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Abstract:

The present study investigates the impact of dexamethasone (DEX) given in tapering doses in the postnatal period on MK-801-

induced locomotor activity and MK-801-evoked deficits of sensorimotor gating of adult rats (60 days old). It has been found that

DEX given on postnatal day 1 (0.5 µg/g), day 2 (0.3 µg/g) and day 3 (0.1 µg/g) has no effects on spontaneous locomotor activity and

does not influence locomotion observed after MK-801 given in a dose of 0.2 and 0.4 mg/kg. Postnatal DEX treatment did not alter

the efficacy of sensorimotor gating and its deficits evoked by MK-801 at a dose of 0.2 and 0.4 mg/kg. However, a slight increase in

the amplitude of startle reaction has been noted in DEX-treated animals. In conclusion, the results of the present study indicate that

DEX given postnatally in tapering doses, although pharmacologically effective (decrease in a gain of body and brain weight), has no

potential pro-psychotic effects and does not influence pharmacologically induced psychoses by MK-801. The above data indicate

that apart from other side effects, the therapeutic application of DEX in the postnatal period is possibly safe in terms of the risk for

developing schizophrenia.

Key words:

postnatal dexamethasone, MK-801, locomotor activity, sensorimotor gating

Introduction

Stress and emotional disturbances during pregnancy

and in the postnatal period increase the incidence of

behavioral brain-related disorders like autism, atten-

tion deficits, schizophrenia and depression [29]. Per-

ception of stress is predominantly associated with ac-

tivation of glucocorticoid receptors [7, 19], which are

apparent as early in life as embryonic day 12, when

they are possibly also engaged in brain development

and maturation [8]. Stress factors, both natural and

psychological ones, via increased levels of circulating

corticosterone activate specific receptors. Two types

of glucocorticosteroid receptors are present in the

brain [7, 19]. The high-affinity mineralocorticoid re-

ceptor (MR; type I) is most densely localized in hip-

pocampal and septal neurons, while the glucocorti-

coid receptor (GR; type II) is relatively ubiquitously

distributed in the brain [7, 19]. The MRs are activated

at low constitutive corticosterone concentrations lead-

ing to their sustained tonic activation. GR are acti-

vated by high concentrations of corticosterone, which

result from stress or occur physiologically in the cir-

cadian peak of corticosterone release [7, 19].
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On the other hand, synthetic glucocorticoids like

dexamethasone (DEX) are the consensus treatment to

avoid respiratory distress in preterm infants and are

also used as a prophylactic treatment for intra-

ventricular hemorrhage [6, 10]. DEX is a specific

agonist of the GR receptor and readily penetrates the

placental barrier [18]. Thus, in a certain period of life,

brain GR receptors are exposed to sustained activa-

tion just as they are during stress perception [6, 10].

There is a growing amount of data showing that apart

from the positive effects on lung maturation, this life-

saving therapy has substantial side effects. For exam-

ple, permanent stunting of somatic growth, outright

cerebral atrophy and endocrine disruption can occur

[2, 22, 29]. The above data led us to investigate

whether postnatal administration of DEX is capable

of altering the psychotomimetic effects of MK-801 in

adult male rats. In other words, the present study in-

vestigates if DEX can increase the susceptibility for

schizophrenia. Non-competitive NMDA receptor an-

tagonists such as phencyclidine, ketamine and MK-

801 produce transient schizophrenia-like symptoms in

experimental animals [5] and in healthy individuals in

a manner that is indistinguishable from the clinical

outcome of disease [5, 14]. In the present study, we

investigate if DEX influences the behavior of rats ex-

posed to inactive and active doses of MK-801 in

terms of their locomotor activity and sensorimotor

gating, modelling positive and cognitive impairments

of schizophrenia [27, 28].

In the present study, we investigate the impact of

DEX given on postnatal days 1–3, i.e., days when the

developmental stage of the brain is comparable with

that of the human brain in the last trimester of preg-

nancy and the infant born prematurely and treated

with DEX (i.e., week 26–32 of gestation) [1, 9].

Moreover, the dosage of DEX parallels the range of

doses used in clinical studies. Available data also demon-

strated that this type of regime of DEX administration has

a strong impact on social play behavior in juvenile life

(i.e., the first non-mother directed social behavior) [15].

