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ABSTRACT. The purpose of this study was to determine 
whether treatment with L-carnitine or acetyl-L-carnitine 
enhances the turnover of lipid or branched-chain amino 
acid oxidation in patients with inborn errors of metabolism. 
Increasing i.v. doses of L-carnitine and acetyl-L-carnitine 
were given to one patient with medium-chain acyl-CoA 
dehydrogenase deficiency and to another with isovaleric 
acidemia. Both patients were in stable condition and re- 
ceiving oral L-carnitine supplements. The excretion of car- 
nitine and disease-specific metabolites was measured. The 
incorporation of L-carnitine in the intracellular pool was 
demonstrated using stable isotopes and mass spectrometry. 
Increasing doses of either i.v. L-carnitine or acetyl-L-car- 
nitine did not stimulate the excretion of octanoylcarnitine 
in the patient with medium-chain acyl-CoA dehydrogenase 
deficiency, nor did it raise the plasma levels of either cis- 
4decenoate or octanoylcarnitine. Similarly, increasing 
doses of either i.v. L-carnitine or acetyl-L-carnitine did not 
enhance the excretion of isovalerylcarnitine in a patient 
with isovaleric acidemia. The excretion of isovalerylglycine 
actually decreased. We conclude that there was no evidence 
of enhanced fatty acid &oxidation or enhanced branched- 
chain amino acid oxidation in vivo by the administration 
of high doses of ~-carnitine or acetyl-L-carnitine in these 
two patients. Because only one individual with each disor- 
der was studied, the data are only indicative and may not 
necessarily be representative of all individuals with these 
disorders. Definite settlement of this issue will require 
further studies in additional subjects. (Pediatr Res 35: 96- 
101,1994) 

Abbreviations 

MCAD, medium-chain acyl-CoA dehydrogenase 
IVA, isovaleric acidemia 
GC/MS, gas chromatography/mass spectrometry 

carnitine supplementation is to correct an existing deficiency ( 1), 
restore the mitochondrial acyl-CoA/free CoA ratio, and provide 
an efficient conjugate for the excretion of accumulating toxic 
intermediates (2). 

MCAD deficiency is the most common inherited disorder of 
fatty acid metabolism. Plasma and tissue free carnitine concen- 
trations are reduced in this disorder (3), and there is increased 
excretion of the medium-chain acylcarnitines (4). Oral L-carni- 
tine supplementation can normalize the plasma carnitine level 
and increases the excretion of octanoylcarnitine in comparison 
with the excretion before treatment (4-6). This enhanced excre- 
tion is further increased during acute episodes of illness (7). 

The safety of L-carnitine supplementation in patients with 
MCAD deficiency has been questioned. In carnitine-deficient 
tissues, carnitine may be rate limiting and addition of L-carnitine 
could enhance fatty acid oxidation (8). It has been suggested that 
in MCAD deficiency, L-carnitine might increase mitochondrial 
uptake of fatty acids and thus stimulate p-oxidation, leading to 
increased production of toxic intermediates (9-1 1). 

IVA is caused by a defect in the metabolism of the amino acid 
leucine due to a deficiency in isovaleryl-CoA dehydrogenase. 
Oral L-carnitine therapy in IVA has resulted in the enhanced 
excretion of isovalerylcarnitine (1 2, 13). In vitro studies have 
indicated that L-carnitine can enhance oxidation of the branched- 
chain amino acids leucine and valine in muscle homogenates 
(14). Theoretically, L-carnitine therapy in a patient with IVA 
could increase the production of isovaleryl-CoA through in- 
creased branched-chain amino acid oxidation. 

This study was designed to assess the safety of L-carnitine and 
acetyl-L-carnitine administration to patients with metabolic dis- 
orders. Disease-specific metabolites were monitored while in- 
creasing i.v. doses of L-carnitine were given to one patient with 
MCAD deficiency and to another patient with IVA. Acetyl-L- 
carnitine was also investigated because it can provide the poten- 
tial benefit of additional acetyl-CoA groups to the mitochondria 
(15). 

