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 The current study was conducted to the isolation and culture of the neural 

stem cells (NSCs) get from the brain of mice (Mus musculus). NSCs were 

isolated from the brain of mice embryo at the age of 17 days, and 

investigated their growth and differentiation. These cells were cultured in 

specific media, DMEM/Ham’s F12, in addition to the growth factors 

(recombinant human epidermal growth factor (rHuEGF) and fibroblast 

growth factor-basic (FGF-2)). NSCs were incubated at a temperature of 

37°C with 5% CO2. After 24 hours the spherical-shaped NSCs were 

demonstrated with high nucleus to the cytoplasm ratio. Also these cells 

exhibit a high activity of multiplication and this may indicates the key role 

of the growth factors in the elucidating of cellular proliferation and 

multiplication. In addition, cells tend to aggregated to form a small groups 

of primary neurosphere, which consists of two to three and four cells, and 

this reveals the initial step in the formation of the neurosphere. On the other 

hand, the ability of theophylline on the NSCs differentiation were 

inspected, and the cytotoxicity of theophylline effect on the survival and 

activity of the NSCs were studied by MTT test. The marks of this test 

indicated that the theophylline has no cytotoxicity at the concentrations 

used in this project. Also, the results showed that theophylline had no 

significant effects on the differentiation of the neural stem cell. While, the 

consequences of the RT-PCR were consistent with the morphological 

change, that cells maintained their high gene expression matching no 

differentiation had taken place. It could be concluded that the theophylline 

has no cytotoxic effect on NSCs at the doses employed in this project, and 

also it has no impact on the differentiation of NSCs. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Theophylline (1,3-Dimethylxanthine) is a natural fluoride consequential from the purine-derived xanthine 

that naturally found in Camellia sinesis and Coffee arabica. Theophylline as a drug is widely used in the 

treatment of respiratory disorders such as asthma and chronic obstructive pulmonary disease (COPD). It is 
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principally acts as an anti-adenosine receptor, and inhibits phosphodiesterase enzyme that is responsible for 

cAMP breakdown [2], [24]. 

 

Theophylline can act as an anti-inflammatory agent that accelerates death of granulocytes, and inhibits the 

expression of the Bcl-2 protein and thus stimulates the programmed cell death of these cells that is play a key 

role in inflammatory process [1]. Also [14] reported that theophylline reduces oxidative stress and cholesterol 

levels in neuroblastoma cells and plays an important role in the protecting nerves from neurodegenerative 

setbacks by triggering various pathways associated with neurodegenerative diseases, especially Alzheimer's 

disease, Parkinson's disease, and multiple sclerosis [7]. However, authors suggested that theophylline can be 

used in remyelination in the central nervous system (CNS) and the peripheral nervous system (PNS), these 

works indicated that theophylline contributed in the myelin rebuilding after experimental infection in the 

adult and elderly mice [11], [13]. 

 

Many axons of the CNS consist of myelin especially Schwann cells, and oligodendrocytes that contain a thick 

sheath of myelin which provides insulation for the axons, and offers a nerve salutatory conduction. Whereas 

the loss of these sheathes makes the nervous system more susceptible to the degeneration and also impaired 

their performance [20], [14]. 

 

However, there are many diseases that lead to the loss or removal of myelin in the central and peripheral 

nervous system, including MS, which in late stages leads to permanent loss in certain functions of the CNS 

due to the failure to restore myelin [10]. Moreover, the efficiency of myelin in the CNS decreases with age 

as a result of malfunctioning of oligodendrocyte precursor cells into the mature oligodendrocyte cells, as well 

as the disruption of Schwann cell development [6], [27]. The mechanism of theophylline action in 

remyelination is that it acts as a powerful stimulant of HDAC1/2 high homologus deactylases, which is the 

main factor responsible for the formation and restoration of myelin in both the central and peripheral nervous 

systems, and also it is responsible for the activation of the myelin-related genes (called promyelination gene) 

in Schwann cells and Oligodendrocytes cells [12], [11]. 

