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ABSTRACT  ABSTRAK 

   
Objectives: To analyze the difference neuronal and glial 

(astrocytes, oligodendrocyte, microglia) cell count in cerebrum 

and cerebellum of Rattus norvegicus newborns with 50% food 
restriction and control group. 

Materials and Methods: This was an analytical experimental 

study with single blind randomized post test only control group 
design using animals subjects Rattus norvegicus. This study was 

conducted at Animal laboratory, Veterinary Faculty, Universitas 

Airlangga. Animal subjects were divided into FR50% group and 
control. Neuron and glial (astrocytes, oligodendrocytes, 

microglia) counts were analyzed using comparison test, with CI 

95%.  
Results: There was a significant difference in cerebrum and 

cerebellum neuron cell count between intervention and control 

group (9.88+3.59 vs 16.88+2.553; p=0.000 and 7.5+1.789 vs 
11.44+4.56; p=0.02). There was no difference in cerebrum and 

cerebellum glial cell count. There was a significant difference in 

cerebellum astrocyte between intervention and control group 
(80.94+24.255 vs 59.69+18.77; p=0.02) but no difference in 

cerebrum. There was a significant difference in cerebrum and 
cerebellum oligodendrocyte between intervention and control 

group (14.06+12.195 vs 25.13+8.609; p<0.000 and 13.63+6.712 

vs 24.00+8.862; p=0.001), and there were significant difference in 
cerebrum and cerebellum microglia cell between intervention and 

control group (5.25+3.435 vs 4.94+3.838; p=0.620 and 

8.81+4.119 vs 5.25+1.483; p=0.004). 
Conclusion: Food Restriction 50% (FR50%) in Rattus norvegicus 

decreased cerebrum and cerebellum neuron cell and 

oligodendrocyte count and increased cerebrum and cerebellum 
microglial count. 

 

Keywords: Food restriction 50%; prenatal; the number of 
neuronal cell and glia; Rattus norvegicus. 

 Tujuan: menganalisis perbedaan jumlah sel neuron dan glia 

(astrosit, oligodendrosit, mikroglia) cerebrum dan cerebellum 

Rattus norvegicus baru lahir pada kelompok dengan perlakuan 
FR50% selama kebuntingan dan tidak mendapat perlakuan.  

Bahan dan Metode: Penelitian analitik eksperimental dengan 

desain single blind randomized post test only control group 
menggunakan hewan coba Rattus norvegicus di kandang hewan 

coba FKUA. Kelompok hewan coba dibagi dua yaitu kelompok 

kontrol tanpa diberi perlakuan, dan kelompok perlakuan yang 
mendapat perlakuan FR50% sejak dinyatakan bunting. Penelitian 

ini menggunakan uji komparasi dalam menganalisis jumlah sel 

neuron dan glia (astrosit, oligodendrosit, mikroglia)  
Hasil: Didapatkan perbedaan bermakna jumlah sel neuron 

cerebrum (p:0.000) kelompok perlakuan (9.88+3.59) dibanding 

kontrol (16.88+2.553) dan cerebellum (p:0.02) kelompok 
perlakuan (7.50+1.789) dibanding kontrol (11.44+4.560). Tidak 

didapatkan perbedaan bermakna (p:0.05) jumlah glia cerebrum 

(p:0.612) pada perlakuan (99.19+26.234) dibanding kontrol 
(93.75+33.326) dan cerebellum (p:0.058) perlakuan 

(103.38+16.346) dibanding kontrol (88.94+24.255). Didapatkan 
perbedaan bermakna jumlah astrosit di cerebellum (p:0.002) 

perlakuan (80.94+16.270) dibanding kontrol (59.69+18.771), 

tidak bermakna di cerebrum (p:0.599) perlakuan (74.44+35.359) 
dibanding kontrol (69.13+18.726). Didapatkan perbedaan jumlah 

oligodendrosit di cereberum (P<0.000) perlakuan (14.06+12.195) 

dibanding kontrol (25.13+8.609) dan cerebellum (p:0.01) 
perlakuan (13.63+6.712) dibanding kontrol (24.00+8.862). 

