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Single course of antenatal betamethasone produces delayed
changes in morphology and calbindin-D28k expression
in a rat’s cerebellar Purkinje cells

Rodrigo Pascual*, Martina Valencia, Sebastian Larrea, and Carlos Bustamante

Laboratorio de Neurociencias, Escuela de Kinesiologia, Facultad de Ciencias, Pontificia Universidad Catolica
de Valparaiso, Valparaiso, Chile, *Email: rodrigo.pascual@ucv.cl

In the current study, we analyzed the impact of antenatal betamethasone on macroscopic cerebellar development, Purkinje
cell morphology and the expression of the neuroprotective protein calbindin-D28k. Pregnant rats (Sprague-Dawley) were
randomly divided into two experimental groups: control (CONT) and betamethasone-treated (BET). At gestational day 20
(G20), BET dams were subcutaneously injected with a solution of 0.17 mg kg of betamethasone, while CONT animals
received a similar volume of saline. At postnatal days 22 (P22) and P52, BET and CONT offspring were behaviorally
evaluated, and the cerebella were histologically and immunohistochemically processed. Animals that were prenatally treated
with a single course of betamethasone exhibited long-lasting behavioral changes consistent with anxiety-like behavior in the
open-field test, together with (1) reduced cerebellar weight and volume, (2) Purkinje cell dendritic atrophy, and (3) an
overexpression of calbindin-D28k. The current results indicate that an experimental single course of betamethasone in
pregnant rats produces long-lasting anxiety-like behaviors, together with macroscopic and microscopic cerebellar

alterations.
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INTRODUCTION

It has been shown that premature infants have a
greater risk for suffering alterations in cerebellar mat-
uration, in close association with mild motor and cog-
nitive abnormalities (Allin et al. 2001, Shah et al. 2006,
Spittle et al. 2010). Furthermore, it has recently been
shown that the postnatal administration of synthetic
glucocorticoids (GCs) in preterm babies is associated
with a reduction in cerebellar, but not cerebral, growth
(Tam et al. 2011). Similar results were observed in fetal
sheep, where the cerebellar size was significantly
reduced by single and repeated courses of antenatal
betamethasone (0.5 mg kg"), especially in the vermal
surface (Huang et al. 1999). This increased cerebellar
vulnerability may be explained, at least in part, by two
facts. First, during the last trimester of gestation and
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the early postnatal months, human cerebellar tissue
exhibits an accelerated volumetric expansion and folia-
tion (Lavezzi et al. 2006, Bolduc et al. 2011, Ginath et
al. 2013). Second, during perinatal ages, cerebellar tis-
sue expresses a higher GC receptor density (Pavlik and
Buresova 1984).

At the histological level, only one experimental
study has showed that rats exposed to a single course
of antenatal betamethasone in a clinically equivalent
dose (0.17 mg.kg") exhibited significant cerebellar cell
proliferation reductions compared to age-matched con-
trol animals (Scheepens et al. 2003). Consistent with
these data, in our laboratory, we demonstrated that
animals subjected to chronic prenatal stress exhibit a
significant long-term dendritic impairment in vermal
Purkinje cells, which is evident only when animals
reach adulthood (Pascual et al. 2010). Although these
data suggest that stress-induced increases in endoge-
nous GCs could exert a long-term deleterious impact
on cerebellar tissue, it is unknown whether GCs are
directly responsible for this protracted Purkinje cell
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impairment. Thus, in the present study, we assessed
whether synthetic GCs (betamethasone), administered
in a clinically equivalent dose and at an age equivalent
to a premature infant (gestational day 20) (Scheepens
et al. 2003, Clancy et al. 2007), produce long-term
alterations in (1) cerebellar weight and volume, (2)
Purkinje cell dendritic morphology using Golgi-Cox
stained tissue, and (3) the immunohistochemical
expression of the neuroprotective protein calbindin-
D28K (CAD; Wojcik et al. 2013). We selected this
protein for three main reasons: first, it is the major
calcium sequestering protein in Purkinje cells
(Bastianelli 2003); second, its expression is associated
with changes in the levels of GCs (lacopino and
Christakos 1990, Krugers et al. 1995); and third, it is
related to cerebellar function because changes in its
expression may affect motor behavior (Airaksinen et
al. 1997, Barski et al. 2003). In addition, because ver-
mal Purkinje cells are involved in motor and emotional
regulation (Sacchetti et al. 2009), we quantified the
antenatal betamethasone-induced anxiety-like behav-
iors evaluated in an open-field test (Rebolledo-Solleiro
et al 2013).

