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SUMMARY 

Objective: to investigate the effects of sodium valproate on plasma concentrations of homocysteine, folate and vitamin B12 
levels in epileptic patients with long-standing tonic-clonic seizures compared to newly diagnosed epileptic patients and healthy 
controls.

Material and methods. The study included 90 participants (mean age 36.30±12.83 years, the majority (58.89%) were males) 
divided into three groups: 30 non-epileptic people (control Group 1), 30 newly diagnosed epileptic patients (Group 2), and 30 
patients with long-term tonic-clonic seizures epilepsy (Group 3). In Group 3, patients received sodium valproate therapy. All 
subjects underwent clinical and neurological examinations. Differences in plasma levels of homocysteine, folic acid and vitamin 
B12 in three groups were investigated after 6 months of follow-up.

Results. Homocysteine level in Groups 2 and 3 was increased; for Group 2 it was significantly higher than for Groups 3 and 1 
(p=0.001). Plasma folate level in Groups 2 and 3 was decreased; for Group 3 it was significantly higher than for Group 2 and 
lower than for Group 1 (p=0.001). Vitamin B12 level in Groups 2 and 3 was decreased, but the difference was not significant 
(p=0.090). In Groups 1 and 2, a significant correlation was observed between the indicators.

Conclusion. Sodium valproate аdministration might disrupt the homeostatic level of homocysteine, folate and vitamin B12 and 
cause irregularity of their plasma contents in epileptic patients with long-standing tonic-clonic seizures.
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Оценка влияния вальпроата натрия на уровни гомоцистеина, фолата и витамина B12 в плазме 
крови у больных эпилепсией
A. Аман-Мохаммади, Д. Куджек, П. Саадат, K. Хаджиан-Тилаки

Бабольский университет медицинских наук (GMJH+F6G, Баболь, провинция Мазандаран, Иран)

Для контактов: Пайам Саадат, E-mail: sepanta1968@yahoo.com

РЕЗЮМЕ 

Цель: изучить влияние вальпроата натрия на концентрации гомоцистеина, фолата и витамина B12 в плазме крови 
у больных с длительно присутствующей эпилепсией с тонико-клоническими приступами в сравнении с пациентами 
с впервые диагностированной эпилепсией и контрольной группой.

Материал и методы. В исследование включены 90 участников (средний возраст 36,30±12,83 года, большинство (58,89%) 
составляли мужчины), которые были разделены на три группы: 30 человек, не страдающих эпилепсией (контрольная 
1-я группа), 30 больных с впервые выявленной эпилепсией (2-я группа) и 30 пациентов с длительно присутствующей 
эпилепсией с тонико-клоническими приступами (3-я группа). В 3-й группе больные получали вальпроат натрия. Все 
участники исследования прошли клиническое и неврологическое обследование. Различия в уровнях гомоцистеина, 
фолиевой кислоты, витамина B12 в плазме крови в трех группах исследовали через 6 мес наблюдения.

Результаты. Зарегистрирован повышенный уровень гомоцистеина во 2-й и 3-й группах; во 2-й группе он был досто-
верно выше, чем в 3-й и 1-й группах (р=0,001). Уровень фолатов в плазме во 2-й и 3-й группах оказался снижен; в 3-й 
группе он был достоверно выше, чем во 2-й группе, и ниже, чем в 1-й группе (р=0,001). Снижение уровня витамина 
В12 во 2-й и 3-й группах было недостоверно (р=0,090). В 1-й и 2-й группах наблюдалась значимая корреляция между 
показателями.

Заключение. Введение вальпроата натрия может нарушить гомеостатические уровни гомоцистеина, фолата и вита-
мина В12 и вызвать их колебания в сыворотке крови у больных с длительно присутствующей эпилепсией с тонико-
клоническими приступами.

КЛЮЧЕВЫЕ СЛОВА 

Впервые диагностированная эпилепсия, длительно присутствующая эпилепсия, вальпроат натрия, фолат, гомоци-
стеин, витамин B12. 
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INTRODUCTION / ВВЕДЕНИЕ

Epilepsy is a common neurological disease caused by a 
transient electrical brain disorder that leads to sudden and 
repeated attacks (various types of seizures), short-term, 
accompanied by changes in the state of consciousness or 
abnormal movements. It may sometimes be accompanied by 
complete seizures or local muscle spasms, and depending 

on the nature and type of attacks, it may be associated with 
loss of consciousness [1, 2]. All aspects of this disease are 
not well known and cannot be cured, but epileptic attacks 
can be controlled with some treatment methods, including 
drug treatments with anti-epileptic drugs [3].

