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ABSTRACT 
 
Kartinah NT, Faizah A, Ayu AD, Tahyatu B. Low-Intensity Exercise 
Improves Neuroplasticity and Spatial Memory on Young Adult of 
Male Wistar Rats. JEPonline 2018;21(5):19-28. The purpose of this 
study was to examine the effect of low-intensity exercise on 
neuroplasticity and memory performance in young Wistar adult rats. 
Neuroplasticity was determined by altering the expression of 
proteins such as synaptophysin, neuroligin-1, AMPAR, NMDAR, and 
PSD-95 in the rat hippocampus. Six-month-old rats were randomly 
divided into Sedentary (Sed) and Exercise (Ex) Groups. Exercise 
rats had better spatial memory compared to sedentary rats. This 
result was shown by a reduction in both the time travelled and the 
total error in the Water-E Maze task (P<0.05). Immunohistochemistry 
staining showed that exercise rats had higher optical density scores 
of both pre- and postsynaptic proteins compared to sedentary rats 
(P<0.05). In conclusion, the findings indicate that the low-intensity 
exercise improves spatial learning and memory, as shown by 
increased neuroplasticity and synaptic maturation in young Wistar 
adult rats. 
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INTRODUCTION 
 
Physical exercise is an effective activity to achieve health and body fitness. Moreover, 
physical exercise can improve memory function (18) by increasing neuroplasticity in the 
hippocampus (15). Neuroplasticity occurs by forming new synaptic connections and by 
synaptic maturation (16). In recent studies, physical exercise was shown to have the potential 
to increase neuroplasticity by involving some proteins in pre- and postsynaptic membranes in 
old and young rats (5,13,15). However, there are still quite limited reports about the effects of 
physical exercise on neuroplasticity in young adult rats. This is an important concern because 
rats start showing a decrease in cognitive function at a young adult age (12). 
 
The purpose of this study was to determine the effect of exercise on neuroplasticity and 
memory function in young adult rats. The intensity and duration of exercise need to be 
considered since both will influence the responses of neuroplasticity and memory function. 
Shimada et al. (22) showed that low-intensity physical exercise is better than high-intensity 
exercise in improving spatial memory function after ischemic brain injury. Thus, specifically, 
this study will investigate whether the effect of 6 wks of low-intensity exercise is enough to 
enhance the connection and maturation of synapses. One indicator of synapse plasticity is 
synaptophysin, which is a component of synaptic vesicles (20). This component can be used 
to assess the maturation of synapses, as well as neuroligin protein (7) and PSD-95 (6). 
Neuroligin and PSD-95 bonding increase the recruitment of AMPAR and NMDAR into 
postsynaptic membranes to form LTP for learning and memory functions (10). 
 
METHODS 
  
Animals 
Twelve young adult (6-month-old) Wistar male rats with body weights of 150 to 250 gm were 
used in this study. The rats were housed with a 12-hr light/dark cycle. The room temperature 
was maintained at 25 ± 1°C. Food and water were supplied ad libitum. The study design and 
methods were approved by the ethic committee (Number 849/UN2.F1/ETIK/2016). 
 
Exercise Protocol 
All the rats experienced a 5-day acclimation period with an animal treadmill. The speed and 
duration were increased incrementally with a maximum of 10 m·min-1 for 10 min. After resting 
for 2 days, the rats were randomly divided into two groups: (a) Sedentary Group (Sed, n=6); 
and (b) Exercise Group (Ex, n=6). The exercised rats were trained on the treadmill at a speed 
of 20 m·min-1 for 30 min, 5 times·wk-1 for 6 wks. The rats in the Sed Group remained 
relatively inactive during the 6-wk period. 
 
