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Abstract:

Background: Schizophrenia is a group of mental disorders of unclear origin, affecting around 1% of global population, most com-

monly young people. Of various treatment methods, pharmacotherapy using atypical neuroleptics such as aripiprazole (ARI) and ol-

anzapine (OLA) seems to be the most effective.

The aim of this paper was to show that prenatal stress causes impairment of cognitive functions in adolescent rats.

Methods: The effect of chronic stress used in pregnant rats and the use of drugs such as ARI (1.5 mg/kg) and OLA (0.5 mg/kg) were

studied in the Morris Water Maze (spatial memory) and Porsolt test (antidepressant effect).

Results: The behavioral tests showed that ARI improved spatial memory both in the non-stressed control group (NSCG) (after sin-

gle and chronic treatment) and in the prenatally stressed group (PSG) (only in 14 and 21 days of treatment). An antidepressant effect

was observed in the NSCG (only in 1 and 7 days) and the PSG (after single and chronic administration). OLA also showed memory

improvement in the NSCG (chronic treatment – 14 and 21 days) and the PSG (all days of treatment) rats, but the antidepressant effect

was noted only in single administration in both study groups (NSCG and PSG).

Conclusion(s): Results suggest that ARI and OLA may prove effective in treating both schizophrenia and depression and may im-

prove disturbed memory functions observed in these diseases.
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Introduction

Schizophrenia is one of the most common mental dis-

eases (affecting around 1% of the population) with

a biological background, diverse clinical course, and

not entirely clear origin [60]. Genetic or environ-

mental factors are not without importance for the dis-

ease emergence [19]. It is supposed that a strong

stress experienced by the pregnant mother may in-

crease the risk of schizophrenia in her offspring, and

in the later stages of life it may trigger the first schizo-

phrenic episode or lead to disease relapses [77].
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There is no single simple behavioral validation for

animal models of schizophrenia; nevertheless, a num-

ber of behavioral paradigms have been considered to

be valid translational models due to similar measures

of assessment in rats and humans [44]. Such behavioral

paradigms include prepulse inhibition of startle [5], la-

tent inhibition [45], working memory tasks [21],

hyper-responsivity to psychomotor stimulants [36].

The same effects can be observed using prenatal stress

exposure on female rats during pregnancy [30]. Moreo-

ver, in this experiment we also used Maternal Depriva-

tion protocol [43]. The procedure was applied only to

animals belonging to the prenatally stressed group to

increase the level of stress exerted on rats and also for

better development of schizophrenia deficits which are

consistently observed in human schizophrenic patients

[41, 44]. Results of the animal study indicate that expo-

sure to prenatal stress enhances responses to psycho-

motor stimulants [32, 34].

Many authors have shown that exposure of pregnant

women to chronic stress or anxiety gives rise to prob-

ability of behavioral disorders, including cognitive func-

tion impairment, as well as increases the risk of autism

or schizophrenia in the offspring [57]. According to the

neurodevelopmental theory, in the fetal life disorders

may occur in neuronal connections, in particular in the

prefrontal cortex (PFC) and between the cortex and sub-

cortical centers [23] which are important for proper

functioning of the central nervous system (CNS) in the

adult life [68]. Predisposition to schizophrenia is also

promoted by a dysfunctional stress response system and

a hypersensitive dopaminergic system [33].

The response to stress comprises a number of

changes in the neuronal, immunological or endocrine

systems, with the hypothalamic-pituitary-adrenal axis

(HPA axis) involved. Stress is known to trigger re-

lease of stress mediators – glucocorticoids (cortisol in

humans, corticosterone in animals) and catechola-

mines – dopamine (DA) [33]. The released stress me-

diators give rise to intracellular adaptive changes; it is

believed that an excessive release of cortisol may af-

fect neurodegenerative processes and impair neurode-

velopmental processes within the hippocampus [77].

It was also found that chronic hypercortisolemia may

impair memory functions both in humans and animals

[25, 81]. Schizophrenic patients show disorders in

terms of neurocognitive functions [1, 82] affecting all

cognitive domains.

It is believed that dysfunctions of the operating

memory which is of key importance to integration of

cognitive processes such as planning, problem solv-

ing, orientation, are found in most schizophrenic pa-

tients and are probably related to gene polymorphism

related to the brain’s dopaminergic system [23]. Other

authors believe that the background of cognitive func-

tion disorders in patients with diagnosed schizophre-

nia lies in the working memory deficits, verbal mem-

ory disorders, attentional disruption and disturbed ba-

sic social functions [1].

Cognitive function impairment was also observed

developing in prenatally stress animals [18, 30, 32,

34]. Some of the previous studies indicate that expo-

sure to stress during pregnancy can cause develop-

mental disorders of many brain structures which often

cause many disorders, such as behavioral disturbances

in environmental interactions, increased anxiety, de-

pression and changes in psychomotor activity [30, 71,

83, 84]. Impaired neurogenesis in animals exposed to

prenatal stress can reduce the size of the hippocam-

pus, as well as induce cognitive deficits [38]. In

schizophrenic patients, developmental disturbances of

the hippocampus are also observed with the impair-

ments in the HPA axis’ functioning [4, 15, 17, 54]. In

addition, exposure to stress during the prenatal devel-

opment and the period of adolescence increases glu-

cocorticoids’ level, which can be of significance in the

pathomechanism of many mental disorders e.g.,

schizophrenia [32, 34].