 

2. Materials and Methods 

 

2.1 Laboratory animals 

Albino laboratory mice (Mus musculus) were employed in this project and they were housed in the laboratory 

animal house of the college of Veterinary Medicine, University of Mosul. Mice have been kept under good 

sanitary conditions including optimum temperature (22±2°C), lighting, and ventilation, standard food and 

water ad libitum, also animals inspected to ensure they are free of disease. Cells have been isolated from the 

brain of the mice embryo at the age of 17th embryonic days (17E), three replicates were considered for each 

group. 

 

All of the current study experiments were conducted under the standard sterile conditions of the tissue 

cultures. The Dulbecco's Modified Eagle (DMEM)/Hams F12 medium, containing a high level of glucose, 

supplemented with 15 mm HEPES, L-glutamine, and sodium bicarbonate (Euroclone Co. Italia) [8]. In 

addition to rHuEGF (Elab Science, USA) and FGF (Santa Cruz, USA) growth factors were added at the dose 

of 20 ng/ml, for each one. Antibiotics have been used to prevent contamination as follows: 60 mg/l penicillin 

(benzylpenicillin), 50 mg/l streptomycin, and 1 mg/l amphotericin B (as an antifungal). The pH of finally 

prepared culture media was modified to 7.3 by 1N NaOH or 1N HCl [19]. 

 

2.2 Isolation and culture of neuronal stem cells 

https://www.teikyomedicaljournal.com/
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NSCs were isolated according to [28], [5], briefly, the brain was removed after dissecting of the skull, then 

immediately transferred to the artificial cerebrospinal fluid aCSF (warmed to 37°C), which consists of: 5 mM 

KCl, 12.4 mM NaCl, 1.3 mM MgCl2, 26 mM NaOH, 2 mM CaCl, 10 mM glucose, 1:50:25 penicillin-

streptomycin-amphotericin B, and the pH was adjusted to 7.3. Hippocampus of the brain was cut into the 

smallest possible pieces after that a trituration (mechanical dissociation) was accomplished to get a single cell 

suspension. This suspension was washed by a pre-warmed sterilized saline solution of phosphate (PBS) and 

then it was transferred into the culture media (DMEM/Hams F12) that contain the above mentioned growth 

factors and antibiotic. 

 

Using the trypan blue dye, cell vitality in the culture was estimated, and cells in culture flask (35 ml Falcon, 

USA) were incubated in the CO2 incubator (Gallenkamp, UK) at 37°C and 5% CO2. Inverted microscope 

(MEIJI, Japan) was used to inspect of NSCs daily to detect any remarkable morphological changes and 

differentiation, and 14 megapixel digital Sony Cyber-Shot camera was employed for photography [30]. 

 

2.3 Theophylline 

The effects of the theophylline on the vitality, survival, and proliferation of NSCs were studied using the 

MTT test according to the [4] as follows: after isolation of NSCs and confirming their viability percentage 

(about 85-90%), 10 microliters of cell suspension were added to each well of 96-well dish, after that 

theophylline at the doses of 5,10,15, and 20 mg/ml was added ( we apply 3 replicate wells for each dose), 

usually with a control group wells,  and the plate immediately return into the CO2 incubator. After 24 hours, 

and to detect the vitality of NSCs, 10 µl of MTT solution was added and the plate was re-incubated for another 

4 hours, then 100 µl of formazan crystalline solution were added, and the plate was incubated again for 5 

minutes. The sample absorption was read at wavelength 570 nanometer using an ELISA reader (Griffin, 

England). 

 

On the other hand, Theophylline's effect on the differentiation of NSCs was studied according to the method 

of [15], briefly, isolated NSCs incubated in the culture media, DMEM/Hams F12 with FGF-2rHuEGF 

containing antibiotic-antifungal, and the viability of these cells were confirmed to be more than 90%. 

