
cal differences, in both IEF and CE,
between serum and serum spotted
on Guthrie cards nor differences be-
tween the Tf profiles on CE. We
therefore expect that the rate of pos-
itive outcomes suggesting CDG will
be similar.

In conclusion, analysis of a suffi-
cient amount of serum spotted on a
Guthrie card, stored at �20 °C and
transported by air, gives information
about the Tf profile similar to that
obtained by analysis of serum. Al-
though serum samples are prefera-
ble, we recommend the present pro-
cedure if Guthrie cards are used.

This work was supported by the
Fonds voor Wetenschappelijk Onder-
zoek – Vlaanderen (Grant G.0371.
02N), the Körber European Science
Award 2004, and EUROGLYCANET.
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Prenatal Diagnosis of
Guanidinoacetate Methyltransferase
Deficiency: Increased
Guanidinoacetate Concentrations in
Amniotic Fluid

To the Editor:
Guanidinoacetate methyltransferase
(GAMT; EC 2.1.1.2) deficiency
(OMIM 601240) is an autosomal re-
cessive disorder of creatine biosyn-
thesis, characterized clinically by
mental retardation, language delay,
extrapyramidal movements, epi-
lepsy, and autistic behavior (1 ). Bio-
chemically, GAMT deficiency is
characterized by depletion of creat-
ine and accumulation of guanidino-
acetate (GAA) in the brain and body
fluids (2 ). Treatment by creatine sup-
plementation (combined with argi-
nine restriction and ornithine supple-
mentation) partially restores (�70%)
cerebral creatine, reduces seizures,
and improves behavior, but it does
not reverse the mental retardation
(3 ). We have described a method to
measure GAA and creatine in
plasma and urine by liquid chroma-
tography–tandem mass spectrome-
try (LC-MS/MS) (4 ). In the present
study, we validated this method for
measurement of GAA and creatine in
amniotic fluid, and we report the
first GAMT prenatal diagnosis based
on a combination of molecular and
biochemical investigations.

We adapted a previously reported
method to measure GAA and creat-
ine in plasma (4 ) for amniotic fluid.
Briefly, 50 �L of supernatant of am-
niotic fluid or aqueous calibrators
were mixed with internal standards
{d3-creatine (CDN isotopes) and
[13C2]GAA (Dr. Ten Brink, VU Uni-
versity Medical Center, Amsterdam,
The Netherlands)}. Samples were ex-

Fig. 1. IEF and CE profiles of serum Tf extracted from samples spotted on Guthrie cards.
(A), spotting of whole blood may identify CDG patients (lane 2), may give doubtful results when the protein
concentration is low (lane 3), or may give background disturbance when samples are concentrated (lane 4).
Lane 1, control. (B), spotting of serum permits identification of control (lane 1), CDG-I (lane 2), and CDG-II
(lane 3) sera by IEF. Guthrie cards are better stored at �20 °C (lanes F) than at room temperature (lanes R).
(A and B), numbers on the left indicate sialo-Tf fractions. (C), CE permits identification of control (trace 1),
CDG-I (trace 2), and CDG-II (trace 3) samples extracted from serum-spotted Guthrie cards.
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tracted and derivatized as butyl es-
ters. LC-MS/MS analysis was per-
formed in the multiple-reaction mon-
itoring mode (API 2000; Sciex
Applied Biosystems). Calibration
curves were constructed by linear
regression analysis of the ratios of
the GAA and creatine calibrators to
their respective internal standards.

The intraday imprecision (CV) of
the global procedure (extraction and
quantification) was estimated on a
pool of amniotic fluids extracted 10
times and injected; the CVs were 9%
for GAA and 5% for creatine. Inter-
day imprecision was assessed in the
same pool, extracted and injected on
5 different days; the CVs were 7% for
GAA and 5% for creatine. For recov-
ery, we added 2 concentrations of
GAA and creatine (n � 5 for each
concentration) to pooled amniotic
fluid. The recoveries of 10 and 20
�mol/L GAA were 94% (CV � 4%)
and 106% (CV � 3%), respectively,
and the recoveries of 100 and 200
�mol/L creatine were 88% (CV �
3%) and 98% (CV � 2%), respec-
tively.

