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Abstract

Background: Due to the occurrence of sleep disturbances and fatigue in chronic fatigue syndrome (CFS), an investigation was performed to
examine if there is an abnormal excretion of 'y-aminobutyric acid (GABA) and/or its structural analogue B-alanine in the urine from CFS patients.
Both GABA and B-alanine are inhibitory neurotransmitters in the mammalian central nervous system.

Methods: The 24 h urine excretion of GABA and B-alanine was determined by isotope dilution gas chromatography mass spectrometry in 33 CFS
patients and 43 healthy controls. The degree of symptoms in both patients and controls was measured by grading of three typical CFS symptoms
using a Visual Analogue Scale.

Results: Men had a significantly higher excretion of both B-alanine and GABA than women. Comparing CFS patients with healthy controls
showed no significant difference in excretion of neither 3-alanine nor GABA. No correlation was found between the excretion of 3-alanine or
GABA and any of the three characteristic CFS symptoms measured. However, two female and two male CFS patients excreted considerably
higher amounts of R-alanine in their 24 h urine samples than control subjects.

Conclusions: Increased excretion of 3-alanine was found in a subgroup of CFS patients, indicating that there may be a link between CFS and -

alanine in some CFS patients.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Chronic fatigue syndrome (CFS) is a disabling illness, with
major impact on quality of life. No single pathogenetic factor
has as yet been convincingly demonstrated [1]. In the majority
of CFS patients, the symptoms of fatigue and neurocognitive
dysfunctions start after a flu-like illness, indicating that viral
infections may play a pathogenic role [2].

Disabling fatigue is the most characteristic symptom of CFS.
One of the neurotransmitters involved in regulating sleep and
which also likely has a potential of evoking fatigue is y-amino-
butyric acid (GABA) by activating GABA, receptors [3-5].
GABA is the major inhibitory neurotransmitter of the central
nervous system (CNS), and GABA receptors can be found on
60—75% of its neurones [6]. Many hypnotics, including barbi-
turates and benzodiazepines, act by stimulating GABA re-
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ceptors. 3-Alanine is an amino acid and a structural analogue of
GABA, differing only by having one less methylene group.

p-Alanine found in the CNS originates in part from the
metabolism of the polyamines putrescine, spermidine and sperm-
ine [7,8].

In cases of elevated concentrations of [3-alanine or GABA in
CNS one can expect to find increased excretion of these amines in
urine as there is an active transport of both 3-alanine and GABA
from CNS to blood over the blood—brain barrier. Studies by
Komura et al. [9,10] and Kakee et al. [11] have demonstrated the
active transfer of 3-amino acids, including GABA and -alanine,
from CNS to blood. Patients with decreased levels of 4-amino-
butyrate aminotransferase, also called GABA-transaminase, have
extremely high CNS concentrations of 3-alanine and GABA,
which results in excretion of large amounts of the two substances
in the urine [12,13]. GABA-transaminase deficiency also results
in very high concentrations of -alanine and GABA in the
cerebrospinal fluid and plasma [12,13]. Among the most pro-
nounced symptoms observed in these patients were lethargy,
somnolence, seizures and retarded psychomotor development.
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Interestingly, McGregor et al. have shown that there is a
positive correlation between typical CFS symptoms and an in-
creased excretion of 3-alanine in the urine of CFS patients [14].
In contrast, Jones et al. did not find such a connection [15].

The aim of the present study was to investigate, using state-
of-the-art methodology, if increased amounts of 3-alanine and/
or GABA are found in the urine from CFS patients compared
to healthy controls. The rational for this approach was that
GABA is an inhibitory neurotransmitter in CNS involved in
sleep regulation [3,4]. p-Alanine, also activating GABA, re-
ceptors [16,17], could likewise be involved in sleep regulation.
Indeed, it has been demonstrated that intracerebroventricular
injections of B-alanine in chicks strongly diminish spontaneous
activity and induce sleep-like behaviour [18]. It has furthermore
been shown that the same administration of (3-alanine to rats
causes inhibition of exploratory behaviour and of motility [19].
These animal model studies agree with our hypothesis that in-
creased extracellular concentrations of (3-alanine in the CNS
may be among the pathogenic factors in CFS.

