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Abstract

As motor coordination impairment is a common symptom of acute and chronic alcohol intoxication, different studies have been conducted
on cerebellar Purkinje cell sensitivity to ethanol since Purkinje cell firing constitutes the final integrative output of the cerebellar cortex.
However, the effects of chronic ethanol ingestion on Purkinje firing and other cerebellar neurons such as Golgi cells remain unknown. Here, we
studied the extracellular discharge of Purkinje and Golgi cells in four groups of non-anesthetized mice drinking ad libitum either 0%, 6%, 12%
or 18% ethanol isocallorically compensated with sucrose 25% during a 3-month period. No difference in Golgi cell firing was found with
respect to ethanol consumption. The only group that presented significant differences in Purkinje cell firing compared to the other groups was
the 18% ethanol-drinking group. These mice presented decreased simple spike and complex spike firing and increased complex spike duration
and pause. The 18% ethanol-drinking group was also the only one to present a slight but significant motor coordination impairment (evaluated
by rotarod and runway) in naive task. No motor coordination impairment was noticed in task learned before ethanol consumption. These results
suggest that chronic high doses of ethanol are necessary to produce Purkinje cell firing alterations and measurable motor coordination
impairment in naive task. These alterations in Purkinje cell firing did not affect the ability to learn or to recall a motor coordination task.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ing ataxia [8]. As Purkinje cells constitute the single output
of the cerebellar cortex to the deep cerebellar nuclei, the

Acute and chronic alcohol intoxication in humans affects alteration of their firing by ethanol is crucial in the
different brain structures, including the cerebellum, produc- understanding of ataxia produced by alcohol consumption.

Therefore, the effects of acute ethanol exposure on Purkinje

cell firing has been described in cellular culture [19], in slice
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Most of the studies about acute ethanol exposure have
demonstrated an inhibitory effect of ethanol on Purkinje cells
[13,20,52], but it seems that lower dose of ethanol may
promote an exciting effect [13,19,55,56]. Effect on the
regularity of Purkinje cell simple spike firing has been
demonstrated in the different paradigms [13,19,46,52,55],
while the effect on the climbing fiber response, the so-called
complex spike, differs widely from one study to another
[13.,46,55]. Plausible mechanisms involved in the action of
ethanol on Purkinje cells includes direct effects on them, such
as AMPA receptor inhibition [40] or GABA receptor
potentiation [31] and indirect effects through other cerebellar
neurons, such as granule cells [19] that express NMDA
receptors, another well-known target of ethanol inhibition
[45]. In vivo, the effect of ethanol on Purkinje cells may also
result from the inhibition of other brain regions that project
onto the cerebellum through excitatory mossy fibers, such as
locus caeruleus [44] or raphe nuclei [14].

Golgi cells constitute another key element of the cerebellar
cortex, since their selective ablation leads to severe ataxia
[59]. Moreover, their firing also reflects the excitation of the
cerebellar cortex by mossy fibers, since mossy fibers excite
granule cells that in turn excite Golgi cells through the same
type of AMPA receptors as Purkinje cells. However, only one
study has to our knowledge been conducted on the effects of
ethanol on Golgi cells, demonstrating the excitatory effect of
ethanol on these neurons in slice preparation [20].

To better understand the effects of chronic ethanol on
cerebellar cortex function, we studied motor coordination and
spontaneous Purkinje and Golgi cell firing in non-anesthe-
tized mice after a 3-month period of ethanol consumption.

2. Methods
2.1. Mice

Three- to four-month-old male NMRI mice (rn = 74) were
randomly divided into four groups. In addition to their
normal dry diet, mice received ad libitum the following
solutions as sole drinking fluids [30]:

Group Et0 (n = 17): Sucrose 25% (1000 kcal/l)

Group Et6 (n = 16): Ethanol 6% (V/V)/sucrose 16.7%
(1000 kcal/l)

Group Et12 (n = 17): Ethanol 12% (V/V)/sucrose 8.4%
(1000 kcal/l)

Group Et18 (n = 24): Ethanol 18% (V/V) (1000 kcal/l)

Mice of a same group were numbered and raised
together. Each mouse was weighed before ethanol admin-
istration and their weight was monitored each month. Dry
diet and fluid intake were also monitored each week for
each group, in order to evaluate if the chronic ingestion of
the different solutions would cause a difference in blood
alcohol levels, individual blood alcohol level was measured

in sera using the TDx/TDxFLx REA® Ethanol assay (Abbot
Laboratories Diagnostics Division, USA) just before animal
sacrifice. Osmolality was measured using the FISKE® 2400
Multi-Sample Osmometer (Fiske® Associates, Norwood,
Massachusetts, USA).

