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ABSTRACT:

Aim: The aim of our study was to evaluate the effect of valproate and oxcarbazepine therapy in children newly diagnosed with
epilepsy. Changes in serum asymmetric dimethyl arginine (ADMA), homocysteine, folate and B12 levels were assessed as possible
markers of cardiovascular risk and correlation between homocysteine and ADMA levels was ascertained. Materials and Methods:
Drug naive patients newly diagnosed with epilepsy of age 7-17 years (n= 62), with no known cause of hyperhomocysteinemia, were
enrolled for the study. A pre treatment analysis of homocysteine, folate and B12 was done using chemiluminescent competitive
immunoassay. Serum ADMA levels were measured by ELISA. Thereafter, treatment of 34 children was started on valproate and 28
were prescribed oxcarbazepine. After six months of continuous treatment, the analysis was repeated. Results: Sixty two newly
diagnosed, drug naive patients of epilepsy were recruited for the study. After initial assessment of biochemical parameters, treatment
was initiated. Valproate was started on 34 patients and 28 were given oxcarbazepine. No significant variations were observed in age,
gender and seizure type. There was a significant increase in ADMA and Hcy levels in both the groups after six months of therapy (p
< 0.05). A decrease in folate levels was registered in both the groups, but the change was significant only in the group on OXC
treatment (p = 0.003). A significant increase in B12 concentration was observed in the group on VPA (p = 0.002) and a decrease was
registered in children on OXC treatment (p = 0.026). . Differences between the groups were significant in ADMA, Hcy and B12
levels (p = 0.000, 0.000 and 0.003 respectively). 41.1% (14/34) children on valproate therapy and 21.4% (6/28) patients on
oxcarbazepine had hyperhomocysteinemia after six months of therapy. No correlation was observed between ADMA and Hcy
changes in both the groups. In subjects on valproate, at follow up, ADMA levels exhibited a positive correlation with B12 (r= 0.389;
p= 0.023) and Hcy levels correlated negatively with folate (r= -0.444; p= 0.008). In patients on OXC therapy, ADMA correlated
negatively with B12 at recruitment(r= -0.503; p= 0.006). After six months of therapy, Hcy and folate levels had a significant negative
correlation (r= -0.427; p= 0.024). Conclusion: Anti-epileptic therapy can affect ADMA, Hcy and related vitamins but increase in
ADMA may be independent of Hhcy. Further studies are needed to understand the etiology of ADMA increase.
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NTRODUCTION

Epilepsy is a chronic neurological disorder requiring

long-term or even lifetime treatment. Patients on anti

epileptic drugs exhibit several vascular risk factors
like abnormal lipid profile, increased oxidative stress and
elevation in homocysteine levels. Homocysteine is an amino
acid derived from another amino acid methionine and
enhances risk of atherosclerosis, myocardial infarction and
cerebrovascular  disorders."®  Endothelial dysfunction

precedes atherosclerotic disturbances’ and was shown to be
caused by homocysteine in several pathological
conditions.* Therapy by antiepileptic drugs (AEDs) has
been associated with many occlusive vascular diseases.'®"?
AED therapy was also responsible for increased levels of
plasma total homocysteine, serum vitamin B12 and low
serum folate, vitamin B6.""*' An increased risk of fatal
cardiovascular disease has been reported in epilepsy but its
relation with AED therapy has not been confirmed.'"'"?
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Vascular disease may begin early in childhood or
adolescence with a probability of being reversed, hence
understanding the impact of cardiovascular risk factors is
essential with emphasis on endothelial disturbances in
children with epilepsy.

Methylation of arginine results in formation of asymmetric
dimethyl arginine (ADMA), which is an endogenous
competitive inhibitor of nitric oxide synthase.'” Hence,
ADMA impairs synthesis of nitric oxide, a potent
vasodilator. Increased Hcy levels inhibit the activity of
enzyme dimethylarginine  dimethylamino  hydrolase
(DDAH), which is required for ADMA metabolism,
resulting in elevated levels of ADMA. Many researches
have revealed that increased ADMA levels are associated
with incidence of cardiovascular morbidity, which leads to
enhanced mortality.zo'24 Thus, ADMA has emerged as a
novel and reliable cardiovascular risk factor® and is a better
indicator of endothelial function than Hcy, due to minimal
interference by fasting status and physical activity.*®
Elevated Hcy, an independent risk factor for atherosclerosis,
ADMA and impaired lipid profiles, have been observed in
many investigations with children on AEDs.”’”? In this
study, we aimed to explore the changes and correlations in
plasma levels of ADMA, homocysteine and serum levels of
folate and vitamin B12 under AED treatment. Valproic acid
(VPA) and oxcarbazepine (OXC) are prescribed extensively
in children with epilepsy. The aim of our study was to
assess variation in serum ADMA, hcy, folate and B12 as
possible cardiovascular risk factors, in children on these
common antiepileptics and to assess correlation between
homocysteine and ADMA levels, if any.