Using an isotope dilution gas chromatography mass spec-
trometry (ID GC—MS) method, we measured the excretion of 3-
alanine and GABA in the urine of 33 CFS patients (22 female
and 11 male) and compared with a group of 42 healthy controls
(24 female and 19 male). Typical CFS symptoms of all subjects
were recorded and eventual relation between symptoms and
excretion of 3-alanine/GABA was determined.

2. Study cohort and materials

This study was approved by the local Ethics Committees at the
Karolinska University Hospital, Huddinge (Stockholm, Sweden)
and at the University Hospital in Linkoping (Sweden) with
approval number 03-379. The CFS patients included in the study,
22 women and 11 men, fulfilled the 1994 case definition for CFS
[20]. They were recruited from an outpatient clinic specialised for
CFS patients at the Karolinska University Hospital, Huddinge.
Age and sex matched healthy subjects were recruited among
hospital staff as a control group, and consisted of 24 women and
19 men. All patients and healthy subjects gave informed consent
before participating in the study. Patients and controls had similar
age distribution (Table 1).

The patients and the healthy controls collected urine during a
24 h period in a plastic bottle containing 15 ml of hydrochloric
acid (6.0 mol/l) for stabilisation of amines and preservation. All
samples except five were collected during May to June 2004.
Five of the patients participated in a pilot study and collected

Table 1

their samples during September to October 2002. The par-
ticipating subjects, except for the five pilot study patients, were
also asked to fill out a questionnaire where any medication was
noted together with grading of typical CFS symptoms. Three
different symptoms, fatigue, muscle pain and cognitive diffi-
culties, were recorded on a continuous Visual Analogue Scale
(VAS), 0—10. Among these patients, 10 (36%) had a sudden
onset, whereas 18 (64%) had gradual onset of their CFS. The
mean duration of the illness was 7.4 years with a range of 1.5 to
25 years. In 14 (50%) of the patients the symptoms of CFS started
after a flu-like infection.

All chemicals used were of analytical grade. GABA and (-
alanine were purchased from Fluka Chemie (Buchs SG, Swit-
zerland). B-Alanine (U-13C3; 15N) was from Cambridge Iso-
tope Laboratories, Inc (MA, USA), and GABA-2,2,3,3,4,4-D6
from CDN Isotopes (Quebec, Canada). All chemicals used for
derivatization, ethyl acetate, 1-hexanol, acetylchloride and hep-
taflourobutyric anhydride, were obtained from Fluka Chemie
(Buchs SG, Switzerland).

3. Methods

The volume of the collected urine was determined. A portion
of the urine was frozen and stored at —20 °C until analysed. The
concentration of creatinine was assayed by an enzymatic method
on a Bayer Advia 1650 instrument, according to the manufac-
turer’s instructions. For the determination of the concentration of
B-alanine and GABA, 25 pl urine was hydrolysed for 20 h at
120 °C in hydrochloric acid, 6.0 mol/l. All urine samples were
analysed blinded. The derivatization method used was a modifi-
cation of the method described by MacKenzie and Tenaschuk
[21,22]. After hydrolysis, 100 ul of an internal standard solution
was added and the samples were taken to dryness under a stream
of compressed air. Esterification was done by treating the sam-
ples with acetyl chloride, 1.5 mol/l, in 1-hexanol at 120 °C for
15 min. After blowing air over the samples, the dry residues were
dissolved in 200 pl of ethyl acetate and 50 ul of heptaflour-
obutyric anhydride was added. After 15 min at 90 °C, the reagent
in the samples was taken to dryness with compressed air. Ethyl
acetate, 200 pl, was added and the samples were analysed on a
mass spectrometer. Isotope dilution technique was used for
quantification of p-alanine and GABA. p-Alanine (U-13C3;
15N) and +y-aminobutyric-2,2,3,3,4,4-D6 acid were used as
internal standards for 3-alanine and GABA. To determine the
between-run variation, three different urine samples with low,
medium and high concentrations of 3-alanine and GABA were