Theophylline in the doses of 5, 10, 15, and 20 mg/ml was added, then these cells were incubated again in 5% 

CO2 for 4 days. The culture was followed up daily using inverted microscopy to detect differentiation and 

notable morphological changes of NSCs. However, the effect of theophylline on the stemness gene (Sox2, 

Oct4, Klf4, and c-Myc) expression was explored using RT-PCR. 

 

2.4 Molecular study 

Total RNA was extracted from NSCs treated with theophylline and untreated NSCs (control samples) using 

AccuzolTM kit (Bioneer Co. Korea), and according to the manufacturer instruction, by adding 750 µl of 

AccuzolTM for every 250 µl of the cell sample and then well mixing by the vortex ensure the complete cell 

fragmentation in the suspension, after that 200 microliters of chloroform were added for each 750 microliters 

of AccuzolTM detector, the tube was gently shake manually for 15 seconds for mixing, and incubated on the 

ice for 5 minutes. The sample was centrifuged at 12000 rpm for 15 minutes at 4°C, finally we get a suspension 

of two layers, one contains RNA and a red colored layer with chloroform, and sediment contains cell debris. 

The separated aqueous layer has been transferred with equal volume of isopropyl alcohol, shake few times 

and then transport into -20°C for 10 minutes, then centrifuge is performed (12000 rpm for 10 minutes at 4°C), 

and then the supernatant is eliminated and the sediment is washed by 80% of ethanol. The RNA pellet was 

dried with air for 5-10 minutes after which the RNase free water was added to dissolve the RNA, total RNA 

was saved at -70°C until use. Finally RNA were converted to produce complementary DNA (cDNA) complex 

using a reverse transcriptase-polymerase enzyme (RT) kit (Bioneer, Korea). 
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RT-PCR was used to detect target gene expression (Sox2, Oct4, Klf4, and c-Myc) as RNA was isolated from 

NSCs. The resulting cDNA is used in the RT-PCR reaction to determine the threshold cycle (CT) value of 

the stemness genes (Sox2, Oct4, Klf4, and c-Myc) and they compared with CT for the reference gene 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH). 

 

2.5 Primer design 

The Sox2, Oct 4, Klf4, c-Myc, and GAPDH gene primers shown in table 1, they are considered to RT-PCR 

amplification depending on the guide of National Center For Biotechnology Center (NCBI), and they are 

manufactured by the Bioneer Co. (Korea). 

 

Table (1) Primers used in RT-PCR experiments 

Primer Primer sequences TA 

c-Myc 
F: 5'-CAGTGTTCTCTGCCTCTGCC-3' 

58 
R: 3'-GAAAGACTGTCCTAACCGGC-5' 

Sox2 
F: 5'-CGCGGCGGAAAACCA-3' 

58 
R: 3'-CCTCCGGGAAGCGTGTACT-5' 

OcT4 
F: 5'-GGGATTGGGGAGGGAGAG-3' 

58 
R: 3'-GTTCCCAATTCCCTTCACTG-5' 

Klf4 
F: 5'-GAAGACCAGGATTCCCTTGA-3' 

58 
R: 3'-CCAAGCACCATCATTTAGGC-5' 

GAPDH 
F: 5'-TGTGTCCGTCGTGGATCTG-3' 

58 
R: 3'-CCTGCTTCACCACCTTCTTGA-5' 

TA= annealing temperature  

 

2.6 Statistical analysis 

All data were analyzed statistically using the ANOVA test, whereas the Duncan test is used to determine the 

significant (p≤0.05) difference between groups. All statistical analyses were performed using SPSS version 

20. 

 

3. Results and discussion 

In the current study we successfully isolated NSCs from the hippocampus of the brain of mice embryos at the 

age of 17th embryonic days (17E), and culture of these cells in the specific culture media, DMEM/HamsF12 

medium with growth factors, rHuEGF and FGF-2, and antibiotics. After 24 hours of culture, there was a few 

floating NSCs in the cultured medium, these cells were spherical in shape with large nuclei to the cytoplasm 

as shown in figure 1. 
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Figure (1): shows a few NSCs after 24 hours of culture. 