METHODS
Laboratory Animals

Animals were treated and housed in accordance
with the “Principles of Laboratory Animal Care”(NIH
publication N° 86-23, revised 1985), and the experi-
mental protocols received approval from the local
animal ethics committee.

Thirty Sprague-Dawley multiparous female rats,
purchased from the animal vivarium of Faculty of
Chemistry and Pharmacy at the University of Chile,

were used. All animals were housed under con-
trolled environmental conditions: temperature
(20£1°C) and day-night cycle (12:12 light-dark),
with food and water ad libitum. Once they mated (1
female with 1 male per cage), females (n=30) were
placed in individual cages (45%25%x20 cm), and the
gestational day 0 (G0) was determined by the pres-
ence of sperm detected by vaginal smears. Pregnant
rats were randomly classified into 2 study groups:
control-saline and betamethasone-treated. Then,
offspring were divided into 4 experimental groups:
(1) control-saline, evaluated at 22 postnatal days
(CONT-P22, n=13), (2) betamethasone, evaluated at
22 postnatal days (BET-P22, n=9), (3) control-sa-
line, evaluated at 52 postnatal days (CONT-P52,
n=12), and (4) betamethasone, evaluated at 52 post-
natal days (BET-P52, n=13). To avoid gender-related
influences, the behavioral and neuronal assessments
were conducted only in male animals (60-70% of
male rats were randomly selected from each litter).

Drug treatment

Mothers of BET-P22 and BET-P52 groups were
given a single curse of betamethasone (0.17 mg kg,
subcutaneously, dorsal neck region) (Cidoten®,
Schering-Plough, Inc., Santiago, Chile) on gestational
day 20 (G20), separated by an 8-hour interval. We used
this procedure because it is equivalent to that employed
in the obstetric clinic (2 doses every 24 hours, 12 mg
c/u) (Scheepens et al. 2003). G20 was chosen because
it corresponds to an approximate ontogenetic stage of
a pre-term human (24-32 weeks gestation) (Lavezzi et
al. 2006). Mothers of CONT-P22 and CONT-P52
received an equal volume (1 ml) of normal saline (see
timeline in Fig. 1).
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Fig. 1. Time line showing the experimental design. (G0), (G20) gestational age (days); (P0), (P21), (P22), (P52) postnatal

age (days).



Behavioral testing

On postnatal day 22 (P22) or P52, each animal in
the control (saline) and betamethasone groups was
placed in the central quadrant of the device (black
wooden surface, 60x60 cm bounded by a wall 32
cm height for P22 animals and 90x90x32 cm for
P52 animals). Motor activity was quantified using
two parameters: the average time spent and the
number of entries in the center of the arena over 5
minutes. These variables constitute good indicators
of behaviors consistent with anxiety-like disorders
(Rebolledo-Solleiro et al. 2013). These behaviors
were recorded by videotape and analyzed using the
Any-maze 4.60 (Stoelting Co.,Wood Dale, USA).

All behavioral analyses were conducted between
09:00 aM and 03:00 pMm, and the apparatus was care-
fully cleaned with 5% ethanol between each analy-
sis. The animals were taken to the behavioral
assessment room 10 minutes prior to behavioral
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Fig. 2. (A) Fresh cerebellar weight at postnatal day 22 (P22)
in CONT and BET groups (2,=0.58, ns) and at P52 in CONT
and BET groups (£,=2.95, *P<0.05). (B) Fresh cerebellar
volume at P22 in CONT and BET groups (2,=0.35, ns) and
at P52 in CONT and BET groups (#,,=3.04, *P<0.05). Data
are the means = SEM.
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testing to allow habituation to the new environ-
ment. In all behavioral tests described, white noise
was used (background; 60 decibels), thereby mini-
mizing any sudden noise that may have interfered
with the behavior of the animal. All behaviors were
analyzed by the same investigator, who was blinded
to the experimental condition.

