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Abstract

Previous work by others have suggested the occurrence of one or more chemical or metabolic ‘markers’ for ME/CFS
including specific amino acids and organic acids and a number of unidentified compounds (CFSUM1, CFSUM2). We have
shown elsewhere that CFSUM1 is partially derivatised pyroglutamic acid and CFSUM2 partially derivatised serine and have
suggested and demonstrated that the analytical methods used were unsuitable to identify or to accurately quantify urinary
metabolites. We have now made a detailed analysis of plasma and urinary amino acids and of urinary organic acids from
patients with ME/CFS and from three control groups. Fasting blood plasma and timed urine samples were obtained from 31
patients with CFS, 31 age and sex-matched healthy controls, 15 patients with depression and 22 patients with rheumatoid
arthritis. Plasma and urinary amino acids and urinary organic acids were determined using established and validated methods
and data compared by statistical analysis. None of the previously reported abnormalities in urinary amino acids or of organic
acids could be confirmed. Results however provide some evidence in patients with ME/CFS for underlying inflammatory
disease and for reduced intramuscular collagen with a lowered threshold for muscle micro-injury. These factors in combination
may provide a basis for the fatigue and muscle pain that are the major symptoms in these patients.
© 2005 Elsevier B.V. All rights reserved.
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patients [3]. The underlying pathophysiology involves
elements of neuroendocrine, neurotransmitter and im-
mune function, all of which individually may be sub-
clinical and thus difficult to precisely identify or
establish. The high prevalence and debilitating nature
of the disorder has provoked extensive scientific and
clinical studies in the search for a unifying physiolog-
ical or metabolic cause. Despite this, the aetiology of
the disease remains obscure.

McGregor, Dunstan and colleagues, using gas
chromatography and mass spectrometry, reported in-
creased levels of some urinary compounds in patients
with ME/CFS, with reduced excretion in others, sug-
gesting the possibility of one or more chemical or
metabolic ‘markers’ for ME/CFS that may distinguish
such patients from those with conditions with over-
lapping symptomatology [5,6]. These metabolites in-
cluded amino acids (e.g. tyrosine, alanine, f-alanine,
glutamic acid) and organic acids (e.g. succinic acid,
aconitic acid) among those identifiable using the
method employed in addition to various unidentified
‘markers’, especially CFSUMI1 (‘chronic fatigue syn-
drome urinary marker 1°) to which high significance
was ascribed. Levels of other metabolites, alanine,
glutamic acid and another unidentified ‘marker’
CFSUM?2, were reduced. Since their first reports,
McGregor, Dunstan and colleagues have continued
to evaluate patients with ME/CFS and other associat-
ed syndromes including chronic pain [7—11] using the
same methodology to identify and quantify urinary
metabolites, including other organic acid and amino
acid species and to correlate the levels observed with
the severity of the disorders and have also established
a commercial base (BioScreen Ltd.; http://www.
bioscreen.com.au/) for exploitation of metabolic
profiling in such patients.

We have identified CFSUMI as partially deriva-
tised pyroglutamic acid and CFSUM?2 as partially
derivatised serine and have suggested and demonstrat-
ed that the analytical methods employed by McGregor
et al [5] are unsuitable with which to identify or to
accurately quantify urinary metabolites [12]. We have
now made a detailed analysis of plasma and urinary
amino acids and of urinary organic acids from patients
with ME/CFS and from control subjects using estab-
lished and validated methods, in order to examine
whether any significant differences in these metabo-
lites are observed.

2. Patients and materials

These studies were approved by the Wandsworth
Local Research Ethics Committee and informed con-
sent was obtained from all participants before involve-
ment in the studies.

Patients with ME/CFS were defined according to
the International Oxford and CDC criteria. The CDC
criteria are shown in Table 1: patients with four or
more of these symptoms were judged as meeting the
criteria for CFS. None of the patients showed symp-
toms of depression. A total of 30 patients were
recruited, 11 male and 19 female with an overall age
range of 26—84 years (Table 2).

Fifteen patients with depression but without CFS
and 22 patients with rtheumatoid arthritis as a repre-
sentative inflammatory disease were recruited as con-
trol patients (Table 2). All were free from concomitant
diseases of liver, kidney and heart and were not
receiving medications that would interfere with the
analyses being undertaken.

