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Abstract
Oxidative stress is one of the factors involved in the pathogenesis of several neurodegenerative diseases. It has been
reported that a secretory phospholipase A2 known as A2-EPTX-NSm1a has lower cytotoxicity in neuronal cells compared to
its crude Naja sumatrana venom. In this study, A2-EPTX-NSm1a was tested for its neuroprotective activity on human
neuroblastoma cells (SH-SY5Y) differentiated into cholinergic neurons against oxidative stress induced by hydrogen
peroxide (H2O2). H2O2 treatment alone increased the caspase-3 and caspase-8 activities, whereas pre-treatment with A2-
EPTX-NSm1a reduced the activity of these apoptosis-associated proteins. Moreover, A2-EPTX-NSm1a protects the
morphology and ultrastructure of differentiated SH-SY5Y cells in the presence of H2O2. Oxidative stress increased the
number of small mitochondria. Further evaluation showed the size of mitochondria with a length below 0.25 µm in oxidative
stress conditions is higher than the control group, suggesting mitochondria fragmentation. Pre-treatment with A2-EPTX-
NSm1a attenuated the number of mitochondria in cells with H2O2 Furthermore, A2-EPTX-NSm1a altered the expression of
several neuroprotein biomarkers of GDNF, IL-8, MCP-1, TIMP-1, and TNF-R1 in cells under oxidative stress induced by
H2O2. These findings indicate that anti-apoptosis with mitochondria-related protection, anti-inflammatory effect, and
promote expression of important markers for cell survival may underlie the neuroprotective effect of A2-EPTX-NSm1a in
cholinergic rich human cells under oxidative stress, a vital role in the neuronal disorder. Copyright © 2022 Abdullah, Sainik,
Esa, Muhamad Hendri, Ahmad Rusmili, Hodgson, Shaikh and Othman.

Author Keywords
apoptosis;  inflammation;  mitochondria;  neurodegenerative disease;  neuroprotection;  snake venom phospholipase A2

Index Keywords
caspase 3, caspase 8, glial cell line derived neurotrophic factor, hydrogen peroxide, interleukin 8, monocyte chemotactic
protein 1, secretory phospholipase A2, snake venom, tissue inhibitor of metalloproteinase 1, tumor necrosis factor receptor
associated factor 1; antiinflammatory activity, apoptosis, Article, cell count, cell damage, cell differentiation, cell survival, cell
ultrastructure, cholinergic nerve cell, controlled study, enzyme activity, human, human cell, mitochondrial
dynamics, Naja, Naja sumatrana, neuroprotection, nonhuman, oxidative stress, protein expression, SH-SY5Y cell line

Chemicals/CAS
caspase 3, 169592-56-7; caspase 8; hydrogen peroxide, 7722-84-1; interleukin 8, 114308-91-7; snake venom, 55230-69-8;
tissue inhibitor of metalloproteinase 1, 140208-24-8

References
Aarsland, D., Creese, B., Politis, M., Chaudhuri, K.R., Ffytche, D.H., Weintraub, D.
Cognitive decline in Parkinson disease
(2017) Nat. Rev. Neurol, 13 (4), pp. 217-231. 

Abdullah, N.A.H., Rusmili, M.R.A., Zainal Abidin, S.A., Shaikh, M.F., Hodgson, W.C.,
Othman, I.
Isolation and characterization of A2-EPTX-nsm1a, a secretory phospholipase



2/14/23, 4:11 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1603215199&eid=2-s2.0-85140873356&sort=&clickedL… 2/7

A<sub>2</sub> from Malaysian spitting cobra (Naja sumatrana) venom
(2021) Toxins, 13 (12), p. 859. 

Akhter, N., Wilson, A., Thomas, R., Al-Rashed, F., Kochumon, S., Al-Roub, A.
ROS/TNF-α crosstalk triggers the expression of IL-8 and MCP-1 in human monocytic
THP-1 cells via the NF-κB and ERK1/2 mediated signaling
(2021) Int. J. Mol. Sci, 22 (19), p. 10519. 

Armugam, A., Cher, C.D., Lim, K., Koh, D.C., Howells, D.W., Jeyaseelan, K.
A secretory phospholipase A<sub>2</sub>-mediated neuroprotection and anti-
apoptosis
(2009) BMC Neurosci, 10 (120), pp. 120-213. 