A factor which may fundamentally affect modifica-

tion of cognitive function disorders is the administration

of appropriate pharmacotherapy, primarily using new

generation neuroleptics, such as aripiprazole (ARI) or

olanzapine (OLA) belonging to the normothymic group,

i.e., drugs normalizing mood disturbances in the bipolar

affective disorder. According to many authors, they may

improve cognitive functions [7, 46, 56].

Considering the fact that cognitive deficits are the

most sensitive predictor of schizophrenia course prog-

nosis, and the new generation atypical antipsychotics

(AAPs) have a better therapeutic index than the old

generation drugs, the aim of the study was to show

whether rats in which we have applied a chronic ma-

ternal stress paradigm show impaired spatial memory

functions. It was also interesting to study whether

ARI and OLA in single and repeated administration

modified these functions. We wanted to verify that the

test dose of the drugs used did not cause sedation,

which could have a negative impact on cognitive pro-

cesses; it was also important to confirm that the pre-

natally stress rats would respond with increased mo-

bility, similarly to rats administered apomorphine
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(APO) in the dose of 2.0 mg/kg sc (induced sensitiza-

tion to locomotor stimulant effects [6]).

Taking into account that depressive symptoms are

frequently observed in schizophrenia and AAPs are

increasingly frequently used in monopolar affective

disorders or in drug-resistant or psychotic depression

[39, 40, 70, 73], as well as in bipolar affective disor-

der [78], the further aim of the study was to investi-

gate whether ARI and OLA in single and repeated ad-

ministration showed an antidepressant effect in prena-

tally stressed rats.

For the test, ARI dose of 1.5 mg/kg was selected, as

in our previous papers the use of a higher dose (6 mg/kg

ip) [7] causing an antidepressant effect in the Porsolt test

was observed only upon single ARI administration.

Materials and Methods

Animals

Timed pregnant Wistar female rats (30) were pur-

chased from Sadowski, Poznañ, Poland (licensed by

Ministry of Agriculture in Warszawa, Poland) and ar-

rived at our animal facility on day 2 of gestation. The

pregnant animals were housed individually in a light-

(lights on 07.00–19.00 h), temperature- and humidity-

controlled animal facility. The dams had free access to

rat chow (Labofeed B) and water.

For behavioral tests, male rats born by mothers sub-

ject to prenatal stress during pregnancy were used.

Total number of animals taken in the study was 250.

The male rats (220 animals – 35 days after birth) were

divided into two groups – non stress control group

(NSCG) – (110 rats – offspring of the non-prenatally

stressed females) and prenatally stressed group (PSG)

– (110 rats – offspring of the 30 prenatally stressed fe-

males). Animals were selected from different litters

(different mothers) and were subsequently distributed

randomly into experimental groups: locomotor activ-

ity (80), Porsolt test (60), Morris water maze (60) and

corticosterone level analyses (20).

In each group the animals were subdivided into

those receiving carboxymethylcellulose sodium

(CMC) (10), APO (10) ARI (10) and OLA (10) for

corresponding tests performed in the experiment. Cor-

ticosterone level study included 20 animals – the

NSCG (10) and PSG (10).

All procedures related to the use of rats in these ex-

periments were conducted with due respect to ethical

principles regarding experiments on animals. The

study protocol was approved by the Local Ethical

Commission for Research on Animals in Poznañ.

Drugs

Pure CMC was obtained from Koch-Light Laborato-

ries (London, England), ARI – Otsuka Pharmaceutical

Europe, Bristol-Myers Squibb, Poland, OLA – Zyprexa

(Eli Lilly, Poland), APO – (Sigma Aldrich, Poland).

The rats were administered ARI (1.5 mg/kg), OLA

(0.5 mg/kg) or the vehicle intraperitoneally (ip) 30 min

before the test and for 7, 14 and 21 days. APO (2.0

mg/kg) was administered subcutaneously (sc) only

once 20 min before the test. ARI and OLA were sus-

pended in a 0.5% CMC solution, while APO was dis-

solved in 0.9% NaCl plus 2 drops of 0.1% ascorbic

acid. Between the tests with different assays, there was

a 24 h washout period to wash out the drug residues or

its active metabolites. The controls were given CMC

only (2 ml, ip or 0.9% NaCl plus 2 drops of 0.1%

ascorbic acid sc) according to the same schedule. Sepa-

rate groups of animals were used for different tests.

Prenatal stress procedure

Beginning on day 14 of gestation, the pregnant dams

were exposed to a repeated variable stress paradigm

until delivery of their pups on gestational day 22 or 23

as previously described [30]. The stresses used in this

paradigm consisted in: (1) restraint in metal tube for

1 h, (2) exposure to a cold environment (4°C) for 6 h,

(3) overnight food deprivation, (4) 15 min of swim

stress in water of ambient temperature, (5) lights on

for 24 h, and (6) social stress induced by overcrowded

housing conditions during the dark phase of the cycle.

A typical schedule of the stress applications is pre-

sented in Table 1. Pregnant control dams remained in

the animal room from gestational days 14–21 and

were only exposed to normal animal room husbandry

procedures. All dams delivered their pups vaginally.

Following delivery, the dam and her pups were left

undisturbed in their cages until weaning on post-natal

day 9 when the mothers were removed at 09:00 h and

pups remained in their home cages for 24 h in the

same room [43]. On post-natal day 10, the mothers

were returned to their cages. The procedure was ap-

plied only to animals belonging to the PSG to increase
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the level of stress acting on rats. At weaning, male

offspring from each litter were placed with either

same sex litter mates per cage with free access to rat

chow and water. The animals were exposed to normal

animal room procedures from that point onward until

experimental use on post-natal day 35.

