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Abstract 
The effect of complete social deprivation in early postnatal ontogenesis on 
adult behavior in Wag/Rij rats with a genetic predisposition to the develop-
ment of absence epilepsy was studied. From the 2nd to the 8th day of life, a 
3-hour daily isolation of the pups from the mother and siblings was per-
formed, the control animals were handled. In adulthood, offspring behavior 
was tested in an elevated plus-maze, an open field, and for an ability to learn 
the conditioned reflex of active avoidance. In isolated earlier rats, an increase 
in emotional reactivity, exploratory behavior in a potentially dangerous space, 
the speed of learning a conditioned reflex with negative painful reinforce-
ment, and a disturbance of the formation of a defensive reaction were re-
vealed. It is assumed that high emotional reactivity creates the prerequisites 
for the development of absence epilepsy. 
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1. Introduction 

An important factor in early ontogenesis, which affects the morphological and 
functional development and manifestation of adaptive behavior in adulthood, is 
species-specific information. The deprivation of sensory input in the first 3 
weeks of life due to clipping of vibrissae causes a change in the formation of ear-
ly behavioral reactions [1], and vibrissectomy from the 9th to the 20th day of 
postnatal ontogenesis determines a more stereotyped behavior of adult animals 
in the new environment [2]. Largely the quality of maternal care has an effect on 
the development of the functions of the newborn [3] [4] [5] [6] [7]. We have 
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shown that the dynamics of the formation of exploratory behavior in Wistar rats 
depends on the experience of motherhood in lactating female [3]. 

From the first day of life, sensory influx is especially important for individuals 
with congenital pathology. Thus, in WAG/Rij rats genetically predisposed to ab-
sence epilepsy, sensory deprivation in the first 3 weeks of life leads to an earlier 
manifestation of the pathology [8]. At the same time, environmental modifica-
tion by nursing WAG/Rij rat pups with healthy lactating Wistar females decele-
rates the onset of epilepsy attacks [9] [10]. Together, the results of previous stu-
dies suggest that the restriction of maternal care can change the dynamics of the 
formation of early behavior reactions, emotional status and adaptive behavior in 
adulthood, which may aggravate the development of a genetically predetermined 
pathology. Thus, daily separation of pups from their mothers for 3 - 4 hours in-
duces a change in early defensive behavior [11], reactivity of the hypothalam-
ic-pituitary-corticoid system, and behavior in adult animals [11] [12]. Due to the 
fact that the mother must leave the nest from time to time in natural habitat of 
rats, experiments with the removal of the female from rat pups for a period of 3 
hours should not be considered as significant deprivation. We assume that for 
an estimation of the significance of species-specific information of early ontoge-
nesis, it should be considered a complex of factors. It is not only maternal care, 
but also by interaction with siblings and a comfortable state in nest habitat. A 
disturbance of the development of intact rat pups nursed together with vibris-
sectomized siblings testifies to this [1]. In this connection, in order to identify 
the significance of social factors of early ontogenesis in the development 
WAG/Rij rats, individual isolation of pups from the nest was performed, which 
deprives pup from the entire complex of species-specific sensory signals. 

2. Material and Methods 

The work was performed on laboratory-bred WAG/Rij rats which born by 7 nul-
liparous females. All experiments were performed in accordance with the re-
quirements of the Council of the European Union Directive (86/609/EEC) on 
the use of animals for experimental research. Throughout the study, animal care 
comprised a reversed 12-hr light-dark cycle with a 20.00 - 8.00 dark phase, tem-
perature at 21˚C ± 1˚C. Pregnant dams were caged individually before delivery. 
Pups day of birth was designated as PND (postnatal day) 1. Litters were in-
spected at PND 2. Eight rat pups were left in each litter (usually 4 males and 4 
females, in one litter there were 6 males and 2 females). In two litters, by the 
second day of life, there were 4 rat pups (two males and two females). Social iso-
lation was performed daily from PND 2 to 8 in five litters. Isolation comprised 
temporary removal of the dam from the home cage; removal of the pups from 
the home cage; and placement of the pups on sawdust in round plastic contain-
ers (diameter of 9.8 cm and a height of 4.3 cm) in the home vivarium, indivi-
dually, for 3 hours in the afternoon (experimental group, by the 8th day of life 18 
males, 13 females). In two litters, only an inspection of pups at PND 2 and PND 
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8 was performed (control group, by the 8th day of life, 8 males, 8 females). All 
pups were weighed at the age of 2, 8, 20 days and in adulthood (60 days). 

