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Abstract

Human brain slices, 4-6 mm thick, were stained and plastinated. Five methods of staining were compared: Mulligan's, Le Masuriers,
Roberta's, Braak's and Alston's methods. The gray matter stained grayish black, brilliant blue, reddish brown, bluish green and brickred,
respectively. Shrinkage after staining was 2% in Braak's method and less than 1 % in the other methods. After plastination, the shrinkage was
approximately 10% in all methods. Judging from staining cost, time spent and contrast between the gray and white matter, Alston's method
was the best among the five studied. All stained, plastinated brain slices displayed anatomical details suitable for neuroanatomy study.

Introduction

Brain slices can be plastinated by both conventional
P40 and S10 techniques (von Hagens, 1979; von Hagens,
1985/86; Ulfig and Wuttke, 1990). The disadvantage of the
P40 technique, from our personal observation, is that the
resultant semi-transparent plastinated brain slices require a
light box to optimally visualize anatomical details. Brain
slices plastinated by the S10 technique, however, require
macroscopic staining to differentiate between the fiber tracts
and neuronal components. When Ulfig and Wuttke (1990)
stained brain slices with Astra blue followed by plastination,
the finished product displayed good contrast between the
fiber tracts and neuronal components, without using the light
box. The latter specimens were also durable and convenient
to handle. In the present study, brain slices were stained
with different methods and plastinated using the S10 tech-
nique. The purpose was to find the most suitable method to
prepare stained, plastinated brain slices for neuroanatomy
instruction.
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Materials and Methods

Brain Specimens and Sectioning

Human brains were obtained at post-mortem from au-
topsy rooms at Chiengmai Hospital, Ramathibodi Hospital
and Siriraj Hospital; all are associated with medical schools
in Thailand. The patients died from non-neurological causes.
The brains were fixed in 4% formalin for six months. Brains
from 60 year-old or older subjects stain poorly (Roberts and
Hanaway, 1969) and thus were excluded from this study.

The fixed brains were washed in running tap water over-
night before being serially sectioned with a meet slicer.
Brains were sectioned in three planes: coronal (4 mm), hori-
zontal (6 mm) and sagittal (6 mm). The sections were laid
on wet filter paper and stacked individually on stainless steel
mesh trays. The trays containing series of brain sections were
secured and the whole assembly was placed in 4% formalin
solution for an additional eight hours, after which brain slices
were washed with running tap water overnight before stain-

ing.
Staining

Five methods of staining were carried out as follows:
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Mulligan's Method (Gregg, 1975)

A. 4 min in Mulligan's solution (40 g crystalline phenol, 5
g cupric sulfate, 1.25 ml 0.1N HC1 in 1 litre water) at
60-65 °C

B. 10 sec in ice water

C.1 minin 0.4% tannic acid (W/V in water) at room tem-
perature

D. 1 min in running tap water

E. 10-15 sec in 0,08% ferric ammonium sulfate at room
temperature

F. 8 hrin running tap water

Le Masurier's Method or Prussian Blue Reaction's Method
(Le Masurier, 1935)

. 2 min in Mulligan's solution at 60-65 °C

1 min in ice water

. 2min in 1% ferric chloride at room temperature

.5 min in running tap water

3 min in 1% potassium ferrocyanide at room tempera
ture

F. 8 hrin running tap water

moow»

Roberts's Method (Roberts and Hanaway, 1969)

A. 6 min in Mulligan's solution at 60-65 °C

B. 5 min in running tap water

C. 1 min in 2% potassium ferrocyanide at room tempera
ture

D. 8 hr in running tap water

Braak's Method or Astra Blue's Method (Braak, 1978)

A. 1 hr shaking in performic acid (10 ml 30% H,0O, and
90 ml 100% formic acid) at room temperature

B. 1 hrin running tap water

C. 2 days shaking in Astra Blue t 0.1 g astra blue (Merk)
and 1 ml 37% HC1 in 1 litre of water ] at room tempera
ture

C. 8 hrin running tap water

Alston's Method (Alston. 1981)

A. 20 min in Mulligan's solution at room temperature

B. 20 sec in xylene/polyclens* mixture (100:1 V/V) at
room temperature

C. 10 sec in 2% sodium hydroxide at room temperature

D. 2 min in 2% potassium ferrocyanide at room tempera
ture

E. 8 hrin running tap water
*Polyclens is a proprietary paint remover and also a
powerful lipid solvent. It was purchased from Polycell
Holding Ltd, Welwyn Garden City, Herts, UK.

The staining procedures in all methods, especially the
Braak's method, were carried out in a ventilation hood. For-
mic acid used in the Braak's method produced offending
fume that could be hazardous.

Plastination Procedure

Standard procedure for S10 plastination (von Hagens,
1985/86) was employed with slight modifications. The
stained brain slices were dehydrated in 100% acetone at -25
°C for 2 days, with daily change of fresh acetone. The
acetone:brain volume ratio was 10:1. The dehydrated speci-
mens were immersed in S10/S3 (99:1 by volume) mixture
in a plastination kettle for 2 days. Forced impregnation was
started at the third day when the vacuum pump was turned
on. Acetone bubbles were observed through the top glass-
cover of the kettle and carefully adjusted; it took about two
weeks to complete the impregnation step. Curing was ac-
complished by S6, with frequent wiping of the surface of
the brain slices to prevent accumulated plastic on the sur-
face.