Materials and Methods

Animals and drug administration

Female and male Wistar rats (breeders, 200 g) were

obtained from Charles River Laboratories, Inc. (Ger-

many). They were housed with a 12-h light-dark cy-

cle (lights on at 07:00, off at 19:00) in a temperature-

and humidity-controlled environment with free access

to food and water. Pups were born on days 22–23 of

gestation. After parturition, litters were culled to 10

pups with equal numbers of each gender and were

kept in the same cage with their mothers until the end

of day 22 of age. On postnatal day 1 (P1), the pups

were randomly assigned to either control (vehicle

treated) or DEX treated groups. Pups were transported

to an adjacent room where they were injected sc with

DEX (9�-fluoro-16�-methylprednisolone, Aldrich-Sigma,

suspended in 1% Tween 80) or with equal volumes

(10 µl/g) of vehicle. Injections were given on postnatal

day 1 (P1, 0.5 µg/g body weight), day 2 (P2, 0.3 µg/g)

and day 3 (P3, 0.1 µg/g). Pups were bred until young

adulthood, i.e., day 60 of life. In that case on postnatal

day 22, the pups were separated from mothers, and

the females were sacrificed. Rats were randomly as-

signed to groups of six animals per standard labora-

tory cage. Rats were kept with water and food avail-

able ad libitum. The experimental protocols were ap-

proved by the Committee for Laboratory Animal

Welfare and Ethics of the Institute of Pharmacology

in Kraków, Polish Academy of Sciences and met the

criteria of the International Council for Laboratory

Animals and Guide for the Care and Use of Labora-

tory Animals.

Gain of body and brain weight

Body weight was measured by placing the pups into

the box filled with regular bedding placed on top of

the scale. To measure brain weight, pups were sacri-

ficed by decapitation, brains were removed and

cooled on ice, weighed and were then stored at –80°C

until further neurochemical analysis (manuscript in

preparation). The above readouts have been per-

formed on days 5, 15 and 25 of life.

Measurement of locomotor activity

The locomotor activity of rats was recorded individu-

ally for each animal in Opto-Varimex cages (Colum-

bus Instruments, OH), linked online to an IBM-PC

compatible computer. Each cage (43 × 44 × 25 cm)

was equipped with 15 infrared emitters, located on the

x and y axes, and an equivalent amount of receivers

on the opposite walls of the cage. The locomotor ac-

tivity of rats was analyzed using Auto-Track software
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(Columbus Instruments, OH, USA). The locomotor

activity was defined as a trespass of three consecutive

photo-beams, while other movements (e.g., repeated

interruption of the same photo-beams) were regarded

as non-locomotor movements (presumably movement

of the body only). The locomotor activity is expressed

as a distance travelled by animals in respective time

intervals (10 or 120 min). The impact of tapering

doses of DEX given in a postnatal period on locomo-

tor hyperactivity induced by MK-801 (0.2 and 0.4

mg/kg, ip) was analyzed in four groups of animals

(eight animals per group); two were treated with DEX

in the postnatal period and two were treated with sa-

line in the respective period, in a session lasting 270

min. Before recording, the animals were habituated to

the Opto-Varimex cages for 30 min (data not shown).

After that period, they were injected with vehicle

(0.9% NaCl) and their locomotor activity was re-

corded for 120 min at 10 min intervals. At the end of

that session, the rats were injected with MK-801 (0.2

and 0.4 mg/kg, respectively) and again their locomo-

tor activity was registered for 120 min at 10 min inter-

vals. Rats were used only once for locomotor activity

test. All the data are given as the average distance

travelled within 10 min intervals (time course) or in

a cumulative manner (120 min) ± SEM. The proce-

dure has been described previously by Wêdzony et al.

[27, 28].

Sensorimotor gating

The startle apparatus (SR-LAB, San Diego Instru-

ments, San Diego, CA) consisted of 12 individual

soundproof ventilated chambers containing a non-

restrictive plexiglas cylinder (inner diameter = 9 cm).

A high-frequency loudspeaker inside each chamber

produced both a continuous background noise of

65 dB and the various acoustic stimuli. Movement of

the plexiglas cylinder caused by startle response of

the animal was transduced into analogue signals by

a piezoelectric unit attached to the platform. These

signals were then digitized and stored in a computer.