At PND 27, subjects were sexed, weaned from the dam and caged in same-sex 
groups of 3 - 4. In adulthood, the behavior of males was tested in the elevated 
plus-maze (EPM) for 5 min [13] at the age of 2 months and through two weeks 
in the “open field” [14] [15] for 10 min. The EPM consisted of 4 arms con-
structed of black opaque plastic: two open and two enclosed by walls, each 45 cm 
long, with the like arms situated opposite each other, in the shape of a plus, with 
a central open area measuring 10 × 10 cm. The maze was elevated above the 
floor to a height of 80 cm. The rats were placed in the center of the maze and 
then allowed to run either into the open or closed arms of the maze. In the EPM 
paradigm, closed arms are a comfortable area for rats, open corridors cause fear 
and anxiety, prompting them to be avoided, and at the same time prompting 
them to explore a new space [13]. The “open field” was a square, black arena 
(108 × 108 cm) and with 40 cm high walls. The test began by placed rats in the 
center of the “open field”. 

Locomotor and exploratory activity was estimated using automated video 
tracking software. The behavior of the animal was recorded with a video camera 
which is positioned above the center of the test apparatus. The recording com-
puter was located in the next room. Image control, recording, and analysis were 
performed using the Easy Track software, which determined the x-y coordinates 
of rat position (central point of the rat’s image) every 40 ms. The coordinates 
were used to create the path of locomotion (track) and to calculate the kinematic 
characteristics of the locomotion. The locomotor activity common for the entire 
test space and for individual zones were evaluated: in the open field—in the cen-
tral zone (square in the center of the field), in the EPM—in closed arms, in open 
arms and on the central platform. By visual observation, the quantity of rearing 
and climbing, grooming, defecations in both tests, hanging from the central 
platform and open arms in the EPM was recorded. The length of track, the mean 
speed of locomotion (Vm), the maximum speed of locomotion for the test period 
(Vmax), the time spent without visible locomotion (duration of “sitting”) were 
analyzed. 

At the age of 6 - 6.5 months animals were exposed aversively motivated 
learning of two-way active avoidance in “shuttle box” [16]. The test apparatus 
was a plexiglas chamber (26 × 61 cm wide × 29 cm high) with floor made of pa-
rallel stainless-steel bars 6 mm diameter stainless steel rods spaced 6 cm apart. 
The box was divided into two equal-sized compartments by a wall with an 
opened hole for rat transition between compartments. The chamber floor was 
connected to an ESL-2 electric stimulator using a current stabilizer (Linear Iso-
lator DL360). A sound signal (80 dB) supplied through a speaker mounted in the 
chamber wall was used as a conditioned stimulus. As an unconditional stimulus, 
electrodermal stimulation of the limbs of the animal (footshock) was used. The 
intensity of footshock (mA) corresponded to the threshold for the reaction of 
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withdrawal of the limbs from the floor. 
Initially, rats were placed in the shuttle box and allowed to freely explore the 

apparatus for 15 min. Then, they received 50 shuttle training trials. Each trial 
consists of conditioned stimuli paired with subsequent unconditioned stimuli. 
The duration of the conditioned stimulus was 5 seconds. An unconditional sti-
mulus was presented 4.5 seconds after the conditional stimulus was started and 
continued until the animal crossed to the other compartment (maximum dura-
tion of 40 s). The interval between trials was 20 - 40 seconds. If the rat showed a 
passive reaction in 10 trials (freezing and lack of movement during the presenta-
tion of a footshock), its training was stopped (there were 3 such animals in the 
control group and 2 in the experimental group). 

