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SHORT COMMUNICATION

A simple method for the serial sectioning of fresh brain
and the removal of identifiable nuclei from stained sections
for biochemical analysis®

(Received 28 July 1975 Accepred 12 November 1965)

Stunies of the distribution in the brain of putative trans-
mitters and of the enzymes involved in their syothesis and
degradation provide important information concerning
sites where these substances might play a role in synaptic
transmission. The anatomical resolution of such studies is
limiled by the sensitivity of the assay techniques employed
and by the procedures used to dissest the brain, With
recent increnses i the sensitivity of radiochemical methods
for assaying & number of putalive lransmitters and their
associaled enzymes, o nesd has arisen for 8 method for
the rapid and reprodusible dissection of smull regions of
the bruin. We report here 2 simple method for serally
secticoning [resh brain and dissecting small visually identifi-
able nuclei fom these sections, In addition, we present
cvidence that, at least in certain cases, these sectons can
be lighily stained with methylene blue prior t0 dissection
without interfering with subsequent biochemical measure-
ments. Such staming allows the visualizution of many nu-
chet which are not easily identifiable in unstained sections.

METHODS AND RESULTS

Procedure for sectioning brain and dissecting individual nu-
clei

Rats (200-300g) are apesthetzed with Egqui-Thesin
(4 mg/kg; Jensen Salsberv). The [wllowing operations are
then performed in @ cold room (4°C). Animals are rapidly
perfused through the left ventricle of the heart with 100mli
of ice-cold Krebs—phosphate (0°C). The bruin is removed
from the skull and plaved for & minute or two in a beaker
filled with the cold buffer. Seriul sechioms are cut using
a Mecllwain tissue chopper (Mickle Loboratory Enginesr-
ing Co.) (Mcluwain & BupoLg, 1953) in which the cutting
stage has been replaced by & Petn dish containing a [ayer
of wax (Fig. 1). The brain i3 blotted, attached to a piece
of tilter paper by a few drops of Loctite Quicksst Adhesive
1512 {Loctite Ireland Lid.) and pinned to the laver of wax.
After cutting a low sections the position of the brain rela-
tive to the blade cun be rendjusted, if necessary, to ensure
that the brain is cut in & frontal plane.

Sections of 200 ym or more thickness (we usually uss
4K} um sections) are cut one at a tme by manualfly regulat-
ing the speed conmrol knob of the tizsue chopper. When
the brain iz firm and the speed at which the blade moves
is kept slow, the cut sections adhere to the blade (Fig,
[} from which they can be eagily removed with a moist
brush. The sections are then placed on glass slides and

"Part of this work has been presented to The Physio-
logical Society (Bex-Anrr & ZiomonD, 1975),

kept on iee in the cold room until they are dissected, The
eatire procedure from the injection of the anesthetic until
the forcbrain is completely sectioned takes approx 15 min.

While the Mcllwain tissue chopper has been tradi-
tionally used to produce fairly crude brain ‘slices’, we have
found it also suitable for cutting complete fromtal sections
which are highly suitable for dissection under a dissccting
microscope (Fig. 1. Perfusing the brain with icecold buffer
and secrioning it in a cold room seem 10 be essential fea-
tures of the procsdure as svitable sections could not be
obrained from unperfused brains or from perfused brains
at room temperature, In two experiments, using thermister
electrodes, we found that perfusion produced a drop of
about 20°C in the thalamues afrer 2-3 min, For sectioning
of larger brains, such as the cat heain, the blade holder
of the tissue chopper can be modified to allow for & larger
cutting surface, Tn such cases, single-edged ruzor blades
are used instead of double-edged blades due to the greater
rigidity of the former,

Although the dissection is not performed in the cold
room. care is mken to keep the sections cold (though not
frozen). For this purpose we have constructed & simple
metal box which fits onto the stage of the dissecling micro-
scope and which can be filled with dry ice. The glass slides
containing the sections are placed on the box snd ilu-
minated from below through an aperture in the center of
the box. This type of illumination greatly aids in the visun-
lization of discrete nuclei. The nuclei are then easily
removed using dissecting knives. Tn order to isolate a par-
ticular nucleus in its entirery it must vsually be dissected
from scveral sections. The tissues are kept on ice in u
covered icc bucker undl the dissection is completed,
weighed in the cold room to minimize drying due to eva-
poration, and stored at —20°C in smull glass homogenizers
until they are assayed. Alternatively the nuclei can be
frozen directly and their protein content determined later.