 

 
Figure (2): shows the development of the primary neurosphere, A: Two NSCs aggregation, B: Three NSCs 

aggregation. 

 

Through the incubation period, NSCs showed a high rate of growth and replication as shown in figure 2. 

These findings are consistent with [19] who isolated and culture NSCs from the brain of embryo and adult 

mice. [9], [26] documented that the culture of NSCs and neurosphere formation method consider as a best in 

vitro method to isolation and culture of NSCs from the brain and also from different regions of CNS, that 

permits cell replication nearly 100 passage without nuclear changes or impairment of the ability of cells to 

proliferation. This depends mainly on the existence of growth factors, or hormones and neurotransmitters 

[25]. 

 

However, the cytotoxicity of theophylline was scanned with the highest efficacy at the dose of 10 mg/ml 

while the lowest efficacy was at the dose of 15 and 20 mg/ml indicated a high cell death rate. On the other 

hand, the effectiveness of the dose of 10 mg/ml and 5 mg/ml was 90.5% and 88.70%, respectively as shown 

in figure 3. These findings indicated that theophylline has no noxious effect on the efficacy and viability of 

NSCs. Our results are consistent with [4], [16] who reported that there was no toxic effect of theophylline on 

the viability of isolated NSCs from the brain of rats. 
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Figure (3): Effect of theophylline on NSCs using MTT test. 

 

However results of gene expression are reveal remarkable increase of gene expression of the stemness genes 

(Sox2, Oct4, Klf4, and c-Myc) when compared with the (GAPD =1) as shown in the table 2. 

 

Table 2: Effect of different doses of theophylline on the gene expression of stemness genes 

Theophylline dose mg/ml 

Gene

s 

20 15 10 5 

Contro

l 

Fold 

Target 

fold 

Contro

l 

Fold 

Target 

fold 

Contro

l  

fold 

Target  

fold 

Contro

l  

fold 

Target 

Fold 

1 2.8481 1 
3.11665

8 
1 

2.49666

1 
1 2 Sox2 

1 
2.21913

9 
1 2 1 1.94531 1 

1.81503

8 
Oct4 

1 
3.05251

8 
1 

2.80888

9 
1 

2.69446

7 
1 

2.65737

2 
Klf4 

1 
3.11665

8 
1 

2.90794

5 
1 

2.21913

8 
1 2.12874 

c-

Myc 
 

The results of the statistical analysis indicated a significant differences (P≤0.05) for the expression of studied 

genes compared to the expression of the control gene GAPDH which had a value of 1, indicating that the 

NSCs kept its high gene expression of stemness genes unchanged, so theophylline did not change the 

morphological properties of NSCs (figure 3). This results agree with [23] who confirmed that there was no 

effect of theophylline on the differentiation of neural stem cells derived from human umbilical cord blood. 

 

Moreover, several studies have indicated that theophylline is an inhibitor of the enzyme phosphodiesterase 

(PDE) in many tissues and that the rate of inhibition is (5-10%), which results in a slight inhibition of PDE 

activity and that this inhibition is not selective, as theophylline is a non-selective inhibitor of the PDE and 

thus does not lead to a significant increase in the level of cAMP in the cell [1], [3]. However, theophylline 

and caffeine are potent inhibitors of adenosine receptors in the human brain. In addition, it has been suggested 

that theophylline has slightly higher affinities than caffeine at A1, A2A, and A2B receptors, and that 

theophylline blocks adenosine receptors and PDE pathways, thus inhibiting cAMP release [21]. 
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a:Sox2 b:Oct4 

  

c:Klf4 d:c-Myc 

Figure (4): Shows effects of theophylline at the different doses (5, 10, 15, and 20 mg/ml) on the gene 

expression of stemness genes, a: Sox2, b: Oct4, c: Klf4, d: c-Myc. 
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Figure (5): Shows effect of theophylline at the different doses (5, 10, 15, and 20 mg/ml) on the gene 

expression of the stemness genes. 