There is a wide range of antiepileptic drugs with different 
mechanism, pharmacology, pharmacokinetics and important 
side effects. One of these drugs is sodium valproate (SV), 
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which is an 8-carbon branched-chain fatty acid and has 
been used as a broad-spectrum drug since 1970 as one of 
the first-line anticonvulsant drugs [4].

SV, like other anticonvulsant drugs, has side effects, such 
as, if prescribed for a long time, the metabolism of folate and 
vitamin B12 is affected, and by increasing the plasma level of 
homocysteine (Hcy), they lead to cerebrovascular disorders 
[5]. Hcy, as an amino acid containing sulfur, plays a role in 
methionine metabolism, and folic acid and vitamin B12 are 
necessary for the remethylation of Hcy to methionine, So 
that the reduction of each of them may lead to an increase 
in the level of Hcy and a decrease in methionine [6]. 

Epilepsy is prevalent in about half to one percent of the 
world's population, and almost 80% of its cases are reported 
in developing countries [7]. Its prevalence in Iran has been 
about 5% higher than the statistics of similar countries, 
while in terms of geographical region, the highest frequency 
has been reported in the center of the country, then the east 
and finally the north of the country [8]. 

SV is one of the most widely used and common drugs 
used by epilepsy patients and is reported to be one of 
the first common drugs used in these patients. Therefore, 
this study was conducted to investigate its effect on the 
plasma levels of Hcy, folate and vitamin B12, and as a result, 
controlling side effects and ultimately helping patients 
recover.

Objective – to investigate the effects of SV on plasma 
concentrations of homocysteine, folate and vitamin B12 
levels in epileptic patients with long-standing tonic-clonic 
seizures compared to newly diagnosed epileptic patients 
and healthy controls.

MATERIAL AND METHODS / МАТЕРИАЛ 
И МЕТОДЫ

This descriptive-analytical study was conducted in the 
population of epilepsy patients referred to Ayatollah Rouhani 
Hospital in Babol between November 2015 and January 2018. 
A total of 90 people were studied. 

Participants / Участники

The inclusion criteria were defined as patients who were 
suffering from epilepsy at the time of the study, and the 
exclusion criteria were defined as age less than 20 years, 

pregnancy, heart, liver and kidney disorders, suffering from 
cancer, taking supplements containing folate and vitamin 
B12 and hyperlipidemia. 

The control group (Group 1) consisted of 30 healthy people 
without epilepsy and without diagnosis of neurological 
disorder. According to the available sampling method and the 
inclusion criteria, 30 patients with newly diagnosed epilepsy 
who did not take SV (Group 2) and 30 patients with long-
term epilepsy with tonic-colonic seizures under SV treatment 
(Group 3) were selected and included in the study. 

Healthy people (Group 1) included 12 men and 18 women 
with an average age of 36.30±12.80 years. The newly 
diagnosed group (Group 2) included 13 men and 17 women 
with an average age of 36.76±12.91 years. The group of 
patients with long-term epilepsy (Group 3) included 12 men 
and 18 women with an average age of 35.56±12.77 years 
and an average duration of the disease of 6 months (Table 1).

Ethical aspects / Этические аспекты

The researchers complied with the requirements of the 
Helsinki Declaration of the World Medical Association 
(Fortaleza, Brazil, 2013). The study was approved by the 
local Ethics Committee (MUBABOL.REC.1395.179-3570). 
The samples were collected with the consciously written 
consent of patients.

Methods of plasma analysis / Методы 
анализа плазмы

Differences in plasma Hcy, folate and vitamin B12 
concentrations in studied patients after 6 months of follow-
up were analyzed. Blood (5 ml) was collected from the veins 
of fasting and resting patients, and plasma was isolated. 
Standard biochemical kits were used to detect plasma 
concentrations of Hcy, folate and vitamin B12 according to 
the manufacturer's instructions.

Statistical analyses / Статистический анализ

SPSS Statistics 18 (IBM Inc., USA) was used for all 
statistical analyses. Data are presented as mean ± standard 
deviation. Parameters that were not normally distributed, 
including folate, vitamin B12, and Hcy, were log-transformed 
before analysis. Comparisons between groups were 
performed using analysis of variance (ANOVA). The Pearson’s 
test was used to assess the correlation of the parameters.

