
ABSTRACT
Background: Ubiquinone-10 is a lipid with important metabolic
functions that may be decreased in phenylketonuria (PKU) because
patients with PKU consume diets restricted in natural proteins.
Objective: We studied serum ubiquinone-10 concentrations in
PKU patients.
Design: This was a retrospective, transversal study in which we
compared serum ubiquinone-10, plasma cholesterol, plasma
tyrosine, and plasma phenylalanine concentrations in 43 PKU
patients with concentrations in a reference population (n = 102).
Serum ubiquinone-10 concentrations were analyzed by HPLC
with ultraviolet detection. Plasma tyrosine and phenylalanine
were measured by ion-exchange chromatography.
Results: Serum ubiquinone-10 concentrations in PKU patients
were significantly lower than in the reference population (P < 0.01
for patients aged 1 mo to <8 y and P < 0.00005 for patients aged
8–33 y). Moreover, 5 of 18 PKU patients (28%) in the younger age
group and 10 of 23 (43%) in the older age group had serum
ubiquinone-10 concentrations below the reference interval.
Conclusions: Serum ubiquinone-10 deficiency appears to be
related to the restricted diet of PKU patients. Because serum
ubiquinone-10 plays a major antioxidant role in the protection of
circulating lipoproteins, the correction of ubiquinone-10 concen-
trations should be considered in PKU patients. Further investiga-
tion seems advisable to elucidate whether the deficiency in serum
ubiquinone-10 status is clinically significant. Am J Clin Nutr
1999;70:892–5.
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INTRODUCTION

Phenylketonuria [PKU; McKusick number 261600 (1)] is an
inborn error of phenylalanine metabolism resulting from deficient
activity of L-phenylalanine 4-monooxygenase (EC 1.14.16.1), the
enzyme that catalyzes the synthesis of tyrosine from phenylala-
nine (2). Treatment of PKU patients consists of restriction of nat-
ural proteins and supplementation with a phenylalanine-free, tyro-
sine-enriched amino acid mixture (3). Despite treatment, however,
low plasma tyrosine concentrations have been reported in PKU
patients, especially after an overnight fast (3). Other important
nutrients, such as vitamins, minerals (4), and carnitine (5), may
also be diminished because of this restricted diet.

Ubiquinone-10 is a lipid that has been implicated in several
biological functions. In tissues, it has an important role in energy
transduction in mitochondria. Moreover, in its reduced form
(ubiquinol), it protects cells from peroxidative damage (6). In
blood, ubiquinone-10 is transported by lipoproteins and it is prob-
ably the most important antioxidant within LDL (7). Ubiquinone-
10 is synthesized through 2 metabolic pathways: the quinone
moiety of ubiquinone is synthesized predominantly from tyro-
sine, whereas the polyprenyl side chain is synthesized from acetyl
CoA through the mevalonate pathway common for cholesterol
synthesis (6). Tyrosine availability seems, therefore, to be an
important factor for ubiquinone-10 biosynthesis, especially in
PKU patients. Moreover, dietary sources may contribute up to
25% of total serum ubiquinone-10 (8). Foods such as poultry and
meat, which are restricted for PKU patients, may be critical for
maintaining optimal serum ubiquinone-10 concentrations (8).

Our aim was to investigate a possible deficiency of serum
ubiquinone-10 in a group of PKU patients periodically evaluated
in our hospital (a reference center for PKU in Catalonia). We
also selected some related metabolites (plasma cholesterol, tyro-
sine, and phenylalanine) to search for the origin of this hypo-
thetical deficiency.

SUBJECTS AND METHODS

We studied 43 PKU patients who had been periodically evalu-
ated in our hospital. The patients ranged in age from 1 mo to 33 y
(median: 13 y); 24 were female and 19 were male. We compared
our results for the patient population with reference values for a
healthy population (n = 102; 38 females and 64 males ranging in
age from 1 mo to 35 y) (9). The clinical history and analytic val-
ues of subjects in the reference population were reviewed to
ensure that these subjects were healthy; additionally, the reference
population was matched with the patients by age and sex. Because
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serum ubiquinone-10 concentrations in our reference population
were dependent on age but not sex (9), reference values and
patient results were grouped according to age for statistical com-
parison. The 2 age groups were from 1 mo to <8 y (reference pop-
ulation, n = 62; PKU patients, n = 18) and from 8 to 33 y (refer-
ence population, n = 40; PKU patients, n = 25). Because our adult
patients were all women, we established a unique reference inter-
val for plasma tyrosine (tyrosine concentrations in healthy women
and children are similar). All specimens were collected after sub-
jects had fasted overnight (9–10 h). Samples from patients and
from the reference population were analyzed simultaneously in
the same laboratory. All PKU patients were supplemented with a
tyrosine-enriched amino acid mixture (Analog XP in infancy,
Maxamaid XP in childhood, and Maxamun XP in adolescence and
adulthood; Scientific Hospital Supplies, Barcelona, Spain). This
study was performed in accordance with the Helsinki Declaration
of 1975, as revised in 1983.

