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Summary

The abnormal metabolites-adipic, suberic, and sebacic acids-
were detected in large amounts in the urine of a boy during a
Reye’s syndrome-like crisis. Substantial amounts of 5-OH-caproic
acid, caproylglycine, glutaric acid, and 3-OH-butyric acid and
moderately elevated amounts of ethylmalonic acid, methylsuccinic
acid, 3-OH-isovaleric acid, and isovalerylglycine were also found.
These metabolites were consistently present in urine samples
collected in the boy’s habitual condition after the attack. 1-[**C]-
Palmitic acid was oxidized at a normal rate, whereas U-|'*C]-
Palmitic acid was oxidized at a reduced rate in cultured skin
fibroblasts from the patient, thus indicating a defect at the level of
medium- and/or short-chain fatty acid oxidation. Riboflavin med-
ication (100 mg three times a day) significantly reduced the
excreted amounts of pathologic metabolites, suggesting a flavi-
neadeninedinucleotide-related acyl-CoA dehydrogenation defect
as the cause of the disease.

Carnitine in plasma was low in the patient (6 pmole/liter,
controls 26-74 pmole/liter), suggesting carnitine deficiency as a
secondary effect of the acyl-CoA dehydrogenation deficiency.

Speculation

The present patient, who presented with a Reye’s syndrome-like
attack, suffers from impaired dehydrogenation of acyl-CoA result-
ing in accumulation of acyl-CoA in the cells. Attacks with similar
symptoms are seen in other acyl-CoA dehydrogenation deficien-
cies, such as glutaric aciduria types I and II, other types of Cs-Cjo-
dicarboxylic acidurias and isovaleric acidemia. Reduced flow
through the acyl-CoA dehydrogenation steps may therefore be an
ethiologic factor in Reye’s syndrome. Several of the accumulated
acyl-CoA’s are toxic and may be responsible for some of the
symptoms. The low carnitine level in plasma and the elevated
esterified carnitine excretion in the present patient indicate that
acyl-CoA accumulation may cause a functional carnitine deficiency
by sequestration of carnitine as acyl-carnitines. As the inborn
defect, systemic carnitine deficiency may exhibit symptoms like
those of Reye’s syndrome, it may be speculated whether functional
carnitine deficiency in patients with accumulated acyl-CoA is
another causal factor in the development of the symptoms during
attacks.

Since the first report of patients with saturated Cg—Cio-dicar-
boxylic aciduria due to possible S-oxidation defect (13), several
patients with similar clinical and biochemical characteristics have
been described (15, 25, 27, 36). All the patients reported have had
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one or more acute attacks, most frequently characterized by a
Reye-like syndrome (37) with vomiting and increasing lethargy
that eventually leads to coma. Biochemical characteristics includes
metabolic acidosis, hypoglycemia, fatty infiltration of the liver,
and large amounts of the Ce—Cio-dicarboxylic acids, i.e., adipic,
suberic, and sebacic acids in the urine. In spite of the similarities
between the clinical pictures during the acute attacks in these
patients, the biochemical presentation exhibited a high degree of
heterogeneity within the group. The precise location of the enzyme
defect has not been found in any of the patients, but preliminary
enzyme studies and the excretion pattern of organic acids suggest
that the defect in the patients described by us (15), by Truscott
and coworkers (36) and by Naylor and coworkers (27) is localized
to the dehydrogenation of medium-chain fatty acids, whereas the
defect in the patient reported by Mantagos et al. (25) is restricted
predominantly to the dehydrogenation of the short-chain fatty
acids. During the attack the case described here exhibited clinical
symptoms very similar to the above-mentioned cases including
large amounts of Cs~Cyo-dicarboxylic acids in the urine. Unlike
the other cases, this patient excreted substantial amounts of these
metabolites together with 3-OH-butyric acid in the habitual con-
dition. We are, therefore, possibly dealing with a new inborn error
of the S-oxidation of fatty acids. The aim of the present report is
to characterize the disease clinically and biochemically and to
describe the first successful attempt to treat one of these diseases
with vitamins. Both clinically and biochemically he responded
positively to riboflavin treatment, and as a result the boy is now
receiving permanent riboflavin medication.

