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Abstract | Human-animal interactions occur in many sectors of livestock production. This study aims to determine
whether human manipulation during the critical period could disrupt their long-term behavior. Forty-four pup rats
(22 males and 22 females), were divided into two groups (handling, non-handling: corresponding to the control
group). Subsequently, each group was subdivided into two subgroups: male subgroup (Handling Males, H♂) and a
female subgroup (Handling Female, H♀), which were handled daily for 5 min from birth to weaning. On postnatal
days (PND 67,70,73), they were subjected to three behavioral tests respectively: open field (OF), elevated plus-maze
(EPM) and forced swim test (FST). Within the open field, the results showed that in both sexes, the manipulated
group had spent less time in corners, more time in the center, had more squares crossed and finally, more rearing.
The results also showed significantly lower levels of anxiety, which translates into more time spent in open arms of
the elevated plus-maze. Improved adaptation to depression was observed in forced swimming tests as they had more
swimming time and less immobility time. Therefore, human handling during the neonatal period of rats could induce
greater resistance to depression and better adaptation to anxiety without any negative effects on behavior.
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INTRODUCTION

size in boars (Hemsworth et al., 1986).

everal studies have focused on the therapeutic and
beneficial effects of animals on humans, but not on
the effects of humans on animal welfare, although animal
welfare is now a major concern in modern society. In recent
years, interest in studying the human-animal relationship
in domestic species has increased, particularly for economic
reasons. Poor quality of this relationship can have negative
consequences on animal production and reproduction
performance, such as a decrease in milk production in
cattle (Bertenshaw and Rowlinsona, 2015), and goats
(Lyons, 1989), and a decrease in the reproductive capacity
of pigs (Hemsworth et al., 1981; Hemsworth et al., 1989).
In addition, to a stress reaction that results in a reduced
growth rate in young pigs (Hemsworth et al., 1981), there
is a decrease in fertility in sows, and a reduction in testicle

The brain of the offspring after birth is very sensitive to
environmental factors, epigenetic mechanisms that play
a central role in the long-term, even transgenerational
(Gressens and Mezger, 2014) . Thus, studies on neonatal
environmental effects and their interactions on behavior
and stress adaptation are of paramount importance to
better understand the impact of the early environment
effect on the behavioral and cognitive development of
adult animals.

S
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In recent years , several studies have investigated the effects
of neonatal stress on behavior and stress resistance in
animal and human models, and have found that prenatal
stress can affect the emotional and cognitive ability of rat
pups (Cabrera et al., 1999; Nishio et al., 2001), in addition
NE
Academic

US
Publishers

to causing adult-specific alterations in response to aversive
situations (Cabib et al., 1993), such as psychosis, behavioral
disorders, depressive syndromes, addictive disorders
and memory disorders with disruption of the functional
maturation of hippocampal networks (Parker, 1981;
Holmes and Robbins, 1987; Canetti et al., 1997; Benoit et
al., 2015; Reincke and Hanganu-Opatz, 2017).
Furthermore, rhesus monkeys raised in an enriched
neonatal environment, have superior performance in
orientation and motor activity, with fewer temperamental
responses (such as fear) compared to rhesus raised in a less
rich environment (Schneider et al., 1991; Bard et al., 2001).
Tremblay (2002) suggested that some types of maternal
care improve spatial learning and memory of the offspring
by increasing hippocampal development.
Human-animal interactions are sometimes very close and
are mainly done through non-verbal language. Indeed, the
main element of communication that allows the creation
of a relationship between human and animal is physical
contact or touch (Servais, 2007). Thus, this study aims
to determine the effects of long-term human neonatal
physical manipulation on anxiety, locomotion, and
depressive behavior of adult rats.

MATERIALS AND METHODS
Animals

Forty-four albino weaned rats (22 males and 22 females)
of Wistar strain obtained from mating six males and
six females rats of the same strain were used during
experimentation phase. They were provided by the Pasteur
Institute in Algiers, Algeria. The rats were housed in
polycarbonates cages in a colony room of the Department
of Biology, University of Annaba, Algeria, and reared
under standard laboratory conditions (temperature of 25
± 2 °C, humidity 50 ± 5 %, artificial lighting, 12 h light/
12 h night from 07h00). They were fed on standard rat
chow produced by ONAB (national office of animal feed
manufacturing), Annaba, Algeria, and supplied with water
ad libitum.

Experimental Design

All experimental procedures described in this work were
carried out in accordance with the guide for the care and use
of laboratory animals of the University of Badji Mokhtar
Annaba, Algeria . Figure 1 presents the experimental design.
For the synchronization of estrous cycles in female rats,
six males and six females of the same strain were placed in
a compartmentalized cage without physical contact for 7
days, which allowed exposure to male pheromones. Males
and females were then placed in cages for reproduction.
Vaginal smears were examined daily for sperm presence.
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The males were then removed and the pregnant females
were reared in individual cages until parturition.

