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Cerebral hypoxia–ischemia damages synaptic proteins, resulting in cytoskeletal altera-

tions, protein aggregation and neuronal death. In the previous works, we have shown
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neuronal and synaptic changes in rat neostriatum subjected to hypoxia that leads to

ubi-protein accumulation. Recently, we also showed that, changes in F-actin organization

could be related to early alterations induced by hypoxia in the Central Nervous System.

However, little is known about effective treatment to diminish the damage. The main aim

of this work is to study the effects of birth hypothermia on the actin cytoskeleton of

neostriatal post-synaptic densities (PSD) in 60 days olds rats by immunohistochemistry,

photooxidation and western blot. We used 2 different protocols of hypothermia:

(a) intrahypoxic hypothermia at 15 1C and (b) post-hypoxia hypothermia at 32 1C. Con-

sistent with previous data at 30 days, staining with phalloidin–Alexa488 followed by

confocal microscopy analysis showed an increase of F-actin fluorescent staining in the

neostriatum of hypoxic animals. Correlative photooxidation electron microscopy con-

firmed these observations showing an increment in the number of mushroom-shaped F-

actin staining spines in neostriatal excitatory synapses in rats subjected to hypoxia. In

addition, western blot revealed β-actin increase in PSDs in hypoxic animals. The optic

relative density measurement showed a significant difference between controls and

hypoxic animals. When hypoxia was induced under hypothermic conditions, the changes
3
erved.
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observed in actin cytoskeleton were blocked. Post-hypoxic hypothermia showed similar

answer but actin cytoskeleton modifications were not totally reverted as we observed at

15 1C. These data suggest that the decrease of the body temperature decreases the actin

modifications in dendritic spines preventing the neuronal death.

& 2014 Elsevier B.V. All rights reserved.
1. Introduction

Birth hypoxia-ischemia or perinatal asphyxia (PA) is a serious
complication with a high mortality and morbidity (McGuire,
2006; Van Bel and Groenendaal, 2008). Following PA, approxi-
mately 45% of newborn die and 25% have permanent neuro-
logical deficits including cerebral palsy, mental retardation
and developmental delay, learning disabilities, visual and
hearing problems, and different issues in the school readi-
ness (Hill and Volpe, 1981; Amiel-Tison and Ellison, 1986;
Vannucci and Perlman, 1997; Gunn, 2000; Osborne et al., 2004;
Shankaran, 2009; Titomanlio et al., 2011)

Dendritic spines are small protrusions emerging from their
parent dendrites, and their morphological changes are
involved in synaptic plasticity (Fukazawa et al., 2003; Dent
et al., 2011; Bae et al., 2012), protein translocation (Ouyang
et al., 2005) and may be involved in different brain diseases
including hypoxia-ischemia (Gisselsson et al., 2005, 2010;
Luebke et al., 2010; Saraceno et al., 2012a). Dendritic spines
are characterized for a rich actin cytoskeleton network (Fifkova
and Delay, 1982; Capani et al., 2001a, 2008). These small
structures are composed of different proteins belonging to
several sub-families such as membrane receptors, scaffold
proteins, signal transduction proteins and cytoskeletal pro-
teins Shirao and González-Billault (2013). Actin filaments in
dendritic spines consist of double helix of actin protomers
decorated with Arp 2/3 and ADF/cofilin, and the balance
between them is closely related to actin dynamic, which
may govern morphological and functional synaptic plasticity
(Fukazawa et al., 2003; Pollard and Borisy, 2003; Cingolani et al.,
2008; Shirao and González-Billault, 2013). Different kinds of
dendritic spines were described based on its shape and their
content of actin in adult rat brain. Mushroom-shaped spines
have stalks with a clear heads differentiation, stubby spines
are thick and have no neck and thin spines are characterized
for being long and without neck (Capani et al., 2001c).

For decades, neuroprotective options have been explored,
however, at the moment there are currently no effective
therapies. Hypothermia has outcome as an important tool to
reduce the damage after experimental brain ischemia (Capani
et al., 1997, 2001b, 2003; Clark et al., 2009; Sameshima and
Ikenoue; 2013). In addition, hypothermia has shown good results
although focused only on the therapy for neonatal encephalo-
pathy (Shankaran, 2009; Sameshima and Ikenoue; 2013; Wu and
Grotta, 2013).