Thirty healthy subjects were also recruited as a
further control group, matched as closely as possible
to age and sex distribution of the patients with CFS
(Table 2) and also with their general lifestyle. Subjects
on medications and who were smokers were excluded.

There were no significant differences in ages be-
tween the healthy controls, patients with ME/CFS or
the patients with depression but patients with rheuma-
toid arthritis were significantly older than those in the
other groups (p <0.05).

All patients and control subjects were provided
with a questionnaire, a shortened form of that of
Ray et al [13], to assess (A) their somatic symptoms
and cognitive difficulties and (B) disability and recent
course of illness. The scores for each section were
combined to provide a Sickness Impact Profile Score
(SIPS). The average SIPS for patients with ME/CFS

Table 1
CDC criteria of chronic fatigue syndrome

Impaired memory and concentration
Sore throat

Tender cervical or axillary lymph nodes
Muscle pain

Headaches of a new type or severity
Unrefreshing sleep

Post-exertional malaise for >24 h
Multi-joint pain
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Table 2
Patient and control groups

Patient group ~ Number Age range  Sickness impact
(M=male; (median) profile score®
F=female) (Median and range)

ME/CFS 11M 26-63 (44) 65 (35-9%)
19 F 26-84 (45)

Healthy 11 M 20-66 (45) 12 (0-34)
19 F 26-79 (45)

Depression 6 M 34-71 (48) °
9F 24-59 (46)

Rheumatoid 5M 43-67 (57) °

arthritis 17 F 39-65 (53)

? Based upon a questionnaire ( Ray et al [13]) to assess (A) their
somatic symptoms and cognitive difficulties and (B) disability and
recent course of illness. The scores for each section were combined
to provide the Sickness Impact Profile Score (SIPS).

® No scores are given for the latter two groups of control patients
because of small numbers and returns of incomplete questionnaires
from several patients.

was 65, compared to 12 for the age and sex-matched
healthy controls (Table 2).

Patients were asked to provide two samples of
urine, the first sample passed in the morning for
selective qualitative metabolite analysis [12] and a
timed 6-h fasting collection for qualitative and quan-
titative analysis of amino acids and organic acids. On
presentation to the clinic with the latter urine collec-
tion, and while the patients or subjects were still
fasting, a sample of blood was collected into hepar-
inised tubes kept on ice. The blood plasma and cells
were separated as soon as possible after collection by
centrifugation in a refrigerated centrifuge at 4 °C.
Samples of urine and blood plasma were stored
deep frozen at —20 °C until analysed.

3. Methods

Plasma and urine amino acids were determined
using established methods as their phenylisothiocya-
nate (PITC) derivatives using reversed phase HPLC
on a 250x4.6 mm Apex ODS II (3 pm) column
(Jones Chromatography Ltd), 80 mM sodium acetate
in 2.5% aqueous acetonitrile and aqueous acetonitrile-
methanol mobile phases with detection at 254 nm. L-
methionine sulphone, L-homoarginine and L-norleu-
cine were used as internal standards and quantification
was by comparison to standard mixtures of physio-

logical amino acids taken through the same procedure.
Quantification was validated through internal QC pro-
cedures and participation in the ERNDIM external
quality assurance scheme for plasma amino acids
[The European Research Network for evaluation and
improvement of screening, Diagnosis and treatment of
Inherited Metabolic disorders]. Urinary levels were
expressed as a ratio to the urinary creatinine concen-
tration (mmol/mol creatinine).

Urinary creatinine was assayed using a modified
Jaffé method.

