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1. Introduction 

hildhood is the most sensitive period of 

human life and its determinants of 

neurodevelopmental, motor ability, and 

psychological development. Infancy events 

can affect a wide range of physical, 

behavioral, motor, mental, and neurological 

components. Some of these issues are 

extremely stressful and have a more 

profound impact on child performance 

(Cooke, 2007; Wiersma et al., 2009). One of them is early maternal 

deprivation (EMD), it can have adverse effects on growth hormones 

(Braun, Lange, Metzger, & Poeggel, 1999). Significant changes in 

brain cells and the hypothalamic-pituitary-adrenal (HPA) axis 

(Fries, Shirtcliff, & Pollak, 2008) have damaging effects on diverse 

types of learning and spatial memory (Lévy, Melo, Galef, Madden, 

& Fleming, 2003) and one's cognitive and emotional development 

(Ahun & Côté, 2019; Kiernan & Huerta, 2008). Due to previous 

studies, early life experiences have selective effects on the optional 

maturation of memory capabilities. It is undeniable that episodic 

memories exactly after birth are faded away, however, special 

events can recall them (Bessières, Travaglia, Mowery, Zhang, & 

Alberini, 2020).  In other investigations, the influence of EMD has 

assessed on structure and function of the hippocampus. They have 

concluded that females were more resilient to early deprivation 

stress (Loi et al., 2017). Scientists have claimed that EMD could 

affect genes expression and the probability of facing Schizophrenia 

will grow remarkably after puberty (Janetsian-Fritz et al., 2018).  

Spatial learning and memory are essential cognitive components 

that have an intense impact on human performance at altered stages 

of life.  

Neuron structural and functional growth in rats is an intricate 

procedure and any type of stimuli during pregnancy can extremely 

affect the neuron's functional maturation in life span. According to 

human and animal investigations, the environmental stimulus such 

as swimming training (ST) significantly increases the spatial 

learning and memory ability in the fetus (Akhavan et al., 2008; e 

Silva-Gondim, de Souza, Rodrigues, & Guedes, 2019; Kim, Lee, 

Kim, Yoo, & Kim, 2007; Robinson & Bucci, 2014; Song, Kim, Kim, 

Park, & Lee, 2019). This amelioration happens as an outcome of 

various styles of exercise during pregnancy, for instance, swimming 

(e Silva-Gondim et al., 2019), voluntary wheel running (Robinson 

& Bucci, 2014), or intense running on a treadmill (Akhavan et al., 

2008).  
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Background: Previous research has emphasized the negative impact of early maternal deprivation on 

learning and memory. On the other hand, the role of training on cognition has been examined. However, 

whether neonates are given exercise at the same time as being deprived of their mothers is a novelty of 

this research. We also considered the study of underlying mechanisms, such as the study of changes in 

BDNF levels.  So, the purpose of this study was to examine the effect of swimming training on spatial 

learning, memory and motor function in male rats under early deprivation. Methods: Twenty-eight rats 

divided into four groups: Early maternal deprivation (EMD), Swimming Training (ST), EMD+ST group, 

and Control (CON) groups. The rats were exposed to deprivation for 10 days, three days a week for 30 

minutes. The rats were at 33 postnatal days and their spatial learning and memory were assessed using 

the Morris Water Maze (MWM) test. Rats' motor function was assessed by the Open-Field (OF) test. 

Finally, after the extraction of the hippocampus, BDNF protein was measured by ELISA. Results: The 

results of this study revealed that male rats exposed to EMD had learning and spatial memory 

impairments, lower hippocampal BDNF protein levels. In addition, swimming alone has a positive impact 

on the BDNF protein level and motor function. Conclusions: Despite these findings, due to the high 

intensity of stress, swimming could not modify the irreparable effects of deprivation. 
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As previous research has shown, early stress in addition to 

decrease BDNF levels, which regulates brain function and behavior 

(Xianqiang Zhang et al., 2020), destroys long-lasting changes at the 

level of (HPA) axis, which are accompanied by age-related memory 

(Roceri, Hendriks, Racagni, Ellenbroek, & Riva, 2002) and decrease 

learning and spatial memory (Lévy et al., 2003). So, we examine 

whether swimming can moderate the damaging impact of EMD on 

cognitive and motor function. To evaluate this hypothesis two 

behavioral measurements; MWM for assessing spatial learning and 

memory ability and OF test for measuring their mobility has been 

used. Moreover, to figure out the underlying mechanism, BDNF 

protein was evaluated as well. 