In previous works, we have observed long term alterations in
dendritic spines, high level of ubiquitinization, increment in
astrocytes reactivity and alterations in dendritic microtubular
organization after PA (Capani et al., 2009; Saraceno et al.,
2010; Saraceno et al., 2012b). In addition, recently we have
described early modifications in the neostriatum synaptic actin
cytoskeleton. In this report we aimed to investigate whether
hypothermia can prevent alterations in the actin cytoskeleton of
dendritic spines after 60 days of induction of PA using correlative
light and electron microscopy for phalloidin–eosin and western
blot analysis. We used to different protocols of hypothermia:
(a) intrahypoxic hypothermia, since we have obtained in the last
years clear evidence of its efficiency to totally block hypoxic
damage, and (b) post hypoxia hypothermia at 32 1C.
2. Results

2.1. Effect of temperature on neostriatal cell survival
in vivo

Staining of neostriatal sections with cresyl violet revealed clear
nuclear condensation after 2 months in rats subjected to 20min
of PA (Fig. 1A). Slight nuclear condensation was also observed
after 10 and 15min of PA (Fig. 1A). To determine the nature of
the condensed cells, a conventional electron microscopy study
was performed. We observed that most cells showing nuclear
condensation have morphological characteristics corresponding
to neurons in degeneration, such as dark cytoplasm with
vacuoles, nucleus compaction, a nucleus with a festoon shape
and twisted nuclear envelope (Capani et al., 1997, 2009; Aggoun-
Zouaoui et al., 1998; Liu et al., 2004). In contrast, these ultra-
structural alterations were not observed in neither using both
protocol of hypothermic or control groups (Fig. 2B).

2.2. Analysis of striatal GABAergic neuronal loss

To quantify the loss of neurons in neostriatum we employed
stereology combined with calbindin immunostaining, which
identifies GABAergic neurons in neostriatum (Van den Berg
et al., 2003; Capani et al., 2009). We focused only on GABAer-
gic neurons since they represent the target of glutamate
synapses from the cortex. Statistics indicated lower means
of calbindin IR neurons as compared to the control group, the
longer the exposure time of PA was. The overall ANOVA was
significant (Po 0.05) and post hoc tests showed that the
decrement of the means of calbindin IR neurons was statis-
tically significant only at 20 min of PA (Po0.05) while the
mean of the HYP 20 min and HYP 20 min 32 1C group were not
significantly different from the control group (see Table 1).

2.3. F-actin staining in neostriatum dendritic spines

Punctuate staining, representative of areas rich in dendritic
spines, was observed at confocal level using phalloidin–Alexa488.
Increase in punctuate staining was observed after 20min of PA,



Fig. 1 – Top: low-power micrographs neostriatum from 60 days old CTL rats and animals subjected to different times of PA.
Neostriatal sections were stained with cresyl violet. A clear nuclear condensation was observed after 20 min of PA (arrows).
In both protocols of hypothermia nucleus appeared with the same characteristic than the control. Scale bar, 30 lm. Bottom:
ultrastructural organization of the GABAergic neurons in the neostriatum area from two months old CTL rats and animals
subjected to different time of PA. Note that the morphological characteristics of neurodegeneration in the 20 min PA rats are
pronounced. Tissue subjected to both protocols of hypothermia showed the similar preservation that the control neurons.
Nu, nucleus. Scale bar: 1 lm.
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Fig. 2 – Confocal microscope images of phalloidin–Alexa488 from neostriatum area from two month old control, asphyctic and
rats subjected to hypothermia rats. An increase in the punctate staining was observed after 20 min of PA (arrows). In both
protocols of hypothermia showed the same pattern of distribution of the punctate than the control. The assessment of the
percentage of the reactive area from striatal phalloidin–Alexa488 staining in PA rats showed an increment in the reactivity
area staining with phalloidin. nPo0.01. Bars and error bars represent mean 1 SEM. DEN, dendrites; CB, cell body. Scale bar:
10 lm.

Table 1 – Estimates of the mean total number of calbin-
din-immunoreactive neurons in the neostriatum.