Neuroendocrine and behavioral analyses of

prenatally stressed rats

Measurement of locomotor activity

Locomotor activity was measured in rats (NSCG and

PSG group) using eight 20.5 × 28 × 21 cm wire grid

cages, each with two horizontal infrared photocell

beams along the long axis, 3 cm above the floor. Photo-

cell interruptions were recorded by electromechanical

counters in an adjacent room. Before the test, all

groups of animals were habituated to a novel cage

within 30 min period. Subjects were tested on post-

natal day 35 for single administration of CMC 30 min

(ip) and 2.0 mg/kg APO 20 min (sc) before the loco-

motor activity test in NSCG and PSG group. Rats were

also treated with 1.5 mg/kg ARI (ip), 0.5 mg/kg OLA

(ip) or saline in treatment NSCG and PSG group. Then,

photocell activity would be recorded at 10-min inter-

vals for 1 h. This test provided an index of basal loco-

motor activity of animals in a familiar environment,

necessary to indicate the presence of a central stimulant

or sedating effects of the drug used in the novelty test.

Basal corticosterone analyses [33]

Corticosterone level was measured with corticosterone

ELISA Kit ADI-900-097 (Biomibo – Mieczys³aw Boguœ,

Warszawa, Poland).

Adolescent (35 days of age) male offspring from

prenatally stressed and control litters were moved to

the laboratory 5–7 days prior to experimental proce-

dures. This period allows the animals to become do-

mesticated to the experimental environment and to al-

leviate the stress induced by moving the animals from

the animal room to the experimental laboratory. On

the morning of the experiment, beginning at approxi-

mately 9.00 h, a group of animals from the NSCG

(10) and PSG (10) were sacrificed by decapitation and

trunk blood was collected to establish basal cortico-

sterone level in each group of animals (without acute

restraint) (Fig. 1).

Blood was collected immediately to plastic tubes

containing 10% ethylenediaminetetraacetate (EDTA).

The blood was spun at 3,000 rpm and the plasma

placed in a fresh tube and frozen. Plasma samples

were stored at –80°C until use. Plasma levels of corti-

costerone were determined using Corticosterone

ELISA Kit purchased from Biomibo – Mieczys³aw

Boguœ, Warszawa, Poland. Assays were performed ac-

cording to the protocols provided by the manufacturer.

Measurement of immobility time (IT) in the forced
swimming test (FST)

We used the Porsolt forced swimming test to measure

IT [61]:

a) Pretest: 24 h prior to the experiments, the rats were in-

dividually placed in Plexiglass cylinders (height 40 cm,

diameter 18 cm) containing water (25°C) up to 17 cm of

the cylinder’s height. Fifteen minutes later, the rats were

removed to a 30°C drying room for 30 min.

b) Test: ARI (1.5 mg/kg) and OLA (0.5 mg/kg) were

administered 24 h after the pretest. Thirty minutes af-

ter drug administration, the rats were placed in the

cylinders and immobility time was measured for

5 min. A rat was judged to be immobile when it re-

mained floating in the water in an upright position and

only made very small movements necessary to keep

its head above water. The total duration of immobility

time over the 5-min period was recorded by an ob-

server unaware of the treatment applied to the rats.

c) We also examined drug effects after prolonged ad-

ministration (7, 14 and 21 days).

The water was changed after the observation of

each rat.

Morris water maze test [51]

The water maze apparatus was a circular basin (di-

ameter = 180 cm, height = 50 cm) filled with water

(approximately 22–24°C) to a depth of 24 cm, and

pieces of Styrofoam were hiding an escape platform

(diameter = 8 cm) that was placed 1 cm below the wa-

ter surface (learning place, invisible condition). Many

extra-maze visual cues surrounding the maze were

available, and the observer remained in the same loca-

tion for each trial. The rats were placed in the water

facing the midpoint section of the wall at one of

4 equally spaced locations: north (N), east (E), south

(S) and west (W). The pool was divided into 4 quad-

rants: NW, NE, SE and SW. The rats were allowed to

swim freely until they found and climbed onto

the platform. If a rat failed to locate the platform
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within 60 s, it was placed on the platform for 5 s. Each

rat was submitted to 6 trials per day, and the starting

position was changed at each trial (starting on the

N side, followed by E, S, W sides, in that order).

The interval was 5 min between trials 1–3 and 4–6

and 10 min between trials 3 and 4. For the first 3 days

of maze testing, the submerged platform was placed in

the NW quadrant. The platform was subsequently

placed in the SE quadrant for the following 2 days. After

these 5 testing days, there was a period of 7 days with-

out any testing. On day 6, the rats were retested with the

platform located in the same position as it had been on

day 5. On day 7, the platform was lifted above the water

level and placed in the SW quadrant, and rats were in-

jected ARI (1.5 mg/kg) and OLA (0.5 mg/kg) 30 min

before the test. Each rat was subjected to a one probe

trial consisting of 6 individual trials. The total number of

times each rat crossed the probe target area and the time

of the probe trial swim were recorded by the observer.

The time of each of the 6 trials was noted, and a mean

value for each rat was calculated. The same procedures

were followed in the chronic experiments.

After prolonged administration of ARI and OLA (7, 14

and 21 days), the drug effects were tested as described for

day 7 of the Morris water maze test procedure.

