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Abstract: Maternal separation disrupts mother-mfant interactions during early life and produce long-lasting
effects on physiological and behavioral processes in offspring. Maternal separation in rats can produce
schizophrenia-like behaviors, such as stress hyper-reactivity, deficits in sensorimotor gating and disruption
of cognitive processes and these behavioral dysfunctions can persist throughout adulthood. A neurotrophic
peptide mixture, cerebrolysin, reduces behavioral and neuropathological alterations mn a neurodevelopmental
model of schizophrenia. This study examined the beneficial effects of sub-chronic cerebrolysin administration
on long-lasting behavioral alterations caused by pre-weaning repeated maternal separation in rats. Cerebrolysin
was admimstered daily for 4 weeks to 1 month old rats. The results showed that cerebrolysin treatment during
post-pubertal age (2-3 months) reduced the hyper-reactivity to novel environment caused by maternal
separation. Furthermore, this study also demonstrated that cerebrolysin administration partially reverted
maternal separation-induced alterations in the acoustic startle response and its habituation process. These
results suggest that cerebrolysin may exert beneficial effects in the management of some neuropsychiatric

disorders.
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INTRODUCTION

The offspring of altricial mammals are bom in an
immature state and maternal care affords a wealthy
environment that shapes early physiological and
cognitive development and later behaviors (Levine, 1957,
Levy et al, 2003; Rees et al, 2005). The effects of
deficient maternal care early in life on adult behavior were
studied previously in rats, monkeys and humans
(Fleming and Li, 2002; Maestripler1 et af., 1997,
O’Connor and Rutter, 2000). Maternal behaviors in
rodents consist of a series of motor patterns performed by
the mother, such as nest-building, retrieving, licking of
young, adoption of a nursing posture and physiological
functions, such as the production and ejection of milk
(Gonzalez-Mariscal and Melo, 2013). Maternal Separation
(MS) abates mother-pup interactions during early life and
it produces long-lasting effects on physiological and
behavioral processes in offspring (Fleming et al., 1999,
Fleming and I.i, 2002).

Pups are separated daily from the nest and mother
during first two weeks of life in MS paradigms (Rees et al.,
2005). Pups in some models are individually separated
and only auditory and olfactory communications
among siblings are possible (Monroy ef al, 2010,
Pascual and Zamora-Leon, 2007). The MS in rats
produces schizophrenia like behaviors, such as stress
hyper-reactivity, anxiety-like behaviors, anhedonia
(Caldp et al., 1998, Damniels et al., 2004; Der-Avakian and
Markou, 2010, Kikusui and Mor1, 2009, Wigger and
Neumann, 1999), disrupted habituation (Finamore and
Port, 2000) and prepulse inhibition (PPI) of the acoustic
startle response (Ellenbroek and Cools, 2000, L1 ef al.,
2013). These behavioral dysfunctions persist throughout
adulthood (Daniels et ai., 2004; Macri and Wurbel, 2006).
MS in rats also produces long-lasting morphological
changes m pyramidal neurons of the hippocampus and
prefrontal cortex (PFC) (Monroy ef al., 2010; Pascual and
Zamora-Leon, 2007) limbic structures related with the
pathophysiology of schizophrenia (Glantz and Lewis,
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1997, Kolomeets et al., 2005). This data suggest that M3
can be used as an ammal model of newopsychiatric
disease (Van den Buuse etfal., 2003; Lietal., 2013).
Cerebrolysin  (CBL) a biologically active
preparation of low molecular weight peptides that

is

exert neuroprotective and newurotrophic properties
(Vewnbergs et al., 2000, Zhang et al., 2010). The beneficial
effects of CBL administration are partially related to
its ability to mimic the action of  endogenous
neurotrophic factors, such as Brain-Derived Neurotrophic
Factor (BDNF) and Nerve Growth Factor (NGF)
(Masliah and Diez-Tejedor, 2012). The CBL treatment may
unprove dendritic length and dendritic spine density in
limbic regions of aged mice (Alcantara-Gonzalez ef al.,
2012; Juarez et al., 2011). The CBL also ameliorates
synaptic and dendritic pathology in amimal models of
schizophrenia (Vazquez-Roque et al., 2012, 2014). These
effects may underlie CBL use in the treatment of
neurodegenerative diseases, such as multiple sclerosis,
Parkinson’s disease, Alzheimer’s disease, dementia and
acute or chronic stroke (Alvarez and Fuentes, 2011,
Lukhamna et al., 2004; Mashah and Diez-Tejedor, 2012).
However, CBL 1s also effective m the treatment of
neurodevelopmental disorders, such as
schizophrenia (Flores and Atzori, 2014).