Urinary organic acids were determined using an
established method utilising ethyl acetate extraction
from acidified and sodium chloride-saturated urine
after stabilisation of oxo acids using ethoxylamine
hydrochloride and subsequent drying under a stream
of dry nitrogen. n-Tetracosane and n-hexacosane in-
ternal standards (10 pL of a 200 g/L mixture in n-
heptane) were added to the dry residue which was
then derivatised by trimethylsilylation with 200 pL
N,O-bis (trimethylsilyl)-trifluoroacetamide (BSTFA)
in the presence of 50 pL of dry pyridine. The tri-
methylsilyl (TMS) and TMS-ethoxime derivatives
were separated using programmed temperature capil-
lary gas chromatography on a HP-1MS column (Agi-
lent 25 m X 0.2 mm i.d., film thickness 0.33 pm) in a
Hewlett-Packard 5980 gas chromatograph coupled to
a HP 5970 mass selective detector. Compounds were
identified from their electron impact (EI) mass spectra
by comparison to spectra in private and commercial
mass spectral libraries. Identified organic acids were
quantified using response factors obtained using au-
thentic standards taken through the same procedure;
quantification was validated through the ERNDIM
external quality control scheme for quantitative organ-
ic acids. Organic acid levels were determined from
peak areas in the total ion chromatograms with the
exception of 3-hydroxy-n-butyric, pyroglutamic and
5-hydroxyindoleacetic acids that were determined
from the extracted ion chromatograms of their respec-
tive characteristic ions at m/z 117, 156 and 290 re-
spectively. This eliminated the effects of co-cluting
compounds that would compromise the accurate
quantification of these organic acids. Results are
expressed as ratios to the urinary creatinine concen-
tration in mmol/mol creatinine.

Results were tabulated in Excel (Microsoft), and
analysed using Analyse-It for Excel (Analyse-it Soft-
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ware Ltd). Data were expressed as mean = S.D. or
range as appropriate, following a test for the normality
of distribution. Differences between healthy subjects
and patient groups were tested using unpaired inde-
pendent ¢-tests and Mann—Whitney U tests dependent
upon the normality of data distribution; p <0.05 was
taken as indicating significance between means. Dif-
ferences between groups were also tested using a 1-
way analysis of variance with the healthy subjects as
the control group. Where relatively few results were
available or a number of values below the detection
limits were observed, data are presented as ranges or
95% confidence limits.

4. Results

Table 3 shows plasma levels (umol/L) of 26 amino
acids for the four study groups. Patients with ME/CFS

Table 3
Plasma amino acids

showed significantly lower concentrations of plasma
taurine (p<0.01), histidine (p<0.001), tyrosine
(p<0.01) and «-amino-zn-butyric acid (p<0.05) in
comparison to the healthy control group. Patients
with depression showed significantly lower plasma
serine (p<0.01), histidine (p <0.05) and az-amino-n-
butyric acid (p<0.01) in comparison to healthy
control subjects. Patients with rheumatoid arthritis
showed a greater number of plasma amino acid
concentrations that were significantly different to
those in healthy control subjects, with significantly
lower glycine (p<0.05), serine (p<0.05), histidine
(p<0.01), asparagine (p<0.01), o-amino-n-butyric
acid (p<0.05) and methionine (p<0.01) and signif-
icantly higher plasma glutamate (»<0.01) and phe-
nylalanine (p <0.05).

Table 4 shows urinary levels, expressed in mmol/
mol creatinine, of the same 26 amino acids for the
four study groups. Patients with ME/CFS showed

Amino acid Healthy ME/CFS Patients with Patients with
controls patients depression rheumatoid arthritis
f-alanine <2-3 <2-3 <2 <2
Aspartate <2-5 <2-6 <2-6 <2-8
Glutamate 26.9+10.0 26.5+13.2 354+16.5 40.3+19.1
Asparagine 57.4+10.0 5734152 573+ 9.0 50.4 +8.2
Hydroxyproline 6.8+ 2.6 6.1+2.7 58+2.0 75+2.6
Serine 91.1+17.4 83.5+15.9 77.1+14.8 80.3+19.5
Glycine 226.4+59.9 234.9+66.1 226.7+97.8 187.6 +42.2
Glutamine 470.9+95.3 461.6+89.8 458.1+85.8 447.1£90.0
Taurine 549+223 42.3+10.6 42.6+5.1 5431143
Histidine 70.4+£21.8 52.4+11.9 52.9+9.6 54.0 £15.2
Citrulline (18-67) (11-39) (22-52) (15-32)
Threonine (50-263) (68-232) (79-198) (76-332)
Alanine 287.5+93.7 269.1+65.7 308.4+44.7 291.1+£102.3
Arginine 70.1+24.1 723+ 147 72.4+23.6 72.8+16.4
Proline 147.6 +48.4 1429 +48.4 181.7+ 68.4 163.5+48.0
o-aminobutyric 20.5+10.7 14.8+5.9 12.9+5.1 14.7+7.8
Tyrosine 554+128 449 +12.1 59.7+16.3 63.0+17.2
Valine 176.0 +38.3 173.3+32.0 196.9 +38.8 188.8+45.7
Methionine 19.6+43 18.8+3.5 18.1£2.9 16.8+2.3
Cystine 145+9.2 17.9+6.1 19.5+123 19.1+8.2
Isoleucine 57.8+12.9 55.0+15.1 63.4+13.6 61.8+21.3
Leucine 108.5+21.5 105.2+25.9 106.8 £16.8 103.8+23.6
f-amino-isobutyric <2-5 <2 <2 <2
Phenylalanine 50.2+8.1 48.6 8.5 53.3+9.1 56.3+10.9
Ornithine 61.3+£16.8 679+15.5 629+18.6 61.1+14.3
Lysine 160.8 +30.4 160.8 +£32.6 153.1+£28.0 151.5+33.7