One hundred readings were taken at 1 ms intervals,

starting at the stimulus onset, and the average ampli-

tude was used to determine the average amplitude of

startle reflex. The cage has been individually cali-

brated by the external sensor, in order to display

a similar readout of the reference stimulus.

The amplitude of the startle response was measured

during the 200 ms recording window. After habitua-

tion (5 min, background white noise, 65 dB), four

types of acoustic stimuli were used in random order:

acoustic stimulus alone – pulse of broad-band noise

[intensity: 120 dB, duration: 40 ms, (P)] or the acous-

tic stimulus as above preceded by a acoustic prepulse,

again a pulse of broad-band noise, [intensity: 71, 74,

and 77 dB], duration: 20 ms; (PP)] applied 100 ms be-

fore the stimulus (P). During each experimental ses-

sion, 20 trials of each type were presented with an in-

terstimulus interval of 20 s. The amplitudes were av-

eraged for each individual animal, separately for both

types of trials [stimulus alone (P) or stimulus pre-

ceded by the prepulse (PP)]. The degree of prepulse

inhibition was shown as a percentage of inhibition (%

PPI) calculated as follows: ([(P-PP)/P] × 100). The

procedure has been described previously by Wêdzony

et al. [26, 28].

Statistics

Results are presented as the group means ± standard

error of the mean (SEM). Statistical evaluation was

performed by two-way analysis of variance for re-

peated measurements (ANOVA, MK-801- and DEX-

treatments were regarded as independent variables;

time interval and amplitude of startle reflex evoked by

acoustic tone alone or acoustic tone preceded by

acoustic prepulse as an within factor, respectively, for

experiments on locomotor activity and prepulse in-

duced inhibition of startle reflex, followed by the

Duncan post-hoc test). Data on the percent inhibition

have been calculated by two-way ANOVA followed

by the Duncan post-hoc test. For gain of body and

brain weight, two-way ANOVA was used, followed

by the Duncan post-hoc test. Statistical evaluation

utilized the Statistica 8 program (StatSoft, Inc.).

Results

Impact of postnatal dexamethasone on body

and brain weight of infants and periadolescent

rats

It has been found that DEX decreased the gain in

body weight, [F value (2,69) = 7.21, p < 0.05] and the

effect was significant on postnatal days 5 and 25, but

not on day 15. DEX also decreased the gain in brain

weight [F value (2,63) = 6.34, p < 0.05], and post-hoc
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analysis revealed significance on postnatal days 5 and

25 (Fig. 1). In adult animals, i.e., 60 days old, we did

not observe any differences in the brain and body

weight between animals treated with vehicle and

DEX in the postnatal period (data not shown).

Impact of postnatal dexamethasone

on locomotor activity of adult rats after MK-801

Postnatal administration of DEX failed to alter the

spontaneous locomotor activity of adult rats (60 days

old) [F value (11,308) = 0. 30; ns and F value (11,308)

= 0.47; ns, respectively], measured as a control to the

subsequent test analyzing impact of DEX on locomo-

tor activity after MK-801 in a dose of 0.2 and 0.4 mg/kg

(Fig. 2). MK-801 at a dose of 0.2 mg/kg fails to alter

the locomotor activity of rats [F value (11,308) = 1.18;

ns], and postnatal DEX fails to alter the locomotor ac-

tivity of adult rats treated with MK-801 in a dose of

0.2 mg/kg [F value (11,308) = 1.28; ns] (Fig. 2, upper

panel). A similar lack of any effects has been ob-

served when data have been evaluated in a cumulative

manner (inset in Fig. 2, upper panel). Effect of DEX:

F value (1,18) = 0.51 ns; effect of MK-801: F value

(1,18) = 0.31 ns, and interaction of DEX vs. MK-801

F value (1,18) = 0.15 ns. MK-801 given in a dose of

0.4 mg/kg evoked a robust enhancement of locomotor

activity reaching maximal values 50 min after admini-

stration [F value (11,308) = 11.55, p < 0.001 at least]

(Fig. 2, lower panel). DEX given in the postnatal pe-

riod failed to affect the enhancement of locomotor ac-

tivity evoked by MK-801 (0.4 mg/kg) in adult rats: F

value (11,308) = 0.37 ns. (Fig. 2, lower panel). Data

given in a cumulative manner are presented as the in-

set in Fig. 2 (lower panel): F values (1,28) for DEX
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0.001; ns; MK-801 12.17, p < 0.002 and interaction

between DEX vs. MK-801, respectively, 0.03, ns.

