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ABSTRACT

Epilepsy is one of the oldest and most important diseases in the world, affecting the lives of many people. Although the basis of its treatment is 
anti-seizure drugs, only 70% of patients respond to drug therapy. Temporal lobe epilepsy (TLE), which means drug-resistant epilepsy, is the most 
common condition of focal epilepsy. In the case of TLE, new methods are needed, considering the possible situations that may occur during surgical 
intervention. In recent years, it is thought that superparamagnetic iron oxide nanoparticles, which have attracted attention with their wide range 
of use, biocompatibility, and unique properties, may contribute to magnetic targeted drug therapy. This review aimed to evaluate the effect of 
superparamagnetic iron oxide nanoparticles on TLE.
Keywords: Epilepsy, magnetic nanoparticles, superparamagnetic iron oxide nanoparticles, temporal lobe epilepsy.

Epilepsy is one of the most common 
chronic brain disorders affecting approximately 
70 million people in the world, characterized by 
seizures caused by paroxysmal and self-limiting 
hypersynchronization of neurons.[1-3] Conversely, 
the World Health Organization (WHO) refers 
to epilepsy as “a chronic, non-contagious brain 
disease that affects approximately 50 million 
people worldwide.”[4] The WHO reported that 
epilepsy is one of the oldest diseases in the world, 
dating back to 4000 years before the Common 
Era (BCE). It also noted that it is characterized 
by recurrent seizures, which can involve a part of 
the body or the whole body, and are sometimes 
accompanied by loss of consciousness and control 
of bowel or bladder function, with short periods of 
involuntary movement.[4]

In epilepsy, epileptogenesis, known as the 
process involving a chronic structural and 

morphological change process, and the mechanism 
by which the normal brain develops epilepsy are 
not fully understood.[3] Epilepsy may develop due 
to acute brain damage caused by stroke, brain 
tumors, gene mutations, metabolic disorders, and 
autoimmune conditions.[5] Epilepsy is a common 
abnormal neurological syndrome.[6] In addition, 
epilepsy is often associated with cognitive deficits, 
neurological comorbidities, such as schizophrenia, 
anxiety, and depression, and psychiatric disorders, 
such as autism spectrum disorders that severely 
affect the quality of life for patients.[1] These 
comorbidities are varied in incidence and severity 
depending on the etiology of epilepsy and the age 
at which the condition develops.[5]

Advances in genetics, biochemistry, 
neurophysiology, and imaging have led to the 
development of diagnostic biomarkers for epilepsy 
and redefining the etiology of some epileptic 
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syndromes. In the last decade, the etiology of 
epilepsy has been detected earlier in the course 
of the disease than ever before. At the same time, 
advances in the study of experimental models of 
epilepsy have provided a better understanding of 
the underlying mechanisms of the disease and 
contributed to the identification of treatments 
targeting specific etiologies.[7]

Anti-seizure medication is the mainstay of 
epilepsy treatment. Today, there are more than 
30 anti-seizure medications.[8] Conventional 
medications appear to have little effect on 
symptoms of approximately 25% of epilepsy 
patients, and 75% of these patients develop 
refractory epilepsy causing temporal lobe epilepsy 
(TLE).[9]

Temporal lobe epilepsy was first described 
by Hughlings Jackson in 1898.[10] Temporal lobe 
epilepsy is a common drug-resistant epilepsy 
of unknown etiology in adults.[11] It is the most 
common focal epilepsy syndrome in adults, 
characterized by seizures originating from or 
involving the hippocampus.[12,13] It is difficult to 
treat therapeutically due to its frequent resistance 
to antiepileptic drugs.[14] Seizures are resistant to 
drug therapy in about 30% of patients.[15]

Patients with refractory TLE constitute the 
majority of patients referred to surgery in the 
treatment of epilepsy, and at least one-third of 
these patients are seen to be drug-resistant. In this 
case, it is thought that removing some or all of 
the temporal structures such as the hippocampus 
(i.e., resection) may be the solution. However, 
bleeding, high blood pressure, and significant 
infection risk are among the possibilities.[12] Reliable 
preoperative localization is crucial for the success 
of surgery in drug-resistant epilepsy. Computer-
aided calculations and quantitative approaches 
are needed for neuroimaging evaluations, which 
are hardly visible in images but whose effect is 
reliably seen.[12]

