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Abstract

The aim of this study was to assess the feasibility and comparability of metabonomic data in clinical studies conducted in different countries
without dietary restriction. AH NMR-based metabonomic analysis was performed on urine samples obtained from two separate studies,
both including male and female subjects. The first was on a group of healthy British subject20), whilst the second was on healthy
subjects from two European countries (Britain and Sweden30).

The subjects were asked to provide single, early morning urine samples collected on a single occasion.

The 'H NMR spectra obtained for urine samples were visually inspected and analysed chemometrically using principal components
analysis (PCA). These inspections highlighted outliers within the urine samples and displayed interesting differences, revealing aharacteristi
dietary and cultural features between the subjects of both countries, such as high trimethiesride-(TMAO)-excretion in the Swedish
population and high taurine-excretion, due to the Atkins diet. This study suggests that the endogenous urinary profile is subject to distinct
cultural and severe dietary influences and that great care needs to be taken in the interpretation of ‘biomarkers of disease and response to drut
therapy’ for diagnostic purposes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction files generated by high-fiektH nuclear magnetic resonance
(NMR) spectroscopy can be used to provide information, ei-
Metabonomics has found widespread application in the ther visually and/or with suitable chemometric analysis such
study of toxicological events in animal mode[$—4]. as principal components analysis (PCA), on gender, strain of
Metabonomic studies can provide a quantitative description animal, diurnal variation, response to toxic insult and disease
of low-molecular mass endogenous metabolites present in 31-8]. The technique has, to date, been predominantly ap-
biological sample such as urine, plasma or, although more in-plied to studies in experimental animals. Potentially, metabo-
vasive, tissue. The characteristic “metabolic fingerprint” pro- nomics also has a role in monitoring the response to drug
therapy. Although metabonomics will find increased applica-
* Corresponding author. Tel.: +44 1625 514653; fax: +44 1625 516962. tion in the studies of both healtlj$3] and diseased humans
E-mail addressEva.Lenz@astrazeneca.com (E.M. Lenz). [9-12], one of the major obstacles in clinical investigations is
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the inherently greater variability in a human population com- and abstain from smoking for 24 h. The British subjects were
pared to that seen in experimental animals. In human stud-asked to avoid cheese, fish and cherries (which are known to
ies, environmental influences, such as diet, toxins including contribute to the urinary metabonomic profile) for 24 h before
alcohol and nicotine, are much less readily controlled than providing urine.
when animal populations are investigated. Clearly, for reli-
able application of metabonomics in humans it is necessary2.3. Food intake and medication
to demonstrate that it would be possible to detect the effects
of disease progression or drug therapy in subjects under clin- Excessive intake of alcohol (greater than 28 units per
ical study conditions. Here, we describe two investigations week) and drugs of abuse (e.g., methadone, benzodiazipines,
on healthy subjects designed to evaluate the variability in cocaine, amphetamines, tetrahydro-cannabinal (THC), opi-
metabonomic data and its utility for incorporation into clini- ates and methamphetamines (ecstasy and barbiturates)) were
cal studies. As observed previously in the literaflfe-18] prohibited.
metabonomic studies can be subject to dietary influences and  Subjects were required to abstain from taking any med-
cultural trends. These lifestyle effects were also highlighted ication (including over-the-counter remedies), where pos-
and confirmed here by comparison of the urine samples fromsible. However, subjects on regular medication or therapy
healthy subjects from two different northern European coun- (e.g., HRT and contraceptive pill) were granted continu-
tries. ous use/consumption. Subjects were generally allowed un-
restricted food, but were asked to keep a basic dietary diary,
where possible. This study design was supposed to mimic a
2. Experimental situation in the clinic where people are typically on regular
medication and receive a choice of foods.
2.1. Subjects
2.4. Samples
These studies were conducted in accordance with the eth-
ical principles of Good Clinical Practice and the Declara- First void urine samples were collected and were frozen
tion of Helsinki. The respective local Ethics Committees ap- at —20°C on collection and stored frozen until analysis.
proved the protocol before commencement of the study, and
all subjects gave written informed consent. Volunteers were 2.5. 1H NMR Spectroscopy
recruited from the AstraZeneca Healthy Volunteer Panel. To
be eligible to join the panel, subjects must be in good gen-  Analysis of the urine samples was carried outByNMR
eral health and not require regular medication other than oralspectroscopy on Bruker DRX500 spectrometer operating at
contraception or HRT but may have minor conditions such 500.13 MHz!H resonance frequency. The NMR-probe used
as hayfever or migraine for which they require intermittent for that purpose was an SEI-microprobe and the samples were
treatment. In addition, clinical chemistry and haematological run in NMR-microtubes with a total volume of 250.