The data from the mice that died during the 3-month
period were excluded (n =2, 1 and 6 in groups Group Et6,
Et12 and Et18, respectively). All mice were tested for motor
coordination. After the last test, six and five randomly
selected mice from each group were used for electro-
physiological and histochemical analysis, respectively.

2.2. Motor coordination tests

2.2.1. The accelerating rotarod

The rotarod apparatus (accelerating model Ugo Basile)
consisted of a plastic roller (3 cm in diameter) with small
grooves running along its turning axis. Mice received 4 trials
per day. During each trial, animals were placed on the rod
rotating at a constant speed (4 rpm), and as soon as all the
animals were placed on the rod, the rod started to accelerate
continuously from 4 to 40 rpm over 300 s. The latency to
fall off the rotarod was recorded. Animals staying for 300 s
were taken from the rotarod and recorded as 300 s.

2.2.2. The runway test

In this test, mice ran along an elevated runway with low
obstacles intended to impede their progress. The runway was
100 cm long and 1.2 cm wide. Obstacles consisting of wood
rods (1 cm diameter, 1.2 cm width) were disposed every 10
cm. The number of slips of the left hind leg was counted.
Mice were placed on one brightly illuminated extremity of
the runway and had to run to the other side to return to their
cage.

In each group, mice were divided into a “rotarod” group
that underwent a training session in the rotarod test before
ethanol administration and into a “runway” group that
underwent a similar training session in the runway test
before ethanol administration. The training session lasted
5 days (4 trials/day). The task performed during this session
will be further called the “learned task”. Ethanol admin-
istration began after the last day of the training session. After
1, 2 and 3 months, each mouse had to accomplish four
consecutive trials of the learned task. The day after these last
trials in the learned task, the mice that were trained with
accelerating rotarod were tested with the runway (four
consecutive trials), and the mice that were trained with the
runway were tested with the accelerating rotarod (four
consecutive trials). This task performed by the mice for the
first time after 3 months of ethanol administration will be
further called the “naive task”.

2.3. Histochemistry

Under general anesthesia (Avertin 0.02 ml/g), mice
were perfused with 20 ml PBS followed by 20 ml PAF. The



L. Servais et al. / Brain Research 1055 (2005) 171—-179 173

mice were then decapitated and the brain was removed and
fixed for 24 h in 0.1 M phosphate-buffered 4% parafor-
maldehyde freshly prepared at 4 °C. Following a wash in
0.1 M PBS and consecutive 24-h incubations in 10%, 20%
and 30% sucrose solutions, the brains were then embedded
in Tissue-Tek OCT compound (Miles, Elkhart, IN), frozen
in 2-methyl butane, cooled on dry ice and stored at —80
°C. Parasagittal sections, 15-um-thick, were serially cut,
mounted onto slides coated with poly-L-lysine. Mounted
tissue sections were stored at —20 °C until use. Sections
were labeled using a rabbit polyclonal anti-calbindin
antiserum (1/5000; Swant). After quenching of the
endogenous peroxidases, the sections were incubated for
blocking 1 h in phosphate-buffered saline (PBS, pH 7.4)
containing 10% swine normal horse serum (Hormonologie
Laboratoire, Marloie, Belgium) and 0.1% Triton X-100.
Sections were then incubated 36 h at 4 °C with the primary
antibodies a polyclonal anti-calbindin antiserum (1/5000;
Swant) diluted in PBS. Sections were then successively
incubated with biotinylated donkey anti-rabbit IgG (H + L)
(1/200; Jackson) and ABC complex (Elite ABC Kkit;
Vector). The peroxidase activity was revealed by diami-
nobenzidine in the presence of hydrogen peroxide.