Statistical analysis

The data are shown as the mean values ± SEM. The

data distribution pattern was not normal (unlike Gaus-

sian function). Statistical analyses for the memory test,

locomotor activity and antidepressant test were carried

out using the nonparametric Mann-Whitney U test for

unpaired data and ANOVA Friedman two-way analysis

of variance (ANOVA) test for paired data. Statistical

significance was tested using Dunn’s post-hoc test.

In neuroendocrine analyses, significant differences

between group means were determined by analysis of

variance with post-hoc testing using Tukey’s test.

Results

Effects of single and repeated administration of

ARI, OLA and APO on locomotor activity in the

NSCG and PSG rat groups

A single dose of ARI (1.5 mg/kg) and OLA (0.5 mg/

kg) administered 30 min before the test did not pro-

duce a statistically significant difference in locomotor

activity compared to the CMC-NSCG group (Tab. 2).

Neither was there any effect after 7 days of treatment

with ARI and OLA, but we observed a statistically

significant difference in locomotor activity after 14

days of treatment with ARI and OLA (p < 0.05 vs. the

CMC-NSCG group) (Tab. 1). After 21 days of drug

administration, a statistically significant mobility in-

crease was observed only for OLA (Tab. 2).

In the PSG rats, a statistically significant mobility

increase was observed in all animals compared to the

NSCG group (p < 0.05 vs. the CMC-NSCG group)

(Tab. 2). A similar increase of mobility was observed

in animal groups (NSCG, PSG) which were given

APO for comparison, in the dose of 2.0 mg/kg 20 min

before the test [6] – (Tab. 3).

ARI in single and repeated administration in the

dose of 1.5 mg/kg prevented increased mobility (p <

0.05 vs. the CMC-PSG group) (Tab. 2). OLA (0.5 mg/

kg) also prevented increased mobility, but only upon

repeated administration (7, 14 and 21 days) (p < 0.05

vs. the CMC-PSG group) – (Tab. 2).

Corticosterone level in the prenatally stressed

animals

In PSG rats, a statistically significant increase of

plasma basal corticosterone level (177.17 ± 3.07

ng/ml) was found compared to the control group

(NSCG – 165.36 ± 4.61 ng/ml) (Fig. 1).
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Tab. 1. Schedule of stress exposures applied in the prenatal stress
paradigm [30]

Gestation day Morning Midday Evening

14 Metal tube
60 min

Swim
15 min

Metal tube
60 min

15 Cold exposure
6 h

Fast
overnight

16 Swim
15 min

Metal tube
60 min

Swim
15 min

17 Open Swim
15 min

Lights on
overnight

18 Social stress
12 h

19 Metal tube
60 min

Swim
15 min

Metal tube
60 min

20 Cold exposure
6 h

21 Swim
15 min

Metal tube
60 min

Swim
15 min



Effects of single and repeated administration

of ARI and OLA on IT in the NSCG and PSG rat

groups

A single dose of ARI (1.5 mg/kg) and OLA (0.5 mg/

kg) administered to the NSCG animals 30 min before

the test produced a statistically significant decrease in

IT compared to the CMC-NSCG group (Tab. 3). We

also observed a statistically significant decrease in IT

after 7 days of treatment with ARI (p < 0.05 vs. the

CMC-NSCG group) (Tab. 4).

In the group of prenatally stressed animals (PSG-

CMC), a statistically significant IT increase was ob-

served compared to the NSCG group after single ad-

ministration and 7-day treatment (p < 0.05 vs. the

CMC-NSCG group) (Tab. 4).
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Fig. 1. Concentration of basal plasma corticosterone in NSCG and
PSG male rats

Tab. 3. Effects of single administration of APO on locomotor activity in
the NSCG and PSG rat groups

Group

Activity counts/mean

Single treatment

Post-natal day 35 (x ± SEM)

Non-stressed control group (NSCG)

NaCl (0.5 ml/rat) CONTROL 65.0 ± 6.3

APO2.0 mg/kg sc 20 min before the test 116.0 ± 5.4*

Prenatally stressed group (PSG)

NaCl (0.5 ml/rat) CONTROL 141.3 ± 9.1+

APO 2.0 mg/kg sc 20 min before the test 190.0 ± 11.4•

Kruskal-Wallis H [3.37] 10.1

Number of housed animals = 10. * Statistically significant difference
p < 0.05 vs. NaCl group NSCG. � Statistically significant difference
p < 0.05 vs. NaCl group PSG. + Statistically significant difference p <
0.05 vs. NaCl group NSCG

Tab. 2. Effects of single and repeated administration of ARI and OLA on locomotor activity in the NSCG and PSG rat groups

Group

Activity counts/mean

Friedman
H[3.37]Single administration

(x ± SEM)

Chronic treatment

7 days
(x ± SEM)

14 days
(x ± SEM)

21 days
(x ± SEM)

Non-stressed control group (NSCG)

CMC (0.5 ml/rat) CONTROL 65.0 ± 6.3 70.7 ± 6.6 52.2 ± 2.5 76.8 ± 6.7 6.8

ARI 1.5 mg/kg ip 30 min before the test 63.5 ± 3.4 88.5 ± 6.7 79.8 ± 7.5* 70.7 ± 7.9 7.2

OLA 0.5 mg/kg ip 30 min before the test 60.8 ± 5.5 86.7 ± 5.4 94.8 ± 9.2* 106.2 ± 2.3 * 10.4

