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Abstract: Epilepsy is a chronic neurological disorder. Antiepileptic drugs (AEDs) can cause vitamin B12 or D defi-
ciency in children with intractable epilepsy. In this study, we measured salivary superoxide dismutase (SOD) and
metalloproteinsases (MMP) levels in the patients with vitamin B12 and vitamin D treatment. Cytokines and chemo-
kines were measured using ELISA. The mean salivary value of SOD activity in the control group was 1.75 + 0.21
U/ml. In the treatment group, the value was 1.33 + 0.18 U/ml. The salivary MMP 2, MMP 3, and MMP 9 levels of
the patients with vitamin D and vitamin B12 treatment were lower than that in the patients without vitamin D and
vitamin B12 treatment. Interleukin 13 (IL-1B), IL-6, IL-8, macrophage inflammatory protein 13 (MIP-13), monocyte
chemoattractant protein-1 (MCP-1) and IFN-inducible protein 10 (IP-10) were significantly decreased in the cortex
of our patients with vitamin D and vitamin B12 treatment. In this study, a clear association between vitamin D and
vitamin B12 treatment and epilepsy was identified. We now plan to investigate the genetic factors that underlie

vitamin D and vitamin B12 treatment in patients treated with AEDs.
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Introduction

Epilepsy is a chronic neurological disorder
associated with spontaneous, recurrent and
paroxysmal cerebral discharge which in turn
results in neuronal damage and seizures [1].
Despite the high prevalence of epilepsy, 30% of
patients do not have good control of their sei-
zures [2]. Children with intractable epilepsy are
exposed to many treatments and concomitant
side effects [3, 4]. Commonly used antiepilep-
tic drugs (AEDs) can cause vitamin B12 or D
deficiency, which is, in turn, associated with
hyperhomocysteinemia [5, 6]. Vitamin B12 is
an essential water-soluble vitamin that is vitally
important in hematopoiesis, nervous system
functions, maintenance of the intact gastroin-
testinal mucosa and regulation of numerous
other B12-dependent metabolic processes [7].
Vitamin D is a member of the steroid hormone
family. Its insufficiency is associated with sev-
eral diseases, including osteoporotic fractures
[8], hypertension [9], and cancer [10]. There
are now a number of papers recommending

periodic vitamin B12 and D blood monitoring
and vitamin B12 and D supplementation in chil-
dren on long-term antiepileptic drugs [11, 12].

However, to our knowledge, direct evidence for
a role of vitamin B12 and D in epilepsy is limit-
ed. The aim of the present study was to investi-
gate the influence of vitamin B12 and D supple-
mentation on children with intractable epile-

psy.

Methods and materials
Patients and study design

From January 2009 to December 2013, we
recruited 42 patients at the Department of
Neurology in First Hospital of China Medical
University. The study protocol was approved by
the local ethics committee and informed con-
sent was collected from all participants. Twenty
one patients were given 50,000 units of vita-
min D, weekly, as well as vitamin B12 200 mg/
kg twice daily, as part of standard care.
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Figure 1. Serum levels of vitamin D (A) and vitamin B12 (B) were measured by using ELISA.
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Figure 2. Salivary SOD (A) and metalloproteinases (MMP) activity (B) were measured as described in Methods.

Patients’s-B12, and s-D levels were measured

Blood samples were collected after an over-
night fast, cooled on ice immediately, and cen-
trifuged at 4°C. Serum was separated within 1
h and stored at -70°C. s-B12 level was mea-
sured by the immunoassay method using com-
mercial kits (Siemens Healthcare Diagnostics
Products Limited, Llanberis, Gwynedd, United
Kingdom). Vitamin D status was assessed by
measuring serum 25 (OH) D levels (DiaSorin,
Stillwater, MN, USA).

