
INTRODUCTION

Valproic acid (2-n-propylpentanoic acid, a short-chain fatty 
acid, VPA) is a broad-spectrum antiepileptic drug commonly used 
in children. (1-3). Besides its adverse effects, such as behavioral 
changes, alopecia, tremor, increased appetite, or gastrointestinal 
disturbances, it also has some rare but serious side effects such 
as Reye-like syndrome, or irreversible hepatotoxicity. Valproic 
acid causes carnitine deficiency either by inhibiting the  β-oxi-
dation of fatty acids in the liver, by its direct toxic effects on liver 
mitochondria, or by conjugating with acylcarnitine transferase to 
form valproilcarnitine, which is excreted in the urine (1-10). Alt-
hough a decrease in serum concentration of carnitine related to 
VPA treatment has been repeatedly reported, there exist contradi-
ctory studies about the effects of VPA on the carnitine metabolism 
(3,4,6,8-12).

Carnitine can be obtained from the diet, and it can also be syn-
thesized from trimethyl-lysine (6). It is necessary for the transport 
of long-chain fatty acids from the cytoplasm into the mitochondria 
for  β-oxidation (1,9,10). It serves for the transport of short-chain 
acyl compounds from the mitochondria into the cytoplasm, for the 
regulation of the cytosolic acyl CoA/CoA ratio, and for the remo-
val of the toxic esters of acylcarnitine and their metabolites from 
the mitochondrium (1).  

In most studies, the fractions of acylcarnitine were globally as-
sessed, and only a few studies displayed little differences between 
the short and long chain acylcarnitines (2,6,8,13). In addition, the-
re exists no comprehensive study examining the effects of VPA on 
the mechanism of acylcarnitine in pediatric subjects.

The aim of this study was to evaluate whether VPA treatment 
in children with epilepsy affects the plasma fatty acylcarnitine es-
ters, using the quantitative analysis of human plasma acylcarniti-
nes by LC-MS/MS. 

MATERIALS AND METHODS

Our study comprised 50 children with epilepsy admitted to the 
Department of Pediatric Neurology at Gazi University Faculty of 
Medicine as outpatients and receiving VPA monotherapy at least 
for one year, and 110 children of similar age as a control group. 
The patients were between 4 and 16 years old (mean age, 10±3.9); 
29 of them were female, and 21 male.

Valproic acid dosages were on average 20.86±3.62 mg/kg per 
day (min 10, max: 30 mg/kg per day), and valproic acid levels of 
all the patients were within the therapeutic ranges (63.42±9.83 μg/
dl). In our laboratory, therapeutic ranges of VPA are 50-75 μg/dl.

Levels of free carnitine and acylcarnitine in the spots of blood 
specimens of the patient and control groups, which were obtai-
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Purpose: To evaluate whether valproic acid (VPA) treatment in children 
with epilepsy affects the plasma fatty acylcarnitine esters. 

Materials and Methods: Fifty children (mean age, 10±3.9) with epilepsy 
receiving VPA treatment for at least one year were evaluated along with 
110 children of similar age as a control group. Levels of free carnitine and 
acylcarnitine profiles were studied with tandem mass spectrometry (Tan-
dem-MS). 

Results: Free carnitine levels were within the normal limits. Valproic acid 
was found to affect the levels of the following individual acylcarnitines 
(medians): C4–acylcarnitine (0.56 μmol/L; controls 0.39 μmol/L), 3-hyd-
roxy-isovalerylcarnitine (C5-OH) (0.23 μmol/L; controls 0.14 μmol/L), 
C14-acylcarnitine (0.11 μmol/L; controls 0.16 μmol/L), C16-acylcarnitine 
(0.76 μmol/L; controls 2.5 μmol/L), C16-OH-acylcarnitine (0.04 μmol/L; 
controls 0.07μmol/L), and C18:1-acylcarnitine (0.8 μmol/L; controls 0.97 
μmol/L). A statistical comparison of these acylcarnitines between subjects 
and controls showed a statistically significant effect (p<0.05). 