The present study examined the possible favorable
effects of sub-chronic CBL administration on long-lasting
behavioral alterations caused by a brief and repeated
period of maternal separation in rats. Cerebrolysin was
admimstered daily for 4 weeks to 1 month old rats.
Behavioral analyses in post-pubertal ammals mcluded
locomotor activity induced by novel environment,
measures of sensormmoter function, such as acoustic
startle response (ASR) and prepulse inhibition (PPT) and
the relatively simple cognitive process of ASR
habituation.

autism and

MATERIALS AND METHODS

Animals: Pregnant Sprague-Dawley rats were obtained
from our facilities (Harlan Mexico was the original source)
at gestational days 14-17. Rats were housed m Plexiglas
cages with a stainless steel cover in a temperature
(20-22°C) and humidity (50-60%) controlled room
maintained on a 12 h light/dark cycle (lights on:
07:00-19:00 h) with free access to food and water. All
ammal procedures were performed mn accordance with the
Guide for Care and Use of Laboratory Animals’ of the
Mexican Council for Animal Care (Norma Oficial Mexicana
NOM-062-Z00-1999) and the National Institutes of
Health Guide for the Care and Use of Laboratory Ammals.
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Every effort was made to alleviate any pain or distress
that might be experienced by the anumals during this
experiment.

Maternal separation: The day of birth was designated as
Postnatal Day (PD) 0. Litters were culled to & male pups
after birth and housed together with their mother in rat
cages. MS protocol modified from Van den Buuse et al.
(2003) was performed by removing pups from their home
cage and mdividually isolating them for 1 h from PD 1-5
and 2 h from PD 6-14. Temperature was controlled (33+1°C
from PD 1-9 and 22+1°C from PD 10-14) during the
1solation period and only auditory and olfactory
commumications were accessible among siblings. Pups
were returned to ther home cages after 1solation. Control
pups were left undisturbed with their mothers in home
cages. Maternal separation procedures were always
performed m the same room at the same time of the day by
the same person. Rats were weaned on PD 21 and housed
(four animals per cage) with siblings from the same
maternal care condition. Pup weights were recorded every
two days from PD 4-12 and every four days throughout
CBL treatment.

Cerebrolysin treatment: Four behavioral experiments
were performed to assess possible beneficial effects of
CBL on the behavior of post-pubertal MS rats: (1) Motor
activity, (2) Acoustic startle response, (3) Prepulse
inhibition of the acoustic startle response and (4)
Habituation of the acoustic startle response. At PD 30,
control (n =16) and MS (n =16) male rats were injected
intraperitoneally daily for 28 days with 5 mL kg™" of CBL
(215.2 mg mL~"; Renacenz, Ever Neuro Pharma Gmbl,
Unterach, Austria) or vehicle (NaCl 0.9% solution). The
CBL dose and treatment duration were chosen on the
basis of previous findings (Rockenstein et al., 2006,
Vazquez-Roque et al, 2012). Four groups of 8 animals
each were formed: (1) Vehicle-treated control rats
(CT-VEH), (2) CBL-treated control rats (CT-CBL), (3)
Vehicle-treated MS rats (MS-VEH) and (4) CBL-treated
MS rats (MS-CBL). Each group was formed with pups
from at least three different litters of the same maternal
care condition. Behavioral studies started five days after
the end of CBL, or VEH administration. Animals were
submitted to open field motor activity on PD 63, ASR and
PPI on PD70 and ASR habituation on PD78.