Figure 1: Diagram and Timeline of the Experimental
design. H: handling. NH: non-handling. NH group was
left undisturbed. H group was exposed to daily handling
session for 5 min from birth till weaning. At postnatal day
(PND) 67 began performing the following behavioral tasks
at 10:00am - 12:00pm: open field test (OF) on PND67,
elevated plus-maze test (EPM) on PND70 and forced
swim test (FST) on PND73.
Birth day was noted PND 0, and the offspring remained
with their mothers were separated into two experimental
groups: handling (H), and non-handling group (NH). The
offspring of the (H) group were physically manipulated by
the experimenter for 5 min per day till PND 21 (weaning),
while, the NH group had no physical manipulation.
After weaning, the offspring were separated from their
mothers, 11 males and 11 females were randomly
selected from each group (NH= 22, H= 22; 11♂/11♀)
and raised in pairs in each cage to adulthood under the
standard conditions mentioned above. In PND 67, they
were subjected to behavioral tests to assess anxiety level,
locomotor behavior, exploratory behavior and depressive
behavior.

Handling (physical manipulation)

The physical manipulation of the offspring was carried out
according to touching method described by Weininger
(1954), Therefore, the animal is held in the experimenter’s
left hand and placed against the experimenter’s chest, so
that the animal is nestled in the palm of the left hand,
and with the thumb or fingers, the experimenter caresses
the animal’s back from head to the base of the tail. The
offspring were handled individually, 5 min per day from
PND1 to PND21 at 9.00 am by the same experimenter.
A thin layer of sawdust was collected from the nest and
deposited in the palm of hand to avoid any emotional
stress of a new environment.

Behavioral tests

The behavioral tests were conducted at 48-hour intervals
between each test to avoid any interference with the
subsequent test result in the following order: open field test
(OF) at PND 67, elevated plus-maze (EPM) at PND 70,
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and forced swim test at PND73. All tests were performed
in a quiet room, after 20 min of habituation to the test
room during the lighting period (between 10:00 am and
12:00 pm). After the behavior assessment, the rats were
returned to their breeding room.

Open field (OF)

The open field test (OF) consisted of a square-shaped
floor with a white background (70 cm x 70 cm), divided
by black lines into 49 squares of equal size (10 cm x 10
cm): 24 peripheral squares and 25 in the center. The floor
was surrounded by 30 cm high transparent Plexiglas walls.
Twenty minutes before the start of the test, the rats were
moved to the test room to get used to it. The rat was placed
in the center and its behavior was recorded for 5 min by a
video camera. The device was cleaned with 10 % ethanol
after each rat. This test was used to evaluate locomotor
activity by counting the number of squares crossed, the
number of rearing and exploratory behavior by calculating
the time spent in the periphery compared to the time spent
in the center (Hall, 1934).

Elevated plus-maze (EPM)
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between groups during behavioral tests using Addinsoft
XLSTAT-Premium, version 2016. The results were
presented as a mean±SEM. Multivariate analysis
(MANOVA) Lambda Wilk’s test was used to analyze
the intragroup sex-effect on rat behavior by IBM SPSS
Statistics 23.0. At p<0.05, the difference was considered
significant.

RESULTS
Open field test

Figure 2 illustrates the exploratory and locomotor
performance of rats in the open field test. The panels A, B,
C and D (Figure 2) revealed a greater increase in locomotor
and exploratory behavior of the handled rats, compared to
the non-handled group for both sexes, with a decrease in
time spent in corners [♂: t = 3.17, p= 0.006, F = 0.25; ♀: t =
3.32, p = 0.003, F = 0.28], increase in time spent in center
[♂: t = -3.17, p = 0.006, F = 0.25; ♀: t = -3.10, p = 0.006 , F
= 0.30], increase in number of squares crossed [♂: t = -3.98,
p = 0.0007, F = 2.54; ♀: t = -2.81, p = 0.01, F = 1.51] and
an increased rearing number [♂: t = -3.85, p = 0.002, F =
0.25; ♀: t = -2.84, p = 0.01, F = 1.43] respectively in panels.

