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The aim of the study was to nvestigate the effect of carnitine supplementation in valproic acid {VPA)
treated patients presenting with increased plasma ammonia concentrations. Plasma ammonia
concentrations were recorded in 69 children and young adulis on VPA monotherapy (25.6 £ 9.2 mg
VPA kg per day; mean plasma VPA concentration 68.8 £+ 27.6 mg/l). Their mean plasma ammonia
concengration was 80.2 + 32.1 pg/di (median 73.1 pg/dl). A total 0" 24 patients (35.3%) presenting
with ammonia concentrations >80 ug/dl were considered hyperammonaemic. Of these, 15,24 (22.1%)
showed ammonia concentrations >100 ug/dl. even up to 194 pg/dl, In 48/69 patients, plasma carnitine
concentrations coutd be determined. The plasma totat carnitine {TC) concentrations were rather low
(26.9 = 8.8 umol/l) compared to normal values obtained in our laboratory (40.9 = 7.2 umol/l). The
percentage of free carnitine was considered decreased (<75% TC)in 13/48 samples (27%). Fourteen
hyperammonaemic patients and one with a plasma ammonia level of 60 ug/d! agreed 1o be supple-
mented with L-carnitine (1 g,tm per day divided into two equal doses). Their plasma ammonia and
carnitine concentrations were re-evaluated after a mean of 9.1 + 4.0 days (median 9.0 days) and in 9
patients again after a mean of 79.6 + 30.1 days (median 75 days) of L-carnitine supplementation.
Plasma ammonia concentrations decreased in all 15 patients. The decrease was 23.4 = 11.2% (median
28.3%) afterameanof 9.1 £.4.0 daysand amounted to 46.0 3= 17.2% (median 48%) after 79.6 + 30.]
davs. t-Carnitine supplementation led to an increase in plasma free carnitineof 11.6 = 13.0% (median
15.6%) and to a further increase of [1.1 £ 8.4% (median 11.5%) when re-evaluated a second time.
The plasma ammonia conceniraiions were significantly correlated with the percentage of free plasma
carnitine {r = —0.67; p < 0.0001}. The results show that carnitine supplementation is a means of
normalizing elevated plasma ammonia concentrations. However, we cannot conclude from our results
whether this lowers the risk of developing a VPA-induced Reye’'s-like syndrome. O Carnitine, carnirineg
insufficiency, carnitine supplementation, hyperammonaemia, valproaie
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Valproic acid {VPA), dipropy! acetic acid, has become
a widely used drug for the treatment of epilepsy. Since
1979, metabolic side-effects of VPA therapy. such as
asymptomatic hyperammonaemia (1) and even acute
hepatocerebral dysfunction (Reve-like syndrome),
have been described. and low plasma carnitine levels
have been reported (2-5). A decreased availability of
free carnitine may play a role in the aetiology of the
VPA-induced hepatopathy. This study was designed
1o investigate the effect of carnitine supplementation tn
VPA-treated patients presenting with increased plasma
ammonia concentrations,

Subjects and methods
Subjects

Plasma ammonia concentrations were recorded in
69 children and young adults (35M: 34F) on VPA

¢ Scundinavian Universily Press (9960 1SSN 08033253

monotherapy (25.6 = 9.2mg VPA/kg per day) attend-
ing our neuropediatric outpatient clinic. Blood was
taken about 3h after breakfast and VPA intake.
The VPA intake led to an average serum VPA concen-
tration of 68.8 = 27.6 mg/l. The patients were aged | -24
years {(median 9.5 years). In 48/6% pauents plasma
carnitine concentrations could be determined. Fourteen
patients (10 M, 4F; age range 1-19 vears, median age 6
years) with plasma ammonia concentrations >80 pg/dl
and one patient with a plasma ammonta level of 60 pg/dl
(Tdbie 1) agreed to be supplemented with L-carnitine
{1 g/m~ per day divided into two equal doses). The
plasma ammonia and carnitine concentrations were
re-evaluated in 9 patieats after a mean of 9.1 £ 4.0
days (median 9.0 days) and in 10 patients again
after a mean of 79.6 £ 30.]1 davs (median 75 days} of
L-carnitine supplementation. Blood was drawn between
10 and 11 a.m.. which was about 3-4h after carnitine
and VPA intake. The experimental purpose of the
carnitine supplementation has been explained to the
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Table 1. Characterization of 15 epileptic children on carnitine supplementation. “Classified according 10 the International League apainst

Epilepsy (ILAE).