MATERIALS AND METHODS 

Subjects. Patient 1 is a 2'/2-y-old girl with MCAD deficiency. Treatment of the organic acidurias is based primarily on She was diagnosed an episode of hypoglycemic coma at the restricting dietary precursors and providing conjugating agents 
age of 6 mo by urine organic acids, acylcarnitine profile, and to intermediates when The aim of fibroblast enzyme assay. She is a compound heterozygote for the 
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and Drug Administration, Washington, DC), National Institutes of Health Grant timeS of illness. she has been hospitalized on one occasion for HD-24908 (Bethesda, MD), General Clinical Research Center Grant MOI-RR-30 
(Division of Research Resources, NIH, Bethesda, MD), and the H. L. Holtkamp inmXrrent illness but has not had recurrence of severe symp- 
Memorial Fund (Duke Medical Center). toms while receiving therapy. At the time of the study, she was 
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in good health. She had a constant intake of 88 kcal/kg/d with 
protein 15% of calories, fat 24%, and carbohydrate 6 1 %. 

Patient 2 is a 5I/2-y-old girl with IVA. She was diagnosed at the 
age of 4 y 8 mo after three attacks of pancreatitis, when typical 
metabolites of IVA were found in her blood and urine (17). She 
has been treated with protein restriction (1 g/kg/d whole protein 
supplemented with Maxamaid Xleu, Ross Laboratories, Colum- 
bus, OH) and oral L-carnitine (620 pmollkgld = 100 mg/kg/d). 
She has been healthy since initiation of the therapy. She did not 
receive supplemental glycine. During the study, she had a con- 
stant intake of 75 kcal/kg/d with protein 20% of caloric intake, 
fat 16%, and carbohydrate 79%. Leucine intake was 33 mg/kg/ 
d. 

Study Protocols. Intravenous L-carnitine study. On admission, 
patients were receiving 620 pmollkgld (100 mg/kg/d) oral L- 
carnitine divided in four doses. The next day, 93 pmollkgld (1 5 
mg/kg/d) i.v. L-carnitine was given divided in four doses to 
provide the same amount of L-carnitine based on the assumption 
of 15% bioavailability of the oral dose (1 8, 19). On each of the 
following 2 d, the dose of i.v. L-carnitine was doubled to a 
maximal intake of 372 rmol/kg/d (60 mg/kg/d) divided in four 
doses. 

Intravenous acetyl-L-carnitine study. Initially, the patients re- 
ceived oral acetyl-L-carnitine 620 pmol/kg/d (126 mg/kg/d) 
divided in four doses for 2 d. Then 93 pmol/kg/d (18.9 mg/kg/ 
d) acetyl-L-carnitine was given i.v. divided in four doses to 
provide an equivalent dose assunling an absorption of 15% of 
the oral dose (by analogy to L-carnitine; no data available). 
Subsequently, this dose was doubled twice over 2 d to a maxi- 
mum intake of i.v. acetyl-L-carnitine 372 rmol/kg/d (75.6 mg/ 
kg/d) divided in four doses. 

Isotope labeling studies. To study the metabolic fate of the 
administered L-carnitine and acetyl-L-carnitine, two separate sta- 
ble isotope-labeled studies were done. These studies involved 
single bolus i.v. doses of [2H3-methyl]~-carnitine 93 pmol/kg 
( 15.3 mg/kg) and a~etyl-[~H3-methyI]~-carnitine 93 pmol/kg 
(19.3 mg/kg). These experiments were done on different days 
with urine collected for 24 h in each case. 

Before these studies were done, both patients had been on oral 
L-carnitine supplementation (100 mg/kg/d). A washout period 
of 1 d on baseline oral L-carnitine therapy was scheduled between 
studies of L-carnitine and acetyl-L-carnitine administration. In- 
travenous doses were given as a slow push over 3 to 5 min. Daily 
timed 24-h urine collections were obtained for the measurement 
of free L-carnitine, acetyl-L-carnitine, and the appropriate acyl- 
carnitine species (octanoylcarnitine in patient 1 and isovaleryl- 
carnitine in patient 2). Isovalerylglycine and benzoylglycine were 
measured in the urine collections of patient 2. Blood samples 
were obtained for cis-4-decenoate and octanoylcarnitine levels 
in patient 1. 

Daily oral intake was monitored to assure a steady intake of 
relevant nutrients. Blood samples were analyzed for routine 
hematologic studies, electrolytes, transaminases, calcium, phos- 
phorus, and alkaline phosphatases, ammonia, and lactate. 