Table 1. Descriptive statistics of healthy controls, newly diagnosed epileptic patients and patients with long-standing tonic-clonic 
seizures following sodium valproate therapy

Таблица 1. Описательная статистика здоровых лиц контрольной группы, пациентов с впервые диагностированной 
эпилепсией и больных с длительно присутствующей эпилепсией с тонико-клоническими приступами, принимающих 
вальпроат натрия

Parameter / Параметр

Group / Группа

1 (control) /  
1 (контрольная)

(n=30)

2 (without therapy) /  
2 (без терапии)

(n=30)

3 (with therapy) / 
3 (с терапией)

(n=30)

Gender, n (%) / Пол, n (%)

     male / мужской 12 (40.0) 13 (43.3) 12 (40.0)

     female / женский 18 (60.0) 17 (56.7) 18 (60.0)

Age, years / Возраст, лет 36.30±12.8 36.76±12.91 35.56±12.77
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RESULTS / РЕЗУЛЬТАТЫ

In Table 2, the comparison of mean plasma concen-
trations of Hcy, folic acid and vitamin B12 of healthy 
controls, newly diagnosed patients and long-standing 
tonic-clonic seizures epileptic patients after SV therapy is 
shown. The plasma folate levels in Group 3 (following SV 
treat¬ment) were significantly higher than those in Group 
2 (without SV treatment) and significantly lower than those 
Group 1 (p=0.001). Hcy level in Group 2 was significantly 
higher than in Group 3 (following SV treatment) and in the 
control group (p=0.001). The level of B12 was also higher 
in healthy people than in patients, and while it was reported 

higher in Group 2 (without SV therapy) than in Group 3 (with 
SV therapy), the difference between the groups was not 
significant (p=0.090). 

In Table 3 and Figure 1, correlations between mean 
plasma concentrations of Hcy, folate, and vitamin B12 
in healthy controls, newly diagnosed patients, and long-
standing tonic-clonic seizures epileptic patients who have 
undergone SV therapy are demonstrated.

DISCUSSION / ОБСУЖДЕНИЕ

The current study determined SV impact on plasma 
levels of Hcy, folate and vitamin B12 B12 in long-standing 

Table 2. Comparsion between mean plasma levels of homocystein, folic acid, and vitamin B12 in healthy controls, newly diagnosed 
epileptic patients and patients with long-standing tonic-clonic seizures following treatment with sodium valproate

Таблица 2. Сравнение средних уровней гомоцистеина, фолиевой кислоты и витамина B12 в плазме крови у здоровых 
лиц контрольной группы, пациентов с впервые диагностированной эпилепсией и больных с длительно присутствующей 
эпилепсией с тонико-клоническими приступами, принимающих вальпроат натрия

Parameter / Параметр

Group / Группа

p1 (control) /  
1 (контрольная)

(n=30)

2 (without therapy) / 
2 (без терапии)

(n=30)

3 (with therapy) / 
3 (с терапией)

(n=30)

Homocystein, µmol/l // Гомоцистеин, мкмоль/л 8.20±0.50 11.77±0.76 9.57±0.32 0.001

Folic acid, ng/ml // Фолиевая кислота, нг/мл 15.07±0.70 1.70±0.60 4.85±0.65 0.001

Vitamin B12, pg/ml // Витамин В12, пг/мл 368.65±26.81 330.85±13.30 310.47±12.83 0.090

Table 3. Correlation between mean plasma levels of homocystein, folic acid and vitamin B12 in healthy controls, newly diagnosed 
epileptic patients and patients with long-standing tonic-clonic seizures following treatment with sodium valproate

Таблица 3. Корреляция между средними уровнями гомоцистеина, фолиевой кислоты и витамина B12 в плазме крови 
у здоровых лиц контрольной группы, пациентов с впервые диагностированной эпилепсией и больных с длительно 
присутствующей эпилепсией с тонико-клоническими приступами, принимающих вальпроат натрия

Group / Группа Parameter / Параметр
Homocystein, µmol/l // 

Гомоцистеин, мкмоль/л
Folic acid, ng/ml // 

Фолиевая кислота, нг/мл
Vitamin B12, pg/ml // 
Витамин В12, пг/мл

r* p r* p r* p

1 (control) / 
1 (контрольная)

Homocystein, µmol/l // 
Гомоцистеин, мкмоль/л – – –0.45 0.01 0.17 0.36

Folic acid, ng/ml // 
Фолиевая кислота, нг/мл –0.45 0.01 – – 0.14 0.44

Vitamin B12, pg/ml // 
Витамин В12, пг/мл 0.17 0.36 0.14 0.44 – –

2 (without therapy) /  
2 (без терапии)

Homocystein, µmol/l // 
Гомоцистеин, мкмоль/л – – –0.39 0.02 –0.51 0.004

Folic acid, ng/ml // 
Фолиевая кислота, нг/мл –0.39 0.02 – – 0.59 0.001

Vitamin B12, pg/ml // 
Витамин В12, пг/мл –0.51 0.004 0.59 0.001 – –

3 (with therapy) / 
3 (с терапией)

Homocystein, µmol/l // 
Гомоцистеин, мкмоль/л – – 0.18 0.33 0.16 0.93

Folic acid, ng/ml // 
Фолиевая кислота, нг/мл 0.18 0.33 – – 0.08 0.64

Vitamin B12, pg/ml // 
Витамин В12, пг/мл 0.16 0.93 0.08 0.64 – –

Note. * Pearson’s correlation.

