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ABSTRACT

Epilepsies are common chronic neurological disorders that affect approximately 500 million people world-wide, and
are mainly characterized by recurrent seizures. There are a variety of factors that may influence the neural excitability
and cause epilepsies. One of those factors is the increased serum homocysteine (Hcy). Hence, we planned to determine
serum Hcy using enzyme linked immunosorbent assay (ELISA) in well age control matched non-obese adult epilepsy
women (Ep; n: 41; age: 26-40 years) with tonic-clonic seizures so that we may predict the influence of seizure
disorders on serum levels of Hey. The Hcey serum levels (mean+ SD) for Ep group (11.99 + 2.97 umol/L) were highly
significant (p < 0.0001) as compared to those for control group (C; n: 39; age: 26-40 years; Hcy: 9.01 + 3.09 pumol/L).
Plot of age vs. serum Hey in C group showed a positive linear relationship that indicated a highly significant correlation
(R=0.5101, p <0.001). The plot of age vs. serum Hcy in Ep group showed a positive linear relationship that indicated a
significant correlation (r = 0.3146, p < 0.05), though, this correlation was not so high significant in Ep group compared
to one obtained for the C group subjects. Hence, significantly high serum Hcy levels and less association of Hcy with
age in Ep group was investigated. The less association of Hcy with age in Ep group might be the effect of aging,
antiepileptic drugs (AEDs), or seizures. The results in the present investigation provide newer and potential information
for exploring further insights since hyperhomocysteinemia condition has a multifactorial origin.
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INTRODUCTION

Epilepsies are the common chronic neurological disorders that affect approximately 500 million people world-
wide, and are mainly characterized by recurrent seizures (Megiddo et al., 2016). Epilepsy requires long-term
management with anticonvulsants/ antiepileptic drugs (AEDs), and is prevalent more in developing countries
(WHO, 2018).

There are a variety of factors that may influence the neural excitability and cause epilepsies. One of those
factors is the increased level of serum homocysteine (Hcy) mainly due to the deficiency of folic acid and/or vitamin
B-12 exposing to various risks (Tamura et al., 2000; Karabiber et al., 2003; Fruchart et al., 2004; Pezzini et al.,
2007; Naz et al., 2009; Holmes et al., 2011; Linnebank et al., 2011; Attia et al., 2019). The Hcy appears as a toxin,
and promotes a variety of disorders. It is an amino acid that is produced by the body, usually as a by-product of
consuming the meat. It is originally a thiol amino acid synthesized during methionine metabolism.

It was investigated that gene polymorphism in 5,10-methylenetetrahydrofolate reductase (MTHFR) and
deficiency of vitamin B-12 (methylcobalamin), folic acid and vitamin B6 (pyridoxal phosphate) often cause epilepsy
and other associated disordered conditions (Pezzini et al., 2007; Linnebank et al., 2011; Holmes et al., 2011).
Vitamin B-12 and folic acid are the cofactors involved in the conversion of homocysteine to methionine. (Verrotti et
al., 2000; Hoffer, 2004). In this regard, we carried out several studies in epilepsy and other neurological disorders
(Hussain, 1991; Mahmood et al., 1998; Fatima et al., 2007; Hussain et al., 2007; Khan and Hussain, 2008; Khan et
al., 2009; Naz et al., 2009; Hussain, 2010; Hussain and Zahir, 2012; Attia et al., 2019). It was revealed that the main
focus eventually seems free Hcy for therapeutic considerations (Naz et al., 2009). There is a possibility that free Hcy
is more harmful than the protein-bound Hcy (Chambers et al., 2000), though few studies on Hcy and disease have
distinguished between the two at present.
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Long-term AEDs are used for the treatment of epilepsies (Tolou-Ghamari et al., 2013). Those patients who take
long-term AEDs, may show a variety of changes including the increased levels of Hcy (Belcastro and Striano, 2012;
Chuang et al., 2012; Fontes et al., 2013; Mintzer et al., 2016; Mahdavi et al., 2019), and related complications
(Homocysteine Studies C, 2002; Chuang et al., 2012; Furness et al., 2013). Enzyme-inducing AEDs e.g.,
carbamazepine and phenytoin (PHT) may cause complications in patients with epilepsy via increasing the serum
Hcy (Linnebank et al., 2011; Chuang et al., 2012). The PHT has been shown to reduce the serum folic acid and
vitamin B-12 that suggests the occurrence of hyperhomocysteinaemia under long-term use of PHT (Mintzer et al.,
2009; Linnebank et al., 2011).

However, there are other AEDs including levetiracetam that do not show any considerable effect on Hcy serum
levels, although levetiracetam is used with high dosages for long-term (Mahdavi et al., 2019). Considerable
increased levels of Hey in patients receiving PHT were not obtained in a case-control study (Sener et al., 2006).