parameters should be within acceptable limits. For the urine samples an aliquot (3 ml) was freeze-dried
prior to analysis and reconstituted into 50000f D,0. A
2.2. Two independent evaluations were carried out 200ul aliquot of each urine concentrate was transferred

into the NMR tubes, to which a further %0 of TSP (3-

In the first evaluation, we investigated the variability of trimethylsilyl-°Hs-propionic acid) in BO (1 mg/ml) was
metabonomic parameters in 120 healthy human subjects. In-added.!H NMR spectra were acquired immediately after
clusion/exclusion criteria simply required the volunteers to preparation of each individual sample. The@ provided
be between the age of 18 and 65 (mears.D. = 39+ 9 a field frequency lock-solvent for the NMR spectrometer and
years) and to be a member of the AstraZeneca healthy vol-the TSP served as an internal chemical shift referefge (
unteer panel. No subject restrictions were imposed. 0.0).

ThelH NMR analysis and PCA analysis were conducted  All spectra were recorded at 3G. Typically, 'H NMR
without prior knowledge as to sex and age of the volunteers. spectra were measured with 64 scans into 65536 data points

In the second evaluation, we aimed to determine cultural over a spectral width of 9980.04 Hz, which resulted in an
differences between British and Swedish volunteers. This acquisition time of 3.28s. A relaxation delay of 1.8s ad-
group consisted of 20 healthy Swedish subjects (male andditionally ensured T1-relaxation between successive scans.
female) and 10 healthy British subjects (male and female) Solvent suppression of the residual water signals (a broad
aged between 21 and 65 (me&r5.D. = 53+ 12 years). In singlet até1y 4.8) was achieved via the Noesypresat pulse
addition to being eligible to be on the AstraZeneca healthy sequence (Bruker Biospin Ltd.) in which the residual water
volunteer panel, the subjects completed a questionnaire, inpeak is irradiated during the relaxation delay and during the
which they confirmed their continued good health and that mixing time of 150 ms.
they were not taking any regular medication. Subjects were  All 'H NMR spectra were manually corrected for phase
asked to fast overnight, abstain from drinking alcohol for 24 h and baseline distortions within XWINNM®! (version 2.6,
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Bruker Biospin Ltd.). Spectra were referenced to TS, ( ing the spectra in this way aided the identification of un-
0.0) prior to data-reduction into 245 spectral integral regions usual spectra and individual peaks in the spectra. SIMCA-P
corresponding to the chemical shift rangeSqf 0.2—10 util- was used to perform the principal components analysis. PCA
ising AMIX (version 2.7.5, Analysis of MIXtures, Bruker  was performed using centred scaling. Detailed accounts of
Biospin Ltd.). The region o814 4.52—6.0 was set to zero to  pattern recognition methods can be found in the literature
remove the effects of variations in the presaturation of the [14].

water resonance in all NMR spectra, and to alleviate cross-

relaxation effects in the urea signal via solvent exchanging

protons. Integration into bins (or buckets) across the spectral3. Results and discussion

regions of 0.04 ppm was performed automatically in AMIX.

