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ABSTRACT 

Background: The immune system has been a hotspot for epilepsy 

researchers during the past decade. The outcome of this is an ever-

increasing body of knowledge about the role of several 

immunological variables in the development of epilepsy and 

seizures epileptogenesis. 

Methods: We carried out this case-control study in the Neurology 

Clinic and Neurology Department, Faculty of Medicine, Zagazig 

University Hospitals,on 224 persons categorized into two groups: 

112 epileptics and 112 controls. Comprehensive evaluations were 

conducted on all patients, including electroencephalograms, brain 

MRIs, standard laboratory tests, as well as serum interleukin-6 (IL-

6) levels that were assessed by an enzyme-linked immunosorbent 

assay (ELISA). 

Results: Patients with epilepsy had a significantly elevated serum 

IL-6 level compared to the control group (P<0.001). Astatistically 

significant difference was detected between drug-responsive and 

drug-non-responsive patients as regard IL-6, as the mean level of 

IL-6 was higher among drug-non-responsive patients 

(P=0.02).Also, IL-6 level was significantly higher among patients 

with generalized tonic-clonic seizures (P=0.02). The median level 

of IL-6 was significantly higher among patients who received 

polytherapy compared with those on monotherapy (P=0.001). 

Also, the median IL-6 level was significantly higher among 

patients who had generalized epileptiform activity compared with 

those who had partial-onset seizures(P=0.01). 

Conclusions: The correlation between serum IL-6 levels and 

epilepsy was statistically significant. Epileptic seizures could 

induce the production of IL-6, and a high concentration of IL-6 

could be an obvious neurotoxic and pro convulsion factor. 

Keywords: Interleukin-6; Seizure; Refractory epilepsy; 

Neuroinflammation. 
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INTRODUCTION 

ore than 70 million people across the 

globe could experience epilepsy, making it 

one of the most prevalent and severe brain 

disorders. Both newborns and the elderly are 

at a higher risk than younger age groups when 

it comes to its incidence. The intricate genetic 

architecture of the most prevalent forms of 

epilepsy is being revealed by advances in 

genomic technology, which is causing 

paradigm shifts [1,2]. 

An immunological response, neuro- 

inflammation, protects the central nervous 

system (CNS), but it can be detrimental when 

stimulated to dangerous levels. The 

neuroinflammation process is initiated in the 

brain in response to stressors in order to 

reduce neuronal damage and neurode- 

generation. To maintain synaptic plasticity 

and enhance neurogenesis, cytokine 

production and toll-like receptor activation 

are the principal mechanisms that can be 

utilized. Concurrently, there are a number of 

pathways that are set in motion to control and 

alleviate neuroinflammation. But in other 

instances, neurodegeneration and other 

negative outcomes are brought about by 

protracted inflammation and overexpression 

of cytokines by highly activated glial cells. 

Therefore, acute neuroinflammation protects 

brain tissue while also stimulating 

neurogenesis and repair. But persistent 

inflammation can damage CNS tissues [3-5]. 

All cells in the CNS, including neurons and 

glial cells, are impacted by neuro- 

inflammation, which can be caused by brain 

injury or systemic inflammation. It changes 

the brain's signaling pathways. The brain 

becomes susceptible to ictogenesis and 

epileptogenesis due to neuronal 

hyperexcitability caused by imbalanced 

mediators and elevated mediators associated 

with inflammation [6-9]. 

This work aimedto assess the possible 

relationship between interleukin-6 (IL-6) and 

epilepsy and its relationship with refractory 

epilepsy. 

METHODS 

This case-control study included 224 

individuals divided into two groups. Group 1 

(the epilepsy group)included 112 adult 

patients with idiopathic epilepsy, whose ages 

ranged from 19 to 63 years with a mean of 

35.9±11.4. 58% of them were males and 

42%were females. Group 2 (the control 

group) included 112 apparently healthy 

individuals who visited our clinics. Their ages 

ranged from 19 to 58 years with a mean of 

33.6±10.5. 54.5% of them were males and 

45.5% were females. 

