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Abstract 

 

The human neuroblastoma cell line, SH-SY5Y cells, derived from the parental SK-N-SH cell line, is commonly used as an in vitro model for 

neuroscience and neurobiology research. Since SH-SY5Y cells are widely cultured for research, several different culture media have been 

used to optimize the growth of the cells, including Eagle's Minimum Essential Medium (EMEM), Dulbecco’s modified Eagle’s medium 

(DMEM) and other recently developed culture media. SH-SY5Y cells has the ability to reach confluency in culture flasks ranges from 5 days 

to 15 days, depending on the culture media used. Hence, the optimization of the culture media is crucial to achieve the fastest growth rate for 

the cells. The objective of the study is to evaluate the culture media for the proliferation of SH-SY5Y cells. We compared the growth rate of 

SH-SY5Y cells cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 15% heat-inactivated fetal bovine serum 

(hiFBS), Dulbecco’s modified Eagle’s medium: Nutrient mixture F-12 (DMEM:F12) + supplemented with 15% hiFBS and DMEM:F12 

supplemented with 10% hiFBS. In DMEM:F12 supplemented with 15% hiFBS, cells grew up to 6.67E+05 cells. In DMEM:F12 supplemented 

with 10% hiFBS, cells grew up to 5.28E+05 cells. In DMEM supplemented with 15% hiFBS, the cells grew up to 4.76E+05 cells. There was 

a significant difference between culture media DMEM:F12 supplemented with 15% hiFBS as compared to DMEM:F12 supplemented with 

10%hiFBS and DMEM supplemented with 15% hiFBS (p<0.05) following 24h incubation. However, there is no significant difference between 

DMEM:F12 supplemented with 10%hiFBS as compared to DMEM supplemented with 15% hiFBS (p>0.05). We found that DMEM:F12 

supplemented with 15% hiFBS could serve as an optimized culture media for high proliferation rate of SH-SY5Y cells. 

 

Keywords: SH-SY5Y cells; growth rate in vitro; Dulbecco’s modified Eagle’s medium (DMEM); DMEM:F12; Heat-inactivated fetal bovine 

serum (hiFBS) 

  

 

 

1.0 Introduction 

 

The study of the brain and nervous system has been challenging due to the complexity of neuronal cell structure, function and the 

supporting glial cells. The development of in vitro model of neuronal and glial cell culture has been an important foundation in the research of 

neurobiology and neurological disorder. The understanding of receptors and channels, neuron specific protein, signal transmission and 

molecular mechanism could be achieved through in vitro model of the nervous system. In order to create the in vitro model, primary cells, 

such as adult human neurons as well as primary neurons from rodents, were used (Hattangady and Rajadhyaksha, 2009). The constraint of 

using primary cells is the limited capacity of proliferation. Besides, adult human neurons are not readily available. Hence, alternative 

transformed cell lines were established to overcome the limitation. Several cell lines have been commonly used in neuroscience research, such 

as human neuroblastoma SH-SY5Y cells, mouse neuroectodermal NE4C cells, mouse neuroblastoma Neuro-2a cells and rat 

pheochromocytoma PC-12 cells (Forster et al., 2016). These cells were used in neurobiology studies due to their similar morphology and 

physiology to adult human neuronal cell, albeit there are some distinct differences in rodents’ cells and cancerous cells. Since the culture of 

primary cells would cause problems in replication and the level of protein yield, SH-SY5Y, a human neuroblastoma cell line, have been utilized 

to study neuropathic pain as well as other neurological condition and its prophylactics (Dwane et al., 2013; Popova et al., 2017). 

SH-SY5Y cells, a human neuroblastoma cell line, was first derived from the parental cell line SK-N-SH obtained through a bone 

marrow biopsy in 1970 (Shipley et al., 2016). SH-SY5Y cell culture encompasses of adherent and floating cells, whereby most neurobiology 

researches use the adherent cells. Another characteristic of SH-SY5Y cells is its ability to be differentiated to a mature neuron, which expresses 

mature marker and phenotype. Differentiated SH-SY5Y cells exhibit phenotype such as neurite outgrowth, the expression of cholinergic, 
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dopaminergic and adrenergic receptors and neurone-specific enolase (Xicoy et al., 2017). It was reported that undifferentiated SH-SY5Y cells 

have neuroblast-like morphology with short neurites while differentiated SH-SY5Y cells are denoted morphologically by extended neurites 

(SH-SY5Y ATCC ® CRL-2266™) (Shipley et al., 2016). 