2.4. In vivo electrophysiology

2.4.1. Surgical preparation for recording

Under general anesthesia with xylido-dihydrothiazin
(Rompun®, Bayer, 10 mg/kg) and ketamine (Ketalar®,
Pfizer, 100 mg/kg), 24 mice (divided equally between the
four groups) aged 7—9 months were prepared for chronic
extracellular recording of neuronal activity in the cerebel-
lum [11]. Anesthesia was monitored clinically and a
supplemental dose of xylido-dihydrothiazin 3 mg/kg and
ketamine 30 mg/kg was administered if the animal
presented agitation or markedly increased respiration or
heart rate during the procedure. In addition, local anes-
thesia with 0.5 ml Lidocaine 20 mg/ml + Adrenaline
1:80000 (Xylocaine®, Astra Zeneca) was administered
subcutaneously during soft tissue removal. Two small bolts
were cemented to the skull to immobilize the head during
the experimental session. The surface of the cerebellum
was exposed by reflecting the muscles overlying the
cisterna magna, a craniotomy was performed above the
cerebellum, and an acrylic recording chamber constructed
around the craniotomy. Mice were allowed to recover from
anesthesia for 24 h with their usual fluid to drink. The dura
mater was removed locally above the vermis just prior to
the recording session.

Single unit recordings were performed with glass micro-
pipettes (1.5-5 M) impedance) in lobules IV-VIIL. A
signal was considered as originating from a Purkinje cell, if
it presented two types of spiking activities: simple spikes
characterized by single depolarization (300—800 us) occur-
ring at high frequencies (~50 Hz), and less frequent
complex spikes (0.5—1 Hz) characterized by an initial fast

depolarization (300—600 ps) followed by smaller compo-
nents in a relatively consistent manner for the same Purkinje
cell. Golgi cells were identified according to their firing
properties [18,54], namely, a slow (4—10 Hz) and irregular
discharge with interspike intervals always superior to 50 ms.
After amplification (by a factor of 1000—2000) and band-
pass filtering (10 Hz—10 kHz), unit activity was continu-
ously stored on 4 mm digital audio tapes, transferred to a
Pentium III personal computer with analog-to-digital con-
verter boards (Power 1401, CED) and analyzed off-line with
Spike 2 CED software. The recorded data were digitized
continuously at 10 kHz.

For each Purkinje cell recording lasting more than 2
min, the simple spike autocorrelogram was constructed
using time bins of 1 ms. The strength of the rhythmicity
was quantified with a rhythm index [57]. The height and
depth of all peaks and valleys that were significantly
different from the baseline and that occurred at specific
latencies with regard to the initial peak were summed. The
sum was divided by the total number of spikes in the
recording. In the autocorrelograms with no significant
peaks and valleys, a value of zero was given to the rhythm
index, and the activity was considered as non-rhythmic.
The regularity of Purkinje and Golgi cells was measured
using the coefficient of variation, defined as the standard
deviation of the interspike intervals divided by their mean
value. Golgi cell spike and Purkinje cell complex spike
durations were measured on the averaged trace of their
corresponding spikes.

Results are expressed and illustrated as mean = SD.
Groups were compared using two-way analysis of variance
(ANOVA) and Bonferroni’s post hoc test and were consid-
ered as significantly different for P < 0.05. In the analysis of
behavioral data, to distinguish between motor coordination
impairment and possible compensation by motor learning,
we performed one-way ANOVA for each trial followed by
two-way ANOVA for repeated measures and post hoc test on
the complete set of values.

3. Results
3.1. Mice

Fluid intake decreased significantly according to etha-
nol concentration (Table 1). However, the daily ethanol
intake and the mean blood alcohol level at the end of the
study remained significantly proportional to ethanol con-
centration (Table 1). Weight gain during the test period was
inversely proportional to ethanol concentration in the
fluids (Table 1). To determine whether this difference in
weight gain was due to malnutrition induced by ethanol or
to the sucrose consumption in Et0, the daily dry diet intake
of each group was compared. A positive correlation
between ethanol concentration in the fluids and dry diet
intake was found (Table 1). To further assess the cause of
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Table 1
Nutritional data of the experimental groups