Total ubiquinone-10 (reduced plus oxidized) concentrations
were measured by HPLC (Integral 4000; Perkin-Elmer, Nor-
walk, CT) with ultraviolet detection (275 nm) according to the
method of Zierz et al (10) with some modifications (9). Serum
ubiquinone-10 results are reported as molar concentrations
(mmol/L) and in relation to cholesterol (mmol/mol cholesterol)
(9). Plasma amino acids (tyrosine and phenylalanine) were
measured by ion-exchange chromatography (LKB analyzer;
Pharmacia, Uppsala, Sweden). Cholesterol was measured accord-
ing to standard procedures with the Cobas Integra Analyzer
(Roche Diagnostic Systems, Basel, Switzerland).

The Kolmogorov-Smirnov test was applied to check the dis-
tribution of the data in both populations. Because the data did not
follow a Gaussian distribution, the Mann-Whitney U test was
applied for statistical comparisons and the Spearman test for cor-
relations. Reference intervals were established as medians and
percentiles 2.5 and 97.5. Statistical analyses were performed
with STATGRAPHICS (version 6.0; Manugistics Inc, Rockville,
MD).

RESULTS

Serum ubiquinone-10 concentrations were significantly lower
in PKU patients than in the reference population (Table 1).
Moreover, 5 of 18 PKU patients (28%) in the younger age group

and 10 of 23 (43%) in the older age group had serum
ubiquinone-10 concentrations below the reference interval.
When concentrations of ubiquinone were related to those of cho-
lesterol, significant differences between patient and reference
values were also observed (Table 1). Plasma cholesterol, tyro-
sine, and phenylalanine concentrations in the PKU patients and
the reference population, and statistical comparisons of the
results, are also summarized in Table 1.

The Spearman test showed positive correlations between
serum ubiquinone-10 and cholesterol concentrations in both the
reference population and the PKU patients (Figure 1). Addition-
ally, negative correlations were observed between ubiquinone-10
concentrations and age in PKU patients (r = 20.36, P < 0.05)
and in the reference population (r = 20.383, P < 0.001). No cor-
relations were observed between plasma tyrosine and serum
ubiquinone-10 concentrations, tyrosine daily intake and ubiquinone-
10 concentrations, or plasma phenylalanine and ubiquinone-10
concentrations in either group.

DISCUSSION

Ubiquinone-10 has important functions in mitochondrial energy
metabolism. The first of these is gathering electrons from the sub-
strates NADH and succinate for complex III of the respiratory
chain (11); the second is establishing a proton gradient across the
mitochondrial membrane that can be coupled to ATP production
(12). Moreover, an important role for ubiquinone-10 in the antiox-
idant system has been recognized (7). Ubiquinone deficiency has
been identified in several conditions, such as cancer (13), mito-
chondrial disease (14, 15), and mevalonate kinase deficiency (16),
but not in PKU. In our results, however, low serum ubiquinone-10
concentrations were common in PKU patients. This deficiency may
be caused by several mechanisms. First, PKU patients may have
insufficient dietary intakes of ubiquinone-10 [intakes of meat and
poultry, foods with high concentrations of ubiquinone (8), are
restricted for patients with PKU] and cholesterol, concentrations of
which were also significantly lower in the PKU patients than in the
reference population, as observed by others (17). Moreover, cho-
lesterol concentrations correlated well with serum ubiquinone-10
concentrations in both PKU patients and the reference population.
Second, tyrosine availability in tissues may be diminished in
patients with PKU, causing a deficiency in the endogenous synthe-
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TABLE 1
Serum ubiquinone-10, cholesterol, tyrosine, and phenylalanine concentrations in patients with phenylketonuria (PKU) and in a reference population1

