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High Contrast and Homogeneous Staining
of Paraffin Sections of Whole Human Brains
for Three Dimensional Ultrahigh
Resolution Image Analysis
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ABSTRACT. The gallocyanin chroma-
lum stain belongs to the classical
DNA-RNA staining techniques in his-
tochemistry. It has some important
features for successful object orien-
tated image analysis of whole sections
of the human brain. To obtain repro-
ducible staining results with these
large sections, the method of Einar-
son was adapted to image analytical
requirements. We discuss staining in
a warm staining solution, pH adjust-
ment, and optimal stain composition.
The embedding procedure for whole
human brains is considered as well.
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t is almost impossible to apply all

analytical methods of morphological
sciences on a single section or prepa-
ration without losing certain features
that may be of interest for subse-
quent investigations. To overcome this
methodological limit, different analytical
methods including enzyme histochem-
istry, immunohistochemical detection of
neurotransmitters and neuropeptides,
in situ hybridization of gene expres-
sion, in situ polymerase chain reaction
(PCR) of low gene expressions, channel
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and receptor characterization, neuro-
physiological features, synaptic connec-
tion patterns etc. can be applied to
samples of brain areas and integrated
the results into a real geometric model
as a statistical feature distribution. To
obtain a realistic geometric model, a
human brain should be used as a
model. This can be difficult, however,
because analysis of the brain is com-
plex with respect to histochemistry,
section handling and investigation of
large sections by image analysis. Suc-
cessful image analysis requires optimal
production of sections and their stain-
ing. Schmitt and Eggers (1997) have
presented a staining procedure that
possesses desirable features toward this
goal. The gallocyanin chrome alum
stain (GCA) introduced by Preoscher
and Arkush (1927) and Einarson (1932)
provides high contrast, homogeneous,
stable and artefact-free staining that
does not require subjective differentia-
tion. GCA is a well investigated metal
complex of the oxazine dye gallocyanin
(Green 1991, Horobin and Murgatroyd
1968, Beswick 1958, Eimarson 1951
Gray et al. 1956, 1957) that specifi-
cally reacts with RNA and DNA (Sten-
ram 1953, Boer and Sarnaker 1956,
Dutt 1972, 1974, 1977, 1980, 1982).
The characteristics of GCA staining
are important for analyzing a whole hu-
man brain. Approximately 8000 frontal
sections (assuming 20 pm section



Whole Human Brains

45

Fig. 1. a) Micrographs of brains embedded in paraffin a) without vacuum and b) with vacuum. The blocks are not stained.

thickness and an average length of the
human brain from the frontal to the
occipital pole of 160 mm) are required
for whole brain analysis. When the GCA
staining method is used in its original
version, artefacts like dye precipitation,
nonhomogeneous staining, lower con-
trast and irregular staining of dendrites
and axons occur. We describe here
a technique that overcomes these
problems.

MATERIAL AND METHODS

After 12 hr post mortum a human
brain without neuropathological changes
was perfused with a 4% buffered PBS
solution (pH 7.4). The pia mater and
the superficial vessels were removed
and the brain prepared for embedding
3 months later. The cerebellum was de-
tached below the inferior colliculi. De-
hydration was performed as suggested
by Berg (1978), Wustenfeld (1956),
Kraus (1960) and Zilles (personal com-
munication).

A detailed description does not exist
in the literature for embedding whole
human brains in paraffin. We placed
the brain in a large piece of gauze for
transport. The organ was placed in 80%
isopropyl alcohol or ethanol for one
week, two baths of 96% isopropyl alco-
hol or ethanol for 1 week each, three
baths of 100% isopropyl alcohol or

ethanol for one week each, four baths
of chloroform for 3 days each, and im-
mersed in four baths of chloroform for
3 days each, and immersed in four
baths of degased paraffin at 60 C for
three days each. The brain was posi-
tioned in a plastic box, the inner sur-
faces of which were covered with a
protein-glycerin solution (10 ml egg al-
bumin + 10 ml 85% glycerin). A final
portion of degased paraffin then was
poured into the box. Vacuum infiltra-
tion was carried out at 10 mbar for
1 hr at 60 C to avoid air filled holes
over the sulci and in the ventricles (Fig.
1). The paraffin was allowed to cool
slowly at room temperature and atmo-
spheric pressure. Using the Polycut

Fig. 2. The teflon transporter used gross sections.
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Deparaffinize

|

in freshly distilled water, 2X, 5 min each

l

distilled water HCI, pH 1.7, 2 min

l

stain for 24 hr, at 37 C, pH 1.7, in fresh GCA solution

l

in freshly distilled water, 2X, 5 min each

|

70% ethanol, 5 min

|

80% ethanol, 5 min

:

90% ethanol, 5 min

|

96% ethanol, 5 min

l

100% ethanol, 5 min

|

100% ethanol, 5 min

l

xylene 3X for 10 min each

1

Mount in Entellan™

Fig. 3. Gallocyanin chrome alum staining protocol.
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Warm GCA solution to 37 C

T

pH to 1.7 with 5 N HCI

T

Hold overnight to stabilize pH

1

Combine 100 ml gallocyanin chrome alum
+
0.516 g sodium carbonate in 97.3 ml distilled water
+
0.0516 g sodium tetraborate (Borax)
decahydrate in 2.7 ml distilled water

1

Filter 200 ml through cellulose filter

T

Bring volume to 100 ml

T

Cool overnight (blue)

1

Heat 15 min (violet)

1

Add 0.5 g gallocyanin

T

Dissolve 13 g chrome alum in 100 ml distilled water
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Fig. 4. The chemical reaction of gallocyanin when heated in solution with chrome alum.