Structural lesions serve as generators for 
seizure onset in most patients with focal epilepsy. 
These lesions are usually considerably thin. The 
identification of the lesion and the planning of 
surgical treatment strategies are based on the 
identification of the structural lesion on magnetic 
resonance imaging (MRI).[16] Magnetic resonance 
imaging is a powerful and non-surgical tool 
in biomedical imaging and clinical diagnosis. 

It has a high spatial and temporal resolution. 
It is non-radiative when compared to imaging 
modalities such as computed tomography (CT) 
and single-photon emission computed tomography 
(SPECT)/positron emission tomography (PET). 
However, MRI sensitivity is limited for cellular and 
molecular imaging compared to optical imaging 
and SPECT/PET.[17]

Nanomaterials have unique properties such 
as a high surface area to volume ratio, adjustable 
size, biocompatibility, importance in targeted 
therapy, easy separation under external magnetic 
fields, and superparamagnetism. In addition 
to these features, their surfaces can be easily 
functionalized in different ways.[18,19]

The unique properties of magnetic 
nanoparticles, particularly their magnetic 
susceptibility and good biocompatibility, draw 
a significant amount of attention.[20] In recent 
years, they have become ideal for applications 
in biomedicine, biomedical engineering, and 
biomedical applications, including magnetic 
carriers for drug delivery systems and contrast-
enhancing agents in MRI for diagnosis.[18-21] In 
the last few years, magnetic nanoparticles have 
been used frequently in bio nanotechnologies 
such as bio-separation, tumor hyperthermia, 
enzyme immobilization, MRI, diagnostic agents, 
magnetically guided target-specific drug delivery 
agents, and biomolecule immobilization.[22]

Magnetic iron oxide nanoparticles 
(IONPs) appear to be of particular interest 
in many biomedical applications due to 
their superparamagnetic properties and low 
toxicity. It shows superparamagnetic properties 
when its dimensions are below 20 nm. Its 
nanoscale diameter and excellent magnetic 
properties contribute to the various functions 
of superparamagnetic iron oxide nanoparticles 
(SPIONs).[23] Superparamagnetic iron oxide 
nanoparticles are also excellent MRI contrast 
agents with strong shortening effects and unique 
magnetic properties under longitudinal relaxation 
(T1) and transverse relaxation (T2).[17]

In the last few years, SPIONs are widely used 
in numerous clinical applications such as MRI, 
tissue repair, immunoassays, hyperthermia, gene 
delivery, detoxification of biological fluids, cell 
separation, and drug delivery (Figure 1).[22,23] 
Biocompatible, stable, non-toxic nanoparticles 
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are used as efficient tools in the biological 
environment. Superparamagnetic iron oxide 
nanoparticles can be used as cancer therapeutics 
when designed in whole or in part.

Superparamagnetic iron oxide nanoparticles 
show features such as small size, high 
magnetization, biodegradable surface coating 
to prevent agglomeration, targeted attraction, 
therapeutically effective drug distribution, 
improved co-development for monitoring and 
imaging, and improved half-life.[23]

The main synthesis routes for preparing 
SPIONs have been well established over the last 
two decades. Some of these are readily available 
to produce semi-industrial quantities of IONPs, 
such as co-precipitation, light oxidative hydrolysis, 
and thermal decomposition.[24] The methods 
of preparing IONPs are shown in Figure 2. 
The properties of IONPs, such as differences 
in morphology, sizes, and shapes, affect their 
applications in biomedicine. The advantages and 
disadvantages of the basic methods used in the 
synthesis are known.[26]

