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 Epilepsy is a chronic neurological disorder where abnormal signals in nerve cells or neurons can result in strange sensations, 
altered behaviors and emotions, and in some cases, convulsions, loss of consciousness and muscle spasms. The exact underly-
ing molecular and cellular mechanism of epilepsy, however, remains unclear. In this perspective, we outline the recent ad-
vances in the mechanism of epilepsy. 

 In the past few years, many important milestones have been achieved in our understanding of epilepsy. Oxidative stress is 
one of the possible mechanisms involved in epileptic seizures and evidence from both animal and human studies suggest that it 
may contribute to the onset and evolution of epilepsy. Biochemical and histological studies have shown that oxidative stress 
results in epileptogenesis in both neurons and astrocytes [1]. Some antioxidant drugs administered in rodents during an epilepti-
cus status, significantly decreased seizures [2]. Whereas Hu et al. reported that protein-rich extracts from Bombyx batryticatus 
have potential antiepileptic effects in PTZ-induced epilepsy by exerting anti-oxidative and anti-apoptotic effects through the 
PI3K/Akt signaling pathway [3]. These results highlight the possible pharmacological mechanisms associated with oxidative 
stress in epileptic seizures and how targeting oxidative stress may improve disease outcomes in a rat model of acquired  
epilepsy. 

 Many patients with mitochondrial disease also suffer from epileptic seizures. Epilepsy caused by mitochondrial genetic dis-
orders leads to an insufficient supply of ATP due to nuclear or mitochondrial DNA mutations. The human neuropathological 
study shows that a deficiency of glutamine synthetase is an important pathogenic process for seizure onset in the brain, and 
astrocytes driven seizures in mitochondrial epilepsy [4]. Another pharmacological study showed that the activation of cannabi-
noid receptor 1 decreases the mitochondrial ATP levels which, in turn, open the potassium channel and contribute, at least in 
part, to its anticonvulsant effect [5]. Furthermore, post-treatment with the glucagon-like peptide-1 analogue inhibits mitochon-
drial stress induced by epilepticus status [6]. A clearer understanding of the reciprocal relation between epilepsy and mitochon-
drial dysfunction is therefore critical in order to find the appropriate antiepileptic treatment. Based on evidences of mitochon-
drial and oxidative stress, antioxidants acting specifically in mitochondria might be beneficial in alleviating the epileptic sei-
zures [7]. 

 Ketogenic is a high fat, low carbohydrate, and controlled protein diet that has been used for the treatment of epilepsy in both 
children and adults, and is an alternative treatment for drug-resistant epilepsy. Recent evidence from human studies show that 
modified ketogenic diet therapies inhibit seizure frequency and severity with very few side effects [8]. In ketogenic mice, there 
was a significant reduction observed in epileptiform activity [9]. Genetic animal studies also revealed that the ketogenic diet 
regulates antioxidant catalase through PPARγ2 activation, and that catalase may contribute to the ketogenic diet induced anti-
seizure efficacy [10]. In another study, the ketogenic diet modulated mitochondrial function, decreased the formation of reac-
tive oxygen species, increased the antioxidant capacity, and also prevented mutations in mitochondrial DNA [11]. These evi-
dence suggest that ketogenic diet has a direct impact on improving mitochondrial function and decreasing oxidative stress in 
epilepsy [12, 13]. 

CONCLUSION 

 In conclusion, in this perspective, we summarized the role of mitochondria-targeted antioxidant potential in epileptic sei-
zure. Mitochondria-targeted antioxidant pathways may therefore be possible potential targets in ketogenic diet treatment for 
epilepsy. There is however still a need to further clarify mechanisms of mitochondria-targeted antioxidant action in the GABA-
glutamate-glutamine cycle. 

 
 

*Address correspondence to this author at the Jilin Provincial Key Laboratory on Molecular and Chemical Genetic, The Second Hospital of Jilin University, 
Ziqiang Street No. 218. Changchun, 130041, China; E-mail: libingjin@jlu.edu.cn 



Recent Advances in Epilepsy Current Neuropharmacology, 2019, Vol. 17, No. 10    915 

 

CONSENT FOR PUBLICATION 

 Not applicable. 

FUNDING	
  
 None.	
  

CONFLICT OF INTEREST 

 The authors declare no conflict of interest, financial or otherwise. 

ACKNOWLEDGEMENTS 

 Declared none. 

