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Abstract

Herein proteomic profiling of the rat hippocampus from the kindling and pilocarpine models of
epilepsy was performed to achieve new potential targets for treating epileptic seizures. A total
of 144 differently expressed proteins in both left and right hippocampi by two-dimensional
electrophoresis coupled to matrix-assisted laser desorption-mass spectrometry were identified
across the rat models of epilepsy. Based on network analysis, the majority of differentially
expressed proteins were associated with Ca2+ homeostasis. Changes in ADP-ribosyl cyclase
(ADPRC), lysophosphatidic acid receptor 3 (LPAR3), calreticulin, ubiquitin carboxyl-terminal
hydrolase L1 (UCH-L1), synaptosomal nerve-associated protein 25 (SNAP 25) and transgelin 3
proteins were probed by Western blot analysis and validated using immunohistochemistry.
Inhibition of calcium influx by 8-Bromo-cADP-Ribose (8-Br-cADPR) and 2-Aminoethyl
diphenylborinate (2-APB) which act via the ADPRC and LPARS3, respectively, attenuated epileptic
seizures. Considering a wide range of molecular events and effective role of calcium
homeostasis in epilepsy, polypharmacy with multiple realistic targets should be further explored
to reach the most effective treatments.

http://dx.doi.org/10.1038/s41598-021-87555-7

References

[1] Léscher, W. Current status and future directions in the pharmacotherapy of epilepsy. Trends. Pharmacol. Sci.
23,113-118 (2002). DOI: 10.1016/S0165-6147(00)01974-X

[2] Wahab, A. Difficulties in treatment and management of epilepsy and challenges in new drug development.
Pharmaceuticals (Basel) 3, 2090-2110 (2010). DOI: 10.3390/ph3072090

[3] Dubé, C. et al. Temporal lobe epilepsy after experimental prolonged febrile seizures: prospective analysis.
Brain 129, 911-922 (2006). DOI: 10.1093/brain/awl018

[4] Staley, K. Molecular mechanisms of epilepsy. Nat. Neurosci. 18, 367-372 (2015). DOI: 10.1038/nn.3947

[5] Léscher, W. Animal models of epilepsy for the development of antiepileptogenic and disease-modifyingdrugs: A
comparison of the pharmacology of kindling and post-statusepilepticus models of temporal lobe epilepsy.
Epilepsy. Res. 50, 105-123 (2002). DOI: 10.1016/S0920-1211(02)00073-6

[6] Kandratavicius, L. et al. Animal models of epilepsy: Use and limitations. Neuropsychiatr. Dis. Treat. 10,
1693-1705 (2014). DOI: 10.2147/NDT.S50371

[7] Cavalheiro, E. A. The pilocarpine model of epilepsy. Ital. J. Neurol. Sci. 16, 33-37 (1995). DOI:
10.1007/BF02229072

[8] Civelek, M. & Lusis, A. J. Systems genetics approaches to understand complex traits. Nat. Rev. Genet. 15,
34-48 (2014). DOI: 10.1038/nrg3575


http://dx.doi.org/10.1038/s41598-021-87555-7

[9]

[10]

(11]

[12]

[13]

(14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

Van Den Pol, A. N., Obrietan, K. & Belousov, A. Glutamate hyperexcitability and seizure-like activity throughout
the brain and spinal cord upon relief from chronic glutamate receptor blockade in culture. Neuroscience 74,
653-674 (1996). DOI: 10.1016/0306-4522(96)00153-4

Chen, Y., Parker, W. D. & Wang, K. The role of T-type calcium channel genes in absence seizures. Front. Neurol.
5,45 (2014).

Raza, M. et al. Evidence that injury-induced changes in hippocampal neuronal calcium dynamics during
epileptogenesis cause acquired epilepsy. Proc. Natl. Acad. Sci. 101, 17522-17527 (2004). DOI:
10.1073/pnas.0408155101

Gatzonis, S. D. et al. Hemispheric predominance of abnormal findings in electroencephalogram (EEG). Seizure.
11, 442-444 (2002). DOI: 10.1053/seiz.2001.0642

Racine, R. J. Modification of seizure activity by electrical stimulation Il. Motor seizure. Electroencephalogr. Clin.
Neurophysiol. 32, 281-294 (1972). DOI: 10.1016/0013-4694(72)90177-0

Klitgaard, H., Matagne, A., Veneste-Goemaere, J. & Margineanu, D. G. Pilocarpine-induced epileptogenesis in
the rat: Impact of initial duration of status epilepticus on electrophysiological and neuropathological
alterations. Epilepsy. Res. 51, 93-107 (2002). DOI: 10.1016/50920-1211(02)00099-2

Sayyah, M., Yousefi-pour, M. & Narenjakar, J. Anti-epileptogenic effect of B-carotene and vitamin A in
pentylentetrazole-kindling model of epilepsy in mice. Epilepsy. Res. 63, 11-16 (2005). DOI:
10.1016/j.eplepsyres.2004.10.001

