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Abstract

Background: Although the activity of the cytosolic hepatic enzyme phenylalanine hydroxylase is impaired in phenylketonuria
(PKU), the microsomal function, necessary for the metabolism of xenobiotics, has never been assessed. The aim of the study was
to assess the microsomal liver function in PKU patients by 13C-methacetin breath test (13C-MBT), which measures cytochrome P450
activity.
Methods: Twenty patients with classical PKU, aged 15 - 34 years, were enrolled in the study. The control group comprised of 20
healthy subjects matched for age and sex. The 13C-MBT was performed in every subject at rest after an overnight fast.
Results: The values of cumulative percentage dose recovery at 120 minutes of the test (CPDR median < interquartile range >) were
significantly lower in the PKU group than in the control group (25.1 < 21.8 - 28.83 > vs 32.8 < 27.4 - 34.1 >; P = 0.0067). The lower values
of the maximum momentary 13C recovery (Dmax) were observed in the PKU group than in the control group (26.6 < 22.4 - 28.7 > vs.
32.1 < 27.18 - 34.08 >; P = 0.0227). The values of time to reach Dmax (Tmax) did not differ (20 < 17 - 20 > vs. 20 < 20 - 20 >; P = 0.8410).
The values of CPDR, Dmax and Tmax were not different between the group with abnormal (> 10 mg/dL) and normal (< 10 mg/dL)
Phe level (P = 0.2799; 0.7959; 0.4812, respectively).
Conclusions: The present study demonstrates that the cytochrome P450 activity in PKU patients may be reduced. However, further
research is required, particularly in regards to the effect that patient diet compliance has on the microsomal liver function.
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1. Background

Phenylketonuria, an inborn error of metabolism (PKU;
OMIM 261600), is mainly considered in the context of neu-
rological complications resulting from accumulation of
phenylalanine and its metabolites. However, the essence
of the disease is impairment of phenylalanine hydroxylase
(PAH) activity in the liver, first observed by Jervis in 1953,
which results in blocking of the conversion of phenylala-
nine to tyrosine (1-4). The treatment-compliance of PKU
patients results in a normal life expectancy with health
problems similar to that of the normal population and
frequency of drug use. These factors tend to stress the
liver’s ability to metabolize xenobiotics. Although the ac-
tivity of PAH, a cytosolic enzyme, was already assessed (5),
the microsomal function of the liver, necessary for the
metabolism of xenobiotics, has never been studied. The
liver system engaged in the metabolism of drugs is the cy-
tochrome P450 family (6).

The 13C-methacetin breath test (13C-MBT) is a non-

invasive, easy to perform and safe method used for the eval-
uation of microsomal liver function (7). Methacetin un-
dergoes O-dealkylation by cytochrome P450 1A2 (CYP1A2)
to acetaminophen and 13CO2 (8). 13CO2 output in exhaled
air reflects the activity of cytochrome P450 enzymes and
thereby microsomal function of the liver (9). The available
data of previous studies show that 13C-MBT was used for the
assessment of liver status in such conditions as hepatitis B
and C (10), non-alcoholic steatohepatitis (11), fibrosis (12, 13)
and cirrhosis (13, 14).

The aim of this study was to assess the microsomal liver
function in PKU patients by 13C-MBT.

2. Methods

2.1. Study Design

The study group comprised of 20 subjects (13 females
and 7 males) aged 15 - 34 years with classical PKU from the
department of pediatric gastroenterology and metabolic
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diseases, medical university, Poznan and the Voivodeship
hospital, Wroclaw, Poland.

Inclusion criteria were defined as: the diagnosis of
classical PKU based on the result of national newborn
screening and confirmed by molecular tests (15, 16), aged
15 years or older, and willingness to participate in the
study. Exclusion criteria were: non-classical forms of PKU
(mild PKU, maternal PKU, mild hyperphenylalaninemia,
BH4 deficiency) and pregnancy. For analysis, the PKU pa-
tients were additionally divided into the group with rec-
ommended Phe levels (< 10 mg/dL) and the group with
high Phe levels (> 10 mg/dL) - the cut-off levels were consis-
tent with European guidelines for the diagnosis and man-
agement of PKU patients (17). The control group consisted
of 20 healthy subjects matched for age and sex. The sub-
jects did not take any drugs known to affect the CYP1A2
activity. Body mass and body height were measured and
body mass index (BMI) was calculated in all study patients.
Additionally, in the PKU group the diet compliance status
was checked by the last Phe level before study entry using
fluorometric method. As the study focused on microso-
mal function of the liver and CYP1A2 activity specifically,
we did not assess the overall liver function characterized
by liver enzymes activity as alanine aminotransferase, as-
partate aminotransferase or gamma-glutamyl transferase.
The study of liver function based on laboratory test results
in PKU patients has already been performed (18). Moreover,
none of the patients had the history of abnormal results of
liver enzymes’ activities in the past. The baseline charac-
teristics of the study and control group is given in Table 1.