Symptoms recorded by CFS patients and healthy controls on a 0—10 Visual Analogue Scale (VAS)

Group Number Age, years Symptoms (VAS), mean (range)
F = female mean (range) Fatigue Muscle Cognition/
M = male memory
CFS patients 20 F 39.6 (25.5-53.5) 7.1* (2.2-9.6) 4.8 (0.0-7.5) 5.7* (0.4-9.2)
8M 40.4 (30.1-53.3) 6.3% (0.7-9.7) 4.0 (0.0-8.0) 4.5 (0.0-9.6)
Controls 24 F 41.9 (28.9-54.1) 1.6 (0.0-5.7) 0.7 (0.0-4.7) 0.9 (0.0-3.2)
19M 40.6 (32.2-48.3) 1.4 (0.0-5.0) 0.9 (0.0-4.8) 1.0 (0.0-4.5)

 Significantly more symptoms in patients than in controls (»<0.001).
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used as controls and were included in each urine analysis. The
mass spectrum of B-alanine, GABA and the two internal
standards were determined (Fig. 1) and quantification was done
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Fig. 1. Mass spectra of the heptafluorobutyryl-n-hexyl derivatives together with the mass fragment used for quantification: A) 3-alanine; m/z 268, B) 3-alanine (U-13C3;
15N), used as internal standard; m/z 282, C) y-aminobutyric acid (GABA); m/z 272, D) y-aminobutyric-2,2,3,3,4,4-D6 acid, used as internal standard; m/z 288.
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Table 2
Between-run variation in determination of total 3-alanine and GABA in three
different control urine samples

-Alanine (pmol/l) GABA (umol/l)

Control sample no. Control sample no.

1 2 3 1 2 3
Mean 71.9 125 350 28.3 43.7 117
Minimum 68.9 120 338 26.7 39.8 110
Maximum 75.4 129 360 30.3 46.0 123
SD 1.87 293 6.91 1.34 2.05 432
CV (%) 2.60 2.35 1.98 4.74 4.68 3.69

Number of analysis of each control sample = 9.
SD = standard deviation. CV = coefficient of variation.

injection, the oven temperature was held at 100 °C for 1 min and
then ramped to 285 °C at 3 °C/min. Under these conditions, the
derivatives of B-alanine and its internal standard eluted after
around 17 min. GABA and its internal standard eluted after
about 22 min. The analyses and quantification on the mass
spectrometer were carried out by selected ion monitoring, with
acquisition of ions m/z 268.1 and m/z 282.1 for B-alanine and
GABA, respectively. Acquisition of the internal standards {>-
alanine (U-13C3; 15N) and y-aminobutyric-2,2,3,3,4,4-D6 acid
was done with m/z 272.1 and m/z 288.1, respectively. All these
four fragments are the result from loss of the neutral fragment O
(CH,)sCHj; from the molecular ion. Standard solutions with five
different concentration levels, between 10 and 400 umol/1 for (3-
alanine and between 5.0 and 200 umol/l for GABA, were used
for quantification. To establish the proportion between free and
conjugated B-alanine and GABA in urine, samples from twelve
healthy controls were analysed both with and without acid
hydrolysis.

Both p-alanine and GABA were quantified by ID GC-MS.
This is an accurate and precise technique often used to establish
reference or definitive methods for different analytes, as is done
for example for glucose by National Institute of Standards and
Technology (Gaithersburg, MD, USA). Data were analysed
using the GLM-module of Systat 11 for Windows (http://www.
systat.com) using the urinary excretion of 3-alanine and GABA
as dependent variables and sex, age and measures of tiredness,
muscle ache and cognitive problems as independent variables.
The analysis was performed both using non-transformed values
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for the 24 h amounts and the natural logarithm of the same
values (to correct for skewness).

