fixed immediately (group A, Figs. 2A, B and 4A), maintained and stim-
ulated in vitro (group B; Fig. 2C, D), and maintained undisturbed in vitro
(group C, Figs. 3 and 4B), we found cells from all 3 groups to be fully im-
pregnated. In each group completely filled cell bodies, processes, dendritic
spines, axons and axonal varicosities were discernible. Figs. 2 and 3 are of
pyramidal cells from area CAl of the hippocampal formation, and Fig. 4
shows equally well impregnated granule cells from the dentate gyrus.

DISCUSSION

The results of these experiments indicate that surrounding thin (300—400
um) tissue slices by thicker (2 mm) sections of brain tissue prior to Golgi
processing effectively protects the thin slices from dark granule deposition;
and produces fully impregnated cells, processes and dendritic spines. It seems
reasonable to assume that materials of similar consistency to brain tissue
might also be used to protect thin slices. Positive results have been obtained
from using paraformaldehyde-fixed liver and kidney tissue as protecting sec-
tions. Embedding the thin tissue slices in paraformaldehyde-fixed egg yolk or
gelatin protected the slices from dark granule deposition, but did not pro-
duce fully impregnated cells or processes. In all cases, however, it may be
necessary to vary the times in steps 7 and 8 to obtain complete impregna-
tions of cells, processes and spines, with minimal background artifact.

In addition to considering the character of the protecting tissue sections,
it was found that the protecting tissue sections should be of uniform thick-
ness to obtain reliable impregnation and minimal artifact. If the protecting
tissue sections were greater than 2 mm thick, then cells were not fully im-
pregnated under the above time parameters. However, if they were some-
what thinner, well-impregnated cells were observed, but the density of im-
pregnation and artifact seemed to increase.

One final caveat is that filter paper should be used to separate the thin tis-
sue slices from protecting sections to facilitate handling the thin slice after it
has become brittle from the rapid-Golgi processing. These experiments
revealed that when filter paper as fine or finer than Whatman no. 1 was used,
no cells were impregnated even after times in steps 7 and 8 were doubled.
The filter paper we found to work best was a very coarse Norelco coffee fil-
ter paper. When no filter paper is used, the Golgi impregnation was com-
plete. However it was very difficult to separate the thin tissue slices from the
surrounding protecting tissue sections, and usually the thin slices cracked
during this process.

Qualitative light microscopic analysis revealed fully impregnated cell
bodies, processes and dendritic spines from hippocampal slices that were
freshly fixed in paraformaldehyde solution, maintained undisturbed in vitro,
or stimulated in vitro. Therefore, it is suggested that this technique may be
successfully applied to thin brain tissue slices which have been experimen-
tally manipulated in vitro.
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Erratum:
The captions for Figures 3 and 4 were reversed by the publisher.
They have been corrected here.