Salivary superoxide dismutase (SOD) activity

Total activity of the SOD isoenzymes (Cu/
Zn-SOD and Mn-SOD) was measured using the
Xanthine Oxidase/XTT method described by
Ukeda et al. [13]. This is an assay for SOD
based on tetrazolium salt 3’-{1-[(phenylamino)-
carbonyl]-3,4-tetrazolium}-bis(4-methoxy-6-ni-
tro) benzenesulfonic acid hydrate reduction by
xanthine-xanthine oxidase. One unit of the
enzyme is defined as the amount of enzyme
needed for 50% inhibition of absorption in the
absence of the enzyme.
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Salivary metalloproteinsases (MMPs) analysis

Immunoreactivity assays were employed for
examination metalloproteinsases (MMPs). Sa-
livary samples were centrifuged (800 x g, 10
min, 4°C), and the pellets were suspended in
150 ul of lysis buffer (45 mM HEPES, 0.4 M KClI,
1 mM EDTA, 10% glycerol, pH = 7.8). Following
30 min incubation at room temperature the
samples were centrifuged (10,000 x g, 10 min,
4°C). Protein concentrations in the superna-
tants were determined. A volume containing 50
ng of protein was transferred to a 1.5 ml vial
and all samples were brought to the same vol-
ume of 500 pl with the addition of PBS. The
solutions were mixed well and 100 ul of each
sample was added to ELISA-plate wells (Thermo
Fisher Scientific, Waltham, MA, USA).

Imaging methods

Anatomic and functional MRl scanning was per-
formed on a 1.5-T GE Signa Excite MRI system
(GE Healthcare, Waukesha, WI, USA). A high-
resolution whole brain T1l-weighted anatomic
MRI (3-D) spoiled gradient recall echo pulse
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Figure 3. Activation maps for the left temporal lobe epilepsy (LTLE) and right temporal lobe epilepsy (RTLE) in the
patients with or without vitamin D and vitamin B12 treatment.

sequence were: (120 slices, 1.5-mm slice thick-
ness, field of view [FOV] 24 cm x 24 cm, 256 x
256 matrix, 0.75 mm x 0.75-mm in-plane reso-
lution, repetition time [TR] = 20 msec, echo
time [TE] = 5 msec). The T2*-weighted fMRI
data were acquired from ten axial slices (matrix
size 64 x 64, 5 mm thickness) covering visual
cortex using echo planar imaging (EPI)
sequence (TR/TE = 1000 ms/35 ms). The flip
angles and band width of T1 weighted MR
images were 7° and 200 Hz/Pixel, respectively,
and those of T2* images were 40° and 1954
Hz/Pixel.

Measurement of cytokines and chemokines

Cortices from the fifteen patients without vita-
min D and vitamin B12 treatment and the three
patients with treatment were homogenized by
using a total protein extraction kit (Chemicon,
Temecula, CA, USA), then centrifuged at 4°C
and stored at -80°C. Total protein concentra-
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tion was calculated using the BCA assay kit
(Pierce, Rockford, IL, USA). Levels of proinflam-
matory cytokines, including interferon (IFN)-y,
IL-1B, IL-2, IL-6, IL-8, TNF-«, granulocyte-macro-
phage colony stimulating factor (GM-CSF), anti-
inflammatory cytokine IL-10, IFN-inducible pro-
tein 10 (IP-10), monocyte chemoattractant pro-
tein-1 (MCP-1), MCP-4, macrophage derived
chemokine (MDC), and macrophage inflamma-
tory protein 1B (MIP-13) were measured using
ELISAkits (Meso-Scale Discovery, Gaithersburg,
MD, USA). Plates were analyzed using a micro-
plate reader (Bio-Rad, Hercules, CA, USA).

Statistical analysis

Data are presented as the mean + standard
deviation (SD). Differences between groups
were analyzed using Student’s t-test for contin-
uous variables. Statistical analysis was per-
formed using GraphPad 5.0 software (Graph-
Pad Software, La Jolla, CA, USA) and signifi-
cance was established at P < 0.05.
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Figure 4. Cytokine analysis by ELISA. IL-183 (A), IL-6 (B), IL-8 (C), MIP-18 (D), MCP-1 (E) and IP-10 (F) were significantly
decreased in brains of patients with epilepsy after vitamin D and vitamin B12 treatment.