The 13C-MBT test was conducted at rest after an
overnight fast. Before entrering the study, the subjects
were instructed not to eat 13C-naturally rich products such
as pineapple, corn, cane sugar or kiwi for 2 days preced-
ing the test (19). After basal breath sample collection
(designated as “0”), each subject received 75 mg of 13C-
Methacetin dissolved in 200 mL of unsweetened fruit tea.
The samples of expiratory air were obtained every 10 min-
utes in the first hour and every 20 minutes in the second
hour of the test (0 - basal, 10, 20, 30, 40, 50, 60, 80, 100, 120
minutes after substrate intake). The exhaled air samples
were collected in plastic bags, closed immediately after ex-
halation and stored for analysis. The 13CO2 concentrations
in the air samples were measured using isotope-selective
nondispersive infrared spectrometry (IRIS, Wagner Analy-
sen Technik GmbH, Bremen, Germany). From the obtained
curve, the following parameters were derived: 1, the maxi-
mum momentary 13C recovery (Dmax); 2, the time of maxi-
mum Dmax occurrence (Tmax); 3, the cumulative percent-
age dose recovery at 120 minutes of the test (CPDR).

Informed written consent was obtained from every
participant of the study. The study protocol was ap-

proved by the local bioethics committee of the institu-
tional review board at Poznan University of Medical Sci-
ences, Poland (approval number 697/12).

2.2. Statistical Analysis

Considering the data from previous studies (20), it was
assumed that the standard deviation would account for
22% of the mean value and the mean difference between
the groups would be 20% of the cumulative percentage
dose recovery at 120 minute (CPDR). To detect this differ-
ence with a power of 80% and a significance level of 5%
while taking into account a potential drop-out rate of 10%,
it was calculated that twenty patients would be needed to
be studied in each group.

Results are presented as medians with interquartile
ranges and means ± standard deviations (SD). The signif-
icance level was set at P < 0.05. The comparisons between
the groups (PKU vs control and PKU with Phe level < 10
mg/dL vs PKU with Phe level > 10 mg/dL) were performed
with the use of Mann-Whitney U test. Statistical analysis
was carried out with STATISTICA 12 software packages (Stat-
Soft Inc., Tulsa, USA).

3. Results

The characteristics of the selected breath test param-
eters in study and control group are presented in Table 2.
The values of CPDR (median < interquartile range >) were
significantly lower in the PKU group than in the control
group (25.1 % < 21.8 - 28.83 > vs 32.8 % < 27.4 - 34.1 >; P =
0.0067). Similar results were obtained in regard to Dmax
(26.6 % < 22.4 - 28.7 > vs 32.1 % < 27.18 - 34.08 >; P = 0.0227).
The values of Tmax (time to reach Dmax) did not differ be-
tween the PKU and control group (20 minutes < 17 - 20 >
vs. 20 minutes <20 - 20>; P = 0.8410). The distribution
of selected breath test parameters in the PKU group with
normal (< 10 mg/dL) and abnormal (> 10 mg/dL) Phe level
are shown in Figure 1. The values of CPDR, Dmax and Tmax
were not different between the selected subgroups.

4. Discussion

The present study is the first one which demonstrates
that cytochrome P450 activity in PKU patients is reduced
in comparison to the control group. It is an unexpected
phenomenon as the PKU diet which is rich in vegetables
such as broccoli, Brussels sprouts (21, 22), is well known in-
ducer of CYP1A2 activity, should stimulate microsomal liver
function in PKU patients adhering to dietary treatment.
The values of Dmax, Tmax and CPDR were not different be-
tween the patients with increased Phe concentration and
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Table 1. Baseline Characteristics of the PKU and Control Group

Study Group n = 20 (13 F, 7 M) Control Group n = 20 (13 F, 7M) P Value

Mean± SD Median (1st Quartile- 3rd Quartile) Mean± SD Median (1st Quartile- 3rd Quartile)

Age (years) 23.9 ± 5.32 23.0 (20.00 - 27.50) 27.7 ± 5.63 22.5 (18.75 - 27.00) 0.7583

Bodyweight (kg) 59.8 ± 7.0 60.0 (54.3 - 64.4) 62.4 ± 9.4 61.1 (57.0 - 68.5) 0.3834

Body height (m) 1.68 ± 0.07 1.68 (1.64 - 1.73) 1.70 ± 0.08 1.69 (1.64 - 1.77) 0.5648

BMI (kg/m2) 21.14 ± 1.86 20.92 (20.04 - 22.19) 21.51 ± 2.22 21.39 (19.70 - 23.57) 0.6980