Swimming can moderate the negative effects of maternal 

deprivation on hippocampal BDNF levels. Maternal deprivation has 

been shown to increase immobility time and decrease climbing time 

in adult rats, along with reduced BDNF protein levels in the 

amygdala and hippocampus. It is found that maternal exercise 

promotes changes in the rat offspring’s cerebellum that are still 

evident in young adult life that may contribute to a protective 

phenotype against Aβ-induced neurotoxicity in young adult male rat 

offspring46. However, swimming can reverse these effects, leading 

to decreased hippocampal neuronal apoptosis and increased BDNF 

expression55. Maternal deprivation also leads to increased levels of 

stress-related hormones, such as corticosterone, and alterations in 

DNA methylation levels of BDNF and its receptor in the 

hippocampus of offspring. These molecular changes induced by 

maternal stress can persist across generations and negatively 

influence offspring phenotypes. Overall, swimming appears to have 

a beneficial effect on hippocampal BDNF levels and may help 

mitigate the negative consequences of maternal deprivation. 

Swimming has been shown to have positive effects on spatial 

learning and motor function. Multiple studies have demonstrated 

that swimming exercise can improve cognitive function, including 

spatial memory formation and non-spatial memory performance. In 

particular, swimming exercise has been found to enhance learning, 

short-term and long-term memory formation, and increase brain-

derived neurotrophic factor (BDNF) levels in the hippocampus. 

Additionally, swimming exercise has been shown to improve 

visuomotor performance and cognitive functioning acutely. These 

findings suggest that swimming can moderate the negative effects 

of spatial learning and motor function, potentially providing benefits 

for cognitive health and performance. a multilevel meta-analytic 

approach was used to quantify the intergenerational transmission of 

exercise effects on brain and cognition, showing that parental 

exercise showed a tendency for increasing their offspring's brain 

structure by 12.7% (albeit statistically non-significant) probably via 

significantly facilitating neurogenesis. In another study It is pointed 

out that swimming during gestation in rats could prevent prematurity 

related brain damage in progeny with high translational potential 

and possibly interesting cost-benefits50. swimming exercise has been 

shown to protect against cognitive and non-cognitive deficits 

induced by amyloid-beta (Aβ) neurotoxicity in mice, possibly 

through the inhibition of inflammation and up-regulation of 

neurotrophic factors in the brain48,49. it seems that SD and treadmill 

exercise interact with each other, and moderate long-term exercise 

can reverse the negative effects of long-term SD on memory and 

oxidative status; although, it disrupted memory function and 

increased oxidative stress by itself48 . Maternal physical activity 

should be considered as a therapeutic means of countering the 

effects of maternal undernutrition, by providing a useful strategy for 

enhancing the neuronal activity of children born to mothers who 

experience a restricted diet during pregnancy. 

2. Materials and Methods 

2.1. Subjects 

40 female rats have mated and those that became pregnant, by the 

presence of vaginal plug, have been placed in routine Plexiglas 

cages, they were free to use water and food as much as they demand. 

The 12:12 light/dark cycle was applied during the test and the room 

temperature was adjusted to be 23±2 ◦C until delivery day (S. 

DastAmooz, Tahmasebi Boroujeni, Shahbazi, & Vali, 2018).  The 

sample size was calculated by using G * Power version 3.1.9. For 

the statistical method of univariate one-way analysis of variance 

with α= 0.05 and power 0.76 with the effect size of 0.70 total 

number, 28 samples were used.  
 After delivery, 28 male albino Wistar rats were selected randomly 

and were divided into four groups and 7 subjects in each group; 

Early maternal deprivation (EMD), Swimming Training (ST), 

EMD+ST group, and Control (CON) groups. This investigation has 

been done through Helsinki's ethical code about animal studies. 