Superparamagnetic iron oxide nanoparticles 
can also interact with different support 
materials; therefore, they can be enclosed with 
various groups. Superparamagnetic iron oxide 

nanoparticle-based MRI auxiliary agents are 
generally prepared by aqueous precipitation of 
ferric and ferrous ions in a basic medium in 
the presence of dextran or carboxy dextran. 
Hydrophilic polymer coating materials play an 
important role in determining circulation times 
and their distribution in the body. Without any 
surface coating, SPIONs are not stable colloidal 
elements in solutions, and they tend to clump or 
even precipitate in water and the physiological 
environment.[17]

Superparamagnetic iron oxide nanoparticles 
can be observed by forming structures in different 
ways, such as clinical validation in research or 
clinical tests and polymer micelle-based systems. 
Figure 3a, b show the molecules involved in the 
structure.[27]

As a drug delivery system, SPIONs show 
significant advantages in the treatment of 
many diseases, including epilepsy. The use of 
nanocarriers is prominent in bringing therapeutics 
directly to the target area and reducing systemic 
concentrations.[28]

Protein corona is a factor affected by the 
various physiochemical properties of the 
nanoparticles, and in turn, can affect the targeting 
abilities of SPIONs in imaging applications. In 

Figure 1. SPIONs applications.[22,23]

SPIONs: Superparamagnetic iron oxide nanoparticles.

Figure 2. Preperation methods for iron oxide nanoparticles 
(IONPs).[25]
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addition, the different physiochemical properties 
of SPIONs affect their biokinetics and in vivo 
use. Protein corona not only alters the toxicity, 
uptake, targeting, and circulation time of SPIONs 
but can also affect the relaxation of SPIONs 
as MRI contrast agents. These changes can be 
observed in the intake, distribution, metabolism, 
and excretion of SPIONs.[29-32]

Treatment of lung diseases causes difficulties 
in the ability to limit the accumulation of 
inhalation aerosols to specific lung areas or 
local airways. To prevent this, it is essential to 
use magnetically charged aerosols to target the 
airway in the presence of an external magnetic 

field. In target-oriented work, the use of SPIONs 
is preferred and new strategies are developed 
(Figure 4).[33]

Long et al.,[34] in their study in 2015, primarily 
bone marrow mesenchymal stem cells (BMSCs) 
transplantation, have pronounced that a promising 
approach for the treatment of epilepsy. Moreover, 
they stated that there are limited studies on BMSCs 
labeled with ultrasmall superparamagnetic iron 
oxide (USPIO) nanoparticles in the MRI follow-up 
of the TLE rat model. For this purpose, BMSCs 
were pre-labeled with USPIO nanoparticles 
and then cell apoptosis, proliferation, surface 
antigens, and multipotential were investigated. 

Figure 3. (a) SPIONs: Clinically approved or in clinical test. (b) SPIONs: polymeric micelle 
based system in  research.[17]

(a)

(b)
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It was determined that it is possible to trace 
transplanted BMSCs using MRI in a TLE rat 
model and demonstrated that USPIO labeling is 
a valuable tool for cell monitoring in the study of 
seizure disorders.

Fu et al.[35] stated that although active targeting 
of drugs using magnetic targeted drug delivery 
system (MTDS) with SPIONs is an effective 
treatment approach for tumors and other 
diseases, successful results in TLE have not 
yet been reported. A distinctive feature in the 
neuropathology of TLE is inflammation of the 
brain, particularly the activation of interleukin (IL)-
1b by activated glial cells, which is considered a 
new mechanical target for therapy. They aimed to 
determine the feasibility of SPIONs functionalized 
with anti-IL-1b. In the study, they explained that 
this novel approach is an effective method in 
using SPIONs with its increased accumulation and 
anti-IL-1 therapeutic effect.

