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Abstract

Background

Epilepsy is a chronic brain disorder marked by a tendency for recurrent
seizures and associated neurobiological, psychological, and social effects.
Seizures are sudden, stereotyped episodes reflecting abnormal brain
activity. Epilepsy can be primary (genetic causes affecting
neurotransmission and ion channels) or secondary (due to brain injuries like
trauma, stroke, infections, or tumors). The protein S100B, mainly produced
by astrocytes, is elevated in the serum or CSF of epilepsy patients. HbAlc,
a key marker for glucose control, is also relevant, as blood sugar
fluctuations can trigger seizures. This study aimed to assess serum S100B
and HbA1c levels in epilepsy patients and explore their correlation.
Methods

The study enrolled 90 subjects grouped as primary epileptic patients which
have the disease due to genetic reasons, secondary epileptic patients which
have the disease due to acquired reasons such as fall in blood sugar level
and an age-gender matched control group (n=30). The serum samples were
collected at the six-month interval and were analyzed for protein S100B
using ELISA.

Results

The results showed a significantly decreased levels of HBA1C in patients
with secondary epilepsy in comparison with control and primary epilepsy.
Suggest that blood sugar levels should be taken into consideration when
developing a treatment plan for a patient with epilepsy. Also, there were
statistically significant differences in the level of protein S100B biomarker
between the control group and patients with primary and secondary epilepsy
as well as the comparation between patient groups primary and secondary
are statistically significant with higher protein S100B level in the secondary
group. S100B also shows a negative correlation with HBA1C levels which
means that as S100B increases, the HBA1C levels decrease.

Conclusion

Serum protein S100B levels are a useful tool to assess and diagnose patients
with epilepsy as well as blood HBA1C levels are useful in diagnosing and
making treatment plan for epileptic patients
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1. Introduction
The epilepsies are chronic neurological disorders in which clusters of nerve cells, or neurons, in the brain sometimes

signal abnormally and cause seizures. Many neurons fire (signal) simultaneously during a seizure, up to 500 times per
second, which is far quicker than usual. (National Institute of Neurological Disorders and Stroke. (2022). In addition
to causing involuntary actions, sensations, emotions, and behaviors, this simultaneous spike in excessive electrical
activity may also result in a temporary loss of consciousness (Shorvon et al., 2011). Epilepsy can have many different
causes, including acquired (secondary epilepsy) and genetic factors (primary epilepsy). Genetic mutations are a
significant contributor. For example, in severe childhood epilepsy, mutations in the CACNAI1E gene cause calcium
channels in neurons to be disrupted, which results in excessive electrical activity and seizures (Macdonald et al., 2010;
Stané¢k et al., 2018). Some adult epilepsies, including temporal lobe epilepsy, are also influenced by somatic mutations
that develop after conception. Certain genetic pathways, such as the RAS/MAPK pathway, which is also linked to
cancer, may be impacted by these mutations (Beltran-Corbellini et al., 2022; Montanaro et al., 2023). Additionally,
research has identified the TMEM184B gene as a possible factor in epilepsy, as its absence or alteration can cause
neurons to fire excessively, affecting normal neural communication (Beltran-Corbellini et al., 2022; Gesche & Beier,
2022; McCormack et al., 2020). Numerous conditions that also impact the structure and function of the brain can
result in epilepsy. Because they can cause aberrant electrical activity in the brain, neurological disorders like stroke,
traumatic brain traumas, and brain tumors are important causes of epilepsy. Seizures can also be caused by illnesses
that inflame the brain or surrounding tissues, such as encephalitis or meningitis. Another component may be
autoimmune disorders, in which the brain is mistakenly attacked by the immune system, resulting in epileptic episodes.
Additionally, epilepsy has been connected to vascular abnormalities and degenerative diseases like Alzheimer's
disease especially in older people. These secondary causes frequently draw attention to epilepsy as a sign of more
serious underlying problems (Kenney & Mann, 2013; O’Neill et al., 2020). A calcium-binding protein called protein
S100B is mostly expressed by astrocytes in the central nervous system (CNS). Its participation in intracellular and
extracellular regulatory functions makes it an important biomarker for a number of neurological disorders. Increased
S100B serum levels have been used in clinical settings to gauge the degree of traumatic brain injury (TBI) and are
suggestive of astrocytic damage. S100B has been used as a screening tool in the treatment of TBI patients, which has
been noteworthy since it helps with patient outcome prediction and monitoring (Mondello et al., 2021; Zimmer et al.,
2023). S100B has been studied in relation to epileptic seizures in addition to TBI. According to research, S100B may
contribute to the pathophysiology of epilepsy by playing a part in the neuroinflammatory processes linked to the
condition. S1I00B may be a biomarker for epileptic activity because elevated levels of the protein have been seen in
seizure patients (Reddy & Volkmer, 2017; van Vliet et al., 2017; Zimmer et al., 2023). One indicator of long-term
blood glucose levels, hemoglobin Alc (HbAlc), has been linked to epilepsy treatment and prognosis. Increased seizure
intensity and recurrence have been linked to elevated HbAlc levels, which are a sign of inadequate glycemic control.
In research, individuals with hyperglycemia diabetes who had their first seizure had significantly higher HbAlc levels
if they had another seizure (11.8% vs. 8.6%, p<0.05) than those who did not. Additionally, patients who had HbAlc
levels higher than 9% were more likely to experience seizure clustering and recurrence (Bellon et al., 2017; He et al.,