Macroscopic, Golgi-Cox histology and
immunohistochemical analysis

Following behavioral assessment, all male animals
(P22-P52) were anesthetized with isoflurane or sodi-
um pentobarbital (Merck, Darmstadt, Germany) lethal
dose. Once a deep anesthetic state was confirmed,
intracardiac perfusion was performed (0.9% NaCl and
then paraformaldehyde 4%). Cerebella were removed,
macroscopically assessed in the fresh state (weight and
volume using a digital balance and Golgi-Cox solution
displacement in a graduated glass cylinder, respec-
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Fig. 3. (Top) example of dendritic tree perimeter quantified
using the Micrometrics SE Premium V-2.8 software (red
line). (Bottom) dendritic perimeter quantified in Golgi-Cox-
stained cerebellar Purkinje cells (lobule IX). (CONT) con-
trol group; (BET) betamethasone group; (P22)—~(P52) post-
natal days 22 (#,=1.03, ns) and 52 (#,=3.701, *P<0.05),
respectively. Data are the means + SEM.
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tively) and post-fixed for one hour and stored in 30%
sucrose at 4°C for 7 days for cryoprotection. Finally,
the cerebellar vermis was sectioned (20 and 80 um for
immunohistochemical and Golgi-Cox procedures,
respectively) using a Microm HMS525 Thermo-
Scientific cryostat. In all cases, the cerebellar lobule
IX of each section was digitalized to measure neuronal
variables. We selected this region because, according
to the anatomical and functional connections, it is
associated with motor and emotional behaviors (Strata
et al. 2011).

To determine the effect of drug administration on
dendritic expansion of vermal Purkinje cells, cerebel-
lar vermal sections were processed with Golgi-Cox
staining. Briefly, the cerebella were removed and
immediately immersed in 50 ml of Golgi (K,Cr,0O,,
HgCl,, and K,CrO,, all at 5%; Merck) for 45 days at
room temperature and in complete darkness.
Subsequent, brain slices were placed in a sucrose solu-
tion (30%) for at least one week and were sectioned in
the cryostat (Microm HMS525, Thermo Scientific,

Fig. 4. Representative cerebellar Purkinje cells stained with
the Golgi-Cox procedure. (A), (C) control animals at 22 and
52 postnatal days, respectively; (B), (D) betamethasone-
treated animals at 22 and 52 postnatal days, respectively.
Sale bar is 20 pm.

Microm GMBH, Walldorf, Germany). Subsequently,
Golgi-Cox sections were washed in distilled water,
immersed in a solution of oxalic acid and potassium
metabisulphite (5%, Merck, Darmstadt, Germany),
dehydrated in alcohol-acetone and alcohol-ether
(50-50%, PA, Merck, Darmstadt, Germany), embed-
ded in a-terpineol, mounted in code slides with
Canadian balsam (Fluka, Sigma-Aldrich, Steinheim,
Germany) and coverslipped. Sections were observed
under a light microscope (Olympus CCD 5.0) at 400x.
Purkinje cells that fulfilled the criteria used in Pascual
and coworkers (2010) and Pascual and Bustamante
(2013) were selected and captured using a camera
attached to the microscope. A total of 154 Purkinje
cells were analyzed from the following time points:
P22 (CONT-P22, n=49; BET-P22, n=52); P52 (CONT-
P52, n=33; BET-P52, n=20). The dendritic tree perim-
eter of each selected Purkinje cell was quantified by
drawing a polygon joining the distal-most tips of den-
drites using the Micrometrics SE Premium V-2.8 soft-
ware.

The expression of the histological localization of
CAD was studied in the cerebellar vermal Purkinje
cells by immunohistochemistry. Sections that were
previously attached to the slide were washed in PBS
twice for 10 minutes each at 90 rpm and then incu-
bated with 0.5% H,O, (Merck , Darmstadt, Germany)
for 30 minutes at room temperature. After two addi-
tional washes with PBS (1X), we proceeded to block
with BSA (Sigma) 3% Triton X-100 (Sigma) 0.4%
for one hour. The primary antibody used was anti-
calbindin-D28k (1/1000, ab1778, Millipore, Sigma,
Temecula, USA), which was incubated in blocking
solution overnight at room temperature under agita-
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Fig. 5. Calbindin-D28k immunoreactivity. CONT and BET
groups at P22: (¢,=1.79, ns) and at P52 (¢,,=2.74, *P<0.05).
(CONT) control group; (BET) betamethasone group. Data
are the means = SEM.