Prenatally stressed group (PSG)

CMC (0.5 ml/rat)  CONTROL 141.3 ± 9.1+ 139.2 ± 15.7+ 120.3 ± 14.0+ 145.0 ± 9,3+ 3.1

ARI 1.5 mg/kg ip 30 min before the test 101.8 ± 12.1• 72.7 ± 12.8• 65.0 ± 4.7• 62.5 ± 5.9• 9.4

OLA 0.5 mg/kg ip 30 min before the test 130.3 ± 16.1 85.3 ± 6.5• 47.8 ± 7.9• 56.7 ± 8.9• 6.4

Kruskal-Wallis H [5.55] 12.5 10.2 7.7 12.1

Number of housed animals = 10. * Statistically significant difference p < 0.05 vs. CMC group NSCG. �Statistically significant difference p < 0.05
vs. CMC group PSG. + Statistically significant difference p < 0.05 vs. CMC group NSCG



ARI (1.5 mg/kg) in single and repeated administra-

tion (in the PSG group) had an antidepressant effect

(decreased IT) – (p < 0.05 vs. the CMC-PSG group),

while OLA administered in the dose of 0.5 mg/kg had

an antidepressant effect only upon single administra-

tion – like in the NSCG group (Tab. 4).

Effects of single and repeated administration of

ARI and OLA on memory measured in the MWM

test (number of escape latencies) in the NSCG

and PSG rat groups

Single and chronic treatment with ARI (1.5 mg/kg)

administered to the NSCG animals 30 min before the

test produced a statistically significant decrease in the

number of escape latencies compared to the CMC-

NSCG group (p < 0.05 vs. the CMC-NSCG group),

which is an evidence of spatial memory improvement

in this animal group (Tab. 5). A single administration

and 7-day treatment with OLA (0.5 mg/kg) adminis-

tered 30 min before the test did not produce a statisti-

cally significant difference in the number of escape

latencies compared to the CMC-NSCG group (Tab. 5).

We observed a statistically significant decrease in the

number of escape latencies (memory improvement)

only after 14 and 21 days of treatment with OLA (p <

0.05 vs. the CMC-NSCG group) – (Tab. 5).

In the prenatally stressed group, a spatial memory

deterioration was observed in the animals (p < 0.05 vs.

the CMC – NSCG group) (Tab. 5). A single dose of

ARI (1.5 mg/kg) administered 30 min before the test

did not produce a statistically significant difference in

the number of escape latencies compared to the control

group (CMC-PSG group) (Tab. 5). We observed a sta-

tistically significant decrease in the number of escape

latencies after 14 and 21 days of treatment with ARI

(p < 0.05 vs. the CMC-PSG group) (Tab. 5). Single and

chronic treatment with OLA (0.5 mg/kg) administered

30 min before the test produced a statistically signifi-

cant decrease in the number of escape latencies com-

pared to the CMC-PSG group (p < 0.05 vs. the CMC-

PSG group) (Tab. 5).

Effects of single and repeated administration of

ARI and OLA on memory measured in the MWM

test (number of crossed quadrants) in the

NSCG and PSG rat group

Single and chronic treatment (14 and 21 days) with

ARI (1.5 mg/kg) administered to the NSCG animals

30 min before the test produced a statistically signifi-

cant decrease in the number of crossed quadrants

compared to the CMC-NSCG group (p < 0.05 vs. the

CMC-NSCG group), which is an evidence of spatial
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Tab. 4. Effects of single and repeated administration of ARI and OLA on immobility time (IT) in the NSCG and PSG rat groups

Group

Immobility time (s)

Friedman
H[3.37]Single administration

(x ± SEM)

Chronic treatment

7 days
(x ± SEM)

14 days
(x ± SEM)

21 days
(x ± SEM)

Non-stressed control group (NSCG)

CMC (0.5 ml/rat) CONTROL 203.8  ± 2.8 221.6 ± 4.4 233.8 ± 4.4 241.1 ± 2.9 9.3

ARI 1.5 mg/kg ip 30 min before the test 180.8 ± 7.8* 187.8 ± 8.2* 220.8 ± 8.8 230.5 ± 8.5 5.6

OLA 0.5 mg/kg ip 30 min  before the test 185.5 ± 6.4* 206.6 ± 7.6 219.3 ± 9.3 229.6 ± 9.0 4.0

Prenatally stressed group (PSG)

CMC (0.5 ml/rat) CONTROL 237.6  ± 10.3+ 263.3 ± 9.9+ 227.0  ± 7.2 224.5 ± 5.8 3.0

ARI 1.5 mg/kg ip 30 min  before the test 210.3 ± 3.4• 236.7 ± 10.9• 207.0 ± 6.8• 197.0 ± 5.0• 3.3

OLA 0.5 mg/kg ip 30 min  before the test 207.7 ± 9.3• 247.5 ± 6.6 229.16 ± 19.6 241.2 ± 5.6 3.5

Kruskal-Wallis H [5.55] 9.4 8.7 7.3 7.7

Number of housed animals = 10. * Statistically significant difference p < 0.05 vs. CMC group NSCG. � Statistically significant difference p < 0.05
vs. CMC group PSG. + Statistically significant difference p < 0.05 vs. CMC group NSCG



memory improvement in this animal group (Tab. 6).

