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Pitfall in the Diagnosis of Fructose-1,6-Bisphosphatase Deficiency:
Difficulty in Detecting Glycerol-3-Phosphate with Solvent
Extraction in Urinary GC/MS Analysis
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Fructose-1,6-bisphosphatase (FBPase), an enzyme involved in gluconeogenesis, catalyzes the hydrolysis
of fructose-1,6-bisphosphate to fructose-6-phosphate and inorganic phosphate. FBPase deficiency is an
autosomal recessive inherited disorder, characterized by episodic attacks of hypoglycemia, ketosis, and
lactic acidosis during fasting. In general, urinary organic acid analysis using gas chromatography-mass
spectrometry (GC/MS) is very useful for the diagnosis of FBPase deficiency, because the appearance of
glycerol or glycerol-3-phosphate in the urine is characteristic of this disease. Here, we report a case of
FBPase deficiency in a girl with a history of several severe lactic acidosis events, both as a neonate and
after the age of 12 months. The patient was identified as a compound heterozygote with two mutations in
the FBPase 1 gene: ¢.841G>A (p.Glu281Lys) and ¢.960_961insG (p.Ser321fs). The c.841G>A is a newly
identified pathogenic mutation. An abnormal level of glycerol-3-phosphate was not detected in the
conventional urinary organic acid analysis using GC/MS after solvent extraction. This method, which is a
widely used diagnostic standard, could not detect increased levels of glycerol or glycerol-3-phosphate in
the patient’s urine, which was sampled during the episode. However, glycerol and glycerol-3-phosphate
were detected in the same sample, when it was analyzed using GC/MS with the urease pretreatment
non-extraction method. Patients with FBPase deficiency have good glycemic control after correct
treatment. Therefore, accurate and early diagnosis is essential for a good prognosis. Accordingly, when a
patient presents with hypoglycemia and lactic acidosis, it is important to select the appropriate method of
urinalysis for organic acids by GC/MS.
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Introduction

Fructose-1,6-bisphosphatase (FBPase; E.C.3.1.3.11) is
a key enzyme in gluconeogenesis that catalyzes the hydro-
lysis of fructose-1,6-bisphosphate into fructose-6-phosphate
and inorganic phosphate. FBPase deficiency (OMIM
#229700) is an autosomal recessive inherited disorder with
the frequency of 1-9/100,000 (Douillard et al. 2012), char-
acterized by episodic spells of hypoglycemia, ketosis, and
lactic acidosis during fasting (Baker and Winegrad 1970).
In approximately one half of cases, the disease presents
during the neonatal period with tachypnea, dyspnea, apneic
episodes, tachycardia, irritability, coma, muscular hypoto-

nia, hepatomegaly, hypoglycemia, severe metabolic acido-
sis, and hyperlactacidemia. Fasting and febrile episodes are
known to trigger these symptoms during infancy and child-
hood. Gas chromatography-mass spectrometry (GC/MS)
analysis of urinary organic acids during a spell can be espe-
cially helpful when diagnosing FBPase deficiency, because
the appearance of glycerol or glycerol-3-phosphate in the
urine is characteristic of this disease (Dremsek et al. 1985;
Burlina et al. 1990; Nakai et al. 1993). For this method,
organic solvent extraction is usually employed for the pre-
treatment of samples, because target substances such as
organic acids are easily collected and contamination of GC
column can be prevented (Kimura et al. 1999). On the
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other hand, urease pretreatment non-extraction (urease/
direct) method is mainly used for GC/MS metabolome
analysis, which enables simultaneous analysis for not only
organic acids, but also amino acids, sugar, purine and
pyrimidines (Matsumoto and Kuhara 1996; Iga et al. 2000).
But this method is not common for ordinary organic acid
analysis because peak detection is cumbersome and column
contamination is concerned.

We encountered a case of FBPase deficiency in a girl
who presented with severe lactic acidosis as a neonate. In
this case, a conventional analysis of urinary organic acids
by GC/MS after solvent extraction could not detect abnor-
mal excretion of glycerol or glycerol-3-phosphate.