tion (40 rpm). The tissue was then washed three
times with PBS (1) and incubated in the medium
1.5% BSA and Triton X-100 0.2% for two hours at
room temperature and 40 rpm agitation. Then, the
tissue was washed again (three times) with PBS
(1X). The secondary antibody, an Avidin-Biotin
peroxidase complex associated (Vectastain® Elite
ABC Kit, Vector Laboratories Inc., Brulingame,
USA), was prepared in 1.5% BSA and Triton X-100
for one hour and added to the substrate coupled with
diaminobenzidine for 20 minutes without stirring to
visualize the labeled protein (ImmPACT TM DAB
Peroxidase Substrate, Vector Laboratories Inc.,
Brulingame, USA). Finally, the sections were washed
with distilled water for 10 seconds. The sections
were immediately mounted on slides, dried in the
air, and then covered with Entellan (Merck) and
coverslipped. The cerebellar vermal sections (P22,
n=10; P52, n=15) were coded and observed using a
Motic BA210-Tech Lab microscope. We evaluated
CAD-immunoreactivity (arbitrary absolute values)
using the grey scale image by the Image-J soft-
ware.

Statistical analysis

For the analysis of behavioral, morphological and
immunohistochemical data (saline P22 versus betame-
thasone P22; and saline P52 versus betamethasone
P52) t-test for independent groups were used (STATA
9.1 software). The results are presented as the mean +
SEM. Differences at P<0.05 were considered signifi-
cant.

RESULTS
Cerebellar weight and volume

As shown in Figure 2, cerebellar weight (g) and
volume (ml) of infant animals (postnatal day 22, P22)
that were exposed prenatally to betamethasone in
doses equivalent to those used in perinatal medicine
showed no macroscopic changes compared with the
saline controls. However, when they reached adoles-
cence (P52), cerebellar weight and volume of betame-
thasone-treated animals showed significant reductions
(—19.8%, £,,=2.95, P<0.05 and —10.3%, ¢,,=3.04, P<0.05,
respectively) compared to the age-matched control
animals.
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Purkinje cell dendritic perimeter

Consistent with macroscopic data, Purkinje cells of
infant animals (postnatal day 22, P22) that were exposed
prenatally to betamethasone showed no morphological
changes compared with the saline controls (Fig. 3).
However, when they reached adolescence (P52), Purkinje
cell dendritic perimeter showed a significant reduction
(39.4%; t,,=3.701, P<0.05) compared to the age-matched
control animals, indicating that the use of synthetic GCs
has a protracted deleterious impact during later develop-
mental stages. Representative Golgi-Cox stained
Purkinje cells are shown in Figure 4.

Calbindin-D28k (CAD) expression

As shown in Figure 5, although P22 betamethasone-
treated animals showed an increase in the CAD immuno-
reactivity per cerebellar vermal lobule IX this effect did
not reach significance. However, this trend was signifi-
cant at P52 compared to the age-matched saline animals
(—28.1%, t,,=2.74, P<0.05). Figure 6 shows representative
regions of cerebellar lobule IX stained by CAD.

— b %

Fig. 6. Representative photomicrographs of lobule IX
stained with anti-calbindin-D28k. (A), (C) control group at
22 and 52 postnatal days; (B), (D) betamethasone group at
22 and 52 postnatal days, respectively. Scale bar is 20 pm.
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Behavioral testing

Consistent with the morphological and immunohis-
tochemical data, betamethasone-treated animals
showed behavioral changes only during adolescence
(P52). As shown in Figure 7A, P52 animals showed a
significant reduction in locomotor activity (number of
entries) in the central zone of the open field test com-
pared to the age-matched control animals (—71.2%,
t,—4.63, P<0.001). Similarly, the time spent in the cen-
tral zone of the arena showed a significant reduction in
exploratory behavior at P52 (=57.6%, 1,,=2.43, P<0.05;
Fig. 7B).

Body weight

Consistent with previous clinical and preclinical stud-
ies, body weight gain was significantly lower in the
betamethasone-treated animals at both P22 (—10.5%,
£, =5.41, P<0.05) and P52 (-7.1% t,,=4.69, P<0.05; Fig. 8).
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Fig. 7. Behavioral evaluations in the open-field test. (A)
Number of entries in the central zone at postnatal day 22
(P22) in CONT and BET groups (¢,,=1.86, ns) and at P52 in
CONT and BET groups (£,,~4.63, **P<0.001). (B) Time
spent in the central zone at P22 in CONT and BET groups
(¢,,=0.55, ns) and at P52 in CONT and BET groups (¢,,=2.43,
*P<0.05). Data are the means = SEM.