Bachiller, S., Jiménez-Ferrer, I., Paulus, A., Yang, Y., Swanberg, M., Deierborg, T.
Microglia in neurological diseases: A road map to brain-disease dependent-
inflammatory response
(2018) Front. Cell. Neurosci, 12, p. 488. 

Baron, P., Bussini, S., Cardin, V., Corbo, M., Conti, G., Galimberti, D.
Production of monocyte chemoattractant protein-1 in amyotrophic lateral sclerosis
(2005) Muscle Nerve, 32 (4), pp. 541-544. 

Behl, T., Kaur, G., Sehgal, A., Bhardwaj, S., Singh, S., Buhas, C.
Multifaceted role of matrix metalloproteinases in neurodegenerative diseases:
Pathophysiological and therapeutic perspectives
(2021) Int. J. Mol. Sci, 22 (3), p. 1413. 

Bhattacharjee, N., Borah, A.
Oxidative stress and mitochondrial dysfunction are the underlying events of
dopaminergic neurodegeneration in homocysteine rat model of Parkinson's disease
(2016) Neurochem. Int, 101, pp. 48-55. 

Boillée, S., Yamanaka, K., Lobsiger, C.S., Copeland, N.G., Jenkins, N.A., Kassiotis, G.
Onset and progression in inherited ALS determined by motor neurons and microglia
(2006) Science, 312 (5778), pp. 1389-1392. 

Bond, L., Bernhardt, K., Madria, P., Sorrentino, K., Scelsi, H., Mitchell, C.S.
A metadata analysis of oxidative stress etiology in preclinical amyotrophic lateral
sclerosis: Benefits of antioxidant therapy
(2018) Front. Neurosci, 12, p. 10. 

Bondi, M.W., Edmonds, E.C., Salmon, D.P.
Alzheimer's disease: Past, present, and future
(2017) J. Int. Neuropsychol. Soc, 23 (9-10), pp. 818-831. 

Bruce, A.J., Boling, W., Kindy, M.S., Peschon, J., Kraemer, P.J., Carpenter, M.K.
Altered neuronal and microglial responses to excitotoxic and ischemic brain injury
in mice lacking TNF receptors
(1996) Nat. Med, 2 (7), pp. 788-794. 

Christen, Y.
Oxidative stress and Alzheimer’s disease
(2000) Am. J. Clin. Nutr, 71 (2), pp. 621S-629s. 

Cross, C.E., Halliwell, B., Borish, E.T., Pryor, W.A., Ames, B.N., Saul, R.L.
Oxygen radicals and human disease
(1987) Ann. Intern. Med, 107 (4), pp. 526-545. 

Das, R., Chakrabarti, O.
Mitochondrial hyperfusion: A friend or A foe
(2020) Biochem. Soc. Trans, 48 (2), pp. 631-644. 



2/14/23, 4:11 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1603215199&eid=2-s2.0-85140873356&sort=&clickedL… 3/7

Dravid, A., Raos, B., Svirskis, D., O'Carroll, S.J.
Optimised techniques for high-throughput screening of differentiated SH-SY5Y cells
and application for neurite outgrowth assays
(2021) Sci. Rep, 11 (1), p. 23935. 

Duarte Azevedo, M., Sander, S., Tenenbaum, L.
GDNF, A neuron-derived factor upregulated in glial cells during disease
(2020) J. Clin. Med, 9 (2), p. 456. 

Ellman, G.L., Courtney, K.D., Andres, V., Jr., Feather-Stone, R.M.
A new and rapid colorimetric determination of acetylcholinesterase activity
(1961) Biochem. Pharmacol, 7, pp. 88-95. 

Encinas, M., Iglesias, M., Liu, Y., Wang, H., Muhaisen, A., Ceña, V.
Sequential treatment of SH-SY5Y cells with retinoic acid and brain-derived
neurotrophic factor gives rise to fully differentiated, neurotrophic factor-dependent,
human neuron-like cells
(2000) J. Neurochem, 75 (3), pp. 991-1003. 

Even, B., Gyrid, N., Eystein, O., Olav, M., Marie, L., Stein, O.
Epac-induced alterations in the proteome of human SH-SY5Y neuroblastoma cells
(2009) J. Proteomics Bioinform, 2, pp. 244-254. 

Fan, X., Hussien, R., Brooks, G.A.
H<sub>2</sub>O<sub>2</sub>-induced mitochondrial fragmentation in C2C12
myocytes
(2010) Free Radic. Biol. Med, 49 (11), pp. 1646-1654. 

