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Background: To analyze the relationship of serum ATPase activity and the levels of neuron-specific
enolase (NSE), S100B protein and B-cell lymphoma/leukemia (Bcl)-2 with cognitive function in patients
after epileptic seizure.

Methods: A total of 65 epilepsy patients were enrolled as the epilepsy group from the hospital between May
2017 and February 2019. A control group was formed by 30 healthy volunteers at the same period and in the
same area whose basic data matched with those of the epileptic patients. Cognitive function was evaluated
using the Montreal Cognitive Assessment Form (MoCA). Time and frequency of epileptic seizures were
recorded in epileptic group. Within 6 hours following the attack, blood tests were carried out to measure
the hydrolysis rates of serum adenosine triphosphate (ATP), adenosine diphosphate (ADP), adenosine
monophosphate (AMP), phosphodiesterase (PDE) activity, and levels of serum NSE, S100B and Bcl-2. The
relationship of these indexes with the time of epileptic seizure and MoCA total score was analyzed.
Results: The epilepsy group included 18 cases (27.69%) with cognitive dysfunction. The time and
frequency of epileptic seizure in the patients with cognitive dysfunction was significantly higher than that of
patients without cognitive dysfunction, while the total MoCA score was significantly lower with cognitive
dysfunction than that without (P<0.05). The total MoCA score of epileptic patients with and without
cognitive dysfunction was significantly lower than that of the control group (P<0.05). The hydrolysis rates
of ATP, ADP and AMP, PDE activity, and serum NES, S100B and Bcl-2 levels in patients with cognitive
dysfunction were significantly higher than those without cognitive dysfunction (P<0.05). The above
serum indexes of the patients were significantly higher than those of people in the control group (P<0.05).
Spearman’s correlation analysis showed that hydrolysis rates of serum ATP, ADP and AMP, PDE activity, and
serum NES, S100B and Bcl-2 levels were positively correlated with time and frequency of epileptic seizure
(P<0.05), and negatively correlated with total MoCA score (P<0.05).

Conclusions: The cognitive function of epilepsy patients is significantly decreased compared with that
of healthy individuals. Serum ATPase activity, along with serum NES, S100B and Bcl-2 levels, is associated

with time and frequency of epileptic seizure and cognitive function after attack.
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Introduction

Epilepsy, a chronic onset neurological dysfunction disease, is
mainly caused by sudden, disordered, and excessive neuronal
discharge, which is characterized by spontaneous and
periodic disruption of normal electrical activity in the brain
and results in recurrent seizures (1). Globally, approximately
50 million people are diagnosed with epilepsy annually,
with China accounting for about 18% of these patients (2).
After stroke, epilepsy has become the second most common
central nervous system disease in China. Studies (3) have
pointed out that about 30-40% of patients with epilepsy
experience varying degrees of cognitive dysfunction,
such as inattention, decreased execution and intelligence,
disorders of language and memory. The human adenosine
system has been clinically confirmed to be involved in the
processes of synaptic transmission and neuronal excitation.
The well-known adenosine members, including adenosine
triphosphate (ATP), adenosine diphosphate (ADP), and
adenosine monophosphate (AMP), have neuroprotective
and anticonvulsant effects; as a result, this system is known
as the “endogenous antiepileptic system”, and it has
become a new hotspot in epilepsy research (4). At the same
time, with the continuously expanding in-depth clinical
research on epilepsy, AT Pase activity and the levels of
neuron-specific enolase (NSE), S100B protein and B-cell
lymphoma/leukemia-2 (Bcl-2) have been found to be
associated with seizures and development of epilepsy (5).
However, systematic studies on cognitive status after
epileptic seizures are still rare, and the relationship between
these indicators and cognitive function in patients with
epilepsy has yet to be clarified. Therefore, we aim to
perform a novel study to analyze the relationships of serum
ATPase activity and the levels of NES, S100B and Bcl-2
with cognitive function in epileptic patients, with a view to
providing a basis for the clinical diagnosis, evaluation, and
prevention of the disease, as well as for related research. We
present the following article in accordance with the MDAR
reporting checklist (available at http://dx.doi.org/10.21037/
apm-20-1494).