4. Results

The results from grading of symptoms using VAS showed
that the patients — as expected — had significantly more of the
CFS related symptoms including fatigue, muscle problems and
cognition/memory complaints, compared to the healthy controls
(Table 1). The symptoms of fatigue and cognition/memory
problems were most pronounced. All CFS patients and healthy
controls except two (not included in the study) collected a full
24 h urine sample. One of the subjects admitted uncomplete
urine collection and the other was excluded because of un-
reasonably small amounts of creatinine excreted. The between-
day variation of the ID GC—MS method for the three con-
centration levels of the control samples is shown in Table 2. The
between-run coefficient of variation ranged from 1.98-2.60%
for B-alanine and 3.69-4.74% for GABA.

When measuring the 24 h excretion of 3-alanine and GABA
for the patients and control subjects, we found that men, as seen
among the control subjects, excreted a significantly larger amount
of both R-alanine and GABA during 24 h than women (p <0.05).
The mean excretion of 3-alanine in the control group was for men
356 pmol/24 h (133-772 umol/24 h, n=19), and for women
261 pmol/24 h (55-652 pmol/24 h, n=24). The mean excretion
of GABA in the control group was 98 pumol/24 h (38—143 pmol/
24 h, n=19) for men and 83 umol/24 h (52—121 pumol/24 h,
n=24) for women. Male patients had a mean excretion of -
alanine of 512 umol/24 h (155-2107 umol/24 h, n=11) while the
corresponding excretion for female patients was 228 pmol/24 h
(103—652 pumol/24 h, n=22). The mean excretion of GABA
among CFS patients was 85 pmol/24 h (67-111 umol/24 h,
n=11) for men and 69 umol/24 h (38—114 pumol/24 h, n=22) for
women. When comparing male and female CFS patients with
male and female controls respectively, no significant difference
(p>0.05) in excretion of neither 3-alanine nor GABA was found.
However, as can be seen in Fig. 2, two of the female and two of the
male CFS patients excreted more of 3-alanine than the healthy
controls and other CFS patients. In contrast to B-alanine, no
extraordinary high excretion of GABA could be seen among the
patients compared to the controls (Fig. 3).
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Fig. 2. Excretion of [3-alanine in 24 h urine for female and male CFS patients and healthy controls.
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Fig. 3. Excretion of GABA in 24 h urine for female and male CFS patients and healthy controls.

The concentration of the free forms of 3-alanine and GABA,
together with the concentration of total 3-alanine and GABA in
urine was determined by analysis of twelve urine samples from
healthy controls, both with and without acid hydrolysis. We
found that about 30% of these amines existed in their free form
and that about 70% were conjugated. The mean proportion of
free 3-alanine in urine was 35.2% (3.4-47.5%) and for GABA
the mean was 29.4% (14.1-52.9%).

5. Discussion

We were unable to demonstrate significantly higher amounts
of B-alanine and/or GABA excreted in the urine of CFS patients
as a group compared to a group of healthy controls. However,
two of the female and two of the male CFS patients excreted
considerably more (250%, 239% and 580%, 306%, respectively
more than the mean for healthy controls) of 3-alanine compared
to the healthy controls, indicating a possible link between high
R-alanine excretion and CFS in a subgroup of patients. The
mean duration of the illness in these four patients was 3.1 years
(range 1.5-5.5 years). Three of these four patients had a gradual
onset of CFS, the fourth a sudden onset. The symptoms of'the four
patients did not deviate significantly from the rest of the patients.
Two of them had a flu-like onset of their CFS, two had not.
However, the increased excretion of R-alanine in these patients
supports the results of McGregor et al. [14], who found a relation
between excretion of B-alanine and CFS symptoms. In contrast
Jones et al. [15] found no abnormal excretion of 3-alanine among
CFS patients. In agreement with Jones et al., we were unable to
detect the two substances CFSUM1 and CFSUM2, described by
McGregor et al. [14], in the urine of patients or controls. Chalmers
et al. [23] claim that CFSUMI1 and CFSUM?2 are artefacts from
derivatization and not true endogenous metabolites.

