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The Effect of Carnitine Supplementation on Blood Ammonia
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Background: Long-term use of valproic acid is associated with a high level of blood ammonia related to carnitine deficiency.
This study investigates the effect of carnitine supplementation on blood ammonia levels in children with epilepsy who have
been treated with valproic acid for more than six months.

Materials and Methods: This was a randomized, double-blind, placebo-controlled trial study where children with epilepsy
who were treated with valproic acid were randomly allocated to the carnitine supplementation and control group. All
children were followed for month, and then measured for blood ammonia level. Blood ammonia levels of both groups were
compared using an Independent t-test with a significant of p<0.05.

Results: Total of 32 children with epilepsy were enrolled as subjects in this study, with 16 children in carnitine group, and
16 children in control group. Among the subjects, 50% were male and 50% were female, with a mean age of 6.5 years
old. The average duration of epilepsy in the carnitine and control group were 41.7 months and 36.9 months, respectively
(p=0.419). The duration of valproic acid therapy in the carnitine and control group were 33.1 months and 27.6 months,
respectively (p=0.483). The level of blood ammonia in carnitine and control group were 44.6 ug/dL and 81.4 pg/dL,
respectively (p=0.007).

Conclusion: The level of blood ammoniain a carnitine group was significantly lower thanin a control group. Itisrecommended
to give carnitine supplementation in epileptic children treating with long-term valproic acid.
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Introduction

Valproic acid is widely used in children or adults with
epilepsy. This drug is very effective to control seizures in
epileptic children and commonly used for a long time.'?
The long-term used of valproic acid is associated with the
increase of a serum ammonia level.> Ammonia is toxic and
causes central nervous system damaged.* This condition
should be prevented by the doctors who are treating the
children with epilepsy.

Valproic acid is a short-chain fatty acid that is found
for the first time in 1882 and then reported having an anti-
epileptic agent in 1962." Until now, valproic acid is used as
the first choice of anti-epileptic drug in childhood epilepsy.!
Valproic acid is used in controlling seizure as a single or
combined drug in children with epilepsy. The mechanism
of valproic acid in controlling seizure is by inhibiting the
degradation of neurotransmitter gamma-aminobutyric acid.

The long-term used of valproic acid is associated with
many side effects such as fatigue, intestinal discomfort,
increased body weight, tremor, hair loss, thrombocytopenia,
increased liver enzyme, and increased blood ammonia.>*
The increased blood ammonia is a serious side effect of
long-term used of valproic acid. It is associated with the
liver and central nervous system damaged. The increased
blood ammonia was reported to vary between 27.8% to
67.7%.4%°

The high blood ammonia level related to the
long-term used of valproic acid is associated with the
inhibition of enzyme carbamoyl phosphate synthetase-1
and pressing the availability of acetyl-coenzyme-A that
causing carnitine deficiency.'® Both of this mechanism
causes the impairment of the urea cycle resulting in the
accumulation of blood ammonia. The increased of blood
ammonia is also caused by the disease of inborn error
of metabolism, acute or chronic liver disease, acute or
chronic kidney disease, Reye syndrome and using drugs
5-fluorouracil and salicylate.'”

Carnitine  supplementation has been reported
decreasing the blood ammonia level related valproic
acid therapy for several years ago.'"'* Previously studies
reported the effectiveness of carnitine supplementation
in the valproic acid intoxication and psychiatric setting.
However, along with our knowledge, there is no data on
the effect of carnitine supplementation in epilepsy children
related to valproic acid therapy. This study investigates
the blood ammonia level of epileptic children treated with
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valproic acid for more than six months and compare its
level between children who received carnitine and without
carnitine supplementation.

Materials and methods

Study Design

The current study was a randomized, double-blind, placebo-
controlled trial conducted between September and December
2018 at Pediatric Ward, Sanglah General Hospital, Denpasar,
Bali, Indonesia. The study was approved by The Ethical
Committee of the Medical Faculty, Udayana University,
Sanglah General Hospital, Denpasar, Bali, Indonesia (No.
2361/UN14.2.2.VIL.14/LP/2018).

Study Populations and Randomization

The study included children aged 1-18 years old who were
diagnosed as epilepsy and have been treated with valproic
acid for more than six months. The subjects were excluded
if they suffered from the urea cycle disease, received the
drugs that influenced the blood ammonia level, such as
salicylate, anti-human immunodeficiency virus (HIV), and
chemotherapy, and suffered from the liver and the kidney
function impairment.

Subjects who met the inclusion and exclusion criteria
were randomly allocated to the supplementation and control
group. The random allocation was determined using a
computer system with a block size of four. Both subjects
and study investigators did not know the group allocation.
The supplementation group received 500 mg carnitine
capsule twice a day for 30 days. The control group received
a similar capsule contain saccharin lactis twice a day for 30
days.

Among 45 subjects who were eligible as a sample,
7 subjects did not met the inclusion criteria because they
received valproic therapy for less than 6 months. A total of
38 subjects were randomly allocated, with 19 subjects in
each group. On the follow-up, 6 subjects dropped out. In the
end, 32 subejcts completed the study, with 16 subhects in
each group.