Groups Means Calbindin IR
neurons

% cell loss

Control 613.32 87.29
PA 10 min 532.12 83.29 �11.0
PA 15 min 527.13 109.5 �12.0
PA 20 min 432.23 104.6n �25.3
HYP 20 min 15 1C 603.02 83.6 �1.1
HYP 20 min 32 1C 572.02 74 �5.7

Data are expressed as means7SD. Each experimental group was
compared to the control group (see text for statistical details).
n Po0.05.
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while 10 and 15min of asphyxia showed a pattern of staining
similar to the control group. Moreover, hypothermia dramati-
cally reduced the pattern of phalloidin-labelling (Fig. 2).

The morphometric analysis confirmed these data. Dendritic
spines of animals subjected to 20min of PA showed a significant
increment in the reactive area stained with phalloidin (Po0.001)
in comparison with control. Since mushroom type dendritic
spines are a structure with highly concentrated F-actin (Capani
et al., 2001c), we may infer that the increment observed in F-
actin is a consequence of an increment in the number of these
dendritic spines. On the other hand, hypothermia treatment
using both protocols dramatically blocked the increase in
F-actin, as showing the by the reactive area of phalloidin
staining comparable to control animals (Fig. 3)
2.4. Correlative photooxidation with phalloidin–eosin

Among others, our group has used correlative light and
electron microscopy with phalloidin–eosin in several different
studies (Capani et al., 2001a, c, 2008; Fukazawa et al., 2003;
Ouyang et al., 2005) which is a consistent technique to study
actin changes in different populations of dendritic spines.
Analyses of spines population in the photoxidated samples
at electron microscopic level confirm confocal microscope
observations. An increment in the number of F-actin positive
spines was observed after 20min of PA. No changes in the
number of phalloidin-positive dendritic spines in animals
suffering 10 and 15min of PA (Fig. 3). When we analyzed the
different populations of dendritic spines we observed that only
the mushroom spines, the only ones positive for F-actin,
significantly increased in number after 20min of PA (Po
0.001). Synapses showed no signs of evident degeneration in
rats treated with asphyxia and hypothermia for different
times. On the other hand, animals treated with hypothermia
halted the overexpression of actin filaments in the neostriatal
spines-mushrooms type (Fig. 3)

2.5. Western blot analysis of PSD fraction

The β actin expression in isolated PSD fractions was analyzed
by immunoblotting using anti-β actin antibody and quantified
(Fig. 4). Statistical analysis indicated significant differences
between the mean optical densities (Po0.01). Post hoc tests
indicated that β actin expression at 20 min PA was signifi-
cantly higher in comparison with the control group or others
asphyctic groups (Po0.01 for all comparisons). On the con-
trary, the β actin expression in the HYP 20 min group was not
significantly different of the control group (P40.05) (Fig. 4).
However, no significance difference was observed using post
hypoxic hypothermia protocol, suggesting that the cool treat-
ment was not enough to prevent molecular changes. Western
blot analysis strongly supported the observations at light and
electron microscopic levels.



Fig. 3 – Electron micrograph of photooxidated area in the neostriatum of 2 month old rat from the different experimental
conditions. Arrows point out the dendritic spines stained. An increment in the number of the F-actin positive spines was
observed after 20 min of PA. Hypothermia treated rats preserved the dendritic spines actin cytoskeleton. AT, Axon terminal;
DEN, dendritic shaft. Scale bar: 1 lm. The graph shows the assessment of the number of spines per field from striatal slices.
A significant increment in the number of positive F-actin spines was observed in the PA group in comparison with the CTL
group. nPo0.01. Bars and error bars represent mean 1 SEM.
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3. Discussion

In this study, we demonstrated the hypothermia decreases
the neuronal death and diminished the changes in the actin
cytoskeleton in rat neostriatum of 60 days old rat, modifica-
tions induced by 20 min of perinatal asphyxia using correla-
tive light and electron microscopic techniques and western
blot. This body of data strongly supports the idea that
synaptic alterations are one of the targets for hypothermia
to reduce hypoxia damage
3.1. Mechanism involved in actin changes after PA