MATERIALS AND METHODS

Family history. The patient (P.J.) is a male, now aged 5 years
and 6 months. A brother, (J.J.), who is 10 years older had an
attack of Reye’s syndrome, verified by liver biopsy, when he was
2 years old. He suffered from a slight hypotonia during the
following 2 years, but since then he has been clinically normal. In
the routine screening of the family members, a shight organic
aciduria was found in J.J. (Table 1) indicating a B-oxidation defect
(see below).

The patient (P.J.) has another older healthy brother (B.J.) and
a twin sister (8.J.) with prurigo besnier, who is otherwise clinically
healthy. The mother suffer from rheumatoid arthritis. The father
is healthy.

Case history. The patient (P.J.) was born 2 wk before term after
an uncomplicated pregnancy. Birthweight was 2050 g. In the
neonatal period, he was once admitted to a hospital with pneu-
monia and slight icterus. During early childhood, he suffered from
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frequent upper respiratory tract infections. One year before the
present admission he had an episode of vomiting, lethargy, and
fever. He recovered without treatment. Physically he was less
developed than his twin sister. He suffered from a slight reduction
in muscle strength and muscle tonus and he was 16 months old
when he first walked alone. At the age of 2 years and 8 months he
was admitted to.the hospital after 2 wk of weariness, loss of
appetite, and occassional vomiting. The last 3 days before admis-
sion his clinical condition deteriorated with frequent attacks of
vomiting. His temperature was 38°C. At admission (August 22,
1979), he was drowsy, with normal respiration and lightly infected
in the respiratory tract. Hepatomegaly was not present. Plasma
glucose and pH were normal (Table 2). He was treated with i.v.
glucose and electrolytes. The following day his condition deteri-
orated. He became more drowsy and developed Cheyne-Stokes
respiration. His temperature was normal. Blood glucose was de-
creasing and a metabolic acidosis developed. Spinal glucose was
low. The liver was not enlarged but the activity of liver enzymes
in serum was very high (Table 2). Two days after admission
(August 24, 1979) he was very lethargic and difficult to contact.
Hepatomegaly was now pronounced with 100-fold increased liver
enzymes. Consent for liver biopsy was not given by the parents.
He suffered now from hypoglycemia and the metabolic acidosis
was not fully compensated. Plasma ammonia concentration was
just below the upper control limit (Table 2), and he was still
undergoing treatment with glucose and electrolytes. The following
day (August 25, 1979), his condition improved (Table 2). The
hepatomegaly gradually decreased, but 4 wk later when he was
discharged, the liver could still be palpated 7 cm below the right
curvature. As before admission he suffered from a slight to mod-
erate muscle hypotonia, but creatine kinase was within control
limits, as it was during the crisis.

Liver enzymes were normalized. One wk after the crisis the
ammonia level was 37 pmole/liter. One month after discharge, the
clinical condition was satisfactory, although he had reduced mus-
cle strength, was slightly hypotonic and had slight hepatomegaly.

Before the trials with riboflavin (100 mg 3 times a day) thorough
clinical investigations secured the fact that the patient was in his
habitual condition. At the time of the first trial the habitual
condition was characterized by a slight hypotonia, but no hepa-
tomegaly. The level of aminotransferases were slightly above
controls and a slight metabolic acidosis existed (February 28, 1980
in Table 2). After both trials, the riboflavin treatment was termi-
nated.

The patient had a second attack of drowsiness and vomiting
(July, 28, 1980). On admission, he was not hypoglycemic and
metabolic acidosis was not present, but the liver was enlarged (4
cm below the curvature) and liver enzymes concentration were
increased (Table 2). Riboflavin treatment was instituted at once.
Within 1 wk, the patient was in a satisfactory condition again
(Table 2), without having gone through lethargic and hypogly-
cemic stages. One and one-half months later ie., after 1’2 month
of riboflavin treatment, he was in a very good condition (Table 2).
Since this last attack, the patient has been treated with 100 mg
riboflavin 3 times a day, except for a short period in January 1981.
After 1 wk without riboflavin the patient started vomiting,
whereafter riboflavin treatment was instituted again. A few days
later he was free of symptoms.

During the riboflavin treatment the patient has been in a
satisfactory clinical condition and is now developing normally;
however, occassionally he has been fatigued and has lost his
appetite. The hypotonia has decreased and the hepatomegaly has
not been present since the second attack.