The culture media for SH-SY5Y cells varied across researchers, whereby the commonly used are Dulbecco’s Modified Essential 

Medium (DMEM) (Kovalevich and Langford, 2013), DMEM/Ham’s F-12 (Murillo et al., 2017) and Eagle’s Minimum Essential Medium 

Eagle (MEM) (Smerker, 2014), with the supplementation of heat inactivated fetal bovine serum (FBS) and antibiotics (SH-SY5Y ATCC ® 

CRL-2266™). These different culture media formulation differs in terms of the types and amount of amino acids and the amount of inorganic 

salts present. DMEM contains double the amount of nonessential amino acids as compared to EMEM (Arora, 2013). The combination of 

DMEM and Ham’s:F12 forming DMEM:F12 culture media provides highly enriched supply of amino acids, vitamins and trace elements, 

hence, suggested to promote the growth of cells (Arora, 2013; Nacalai Tesque Inc., 2014). Furthermore, there are distinct effects of these 

culture media on cell attachment and the inoculated number of cells for SH-SY5Y and PC12 cells (Smerker, 2014; Sakagami et al., 2017). 

Besides that, the use of different culture media, such as DMEM and RPMI-1640 (developed by Roswell Park Memorial Institute), could also 

influence the differentiation capacity of the cell lines and the production of metabolome of the cells (Xicoy et al., 2017). The concentration of 

inorganic salts, such as sodium pyruvate, within the culture media also determine the ability of the media to protect the cell lines from oxidative 

stress. Thus, it is crucial to choose the most suitable culture media for the cell lines. The aim of our study is to optimize the protocol that 

provides the most advantageous growth for SH-SY5Y cells.  

 

2.0  Materials and methods 

 

2.1 Reagents 

 

Dulbecco’s Modified Essential Medium (DMEM), Dulbecco’s Modified Essential Medium/Ham’s Nutrient Mixture (DMEM:F12), 

Penicillin-Streptomycin solution  and 2.5g/l-Trypsin/1mmol/l-EDTA Solution were purchased from Nacalai Tesque (Tokyo, Japan). Fetal 

bovine serum (FBS) was purchased from Gibco-BRL (Grand Island, NY). Phosphate buffered saline (PBS) were purchased from Goldbio (St. 

Louis, MO). 

 

2.2 Cell culture 

 

The SH-SY5Y neuroblastoma cells were given by Dr. Say Yee How from the Department of Biomedical Sciences, Universiti Tunku 

Abdul Rahman. The cells were initially grown to confluence in T-25 flasks in Dulbecco’s Modified Essential Medium (DMEM) which contains 

4.5g/l glucose with 2mM of L-glutamine and sodium pyruvate, supplemented with 15% heat inactivated fetal bovine serum (hiFBS) and 1% 

of Penicillin-Streptomycin mixed solution at 37C with 5% carbon dioxide (CO2). 

The cells were plated at 2x105 cells/well in 24 well-plates. Three different media compositions were used to culture the cells which 

are DMEM:F12 with 15% hiFBS, DMEM:F12 with 10% hiFBS and DMEM with 15% hiFBS. All cultures were supplemented with 1% of 

Penicillin-Streptomycin mixed solution and incubated at at 37C with 5% carbon dioxide.  

 

2.3 Determination of viable cells  

 

Following 24hours of incubation, the cells were observed under the microscope and the cell viability was examined by using the 

hemocytometer. The number of cells was demonstrated in Figure 4. Images of the cells under 10X magnification were captured to observe 

confluency and the morphology.  

 

2.4 Statistical analysis 

 

The results analysis was conducted through the one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test. The 

significance level was set at p<0.05.  

 

3.0 Results  

 

3.1 Effect of the different culture media on the cell morphology 

 

The morphology of the cells incubated in three different culture media – (a) DMEM:F12 with 15% hiFBS, (b) DMEM:F12 with 10% 

hiFBS and (c) DMEM with 15% hiFBS  were also evaluated. Following 24 hours of incubation, cells grown in all three culture media remained 

in the innate undifferentiated state (Figure 1).  