 

A significant (P≤0.05) low gene expression of the Sox2 gene at all doses was obvious (figure 4 and 5), and 

this result was consistent with [19], who confirm that the level of Sox2 gene expression in NSCs isolated 

from the brain of mice at different ages was 2.259 and his result seems to be close to our study outcomes as 

shown in table 3. The results of gene expression were compatible with all the genes studied, as they were 

relatively high compared to the control gene (i.e. more than 1), that is confirm the activity of the cell in the 

stemness state. In addition, the evidence of the multiple capacities of these cell may be due to the high gene 

expression of stemness genes (Sox2, Oct 4, Klf4, and c-Myc), also these genes responsible for the prevention 

of NSCs differentiation to the mature nerve cells [29], [22]. Our results also in agree with [4] who studied the 

effects of a number of chemical compounds, including theophylline, on the viability and morphological 

differentiation of NSCs isolated from the umbilical cord by confirming that the absence of differentiation of 

NSCs could be treated with theophylline. Whereas [18] indicated that a neuroprophylactic effects of 

theophylline may be due to its prominent actions on the brain blood vessels, so theophylline changes the 

blood flow in healthy brain tissue, that may responsible to increases the blood flow in the affected brain tissue, 

and could provide a clinical improvement. Further studies indicated that theophylline is considered as a non-

selective phosphodiesterase (PDE) inhibitor in many tissues including nervous tissues, and this cause cAMP 

accumulation, but this increases in cAMP concentration is insufficient to stimulate the differentiation of NSCs 

[1], [17]. 

 

4. Conclusion 

It could be concluded that the theophylline has no cytotoxic effect on NSCs at the doses employed in this 

project, and also it has no impact on the differentiation of NSCs.  

 

5. Acknowledgement 

The authors thank the College of Education for Pure Sciences and College of Veterinary Medicine, University 

of Mosul for enabling collection of samples and laboratory examinations. 

 

https://www.teikyomedicaljournal.com/


  ISSN: 03875547 

Volume 45, Issue 01, February, 2022 

  

4967 
 

6. Conflict of interest 

The authors declare that there is no conflict of interest in the work.  

 

7. References 

[1] Barnes, P.J. (2013). Theophylline. Am J Respir Crit Care Med., 15; 188(8):901-6. doi: 

10.1164/rccm.201302-0388PP.  

 

[2] Barnes, P.J. (2009) Histone deacetylase-2 and airway disease. Ther Adv Respir Dis. 3(5):235-43. doi: 

10.1177/1753465809348648. 

 

[3] Brown, W.M. (2007) Treating COPD with PDE 4 inhibitors. Int J Chron Obstruct Pulmon Dis., 2(4):517-

33.  

 

[4] Buzanska, L., Sypecka, J., Nerini-Molteni, S., Compagnoni, A., Hogberg, H.T., del Torchio, R,, 

Domanska-Janik, K., Zimmer, J., Coecke, S.(2009) A human stem cell-based model for identifying adverse 

effects of organic and inorganic chemicals on the developing nervous system. Stem Cells., 27(10):2591-601. 

doi: 10.1002/stem.179. 

 

[5] Casarosa, S., Bozzi, Y., Conti, L. (2014) Neural stem cells: ready for therapeutic applications? Mol Cell 

Ther., 15;2:31. doi: 10.1186/2052-8426-2-31.  

 

[6] Crawford, A. H., Chambers, C., Franklin, R. J. (2013) Remyelination: the true regeneration of the central 

nervous system. J. Comp. Pathol. 149:242–254. 

 

[7] Duman, M., Vaquie, A., Nocera, G., Heller, M., Stumpe, M., Siva Sankar, D., Dengjel, J., Meijer, D., 

Yamaguchi, T., Matthias, P. et al. (2020) Eef1a1 deacetylation enables transcriptional activation of 

remyelination. Nat. Commun. 11: 3420. 

 

[8] Eagle, H. (1955). Nutritional needs of mammalian cells in tissue culture. Science, 122(3168): 501–514. 