Materials and methods

The study included 62 drug naive patients (7-17 years of
age), recently diagnosed with epilepsy, visiting the out-
patient clinic at department of neurology, DrRML Institute
of Medical Sciences, Lucknow, India. The study was
approved by institutional ethics committee. Patients were
recruited in the study after signing written informed
consent. Patients of ischemic stroke, with history of

RESULTS

hypertension, cardiac and peripheral vascular disease,
diabetes mellitus, renal or thyroid disease were excluded
from the study. Subjects on regular consumption of vitamins
or any other drug were also excluded.

Biochemical Analyses:

Following an overnight fasting period, blood was drawn,
between 8-10 AM, from the antecubital vein in sitting
position. Serum was immediately separated by
centrifugation and stored at -80°C until assayed. The
procedure was repeated in both the groups after six months
of continued therapy.

Analysis of ADMA: Serum ADMA levels were measured
by ELISA (kits obtained from Qayee-Bio For Life Science).
Absorbances were measured using a wavelength of 450 nm.
All samples and standards were analyzed in duplicate.

Hcy, Folate and B12 assessment: Serum Hcy, folate and
B12 concentrations levels were measured through
chemiluminescent immunoassay by using commercially
available kits (Siemens) by using kits (Siemens) available
for Advia centaur auto analyzer. Normal reference ranges in
fasting conditions are 5-15uM/L for tHcy, 3-17 ng/ml for
serum folate and 178-800 pg/ml for vitamin B12. After a
pre treatment assessment of the above biochemical
parameters, treatment with valproate or oxcarbazepine was
initiated and all assessments were repeated after six months
of continuous therapy.

Statistical Analysis: Data were analyzed using the SPSS
Version 20.0. There were two groups of patients in
accordance with the type of drug used for therapy (VPA or
OXC). Discrete variables (gender, seizure type) were
compared by the Pearson chi square test. Shapiro-Wilk test
confirmed that the data did not follow Gaussian distribution,
hence non-parametric tests were employed for analysis.
Baseline and follow-up values of serum ADMA, tHcy, B12
and folate in each group were compared using the Wilcoxon
signed ranks test. Variation between the groups was
assessed by Mann Whitney U test. Spearman correlation
analysis was employed to evaluate correlation between the
variables. Statistical significance was set at p<0.05.

TABLE 1: Demographic distribution of children with epilepsy

VPA ()& p-value
(n=34) (n=28) between
groups

Age (years) 12.18(0.57) 13.36(0.50) 0.134
Gender(Male: 24:10 20:8 0.942
Female)
Type of seizure 10:24 6:22 0.475
(Partial: Generalized)
AED dose (mg/day) 682.4(29.39) 600(8.909)

(range,400- (range,450-

1000) 650)

Valproate(VPA), oxcarbazepine(OXC), anti epileptic drug (AED)
Values are expressed as mean and standard error(SE)
*Level of significance at P<0.05

58

Journal of Advanced Medical and Dental Sciences Research |[Vol. 5|Issue 7| July 2017



Khanna N et al. Valproate and oxcarbazepine in epileptic children.

TABLE 2: ADMA, total homocysteine, folate and B12 levels before and after six months of anti-epileptic therapy:

ADMA Homocysteine Folate B12
Treatment groups Pre Post Pre Post Pre Post Pre Post
treatment treatment treatment treatment treatment treatment treatment treatment
VPA 1.14 2.10 7.07 14.61 6.50 4.67 296.09 334.76
(0.04) (0.11) (0.17) 0.27) (1.12) 0.27) (14.42) (12.83)
0OXC 1.23 1.27 7.19 13.89 6.48 5.19 330.14 304.64
(0.07) (0.08) (0.19) (0.33) (0.38) (0.13) (11.77) (13.38)
p-value for pre-treatment 0.412 0.644 0.666 0.111

values between groups

Valproate(VPA), oxcarbazepine(OXC), asymmetric dimethyl arginine(ADMA)
Values are expressed as mean and standard error(SE)

*Level of significance at P<0.05

TABLE 3: Variation in ADMA, total homocysteine, folate and B12 levels after six months of monotherapy