Ferreira-Vieira, T.H., Guimaraes, I.M., Silva, F.R., Ribeiro, F.M.
Alzheimer's disease: Targeting the cholinergic system
(2016) Curr. Neuropharmacol, 14 (1), pp. 101-115. 

Flügel, A., Hager, G., Horvat, A., Spitzer, C., Singer, G.M.A., Graeber, M.B.
Neuronal MCP-1 expression in response to remote nerve injury
(2001) J. Cereb. Blood Flow. Metab, 21 (1), pp. 69-76. 

Forster, J.I., Köglsberger, S., Trefois, C., Boyd, O., Baumuratov, A.S., Buck, L.
Characterization of differentiated SH-SY5Y as neuronal screening model reveals
increased oxidative vulnerability
(2016) J. Biomol. Screen, 21 (5), pp. 496-509. 

Fu, W., Liu, Y., Yin, H.
Mitochondrial dynamics: Biogenesis, fission, fusion, and mitophagy in the
regulation of stem cell behaviors
(2019) Stem Cells Int, 2019, p. 9757201. 

Galasko, D., Montine, T.J.
Biomarkers of oxidative damage and inflammation in Alzheimer’s disease
(2010) Biomark. Med, 4 (1), pp. 27-36. 

Garcia, I., Innis-Whitehouse, W., Lopez, A., Keniry, M., Gilkerson, R.
Oxidative insults disrupt OPA1-mediated mitochondrial dynamics in cultured
mammalian cells
(2018) Redox Rep, 23 (1), pp. 160-167. 

Gunnarsson, L.G., Bodin, L.
Occupational exposures and neurodegenerative diseases-A systematic literature
review and meta-analyses
(2019) Int. J. Environ. Res. Public Health, 16 (3), p. E337. 



2/14/23, 4:11 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1603215199&eid=2-s2.0-85140873356&sort=&clickedL… 4/7

Gupta, R., Sen, N.
Traumatic brain injury: A risk factor for neurodegenerative diseases
(2016) Rev. Neurosci, 27 (1), pp. 93-100. 

He, J., Zhu, G., Wang, G., Zhang, F.
Oxidative stress and neuroinflammation potentiate each other to promote
progression of dopamine neurodegeneration
(2020) Oxid. Med. Cell. Longev, 2020, p. 6137521. 

Huang, Y., Tsubota, S., Nishio, N., Takahashi, Y., Kadomatsu, K.
Combination of tumor necrosis factor-α and epidermal growth factor induces the
adrenergic-to-mesenchymal transdifferentiation in SH-SY5Y neuroblastoma cells
(2021) Cancer Sci, 112 (2), pp. 715-724. 

Intihar, T.A., Martinez, E.A., Gomez-Pastor, R.
Mitochondrial dysfunction in Huntington’s disease; interplay between HSF1, p53
and PGC-1α transcription factors
(2019) Front. Cell. Neurosci, 13, p. 103. 

Jadhav, V., Solaroglu, I., Obenaus, A., Zhang, J.H.
Neuroprotection against surgically induced brain injury
(2007) Surg. Neurol, 67 (1), pp. 15-20. 

Jędrak, P., Mozolewski, P., Węgrzyn, G., Więckowski, M.R.
Mitochondrial alterations accompanied by oxidative stress conditions in skin
fibroblasts of Huntington’s disease patients
(2018) Metab. Brain Dis, 33 (6), pp. 2005-2017. 

Kang, S., Chen, X., Gong, S., Yu, P., Yau, S., Su, Z.
Characteristic analyses of a neural differentiation model from iPSC-derived neuron
according to morphology, physiology, and global gene expression pattern
(2017) Sci. Rep, 7 (1), p. 12233. 

Kawaguchi-Niida, M., Yamamoto, T., Kato, Y., Inose, Y., Shibata, N.
MCP-1/CCR2 signaling-mediated astrocytosis is accelerated in a transgenic mouse
model of SOD1-mutated familial ALS
(2013) Acta Neuropathol. Commun, 1 (1), p. 21. 

Levenson, R.W., Sturm, V.E., Haase, C.M.
Emotional and behavioral symptoms in neurodegenerative disease: A model for
studying the neural bases of psychopathology
(2014) Annu. Rev. Clin. Psychol, 10, pp. 581-606. 