Furthermore, the epilepsy group was 

subdivided into two subgroups:drug-

responsive and drug-resistant groups. The 

drug-responsive group included 52 patients, 

whose ages ranged from 23 to 50 years with a 

mean of 33.9±7.83. 61.5% of them were 

males and 38.5% were females. The drug-

resistant group included 60 patients, whose 

ages ranged from 19 to 36 years with a mean 

of 37.6±13.6. 55% of them were males and 

45% were females. Patients in the latter 

subgroup were diagnosed with refractory 

epilepsy, according to the International 

League Against Epilepsy (ILAE), when 

seizure independence was not achieved after 

sufficient trials of two antiepileptic 

medications that were well-tolerated, selected, 

and delivered [10]. 

M 
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The Academic and Ethical Committee at 

Zagazig University gave their approval to the 

study (IRB#10661). Every single participant 

gave their written informed consent. All 

procedures followed here adhere to the 

guidelines laid out in the Declaration of 

Helsinki, which is part of the World Medical 

Association's Code of Ethics for Research 

Involving Humans. 

Inclusion criteria 

The current study included patients older than 

18 years of both genders diagnosed with 

idiopathic epilepsy based on patient and 

witness history in accordance with the ILAE 

criteria[11]. 

Exclusion criteria 

Patients with secondary epilepsy (diagnosed 

by history taken from patients and/or relatives 

and confirmed by MRI brain), patients aged 

18 or less, patients with special epileptic 

syndrome, patients with severe adverse drug 

reactions or history of alcohol or drug abuse, 

patients receiving epileptogenic drugs, 

patients with severe mental or psychiatric 

diseases, people with severe infections or 

inflammatory diseases, pregnant or 

breastfeeding women, and those with 

uncontrolled diabetes mellitus, hypertension, 

cardiovascular disease, kidney disease, liver 

disease, neoplasms, or connective tissue 

disorders were all excluded as these 

conditions may be associated with elevated 

serum IL-6 levels. 

History and clinical evaluation 

Epileptic patients have been subjected to 

detailed history taking and neurological 

examination with a focus on family history, 

prenatal, natal, and postnatal history, 

developmental history, age of epilepsy onset, 

frequency of attacks per month, time of the 

last attack and its duration before blood 

sampling, history of status epilepticus, 

medications used in treatment either 

monotherapy or polytherapy, and type of 

seizures divided according to the ILAE into 

generalized, focal, and epilepsy syndromes. 

Laboratory investigations 

All patients and healthy controls were 

subjected to full routine lab investigations, 

including a complete blood picture, kidney 

and liver function tests, blood glucose level, 

serum electrolyte level,erythrocyte 

sedimentation rate (ESR), and C-reactive 

protein (CRP). The serum level of IL-6 was 

assessed by an enzyme-linked immunosorbent 

assay (ELISA). 

Electroencephalography 

Electroencephalography (EEG) was done 

using the 10-20 system, with 22scalp 

electrodes and 16 channels (alvar-model) 

EEG equipment, with various provocative 

methods, including photic stimulation, 

hyperventilation, and sleep deprivation, for 60 

minutes. It was done for all epileptic patients 

for the interictal phase to confirm and classify 

type of epilepsy and for follow-up in cases of 

drug-resistant epilepsy. 

Radiological investigations 

Magnetic Resonance Imaging (MRI) of the 

brainwas performed using PhilipsAchevia 

1.5T MRI machine. It was done for all 

epileptic patients to exclude secondary 

epilepsy. 

Statistical analysis: 

Data were gathered, tabulated, and analyzed 

using SPSS (statistical package for social 

science) version 20.0 (SPSS Inc., Chicago, IL, 

USA). Quantitative data was shown as mean 

± standard deviation (SD), median, and 

interquartilerange (IQR), whereas qualitative 
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data was expressed as numbers and 

percentages. The Mann-Whitney U test, Chi-

square test, Fisher exact test, and Kruskal-

Wallis test were used for data analysis.To 

indicate significant results, the P value was 

set at less than 0.05, and for highly significant 

results, it was set at less than 0.001. 