Single and chronic treatment (14 and 21 days) with

OLA (1.5 mg/kg) administered to the NSCG animals

30 min before the test produced a statistically signifi-

cant decrease in the number of crossed quadrants

compared to the CMC-NSCG group (p < 0.05 vs. the
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Tab. 5. Effects of single and repeated administration of ARI and OLA on memory measured in MWM test (number of escape latencies) in the
NSCG and PSG rat groups

Group

Escape latency [s]

Friedman
H[3.37]

Single administration
(x ± SEM)

Chronic treatment

7 days
(x ± SEM)

14 days
(x ± SEM)

21 days
(x ± SEM)

Non-stressed control group (NSCG)

CMC (0.5 ml/rat) CONTROL 19.5 ± 2.2 17.2 ± 3.0 10.6 ± 1.1 12.0 ± 2.7 3.7

ARI 1.5 mg/kg ip 30 min before the test 12.6 ± 1.3* 10.8 ± 1.1* 5.6 ± 0.7* 5.6 ± 0.8* 4.7

OLA 0.5 mg/kg ip 30 min  before the test 15.4 ± 1.9 14.3 ± 2.5 5.2. ± 0.6* 6.5 ± 1.0* 5.2

Prenatally stressed group (PSG)

CMC (0.5 ml/rat) CONTROL 27.9 ± 3.2+ 23.0 ± 1.5+ 12.9 ± 1.7 11.3 ± 1.9 4.5

ARI 1.5 mg/kg ip 30 min before the test 21.4 ± 3.4 17.1 ±1.7 7.4 ± 1.0• 5.6 ± 0.6• 6.9

OLA 0.5 mg/kg ip 30 min  before the test 16.6 ± 2.4• 10.0 ± 0.9• 7.0 ± 1.1• 5.5 ± 0.9• 4.4

Kruskal-Wallis H [5.55] 9.6 17.5 11.6 18.5

Number of housed animals = 10. * Statistically significant difference p < 0.05 vs. CMC group NSCG. � Statistically significant difference p < 0.05
vs. CMC group PSG. + Statistically significant difference p < 0.05 vs. CMC group NSCG

Tab. 6. Effects of single and repeated administration of ARI and OLA on memory measured in MWM test (number of crossed quadrants) in the
NSCG and PSG rat groups

Group

Crossed quadrants

Friedman
H[3.37]Single administration

(x ± SEM)

Chronic treatment

7 days
(x ± SEM)

14 days
(x ± SEM)

21 days
(x ± SEM)

Non-stressed control group (NSCG)

CMC (0.5 ml/rat) CONTROL 7.1 ± 0.9 3.6 ± 0.4 2.9 ± 0.3 3.2 ± 0.5 4.4

ARI 1.5 mg/kg ip 30 min before the test 3.3 ± 0.3* 3.5 ± 0.5 2.0 ± 0.3* 1.7 ± 0.3* 3.5

OLA 0.5 mg/kg ip 30 min  before the test 4.1 ± 0.4* 3.7 ± 0.5 1.9 ± 0.3* 2.0 ± 0.3* 2.8

Prenatally stressed group (PSG)

CMC (0.5 ml/rat) CONTROL 5.9 ± 1.0 4.8 ± 0.8 3.2 ± 0.5 3.2 ± 0.5 3.2

ARI 1.5 mg/kg ip 30 min before the test 6.1 ± 0.8 3.9 ± 0.4 2.3 ± 0.3 2.0 ± 0.3• 4.8

OLA 0.5 mg/kg ip 30 min  before the test 4.0 ± 0.4 3.0 ± 0.5 2.4 ± 0.3 2.1 ± 0.3• 3.9

Kruskal-Wallis H [5.55] 5.5 9.7 4.6 6.5

Number of housed animals = 10. * Statistically significant difference p < 0.05 vs. CMC group NSCG. � Statistically significant difference p < 0.05
vs. CMC group PSG



CMC-NSCG group), which is an evidence of spatial

memory improvement in this animal group (Tab. 6).

A single dose of ARI (1.5 mg/kg) administered

30 min before the test did not produce a statistically

significant difference in the number of crossed quad-

rants compared to the control group (CMC-PSG

group) (Tab. 6). We observed a statistically significant

decrease in the number of crossed quadrants only af-

ter 21 days of treatment with ARI (p < 0.05 vs. the

CMC-PSG group) (Tab. 6). A single dose of OLA

(0.5 mg/kg) administered 30 min before the test did

not produce a statistically significant difference in the

number of crossed quadrants compared to the control

group (CMC-PSG group) (Tab. 6). We observed a sta-

tistically significant decrease in the number of crossed

quadrants only after 7 and 21 days of treatment with

OLA (p < 0.05 vs. CMC-PSG group) (Tab. 6).