Et0 Et6 Et12 Et18 Controls
Daily fluid intake (ml/day/mouse) 15.7+1.9 144 +£22 94+ 1.0 8.0+ 1.2 11.6 + 1.5
Daily ethanol intake (ml/day/mouse) 0 0.86 £0.13 1.12 £ 0.11 1.45+0.21
Mean blood alcohol level (mg/dl) 2+2 13+ 14 33+57 87 + 64
Monthly weight gain (g/mouse/month) 0.83 £ 0.49 0.40 £ 0.45 0.07 £ 0.67 —-1.8+£0.8 0.80 £ 0.30
Daily dry diet intake (g/day/mouse) 42 +0.5 45+0.7 4.6 £0.8 4.7+£0.7 72+0.9
Osmolality (mM/1) 340 £ 9 361 + 12 349 + 18 363 £ 13 322 +8

the difference in weight gain between groups, we measured
the weight gain, the fluid and the dry diet intake of an age-
matched NMRI mice group (n = 7) drinking water ad
libitum. These mice demonstrated a weight gain similar to
the one observed in Et0, but their dry food intake was
significantly higher than the Et0 group, whereas their fluid
intake was lower. To rule out that the high blood alcohol
level in Et;g was overestimated by dehydration, we
determined osmolality in the blood of the 4 experimental
groups and of the water-drinking group (Table 1). When
compared with the water-drinking group, all experimental
groups presented a significantly increased osmolality, as
did the Et;3 when compared with the Et,. However, there
was no significant difference between the different
ethanol-drinking groups (Ets, Et;, and Et;g), even when

A . Runway
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* Ié Ethanol 6%
& & Ethanol 12 %
B 3 1 Ethanol 18 %

ik

Learning before
ethanol administration

, it et da ﬁ%

pooling the Ets and Et;, mice. This indicates that the
higher level of ethanol in Et;g is not due to an increased
level of dehydration in these mice.

3.2. Motor coordination

Before ethanol consumption, 40 mice were trained in the
runway test (Et0 (n = 11), Et6 (n = 8), Et12 (n = 10) and Et18
(n = 11); Fig. 1A, left) and 25 were trained in the rotarod (Et0
(n = 6), Et6 (n = 6), Et12 (n = 6) and Et18 (n = 7); Fig. 1B,
left). After 1, 2 and 3 months of ethanol consumption, mice
were re-tested in their learned task. No differences could be
pointed out between the different groups whether in runway
(Fig. 1A, center) or in rotarod. (Fig. 1B, center). This
demonstrates that 3 months of ethanol consumption did not
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Fig. 1. Chronic ingestion of high doses of ethanol produces motor coordination impairment in naive, but not in learned tasks. (A) Learning curves of mice before
ethanol ingestion in the runway test (left). Monthly trials in the runway test of the same mice after 1, 2 and 3 months of 0% (n = 11), 6% (n =8), 12% (n = 10) or
18% (n = 11) ethanol ingestion. (Center) Rotarod performance in these same mice after 3 months of ethanol ingestion. Asterisk indicates significant difference
with the control group (P < 0.05). (B) Learning curves of mice before ethanol ingestion in the rotarod test (left). Monthly trials in the rotarod test in these same
mice after 1, 2 and 3 months of 0% (n = 6), 6% (n = 6), 12% (n = 6) or 18% (n = 7) ethanol ingestion. (Center) Runway performance of these same mice after 3

months of ethanol ingestion.
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produce a measurable motor coordination impairment in the
execution of a task learned before alcohol consumption. Then
in order to test the motor coordination in a naive task, mice
trained with the runway were tested with the rotarod (Fig. 1A,
right) and those trained with the rotarod were tested with the
runway (Fig. 1B, right). During the first trial, mice of Et18
demonstrated a significant impairment in comparison with all
the other groups whatever the naive task, while the other
ethanol-consuming groups did not demonstrate any significant
impairment. The second and subsequent trials of the naive
task did not demonstrate a significant difference between Et18
and the other groups because of rapid motor learning in all
groups. Two-way ANOVA for repeated measures did not
show any significant differences between groups.

No significant relationship was found between alcohol level
measured before animal sacrifice and motor performances.

3.3. Electrophysiology

A total of 90 Purkinje cells were recorded (n = 24,18, 24
and 24 in Et0, Et6, Et12, and Et18, respectively). A typical
extracellular recording is illustrated in Fig. 2A. Simple
(center) and complex (right) spikes may easily be discrimi-
nated and averaged.

Complex spike firing rate was decreased in Etl8 in
comparison with all groups, whereas no significant differ-
ences could be pointed out between Et6, Et12 and Et0 (Fig.
2B). The complex spike duration (Fig. 2C) and pause (Fig.
2D) of Purkinje cells recorded in Et18 were longer than in
Et0. Again, no significant differences were found between the
other groups.

