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DISTRIBUTION OF CATALASE IN RAT BRAIN: AMINERGIC NEURONS
AS POSSIBLE TARGETS FOR ETHANOL EFFECTS
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Abstract — Ethanol is metabolized at a slow but measurable rate in rodent brain Recent studies
indicate that this process is mediated mainly by catalase. The spatial distribution of this enzyme in
different brain structures is poorly known. To explore possible local imbalances between the production
and elimination of ethanol-denved acetaldehydc. we investigated the regional and cellular distribution
of catalase. histo- and immunohistochcmically. using serial cryostat sections trom male Wistar rats
Compared to the strong pcroxisomal staining seen in liver, brain catalase staining was weak and was
not immunologically detected with an anti-sheep bovine catalase antibody Activity was observed only
in microperoxisomes. mainly in penkaryons of aminergic neurons, in the known groups ot adrcnergic.
noradrenergic and serotoncrgic neurons of the brain stem. Little pcroxisomal staining was seen in other
types of brain structures. This result contrasted to that of aldehyde dehydrogenase. which we previously
observed to be widely distributed in brain structures, but with low activity in penkaryons of aminergic
(especially catecholaminergic) neurons, as compared to chohnergic neurons. Our data indicate that
catalase-mcdiatcd oxidation of ethanol to acetaldehydc takes place mainly in aminergic neurons, which
seem to have a limited capacity for the subsequent removal via aldehyde dehydrogenase This suggests
that locally produced acetaldehyde could mediate CNS effects of ethanol in these structures.

INTRODUCTION

Acetaldehyde. the proximal metabolite of
ethanol. is commonly thought to mediate some of
the psychopharmacological and neurotoxic effects
of alcohol (Lindros. 1978: Aragon et al. 1986:
Lamboeuf et al.. 1987; Ledig and Mandel, 1988;
Bergamaschi et al. 1988; Zimatkin and Ostrov-
sky. 1988). However, in contrast to ethanol. cir-
culating acetaldehyde does not easily pass the
blood-brain barrier, due to its efficient enzymatic
removal in the transition between blood and
liquor, interstitial fluid and nerve cells (Sippel.
1974; Tabakoff et al., 1977; Lindros and Hillbom.
1979; Petterson. 1981: Zimatkin. 1990). Conse-
quently, considerable research effort has been
made to clarify to what extent acetaldehyde pro-
duction from ethanol inside the central nervous
system occurs (Muikherji el al.. 1975: Tampier
and Mardones. 1979; Cohen et al.. 1980; Aragon
et al., 1985a). However, only recently have inves-
tigations confirmed earlier indications of low. but
measurable ethanol metabolism and acetaldehyde
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production in brain. Brain catalase activity and
protein have been demonstrated biochemically
and histochemically in adult (McKenna et al..
1976; Brannan et al.. 1981) and developing
(Arnold and Holtzman. 1978: Aspberg and
Tottmar. 1992) brain tissue. Recent studies also
indicated that the rate of ethanol oxidation via the
alternative pathways, catalysed by alcohol
dehydrogenase and cytochrome f450 2E1. would
be even lower as compared to that proceeding
via catalase (EC 1.11.1.6: HiO : oxidoreductase)
(Aragon et ai. 1991«. 1992: Gill et al.. 1992).

In liver and kidney, catalase is expressed mainly
in peroxisomes and in brain and other organs in
the corresponding organelles. microperoxisomes
(Novikoff and Novikoff. 1973: Gaunt and de
Duve. 1976). Earlier studies on the regional dis-
tribution of rat catalase activity, as determined
biochemically, indicated a rather uniform dis-
tribution in the main areas (cerebellum, medulla
and cerebrum) (Gaunt and de Duve. 1976). The
difference between the highest and lowest activity
of catalase observed in 11 smaller regions of rat
brain was only twofold (Brannan el ai. 1981) and
analysis of coronal sections made throughout the
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whole rat brain revealed no major activity dif-
ferences (Aragone/ at.. 1990). However, this does
not exclude possible major differences between
brain microregions and different cell types. More
detailed knowledge of the distribution of this
enzyme therefore becomes important in under-
standing mechanisms of central alcohol effects.