Biochemical methods. Blood glucose, standard bicarbonate, pH,
base-excess, serum aspartate aminotransferase (ASAT) and serum
alanine aminotransferase (ALAT) were analysed by means of
standard methods. Amino acids in serum and urine were measured
with an automatic amino acid analyzer (6). Free and esterified
carnitines were determined by the carnitine acetyltransferase
method described by McGarry and Foster (10). Organic acids, as
trimethylsilylderivatives, were determined by gas chromatography

Table 2. Laboratory values for P.J. during the attack, in the habitual condition and in a mild relapse period

Habitual

Relapse

Habitual

Attack

95% reference

intervals
3.3-5.6 mmole/liter

Aug. 23, 1979 Aug. 24, 1979 Aug. 25,1979 Feb. 28, 1980 July 28, 1980 Aug. 4, 1980 Sept. 15, 1980

Aug. 22, 1979

4.1

5.0

33

4.4

33 1.7

44

Plasma glucose
Spinal glucose

2.8-4.4 mmole/liter
10-40 U/liter

14
4560

960 125 48

57

4680

Serum aspartate

aminotransferase

Serum alanine

1040 U/liter

42

3060

aminotransferase

Blood pH

7.36-7.42

7.39
-04

7.37
-1.8

7.36
-2.8

7.31

—-8.6

7.35
—6.8

7.32
-83

7.37
—6.6

735
—42

-3 to+3
21.3-25.8 mmole/liter

Base excess

17.6 18.8 17.4 22.0 22.9 23.9

75

18.9

Serum bicarbonate
Plasma ammonia

12-76
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Fig. 1. Gaschromatograms (Flame ionisation detector response) of hy-
droxylamine-treated and silylated extracts from the urine of: (4) the
patient in the habitual condition before riboflavin treatment (130580); (B)
the patient during the second riboflavin trial (290580); and (C) a child
without metabolic disorders. The column was a 180 cm X 3 mm (i.d.)
glass coil packed with 3% Dexsil 300 on Chromosorb W-HP, programmed
from 60°C at 4°/min. Helium carrier flow-rate was 20 ml/min. The peaks
are: (1) solvent; (2) lactic acid; (3) 2-OH-butyric acid; (4) 3-OH-butyric
acid; (5) 3-OH-isovaleric acid; (6) 2-OH-caproic acid (internal standard);
(7) ethylmalonic acid; (8) 2-oxo-caproic acid (internal standard); (9) urea
+ methylsuccinic acid + 5-OH-caproic acid; (10) glutaric acid; (11) adipic
acid; (12) phenylbutyric acid (internal standard); (13) 2-OH-glutaric acid;
(14) 2-oxo-glutaric acid; (15) 4-OH-phenylacetic acid; (16) unsaturated
suberic acid; (17) suberic acid; (18) aconitic acid; (19) citric acid; and (20)
sebacic acid.

and gas chromatography/mass spectrometry (Selected Ion Moni-
toring) by means of methods described previously (15), except for
the acylglycines, which were analysed as the methylesters by
chemical ionisation selected ion monitoring. The monitored ions
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were for all the compounds, including the internal standard (hep-
tanoylglycine), M + 1. The calibration curves were linear from
0-150 pmole/mmole creatinine, with a coefficient of variation of
10-15%.

In vitro studies on the B-oxidation of fatty acids were performed
on cultured fibroblasts from the patient (P.J.), his brother (J.J.)
and from six control children (aged 1-9 years). The fibroblasts
were grown in Eagels medium containing 10% human serum.
Oxidation of 1-[**C]-palmitic acid and U-["*C]-palmitic acid was
measured by incubating the PBS (Phosphate Buffer Saline, Gibco)
buffer-washed cells in monolayers (200-400 pg protein) in 1.5 ml
PBS containing 40 uM 1-[**C]-palmitic acid (specific activity 10
pCi/mmole) or U-["*C)-palmitic acid (specific activity 10 pCi/
mmole). After 45 min at 37°C, the reaction was terminated by
addition of 200 pl citrate buffer (0.08 M citrate, 0.05 M phosphate,
pH 2). The [*“CO,] evolved was trapped on Protosol-coated filter
paper using the method described by Gliemann (12) and the ['*C]
-labeled perchloric acid soluble reaction products (SCFA) were
isolated according to the technique of van Hinsbergh and cowork-
ers (21). The [**C]-activity was measured in a liquid scintillation
counter.

RESULTS

Amino acids. During the first and most serious acute attack,
metabolic profiles of amino acids in serum and urine and organic
acids in urine were investigated. Amino acids in serum were within
control limits except for phenylalanine, which was slightly above
upper control range. Taurine and ethanolamine were excreted in
urine in elevated amounts, whereas all other amino acids were
within control range.