 

[9] Faiz, M., Sachewsky, N., Gascón, S., Bang, K.W., Morshead, C.M., Nagy, A. (2015). Adult Neural Stem 

Cells from the Subventricular Zone Give Rise to Reactive Astrocytes in the Cortex after Stroke. Cell Stem 

Cell., 5;17(5):624-34. doi: 10.1016/j.stem.2015.08.002. 

 

[10] Genc, B., Bozan, H.R., Genc, S., Genc, K. (2019) Stem Cell Therapy for Multiple Sclerosis. Adv Exp 

Med Biol., 1084:145-174. doi: 10.1007/5584_2018_247.  

 

[11] He, D., Marie, C., Zhao, C., Kim, B., Wang, J., Deng, Y., Clavairoly, A., Frah, M., Wang, H., He, X., 

Hmidan, H., Jones, B.V., Witte, D., Zalc, B., Zhou, X., Choo, D.I., Martin, D.M., Parras, C., Lu, Q.R. (2016) 

Chd7 cooperates with Sox10 and regulates the onset of CNS myelination and remyelination. Nat Neurosci., 

19(5):678-689. doi: 10.1038/nn.4258.  

 

[12] Jacob, C, Lötscher, P., Engler, S., Baggiolini, A., Varum Tavares, S., Brügger, V., John, N., Büchmann-

Møller, S., Snider, P.L., Conway, S.J., Yamaguchi, T., Matthias, P., Sommer, L., Mantei, N., Suter, U. (2014) 

HDAC1 and HDAC2 control the specification of neural crest cells into peripheral glia. J Neurosci., 

23;34(17):6112-22. doi: 10.1523/JNEUROSCI.5212-13.2014.  

 



B. G. Mohammed, A. A. Abd and N.G. Mustafa, 2022                                                Teikyo Medical Journal 

 

4968 
 

[13] Janitschke, D., Lauer, A.A., Bachmann, C.M., Seyfried, M., Grimm, H.S., Hartmann, T., Grimm, 

M.O.W. (2020) Unique Role of Caffeine Compared to Other Methylxanthines (Theobromine, Theophylline, 

Pentoxifylline, Propentofylline) in Regulation of AD Relevant Genes in Neuroblastoma SH-SY5Y Wild Type 

Cells. Int J Mol Sci., 27;21(23):9015. doi: 10.3390/ijms21239015.  

 

[14] Jessen, K. R., Arthur-Farraj, P. (2019) Repair Schwann cell update: adaptive reprogramming, EMT, and 

stemness in regenerating nerves. Glia, 67:421–437. 

 

[15] Kim, G., Choe, Y., Park, J., Cho, S., Kim, K. (2002) Activation of protein kinase A induces neuronal 

differentiation of HiB5 hippocampal progenitor cells. Brain Res Mol Brain Res., 109: 134–145. 

 

[16] Kowalski, R., Pikul, P., Lewandowski, K., Sakowicz-Burkiewicz, M., Pawełczyk, T., Zyśk, M. (2021) 

The cAMP Inducers Modify N-Acetylaspartate Metabolism in Wistar Rat Brain. Antioxidants (Basel), 1;10 

(9):1404. doi: 10.3390/antiox10091404.  

 

[17] Matera MG, Ora J, Cavalli F, Rogliani P, Cazzola M. (2021) New Avenues for Phosphodiesterase 

Inhibitors in Asthma. J.Exp.Pharmacol.13:291-302 https://doi.org/10.2147/JEP.S242961. 

 

[18] Modrau, B., Andersen, G., Mikkelsen, I.K., Nielsen, A., Hansen, M.B., Johansen, M.B., Eskildsen, H.W., 

Povlsen, J.P., Yavarian, Y., Mouridsen, K., Østergaard, L., Bach, F.W., Hjort, N.(2020) Theophylline as an 

Add-On to Thrombolytic Therapy in Acute Ischemic Stroke: A Randomized Placebo-Controlled Trial. 

