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—— In 1sovaleric acidemia (IVA), accumulated isovaleryl-CoA in the mitochon-
drion induces variable metabolic disturbances. To remove intramitochondrial
isovaleryl groups, glycine therapy has been advocated primarily. On the other
hand, secondary carnitine deficiency has been documented in this disorder and
carnitine supplementation alone has been reported to be effective. In the present
study, we administered carnitine and glycine to patients with IVA, and investigat-
ed serum carnitine and urinary excretion of total and free carnitine, acylcarnitine
profile (i.e., 1sovalerylcarnitine and acetylcarnitine), and isovalerylglycine. By
adding carnitine to glycine supplementation, more isovalerylglycine, not only
isovalerylcarnitine, was excreted in the urine. Acetylcarnitine was detected in the
urine only when sufficient carnitine was supplemented. We concluded that com-
bined therapy of glycine and carnitine is more effective and safer to eliminate
1sovaleryl-CoA in IVA than conventional therapy using either glycine or carnitine.
Urinary acetylcarnitine concentration might be a good marker indicating the
optimal dose of L-carnitine supplementation. ————— isovalerylglycine;
isovaleryl-CoA; isovalerylcarnitine; acetylcarnitine

Isovaleric acidemia (IVA) is one of inborn errors of leucine metabolism and
1t was first described in 1966 by Tanaka et al. The patients with IVA have
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defective activity of 1sovaleryl-CoA dehydrogenase and excrete large amount of
1sovalerylglycine (Tanaka and Isselbacher 1967) and other isovaleryl compounds
into the urine.

In those cases, both glycine and L-carnitine have a possibility to detoxify
isovaleryl compounds accumulated in tissues. But little is known about an
influence of L-carnitine supplementation on glycine metabolism. We investigat-
ed here the bioavailability of supplemented r-carnitine in patients with IVA who
were controlled with glycine and carnitine supplementation and low-protein diet
therapy.

MaTERIALS AND METHODS

We examined two patients with IVA. Case 1 was a 4-year-old girl and case
2 was a b-year-old boy. Both were diagnosed in the neonatal period with
decompensated episode of vomiting and lethargy followed hyperammonemia.
They were treated with 1.6-1.7 g/kg/day of low protein diet, 40-50 mg/kg/day of
oral glycine and 40 mg/kg/day of oral L-carnitine. They had been clinically well
on this regimen and admitted for this study. Informed consents for our study
were obtained from each parent in advance. Throughout this program, protein
restriction and glycine supplementation were continuously maintained as previ-
ously. Preceding the study, L-carnitine was discontinued for 3 days; then, fol-
lowing an overnight fast, 50 mg/kg of L-carnitine was given intravenously over 1
hr. Serum and urine samples were collected serially over the next 24 hr.
Unfortunately, serum and urine sample of case 2 before intravenous carnitine
loading could not be obtained. After 2 or 3 carnitine-free days, oral L-carnitine
supplementation was started and increased every 4 days from 25 to 50, 75 and 100
mg/kg/day, as shown in Fig. 2. Morning urine was collected for last two days
and serum sample was collected on the last day of each loading dose.

Free and total carnitine concentrations in serum and urine were measured by
the method using carnitine dehydrogenase and acylcarnitine hydrolase (Takaha-
shi et al. 1994).

Urinary acylcarnitine profile was determined by carboxylic acid analyzer
with an ODS reverse phase column, according to the modified method of Kidouchi
et al. (1987). Isovalerylglycine was quantified by carboxylic analyzer and
isovalerylglucuronide was determined by liquid chromatography/atmospheric
pressure chemical ionization mass spectrometry (LC/APCI-MS). Hippurate was
quantified by high performance liquid chromatography (HPLC).