Yu et al.[36] considered the preliminary 
information that the regional overexpression 
of the multidrug transporter P-glycoprotein 
(P-gp) in epileptic brain tissues can reduce the 
antiepileptic drug concentrations in the target 
area and contribute to pharmaco-resistance 

in refractory epilepsy. In the study, they 
aimed to develop a nano-active compound by 
combining SPIONs with a near-infrared probe 
and pepstatin A targeting element, a peptide 
with a specific affinity for P-gp. The study 
demonstrated a suitable strategy for molecular 
imaging P-gp expression in the blood-brain 
barrier (BBB) with SPIONs, which specifically 
and effectively reveals regional changes caused 
by seizures. This suggests that this method may 
provide an experimental tool for understanding 
the mechanism of P-gp in multidrug-resistant 
diseases and locating the P-gp overexpressed 
focus. It also suggests that identifying additional 
reliable P-gp surrogate markers would greatly 
enhance the ability to diagnose, treat, and 
prevent P-gp overactivity.

Abbas et al.[37] directed clonazepam to the brain 
via the intranasal olfactory mucosa using nano 
lipid carriers loaded with SPIONs. They aimed 
to allow nanocarrier guidance to be directed 
by an external magnetic field and examined 
the peripheral effect of clonazepam with the 
intranasal method in the treatment of epilepsy. It 
was observed that nanostructured lipid carriers/
SPION treatment was effective in reducing the 
side effects of clonazepam.

Figure 4. Use of SPIONs different researches in health.[28-33]

SPIONs: Superparamagnetic iron oxide nanoparticles.
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Temporal lobe epilepsy is closely related to 
inflammation. Alpha-methyl-1-tryptophan (AMT) 
is considered a candidate marker for epilepsy, 
characterized by high uptake in the epileptic 
focus. There are many advantages to using 
SPIONs with a MTDS in the treatment of many 
diseases, including epilepsy. Wan et al.[38] used an 
anti-IL-1b monoclonal antibody (mAb) chelated to 
AMT and SPIONs to pass it through the BBB. In 
the study, they investigated the effect of a targeted 
therapy. They found that SPIONs interacting 
with anti-IL-1b mAb has an improved therapeutic 
effect. The unique advantages of SPIONs and 
active position targeting of AMT were determined 
to be important in the anti-IL-1 of-mAb therapy of 
the acute TLE model.

In conclusion, the effects of SPIONs, 
biocompatible, stable, and non-toxic nanoparticles 
that provide new strategies in the biological 
environment, on TLE were discussed in this review. 
Superparamagnetic iron oxide nanoparticles 
have many advantages and disadvantages, and 
they can interact with different support materials; 
thus, they can be enclosed with different groups. 
They are considered advantageous candidates 
for new methods, particularly because of their 
biocompatibility and unique qualities. They also 
have a wide range of applications such as 
healthcare, biotechnology, and nanotechnology.

Declaration of conflicting interests

The authors declared no conflicts of interest with 
respect to the authorship and/or publication of this article.

Funding

The authors received no financial support for the 
research and/or authorship of this article.

REFERENCES
1. Akyuz E, Paudel YN, Polat AK, Dundar HE, 

Angelopoulou E. Enlightening the neuroprotective 
effect of quercetin in epilepsy: From mechanism 
to therapeutic opportunities. Epilepsy Behav 
2021;115:107701.

2. Asadi-Pooya AA, Tajbakhsh A, Savardashtaki A. 
MicroRNAs in temporal lobe epilepsy: A systematic 
review. Neurol Sci 2021;42:571-8.

3. Osawa SI, Tominaga T. Application of optogenetics 
in epilepsy research. Adv Exp Med Biol 
2021;1293:557-62.

4. WHO (2019) Epilepsy. Available at: https://www.who.
int/news-room/fact-sheets/detail/epilepsy [Accessed: 
August 21, 2019]

5. Vezzani A, Balosso S, Ravizza T. Neuroinflammatory 
pathways as treatment targets and biomarkers in 
epilepsy. Nat Rev Neurol 2019;15:459-72.

6. Du C, Wang J, Liu X, Li H, Geng D, Yu L, et al. 
Construction of Pepstatin A-Conjugated ultrasmall 
SPIONs for targeted positive MR imaging of 
epilepsy-overexpressed P-glycoprotein. Biomaterials 
2020;230:119581.

7. Nabbout R, Kuchenbuch M. Impact of predictive, 
preventive and precision medicine strategies in 
epilepsy. Nat Rev Neurol 2020;16:674-88.