Didapatkan perbedaan jumlah mikroglia di cerebrum (P: 0.620) 

perlakuan (5.25+3.435) dibanding kontrol (4.94+3.838) dan 
cerebellum (p:0.04) perlakuan (8.81+4.119) dibanding kontrol 

(5.25+1.483) 

Simpulan: FR 50% selama kebuntingan menyebabkan lebih 
rendahnya jumlah sel neuron dan oligodendrosit cerebrum dan 

cerebellum, lebih banyaknya mikroglia di cerebrum dan 

cerebellum Rattus norvegicus baru lahir  
 

Kata Kunci: Food restriction 50%; cerebrum; cerebellum; jumlah 

sel neuron dan glia; Rattus norvegicus 
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INTRODUCTION 

 

Prenatal period is the most important period in the fetal 

brain development phase, so pregnancy is the right time 

to prepare the fetal intelligence potential. There are two 

factors that influence fetal brain development, the nature 

(genetic) and nurture (environment) factors, in which 

nutrition of pregnant women is one of the important 

environmental factors in fetal brain development and 

influences an individual's short and long term 

intelligence.1 

 

Intelligence is related to the speed of processing 

information. Human brain is one of the most complex 

organ systems. Cellular nervous system consists of two 

types of cells, the neurons and glia. Neuron and glial 

cells work in harmony so that the brain's computing 

abilities can run well. Neurons and glia can be 

stimulated to form by external stimulation. The higher 

the number of neurons, dendrites and synapses in an 

individual, the faster the information is processed, the 

smarter the individual is expected.2,3 

 

Human brain development occurs from the age of two 

weeks of pregnancy and continues into adulthood.4 The 

process begins with neurulation, differentiation/ 

proliferation, migration, synaptogenesis and apoptosis. 

The two main cells that make up the brain are neurons 

and neuroglia which are maintained in balance through 

the process of neurogenesis and apoptosis.5 This process 

is supported by neurotropin, a protein in the Central 

Nervous System (CNS) whose functions are to maintain 

neuron survival, axon and dendritic growth, and 

regulation of neuronal development, including synaptic 

formation and synaptic plasticity.6 

 

Human nervous system is divided into two major 

groups, the central nervous system (CNS) and the 

peripheral nervous system. The development of an 

individual's CNS starts from the beginning of pregnancy 

until growing up. This period of development is divided 

into three, the embryonic period, the fetal period and the 

post natal period. The embryonic and fetal period is the 

main period of CNS development that starts from the 

beginning of the conception until the end of pregnancy.4 

 

Fetal neuron cells do not increase since 32 weeks' 

gestation. Glial cells continue to proliferate until the 

post-natal period so they are the most numerous cells in 

human brain as compared to neurons with a ratio of ten 

to one. Higher increase of glial cell count than the 

neurons is associated with the development of higher 

brain functions.2,3,7,8 

 

Poor nutrition during pregnancy affects the increase in 

neuronal cell apoptosis. Antonow (2010) in his research, 

found that 30% food restriction (FR 30%) in baboons 

during pregnancy reduced brain derived neurotrophic 

factor (BDNF) levels around 13.4%-26.3% and 

increased neuron cell apoptosis by 118% in baboons 

newborns.9 

 

Prenatal period is a good time to increase brain growth 

and development early on. A study by Brent Logan, 

David Chamberlain, Rene van de Carr and Beatriz 

Manrique showed the influence of intrauterine 

environmental manipulation on fetal intelligence. Bures 

et al. and many other experts found that brain structures 

are formed by external stimuli known as "Stimulation 

induced morphological changes"3,10 

 

Malnutrition in pregnant women will affect the intake of 

nutrients to the fetus. Martin-Gronert (2006) states that 

the fetus will immediately respond to the condition of 

maternal malnutrition by increasing the process of 

catabolism that can continue to cause changes in fetal 

metabolism in the form of decreased concentrations of 

IGF-1 and decreased glucose transport to the fetus.11 An 

infant's mental development is the result of a complex 

multifactorial process. Nutrition forms the basis for 

proper nerve development and can have a long-term 

impact on mental development later on. 

 

The cerebrum is the largest part and occupies about 

85% of the human brain separated by two right and left 

hemispheres. Cerebrum is heavily involved in somato-

sensory processes and motor information as well as 

intellectual awareness and function. Cerebellum is 

known as the center of motor and balance while the role 

of cerebellum in cognitive function is still being 

debated. Timman and Daum (2007) used PET (Positron 

Emission Tomography) and MRI (Magnetic Resonance 

Imaging) scanning to prove the involvement of 

cerebellum in the aspect of cognitive function, 

especially verbal memory which ultimately affects 

cognitive function although it is still a debate and 

further research is needed.12,13 

 

This study is a continuation of a series of studies on 

intrauterine enrichment in order to optimize fetal brain 

development, which aims to determine the effect of 

nutritional deficiencies in neuron and glial cells count in 

cerebrum and cerebellum of newborn Rattus 

norvegicus. This study can later be used to identify the 

extent of cellular changes in neuron and glial cells count 

in the brain caused by 50% food restriction in Rattus 

norvegicus model. 
 