Organic acids. The urinary metabolic profile of organic acids
was very disturbed during the attack (Table 1). Identities of the
various compounds were established by means of gas-chromatog-
raphy and mass spectrometry. Compounds related to the B-oxi-
dation of fatty acids were especially elevated. These were adipic
acid, suberic acid, unsaturated suberic acid, sebacic acid, 5-OH-
caproic acid, and caproylglycine. Ethylmalonic acid and methyl-
succinic acid were also excreted in enhanced amounts. The
branched-chain amino acid-derived metabolites, isovalerylglycine
and 3-OH-isovaleric acid, were excreted in slightly elevated quan-
tities. Glutaric acid, a metabolite of the lysine catabolism, was also
excreted in excessive amounts. From the elevated excretion of 3-
OH-butyric acid, it appears that the slight metabolic acidosis
(Table 2) is accompanied by ketosis. It should be mentioned that
lactic aciduria was not pronounced.

During the months that followed the acute attack, several urine
samples were collected for organic acid profile analyses. Two such
organic acid profiles from 24-h urine samples, which also served
as pretreatment profiles in the riboflavin medication trials (see
below), are shown in Table 1 (Feb. 28, 1980 and May 13, 1980).
The gas chromatographic representation of one of these is depicted
in Fig. 1A. The excretion pattern of organic acids during these
clinically quiet periods (the habitual condition) is qualitatively the
same as the one during the acute attack. In these urine samples,
isobutyrylglycine and 2-Me-butyrylglycine were also measured
and found to be significantly elevated (Table 1). The excreted
amounts of the three dicarboxylic acids-adipic, suberic, and se-
bacic acids-were 5-10 times higher during the attack than in the
habitual condition; caproylglycine and 5-OH-caproic acid were
only a little higher; and ethylmalonic acid and methylsuccinic
acid were present in even smaller amounts during the attack than
during the habitual condition. It is noteworthy that the Cg-Cio-
acylglycines, caprylylglycine and caprylglycine, were not excreted
in detectable amounts either during the attack nor in the habitual
condition. It is further noteworthy that the habitual condition at
Feb. 28, 1980 was characterized by a slight metabolic acidosis with
ketosis and slight elevations in serum concentration of liver en-
zymes.

Riboflavin treatmen:. Because of the possibility of an acyl-CoA
dehydrogenation defect as the underlying metabolic error in the
patient, riboflavin, the precursor of the coenzyme flavineadeni-
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Fig. 2. Urinary excretions of organic acids together with free and esterified carnitine in 24-h urines before (130580 and 140580, white bars) and

during riboflavin treatment (290580 and 300580, hatched bars).

nedinucleotide (FAD) for the acyl-CoA dehydrogenation enzymes
(see below), was given during two periods separated by 2 months.
At both occasions the amounts of the various metabolites in two
24-h urine samples collected during the wk before the riboflavin
medication was defined as the habitual condition [Fig. 1A and
Fig. 2 (open bars)]. The urine samples analyzed during the trials
represented two 24-h urines collected I wk after the medication
was started (Fig. 1B and Fig. 2 (hatched bars)). During both
periods, the improvement of the metabolic profiles was significant
compared to those in the habitual condition. The improvement
can be substantiated as follows: (1) judged from the excretion of
3-OH-butyric acid, ketosis disappeared; (2) caproylglycine, appar-
ently an indicator of fatty acid S-oxidation blockage (see discus-
sion), was excreted in far lower amounts during the treatment
than before; (3) excretion of the dicarboxylic acid, adipic acid and
the w-1-OH-acid, 5-OH-caproic acid was far lower during the
treatment; (4) the urinary excretion of the other dicarboxylic acids,
suberic, sebacic, and unsaturated suberic acids, also diminished
during treatment; (5) the representatives for the branched-chain
amino acid metabolism, isovalerylglycine, 3-OH-isovaleric acid,
isobutyrylglycine, and 2-Me-butyrylglycine also diminished; (6)
the same is true for the lysine metabolite, glutaric acid; (7) from
these measurements of ethylmalonic acid, it is not possible to
decide whether the excretion of this compound diminished during
treatment; and (8) judging from lactic acid excretion, the lactic
acidosis, which was not very pronounced in the habitual condition,
also seems to have diminished during treatment.