8. Asadi-Pooya AA, Sperling MR. Antiepileptic drugs: a 
clinician’s manual. 2nd ed. Oxford: Oxford University 
Press; 2016. 

9. Espinosa-Jovel CA, Sobrino-Mejía FE. Drug resistant 
epilepsy. Clinical and neurobiological concepts. Rev 
Neurol 2015;61:159-66. Spanish.

10. Taylor DC, Marsh SM. Hughlings Jackson’s Dr Z: The 
paradigm of temporal lobe epilepsy revealed. J Neurol 
Neurosurg Psychiatry 1980;43:758-67.

11. Beesley S, Sullenberger T, Crotty K, Ailani R, 
D'Orio C, Evans K, et al. D-serine mitigates cell loss 
associated with temporal lobe epilepsy. Nat Commun 
2020;11:4966.

12. Jber M, Habibabadi JM, Sharifpour R, Marzbani 
H, Hassanpour M, Seyfi M, et al. Temporal and 
extratemporal atrophic manifestation of temporal 
lobe epilepsy using voxel-based morphometry and 
corticometry: Clinical application in lateralization of 
epileptogenic zone. Neurol Sci 2021.

13. Venø MT, Reschke CR, Morris G, Connolly 
NMC, Su J, Yan Y, et al. A systems approach 
delivers a functional microRNA catalog and 
expanded targets for seizure suppression in 
temporal lobe epilepsy. Proc Natl Acad Sci U S A 
2020;117:15977-88.

14. Chen B, Xu C, Wang Y, Lin W, Wang Y, Chen L, et al. 
A disinhibitory nigra-parafascicular pathway amplifies 
seizure in temporal lobe epilepsy. Nat Commun 
2020;11:923.

15. Borger V, Hamed M, Taube J, Aydin G, Ilic I, 
Schneider M, et al. Resective temporal lobe surgery 
in refractory temporal lobe epilepsy: Prognostic 
factors of postoperative seizure outcome. Journal of 
Neurosurgery 2021:1-10.

16. Gupta V, Middlebrooks EH, Vibhute PG. Neuroimaging 
and Epilepsy. In: Tatum WO, Sirven JI, Cascino GD, 
editors. Epilepsy Case Studies. Cham: Springer; 2021. 
p. 189-95.

17. Jin R, Lin B, Li D, Ai H. Superparamagnetic iron oxide 
nanoparticles for MR imaging and therapy: Design 
considerations and clinical applications. Curr Opin 
Pharmacol 2014;18:18-27.

18. Ding Y, Zeng L, Xiao X, Chen T, Pan Y. Multifunctional 
magnetic nanoagents for bioimaging and therapy. 
ACS Appl Bio Mater 2021;4:1066–76.

19. Izci M, Maksoudian C, Manshian BB, Soenen SJ. 
The use of alternative strategies for enhanced 



D J Tx Sci72

nanoparticle delivery to solid tumors. Chem Rev 
2021;121:1746-803.

20. Zhang JL, Srivastava RS, Misra RD. Core-shell 
magnetite nanoparticles surface encapsulated 
with smart stimuli-responsive polymer: Synthesis, 
characterization, and LCST of viable drug-targeting 
delivery system. Langmuir 2007;23:6342-51.

21. Assa F, Jafarizadeh-Malmiri H, Ajamein H, Anarjan 
N, Vaghari H, Sayyar Z, et al. A biotechnological 
perspective on the application of iron oxide 
nanoparticles. Nano Research 2016;9:2203-25.

22. Ozyilmaz E, Sayin S, Arslan M, Yilmaz M. Improving 
catalytic hydrolysis reaction efficiency of sol-gel-
encapsulated Candida rugosa lipase with magnetic 
b-cyclodextrin nanoparticles. Colloids Surf B 
Biointerfaces 2014;113:182-9.

23. Palanisamy S , Wang YM . Superparamagnetic iron 
oxide nanoparticulate system: Synthesis, targeting, 
drug delivery and therapy in cancer. Dalton Trans 
2019;48:9490-515.