We established control values by
measuring GAA and creatine in 82
amniotic fluid samples from women
at risk for carrying a fetus with tri-
somy 21; samples were obtained by
amniocentesis between 15 and 20
weeks of amenorrhea. In all cases,
the karyotype was normal. The re-
sults are given in Table 1.

We used this method to determine
a prenatal diagnosis in a family with
a 10-year-old child affected with
GAMT deficiency. The diagnosis of
GAMT deficiency was based on in-

creased urinary concentrations of
GAA and was confirmed by muta-
tional analysis of the GAMT gene. A
novel homozygous missense muta-
tion was detected in exon 1
(c.148A�C; p.Met50Leu), which af-
fected a highly conserved amino
acid. The parents were heterozygous
for this mutation. At the time of
diagnosis of the index patient, the
mother was pregnant, and amnio-
centesis was performed at 15 weeks
of amenorrhea for prenatal diagnosis
of GAMT deficiency by screening for
the familial mutation in amniocytes
and GAA measurement in amniotic
fluid.

Assay results (Table 1) indicated
increased GAA (11.4 �mol/L) and
normal creatine (48 �mol/L). The
fetus was homozygous for the famil-
ial mutation, confirming the bio-
chemical diagnosis of GAMT defi-
ciency. The parents decided—partly
because of the lack of experience
with treatment at early age—to ter-
minate the pregnancy.

We have validated a rapid method
to measure GAA and creatine in am-
niotic fluid and have determined ex-
pected values at 15–20 weeks of
amenorrhea. The feasibility of GAA
measurement in amniotic fluid by
gas chromatography–mass spec-
trometry has been reported (5 ). Here
we describe the first prenatal diagno-
sis confirming that increased GAA in
amniotic fluid appears to be patho-
gnomonic for GAMT deficiency.
Measurement of GAA in amniotic
fluid may therefore be useful in the
prenatal diagnosis of GAMT defi-
ciency.

We thank Brigitte Soubeyrand and
Luc Anselmini for excellent technical
support. This work was supported
by a grant from the French Ministry
of Health–PHRC regional 2003; Pr
des Portes.
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Table 1. Reference intervals for GAA and creatine in amniotic fluid and results obtained for affected pregnancy.
GAA, �mol/L Creatine, �mol/L

Gestational agea Mean (SD) Range Mean (SD) Range

All ages (n � 82) 2.62 (0.50) 1.55–4.43 54.7 (11.6) 28.0–88.3
15 WA (n � 10) 2.96 (0.70) 2.14–4.43 59.7 (9.2) 49.8–79.6
16 WA (n � 21) 2.67 (0.46) 2.04–4.06 56.9 (9.6) 43.1–76.7
17 WA (n � 21) 2.56 (0.41) 1.66–3.48 54.0 (12.9) 28.0–88.3
18 WA (n � 15) 2.63 (0.49) 1.93–3.53 52.6 (12.7) 29.5–69.4
19 WA (n � 10) 2.40 (0.52) 1.55–3.62 48.1 (10.8) 30.5–65
20 WA (n � 5) 2.46 (0.25) 2.27–2.87 57.2 (14.5) 41.9–75.6
Affected fetus (15 WA) 11.43 48.4

a Gestational ages are given in weeks of amenorrhea (WA).
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Smoking Acutely Increases Plasma
Ghrelin Concentrations

To the Editor:
Smoking and smoking cessation are
associated with weight changes (1 ),
and many smokers give weight gain
as a primary reason for not trying to
quit smoking (2 ). A relationship has
been reported between smoking and
plasma concentrations of ghrelin, a
28-amino acid growth hormone–
releasing peptide secreted mainly by
the stomach (3–5). Our primary aim
was to determine whether smoking
has an acute effect on plasma ghrelin
concentrations.