Behavioral tests

Open field motor activity: Animals were placed
individually in the middle of an open field
{(black-pamted wooden box 60x60x30cm; wxlxh) on
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PD 63. Lighting conditions were similar to the light
intensity in the housing room. Two 32-W overhead
fluorescent bulbs were suspended 208 cm above the
center of the field and provided 195 lux at the box floor.
Spontaneous motor activity m an unfamiliar environment
was measured using a real-time video image analyzer,
Videomex-V (Columbus Instruments, OH, USA). This
system keeps record of the distance the animal travels, the
amount of time spent travelling, the amount of time spent
i a non-ambulatory activity (which includes postural
adjustments and stereotyped behaviors, such as
grooming, rearing, sniffing, etc.) and the amount of time
spent resting. A total of 9 min of activity for each amimal
was measured (Zamudio et al., 2005). The floor of the
open field was wiped with a detergent solution between

rats.

Acoustic startle response (ASR) and prepulse inhibition
(PPI): Experiments were performed usmg a single
automated Responder-X system (Columbus Instruments,
Columbus, OH, USA). The startle chamber consisted of a
polycarbonate plastic cage (15.4x28.1x17.5 cm; wxlxh)
with a load-cell alumimum platform on the floor. This
system uses unrestrained subjects and the load-cell
platform records the force (g) of the startle reflex.
Background noise (65 dB) and acoustic stimuli were
provided via a loudspeaker placed 10 cm next to the test
This system was kept within a sound-
attenuating and ventilated cabinet. Stumuli were delivered
and responses were measured using Responder-X
software (Columbus Instruments, Columbus, OH, USA)
on a PC. The startle response was taken as the first

chamber.

positive peak in force from calibrated zero. This measure
1s the sum of the subject’s mass and the startle response.
We subtracted the subject’s mass (g) from the peak
amplitude for all measurements of the startle response.
Rats were placed in the startle chamber for a 5 min
acclimation period with a 65-dB background noise. ASR
and PPl were measured at PDs 70-73 i the same
session, as reported previously (Ralph-Williams et al.,
2003; Vazquez-Roque et al., 2012; Vinkers et al., 2007).
Each experimental session consisted of baseline (BL)
(NS) trials, startle trials
(pulse-alone) and prepulse trials (prepulset+pulse). The
background noise was present throughout the session.
Six BL pulse trials of broadband noise (120 dB, 40 msec)
were presented after the acclimation period to achieve a

pulses,  Non-Stimulus

relatively stable level of startle response amplitude. Data
of these BL trials was not considered in ASR and PPI
analyses. Subsequently, a total of 80 trials of 8 different
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types were presented in pseudorandom order with a
30 sec inter-stimulus interval. Ten NS trials consisted of
background noise only. Pulse-alone trials mcluded 10
each of three different trials that consisted of 40 msec
acoustic broadband noise pulses of 85, 105 and 120 dB.
Four different prepulsetpulse trials consisted of a
40 msec noise prepulse (75 or 85 dB), a 100 msec delay
and a 40 msec startle pulse (105 or 120 dB broadband
noise). Therefore, the fowr prepulsetpulse trials were
10 each of 75-105, 85-105, 75-120 and 85-120 dB. The
startle apparatus was wiped with a detergent solution
between amimals. Individual startle responses were
calculated as the average of 10 same-type pulses or
prepulsetpulse trials. PPT percentage was calculated as
the difference between pulse-alone trials and the
respective prepulsetpulse (same pulse intensity) trial
divided by the pulse-alone trial multiplied by 100.

Habituation of the acoustic startle response: Experiments
were performed using the single automated Responder-X
system. This test was modified from Sasaki et al. (2001).
Briefly, animals at PDs 78-81 were placed m the startle
chamber for a 5 min acclimation period with a 65 dB
background noise. The test session consisted of 150
consecutive startle pulses of 120 dB and 40 msec in
duration with an inter-stimulus interval of 15 sec. The
startle apparatus was cleaned with detergent solution
between animals. ASR magnitudes were measured as
described above.

Statistical analyses: Data of body weight during lactation
was analyzed using a two-way analysis of variance
(ANOVA) for repeated measures with maternal care
condition as the between-subjects factor and time as the
within-subjects factor. Mean body weight data during
CBL treatment was analyzed using a three-way ANOVA
for repeated measures with maternal care condition and
CBL treatment as independent factors. Motor — activity
analyzed using a two-way ANOVA with
maternal care condition and cerebrolysin treatment as
independent factors. ASR and PPI data (within each pulse
intensity) was analyzed using a two-way ANOVA with
condition and CBL treatment as
independent factors. Student-Newman-Keuls test was
used when appropriate to make multiple, pair-wise

data was

maternal care

group comparisons. Finally, linear regression analyses
were performed for ASR habituation data. The level of
significance was set at p<<0.05. SigmaStat software version
3.5 (Systat Software Tnc., San Jose, CA, USA) was used
for all analyses.
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RESULTS

