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Abstract

Studies in neuroscience can be performed in vitro and in vivo. In vivo studies will show significant results, but it is 
difficult to do and time-consuming. Primary hippocampal cell culture widely has used in neurobiological studies 
such as identifying the cellular mechanism of proteins, neuronal activity, and characteristics. The results of studies 
conducted on this cell culture will be very useful in discovering pathogenesis of a disease, the effect of a substance 
on the neuron, and neural basis of memory and learning. However, currently in Indonesia, primary hippocampal 
cell culture is still rare and difficult to do. The purpose of this study was to demonstrate that primary hippocampal 
cell culture can be done and developed in Indonesia and to review the application of it in medical researches. The 
study was an experimental study by obtaining neurons from animal’s hippocampus was conducted in 2015–2018 
at Department of Cell Biology, Graduate School of Medicine Osaka University and Faculty of Medicine Universitas 
Padjadjaran. The experimental animal was mice embryo gathered 17.5-days postcoitus. Enzymatic and mechanical 
methods collected primary hippocampal cells. The cells counted and cultured, which later were observed to see 
neuron differentiation. The average number of culture cells from 3 embryonic’s hippocampus were 2.39×106. 
Neuron differentiation observed on the first day and more visible and numerous on the third day after plating. In 
conclusion, primary hippocampal cell culture using hippocampus from one hemisphere of embryonic mice brain 
showed a sufficient number of cells to carry out research and showed neuron differentiation.
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Kultur Sel Primer Hipokampus dan Penggunaannya 
dalam Riset Kedokteran

Abstrak

Penelitian dalam neurobiologi dapat dilakukan secara in vitro dan in vivo. Penelitian secara in vivo sangat 
berdampak hasilnya, namun sulit dan memakan waktu yang lama. Kultur sel primer hipokampus banyak digunakan 
dalam penelitian neurobiologi seperti melihat mekanisme protein seluler, serta aktivitas dan karakteristik neuron. 
Hasil penelitian yang dilakukan pada kultur sel ini akan sangat bermanfaat dalam menemukan proses suatu 
penyakit, efek suatu zat terhadap sel saraf, dan kemampuan belajar serta memori. Akan tetapi, saat ini di Indonesia 
kultur sel primer hipokampus masih jarang dan sulit dilakukan. Tujuan penelitian ini adalah menunjukkan bahwa 
kultur sel hipokampus primer dapat dilakukan dan dikembangkan di Indonesia, serta meninjau penerapannya 
dalam riset kedokteran. Penelitian ini merupakan studi eksperimental dengan mengoleksi neuron dari hipokampus 
hewan coba yang dilakukan pada tahun 2015–2018 di Department of Cell Biology, Graduate School of Medicine 
Osaka University dan Fakultas Kedokteran Universitas Padjadjaran. Hewan coba berupa embrio mencit hari ke-
17,5 pascakoitus. Sel primer hipokampus dikoleksi untuk dihitung dan dikultur menggunakan metode enzimatik 
dan mekanik. Observasi neuron pada kultur dilanjutkan dengan mengamati diferensiasi neuron. Rerata jumlah 
sel kultur dari 3 hipokampus adalah 2,39×106. Diferensiasi neuron sudah tampak pada hari pertama dan makin 
jelas serta tampak pada hari ketiga pascapenanaman. Simpulan, kultur sel primer hipokampus menggunakan 
hipokampus dari salah satu sisi hemisfer otak menunjukkan jumlah sel yang cukup untuk melakukan suatu 
penelitian dan menunjukkan diferensiasi dari neuron.

Kata kunci: Hipokampus, kultur sel primer, neuron
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Introduction

Neuroscience is a branch of science that studies 
about neurology, psychology, and biology. 
Neuroscience also develops along with other 
branches of science such as anatomy, physiology, 
biochemistry, and pharmacology of the brain 
and nerves.1 The study in these fields can be 
performed in vitro and in vivo. In vivo studies can 
be done, but it is difficult and complicated. In vitro 
studies using neuron is very useful for observing 
the function, mechanism, and structure of the 
neuron. There are several ways to culture neuron, 
for example, by using cell lines or primary cell 
culture.2,3

Currently, cell lines are instrumental in 
neuronal cultures because cell lines are easy to 
culture, generate numerous cells that immortal, 
and homogenous. There are several cell lines 
currently in use, such as human SH-SY5Y 
cell lines. These cells have derived from the 
parental metastatic bone tumor cell line SK-
N-SH by the subcloning cell. These cells have 
a similar characteristic with neuroblast.2,4 A 
human neuronally committed teratocarcinoma 
cell line called NT2 cell or Ntera can be used in 
neuronal cultures by treatment with retinoic 
acid or inhibitor of mitosis.2,5 Rat cell lines that 
derived from a pheochromocytoma of adrenal 
medulla called PC12.2,6 Although cell lines have 
various advantages, these cells have a significant 
disadvantage because the cells have a different 
physiological characteristic with the neuron in 
vivo. The differences can lead to a different result 
of the study.2,7

Primary cell culture does not come from the 
tumor cell, and the structure is similar to neuron 
in vivo.2 There are several primary cell culture; 
one of them is primary hippocampal cell. The 
primary hippocampal cell obtained by culturing 
neuron from the hippocampus. Through this cell, 
learn about cell structure, function protein in the 
neuron, the pathogenesis of the disease, the effect 
of the drug on neuron and theories about memory 
and learning.8–12 Currently, in Indonesia, primary 
hippocampal cell culture is rarely done because 
of a complicated and immortal cell. However, 
the primary hippocampal cell has an advantage 
compared to the cell lines such as the characteristic 
of primary hippocampal cell resemble nerve 
cell in vivo.2 The purpose of this study was to 
demonstrate that primary hippocampal cell 
culture can be done and developed in Indonesia 

and to review the application of it in medical 
researches.

