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Resumo  
Introdução. A neurogênese do cérebro de ratos jovens pode ser afetada por diversos fatores 
em seu desenvolvimento, sendo a prática de exercícios físicos um fator importante na 
neurogênese do tecido nervoso. Objetivo. Investigar os efeitos de diferentes protocolos de 
exercícios físicos de média e alta intensidade na neurogênese do cérebro de ratos 
adolescentes. Método. O estudo experimental, onde foram utilizados três grupos de animais: 
um grupo controle (RC), um grupo que realizou exercício físico de média intensidade (R1) e 
um grupo que realizou exercício físico de alta intensidade (R2). Cada grupo com 8 animais, 

totalizando 24 animais. O programa de exercício físico progressivo resistido na escada vertical 
foi realizado durante 4 semanas, 5 dias por semana com uma duração variando entre 30 e 45 
minutos. Após o término dos experimentos, os animais foram eutanasiados para retirada do 
encéfalo e posterior processamento, coloração pelo método de Nissl e análise 
histomorfométrica por contagem de neurônios no giro denteado do hipocampo e zona 
subventricular. Resultados. Os dados demonstraram que não houve diferença significante na 
área e altura do ápice do giro denteado do hipocampo entre os grupos (p=0,2474 e p=0,3337; 

respectivamente). Os resultados do comprimento do ápice do giro denteado do hipocampo 

demonstraram diferenças significantes (p=0,0172). Conclusão. A prática de exercícios físicos 
resistidos progressivos de média e alta intensidade não modificou a morfologia e densidade 
neuronal no giro denteado do hipocampo e zona subventricular de ratos jovens. 
Unitermos. Exercício; Cérebro; Neurogênese 
 

Abstract 
Introduction. The neurogenesis of the brain of young rats can be affected by several factors 
in their development, with the practice of physical exercises being an important factor in the 

neurogenesis of nervous tissue. Objective. To investigate the effects of different physical 
exercise protocols of medium and high intensity on neurogenesis in the brain of adolescent 
rats. Method. The experimental study, where three groups of animals were used: a control 
group (RC), a group that performed medium-intensity physical exercise (R1) and a group that 
performed high-intensity physical exercise (R2). Each group with 8 animals, totaling 24 
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animals. The progressive resisted physical exercise program on the vertical ladder was carried 
out for 4 weeks, 5 days a week with a duration varying between 30 and 45 minutes. After the 
end of the experiments, the animals were euthanized for removal of the brain and subsequent 

processing, staining using the Nissl method and histomorphometric analysis by counting 
neurons in the dentate gyrus of the hippocampus and subventricular zone. Results. The data 
demonstrated that there was no significant difference in the area and height of the apex of the 

hippocampal dentate gyrus between the groups (p=0.2474 and p=0.3337; respectively). The 
results of the length of the apex of the hippocampal dentate gyrus showed significant 
differences (p=0.0172). Conclusion. The practice of medium and high intensity progressive 
resisted physical exercises did not modify the morphology and neuronal density in the 
hippocampal dentate gyrus and subventricular zone of young rats. 
Keywords. Exercise; Brain; Neurogenesis. 

 

  

Resumen 
Introducción. La neurogénesis del cerebro de ratas jóvenes puede verse afectada por varios 

factores en su desarrollo, siendo la práctica de ejercicios físicos un factor importante en la 
neurogénesis del tejido nervioso. Objetivo. Investigar los efectos de diferentes protocolos de 

ejercicio físico de media y alta intensidad sobre la neurogénesis en el cerebro de ratas 
adolescentes. Método. El estudio experimental, donde se utilizaron tres grupos de animales: 
un grupo control (RC), un grupo que realizaba ejercicio físico de intensidad media (R1) y un 
grupo que realizaba ejercicio físico de alta intensidad (R2). Cada grupo con 8 animales, 

totalizando 24 animales. El programa de ejercicio físico resistido progresivo en escalera vertical 
se realizó durante 4 semanas, 5 días a la semana con una duración variable entre 30 y 45 
minutos. Una vez finalizados los experimentos, los animales fueron sacrificados para la 
extracción del cerebro y posterior procesamiento, tinción mediante el método de Nissl y análisis 
histomorfométrico mediante conteo de neuronas en la circunvolución dentada del hipocampo 
y zona subventricular. Resultados. Los datos demostraron que no hubo diferencias 
significativas en el área y la altura del vértice de la circunvolución dentada del hipocampo entre 

los grupos (p=0,2474 y p=0,3337, respectivamente). Los resultados de la longitud del ápice 
de la circunvolución dentada del hipocampo mostraron diferencias significativas (p=0,0172). 
Conclusión. La práctica de ejercicios físicos resistidos progresivos de media y alta intensidad 
no modificó la morfología y la densidad neuronal en el giro dentado del hipocampo y la zona 
subventricular de ratas jóvenes. 