RESULTS 

Table (1) shows, as regard type of seizures, 

the most frequent type was generalized tonic-

clonic seizures (GTCS), which was detected 

among 80.4% of patients, while the least 

frequent types were focal seizures and focal 

with secondary GTCS, which were detected 

among 9.8% of patients for each. 

Table (2) shows a non-significant difference 

between drug-responsive and drug-

resistantgroups as regards age, sex, family 

history of epilepsy, age at onset of illness, 

duration of disease, and type of seizures. 

Table (3) shows a statistically significant 

difference between drug-responsive and drug-

resistant patients as regard IL-6, as the mean 

level of IL-6 was higher among drug-resistant 

patients (P=0.02), and it was significantly 

higher among patients with GTCS (P=0.02). 

Also, the median level of IL-6 was 

significantly higher among patients who 

received polytherapy (P=0.001). 

Table (4) shows a statistically significant 

increase in the value of IL-6 among epileptic 

patients (P<0.001) when compared to the 

control group. 

Table (5) shows a statistically significant 

difference between drug-responsive and drug-

resistant patients as regard IL-6, as the mean 

of IL-6 was higher among drug-resistant 

patients (P=0.002). 

 

Table 1: Seizures characteristics among the epilepsy group 

Variables  Epilepsy group 

(n=112) 

Type of seizures (N.%) 

 

Generalized tonic-clonic seizures 90 (80.4%) 

Focal seizures 11 (9.8%) 

Focal with 2ry generalization 11 (9.8%) 

History of status epilepticus 

(N.%) 

Absent 77 (68.8%) 

Present 35 (31.3%) 

Frequency (/month) Median (IQR) 3 (4) 

Range (0.08 – 90) 

 

Table 2: Demographic and clinical data of drug-responsive and drug-resistant epileptic patients 

Variables  Drug-responsive 

(n=52) 

Drug-resistant 

(n=60) 

P value 

Age (years) 

 

Mean ± SD 33.9 ± 7.83  37.6 ± 13.6  

0.281 
Range (23 – 50) (19 – 63) 

Sex (N.%) 

 

Male 32 (61.5%) 33 (55%)  

0.482 
Female 20 (38.5%) 27 (45%) 

Family history of 

epilepsy (N.%) 

Absent 36 (69.2%) 46 (76.7%)  

0.382 
Present 16 (30.8%) 14 (23.3%) 
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Variables  Drug-responsive 

(n=52) 

Drug-resistant 

(n=60) 

P value 

Age at onset 

(years) 

Median (IQR) 21 (19) 22 (15)  

0.761 
Range (2 – 33) (3 – 51) 

Duration (years) Median (IQR) 20 (16) 13 (11)  

0.171 
Range (1 – 39) (4 – 34) 

Type of seizures 

(N.%) 

 

GTCS 44 (84.6%) 46 (76.7%)  

 

0.123 
Focal seizures 6 (11.5%) 5 (8.3%) 

Focal with 2ry 

generalization 

2 (3.8%) 9 (15%) 

History of status 

epilepticus (N.%) 

Absent 46 (88.5%) 39 (65%)  

0.0032 
Present 6 (11.5%) 21 (35%) 

Frequency 

(/month) 

Median (IQR) 1 (2.83) 4 (3.75)  

<0.0011 
Range (0.08 – 12) 0.3 (90) 

Type of treatment 

(N. %) 

No therapy 0 (0%) 0 (0%)  

 

<0.0013 
Monotherapy 39 (75%) 0 (0%) 

Polytherapy 13 (25%) 60 (100%) 
1Mann-Whitney U test 
2Chi-square test 
3Fisher exact test 