Duration
of VPA VPA YPA
Age therapy dosage concentration
Sex {vears) (yedrs) (mg/kg per day) (mg/D Seizure type”
M 3 1 315 41.1 Myvoclonic
M 5 2 30.0 56.5 Tonic—clonic
M 4 2 30.0 104.1 Tonic—clonic
M 11 4 21.7 42.6 Tonic-clonic
M 5 3 n:2 720 Tonic-clonic: Fanconi syndrome
F 13 4 jlLe 40.2 Tonic-clonic
M 12 4 43 87.0 Tonic-clonic
M 17 2 235.0 47.3 Tonic-¢lonic
M 3 3 35.0 453 Tonic—<lonic
M & S3 250 79.6 Tonic-clonic
M -l7 4 - 230 69.6 Tonic-clonic
M 16 . 5 72 39.2 Absent with tonic component
F P & 30.0 378 Tonic-clonic
F L.y = 320 76.8 Myoclonic
F 6 2 30.0 49,7 Tonic-clonic

Classified according to the International League against Epilepsy (ILAE).

patients and their parents. All had agreed to being inourlaboratory)are: total carnitine 40.9 + 7.2 pmol/l;

included in the study. free carnitine 36.05 % 6.1 pmol/l; and acvicarnitine
5.6 & 2.6 umol/l.

Statistical analysis of the data was performed using

Methods

Plasma ammonia was determined using the Mono-
test (Boeringer-Mannheim). Carnitine levels were
measured according to McGarry and Foster (6),

Results

the StatView 512+ program to undertake a paired /-test
and linear regression analysis.

with modifications as described elsewhere (7). At the beginning of the investigation the 69 patients
Normal plasma carnitine concentrations (determined on VPA therapy presented an average serurn VPA

Table 2. Plasma concentrations of NH;. total carnitine. per cent free carnitine 2nd the acyt carnitine/free carnitine (AC/FC) ratio in epileptic

children treated with valproic acid monotherapy.”

After carnitine supplementation

Before
carnitine 9.1 £4 davs 79.6 £ 30.1 days
Plasma NH® (ug/dl® 1163+ 392 80.1 £27.6 67.2 £21.4
p < 0.0004 NS
p < 0.001
Total carniting (umol/y 237£63 3J7.0+£70 36.0 £ 19.2
p < 0.0003 NS
NS
Free caenitine (%) 58.6=16.1 69.1 £7.2 71.0 £ 136
p < 0.05 NS
p o< 002
AC/FC 0.74 £ 0.50 0.43 £0.10 0.46 = 0.38
p < 0.0l NS
p < 0.03
“The children were investigated before (i = | 3) supplementation with L-carnitine (1 g/m” per day) and after 9.1 £ 4.0 (1 = $) and 79.6 £ 30.1

davs (n = 10).

In 4.3 + 2.4 presentations before this intervention study the plasma ammonis concentrations were |12 = 42 pg/dl.
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Fig. 1. Decreasing plasma ammonia concentrations in VPA-treated
patients (# = 13) after supplementation with L-carnitine (} g¢/m- per
day). -

concentration of 68.8 & 27.6 mg/l. Their mean plasma
ammonia concentration was 80.2 £ 32.1 ug/dl (median
73.1 ug/dl). Twentv-four of the 69 patients (16 M; 8 F)
(35.3%) were considered hyperammonaemic, present-
ing plasma ammonia concentrations of >80 pug/dl.
Fifteen of these 69 (22.i%) showed ammonia concen-
trations of >100 pg/d]l and even up to 194 pg/dl.