The regional distribution of catalase has been
studied by the classical histochemical method
(Novikoff et at., 1972) used for electron micro-
scopic studies and for quantification of micro-
peroxisomes (McKenna et at., 1976), and also
immunohistochemically (Oberley et at., 1990;
Houdou etal., 1991). However, to our knowledge,
and in contrast to the two other alcohol-meta-
bolizing enzymes alcohol dehydrogenase (Biihler
et at., 1983; Kerr et al., 1989) and cytochrome
P450 2E1 (Hansson et at., 1990), a detailed study
on the topographic distribution of catalase in the
brain has not been undertaken. The present
study was therefore designed with the aim of com-
paring the distribution of catalase in different cell
types with our previous data on the distribution
of aldehyde dehydrogenase (EC 1.2.1.3; ALDH)
(Zimatkin, 1991). For comparison, the dis-
tribution of catalase in liver tissue was also inves-
tigated.

MATERIALS AND METHODS

Animals and chemicals
Male Wistar rats weighing 180-220 g fed on R3

rodent pellet food (Ewos AB, Sodertalje,
Sweden) and tap water served as organ donors.
3.3-diaminobenzidine (DAB). 3-amino-l,2,4-
triazole, glutaraldehyde and normal sheep serum
were obtained from Sigma. St Louis, MO. USA,
whereas paraformaldehyde and sodium azide
were from Merck, Germany. Trypsin was from
GIBCO. England, anti-sheep liver bovine cata-
lase antibodies were from Serotec Ltd, England
and the corresponding ABC Kit to sheep primary
antibodies was from Vector Laboratories, Inc.
(USA). All other reagents were of analytical
grade purity.

Preparation of organ sections
Rats were anaesthetized with pentobarbital

(60mg/kg. i.p.) and perfused through the heart
with saline followed by 4% freshly prepared phos-

phate-buffered (0.1 M, pH 7.4) formaldehyde.
For some histochemical studies, 3% glutar-
aldehyde in 0.1 M cacodylate buffer containing
1% (w/v) sucrose and 0.25 mM CaCI: (McKenna
et al.. 1976) was used. After a 1-3-h-long post-
fixation in the same buffer and a brief wash in
phosphate-buffered saline (PBS), the samples
were stored overnight in sucrose (7.5%)-PBS and
frozen in liquid nitrogen. Continuous series of
20-nm-thick frontal and sagittal sections of the
whole brains were prepared in a Leitz 1720 digital
cryostat at -15°C, mounted on slides coated with
0.1% poly-L-lysine and dried for 1 h at room tem-
perature. Sections were taken at 300 nm intervals
throughout the brain from the olfactory bulb to
the spinal cord for analysis of catalase activity
and catalase immunoreactivity (IR), and for CNS
structure identification using0.1% thionine. From
pieces of formalin-fixed liver, 10-nm-thick sec-
tions were taken for analysis of catalase activity
and immunoreactivity.

Enzyme histochemistry and
immunohistochemislry

Brain and liver sections were incubated at 37°C
for 1-3 h in alkaline DAB reaction medium for
detection of catalase activity (Novikoff et ai.
1972). The DAB medium was composed of 3,3-
diaminobenzidine tetrahydrochloride (2 mg/ml),
5 mM KCN and 0.05% H2O2 in 50 mM propandiol
buffer at pH 9.7. Controls were performed by
heating for 15 min at 95°C prior to incubation or
by incubation in the absence of hydrogen peroxide
or in the presence of either 10 mM 3-amino-l,2,4-
triazole or 5 mM sodium azide (Aragon et at.,
1992; Gill et at., 1992). Staining was almost or
completely absent in these sections.

To detect catalase protein in brain, slices were
first treated with 0.1% trypsin at 37°C for 10 min
and then with 1% normal rabbit serum for 20 min.
They were then incubated with sheep anti-catalase
antibodies (1:1000-1:15000. in PBS with 1%
BSA), either at 20°C for 3 h or at 4°C for 20 h.
The slices were then treated with rabbit bio-
tinylated anti-sheep immunoglobulin followed by
avidin-biotinylated peroxidase complex accord-
ing to the manufacturer (ABC Kit). Staining was
achieved by a 10 min exposure to 0.01% DAB
and H:O2 in Tris buffer at pH 7.6. Controls (no
primary antiserum or non-immune sheep serum)
were negative.
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Identification of rat CNS structures

Brain sections neighbouring those analysed for
catalase were stained with thionine and identified
using a stereotaxic atlas (Paxinos and Watson,
1982) and a topographic atlas of the aminergic
systems (Ungerstedt, 1971) and compared to cor-
responding histochemical preparations of mono-
amine oxidase (MAO; EC 1.4.3.4) as described
previously (Maeda et al., 1987: Zimatkin, 1991).