L-Carnitine and acetyl-L-carnitine were a gift from Sigma Tau 
Pharmaceuticals (Rome, Italy). Octanoyl-DL-carnitine was pur- 
chased from Sigma Chemical Co. (St. Louis, MO). The labeled 
compounds [2H3-methyl]~-carnitine, a~etyl-[~H~-methyl] L-car- 
nitine and octanoyl-[2H3-methyl]~-carnitine were synthesized ac- 
cording to methods previously described (20, 2 1). Isovalerylgly- 
cine was a gift of Dr. R. Chalmers (St. George's Medical Center, 
London, UK) and [2H3-methyl]isovalery1glycine was a gift of Dr. 
P. Rinaldo (Yale University, New Haven, CT). N-benzoyl- 
[2,2 2H~]glycine (98.7 atom % pure) was purchased from MSD 
Isotopes, Merck & Co. (Rahway, NJ). Chemical and isotopic 
purity of these standards was confirmed by mass spectrometry 
and nuclear magnetic resonance spectrometry. N-methyl-N-tri- 
methylsilyl-trifluoroacetamide was purchased from Pierce (Rock- 
ford, IL). 

Twenty-four-h urine collections were analyzed for free L- 

carnitine (22), acetyl-L-carnitine, and appropriate acylcarnitines 
(either octanoylcarnitine or isovalerylcarnitine) by fast atom 
bombardment tandem mass spectrometry with isotope-labeled 
internal standards using previously published methods (23). 
Plasma carnitine levels were measured by radioenzymatic assay 
(24). Plasma octanoylcarnitine was measured by fast atom bom- 
bardment tandem mass spectrometry as previously described 
(25). Standard addition of octanoyl-D,L-carnitine to control 
plasma samples over a concentration range of 0.2 to 8 nmol/mL 
(r = 0.99, n = 9) produced a linear calibration and the coefficient 
of variation for the overall assay was 4.4% (n = 7). Cis-4- 
decenoate was measured by GC/MS in extracts of 50 pL of 
plasma spotted on filter paper as previously described (26, 27). 
Isovalerylglycine was quantified by GC/MS using selected ion 
monitoring, as follows: 100 pL of urine plus 50 pg of 
[2H~-methyl]isovalery1glycine was diluted to 1 mL and extracted 
three times with ethyl acetate after acidification with HCl and 
saturation with NaCl. After drying under a gentle stream of 
nitrogen, the sample was derivatized with 75 pL of N-methyl-N- 
trimethylsilyl-trifluoroacetamide at 80°C for 3 h. Isovalerylgly- 
cine-(bis)-TMS was monitored as the molecular ion at m/z 303.3 
and [2H~-methyl]isovalery1glycine-(bis)-TMS at m/z 306.3 on a 
VG-TRIO-1 mass spectrometer (Fisons Instruments, Danvers, 
MA) after capillary column gas chromatography (DB- 1; 30 m x 
0.25 mm; I-pm film thickness, from J & W Scientific, Folsom, 
CA). The following conditions were used: helium flow rate 1 
mL/min, injector temperature 250"C, injector split ratio 20:1, 
oven temperature 120°C for 5 min, then increased at S0C/min 
to 300°C. Isovalerylglycine eluted at 16.55 min and [2H3-methyl] 
isovalerylglycine eluted at 16.52 min. Linear calibration of the 
assay was verified by addition of known amounts of isovaleryl- 
glycine to control urine over a range of 63-18 900 pmollL (10- 
3000 pg/mL) (r  = 0.98). N-benzoyl-glycine (hippurate) was 
measured by a variation of a previously published tandem mass 
spectrometric assay (28). To 20 pL of urine were added 100 
nmol N-benzoyl-[2,2 2H2]glycine (internal standard). After evap 
orating the solvent under nitrogen, the residue was derivatized 
with 100 pL of n-butanol in 3 M HCl at 65'C for 15 min. After 
evaporation of excess reagent, the residue was dissolved in 50 pL 
of a matrix of 1:l methano1:glycerol. The precursor ions of the 
benzoyl fragment ion (m/z 105) were monitored. The intensity 
ratio of the precursor ions, corresponding to the molecular ion 
masses of benzoylglycine and the internal standard (m/z 
236:238), was determined. The assay was linear for the addition 
of known amounts of benzoylglycine over a concentration range 
of 0.47 to 47 mM (? = 0.999). The coefficient of variation was 
4.2% (n = 10) at a concentration of 1 1.5 mM. 

Hematologic studies and analysis of electrolytes, liver function 
tests, ammonia, and lactate were performed by the Duke Hospital 
Laboratories by standard procedures. 

Ethics. The study was approved by the Duke Institutional 
Review Board (IRB 124-93-IR10). The patients were admitted 
to the clinical research unit and informed consent was obtained 
from a parent. 