The alterations in simple spike firing in ethanol-consum-
ing groups were also restricted to Et18. Indeed, these mice
demonstrated a decreased simple spike firing rate (Fig. 2E)
and regularity (Fig. 2G) in comparison with all the other
groups, whereas the other ethanol-consuming groups did not
show any significant differences with Et0. Rhythmicity of
simple spike firing did not differ between groups (Fig. 2F).
We did not find a significant relationship between alcohol
level measured before animal sacrifice and Purkinje cell
firing alterations.

The Golgi cell is the other cerebellar neuron that can be
easily identified on the basis of its spontaneous firing in vivo
[18,54]. A typical recording is illustrated in Fig. 2H (left).
Spikes may be easily discriminated and averaged (center). To
determine if ethanol consumption would inhibit Golgi cells
as it inhibits Purkinje and olivary neurons, we compared
Golgi cell firing rate (Fig. 2I), duration (Fig. 2J) and
regularity (Fig. 2K) in Et0 (n = 8), Et6 (n = 5), Et12 (n =
5) and in Et18 (n = 6). No significant differences could be
pointed out between these groups.

3.4. Histochemistry

Granule cells are more sensitive than Purkinje cells to
chronic ethanol consumption, so that the granular layer is
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Fig. 2. Chronic ingestion of high doses of ethanol produces alteration in
Purkinje, but not in Golgi cell firing. (A). Recording of a Purkinje cell in a
control mouse (left). Averaged trace of the simple (center) and complex
(right) spike. (B—D) Complex spike frequency (B), duration (C) and pause
(D) in 0% (n = 24), 6% (n = 18), 12% (n = 24) and 18% (n = 24) ethanol-
drinking mice after 3 months ethanol consumption. Asterisks indicate
significant difference with the control group (P < 0.05). (E-G) Simple
spike frequency (E), rhythmicity (F) and regularity (G), same cells. (H)
Golgi cell recording in a control mouse (left) and averaged trace of its spike
(right). (I-K) Golgi cells spikes frequency (I), duration (J) and regularity
(K), in the same mice as in panels B—G (n =8, 5, 5 and 6 in Ety, Ets, Et;,
and Et;g, respectively.

significantly thinned before any Purkinje cell loss during long-
term ethanol ingestion [58]. To determine if this could be a
plausible hypothesis to explain depressed Purkinje cell firing
in the present model, we measured granular layer and counted
Purkinje cells in the lobule IV from lateral and median vermis
of 3 Et0 and 3 Et18 mice. Purkinje cells soma and dendrites
labeling by calbindin was more pronounced in Et0, but mean
Purkinje cells number was not different in Et18 in comparison
with Et0 (Fig. 3) (42.9 £ 12.6 (n = 16) vs. 40.8 £ 7.7 (n = 12).
Mean granular layer thickness measured in ten randomly
selected areas of lobule IV on the same slice was not
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Fig. 3. Immunohistology of cerebellar cortex in Et0 (left) and Et18 (right),
labeling by anticalbindin antibody. Note that despite a lesser labeling in the
soma, and even more so in the dendrites of Purkinje cells in Et18, Purkinje
cell density and granular layer thickness are similar in both groups.

significantly different in Et0 when compared with Et18 (84.7 +
25.9 vs. 85.9 £ 24.7 pm).

4. Discussion

The present results demonstrate that long-term ingestion
of high doses of ethanol causes motor coordination impair-
ment in naive tasks and a decrease in spontaneous firing of
the Purkinje cell simple and complex spikes.

Since Purkinje cells constitute the sole output of
cerebellar cortex, the regulation of their firing is crucial
for cerebellar function [1,28,36]. As motor coordination
impairment is a common symptom of acute, chronic and
even fetal ethanol intoxication in humans [6,8,9,35], the
effect of pre- and postnatal exposure to ethanol on Purkinje
cell morphology has been extensively studied for more than
20 years [16,32,38,43,58]. However, the effects of chronic
ethanol administration (>1 month) on Purkinje cell function,
namely, their in vivo firing, have to our knowledge not yet
been reported. Rogers and colleagues did not point out any
significant change in Purkinje cell firing after 11—-14 days
ethanol treatment leading to a blood alcohol level around
150 mg/dl [46]. This could be due either to the short period
of ethanol administration, either to the paradigm of this
study realized on halothane-anesthetized rats. Indeed, this
study also failed to detect any significant change in simple
spike firing following acute ethanol administration, which
contrasts with all other reports [13,55].