ADMA Homocysteine Folate B12
Change in p-value Change in p-value Change in p-value Change in p-value
variable at within variable at within  variable at within variable at within
six months  group six months  group six months  group six months group
VPA 0.96(0.13)  0.000*  6.64(0.47) 0.000*  -1.82(1.05) 0.939 38.67(12.79) 0.002*
0XC 0.04(0.02)  0.022*  6.70(0.36) 0.000*  -1.29(0.46)  0.009* - 0.038*
25.50(11.66)
p-value between 0.000* 0.0011* 0.237 0.018%*

groups

Valproate (VPA), oxcarbazepine (OXC), asymmetric dimethyl arginine (ADMA)
Values are expressed as mean and standard error (SE)

*Level of significance at P < 0.05
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RESULTS

TABLE 4: Correlation between biochemical parameters in children on VPA therapy

ADMAl HCYI Folatel B12(1) ADMA2 HCY2 Folatez B12(2)
ADMA,; 1 -0.008 -0.197 0.070 -0.423* 0.008 -0.092 0.092
HCY, 1 0.249 0.093 0.110 0.265 0.015 0.18
Folate, 1 -0.077 0.004 -0.293 0.725* -0.048
B12, 1 -0.031 -0.252 0.090 0.622*
ADMA, 1 0.251 -0.046 0.389*
HCY, 1 -0.444%* -0.233
Folate, 1 0.015
B12,, 1
Subscript | represents pre treatment values and subscript , represents values after six months of treatment

TABLE 5: Correlation between biochemical parameters in children on OXC therapy

ADMAl HCYl Folatel BIZ(D ADMA2 HCY2 Folatez B12(2)
ADMA,; 1 0.274 -0.360 -0.503* 0.926* -0.056 0.333 -0.140
HCY, 1 -0.200 -0.282 0.332 0.116 0.065 -0.240
Folate, 1 0.321 -0.326 0.039 -0.396* 0.735
B12, 1 -0.421 0.060 -0.116 0.237
ADMA, 1 0.041 0.292 -0.087
HCY, 1 -0.427* 0.060
Folate, 1 -0.720*
B12, 1

Subscript | represents pre treatment values and subscript , represents values after six months of treatment

Sixty two newly diagnosed, drug naive patients of epilepsy
were recruited for the study. After initial assessment of
biochemical parameters, treatment was initiated. Valproate
was started on 34 patients and 28 were given oxcarbazepine.
Mean daily dose was 682.4 mg (range, 400-1000) for VPA
group and 600 mg (range,450-650)for OXC group. Table 1
summarizes the demographic details, no significant
variations were observed in age (p=0.134), gender
(x2=0.005, df= 1, p=0.942) and seizure type (¥2=0.511,
df=1, p=0.475). Variation in pre-treatment levels between
the VPA and OXC groups was statistically insignificant
(ADMA, p=0.412; Hcy, p=0.644; folate, p=0.666; B12,
p=0.111). There was a significant increase in ADMA (VPA:
z=-4.595, p= 0.000; OXC: z= -2.325, p= 0.020) and Hcy
(VPA: z= --5.036, p= 0.000; OXC: z= -4.626, p= 0.000)
levels in both the groups after six months of therapy. A
decrease in folate levels was registered in both the groups,
but the change was significant only in the group on OXC
treatment (z=-2.948; p= 0.003). A significant increase in
B12 concentration was observed in the group on VPA (z= -
3.147; p= 0.002) and a decrease was registered in children
on OXC treatment (z= -2.234; p= 0.026).

Changes in ADMA, folate and B12 levels were higher in the
VPA group, while changes in Hcy concentrations were
marginally higher in the group on OXC. Differences
between the groups were significant in ADMA, Hcy and
B12 levels (p=0.000, 0.000 and 0.003 respectively).

Cut off value for hyperhomocysteinemia (Hhcy) was set at
15.1uM/L. In the group on VPA therapy, 41.1% (14/34)
children had Hcy levels above the cut off value of

15.1uM/L, while 21.4% (6/28) patients on OXC had Hhcy
after six months of therapy. At recruitment, in subjects on
VPA therapy no significant correlations were observed
between ADMA and Hcy, folate or B12 levels. At follow
up, ADMA levels exhibited a positive correlation with B12
(r= 0.389; p= 0.023) and Hcy levels correlated negatively
with folate (r= -0.444; p=0.008).