The EPM test is a well-known device for testing anxiety in
laboratory rodents. It consists of two opened arms (50 cm x
10 cm) crossed at right angles to two closed arms (50 cm x 10
cm, surrounded by 40 cm high walls). The device was raised
50 cm above the ground. The rat was placed in the center
facing one of the opened arms and behavior was recorded
for 5 min by a video camera. The device was cleaned with
10 % ethanol after each rat. The number of rearing, entries
in opened and closed arms and time spent in opened
and closed arms were estimated (Pellow et al., 1985). Figure 2: Effect of neonatal handling on the open field
behaviors of rats of both sexes. A: time in seconds spent
in corners, B: time in seconds spent in center, C: number
Forced swimming test (FST)
The Forced Swimming Test (Porsolt swimming test) was of crossed squares and D: number of rearing. Expressed as
used to examine the depressive behavior of rats (Porsolt et mean ± SEM. NH: non-handling, H: handling. ** p < 0.01,
al., 1977). The device consisted of an aquarium (54 x 38 x ***p < 0.001.
40 cm) filled with water at 25 °C up to 30 cm height. At
this height, the rat cannot use its lower limbs to stay at the
surface and is therefore subjected to forced swimming.

Elevated plus-maze (EPM)

Figure 3 illustrates the anxiety level of rats of both sexes
in the EPM. Panel B (Figure 3) revealed a decreased
The water temperature was maintained at 25°C using an anxiety behavior in the handled group, compared to the
electric immersion heater before the beginning of each non-handled group, showed by an increase in time spent
session. The FST was conducted in two sessions, the pre- in opened arms for both sexes [♂: t = -3.22, p = 0.004, F =
test and the test, separated by a 24-hour interval. During 0.37; ♀: t = -3.28, p = 0.004, F = 2.03]. However, an increase
the pre-test, the rat was placed for 15 min in the aquarium in the number of entries in the opened arms [♂: t = -5.71,
filled with water in which it could not escape, to create p = 0.0001, F = 1.72] and number of rearing [♂: t = -4.88,
a mental depression (depressed session). On the test day, p = 0.0001, F = 0.84] (Panels D and E), was observed only
the rat was plunged back into the aquarium for a 5-min in male handled rats, compared to female handled rats [♀:
session during which immobility, swimming and climbing t = -1.74, p = 0.098, F = 3.43] (Panel D), [♀: t = -1.70, p =
0.11, F = 2.56] (Panel E). While, no significant differences
time was recorded as an indicator of depressive behavior.
were observed for the other parameters, for both sexes:
time spent in closed arms in panel A [♂: t = 1.28, p = 0.22,
Statistical analysis
Student’s T-test was used to determine the difference F = 0.94; ♀: t = 1.13, p = 0.28, F = 3.99] and number of
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entries in the closed arms in panel C [♂: t = -2.07, p =
0.052, F = 0.89; ♀: t = -1.45, p = 0.16, F = 1.40].
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time of immobility [♂: t = 6.71, p = 0.0001, F = 1.77; ♀: t
= 6.35, p = 0.0001, F = 1.27]. Panel C revealed an increase
in climbing time for female handled rats with very highly
significant differences in comparison with non-handling
female group [♀: t = -3.58, p = 0.002, F = 0.39], however,
no significant difference was observed for male handled
rats [♂: t = 0.66, p = 0.52, F = 2.42].

Sex effect on different parameters of handled
rats

Table 1 shows that the sexual factor does not significantly
affect the studied parameters of handled rats [p = 0.437, F
= 1.17].
(11,10)
Table 1: Sex-dependent effect on the different parameters
studied (Multivariate test: Lambda Wilk’s test). H:
handling group (Number of rats: 22 with 11 rats of each
sexes). Value: the value of Wilk’s Lambda. F: Fisherstatistic. df: degrees of freedom. Sig: significance (p-value).
H

Effect
Sex

Figure 3: Effect of neonatal handling on the elevated plusmaze behaviors of rats of both sexes. A: time in seconds
spent in closed arms, B: time in seconds spent in opened
arms, C: number of closed arms entries, D: number of
opened arms entries and E: number of rearing. Expressed
as mean ± SEM. NH: non-handling, H: handling. **p <
0.01, ***p < 0.001.

Figure 4: Effect of neonatal handling on the forced
swimming test behaviors of rats of both sexes. A: swimming
time in seconds, B: time of immobility and C: climbing
time in seconds. Expressed as mean ± SEM. NH: nonhandling, H: handling. *p < 0.05, **p< 0.01.