AP produce several changes at synaptic level which includes
elevation of glutamate in the extracellular space (Choi, 1995)
and different kind of aberrant cell signaling (Dunah et al.,
1996; Endres et al., 1999; Martone et al., 1999; Liu et al., 2004,
2006; Li et al., 2007; Capani et al., 2009; Schafer et al., 2009).
Consistent with previous report in hippocampal cells culture
(Gisselsson et al., 2005), and with our data in neostriatum
after 30 days of AP (Saraceno et al., 2012a) we have observed
in vivo an increment in the actin staining in dendritic spines,
after 1 month of asphyctic insult. We used a correlative light
and electron microscopic technique that has been used for
our laboratory (Capani et al., 2001a) and other (Fukazawa
et al., 2003; Ouyang et al., 2005) to show that the increment in
actin staining at light confocal level corresponds with the
increment in mushrooms type dendritic spines actin positive,
suggesting that actin could be related neuronal damage
produced by hypoxia. Western blot analysis also confirmed
these observations. Consistent with this point of view, treat-
ment with cytochalasin D (a potent inhibitor of actin poly-
merization.) decreases the infarct size following media
cerebral artery occlusion (Laufs et al., 2000). Actin cytoskeleton
is highly regulated by different actin binding proteins (Pollard
and Borisy, 2003). Several actin proteins have been also
involved in the process of cell death during ischemia. Disrup-
tion of receptor-scaffold protein as NMDA-PSD 95 that is
depending of actin polymerization interactions can prevent
cell death after ischemia (Aarts et al., 2002). Changes in spines
morphology are strongly linked to some actin-binding proteins
such as gelsolin. Gelsolin-null neurons have enhanced cell
death and rapid sustained elevation of Ca2þ levels following
glucose/oxygen deprivation, as well as augmented cytosolic
Ca2þ levels in nerve terminals following depolarization in vitro
(Endres et al., 1999). Also, gelsolin diminishes the infarct size
after ischemia preventing neuronal death (Harms et al., 2004).
In addition, an increment in histone acetylation induces an
up-regulation of gelsolin reducing dramatically the actin fila-
ments levels and cell death following cerebral ischemia in
mice (Yildirim et al., 2008). Consistent with this data
Gisselsson et al. (2010) have shown that Rho kinase inhibition,
in organotypic hippocampal slices subjected to ischemia,
reduces the cell death suggesting that actin depolimerization
reduces cell death.

F-actin is selectively concentrated in mushroom type
spines (Capani et al., 2001c). The mushrooms shape dendritic
spines have been involved in protein translocation in poten-
tiated spines in hippocampal slices (Ouyang et al., 2005), and
is highly regulated by phosphorylation/desphosphorylation
of cofilin, another actin-binding protein. Furthermore,
Fukazawa et al. (2003) have shown that LTP induction is
associated with actin cytoskeletal reorganization character-
ized by a long-lasting increase in F-actin content within
dendritic spines. This increase in F-actin content is depen-
dent on NMDA receptor activation and involves the inactiva-
tion of actin depolymerizing factor/cofilin. Thus, changes in
the mushroom spines cytoskeleton after ischemia could be
involved in different long term diseases that PA might
induce.



Fig. 4 – Immunoblots of striatal PSDs of one-month-old CTL and PA rats. The molecular size is indicated at the left. β-Actin is
increased after 20 min of PA. (A) Intrahypoxic hypothermia rats showed the same level of expression than the control. (B) No
differences in actin expression were observed between post-hypoxia hypothermia and PA. The assessment of the percentage
of optical density of PSD immunoblot bands from the one-month-old CTL and PA rats showed a significant increment in the
optical density respect to control group (CTL). nPo0.01. Bars and error bars represent mean 1 SEM.
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Taken together this data suggests that an early alteration
in the actin cytoskeleton regulation could build an aberrant
biochemical pathway that induced long term modifications in
the brain of the perinatal asphyctic animals.

3.2. Hypothermia neuroprotection and cell death

In agreement with previous reports, hypothermia regulates the
mechanisms of actin polymerization and depolymerization
(Gisselsson et al., 2005). The neuroprotective effect of hypother-
mia has been well establish for us and others (Capani et al.,
1997; Gisselsson et al., 2005, 2010). Hypothermia effect on actin
cytoskeleton may alter the NMDA receptor interactions with
PSD95 diminishing Caþþ and then reducing the cell death (Aarts
et al., 2002). In addition, we (Capani et al., 2009) and Liu et al.
(2006) have demonstrated that hypothermia blocked the
increase of ubiquitin induced by ischemia. Some functional
data showed that hypothermia significantly decreased atten-
tion deficits in the choice reaction time task and spatial learning
deficits in the water maze task (Sameshima and Ikenoue; 2013).
Hence, hypothermia appears to prevent the alterations of actin
cytoskeleton, regulating the polymerization–depolymeration
cycle and then reducing the behavioral alterations.

