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Abstract

Lurcher mutant and wild-type mice were given intraperitoneal injections of 3-acetylpyridine to look at the toxic effects of this drug on
the inferior olivary neurons. Intraperitoneal administration of 3-acetylpyridine is characterized by the different sensitivity of inferior
olivary neurons in Lurcher mutant and wild-type mice. Lurcher mutants suffered a destruction of these neurons while wild-type mice were
unaffected. The results show that there is a different effect of 3-acetylpyridine between genetic mutations and wild-type mice on the same
inbred strain of mice. The different affinity of 3-acetylpyridine for the inferior olivary neurons of this mutant is briefly discussed. q 1997
Elsevier Science B.V.
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1. Introduction

3-Acetylpyridine is a neurotoxin and a niacinamide
receptor antagonist. It is known to be an effective agent for
inducing degeneration in the inferior olivary nucleus and

Žsome other brain structures in rodents Llinas et al., 1975;´
Balaban, 1985; Heikkila, 1985; Jones et al., 1994; Schulz

.et al., 1994 . The neurotoxicity of 3-acetylpyridine is
antagonized by a preceding, concurrent or sequential ad-

Žministration of niacinamide in vivo Llinas et al., 1975;´
. Ž .Balaban, 1985 or in vitro Weller et al., 1992 . These

findings suggest that 3-acetylpyridine toxicity is caused by
competition of 3-acetylpyridine with niacinamide in the

Ž .formation of niacinamide dinucleotides NAD and NAD
Ž .phosphate NADP . The functional depletion of niaci-

namide leads to a disturbance of hydride ion transfer
between enzymes and substrates using NADH and NADPH
as cofactors. This particularly affects many dehydroge-

Žnases e.g., malate dehydrogenase, lactate dehydrogenase,
a-ketoglutarate dehydrogenase, glucose-6-phosphate dehy-

.drogenase and glutamate dehydrogenase and a depletion
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Žof substrate for the electron transport chain Schulz et al.,
.1994 .

The 3-acetylpyridine induces degenerative lesions after
single intraperitoneal injections and because the inferior
olivary neurons are the site of origin of the climbing fibres
which innervate Purkinje cells in the cerebellum, this
neurotoxin has been used extensively to study cerebellar
pathophysiology. Other target structures of 3-acetylpyri-
dine toxicity include the hippocampal formation, the sub-
stantia nigra, the nucleus ambiguus, the hypoglossal nu-
cleus, the dorsal motor nucleus of the vagus nerve, the
interpeduncular nucleus, the supraopticus and the paraven-
tricularis nuclei, and the horizontal limb of the nucleus of

Žthe diagonal band as shown by experiments performed
. Ž .mainly in rats Balaban, 1985; Schulz et al., 1994 .

Our study focuses on the Lurcher mutant and wild-type
mice. The Lurcher is characterized by genetically deter-
mined spontaneous degeneration of cerebellar Purkinje
cells, granule cells and inferior olivary neurons. Heterozy-

Ž .gote individuals qrLc of this mutant suffer a rapid and
complete loss of cerebellar Purkinje cells during postnatal

Ž .development. By postnatal day 26 P26 only 10% of
Ž .Purkinje cells present in the wild type qrq remain in

the qrLc, and this figure probably falls to zero by P90.
Granule cells and inferior olivary neurons are also reduced

Žto 10% and 25% of the qrq respectively Caddy and
.Biscoe, 1979 .
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2. Materials and methods

In our experiments a total of 37 animals of both sexes
Ž .were used. Infant mice were 8–19 days postnatal P8–P19

Ž .and young adults were 62 days old P62 when the animals
received their injections. All the mice used in these experi-

Ž .ments were on the same C3H background and all animals
for each age group were littermates. The mice were main-
tained at a temperature of 23"28C and humidity of
55"15% under a 12 h lightr12 h dark cycle with free
access to food and water. The Lurcher mutant and wild-type
animals were treated with 3-acetylpyridine, harmaline and
niacinamide, using modifications to the protocol of Llinas´