Forced swimming test (FST)

Figure 4 illustrates the depressive behavior of rats of both
sexes during the FST. The panels A and B revealed a greater
reduction in depressive behavior of the handled rats,
compared to the non-handled group, for both sexes with
an increase in swimming time [♂: t = -6.71, p = 0.0001, F
= 1.77; ♀: t = -6.35, p = 0.0001, F = 1.27] and a decrease in
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Value
0.437

F

Hypothesis df

1.17 11

Error df
10

Sig

0.406

DISCUSSION
The purpose of this study was to determine the extent to
which human handling, applied from birth to weaning,
modifies exploratory behavior, locomotor performance and
resistance to depression in adult male and female rats, and
thus verify whether human interaction during the neonatal
period of rats has any impact in adulthood.
It is well known that in early development, central nervous
system has a high plasticity and can be very sensitive to
even moderate environmental interventions (Gschanes
et al., 1998; Zhang and Cai, 2008), therefore, early life
experiences have long-term effects on behavior and stress
responsiveness (Padoin et al., 2001). Several studies have
shown that distinct stimuli during the early life affect the
behavioral, physiological and endocrine processes in adult
rats (Casolini et al., 1997; Knuth and Etgen, 2007).
The results reported changes in the behavior of adult
rats of both sexes, based on treatment applied during the
neonatal period and indicated by reduced anxiety level and
increased locomotor and exploratory behaviors.
The time spent in the center of the open field was higher
in the handling group, which is a sign of less anxiety. In
addition, the increase in distance traveled (i.e. number of
crossed squares) in the open field suggested that locomotor
activity was better developed in handled rats.
Similarly, exploratory behavior (measured as the number
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of rearing for vertical exploration and the time spent in
the center and/or periphery for horizontal exploration)
increased in the handling group compared to the nonhandling group. These results are consistent with previous
studies indicating that early manipulation increases
the threshold of emotional reactivity in rats as well as
diminished fear of novelty (Bodnoff et al., 1987).

plus-maze and sensitivity to pain. In contrast, Rhees et al.
(2001) reported that manipulated females were more active
than males, this sex-related contradiction of results might
be due to differences in experimental paradigms such as
breeding environment, age of animals and handling period.

Indeed, it was also found that the anxiety level of adult rats
of both sexes evaluated by the performance in EPM was
significantly lower in handled rats compared to untreated
ones. These results are in good agreement with previous
studies suggesting that adequate neonatal manipulation
during early life provides better responses of adults in
new situations and environments (Fernandez-Teruel et al.,
1990; Wakshlak and Weinstock, 1990; Vallée et al., 1997;
Bouﬂeur et al., 2012).

The purpose of this study was to determine whether human
manipulation during the critical period could disrupt their
long-term behavior. Forty-four small rats (22 males and
22 females) were divided into two groups (handling, nonhandling: corresponding to the control group).

Moreover, swimming time was greatly increased by
handling, and immobility time was reduced, which indicates
a better adaptation to depression (Porsolt et al., 1977).
Bouﬂeur et al. (2012) observed that physical manipulation
during the first days of life in rats has a protective effect
and decreases the doses of an anxiolytic and antidepressant
drugs as diazepam, in case such intervention is required.

Thus, it could be concluded that neonatal handling by
humans can prevent behavioral disorders in adult rats.
However, the mechanisms involved in this modification
remain unknown and the data obtained by a behavioral
test had limited relevance for understanding the origin of
the neurobiological axis involved.

Also, females climbing time was significantly higher
than that of the males handled, which implies a greater
escape intensity in females that could be evolutionarily
significant. As potential mothers, females should become
more familiar with the unknown environment than males,
to ensure smooth progress in pregnancy, childbirth and
offspring care (Dubovicky et al., 1999).
Neonatal handling is similar to maternal affection and
licking (Schanberg and Field, 1987), and therefore, has a
strong influence on normal brain development (Chiba et
al., 2012). Tactile stimulation has been shown to affect the
function of the hypothalamic-pituitary-adrenal axis (HPA)
(Katsouli et al., 2014), enhance the adult’s ability to adapt to
stressful stimuli (Stamatakis et al., 2009), and assist in the
recovery of neonatal brain injury (Rodrigues et al., 2004;
Richards et al., 2012). Moreover, it has been shown that
also postnatal handling in an early life experience could
induce neuro-chemical, physical and psychological changes
in the offspring. Thus, it allows greater psychological and
physiological adaptation to stressed adults (Cirulli et
al., 2003; Pryce and Feldon, 2003; Weaver et al., 2004;
Imanaka et al., 2008), and to have a long-term effect on
adult behavior (Giachino et al., 2007).
No specific sex effect results were observed in the handled
group. These results are consistent with those of Imanaka et
al. (2008), who reported no significant interaction between
neonatal treatments and sex in the open field, elevated
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CONCLUSION

The results showed the beneficial effects of neonatal
handling on locomotion and exploratory behavior as well
as an improved anxiety and depressive behavior.

Therefore, further research is needed to clarify how
the external environment during the neonatal period
interacted with the neuroendocrine axis in adulthood. This
is particularly important since the quality of the humananimal relationship and the behavior of the breeder are
important factors to be taken into account in the different
animal production systems due to their influence on the
animal’s productivity, health and welfare.
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