Data Collection

Data regarding age, gender, body mass index (BMI),
duration of epilepsy, duration of valproic acid therapy,
serum glutamic pyruvic transaminase (SGPT), serum
glutamic oxaloacetic transaminase (SGOT), blood urea
nitrogen (BUN), and serum creatinine (SC) were collected
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at the beginning of the study. The children were followed
and monitored for the side effects during the study period. In
the end, the blood ammonia level was measured in both
groups. Blood ammonia was measured using enzymatic
dehydrogenase in

glutamate Quantum  Laboratory,

Denpasar, Bali.

Statistical Analysis

The minimal sample size was 16 subjects each group
the power 80% (ZB=0.842), o=0.05
(Za=1.96). The independent t-test was done to analyzed

according to

the differences between the blood ammonia level between
group. The significant level was considered if p-value<0.05.
All analysis was performed using SPSS software (IBM
Coorporation, Armonk, NY, USA) version 20.0.

Results

A total of 32 children completed the study, 16 males and
16 females, respectively. The mean aged of children in the
supplementation and control group was 83.9+35.5 months
and 72.2440.6 months, respectively (Table 1). The study
characteristics, such as gender, age, BMI, duration of
epilepsy, duration of valproic acid therapy, SGPT, SGPT,
BUN, and SC were not statistically different between
groups (p>0.05). On the other hand, the blood ammonia
level between groups at the end of the study was statistically
significant with p-value=0.007 (Table 2).

Table 1. The general characteristic of children.
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Discussion

This study found that the children with epilepsy who
were treated with valproic acid and received carnitine
supplementation tend to have lower blood ammonia
levels compared with the children without -carnitine
supplementation. The blood ammonia level in the carnitine
supplementation group and the control group was 44.6
png/dL and 81.4 pg/dL, respectively. It was the 45.2% lower
of the blood ammonia level in the carnitine group than the
control group. The result is essential and is recommended
to be implemented. It could be suggested to give carnitine
supplementation in children with epilepsy who have been
treated with long-term valproic acid in controlling
seizure.

Along with our knowledge, the current study is the
first study investigating the effectiveness of carnitine
supplementation on blood ammonia in children with
epilepsy. Other studies on different settings reported similar
results. A study on psychiatric settings reported that the
carnitine supplementation doses of 30 mg/kg/day during 3
months reduced blood ammonia level from 108.3 pg/dL to
93.1 pg/dL." Unfortunately, this result was not statistically
significant. Study in an adult with valproic acid intoxication
level>100 pg/mL) reported that
supplementation with doses of 1800 mg/day reduced the
blood ammonia from 264 pmol/dL to 64.1 pmol/dL within
72 hours."? They concluded that carnitine supplementation

(plasma carnitine

Characteristic Supple m((a::t;;) n Group Con;;:ll(;)roup p-value
Gender, male/female 8/8 8/8 0.638
Age (mo.), meantSD 83.9£35.5 72.24+40.6 0.394
BMI (kg/m’), mean+SD 17.243.1 16.2+3.7 0.402
Duration of epilepsy (mo.), meantSD 41.7£31.3 36.9+24.9 0.419
Duration of VPA (mo.), meantSD 33.1+24.1 27.6x18.9 0.483
SGOT (wL), meantSD 27.1£2.2 27.145.7 0.960
SGPT (wL), meantSD 16.1£5.2 14.6+4.2 0.403
BUN (mg/dL), meantSD 21.3£3.1 22.3%4.5 0.499
SC (mg/dL), meantSD 0.3£0.01 0.31£0.07 0.874

BMI: body mass index; BUN: blood urea nitrogen; SC: serum creatinine; SD: standard deviation; SGOT: serum

glutamic oxaloacetic transaminase; SGPT: serum glutamic pyruvic transaminase; VPA: valproic acid.
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Table 2. The blood ammonia level in the supplementation and the control group.

Variable Supple mentation Control Mean Difference —value
Group Group (95%CT) 4
Blood ammonia, pg/dL, mean (SD) 44.6 81.4 36.8 (11.1 -62.7) 0.007
CI: confidence interval; SD: standard deviation.
was effective in reducing the blood ammonia and it could References

be used preventing encephalopathy related to valproic acid
intoxication.'?

L-carnitine has a potential capacity in treating
metabolic encephalopathy caused by a high level of blood
ammonia.'>!"* In humans, ammonia is a product of protein
and amino acid metabolism. Ammonia is a toxic substance,
especially on the central nervous system and it should be
degraded to urea through the urea cycle in the liver. The
mechanism of the urea cycle in the liver needs several
enzymes. In liver diseases, cells damaged and enzyme
deficiency cause accumulation of blood ammonia resulting
in hepatic hyperammonemia encephalopathy and death.
Valproic acid intoxication also cause hyperammonemia
encephalopathy that could be prevented with carnitine
supplementation.'?

The limitation of the study has not measured the level
of the blood valproic acid, so it is difficult to consider that
the high level of the blood ammonia associated with the
high level of blood valproic acid. Another limitation was
not measuring the level of the blood carnitine. It makes
difficulty in measuring the increase of the blood ammonia
level is caused by the decrease of the blood carnitine related
to valproic acid therapy.

Conclusion

The study concludes that carnitine supplementation in
children with epilepsy who were treated with long-term
valproic acid was effective in lowering the blood ammonia
level. It is recommended that epileptic children treating
with long-term valproic acid should be added carnitine
supplementation.
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