The shuttle-box was connected to a computer for control of the training pro-
cedure. The rat responses were observed by using of video camera mounted 
above the apparatus. The latencies of avoidance and escape responses were rec-
orded by pressing a key on the keyboard. 

The following learning indicators were analyzed: 1) the total number of 
avoidance responses (as a percentage of 50 trials); 2) the serial number of the tri-
al in which the animal exhibited the first avoidance response; 3) the maximum 
number of avoidance responses that occur in sequential trials; 4) the serial 
number of the trial, starting from which the conditioned avoidance reflex was 
stable (the criterion for learning was taken to be the presence of 9 avoidance 
responses in 10 consecutive trials). 

Statistical analysis 
Data were analyzed by Shapiro-Wilk test to estimate the distributions normal-

ity, nonparametric Mann-Whitney U test, Median test (in the text is designated 
as M), Wilcoxon matched pair test (in in the text this test is designated as T) and 
Kruskall-Wallis test, test for difference between two proportions (Z-test) 
(STATISTICA software, Ver. 10.0). 

3. Results 

The effect of isolation on the weight of rat pups 
There were no significant differences in the weight at PND 2 (before the isola-

tion procedure from the mother and siblings) between the control and experi-
mental groups (Table 1). At PND 8 (immediately after the isolation procedure),  
 

Table 1. Body weight (g, mean ± S.D.) of rat pups housed under different conditions. 

Postnatal day Control group (n = 16) Experimental group (n = 23) 

2 6.56 ± 0.81 6.48 ± 0.67 

8 17.25 ± 1.73 
14.0 ± 1.94* 
p = 0.000019 

20 36.5 ± 1.83 
33.17 ± 3.21* 
p = 0.000105 

*p < 0.001 for control versus experimental groups (U test). 
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statistically significantly lower weight was observed in experimental rats. These 
differences persisted until PND 20 (period of milk nursing finishing). In adult-
hood, the weight of the males of the experimental and control groups did not 
differ and amounted to 199.47 ± 23.05 g (mean ± S.D.) and 203.75 ± 19.65 g, re-
spectively. 

The effect of isolation on behavior in an elevated plus-maze 
Isolation in early ontogenesis influenced on the behavior of rats in an elevated 

plus-maze. Experimental animals had defecations (acts of defecation occurred in 
47% of rats of this group), while in control rats there were none (differences are 
statistically significant, two-sided Z-test, p = 0.0187). The common length of 
track (mean ± S.D. = 1277.24 ± 149.19 cm, n = 8), Vmax (40.84 ± 9.09 cm/s) in the 
EPM as well as Vmax in the central platform (25.15 ± 4.05 cm/s) in experimental 
animals were higher compared to the control ones (1125.70 ± 194.20 cm, 32.83 ± 
6.79 and 21.69 ± 2.43 cm/s, n = 17, respectively). The differences are statistically 
significant (р = 0.021, р = 0.039, р = 0.0156 respectively, U test). A comparative 
analysis of the behavior in the closed arms did not reveal differences between the 
control and experimental groups. Most animals of both groups came into open 
arms (88% in each group). No differences between control and experimental 
groups were found in the amount of time spent in open and closed arms. At the 
same time, significant differences in the behavior of open arms were observed 
(M test, p < 0.05, Table 2). The length of track and the speed of locomotion in 
the open arms in the experimental animals were greater in comparison with 
control rats (Table 2). 

The effect of isolation on open field behavior 
The behavior of the animals was tested separately during the first (t1) and 

subsequent (t2) five minutes of being in the open field (Table 3). The behavior of 
rats during the first five minutes in the open field is equally determined by an-
xiety in an unfamiliar environment, and exploratory activity. The data of the 
subsequent 5-minute testing more specifically reflect exploratory behavior [15]. 