The concentrations of plasma ammonia. total
carnitine, the percentage of free carnitine and the acyl
carnitine/free carmitine ratio (AC/FC) in the L-carnitine
supplemented patients (n = 15) are presented in Table 2.
Plasma ammonia concentrations decreased in all 15
patients (Fig. 1). The decrease was 254 + [1.2%
{median 28.3%) after a mean of 9.1 £ 4.0 days of
L-carnitine supplementation and amounted to 46.0 +
17.2% (median 48%) after 79.6 £ 30.1 days. The
plasma total (TC) and free carnitine (FC) concen-
trations, as determined in 48 patients, were rather low

y =0.007x - 0,081, 7 =0.392
2.0

1.8

AC/FC
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Fig. 2. Correlation of the plasma ammeoenia concentrations with the
AC/FC ratio tr = —0.67; p < 0.0001).
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(TC 26.9 £ 8.8 ymol/l: FC 174 % 5.4 umol/l) com-
pared with the normal values (TC 40.9 &+ 7.2 umol/l;
FC 36.05 = 6.1 umol/l). Free carnitine was decreased to
<75% of total carnitine in 13/48 samples (27%). One
S-vear-old boy presenting with an extremely decreased
total carnitine concentration of 10.8 umol/l was
diagnosed as suffering from Fanconi syndrome.
L-Carnitine supplementation led to a 1.6 = [3%
(median 15.6%) increase in plasma free carnitine
within 9.1 = 4.0 days of treatment and to a further
increase of 1l.1 & 84% (median 11.5%) after
79.6 % 30.1 days. This increase in free carnitine
concentrations was also reflected in a relative normal-
1ization of the AC/FC ratio. The plasma ammonia
concentrations were significantly correlated with the
percentage of free camitine (r = —0.67; p < 0.0001)
{Fig. 2) as well as with the AC/FC ratio (+ = 0.62;
p < 0.0004). No correlations of these data were found
with age, sex, dosage or plasma VPA concentration.

Discussion

Asymptomaiic hyperammonaemia i1s frequently
reported to be associated with VPA therapy (5. 8-11).
There is sull much controversy about the patho-
physiological basis of this hyperammonaemia. Inter-
ference with urea synthesis has been discussed (12) as
has altered renal glutamine metabolism (13-15). Hyper-
ammonaemia, as defined by a plasma ammonia concen-
tration of >80 ;g/d]l, was shown by abour 35% of our
patients, which is in agreement with the generally
reported high frequency of this disturbance (3. 10, 16).
The present results confirm those studies reporting no
relationship between plasma ammonia concentrations
and age, time on VPA therapv., VPA dosage and
plasma VPA concentration (3, 16). Nevertheless, two
studies have shown a correlation between plasma
ammonia concentration and VPA intake (3). The
reduced plasma free carnitine concentrations found in
27% of our patients add to the amount of existing data
emphasizing a reduction in plasma free carnitine con-
centrations (3, 4, 9, 10. 14, 17-26). The incidence is
reported to be up to 76.5% in patients on VPA, The
reduced plasma carnitine concentrations are indicative
of a secondary carnitine insufficiency. According io the
present understanding, this may be a consequence of
valproylcarnitine formation and its ensuing excretion
into the urine as well as of a VPA-induced inhibition of
cellular carnitine uptake (27). An even more complex
pathophysiological mechanism has been suggested as
the cause of carnitine insufficiency by Rozas et al. (28).
The coefficient of determination (r:) of the correlations
between the plasma concentrations of ammonia and
free carnitine. however. reveal that decreased plasma
carnitine concentrations explain about 40-43% of
observed hyperammonaemia. The remainder may be
explained by a renal pathophysiological component.