Conclusion: The detection of normal free carnitine levels, the detection 
of 5-OH isovaleryl carnitine higher than other carnitines, and the normally 
found levels of some acylcarnitine fractions led us to conclude that VPA 
does not have a significant effect on the carnitine and acylcarnitine meta-
bolism as a drug side effect when the carnitine metabolism is considered. 
Therefore, we think that a study of the acylcarnitine profile in addition to 
the detection of the levels of free carnitine is essential in understanding the 
exact effect of VPA on the carnitine metabolism.
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VALPROİK ASİT KULLANAN İDİYOPATİK EPİLEPSİLİ ÇOCUK-
LARDA AÇİL KARNİTİN PROFİLLERİNİN DEĞERLENDİRİL-
MESİ

Amaç: Valproik asit (VPA) tedavisi alan epilepsili çocuklarda plazma açil-
karnitin düzeylerinin etkilenip etkilenmeyeceğini araştırmak amaçlı yapıl-
mıştır. 

Materyals ve Metods: En az bir yıldır VPA tedavisi alan 50 epilepsili çocuk 
(ortalama yaş, 10±3.9) ve benzer yaştaki 110 çocuk control grubu olarak 
incelenmiştir.  Serbest karnitin ve açilkarnitin düzeyleri  Tandem Mass Spe-
ctrometry (Tandem-MS) yöntemi kullanılarak ölçülmüştür.

Sonuçlar: Serbest karnitin düzeyleri normal olarak saptanmıştır. Valproik 
asitin aşağıda belirtilen açilkarnitin düzeylerini kontrol grubu ile karşılaş-
tırıldığında istatistiksel olarak anlamlı bir şekilde etkilediği (p<0.05) sap-
tanmıştır (median değerler): C4–açilkarnitin (0.56 μmol/L; kontrol, 0.39 
μmol/L), 3-hidroksi-isovalerilkarnitin (C5-OH) (0.23 μmol/L; kontrol, 0.14 
μmol/L), C14-açilkarnitin (0.11 μmol/L; kontrol, 0.16 μmol/L), C16-açil-
karnitin (0.76 μmol/L; kontrol, 2.5 μmol/L), C16-OH-açilkarnitin (0.04 
μmol/L; kontrol, 0.07 μmol/L), C18:1-açilkarnitin (0.8 μmol/L; kontrol, 
0.97 μmol/L). 

Tartışma: Serbest karnitin düzeylerinin normal, 5OH izovaleril karnitin dü-
zeylerinin diğer açilkarnitinlerden yüksek ve bazı açil karnitin düzeylerinin 
sınırda düşük olmas, karnitin metabolizması göz önüne alındığında bir ilaç 
yan etkisi olarak VPA’nın sebest karnitin ve açilkarnitin metabolizmasında 
çok önemli bir etkisi olmadığını düşündürmüştür. Bu nedenle VPA’nın ço-
cuklardaki karnitin metabolizmasına tam etkisinin saptanması için serbest 
karnitin yanı sıra açilkarnitin profilleri için ayrıntılı ve ek çalışmalara ihti-
yaç olduğu düşüncesindeyiz. 
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ned on Guthrie cards 12 hours after the last drug dose, were 
studied with tandem mass spectrometry (Tandem-MS), a met-
hod suggested by Chace et al. (14). The results were given as 
μmol/L. 

While medians, minimum and maximum levels are pre-
sented for descriptive purposes, two-group comparisons were 
done using an unpaired Mann-Whitney U test of the abnormal 
distribution of the VPA group. A p value less than 0.05 was 
considered significant.

Approval for this study was given by Gazi University Fa-
culty of Medicine Ethical Committee.