Discussion

Prenatal stress may considerably affect fetal growth

and neurobiological development, leading to the ap-

pearance of behavioral disorders or mental diseases

during adolescence or adulthood [83] in humans [2,

53] as well as in animals [24]. According to Hayashi

et al. [24], animals show impaired cognitive functions

related to the decreased number of neurons and syn-

apses in the hippocampus, and such effects are in-

duced, for instance, by maternal stress exposure dur-

ing gestation [30, 33]. Studies to date show that oc-

currence and development of schizophrenia in

subsequent generations are affected by the duration of

stress exposure and not type of stress to which preg-

nant mothers were exposed [48]. Sensitivity to stress

increases in particular in the second and third trimes-

ter of pregnancy as the placenta becomes less active

then and increases permeability to the stress hormone

(cortisole and corticosterone) [29]. Changes in the be-

havior and the stress hormone level correspond to

changes in the regulation of the HPA axis [83]. In

many studies, adolescent rats have prolonged or in-

creased HPA responses to acute stressors compared

with adults and fail to habituate to repeated stressors

in the same manner as adults. Moreover, adolescent

animals which exhibit a dampened HPA response to

several drugs of abuse (e.g., ethyl alcohol or ampheta-

mine) have been described as more sensitive to some

of the rewarding effects of drugs. As it is known, glu-

cocorticoids are responsible for disturbances in devel-

opment of such brain structures as the hippocampus

[3], and can also lead to a reduced number of social

interaction, increase the risk of depression or changes

in the sleep-wake cycle [71, 83, 85]. Administration

of methylazoxymethanol (MAM) [16], phencyclidine

(PCP) [28], ketamine or social isolation (generation

of stressful situations, for instance by weaning the off-

spring from their mother on post-natal day 9 [43, 62])

can induce identical effects to chronic stress induced

in pregnant female rats [30]. Llorente et al. [42] sug-

gested that administration of second generation an-

tipsychotics (e.g., olanzapine) to adolescents seemed

to have attenuated the maternal deprivation-induced

changes in hippocampal CB1 receptor expression,

which might result from a disruption in the normative

developmental trajectories of the endocannabinoid

system at the adolescent age, when maturational pro-

cesses are still occurring.

In prenatally stressed animals, an increased loco-

motor activity and a corresponding plasma corticos-

terone level were observed. Other authors [30] ob-

tained similar results for plasma corticosterone level,

also in clinical studies [11, 35] and after ethanol injec-

tion (produced an increase in adrenocorticotropic hor-

mone and corticosterone plasma concentrations in

adolescent rats).

The increased mobility in prenatally stressed ani-

mals was compared to the increased mobility after

APO administered in the dose of 2.0 mg/kg [6]. In-

creased locomotor activity in the prenatally stressed

group of rats is probably related to the increased DA

release in the striatum and accumbens nucleus (NAc)

[22, 72] and may be an evidence that the model of

animal behavioral dysfunctions (induced by prenatal

stress) was adequately chosen. Our results conform

with the references [30, 33] and with a report by Laru-

elle at al. [36], who found that the increased DA re-

lease in the striatum is directly related to the increased

motor activity in rats.

ARI administered to the NSCG group did not affect

locomotor activity in the animals, except for repeated

administration (14×) where a mobility increase was

observed. Our previous results on adult rats [7] have

shown that ARI administered in the dose of 6 mg/kg

caused a statistically significant decrease of the ani-

mals’ mobility upon repeated administration (14×).

Conversely, the study by Wood et al. [85] on Sprague

Dawley rats indicated that ARI administered in doses
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from 3.2 to 32 mg/kg caused an increased locomotor

activity. It can be believed that ARI’s effect (sedative

or activating) depends on the drug dose used and, as

shown in the studies by Wood et al. and Nagai et al.

and others, small doses (3.2-32 mg/kg) [52, 85] can

have an activating effect, while large doses (larger

than 100 mg/kg) [85] a sedative one. Increased mobil-

ity of animals receiving 1.5 mg/kg of ARI may be re-

lated to the antagonistic effect on D2 receptor [85],

and perhaps also to the antagonistic effect on sero-

toninergic 5-HT2C receptors [63] or agonistic effect on

5-HT1A receptors [30].

In the PSG rats, ARI in single and repeated admini-

stration reduced rat mobility, which may be an evi-

dence of the drug’s positive effect. Similar results

were obtained by Steed et al. [75], who showed a re-

versed effect of methamphetamine (METH) – a re-

duced rat motor activity upon administration of 1 to

30 mg/kg doses of ARI. ARI’s effect is probably re-

lated to highly antagonistic effect on D2 receptors lo-

cated in the mesolimbic system [59].

Upon OLA administration to the NSCG rats, in-

creased animal mobility was observed only upon re-

peated administration (14, 21×). These results do not

corroborate with rat studies by van der Zwall et al.

[80], which show OLA to have a sedative effect upon

repeated administration. The reduction in voluntary

locomotor activity in OLA-treated rats seems to re-

flect the sedative side effects of OLA observed in hu-

mans which are also observed in our study with pre-

natally stressed animals (PSG) [10, 20, 37].

In the PSG, repeated administration of OLA pre-

vented increased mobility which was observed in the

CMC-PSG group. Such effect of OLA can probably

be explained by a highly antagonistic effect of this

drug on D2 and 5HT2A receptors [14].

Depression is a common comorbidity in patients

with a diagnosed schizophrenia [39, 40, 70, 73] and is

treated with AAPs.

In the NSCG group, both single and repeated (7×)

administration of ARI reduced the animal IT, which

proves its antidepressant effect. Upon 14 and 21 days

of ARI treatment, development of a tolerance to the

antidepressant effect would be observed. Similar re-

sults were obtained by Burda et al. [7], although a sta-

tistically significant IT reduction was observed only

upon single ARI administration in the dose of 6 mg/

kg. Previous papers have shown that the influence on

ARI’s antidepressant effect may be related to the in-

creased DA level (depending on the drug dose used)

during the Porsolt test [27, 64]. ARI has a number of

possible mechanisms of action that may be important

in the treatment of depressive and anxiety disorders.