 
MATERIALS AND METHODS 

 

This study was an experimental analytic study with a 

single blind randomized post test only control group 
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design. The experimental animals used were Rattus 

norvegicus as a food restriction 50% (FR 50%) model 

which replaced pregnant women due to ethical 

consideration. The study subjects were divided into two 

groups randomly, the treatment group (P) comprising 

pregnant Rattus norvegicus receiving FR 50% and the 

control group (K) namely Rattus norvegicus pregnant 

without FR 50%. 

 

The study was conducted in the Animal Cages and 

Pathology Laboratory of the Faculty of Veterinary 

Medicine, Airlangga University, Surabaya, during 

November 2016 - January 2017. The study inclusion 

criteria were 2-month-old healthy Rattus norvegicus 

broodstock, 130-160 grams body weight, had never 

given birth, and had newborns. The exclusion criteria 

for the study were Rattus norvegicus mothers with 

anatomic abnormalities. 

 

Sample size was calculated using Federer’s formula and 

the number of samples for each group was 16. Each 

Rattus norvegicus mothers was pregnant, from each two 

newborns with the heaviest weight were taken. 

Immediately after birth, the Rattus norvegicus 

newborns' brain tissue was taken for histochemical 

preparations and BDNF expression was assessed using 

Remmele Scale Index. Results were compared between 

groups using statistical tests. Ethical eligibility was 

obtained from the Research Ethics Commission of the 

Faculty of Veterinary Medicine, Universitas Airlangga, 

Surabaya, Indonesia. 

 

 
RESULTS AND DISCUSSION 

 

Rattus norvegicus gestational age  

 

All Rattus norvegicus newborns were born in the 

normal pregnancy, ranging 19-21 days. The highest 

percentage of 20-day gestational age of the Rattus 

norvegicus was obtained, which was 68.75% in control 

group and 62.5% in the treatment group. 

 
Rattus norvegicus mothers’s body weight 

 

This study used Rattus norvegicus pregnant mothers in 

control and treatment groups with initial weight range 

between 144-152 grams measured before the FR 50% 

study since they were found to be pregnant and 

randomized into 2 groups, each of 16 rats. The 

treatment group received FR 50% while the control 

group did not. There were no deaths in Rattus 

norvegicus mothers’ in either treatment or control 

groups. Most Rattus norvegicus had body weight 

ranging from 141-150 grams, which was 87.5% in 

control group and 87.5% in treatment group. In this 

study no mother's body weight measurements were 

taken after treatment or before delivery so that the effect 

of FR 50% during pregnancy could not be identified. 

 
Rattus norvegicus newborns’ weight 

 

All newborns of Rattus norvegicus in both control and 

treatment groups were weighed, then two with heaviest 

weights were chosen to be sacrificed and the brain was 

removed. Two Rattus norvegicus brains were made as 

one preparation and stained with Hemotoxilin-Eosin 

staining and the neuron and glial (astrocytes, 

oligodendrosites, microglia) cells were counted. The 

characteristics of Rattus norvegicus newborn based on 

the highest body weight ranged from 5.00-5.99 grams in 

control group was 62.5% (range 5.00-5.99 grams), and 

43.75 (range 4.00-4.99) in the treatment group. 

 
Neuron and glial cell count 

 

In the cerebrum, the lowest neuron cell count was 6, and 

the highest was 17 in the treatment group. Whereas, in 

control group the lowest neuron cell count was 13 and 

and the highest was 21. The lowest glial cell count 46, 

the highest was 173 in treatment group. In control group 

the, lowest glial cell count was 63 and the highest was 

155. The lowest number of astrocytes was 27, and the 

highest was 109 in treatment group. Whereas, in control 

group the lowest number of astrocytes was 44 and the 

highest was 105. The lowest oligodendrocytes coount 

was 6, and the highest was 58 in treatment group. 

Whereas, in the control group oligodendrocytes count 

was at least 14 and the highest was 39. The lowest 

microglial count was 2, and the highest was 13 in 

treatment group. Whereas, in control group the lowest 

microglial count was 1 and the highest was 13. 

 

In the cerebellum, the lowest neuron cell count was 5, 

the highest was 11 in treatment group. Whereas, in 

control group the lowest number of neuron cells was 5 

and the highest was 21. The lowest number of glia was 

78, the highest was 135 in the treatment group. Whereas 

in control group, the number of glia was at least 48 and 

the highest was 142. The lowest number of astrocytes 

was 59, and the highest was 114 in the treatment group. 