Water-E Maze 
The spatial memory test was performed using the Water-E Maze (WEM) that consisted of a 
main trench and three trench arms. The WEM was filled with water until the animal could not 
touch the bottom of the apparatus. The WEM had a ladder so that the rats could get out of 
the test device. The starting point was the M point in the middle trench, and the target (G) 
was a ladder that laid on one edge of the trench. 
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Figure 1. Water-E Maze (9) 
u = Main Trench; ta = Middle Trench; ti = Edgetrench; M = Start; G= Goal 
 
The acclimation for introducing the animals to the WEM included the placement of the rats in 
the WEM for no more than 3 min·d-1. The test was performed for all the groups during every 
week of the exercise period (weeks 0, 2, 4, and 6). Each test consisted of 3 reps for each 
animal without intervals lasting for no more than 2 min for each repetition. The time travelled 
and total error to find the ladder were the parameters used to measure the rats’ memory 
function (9). 

 
Immunohistochemistry 
Immunohistochemistry was used to identify the levels of pre- and postsynaptic protein 
expressions. All the rats were decapitated, and the brains were removed immediately. The 
brains were immersed in 4% paraformaldehyde until they were embedded in paraffin. Paraffin 
sections (4 μm) of the hippocampus were used for immunohistochemistry. The paraffin 
sections were washed for 5 min in 0.01 M phosphate-buffered saline (PBS, pH 7.4), and 
treated with 3% hydrogen peroxide in 0.01 M PBS including 10% methanol. They were 
washed three times for 5 min, each in 0.01 M PBS followed by 10 min of pre-incubation with 
buffer (Tris-EDTA pH 9.0), and then washed for 5 min in 0.01 M PBS.  
 
The brain sections were then incubated with the following primary antibodies: anti-syp 
antibody (1:1200; Abcam), anti-neuroligin-1 antibody (1:750), anti-PSD 95 antibody (1:500; 
Abcam), anti-NMDAR antibody (1:250; Abcam), and anti-AMPAR antibody (1:1200; Abcam) 
for 60 to 75 min at room temperature. After a 5-min rinse in 0.01 M PBS, the sections were 
incubated with biotinylated secondary antibody for 15 min. Then, they were incubated with 
avidin-biotin peroxidase complex for 15 min at room temperature. 
 
Immunoreactivity was visualized using enzyme substrate kits. Negative control sections were 
treated in the same way as described above, except that the antibody against anti-antibody 
was omitted. Then, the sections were counterstained with hematoxylin. For pre- and 
postsynaptic protein immunostaining, the sections were measured under a light microscope 
at a magnification of 400x. The protein immunostaining was graded semi quantitatively using 
the following scoring system: (a) 1, no staining (grade 1); (b) 2, weak (grade 2); (c) 3, 
moderate (grade 3); and (d) 4, intense (grade 4) in the hippocampal CA1 sector using a 
computer associated image analyzer software (ImageJ, IHC Profiler Plugin). 
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The protein expression has been measured by a binocular light microscope (Leica DM1000 
LED) on Immunochemistry slide with enlarged 400 times. The images were photographed as 
five broad fields of view in various target areas of CA1 hippocampus. Each photo was 
composed of 1920x1080 pixels. Then, the protein expression area was calculated using the 
Image J program with a profile IHC technique 
 
Statistical Analyses 
 
The behavioral data and the immunostaining data were analyzed with SPSS 21.0 and were 
expressed as the mean ± standard deviation. The results were considered statistically 
significant at an alpha level of P<0.05. The results were represented graphically with 
GraphPad Prism. For the WEM task, the time travelled and the total errors were averaged 
within a group for each test. The time travelled was analyzed using the two-way repeated 
measures ANOVA test followed by the Bonferroni post hoc test, with group as the 
independent variable, and the total errors were analyzed using the Friedman test followed by 
Wilcoxon post hoc test with group as an independent variable. The pre- and postsynaptic 
protein data were analyzed using independent t-test for each CA1 hippocampus. 
 