DISCUSSION

This study found that antenatal betamethasone
administration of an equivalent clinical dose produced
significant changes in cerebellar growth, dendritic
perimeter and CAD expression in vermal Purkinje
cells, in close association with changes in locomotor
behavior in the open-field test. Of note, the deleterious
impact of betamethasone on neurobehavioral variables
was significant when animals reached adolescent
ages.

This is the first study to report that a clinically
equivalent single course of antenatal betamethasone
(0.17 mg kg') impaired neuronal morphology in the
cerebellar tissue. Importantly, this deleterious impact
was evident when animals reached sexual maturity,
but not during the early post weaning period, suggest-
ing that betamethasone exerts a protracted effect on
Purkinje cell morphology. This effect is entirely con-
sistent with our previous studies, in which we showed
that prenatal stress produced a similar reduction in the
dendritic arborization of Purkinje cells that became
apparent only when the animals reached adulthood
(Pascual et al. 2010). Although that study did not
assess the maternal corticosterone levels, according to
the data obtained in the current work, it seems likely
that the mechanism involved in the dendritic deteriora-
tion may be the action of GCs on the intracellular
receptors that act genomically and non-genomically on
immature Purkinje cells. This increased vulnerability
may be explained by the fact that cerebellar tissue
expresses higher GC receptors, especially during pre-
and postnatal development (Pavlik and BureSova
1984). In addition, it has been suggested that the dele-
terious effects of synthetic glucocorticoids, including
betamethasone, may be induced indirectly by fetal
brain hemodynamic changes. In fact, animals (ewes)
prenatally exposed to betamethasone showed a signifi-
cant reduction in the carotid blood flow associated
with an increased oxidative damage in the fetal hip-
pocampus compared to the age-matched control ani-
mals (Miller et al. 2007).

It then seems likely that treatment with GCs, despite
the respiratory status benefits observed in preterm
infants, could alter cerebellar development at the
microscopical level. Indeed, in a recent study Tam and
colleagues (2011) using neuroimaging analysis by
nuclear magnetic resonance reported that the use of
synthetic GCs (mainly dexamethasone) in preterm



infants was associated with a significant lower gross
cerebellar, but not cerebral, development. Although the
antenatal administration of betamethasone was not
associated with significant cerebellar alterations, Tam’s
group (2011) observed a strong relationship between
perinatal administration of hydrocortisone or dexam-
ethasone and lower volumetric cerebellar outgrowth.
While the study of Tam and others (2011) did not
observe an association between prenatal administra-
tion of betamethasone and the macroscopic develop-
ment of the cerebellum, microscopic alterations cannot
be excluded in betamethasone-treated preterm babies,
as experimentally demonstrated in the current study.
Furthermore, our current cerebellar weight and vol-
ume reductions detected in BET groups are consistent
with results showing that three courses of corticoster-
one administration on pregnant rats (17, 18, and 19
days of gestation) significantly reduced the cerebellar
weight and cortical cerebellar lamination (Velazquez
and Romano 1987). In addition, Arahuetes and coau-
thors (1991) showed that maternal BET treatment
increased brain lipid concentration associated with
enhanced brain myelination, suggesting that glucocor-
ticoids could alter the normal fetal brain development.

