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ABSTRACT Lurcher mutant mice represent a natural model of genetically-determined olivo-
cerebellar degeneration caused by a mutation in the d2 glutamate receptor gene. They suffer
from progressive postnatal loss of cerebellar Purkinje cells and a decrease of granule cells and in-
ferior olive neurons. Their wild type littermates serve as healthy controls. A confocal laser scan-
ning microscope was used aiming investigation the dynamics of changes in the cerebellar cortex
of Lurcher and wild type mice derived from two strains during the period of 8–21 postnatal days.
Fluorescent double-staining was used to visualize mainly the Purkinje cells in cerebellar slices.
In wild types, only normal Purkinje cells of round or regular drop-shaped were present, when
staining intensity of other individual cell structures differed in dependence on the age of the ani-
mal. In Lurcher mutants, there were still some normal-shaped cells. Nevertheless, depending on
the animal’s age, a wide variety of stages of the cell degeneration were depicted. The main char-
acteristics of Purkinje cell degeneration in the early stage are: disruption of the continuity of the
Purkinje cell layer, dark spots in cell nuclei and an irregular coloring of the cytoplasm. Later, the
cells and their nuclei were deformed, often with two main dendrites sprouting from the cell body.
Finally, the cell and nucleus margins were unclear, dendrites were significantly thickened, show-
ing signs of shrinkage and fragmentation. Cell nucleoli underwent changes in number and
appearance. No differences between the Lurcher mice of both strains (C3H and B6CBA) under
examination were found. Microsc. Res. Tech. 76:545–551, 2013. VC 2013 Wiley Periodicals, Inc.

INTRODUCTION

The Lurcher mutant mice represent a natural model
of genetically-determined olivocerebellar degeneration
(Phillips, 1960). The neurodegeneration is caused by a
mutation in the d2 glutamate receptor gene (gene sym-
bol Grid2Lc) specifically expressed by Purkinje cells
(PCs) (Zuo et al., 1997). Heterozygous individual mice
(1/Lc) suffer from a rapid and complete loss of the cer-
ebellar PCs and a decrease of granule cells and inferior
olive neurons number during early postnatal develop-
ment. PC death has been alternatively described as ne-
crotic (Dumesnil-Bousez and Sotelo, 1992; Dusart
et al., 2006), apoptotic (Norman et al., 1995; W€ullner
et al., 1995), and autophagic (Yue et al., 2002; Zanjani
et al., 2009) depending on various criteria. Zuo et al.
(1997) suggested that the mechanism of PC death in
Lurcher mice is excitotoxic apoptosis triggered by the
excessive depolarisation. Later it had been shown that
while granule cells die by a purely apoptotic mecha-
nism, the constitutive activation of Grid2 Lc induces
multiple death pathways in the PCs that involve apo-
ptosis as well as features of other mechanisms of cell
death (Doughty et al., 2000). Granule cell and inferior
olive neuron extinction is secondary to the target loss
of their axons, the PCs. The degeneration starts at
postnatal day 8 (P8). By P26 only 10% of PCs are pres-
ent in the cerebellum of Lurcher mutant heterozy-
gotes, and by P60 it is only 1%. The degeneration is
complete by P90, when practically no PCs are present,
and only 10% of granule cells and 30% of inferior olive

neurons remain in Lurcher mutants of the C3H strain
(Caddy and Biscoe, 1979). Because axons of PCs are
the sole outputs from the cerebellar cortex to deep
nuclei, the Lurcher mice reperesent a model of the
functional decortications of the cerebellum. Nevethe-
less, in spite of the fact that the deep cerebellar nuclei
are the primary target of the degenerating PCs axons,
their neurons appear to be the only major cell type
which avoids significant destruction in the Lurchers
(Vogel et al., 2007). From the end of the second week of
postnatal life, these mice show signs of cerebellar
ataxia, higher excitability and, in addition, some of
their neurons are more sensitive to a neurotoxic sub-
stance—3-acetylpyridine (Caddy and Vozeh, 1997).
Heterozygous Lurcher mice further suffer from vari-
ous behavioral and cognitive abnormalities (Lalonde
and Thifault, 1994; Lalonde et al., 1988; Cendel�ın
et al., 2008) including changed eyelid classical condi-
tioning and inability to produce prepulse inhibition
(Porras-Garcia et al., 2005, 2010). Mutant homozy-
gotes (Lc/Lc) are not viable and die during intrauterine
development or several days after birth. Unaffected
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homozygotes, wild type (1/1), are in contrast com-
pletely healthy. Lurcher mutants are successfully used
for the investigation of cerebellar functions and func-
tional and morphological consequences of the olivocer-
ebellar degeneration. Wild type healthy littermates of
these mutants serve as ideal controls (For an overview,
see Vogel et al., 2007; Lalonde and Strazielle, 2007;
Cendel�ın and Vo�zeh, 2013).