Lin, M.T., Beal, M.F.
Mitochondrial dysfunction and oxidative stress in neurodegenerative diseases
(2006) Nature, 443 (7113), pp. 787-795. 

Liu, C.C.C., Lin, C.C.C., Hsiao, Y.C.C., Wang, P.J.J., Yu, J.S.S.
Proteomic characterization of six Taiwanese snake venoms: Identification of
species-specific proteins and development of a SISCAPA-MRM assay for cobra
venom factors
(2018) J. Proteomics, 187, pp. 59-68. 

Lu, M.O., Zhang, X.M., Mix, E., Quezada, H.C., Jin, T., Zhu, J.
TNF-alpha receptor 1 deficiency enhances kainic acid-induced hippocampal injury
in mice
(2008) J. Neurosci. Res, 86 (7), pp. 1608-1614. 

Madore, C., Yin, Z., Leibowitz, J., Butovsky, O.
Microglia, lifestyle stress, and neurodegeneration
(2020) Immunity, 52 (2), pp. 222-240. 



2/14/23, 4:11 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1603215199&eid=2-s2.0-85140873356&sort=&clickedL… 5/7

Marras, C., Canning, C.G., Goldman, S.M.
Environment, lifestyle, and Parkinson's disease: Implications for prevention in the
next decade
(2019) Mov. Disord, 34 (6), pp. 801-811. 

Miller, M.B., Reed, H.C., Walsh, C.A.
Brain somatic mutation in aging and Alzheimer’s disease
(2021) Annu. Rev. Genomics Hum. Genet, 22 (1), pp. 239-256. 

Minta, K., Brinkmalm, G., Al Nimer, F., Thelin, E.P., Piehl, F., Tullberg, M.
Dynamics of cerebrospinal fluid levels of matrix metalloproteinases in human
traumatic brain injury
(2020) Sci. Rep, 10 (1), p. 18075. 

Misrani, A., Tabassum, S., Yang, L.
Mitochondrial dysfunction and oxidative stress in Alzheimer’s disease
(2021) Front. Aging Neurosci, 13, p. 617588. 

Morgan, M.J., Liu, Z.-G.
Crosstalk of reactive oxygen species and NF-κB signaling
(2011) Cell. Res, 21 (1), pp. 103-115. 

Nicoletti, V., Palermo, G., Del Prete, E., Mancuso, M., Ceravolo, R.
Understanding the multiple role of mitochondria in Parkinson's disease and related
disorders: Lesson from genetics and protein-interaction network
(2021) Front. Cell. Dev. Biol, 9, p. 636506. 

Nijssen, J., Comley, L.H., Hedlund, E.
Motor neuron vulnerability and resistance in amyotrophic lateral sclerosis
(2017) Acta Neuropathol, 133 (6), pp. 863-885. 

Påhlman, S., Ruusala, A.-I., Abrahamsson, L., Mattsson, M.E.K., Esscher, T.
Retinoic acid-induced differentiation of cultured human neuroblastoma cells: A
comparison with phorbolester-induced differentiation
(1984) Cell. Differ, 14 (2), pp. 135-144. 

Pirou, C., Montazer-Torbati, F., Jah, N., Delmas, E., Lasbleiz, C., Mignotte, B.
FGF1 protects neuroblastoma SH-SY5Y cells from p53-dependent apoptosis
through an intracrine pathway regulated by FGF1 phosphorylation
(2017) Cell. Death Dis, 8 (8), p. e3023. 

Reddy, P.H., Oliver, D.M.
Amyloid beta and phosphorylated tau-induced defective autophagy and mitophagy
in Alzheimer’s disease
(2019) Cells, 8 (5), p. E488. 

Ross, C.A., Poirier, M.A.
Protein aggregation and neurodegenerative disease
(2004) Nat. Med, 10, pp. S10-S17. 

Sarangarajan, R., Meera, S., Rukkumani, R., Sankar, P., Anuradha, G.
Antioxidants: Friend or foe?
(2017) Asian pac. J. Trop. Med, 10 (12), pp. 1111-1116. 

Singh, A., Kukreti, R., Saso, L., Kukreti, S.
Oxidative stress: A key modulator in neurodegenerative diseases
(2019) Molecules, 24 (8), p. E1583. 