PKU patients (n = 43) Reference population (n = 102)

Ubiquinone-10 (mmol/L)
1 mo to <8 y 0.60 (0.29–1.0)2 0.80 (0.46, 1.38)
8–18 y 0.37 (0.16–0.87)3 0.57 (0.34, 1.03)

Ubiquinone-10 (mmol/mol cholesterol)
1 mo to <8 y 171 (97–276)4 203 (137, 341)
8–18 y 117 (51–264)5 169 (111, 248)

Cholesterol (mmol/L)
<14 y 3.3 (2.4–5.0)2 3.9 (2.5, 5.2)
14–33 y 3.1 (2.3–3.9)3 4.3 (2.8, 6.2)

Tyrosine (mmol/L)
1 mo to 35 y 52 (31–92) 66 (46, 87)

Phenylalanine (mmol/L)
1 mo to 35 y 375 (59–1044)6 50 (43, 58)

1 Median with range in parentheses for PKU patients and percentiles 2.5 and 97.5 in parentheses for the reference population.
2–6 Significantly different from the reference population (Mann-Whitney U test): 2P < 0.01, 3P < 0.00005, 4P <0.05, 5P < 0.001, 6P < 0.00000005.

 by guest on June 1, 2016
ajcn.nutrition.org

D
ow

nloaded from
 

http://ajcn.nutrition.org/


sis of ubiquinone-10. Although plasma tyrosine concentrations in
our PKU patients were within the normal range after an overnight
fast, we observed significant differences between the patients and
the reference population when serum ubiquinone-10 concentra-
tions were expressed in relation to cholesterol. This suggests that
the low serum ubiquinone-10 concentrations were due not only to
low dietary intakes of ubiquinone-10 in PKU patients, but also to a
possible tyrosine deficiency in tissues, with a resulting reduced
endogenous synthesis of ubiquinone-10.

Ubiquinone-10 deficiency was found in only some of the well-
controlled PKU patients and was more prevalent in the older age
group (the older patients had been under strict dietary control for
several years). In contrast, adolescent patients with poor dietary
control (6 PKU patients not included in this study) did not have
low serum ubiquinone-10 concentrations (0.48–1.25 mmol/L),
lending support to the idea that ubiquinone deficiency in PKU
patients is mainly due to their special diet.

A third mechanism probably involved in ubiquinone defi-
ciency in PKU is the inhibition of the rate-limiting enzymes of
cholesterol synthesis (especially hydroxymethylglutaryl-CoA
reductase), as shown in experimental hyperphenylalaninemia
(18). However, no correlations were observed between pheny-
lalanine and ubiquinone-10 concentrations in serum in PKU
patients in the present study, suggesting that this mechanism was
not a determining factor in serum ubiquinone-10 deficiency in
these patients. This hypothesis needs to be tested further. In all
likelihood, ubiquinone deficiency is the result of the sum of the
3 mechanisms described above.

The clinical significance of our findings is not entirely clear.
However, because serum ubiquinone-10 plays a major antioxi-
dant role in the protection of circulating lipoproteins, the correc-
tion of its concentrations needs to be considered. Further
research seems advisable to elucidate whether this deficient sta-
tus is also present in tissues and, if so, whether tissue deficiency
results in altered ubiquinone-10 metabolism. If serum ubiquinone-
10 deficiency is an indication of a deficiency of ubiquinone-10
in cells, several adverse consequences may result. First, a subtle
ubiquinone-10 deficiency maintained throughout life may impair
electron transport through the mitochondrial respiratory chain,
increasing free radical generation. Additionally, the reduced
amounts of ubiquinone-10 in tissues and serum would be unable
to cope with excess free radical production. However, antioxi-
dant metabolism in blood cells and plasma is normal in PKU
patients according to our observations (19, 20). This may be
attributable to the use of some important supplementary antioxi-
dant components in our PKU patients (such as tocopherol and
selenium).

We are grateful to Rosa M Puig and Montserrat Quintana for their skillful
technical assistance.
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FIGURE 1. Correlation between serum ubiquinone-10 and plasma cholesterol concentrations in patients with phenylketonuria (PKU) (r = 0.503,
P < 0.001) and in a reference population (r = 0.485, P < 0.00001).
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