Spontaneous simple spike firing reflects Purkinje cell
intrinsic excitability and the integration of inhibition by the
molecular interneurons and of the excitation by parallel fiber
and climbing fiber input [17,48,51]. Complex spikes
directly reflect the firing activity of olivary neurons because
every discharge of an olivary neuron produces a complex
spike in the targeted Purkinje cells [29]. The present results

mainly demonstrate the depressing effect of high doses
ethanol consumption on Purkinje cell simple spike and
complex spike firing. The decrease in complex spike
activity in Et18 may not explain the decrease in the simple
spike firing rate observed in these mice, as decreased
climbing fiber activity normally tends to increase Purkinje
cell simple spike firing [5,39].

In contrast with the clear effects of long-term high
concentration ethanol consumption on Purkinje cell firing,
Golgi cell firing was not inhibited by chronic ethanol
consumption. This demonstrates the different sensitivity of
cerebellar neurons to chronic ethanol administration. The
depressing effect of chronic ethanol consumption on
Purkinje cell firing might be related to the inhibiting effects
of acute ethanol administration that has been characterized
by in vitro [20,52] and in vivo [13] studies. Different
molecular targets mediate this inhibition, namely, GABA
receptor activation [24,31,62] or glutamate receptor inhib-
ition [23,40,61]. In addition, the sensitivity of other
cerebellar cells such as granule cells [19,24] may also
mediate a network effect.

In chronic administration, one may not only consider the
direct excitatory or inhibitory effect of ethanol on the
different receptors or channels, but also the alterations in
their function, their structure and their expression [15]. For
instance, chronic ethanol exposure increases both NMDA
and AMPA receptor subunit expression in different brain
regions [42] and Ca" entry following NMDA [27] or AMPA
[41] application. Chronic ethanol exposure also alters
GABAa receptor gene expression and function [47]. In
addition, chronic ethanol exposure also causes different
structural and ultrastructural changes [16,32,43], biochem-
ical induction [26] and death of certain cells [58]. About this
later point, our findings are in line with the report of Tavares
and colleagues who did not find any Purkinje cell death after
3 months of ethanol administration [58]. However, we did
not find any reduction of the granular layer in Et18 mice.
Despite the similarity in Purkinje cells number and granular
layer thickness between chronic ethanol-consuming mice
and controls, the immunolabeling of Purkinje cells dendritic
tree by anti-calbindin-antibody appeared stronger in the
latter, even this feature is difficult to quantify. This is in line
with the findings of Pentney and Dlugos [43], who
demonstrated that long-term ethanol ingestion in rats results
in longer terminal dendritic segments. These authors have
proposed that such alterations could be the result of smooth
endoplasmic reticulum dilatation [32] that is known to be
associated with imbalances in the intracellular calcium
concentration [21]. Since calbindin immunoreactivity
depends on the calcium concentration [50], this could
explain the lesser labeling in Et18 mice.

Do these different structural, ultrastructural or molecular
effects of chronic ethanol ingestion on the cerebellar cortex
result in a net inhibition or excitation of its sole output,
namely, the Purkinje cells? The present results demonstrate
that high dose ethanol in chronic consumption are required to
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elicit a net inhibition of Purkinje cells. In addition to the
different mechanisms directly induced by ethanol, malnu-
trition may also enhance direct ethanol action on Purkinje
cells. Indeed, malnutrition by itself induces cytoplasmic and
synaptic structural change in Purkinje cells [10] and decreases
Purkinje cell excitability [53]. To distinguish between the
direct effects of ethanol and more complex malnutrition-
induced deficit remain challenging, even when administrating
isocaloric fluids to controls. Indeed, malnutrition in chronic
alcoholism results not only from decreased food intake, but
also from more complex factors such as malabsorption or
catabolism induction [33]. For instance, long-term ethanol
ingestion in humans results in cytochrome P450 induction,
which decreases the half-life of different substrates. This is
well illustrated in the present model, since mice of all
ethanol-consuming groups presented decreased weight gain
when compared with controls, despite increased dry diet
intake. However, as only Etl8 present Purkinje cell firing
alteration and motor coordination impairment, malnutrition
may not be considered as the sole factor that mediates
cerebellar dysfunction. Ethanol-consuming mice may be
mildly dehydrated, as suggested by their increased osmolality
when compared to controls. However, the osmolality was
increased in all mice groups, including the Et0, when
compared to water-drinking mice. Moreover, osmolality
was not significantly different in Et18 when compared with
other ethanol-consuming group. This not only indicates that
blood alcohol level in Et18 is not largely overestimated by
dehydration, but also that this condition does not account for
the specific behavioral impairment and electrophysiological
alterations of this group.