Methods
The study objects

A total of 65 patients with epilepsy who were diagnosed in
our outpatient and inpatient departments between May 2017
and February 2019 were enrolled as the epilepsy group.
The group included 37 males and 28 females with a mean
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age of 41.88+8.82 years (range, 25-75 years). The mean
years of schooling for the group was 6-16 years, with an
average of (12.12£2.17) years. And the course of disease was
2 to 12 years, with an average course of (6.33+1.50) weeks.
The key criteria for inclusion in the study were as follows:
(I) newly diagnosed epilepsy with 2 or more generalized
seizures (including convulsions, tonic-clonic seizure,
myoclonus, atony, and loss of consciousness); (II) combined
with clinical manifestations, the diagnosis was confirmed
by CT or MRI examination and EEG results, in line with
the 1989 International League Against Epilepsy (ILAE)
classification and diagnosis of epilepsy syndrome (6); (I1I)
a high degree of family support and patient cooperation;
and (IV) well-documented clinical data. The exclusion
criteria were as follows: (I) clear hereditary epilepsy; (II)
craniocerebral tumors, cerebral infarction lesions, purulent
meningitis, viral encephalitis, congenital white matter
dysplasia, vascular malformations, or other progressive
lesions confirmed by cranial imaging; (III) other mental
illnesses, such as autism, attention deficit hyperactivity
disorder (ADHD), anxiety, or depression; (IV) genetic
metabolic diseases, or Alzheimer’s dementia or other
diseases that may affect cognitive function; (V) a history of
alcoholism or a long-term history of drug abuse; or (VI)
Pregnant women.

In addition, 30 healthy volunteers who matched with the
basic data of the epilepsy group was enrolled as the control
group. The control group included 17 males and 13 females
with a mean age of 42.57+9.31 years (range, 25-75 years).
The mean years of schooling for the group was 11.29=
3.49 years (range, 6-15 years). There were no significant
differences in gender, age, or years of schooling between
the two groups (P>0.05). Written informed consent was
obtained from each study participant before the initiation of
the study procedures, and the study protocol and informed
consent documents were reviewed and approved by the
hospital Ethics Committees. All procedures performed in
this study involving human participants were in accordance
with the Declaration of Helsinki (as revised in 2013).

Cognitive function assessment

Montreal Cognitive Assessment (MoCA) (7), which involves
visual space and executive function, naming, memory,
attention, language, abstraction, delayed recall, and
orientation, was used as an assessment tool. The total MoCA
score is 30 points, >26 points is normal and <26 points
is judged as cognitive dysfunction.
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Table 1 Comparison of serum ATPase activity between the two groups [¥+s, nmol/(min-mL)]

Group Sample size Hydrolysis rate of ATP  Hydrolysis rate of ADP  Hydrolysis rate of AMP PDE activity
Control 30 0.72+0.14 0.45+0.09 0.64+0.16 0.24+0.06
Epilepsy
Without cognitive impairment 65 1.53+0.21" 0.63+0.11" 0.72+0.17" 0.43+0.08"
With cognitive impairment 15 2.12+0.30"" 0.87+0.18"* 0.83+0.18"* 0.67+0.11°*
F value 261.524 66.068 6.471 149.282
P value 0.000 0.000 0.002 0.000

Compared with the control group, AP<0.05; compared with the group without cognitive impairment, *P<0.05. ATP, adenosine triphosphate;
ADP, adenosine diphosphate; AMP, adenosine monophosphate; PDE, phosphodiesterase.