Impact of dexamethasone on sensorimotor

gating of adult rats after MK-801

Selected acoustic parameters for the paradigm analyz-

ing the correctness of sensorimotor gating on control

animals (vehicle + vehicle) show a highly significant

effect (acoustic pulses vs. acoustic pulse preceded by

acoustic prepulse, F value (1,82) = 85.08 and 86.32,

p < 0.0005, respectively, for experiments analyzing

the impact of DEX on the alteration of sensorimotor

gating by MK-801 in a dose of 0.2 and 0.4 mg/kg. In

terms of the percent of inhibition, the obtained values

reached approximately 51, 63 and 70% (for statistics

see below), which indicates that a potential interac-

tion between DEX and MK-801 is not occluded by

floor and ceiling effects (Fig. 3).

MK-801 at a dose of 0.2 mg/kg slightly enhanced

the amplitude of the startle reflex [F value (1,140) =

13.02, p < 0.05]. DEX was ineffective [F value (1,140)

= 3.62; ns] and there was no interaction between DEX

and MK-801 [F value (1,140) = 0.27; ns]. Pulse ver-

sus prepulse as within factor revealed significant dif-

ference between amplitude of startle reflex evoked by
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acoustic tone alone and acoustic tone preceded by

acoustic prepulse [F value (1,140) = 9.01, p < 0.005].

MK-801 (0.2 mg/kg) alone failed to alter the ampli-

tude of the startle reflex evoked by acoustic tone pre-

ceded by prepulse [F value (1,140) = 3.70; ns], which

indicates that the above dose of MK-801 is ineffective

in terms of efficacy of startle reflex (Fig. 3).

In experiments testing the impact of neonatal DEX

on the efficacy of sensorimotor gating after MK-801

treatment at a dose of 0.4 mg/kg, we observed a slight

increase in the amplitude of startle reaction evoked by

an acoustic tone of 120 dB, which reached, respec-

tively, for DEX and MK-801 treated rats 141% and

145% [F values (1,40)= 7.05, p < 0.01], while neither

DEX, nor MK-801 alone evoked significant effects,

what speaks for summation of two weak and not sig-

nificant effects [F values (1,40) = 1.57 and 1.431 ns,

respectively, for DEX and MK-801]. We also noticed

significant differences between the amplitude of star-

tle reflex evoked by acoustic tone preceded by acous-

tic pre-pulse and amplitude of startle response evoked

by acoustic pulse alone [F value (1,140) = 9.23, p < 0.005],

the above effect has been abolished by MK-801

(0.4 mg/kg) [F value (1,140)] = 2. 31, ns.] and no in-

teraction between MK-801 and DEX [F value (1,140)

= 1. 89, ns.].

In terms of the calculated percent of inhibition we

did not reveal any effect of MK-801 (0.2 mg/kg) or

DEX [F value (1,44) = 3.66; ns]. Subsequently inter-

action MK-801 vs. DEX is not significant [F value

(1,44) = 1.13, ns] (Fig. 3, right column). MK-801 given

in a dose of 0.4 mg/kg evoked a robust reduction in the

percent inhibition reaching, respectively, ca. 12, 25

and 31% dependent on the intensity of applied pre-

pulse, [F value (2,88) = 132.78, p < 0.001]. DEX was

again ineffective [F value (1,44) = 1.82, ns] and failed

to alter the effects of MK-801 – interaction DEX vs.

MK-801 given in a dose of 0.4 mg/kg [F value (1,44) =

0.02, ns], MK-801 (0.4 mg/kg) alone [F value (1,44) =

177.8, p < 0.005] (Fig. 3, right column).

Discussion

There is evidence that certain type of stressful experi-

ences, such as maternal isolation and isolation rear-

ing, may evoke behavioral abnormalities in adult ex-

perimental animals due to interference with brain de-

velopment that resembles the abnormalities seen in

schizophrenia [11]. Thus, it is conceivable that phar-

macological activation of the GR receptor in the post-

natal period may potentially lead to similar effects.