Since the dissection procedure was developed o feili-
tate the study of the distribution of enzymes involved in
neurotrinsmitter  synthesis, we sought to  determine
whether any changes in these cnzymes occurred as a result
of the procedure itself, For this purpose the activities of
two such enzymes—choline acctvitransferase and glura-
mate decarboxylase—were compared in  hippocampi
removed either in roto from the whole brain after decapi-
ation ar from a series of rontal sections prepured as de-
scribed above, The two enzymes were measurcd by slight
maodifications of the assays described by Fonsum (1969)
and RoperTS & SiMONsSEN (1963) respectively, No signifi-
cant differences were found in the activity of either enzyme
suggesting that no deterioration had occurred as a result
of the different aspects of lhe procedure (ie anssthesia,
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TarLE |. LACK OF EFFECT OF STAINING ON THE ACTIVITY OF VARIOUS EMZYMES AND ON THE MEASUREMENT OF
PROTEIN COMTENT

Control Stained M E
Control

Choline acsryltransierase activity I'u".?_ + 0.9 170+ 09 980+ 44
{umol ACh/g/h)(n = 25/3)

Glutamate decarboxylass activity 781 + 0.29 743 +£ 03 940 = 34
{umaol CO fe/h) (n = 20/4)

Tyrosine hydroxylaze activity 1792+ 88 1841 + 108 1053 + 58
(nmol Dapasfg'h)in = 27/3)

Protein content measured by the Lowry method 1.2 10T £ 03 M4+ 54

Protein (g)

mx 100 'I.'I=?|'”

Frontal sections were bisected on the midline and half of the section was stained for 105 with 0.2%
methylene blue and then washed with Krebs—phosphate buffer. The brain region to be studied was then
removed [rom the control and stained hemi-sections and weighed on a torsion balance. Choline acatyltrans-
ferase activity, glutamarte decarboxylase activity and protein content were measured in contral and stained
sections through the hippocampus. Tyrosine hydroxylase activity was measured in the caudate-putamen.
Mumber of sections studicd and the number of animals from which these were removed are shown (™).
The units of measurement are given for each assay. The data are also expressed as the ratio of the
stained o the control samples taken from each section. The data are all expressed as the mean values

= SEM.

petiusion, sectioning the brain, dissecting individual nu-
cled)

Uise of methylene bine to increase the anatomical resolution
af the dissection procedure

To incrense lurther the unatomical resolution and relia-
bility of the dissection procedure, sectioms were stained
with a 0.2%] solution fof methylene blue (Vital Stain, BDH
Chemicals UK.} made up m Krebs-phosphate buficr.
Since the methylene blue ollen precipituled oul of the
huffer upon standing, the solution was lefi stirring over-
night before use. In addition, il during the experiment any
precipitate was detected in the staining dish, a fresh por-
tion of stain was used. Seclions were stained at room t2m-
perature for about 10s and then washed twice in ice-cold
huffer. This light staining allowed the identification of cer-
tain nuclei, such as the basolateral, basomedial or anlerior
lateral nuclei of the amygdala (se= Ber-Ari et al. 1976)
which could not be seen in unstained sections.

In order to evaluate whether thiy staining procedure in-
terfered with the subsequent biochemical measurements we
withed to make, we studied the effect of the procedure
on the estimation of the activitics of choline acetyltransfer-
ase, glhitamate decarboxyluse and tyrosine hydroxylase,
For this purpose, individual frontal sections were bisected
at the midline and hall of the scction was stained with
methylene blue. The brain region to be studied was then
removed from the stamed and control hemi-sections and
frozen for subsequent biochemical analysis. Choline acetyl-
transferase and glulamate decarboxylase were assayed in
the hippocampus by the methods described above. Tyro-
sine hydroxylase activity was measured in the caudate-pu-
tamen by the method of Henory & Iversew (1971). The
tissue was homogenized in 25 vol of 5 mu-Tris {pH 6) con-
tuining (1% Triton X-100. Tetrahydrabiopterin was osed
us the cofactor {1.3mm) and the final concentration of
tyrosine was 51 uM.