In control group the least amount of astrocytes was 33 

and the highest was 99. The lowest number of 

oligodendrocytes was 6, and the highest was 29 in the 

treatment group. In control group, the number of 

oligodendrocytes was at least 10 and the highest number 

was 46. The lowest number of microglia was 4, the most 

was 20 in the treatment group. Whereas in the control 

group the number of microglia was at least 3 and the 

highest was 8. 
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Analysis of Rattus norvegicus weight data  

 

Data analysis on Rattus norvegicus weight was 

calculated using descriptive statistics to fin the average 

body weight. Normality test was performed using the 

Shapiro-Wilk test. Table 1 shows the average weight of 

Rattus norvegicus in each group. 

 

Table 1. Rattus norvegicus mothers’ and newborns’ 

average body weights in control and treatment 

groups 

 
Groups Mothers’ BW (gram) Newborns’ BW (gram) 

Mean +S/D Mean +S/D 

Control 147.19 +2.344 5.08 +0.508 

Treatment 147.31 +2.414 4.21 +0.658 

 

To determine whether the samples had normal 

distribution, we carried out normality test using the 

Shapiro-Wilk test. 

 

Table 2. Shapiro-Wilk normality test for Rattus 

norvegicus mothers’ and newborns’ body 

weights  

 
Body weight 

(gram) 

Groups Shapiro-Wilk 

Statistic df p 

Mothers Control  .927 16 .218 

Treatment  .9355 16 .288 

Newborns Control  .968 16 .803 

Treatment  .966 16 .762 

 

Based on the Shapiro-Wilk test results obtained p> 0.05, 

which means that the weight of the mother and newborn 

Rattus norvegicus distribution is normal. 

 
Analysis of data on the cerebrum 

 

The Shapiro-Wilk test was performed as a normality test 

for the number of neuron cells, glial cells, astrocytes, 

oligodendrocytes, and microglia in each group. Then we 

carried out the analysis with descriptive statistics. The 

results of normality tests on neurons, oligodendrocytes 

and microglia showed abnormal data distribution 

(p<0.05), so we went on by using non-parametric Mann-

Whitney U test, and for normal data distribution we 

used the parametric test independent t-test. 

 

Table 3. Mann-Whitney test results on neuron cells in 

the cerebrum  

 

Groups 
Neuron cells 

(Mean+S/D) 
P value 

Control 16.88+2.553 
0.000 

Treatment 9.88+3.59 

 

 

Table 4. Mann-Whitney test results on oligodendrocytes 

in the cerebrum 

 

Groups  
Olygodendrocytes 

(Mean+S/D) 
P value 

Control 25.13+8.609 0.000 

Treatment 14.06+12.195  

 

Table 5. Mann-Whitney test results on microglia cells in 

the cerebrum 

 

Groups 
Microglial cells 

(Mean+S/D) 
P value 

Control 4.94+3.838 
0.620 

Treatment 5.25+3.435 

 

 

Data with abnormal distribution revealed that the 

average number of neurons in the control group was 

16.88+2.553 and in the treatment group was 9.88+3.59. 

Mean oligodendrocytes in the control group was 25.13+ 

8.609 and in the treatment group it was 14.06+12.195. 

Mean microglia in the control group was 4.94+3.838 

and in the treatment group 5.25+3.435. 

 

Data with normal distribution revealed the average 

number of glial cells in the control group was 93.75 

+33.326 and in the treatment group was 99.19+26.234. 

Mean astrocytes in the control group was 69.13+18,726 

and in the treatment group was 74.44+35,359. 

 

Table 6. Independent t-test results on glial cells in the 

cerebrum 

 

Groups 
Glial cells 

(Mean+S/D) 
P value 

Control  93.75+33.326 0.612 

Treatment  99.19+26.234 

 

Table 7. Independent t-test results astrocyte cells in the 

cerebrum 

 

Groups 
Astrocytes 

(Mean+S/D) 
P value 

Control 69.13+18.726 0.599 

Treatment 74.44+35.359 

 

Tables 6 and 7 show the independent parametric t-test 

on normal data distribution (glia cells and astrocytes). 

The results revealed p value >0.05 in the parameters of 

glia and astrocyte cells. This means that there was no 

significant decrease in the number of glia cells and 

astrocytes in the cerebrum. 

 

The tables show Mann-Whitney parametric test with 

abnormal data distribution on neurons, oligodendrocytes 

and microglia. The obtained p value was <0.05 in the 

parameters of neuron and oligodendrocyte cells. This 

means that there is a significant decrease in the number 
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of neuron and oligodendrocyte cells in both groups in 

the cerebrum. The p value of the microglia was > 0.05, 

indicating no significant increase in microglia in both 

groups in the cerebrum. 

 
Analysis of data on the cerebellum 

 

To determine data distribution on the number of neuron, 

glia, astrocytes, oligodendrocytes, microglia data, we 

performed normality test using Shapiro-Wilk test. The 

results showed significance of p=0.470 for astrocytes, 

p=0.069 for oligodendrocytes, and =0.925 for glia. The 

above results showed that all data distribution on the 

cerebellum was normal (p> 0.05). 