Given its pronounced biological effects, it is possible that even
a small increase in the concentration of 3-alanine, in parallel with
GABA, in the extracellular fluid of the CNS can result in
symptoms of CFS [24]. This is analogous to the pronounced
clinical effects of antidepressants despite the modest increases in
the extracellular concentrations of monoamines they induce [25].
In the earlier studies, mentioned above, two patients with GABA-
transaminase deficiency [12,13] had 5-fold elevated levels of -
alanine in cerebrospinal fluid and urine. Some of the CNS symp-
toms, i.e. pronounced somnolence and lethargy, seen in these

patients resemble those seen in CFS. This is in accordance with
the hypothesis that in a subset of CFS patients the typical symp-
toms may be caused by high concentrations of p-alanine and
possibly GABA in extracellular fluid of the CNS.

However, it is likely that minor elevations of the
concentration of B-alanine in extracellular fluid of the CNS
are difficult to detect by measuring urine excretion. The
normal excretion of (-alanine is about 100—300 umol/24 h,
suggesting that a minor increased excretion caused by CFS
can be masked by the normal variations in excretion of -
alanine. Thus periods of sufficiently high concentration of p-
alanine in CNS to be reflected in urine are probably transient
and difficult to capture, which might explain why we found so
few patients with increased urinary excretion of [-alanine.
Likewise this could explain the discrepancy in the findings of
McGregor et al. [14] and Jones et al. [15] discussed above. There
are differences in the protocols between these two studies and the
present study, making it difficult to compare the results. In the
current study the patients and healthy controls collected a 24 h
urine sample and the concentration of 3-alanine and GABA,
including conjugated forms, was determined after acid hydrolysis
of the urine samples. In the two other studies the study subjects
did not collect a full 24 h urine sample, no hydrolysis was
performed, and thus only the free form of P-alanine was
determined. Also, the two previous studies did not report the
results separately according to gender.

A possible source of the increased urine excretion of 3-alanine
seen in some CFS patients may be a low grade catabolic process
(e.g. an ongoing virus infection in CNS), producing increased
amounts of polyamines. Ornithine decarboxylase (ODC) is a
highly inducible and strongly regulated enzyme that is rate-
limiting in the production of polyamines [26—28]. Hence, an
induction of ODC by an exogenous agent could result in en-
hanced levels of polyamines and P-alanine. Polyamines, and
especially spermine, are known to be immunosuppressants. Sper-
mine inhibits monocyte activation and natural killer cell activity
[29-32], and therefore increased levels of spermine in the CNS
could locally affect the immune system.

GABA and B-alanine also play a role in the effect of special
drugs. There are antiepileptic drugs (e. g. vigabatrin) that inhibit
GABA-transaminase and increase the amounts of these two in-
hibitory neurotransmitters in CNS [33,34] whereas the benzodia-
zepines act by stimulating GABA receptors [35]. The side effects
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of these drugs resemble the typical symptoms of CFS, including
fatigue, headache, dizziness and memory disturbances.

A phenomenon sometimes found in CFS, which also could
be related to B-alanine/GABA, is the disturbance of the hypo-
thalamo-pituitary-adrenal (HPA) axis [36—38]. Recently, muta-
tions in 3 genes have been found which are involved in the
HPA-axis activity [39]. It has also been shown that there is a
connection between the activity of the GABA receptors and the
function of the HPA axis. Indeed, benzodiazepines, which en-
hance the activity of p-alanine give HPA axis dysregulation as a
side effect [40—44].

The sex difference observed in the present study was the
finding that men excreted significantly more of both p-alanine
and GABA than women. This difference has to our knowledge
not been reported before and the reason for this difference is
unclear.

Previous studies of the possible involvement of -alanine in
CFS have resulted in conflicting evidence. This may be due to a
lack of standardisation in sampling and methodological inade-
quacies. Our study of patients with CFS and controls using
standardised sampling procedures and an ID GC—MS analysis
method, showed no overall difference between the groups re-
garding excretion of B-alanine and/or GABA. However, 2 fe-
male and 2 male patients of 33 CFS patients had markedly
elevated excretion of B-alanine, suggesting a possible involve-
ment of this inhibitory neurotransmitter in CFS.

These findings indicate that 3-alanine, possibly derived from
polyamines, may play a role in the pathogenesis of CFS in a
subgroup of patients.
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