P value >0.05 was considered non-significant  

P value ≤0.05 was considered significant 

 

Table 3: Association of IL-6 with demographic and clinical data among the epilepsy group 

Variables  IL-6 

Median (IQR) 
P 

Value 

Sex 

 

Male 2.21 (2.09)  

0.541 
Female 2.81 (1.35) 

Family history of 

epilepsy 

Absent 2.74 (1.79)  

0.841 
Present 2.44 (1.87) 

Type of seizures 

 

GTCS 7.6 (26.25)  

 

0.022 
Focal seizures 1.02 (2.17) 

Focal with 2ry generalization  2.66 (1.65) 

History of status 

epilepticus 

Absent 2.66 (2.09)  

0.851 
Present 2.36 (1.87) 

Type of treatment Monotherapy 1.77 (2.99)  

0.0011 
Polytherapy 2.81 (4.79) 

EEG findings Normal 1.47 (1.05)  

 

0.022 
Focal 1.09 (1.65) 

GEA 2.96 (3.82) 
1Mann-Whitney U test 
2Kruskal-Wallis test,  

P value >0.05 was considered non-significant  

P value ≤0.05 was considered significant 
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Table 4: IL-6 among the studied groups 

Variables  Control group 

(n=112) 

Epilepsy group 

(n=112) 

P 

Value 

IL-6 (pg/ml) Median (IQR) 0.17 (0.16) 2.66 (1.79)  

<0.0011 Range (0.01 – 0.47) (0.27 – 48.43) 
1Mann-Whitney U test,  

P value ≤0.05 was considered significant 

 

Table 5: IL-6 among drug-responsive and drug-resistant patients 

Variables  Drug-responsive 

(n=52) 

Drug-resistant 

(n=60) 

P 

Value 

IL-6 (pg/ml) Median (IQR) 2.14 (1.5) 3.11 (5.83)  

0.0021 
Range (0.27 – 7.9) (0.42 – 48.43) 

1Mann-Whitney U test,  

P value ≤0.05 was considered significant 

 

Seizure recurrence is the predominant 

symptom of epilepsy, a complicated and 

multifaceted neurological illness [11]. 

Evidence from clinical trials shows that 

epileptic foci of brain tissue experience 

immune activation in individuals with 

epilepsy, lending credence to the complex 

link between the immune system and 

epilepsy. Seizures trigger an inflammatory 

immunological cascade by activating glial 

cells around epileptic foci to release 

inflammatory mediators. Recent evidence 

suggests that neuroinflammation may have a 

role in the development of epilepsy and 

seizures [12]. 

Inflammatory and immunological mediators 

play important roles in epileptogenesis and 

the onset of seizures, according to 

experimental data. Specifically, it has been 

demonstrated that cytokines such as IL-1β, 

IL-6, tumor necrosis factor-α (TNF-α), and 

toll-like receptor-4 play a role in the origin of 

seizures and epileptogenesis[13]. 

In our study, we found that IL-6 was 

significantly higher among epileptic patients 

compared to the control group. This was in 

agreement withseveral otherstudiessinceEzer 

et al. [14], Tao et al. [15],and Milano et 

al.[16] reported that patients with epilepsy 

had higher levels of IL-6 in their serum 

compared to healthy controls, which may 

indicate that IL-6 synthesis is increased or 

that IL-6 metabolism is decreased in these 

individuals. 

In a review of 66 studies involving 1934 

patients, de Vries et al. [17] came to the 

conclusion that IL-1β, IL-6, IL-10, interferon-

γ (IFN-γ), and TNF-α were the most studied 

cytokines in relation to epilepsy and that IL-6, 

IL-17, and cerebrospinal fluid (CSF) IL1β 

were elevated in cases of human epilepsy.  

On the other hand, the function of IL-6 in 

neuroinflammation and seizure activity has 

been the subject of contradictory research in 

the last several years. There was a statistically 

significant correlation between elevated IL-6 

levels and post-traumatic stress disorder 

(PTSD), according to Choudhary et al. [12]. 