RESULTS 

Baseline plasma carnitine and acylcarnitine levels in the pa- 
tient with MCAD deficiency (patient I) were 42 pM (free carni- 
tine), 8 pM (short-chain acylcarnitine), and 4 pM (long-chain 
acylcarnitine). In patient 2, with IVA, the corresponding levels 
were 88 pM, 33 pM, and 4 pM. In patient 1, increasing doses of 
i.v. L-carnitine above the equivalent oral maintenance level had 
no perceptible effect on the excretion of octanoylcarnitine or 
acetylcarnitine but increased the excretion of free carnitine by 
about 50% of the administered dose (Fig. 1A). Administration 
of i.v. acetyl-L-carnitine in increasing doses had no measurable 
effect on the octanoylcarnitine excretion in this patient (Fig. 1 B), 
but the excretion of acetylcarnitine and free carnitine increased. 
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Fig. 1. After I d of oral L-carnitine (A) or acetyl-L-carnitine (B), increasing doses of i.v. L-carnitine were given and the daily urinary excretion of 
free carnitine (FC, thin line), octanoylcarnitine (OC, thick line), and acetylcarnitine (AC, broken line) (same levels as octanoylcarnitine) was 
measured in the same patient with MCAD deficiency. AAer I d of oral L-carnitine (C) or acetyl-L-carnitine (D), increasing doses of i.v. L-carnitine 
(C) or acetyl-~-carnitine (D) were given to the same patient with IVA and the daily urinary excretion of free carnitine (FC, thin line), acetylcarnitine 
(AC, broken line), and isovalerylcarnitine (IVC, thick line) was measured. 
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The plasma concentrations of cis-4-decenoate and octanoylcar- 
nitine showed no relationship to the administered doses of either 
L-carnitine or acetyl-L-carnitine (Table 1). 

In the patient with IVA, increasing i.v. doses above mainte- 
nance level of either L-carnitine (Fig. 1C) or acetyl-L-carnitine 
(Fig. 1D) did not stimulate the excretion of isovalerylcarnitine. 
Isovalerylglycine excretion actually fell during high-dose therapy 
(Table 2). During administration of high doses of L-carnitine, 
the molar excretion of isovalerylglycine approached the excretion 
of isovalerylcarnitine (Fig. 1 C, Table 2) in this patient, who was 
not supplemented with glycine; however, at the commonly used 
oral maintenance dose, the isovalerylglycine concentration was 
considerably higher than that of isovalerylcarnitine. Benzoylgly- 
cine excretion was essentially unaffected by increasing doses of 
both L-carnitine and acetyl-L-carnitine. 

Incorporation studies were performed by sequential i.v. infu- 
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Table 1. Plasma Cs-acylcarnitine and cis-4-decenoate in 
MCAD patient* 

Dose C8-acylcarnitine cis-4-decenoate 
Given (rmol/kg/d) (PM) (rM) 

p.0. Carnitinet 620 1.56, 5.66 9.4, 37.0 
i.v. Carnitine 93 2.79 24.2 
i.v. Carnitine 186 Not available Not available 
i.v. Carnitine 372 3.49 7.4 
p.0. Acetyl-L-carnitine 620 4.39 23.7 
i.v. Acetyl-L-carnitine 93 1.47 22.2 
i.v. Acetyl-L-carnitine 186 0.98 3.8 
i.v. Acetyl-~-carnitine 372 Not available Not available 

* The plasma concentrations of C8-acylcarnitine and cis-4decenoate 
were monitored while increasing doses of i.v. L-carnitine or acetyl-L- 
carnitine were given to the patient with MCAD deficiency. 

t Results from 2 different days. 

Table 2. Excretion of acylglycines in patient with 
isovaleric acidemia* 

Given 

p.0. Carnitinet 
i.v. Carnitine 
i.v. Carnitine 
i.v. Carnitinet 
p.0. Acetyl-L-carnithe* 
i.v. Acetyl-L-carnitine 
i.v. Acetyl-L-carnitine 
i.v. Acetyl-L-carnitine 

Dose Isovalerylglycine Hippurate 
(rmollkgld) (rmollkgld) (rmol/kg/d) 

*The excretion of isovalerylglycine and benzoylglycine (hippurate) 
were monitored after the administration of increasing doses of i.v. L- 

carnitine or acetyl-L-carnitine to the patient with IVA. 
t Results from 2 different days. 
$ Results from 3 different days. 