ResuLts

Serum free and total carnitine concentrations prior to this study were below
the normal range, and serum acyl/total carnitine ratio was elevated in both
patients (Table 1).
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TaBLE 1. Baseline levels of serum carmitine before study

Total carnitine Free carnitine Acyl/total ratio
(nmol/ml) (nmol/ml) (%)
Case 1 24.7 12.0 514
Case 2 23.1 13.0 45.9
Normal 61.8+13.1* 45.6 +11.0* 26.0+10.0*
*Mean +s.D.

Intravenous L-carnitine loading study

Injection of L-carnitine resulted in rapid and remarkable increase in serum
free and acylcarnitine levels in both cases, which fell again to a deficient level
after 24 hr in case 2, but remained within normal range in case 1l (Table 2).
Urinary excretion of free and acylcarnitine also increased remarkably soon after
the injection, then decreased promptly; the reduction of acylcarnitine was slower
than that of free carnitine (Table 2). Fluctuation of urinary isovalerylcarnitine,
which accounted for most of acylcarnitine, was similar to that of acylearnitine
fraction. Acetylearnitine was excreted only at the peak of acylcarnitine (Fig. 1).
Isovalerylglycine was excreted largely throughout the loading, whose excretion
pattern was different from that of isovalerylcarnitine in both cases: namely,

TasLE 2. Carnitine and hippurate during w.v. carnitine loading

Serum (nmol/ml) Urine (mmol/g cre)
T.C. F.C. A.C. T.C. F.C. A.C. Hippurate
Case 1
Before — — — 1.48 0.23 1.25 2.26
1hr 1290.0 1180.6 109.3 53.47 45.56 7.91 1.75
2 hr 385.9 334.5 51.3 76.43 56.93 19.50 1.01
6 hr 153.4 118.7 34.7 18.49 2.90 15.59 0.45
12 hr 162.5 144 .4 18.2 2.79 0.41 2.38 0.21
24 hr 90.3 72.9 174 4.11 0.50 3.61 1.08
Case 2
Before — — — — —
1 hr 12915 3056.9 985.5 31.37 13.24 17.13 0.51
2 hr — — 20.52 7.58 12.94 0.51
6 hr 161.8 127.2 34.6 6.88 1.02 5.86 2.24
12 hr 40.4 20.4 19.9 2.83 0.21 2.62 0.14
24 hr 28.3 13.1 15.2 2.09 0.17 1.92 0.72
T.C., total carnitine; F.C., free carnitine; A.C., acylcarnitine; —, Samples not

obtained.
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Fig. 1. 50 mg/kg of r-carnitine was loaded intravenously over 1 hr.
Urinary excretion was measured serially. Case 1 (upper) and Case 2 (lower).
~~——2, Acetylcarnitine; @—e®, Isovalerylcarnitine; A~——», Isovaleryl-
glycine.

transient decrease in excretion of isovalerylglycine was recognized just at the peak
period of isovalerylcarnitine excretion, followed by a gradual increase to 2-3 times
the pre-loading level after 24 hr (Fig. 1). No 1sovalerylglucuronide was detected
in the urine. Excretion of hippurate was varied with no relation to carnitine
dose.

Oral L-carnitine supplementation study

Results were similar in both cases. Serum free and acylcarnitine concentra-
tions elevated in a dose-dependent manner (Table 3). Urinary excretion of total
carnitine increased to 5-10 fold the pre-treatment level by 100 mg/kg of L-
carnitine supplement, in which more acylcarnitine was excreted than free car-
nitine (Table 3), and most of the acylcarnitine was isovalerylcarnitine. Corre-
spondingly, enhanced excretion of isovalerylglycine was observed in spite of the
constant glycine dose and protein intake, reaching 2-3 times the initial level by
the end of study (Fig. 2). Urinary acetylcarnitine was detectable only with high
dose L-carnitine. Glucuronide derivative of isovaleryl-CoA was not detected in
the urine. L-Carnitine dose had no influence on urinary hippurate excretion.