Family studies of organic acid profiles. The metabolic profiles of
organic acids from two brothers (J.J. and B.J.), one twin sister
(S.J.) and from the parents (H.C.J. and 1J.) were investigated.
The profile from one of the brothers (J.J.) was slightly abnormal,
characterized by the same metabolites as those found in the patient
(Table 1). Except for ethylmalonic acid, the excreted amounts of
the unusual metabolites were small, but significantly elevated. The
other family members exibited normal profiles of organic acids
(Table 1).

Carnitine measurements. Very late during the present study, we
were able to determine carnitine in plasma and urine. At that time
only one plasma sample from the period before the permanent
riboflavin medication was available. This was from the second
attack just before the institution of the permanent treatment (July
28, 1980). The sample is therefore presumably representative of
carnitine concentrations during the initial phase of an acute attack.
The results are shown in Table 3. Free carnitine in the plasma
was very low, whereas the total carnitine (free and esterified) was
within the control range.

Urinary esterified carnitine was elevated both in a urine sample
from September 13, 1979 and from the habitual condition previous
to the last trial with riboflavin (Table 3 and Fig. 2). From the
present results, it is not possible to decide whether free carnitine
in the urine was significantly decreased. Riboflavin treatment had
the effect of further elevating the excretion of esterified carnitine
and significantly enhancing free carnitine excretion (Fig. 2).

Fibroblast enzyme studies. Table 4 shows the results from the
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Table 3. Serum and urine concentration of free and esterified carnitine in the patient

P-carnitine (umole/liter)

U-carnitine (umole/mole creatinine)

July 28, 1980 Sept. 13, 1979 May 13, 1980
Esterified Free Esterified Free Esterified Free
P.J. 32 6 59 14 122 21
Control (five children) 17-33 26-74 23-30 2442

Table 4. Production of CO- and short-chain fatty acids (SCFA, percloric acid soluble materials) in monolayers of cultured fibroblasts
from 1-[*C]-palmitic acid and U-[**C]-palmitic acid (nmole/mg protein/45 min)

1-[*C}-palmitic acid

U-[**C]-palmitic acid

CO. SCFA'! Total COq SCFA' Total
Patient P.J. 0.301 1.880 2.181 0.06 0.53 0.58
Brother J.J. 0.356 1.594 1.950 0.14 0.99 1.13
Controls (6 children 0.126-0.297 1.208-1.937 1.334-2.164 0.10-0.14 0.84-1.26 0.93-1.52

1-9 years) range

! SCFA, perchloric acid soluble reaction products.

investigation of B-oxidation of palmitic acid in cultured fibro-
blasts. The study of the oxidation of U-[**C]-palmitic acid shows
that the production rate of CO; and short-chain fatty acids (per-
chloric acid soluble acids) in the patient’s (P.J.) fibroblasts was
approximately 50% of that of the rate found in six control cultures.
Thus, the B-oxidation pathway is impaired in the patient. The
normal productions of CO; and short-chain fatty acids from 1-
[**C]-palmitic acid shows that the impairment of the B-oxidation
is not caused by a defect in the transport of fatty acids through
the mitochondrial membrane and/or probably not by a serious
defect in the dehydrogenation of long-chain fatty acids (see
“Discussion”).

DISCUSSION

Reye’s syndrome is a well-defined clinico-pathologic disease
entity (29, 35, 37); however, considerable variation exists in the
presentation and severity of the disease. It is generally accepted
that the syndrome may not represent the manifestation of a single
ethiologic factor (29, 35).

The Reye’s syndrome-like presentation of the present patient,
in whom we have documented a f-oxidation defect, suggests an
impairement of the S-oxidation as a possible ethiologic factor in
Reye’s syndrome. The same causal relationship is indicated in
Jamaican Vomiting Sickness (33), which shows symptoms similar
to Reye’s Syndrome and is caused by the inhibition of the fatty
acid oxidation by a metabolite of Hypoglycin-A, and in two
recently published cases of Reye’s syndrome with Ce—Co-dicar-
boxylic aciduria due to a possible inhibition of the B-oxidation by
a toxin similar to Hypoglycin-A (4).

