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ABSTRACT 
 

Effects of stress on learning and memory in the early life have been one of the hot topics in 
neuroscience. The aim of this study was to investigate the combined effects of handling-injection stress 
with noise stress in the passive avoidance task in rats. The performance of rats was evaluated in the 
retention test 24 h after a single acquisition trial. Male Wistar rats were divided into 4 groups of 6 
animals for 4 weeks: subcutaneous injection ofss sodium chloride 0.9% and handling stress (I+H), 
subcutaneous injection of sodium chloride 0.9% and handling with noise exposure (I+N),   noise 
exposure (N) and control (C). After 4 weeks, we studied passive avoidance conditioning test in a 
shuttle box. The step-through latency after training animals significantly increased in (I + H) group as 
compared with (I+N) and (N) groups (p<0.01). But using noise stress with handling-injection stress 
significantly attenuated learning and memory in the (I+N) group than other 3 groups (p<0.05). The data 
suggested that moderate stress (handling-injection) increased learning and memory in the early life of 
animals but using moderate stress with sound stress impaired them. 
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INTRODUCTION 
 

The effect of chronic stress on learning and memory functions has been one of the hot topics in 
neuroscience. Different stress stimulation has different effects on learning and memory (1). However, 
studies in animals and people have reported divergent findings, with stress producing an enhancement, 
impairment, or no effect on learning and memory (2). With the growing competition in the world, 
people usually live in a circumstance with different kinds of chronic stressors. Many studies showed 
that chronic stress was harmful to health, even led to diseases. Meanwhile it impacts the brain cognitive 
functions and leads to learning and memory impairment (3). 

 The early postnatal environment is seen as providing the potential for altering vulnerability to 
psychiatric disorders such as addiction, posttraumatic stress disorders (PTSD) and depression. The rat 
is an appropriate animal model to study early life psychiatric disorders (4, 5). Neonatal handling 
decreased the aging impairment on performance in a spatial learning task, including T-maze and radial 
arm maze (6). Environmental manipulations during the early postnatal period induced a decreased 
anxiety-like behavior in adulthood (7, 8 and 9). Stressful events in early life are involved in behavioral 
alterations in adulthood. Meany and colleagues showed that neonatal handling of rat pups during the 
first 3 weeks of life was able to improve the spatial learning ability of aged animals in a water-maze 
task (9). Early postnatal handling induces a decrease in corticosterone secretion in response to stress (9, 
10 and 11) and an increase in the number of hippocampal receptors in adult rats (12). Exposure to 
stress early in life can induce an increased vulnerability to mood disorders later in life. Indeed, the 
origin of many adult diseases such as depression, anxiety, or impulse control disorders, can be found in 
infancy (14). There is growing evidence that stress during prenatal and postnatal periods of life can 
modify adaptive capacities in adulthoods. Postnatal handling protected from the age-related 
neuroendocrine and behavioral alterations. Handling in the early life, has been reported to prevent the 
change in behavioral reactivity observed in adult rats previously submitted to a prenatal stress (15). 
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Postnatal handling has no effect on the performance of adult animals in a spatial memory task (the 
water maze) but improves performance during senescence (9). 

 Among the factors inducing stress, Environmental noise is a known stressful condition that 
induces alterations of various physiological responses in the exposed individuals. The extent of noise 
disturbance depends on intensity, frequency, individual sensitivity, age, and sex. Noise not only affects 
the nervous system of man, but also causes some psychological and psychosomatic problems. Noise 
has always been an important environmental problem for mankind. Among the cognitive effects, 
reading, attention, problem solving and memory are most strongly affected by noise. (3, 16)  

 The combined effects of noise stress with a moderate stress hasn’t considered in literature. 
Therefore in this study we attend to examine the Simultaneous effect of noise stress with moderate 
stress (handling and injection stress) on learning and memory in the early life of male Wistar rats. 
 