Figure 1 shows the effect of the maternal care
condition on body weight gain. Control and MS pups had
the same body weight at PD 5 but a significant reduction
in body weight gain in pups from the MS condition was
observed from PD 10 until weaning (Fig. 1a). Notably,
pups from the MS condition did not show differences in
body weight compared to control pups when CBL
treatment began (PD 30). Additionally, body weight gain
values were not significantly different among groups
during the drug treatment (Fig. 1b).

Figure 2 shows the spontaneous motor activity mn an
unfamiliar environment. ANOVA analyses revealed
significant main effects of matemal care condition and
CBL treatment on locomotion. Student-Newman-Keuls
tests showed that post-pubertal vehicle-treated MS rats
presented an increase in the distance traveled (Fig. 2a)
and the amount of time spent travelling (Fig. 2b) compared
to control groups. Notably, CBL treatment prevented the
MS-induced increase in locomotion (Fig. 2a, b). In
contrast, two-way ANOVA did not reveal sigmficant
differences caused by the maternal condition or CBL
treatment on non-ambulatory and resting behaviors.
Vehicle-treated MS rats showed similar mean values as
control rats in the amount of time spent in non-ambulatory
activity (Fig. 2¢) and time 1 resting (Fig. 2d).

Two-way ANOVA revealed significant main effects
of the maternal care condition and CBL treatment on
acoustic startle magmtude (ASR). Student-Newman-Keuls
tests demonstrated that post-pubertal vehicle-treated MS
rats exhibited sigmficant reductions in ASR at the pulse
intensities of 105 and 120 dB (Fig. 3) compared to control
groups. The CBL treatment attenuated these reductions in
ASR but thus effect was only sigmficant at the 105-dB
intensity. Small ASR amplitudes at a pulse intensity of
85 dB were found but two-way ANOVA did not reveal
significant difference among groups (Fig. 3).

The effects of the matemal care condition and CBL
treatment on the mean percentage of prepulse intubition
(PPT) in post-pubertal rats are shown in Fig. 4. Mean PPI
values of approximately 40 and 60% were observed with
prepulses of 75 and 85 dB. However, two-way ANOVA
analyses did not reveal significant mam effects caused by
maternal separation or CBL treatment in any of the
prepulse+pulse intensities tested (75-105, 85-105, 75-120
and 85-120 dB).

Figure 5 shows the effects of maternal care condition
and CBL treatment on ASR habitvation. The ASR
magnitudes in control groups decreased throughout the
trials. Linear regression analyses revealed sigmificant
correlations with negative slopes in these groups
(CT-VEH: b = -1.000, r = 0594, p<0.001 and
CT-CBL: b= -0.995, r = 0.513, p<0.001). In contrast, no

607 * 300 (1)
-o-MS -~ CT-VEH
——CT - CT-CBL
- 2 .
30 209 o Ms-vEH
-= MS-CBL
C) 40 ® 200 4
2 301 " T 1504
=1 =1
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A 20 A 100
10 50
0 T ¥ T T 1 O T T T T T T 1
0 5 10 15 20 25 25 30 35 40 45 50 55 60
Postnatal day Postnatal day
Fig. 1(a-b): Effect of CBL treatment on body weight of rats with maternal separation, (a) Body weight gamn in offspring

from the Maternal Separation (MS3) condition was lower than pups from the control group (CT). On PD 30,
four groups were formed: velicle-treated control rats (CT-VEH), cerebrolysin-treated control rats (CT-CBL),
vehicle-treated MS rats (MS-VEH) and CBL-treated MS rats (MS-CBL). Throughout CBL treatment, (b)
Body weight gain was similar in all groups. Values are means with standard errors represented by vertical
bars. *Mean values were significantly different from the MS group (p<0.05; two-way repeated-measures