Normalisation, i.e., making the total integrated intensity of In our previous study, we were concerned with the vari-
each spectrum the same, compensated for the differencegpility of metabonomic data in a group of healthy male volun-
in overall concentration between individual urine samples. teers housed within a clinical pharmacology unit under strict
The resulting data matrix (peak integral values per bins per dietary and lifestyle restrictionfi3]. In the current study,
sample) was analysed by pattern recognition methods withinwe attempted to investigate the variability of a healthy con-
SIMCA-P (version 8, UMETRICS AB, Box 7960, SE 90719  trol human population of both sexes without strict exclusion

Ume, Sweden) and/or visualised using “Spotfire” (Spotfire criteria. The aim of the study was to examine variability in

DecisionSite 6.2, version 6.2.0). a typical clinical study population and assess the reliability
of methods for detecting outliers by metabonomics. We also
2.6. Statistical methods and software hoped to detect dietary patterns and confirm possible cul-

tural trends within volunteers from two northern European
Following the processing of the spectra by AMIX, data countries.
analysis was performed using various techniques including  Sound knowledge of normal variability and dietary
principal components analysis. The Spotfire program was metabolites is a prerequisite for the correct interpretation of
used to visualise both the spectral data (reconstructed datametabonomics data, in order not to confuse the results with
reduced spectra) and the output from SIMCA-P. Visualis- biomarkers of disease or toxicity.
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Fig. 1. The effect of freeze-dryingH NMR spectra of freeze-dried and neat urine from the same volunteer.
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Fig. 2. PCA scores plot from the urines from 120 British healthy volunteers,
displaying distinct outliers (urines 118, 107, 40, 21 and 93). Key: black =
male; white = female; and grey = sex not disclosed.

3.1. Demography

For the first evaluation, a group of 120 British human vol-
unteers (average ageS.D. = 39+ 9 years) was recruited to
assess the inter-subject variability in a given healthy popula-
tion without food restriction in order to assess the reliability
of PCA as a first screen for outliers in clinical studies. This
study was initially conducted ‘blind’, i.e., no information as

to the sex and diet were provided, and outliers were sought

by visual inspection of théH NMR (raw) data and PCA.
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A further group of thirty healthy male and female subjects
was recruited for the trial for evaluation 2, consisting of 10
British and 20 Swedish volunteers with an average age of 53
+ 12 years (meat: S.D.), in order to highlight and confirm
any cultural differences.

3.2. Urine

Human urines are relatively dilute and with the probe de-
sign used here (180 sample volume), required relatively
long spectral acquisition times. As in our previous study, the
urine samples were freeze-dried and re-dissolved in a smaller
volume of DO in order to concentrate thefh3]. Samples
were analysed immediately following reconstitution ip@
unless stated otherwise.

For the multivariate statistical analysis, each urine spec-
trum was first data reduced within the AMIX software and
then reconstructed within the Spotfire data visualisation pack-
age. Visual inspection and investigations within Spotfire
highlighted unusual spectra and differences between the urine
samples and, generally, these observations were confirmed by
PCA analysis.

4. Evaluation 1: variability within a group of 120
healthy British volunteers
4.1. Investigation of effect of freeze-drying

A typical urine spectrum for one of the volunteers, prior
and post freeze-drying, is displayed Fig. 1 The figure

human 106
[HY W A Lla 1 AT SN
human 107
APAP-Gluc
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X X X x
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Fig. 3. *H NMR spectra of urines from outliers (urines 107 and 118) displaying paracetamol glucuronide signdlagnostic APAP-gluc signals). Urine
no. 50 contained the paracetamol glucuronide signals but was not identified as outlier by PCA. Urine sample no. 106 serves as control.
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shows that the urine spectra are compatible, however, changes
following freeze-drying and reconstitution in,D included

the shift of the histidine/carnosine resonance to higher fre-
quency (fromédiy 8.01 to 8.42), the exchange of the urea 1 ]
protons with the deuterium of the solventy@) and the col- 0 n
lapse of the glycine doublet from hippurate 3.97) into a

singlet. Despite the restriction on alcohol, the NMR spectrum 0.5
of the neat urine from one volunteer was found to containun- ~ PC2 0
usually high levels of ethanol (EtOH), the signals of which

had disappeared as a consequence of freeze-drying (data not

0

O

shown). However, since all the samples were freeze-dried n ﬁuuﬂﬁ
i

15 o

]
=]
my

to speed up analysis by NMR spectroscopy, information re- 05
garding volatiles, such as EtOH, was lost as a consequence ] a .D T u
of sample preparation, throughout.

A comparison between visual inspection of #&NMR PC1
spectra, obtained from the freeze-dried urines, and the cor-
responding data interrogated independently via PCA was
carried out. Distinct outliers could be observed with both 3
approaches, although visual inspection highlighted a larger
number of unusual spectra.