Classical methods as Nissl staining or Golgi-Cox
impregnation complemented with electron microscope
were used in the first original papers describing the
quantitative changes in the cerebellar cortex and infe-
rior olive including typical dendritic and other cellular
characteristics of PCs in Lurchers (Caddy and Biscoe,
1976, 1979). Later, the use of calbindin-immunostain-
ing which gives a Golgi-like appearance of PCs,
enabled us, complemented with the electron micro-
scope, to discover in Lurchers further valuable
changes in the cells both in vivo and in vitro (Dumes-
nil-Bousez and Sotelo, 1992; Doughty et al., 1995; Nor-
man et al., 1995). Despite of these excellent published
works, surprisingly no microscopic study using a dou-
ble fluorescent staining of the cerebellar slices was exe-
cuted. Using this method we decided to clarify the role
of nuclei and nucleoli changes of PCs in the dynamics
of the cerebellar degeneration in the early postnatal
period.

MATERIALS AND METHODS
Animals

Altogether, 56 mice aged 8–21 days (36 animals of
the C3H strain–16 wild type; 20 Lurcher mutants, 20
animals of the B6CBA strain—10 wild type; 10
Lurcher mutants) of both sexes were examined. The
mice were reared in standard conditions with 12:12 h
light:dark cycle (6 am–6 pm), at a temperature of 22–
24�C, humidity of 50%. Food and water were available
ad libitum. The mice were housed in plastic cages with
a metal mesh cover (18 3 25 cm2, 14-cm high). Mice of
both types were obtained at the Department of Patho-
physiology, Faculty of Medicine in Pilsen, Charles Uni-
versity, by cross breeding 1/1 females and 1/Lc
males. The experiments reported here were conducted
in full compliance with the EU Guidelines for scientific
experimentation on animals and with the permission
of the Ethical Commision of the Faculty of Medicine in
Pilsen.

Cerebellar Slices Preparation

Deeply anesthetised mice (Thiopental) were trans-
cardially perfused with 0.07 M phosphate buffer
(PBS), pH 7.4 (3–5 min) and 4% paraformaldehyde in
0.07 M phosphate buffer (PFA), pH 7.4 (15 min).
Brains were isolated and post-fixed for 2 h in 4% PFA
in PBS (refrigerator, 4�C). The sagital cerebellar slices
(150 mm) were cut by vibratome.

Fluorescent Double-Staining

For a histological examination of the cerebella we
used the fluorescent double-staining method described
by Kr€oger and Wagner (1998). For this reason, the pro-
cedure is described here only cursorily.

The slices of the cerebellar hemisphere were incu-
bated in LY (Lucifer Yellow CH dilithium salt, LY, Sigma

L-0259), 0.2% solution in PBS for 1 h, washed for 5 min
in PBS and post-fixed for 30 min in PFA. The specimens
were subsequently dehydrated in 50, 70, 90, and 100%
EtOH consecutively (10 min each), incubated in DiD
(1,10-dioctadecyl-3,3,3030-tetramethylindocarbocyanine
perchlorate, Sigma 42364, 0.2% solution in EtOH) for 5
min, rinsed with 100% EtOH and rehydrated with 90%
(5 min), 70% (10 min), and PBS (minimum 10 min) and
coverslipped with FluorSave Reagent (Calbiochem
345789) as a aqueous mounting medium for fluorescent
stained tissue sections. The slices were then observed by
confocal laser scanning microscope Olympus Fluoview
FV 10i.