 

Table 8. Mann-Whitney Test on neuron cells in the 

cerebellum  

 

Groups 
Neuron cells 
(Mean+S/D) P value 

Control  11.44+4.560 0.02 

Treatment  7.50+1.789 

 

Table 9. Mann-Whitney Test on microglia cells in the 

cerebellum 

 

Groups 
Microglial cells 

(Mean+S/D) 
P value 

Control  5.25+1.483 0.04 

Treatment  8.81+4.119 

 

Table 8 and 9 show the Mann-Whitney parametric test 

on the distribution of abnormal data (neuron cells and 

microglia). The obtained p value was <0.05 in neuron 

and microglia cell parameters. This means that there is a 

significant decrease in the number of neuron cells and a 

significant increase in microglia in both groups in the 

cerebellum. After finding that the data had normal 

distribution, we proceeded to use the independent 

parametric t-test. 

 

Table 10. Independent T-Test on glia cells in the 

cerebellum  

 

Groups 
Glial cells 

(Mean+S/D) 
P value 

Control  88.94+24.255 0.058 

Treatment  103.38+16.346 

 

Table 11. Independent T-Test on astrocytes in the 

cerebellum cells 

 

Groups 
Astrocytes 

(Mean+S/D) 
P value 

Control  59.69+18.771 0.002 

Treatment  80.94+16.270 

 

Table 12. Independent T-Test Results on Cerebellum 

Oligodendrocyte Cells. 

 

Groups 
Olygodendrocytes 

(Mean+S/D) 
P value 

Control  24.00+8.862 0.01 

Treatment  13.63+6.712 

 

Tables 10 to 12 show the results of independent 

parametric t-test on data with normal distribution (glia 

cells, astrocyte cells, oligodendrocyte cells). The 

obtained p value was <0.05 on the parameters of 

astrocytes and oligodendrocytes. This indicates a 

significant increase in the number of astrocytes and a 

significant decrease in the number of oligodendrocytes 

in the cerebellum. P value of >0.05 was obtained on glia 

cells, showing no significant increase in the number of 

glia cells in the cerebellum. 

 

This research aimed to observe cellular changes in the 

brain due to 50% Food Restriction. The developing 

brain has plasticity properties or ability to adapt, but the 

vulnerability to nutritional deficiencies is greater than 

the plasticity properties of the brain so that the 

consequences of nutrient deficiency do not only occur at 

this time but also afterwards. Nutrition and growth 

factors regulate brain growth during fetal and early 

postnatal periods. Nutrition plays an important role in 

the maturation and functional development of the 

central nervous system because nutrition provides the 

energy and substances needed for the development of 

cell structure and various metabolic functions. 

Malnutrition can have adverse effects on various aspects 

of brain development and function. However, because it 

is related to ethics, there have not been many studies on 

the effect of prenatal nutrition on brain development.14 

 

Obstetrics, gynecology and women's health department 

of the University of Missouri at Columbia (2010) 

conducted observations on hunger that occurred in the 

Netherlands during the winter of 1980. This study was 

focused on how hunger in pregnant women at that time 

affected the health of their offspring. There was no 

difference in the birthweight of the babies from mothers 

starving throughout their pregnancy. Pregnant women 

who were starving from the middle of pregnancy to the 

end gave birth to babies with significant birthweight 

loss. Whereas, mothers who suffered from hunger only 

at the beginning of pregnancy gave birth to babies with 

normal birthweight, but those who were obese during 

adulthood were more than those who were born from 

mothers who started starving from mid-pregnancy to the 

end. So there was no difference in birthweight in 

pregnant women who experienced food restrictions 

during pregnancy.  
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Food restriction in early pregnancy is considered to 

increase obesity, change lipid profile, and lead to 

cardiovascular disease. Conversely, food restructuring 

in mid-pregnancy causes reduction in specific kidney 

function. Rooij et al showed that food restrictions in 

early pregnancy had an impact on selective attention 

testing at the age of 56-59 years. Although exposure to 

food restriction during early pregnancy, which has been 

known since 35 years ago, is very important influence 

on subsequent health, the causes are still not fully 

understood.15 

 

In our study, there was no significant difference in body 

weight between Rattus norvegicus newborns from 

mothers receiving 50% FR exposure and Rattus 

norvegicus newborns’ from mothers who did not get 

50% FR exposure. From our study, we found a 

significant difference in the number of neurons between 

the groups receiving FR50% treatment and control 

group, where the number of Rattus norvegicus 

newborns’ cerebrum and cerebellum neuron cells was 

less in the treatment group compared to the control. This 

indicates that number of neuron cells in cerebrum and 

cerebellum is less in Rattus norvegicus newborn from 

pregnant mothers with FR50% exposure than without 

exposure. 