Ž . Ž .et al. 1975 . The mice were given intraperitoneal i.p.
injections of 200 mgrkg body weight of 3-acetylpyridine
followed 15 min later by i.p. injection of 15 mgrkg body
weight harmaline. The last i.p. injection of 300 mgrkg
body weight niacinamide was given 3 h after the initial

Ž .3-acetylpyridine injection. Control animals ns6 were
injected with physiological saline in place of the 3-acetyl-
pyridine followed by the administration of harmaline and
niacinamide as in the experimental animals. After 2 weeks
the animals were given an overdose of pentobarbital sodium
and perfused transcardially with a solution of 4% para-
formaldehyde in phosphate buffer. The brains were re-
moved and the dissected parts containing cerebellum, brain
stem and medulla oblongata were placed into the same
fixative solution for 1 h at room temperature. Afterwards
the brains were immersed in a mixture of 10%
polyvinylpyrrolidone and 6% sucrose in distilled water for
6 days at 48C for cryoprotection. Frozen serial transverse
sections, 40 mm thick, from both experimental and control
animals were stained with cresyl violet and examined
under the light microscope. Preliminary quantitative analy-
sis of the number of neurons in the inferior olive was
performed by counting the number of neurons in random
areas and expressing the results as number of cells per unit
area. This permits direct comparison between Lurcher
control and injected mice.

3. Results

Histological examination of the inferior olivary nucleus
revealed a destruction of the neurons in both young and
adult Lurcher mutant animals when compared with wild-
type and control animals. Compare the micrograph of the
inferior olive from a Lurcher mouse treated with 3-acetyl-

Ž . Žpyridine Fig. 1A with a Lurcher injected with saline Fig.
.1B and a wild-type mouse injected with 3-acetylpyridine

Ž .Fig. 1C . There was a significantly lower number of the
inferior olivary neurons in the Lurcher mutant animals, and
the remaining neurons appeared shrunken and hyperchro-

Ž .matic with irregular nuclei filled arrow in Fig. 1A . The
density of inferior olivary neurons was estimated from the
cresyl violet stained sections. For the wild-type and Lurcher

control mice the density of olivary neurons was calculated
Ž . 2to be 17.0"4.1 "S.D. cellsr0.01 mm and 18.9"3.1

Ž . 2"S.D. cellsr0.01 mm . The density of olivary neurons
in the 3-acetylpyridine treated wild-type animals was not

Fig. 1. These photomicrographs are taken from 40 mm thick frozen
sections stained with cresyl violet. All these mice were injected on P14

Ž .and perfused on P28. Magnification bars100 mm. A Inferior olive
from a Lurcher mouse injected with 3-acetylpyridine. Filled arrow indi-

Ž .cates a group of hyperchromatic neurons. B Inferior olive from a
Lurcher mouse injected with saline. Open arrow indicates a typical
neuron which are infrequently seen in mice injected with 3-acetylpyri-

Ž .dine. C Inferior olive from a wild-type mouse injected with 3-acetyl-
Ž .pyridine. The neurons open arrow look normal and are no different from

Ž .those found in the control wild-type mice not illustrated .
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different from the control values but the 3-acetylpyridine
injected Lurcher animals had a reduced density of 10.6"

Ž . 25.8 "S.D. cellsrmm . These values indicated that there
is a reduction in the Lurcher inferior olivary neuron den-
sity in mice treated with 3-acetylpyridine but not in the
wild-type mouse. It appears that as a consequence of this
loss of neurons there has been a proliferation of glial cells
Ž .see Fig. 1A . No significant differences were observed
between the morphology of the inferior olive in the 3-
acetylpyridine treated wild-type mice and controls of both
age groups. Also no differences were found between male
and female mice in both experimental and control animals.

The present results show a more destructive effect of
3-acetylpyridine on the inferior olivary neurons in the

ŽLurcher mutant compared with wild-type mice compare
.Fig. 1A and C .