Reducing NMDA-mediated neurotoxicity and 

promoting neuronal differentiation and 

survival are two effects that IL-6 has been 

shown to have. Although definitive 

information about the expression and function 

of IL-6 in regions of the brain that are known 

to be epileptogenic is lacking, it is reasonable 

to assume that higher levels of IL6 in plasma 

and cerebrospinal fluid are linked to an 

increased propensity to induce seizures [11]. 

According to Lehtimaki et al. [18], the CSF 

compartment and endothelial cells of brain 

arteries are the primary sources of elevated 

serum cytokine levels. An individual's 

threshold for seizures is lowered by elevated 

levels of pro-inflammatory cytokines in the 

brain, lending credence to the idea that 

neuroinflammation plays a role in 

epileptogenesis[19,20]. 

Our findings demonstrated that IL-6 was 
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significantly higher among drug-resistant 

epilepsy patients compared to drug-

responsive patients.On the other hand, IL-6 

was higher in patients with a history of status 

epilepticus than in those without a history of 

status epilepticus.However, this difference 

was not statistically significant. 

In consistency, Milano et al. [16] 

reported that the percentage of monocytes 

positive for IL-6 was greater in drug-resistant 

patients compared to drug-responsive 

individuals. 

Similarly to our study,El-Fayomy et al. [21] 

found that when comparing the control group 

to their patients with refractory epilepsy, they 

found significantly increased serum levels of 

IL-6 (P=0.024). 

Potere et al. [22] found that drug-resistant 

epilepsy (DRE) patients with focal epilepsy 

had higher IL-6 levels and more severe 

seizureswhen compared with patients with 

generalized seizures.Sinha et al. [23] found 

that IL-6 was positively correlated with status 

epilepticus (P<0.05). 

Seizures, according to recent research, 

accelerate glial cell activation, which in turn 

increases inflammatory mediator synthesis 

and promotes an inflammatory process 

[24].Theneuromodulatory actions of these 

inflammatory mediators cause alterations in 

the connection and function of neurons. As a 

result, there is a possibility that seizures and 

pro-inflammatory cytokines exacerbate each 

other, leading to neuronal hyperexcitability 

and an increased risk of seizures [25]. 

The blood-brain barrier is disrupted, and 

seizure activity is maintained when repetitive 

or prolonged seizures trigger an inflammatory 

cascade linked to an increase in IL-6 levels 

[26]. 

Pletalo et al.[27,28]reported that elevated 

levels of IL-6 in the serum or CSF were 

strongly correlated with the severity of 

seizures (P<0.05). 

Compared to individuals with focal epilepsy 

or focal with secondary generalization, our 

study indicated that patients with generalized 

tonic-clonic convulsion had considerably 

greater levels of IL-6. 

Tawfik et al.[29]discovered that individuals 

suffering from idiopathic generalized tonic-

clonic epilepsy exhibited elevated levels of 

the inflammatory cytokines IL-2, TNF-, and 

IL-6. The beginning of generalized or tonic-

clonic seizures is associated with a quick 

increase in IL-6 cytokine levels in both 

plasma and CSF [30]. 

El-Fayoumy et al. [21] found that patients 

with focal epilepsy had a higher mean level of 

IL-6. There was a small but non-significant 

difference between patients with complex 

partial seizures and those with focal with 

secondary generalization or generalized tonic-

clonic fits. 

Study limitations 

The study was conducted in a single hospital, 

specifically Zagazig University Hospital, 

limiting the generalizability of the findings to 

other hospitals both within Egypt and 

internationally. Furthermore, the study 

focused on the IL-6 level only with no other 

markers of neuroinflammation. Further larger 

studies are also needed to validate the current 

study findings.  

CONCLUSION 

Seizures and epilepsy may be intimately 

linked to elevated IL-6 blood expression. IL-6 

could be a significant independent indictor for 

drug resistance among epileptic patients. 
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