DiscussionN

Secondary carnitine deficiency has been reported in variable metabolic
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TasLE 3. Carnitine and hippurate during oral carnitine supplement

Carnitine dose Serum (nmol/ml) Urine (mmol/g. cre)
(mg/kg) T.C. F.C. AC. T.C. F.C. A.C.  Hippurate

Case 1

0 - - —_ 0.80 0.07 0.73 0.90

27.56 13.74 13.82 1.02 0.08 0.94 1.36

25 e o o 1.15 0.13 1.02 0.87

40.04 25.08 14.96 1.13 0.15 0.98 0.62

50 - — s 1.81 0.26 1.55 2.42

49.90 33.46 16.44 1.06 0.21 0.85 1.08

75 — e e 1.09 0.14 0.95 5.24

46.08 27.88 18.20 1.37 0.13 1.24 2.75

100 e e — 3.16 0.44 2.73 3.65

58.18 32.60 25.58 3.27 0.45 2.82 0.98
Case 2

0 - — — 0.27 0.02 0.25 0.34

20.00 11.20 8.80 0.19 0.17 0.02 0.32

25 — e — 0.46 0.08 0.38 0.10

49.58 35.82 13.76 0.61 0.09 0.02 0.37

50 e e e 1.34 0.16 1.18 1.00

44.86 27.74 17.12 1.38 0.18 1.20 0.71

75 — e — 1.44 0.16 1.28 0.16

66.10 41.70 24.40 1.89 0.24 1.65 0.17

100 e B e 4.18 0.39 3.79 1.08

43.90 22.80 21.10 5.16 0.63 4.53 1.22

T.C., total carnitine; F.C., free carnitine; A.C., acylcarnitine; —, Samples not

obtained.

defects, such as propionic acidemia, methylmalonic acidemia, mitochondrial
[B-oxidation defects, glutaric aciduria type 1 and type 2 as well as IVA (Chalmers
et al. 1983; Stanley et al. 1983). Among these disorders, L-carnitine sup-
plementation has been advocated as an additional therapy to prevent carnitine
deficiency, to regulate imbalanced intramitochondrial acyl-CoA profile, and to
eliminate accumulated toxic acyl-CoA as a corresponding acylearnitine into the
urine. However, recent reports have shown some doubts on the efficacy of
carnitine therapy (Treem et al. 1989), suggesting the possible inhibitory effect on
glycine conjugation in medium chain acyl-CoA dehydrogenase deficiency (Rinal-
do et al. 1993), for instance.

In IVA glycine supplementation has been introduced for maintenance treat-
ment to enhance the removal of accumulated isovaleryl-CoA as isovalerylglycine
into urine (Krieger and Tanaka 1976; Yudkoff et al. 1978; Elsas and Naglak
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Fig. 2. 1-Carnitine was supplemented orally increasing by every 4 days from 25
to 50, 75 and 100 mg/kg/day. Morning urine was collected for last two days
and urinary excretion was measured serially. Casel (upper) and Case 2
(lower).

o—, Acetylcarnitine; @—@®, Isovalerylcarnitine; A—~», Isovaleryl-
glycine.

1988; Naglak et al. 1988). But an excessive dose of glycine may bring about
hyperglycinemia, and some investigators have recommended supplementation of
carnitine instead of glycine (Roe et al. 1984; de Sousa et al. 1986; Mayatepek et
al. 1991). However, influence of carnitine on glycine and isovaleryl-CoA metab-
olism and appropriate therapeutic dose of L-carnitine remain poorly understood.