The variation of mean alcohol blood level among a same
group of mice is similar to that observed in previous studies
concerning chronic ethanol ingestion [37,60]. This variation
not only reflects the difference in ethanol metabolization in
the different animals, but also the time differences between
the blood dosage sampling and the last spontancous fluid
intake by the animal. Therefore, the blood alcohol dosage
was realized rather to demonstrate that the mean blood
alcohol level was proportional to the concentration in the
consumed fluid rather than to correlate the performance of
each animal with its alcohol blood level.

Rotarod and runway tests are frequently used to evaluate
motor coordination impairment in mice with cerebellar
diseases, including ethanol intoxication [24]. Despite their
rather different design, these two tests have been demon-
strated to provide similar motor coordination evaluation,
when they are correctly adapted to the performances
expected from the tested mice [3]. In the present protocol,
it cannot be ruled out that mice presented cross-learning
between the two tasks, since all groups of mice performed
better in the rotarod when this test was the “naive task”,
rather than when this was the first task learned. However,
this difference may also be explained by the age difference
between mice that performed rotarod as a naive task (~7
months old) and mice that performed rotarod as a learned

task (~4 months old). Indeed motor performance of mice in
the different motor coordination tests is highly age depend-
ant [3]. Rotarod performances also depend on animal weight
that is positively correlated with age [7]. Moreover, we did
not observe similar differences in runway performance,
which demonstrates that the so-called naive tasks may really
be considered as naive.

In the present study, the Et18 group, which was the only
one to present significant electrophysiological differences,
also demonstrated motor coordination impairment in naive
tasks, whereas the other groups did not. This strongly
suggests that alterations in Purkinje cell firing regulation in
mice chronically drinking high doses of ethanol could cause
motor coordination impairment when mice are challenged in
a task that they do not know, while their ability to learn or to
recall remains intact. The fact that the difference between
Et18 and other mice was limited to the first trial of the naive
task and disappeared with motor learning is not surprising,
since this statistically significant difference was minor. In
different transgenic mice models [50] or genetic background
[3.,4] that present mild (that requires specific motor test to be
pointed out) motor coordination impairment when com-
pared with controls or with other backgrounds, it is common
to observe the disappearance of motor coordination impair-
ment through trials because of motor learning. In contrast,
severe impairment that may be noticed without any motor
task generally remains throughout the trials [49].

The normal performances of the same mice in learned
tasks strongly suggest that the impairment observed in naive
tasks does not result from chronic neuropathy [30] or
ethanol-induced myopathy, but from central nervous system
dysfunction.

Purkinje cells firing rate at rest is around 50 Hz in
mammals [12,22,25,34,50]. Different cerebellum-targeted
mutant models have already demonstrated that altered
Purkinje cell simple spike and complex spike firing are
associated with motor coordination impairment despite a
normal ability to improve motor task tests through trials
[2,4]. However, the pattern of Purkinje cell alteration was
completely different in these mice. Indeed, they present
shorter complex spike pause and duration and increased
simple spike firing rate, rhythmicity and synchronicity,
giving rise to fast local field potential oscillation. In
contrast, the present toxic model shows depressed Purkinje
cell activity, no oscillation and a slight motor coordination
impairment rapidly compensated by motor learning. This
suggests that precise Purkinje cell firing level at rest is
necessary for the cerebellar cortex to optimally integrate
sensory input and provide rapid motor adaptation to new
situations. In addition to the differences observed in simple
and complex spike firing rate, Etl8 mice present an
increased coefficient of variation, indicating simple spike
irregularity. Increased simple spike irregularity has also
been recently demonstrated in absence of any change in
simple and complex spikes firing in another model of ataxic
mice lacking P/Q-type voltage-gated calcium channels [25].
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In conclusion, the present model demonstrates that in
mice high doses of ethanol are required in chronic ingestion
to cause functional Purkinje cell alterations and motor
coordination impairment in the execution of naive tasks.
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