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ABSTRACT Background. Postnatal hypoxia may create conditions for complex changes in neurodevelopmental origin 
of schizophrenia. Exposure to hypobaric hypoxia affect the brain structural and functional integrity.

Aims. We study the effects and the gender differences of intermittent hypobaric hypoxia in male and female rats and 
the effects of Haloperidol administration.

Methods. Rats were exposed during postnatal days 7-21 to intermittent hypobaric hypoxia and tested using Morris wa-
ter maze (MWM) test in day 22 and day 49.

Results. In male and female rats with schizophrenia MWM test evidenced decreases of motor learning and memory, 
compared to controls and increases of motor learning and memory after Haloperidol treatment, compared to the initial 
values. The Haloperidol treatment determined significant memory increases in male rats, compared to female rats. 

Conclusions. Haloperidol would be effective in treating cognitive dysfunction in schizophrenia. 

Introduction
Neurodevelopment in schizophrenia
Neurodevelopmental hypothesis proposes that the schizo-
phrenia’s etiopathogenesis is linked to genetic and envi-
ronmental factors that lead to abnormal brain develop-
ment during pre- or postnatal period (Schmitt et al., 2014; 
Rapoport et al., 2012; Dean & Murray, 2005).

Disturbances of brain development during fetal or perinatal 
period, affecting neurogenesis, myelination, synaptogenesis 
and Wnt gene family, cause changes manifest at puberty or 
adolescence (Weinberger, 1987; Verdoux, 2004; Nadri et 
al.,2003). In biochemical terms, hypo-frontalization involves 
important changes of mediators in subcortical floors, with 
increased dopamine and glutamate, responsible for the ap-
pearance of psychotic symptoms (Fatemi & Folsom, 2009).

Gender differences in schizophrenia are clear differences in 
male / female, the incidence of complications at birth, age 
of onset and presence or expansion degree of brain abnor-
malities (Leung & Chue, 2000). There is clear evidence that 
men are more vulnerable to negative and cognitive symp-
toms of schizophrenia, while women are more often affect-
ed by positive symptoms (Feinstein & Kritzer, 2013; Cotton 
et al., 2009; Ochoa et al., 2012).

Hypobaric hypoxia 
The influence of advanced hypobaric hypoxia on the de-
velopment of normal brain has repercussions in adoles-
cence, the occurrence of schizophrenia. 

Exposure to hypobaric hypoxia has effects on the structure 
(Gribanov et al., 2004; Schaeffer et al., 2013) and functions 
of brain tissue (Jandova et al., 2012; Maiti et al., 2007; 
Baitharu et al., 2013;  Sharma et al., 2013;  Langmeier & 
Maresová, 2005) and affect the neurotransmitters (Ray et 

al., 2011) cholinergic type (Muthuraju et al., 2011a, 2011b), 
the cerebral biogenic amines (Ray et al., 2011; Laplante et 
al., 2012), glutamate (Ikonomidou et al., 1989a, 1989b); 
impaire the nerve activity, the cerebral metabolism in fron-
tal cortical areas (Bogdanova et al., 2014), enzymes and 
oxidant / antioxidant balance in the neocortex, subcortical 
structures, cerebellum, medulla (Maiti et al., 2010; Kislin 
et al., 2011;  Barhwal et al., 2009a, 2009b; Sharma et al., 
2011; Maiti et al., 2006). Experimental can be produced an 
increasing tolerance of brain neurons to severe hypoxia by 
preconditioning by repeated moderate hypobaric hypoxia 
(Samoilov et al., 2014).

Aims
In the present work, in animals with schizophrenia induced 
experimentally by exposure to intermittent hypobaric hy-
poxia, we aimed to study:
-	 ability to motor learning and memory in rats;
-	 behavioral effects caused by administration of Halop-

eridol, a typical antipsychotic;
-	 gender differences in male and female rats.
 
Material and methods
The research was conducted in the experimental laboratory 
of the Department of Physiology at the University of Medi-
cine and Pharmacy “Iuliu Haţieganu” Cluj-Napoca, with 
the approval of the Ethics Commission.

Groups
The groups (I-VI) were composed of n = 10 Wistar rats / 
group, male and female, 150-200 g weight:
-	 witnesses, saline injected intramuscular: group I - 

males, group II - females;
-	 animals with schizophrenia induced by intermittent ex-

posure to hypobaric hypoxia: group III - males, group 
IV - females;
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-	 animals with schizophrenia induced by intermittent ex-
posure to hypobaric hypoxia and treated with Halop-
eridol, 28 days: group V - males, group VI - females.

 
Methods
Rats were exposed during postnatal days 7-21 to intermit-
tent hypobaric hypoxia, 2 hours per day, inside the hypo-
baric chamber, simulating altitude of 6,000 m. Rats’ behav-
ior was tested using Morris water maze (MWM) test.  