The results obtained indicate the presence of at least two fundamental differ-
ences in the behavior of isolated in early ontogenesis and control rats. In control 
animals, no changes in the locomotor activity were observed in the periods t1  

 
Table 2. Behavior of control and experimental rats noted in the open arms of the Ele-
vated Plus-Maze (mean ± S.D.). 

The behavior variables in open arms 
Control group  

(n = 7) 
Experimental group  

(n = 15) 
p (М test) 

Time spent, s 17.32 ± 19.51 40.68 ± 31.23 р = 0.1697 

Track length, cm 48.39 ± 70.22 149.71 ± 139.04 р = 0.0221* 

Vm, cm/s 2.42 ± 0.68 3.34 ± 1.11 р = 0.1697 

Vmax, cm/s 9.58 ± 4.69 18.55 ± 10.61 р = 0.021* 

duration of “sitting” (% relative to time spent) 42.84 ± 17.97 45.39 ± 12.13 р = 0.6471 

*p < 0.05 for control versus experimental groups (М test). 
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Table 3. Behavior variables that was different in control and experimental rats noted in 
the open field during t1 and t2 periods (mean ± S.D.). 

Behavior variables 
Control group (n = 8) Experimental group (n = 17) 

t1 t2 t1 t2 

Track length, cm 1565.44 ± 562.57 1448.39 ± 595.81 
2114.91 ± 669.09* 

p = 0.044 
1414.15 ± 598.47 @ 

p = 0.000293 

Total time spent running 
(locomotion with speed 

more 30 cm/s), s 
16.92 ± 13.41 16.16 ± 7.79 

29.15 ± 16.06 * 
p = 0.041 

15.58 ± 11.60 @ 
p = 0.001184 

duration of “sitting”, s 146.81 ± 31.61 154.03 ± 61.01 118.65 ± 37.37 
164.84 ± 43.88 @ 

p = 0.000293 

Vm, cm/s 5.22 ± 1.88* 4.83 ± 1.99* 
7.05 ± 2.23 * 

p = 0.021 
4.71 ± 1.99 @ 
p = 0.000293 

Number of grooming 
acts 

0.75 ± 0.46 1.0 ± 1.07 2.35 ± 2.32 
2.77 ± 2.33* 

p = 0.038 

*—p < 0.05 for control versus experimental groups (U test); @—p < 0.01 for period t1 versus t2 (Т test). 
 

and t2, while in experimental rats the length of track and Vm in period t2 were 
statistically significantly less, and the duration of “sitting” was significantly 
longer than in period t1 (Table 3). In experimental animals, the length of track, 
Vm and the amount of time of locomotion with speed more 30 cm/c (running) in 
the period t1 were significantly greater than in the same period in the control 
group. There were no differences in locomotion between groups in the period t2. 
At the same time, experimental rats showed a statistically significant greater 
number of grooming acts in the t2 period compared to control animals. 

The effect of isolation on learning the conditioned reflex of bilateral avoidance 
The control and experimental groups showed the ability to learn the condi-

tioned reflex equally: the control criterion (9 conditioned avoidance responses in 
10 consecutive trials) reached 5 control rats (62.5%) and 9 experimental (53%). 
Differences between groups were revealed in the learning rate. Control rats 
reached the learning criterion on the 32.4 ± 3.78 trial (mean ± S.D.), experimen-
tal rats—earlier, on the 23.22 ± 6.76 trial. The differences between groups are 
statistically significant (p = 0.0273, U test). The remaining indicators of learning 
the avoidance responses as well as escape latencies and the number of defeca-
tions during the training in control and experimental animals did not differ sig-
nificantly. 

4. Discussion 

In the process of early ontogenesis, there is a certain sequence in the develop-
ment of exploratory and defensive behavior aimed at adapting to a new situa-
tion. First, exploratory behavior is formed that allows to know the conditions of 
the new environment. Then defensive behavior will be matured. So, in the third 
week of life, young rats exhibit a higher exploratory activity compared to adults 
in a potentially threatening environment (the center of the “open field”) [17] 
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and later defensive behavior will develop that prevents a possible danger (ap-
pears in preference for the dark) [3]. 