The volunteer panel consisted of a mixture of sexes, which 2
were ‘colour’ coded for comparison in the PCA-scores plot
(Fig. 2). Thisinformation was initially withheld, as not to bias 1.5

. ) . ‘ PC3

the outcome. Neither visual inspection of #iNMR spectra 1
nor PCA analysis could differentiate between the sexes, even u 0
when this information was subsequently included in the data 0.5 g8
analysis. The lack of a clear separation was, however, not .
surprising, in view of the known degree of variation within a
human population. 0.5 O &

The data set examined by PCA analysis revealed five dis- n u
tinct outliers as shown irfrig. 2 Visual inspection of the PC1
correspondingH NMR spectra clearly showed metabolites

of paracetamol (paracetamol glucuronide) in urine samples’™™: , : :
residual data set was re-subjected to PCA analysis, showing (a) the scores

107 and 118, resonances of unknown origin (urine sample plot of PC1 vs. PC2 and (b) displaying the scores plot of PC1 vs. PC3. Key:
40, data not shown) and two samples (no. 21 and 93) dis-pjack = male; white = female; and grey = sex not disclosed.

playing loss of a signal in theH NMR spectrum. These two

samples were analysed following storage at room tempera-

ture overnight, which caused the methylene-signal of crea-  Visual inspection of all the urine spectra revealed sev-
tinine (a singlet a1, 4.05) to be exchanged with the deu- eral further unusual spectra in addition to the ones identified
terium of the solvent. The proposed mechanism is based onby PCA. These spectra were characterised by elevated con-
keto-enol-tautomerism, resulting in the disappearance of thecentrations of TMAO (fish-diets), the presence of mannitol
1H-signal as a consequence of ‘sample storage’ (data not(presumably from chewing gum) or of some unknown and,
shown). hence, unassigned resonances.

However, more importantly, urine sample 50 was notiden-  This study has highlighted the importance of visual in-
tified as an outlier by PCA despite the presence of paraceta-spection of the rawH NMR data, as all outliers could not be
mol metabolite signals (paracetamol glucuronigig, 3). reliably identified by PCA analysis as a preliminary screen

It was, hence, of interest whether urine sample 50 could for clinical studies. However, since this evaluation was con-
be resolved by PCA. This was investigated by conducting the ducted to mimic a situation typically encountered in a clinical
chemometric analysis after omitting the 5 original outliers study/hospital environment, where dietary restrictions, etc.,
and re-subjecting the residual data set to PCA analysis. Thecan be limited, it suggests that such data inspection is impor-
resulting scores plot of PC1 versus PC2 did not reveal sampletant for the integrity of studies.

50 or indeed any other sample as an outkég(4a), whereas The effect of sample storage and signal stability is also of
PC1 versus PC3 flagged up a distinct outlieig( 4b). How- importance, especially when samples are queued for analysis.
ever, this outlier was not sample 50 but represented urine The loss of a dominant signal due to chemical exchange with
sample 86, a sample high in TMAO, presumably due to a the deuterated solvent can have a large influence on the re-
fish-diet prior to collectiorj15-17] sulting PCA scores-plot. Again, interrogation of the raw data
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Fig. 4. PCA scores plot excluding the outlying urines (§ég 2). The
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is required as to explain the finding in order not to discrim- tinguishing between the populations are indicated in the
inate against ‘outliers/patients/volunteers’ unjustly. Clearly, loading plot Fig. 5b) as hippurate, TMAO and creatinine.
chemical exchange was exacerbated here by the analyticaln addition, taurine was unusually high in one of the British
protocol forced on us by limited probe capacity and need to subjects (urine sample 6). Visual inspection and comparisons
use freeze-dried samples redissolved ¥ODHowever, even  within Spotfire confirmed these differences. However, as
where freeze-drying is not used somgdis generally added  with evaluation 1, some of the urines containing signals from
to samples as a field frequency lock and a variable amount ofmannitol were not identified by PCA, but could be observed
exchange is therefore likely to occur. by visual inspection of the raw dat®H{ NMR spectra).
Nevertheless, examination within Spotfire highlighted
some clear cultural trends. Hippurate excretion appeared to
5. Evaluation 2: investigation of cultural differences be higher in the Swedish population (especially urine sam-
ples 15 and 22), while the British population excreted higher
As with evaluation 1, for the multivariate statistical analy- concentrations of creatinine (although urine sample 23 from
sis, each urine spectrum was first data reduced within thethe Swedish group also contained high creatinine).