On other hand, we observed that intrahypoxic hypothermia
has a best answer against the cytoskeletal modifications that we
observed with post-hypoxia hypothermia, probably because the
intrahypoxic hypothermia is induced at lower temperature than
post-hypoxia hypothermia Although all of these data is experi-
mental, it is well know that post-hypoxic hypothermia is
promising useful only for severe infants encephalopathy induced
by perinatal asphyxia (Soll, 2013). Therefore, we conclude that
new experimental hypothermia procedure should be tested for
refine our understanding of this kind of intervention.
4. Experimental procedures

4.1. Materials

Eosin–phalloidin and Alexa–phalloidin488 were purchased
from Invitrogen, (Carlsbad, CA). Primary antibody anti
β-actin and anti-calbindin-D28 were from Sigma Chemical
Co. (St. Louis, MO, USA) Secondary antibodies against mouse
were obtained from Jackson ImmunoResearch Laboratories
(West Grove, PA). Paraformaldehyde, EM grade glutaralde-
hyde, sodium cacodylate and Durcopan ACM resin were
obtained from Electron Microscopy Sciences (Fort Washing-
ton, PA); special welled tissue culture plates were obtained
from MatTek (Ashland, MA).

4.2. Animals

All procedures involving animals were approved by the Institu-
tional Animal Care and Use Committee at the University of
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Buenos Aires (School of Medicine) and conducted according to
the principles of the Guide for the Care and Use of Laboratory
Animals (NIH Publications No. 80-23, revised 1996). Sprague–
Dawley female rats maintained on a 12:12 h light/dark cycle in a
controlled temperature (2172 1C) and humidity (6575%) envir-
onment were placed in individual cages at the 15th day of
pregnancy. The animals had access to food (Purina chow) and
tap water ad libitum. One group of animals (n¼10) were used as
surrogate mothers, another group (n¼12) were assigned to PA
procedures.

4.3. Induction of asphyxia

Twelve full-term pregnant rats on gestational day 22, were
anesthetized (Dorfman et al., 2006), rapidly decapitated and
the uterus horns were isolated through an abdominal inci-
sion and placed in a water bath at 37 1C for 10 min (6 uterus
horn from 3 dams), 15 min (6 uterus horn from 3 dams) and
20 min (6 uterus horn from 3 dams) (Bjelke et al., 1991; Van
den Berg et al., 2003; Capani et al., 2009). Following the same
procedure, other dams (n¼3) were hysterectomized and their
uterus horns were placed in a bath at 15 1C for 20 min
(hypothermia during insult group [HYP 20 min]). In this
hypothermia procedure, the temperature of the pups is
expected to be higher than the one set for the water bath
(Engidawork et al., 2001). In addition, we and others have
obtained 100% survival rate with important protective effect
using the same protocol (Capani et al., 1997; Loidl et al., 1997,
2000). In the post-hypoxia hypothermia procedure, Immedi-
ately after PA, animals were placed on a clean plastic pad
filled with crushed ice (fine structure) and cooled (whole
body) from 37.5 1C to 32.0 1C (monitoring rectal temperature)
under 1.0% halothane anesthesia (for more details see
Westergren et al., 2000). When desired temperature of
32.0 1C was reached, animals were removed from the cooling
pad, placed on heating pad (set to 37.0 1C) to allow slow whole
body re-warming. The body temperature decreased about 11
during additional 20 min, but afterward, the body tempera-
ture of animals returned to normothermia, by increase of
2 1C/h (37.0 1C after approximately 3 h).

Following asphyxia, the uterus horns were rapidly opened,
the pups were removed, the amniotic fluid was cleaned and
the pups were stimulated to breathe by performing tactile
intermittent stimulation with pieces of medical wipes for a
few minutes until regular breathing was established. The
umbilical cord was ligated and the animals were left to
recover for 1 h under a heating lamp. When their physiolo-
gical conditions improved, they were given to surrogate
mothers who had delivered normally within the last 24 h.
The different groups of pups were marked and mixed with
the surrogate mothers' normal litters (control animals that
were left undisturbed). We maintained litters of 10 pups with
each surrogate mother.