We enrolled 36 healthy volunteers,
28 men [mean (SD) age, 28.4 (7.5)
years] and 8 women [30.4 (9.8)
years]; 26 volunteers were smokers
and 10 were nonsmokers. The study
was approved by the Ethics Commit-
tee of our institution, and informed,
written consent was obtained from
each participant. None of the indi-
viduals had a history of gastric sur-
gery or any serious health problems.

Smoking history and body mass in-
dex (BMI) were determined for all
participants. Blood samples were col-
lected after overnight fasting, and
plasma was frozen in aliquots at
�80 °C immediately after centrifuga-
tion (1600g for 15 min at 4 °C).

We measured ghrelin with an en-
zyme immunoassay (Phoenix Phar-
maceuticals). The intraassay CV was
�5%, the interassay CV was �14%,
and the lower detection limit was 0.1
�g/L. The participants smoked 1 fil-
tered cigarette containing 0.8 mg of
nicotine under highly regulated con-
ditions. Every 15 s, a puff lasting 5 s
was taken, and the whole cigarette
had to be smoked within 5 min.
Plasma ghrelin concentrations were
determined at 0, 2, 5, 15, and 60 min
after the initiation of smoking.

We used the Student t-test to com-
pare the mean values for the studied
groups. Significance between groups
was set at P � 0.05. The mean (SD)
plasma concentrations for baseline
and at 2, 5, 15, and 60 min are shown
in Fig. 1. We observed significant
increases (P �0.001) from baseline at
2, 5, and 15 min after smoking. A
separate analysis revealed that in-
creases occurred in both smokers
and nonsmokers. In general, peak
values were observed at 2 min (Fig.
1). Baseline mean values for smokers
did not differ significantly from
those for nonsmokers. We observed
no significant difference in mean
(SD) BMI between men [25.8 (2.5)
kg/m2] and women [23.4 (5.1) kg/
m2; P � 0.73] or between smokers
[25.8 (3.2) kg/m2] and nonsmokers
[23.7 (3.3) kg/m2; P � 0.1].

This study demonstrates the acute

effect of cigarette smoking on plasma
concentrations of the novel orexi-
genic hormone ghrelin. The most in-
teresting finding of this study was
the unexpected increase in ghrelin
concentrations shortly after smoking.
The effect of smoking 1 cigarette con-
tinued for at least 15 min and was
independent of the BMI of each indi-
vidual. The most intense increase
was noted 2 min after smoking initi-
ation. Given the known anorexic ac-
tion of smoking (6 ), a decrease in
ghrelin concentrations might be ex-
pected as an acute effect of smoking.
Alcohol has also exhibited an unex-
pected acute inhibitory effect on
ghrelin secretion in healthy individ-
uals, despite its strong orexigenic in-
fluence in humans (7 ).

We speculate that this acute in-
crease of ghrelin during smoking is
related to adverse effects on gastric
mucosa, gastric motility, mucosal
blood flow, and concentrations of
free radicals (8 ). Enhancement of
ghrelin secretion could also be an
indirect influence mediated by other
factors, including growth hormone
(nicotine increases the growth hor-
mone concentration) (9 ), leptin (in-
verse correlation with ghrelin con-
centrations) (10 ), and vagal nerve
stimulation (smoking affects vagal
nerve activity) (11 ). Our finding that
smoking is more likely to produce an
acute release of intracellular ghrelin
into the circulation rather than a
time- or dose-dependent stomach se-
cretion is partially in agreement with
the hypothesis of investigators (4, 5)
that circulating ghrelin concentra-
tions are related to the time elapsed
after smoking. Rather than being de-

Fig. 1. Mean (SD) plasma gh-
relin concentrations (�g/L)
after cigarette smoking for all
study participants.
��, P � 0.0005; �, P �0.001;
NS, not significant.

Clinical Chemistry 52, No. 4, 2006 777




