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Abstract: Central nervous system (CNS) diseases have a very important place in terms of public health. Epilepsy is
one of the most common CNS diseases. Epilepsy is a chronic disease, and it is a cause of substantial morbidity and
mortality. Many people around the world suffer from epilepsy, and the causes of this disease are still not fully clarified.
It is known that approximately 50 million people suffer from epilepsy. Antiepileptic drugs are frequently used in
the treatment of epilepsy, but the difficulty with these drugs is the emergence of drug resistance, and additionally,
antiepileptic drugs can be administered in oral and intravenous routes. But these treatments are not always effective.
On the other hand, drugs used in the treatment of epilepsy must be delivered effectively and safely, so to protect the
brain. Therefore, new delivery systems are needed to deliver drugs at concentrations determined for high therapeutic
efficacy in epilepsy without side effects. Considering this information, there is a need to develop new treatment
strategies. With the development of nanotechnology, it has been shown that nanoparticles as a drug delivery system
are significantly effective in the treatment of diseases. Nano-carrier systems can fulfill many functions such that they
can cross the blood-brain barrier (BBB) passing a specific cell or signaling pathway, reply to endogenous stimulus,
support nerve regeneration, and ensure cell survival. Thanks to these features, it is seen that nano-carrier systems
are quite assertive regarding the current treatment methods in epilepsy. Today, studies of the therapeutic efficacy
of liposomes, micelles, solid lipid nanoparticles, dendrimers, and nanoemulsions as nano-carrier systems on central
nervous system diseases are still ongoing. It holds promise in the concentration control of the drugs and the delivery
of the drug to the target tissue through the BBB. This review investigates the role of nano-carrier systems in addition
to current treatment methods in epilepsy.
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A New Approach in Epilepsy Treatment: Nano-Carrier Systems

1. Introduction

Epilepsy is a neurological disease characterized by abnormal electrical activity that causes seizures in
different parts of the brain. This disease has neurological, cognitive, psychological, and social effects; and
globally influences roughly 50 million people (Devinsky et al., 2018). Estimates of the global prevalence and
incidence of epilepsy vary from country to country. While it is more common in middle-income countries
than in high-income countries, there is a significant increase in the number of patients in childhood
compared to old age (Fiest et al,, 2017). However, the mortality is low. It was seen that unintentional
injuries and suicide were among the deaths caused by epilepsy (Thurman et al.,, 2017). These results show
that the patients are psychologically affected by life-long continuation of the disease.

According to the World Health Organization (WHO), seizure episodes are a conclusion of excessive electrical
discharges in a group of brain cells. These discharges can emerge in several parts of the brain. The frequency
of seizures caused by these discharges can range from 1 per year to several per day (https://www.who.int/
en/news-room/fact-sheets/detail/epilepsy, accessed on 16.12.2020). Epilepsy can be described as any of
the following circumstances according to the International League Against Epilepsy (ILAE) classification:

1- At least 2 times to provoke the occurrence of seizure in 1 day
2- Seizure occurring in the next 10 years and their probability (having at least a 60% chance of seizures)

3- Diagnosis of epilepsy syndrome (Beghi, 2020; Fisher et al., 2014)

2. Pathology of Epilepsy

The fundamental mechanism of epileptic seizures is extreme and unusual electrical activity in the cortex
(Fisher et al., 2005). This pathological situation in the brain can be seen in different regions such as
temporal, frontal, parietal, and occipital-lobe (Aronica and Miihlebner, 2017; Kwan et al., 2011). Although
the pathology of epilepsy is not yet exactly known, several reasons are thought for the disease. In addition
to reasons such as brain damage, stroke, brain tumors, brain infections, or birth defects (Fisher et al.,
2005), genetic mutations are thought to play a serious role in the occurrence of the disease (Pandolfo,
2011). Epilepsy studies due to genetic factors are still ongoing. For example, according to the isolation
results of samples taken from patients with infantile-onset seizures, it is thought that the disease may
be caused by a mutation in the PCDH19 gene (Hynes, 2010). Also, cerebrovascular disorders, defects
of cortical development, metabolic diseases are associated with epilepsy pathology (Kwan et al., 2011).