Palabras clave. Ejercicio; Cerebro; Neurogénesis 
 
 
Research developed at Federal University of São João del-Rei (UFSJ). Dom Bosco Campus. São João del 
Rei-MG, Brazil. 
 
Conflict of interest: no  Received in: 01/16/2023  Accepted in: 04/27/2023 
 
Corresponding address: Laila Cristina Moreira Damázio. Praça Dom Helvécio 74. DEMED. Dom Bosco 
Campus of the Federal University of São João del-Rei. São João del Rei-MG, Brazil. CEP 36301-160. Email: 
lailacmdamazio@gmail.com 
 

 
INTRODUCTION  

The practice of physical activity in humans has been 

encouraged in the modern world as a strategy to prevent 

chronic non-communicable diseases such as diabetes, heart 

disease and cerebrovascular diseases1,2. In this sense, taking 

into account the proper care and clinical condition, the 

change in lifestyle, with the increase in the time the 
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individual is active, should be encouraged by health 

professionals regardless of age group3. 

Specifically, such behavior should be even more 

motivated in the pediatric and hebiátric population, given 

that these stages of life comprise greater gains in human 

growth, development and maturation4. However, according 

to the same authors, such practice must occur consciously, 

taking into account the limits and possibilities of the type, 

duration and intensity of the proposed physical exercise. 

The participation of children and adolescents in 

competitive activities has been increasingly precocious. An 

example of this trend, at the national level, can be found in 

the study5 in which the authors observed an important 

precocity in the search for physical exercises aimed at the 

practice of futsal and handball in 14 sports federations in the 

country, Brazil. Such a scenario may contribute to the 

exposure of this population to high-intensity physical 

exercises, corroborating the need to understand the impacts 

of these practices. 

For a long time, it was believed that the adult brain was 

incapable of performing neurogenesis, however, throughout 

history, evidence has emerged that neurogenesis occurs 

even in adulthood, mainly in the hippocampus and 

subventricular zone of the wall of the lateral ventricles6. 

This neurogenesis is regulated by several factors, such 

as age, inflammation, stress, diet, and the endocrine system. 

Physical activity also acts by inducing neurogenesis in young 

adult and elderly rats, because the body performs endocrine 
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and neurohumoral metabolic adaptations, such as the 

angiogenesis of brain tissue, favoring the supply of nutrients, 

oxygen and neurotrophins6. 

In addition to the effect on the proliferation of neurons, 

physical exercise increases the density of dendritic spines 

and reduces oxidative stress, increasing neuron viability. 

It is already established that exercise exercise is 

beneficial to the nervous system6, however, works7,8 showed 

hypogonadism in the trained group compared to the control 

group and also changes in the musculoskeletal system. This 

raises the question whether, during development, physical 

exercise in the high-intensity modality could have an adverse 

effect on other body systems, such as the nervous system. 

The study aims to investigate the effects of different 

protocols of medium and high intensity physical exercises on 

the neurogenesis of adolescent rats, since this is a critical 

period of development. 

 

METHOD 

The work is a prospective experimental study suitable 

for the described objectives, in a controlled environment 

(laboratory). Three groups of animals were used: a control 

group and two intervention groups, namely: a control group 

(CR), a group that performed medium-intensity physical 

exercise (R1) and a group that performed high-intensity 

physical exercise (R2). Each group with 8 animals, totaling 

24 animals. 
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Sample 

Twenty-four Wistar rats (Rattus norvegicus), males, 30 

days old and weighing approximately 100 grams. The entire 

project was submitted to the Ethics Committee Involving the 

Use of Animals (CEUA) of the Federal University of São João 

del -Rei. The puberty stage is considered the second stage 

of a rodent's life. The average age at which rats reach 

maturity is 50 days old Sengupta9, so the age of 30 days for 

the beginning of the experiments was chosen (Table 1). 

 

 

Table 1. Distribution of animals in the experimental groups. 