MATERIALS AND METHODS 
 

Animals and experimental design 
Twenty two days old male Wistar rats, 55 g weight were housed in a room that was maintained on 

12-h light/dark cycle and kept at 24° C. All rats were maintained on Standard rat food and water ad 
libitum. After 4 days of acclimatization to these conditions, the animals were divided into four 
experimental groups of 12 rats as follows: subcutaneous injection of sodium chloride 0.9% and 
handling stress (I+H), subcutaneous injection of sodium chloride 0.9% and handling with noise 
exposure (I+N),   noise exposure (N) and control (C) for 4 weeks. 
Handling stress 

The animals of group 1 were handled daily for 15 min. when the rats were handling, they were 
picked up from the home cage and held in the hands for 15 min. 
Sound stress: 

Noise group were subjected to 100 dB SPL broadband white noise, 3 min daily for 4 weeks. The 
noise was produced by one loudspeakers (15W), driven by a white-noise generator (350 Hz), and 
installed 30 cm above the cage.    
Measurement of learning and memory in the passive avoidance paradigm. 
Apparatus 

A shuttle-cage consisting of two compartments of equal size (26×26 cm) separated by a sliding 
door (8×8 cm) was used.  One compartment is lighted by an overhead stimulus light and the other is 
black so as to remain dark.  Illumination inside the lighted chamber was provided by a 40-W lamp. The 
two compartments are separated by an automatic guillotine door and each has a grid floor placed 
through which a foot shock can be delivered. 
Training and testing were performed between 8.00 and 13.00 h. 
 
Habituation 

Habituation is performed by placing the mouse in the lighted part for 30 seconds while it could 
not be able to enter in dark area. Having finished the 30 seconds by raising the separator door the 
mouse is allowed to look at around freely but every time as soon as the mouse enters the dark chamber 
the door is closed and the mouse returned to its home cage. This training process was repeated after 30 
minutes. 
 
Training 

After habituation, the training process was started. First of all the mouse was placed in lighted 
chamber and the same as habituation time it was not able to enter in dark part by the separator door for 
30 seconds, then the guillotine door was opened after these seconds. Entering to dark compartment 
with four paws caused the door be closed and after 3 seconds the mouse faced to a foot shock (0.4 mA, 
3 seconds duration) and after 30 seconds it is returned to its home cage. Training was terminated when 
the rat remained in the light chamber for 120 consecutive seconds. 

Remaining in the light compartment for 120 consecutive seconds by the mouse, made the training 
processes was terminated. 
 
Testing  

The test is performed 24 hours after training. The mouse is placed in light chamber while it is 
facing away from the dark part and after 5 seconds the separator door is lifted and the test is begun. 
Entering to dark compartment with four paws by the mouse caused the door be closed and the mouse 
removed to its home cage. The latency time from opening the door till entering in dark part is recorded. 
In test time there is not any electric shock. 
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Statistical analysis  
All continuous data with normal distribution were expressed as mean ± standard deviation (mean ± 

SD) for each group. The data were analyzed using the SPSS software (15th version) and assessed by one-
way analysis of variance (ANOVA) and student t-test. The level of significance was presented at p<0.05.  
 

RESULTS 
 

Learning and memory in the passive avoidance test 
-Number of correct response: 

Fig.1 shows the correct responses number after passive avoidance conditioning. The percentage of 
correct responses after training animals with conditioned reflex significantly increased in the group was 
exposed to handling and injection  stress(90%), when compared to other 3 groups(p<0.05). also it was 
significantly lower in  (I+N) group: 60% as compared with (I+H), (N), and (C) group.(p<0.05) 
-Latency period 

After performing passive avoidance conditioning test, the animals of (I+H) group displayed 
longer latencies of transition in the dark compartment (275 seconds) as compared with (I+ N),  (N), and 
(C) groups: 153, 183, 233 seconds respectively(p<0.05). Adversary the (I+N) group had shorter 
latencies period than that of other 3 groups (p<0.05). (Fig.2)   
 

 
Fig. 1: effect of different kinds of stressors on passive avoidance conditioning (the percentage of correct 

responses). Groups: (I+H) handling and injection stress, (I+N) injection with noise stress, (N) noise stress,(C) 
control.* p<0.01, between I+H as compared with I+N, N and C groups. 