2023; Phoswa & Mokgalaboni, 2023). Seizures can also occur in individuals with low hemoglobin Alc (HbAlc)
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levels, primarily due to hypoglycemia. Hypoglycemia, defined as blood glucose levels falling below normal, can lead
to neurological symptoms, including seizures. While seizures are relatively uncommon, they are more likely to
happend when glucose levels fall significantly. A study found that generalized tonic-clonic seizures occurred when
serum glucose levels fell below 2.0 mM, and focal seizures were noted at glucose levels as high as 3.3 mM. (He et al.,
2023; Phoswa & Mokgalaboni, 2023; Reddy & Volkmer, 2017; Zimmer et al., 2023). Additionally, lower HbAlc
levels have been linked to a higher risk of severe hypoglycemia and hypoglycemic coma, which includes seizures, in
young patients with type 1 diabetes. But with time, patients with lower HbAlc levels had a lower relative risk of
severe hypoglycemia, maybe due to improved management strategies. Furthermore, HbA 1¢ has been investigated as
a possible biomarker for tracking systemic ketosis and diet adherence in individuals with drug-resistant epilepsy on
ketogenic diets. Higher blood ketone levels were linked to lower HbAlc levels, indicating its potential use in the
management of such dietary treatments (Gulati & Panda, 2019; Teng et al., 2022). This study aims to Comparison
between primary and secondary types of epilepsy by measure the level of PROTEIN S100 B biomarker and its role in
patients with epilepsy. Measurement level of HBA1C and its effect in patients with epilepsy. Measure progression
after the condition is established and reduce the cost of clinical trials of potential ant epileptogenic interventions by

enriching the trial population with patients at high risk for developing epilepsy.
2. Patients & Methods

The study enrolled 90 subjects grouped as primary epileptic patients which have the disease due to genetic reasons,

secondary epileptic patients which have the disease due to acquired reasons such as fall in HBA1C level and an age-

gender matched control group (n=30). The serum samples were collected at the six-month interval and were analyzed

for protein S100B using ELISA.

2.1. Detection of HBA1C

2.1.1. Principles

When the sample is added to the sample port on the test card, HbA 1c and Hb in the sample combines with mouse anti-

human HbA1c and Hb monoclonal antibodies which are coupled to fluorescent particles to form fluorescent particles

- antibody - antigen complexes. This immune complex reaches the test area (T) along the nitrocellulose membrane

and binds with the pre-coated mouse anti-human HbA1c monoclonal antibody, The amount of HbAlc in the sample

is directly correlated with its fluorescence intensity. A quality control line is created when the remaining fluorescent

antibody particle reaches the quality control area (C) and combines with the pre-coated goat anti-human Hb

monoclonal antibody. The ratio of HbAlc to Hb was calculated by the fluorescence signal intensity. The test area (T)

will not appear fluorescence, if the sample does not contain HbAlc.

2.1.2. Procedure

Bring all reagents to room temperature (18-25°C) before use.

1. Startup: Click “STD Mode” in the main menu to enter the measurement interface, click “Item” to select the
desired test item and click “Type” to select the sample type.