Also, ethical Committee in University of Tehran approved it 

(IR.UT.SPORT.REC.1398.052). 

 

2.2. Apparatus and Task 

2.2.1.  Intervention 

Maternal Deprivation 

  In the second postnatal day, for ten consequence days, neonates 

were deprived from their mothers for 3 hours a day. All neonates 

were placed in one cage then the mothers were taken out from the 

cage. The cage temperature varied from 32◦c at 1 to 5 deprived days 

to 30◦c from 6 to 10 deprived days (S. DastAmooz et al., 

2018)[19]<sup>18</sup>. 

Swimming Training 

Two days after delivery, neonates were forced to swim for 30 min,  

three times for three weeks (Iñiguez et al., 2019). The swimming 

apparatus was a calendric shape pool with 140 cm in diameter. The 

water temperature was 25◦c that is an optimal condition for rat 

swimming (Venkataramaiah, Swathi, & Rajendra, 2018).                                                        

Swimming Training + Maternal Deprivation 

 Two diverse interventions were applied for the EMD+ST group; 

firstly, the neonates were separated from their mothers for three 

hours, and secondly, they were forced to swim for 30 minutes three 

times a week for three consequence weeks. The control group did 

not do anything during the experimental days. 

2.2.2. Apparatus 

Morris Water Maze Test 

 The MWM contains a roundish pool, escape platform, and a 

tracer video came that was located at over the box. The Cylindrical 

pool (140 cm diameter, 60 cm depth) was supplied with water (20 

°C), the escape platform was hidden about 1 cm under the surface of 

the water. The apparatus surface was divided into four quadrants 

regarding the tracking software: North East, North West, South East 

and South West (SW). The invisible platform was adjusted in the 

middle of the SW quadrant. Some signs were stocked to the walls; 

these were to be surrounding signs for the rats. The video recorder 

was put exactly over the center of the water maze and connected to 

software that mapped and assessed escape latency and distance each 

neonate travels to reach the platform. Each subject accomplished 

eight trials each day for four consequence days (two blocks of four 

trials with the timeout between blocks for a couple of minutes) as 

acquisition sessions(Sima DastAmooz, Tahmasebi Boroujeni, 

Shahbazi, & Vali, 2018). The neonate was situated in the water; 

hence, it faced the wall of the pool at modification initiate position 

and then was sat free to swim to find the hidden platform. 

Accusation sessions in each block launched in a random system with 

two blocks of four trials. Pending per trial, the neonates had a chance 

(60 s) to discover the invisible platform and then were admitted to 

rest on it for 30 s. If the neonate was not able to discover the 
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platform, it was addressed to the platform by the operator. The 

moment that the last trial was accomplished, the neonates were dried 

out and translocate in their cage. On the fifth day, to investigate 

memory retention in various groups of neonates, the platform was 

extracted from the pool (probe test). The neonate swam 60 s 

exploring the maze. An alternative test conducted on the fifth day 

was the "visible test” during which the platform was covered with 

aluminum foil, was the changeover to the southeast (SE)fourth, and 

appeared the water surface. This test was executed 60 min after the 

probe test had been displayed. Based on the outcomes of this test, it 

was investigated that motivation, visual capability, and excellent 

motor coordination was in all groups and that former test outcomes 

were not affected by these elements(Naghdi, Majlessi, & 

Bozorgmehr, 2005). Whole experiments were recorded and kept on 

a computer using a video tracker system linked to the operator laptop 

(Etho-Vision XT software), that carries row data to excel software 

to evaluate navigation elements like; escape latency, and traveled 

distance. 