 

Groups Treatment Number of Animals 

RC Sedentary/Control N=8 

R1 Medium Itnesity Physical Exercise N=8 

R2 High Intensity Physical Exercise N=8 

 

 

Procedure 

Physical exercises 

Physical exercise was performed for 4 weeks on the 

vertical ladder, following the modified protocol10. In the 

medium intensity physical exercise program (R1 group) the 

animals performed 8 climbing movements to reach the 

housing chamber. In the first week, 25% of the animal's 

body weight was used; in the second week, a load of 50% 

was used; in the third week 75%; in the fourth week 80%. 

The high-intensity physical exercise program (group R2) was 
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also modified10 and consisted of performing 8 climbs to reach 

the housing chamber. The animals were subjected to 

progressive loads where the first two climbs were carried out 

with a load of 50% of the animal's total body weight, in the 

third and fourth climbs 75% of body weight was used, in the 

fifth and sixth climbs 90% of the body weight was used. and 

in the last two climbs 100% of the animal's total weight. 

In both protocols, the maximum heart rate (HRmax) of 

the animals was evaluated daily to confirm that the training 

is using 80 to 95% of the HRmax. of the animals. The interval 

between each ascent was of 60 seconds for the animal to 

rest in the housing chamber. 

After the end of the physical training program, the 

animals were euthanized by means of in-depth anesthesia 

(100% isoflurane soaked in cotton). The brains of the 

animals were removed for processing, Nissl staining and 

histomorphometric analysis. 

 

Nerve tissue histochemistry 

The brains of the animals were removed after 

euthanasia, stored for 24 hours in paraformaldehyde, 

followed by 70%. Then, the brains were cut into 1mm slices 

for histological processing and 5UM sections in the 

microtome. Sections were histochemically stained using the 

Nissl method11. After staining, the stained slides were 

photographed for histomorphometric analysis. 

For this, the image J program was used, where the 

following parameters were evaluated: neuronal density (cell 
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count) at the apex of the dentate gyrus and subventricular 

zone of the lateral ventricles (Figure 1) and morphometric 

measurement of height, length (one) and area (a2) from the 

apex of the dentate gyrus of the hippocampus (Figure 2). 

 

 

Figure 1. Photomicrograph of the apex of the dentate gyrus of the hippocampus. In 

yellow, the area; in green, the height and in red, the length. 100x magnification.  

 

 

 

 

 

Figure 2. Photomicrograph of the apex of the dentate gyrus of the hippocampus for 

cell counting. 1000X magnification.  

 

 

 

 

 

 

Statistical analysis 

For the comparative analysis between the means of the 

groups, the analysis of variance test (ANOVA), One -Way and 

post Tukey test were used to compare the means between 



 
 

8 
 

Rev Neurocienc 2023;31:1-14. 

the three groups, considering the significance level of 

p<0.05. The results were shown as mean ± standard error 

of the mean (SEM). 

 

RESULTS 

The data showed that there was no significant 

difference in the area of the apex of the dentate gyrus of the 

hippocampus between the groups (p=0.2474), where the RC 

group had a mean of 30919±1780 UM, in the R1 group it 

was 35702±2254, and in the R2 group it was equal to 

37899±4163 (Figure 3A). 

 

 

Figure 3. Graph of mean apex area and height of the apex of the dentate gyrus of 

the hippocampus. (A) Area of the apex of the dentate gyrus. (B) Height of the apex. 

of the dentate gyrus.  
 

 

 

 

The results of the average height of the apex of the 

dentate gyrus of the hippocampus between the groups also 

did not show significant differences (p=0.3337). The mean 

value in the RC group was 217.8±8.979, in the R1 group it 
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was 204.2±12.23, and in the R2 group it was 233.7±18.32 

(Figure 3B).  

The results on the length of the apex of the dentate 

gyrus of the hippocampus showed significant differences 

(p=0.0172). The RC group had a mean value equal to 

139±5.09, R1 equal to 168.3±5.207, and R2 equal to 

162.8±9.652 (Figure 4A). 

 

 

Figure 4. Mean length and number of neurons at the apex of the dentate gyrus of the 

hippocampus. (A) Length of apex of dentate gyrus. (B) Number of neurons at the 

apex of the dentate gyrus. 

 

 

 

 

The density of neurons at the apex of the dentate gyrus 

of the hippocampus also showed significant differences 

between the RC and R2 groups (p=0.0218). The mean 

values for the number of neurons in the RC group were 

73.15±3.385, in the R1 group it was 64.10±2.183, and in 

the R2 group it was 62.69±2.169 (Figure 4B). 