4.4. Post-asphyctic procedure

Adult males of two month old of age (4 per group) were used.
Briefly, an intracardiac perfusion was performed with normal
rat Ringer’s at 35 1C followed by fixative under deep anesthesia
(containing 50 mg/kg ketamine, 1 mg/kg rhompun and 5mg/kg
acetopromazine in sterile saline). For light microscopic analy-
sis, rats were perfused with 4% paraformaldehyde (made fresh
from paraformaldehyde) in 0.15 M cacodylate buffer, pH 7.2.
The brain was removed and fixed for additional 2 h in the
same solution at 4 1C. For electron microscopic studies, a
fixative containing 4% formaldehyde and 0.1% glutaraldehyde
was employed (Capani et al., 2009). After 2 h of post-fixation in
the same fixative, the brain was removed from the skull and
coronal or sagital sections were cut at a thickness of 50–80 μm
with a Vibratome (Leica). Some of these sections were stained
with cresyl violet according to the procedures described in
Capani et al. (1997). We have used one month old rats because
of the synapses are already mature at this stage (Fiala et al.,
1998).
4.5. Photooxidation

Vibratome sections were washed with 50 mM glycine–PBS
containing 0.5% cold water fish gelatin to block nonspecific
binding. Following 30 min of washing, the sections were
incubated on a shaker, in a solution of 0.05% of eosin–
phalloidin–0.5% cold-water fish gelatin/50 mM glycine–PBS
for 2 h at 4 1C. For light microscopic studies, phalloidin
conjugated to Alexa488 was also used because of its superior
fluorescent quantum yield compared to eosin. As a negative
control, eosin–phalloidin was omitted.

Tissue sections stained with eosin–phalloidin were
mounted on glass-welled tissue culture dishes (Mat Tek Corp)
pre-treated with polyethylenimine. The slices were fixed
again for 2–5 min with 2% glutaraldehyde in 0.1 M cacodylate
buffer, rinsed in buffer for several minutes, and placed in
50 mM glycine and potassium cyanide in cacodylate buffer for
an additional 5 min to reduce nonspecific staining.

Photooxidation was performed on the Zeiss Axiovert
described above, equipped with a 75-W xenon arc light
source. The samples were immersed in a solution of 2.8 mM
diaminobenzidine in 0.1 M sodium cacodylate at 4 1C bubbled
with pure O2, final pH 7.4, and then irradiated under conven-
tional epifluorescence using a xenon lamp. After 6–8 min a
brownish reaction product began to appear in place of the
fluorescence. The process was stopped by halting the excita-
tion (Capani et al., 2001c)
4.6. Electron microscopy procedure

Following photooxidation, tissue sections were rinsed in
0.1 M sodium cacodylate several times and incubated for
30 min with 1% osmium tetroxide in 0.1 M sodium cacodylate,
pH 7.2. After several washes in double-distilled H2O, the
sections were dehydrated in an ascending ethanol series,
and flat embedded in Durcopan ACM resin and polymerized
for 24 h at 60 1C. Serial thin sections (80–100 nm) were cut
with Reichert Ultracut E ultramicrotome using glass knives
and examined using a JEOL 100CX electron microscope at
80–100 keV. One set of thin sections was post-stained with a
combination of uranyl acetate and lead citrate.
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4.7. Morphometric analysis

The volume fraction of immunoreactive material for phalloidin
was estimated using the point-counting method of Weibel
(Weibel and Kiessling, 1978) and a grid delimiting 5000 μm2 in
the striatum. A total area of 75,000 μm2 was evaluated in each
animal. Percentage of reactive area was estimated using Image J
Program (Image J 1.41o, NIH, USA).

For electron microscopy analysis sampling procedures
were adapted from Harris et al. (1992) and Capani et al.
(2001c). For analysis, spines were sampled from dorsal neos-
triatum. All synapses with characteristic of mushrooms type
dendritic spines (head larger than the neck) were used in this
study since mushrooms spines are the unique F-actin posi-
tive spines (Capani et al. 2001c). Random fields of neuropil
containing at least one synapse were photographed at
10,000� magnification and analyzed at a total magnification
of 30,000� . We analyzed 510 control spines and 1538 spines
for tissue subjected to hypoxia and 528 dendrites spines from
tissue subjected to HYP.