ANOVA)
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Fig. 2(a-d): Effect of CBL treatment on motor activity in an unfamiliar open-field of rats with maternal separation.
Vehicle-treated control rats (CT-VEH), cerebrolysin-treated control rats (CT-CBL), vehicle-treated matemal
separation rats (MS-VEH) and CBL-treated MS rats (MS-CBL). Means£SEM of (a) Distance traveled,
(b) Amount of time spent moving, (¢) Amount of time spent in non-ambulatory activities and (d) Amount of

time spent resting. Locomotor activity (a and b) was lugher in M3-VEH rats than control groups, which was
reduced by CBL treatment (MS-CBL group). Groups labeled with different letters are significantly different

(p<0.05, two-way ANOVA)

trend in ASR was observed in MS-VEH rats and there was
no significant correlation (b= -0.100, r = 0.089, p = 0.279).
CBIL treatment partially restored that deficit in the
habituation process, the MS-CBL group showed a
significant correlation (r = 0.286; p<0.001) with a less
negative slope (b = -0.401) than controls.

DISCUSSION

In present study, it was found that repeated maternal
separation during the pre-weaning period (PD 1-14)
induced long-lasting behavioral changes. Spontaneous
ambulation in a novel environment was significantly
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higher in MS rats than control rats, MS also caused a
reduction in the ASR and disruption of the habituation
process but PPT was not altered. Notably, post-weaning
sub-chromc CBL treatment attenuated the MS-induced
behavioral alterations.

Body weight results must be considered before a
discussion of the mam findings of the present study.
Early repeated maternal separation alters the quality of
matemnal care, which elicits several effects in the offspring
(Pryce et al., 2001 a). The first observed consequence is a
change in body weight. It was found that body weight
gain of MS pups was lower than control animals during

the separation period and until weaning, which is
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Fig. 3: Effect of CBL treatment on the Acoustic Startle Response (ASR) inrats with maternal separation. Vehicle-treated
control rats (CT-VEH), cerebrolysin-treated control rats (CT-CBL), vehicle-treated maternal separation rats
(MS-VEH) and CBL-treated MS rats (MS-CBL). Data represent Means+=5EM of the startle amplitude as measured
in grams. ASR at 105 dB was lower in MS-VEH rats than control groups, which was reversed by CBL treatment
(MS-CBL group). Groups labeled with different letters for each pulse intensity are sigmficantly different (p<0.05,

two-way ANOVA)
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Fig. 4: Effect of CBL treatment on prepulse inhibition (PPT) of the Acoustic Startle Response (ASR) in rats with maternal
separation. Vehicle-treated control rats (CT-VEH), cerebrolysin-treated control rats (CT-CBL), vehicle-treated
maternal separation rats (M3-VEH) and CBL-treated MS rats (MS-CBL). Data represent Means+SEM of the
percentage of PPL. Two-way ANOVA analyses revealed no significant mam effects of maternal care condition

or CBL treatment

consistent with previous studies using early repeated M3
paradigms (Daoura et al., 2013; Zhang et al., 2013). All
groups of rats had similar body weights after treatments
(PD 5R). This observation is consistent with results from
Zhang et al. (2013) in which no differences in weights of
male rats at PD 60 were observed between MS and control
groups. Therefore, sub-chronic CBL (a mixture of low
molecular weight peptides and free amino acids)
administration does not appear to directly affect energy
metabolism.
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In general, adult offspring that were exposed to
maternal separation in mfancy display enhanced stress
responsiveness and vulnerability for stress-related illness
as adults (Faturi et al, 2010). Consistent with present
data, previous studies (Pryce et al., 2001b; Slotten et al.,
2006) showed that spontaneous ambulation in a novel
environment was higher in MS rats than non-handled
control rats. This behavioral abnormality is often
related to increased mesolimbic-dopaminergic activity
(Flores et al., 1996, Wan et al., 1996). Rats witha bilateral
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Fig. 5: Effect of CBL treatment on the habituation of the Acoustic Startle Response (ASR) in rats with maternal
separation. Vehicle-treated control rats (CT-VEH), cerebrolysin-treated control rats (CT-CBL), vehicle-treated
maternal separation rats (MS-VEH) and CBL-treated MS rats (MS-CBL). Data represent the means of the startle
amplitude as measured in grams (only data from each five trials are plotted). Linear regression analyses revealed
a significant correlation with a negative slope in control groups (CT-VEH: b= -1.000, CT-CBL: b = -0.995). In
contrast, no significant correlation was observed in MS-VEH rats. CBL treatment in MS rats produced a partial
recovery of the habituation process (MS-CBL group showed a significant correlation with b = -0.401)