The density of neurons in the subventricular zone of the 

thalamus did not show significant differences between 

groups (p=0.5366). The mean values for the number of 
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neurons in the RC group were 23.86±1.335, in the R1 group 

it was 22.71±1.985, and in the R2 group it was 27.33±4.917 

(Figure 5). 

 

 

Figure 5. Number of neurons in the Subventricular Zone of the Thalamus.  

 

 

 

 

DISCUSSION 

The results demonstrate that resistance and 

progressive physical exercises of medium and high intensity 

do not generate major changes in the dentate gyrus and 

subventricular zone of the brain of young rats. The literature 

is scarce regarding the application of this type of exercise in 

the central nervous system. 

Studies show that physical exercises are able to 

promote and modulate neurogenesis hippocampus, synaptic 

plasticity and learning, altering the morphology of neurons, 

especially in animals that performed aerobic exercises and 

had brain injuries12-16. Such effects result, in part, from the 

increase in vascularization and blood flow and, consequently, 
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from the increase in the supply of oxygen, nutrients, glucose 

and neurotrophins17,18. 

The performance of neurotrophins, such as Brain 

Derived Neurotrophic Factor (BDNF), Vascular Endothelial 

Growth Factor (Vegf), Insulin-Like Growth Factor (Igf-1) and 

also Growth Hormone (GH), are expressed in aerobic 

protocols18, but little is known about their production in 

resistance protocols. 

BDNF is capable of increasing neuronal survival and 

neurogenesis, in addition to increasing resistance to injury19-

21. While Vegf has angiogenic, neurogenic and 

neuroprotective functions, and promotes improvements in 

cognitive function, having its action triggered by tissue 

hypoxia. Studies demonstrate its relationship with 

neurogenesis as new cells in the dentate gyrus of the 

hippocampus are located closer to blood vessels. Studies 

have also shown that neurogenesis resulting from physical 

exercise in mice is dependent on Vegf22-25. 

The highest expression of neurotrophic factors such as 

BDNF and Vegf occurs after low and medium intensity 

protocols compared to strenuous exercise protocols26. Very 

high-intensity exercise releases more glucocorticoids and the 

hippocampus is quite sensitive to stress, despite stress even 

in lower-intensity protocols. However, exercises exert a 

protective effect against stress in the brain and hippocampus 

and generate lower expression of glucocorticoid receptors27. 

Progressive resistance exercise, however, does not 

seem to be able to promote the same effects due to its 
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differences in intensity, duration and required structures. 

Shorter protocols that demand more from the 

musculoskeletal system, such as those used in the present 

work, may not be able to produce in sufficient quantities the 

substances that act on the central nervous system promoting 

neuroprotection, neuromodulation, neurogenesis and 

angiogenesis. 

Therefore, research comparing strength protocols and 

aerobic protocols is necessary to elucidate the effects of each 

on the central nervous system. 

 

CONCLUSION 

Therefore, it is concluded that progressive resistance 

physical exercises of high and medium intensity are not 

capable of generating large and significant changes in the 

morphology and neuron count of the dentate gyrus of the 

hippocampus and subventricular zone in the brain of young 

rats. 

 

REFERENCES 
1.Rosique-Esteban N, Díaz-López A, Martínez-González MA, Corela D, 

Goday D, Martínez JA, et al. Leisuretime physical activity, sedentary 
behaviors, sleep, and cardiometabolic risk factors at baseline in the 

PREDIMED-PLUS intervention trial: A cross-sectional analysis. PLoS 
One 2017;12:e0172253. 

https://doi.org/10.1371/journal.pone.0172253 
2.Cadenas-Sánchez C, Mora-González J, Migueles JH, Mártin-Matillas 

M, Gómez-Vida J, Escolano-Margarit MV, et al. An exercise based 
randomized controlled trial on brain, cognition, physical health and 

mental health in overweight/obese children (ActiveBrains project): 
Rationale, design and methods. Contemp Clin Trials 2016;47:315-24. 

https://doi.org/10.1016/j.cct.2016.02.007 
3.World Health Organization (WHO). Global Action Plan on Physical 

Activity 2018-2030. More Active People for a Healthier World, 2018. 

(acessed in: 05/16/23). Avaiable in: 

https://doi.org/10.1371/journal.pone.0172253
https://doi.org/10.1016/j.cct.2016.02.007


 
 

13 
 

Rev Neurocienc 2023;31:1-14. 

https://www.who.int/data/gho/indicator-metadata-registry/imr-

details/3416 
4.Kenney WL, Wilmore JH, Costill DL. Physiology of Sport and Exercise. 