Determination of serum indicators

The seizure times of the patients in the epilepsy group
were recorded. Fasting venous blood samples (3 mL) were
collected within the 6 hours following the seizure. The
same amount of fasting venous blood was collected from
the control group subjects in the early morning resting
state. All blood samples were centrifuged at 3,000 r/min
(centrifugation radius 15 cm) for 10 min. The upper serum
was collected and stored at -80 °C for analysis. (I) ATPase
activity: according to the reported method (8), 5 pL of
serum was added to a total volume of 175 pL solution with
with 5 mmol/L of CaCl, and 40 mmol/L of Tris-HCI. After
preincubation at 37 °C for 10 min, 10 pLL of ATP, ADP, and
AMP was added to determine the hydrolysis, respectively.
The hydrolysis pH values of the ATP, ADP, and AMP
were 8.0, 7.2, and 8.9, respectively. ATP, ADP, and AMP
hydrolase activity was expressed as the amount of inorganic
phosphate (nmol) released per milliliter of serum per
minute. Phosphodiesterase (PDE) activity was expressed as
the amount of phosphate-nitrophenol (nmol) released per
milliliter of serum per minute. (I) NES, S100B and Bel-2:
the serum NES, S100B and Bcl-2 levels were measured by
enzyme-linked immunosorbent assay (ELISA). The kit was
purchased from Tianjin Jiuding Medical Bioengineering
Co., Ltd. (Tianjin, China). The operation steps were
performed strictly following the manufacturer’ instructions.

Statistical analysis

The data were processed with SPSS 20.0 statistical software
(IBM, USA). Measurement data were presented as x = SD.
Serum ATPase activity and levels of NES, S100B and Bcl-2,
as well as the total MoCA score of the two groups were
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analyzed by independent #-test or analysis of variance. The
relationship of serum ATPase activity and the levels of
NES, S100B and Bcl-2 with seizure time, frequency and
total MoCA score was assessed by Spearman’s correlation
analysis. P<0.05 was considered as statistically significant.

Results
Results of seizure time and cognitive function evaluation

Among the 65 patients in the epilepsy group, 18 had
cognitive impairment (27.69%). The seizure time and
frequency of the patients with cognitive impairment were
(8.45+1.85) minutes and (3.96£0.71) times, respectively,
which were significantly longer than that of the patients
without cognitive impairment (6.31x1.74 minutes) (t=4.244,
P<0.05). The total MoCA score of the patients with
cognitive impairment (24.26+2.70 points) was significantly
lower than that of the patients without cognitive impairment
(27.27£2.36 points) (t=4.421, P<0.05). The total MoCA
scores of epileptic patients with and without cognitive
impairment were significantly lower than that of the control
group (29.05+1.87 points) (t=7.259, 3.635, P<0.05).

Comparison of serum ATPase activity between the two
groups

In the epilepsy group, the ATP, ADP, and AMP hydrolysis
rates and PDE activity of patients with cognitive impairment
were significantly higher than those without cognitive
impairment (P<0.05). As shown in Table 1, the ATP, ADP,
and AMP hydrolysis rates and PDE activity of epileptic
patients with and without cognitive impairment were
significantly higher than those of the control group (P<0.05).
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Table 2 Comparison of serum NSE, S100B and Bcl-2 levels between the two groups (¥+s)

Group Sample size NSE (ug/L) S100B (ng/mL) Bcl-2 (ng/mL)
Control 30 8.47+2.18 0.23+0.06 4.27+0.92
Epilepsy
Without cognitive impairment 65 16.49+2.82" 1.160.25" 6.46+1.31"
With cognitive impairment 15 18.96+3.25"" 1.49+0.27°* 8.52+1.64""
F value 110.714 244,600 61.118
P value 0.000 0.000 0.000

Compared with the control group, AP<0.05; compared with no cognitive dysfunction, *P<0.05. NSE, neuron-specific enolase; Bcl-2, B-cell

lymphoma/leukemia-2.

Table 3 Correlation analysis of ATPase activity and serum NSE, S100B and Bcl-2 levels with seizure time, frequency and total MoCA score

Seizure time Seizure frequency MoCA score (total)
Indicators
r P r P r P
Hydrolysis rate of ATP 0.668 0.000 0.569 0.001 -0.602 0.001
Hydrolysis rate of ADP 0.582 0.000 0.658 0.000 -0.654 0.001
Hydrolysis rate of AMP 0.586 0.003 0.710 0.000 -0.404 0.007
PDE activity 0.547 0.002 0.644 0.000 -0.751 0.000
NSE 0.610 0.001 0.375 0.014 -0.422 0.007
S100B 0.428 0.007 4.474 0.005 -0.612 0.000
Bcl-2 0.475 0.006 6.010 0.000 -0.547 0.003

NSE, neuron-specific enolase; MoCA, Montreal Cognitive Assessment; ATP, adenosine triphosphate; ADP, adenosine diphosphate; AMP,
adenosine monophosphate; PDE, phosphodiesterase; Bcl-2, B-cell lymphoma/leukemia-2.