Methods

This study design was an experimental study 
by obtaining neuron from mice embryos was 
conducted in 2015–2018 at the Department of 
Cell Biology, Graduate School of Medicine, Osaka 
University, Japan and Faculty of Medicine, 
Universitas Padjadjaran, Bandung, Indonesia. 
Animals were treated according to the guidelines 
of the Animal Experimentation Committee of 
Osaka University (approval number: 21-045-0).13 
Animals have given 12:12-h light-dark cycle with 
controlled humidity and temperature and free 
access to food and water. In this study, one male 
mouse and three female mice prepared. They 
prepared to copulating process. In the morning, 
a vaginal plaque was observed from the female 
mice to confirm mating process had occurred. 
Female mice that have vaginal plaque was 
separated and recorded as pregnant on the first 
day.14 After 17.5 days, the female mice sacrificed 
by cervical dislocation.15

Primary hippocampal cell culture performed 
according to the previous journal.11 In brief, the 
embryo counted, and the brain collected from 
each embryo. The hippocampus separated from 
the brain. They were transferred to 1 mL of 
phosphate-buffered saline (PBS) containing 1% 
bovine serum albumin (BSA), deoxyribonuclease 
(DNase), papain, and glucose in 15 mL Falcon tube 
and put it again on the ice. The Falcon tube was 
incubated in a water bath at 37°C for 20 minutes. 
Using Pasteur pipette, the solution was triturated 
five times and incubated in the water bath at 37°C 
for 15 minutes. Pipetting five times again, and 
wait for several times. All supernatant aspirated 
without aspirated the pellet. After centrifugation, 
they plated on 35-mm dish pretreated with poly-
D-lysine and laminin. They were cultured in 
neurobasal medium supplemented with B27 and 
GlutaMAX at 37°C in humidified 5% CO2.11

The cells were counted using hemocytometer 
under a microscope. They spread into the 35 mm 
dish, which already coated with poly-D-lysine, 
laminin, and neurobasal medium+10% fetal calf 
serum at 37°C and 5% humidity.

The cultured cells were observed under a 
stereotype microscope with a 20× magnification 
objective lens at 24, 48, and 72 hours after 
plating. The morphology of the cell was rated by 
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measuring the neurite. Neurite was considered as 
axon if the length of the neurite was at least twice 
as long as any other process and was more than 
twice the diameter of the cell body.11,16

Results

The primary hippocampal cell that had been 
cultured were counted using hemocytometer 
under a microscope. The results presented 
in Table. The mean number of cells from 3 
hippocampi were 2.39×106 cell/mL.

Primary hippocampal cell observation was 
done by looking neuron morphology at first until 
the third day (Figure 2). Neuron differentiation 
observed on the first day as an elongation of 
neurite from the cell body. Neurite considered 
as axon or dendrite according to its length. 
Differentiation was more visible and numerous 

Figure 1 Culture Procedure
The schematic draw of the procedure.
Hippocampal was collected from the fetal brain 
and proceed with the enzymatic procedures 
(A–E). Neurons were plated and observe 
sequentially (F–I)

Table Number of Primary Hippocampal 
Cells

Number of 
Hippocampus

Number of 
Cell (Cell/mL) Mean±SD

1 2.35×1o6
(2.39×1o6)±
(3.02×105)2 2.71×1o6

3 2.11×1o6

Figure 2 Neuronal Architecture
Micrographs of cultured hippocampal neurons at 24, 48, and 72 hours after plating to show neuron differentiation.
Green arrow: cell body, black arrow: neurite

24 hours 48 hours 72 hours
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VAMP7 knockout (KO) mice and discovered that 
axonal elongation in KO mice was impaired. 
The study did not find the degradation of 
neuron-glia cell adhesion molecule (NgCAM) by 
immunofluorescence micrograph.10 Other study 
using this culture, discovered that depletion of 
PKD1 and PKD2 affects axonal elongation. This 
study showed the role of PKD1 and PKD2 in 
axonal elongation.11

Primary hippocampal cell culture was used 
to discover the protective effect of salidroside for 
neuron. Salidroside has taken from Rhodia rosea. 
This study showed salidroside had protection 
effect to H2O2 by reducing the activity of caspase-3, 
production of nitrite oxide (NO) and NO synthase. 
This effect can be used to develop salidroside as 
an agent to prevent or treat the neuronal injury 
in neurodegenerative disease.12 Besides, other 
studies of peptides that have a function similar 
to brain-derived neurotrophic factor (BDNF) 
were also conducted to test therapeutic effects 
in disorders with BDNF levels. It found that 
BDNF peptides were nontoxic to nerve cells in 
vitro in the hippocampal primary culture. Also, 
B-3 peptide that is one of the five tetrapeptides 
tested has a potential neuroprotective effect on 
the toxicity of H2O2.18

Conclusions

Primary hippocampal cell culture using 
hippocampus from one hemisphere of embryonic 
mice brain showed a sufficient number of 
cells to carry out research and showed neuron 
differentiation. This study also demonstrates that 
primary hippocampal cell culture can be done 
and developed in Indonesia.
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