RESULTS

The aim of this work was to investigate the post-
natal dynamics of the cerebellar morphology in both
Lurcher mutant and wild type mice using the fluores-
cent double-staining method. This procedure allowed
us to describe the location, size, morphology and stain-
ing ability of the PCs. We have always described two to
three pairs of mice—Lurcher and wild type—in six
time periods within P8–P21. In the fluorescent double-
stained sections, the cerebellar cortex layers are
clearly distinguishable. Granule cells make accumula-
tions and PCs are localized in one row between the
granular and molecular layer. Cellular structures visi-
ble as green colored are hydrophilic (nucleus, nucleo-
lus, cytoplasm), stained by Lucifer Yellow, while
lipophilic structures (cell membrane, nuclear mem-
brane, membrane organelles) stained by DiD are col-
ored red.

Wild Type Mice

The youngest mice examined were at P8. A contin-
ual layer of PCs is clearly visible at that time and cell
nuclei are sharply bound, but any outline of the cyto-
plasm remains unclear (Fig. 1A). Within the cell nuclei
there are contours of one to three nucleoli (average
number 1.40 per one cell). The dendritic tree is not yet
visible.

At P9–P10 the cytoplasm has an evident green out-
line, round nuclei with one to three nucleoli (average
number 1.33), but dendrites are not yet colored. The
sequence of PCs is continuous.

At P11–P12, regular round-shaped nuclei are visi-
ble. The average number of nucleoli per nucleus
remains 1.33. The cytoplasm is a brighter red color,
with sharp margins (Fig. 1C). Dendrites still are not
clearly visible.

At P13–P14 the morphology of cell bodies is drop-
shaped, the main dendrite protrudes from the nar-
rower pole of the cell body. Both the cell bodies and the
nuclei have smooth sharp margins (Fig. 1E). In some
areas, there are already visible green colored dendritic
trees. The number of distinct nucleoli decreases with
an average 1.30 per one nucleus at this age stage.

In older animals (P15–P21), the shape and coloring
of the cell body and nucleus remain similar, but the
dendritic branching is already better stained. Cell
nuclei are always light green while one to two nucleoli
are clearly visible (average number 1.12) as a different
shade of green. Cytoplasm is usually red colored with
green margins (Figs. 2A and 2C).
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Fig. 1. A: Wild type mice (W) at P8. Continual layer of Purkinje
cells (PCs). Granular layer (gl) is green colored, molecular layer (ml)
is red colored. B: Lurcher mice (Lc) at P8. Disruption of the continuity
of PCs monolayer. C: W P12. Drop-shaped cell bodies, the main den-
drite protrudes from the narrower pole of the cell body. Round-
shaped green nucleus with two nucleoli. D: Lc P12. Cytoplasm of PCs
begins to be red colored, but its edges are unclear. Nucleoli are bright

green colored, their number increases up to 5. E: W P14. The cell
bodies and the nuclei have smooth sharp margins. Contours of one to
three nucleoli are visible. F: Lc P14. PCs bodies become oval or elon-
gated. Nucleoli are fragmented up to five to six nucleoli-like bright
green objects. Cytoplasm is bright red colored. Dendrites start to be
visible, they are not continuous, their surface and thickness are
irregular.
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Fig. 2. A: W P17. The morphology of cell bodies is round or drop-
shaped, the main dendrite protrudes from the narrower pole of the
cell body. Both the cell bodies and the nuclei have smooth sharp mar-
gins. B: Lc P17. Deformed shape of the PC body and nucleus, the cell
and nucleus margins are frayed. Presence of two main dendrites
sprouting from the cell body. C: W P20. The morphology of cell bodies
is round or drop-shaped, the main dendrite protrudes from the nar-
rower pole of the cell body. Both the cell bodies and the nuclei have
smooth sharp margins. Cell nuclei are always light green, one nucleo-
lus is clearly visible as a different shade of green. D: Lc P20.

Shrunken PC body with irregular margins. The nucleus is dark green
colored with darker gray spots. Both the cytoplasm and dendrites are
red colored. The cytoplasm forms only a narrow zone around the
shrunk cell nucleus. The dendritic tree is thickened, showing signs of
shrinkage and fragmentation. E: Lc P19. Deformed shape of the PC
body and nucleus, nucleoli are not distinguishable, cytoplasm and
two main dendrites appear to be clearly and brightly red. F: Lc P20.
The PC body is shrunken with dark green nucleolus. Dendritic tree is
not continuous, but only its chaotically arranged bright red colored
fragments are visible.