REFERENCES 

[1] Pauletti, A.; Terrone, G.; Shekh-Ahmad, T.; Salamone, A.; Ravizza, T.; Rizzi, M.; Pastore, A.; Pascente, R.; Liang, L.P.; Villa, B. R.; 
Balosso, S.; Abramov, A.Y.; van Vliet, E.A.; Del Giudice, E.; Aronica, E.; Patel, M.; Walker, M.C.; Vezzani, A. Targeting oxidative 
stress improves disease outcomes in a rat model of acquired epilepsy. Brain, 2019, pii: awz130. doi: 10.1093/brain/awz130. 

[2] Terrone, G.; Frigerio, F.; Balosso, S.; Ravizza, T.; Vezzani, A. Inflammation and reactive oxygen species in status epilepticus: Bio-
markers and implications for therapy. Epilepsy Behav., 2019, pii: S1525-5050(19)30301-4. 

[3] Hu, M.; Liu ,Y.; He, L.; Yuan, X.; Peng, W.; Wu, C. Antiepileptic effects of protein-rich extract from Bombyx batryticatus on mice 
and its protective effects against H2O2-induced oxidative damage in PC12 cells via regulating PI3K/Akt signaling pathways. Oxid. 
Med. Cell Longev., 2019, 2019, 7897584. 

[4] Chan, F.; Lax, N.Z.;Voss, C.M., Aldana, B.I.; Whyte,  S.; Jenkins A.; Nicholson, C.; Nichols, S., Tilley, E.; Powell, 
Z.;Waagepetersen, H.S.;Davies C.H.;Turnbull D.M.; Cunningham, M.O. The role of astrocytes in seizure generation: insights from a 
novel in vitro seizure model based on mitochondrial dysfunction. Brain, 2019, 142(2), 391-411. 

[5] Haj-Mirzaian, A.; Ramezanzadeh, K.; Afshari, K.; Mousapour, P.; Abbasi, N.; Haj-Mirzaian, A.; Nikbakhsh, R.; Haddadi, N.S.; 
Dehpour, A.R. Activation of ATP-sensitive K-channel promotes the anticonvulsant properties of cannabinoid receptor agonist 
through mitochondrial ATP level reduction. Epilepsy Behav., 2019, 93, 1-6. 

[6] Wang, R.F.; Xue, G.F.; Hölscher, C.; Tian, M.J.; Feng, P.; Zheng, J.Y.; Li, D.F. Post-treatment with the GLP-1 analogue liraglutide 
alleviate chronic inflammation and mitochondrial stress induced by status epilepticus. Epilepsy Res., 2018, 142, 45-52. 

[7] Anna, M. J.; Peter, J, A.; Christiaan, L. Beneficial effects of exercise on age‐related mitochondrial dysfunction and oxidative stress in 
skeletal muscle. J. Physiol., 2016, 594, 5105-5123. 

[8] Roehl, K.; Falco-Walter, J.; Ouyang, B.; Balabanov, A. Modified ketogenic diets in adults with refractory epilepsy: Efficacious im-
provements in seizure frequency, seizure severity, and quality of life. Epilepsy Behav., 2019, 93, 113-118. doi: 
10.1016/j.yebeh.2018.12. 

[9] Forero-Quintero, L.S.; Deitmer J.W.; Becker, H.M. Reduction of epileptiform activity in ketogenic mice: The role of monocarboxy-
late transporters. Sci Rep., 2017, 7(1), 4900. 

[10] Knowles, S.; Budney, S.; Deodhar, M.; Matthews, S.A.; Simeone K.A.;  Simeone T.A. Ketogenic diet regulates the antioxidant cata-
lase via the transcription factor PPARγ2. Epilepsy Res., 2018, 147, 71-74. 

[11] Hyun-seung, R.; Su-Youn, C.; Hee-Tae, R. The effects of ketogenic diet on oxidative stress and antioxidative capacity markers of 
Taekwondo athletes J. Exerc. Rehabil., 2014, 10(6), 362-366. 

[12] Zhang, Y.; Xu, J.; Zhang, K.; Yang, W.; Li B. The anticonvulsant effects of ketogenic diet on epileptic seizures and potential mecha-
nisms. Curr. Neuropharmacol., 2018, 16(1), 66-70. 

[13] Yin, G.; Yao, G.; Zhang, K.; Li, B. Recent advances in pathophysiological studies and treatment of epilepsy. Curr. Neuropharmacol., 
2018, 16(1), 3-4. 

 

DISCLAIMER: The above article has been published in Epub (ahead of print) on the basis of the materials provided by the author. The Editorial Department 
reserves the right to make minor modifications for further improvement of the manuscript. 