3. Diagnosis of Epilepsy

Diagnosis should be based on anamnesis whether the person had an epileptic seizure, the description of
the attack, and the combination of different symptoms. Electroencephalography (EEG), long-term video
electroencephalography (EEG), high-resolution MRI, neurophysiological tests are essential tests for the
diagnosis. Today, EEG plays an important role in the non-invasive diagnosis of epilepsy. EEG is the most
important auxiliary diagnosis method besides the anamnesis and EEG should be performed on every patient
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who is thought to have a seizure. Information about deep brain functions and pathological processes is
provided with EEG and video EEG (Reif et al.,, 2016). Existing methods for the detection of seizures use
simulations for feature extraction from EEG signals. Epileptic findings are evaluated with stimulants given
during EEG (Ullah et al., 2018). For this reason, flash stimulants in the EEG used in diagnosis are among
the important factors that trigger seizures. Optional methods include PET and SPECT, functional MR, MR
spectroscopy, magnetoencephalography, and Wada test (Ergun et al., 2017). MR method is used to define
the seizure onset regions (Ryvlin and Rheims, 2012). Nuclear Medicine Tests SPECT and PET are nuclear
medicine imaging methods used to identify the epileptic focus before surgery. Radiopharmaceuticals
used for SPECT are Tc99m HMPAO and Tc-99m ECD. The mostly used radioactive material for PET imaging
is F-18 FDG, and F-18 flumazenil (FMZ) also shows the seizure area, even localized in a more limited area
than FDG (Yalnizoglu et al,, 2012). Neuroimaging can be used to reveal structural abnormalities that
may be the cause of epilepsy. Magnetic resonance imaging (MRI) is the preferred imaging study. MRI
method can be used in patients who show a focal onset in any way with the patient’s history, symptoms
on examination, or EEG (Kinay, 2012).

4. Epilepsy Treatment

In individuals diagnosed with epilepsy, it is very important to determine the seizure type, seizure frequency,
and recurrence risk. Treatments aim to eliminate seizures or to reduce the frequency of seizures and to
increase the patient’s quality of life (Erding, 2013; Rowland, 2008). Antiepileptic drugs are frequently used
in the treatment. Drug esistance is one of the major challenges in the treatment (Téllez-Zenteno et al.,
2014). However, the likelihood of disease recovery is reduced due to drug resistance. In addition to drug
therapy, alternative treatment methods continue to be developed. One of these methods is epilepsy surgery.
Surgery could be a choice for focal seizures to control the seizures completely. Vagus nerve stimulation,
anterior thalamic stimulation, and stimulation responsive to the closed-loop are the three types of surgery
that can be performed for individuals who do not respond to medications (Edwards et al., 2017). Other
alternative treatment methods include vagus nerve stimulation (Yuan and Silberstein, 2016), deep brain
stimulation (Kwon et al., 2018), responsive neurostimulation (Skarpaas et al., 2019), and the ketogenic
diet (Liu et al., 2018). However, the drugs used in the treatment of epilepsy are supportive treatments
and the healing effect of the disease is very low. Although the effects on the frequency of seizures have
been observed in alternative methods, these methods need to be improved. Antiepileptogenic agents to
prevent epilepsy before the first seizure in at-risk patients and disease-modifying new agents to control
ongoing severe epilepsy associated with progressive underlying disease are also needed (Schmidt and
Schachter, 2014).