Troost, D., Van den Oord, J., De Jong, J., Swaab, D.
Lymphocytic infiltration in the spinal cord of patients with amyotrophic lateral



2/14/23, 4:11 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1603215199&eid=2-s2.0-85140873356&sort=&clickedL… 6/7

sclerosis
(1989) Clin. Neuropathol, 8 (6), pp. 289-294. 

Veldsman, M., Cheng, H.J., Ji, F., Werden, E., Khlif, M.S., Ng, K.K.
Degeneration of structural brain networks is associated with cognitive decline after
ischaemic stroke
(2020) Brain Commun, 2 (2), p. fcaa155. 

Wang, X., Michaelis, E.
Selective neuronal vulnerability to oxidative stress in the brain
(2010) Front. Aging Neurosci, 2, p. 12. 

Wang, Y., Sherchan, P., Huang, L., Akyol, O., McBride, D.W., Zhang, J.H.
Multiple mechanisms underlying neuroprotection by secretory phospholipase
A<sub>2</sub> preconditioning in A surgically induced brain injury rat model
(2018) Exp. Neurol, 300, pp. 30-40. 

Wang, Y., Wang, Y., Li, J., Hua, L., Han, B., Zhang, Y.
Effects of caffeic acid on learning deficits in A model of Alzheimer’s disease
(2016) Int. J. Mol. Med, 38 (3), pp. 869-875. 

Wei, Z., Li, X., Li, X., Liu, Q., Cheng, Y.
Oxidative stress in Parkinson's disease: A systematic review and meta-analysis
(2018) Front. Mol. Neurosci, 11, p. 236. 

White, F.A., Sun, J., Waters, S.M., Ma, C., Ren, D., Ripsch, M.
Excitatory monocyte chemoattractant protein-1 signaling is up-regulated in sensory
neurons after chronic compression of the dorsal root ganglion
(2005) Proc. Natl. Acad. Sci. U. S. A, 102 (39), pp. 14092-14097. 

Wu, L., Xiong, X., Wu, X., Ye, Y., Jian, Z., Zhi, Z.
Targeting oxidative stress and inflammation to prevent ischemia-reperfusion injury
(2020) Front. Mol. Neurosci, 13, p. 28. 

Wu, S., Zhou, F., Zhang, Z., Xing, D.
Mitochondrial oxidative stress causes mitochondrial fragmentation via differential
modulation of mitochondrial fission-fusion proteins
(2011) Febs J, 278 (6), pp. 941-954. 

Yan, S.D., Chen, X., Schmidt, A.M., Brett, J., Godman, G., Zou, Y.S.
Glycated tau protein in Alzheimer’s disease: A mechanism for induction of oxidant
stress
(1994) Proc. Natl. Acad. Sci. U. S. A, 91 (16), pp. 7787-7791. 

Yang, L., Mih, N., Anand, A., Park, J.H., Tan, J., Yurkovich, J.T.
Cellular responses to reactive oxygen species are predicted from molecular
mechanisms
(2019) Proc. Natl. Acad. Sci. U. S. A, 116 (28), pp. 14368-14373. 

Yang, S., Lian, G.
ROS and diseases: Role in metabolism and energy supply
(2020) Mol. Cell. Biochem, 467 (1), pp. 1-12. 

Zhang, L., Li, D., Zhang, J., Yan, P., Liu, X., Wang, L.
Excessive apoptosis and ROS induced by ethionine affect neural cell viability and
differentiation
(2020) Acta Biochim. Biophys. Sin, 52 (10), pp. 1156-1165. 

Zipfel, P., Rochais, C., Baranger, K., Rivera, S., Dallemagne, P.
Matrix metalloproteinases as new targets in Alzheimer’s disease: Opportunities and



2/14/23, 4:11 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1603215199&eid=2-s2.0-85140873356&sort=&clickedL… 7/7

challenges
(2020) J. Med. Chem, 63 (19), pp. 10705-10725. 

Correspondence Address
Shaikh M.F.; Neuropharmacology Research Laboratory, Bandar Sunway, Selangor, Malaysia; email:
farooq.shaikh@monash.edu
Othman I.; Neuropharmacology Research Laboratory, Selangor, Malaysia; email: iekhsan.othman@monash.edu

Publisher: Frontiers Media S.A.

ISSN: 16639812
Language of Original Document: English
Abbreviated Source Title: Front. Pharmacol.
2-s2.0-85140873356
Document Type: Article
Publication Stage: Final
Source: Scopus

Copyright © 2023 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.