bilateral neonatal Ventral Hippocampus (nVH) lesion are
a widely used neurodevelopmental ammal model for the
study of schizophrema because these anmmals exhibit
many schizophremia-like behaviors (Tseng ef al., 2009).
Increased locomotor activity in a stressful novel
environment is observed in animals with nVH lesions
(Lipska ef al., 1993). Sub-chronic treatment of amimals with
haloperidol or clozapine (dopammergic antagonists)
suppressed hyperlocomotion in this model (Lipska and
Weinberger, 1994). A recent study (Vazquez-Roque et al.,
2012) demonstrated that sub-chronic CBIL treatment in
rats with an nVH lesion ameliorated locomotor
hyperresponsiveness and increased tyrosine hydroxylase
expression in the nucleus accumbens (NAcc) shell.
Notably, sub-chromic CBL treatment also attenuated the
mcrease in locomotor activity elicited by MS in the
present study. Taken together, this data suggest that MS
or nVH lesion results in a post-pubertal development of
mesolimbic-dopaminergic hyperactivity, which can be
counteracted by sub-chronic CBL treatment.

Prepulse inhibition (PPT) of the Acoustic Startle
Response (ASR) is a model of sensorimotor gating
mechanisms in the brain. Deficits in PPI are observed in
patients suffering from mental illnesses, such as
schizophrenia (Braff et af., 2001). Rats withnVH lesions

412

(a newrodevelopmental model of schizophrenia) also show
disruption i PPI  (Le Pen and Moreau, 2002,
Vazquez-Roque et al., 2012). However, findings on the
effects of M3 on the development of adult PPI are
controversial.  Ellenbroek and Cools  (2000),
Ellenbroek et al. (2004) and Li et al. (2013) reported that
MS diminishes PPI but other investigators (Finamore and
Port, 2000; Lehmann ef al., 2000; Pryce efal, 2001a;
Van den Buuse et al., 2003) reported no effects of
disruptions in maternal care on PPI. The effect of MS on
PPI also varies based on rat strain (Varty and Geyer, 1998).
The present study demonstrated that the postnatal
experience of MS did not impawr PPI in adulthood
compared with normal maternal care (control group).
These apparent differences may be due to methodological
differences in the application of M3, including differences
in the neonatal day of separation, duration of the
separation, rat strain and PPI protocols. Tt was also
demonstrated that CBL treatment did not alter PPT neither
in MS or control rats.

The effects of MS on ASR received less attention.
ASR is an unconditioned reflex of an organism to a
sudden, relatively intense auditory stimulus. The
response mcludes a contraction of the muscles of the
body and linbs and often blinking. It was demonstrated
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that rats with MS had a decrement in the ASR compared
to controls. This result is consistent with a previous
report (Pryce et al., 2001b) m which the ASR to startle
pulses was relatively high m non-handled subjects and
relatively low in MS subjects. In contrast, Finamore and
Port (2000) reported no differences in ASR caused by
maternal care conditions. The mechamsm of MS-induced
changes m ASR in post-pubertal ages 15 undetermined.
However, a relatively simple brainstem circuit mediates
ASR. Acoustic stimuli are transmitted to the cochlear
nuclei and signals are relayed from the cochlear nuclei
to the caudal pontine reticular nucleus (PnC) then to
cranial and spinal motor neurons (Koch, 1999). Projections
from other brain areas modulate activity in the PnC,
notably the central nucleus of the amygdala. The
amygdala 15 the command center for enhancement of the
ASR (fear-induced potentiation of the ASR) (Koch and
Schnitzler, 1997), in addition the ventral hippocampus
positively modulates amygdala activity via the bed
nucleus of the stria terminalis (Lee and Davis, 1997). ASR
magnitude is reduced when it is elicited in the presence
of a conditioned stimulus that was previously paired
with a primary reward (pleasure-attenuation of the ASR)
(Schrmid er al., 1995). Moreover, excitotoxic lesions of the
nucleus accumbens (NAcc) prevent the attenuation of the
ASR in presence of a rewarding stimulus (Koch et al.,
1996). Therefore, MS may modify the ASR via
neurodevelopmental alterations mn these limbic structures.
Support for this hypothesis comes from Monroy et al.
(2010), who reported that MS decreased total dendritic
length and dendritic spine density in ventral hippocampal
pyramidal neurons and NAce medium spiny neurons at a
post-pubertal age. Also, anatomical-functional changes
were demonstrated in the PFC of MS rats (Baudin ef al.,
2012; Monroy et al., 2010; Pascual and Zamora-Leon,
2007). The PFC regulates diverse neural processes
through connections with several structures, such as the
hippocampus, amygdala and NAcc (Arnsten et al., 2012).
The alterations mn neuromorphology and interconnectivity
of the PFC, NAcc and hippocampus can account for
the effects of MS on ASR but alterations in other brain
regions (e.g., PnC,
gray) camnot be excluded. Notably, sub-chronic CBL
administration to MS rats partially counteracted the
reduction in ASR at post-pubertal ages, which suggests
that CBL promotes a recovery of dendritic damage to
NAce, PFC and hippocampal neurons. This assumption
15 supported by nHV lesion experiments m rats
(neurodevelopmental  model of  schizophrenia).
Neuropathological analyses of these limbic regions
showed that post-weaning sub-chronic CBL treatment of
rats with an nVH lesion ameliorated behavioral alterations,