 

The underlying mechanism that affects neuron cells is 

related to nutritional deficiencies and the availability of 

appropriate neurotropic factors in sufficient quantities.16 

Embryonic period, during which organogenesis occurs, 

including brain development at 24 to 42 weeks' 

gestation, is very susceptible to nutritional deficiencies 

because the brain is in rapid growth, where the process 

of neuron formation, gliogenesis, cell migration, and 

initial differentiation occur, including formation 

synapses and myelination.14 

 

The initial fetal period, which lasts until the middle of 

pregnancy, is an important period in which the growth 

of cortical neurons and migration of neurons and the 

formation of brain tissue occur to process information. 

Disturbances in the early stages of this development will 

cause innervation patterns. If they occur in the 

prepubertal period, it will cause functional changes that 

are more adaptive.4.17 

 

Neural progenitor cell reserves are very small to be able 

to accommodate the production of large neurons, so the 

initial stage for the formation of neuron cells is to 

multiply neural progenitor cells. Neuron cells are post 

mitotic cells, where once formed they are no longer able 

to divide and produce new cells. After the end of the 

gastrulation process until day 42, neural progenitor cells 

divide symmetrically and produce two identical neural 

progenitor cells so that the number of cells increases. 

On day 42 of the embryonic period, cleavage changes 

from symmetrical cleavage to asymmetric. In this 

asymmetrical division, two kinds of cells are formed, ie. 

neural progenitor cells and neuron cells. Neural 

progenitor cells will continue to divide while neuron 

cells stop proliferation and migration towards the 

neurocortex.4 

 

During this proliferation phase, it is estimated that there 

will be a growth of new neurons of 250,000 neurons per 

minute. Thus the number of neurons in the human brain 

can reach 1011. After that nerve cells will undergo a 

process of migration to the definitive location. Neurons 

do not increase or stop proliferating at the time of when 

the baby has not been born at 32 weeks.18 Some of the 

studies below supports our conceptual framework. 

 

A study conducted by Roy, Sable, et al (2013) find that 

an imbalance of micronutrients (folic acid and vitamin 

B12) during pregnancy will cause an increase in 

oxidative stress which results in reactive oxygen species 

(ROS). If the condition continues, the defense 

mechanism by superoxide dismutase (SOD) in brain 

neuron cells cannot compensate for the ongoing 

oxidative stress and decreased SOD, resulting in cellular 

energy decreases with the final result the decrease in the 

number of neuron cells.19-21 

 

Another study conducted by Bedi in 1991 showed that 

malnutrition during early life caused a significant deficit 

in the total number of gyrus dentata granule cells. 

Bearing this in mind, Sani and Bedi believe that the 

increase in the number of apoptotic cells observed in 

their study strongly shows that most of these micro 

neurons have experienced cell death due to lack of 

nutrients.16 

 

In previous studies, micronutrient deficiencies such as 

folic acid and vitamin B12 can increase brain MDA 

levels in both the rats’ mother and offspring at birth. 

Roy, et al. also hypothesized that impaired intake/ 

metabolism of micronutrients during pregnancy could 

increase oxidative stress which would risk neuronal 

development abnormalities in the future.22 

 

The results of a study conducted by Craciunescu, et al 

(2010) show that folate deficiency and vitamin B12 

inhibit methionine regeneration and have an adverse 

effect on cells by allowing the accumulation of 

homocysteine, a potentially toxic substance produced by 

methionine demethylation. Homocysteine induces DNA 

damage in neuron culture by a mechanism that might 

involve a decrease in DNA transmetilation.23 

 

Neuron cell death program in the fetus in the womb 

consists of two processes, namely the pathological 
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necrosis process and the physiological apoptosis 

process. The program is influenced by the expression of 

several genes and can be prevented by absorption of 

several neurothropic factors. Neuron cells will stop 

multiplying at birth. Thus, the neuron cells will stop 

multiplying before we are born.24 Neurons are produced 

in very large numbers and this number of cells will be 

regulated by cell death that occurs during periods of 

connectivity to the target tissue. Naturally apoptotic 

neurons are useful so that neurons form the right 

connections with their targets. Growing neurons 

compete to obtain a limited number of neurotropic 

factors produced by tissue targets. From the hypothesis, 

neurons that successfully form a network with a target 

means that they get access to neurotropic factors and 

will survive while cells that fail to make the right tissue 

mean they fail to obtain neurotropic factors and will 

die.25 

 