[Expressed as pmol/L; Mean + S.D. or (range) if relatively few values for any group].
Patient data that are significantly different from healthy controls are in bold.
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significantly lower levels of several urinary amino
acids in comparison to levels in healthy control sub-
jects [f-alanine, p <0.05; hydroxyproline, p <0.0001;
histidine, p=0.05; methionine, p<0.01; cystine,
p<0.01; phenylalanine, p<0.01] with correlation
only with low plasma histidine concentrations.
Patients with rheumatoid arthritis also showed several
urinary amino acid levels that were significantly dif-
ferent from those in healthy control subjects with
significantly lower levels of methionine (p<0.01),
histidine (p<0.05) and glycine (p<0.05) but with
significantly higher levels of glutamate (p<0.05),
hydroxyproline (p<0.01), valine (p<0.01) and iso-
leucine (p <0.05). In this group there was correlation
with low plasma methionine, histidine, and glycine
and with high plasma glutamate; phenylalanine levels
were also higher in rheumatoid patients but not sig-
nificantly different from the levels in healthy control
subjects. In contrast, patients with depression showed

Table 4
Urine amino acids

significant differences from healthy control subjects
only for f-alanine levels that were significantly lower
(p<0.01).

Table 5 shows the urinary levels, expressed in
mmol/mol creatinine, for 16 organic acids for the
four study groups. None of the groups showed any
qualitative differences in urinary organic acid patterns
and there were no obvious abnormalities or abnormal
organic acids present. The number of organic acids in
regularly observed in the urine of adults is relatively
small, with wider quantitative variation than amino
acids, but there were relatively few significant differ-
ences between the groups. All three patient groups
showed significantly increased urinary 4-hydroxyphe-
nylacetic acid levels in comparison to healthy control
subjects (all with p<0.05). Patients with depression
and with rheumatoid arthritis showed significantly
higher levels of aconitic acid (p<0.0001 and
p<0.05 respectively) and patients with rheumatoid

Amino acid Healthy ME/CFS Patients with Patients with
controls patients depression rheumatoid arthritis