Open-field Test 

 To specify the motor function in the rats, the Open-field test was 

accomplished by applying the common procedure (Sherif & 

Oreland, 1995). This apparatus has a black Plexiglas box (a cube is 

equal-sided by definition) 60 cm × 60 cm × 60 cm. Video capture 

was adjusted over the Open field box and linked to the computer 

with analysis software. The software discrete the Open-field into 

equal 20 cm × 20 cm squares. Afterward, the total traveled distance, 

and the peripheral total traveled distance of each rat was tracked and 

recorded. The Open-field box was placed in a divided room from the 

animal colony. For familiarizing the neonates with the Open-field 

box setting and diminish stress in the main test, they were situated 

in the test environment one day before the exam for five minutes 

individually. For the main test, neonates were made to complete one 

tryout (five minutes) in the Open-field box. 

 BDNF Test 

Hippocampal BDNF levels are assessed using an ELISA kit 

manufactured in Wuhan, Fine Biotech, China. The results were 

evaluated by using an ELISA reader (Ststfax, USA). Gene 

expression was measured by real-time PCR (ABI Stepone machine, 

USA). Hippocampus samples were centrifuged, (Hectic centrifuge 

made in Germany), for 5 min at 16,000. round The accuracy of the 

ELISA Kit was, and the sensitivity was 46.875pg/ml. 

2.3. Procedure  

         The male neonates were tested at 33 postnatal days (PND) 

firstly, in Morris Water Maze (MWM) for five days; the first four 

days were acquisition sessions, on the fifth-day probe, and visible 

tests were manipulated. Secondly, the neonate's mobility was 

assessed using a motor function task in the Open-field for five 

minutes. Finally, the hippocampus was isolated and prepared for 

BDNF levels. All tests were performed at 11 A.M. at the animal 

laboratory at the at the Pasargad Tissue and Gene institute 

(Histogenotech Co, Iran). 

2.4. Statistical analysis 

           Mean and the standard deviation was used for the 

descriptive statistic. In inferential part; Shapiro-Wilk test was used 

to check the normal distribution of data, homogeneity of variances 

was assessed through Leven statistics, repeated measure ANOVA 

was used to measure changes from the first to the fourth day of 

acquisition. For specifying differences among groups, one-way 

ANOVA followed by Tukey's post hoc test was applied (P≤0.05) 

3. Results 

3.1. MWM 

 

Intragroup acquisition days 

 

The escape latency and traveled distance through the first day to 

the fifth day of acquisition sessions in the MWM test in each group; 

EMD, ST, MD+ST, and CON are presented in the summary of 

findings table (Table 1). The statistical assessment revealed a 

significantly reduction in escape latency during the days of training 

in the EMD+ST group (F (4, 24) =9.192, P=0.004), EMD group (F (4, 

24) =4.156, P =0.011), ST group (F (4, 24) =6.325, P =0.019), and CON 

group (F (4, 24) =3.891, P =0.034).  However, no significant 

differences observed in EMD+ST, EMD, and ST group's traveled 

distance (respectively, P = 0.053; P =0.305; P = 0.227). 

As it is illustrated in the Tukey post hoc tests in the ST group 

depicted the training showed more reduction in escape latency from 

the first day of training to the last day of acquisition sessions (47.72 

± 5.68 s, 35.18 ± 11.79 s, 28.93± 10.22 s, 29.60± 10.03 s), also in 

the EMD+ST (51.10 ± 4.51 s, 42.59 ± 5.38 s, 39.06 ± 4.58s, 35.46 

± 12.75 s), and EMD (49.45 ± 5.88 s, 46.84 ± 5.75 s, 42.32 ± 9.79 s, 

40.95 ± 11.59) groups. 

However, traveled distance from first to last training days’ 

decrease remarkably in the CON group (1090.48 ± 100.049 cm, 

911.77 ± 283.60 cm, 715.95 ± 164.56cm, 669.68 ± 74.41cm). 

Table 1: 

The mean of escape latency (A) and traveled distance (B) within groups during the acquisition period (1-4 

day) and probe test (day 5). 