Results

Serum levels of vitamin D and vitamin B12 in
the patients

A total of 42 epilepsy patients were identified in
this study. Of these, 21 children were on regular
vitamin D and vitamin B12 supplements. In the
patients with vitamin D and vitamin B12 sup-
plements, the serum 25-hydroxy vitamin D lev-
els ranged between 18 and 42 ng/ml and vita-
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min B12 levels ranged between 204 and 758
pg/l, while the serum 25-hydroxy vitamin D and
vitamin B12 levels in control group ranged
between 3 and 22 ng/ml and between 100 and
453 pg/Il, respectively (Figure 1, P < 0.05).

Salivary SOD activity and MMPs analysis

The mean salivary value of SOD activity in the
control group was 1.75 + 0.21 U/ml. In the
treatment group, the value was 1.33 + 0.18 U/
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ml (Figure 2A, P < 0.05). Furthermore, the sali-
vary MMP 2, MMP 3, and MMP 9 levels of the
patients with vitamin D and vitamin B12 treat-
ment was lower than that in the patients with-
out vitamin D and vitamin B12 treatment
(Figure 2B, P < 0.05).

Improvement in the brain of the patients with
vitamin D and vitamin B12 treatment

Activation maps for the left temporal lobe epi-
lepsy (LTLE) and right temporal lobe epilepsy
(RTLE) were shown in Figure 3. Less activated
sites were found in brain of the patients with
vitamin D and vitamin B12 treatment (Figure
3). IL-1B, IL-6, IL-8, MIP-13, MCP-1 and IP-10
were significantly decreased in the cortex of
our patients with vitamin D and vitamin B12
treatment (Figure 4, P < 0.05).

Discussion

Chronic anti-epilepsy drugs may impair folate
absorption and gastrointestinal transport by
altering gastrointestinal pH [14]. The associa-
tion between vitamin D, AEDs, and poor bone
health in individuals with epilepsy was first rec-
ognized in 1979 [15]. Linnebank et al. [5] rec-
ommends that patients treated with AEDs
should have their serum levels of folate and
vitamin B12 closely monitored, or should
receive prophylactic vitamin supplementation
while receiving AED therapy. In this study, we
found that vitamin D and vitamin B12 could be
used as supplementations for epilepsy treat-
ment.

Oxidative stress and MMPs may have a pivotal
role in the pathogenesis of epilepsy [16].
Shahar et al. [16] found that salivary MMP 9
concentration was decreased by 23% in the
patient with intractable epilepsy compared with
healthy controls, while SOD activity in controls
was decreased by 10% in the patient. In our
study, we found that vitamin D and vitamin B12
could reverse the SOD and MMP 9 activities in
the patients with intractable epilepsy.

Furthermore, marked glial activation and neu-
roinflammation in the surgically resected corti-
cal tissue from patients with intractable epilep-
sy were observed. Cytokines could influence
the activation of astrocytes and microglia. For
example, Giulian et al. [17] found that injection
of pro-inflammatory cytokines could induce
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astrogliosis in healthy animals. Cytokines con-
tributed initially by inciting seizures in the devel-
oping brain after being induced by seizures or
tissue injury, exacerbate tissue injury and pro-
mote further seizures [18]. In this study, we
found that, after vitamin D and vitamin B12
treatment, IL-13, IL-6, IL-8, MIP-13, MCP-1 and
IP-10 were significantly decreased in the cortex
of the patients.

Although a clear association between vitamin
D and vitamin B12 treatment and epilepsy, we
now plan to investigate the genetic factors that
underlie vitamin D and vitamin B12 treatment
in patients treated with AEDs.
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