Case Presentation

The patient was the first female child born to healthy
Japanese parents after a normal pregnancy and delivery.
She showed tachypnea and retraction 24 hours after birth,
and was sent to a neonatal intensive care unit. On admis-
sion to the hospital, she showed severe hypoglycemia with
lactic acidosis (blood glucose; 0.55 mmol/L = 10 mg/dl,
pH; 7.16, base excess (BE); —21.9 mmol/L, HCOs ; 3.5
mmol/L, lactate; 23.3 mmol/L). Other data included pyru-
vate 0.58 mmol/L, lactate/pyruvate ratio 40, total ketone
bodies 1,386 umol/L, acetoacetate 217 umol/L, 3-hydroxy-
butyrate 1,169 umol/L, white blood cell count 17,400 /uL,
C-reactive protein (CRP) 4.37 mg/dL, and ammonia 101
ug/dL. After admission, she was injected with glucose and
sodium hydrogen carbonate. Although the hypoglycemia
and pH findings improved after the injection, BE did not
improve; hence, continuous hemodiafiltration (CHDF) was
performed the next day, which improved the patient’s aci-
dosis.

An amino-acid analysis of the blood, taken on the first
day after her birth, showed no abnormal results. A urinary
organic acid analysis by GC/MS was outsourced to a labo-
ratory company with the sample taken on the third day after
birth, which indicated high lactate levels and ketosis.
However, an obvious excretion of glycerol-3-phospate was
not detected. Analysis of the serum acylcarnitine profile by
tandem mass spectrometry (MS/MS) indicated no specific
result.

We considered the lactic acidosis to be the result of an
inborn metabolic disease; therefore, vitamin B,, vitamin
B,,, biotin, and L-carnitine were administered. The
patient’s condition improved, and feeding of milk did not
change her condition. On the twenty-second day after her
birth, she was sent to our hospital for continuous treatment.
Based on the first urinary GC/MS analysis, we believed that
she did not have organic acidurias and stopped the adminis-
tration of vitamin B, and biotin. Afterwards, her condition
did not change. On the fifty-ninth day after her birth, she
left our hospital.

After leaving the hospital, the patient did not experi-
ence lactic acidosis for a year. However, she had experi-
enced episodes of lactic acidosis and hypoglycemia after

her first birthday, early in the morning, once every 3
months. In these attacks, levels of liver enzymes, pyruvate
and ketone bodies were elevated. The same as before, urine
organic acid analyses by GC/MS were repeated, which indi-
cated high lactate and pyruvate excretion and severe keto-
sis. Because severe lactic acidosis with high lactate/pyru-
vate ratio and hypoglycemia was observed, we considered a
mitochondrial respiratory chain disorder as a possible diag-
nosis, but the levels of mitochondrial enzymes in biopsied
samples of the muscle and liver were normal.

Glycerol loading test

Although excretions of glycerol-3-phosphate in uri-
nary GC/MS analysis were not obvious, severe hypoglyce-
mia with elevation of lactate level suggested disorder of
gluconeogenesis, so a glycerol tolerance test was performed
after we received informed consent.

The patient was administered glycerol (1 g/kg) after 10
hours of fasting. Blood samples were assayed for glucose,
phosphorus, pH, lactate, and pyruvate levels. The glucose
level, phosphorus level, and pH decreased, and the lactate
level increased (Fig. 1).

Gene analysis

The results of the tests and the episodes indicated
FBPase deficiency, so analysis for enzyme activity was per-
formed. Low FBPase activity in cultured monocytes
(Kikawa et al. 1993) confirmed the diagnosis. Informed
consent was obtained from her parents. The FBPase 1
(FBPI) mutation analysis revealed that she is a compound
heterozygote with 2 mutations: ¢.841G>A (p.Glu281Lys)
and ¢.960 961insG (p.Ser321fs). The c.841G>A was not
reported before, but PolyPhen-2, an online site for predic-
tion of functional effects of human mutation, showed 100%
specificity for pathogenic mutation. The ¢.960 961insG
was reported before, which is the commonest mutation in
Japanese patients (Kikawa et al. 1997).

Reevaluation of urinary GC/MS analysis

To evaluate the results of the urinary GC/MS analysis
that was performed previously, we analyzed the stored urine
collected during the last episode by GC/MS using the ure-
ase/direct preparation method, instead of solvent extraction,
and found abnormal amounts of glycerol and glycerol-
3-phosphate without a remarkable increase of 2-oxoglutaric
acid or a-ketoglutaric acid (Fig. 2). The detected values of
lactate, glycerol, and glycerol-3-phosphate were 250-fold,
970-fold and 290-fold greater than the upper limit of nor-
mal ranges, respectively (reference values of lactate, glyc-
erol, and glycerol-3-phosphate are < 100 ug/mgCr, < 20 ug/
mgCr, and < 2 ug/mgCr, respectively). To compare the ure-
ase/direct method and solvent extraction for GC/MS, we
reexamined the same sample with the solvent extraction
method (Fig. 2B). The resulting chromatogram showed a
glycerol peak, but did not show abnormal quantities of
glycerol-3-phosphate.
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Fig. 1. Glycerol tolerance test.
One g/kg glycerol was administered orally and blood samples were collected at before, 15 min, 30 min, 45 min, 75 min
and 105 min after administration and glucose, lactate, and pyruvate levels were analysed. Decrease of glucose level