Traveled Distance EMD+ST EMD ST CON 

Day 1 51.1 49.46 47.72 44.15 

Day 2 42.6 46.85 35.18 34.86 

Day 3 39.06 42.32 28.39 31.4 

Day 4 35.46 40.95 29.6 30.28 

Probe 29.32 33.2 25.67 32.67 

Escape Latency EMD+ST EMD ST CON 

Day 1 51.1 49.46 47.72 44.15 

Day 2 42.6 46.85 35.18 34.86 

Day 3 39.06 42.32 28.93 31.04 

Day 4 35.46 40.95 29.6 30.28 

Probe 29.32 33.2 25.68 32.67 
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Intergroup acquisition days 

 Figure 1A, shows the mean of total time to attain the hidden 

platform during acquisition sessions in the MWM test among the 

EMD, ST, EMD+ST, and CON groups. A significant difference has 

been distinguished between groups (F (3, 24) = 6.71, P = 0.002). The 

following Tukey post hoc test demonstrated that escape latency in 

the EMD group (44.89 ± 4.36) was significantly higher than in the 

ST (35.35 ± 5.33 s, P = 0.008), and CON groups (35.16 ± 4.97 s, P 

= 0.007). 

Figure 1B compares the average total traveled distance in the 

acquisition sessions during the MWM test between groups. The one-

way ANOVA analysis reveals that there was a significant difference 

among groups (F (3,24) = 9.15, P = 0.0001). 

The Tukey post hoc test represented that the EMD group (1157.50 

± 122.82) passed a notably more distance than the ST (906.35 ± 

148.57cm, P = 0.006), CON (846.97 ± 123.89 cm, P = 0.001) 

performed. Moreover, EMD+ST (1078.94 ± 122.82) was weaken 

than CON groups (846.97 ± 123.89 cm, P = 0.011). Hence, this 

propounded that Deprivation at an early age destroys spatial learning 

of neonates, however, regular ST like swimming would diminish its 

harmful effects. 

Probe test 

 One-way ANOVA and Tukey post hoc test analysis demonstrates 

that there is no remarkable difference in spending time in the SW 

quadrant among groups (F (3,24) = 1.970, P = 0.145). According to 

the traveled distance results, one-way ANOVA showed a significant 

difference between the groups (F (3,24) = 3.340, P = 0.036). The 

Tukey post hoc has found the difference between EMD (1080.72 ± 

267.46 cm) and CON groups (651.11 ± 221.53 cm, P = 0.024). 

3.2. Visible Test 

Statistical analysis of the visible test displays that there were no 

significant differences in escape latency (F (3, 27) =1.48, P= 0.167) 

and traveled distance (F (3, 27) =2.8, P =0.061) between groups. 

According to the results of this test, it can be concluded that 

motivation, visual ability, and motor coordination ability were 

present in all groups of the study and the outcomes did not rely on 

these factors. 

 Open field test 

The average traveled distance in central parts of Open field 

 The total distance passed in the Open field between the 

Deprivation, ST, EMD+ST, and CON groups were compared in 

Figure 2. The ANOVA one-way result showed that there is a 

significant difference between the groups (F (3, 24) =4.54, P =0.012). 

The Tukey Post hoc revealed that the ST group (914.29 ± 324.081 

cm) outperformed in comparison to the EMD group (528.57 ± 

169.64 cm, P = 0.008). 

 

 

 

Figure 1. Evaluating the mean of escape latency (1A) and traveled distance (1B) among groups; each value displays the mean ± SEM for seven rats at ST, EMD, EMD+ST and CON groups. 

Significant differences from the EMD group with P ≤ 0.05 showed with *; ** reveals P ≤ 0.01. 

Significant differences from the EMD+ST group with P ≤ 0.05 showed with ▲; ▲reveals P ≤ 0.05.

0

10

20

30

40

50

60

EMD+ST EMD ST CON

E
sc

a
p

e
 L

a
te

n
c
y
(s

)

Group

EMD+ST

EMD

ST

CON

**
**A

0

200

400

600

800

1000

1200

1400

EMD+ST EMD ST CON

T
r
a
v

e
le

d
 D

is
ta

n
c
e
(c

m
)

Group

EMD+ST

EMD

ST

CON

▲
**

B



25 
 International Journal of Motor Control and Learning 2023; 5 (2) 21-28 
 

 

Figure 2. Evaluating the total distance passed in the Open field between groups; each value displays the mean ± SEM for seven rats at ST, EMD, 

EMD+ST and CON groups. Significant differences from the EMF group with P ≤ 0.05; ** reveals P ≤ 0.01. 