RESULTS

Catalase distribution in liver
In liver sections, a pronounced and charac-

teristic dark-brown granular staining was seen
(Fig. 1A, C). The staining intensity varied among
individual hepatocytes, but in general a rather
homogeneous staining pattern was seen and there
was no obvious difference in staining intensity
between the perivenous and periportal liver
regions (Fig. 1A). No staining was observed in
controls performed by preheating of slices or by
omission of hydrogen peroxide. Staining was also
completely inhibited by aminotriazole (Fig. IE)
and (to a lesser extent) by sodium azide. A similar
characteristic granular staining was also found
immunohistochemically after incubation with up
to 1:15 000 dilution of the anti-catalase antibody
(Fig. IB, D). The intracellular granular dis-
tribution pattern resembled that obtained by the
histochemical method. The lobular staining pat-
tern indicated a higher amount of catalase protein
in the periportal areas (Fig. IB). Granular staining
was absent when preimmune goat serum was used
(Fig. IF).

Catalase distribution in the brain

Compared to the liver, staining for catalase
activity in brain sections was extremely low and
no specific staining of catalase protein was
detected with the antibody applied. Histochemi-
cally, distinct dark-brown small granular staining
was found only in a few selected CNS regions and
cell types. Importantly, staining was particularly
prominent in brain areas containing aminergic
neuronal bodies. Catalase activity was found in
the majority of the noradrenaline (Al-7). dopa-
mine (A8-12) and serotoninergic (B3-9) groups
of neurons. There was. however, a significant
variation in the intensity of catalase staining (den-

sity of distribution of granules) between these
areas and their cells. The highest catalase activity
was seen in the region of n. tractus solitarii. near
the area poslrema where NA neurons of the A2
group and A neurons of the C2 group are situated
(Fig. 2A, D). High activity was also observed in
n. raphe dorsalis (B7; Fig. 2B, E) and in n. arcu-
atus hypothalami (A12; Fig. 3A. C). In these
regions, more than half of the neurons were cata-
lase-positive and in some of them the density
of granular staining approached that observed in
hepatocytes. By comparison, in prominent large
aminergic regions such as locus ceruleus (A6) and
substantia nigra (A), only few neurons appeared
to be catalase-positive. Catalase activity was
found in white matter glial cells of all brain
regions. Staining was distinct in astrocytes of the
white matter of structures such as the cerebellar
cortex, corpus callosum. capsula interna and the
spinal cord. Stained granules were found in epen-
dymocytes covering the 3-d ventricle, especially
in those close to the eminentia mediana (Fig. 2B).
By comparison, catalase activity was not detected
in the main terminal regions of the aminergic
systems n. accumbens, tuberculum olfactorium,
n. caudatus-putamen, eminentia mediana, etc.
Neither was catalase activity observed in the grey
matter of the brain, in the cerebellar cortex or in
nonaminergic nuclei.

DISCUSSION

In this study, we show that catalase is expressed
in rodent brain in a highly selective manner, the
bulk of the activity residing in the neurons of
the aminergic system. Consequently, even if the
activity of catalase in total brain is low (Gaunt
and de Duve. 1976: Aragon el al., 1992; Gill et
al.. 1992), locally, the catalytic activity might still
be of functional importance. This finding opens
new possibilities to evaluate the contribution of
catalase in mediating some of the CNS effects of
ethanol. The local expression of catalase differs
distinctly from that of the two other potential
acetaldehyde-producing systems, alcohol de-
hydrogenase and cytochrome f450 2E1. Thus,
although ADH activity was detected in Purkinje
cells, in neurons of the midregions of the cerebral
cortex and mammilary body neurons (Biihler et
al.. 1983; Kerr et al.. 1989). P450 2E1 staining
was observed mainly in glial cells, blood vessel
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Fig. 1. Distribution of catalase activity and protein in rat liver.
The histochemical (A.C.E) and immunohistochemical (B.D.F) staining was performed as described in Materials

and Methods. High granular (peroxisomal) activity (A.C) and immunoreactivitv (B.D) was observed in the presence of
H :O : in DAB medium or after treatment with sheep anti-catalase antibodies after incubation. Controls with 10 mM
3-amino-1.2.4-triazole (E) or with preimmune sheep serum (F) were negative. Bar = SO uM Original magnifications:

A.B: x42. D-F: x528.