Another ethilogic factor in Reye’s syndrome seems to be car-
nitine deficiency. Some recent cases of the syndrome have been
diagnosed as systemic carnitine deficiencies (5, 11), a condition
that causes impaired oxidation of long-chain fatty acids at the
level of carnitine-dependant transport through the mitochondrial
membrane (9). Both B-oxidation impairment and carnitine defi-
ciency, (judged from the low carnitine level in plasma) were found
in the present patient. The studies of fibroblast enzymes indicate
very strongly that the patient suffer from a B-oxidation defect.
The indicated carnitine deficiency is therefore most probably
secondary. The finding of caproylglycine and ethylmalonic acid
in the urine from the patient further indicates that the defect is
localized to the dehydrogenation of the medium- and short-chain
acyl-CoA, because these two compounds can be derived from
accumulated caproyl-CoA and butyryl-CoA, respectively (20, 24)

(Fig. 3). This is supported by the finding of the same two com-
pounds in urine from patients with Jamaican Vomiting Sickness
(33), in whom it is known that the acyl-CoA dehydrogenases are
inhibited by methylenecyclopropylacetyl-CoA, a metabolite of
Hypoglycin-A (28). The excretion of isovalerylglycine, 3-OH-iso-
valeric acid, isobutyrylglycine, 2-Me-butyrylglycine and glutaric
acid shows that the acyl-CoA dehydrogenation defect in the
patient is not isolated to the dehydrogenation of fatty acids (Fig.
3). On the contrary all the known acyl-CoA dehydrogenation
processes are affected, except for the long-chain acyl-CoA dehy-
drogenation, judged from the normal production of ['“CO;] and
perchloric acid soluble compounds in fibroblasts incubated with
1-[**C]-palmitic acid. This result must be evaluated with caution,
because the further oxidation of 1-[**C]-palmitic acid after the
liberation of the first radioactive acetyl-CoA~in contrast to that in
the controls-is impaired by the medium- and short-chain acyl-
CoA dehydrogenation defect. A defect in the dehydrogenation of
long-chain acyl-CoA cannot at present be excluded; however, a
serious reduction of long-chain acyl-CoA dehydrogenation would
show up in this assay. Fibroblasts from a patient with glutaric
aciduria type II (16) showed only 20% of control ability to produce
['“CO;] and radioactive perchloric acid soluble compounds from
1-[**C]-palmitic acid (7). This patient suffers from a defect in all
the acyl-CoA dehydrogenation processes, localized to the common
electron-transport system from acyl-CoA dehydrogenases to the
electron transport chain (7). This means that a possible defect of
the long-chain acyl-CoA dehydrogenation in the present patient
cannot be serious and that the common factor indicated to be
defective, must effect the various acyl-CoA dehydrogenation sys-
tem in a different way.

The acyl-CoA dehydrogenation systems is comprised of acyl-
CoA dehydrogenases, of which there exist several specific enzymes
(1, 19), electron-transfer flavoprotein (EFT) (18) and electron-
transfer flavoprotein dehydrogenase (ETF DH) (31), both of
which are common electron transporters for all the acyl-CoA
dehydrogenation systems. A defect in either ETF or ETF DH
cannot be excluded at present, but the low oxidation rate of 1-
[*“C]-palmitic acid in the fibroblasts from the above mentioned
patient with a defect in ETF or ETF DH, contraindicates these
possibilities. The significant biochemical and clinical improve-
ments during the riboflavin medication periods point, however, to
a defect that can be partly repaired by increasing the intracellular
concentration of FAD. Riboflavin is a precursor for FAD, which
is a coenzyme for acyl-CoA dehydrogenase, ETF and ETF DH,
and therefore also a common factor in the acyl-CoA dehydrogen-
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Fig. 3. The proposed defective intermediate metabolism in the patient. The defective steps are marked with hatched squares: (1, 2, 6) short-chain
acyl-CoA dehydrogenation. At present it is not known if the dehydrogenases involved in these steps are different enzymes, (3) isovaleryl-CoA
dehydrogenation, (4) long-chain acyl-CoA dehydrogenation, (5) general acyl-CoA dehydrogenation, and (7) glutaryl-CoA dehydrogenation. The
compounds found elevated in the urine from the patient are marked with squares. The enzymes indicated to be involved in the production of these
compounds: (8), w-oxidation enzymes, (9) w-1-oxidation enzymes, (10) glycine-N-acylase, (11) propionyl-CoA carboxylase, (12) methylmalonic acid

mutase, and (13) not known at present.