In view of the prevailing situation, we planned to study adult non-obese epilepsy subjects with predominant
tonic-clonic seizures and lower seizure severity, and having 1-3 per month seizure frequency with not more than two
years of the duration of illness, and who take low dosages of AEDs due to less seizure severity/ frequency, so that
we may predict the influence of seizure disorders on the serum levels of Hcy.

MATERIALS AND METHODS

Age-matched adult female controls (C; n: 39; age: 26-40 years) with normal body mass index (BMI) were
selected from the healthy volunteer subjects. Non-obese female epilepsy patients (Ep; n: 41; age: 26-40 years)
studied for the present report were those having predominant grand mal (generalized tonic-clonic) seizures, mild
severity of seizure occurrence, and the duration of illness not more than two years. Furthermore, the subjects in Ep
group used lower dosages of antiepileptic drugs (AEDs). Both C and Ep group subjects were not having
premenstrual syndrome (PMS). It was confirmed that samples drawn were from ovulatory cycles. Samples collected
from anovulatory cycles were not included in the study. The frequency of seizure occurrence was in the range of 1-3
seizures per month. The blood was drawn after taking consent of the subjects and serum was collected and stored
for analysis.

Serum Hcy was determined by enzyme linked immunosorbent assay (ELISA) for studying the age-related Hcy
variations in patients with epilepsy following the methods in our previously published work (Mahmood et al., 1998;
Naz et al., 2009), whereas the results were analysed/ compared statistically obeying general statistical principles
(Zahir et al., 2014). Inter-assay variations and intra-assay variations for ELISA method were 12% and 10%,
respectively.

MS Excel was used for data entry. Descriptive values were expressed as mean = SD. Comparison of Ep and C
groups was carried out employing the students t' test. The spreadsheets (written for Excel; workable easily with Calc
program) were used to analyse the data.

RESULTS

The results for age (mean+ SD) of Ep (33.10 = 4.54; n: 41) and C subjects (33.23 + 4.56 years; n: 39) showed
non-significant difference (p > 0.05) since the groups were age-matched. Hcy serum levels (mean + SD) for Ep
group (11.99 £2.97 pumol/L; n: 41) were highly significant (t: 4.34; p: 0.0001) as compared to those for C group
(9.01 £3.09 umol/L).

Relationship of age and serum homocysteine levels in control subjects:
Plot of age vs. serum Hcy (Fig.1) showed a positive linear relationship (slope: 0.35; df: 37) that indicated a

highly significant correlation (R = 0.5101, p < 0.001).

Relationship of age and serum homocysteine levels in epilepsy subjects:

The plot of age vs. serum Hcy (Fig.2) showed a positive linear relationship (slope: 0.21; df: 39) that indicated a
significant correlation (r = 0.3146, p < 0.05). However, this correlation was not so high significant as the one
obtained for the C group subjects. The other difference was that the individual values of serum Hcy in Ep group are
quite high in level and express a specific dispersion pattern as compared to low level values of Hcy in C group.
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Fig.1. Relationship of age and serum homocysteine levels in control subjects.
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Fig.2. Relationship of age and serum homocysteine levels in epilepsy subjects.

DISCUSSION

Increased levels of Hcy in women patients with epilepsy investigated in the present study is in accordance with
the previous studies that provide evidence that 20% of patients with homocystinuria had seizures and increased
serum levels of Hcy (Schwarz and Zhou, 1991), and it was found that effective control of seizure cannot be attained
if Hcy serum level increases too much (Ono et al., 2002). Our present study further confirms the relationship of
increased serum levels of homocysteine- a potent agonist for NMDA (N-methyl-D-aspartate) receptor with epilepsy
(Lipton et al., 1997).

An indirect interpretation of our current report is that whether the increased level of serum Hcy in patients with
epilepsy has a link with the pathogenesis of brain atrophy leading to seizures, or has a link with the effects of AEDs,
it is known that increase in serum Hcy and decrease in serum folic acid associated with the AEDs treatment lead to
seizure occurrence and brain damage in patients with epilepsy (Gorgone et al., 2009).

Significantly high serum Hcy levels and lesser association (though significant) of Hcy with age in Ep group was
investigated in the present report. The less association of Hcy with age in Ep group might be the effect of aging,
antiepileptic drugs (AEDs), or seizures. Results in the present investigation, hence, provide newer and potential
information for exploring further insights since hyperhomocysteinemia condition has a multifactorial origin
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incorporating genetic, pharmacological, nutritional, and pathological factors (Naz et al., 2009). Furthermore, in view
of the differences in ethnic, dietary and genetic factors, the data from the West might not be suitable to be applied to
Asian population, and hence, it is not suitable to introduce a definite cut off value for Hcy serum levels as significant
without incorporating widely the larger population analysis (Naz et al., 2009).

It is recommended that the proper management of patients with epilepsy indeed requires new relevant drug
products that may additionally minimize the risk of increased serum Hcy. However, proper amount of folic acid and
vitamin-12 as supplements for the patients with epilepsy is essentially required for maintaining the physiological
level of Hey.
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