4. Discussion

The results indicate that there is no difference in the
inferior olivary neurons’s sensitivity to 3-acetylpyridine in
the immature Lurcher compared to the young adult Lurcher.
These findings are unlike those found in rats by Anderson

Ž .and Flumerfelt 1984 . These authors showed that the
inferior olivary neurons in young weanling animals were
less sensitive to the toxic effects of 3-acetylpyridine than
adult rats. In mice, there have been very few experiments
studying the effect of 3-acetylpyridine on the inferior
olivary neurons, especially in immature animals, but there
have been many experiments using rats. Nevertheless Ozaki

Ž .et al. 1983 described a partial degeneration of inferior
olive complex and pyramidal cells in the CA3 hippocam-
pal area in young adult mice of the ddN-F26 strain treated

Ž .with 3-acetylpyridine. Heikkila 1985 has found a differ-
ent toxic effect of another pyridine, the neurotoxin 1-

Ž .methyl-4-phenyl-1,2,3,6-tetrahydropyridine MPTP in
agreement with variable neostriatal dopamine levels in
young adult Swiss-Webster mice from different sources.

Ž .Similarly Zimmer and Geneser 1987 have shown a higher
brain monoamine oxidase B activity in the basal ganglia
and the substantia nigra of C57 mice compared to adult
albino NHRI mice at the same age. Because monoamine
oxidase B is the key enzyme in the conversion of MPTP to

Ž q.the N-methyl-4-phenyl-pyridine ion MPP which causes
degeneration of dopaminergic nigral neurons, the higher
activity of this substance may explain differences in the
susceptibility to MPTP. This conclusion was based on the
demonstration of MPTP induced decrements of dopamine
and its metabolites, which are a reflection of the neuro-

Ž .toxic process Zimmer and Geneser, 1987 . However,
Ž .Deutch et al. 1989 have shown that the above mentioned

neurotoxic influence of MPTP on dopaminergic nigral
neuron degeneration in mice and other animals does not
occur in rats. On the other hand the inferior olivary neuron
degeneration caused by i.p. administration of 3-acetyl-

pyridine in rats is accompanied by a degeneration of the
nigrostriatal dopaminergic system resulting in a significant
decrease in striatal dopamine concentration. This striatal
3-acetylpyridine toxicity and dopamine depletion does not
depend on the production of a toxic metabolite generated
by the action of monoamine oxidase B, but it is conceiv-
able that a toxic 3-acetylpyridine metabolite is formed

Ž .through another mechanism Deutch et al., 1989 .
The data from our investigation show different effects

of 3-acetylpyridine between the Lurcher mutant and wild-
type mice. At the same time the study has given us new
information about the effects of site-specific pyridine neu-
rotoxins in these two mice genotypes. We have shown that
whereas the neurotoxin, 3-acetylpyridine, has no effect on

Žthe inferior olivary neurons in the wild-type mouse C3H
.strain , in the Lurcher heterozygote on the same genetic

background the inferior olivary neurons are susceptible. It
appears therefore that in the Lurcher mutant although the
inferior olivary neurons are not affected directly by the
mutant gene their susceptibility to the neurotoxin is in-
creased. Since this occurs in both young and mature
Lurcher mice it would seem that the degeneration of
Purkinje cells is not the cause of this increased sensitivity
since we have injected the toxin at times when the Purk-
inje cells are present and after they have begun to degener-
ate. Since there appear to be some differences between the
inferior olivary neurons in the Lurcher and wild-type mice
we are beginning an in vitro study growing slices of
Lurcher cerebellar cortex alongside slices of Lurcher and
wild-type inferior olive. These cultures will show us what
effect the innervation from these two different sources of
afferents has on the growth of Purkinje cells. The study of
the mechanism of 3-acetylpyridine degeneration in the
mouse inferior olivary neurons helps us to understand the
pathogenesis of the olivopontocerebellar atrophies in man
Ž .Deutch et al., 1989 . Also the Lurcher mutant is a good
model of olivopontocerebellar atrophy, and further investi-
gation of the different affinity of 3-acetylpyridine for the
inferior olivary neurons of this mutant in comparison with
wild-type animals could be very useful in helping to
clarify the mechanism involved in this disease.
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