f-alanine 1.27+0.90 0.82 +0.55 0.55 + 0.46 1.32+1.14
Aspartate 520+6.15 2.70+3.00 3.05+3.14 3.75+£5.08
Glutamate 7.89 +£3.89 8.19+2.06 9.23+2.57 10.41 + 3.46
Asparagine 10.52+3.85 12.36 £6.41 13.12+5.23 8.68 £4.63
Hydroxyproline 1.37+0.78 0.56 + 0.54 1.18+0.54 2.321£1.48
Serine 27.38+9.54 26.95+10.66 22.56 +8.50 22.85+9.24
Glycine 136.48 +£77.27 137.56 £ 64.38 138.52+72.98 97.87 + 47.87
Glutamine 33.32+£10.78 32.79 £ 12.46 29.97 +10.60 27.80+10.41
Taurine 36.07+£29.16 46.39+33.11 28.62+27.26 56.68 +47.97
Histidine 60.75+£27.45 46.12 +28.20 49.15+27.80 43.25+20.18
Citrulline 0.24+0.23 0.28+0.16 0.68+£0.73 0.35+0.21
Threonine (5.17-24.59) (10.53-13.98) =) (4.41-25.84)
Alanine 19.46 £5.32 21.14£9.23 22.39+6.41 2297+ 13.74
Arginine 1.96 +1.77 1.23+1.18 1.29+0.89 2.63+3.14
Proline 3.06+1.87 3.77+3.23 2.77+1.35 3.30£3.06
o-aminobutyric acid 1.37+1.05 1.40£0.75 1.56 +1.24 1.33+1.14
Tyrosine 7.41+£2.30 6.35+4.38 7.45+221 8.39+4.23
Valine 3.15+1.49 3.91+1.62 3.73+1.86 5.50 +4.32
Methionine 1.70£+1.01 1.04 +0.48 1.49+ 1.11 0.80 +0.33
Cystine 2.61+1.42 1.61 +1.09 3.19+1.52 291+1.43
Isoleucine 3.55+1.85 4.53+2.40 4.69+2.77 4.98+3.05
Leucine 2.43+0.77 2.024+0.97 2.55+1.06 2.80+1.56
f-amino-isobutyric acid 6.81+2.82 8.35+7.05 6.07+4.26 8.24+9.61
Phenylalanine 450+1.15 3.71+1.12 413+1.18 5.14+2.64
Ornithine 4.11+£1.37 391+£1.72 3.44+1.02 3.87+1.50
Lysine 10.28 £5.34 11.59+6.40 9.97+3.73 10.60 +5.67

[Expressed as mmol/mol creatinine; Mean + S.D. or (95% confidence limits) if relatively few values for any group].
Patient data that are significantly different from healthy controls are in bold.
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Organic acid Healthy ME/CFS Patients with Patients with
controls patients depression rheumatoid arthritis
Lactic 123+6.2 13.3+£6.9 126+ 11.4 14.4+11.0
Succinic 5.6+3.8 7.0+4.1 68+52 3.5+2.0
Fumaric (<0.1-0.4) (<0.1-1.6) (0.1-0.9) (0.1-0.5)
2-oxoglutaric (2.2-8.2) (8.2-16.3) (7.9-43.0) (10.7-21.6)
Aconitic 13.9+5.0 144+10.4 23.5+7.0 20.2+12.5
Isocitric 22.0+13.8 20.5+9.5 24.6+9.8 24.6+10.4
Citric 217.84+90.0 197.74+91.0 203.1£73.5 1973+ 1183
3-hydroxy-n-butyric 14+13 2.0+3.5 1.0+1.1 1.7+£3.7
Adipic 0.4+0.6 (0.2-0.7) 0.5+0.5 (0.4-0.7) 1.1£1.1 (0.5-1.7) 0.9+ 1.5 (0.2-1.5)
Suberic (0-0.6) (0-1.2) (0-0.6) (0-1.1)
4-hydroxybenzoic 1.8+ 1.8 22+15 1.5+0.9 24+1.6
4-hydroxyphenylacetic 7.4+4.4 11.2+7.1 11.1 £ 6.7 12.2+12.3
Hippuric 298.5+276.8 199.8 +£166.7 405.4+247.2 228.5+197.7
Pyroglutamic 140+7.2 12.0+5.8 15.1£6.9 17.9+7.5
Vanilmandelic 1.2+0.5 1.3+0.1 1.2+0.6 1.7+1.2
5-hydroxyindoleacetic 1.1+£0.5 14+0.8 1.4+0.5 1.3+0.3

[Expressed as mmol/mol creatinine; Mean + S.D. and/or (95% confidence limits) if relatively few values for any group or if there were a number

of undetectable (<0.1) values].

Patient data that are significantly different from healthy controls are in bold.

arthritis showed significantly lower levels of succinic
acid, in comparison to those in healthy control sub-
jects (p<0.05).

Urinary data are based upon the urinary creatinine
output of the subjects studied. Urinary creatinine
reflects the mean muscle mass of the subjects and
because the latter might be reduced in patients with
CFS and others because of reduced physical activity, a
comparison of urinary creatinine concentrations
(expressed as mmol/L; data not shown) was made
and showed no significant differences between any
of the groups studied.