cochlear nuclei and lateral central
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dendritic pathology and neurcnal loss in the PFC,
basolateral amygdala and NAcc (Vazquez-Roque et al.,
2012, 2014).

Several studies showed mmpairments in cogmtive
tasks, such as the Morris water maze and novel object
recognition, in adult MS rats (Aisa et al, 2007,
Benetti ef al., 2009, Hui et al., 2011; Huot et al., 2002). In
fact, impamrments in a sumple cognitive process, such as
habituation, were also described in MS rats. Finamore and
Port (2000) and Pryce et al. (2001b) showed an altered
habituation of the ASR caused by MS, wluch s
consistent with our results. It was found that MS
interrupted the process of habituation. Controls rats
showed a decrement in the amplitude of ASR during trials
but MS rats failed to present reductions m startle due to
repeated stimulation. However, post-weaning sub-chronic
CBL administration in this experiment only partially
affected the recovery of habituation in MS rats. Tt is
difficult to explain this partial improvement because the
neural mechanism underlying ASR habituation i1s not
clear. This work and the above mentioned studies used
paradigms of short-term habituation in which the decline
of the startle response amplitude after repeated
stimulation occurred within a single test session
(Koch and Schnitzler, 1997). This type of habituation may
oceur within the basic ASR circuitry and not through
the participation of more rostral bram structures
(Leaton ef al., 1985) but likely at the connection between
cochlear miclei neurons with PnC neurons (Pilz and
Schnitzler, 1996). The recovery of dendritic neuronal
damage mediated by CBL treatment was  described
pomarily in forebramn areas (Alcantara-Gonzalez ef af .,
2012; Vazquez-Roque et al., 2012, 2014) and there are no
reports on the effects of CBL on more caudal brain
regions, such as PnC. Therefore, a reduced sensitivity of
PuC newons to CBL could explain the partial recovery
of the habituation process in CBL-treated MS rats.

The effects of CBL on the amelioration of behavioral
alterations m adult MS rats may be related to its capacity
to promote dendritic regeneration and/or neuroprotection.
Neuwrotrophic effects of CBL on embiyonic chicken
neurons were demonstrated (Satou et al., 2000) and CBL
may also indiectly increase neurotrophins, such as
BDNF, NGF, ciliary neurotrophic factor (CNTF) and
Glial-derived Newrotrophic Factor (GDNF) (Chen et al.,
2007, Menon et al, 2012, Ubhi et al, 2013). The
neurotrophic action mediated by CBL interferes with
excitotoxicity, free radical formation and mflammatory
responses (Gonzalez et al, 1998, Hutter-Paier et al.,
1996; Veinbergs et al., 2000). However, further studies
should be conducted to determine the neurobiological
mechamisms of CBL actions in MS rats,
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CONCLUSION

In conclusion, a neurotrophic agent, CBL, reduces
behavioral alterations after puberty in rats that suffered
maternal separation. These results support the beneficial

effects of CBL m the management of some
neuropsychiatric disorders.
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