The result of the current study ruled out this hypothe-

sis because we did not observe any changes in sponta-

neous and MK-801-evoked locomotion in DEX

treated animals. We also did not observe any deficits

in sensorimotor gating or MK-801-induced deficits in

that process. The DEX administration regime was

based on the doses used in the clinic and on previous

studies on laboratory animals [13, 15, 20, 25]. The

doses were effective, since we observed retardation in

both body and brain weight in this study. Our findings

indicate that selected doses are biologically effective

and might interfere with the body and brain matura-

tion, like it was observed by others [13]. On the other

hand, it is difficult to rule out the possibility that the

level of GR activation is too low in comparison to that

observed in stress procedures used to model schizo-

phrenia [11]. Higher doses were not in the scope of

our study, because the question was whether a regime

of DEX administration mimicking the clinical situa-

tion, i.e., treatment of preterm infants is concern. It

has been suggested that such a retardation in weight

might result from the inhibitory action of DEX on

DNA synthesis in dividing cells [4, 24]. Although this

explanation can be relevant for body weight, its rele-

vance must be only carefully accepted in the case of

brain. In the postnatal period between days P1-P25,

there is relatively little proliferation in the brain apart

from the cerebellum and hippocampus [21, 23]. It is

interesting that DEX alters the body weight on days 5

and 25, but not day 15, which may indicate that DEX

alters different phases / mechanisms of maturation of

the organism.

Traditionally, the enhancement of dopaminergic

neurotransmission is regarded as a crucial neuro-

chemical substrate of locomotor enhancement and

deficits in sensorimotor gating [12, 16]. There is evi-

dence that postnatal DEX enhances levels of dopa-

mine in the cerebral cortex and alters the number of

dopamine positive cells in the substantia nigra and

ventral tegmental area (only recent studies are quoted)

[20, 25]. In that context, one can expect that we would

observe some changes in the drug-free condition be-

tween the control and DEX treated animals because

indirect dopaminergic agonists like amphetamine, op-

erating via the release of endogenous dopamine, en-

hanced locomotion and attenuates efficacy of sensori-
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motor gating [12, 16]. The apparent lack of differ-

ences may indicate that the quoted changes in

dopaminergic neurotransmission are not sufficient or

those regimes of DEX administration in the postnatal

period applied in our study do not modify dopaminer-

gic neurotransmission [20, 25]. With respect to avail-

able data on MK-801, studies show that impairment

of sensorimotor gating is linked with the hippocam-

pus and amygdala [3], while neuronal circuits associ-

ated with locomotion are poorly understood. Interest-

ingly, MK-801 enhanced dopamine outflow after pe-

ripheral administration only in the medial prefrontal

cortex, but not the nucleus accumbens [16, 27]. The

apparent lack of any effects of DEX on MK-801-

evoked behavior indicates that the activity of given

neuronal circuits are not compromised by postnatal

DEX. Enhancement of locomotion and attenuation of

sensorimotor gating are regarded as models of the

positive and negative symptoms of schizophrenia, re-

spectively [12, 16, 17]. In conclusion, the results of

the present study have demonstrated that postnatal ex-

posure of DEX does not lead to any significant

changes that would reflect schizophrenia-like pheno-

types observed on the level of locomotor activity and

sensorimotor gating. Moreover, the present data indi-

cate that postnatal DEX does not influence the psy-

chotomimetic effects of MK-801 which modelled on

experimental animals the positive and negative symp-

toms of schizophrenia [12, 16, 17]. Thus with respect

to the psychiatric illness, this study provides com-

parative evidence that the clinical application of DEX

to the male offspring does not constitute a long-term

risk factor for the appearance of schizophrenic symp-

toms or their exaggeration in confrontation of subjects

with non-competitive antagonist of NMDA receptors.

Non-competitive antagonists of NMDA receptors, es-

pecially phencyclidine, which is closely related to

MK-801, is drug of abuse. The lack of effects of DEX

on the efficacy of PPI has been also observed by

Hauser et al. [13]. However, their protocol of DEX

administration differs from the current one. In the pro-

tocol proposed by Hauser et al., DEX is given to preg-

nant dams [13]. Thus, it finally seems conceivable

that neither prenatal nor postnatal administration of

DEX increases the risk of schizophrenia in adult off-

spring. It is also apparent that postnatal administration

of DEX does not imitate schizophrenic symptoms

based on postnatal stress in experimental animals.
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