Lurcher Mutants

In both strains, at P8 there are still PCs with nuclei
of a round shape, but we can already identify a disrup-
tion in the continuity of their monolayer (Fig. 1B).
Almost each nucleus contains one to three nucleoli of a
green light-emitting color. The average number of
nucleoli per nucleus is 1.60. Just like in wild types, the
dendritic trees are not yet visible.

At P9–P10, the PC nuclei are still round with sev-
eral dark spots in each of them. Nevertheless, the av-
erage number of their nucleoli increases to 1.70.
Cytoplasm is colored irregularly and its border is usu-
ally green, and not always well marked. The continuity
of the PC layer is clearly impaired.

At P11–12 many nuclei of still normal-like PCs are
not spherical but have become oval or elongated.
Nucleoli are bright green colored and their number
increases up to 5, with an average of 2.60 (Fig. 1D).
Many PCs are dislocated out of raw in their layer in
direction to the molecular layer. Cytoplasm begins to
be red colored but its edges are unclear. Dendritic trees
are not yet visible.

In both strains, at P13–P14 there are still some nor-
mal-shaped PCs, nevertheless, also visible are the cells
with signs of the next stage of degeneration. The cell
and nucleus margins are frayed and their staining is
not homogenous. Many darker areas appear in the
nuclei, cytoplasm is bright red colored. Nucleoli are
fragmented and in some cells up to five to six small
bright green objects (average number per nucleus
2.70). Dendrites start to be visible, but they are not
continuous and their surface and thickness are irregu-
lar. In this stage, the dendrites are usually red colored
(Fig. 1F).

At P15–P18, practically all cerebellums of both
strains display a wide variety of PC degeneration
stages, that is, side by side there are almost normal
cells, but also those in the terminal stage of the degen-
eration are observed there.

They are characterized by:

� abnormal, that is, deformed shape of the cell and of
the nucleus with still some visible light green nucle-
oli-like objects or their fragments;
� a relatively frequent presence of two main dendrites

sprouting from the cell body (Figs. 2B and 2E); the
margins of the cell and nucleus are still saved;
� no continual layer of PCs which in spite of being still

apparent.

The staining intensity of degenerating cells is typi-
cally changed. Their nuclei are lighter green colored
with dark spots, while nucleoli are only sporadically
distinguishable. Cytoplasm and dendrites appear to be
clearly and brightly red (Fig. 2B).

In the next stage of degeneration, the ratio of nu-
cleus and cytoplasm is changed because the latter cre-
ates only a narrow zone around the first one. The cell
and nucleus margins are unclear and their staining is
not homogenous. Red colored dendrites are quite visi-
ble and have thickened significantly. Some dendrites
are still straight while others show signs of shrinkage
and fragmentation.

At P19–P21 it is impossible to find any PC without
signs of degeneration. On the border of granular and

molecular layer, only seldom are PCs seen in the vari-
ous stages of degeneration. Most of them show just a
shrunken cell body. The cell nuclei are dark green col-
ored with darker green spots and only in some nuclei
are there still visible light green nucleoli-like objects.
Moreover, the shape of nuclei is completely irregular.
The red stained cytoplasm forms only a narrow irregu-
lar zone around the cell nucleus. Later, the green cell
nucleus disappears and only a wrinkled red cytoplasm
remains. Dendritic trees are not continuous, but only
their chaotically arranged bright red colored frag-
ments are visible. These fragments of dendrites persist
even after complete cessation of the PC cell bodies
(Figs. 2D–2F).

No differences were found between the examined
wild type and Lurcher mice derived from both C3H
and B6CBA strains that we used. There were also no
differences depending on the sex of animals.

DISCUSSION

In our study, using the fluorescent double-staining
method, we describe for the first time early develop-
mental morpho-functional characteristics of PCs both
in healthy animals as well as those affected by cerebel-
lar degeneration. The study enables us to gain a new
insight into the changes in these cells previously
described by several authors using classical neurohis-
tological methods as Nissl staining or Golgi-Cox (G-C)
impregnation and G-C like (calbindin) procedures com-
plemented with electron microscopy. In the double-
stained cerebellar sections, the granule cell layer
appears as very dense accumulations of small dark
green cells, whereby axons of PCs are not evident. PC
cell bodies with some visible intracellular structures
are localised in one row on the border of the granular
and molecular layer.