Примечание. * Корреляция Пирсона.
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EPILEPSY 
and paroxysmal 

conditions 

tonic-clonic seizures epileptic patients following SV therapy 
compared to newly diagnosed epileptic patients and healthy 
controls. The main findings were a decrease in folate level, 
but Hcy levels elevated in patients with long-standing tonic-
clonic seizures epilepsy (Group 3) compared to Groups 1 and 
2. It is likely that SV could effect on the acidic properties of 
the digestive tract and the buffering system. These changes 
might effect on folate precursor enzymes and reduces folate 
absorption. Also, it may affect folate synthesizing pathway. 
Considering that vitamin B12 plays a role in the transport 
and storage mechanism of folate, by reducing vitamin B12 
folate metabolism also fails. Vitamin B12 plays a role as 
a cofactor of methyl transferase [9–12].

But the reason for the elevation of Hcy level may be 
due to decreased folate levels. Because of the reduction of 
folate, the transfer of methyl group from Hcy to methionine 
is not done [10]. Folate is an important component in many 
biochemical and physiological reactions in the body. The 
amount of Hcy might remain high as folate level decreases. 
Also, with the reduction of vitamin B12, a disruption of the 
methyl group is caused.

On the other hand, elevated serum Hcy may be due to 
decreased vitamin B12 and folate, because vitamin B12 and 
folate are essential in the conversion of Hcy to the metabolite 
methionine. This may be the mechanism by which SV 
increases serum Hcy levels due to interference with feeding, 
absorption and renal excretion. These results indicate that 
SV interacts with folate and vitamin B12 metabolism.

Our results indicate that the plasma contents of Hcy, 
folic acid and vitamin B12 could be dependent risk factors 
for epilepsy, agreeing with previous studies [5, 9]. Current 
findings demonstrated lower contents of sera folate and 
vitamin B12 contents in newly diagnosed epileptic patients 
and long-standing tonic-clonic seizures epileptic patients 
treated with SV, which was attributed to direct relationship 
between folate and vitamin B12 levels. But our results 
demonstrated higher levels of serum Hcy levels in newly 
diagnosed epileptic patients, which was attributed to 

inverse relationship between Hcy, folate and vitamin B12 
contents.

Anyway, the mechanism underlying the effects of SV 
effect on folate and vitamin B12 content remains to be 
recognized. Therefore, additional basic and clinical studies 
should be managed to verify these results.

The present study demonstrated that taking SV is 
meaningfully connected with decreased serum levels of folate 
and tendency to decrease vitamin B12. This observation 
correlates with the finding of other researchers who had 
reported a significant decreased serum levels of vitamins B12 
and folate in epileptic patients [5, 13, 14]. Our results agree 
with other researchers' reports [6]. But our findings indicate 
that receiving SV is meaningfully connected with increased 
serum levels of Hcy in epileptic patients. This findings 
agrees with most of clinical studies results [13, 15, 16], but 
is inconsistent with the findings of other researchers [17].

Study limitations / Ограничения исследования

The study had certain limitations. Our sample size was 
small. Besides, we did not analyze plasma concentrations of 
other biochemical markers such as lipid profiles, because SV 
may cause alterations in these variables. Additionally, we did 
not take into account plasma hormone concentrations such 
as thyroid hormones.
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CONCLUSION / ЗАКЛЮЧЕНИЕ

Administration of SV reduces the plasma contents of 
folate. It might disrupt the homeostatic level of Hcy and 
vitamin B12 and cause irregularity of their plasma contents 
in newly diagnosed and long-standing epileptic patients.
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Figure 1. Correlations between mean plasma concentrations of homocystein (Hcy), folic acid (FA), and vitamin B12: a – in healthy 
controls (Group 1); b – in newly diagnosed epileptic patients without therapy (Group 2); c – in patients with long-standing tonic-
clonic seizures following treatment with sodium valproate (Group 3)

Рисунок 1. Корреляции между средними концентрациями гомоцистеина (Hcy), фолиевой кислоты (ФК) и витамина В12 
в плазме крови: а – у здоровых лиц (1-я группа); b – у пациентов с впервые диагностированной эпилепсией без терапии  
(2-я группа); c – у больных с длительно присутствующей эпилепсией с тонико-клоническими приступами, принимающих 
вальпроат натрия (3-я группа)
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