24. Nedyalkova M, Donkova B, Romanova J, Tzvetkov 
G, Madurga S, Simeonov V. Iron oxide nanoparticles 
- In vivo/in vitro biomedical applications and in silico 
studies. Adv Colloid Interface Sci 2017;249:192-212.

25. Abbas HS, Krishnan A. Magnetic nanosystems as 
a therapeutic tool to combat pathogenic fungi. Adv 
Pharm Bull 2020;10:512-23.

26. Zhu N, Ji H, Yu P, Niu J, Farooq MU, Akram MW, 
et al. Surface modification of magnetic iron oxide 
nanoparticles. Nanomaterials (Basel) 2018;8:810.

27. Yilmaz E. Enantioselective enzymatic hydrolysis 
of racemic drugs by encapsulation in sol-gel 
magnetic sporopollenin. Bioprocess Biosyst Eng 
2012;35:493-502.

28. Janko C, Ratschker T, Nguyen K, Zschiesche L, Tietze 
R, Lyer S, et al. Functionalized Superparamagnetic 
Iron Oxide Nanoparticles (SPIONs) as platform for 
the targeted multimodal tumor therapy. Front Oncol 
2019;9:59.

29. Sharifi S, Seyednejad H, Laurent S, Atyabi F, Saei 
AA, Mahmoudi M. Superparamagnetic iron oxide 
nanoparticles for in vivo molecular and cellular imaging. 

Contrast Media Mol Imaging 2015;10:329-55.
30. Laurent S, Mahmoudi M. Superparamagnetic iron 

oxide nanoparticles: Promises for diagnosis and 
treatment of cancer. Int J Mol Epidemiol Genet 
2011;2:367-90.

31. Laurent S, Saei AA, Behzadi S, Panahifar A, Mahmoudi 
M. Superparamagnetic iron oxide nanoparticles for 
delivery of therapeutic agents: Opportunities and 
challenges. Expert Opin Drug Deliv 2014;11:1449-70.

32. Zoppellaro G. Iron oxide magnetic nanoparticles 
(NPs) tailored for biomedical applications. In: Sharma 
SK, Javed Y, editors. Magnetic nanoheterostructures. 
Cham: Springer; 2020. p. 57-102.

33. Ostrovski Y, Dorfman S, Poh W, Chye Joachim Loo 
S, Sznitman J. Focused targeting of inhaled magnetic 
aerosols in reconstructed in vitro airway models. J 
Biomech 2021;118:110279.

34. Long Q, Li J, Luo Q, Hei Y, Wang K, Tian Y, et al. 
MRI tracking of bone marrow mesenchymal stem cells 
labeled with ultra-small superparamagnetic iron oxide 
nanoparticles in a rat model of temporal lobe epilepsy. 
Neurosci Lett 2015;606:30-5.

35. Fu T, Kong Q, Sheng H, Gao L. Value of 
functionalized superparamagnetic iron oxide 
nanoparticles in the diagnosis and treatment of 
acute temporal lobe epilepsy on MRI. Neural Plast 
2016;2016:2412958.

36. Yu X, Wang J, Liu J, Shen S, Cao Z, Pan J, et al. A 
multimodal Pepstatin A peptide-based nanoagent for 
the molecular imaging of P-glycoprotein in the brains 
of epilepsy rats. Biomaterials 2016;76:173-86.

37. Abbas H, Refai H, El Sayed N. Superparamagnetic 
iron oxide-loaded lipid nanocarriers incorporated 
in thermosensitive in situ gel for magnetic 
brain targeting of clonazepam. J Pharm Sci 
2018;107:2119-27.

38. Wang Y, Wang Y, Sun R, Wu X, Chu X, Zhou S, 
et al. The treatment value of IL-1b monoclonal 
antibody under the targeting location of alpha-methyl-
L-tryptophan and superparamagnetic iron oxide 
nanoparticles in an acute temporal lobe epilepsy 
model. J Transl Med 2018;16:337.