 
 

 
Fig. 2: effect of different kinds of stressors on passive avoidance conditioning (latency period ). Groups: (I+H) 

handling and injection stress, (I+N) injection with noise stress, (N) noise stress,(C) control. * p<0.01, between I+H 
as compared with I+N, N and C groups. 

 
DISCUSSION 

 
In this study we examined the combined effects of handling and injection stress with sound stress in 

the early life of male Wistar rats. Our results showed that moderate stress (handling- injection) increased 
learning and memory in animals. But using moderate stress with sound stress impaired it. Passive 
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avoidance procedure represents a model of learning where the effects of different stressors can be studied. 
We weren’t able to find any publication regarding the combined effects of moderate and harsh stressors 
on learning and memory in the early life. However some animal studies have shown different stressors 
effects on learning and memory in the early life. For example Meaney et al. showed that early life 
handling permanently alters CNS systems that regulate hypothalamic-pituitary-adrenal (HPA) function, 
although the effect may depend on the gender of the animal. In both males and females, however, 
handling appears to prevent (or minimize) increased adrenal secretion in later life and to attenuate 
hippocampal cell loss and spatial memory impairments (17). The study performed by Nunez et al. and 
Pryce et al. showed that neonatal handling enhanced active avoidance learning (18). In this present study 
we found that exposed to mild stress (handling- injection) caused to high percentage of conservation of 
skill to avoid punishment even slightly higher than that of control group. These findings are similar to 
those of positive effects of chronic stress (17, 18). Valee et al. found that postnatal handling can prevent 
the age-induced impairment in HPA axis function. At 4 months old, handled animals secreted lower 
levels of corticosterone during their stress recovery response than that of control group (15).  

The study by kosten et al. demonstrated that early life manipulations (neonatal isolation, neonatal 
handling and maternal separation) impaired fear conditioning in adult rats. (19). In another study they 
considered the effects of neonatal handling on inhibitory avoidance, circular maze, and object 
recognition performance. It was found that neonatal handling impaired inhibitory avoidance, circular 
maze and object recognition performance. Another prior study by Wenberg and Levin showed no effect 
of handling in this task. Our results are different from studies showed the impairment of learning and 
memory in the early life by postnatal handling stress. Therefore this experiment will extend the 
research to examine the effects of different stressors on inhibitory learning (19).  

We found some studies about noise stress impairment effects on cognitive, reading, attention, 
problem solving, learning and memory (3, 16). On the other hand, based on these findings that the 
positive effects of moderate stress and negative effect of sound stress on learning and memory in the 
early life, we had predicted that companionship of moderate stress with sound stress would attenuate 
impairment of learning and memory by the noise. Yet we found handling-injection with sound stress 
impaired learning and memory in neonatal rats.  

Early-life events, including stress, exert long-lasting influence on neuronal function. Stress 
impacts the structure and function of hippocampal neurons.(20). Increasing levels of corticosteroids, 
stress causes atrophy of CA3 pyramidal cell dendrites, inhibits adult neurogenesis in the dentate gyrus, 
and impairs hippocampus-dependent learning (21).  

In adult mouse there is some change about 5-HT (1A) receptor function in medial prefrontal 
cortex which is related to early postnatal stress. 

The risk of appearing mental diseases in adult is obviously associated with traumatic events in 
childhood. About the etiology of stress-related disorders the 5-hydroxytryptamine (5-HT) (1A) 
receptors are known as the most important parts that effect the 5-HTergic mechanisms which are 
associated with mental diseases. Weakness of 5-HT (1A) function in medial prefrontal cortex in adult 
is related with hated and aversive stress in the third week of the postnatal period and produces feedback 
inhibition of the raphe nuclei via postsynaptic 5-HT(1A) receptors.(22) 

The present study has some limitations. We did an animal study so we can’t attribute all of these 
findings to human absolutely. Because maybe the results of human study about early life stress effect 
would differ to animal study. It is needed to do more experiments about this subject for concluding 
exact reasons. In addition we didn’t consider serotonergic system changes and HPA axis function in 
our study. Therefore the exact mechanism should be clarified in the future studies. 
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