5. Discussion and conclusions

Urinary amino acids showed more differences than
plasma amino acids from those in healthy control
subjects for both the ME/CFS and rheumatoid arthritis
patients. Both patient groups showed low urinary
histidine levels, correlated with low plasma histidine
concentrations. Low histidine plasma levels have been
observed previously in patients with active adult rheu-
matoid arthritis, correlating with the activity of the
disease [14] and this may suggest a similar aetiology
(active inflammatory disease) in patients with ME/
CFS.

ME/CFS patients showed a highly significant re-
duction in urinary hydroxyproline levels in compari-
son to healthy control subjects and also in comparison
to patients with depression (p<0.01) and patients
with rheumatoid arthritis (»<0.0001). Reduced uri-
nary hydroxyproline has been reported in patients
with fibromyalgia [15]; these patients also have sig-
nificantly lower concentrations of hydroxyproline in
perimysium and endomysium of muscle [16], consis-
tent with reduced intramuscular collagen, that may
lower the threshold for muscle micro-injury and
resulting in non-specific signs of muscle pathology.
The present observations may reflect a similar basis in
patients with ME/CFS that, in combination with ac-
tive inflammatory disease, may provide a basis for the
fatigue and muscle pain that are major symptoms in
patients with ME/CFS.

Patients with ME/CFS also showed significantly
low plasma concentrations of taurine, tyrosine and o-
amino-n-butyric acid, not correlated with similar
reductions in urinary levels of these amino acids
where, in contrast, significantly reduced levels of
methionine, cystine and phenylalanine were ob-
served. All these amino acids are metabolically
unrelated and their levels in both plasma and
urine may be influenced to some extent by diet,
exercise, renal function and other factors [17]. With
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no clear pattern to, or relationship within, the reduc-
tions observed, their metabolic and clinical signifi-
cance is unclear.

It is noteworthy that plasma and urinary serine
concentrations were not significantly different in
patients with ME/CFS when compared to those in
healthy control subjects. The origin of the putative
urinary ‘marker’ CFSUM?2, originally suggested to
be important by McGregor and co-workers [5,6],
has been shown to be partially derivatised serine
[12] and reduced urinary serine levels have been
associated by these workers and their co-researchers
with ME/CFS. The close similarity in the present
work of urinary serine levels in all four groups,
despite significantly reduced plasma concentrations
in patients with depression and with rheumatoid
arthritis, confirms these earlier observations on
patients with ME/CFS were artefactual and caused
by the non-standard methodology employed [12].

Patients with rheumatoid arthritis showed the
largest number of amino acids with significantly
different levels to those in healthy control subjects,
again with a range of metabolically unrelated amino
acids affected. Histidine and serine have been re-
ferred to above; the significance of low plasma and
urinary glycine and methionine is unclear; increased
urinary hydroxyproline may indicate slightly in-
creased collagen turnover or bone resorption in
these patients; reduced plasma asparagine has been
reported in patients with leukaemia [17,18] and
rheumatoid arthritis may be associated with leuko-
cytosis, thus a similar aetiology may underlie this
observation. Plasma and wurinary glutamate were
higher in patients with rheumatoid arthritis than
healthy controls; increased plasma glutamate has
been reported in patients with primary gout [19],
hyperuricaemia is associated with leukocytosis and
again a similar aetiology (chronic inflammatory dis-
ease and leukocytosis) may be the underlying cause.
Plasma phenylalanine was also significantly in-
creased in comparison to concentrations in healthy
control subjects but the concentrations observed are
within the reference ranges for this amino acid and
are clinically insignificant in comparison to those
seen in the hyperphenylalaninaemias.

Both ME/CFS patients and those with depression
showed significantly lower levels of urinary f5-alanine
in comparison to healthy control subjects. This is in

contrast to McGregor et al [5] who reported increased
levels of f-alanine in patients with ME/CFS and
ascribed a positive symptom incidence correlation
with this amino acid. The clinical and pathological
relevance of a reduced urinary f-alanine in these
patients remains unclear although in the absence of
measurable amounts in blood plasma, a renal origin is
possible, possibly from f-alanyl peptides.