The decrease of species-specific sensory influx in early ontogenesis influences 
the development of exploratory and defensive reactions. Earlier, we revealed a 
deceleration in the formation of a dark preference in rats reared by nulliparous 
females with insufficient maternal care in the first days after birth [3]. In rats 
separated from the mother from the 2nd to the 13th postnatal days, a diminution 
of the passive-defensive freezing response at the age of 26 days (the period of 
maximum appearance of freezing in intact developing rats) is observed in com-
parison with the control rats [11], which can also be associated with a retarda-
tion in the formation of defensive behavior. 

It is known that the behavior in the EPM is different in animals subjected to 
social isolation in early ontogenesis. Moreover, the change in behavior depends 
on the isolation method. Thus, the complete absence of social contacts with 
siblings during of milk nursing period led to an increase in the amount of time 
spent in open arms [18]. Daily 3-hour separation of the litter from the mother in 
the first two or three weeks of life, on the contrary, reduced this indicator [19] 
[20]. In our work, a complete 3-hour social deprivation of pups was performed 
from the 2nd to the 8th day of life. The effect of complete social isolation of the 
pups from the mother and siblings has two negative components: firstly, the re-
striction of species-specific sensory influx, and secondly, the stressful effect. The 
data obtained by us on changes in behavior in the EPM can indicate both a dis-
turbance of the formation of a species-specific dark preference response and in-
creased emotional reactivity, which determines the exploration of a potentially 
dangerous space. If we agree that any behavior is motivated, it should be recog-
nized that social isolation in early ontogenesis slows down the formation of the 
need for defensive behavior. 

A relatively unexpected result was obtained when studying the open field be-
havior of control animals during the first and second five-minute test periods. It 
was found that the locomotor activity of control rats in these periods does not 
differ, while previous studies have shown a decrease in the activity of intact rats 
Wistar in the second period of the test [15]. Probably, we observed the specifics 
of behavior in WAG/Rij rats genetically predisposed to absence epilepsy, which 
is expressed in the absence of a decrease in emotional reactivity during 10 mi-
nutes of testing rats in an open field. In experimental animals, a decrease in ac-
tivity in the second 5-minute test period occurred. However, the locomotor ac-
tivity at this time was similar to identified in control animals. During the first 
five test minutes the locomotion was higher in experimental rats than in control 
animals what could be a manifestation of increase emotionality. 

When 6-month-old animals were learned the avoidance conditioned reflex in 
shuttle-box with negative pain reinforcement, a more rapid formation of a stable 
reflex was found in experimental animals as compared to control ones. This is 
consistent with data on an increase in the rate of learning the avoidance condi-
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tioned reflex of adult Wistar rats exposed to daily 4-hour social isolation from 
the 1st to the 21st day of life [12]. Perhaps the increased emotional excitability 
and stress reactivity in experimental animals, identified in previous tests, induces 
a higher sensitivity to a threatening situation and increases the motivation to 
learn defensive behavior in adulthood. 

5. Conclusions 

Taken together, the data presented indicate systemic changes in the dynamics of 
the formation of the functions of the developing brain under the influence of the 
social isolation of newborns. It is likely that hormonal regulation is the mechan-
ism involved in this process. Thus, it was found that even partial social isolation 
(daily separation from the mother for 3 hours) in the first 2 or 3 weeks of life of 
rat pups alters the reactivity of the stress-realizing hypothalamic-pituitary- 
adrenal system [11] [19] [20] and causes a decrease in the number of glucocor-
ticoid receptors in hippocampus on the 14th day of life [11]. 

The revealed increase in emotional reactivity in WAG/Rij rats under the in-
fluence of social isolation in early ontogenesis may be a factor contributing to 
the development of genetically predetermined absence epilepsy. 
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