2. Click “Lot No.” to enter the card swiping interface, put mag card of the corresponding item into the magnetic
induction zone and when hearing a “di” sound this mean that the mag card is swiped successfully. Make sure the

mag card and the test card are from the same batch.
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3. Sampling: Add 10pL of whole blood into a centrifuge tube with 1000uL of the sample diluent, mix for 1 minute.
Take 100uL diluted sample, drop vertically to the sample port directly on the test card and start timing.

4. Insert it into the analyzer’s test slot (the sample port ends toward the inside). Click “Measure”, the instrument
will detect and print out the results automatically after 15 minutes (If using “Fast Mode”, keep it for 15 minutes
and quickly insert into the analyzer’s test slot)

2.2. Determination of Protein S100-B

2.2.1. Principle

The kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The plate has been pre-coated with Human S100B

antibody. S100B present in the sample is added and binds to antibodies coated on the wells. And then biotinylated

Human S100B Antibody is added and binds to S100B in the sample. Then Streptavidin HRP is added and binds to the

Biotinylated S100B antibody. After incubation unbound Streptavidin-HRP is washed away during a washing step.

Then added substrate solution, and color develops in proportion to the amount of Human S100B. The reaction is

terminated by addition of acidic stop solution and absorbance is measured at 450 nm.

2.2.2. Calculation of Results

Construct a standard curve by plotting the average OD for each standard on the vertical (Y) axis against the

concentration on the horizontal (X) axis and draw a best fit curve through the points on the graph. These calculations

can be best performed with computer-based curve-fitting software and the best fit line can be determined by regression

analysis.

3. Results and Discussion
3.1. Demographic Characteristics of Study Groups
The current study was conducted on (90) people suffering from epilepsy and healthy people. This study takes 30

samples from patients suffering from primary epilepsy (groupl), 30 samples from secondary epilepsy (group2), and
30 samples as a control, Tablel.

Tablel: Demographic Characteristics of Study Groups

Category Groups N

. Group-1: primary epilepsy 30
Patients Group-2: secondary epilepsy 30
Healthy Control 30

3.2. Protein S100B in Epileptic Patients and Control
There were statistically significant differences in the level of protein S100B biomarker between the control group and

other groups (group 1 and 2 of patients); (43.161 £9.267 VS 50.537 £2.711, 64.206 £9.534), P-value was 0.00032,
Table2.
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Table2: Comparison of the Research Parameter of All Patients Compared with Control Group

Parameter Control Patient primary Patient secondary Pval
eters Mean | Std. Deviation | Mean | Std. Deviation | Mean | Std. Deviation vaue
Protein S100B | 43.161 9.267 50.537 2.711 64.206 9.534 0.00032

In Table3 and Fig.1 the comparation between patient groups primary and secondary are statistically significant (50.537
+2.711VS 64.206 £9.534), the P-value was 0.00005, indicating a highly significant difference between the groups
with higher protein S100B level in the secondary group.

Table3: Comparison of the Research Parameters Between Patients in Primary Compared with Secondary Group

Patient primary Patient secondary
Parameters P value
Mean | Std. Deviation | Mean | Std. Deviation
Protein S100B | 50.537 2.711 64.206 9.534 0.00005
LI
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Figurel: Comparison of Serum Protein S100B Levels (Mean + Standard Deviation) Among Control
Subjects, Patients with Primary Epilepsy, And Patients with Secondary Epilepsy
Statistical analysis shows a significant increase in Protein S100B levels in secondary epilepsy patients
compared to both control and primary epilepsy groups (***p < 0.001, ****p < 0.0001), while the
difference between control and primary groups was not statistically significant (ns).

Beyond just acting as a marker, SI00B plays an active involvement in the pathophysiology of epilepsy. S100B
promotes neuronal survival and function at physiological concentrations, but when levels are high, it can cause
neurotoxicity by triggering stress-induced enzymes and pro-inflammatory cytokines, which can lead to neuronal
apoptosis and worsen epileptic disorders. Additionally, the development of neuroinflammatory responses has been
linked to S100B's interaction with the receptor for advanced glycation end products (RAGE), underscoring its dual
function of neuroprotection and neurodegeneration contingent on its concentration (Liang et al., 2019; Secen et al.,
2023). The table's results are consistent with findings from other research studies. Patients with epilepsy exhibited