Phe (mg/dL) 9.19 ± 5.99 8.90 (3.84 - 13.51) - -

Table 2. Characteristics of Selected Breath Test Parameters in Study and Control Group

Study Group Control Group P Value

Mean± SD Median (1st Quartile- 3rd Quartile) Mean± SD Median (1st Quartile- 3rd Quartile)

Tmax (min) 20 ± 7.8 20 (17.5 - 20.0) 19 ± 5.4 20 (20.0 - 20.0) 0.841013

Dmax (%) 26.3 ± 4.8 26.6 (22.4 - 28.7) 31.5 ±7.1 32.1 (27.2 - 34.1) 0.022719

CPDR (%13C) 25.9 ± 6.2 25.1 (21.8 - 28.8) 30.3 ±7.0 32.8 (27.4 - 34.1) 0.006715

Abbreviations: CPDR, the cumulative percentage dose recovery at 120 minutes; Dmax, the maximum momentary 13C recovery; Tmax, time to reach Dmax.

p = 0.7959 p = 0.4812

Phe > 10 mg/dL Phe > 10 mg/dL Phe > 10 mg/dL Phe > 10 mg/dL
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Figure 1. Frequency Plots of Dmax, Tmax and CPDR in the PKU Groups with Recommended (< 10 mg/dL) and Exceeded (> 10 mg/dL) Phe Level
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subjects with normal phenylalanine concentration. The
aforementioned observation may suggest that deteriora-
tion of microsomal liver function in PKU is not strictly re-
lated to Phe levels. However, the sample size in the present
study was small and further research studies are required.

The innovation of the present study lies in the fact that
we aimed to assess the cytochrome P450 function in the
PKU subjects. Until now, the status of microsomal liver
function in these patients has not been the object of sci-
entific interest. Turki et al used a minimally-invasive 1 -
(13) C-phenylalanine breath test to examine phenylalanine
metabolism in children with PKU (5). Although 13C-PBT es-
timates metabolic liver capacity, it is focused on cytoso-
lic function directly, which makes it useless in the evalua-
tion of cytochrome P450 activity (7). The strength of this
study was the use of the validated method of 13C-MBT as
it is most accurate to assess the cytochrome P450 func-
tion. 13C-MBT is also non-invasive and safe for patients. No
side effects of the test have been reported in the literature
(20). Along with the 13C-aminopyrine breath test, it is the
most extensively studied of the liver breath tests. Although
the 13C-MBT test is strongly dependent on hepatic blood
flow (7, 9), we decided to use 13C methacetin instead of an-
other substrate due to its high safety index (20) Further-
more, there are no available data describing alterations
of hepatic blood flow in PKU patients. As there are many
conditions affecting the cytochrome P450 function (7), the
present study was designed to eliminate potential bias - the
control group was matched for age and sex, all the partic-
ipants were instructed not to smoke cigarettes and avoid
13C-naturally rich products, and the test was performed af-
ter an overnight fast.

The present study is the first one focused on the assess-
ment of cytochrome P450 activity of the liver in PKU pa-
tients. So far there were only a few research projects try-
ing to evaluate liver function in subjects with this disease.
However, none of the studies provided information regard-
ing metabolic capacity. Boger et al measured 11 laboratory
parameters in PKU related to liver function. On the basis
of the obtained results, the absence of any abnormalities
of liver function was affirmed. Although the parameters
used in the aforementioned study are basic and commonly
used, they do not indicate any metabolic dysfunction of
the liver (9, 18). Furthermore, Ramati et al observed that
low blood concentrations of vitamin B6 (the source for ALT
co-factor, Pyridoxal-5-Phosphate) results in lower ALT ac-
tivity amongst patients of internal medicine departments
(23). As the majority of PKU patients had a vitamin B6 in-
take below recommended daily intake (24), it should not
be excluded that the results of Boger at al might be affected
due to insufficient consumption of this vitamin.

Numerous studies comprising PKU patients are fo-

cused on the new therapeutic targets. However, gather-
ing knowledge about metabolic capacity of the liver in re-
gards to the metabolism of xenobiotics also seems to be
an important scientific field of interest. The present study
demonstrates that the cytochrome P450 activity in PKU pa-
tients is disturbed. Observed CYP1A2 inhibition may result
in a slower metabolism of drugs and lower doses of sub-
stances metabolized by CYP1A2 should be potentially con-
sidered in PKU patients. However, further research is re-
quired, particularly in regards to the effect that patient diet
compliance has on the microsomal liver function.

4.1. Conclusions

The present study demonstrates that the cytochrome
P450 activity in PKU patients may be reduced. However,
further research is required, particularly in regards to the
effect that patient diet compliance has on the microsomal
liver function
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