ACTA PEDIATR S (1996)

which hitherto has only been suggested on the basis
of animal studies (13-15). We confirm those studies.
showing carnitine administration to be protective
against asymptomatic hyperammonaemia (8. 9) and
against the alteration in carnitine metabolism induced
by the administration of VPA (8. 29). As our patients
presented hyperammonaemia after months or vears of
VPA therapy, we cannot support the opinion presented
by Laub (30) that hyperammonaemia is only a transient
phenomenon that will normalize even without carnitine
suppiementation. Qur correlation between plasma free
carnitine and the plasma ammonia concentration is
almost identical to that presented by Ohtani et al. (3).
A normalization of the plasma ammonia concentration
was reported by these authors after 4 weeks of carnitine
administration, which is comparable'to the time courses
observed in our patients. ’

Our results substantiate the recommendation that
carnitine supplementation should be considered in
VPA-treated patients when plasma ammonia con-
centrations are inappropriately increased or when the
plasma AC/FC ratio is increased above 0.4 in the fed
patient. The first ammonia and carnitine determinations
should be performed 2 weeks after the therapeutic VPA
level has been attained. The necessary carnitine dosage
can be titrated. keeping the AC/FC ratio within the
normal range. However, we cannot conctude from our
results whether or not the prevention of VPA-induced
hyperammonaemia lowers the risk of developing a
VPA-induced Reve's-like syndrome.

References

I. Coulter DL. Allen RJ, Secondary hyperammonemia: a possible
mechanism fer valproate encephalopathy. Lancet 1980::1310
2. Béhles H. Richter K. Wagner-Thiessen E. Schiifer H. Decreased
serum carnitine in valproate induced Reye syndrome. Eur J
Pediatr 1982:139:185-¢
3. Laub MC, Paetzke-Brunner [, Jueger G. Serum carnitine during
valproic acid therapy. Eptlepsia 1986:27:539-62
4. Hug G. McGraw CA. Bates SR, Landrigan EA. Reduction of
serum carniline concentralions during anticonvulsant therapy
with phencbarbital. valproic acid. phenytoin and carbamazepine
in children. J Pediatr 1991;119:799-802
. Ohtani Y. Endo F. Matsuda I. Carnitine deficiency and hyper-
ammonemia associated with valproic acid therapy. J Pediatr
1982:101:732-5
6. McGarry JD. Foster DW. An improved and simplified radio-
isotopic assuy for the determination of free and esterified
carnitine. J Lipid Res 1976:17:277-81
7. Demirkol M. Sewell AC, B&hies H. The variation of carnitine
content in human blood cells during disease—a study in bacterial
infection und inflammatory bowel disease. Eur ] Pediatr
1994:133:365-8
8. Wiedemann G, Huupt M, Rommel A. Rommel KF. Biesenbach
R. Schmidt W. Incidence of pathologic ammonia concentra-
tions in the plasmy in children with seizure disorders treated
with Convulsofin Convulex and other anticonvulsants in com-
parison with children with brain dumage and healthy children.
Kinderarzt! Prax 1990:38.21-7
9. Mawsui K. [wamow H. Ohtsuki N, Kobavashi T. Misvake S.
Yamada M. The problems of valproste therupy in severly hundi-
capped  children—valproute induced hyperummonemin  and
hvpocarnitinemin. No-To-Hattatsu 1991:23:32-8

L

1
el

30.

Carnitine in valproate-induced hyperammonaemia

449

. Thom H. Carter PE. Cole GF, Stevenson KL. Ammonia and

carnitine concentrations in children treated with sedium valproate
compared with other anticonvulsant drugs. Dev Med Child
Neurol 1991;33:793-802

. Duarte J, Macias S. Fernandez E. Claveria LE. Valproate induced

coma: case report and literature review. Ann Pharmacother
1993;27:582-1

. Alenso E. Girbes J. Garcia-Espana A, Rubie V. Changes in urea

cycle-related metabolites in the mouse after combined adminis-
tration of valproic acid and an amine acid load. Arch Biochim
Biophys 1989:272:267-73