7th ed. Barueri:Manole; 2020. 
5.Milistetd M, Nascimento JV, Silveira J, Fusverki D. Analysis of the 

competitive organization of children and youth: structural and 
functional adaptations. Rev Brazil Sci Sport 2014;36:671-8. 

https://doi.org/10.1590/2179-325520143630012 

6.Teixeira LCM. Physical exercise, neurogenesis and memory (Thesis). 
São Paulo: University of Sao Paulo; 2013. 

https://www.teses.usp.br/teses/disponiveis/41/41135/tde-31032014-
095131/publico/Livia_Clemente_SIMP.pdf 

7.Shimamura IJ, Shimamura C, Takeda T, Abe H, Ichimura S, Sato Y, 
Toyama Y. Effects of treadmill exercise on bone mass, bone 

metabolism, and calciotropic hormones in young growing rats. J Bone 
Miner Metab 2004;22:26-31. https://doi.org/10.1007/s00774-003-

0443-5. 14691683 
8.Nebot E, Aparicio VA, Pietschmann P, Camiletti-Moirón D, Kapravelou 

G, Erben RG, et al. Effects of Hypertrophy Exercise in Bone Turnover 
Markers and Structure in Growing Male Rats. Int J Sports Med 2017; 

38:418-25. https://doi.org/10.1055/s-0043-101910 
9.Sengupta P. The Laboratory Rat: Relating Its Age With Human's. 

Inter J Prevent Med 2013;4:624-30. 

https://pubmed.ncbi.nlm.nih.gov/23930179/ 
10.Peixinho-Pena LF, Fernandes J, Almeida AA, Gomes FGN, Cassilhas 

R, Venancio DP, et al. A strength exercise program in rats with epilepsy 
is protective against seizures. Epilepsy Behav 2012;25:323-8. 

https://doi.org/10.1016/j.yebeh.2012.08.011 
11.Junqueira A, Cicogna AC, Engel LE, Aldá MA, Tomasi LC, Giuffrida 

R, et al. Effects of Growth Hormone on Cardiac Remodeling During 
Resistance Training in Rats. Arch Braz Cardiol 2016;106:18-25. 

https://doi.org/10.5935/abc.20160003 
12.Fabel K, Kempermann G. Physical activity and the regulation of 

neurogenesis in the adult and aging brain. Neuromol Med 2008;10:59-
66. https://doi.org/10.1007/s12017-008-8031-4 

13.Lafenêtre P, Leske O, Ma-Hogemeie Z, Haghikia A, Bichler Z, Wahle 
P, et al. Exercise can rescue recognition memory impairment in a model 

with reduced adult hippocampal neurogenesis. Front Behav Neurosci 

2010;22:34. https://doi.org/10.3389/neuro.08.034.2009 
14.van Praag H, Christie BR, Sejnowski TJ, Gage FH. Running enhances 

neurogenesis, learning, and long-term potentiation in mice. Proc Nat 
Acad Sci 1999;96:13427-31. 

https://doi.org/10.1073/pnas.96.23.13427 
15.van Praag H. Neurogenesis and exercise: past and future directions. 

Neuromol Med 2008;10128-40. https://doi.org/10.1007/s12017-008-
8028-z 

16.Itoh T, Imano M, Nishida S, Tsubaki M, Hashimoto S, Ito A, et al. 
Exercise increases neural stem cell proliferation surrounding the area 

https://www.who.int/data/gho/indicator-metadata-registry/imr-details/3416
https://www.who.int/data/gho/indicator-metadata-registry/imr-details/3416
https://doi.org/10.1590/2179-325520143630012
https://www.teses.usp.br/teses/disponiveis/41/41135/tde-31032014-095131/publico/Livia_Clemente_SIMP.pdf
https://www.teses.usp.br/teses/disponiveis/41/41135/tde-31032014-095131/publico/Livia_Clemente_SIMP.pdf
https://doi.org/10.1007/s00774-003-0443-5.%2014691683
https://doi.org/10.1007/s00774-003-0443-5.%2014691683
https://doi.org/10.1055/s-0043-101910
https://pubmed.ncbi.nlm.nih.gov/23930179/
https://doi.org/10.1016/j.yebeh.2012.08.011
https://doi.org/10.5935%2Fabc.20160003
http://dx.doi.org/10.1007/s12017-008-8031-4
https://doi.org/10.3389/neuro.08.034.2009
https://doi.org/10.1073/pnas.96.23.13427
https://doi.org/10.1007/s12017-008-8028-z
https://doi.org/10.1007/s12017-008-8028-z