Wild Type Mice

A typical morphology of healthy PC, including the
dendritic tree, is distinguishable up from P14. From
P14, the PC cell bodies are approximately round or
droop-shaped. Their nuclei have a round shape and
they are homogenously stained. Both the cell bodies
and the nuclei have smooth sharp margins. One to
three nucleoli are easily distinguishable as round
shaped, with an average number 1.30 (P13–14)21.12
(P15–21). The main one dendrite protrudes from the
narrower pole of the cell body. In some areas green col-
ored dendritic trees are already visible. However, a
complex richness of the dendritic branching is impossi-
ble to see as a whole in one picture. These results con-
firm and complete what Dumesnil-Bousez and Sotelo
(1992) previously described in the calbindin immuno-
stained sections, taken from wild type mice, that at P8
PCs dendrites have reached a phase of orientation and
flattening, and from P8 to P16 they grow at first essen-
tially in width, then exclusively in length. The dendri-
tic arbor with a similar pattern to that of the adult is
elaborated thereafter at P16. Our findings are also in
agreement with those of Caddy and Biscoe (1979) that
they obtained using a light microscope in cerebellar sli-
ces impregnated by G-C and also by using an electron
microscope. They described in P15 wild type mouse
PCs as the largest neurons in the cerebellum with the
most elaborate dendritic trees in the central nervous
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system and large pale nucleus containing a very elec-
tron dense nucleolus. Normal PC usually had only a
single primary dendrite. In mice younger than P14,
the dendritic trees are not yet evident in our double-
stained slices, but the continual layer of PC cell bodies
is clearly visible and cell nuclei are sharply bound with
contours of one to three nucleoli. The number of nucle-
oli we observed in this study is also consistent with
Solovei et al. (2004) that quantified the number of im-
munostained nucleoli of PCs in healthy C57B1/6 mice
at defined days of postnatal development (P0, P2, P3,
P4, P6, P14, and P21). Two, three or even four small
nucleoli they found in the cerebellum of healthy new-
born mice the number of which gradually decreased to
1–2 at P6. PCs of adult animals usually only had a sin-
gle, very large central nucleolus. Therefore, our find-
ings are consistent with the suggestion of Marshak
et al. (1993) and Solovei et al. (2004) that the number
of nucleoli can serve as a useful maturity criterion of
normal healthy PCs.

Lurcher Mutants

Similarly as in wild type mice, our findings in
Lurcher mice are in accordance with previous works.
Nevertheless, using the double-stained fluorescent
method, we obtained some new and as of yet unpub-
lished results. Formerly several authors (Caddy and
Biscoe, 1979; Dumesnil-Bousez and Sotelo, 1992; Nor-
man et al., 1995) have corroborated that PCs of
Lurcher mutants start to show morphological alterna-
tions by P8 and die during the second postnatal week.
The death process is rapid and massive.

One of the earliest changes of degeneration
described by Dumesnil-Bousez and Sotelo (1992), and
Norman et al. (1995) is the presence of abundant vari-
cosities along their axons. These authors suggest that
the varicosities, present in calbindin-immunostained
slices already at P8, arise as a consequence of an
impaired axoplasmatic transport related to metabolic
changes in PCs. In the electron-microscopic pictures of
the cerebellar slices from Lurcher mice at P15 these
axonal swellings were already described also by Caddy
and Biscoe (1979). As already mentioned, in the fluo-
rescent double-stained sections we were unable to dis-
tinguish the axons, because they were covered with
clusters of granule cells. Nevertheless, one of the other
constants observed in the electron microscope in
Lurchers at P8—clumps of chromatin, preferentially
located against the inner surface of the nuclear mem-
brane—described also by Caddy and Biscoe (1979) and
Dumesnil-Bousez and Sotelo, (1992) were found as
well. They fully correspond to our findings of several
dark spots clearly visible in each PC nucleus from P9
to P10 and later on. We also confirmed further typical
findings in Lurchers described by Dumesnil-Bousez
and Sotelo (1992), that is, ectopic PC somata, visible in
the deeper half of the molecular layer in the calbidin-
immunostained sections from P10. In our observa-
tions, we saw such dislocated PCs in the direction to
the molecular layer somewhat later from P11 on and
the continuity of the PC layer was evidently impaired.

At P12 and later, the PCs often exhibit multiple pri-
mary dendrites. These dendrites develop a thick and
deformed appearance (Dumesnil-Bousez and Sotelo,
1992). Nevertheless, the dendritic trees of these cells

in Lurchers are obviously smaller (Caddy and Biscoe,
1979).