sion of stable isotope-labeled L-carnitine and acetyl-L-carnitine. 
For the patient with MCAD deficiency, the acylcarnitine profiles 
for the 24-h urine collections before and after the isotope infusion 
are shown in Figure 2A and B. The incorporation of isotopically 
labeled carnitine into the acylcarnitines is clearly demonstrated 
by the appearance of new molecular ion signals with a shift of 
+3 mass units, corresponding to acetyl-'H3-carnitine (m/z 22 l), 
he~anoyl-~H3-carnitine (m/z 277), octenoyl-*H3-carnitine (m/z 
303), octanoyl-'H3-carnitine (m/z 305), and de~enoyl-~H~-car- 
nitine (m/z 33 1) (Fig. 2B). The signals for free carnitine and 2 H ~  
carnitine appear at m/z 176 and 179, respectively. An i.v. bolus 
of a~etyl-[~H3-rneth~l]~-carnitine given to this patient resulted in 
the excretion of the same isotopically labeled metabolites (Fig. 
2C). 

When the patient with IVA was given an i.v. bolus of 
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Fig. 2. A, The 24-h urine collection of patient 1 with MCAD deficiency on i.v. L-carnitine shows the excretion of the carnitine esters C8:0 
(octanoylcarnitine) (m/z 302), C6:0 (hexanoylcarnitine) (m/z 274), and Clo:o (decenoylcarnitine) (m/z 328), and free carnitine (m/z 176). In the same 
patient, after a single bolus of [2H3-methyl]~-carnitine (B), patient urine shows excretion of octanoyl-2Hrcarnitine (C8:0, m/z 305), hexan~yl-~H,- 
carnitine (C6:0, m/z 277), 0ctenoyl-~H3-~arnitine (C8: 1, m/z 303), and decenoyl-2Hg-carnitine (C10: I ,  m/z 33 1) by a +3  shift in the mass spectra of 
the corresponding acylcarnitines. A similar profile is obtained after the administration of a single bolus of acetyl-[2H3-methyl]~-carnitine (C). D, In 
the patient with IVA, after a single bolus of [2H3-methyl]~-carnitine, the excretion of iso~aleryI-~H3-carnitine (m/z 263) became prominent with a 
shift of +3 to the excretion of the normal isovalerylcarnitine (m/z 260) in the acylcarnitine profile. 

[2H,-methyl]carnitine, a new signal in the urine acylcarnitine 
profile was observed at m/z 263, corresponding to isovaleryl- 
*H,-carnitine, in addition to that of the unlabeled isovaleryl- 
carnitine (m/z 260) (Fig. 20). 

Both patients remained in stable condition throughout the 
admission, and hematologic parameters and blood chemistry 
remained unchanged. 

DISCUSSION 

This limited study was designed to evaluate the metabolic 
effect of increasing dosage of L-carnitine and acetyl-L-carnitine 
in patients with inborn errors of metabolism. We carefully stud- 
ied two patients in a stable metabolic state, one with MCAD 
deficiency and one with IVA. In the patient with MCAD defi- 
ciency, increasing doses of either L-carnitine or acetyl-L-carnitine 
did not stimulate the excretion of octanoylcarnitine or increase 
plasma cis-4-decenoate or plasma octanoylcarnitine. Similarly, 
in the patient with IVA, increasing doses of L-carnitine or acetyl- 
L-carnitine did not result in enhanced excretion of isovalerylcar- 
nitine. The excretion of isovalerylglycine actually decreased, and 
the excretion of benzoylglycine was unaffected. 

Intravenous administration of L-carnitine and acetyl-L-carni- 
tine specifically labeled with three deuterium atoms in one of 
the N-methyl groups resulted in the incorporation of the label 

into all the acylcarnitines excreted. There was no obvious pref- 
erence for particular acyl groups as shown by similar enrichment 
into the different species (Fig. 2). This provides direct evidence 
that carnitine administered enters the mitochondria1 pool and 
rapidly forms acylcarnitines with all available acyl groups, in- 
cluding both the disease-specific and normal species. Acetylcar- 
nitine also exchanges with the acylcarnitine pool. 