significantly higher serum S100B levels than healthy controls, according to a systematic review and meta-analysis of
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18 studies with 1,057 individuals. The pooled effect size was Hedges g = 1.568 (95% CI = 1.431-1.706, P < 0.001).
This lends credence to the idea that elevated S100B levels are linked to epilepsy. Additionally, case-control research
on mesial temporal lobe epilepsy (MTLE) revealed that patients had significantly higher plasma S100B levels than
healthy controls (P = 0.018), which may indicate that raised S100B levels are a biomarker for MTLE." Furthermore,
serum S100B levels were significantly higher in patients with epileptic seizures (SMD = 0.80; 95% CI 0.18 to 1.42),
according to a meta-analysis looking at blood-based brain biomarkers in these patients. This suggests that S100B
levels are higher in epileptic patients than in healthy controls (Chen et al., 2015; Keshavarz & Amiri, 2019; Lipatova
et al., 2018; Secen et al., 2023; Xu et al., 2012).

3.3. HBA1C In Primary and Secondary Epilepsy:
The result showed the difference of the HBA1C between the patients of primary and secondary epilepsy and control

group (6.877 £0.564 mg/dl, 5.320 + 1.851 mg/dl VS 6.613 £0.580 mg/dl) was significant. The P-value of 0.00603
shows a significant difference in HBA1C levels, especially between the primary and secondary groups, Table4.

Table4: Comparison of the HBA1C Level of All Patients Compared with Control Group

Control Patient primary Patient secondary P.val
. value
Parameters | Mean Std. Deviation Mean Std. Deviation Mean Std. Deviation
HBA1C 6.613 0.580 6.877 0.564 5.320 1.851 0.00603

The comparison between primary and secondary patient groups (table 4-5) showed that the primary group had (6.877
+0.564 mg/dl) while the secondary group had a lower mean of (5.320 £ 1.851 mg/dl), this difference was statistically
significant, with a P-value of 0.00300.

Table5: Comparison of the HBA1C Level Between Patients in Primary Compared with Secondary Group

Patient primary Patient secondary
Parameters P value
Mean Std. Deviation Mean Std. Deviation
HBAI1C 6.877 0.564 5.320 1.851 0.00300

These findings agreed with a study that was published in the Journal of Epilepsy in 2017. The study found that patients
who had poor glycemic control (HbAlc > 9%) were much more likely to experience generalized seizures (46.7% vs.
7.7%, p < 0.05). The importance of your findings is supported by the suggestion that raised HbAlc levels are linked
to an increased risk of seizures (Mondello et al., 2021). Furthermore, an investigation that was published in the Seizure:
European Journal of Epilepsy (2010) discovered a correlation between a significant increase in HbAlc levels and
occipital lobe seizures. This lends more credence to the link between high HbAlc levels and seizures (Zimmer et al.,
2023).

3.4. Correlation Coefficient Among Parameters According to Research Parameters
The correlation analysis presented in Table6 explains the relationships between various biological and clinical

parameters in epilepsy patients. A notable finding is the negative correlation between S100B and HBAI1C levels (r =
-0.302, p = 0.019), suggesting a potential link between S100B and altered metabolic or mineral states in epilepsy

patients.
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Table6: Correlation Coefficient Among Parameters According to Research Parameters

Parameters Value Protein S100B HBA1C
. R. value 1.000 -.302"
Protein S100B P value 019
HBAILC R. value 1.000
P. value

A study published in Diabetes Research and Clinical Practice investigated the relationship between glycemic control
and S100B levels in diabetic patients. Higher S100B levels were linked to better glycemic control, according to the
study, which also identified a negative correlation between S100B levels and HbAlc levels. This study indicates a
possible association between S100B and metabolic parameters that may be pertinent to individuals with epilepsy, even
though it was carried out on diabetic patients (Celikbilek et al., 2014; Katsanou et al., 2018; Ruchkin et al., 2022).

4. Conclusion

significantly decreased levels of HBA1C in patients with secondary epilepsy in comparison with control and primary
epilepsy. Suggest that blood sugar levels should be taken into consideration when developing a treatment plan for a
patient with epilepsy. Also, there were statistically significant differences in the level of protein S100B biomarker
between the control group and patients with primary and secondary epilepsy as well as the comparation between patient
groups primary and secondary are statistically significant with higher protein S100B level in the secondary group.
S100B also shows a negative correlation with HBA1C levels which means that as S100B increases, the HBA1C levels

decrease.
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