At serotonin receptors, ARI acts as a 5-HT1A receptor

partial agonist, a 5-HT2C receptor partial agonist and

a 5-HT2A receptor antagonist. ARI also acts as a D2 re-

ceptor partial agonist and has possible actions at ad-

renergic receptors. Furthermore, ARI may possibly

have neuroprotective effects [74].

In the PSG rats, ARI was seen to have an antide-

pressant effect upon single and repeated administra-

tion (7, 14, 21×), which may be an evidence of ARI’s

beneficial effect in patients with a diagnosed schizo-

phrenia and comorbid depression – this effect is

probably related to the fact that ARI is a so-called

“stabilizer” of the dopamine-serotonin system [59]

and thus may be used to treat patients suffering from

depression and schizophrenia.

As known from the references [76, 79, 87, 88],

OLA shows an antidepressant effect in animals, and is

clinically used to treat the bipolar affective disorder

[67]. In our study, administration of OLA both in the

NSCG and PSG group reduced the animal immobility

time IT only upon single administration, which con-

trasts with our previous reports for rats not burdened

with prenatal stress [55]. Rapid antidepressant effect

occurring upon single administration of OLA may be

related to the theory on the blockade of 5-HT2A recep-

tors [76, 79, 87, 88] proposed by Stefañski and Gold-

berg [76]. OLA shows a greater affinity to 5-HT2A
than to D2 receptors [50, 69], which results from the

drug’s ability to differently modulate DA level, in par-

ticular in the nigrostriatal, mesolimbic and mesocorti-

cal regions [49]. Orsetti et al. [58] found that OLA ad-

ministered in small doses (5–10 mg/day) to patients

with a diagnosed schizophrenia takes up approx. 90%

of 5-HT2A receptors as well as approx. 50% of D2 re-

ceptors. With dose increase, antagonistic effect on the

D2 receptor increases, while no change is observed in

the case of the 5-HT2A receptor. Apart from the 5-HT

mechanism, OLA’s antidepressant effect can be ex-

plained, for instance, with the blockade of a2-adren-

ergic receptors which contribute to the ability to in-

crease extracellular 5-HT concentration in the brain

[49]. To date, no explanation was found as to whether

mood improvement and depression reduction may be

directly related to OLA’s antagonistic effect on the

D2 receptor, as other D2 receptor antagonists (old gen-

eration neuroleptics, such as haloperidol or droperi-

dol) have no such effect [65]. In addition to this, OLA
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is a neuroprotective drug with antiapoptic action (in

particular within the hippocampus region), increases

brain-derived neurotrophic factor (BDNF) level, has

an antioxidant effect and stimulates neurogenesis

[66], which allows the reduction of symptoms of both

depression and schizophrenia. Certainly, explanation

of OLA’s antidepressant effect upon single and not re-

peated administration requires further research.

Juvenile and adult rats exposed to prenatal stress

have more difficulty in performing simple tasks, for

instance with recognition (tested in the spatial mem-

ory test – MWM) [39]. This theory corroborates with

our results which find that prenatally stressed rats ex-

perienced a deterioration of memory tested in the

MWM test, in particular in terms of the number of es-

cape latencies.

Both single and repeated (7, 14, 21×) administra-

tion of ARI resulted in spatial memory improvement

in the NSCG group. This result corroborates with our

previous studies [7] using 6 mg/kg of ARI and shows

that ARI has a procognitive effect. It is known that

ARI may affect DA receptors located in PFC [12, 13]

and thus may improve memory.

In the PSG rats, on the other hand, spatial memory

improvement was observed only upon repeated ad-

ministration of ARI. This corroborates with papers of

many authors [8, 9, 32, 34, 38] suggesting that the DA

system located in PFC (in particular in its dorsal-

lateral region [26]) may be involved in memory im-

provement observed upon administration of ARI.

Neuroimaging of brains of schizophrenic patients

while performing tasks involving operating memory

have shown that PFC activity drops in these patients

while activity of other brain parts increases [26]. ARI,

which is a partial DA agonist, blocks receptors in the

hyperactive mesolimbic system and increases activity

in the PFC, thus blocking the effect of disproportion-

ate DA release [68].

OLA administration to the NSCG group improved

spatial memory upon repeated administration (14,

21×) (Tabs. 5, 6). Similar results were obtained by

Nowakowska et al. [56] finding that OLA improved

spatial memory in rats upon repeated administration.

Cognitive function improvement in this case may be

related to OLA’s probable antagonistic effect on

5-HT2A, 5-HT2C, 5-HT6 receptors and stimulant effect

on 5-HT1A receptors [86].

In the PSG rats, spatial memory improvement was

observed both upon single and repeated administra-

tion of OLA. Markham et al. [47] or Lemaire et al.

[38] failed to validate these results in the MWM test –

they did not observe any statistically significant dif-

ferences between groups of rats exposed to prenatal

stress and the control group. Perhaps the blockade of

D2 and 5-HT2A receptors upon single and repeated ad-

ministrations of OLA may simultaneously stimulate

mesocortical DA pathways and thus be responsible

for the drug’s efficacy in the context of cognitive

function improvement.

The paper shows that prenatal stress (during the fi-

nal trimester) caused behavioral and neuroendocrine

abnormalities in the offspring, which are similar in

some aspects to the phenotype of schizophrenia.

Moreover, it can be useful in understanding patho-

physiology of the disease and efficiency of its phar-

macotherapy. Our results suggest that ARI and OLA

may prove effective in treating both schizophrenia

and depression and may improve disturbed memory

functions observed in these diseases.
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