Bures et al. (1988) state that brains that grow in an 

stimulus-rich environment have thicker cortex, larger 

nucleus neuron cells and more glia cells. Brain neurons 

also found that grow in a stimulus-rich environment 

have more dendritic sites, allowing more synapses to 

form. Rees also stated that the number of cells 

undergoing apoptosis depends on synapses, the more 

synapses the less apoptosis occurs. The richer the 

neuron cells on the dendritic site, the more the synapses 

formed so that the number of cells undergoing apoptosis 

will also be reduced. Brains that grow in a stimulus-rich 

and nutritional environment will experience less 

apoptosis, thereby increasing the brain's capacity.26 

 

A previous study conducted by Hapsari A (2017), 

showed that the administration of FR50% to the mother 

Rattus norvegicus during early pregnancy led to an 

increase in apoptotic index in the cerebrum and the 

newborn Rattus norvegicus cerebellum.27 A similar 

study carried out by Fauzi A (2017) to see dendritic 

densities, obtained lower dendritic densities in the 

cerebrum and cerebellum Rattus norvegicus newborn 

who received FR50% treatment compared to controls.28 

 

Scharfman et al in 2004 stated that BDNF administra-

tion would significantly increase the neurogenesis 

process in the dendate gyrus and hippocampus. This 

was indicated by the addition of various numbers of 

various neuron cells in the brain. BDNF has the ability 

to defend and the potential to activate neuronal 

growth.29 

 

Previous research conducted by Anggraini E, (2017) 

comparing BDNF cerebrum and newborn Rattus 

norvegicus cerebellum in a mother given FR50% at the 

start of pregnancy showed that BDNF was lower in the 

treatment group than in the control group.30 

Another study conducted by Coupe, et al. in 2008 

showed that BDNF levels in rat fetuses are very 

sensitive to maternal nutritional status. Pregnant mice 

with FR50% showed a decrease in BDNF concen-

trations in the hippocampus of offspring mice. Several 

studies have shown that maternal nutritional disorders 

have a short-term effect on BDNF levels in the fetal 

brain. Research by Coupe, et al. suggested that BDNF 

plays an important role in brain development, where a 

50% reduction in maternal nutrition (50% Food 

Restriction) during embryonic times will affect BDNF 

levels in rat fetuses in the hippocampus and 

hypothalamus sections. Antonow (2010) in his research 

also stated that Food Restriction 30% (FR30%) in 

baboons during pregnancy will reduce BDNF levels 

around 13.4%-26.3% and increase neuron cell apoptosis 

by 118% in baboon’s newborns.9,31 

 

From the results of our study of Rattus norvegicus 

cerebrum and cerebellum glaucid cells from the mother 

receiving 50% food restriction from the start of 

pregnancy, we did not obtain a significant difference in 

the number of glia cells in the treatment group 

compared to the control. The number of neuroglia in the 

brain is about 10 times the number of neuron cells in the 

brain. The greater the brain mass, this ratio will 

increase. Therefore, in rats, smaller comparisons are 

obtained, where the neuroglia’s number is higher 0.3-

0.4 times the number of neurons.5 Neuroglia has main 

functions including maintaining the position of neurons, 

providing the supply of nutrients and oxygen to 

neurons, maintaining the environment and metabolism 

needed by neurons, limiting neurons from other 

neurons, forming myelin, taking and storing 

neurotransmitters produced by synapses around them 

and destroying pathogens and get rid of dead neuron 

cells. In general there are 3 types of glia, the astrocytes, 

oligodendrocytes, and microglia.32 

 

A study conducted by Clos et al (1977), in malnourished 

35-day-old rats with quantitative restrictions on the 

mother's diet from 6 days gestation, wet weight and 

cerebellum DNA content were slightly lower than 

cerebrum. Cell growth (estimated from DNA concen-

tration and from the ratio of RNA and protein to DNA) 

is significantly affected by food deprivation only in the 

cerebellum. In the cerebellum cortex, the number of 

Purkinje, Golgi and stellate cells does not change. The 

number of other cell types is affected to various extents: 

there are fewer granules and basket cells per Purkinje 

cell, and hypoplasia is more pronounced than glia 

involving glia cells from the molecular layer, and 

astrocytes from internal granular and Bergmann cells 

from Purkinje cell layers. Finally, the number of glia 

cells in the cortex decreases 44% compared to 13% for 

neurons. The effects of malnutrition on cell acquisition 
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in the brain, and on the cellular composition of the 

cerebellum, contrast with thyroid deficiency.33 

 