. Martin G, Michoudet C. Baverel G. Stimulation of glutamine

metabolism by an antiepileptic drug. sodium valproate, inisclated
dog kidney tubules. Biochem Pharmacol 198%:38:3947-52

. Doval M. Culebras M, Lopez-Farre A, et ul. Effect of valpreatz on

lactate and glutamine metabolism by rat renal corticul tubules.
Proc Soc Exp Biol Med 1989:190:357-64

. Rumbach L. Cremel G. Warter JM, Waksman A. Valproate
induced hyperammonemia of renal origin. Effects of valproate

on glutamine transport in rat Kidney mitochondria. Biochem
Pharmacol 1989;38:3963-7

. Kondo T, Ishida M. Kaneko S, etal. Is 2-propyl-4-pentenoic acid,

a hepatotoxic metabolite of valproate, responsible for valproate
induced hyperammonemia? Epilepsia 1992:33:550-4

. Osterloh J, Cunningham W, Dixon A, Combest D. Biochemical

relationships between Reve's and Reye's-like metabolic and
toxicological syndromes. Med Toxicol Adverse Drug Exp
1989:4:272-94

. Murphy JV, Groover RV, Hodge C. Hepatotoxic effects in a chiid

receiving valproate and carnitine. J Pediatr 1993:123:318-20

. Murakami K. Sugimotot, Nishida N. Kobayashi Y. Kuhara T.

Matsumoto [. Abnormal metabelism of carnitine and valproate in
a case of acute encephalopathy during chronic valproate therapy.
Brain Dev 1992;14:178-81.

. Breum L. Astrup A, Gram L. et al. Metabolic changes during

treatment with valproate in humans: implication for untoward
weight gain. Metabolism 1992:41:666-70

. Beghi E. Bizzi A. Codegoni AM, Trevisan D, Torri W. Valproate.

carnitine metabolism, and biochemical indicators of liver func-
tion. Collaborative Group for the Study of Epilepsy. Epilepsia
1990:31:346-9

22. Melegh B. Kemer J. Acsadi G, Lakatos J. Sandor A. L-

Carnitine replacement therapy in chronic valproate trealment.
Neuropediatrics 1990:21:40-3

. Melegh B, Kerner J. Jaszai V. Bieber LL. Differential excretion of

xenobictic acyl-esters of carnitine due to adminmistration of
pivampicillin and valproate. Biochem Met Metab Biol
1990:43:30-8

. Thom H. Carter PE. Cole GF. Stevenson KL. Ammonia and

carnitine concentrations in children treated with sedium valproate
compared with cother anticonvulsamt drugs. Dev Med Child
Neurel 1991;33:795-802

. Coulter DL. Carnitine, valproate and toxicity. J Child Neurol

1991:6:7-14

Matsuda I, Ohtani Y, Ninomiya N. Renal handling of carnitine
in children with carnitine deficiency and hyperammonemia
assocltuted with valproate therapy. J Pediatr 1986:109:131-4.

. Tein 1. DiMaure S. Xie ZW. DeVivo DC. Valproic acid impairs

carnitine uptake in cultured human skin fibroblasts. An in vitro
model for the pathogenesis of valproic acid-ussociaied carnitine
deficiency. Pediatr Res 1993;34:281-7

. Rozas b, Camina MF, Paz JM, Alonso C. Castro-Gaga M.

Rodriguez Segade S. Effevts of acute valproate administration
on carnitine metabolism in mouse serum and tissues. Biochem
Pharmacol 1990:39:181-3

. Sugimoto T, Nishida N, Murakami K. et ai. Valproate-induced

hepatotoxicity: protective effect of L-curnitine supplementation.
Jpn 1 Psychiat Neurol 1990:44:387

Laub MC. Einflull von Vaiproinsiiure auf Fettstoffwechsel und
Carnitin. In Krimer G, Laub M editors. Berlin: Springer-Verlag.
223-36

Received Mar. 27, 1993, Accepted Nov. 9. 1993