RESULTS 
 
Spatial Memory Performance – WEM Task 
The time travelled and the total error during the WEM task of the sedentary group and the 
exercise group are shown in Figures 2 and 3, respectively. All the rats in the Exercise Group 
showed a reduction in the time travelled between week 0 and week 6 (P=0.000; see Figure 2) 
and a reduction in the total errors to reach the ladder between week 0 and week 4 (P=0.039) 
and week 0 and week 6 (P=0.042; see Figure 3). 
 

 
 
Figure 2. Effects of Exercise on the Average Time Travelled (sec). Each point represents 
the block mean  SD of the WEM task. The Exercise Group (n=6) consistently resulted in a 
faster time travelled compared to the Sedentary Group (n=6), as confirmed by a two-way 
ANOVA (P<0.05). 
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Figure 3. Effects of Exercise on the Total Errors during the WEM Task. Each point 
represents the block mean  SD of the WEM task. For the total errors, lower numbers 
indicate better performance. The Exercise Group (n=6) exhibited better performance than the 
Sedentary Group (n=6) throughout the experiment, as confirmed by the Friedman test 
(P<0.05). 
 
Immunochemistry Staining 
The results from the WEM task indicated that cognitive improvement occurred during the 6 
wks of low-intensity exercise. To determine if altered expression of SYP, NLGN-1, PSD-95, 
AMPAR, and NMDAR were involved, we carried out immunohistochemistry. As shown in 
Figure 5, there was a significant inter-group difference in optical density scores of SYP 
(P=0.000), NLGN-1 (P=0.008), PSD-95 (P=0.001), AMPAR (P=0.005), and NMDAR 
(P=0.001). The Exercise Group had a higher optical density score than the Sedentary Group, 
both in pre- and postsynaptic proteins. 
 

 
 
Figure 4. Qualitative Changes of Presynaptic Proteins in the CA Hippocampus in the 
Sedentary Group and After 6 wks of Exercise in the Exercise Group.  



24 
 
 

 
 
Figure 5. Qualitative Changes of Postsynaptic Proteins in the CA Hippocampus in the 
Sedentary Group and After 6 wks of Exercise in the Exercise Group.  
 
 
 

 
 
Figure 6. Effects of Exercise on Pre- and Postsynaptic Protein Immunostaining, as 
Measured by the Mean of the Optical Density Score in the CA1 Hippocampus. The 
Exercise Group (n=6) consistently showed a higher optical density score compared to the 
Sedentary Group (n=6), as determined by independent t-test (P<0.05). 
 
 
DISCUSSION 
 
In this study, we report that low-intensity exercise for 30 min is effective in improving spatial 
memory in rats. These findings are in line with a study conducted by Hosseinzadeh et al. 
(11), which showed that physical exercise with an intensity of 12 to 18 m·min-1 improved 
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spatial memory. The exercise duration in this study started with 10 min and gradually 
increased to 58 min for rats aged 3-month-old. However, studies on 6-month-old rats using 
high-intensity and long-duration exercise showed a decline in memory function. Thus, the 
administration of exercise intensity and duration is of concern, since both will impact the 
development of spatial memory. On the other hand, the findings in the present study indicate 
that low-intensity physical exercise (20 m·min-1) for a duration of 30 min improves spatial 
memory function in young adult rats. This improvement is shown to be significant, starting at 
6 wks.  
 
The improvement of spatial memory function is associated with some structural changes, 
such as dendritic complexity and density in the DG, CA1, and CA3 hippocampal areas, in 
addition to an increase in neuroplasticity (1,14,23,24) that is associated with multiple proteins. 
One protein that plays a role in synaptic plasticity changes is synaptophysin (SYP), a 
component of glutamate vesicles in the presynaptic area. In the present study, we found that 
SYP had the highest density score compared with the other proteins. Increases in SYP may 
indicate morphological changes in synapses, such as the dilation of the active zone area and 
the spinal dendritic volume as well as the formation of new synapses (20). This finding 
suggests that light physical exercise with a duration of 30 min in young adult rats changes 
synaptic plasticity, which is in line with research by Fang et al. (8). They reported an increase 
in the expression of SYP protein in young adult rats after low-intensity aerobic exercise. 
 