   BDNF Concentration 

   The comparisons of the BDNF protein concentration among 

groups have been assessed by one-way ANOVA and the results were 

shown in Figure 3 significant difference between groups was found 

out by the one-way ANOVA statistical test (F (3, 24) = 8.88, P = 

0.0003). A Tukey post hoc test depicts that the BDNF concentration 

in the EMD group (1.12 ± 0.30) was remarkably lower than in the 

ST (2.22 ± 0.52, P = 0.005) and CON groups (1.96 ± 0.50, P = 

0.0001). 

Figure 3. Evaluating BDNF Concentration between groups; each value displays the mean ± SEM for seven rats at ST, EMD, EMD+ST & 

CON groups. Significant different from the EMF group with P ≤ 0.05; ** reveals P ≤ 0.01, *** reveals P ≤ 0.001. 

     4. Discussion and Conclusion 

     MWM Test  

   The present study aimed to assess the effect of early deprivation 

on spatial learning in neonates. The prime outcomes were: 1) early 

deprivation results in spatial learning and memory deficit in the 

neonates; 2) ST affects the spatial memory positively 3) Due to 

having the severity of the stress, regular exercise was not effective, 

and could not diminish the adverse effects of early maternal stress.  

4) unlike ST improves the concentration of BDNF protein, 

deprivation remarkably reduces this protein. 

   According to the previous study, the cognitive behavior of 

neonates at the age of puberty would be affected by maternal 

physical activity during pregnancy (Gomes da Silva et al., 2016). In 

another study, swimming from day one of pregnancy to delivery 

improved neonate's short term memory (Lee et al., 2006). Moreover, 

Dastamooz et. al, 2018 have acclaimed that  ST could diminish the 

adverse impact of environmental conditions on embryo’s cognitive 

and motor function (Sima DastAmooz et al., 2018). these 

investigations are in line with the present study. The reason for this 

cognitive improvement due to exercise activity can be found in the 

production of neurotrophin in the hippocampus which leads to 

spatial memory enhancement (Gomes da Silva et al., 2016).  

 Our outcomes demonstrated the early deprivation devastated 

spatial learning and memory in neonates. The result coincided with 

previous researches in this area (Daniels, Marais, Stein, & Russell, 

2012; Faure, Uys, Marais, Stein, & Daniels, 2007; Rees, Akbari, 

Steiner, & Fleming, 2008; Tanapat, Hastings, Rydel, Galea, & 

Gould, 2001; Wang, Li, Wu, & Li, 2019). In an investigation, 

scientists have revealed that early age stress had a huge adverse 

impact on learning and spatial memory in comparison to the control 

group. Moreover, the hippocampal volume of rats exposed to 

chronic stress was lower than the hippocampal volume of the control 

group(Wang et al., 2019). Exposure to stressful conditions and early 

deprivation in rats causes the neonates to be overly sensitive to the 

unknown position and to reduce hippocampal volume. Moreover, in 

adulthood, these rats suffer from impaired memory and lifelong 

learning. The fear memory of rats under initial deprivation was also 

high. Deprivation of the mother as a stressful pattern of early life 

disrupts mother-neonate interaction. Early deprivation alters mother 

behavior (Czarnabay et al., 2019). Some studies have also shown 
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that chronic stress does not affect spatial learning and memory 

(Conrad, 2010), others indicate that this exposure enhances spatial 

memory in male rats (Xuliang Zhang et al., 2014) and enhancement 

of spatial memory in Y-maze testing (McLaughlin, Baran, Wright, 

& Conrad, 2005). The discrepancy between the findings is quite 

clear. the effect of chronic stress on the spatial ability is associated 

with; task, measured dependent variable, task performance, type and 

duration of stress, animal living conditions including access to food 

and other rats, duration from the end of stress to onset of behavioral 

assessment (Conrad, 2010). However, chronic stress seems to cause 

the least defect or may even facilitate spatial learning (Conrad, 

2010). 