The abnormalities of the PC dendritic trees at P8–
P13 are not yet evaluable. It is similar to that of healthy
mice when dendritic trees are seen up from P13–P14.
At this postnatal time period the cytoplasm and den-
drites begin to be color red, that is, lipophilic. These
findings undoubtedly correspond with a greater propor-
tion of lipid droplets in both PC somata and dendrites
as previously reported (Caddy and Biscoe, 1979;
Dumesnil-Bousez and Sotelo, 1992; Norman et al.,
1995) indicating irreversible signs of necrosis together
with increasing number of lysosomes, altered mitochon-
dria and vacuoles. However, up to P15 we could find in
our observations quite normal PCs among many abnor-
mal ones in various stages of the degeneration. In the
advanced stage of the degeneration, the ratio of nucleus
and cytoplasm has undergone change. There is only a
narrow zone of cytoplasm. The cell and nucleus margins
are frayed and their staining is not more homogenous.
Dendrites are quite well visible and significantly thick-
ened. Some dendrites are still straight while others
show signs of shrinkage and fragmentation.

At P19–P21, we cannot find in Lurchers any cells
without signs of degeneration. Instead of a cell layer
there are only solitary PCs. Most of them show a
shrunken cell body. Cell nuclei are dark green with
darker green spots, in some nuclei light green nucleoli-
like objects or their fragments are still visible. The
shape of nuclei is completely irregular. The red colored
cytoplasm forms only a narrow irregular zone around
the cell nucleus. Later, a green cell nucleus disappears
and only a wrinkled red cytoplasm remains. The den-
dritic tree is not continual any more, because of result-
ing in its chaotically arranged fragments, still colored
bright red. Fragments of dendrites persist even after
complete cessation of PC cell body.

Completely new in our investigation of the cerebel-
lar degeneration in Lurchers and in a sharp contrast
to the normal development of PC in wild type mice are
the dynamic changes of nucleoli in their number and
appearance.

In contrast with wild types with an average number
of nucleoli per one cell 1.40 at P8, we found a higher
amount of them with an average 1.60 at the same post-
natal age in Lurchers. Moreover, in the next stages
under observation, we discovered the opposite trend in
the PCs nucleoli development. Although in the wild
type mice the number of nucleoli gradually decreased
(with average 1.12 at P15–P21), in Lurchers it
increased at the same time with an average 2.70 of
smaller nucleoli-like objects. At P18–P21 there were
practically no such objects visible any more. While our
findings concerning the number of nucleoli in wild
types are fully in agreement with those in ICR mice of
Marshak et al. (1993) and in C57BL/6 mice of Solovei
et al. (2004), in Lurchers such a study has not yet been
performed. Nevertheless, our findings correspond to a
considerable extent with results of Baltan�as et al.
(2010) described in their immunofluorescent and ultra-
structural study. There they observed nucleolar frag-
mentation and disruption in pcd mice (derived from
C57BL/6J strain—males and DBA/2J-females) at P20.
Despite a completely different genetical background of
the PC degeneration in these mice, the consequences
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of a complete loss of PCs and early progressive ataxia
are similar to those in Lurchers. A hypothesis which
the authors offer as an explanation to the decomposi-
tion of the nucleoli and also Cajal bodies in the pcd
mice suggests that the changes are early and are sensi-
tive nuclear hallmarks of DNA damage-induced neuro-
nal degeneration in PCs and, presumably, in other
neurons. Another theory explaining nuclear processes
connected with cerebellar ataxias proposed by Lim
et al. (2006) stresses the global transcriptional activity,
nuclear pre-mRNA processing and abnormalities of
the ataxia protein network which might cause nucleo-
lar alteration without the involvement of any DNA
damage. Therefore, our findings of primarily a higher
number of nucleoli, their real or seeming multiplica-
tion followed by fragmentation are undoubtedly signs
of nuclear degeneration of PCs in Lurchers. To what
extent DNA-damaging processes, abnormal ataxia pro-
tein network or some other mechanisms are involved
is still an open question and due attention will be paid
to it in the future. On the contrary, what we can state
with certainty is that there were not any different
impacts in the described characteristics of the cerebel-
lar degeneration in Lurcher mice of either of the C3H
and B6CBA strains under examination. Also, no differ-
ences were found in relation to sex of animals.
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