In addition, physical exercise can increase the maturation of synapses. PSD-95 accelerates 
the maturation of synapses by adding AMPAR to the postsynaptic membrane and by 
stabilizing the synaptic contact (4). Therefore, PSD-95 is often used as a marker protein for 
postsynaptic membranes (6). The results of the present study indicate that physical exercise 
can increase the expression of PSD-95 protein. These results are in agreement with a study 
by Fang et al. (8) and Shih et al. (23) that used light intensity for 30 min. Also, the Satriani et 
al. (21) showed that complex physical exercise increased PSD-95 levels in mice (8 to 15 wks 
old). 
 
Synaptic maturation is also regulated by neuroligin-1, an adhesion protein molecule that 
plays an important role in regulating synaptic plasticity (2,7). The association between 
neuroligin-1 and PSD-95 increases the recruitment of AMPA and NMDA receptors (10). In 
the present study, we found that the increase in neuroligin-1 and PSD 95 was followed by an 
increase in the protein receptors AMPA and NMDA in postsynaptic membranes. Physical 
exercise increases NMDAR (15,17,19) and AMPAR. Both AMPAR and NMDAR then bind to 
glutamate, which is involved in LTP for learning processes and memory function (3). 
 
CONCLUSIONS 
 
Low-intensity exercise duration of 30 min for 6 wks enhanced spatial memory function in 
young male Wistar rats. This improvement occurred because of changes in neuroplasticity, 
as shown by increased SYP protein. In addition, there was also an increase in synaptic 
maturation, as shown by the increase in PSD 95 and neuroligin-1 that improved the 
recruitment of AMPAR and NMDAR, which play a role in LTP and memory function. 
 
 



26 
 
 
ACKNOWLEDGMENTS 

This research was supported by the Directorate Research and Community Services - 
Universitas Indonesia (DRPM UI) in Grant of International Publications Indexed for the Final 
Assignment (PITTA) 2016. 
 
Address for correspondence: N. T. Kartinah, Department of Medical Physiology, Faculty of 
Medicine, Universitas Indonesia, Jakarta, Indonesia, 10430. Email: tine.kartinah@ui.ac.id 
 
 
REFERENCES 
 

1. Amaral DG, Scharfman HE, Lavenex P. The dentate gyrus: Fundamental 
neuroanatomical organization (dentate gyrus for dummies). Prog Brain Res. 2007; 
163:3-22.  
 

2. Benson DL, Schnapp LM, Shapiro L, Huntley GW. Making memories stick: Cell-
adhesion molecules in synaptic plasticity. Trends in Cell Biol. 2000;10(11):473-482. 
 

3. Carlson NR. Physiology of Behavior. (11th Edition). USA: Pearson Education Inc, 
2013. 
 

4. Chater TE, Goda Y. The role of AMPA receptors in postsynaptic mechanisms of 
synaptic plasticity. Front Cell Neurosci. 2014;8:401.  
 

5. Da Silvia SG, Dona F, Fernandes MJ, Scorza FA, Cavalheiro EA, Arida RM. Physical 
exercise during the adolescent period of life increases hippocampal parvalbumin 
expression. Brain Dev. 2010;32(2):137-142.  
 

6. El-Husseini AE, Schnell E, Chetkovich DM, Nicoll RA, Bredt DS. PSD-95 involvement 
in maturation of excitatory synapses. Science. 2000;290(5495):1364-1368.  
 

7. Fabrichny IP, Leone P, Sulzenbacher G, Comoletti D, Miller MT, Taylor P, et al. 
Structural analysis of the synaptic protein neuroligin and its β-neurexin complex: 
Determinants for folding and cell adhesion. Neuron. 2007;56(6):979-991.  
 