Sayyah, M., Valizadeh, J. & Kamalinejad, M. Anticonvulsant activity of the leaf essential oil of Laurus nobilis
against pentylenetetrazole- and maximal electroshock-induced seizures. Phytomedicine 9, 212-216 (2002).
DOI: 10.1078/0944-7113-00113

Sadeghi, L. et al. Hippocampal asymmetry: differences in the left and right hippocampus proteome in the rat
model of temporal lobe epilepsy. J. Proteomics. 154, 22-29 (2017). DOI: 10.1016/j.jprot.2016.11.023

Bradford, M. M. Rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal. Biochem. 72, 248-254 (1976). DOI: 10.1016/0003-2697(76)90527-3

Dyballa, N. & Metzger, S. Fast and sensitive colloidal Coomassie G-250 staining for proteins in polyacrylamide
gels. J. Vis. Exp. 30, 1431 (2009).

Towbin, H., Staehelin, T. & Gordon, J. Electrophoretic transfer of proteins from polyacrylamide gels to
nitrocellulose sheets: Procedure and some applications. Biotechnol. 24, 145-149 (1979).

Csardi, G. & Nepusz, T. The igraph software package for complex network research. Int. J. Complex Syst. 1695,
1-9 (2006).

Yang, J. L. et al. Comparative proteomics and correlated signaling network of rat hippocampus in the
pilocarpine model of temporal lobe epilepsy. Proteomics 8, 582-603 (2008). DOI: 10.1002/pmic.200700650

Alkhidze, M., Lomidze, G., Kasradze, S. & Tsiskaridze, A. Characteristics and predictive biomarkers of drug
resistant epilepsy: Study in Georgia. Neuroimmunol. Neuroinflammation. 4, 191-198 (2017). DOI:
10.20517/2347-8659.2017.14

Carvajal, F. J., Mattison, H. A. & Cerpa, W. Role of NMDA receptor-mediated glutamatergic signaling in chronic
and acuteneuropathologies. Neural. Plast. 2016, 2701526 (2016). DOI: 10.1155/2016/2701526

Coulter, D. A. & Eid, T. Astrocytic regulation of glutamate homeostasis in epilepsy. Glia 60, 1215-1226 (2012).
DOI: 10.1002/glia.22341

Carvalho, A. L., Duarte, C. B., Faro, C. J., Carvalho, A. P. & Pires, E. V. Calcium influx through AMPA receptors
and through calcium channels is regulated by protein kinase C in cultured retina amacrine-like cells. J.
Neurochem. 70, 2112-2119 (1998). DOI: 10.1046/j.1471-4159.1998.70052112.x

Howard, M. et al. Formation and hydrolysis of cyclic ADP-ribose catalyzed by lymphocyte antigen CD38.
Science 262, 1056-1059 (1993). DOI: 10.1126/science.8235624

Rogawski, M. A. AMPA receptors as a molecular target in epilepsy therapy. Acta Neurol. Scand. Suppl. 197,
9-18 (2013). DOI: 10.1111/ane.12099

Ueda, H., Matsunaga, H., Olaposi, O. |. & Nagai, J. Lysophosphatidic acid: chemical signature of neuropathic
pain. Biochim. Biophys. Acta. 1831, 61-73 (2013). DOI: 10.1016/j.bbalip.2012.08.014

Kwon, M. S. et al. Calreticulin couples calcium release and calcium influx in integrin-mediated calcium
signaling. Mol. Biol. Cell. 11, 1433-1443 (2000). DOI: 10.1091/mbc.11.4.1433

Wenderfer, S. E., Soimo, K., Wetsel, R. A. & Braun, M. C. Analysis of C4 and the C4 binding protein in the
MRL/Ipr mouse. Arthritis. Res. Ther. 9, R114 (2007). DOI: 10.1186/ar2320

Goyette, J. & Geczy, C. L. Inflammation-associated S100 proteins: new mechanisms that regulate function.
Amino Acids 41, 821-842 (2011). DOI: 10.1007/s00726-010-0528-0

Zou, Y., He, X., Peng, Q. Y. & Guo, Q. L. Inhibition of CD38/Cyclic ADP-ribose pathway protects rats against
ropivacaine-induced convulsion. Chin. Med. J. (Engl) 130, 2354-2360 (2017).

Dipp, M. & Evans, A. M. Cyclic ADP-ribose is the primary trigger for hypoxic pulmonary vasoconstriction in the
rat lung in situ. Circ. Res. 89, 77-83 (2001). DOI: 10.1161/hh1301.093616



[35] Kannt, A, Sicka, K., Kroll, K., Kadereit, D. & Gdgelein, H. Selective inhibitors of cardiac ADPR cyclase as novel
anti-arrhythmic compounds. Naunyn. Schmiedebergs. Arch. Pharmacol. 385, 717-727 (2012). DOI:
10.1007/s00210-012-0750-2

[36] Scharfman, H. E. Epilepsy as an example of neural plasticity. Neuroscientist. 8, 154-173 (2002). DOI:
10.1177/107385840200800211