In intravenous high dose L-carnitine administration study, reverse reaction
was demonstrated between isovalerylcarnitine and isovalerylglycine excretion.
This suggested that administrated carnitine first combines with isovaleryl-CoA by
carnitine acyltransferase, in competition with glycine conjugation by glycine
N-acylase, resulting in transient falling isovalerylglycine excretion. After that,
along with the lowering of the serum carnitine level, excretion of isovalerylglycine
was again enhanced to achieve 2-3 times the pre-loading level by 24 hr. These
changes suggest stronger affinity of glycine n-acylase to isovaleryl-CoA than that
of carnitine acyltransferase to isovaleryl-CoA. Furthermore, later stimulated
excretion of isovalerylglycine could be explained as restoration of intramitochon-
drial deficient free CoA by carnitine supplementation. This may suggest glycine
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dose supplied in this study was not adequate to yield free CoA to presenting
normal mitochondrial function independently and additional carnitine sup-
plementation could restore intramitochondrial shortage of free CoA. Actually,
the following oral L-carnitine study showed similar findings, though increase of
urine isovalerylcarnitine excretion was considerably less than that of intravenous
carnitine administration because of partial absorption of orally administrated
carnitine. That is, increase in carnitine dose stimulated more isovalerylglycine
excretion than isovalerylcarnitine with constant glycine dose and protein intake.
The amount of isovalerylglycine excretion was equivalent to that of the high-dose
glycine supplementation reported by Elsas and Naglak (1988). Thus, it is likely
that more important role of carnitine therapy for a patient with IVA is to provide
sufficient free CoA in tissues, promoting isovaleryl-CoA production and isovaleryl-
glycine formation. We attempted to demonstrate increased free CoA by
quantifying urinary hippurate excretion. But actually, hippurate excretion did
not increase after carnitine loading in our cases. This might be due to minimal
benzoate intake in the food and they were well controlled. Meanwhile direct
detoxifying effect by isovalerylcarnitine formation might be limited in good
conditions without vast isovaleryl-CoA accumulation.

As for an optimal dose of L-carnitine, Berry et al. (1988) reported good
results in 4 patients with IVA who were treated with 50 mg/kg of L-carnitine and
180-250 mg/kg of glycine. In this study, additional carnitine supplementation
did not stimulate isovalerylglycine excretion. Mayatepek et al. (1991) reported
a long-term followed case treated with 60-100 mg/kg L-carnitine and no sup-
plemental glycine. In their case the excretion of short chain acylcarnitine was
largely dependent on L-carnitine dose, but isovalerylglycine excretion was slightly
decreased during the treatment. Isovalerylcarnitine was not assayed in their
report. In a case of de Sousa et al. (1986) oral administration of 200 mg/kg of
L-carnitine in addition to 300 mg/kg of glycine resulted not only in increasing
isovalerylcarnitine excretion but also doubling of isovalerylglycine excretion.
Recently, Van Hove et al. (1994) reported that increasing dose of intravenous
L-carnitine did not enhance excretion of isovalerylcarnitine. On the contrary, it
caused decrease in excretion of isovalerylglycine. They did not administer
glycine. These differences in reaction to carnitine administration may result from
the supplemental carnitine and/or glycine dose. Isovalerylglycine is main detox-
icating substance of isovaleryl-CoA and glycine supplementation is essential with
the dose not causing extreme hyperglycinemia.

In the present investigation, we detected acetylcarnitine in the urine from
both of the cases under study just when high-dose of L-carnitine was administered.
It suggests that excessive amount of carnitine over the turnover of isovaleryl-CoA
might encourage the formation of acetylcarnitine. We observed similar results in
propionic acidemia and methylmalonic acidemia (unpublished data). That is,
acetylcarnitine was detected in urine only when carnitine was supplemented
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sufficiently and reflects sufficient acetyl-CoA formation. Suitable dose of L-
carnitine supplementation resulted in increase of acetyl-CoA accompanied by
restoring altered energy metabolism during chronic hyperammonemic condition in
mice (Ratnakumari et al. 1993). Analysis of urinary acetylcarnitine may be

reasonable for determining the optimal dose of r-carnitine administered for each
case.

We concluded that 50-100 mg/kg of oral r-carnitine supplementation com-
bined with glycine is necessary for the long-term treatment of patients with IVA,
and that it i1s important to monitor excretion of urinary acetylcarnitine in

addition to the routine measurement of serum and urine carnitine and organic
acids concentration.
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