Photographs were taken at each step after sectioning,
after staining and after plastination, to calculate the degree
of shrinkage following each step. A ruler was photographed
with the brain slice at each step and two points of reference
were selected from the photograph. A line was drawn be-
tween these two points and the degree of shrinkage was cal-
culated by comparing the length of the line in the non-
stained, stained and plastinated brain slices.

The plastinated brain slices were framed with two clear,
rectangular, plastic plates, for protection and convenient
handling.

Results

The finished brain slices are shown in figure 1. Com-
parison between colors, percent shrinkage, time spent and
staining cost is shown in table 1. All considered, the Alston's
method was the best since it gave good contrast between
the fiber and neuronal components, required minimum stain-
ing time and was economic. The staining step caused slight
shrinkage of the specimens. The Braak's method gave a
slightly higher degree of shrinkage (2%) than the others (less
than 1%). The shrinkage after plastination, approximately
10% in all methods, was more pronounced in the gray mat-
ter than in the white matter.

After plastination, the color was more intense and has
remained stable for more than one year. After framing, the
brain slices were convenient to handle and study (Figure 2).
Their anatomical details including nerve tracts and nuclei
were much clearer than fresh brain specimens. Total time
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Table 1. Comparison among different methods of staining followed by plastination.

Mulligan Le Masurier Roberts Braak Alston
Color of Gray
Matter grayish black | brilliant blue | reddish brown | bluish green brick-red
Color of White
Matter white white white white white
Shrinkage After
Staining (%) 0.6 0.7 0.6 2.0 0.4

9!0

Shrinkage After
Plastination (%) 9.0 8.2 10.0 8.0
Staining Time 7min 13min 12min 2 days 25min
Staining Cost 0.4 0.4 0.4 2.8 0.6
per Slice (US$)

for plastination, excluding the fixation period, was approxi-
mately one month (table 2)

Discussion

This study suggests that Alston's method for brain slice
staining is the best among the five being tried. Although
contrast between the fiber and neuronal components were
best achieved in the Braak's and Alston's methods, the later,
however, was superior to the former in several aspects.

Firstly, the cost of staining in Alston's method was
about 4.5 x less than that of the Braak's method (table 1).
Secondly, several brain slices could be stained at the same
time in the Alston's method; while only a few slices at a
time could be stained in the Braak's method, that also re-
quired constant shaking. Thirdly, the staining solution of
the Alston's method could be re-used, while that of the
Braak's method could be used only once. Fourthly, the de-
gree of shrinkage after staining, and also after plastination,
was lower in Alston's method (table 1). And, finally, toxic
fume of formic acid used in the Braak's method was a po-
tential hazard even being performed in the ventilation hood.

The mechanism underlying the development of colors
by the staining procedure is still controversial. Mainland
(1928) and Blair et al. (1932) suggested that the color de-
velopment was due to the difference between the texture of
the gray and white matters and different penetrability of the
chemicals into the brain tissues. The latter might be due to

the fact that the white matter contains more lipid (myelin
sheath) than the gray matter. By applying Mulligan's solu-
tion, phenol dissolved lipid materials of the white matter to
produce a jelly coat covering its surface. If the white matter
was damaged, the differentiation between the gray and white
matter (the damaged areas) would not be distinct (Main-
land, 1928; Blair et al., 1932). Good preservation of the brain
is thus very important in order to reveal the anatomical de-
tails (Roberts and Hanaway, 1969). In Le Masurier's method,
Sincke (1926) suggested that the color in Prussian blue re-
action was developed from a chemical reaction between the

Table 2. Time used for all the methods

Fixation > 6 months
Sectioning and Staining 3 days
Dehydration 5 days
Forced Impregnation 2 weeks
Curing 2 days
Framing <lday
TOTAL 7 months
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Figure 1. Comparison of plastinated brain slices, after staining with different methods, a -
unstained brain section, b - Mulligan's method, ¢ - Le Masurier's method, d - Roberts's method, e -
Braak's method, f - Alston's method. Bar = 1 cm.
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Figure 2. The plastinated brain slices after framing

staining agents and iron molecules present in the brain tis-
sue. In Mulligan's method, a reaction of tannic acid with
protein in the gray matter is proposed (Mulligan, 1931).
Tannic acid might also react with polysaccharides which is
rich in the brain tissue (Szabo and Roboz-Einstein, 1962;
Sannes et al., 1978). Alston (1981) suggested that cupric
sulfate in the Mulligan's solution probably interacted with
the surface of the gray matter and potassium ferrocyanide
then reacted with cupric sulfate to form cupric ferrocyanide.

The color developed in the Braak's method is most
likely accomplished by a mechanism different than that of
the Mulligan-related methods. The Astra blue, a mucopoly-
saccharide staining agent used in this method (Pioch, 1957;
Fasske, 1957), probably stained mucopolysaccharide-rich
area of the gray matter. Performic acid, also used in the
method, reacts with cystine, tryptophan and methionine
(Toennies et al., 1942). Cysteic acid was derived from oxi-
dation of cystine by performic acid (Pearse, 1951; Lillie,
1952; Adams and Sloper, 1956). The concentration of cys-
tine is increased in the gray matter during the later stage of
myelination (Friede, 1966). The technique, however, took a
relatively long period (2 days) and performic acid is toxic
and difficult to handle.

The finding that the degree of shrinkage after
plastination is more pronounced in the gray matter is prob-
ably due to the higher amount of water in the gray matter
(82%) than in the white matter (72%) (Suzuki, 1981). The
degree of shrinkage at approximately 10% is considered
acceptable and did not cause any problems in learning neu-
roanatomy from these specimens.
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