Moreover, the Purkinje cells of animals exposed to
antenatal betamethasone showed a significant increase
in the expression of CAD with respect to their age-
matched controls. Similar to the morphological data,
the overexpression of CAD reaches significance in the
late stages of development. Because Purkinje cells
usually increase CAD expression to minimize intrac-
ellular calcium transients, the overexpression detected
only in those animals treated with betamethasone can
be interpreted as a neuroprotective mechanism trig-
gered by the Purkinje cells in an attempt to reduce cell
toxicity secondary to calcium overload. This interpre-
tation is based on previous studies conducted in our
laboratory, in which the post-weaning stress induced
by social isolation was related to a significantly
increased level of CAD cell expression in medial pre-
frontal neurons (Pascual et al. 2013). Furthermore,
CAD increases in betamethasone-treated animals may
be related to the fact that prenatal synthetic GCs can
increase calcium permeability in the mitochondrial
membranes of cerebellar neurons, rendering them
more vulnerable to oxidative stress (Ahlbom et al.
2000). Because Golgi-Cox stained Purkinje cells
showed a significant dendritic atrophy despite higher
levels of CAD expression in the present studyj, it is pos-
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sible that this protracted neuroprotective mechanism
may not have been sufficient to offset the deleterious
impact of betamethasone. In addition, since the delete-
rious effect of BET on Purkinje cell dendritic pheno-
type was significant only at P52, it is possible to
speculate that the late calbindin-D28k overexpression
is triggered by BET-induced changes in Purkinje cell
dendritic morphology (outgrowth stunted and/or retrac-
tion); hence, the compensatory Purkinje cell-CAD
expression at P22 was probably not necessary.
Furthermore, betamethasone-exposed animals
showed significant impairments in behavioral motor
activity evaluated in the open-field test that, consistent
with histological variables, were significant only in the
late ontogenetic stages. The diminished motor explor-
atory behavior in the central perimeter of the arena
observed in animals treated with betamethasone could
be interpreted as anxiety-like behaviors because the
exploration in the open central zone indicates that ani-
mals are exposed to a ethologically risky open space
(without side walls). Although we did not discard
potential motor disturbances, the described anxiety-
like behavior may be related to Purkinje cell morpho-
logical alterations showed by animals that were ante-
natally treated with betamethasone. This interpretation
is based on the fact that Purkinje cells located in the
posterior cerebellar medial lobule IX establish numer-
ous connections with the limbic system, including the
amygdala, the hypothalamus, the hippocampus, and
the cingulate and orbitofrontal cortices (Sacchetti et al.
2009, Strata et al. 2011). Therefore, inadequate func-
tion of these connections may alter the function of one
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Fig. 8. Body weight (g) of the offspring animals. (CON)
control group; (BET) betamethasone group; (P0), (P22),
(P52) postnatal days 0, 22 and 52. Data are the means +
SEM *P<0.05 (£,,=5.41) and *P<0.05 (#,,=4.69) at 22 and 52
postnatal days, respectively.
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or more limbic structures, producing behaviors that are
consistent with anxiety-like disorders.

Although we do not know why cerebellar impair-
ment occurs only at late stages of postnatal life, it is
possible to speculate that endogenous glucocorticoids
act as nuclear transcription factors may alter the genet-
ic expression later in life. This conjecture is consistent
with the so-called fetal programming hypothesis of
Barker, where he argues that hormonal and other unde-
termined systemic changes during prenatal life consti-
tute a risk factor in the genesis of certain diseases
during adulthood (e.g., type 1I diabetes, dyslipidemias,
obesity and heart disease, reviewed in Rinaudo and
Wang 2012).

Despite the consistency of our data with other stud-
ies (Velazquez and Romano 1987, Pascual et al. 2010,
Tam et al. 2011) data obtained in the present study
should be interpreted with caution. First, there may be
differences in the degree of vulnerability of the cere-
bellum of the rat versus other more evolved animals,
i.e. monkeys and humans; second, the brain of new-
born rats is slightly more immature than that of pri-
mates, including humans (Clancy et al. 2007). Finally,
although the dose of betamethasone prenatally admin-
istered is equivalent to that used in the human clinical
practice (Scheepens et al. 2003), there may be unknown
pharmacokinetics and/or pharmacodynamics variables
that could influence the neuronal and behavioral data
obtained in our current and other studies.

CONCLUSIONS

According to our morphological, immunohis-
tochemical and behavioral data, antenatal betametha-
sone administered in clinical doses (0.17 mg kg') and
at equivalent ontogenetically stages (gestational day
20), produced lasting changes in Purkinje cell den-
dritic morphology, CAD expression, and motor behav-
ior consistent with anxiety-like disorders. Finally, it is
possible that the neurobehavioral sequel described in
preterm children prenatally treated with synthetic GCs
(Spinillo et al. 2004) may be related to undetected
microscopic cerebellar impairments, similar to the
findings described in the present study.

Furthermore, although in the current study we
administered a similar dose of betamethasone used in
perinatal medicine (Scheepens et al. 2003, Bruschettini
et al. 2006) and that the rat is currently a good mam-
malian animal model, it is necessary to keep in mind

the potential species-specific differences when extrap-
olates animal data to the human condition.
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