Urinary organic acids were generally unremark-
able. Table 5 shows the urinary organic acids
grouped according to their metabolic associations
and essentially show that there were no clinically
or pathologically important variations in the metab-
olism of pyruvate (lactate), the tricarboxylic acid
cycle, ketone body production (3-hydroxy-n-butyric
acid) or f-oxidation of fatty acids (adipic and sube-
ric acids), in the y-glutamyl cycle (pyroglutamic
acid) or neurotransmitter metabolism. 4-hydroxyphe-
nylacetic acid levels were significantly higher in the
three patient groups and this may reflect slightly
increased gut metabolism of tyrosine secondary to
bacterial overgrowth, although the levels observed
are all well below those observed in children and
infants with proven bacterial overgrowth syndromes
[20]. Hippuric acid levels are also influenced by gut
bacterial amino acid metabolism but also, and more
importantly, by ingestion of benzoic acid containing
foodstuffs; that no differences were observed here
between the groups studied suggests dietary influ-
ences were similar. The apparently reduced excre-
tion of 2-oxoglutaric acid by patients with ME/CFS
is a reflection of a relatively large number of un-
detectable values with a scatter of other levels over-
lapping considerably those in the other groups
studied. Urinary 2-oxoglutaric acid may be influ-
enced by a variety of factors including urinary tract
bacterial activity [21] and the observations made
here are not considered to be of any pathological
importance. In the same way, the slight but signif-
icant increase in urinary aconitic acid levels in
patients with depression and rheumatoid arthritis
are not believed to be of any clinical or pathological
significance.

Most importantly from the perspective of this
study, none of the abnormalities in urinary organic
acid excretion reported by McGregor et al [5,6] could
be confirmed in the present work with use of estab-
lished and externally validated methods and the
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results reported by these workers may be ascribed to
methodological differences and possible artefact for-
mation [12]. In particular, the urinary levels of pyr-
oglutamic acid, which has been shown to be the
(artefactual) origin of the putative urinary marker
CFSUMI1 of McGregor and co-workers [12], show
no significant differences between the groups studied.
This confirms that pyroglutamic acid (and, by associ-
ation, CFSUM1), which may be of primarily dietary
origin in the adult without proven defects in the y-
glutamyl cycle [21], has no significance in the aetiol-
ogy of ME/CFS.

In conclusion, the present work has provided de-
finitive data on the major plasma and urinary amino
acids and urinary organic acids. None of the previ-
ously reported abnormalities in urinary amino acids or
of organic acids [5,6] could be confirmed and many of
the abnormalities reported may be ascribed to artefacts
introduced by their use of non-standard methods [12].
Comparison between the groups studied (patients with
ME/CFS, patients with depression, patients with rheu-
matoid arthritis and healthy control subjects) has
shown some evidence for underlying inflammatory
disease in patients with ME/CFS (histidine) and al-
though other manifestations of this seen in patients
with rheumatoid arthritis (asparagine and glutamate)
were not evident in these patients, the exact mechan-
isms involved may differ and warrant further investi-
gation. The highly significant reduction in urinary
hydroxyproline in patients with ME/CFS suggests,
by analogy to similar observations in patients with
fibromyalgia, reduced intramuscular collagen that
may lower the threshold for muscle micro-injury and
result in non-specific signs of muscle pathology. The
present observations may reflect a similar basis in
patients with ME/CFS. A reduced threshold for mus-
cle micro-injury in combination with active inflam-
matory disease may provide a basis for the fatigue and
muscle pain that are the major symptoms in patients
with ME/CFS and this may also warrant further in-
vestigation.

Acknowledgements
We are most grateful to Professor J. M. Bland,

formerly Professor of Medical Statistics, St George’s
Hospital Medical School, for statistical advice and to

Drs L. M. Drummond, J. S. Axford and A. Kent for
their help in recruiting patients with depression and
with rheumatoid arthritis for control groups. We are
also particularly grateful to all the patients and healthy
control subjects for their cooperation and involvement
in these studies. These studies were supported by the
ME Association (UK).

References

[1] Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG,
Komaroff A. The chronic fatigue syndrome: a comprehensive
approach to its definition and study. Ann Intern Med 1994;
121:953-9.

[2] Bearn J, Wessely S. Neurobiological aspects of the chronic
fatigue syndrome. Eur J Clin Invest 1994;24:79-90.