ation processes. From measurements in liver mitochondria from
riboflavin deficient rats, which have been found to exhibit an
organic aciduria very similar to the one presented here (17), it is
known that buturyl-CoA dehydrogenase is affected more than
palmitoyl-CoA dehydrogenase by the resulting FAD deficiency
(17, 23). A defect related to the synthesis and transport of FAD or
a binding defect of FAD to one or more of the enzymes of the
acyl-CoA dehydrogenation systems in the patient may therefore
be compatible with the fibroblasts studies and with the excretion
pattern of organic acids in the urine. The case described by
Mantagos and coworkers (25) exhibited biochemical characteris-
tics similar to those in the case presented here. In fibroblasts from
Mantagos’ patient, butyric acid oxidation was decreased (25),
eventually caused by decreased activity of butyryl-CoA dehydrog-
enase, which in an assay without added FAD was low (50% of
controls) (30). This might be compatible with an FAD related
defect of acyl-CoA dehydrogenases, a situation we have proposed
as one of the possibilities in the present patient. Before more
studies are performed at the enzymatic level in both patients it is
not possible to decide whether we are dealing with two disease
entities or variants of the same molecular disease.

The brother, (J.J.), to the present patient most probably suffers
from the same defect of the acyl-CoA dehydrogenation. This is
indicated by urinary excretion of the unusual metabolites, and by
the diminuation of the amounts of unusual metabolites after a
riboflavin medication trial identical to those discribed for P.J.
(results not shown). It was, however, not possible to detect the
enzymatic defect in the enzyme assay and the boy has been
asymptomatic for 10 years after his first and only attack and is

still in good clinical condition. Thus the consequenses of the defect
are not as serious as those in his brother. At present nothing can
be said about the reason for this.

The low level of carnitine in plasma from P.J. and the elevated .
urinary excretion of esterified carnitine may be explained as
follows. The equilibrium constant between short-chain acyl-CoA
and acyl-carnitines have been measured in vitro to be in the order
of 1 (3). The accumulation of acyl-CoA in the cells of the patient
may therefore result in accumulation of acyl-carnitines, which are
excreted in the urine and thereby cause functional carnitine
deficiency. The further enhancement of the urinary excretion of
both esterified carnitines and of free carnitine during the riboflavin
treatment is at present unexplained; however, the derangement of
the carnitine and acyl-carnitine metabolism in this patient is
presently under investigation.

The biosynthetic pathway for the production of adipic, suberic,
and sebacic acids in patients with Ce—Cyo-dicarboxylic aciduria
has not yet been fully elucidated. Results obtained recently from
rats showed that the precursors of dicarboxylic acids are most
probably medium-chain monocarboxylic acids (26). If these results
are relevant to humans, this means that the pathway for produc-
tion of sebacic acid in the patient is most probably w-oxidation of
medium-chain monocarboxylic acids, e.g., capric acid (Fig. 3),
accumulated because of the enzyme deficiency at medium-chain
level. The urinary excretion of caproylglycine indicate that cap-
royl-CoA is accumulated in substantial amounts, and direct w-
oxidation of caproic acid to adipic acid may therefore take place.
The main production pathway for adipic acid and also for suberic
acid is probably B-oxidation of sebacic acid (Fig. 3) because the
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affinity of the w-oxidation system towards capric and caprylic acid
is low (26). The mechanism for the synthesis of 5-OH-caproic acid
is possibly the same as that for adipic acid, because the w-1-
oxidation of monocarboxylic acids most probably parallels that of
the w-oxidation qualitatively (2, 8) (Fig. 3). The elevated excretion
of 3-OH-butyric acid, indicating ketosis, was unexpected in this
patients with defective S-oxidation. One possible explanation,
however, might be that the accumulated isovaleryl-CoA, indicated
by the excretion of isovalerylglycine and 3-OH-isovaleric acid,
inhibits the citric acid cycle by inhibiting 2-keto-glutarate oxida-
tion (14), thus channeling acetyl-CoA preferentially towards ke-
tone body production.

The enzymatic investigations and the urinary profile data sug-
gest-in addition to isovaleryl-CoA-accumulation of isobutyryl-
CoA, 2-Me-butyryl-CoA, and possibly of higher straight-chained
acyl-CoA intracellularly. Some of these acyl-CoA thioesters have
been shown to be toxic both in vive (32, 34) and in vitro (22). It is
therefore highly probable that the mechanism underlying the
Reye-like pathophysiologic manifestation in the patient directly
or indirectly are connected to the accumulation of these acids or
their coenzyme-A derivatives.
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