RESULTS

While a significant rise in C5-OH carnitine levels was de-
tected in children taking VPA as compared with the control 
group (p<0.05), free carnitine levels were within the normal 
reference values in both groups. The main quantitative results 
of free carnitine and acylcarnitine profiles are shown in Table 
1. 

Valproic acid was found to affect the levels of the following 
individual acylcarnitines (medians): C4–acylcarnitine (0.56 
μmol/L; controls 0.39 μmol/L), 3-hydroxy-isovalerylcarnitine 
(C5-OH) (0.23 μmol/L; controls 0.14 μmol/L), C14-acylcar-

nitine (0.11 μmol/L; controls 0.16 μmol/L), C16-acylcarnitine 
(0.76 μmol/L; controls 2.5 μmol/L), C16-OH-acylcarnitine 
(0.04 μmol/L; controls 0.07 μmol/L), and C18:1-acylcarnitine 
(0.8 μmol/L; controls 0.97 μmol/L). A statistical comparison 
of these acylcarnitines between subjects and controls showed 
a statistically significant effect (p<0.05). The altered levels 
mentioned above are given highlighted, and the concentrati-
ons of all the remaining acylcarnitines were within their nor-
mal reference ranges.

DISCUSSION

Numerous studies have been conducted on the effects of 
valproic acid as well as the other antiepileptic drugs on carni-
tine concentrations (5,6,9-12). Similar to previous studies on 
adult patients using VPA (6,13,15), in our study, free carnitine 
levels were within the normal range, whereas 3-OH isovaleryl 
carnitine (C5-OH) levels in the patient group were considerab-
ly higher than those in the control group. In a study conducted 
by Silva et al. on adult patients receiving VPA monotherapy, 
serum levels of total or free carnitine remained unaltered whi-
le 3-OH isovaleryl carnitine levels were significantly higher in 
the patient group when compared with the control group (13). 
These findings led us to conclude that VPA or its metabolites 
might cause direct toxic effects on liver mitochondria, or might 
be capable of influencing the leucine metabolism by inhibiting 

Table 1: Levels of free carnitine and acylcarnitine levels in the valproic acid and control groups. 

Free and Acylcarnitines
(μmol/L)

Patientsa

(n:50)
Controlsa

(n:110)

Free  carnitine 28.3 (10.4-70.4) 21,2 (11.5-91.7)
C2 20.6 (8.6-45.5) 21,0 (2.7-64.5)
C3 1.84 (0.6-4.3) 1.79 (0.2-9.6)
C4 0.56 (0.14-5.12) 0.39 (0.13-2.04)b

C5:1 0.05 (0.01-0.34) 0.06 (0.0-0.38)
C5 0.16 (0.08-0.5) 0.15 (0.05-0.49)
Butyryl carnitine 0.1 (0.03-0.4) 0.12 (0.02-0.39)b

C6 0.19 (0.03-1.89) 0.13 (0.02-0.89)
C5-OH 0.23 (0.05-0.71) 0.14 (0.04-0.9)b

C8 0.09 (0.01-0.26) 0.08 (0.01-0.95)
C10 0.13 (0.04-0.39) 0.11 (0.0-0.38)
Glutaryl carnitine 0.06 (0.01-0.36) 0.07 (0.0- 0.25)
C12 0.11 (0.01-0.43) 0.13 (0.0-0.48)
Methyl-glutaryl carnitine 0.05 (0.0-0.19) 0.06 (0.0-2.43)
C14:1 0.08 (0.0-0.45) 0.09 (0.0-0.33)
C14 0.11 (0.0-0.8) 0.16 (0.0-0.54)b