Fig. 5. a) Micrograph of a homogeneously stained gross section of the human brain. b) Cortex. c) Thalamus. d) Substantia ni-
gra. Boxes indicate sources of samples shown in b—d.
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Fig. 6. A cresyl violet stained gross section. Note that the
stained areas are not homogeneous compared to Fig. 4a.

gross section microtome from Reichert
Jung, 20 pm thick gross sections of
the paraffin brain block were made us-
ing a d-type knife and cutting angles
of 0-5°. The sections were transferred
manually onto a 55 C water bath for
stretching, positioned on an extra large
0.2% gelatin coated slide, and dried
overnight in an oven at 37 C. The sec-
tions were deparaffinized through xy-
lene (3 x) and isopropyl alcohol to
demineralized water. Because the con-
trast is influenced by pH, the large sur-
faces of the slides and transporter
device were rinsed in acidified water
(PH 1.7) and transferred into the gallo-
cyanin (C.I. 51030, CAS 1562-85-2)
chrome alum staining solution. Greater
alkalinity results in co-staining of the
cytoplasm, nucleoplasm and neuropil.
After 12 hr at 37 C, the sections were
rinsed two times in water. After opti-
mizing the staining procedure, we have
never observed overstaining. If over-
staining should occur, however, the pH
should be controlled in the staining so-
lution and the sections can be cleared
in acidified water (pH 1.0-1.7) immedi-
ately after staining. To transport the
large slides, a teflon transporter (Fig.
2) was built. An aluminum transporter
is not recommended because the dye-
metal salt formation is disturbed by
aluminium ions. The composition and
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preparation of the staining solution ac-
cording to Sandritter et al. (1963) and
Terner and Clark (1960a,b) is shown
in (Fig. 3). The chemical mechanism
consists of an inner-complex dye metal
salt or dye-lake that reacts in the tis-
sue to form a lake-tissue salt. The re-
action of two gallocyanin molecules with
one chrome alum is shown in Fig. 4.
The last steps of dehydration were
performed following routine histochem-
ical methods and included isopropyl
alcohol. Finally, the sections were
cleared in three baths of xylene and
mounted in Entellan. The Entellan was
liquefied with xylene (1:1) to obtain a
standardized composition. If this is not
done, the distance between the large
coverslides and slides can differ and

Fig. 7. A reconstruction of area 17 using conventional con-
focal microscopy. Simple dynamic thresholding was used
to segregate the neuronal and glia elements.
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Fig. 8. a) Bright field image of neuronal and glial processes using the complex reaction. b) CLSM image using the reflection
mode of the GCA stain for processes.
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microscopic analysis will be disturbed.
The sections should be stored in a
horizontal position, for about 3 months
until the Entellan is completely dried
under the coverslide.

RESULTS

The micrographs (Fig. 5, b-d) of the
gross sections show great contrast be-
tween glial and neuronal elements and
the neuropil of the cortex, thalamus
and substantia nigra. Furthermore,
GCA staining of the CNS is homoge-
neous (Fig. 5a) over the entire section.
In comparison, a gross section stained
with cresyl violet is shown in Fig. 6.
The staining pattern is not homoge-
neous owing to either the staining step
or the differentiation. This phenomenon
has been objectively analyzed by quan-
tifying the staining contrast using tech-
niques of color image analysis (Schmitt
and Eggers 1997). The contrast is suf-
ficient to permit the application of dy-
namic gray level thresholding by an
image analytical procedure to delineate
nuclei of neurons and glial cells. A con-
focal light microscopic three-dimensional
visualization of a sample generated by
40 focal planes and using an auto-
mated stepping device is shown in Fig.
7. Using a CLSM in the reflection mode
and modifying the staining solution by
adding aluminium ions and adjusting
the pH to 2.5 (complex reaction), the
neuron processes can be visualized as
shown in Fig. 8, a and b.

DISCUSSION

Gallocyanin chrome alum is a suit-
able stain for analyzing gross sections
of human brain under the light mi-
croscope and digital image processing.
It can be modified easily to visualize
certain aspects of morphological fea-
tures within the sections (Fig. 8). The
staining results are optimal for image
analysis and three dimensional imag-
ing. These properties are basic fea-
tures of an automated system that is
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suitable for mapping cytoarchitecture
in gross sections of the human brain.
Our method is a stable and repro-
ducible standardized staining system
for analyzing gross sections of whole
human brains.
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