In patients on OXC therapy, ADMA correlated negatively
with B12 at recruitment(r= -0.503; p= 0.006). After six
months of therapy, Hcy and folate levels had a significant
negative correlation (r= -0.427; p= 0.024). Correlations
between ADMA and Hcy variations form baseline to
followup, in both the groups, are also insignificant.

DISCUSSION

Childhood epilepsy is a recurring chronic disorder, which
often needs lifelong therapy. Epilepsy itself or long-term
therapy by AEDs may be responsible for endothelial
dysfunction, which promotes atherogenesis, resulting in
several occlusive cardiovascular diseases.'"'>'****" Many
studies have reported significant rise in fasting Hcy levels in
patients on AED therapy.”>*® ADMA, an endogenous
inhibitor of nitric oxide synthase, has been associated with
endothelial dysfunction and several investigations associate
rising levels of ADMA with hyperhomocysteinemia.**>°
Our study demonstrates significant elevations in ADMA
and Hcy concentrations in children after six months of VPA
and OXC therapy as compared to pre treatment levels. This
is similar to a recent study by Oz et al (27). To our
knowledge, this is the first study on Indian population that
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monitors ADMA levels as an effect of VPA and OXC
therapy in children. Folate is the most important
determinant of tHcy levels but there are several other factors
like vitamins B12, B6, glomerular filtration rate (GFR) and
polymorphisms in genes involved in coding of enzymes
involved in Hcy metabolism.”’ Carbamazepine (CBZ)
shows increased Hcy levels, associated with a decrease in
vitamin B12 and folate levels resulting from reduction in
enzyme activity in the liver (38). A few studies have shown
elevation in serum vitamin B12 levels in patients receiving
VPA therapy.”* Our study demonstrated increased levels
of vitamin B12 in children on VPA therapy, while children
on OXC, registered a decrease. Folate levels decreased in
both the groups, though the decrease was significant in the
group on OXC therapy. This decrease in folate may result
from disruption of the enterohepatic circulation of folate.
Elevated B12 levels in patients receiving VPA might be due
to heightened conjugation between vitamin B12 and
transcobalamin II.29’41’42). Contrary to these results, some
other studies reveal no changes in folate and B12 levels in
patients receiving VPA therapy.”**

Information about effects induced by new-generation AEDs,
such as OXC, lamotrigine, (LTG), levatiracetam (LEV), and
topiramate (TPM), on ADMA and Hcy metabolism is
limited.”** These drugs may have fewer side-effects than
the old AEDs, specially in children with epilepsy who are
more prone to an early development of atherosclerosis.
Oxcarbazepine has a chemical structure similar to parent
compound carbamazepine (CBZ). CBZ utilizes the
cytochrome P-450 system for oxidation, while OXC
through reduction of its keto group forms a monohydroxy
derivative (MHD), which after glucuronidation gets
excreted in the urine. Whereas metabolism of OXC involves
minimum use of the hepatic cytochrome P-450-dependent
enzymes. Therefore, OXC is preferred over CBZ and other
old generation drugs.®

In the present study, 20 children were detected with Hhcey,
out of which 14 were on VPA and only 6 on OXC therapy.
In a study by Kurul ef al **, no child using OXC developed
HHcy. However, a major drawback in their study was a
small sample size. Belcastro et al 43 , in their study revealed
that newer AEDs such as OXC and TPM may cause HHcy,
while drugs like LTG and LEV did not affect Hcy
concentrations.

Hyperhomocysteinemia enhances ADMA production,
which lowers NO levels, increasing the risk of
atherosclerosis.”®* Significantly increased ADMA levels
were reported in adult patients taking VPA and CBZ.”
Similar observations were reported in children on VPA
therapy.”® A third study reported elevation in ADMA and
Hcy in a group on OXC therapy. No significant correlation
was observed between Hcy and ADMA in the above
studies.  Similarly in studies on vascular diseases, no
significant relationship between ADMA and HHcy was
re:porte:d.47’48 Likewise, we observed no significant

relationship between Hcy and ADMA levels and their
variation after six months of therapy in children on VPA
and OXC. This indicates that the negative vascular events
induced by Hcy and ADMA may have a different etiology
despite having a biochemical link.*” Another study on
patients with hyperhomocysteinemia and peripheral artery
disease (PAD), revealed that oral folate supplementation for
6 weeks reduced Hcy levels substantially without
influencing ADMA concentrations in plasma.’’

CONCLUSION:

Therefore, we can conclude that anti-epileptic therapy can
affect ADMA, Hcy and related vitamins but increase in
ADMA may be independent of Hhcy. Further studies are
needed to understand the etiology of ADMA increase.
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