C14-OH 0.03 (0.0-0.21) 0.03 (0.0-0.3)
C16 0.76 (0.3-1.6) 2.5 (0.12-6.8)b

C16:1-OH 0.08 (0.03-0.49) 0.09 (0.0-10.1)
C16-OH 0.04 (0.01-1.12) 0.07 (0.0-0.29)b

C18:1 0.8 (0.29-1.76) 0.97 (0.15-2.47)b

C18:1-OH 0.05 (0.0-015) 0.05 (0.0-0.16)

a: Medians (minimum-maximum)
b: p <0.05 :Mann-Whitney U test; compared between children taking VPA and controls.
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3-methylcrotonyl CoA carboxylase, biotinidase, and holocar-
boxylase synthase enzymes, thereby giving rise to an increase 
in the 3-hydroxy-isovalerylcarnitine fraction (6,13). Patients 
with genetic deficiencies in these three enzymes present an 
elevated excretion of 3-hydroxy-isovaleric acid, together with 
other secondary and pathognomic metabolites. 3-Hydroxy-
isovaleric acid has recently been reported to be a deranged 
mitochondrial respiratory chain. It remains to be established 
whether this association (and that with 3-hydroxy-isovaleryl–
carnitine) also holds true for VPA-treated patients (13).

Riva et al., when assessing epileptic patients before and 
after VPA treatment, demonstrated that the serum levels as 
well as urinary excretion of free carnitine had considerably 
decreased, and that the serum levels and urinary excretion of 
acylcarnitine in contrast had elevated (7). It was stressed that 
in rats given VPA, similarly, free serum levels were decreased 
while acylcarnitine levels were elevated, and that morpholo-
gically pathologic enlargements were observed in the liver 
mitochondria (4,16,17). In studies conducted on rats and hu-
mans, it was underlined that VPA enhanced the excretion of 
acylcarnitines from the kidneys as well as diminishing their 
reabsorption even a short period after its administration, thus 
enhancing the conversion of carnitine to acylcarnitine, which 
in turn results in carnitine deficiency (3,5,11,12,17).

Although in some publications carnitine supplementation 
during VPA treatment was shown to be useful (1,3,4,12,13,16), 
some studies revealed no statistically significant difference 
between the patients treated with and without VPA concerning 
their carnitine concentrations (1,6,13). It was reported that the 
decreased levels of free serum carnitine as well as the increa-
sed levels of acylcarnitine returned to normal in rats that had 
undergone carnitine therapy after VPA administration (4). It 
is also reported that while carnitine deficiency may occur as 
a result of VPA treatment, it may also occur due to decreased 
carnitine intake from the diet (1,6). Thus, there is no agre-
ement concerning the administration of carnitine to patients 
receiving VPA treatment (13). 

In the literature, there is no other comprehensive study 
examining the profile in the pediatric age group except for 
some studies concerning the levels of free carnitine and to-
tal carnitine (1,8,15,17). In our study, although we found a 
decrease, which was minimal, in some acylcarnitine fractions 
statistically significant, it is not important as a drug side effect 
in terms of the carnitine metabolism. Some studies reported 
that serum total and free carnitine levels were significantly 
lower in pediatric patients receiving VPA monotherapy or pol-
ytherapy, and that this rate was much lower in the polythe-
rapy group (1,8,15,17). These investigators emphasized that 
the interaction between the drugs enhanced the metabolism 
of VPA, thereby causing an additional diminution in carnitine 
levels. Besides some studies showing that there is an inverse 
relationship between the duration of VPA usage and carnitine 
levels but no correlation between the VPA dose and carnitine 
deficiency (1,2), some other studies report that VPA impairs 
the carnitine metabolism, and that it generates a dose-related 
increase in serum ammonia (3,6,9,11). 

In our study, the detection of normal free carnitine levels, 
of 5-OH isovaleryl carnitine being higher than other carnitines 
and of normal levels of some acylcarnitine fractions led us to 
conclude that VPA does not have a significant effect on the 
carnitine and acylcarnitine metabolism. Therefore, we think 
that an additional study of acylcarnitine profile beside detecti-
on of the levels of free carnitine is essential to understand the 
exact effect of VPA on the carnitine metabolism.
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