 
 

14 
 

Rev Neurocienc 2023;31:1-14. 

of damage following rat traumatic brain injury. J Neural Transm 

2011;118:193-202. https://doi.org/10.1007/s00702-010-0495-3 
17.van der Borght K, Kóbor-Nyakas DE, Klauke K, Eggen BJL, Nyakas 

C, Zee EAVD, et al. Physical exercise leads to rapid adaptations in 
hippocampal vasculature: temporal dynamics and relationship to cell 

proliferation and neurogenesis. Hippocampus 2009;19:928-36. 
https://doi.org/10.1002/hipo.20545 

18.Blackmore DG, Golmohammadi MG, Large B, Waters MJ, Rietze RL. 

Exercise increases neural stem cell number in a growth hormone-
dependent manner, increasing the regenerative response in aged mice. 

Stem Cells 2009;27:2044-52. https://doi.org/10.1002/stem.120 
19.Berchtold NC, Chinn G, Chou M, Kesslak JP, Cotman CW, et al. 

Exercise primes a molecular memory for brain-derived neurotrophic 
factor protein induction in the rat hippocampus. Neuroscience 

2005;133:853-61. 
https://doi.org/10.1016/j.neuroscience.2005.03.026 

20.Cotman CW, Berchtold NC. Exercise: a behavioral intervention to 
enhance brain health and plasticity. Trend Neurosci 2002;25:295-301. 

https://doi.org/10.1016/s0166-2236(02)02143-4 
21.Lista I, Sorrentino G. Biological mechanisms of physical activity in 

preventing cognitive decline. Cell Mol Neurobiol 2010;30:493-503. 
https://doi.org/10.1007/s10571-009-9488-x 

22.Jin K, Zhu Y, Sun Y, Mao XO, Xie L, Greenberg DA. Vascular 

endothelial growth factor (VEGF) stimulates neurogenesis in vitro and 
in vivo. Proc Nat Acad Sci 2002;99:11946-50. 

https://doi.org/10.1073/pnas.182296499 
23.Sharkey AM, Day K, McPherson A, Malik S, Licence D, Smith SK, et 

al. Vascular endothelial growth factor expression in human 
endometrium is regulated by hypoxia. J Clin Endocrinol Metabol 

2000;85:402-9. https://doi.org/ 10.1210/jcem.85.1.6229 
24.Palmer TD, Willhoite AR, Gage FH. Vascular niche for adult 

hippocampal neurogenesis. J Comp Neurol 2000;425:479-94. 
https://doi.org/10.1002/1096-9861(20001002)425:4<479::aid-

cne2>3.0.co;2-3 
25.Cao L, Jiao X, Zuzga DS, Liu Y, Fong DM, Young D, et al. VEGF links 

hippocampal activity with neurogenesis, learning and memory. Nature 
Gen 2004;36:827-35. https://doi.org/10.1038/ng1395 

26.Lou S, Liu JY, Chang H, Chen PJ, et al. Hippocampal neurogenesis 

and gene expression depends on exercise intensity in juvenile rats. 
Brain Res 2008;1210:48-55. https://doi.org/ 

10.1016/j.brainres.2008.02.080 
27.Pickering C, Gustafsson L, Cebere A, Nylander I, Liljequist S. 

Repeated maternal separation of male Wistar rats alters glutamate 
receptor expression in the hippocampus but not the prefrontal cortex. 

Brain Res 2006;1099:101-8. 
https://doi.org/10.1016/j.brainres.2006.04.136 
 
 
  

 

https://doi.org/10.1007/s00702-010-0495-3
https://doi.org/10.1002/hipo.20545
https://doi.org/10.1002/stem.120
https://doi.org/10.1016/j.neuroscience.2005.03.026
https://doi.org/10.1016/s0166-2236(02)02143-4
https://doi.org/10.1007/s10571-009-9488-x
https://doi.org/10.1073/pnas.182296499
https://doi.org/10.1002/1096-9861(20001002)425:4%3c479::aid-cne2%3e3.0.co;2-3
https://doi.org/10.1002/1096-9861(20001002)425:4%3c479::aid-cne2%3e3.0.co;2-3
https://doi.org/10.1038/ng1395
https://doi.org/10.1016/j.brainres.2006.04.136