5. Nanotechnology for Delivery of Drugs: Nano-carrier Systems

Nano-carrier systems as drug delivery systems have become one of the prominent research topics with
the development of nanotechnology. Nano-carrier systems are seen as a new generation therapy with
the targeted delivery of therapeutic small drug molecules and genes to cells specific (Ding and Li 2017;
Farokhzad and Langer, 2009). Nano-carriers have two main advantages. First, nano-carriers have a larger
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surface-to-volume ratio so they contribute to a significant reduction in drug concentration. As the dose
decreases, the side effects and toxicity of the drug will decrease (Zhang et al.,, 2016). Second, drugs can
be targeted to a specific tissue. Thus, the drug effect is further increased (Liu et al.,, 2016).

It can take on more than one task with the nano-carrier system. Several of these tasks, therapeutic drug
can be included in the nano-carrier system or the drug surface can be encapsulated. It is thought that
nano-carrier systems can be effective in diagnosing diseases as well as their therapeutic effectiveness
(Fan et al, 2016).

There are many different forms of nano-carriers. For example, these nano-carrier systems are nanocarbon,
polymeric nanoparticles (PNPs), solid lipid nanoparticles (SLNPs), nanocolloids, liposomes, aerogels, and
micelles. However, recent studies have shown that nanosystems, such as dendrimers, nanoemulsions,
nanogels, nanosuspensions, and nanotubes, have been developed. Nano-carrier systems have very small
dimensions. The dimensions of nano-carrier systems designed with nanotechnology can vary between 1
and 500 nm. (Alexander et al., 2019; Bonferoni et al.,, 2019). To compare nano-carrier systems, the average
size of cells is 10-20 um, while the least diameter of blood capillaries is 6-9 um. It has been found that
the dimensions of nano-carriers are quite small compared to the sizes of human cells. Thus, nano-carriers
are easily transported and absorbed by brain capillary endothelial cells by the mechanism of endocytosis
and transcytosis transport (Vilella et al,, 2014).

6. Nano-Carrier Drug Systems in the Treatment of Epilepsy

In recent years, CNS diseases are one the most common causes of death and disorders in the world. In the
treatment of these diseases, complexities such as the inability of improved formulations to pass through
the BBB, limited neuroregeneration, and inadequacy to remove the disease factor from the environment
are experienced (Feigin et al,, 2019). Nanotechnological research developing in recent years has shown that
the nanomaterials can cross via the BBB and that the development of new treatment approaches for CNS
diseases has also been a gleam of hope. Nanotechnology-based drug delivery is well novel as compared
to classic treatment methods and an encouraging approach in the field of neurological disorders as nano-
carriers have been demonstrated powerful in fascinating traversing the BBB or blood-cerebrospinal fluid
barrier and so active delivering drugs (Li et al., 2017; Poovaiah et al., 2018).

Current knowledge has shown that nanomaterial systems have revolutionized the treatment of various
CNS diseases. It has been observed that it has the potential to treat diseases such as Parkinson’s and
Alzheimer’s dieases, stroke, as well as brain tumors and epilepsy.

Different strategies have been developed for epilepsy treatment, however, the nanotechnological research
has shown excellent potential to overcome all major obstacles in epilepsy treatment. In a 2012 study, it has
been observed that the formulation obtained with carbamazepine intranasal mucoadhesive nanoemulsion
(MNEG) targets the brain and significantly prolongs the onset of convulsion in convulsive rat (Samia
et al, 2012). In another study, it is reported that-carotene loaded PLGA nanoparticles have a greater
anticonvulsant effect compared to polysorbate-80 coated carotene nanoparticles (Yusuf et al,, 2012). It
has been observed that the formulation formed in the encapsulation of hydrophobic drug molecules with
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bioactive nanomaterials and biodegradable polymeric materials has effective bioavailability. It was observed
that the formulation obtained with the piperine-loaded hyaluronic acid (HA)/Poly (lacticco) encapsulated
Copper oxide quantum dots delayed myoclonic jerks (MCJ) (Zhu et al., 2020). In an experimental study
on mice with an epilepsy model derived from Scn1a, it was reported by researchers that nanoparticle-
encapsulated oxytocin robust and sustained protection against induced seizures and improved social

behavior (Wong et al., 2020). Other studies on this subject are shown in Table 1.