4.8. Stereological analysis of calbindin

Striatum was defined according to Paxinos and Watson
(1986). Different lines were drawn to define the exact area
to be quantified. Medially a line was drawn from the dorsal
tip of the left-brain side to the top of the corpus callosum.
Dorsal and lateral boundaries were defined by the corpus
callosum; a line drawn from the ventral tip of the lateral
ventricle to the rhinal fissure was used as a ventral boundary.
Laterally a line was drawn from the ventral tip of the lateral
ventricle to the corpus callosum. Anterior and posterior
boundaries for the striatum were set at bregma 1.6 mm and
�0.8 mm. (Hof and Schmitz, 2000; Capani et al., 2009).

For estimates of the total number of immunoreactive (IR)
calbindin neurons, every 8th section of the brains of control
(n¼4), PA (10 min [n¼6], 15 min [n¼6], 19 min [n¼8] and
hypothermia (n¼8) treated animals were analyzed using the
optical dissector.

The CAST-Grid software (Olympus, Denmark) was used for
quantification. The IR neurons, which came into focus within
approximately 450 systematically randomly spaced dissec-
tors, were counted at a final magnification of 3600� (distance
between dissectors in mutually orthogonal directions x and y
on the sections: 250 μm). The optical dissectors had a base
area of 1250 μm2. Estimated total numbers of IR neurons were
calculated from the number of counted neurons and the
sampling probability (Schmitz and Hof, 2000). Sampling was
optimized for prevention of type II error probability due to
stereological sampling. The precision of the estimated total
numbers of neurons was predicted following the methods
designed in Schmitz and Hof (2000) and Capani et al. (2009).

4.9. Subcellular fractionation and preparation of PSDs

Biochemical fractionationwas performed as described previously
by Dunah and Standaert (2003). Dounce homogenates (H) of the
pellets in ice-cold TEVP buffer [10mM Tris–HCl, pH 7.4, 5 mM
NaF, 1mM Na3VO4, 1mM EDTA, and 1 mM EGTA, 1.25 μg/ml
pepstatin A, 10 μg/ml leupeptin, 2.5 μg/ml aproptonin, 0.5 mM
PMSF] containing 320mM sucrose was centrifuged at 1000� g to
remove nuclei and large debris (P1). The supernatant (S1) was
centrifuged at 10,000� g to obtain a crude synaptosomal fraction
(P2) and subsequently was lysed hypo-osmotically and centri-
fuged at 25,000� g to pellet a synaptosomal membrane fraction
(LP1). After each centrifugation the resulting pellet was rinsed
briefly with ice-cold TEVP buffer before subsequent fractiona-
tions to avoid possible crossover contamination. Protein was
quantified by Bradford’smethod (Bradford 1976) [12] using bovine
serum albumin as standard.

4.10. Western blot

Western blot analysis was carried out using PSD fractions
separated on 10% SDS-PAGE and the transfer of separated
proteins to polyvinylidene difluoride (PVDF) membrane were
performed as described previously (Wang et al., 1995; Dunah
et al., 1996; Luo et al., 1996). Samples containing 20 μg of
protein from each groups were applied to each lane. After
electrophoresis, proteins were transferred to an Immobilon-P
membrane (Amersham). The membranes were incubated
with a primary antibody anti β-actin (Sigma, 1:1000) overnight
at 4 1C. The membranes were incubated with horseradish
peroxidase-conjugated anti-mouse secondary antibody for
2 h at room temperature. The blots were developed with an
ECL detection kit (Amersham). The films were scanned, and
the optical density of protein bands was quantified using Gel
Pro Analizer software 3.1.00.00 (Media Cybernetics, USA). We
used the Ponceau Red (Sigma, USA) staining like load control
because the LP1 fraction that we use has the deficient that
all of the proteins involved in these structures are affected
by PA.

4.11. Statistical analysis

Material from four rats was analyzed for each experimental
group and for each parameter studied. Data are expressed as
mean7SEM. Then for statistical analysis was the number of
animals (n¼4 in each experimental group). Multiple statisti-
cal comparisons were carried out with a one-way analysis of
variance. Bonferroni’s test was used for post hoc comparisons
of mean values. A level of significance of Po0.05 was selected.
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