Comparison of serum NES, S100B and Bcl-2 levels
between the two groups

In the epilepsy group, the serum NES, S100B and Bcl-2
levels were significantly higher in patients with cognitive
impairment than without (P<0.05). Also, as shown in Table 2,
the serum NES, S100B and Bcl-2 levels of epileptic patients
with and without cognitive impairment were significantly
higher than those of the control group (P<0.05).

Correlation analysis

As shown in Table 3, Spearman’s correlation analysis showed
that the ATP, ADP, and AMP hydrolysis rates, PDE activity,
and serum NES, S100B and Bcl-2 levels were positively
correlated with seizure time and frequency (P<0.05), and
negatively correlated with total MoCA score (P<0.05).
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Discussion

In this study, 18 patients with epilepsy had cognitive
dysfunction, with an incidence rate of 27.69%. The
seizure time and frequency of patients with cognitive
impairment were significantly higher than those without
cognitive impairment. MoCA total scores of patients with
cognitive dysfunction were significantly lower than patients
without cognitive dysfunction. The incidence of cognitive
impairment among the epileptic patients in this study was
slightly lower than the recently reported 30% to 40% in
China (9), which may be related to regional differences and
patient sample sizes. These results suggested that patients
with epilepsy have significantly lower cognitive function
than healthy individuals. Patients with epilepsy have a
higher risk of cognitive dysfunction after seizures, and the
risk may be higher in people with a longer time and high
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frequency of epileptic seizure. In addition, other studies (10)
have confirmed that in addition to the time and frequency of
seizures, electroencephalogram (EEG) performance can also
indicate cognitive dysfunction. In this study, there were no
EGG for some cases, so no further analysis was conducted
on it. But we could also conclude that the severity index
of epilepsy patients could reflect their cognitive function
to a certain extent. At present, the specific mechanism of
seizure-induced cognitive dysfunction has yet to be fully
elucidated. Many scholars have analyzed the abnormal
conditions of patients’ brain regions from the perspective
of MR imaging and have presented relevant explanations.
The blood-oxygen-level-dependent (BOLD) signal is
usually produced by spontaneous neural activity when the
brain is in a resting state. Spontaneous abnormal discharge
of neurons in the brains of epileptic patients can lead to
the disorder of neurological function in the brain, and the
BOLD signal deviates from the baseline more obviously
than in healthy individuals, making it easy to detect the
increase in the low-frequency amplitude value. An increase
in the low-frequency amplitude of the brain region usually
indicates that the activity in this region is facilitated,
which is related to the seizure discharge stimulus. While
a decrease in the low-frequency amplitude often indicates
that normal brain function is inhibited, which is typical in
patients with seizures and results in language disorders,
memory loss, loss of consciousness, and other symptoms of
cognitive impairment (11).

In this study, we measured the serum ATPase activity
of the patients. The results showed that the ATP, ADP,
and AMP hydrolysis rates and PDE activity of patients
with cognitive impairment in the epilepsy group were
significantly higher than those of patients without cognitive
impairment. The serum indicators of above two were
significantly higher than those in the control group,
indicating that serum ATPase activity was increased in
patients with seizures; it has been suggested that this
increase might be related to cognitive dysfunction. Studies
by Shan et al. (12) showed that the ATP, ADP, and AMP
hydrolysis rates and PDE activity of elderly patients with
epilepsy could show abnormal increases in the 5-10 minutes
following a seizure, reaching a peak value at 20 minutes.
Increased ATPase activity is believed to be involved in
seizures. Hang ez al. (13) clearly pointed out that the change
of ATPase activity in patients with seizures was closely
related to the degree of brain damage. They observed that
abnormal synchronized excess firing by a large number
of neurons during a seizure caused a large amount of