Previous pharmacokinetic studies have shown that increasing 
doses of oral L-carnitine do not result in increasingly higher 
plasma levels, whereas higher plasma levels and higher areas 
under the curve are achieved by i.v. administration of L-carnitine 
(19). This might be explained by the partially camer-mediated, 
saturable intestinal uptake of carnitine (29-3 l), with incomplete 
absorption at pharmacologic doses (32). Furthermore, orally 
administered acetyl-L-carnitine did not result in the increased 
excretion of acetylcarnitine, as observed after i.v. administration 
(Fig. 1 B and D). We ascribe this to the substantial deacetylation 
of acetyl-L-carnitine in the intestinal mucosa, also reported in 
animal studies (33). Other workers have observed the same 
phenomenon (34). Intravenous acetyl-L-carnitine produced high 
plasma acetylcarnitine levels (35). For these reasons, we investi- 
gated the increased intake of carnitine and acetylcarnitine by the 
i.v. route. 

In this study, similar excretion of L-carnitine and acylcarnitines 
was achieved after switching to i.v. administration at 15% of the 
previously administered oral dose (Fig. 1). These data are in 
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agreement with the previously reported estimate of about 15% 
bioavailability of orally administered carnitine in healthy subjects 
(1 8, 19). The starting point for i.v. dosage was therefore equiva- 
lent to the maintenance oral dose. 

From the isotope labeling studies, it is clear that L-carnitine 
and acetylcarnitine administered i.v. enter the mitochondria and 
equilibrate with the endogenous pool. In the patient with MCAD 
deficiency, doubling and even quadrupling the i.v. dosage did 
not affect either the plasma concentrations of octanoylcarnitine 
and cis-4decenoic acid, or the excretion of octanoylcarnitine. 
This implies that increased intake of L-carnitine does not of itself 
stimulate the 8-oxidation of fatty acids in vivo. This is in keeping 
with the biochemical observation that the rate of fatty acid 
oxidation is primarily dependent on the concentration of 
malonyl-CoA rather than the concentration of carnitine (36,37). 

In the patient with IVA, the fact that isovalerylcarnitine excre- 
tion was stable while the excretion of isovalerylglycine, the major 
metabolite in this disorder (38), decreased by about 50% on the 
highest dose of i.v. L-carnitine implies that increased intake of 
camitine does not stimulate the production of isovaleryl-CoA. 
On the contrary, the accumulation of this toxic intermediate 
apparently decreases. Inhibition of the glycine-N-acylase by car- 
nitine therapy (39) is an unlikely explanation for this observation, 
because the excretion of benzoylglycine, whose formation de- 
pends on the same enzyme, is unaffected. Furthermore, no 
concomitant increase was observed in the excretion of 3-hydrox- 
yisovaleric acid, which is also derived from isovaleryl-CoA, ac- 
cording to GC/MS analysis. Because diagnostic metabolites in 
IVA are primarily derived from endogenous protein turnover 
(40), we conclude that increasing dosage of i.v. L-carnitine does 
not enhance branched-chain amino acid catabolism in humans, 
similar to previously reported observations in normal humans 
and rats (41-43). Rather, it is possible that higher levels of 
isovalerylcarnitine in the liver might reduce protein degradation 
(44, 45). This is one potential explanation for the observation 
that patients with IVA can be equally cared for with either 
L-carnitine therapy or with glycine therapy (12, 13, 46, 47), 
despite the fact that the excretion of isovalerylcarnitine is less 
than the excretion of isovalerylglycine. 

Enhanced excretion of abnormal acylcarnitines upon supple- 
mentation with carnitine in MCAD deficiency and in IVA is 
well documented (4, 12). This study indicates that for patients 
with MCAD deficiency and/or IVA in a stable state, a dose of 
620 pmol/kg/d (100 mg/kg/d) oral L-carnitine should provide 
adequate carnitine availability both to normalize the plasma free 
carnitine concentration and to provide optimal excretion of the 
major accumulating abnormal acylcarnitine species. These pre- 
liminary data suggest that carnitine administration enhances 
excretion of accumulated metabolites without further stimula- 
tion of their formation. During metabolic crises, patients with 
MCAD deficiency and IVA rapidly accumulate toxic acyl-CoA 
intermediates, increasing the need for detoxifiing agents. The 
increased excretion of the disease-specific acylcarnitines during 
such episodes (7) illustrates this. This limited study supports the 
safety of i.v. L-carnitine administration. Because only one indi- 
vidual with each disorder was studied while metabolically stable, 
the data are only indicative and may not necessarily be repre- 
sentative of all individuals with these disorders. Definite settle- 
ment of this issue will require further studies in additional 
subjects. 
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