[3] Sharpe M, Wilks D, ABC of psychological medicine. Brit Med
J 325:480-483.

[4] Chaudhuri A, Behan PO. Fatigue in neurological disorders.
Lancet 2004;363:978—88.

[5] McGregor NR, Dunstan RH, Zerbes M, Butt HL, Roberts TK,
Klineberg 1J. Preliminary determination of a molecular basis to
chronic fatigue syndrome. Biochem Mol Med 1996;57:73 —80.

[6] McGregor NR, Dunstan RH, Zerbes M, Butt HL, Roberts TK,
Klineberg 1J. Preliminary determination of the association
between symptom expression and urinary metabolites in sub-
jects with chronic fatigue syndrome. Biochem Mol Med 1996;
58:85-92.

[7]1 McGregor NR, Dunstan RH, Butt HL, Roberts TK, Klineberg

1J, Zerbes M. A preliminary assessment of the association of

SCL-90-R psychological inventory responses with changes in

urinary metabolites in patients with chronic fatigue syndrome.

J Chronic Fatigue Syndr 1997;3:17-37.

Dunstan RH, McGregor NR, Butt HL, Roberts TK. Biochem-

ical and microbiological anomalies in chronic fatigue syn-

drome: the development of laboratory based tests and the

possible role of toxic chemicals. J Nutr Environ Med 1999;

9:97—-108.

[9] McGregor NR, Zerbes M, Niblett SH, et al. Pain intensity,
illness duration, and protein catabolism in temporomandibular
disorder patients with chronic muscle pain. J Orofac Pain
2003;17:112-24.

[10] Dunstan RH, McGregor NR, Butt HL, et al. Characterization
of differential amino acid homeostasis amongst population
subgroups: a basis for determining specific amino acid require-
ments. J Nutr Environ Med 2000;10:211-23.

[11] Robinson GL, McGregor NR, Roberts TK, Dunstan RH, Butt
H. A biochemical analysis of people with chronic fatigue who
have Irlen syndrome: speculation concerning immune system
dysfunction. Percept Mot Skills 2001;93:486—504.

[12] Chalmers RA, Jones MG, Goodwin CS, Amjad S. CFSUM1
and CFSUM2 in urine from patients with chronic fatigue
syndrome are methodological artefacts. Clin Chim Acta in
press.

—
o]
[}



M.G. Jones et al. / Clinica Chimica Acta xx (2005) xxx—xxx 9

[13] Ray C, Weir WR, Cullen S, Phillips S. Illness perception and
symptom components in chronic fatigue syndrome. J Psycho-
som Res 1992;36:243—-56.

[14] Gerber DA. Low free serum histidine concentration in rheu-
matoid arthritis. A measure of disease activity. J Clin Invest
1975;55:1164-73.

[15] Sprott H, Muller A, Heine H. Collagen crosslinks in fibromy-
algia. Arthritis Rheum 1997;40:1450—4.

[16] Gronemann ST, Ribel-Madsen S, Bartels EM, Danneskiold-
Samsge B, Bliddal H. Collagen and muscle pathology in
fibromyalgia patients. Rheumatology 2004;43:27—31.

[17] Bremer HJ, Duran M, Kamerling JP, Przyrembel H, Wadman
SK. Disturbances of amino acid metabolism: clinical chem-

istry and diagnosis. Baltimore: Urban and Schwarzenberg;
1981.

[18] Cooney DA, Capizzi RL, Handschumacher RE. Evaluation of
L-asparagine metabolism in animals and man. Cancer Res
1970;30:929-35.

[19] Gutman AB, Yii TF. Hyperglutamatemia in primary gout. Am
J Med 1973;54:713-24.

[20] Chalmers RA, Valman HB, Liberman MM. Measurement of 4-
hydroxyphenylacetic aciduria as a screening test for small-
bowel disease. Clin Chem 1979;25:1791—4.

[21] Chalmers RA, Lawson AM. Organic acids in man. Londons:
Chapman and Hall; 1982.



	Urinary and plasma organic acids and amino acids in chronic fatigue syndrome
	Introduction
	Patients and materials
	Methods
	Results
	Discussion and conclusions
	Acknowledgements
	References