Intermittent hypobaric hypoxia exposure (on-off method 
of exposure)
The simulated exposure in hypobaric chamber was made 
with vacuum pump 0016 KB D.

The exposure was made during postnatal period, by a 
blinking daily pattern, for 14 days, from day 7 to day 21:

- 	 hypobaric hypoxia - 2 hours/day, at a pressure equiva-
lent to an altitude of 6000 m, with a O2 concentration 
in inspired air of 10% and pO2 = 75 mmHg;

- 	 normobaric normoxia - 22 hours/day, at a correspond-
ing pressure of a low altitude 363 m, with an O2 con-
centration of the air inspired by 20%, and pO2 = 156 
mmHg.

 
The Haloperidol administration (SC Rompharma Company 
SRL®) was done by oropharyngeal gavage; the dose was 
0,075 mg / kg (0.015 mg / animal);

Methods of behavior’s study  
The determination of motor learning and memory capacity 
was based on the Morris water maze (MWM) test. The post-
natal examination moments were: day 22 (T0 moment) and 
day 49 (T28 moment).

The MWM test (Morris et al., 1982) considers as indicators: 
learning / acquisition information during training days and 
learning ability and memory or learning control, in the test day.

Statistical analysis
Statistical processing was performed with Excel (Microsoft 
Office 2007), with SPSS v.17 or online applications Ope-
nEpi V.2.3.1 and SISA.

Results
The results showed in female control animals (group II) 
a motor learning capacity and memory significantly de-
creased, compared to male controls (group I).

The male animals with schizophrenia (group III) showed 
significant decreases in spatial motility and in learning 
ability at 28 days, compared with control animals (group 
I). The learning control (memorizing) shows significant de-
creases in spatial motility and increasing memorizing ca-
pacity, compared to control animals.

In female animals with schizophrenia (group IV) were found 
changes similar to those in males with induced schizophre-
nia (group III), both in the learning ability and memory ca-
pacity, after 28 days.

Learning ability (Table I)
At 28 days, as compared to the corresponding control 
groups with schizophrenia, we found (Table I):
- 	 significant decreases in spatial motility of male animals 

group with schizophrenia induced by exposure to hy-
pobaric hypoxia (group V) and treated with Haloperi-
dol, versus the control group (group III);

- 	 significant decreases in spatial motility of animals with 
schizophrenia induced by exposure to hypobaric hy-
poxia, male treated with Haloperidol (group V) and fe-
males treated with Haloperidol (group VI);  

- 	 significant increases in learning ability in males animal 
groups with schizophrenia treated with Haloperidol 
(group V) compared to the control group (group III);

- 	 significant increases in learning ability in all groups (V, 
VI) from initial values at the time T0.

Memorizing capacity (Table II)
At 28 days, compared to the corresponding control groups 
with schizophrenia, there were increases in memorizing ca-
pacity in all groups, the most significant increases were in 
group V.

The increases in memory capacity at 28 days were sig-
nificant, in male animals with schizophrenia and treated 
(group V), compared with females animals with schizophre-
nia and treated (group VI).

Table I. Comparative analysis for Morris test values (learning) in the studied groups and statistical significance.
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Table II. Comparative analysis for Morris test values (control) in the studied groups and statistical significance.
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Discussions
Haloperidol is indicated for schizophrenia and relapse pre-
vention.

Numerous studies have evaluated the effects of Haloperi-
dol administration in animals with induced schizophrenia, 
for example: Andiné et al., 1999; Sawada et al., 2005; Pil-
lai et al., 2007; Enomoto et al., 2008; Paine et al., 2009; 
Teixeira et al., 2011; McNamara et al., 2011; Feinstein & 
Kritzer, 2013; Genius et al., 2013; English et al., 2013.

Our results show favorable effects of Haloperidol in ani-
mals, with improved cognitive activity, regarding the acqui-
sition of information and its control, in animals with experi-
mentally induced schizophrenia. The effects of decreasing 
in sensibility and increasing in learning ability and memory 
capacity are significantly higher in male animals with schiz-
ophrenia treated with Haloperidol.

Relatively recent studies showed the ineffectiveness of 
Haloperidol in the treatment of schizophrenic cognitive 

deficits in rodents (Meltzer et al., 2013).

Conclusions 
1. 	 The learning and memory capacity significantly lower 

in animals with induced schizophrenia, compared with 
controls.

2. 	 The learning ability is significantly decreased in male 
animals with induced schizophrenia, versus females 
and control animals.

3. 	 The memory capacity is significantly decreased in male 
animals with induced schizophrenia, versus control ani-
mals.

4. 	 The learning ability increases significantly in all groups 
of animals with schizophrenia treated with Haloperidol, 
versus initial values. The increases are significant in the 
treated male animals groups, compared with controls.

5. 	 The memory capacity increases significantly in all 
groups of animals with schizophrenia treated with 
Haloperidol versus initial values. The increases are sig-
nificant in male animals, compared with females.
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