Table 1. Nano-carrier systems developed for epilepsy treatment

Nano-carrier system
used

Antiepileptic drug
used

Results

Reference

Nanostructured Lipid
Carriers

Carbamazepine
(CB2)

Carbamazapine loaded nanostructured li-
pid transporters (CBZ-NLC) has better brain
transmission and therapeutic results com-
pared to CBZ

Khan et al., 2020

Oxcarbazepine (OXC)

The formulation obtained by encapsula-
ting Oxcarbazepine in nanostructured lipid
carriers (NLCs) consisting of cetyl palmitate
and oleic acid coated with polyvinyl alco-
hol (PVA) or chitosan (Ch) was found to re-
main in the circulation longer than Oxcar-

bazepine alone.

Scioli Montoto et al,,
2021

Nanoliposome

Lamotrigine (LTG)

In particular nasal delivery Lamotrigine-Na-
noliposome (LT-GNP) to the brain compared
to LTG is therapeutically effective

Praveen et al., 2019

Carbamazepine

Carbamazapine loaded Solid lipid nan-
particles (CBZ-SLN) being protected aga-

Scioli Montoto et al.,

status epilepticus

(CB2) inst seizures 2018
Solid Lipid Nanopar-
ticles
It has been observed that the formulation
obtained by encapsulating curcumin with
Curcumin solid lipid nanoparticles reduces neuronal | Huang et al., 2020
apoptosis.
Clonazepam (CZ) loaded polymeric micelles
Polymeric Clonazepam (PM) have a protective effect against seizu-
Micelles (CLZ) res, especially in emergency treatment for | Nour et al., 2016
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The formulation developed with clonaze-
pam (CZ) transferosomes has a protective
Transferosomes effect against seizures, especially in emer-
Clonazepam gency treatment for status epilepticus Nour et al., 2017
(CLZ)

Carbamazepine loaded carboxymethyl chi-
tosan nanoparticles (CBZ-NPs) have a signifi-
cant effect, especially in targeting the brain | Liu et al., 2018
Carbamazepine

(CB2)
Polymeric Oxcarbazepine (OXC) loaded PLGA NPs re-
Nanoparticles duced the number of administrations to 1
over 24 h compared to the free drug thus | Musumeci et al.,
controlling seizures in rats. 2018
Oxcarbazepine (OXC)

In vitro studies showed that the formulation
Thyrotropin-releasing | obtained by encapsulating the TRH analo-
hormone gue with PLGA could be an active nano- | Kaur et al,, 2018
(TRH) carrier system.

With all this information, it has been observed that the different antiepileptic drugs used are effectively
transported to the brain by nano-carrier systems. It is thought that nano-carrier systems may be a new
treatment strategy in many CNS disorders, especially in epilepsy.

Conclusion

Epilepsy is a chronic neurological disorder. Many mechanisms underlying the disorder remains a mystery.
Besides, the quality of life of the patients is decreasing day by day due to seizures characterized by the
disease. Although EEG has been the preferred diagnostic method frequently, the development of imaging
methods for the brain is important especially for early diagnosis. Nowadays, there are several treatment
options available to reduce the period and frequency of seizures of epilepsy. However, the patient still
must struggle with this disease for life. Overall, new approaches are needed in the treatment of other
CNS diseases, especially epilepsy. With the recent studies and the development of nanotechnology, it is
thought that it is efficient in the treatment of epilepsy compared to classic treatment methods. Designed
nanomaterials have perfect advantages owing to their properties such as increasing biocompatibility,
increasing blood circulation time, and reducing systemic toxicity, targeting specifically to the region, and
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continuous and controlled drug release. However, studies on epilepsy treatment of nano-carrier systems
are limited and further studies are needed. Drug delivery systems designed with nanomaterials should
be investigated by conducting preclinical studies. We think that it is possible to treat epilepsy with nano-
carrier systems.
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