Astrocytes are the most numerous types of glia cells and 

have various cell forms in the CNS that can function to 

replace damaged neurons, oligodendrocytes or 

microglia. Some of the important functions of astrocytes 

include stem cells (radial glial cells), brain 

microarchitecture, ie. forming brain parenchymes, 

especially gray matter (protoplasmic astrocytes), 

regulating local blood flow to the brain, regulating 

synaptogenesis, maintaining synapses that have formed 

and maintaining homeostasis of several processes 

important in the brain.34,35 

 

From the results of our study of the number of cerebrum 

astrocytes and cerebellum of Rattus norvegicus 

newborns from mothers receiving 50% food restriction 

from the start of pregnancy, we obtained more 

cerebellum astrocytes than those in controls. While in 

the number of cerebrum astrocytes did not show 

significant difference in the treatment group compared 

to the control.  Previous studies showed that healthy 

brain cells have a small amount of astrocytes. 

Astrocytes will increase if there is damage to neurons 

where astrocytes will proliferate and fill the space to 

form ‘glial scar’, repairing damaged areas by 

transforming into neuron cells. Active astrocytes can 

synthesize and excrete neurotrophic factors which will 

indirectly reduce apoptosis, which in turn will increase 

the number of the surviving neurons.34,35 

 

Oligodendrocytes are cells that act to form the myelin 

sheath for the CNS. Formation of myelin in mice begins 

immediately after birth and the process is complete 

approximately 2 months after birth. Oligodenrocytes do 

not have the ability to regenerate, so damage to the CNS 

often results in permanent disability. Disorders of 

protein connexins can cause hypomyelinization and 

pathological conditions.32 

 

From our study we found that the number of cerebrum 

oligodendrocytes and cerebellum of Rattus norvegicus 

newborns had significant difference between the groups 

receiving FR50% treatment and the control group, 

where the number of cerebrum and cerebellum 

oligodendrocytes was less in the treatment group 

compared to control.  

 

A study conducted by Mallard, et al (2000) observing 

the effects of intrauterine growth restriction (IUGR) on 

the development of myelinating oligodendrocytes and 

astrocytes in the brain and spinal cord of guinea pigs 

fetus for myelin base protein, found that myelination 

levels in spinal cord, cerebral cortex, corpus cellosum 

and cerebellum were reduced in fetuses that were IUGR 

compared to controls. As for glial fibrillary acidic 

protein, there was no significant difference between 

control and IUGR in the expansion or distribution of 

astrocyte cells at 52 or 62 days in the cerebellum. 

However, in the cerebral cortex at 62 days there is a 

marked proliferation of astrocytes around cortical blood 

vessels in fetuses that have IUGR. Ultrastructural 

studies have shown that at 52 days, myelination of the 

corticospinal canal has begun in control but is almost 

absent in fetuses that are IUGR. On 62 days, the total 

amount of myelinated fiber in the IUGR fetus was 

significantly reduced by 56% (P <0.01) compared to the 

control fetus. However, there was no difference between 

groups in the total amount of fiber in the corticospinal 

tract where myelin fibers and myelin sheaths are 

disproportionately reduced relative to the axon 

diameter. Thus, at the IUGR there are delays in 

initiation and in the degree of myelination. This can be 

caused by a reduced amount of myelinating glia that 

forms and a limited capacity to produce myelin.36 

 

Oligodendrocyte cells can trigger the process of axons 

myelinizationin neurons and express genes in the 

process of myelinization. There was a significant 

decrease in the number of oligodendrocytes in the 

cerebrum and cerebellum in the treatment group. This is 

thought to occur because of the presence of factors that 

increase apoptosis by 50% food restriction. 

Oligodendrocytes affect the proliferation of neurons 

through the production of several neurothropic factors. 

Good myelinization increases the speed of impulses 

between nerve cells in Schwann cells and oligo-

dendrocytes. Oligodendrocytes not only play a role in 

the myelinization, but also play a role in supporting 

axons in neuronal cells, even the death of 

oligodendrocyte cells will be followed by axon 

degeneration. The level of Intelligence Quotient (IQ) in 

humans is associated with good myelinization.8 

 

Microglia are part of the immune system for the CNS 

against various pathogens. Microglia will experience a 

resting phase if there are no pathogenic factors. In this 

phase microglia are the fastest moving cells in the brain 

to check for the presence of pathogens. If a pathogen 

threat is found, microglia will gather around damaged 

neurons, multiply and destroy damaged cells.32 

 

From the results of our study on the number of 

cerebrum microglia and cerebellum of Rattus 

norvegicus newborns from the mother with 50% food 

restriction from the start of pregnancy, we found that 

number of microglia cerebrum and cerebellum was 

higher than those in controls. This is also thought to 

occur because of the factor that increases apoptosis, the  

50% FR which causes microglia that contribute to 

phagocytosis to become more numerous.37 
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