Staining sections with 0.2% methylene blue lor about
i0s had oo significant effect on the activities of any of
these enzymes nor on determination of protein content by
the method of Lowry et al. 1951 (Tahle 1)

DISCUSSION

Until recently, detailed information on the localization
in the brain of putative neurotransmitters and their asso-
ciated enrymes has been derived largly from histochemical
methods such as the histofluorcscence method for nore-
pinephring and dopamine (Danistrom & Fuxe, 1965) or
the histochemical method [or cholinesterase (SHuTE &
Lewms, 1867). Such methods, while achieving a great deal
of anatomical precision, are not suitable for abtaining
quarntitative information concerning the concentrations of
these substances in various parts of the brain. Quantitative
biochemical studies on the other hand have mainly heen
performed on rather large areas of the brain. In addition
it is often difficult to determine exactly what parts of the
brain are included in these sludics. However, it is now
possible wsing highly sensitive radiochemical assay
methods together with & dissection procedure which allows
the visualization and removal of individual brain nuclei
to achieve a great deal more anatomical precision in such
studies,

While our results suggest that light staining with methy-
lene blue may be generally useful in neurochemical studies,
confrol experiments are obviously required if the method
is to be used for measuring ather substances or if a higher
concentralion of stin or longer staining time is used, We
have found for instance, that the activity of tyrosine hyd-
roxylase is partially inhibited if brain sections are stained
with a very high concentration of methylene blue (eg. 5%
rather than0.2% us we normally use) or for a long time,
Similarly, AuGustnvsson (1948) reported that addition of
4 x 107 * m-methylene blue 10 brain homogenates in pigro




Fe. 1. Frnnadure forsectioning frech Brains. The figura showe the madified MeTlwain tissue chiopper
it whicl the ciztting stage has been replaced by a Petri dish ooutaining a laver of wax and several
picces of flter paper. Rats ate perfused with cold buffer and the brain removed fram the skull,
The braifi ie then attached by itz dorzai surface to the top piece of filter paper with an-adhesive

-and miso pinoed to the Javer of wax: Frootal sections (200-400pm) are ol oos at a time through:

the brain. As can be seen the individual sections stick to the eutting blade from which they can be

carefully removed. The sections are homogencons in thickness and show a preat deal of pnatomical

detall paﬂi:n]ar]}f whes umingtad fiam balow, Twa sections prapared i this moner are shown
an the right side of the figure, These sections have not boen stained.
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can inhibil the activity of acetylcholinesterase, This, how-
gver, is & much higher concentmtion of stain than would
he produced by the procedure we have described. We have
esfimated spectrophotometrically (E at 665 ym) thet alter
dipping sectiony for 105 i a 02% solution of methylene
hlue the concentration of stain in a 2% tissue homogenate
(such as we use in the choline acaryltransierase assays) was
less than 8 x 10~ s It should be emphasized in additon
that these mild staining conditions arc adequate for the
visualization of discrete nuclei in various regions of the
brain (see for instance, BEN-ARI ef al, 1976)

An alternative approach which has been used for dissect-
ing individoal hrain nuclei for hiochemical analysis is to
remove a portion of each nucleus from frozen sections
using stainless steel cannulas. This method has been used
by Eix-Mes & Barzee (1965) to determine the distribution
in the dog brain of mjected [*H]corticosterone and more
recently by Palkovitz and his co-workers to measure the
distribution of a variety of putative neurotransmitters,
enzymes and releasing factors (Parkovrrz, 1973 PaLko-
VITZ of al, 1974a, ). (Jacomwitz (1974) has adapted this
cannula technique for use with fresh sections cut with a
vibratome,

While having a possible advantage in the study of com-
pounds which are highly labile post-mortem, the use of
[rozen sections has two main disadvantages. First it entails
a ‘considerabie loss of visibility of anatomical landmarks
compared to the use of fresh sections. Secomd, frozen tissue
cannot be used for certain types of in pitro studies, such
as studies on transmitter uptake, since cell membranes are
disrupted hy freezing and thawing tissue. The use of can-
nula to dissect nuclei also presents certain problems. Sincs
most nuclel are irregular in shape, only a partion of the
nuciens will be removed by a cannula. However, since the
distribution of substances within a particular nucleus may
not be homogenous, this could result in a biazed estima-
tion of the concentrations of & substance in the entire nue-
lews. We have recently found, for inetance, a 5-Told differ-
ence in choline acetyltransferase activity in different pares
of the lateral posterior nuclcus of the amygdala (Ben-Ari
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et al., in preparation). Thus to obtain an accurate measure-
ment of the content of @ substance in & particular nucleus,
the nucleus should be dissected in its entirety. On the ather
hand, rostro—caudal differences within a nucleus can be
studied using scrial sections. The method we have pro-
posed here can be used for either purposa,
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