 

     
 

Figure 1: Microphotographs of SH-SY5Y cells in different culture media. Cells were plated on 24 well-plates uncoated, incubated at 37C 

with 5.0% carbon dioxide. Pictures were taken at 10X using Cell Signal software. Scale bar = 200μm. (a) SH-SY5Y cells cultured in 

DMEM:F12 supplemented with 15% hiFBS 10X magnification. (b) SH-SY5Y cells cultured in DMEM:F12 supplemented with 10% hiFBS 

at 10X magnification. (c) SH-SY5Y cells cultured in DMEM supplemented with 10% hiFBS at 10X magnification. It can be observed that 

cells in (a) showed the highest number followed by cells in (b) and (c). 
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3.2 Effect of the different culture media on the number of cells 

 

The growth rate of SH-SY5Y cells was evaluated in three varying culture media, presented in Figure 2. The seeding numbers for the 

cells were 2.0E+05 cells in all the three media. In DMEM:F12 supplemented with 15% hiFBS, cells grew up to 6.67E+05 cells. In DMEM:F12 

supplemented with 10% hiFBS, cells grew up to 5.28E+05 cells. In DMEM supplemented with 15% hiFBS, the cells grew up to 4.76E+05 

cells. There was a significant difference (p<0.05) in the cell growth of SH-SY5Y cells between culture media DMEM:F12 supplemented with 

15% hiFBS as compared to DMEM:F12 10%hiFBS and DMEM 15% hiFBS. There is no significant difference (p>0.05) between DMEM:F12 

supplemented with 10% hiFBS as compared to DMEM 15% hiFBS. 

 

        
 

4.0 Discussion 

 

From the results shown, the morphology of SH-SY5Y cells appeared to be flat, large with neuroblast-like morphology. This is also 

observed in other experiments on undifferentiated SH-SY5Y cells (Kovalevich and Langford, 2013; Shipley et al., 2016). Similar morphology 

was documented by The American Type Culture Collection for SH-SY5Y cells, suggesting that DMEM and DMEM:F12 culture media did 

not alter the morphology of the cells. In this experiment, we observed that the growth rate of SH-SY5Y cells was the fastest in DMEM:F12 

culture media with the supplementation of 15% hiFBS compared to cells cultured in DMEM:F12 with 10% hiFBS and DMEM with 15% 

hiFBS. This could be due to the enriched formulation of DMEM:F12 which is higher in amino acids (with the addition of L-Isoleucine, L-

glutamic acid, L-Proline, L-Aspartic acid, L-Cystine-HCl-H2O, L-Alanine and L-Asparagine-H2O) as well as inorganic salts, as compared to 

DMEM culture media (Nacalai Tesque, 2014).  

Although there was no statistically significant difference between DMEM:F12 supplemented with 10% hiFBS and DMEM 

supplemented with 15% hiFBS, the cells in the former culture media showed higher number following 24h of incubation. Similar results were 

observed in a study which showed the growth of SH-SY5Y cells in DMEM:F12 media was better than in DMEM media following 24 hours 

of incubation (Sakagami et al., 2017). It was also reported that SH-SY5Y cells consumed Glutamine the highest (present in both culture media), 

followed by Isoleucine and Serine (enhanced in DMEM:F12 media) (Sakagami et al., 2017). Glutamine is profuse in the human blood for its 

role neuroprotective role against DNA damage and reactive oxidative stress. It is also essential for N-methyl-D-aspartate (NMDA) receptors, 

which is important for the physiology of neuronal cells (Chen and Herrup, 2012). Apart from that, isoleucine is suggested to be important in 

ammonia detoxification within the human brain environment through the catabolism of the amino acid to tricarboxylic acid (TCA) (Bak et al., 

2009). This explains the significant difference of SH-SY5Y cells growth in DMEM:F12 and DMEM.  

The concentration of hiFBS supplemented to DMEM:F12 culture media had also shown to exhibit effect on the growth period of 

SH-SY5Y cells. Higher concentration of hiFBS had shown to cause a faster growth in SH-SY5Y cells. This could suggest that the presence of 

growth factors within the serum in addition to the essential amino acids present in DMEM:F12 enhance the proliferation of the cells within 24 

hours (Shipley et al., 2016; Fang et al., 2017). Comparable result were observed in rabbit limbal stem cells which shown to have the highest 

number of cells after 14 days of cultivation when cultured in DMEM:F12 supplemented with 16% FBS as compared to DMEM supplemented 

with other types of serum or cell feeder (Gürdal et al., 2018). 

 

5.0 Conclusion 

 

Our present findings will provide better understanding into future usage of a more suitable culture media in relation of SH-SY5Y 

cell growth. In conclusion, from this study we found that DMEM:F12 supplemented with 15% hiFBS could serve as an optimized culture 

media for high proliferation rate of SH-SY5Y cells. Further studies should be conducted with more variables of incubation time and the 

consumption of the amino acids within the culture media to observe the effects on SH-SY5Y cells growth. 
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