8. Fang ZH, Lee Ch, Seo MK, Cho Hy, Lee JG, Lee BJ, et al. Effect of treadmill exercise 
on the BDNF-mediated pathway in the hippocampus of stressed rats. Neurosci Res. 
2013;76:187-194. 

 
9. Furqaani Annisa Rahmah. The Effect of Physical Exercise on Learning and 

Memory Ability and Serotonin Level in the Hippocampus of Adult Male Wistar 
Rats (Rattus norvegicus). (Thesis). Universitas Indonesia, 2013. 

 
10. Heine M, Thoumine O, Mondin M, Tessier B, Giannone G, Choquet D. Activity-

independent and subunit-specific recruitment of functional AMPA receptors at neurexin 



27 
 

/neuroligin contacts. Proceedings of the National Academy of Sciences. 2008;105 
(52):20947-20952. 
 

11. Hosseinzadeh S, Roshan VD, Pourasghar M. Effects of intermittent aerobic training on 
passive avoidance test (shuttle box) and stress markers in the dorsal hippocampus of 
Wistar rats exposed to administration of homocysteine. Iran J Psychiatry Behav Sci. 
2013;7(1):37-44. 
 

12. Huttenlocher P. Neural Plasticity: The Effects of Environment on the Development 
of the Cerebral Cortex. Cambridge, Massachusetts: Harvard University Press, 2002. 
 

13. Leeuwenburgh C, Heinecke J. Oxidative stress and antioxidants in exercise. Curr Med 
Chem. 2001;8(7):829-838. 
 

14. Lisman JE. Relating hippocampal circuitry to function: Recall of memory sequences by 
reciprocal dentate-CA3 interactions. Neuron. 1999;22:233-242.  
 

15. Lou S, Liu J, Chang H, Chena P. Hippocampal neurogenesis and gene expression 
depend on exercise intensity in juvenile rats. Brain Res. 2008;48-55. 
 

16. Lynch MA. Long-term potentiation and memory. Physiol Rev. 2004;84:87-136. 
 

17. Marais L, Stein DJ, Daniels W. Exercise increases BDNF levels in the striatum and 
decreases depressive-like behaviour in chronically stressed rats. Metab Brain Dis. 
2009;24:587-597. 
 

18. McMorris T, Tomporowski P, Audiffren M. Exercise and Cognitive Function. (1st 
Edition). Wiley-Blackwe, 2009. 

 
19. Park JK, Lee SJ, Kim TW. Treadmill exercise enhances NMDA receptor expression in 

schizophrenia mice. J Exerc Rehabil. 2014;10(1):15-21.  
 

20. Real C, Ferreira A, Hernandes MS, Britto L, Pires R. Exercise-induced plasticity of 
AMPA-type glutamate receptor subunits in the rat brain. Brain Res. 2010;1363:63-71. 
 

21. Satriani WH, Redjeki S, Kartinah NT. Effect of complex aerobic physical exercise on 
PSD-95 in the hippocampus and cognitive function in juvenile mice. J Phys. Conf. 
Series. 2017;884:Conference 012023. 
 

22. Shimada H, Hamakawa M, Ishida A, Tamakoshi K, Nakashima H, Ishida K. Low-speed 
treadmill running exercise improves memory function after transient middle cerebral 
artery occlusion in rats. Behav Brain Res. 2013;243:21-27. 
 

23. Shih PC, Yang YR, Wang RY. Effects of exercise intensity on spatial memory 
performance and hippocampal synaptic plasticity in transient brain ischemic rats. 
PLoS ONE. 2013;8(10):e78163. 

 



28 
 

24. Vinogradova OS. Hippocampus as comparator: Role of the two input and two output 
systems of the hippocampus in selection and registration of information. 
Hippocampus. 2001;11:578-598. 

 
 
Disclaimer 
The opinions expressed in JEPonline are those of the authors and are not attributable to 
JEPonline, the editorial staff or the ASEP organization. 
 