Stroke, 51(7):1983-1990. doi: 10.1161/STROKEAHA.119.027446.  

 

[19] Mustafa, N.G.(2013) Molecular and Gene Study the Development of Neural Stem  Cells in tissue culture. 

PhD Thesis, College of Science. University of Mosul, Iraq. 

 

[20] Nave, K. A., Werner, H. B. (2014). Myelination of the nervous system: mechanisms and functions. Ann. 

Rev. Cell. Dev. Biol., 30: 503–533.  

 

[21] Nickels, T.J., Schwartz, A.D., Blevins, D.E., Drummond, J.T., Reed, G.W., Wilson, D.F.(2006) Effect 

of theophylline and aminophylline on transmitter release at the mammalian neuromuscular junction is not 

mediated by cAMP. Clin Exp Pharmacol Physiol., 33(5-6):465-70. doi: 10.1111/j.1440-1681.2006.04388.x.. 

 

[22] Pagin, M., Pernebrink, M., Giubbolini, S., Barone, C., Sambruni, G., Zhu, Y., Chiara, M., Ottolenghi, 

S., Pavesi, G., Wei, C.L., Cantù, C., Nicolis, S.K.(2021) Sox2 controls neural stem cell self-renewal through 

a Fos-centered gene regulatory network. Stem Cells, 39(8):1107-1119. doi: 10.1002/stem.3373.  

 

[23] Patnaik R, Padhy RN. Human Umbilical Cord Blood-Derived Neural Stem Cell Line as a Screening 

Model for Toxicity (2017). Neurotox Res. 31(3):319-326. doi: 10.1007/s12640-016-9681-x.  

 

[24] Ribaudo, G., Ongaro, A., Zagotto, G., Memo, M., Gianoncelli, A (2020) Therapeutic Potential of 

Phosphodiesterase Inhibitors against Neurodegeneration: The Perspective of the Medicinal Chemist. ACS 

Chem Neurosci, 17;11 (12):1726-1739. doi: 10.1021/acschemneuro.-0c00244.  

 

[25] Shohayeb,B., Diab, M., Ahmed, M.,Ng, D. (2018) Factors that influence adult neurogenesis as potential 

therapy. Translational neurodegeneration, 7(4) .doi.org/10.1186/s40035-018-0109-9 

 

https://www.teikyomedicaljournal.com/


  ISSN: 03875547 

Volume 45, Issue 01, February, 2022 

  

4969 
 

[26] Soares, R., Ribeiro, F.F., Lourenço, D.M., Rodrigues, R.S., Moreira, J.B., Sebastião, A.M., Morais, V.A., 

Xapelli, S. (2021). The neurosphere assay: an effective in vitro technique to study neural stem cells. Neural 

Regen Res., 16(11):2229-2231. doi: 10.4103/1673-5374.310678.  

 

[27] Tazir, M., Hamadouche, T., Nouioua, S., Mathis, S., Vallat, J. M. (2014) Hereditary motor and sensory 

neuropathies or Charcot-Marie-Tooth diseases: an update. J. Neurol. Sci., 347:14–22. 

 

[28] Weiner, L.P. (2008) "Neural Stem Cells. Methods and Protocols". (2nd ed.), Humana Press. USA. pp. 

3–18, 19–84, 135–150, 185–196, 271–292. 

 

[29] Yang, L., Zheng, J., Xu, T., Xiao, X.(2013) Downregulation of OCT4 promotes differentiation and 

inhibits growth of BE (2)-C human neuroblastoma I-type cells. Oncol Rep., 29(6):2191-6. doi: 

10.3892/or.2013.2356.  

 

[30] Zhou, H., Yang, H., Lu, L., Li, X., Pan, B., Fu, Z., Feng, S. (2020). A modified protocol for the isolation, 

culture, and cryopreservation of rat embryonic neural stem cells. Experimental and Therapeutic Medicine, 

20:156. https://doi.org/10.3892/etm.2020.9285. 