Experiencing stress early in life can cause long-term impacts on 

the central nervous system and these effects can cause abnormal 

behaviors as well as long-term biochemical changes in the brain. 

Besides, problems with learning memory and mental disorders are 

one of the consequences of early maternal deprivation(Faure et al., 

2007).  

Open Field Test 

 The results of data analysis showed that early deprivation and 

maternal separation had a significant effect on the motor function of 

male rats (Figure 2). In other words, early deprivation could have a 

significant effect on the motor function of neonates. Considering 

previous research and literature on the impact of early age traumatic 

events, it is clear that many studies have emphasized that traumatic 

events can have adverse and devastating effects on the mental and 

motor development of children in later stages and motor 

function(Braun et al., 1999; Cooke, 2007; Wiersma et al., 2009). 

Swimming training did not have a significant effect on the motor 

function of the group that was exposed to early deprivation and then 

did the swimming exercise. The effect of swimming exercise on 

motor function shows a positive effect on improving motor function 

in male rats. These results are in line with the previous research 

(Irandoost, Taheri, Dev, & 2014, 2014). In a  study aimed at 

investigating the effect of swimming programs on motor 

performance reported that standardization swim exercises can 

increase motor performance in general(Dimitrijević et al., 2012). 

Swimming exercise, as a sensory-motor activity, can increase the 

motor function in children who are growing. These studies have 

emphasized that capillary growth in motor areas of the brain is a 

specific mechanism for explaining the effect of continuous ST and 

exercise on motor function. The vascular system also enhances the 

motor cortex of the animals during exercise(Pollock, Peacock, Ryan, 

Spitznagel, & Ridgel, 2019; Swain et al., 2003). 

BDNF Test 

Numerous studies have confirmed the beneficial effects of regular 

ST on brain functions such as increased hippocampus BDNF levels 

(Antunes, Rossi, Teixeira, & Lira, 2020). Assessing the BDNF 

protein outcomes reveals that swimming increased the BDNF 

protein levels significantly. This improvement has compensated the 

adverse effect of early deprivation in neonates. This consequence is 

in line with the former studies (Huang, Larsen, Ried-Larsen, Møller, 

& Andersen, 2014; Yarrow, White, McCoy, & Borst, 2010). 

moderate forced exercise lessens anxiety, BDNF, and Cognitive 

deterioration in male(Shahroodi et al., 2020). 19 adults were asked 

to do 35 min of physical exercise, mindfulness, and cognitive 

training. The outcomes have demonstrated that ST has a 

significantly larger effect on the BDNF  level in comparison to the 

mindfulness and cognitive training groups (Håkansson et al., 2017). 

In an early investigation, researchers have found that low BDNF 

levels and depression have a significant correlation, and doing 

regular stretch exercise could increase the BDNF level in depressed 

participants (Szuhany & Otto, 2020). One of the important 

mechanisms in improving hippocampal plasticity following high-

intensity resistance training is positive changes in BDNF scientists 

concluded that ST improves cognitive abilities, learning, expression 

of neurotrophic factors, stem cell proliferation in dynamic brain 

centers, structural changes in the brain, and ultimately the growth 

and remodeling of brain areas. Brain-derived neurotrophic factor 

(BDNF) plays an essential role in brain plasticity by interceding 

modifications in synaptic density and cortical thickness in reply to 

environmental enrichment and ST (Håkansson et al., 2017). Maybe 

that is the main reason for various results in the present investigation 

within groups.   

The paper investigates the effect of swimming training on spatial 

learning, memory, and motor function in male rats under early 

maternal deprivation. The study found that swimming alone has a 

positive impact on the BDNF protein level and motor function, but 

it could not modify the irreparable effects of deprivation due to the 

high intensity of stress. 
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