with lactate elevation was observed.
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Fig. 2. Total ion chromatograms of GC/MS urine analysis.
A; urease/direct method. B; solvent extraction method.
The chromatogram in panel B showed low glycerol levels without glycerol-3-phosphate peak. The arrow (|) indicates
the location at which the glycerol-3-phosphate peak should be detected.
Peak identifiers: lactate (1), 3-hydroxy butyrate (2), glycerol (3), internal standard (4), and glycerol 3-phosphate (5).

lactic acidosis episodes decreased, and the patient currently
displays good development.

After diagnosis, we stopped the administration of vita-
mins and carnitine, and initiated a supplement of special
formula for glycogen storage disease before sleep to pre-
vent hypoglycemia early in the morning. The frequency of
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Discussion

FBPase deficiency is characterized by episodic spells
of hypoglycemia, ketosis, and lactic acidosis during fasting
or infection. Patients have good prognosis once FBPase
deficiency has been diagnosed, and adequate management
is introduced. The growth and development of patients are
normal, and tolerance to fasting improves with age; subse-
quently, the disorder shows almost no problem later in life
even in pregnant women under prompt medical intervention
(Sugita et al. 2013). Hence, correct diagnosis of early epi-
sodes is very important.

Patients with FBPase deficiency present with hypogly-
cemia and high lactate levels, but these data are not specific
and it is difficult to distinguish FBPase deficiency from
other inborn errors of metabolism. To diagnose this dis-
ease, detection of characteristic metabolites, that is glycerol
and glycerol-3-phosphate in the urinary sample collected
during a spell is quite helpful. Particularly, glycerol-
3-phosphate is more specific because glycerol is easily
detected as a result of medication, which is a main compo-
nent of enemas and salves that are widely used for children.

GC/MS analysis of organic acids is usually performed
after extraction of the organic solvent from the samples,
because the target compounds are efficiently extracted and
GC/MS columns are protected from contamination.
Glycerol and glycerol-3-phosphate are usually detectable
with this method, but in our case, the urine samples taken
during the episode did not indicate obvious excretion of
glycerol-3-phosphate. However, glycerol and glycerol-
3-phosphate were detected in the same urine by GC/MS
with the urease/direct preparation. In this method, many
substances, which are hardly soluble in organic solvent, are
detected because removal of urea by urease treatment
enables direct injection of urine sample to GC/MS system.
Using the solvent extraction method, glycerol and lactate
results were 122 and 237 times their normal maximum val-
ues, respectively. However, using the urease/direct prepara-
tion, glycerol and lactate results were 974 and 252 times
their normal maximum values, respectively. We suspected
that high lactate levels might prevent the extraction of glyc-
erol or glycerol-3-phosphate from the urine.

Patients with FBPase deficiency may have a high lac-
tate/pyruvate ratio. This may be a consequence of second-
ary impairment of the conversion of 1,3-bisphosphoglycer-
ate into glyceraldehyde-3-phosphate, resulting in
accumulation of NADH, which is the other substrate of
glyceraldehyde-3-phosphate dehydrogenase (van den
Berghe 1996). On the other hand, lactic acidosis with an
elevated lactate/pyruvate ratio is a hallmark of mitochon-
drial respiratory chain disorders, which are more common
than FBPase deficiency. Mochel et al. (2005) reported that
hypoglycemic patients with respiratory chain defects and
mitochondrial respiratory chain disorders experience a vari-
ety of symptoms.

It is difficult to diagnose FBPase deficiency when

glycerol or glycerol-3-phosphate is not detected in the
urine. We were unable to diagnose the condition before a
glycerol tolerance test, but administration of glycerol to the
patients with FBPase deficiency can be harmful (Hasegawa
et al. 2003) and should be avoided, if possible. Therefore,
the detection of glycerol or glycerol-3-phosphate in the
urine is very important for the safety of patients as well as
for the diagnosis of FBPase deficiency. Patients with
FBPase deficiency have good glycemic control after being
provided with the correct treatment and show normal devel-
opment. Hence, the diagnosis of FBPase deficiency is very
important for their future lives as well. To evaluate hypo-
glycemic patients associated with lactic acidosis, careful
attention should be paid to the method of sample prepara-
tion for analysis of organic acids in the urine by GC/MS
and if high lactate excretion was observed, re-examination
with urease/direct method should be considered.
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