© Annals of Palliative Medicine. All rights reserved.

biological energy to be consumed in the brain. Under
this stress state, glycolytic metabolism, the energy supply
pathway of the body is significantly enhanced, thus relieving
the relative energy supply shortage caused by damage to the
energy supply system of aerobic metabolism and providing
energy for epileptic seizures (14). In the adenosine system,
ATP is an energy product in the metabolic process,
which can be released into ADP by the action of soluble
PDE. Meanwhile, AMP is degraded by ADP through
ADP hydrolase and hydrolyzed to adenosine by soluble
5'-nucleotide enzyme. Thus, clinical scholars believe the
adenosine system to be involved in the whole process of
seizures. The longer the seizures, the higher the level of
ATPase activity, which usually indicates that the disease is
more severe (15). Moreover, the more severe the disease,
the more obvious the cognitive impairment, which may
explain the correlation between serum ATPase activity and
cognitive function. Nevertheless, the specific reason still
needs further exploration.

Besides, this study also measured the serum levels of
NES, S100B and Bcl-2 in patients. The results showed
that the serum levels of NES and Bcl-2 were significantly
increased after seizures, which suggested that the increase
might be related to cognitive dysfunction. NES typically
exists specifically in neurons and neuroendocrine cells.
When ischemia, hypoxia, poisoning, or injury occurs, NES
can be released from cells in large quantities and enter
the blood through the damaged blood-cerebrospinal fluid
barrier. Therefore, NSE is considered to be highly sensitive
for assessing the degree of brain tissue damage; As a specific
brain protein, S100B mainly exists in neurons and glial cells
of the central nervous system, which participates in some
biological activities include neuronutrition, regulation of
intracellular and extracellular calcium ion concentration,
and participation in cell membrane differentiation and
apoptosis (16). Niu et al. (17) found that serum S100B level
was negatively correlated with scores of delayed memory
and attention in patients with cognitive impairment caused
by epilepsy. Hao et a/. (18) showed that serum NES level in
epileptic children with seizures lasting longer than 5 minutes
was significantly higher than in children with seizures
lasting less than 5 minutes. The increase in serum NES
levels is believed to reflect the severity of seizures and
disease. Meanwhile, Bcl-2 is an apoptotic gene that can
promote neuronal cell apoptosis. A meta-analysis (19)
pointed out that seizures can directly or indirectly result in
morphological changes in the brain and death of neurons in
susceptible areas, such as the hippocampus, which in turn
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promotes the increase of serum Bcl-2. Patients who suffered
from various types of seizures and whose seizures last a
longer time had higher serum bcl-2 levels. The analysis of
Liu er al. (20) found that except for directional force and
naming, serum Bcl-2 in epilepsy patients was correlated
with word recall, delayed recall, and other MoCA-related
factors. Recent research by Wang er al. (21) clearly showed
that serum Bcl-2 in patients with epileptic seizures was
significantly negatively correlated with the total MoCA
score for cognitive function. The Spearman’s correlation
analysis in this study further confirmed that serum ATPase
activity and levels of NES and Bcl-2 were related to seizure
time and post-seizure cognitive function, which was
consistent with the above views.

In conclusion, the cognitive function of patients
with epilepsy is significantly lower than that of healthy
individuals. Serum ATPase activity and NES, S100B and
Bcl-2 levels are closely related to the seizure time and post-
seizure cognitive function. The above indicators should be
closely monitored clinically, and timely measures to prevent
and improve the cognitive function of the patient need to be
taken. However, the sample size of this study was limited,
and serum indexes were all measured by enzyme-linked
immunosorbent method, which was not confirmed by other
detection methods, because different methods may get
different results. Besides, patients with other rare types of
epilepsy were not analyzed. Therefore, relevant conclusions
still need to be further confirmed by expanding the sample
size and increasing dynamic monitoring results.
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