AMIX software and then reconstructed within the Spot- There was also a clear distinction in TMAQO excretion lev-
fire data visualisation package, as well as interrogated byels, especially for urine samples 12, 13, 26 and 29 from the
PCA. Swedish group. The high TMAO concentrations have pre-

The PCA generated scores plot enabled some viously been attributed to fish-dief$5—17] possibly not a
distinction to be made between the British and Swedish surprising observation with the Swedish subjects. The corre-
volunteers Fig. 53). The metabolites responsible for dis- sponding'H NMR spectra are shown ifig. 6.
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Fig. 5. Cultural differences highlighted by PCA of urines from Swedish and British volunteers (a) the PCA scores plot (PC1 vs. PC2) and (b) tinelcarespo
loadings plot. Key: urine samples no. 1-10 are from the British subjects, no. 11-30 from the Swedish subjects.
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Fig. 6. 1H NMR spectra of urine samples from representative Swedish subjects, displaying the characteristic high excretion of TMAQ in some of the subjects.

The urine (no. 6) from the female British volunteer showed study, the volunteer followed the Atkins diet, a diet rich in
unusually high levels of tauriné-{g. 7). This particular uri- meat, which in turn can contain high concentrations of taurine
nary metabolite has been reported in the literature as a possi{20-23] Arepeat urine sample, approximately one year later,
ble indicator of liver toxicity{19]. However, the volunteerin  clearly showed that the taurine was not elevaked.(8). This
guestion has been regular blood donor and volunteer and hasample was acquired without freeze-drying, hence, exposing
generally displayed normal liver function. At the time of the some alcohol consumption (EtOH peaks). The volunteer had

UK9054 urine F
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Fig. 7. 'H NMR spectra of the urines from representative British subjects. Urine sample no. 6 from female volunteer 9054 displaying unusually high taurine.
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Fig. 8. 'H NMR urine spectrum from British female volunteer 9054 displaying high concentrations of taurine due to the Atkins diet. Shown are the spectra
during the diet in July 2002 (freeze-dried) and approximately one year later (neat).

clearly also consumed some fish prior to urine collection, as liers can remain undetected and visual inspection of the raw
indicated by the presence of the large TMAO peak B.27). data is highly recommended.

In addition, the sample also contained a smaller ethanol re-  Separation on the basis of gender could not be achieved in
lated signal, probably corresponding to ethyl glucoside. This this study, however, based on the known degree of variability
is a component of rice wine (which is used in cooking) and within the data set, this was not surprising. Sample storage
Saki and is associated with consumption of oriental food and and lability of some signals in the spectrum also has to be
beverage$24]. It should be pointed out that whilst the sec- considered, especially when samples are stored for a long
ond sample was collected outside the main part of this study,time, such as in a queuing system in an automated set-up.

it again reveals dietary and lifestyle influences and cultural  Interestingly, some cultural differences could be observed
trends. and confirmed between Swedish and British volunteers in

The dietary trends and lifestyle influences can be a poten-evaluation 2. The differences were mainly based on the
tial issue particularly for longitudinal studies, where lifestyle dietary preferences of the Swedish subjects (fish-diet and
restrictions are outside the control of the triallists. TMAO-excretion). A more dramatic effect of diet was ev-

These findings reinforce the importance of taking into ac- ident in one British volunteer having followed the Atkins
count the effects of dietary influences on sample composi- diet at the time of the study, showing unusually high levels
tion in “omic” studies, if meaningful information is to be of taurine, a urinary metabolite commonly regarded in the
extracted. literature as a biomarker for hepatotoxicity.

As pointed out in our previous publication, for urine and In summary, we have demonstrated the degree of variabil-
plasma samples, a standard diet and lifestyle restrictionsity, which might be seen in metabonomic data derived from
should be considered in clinical studids], if possible. patients and healthy volunteer studies. It is highly likely that

dietary and other cultural influences contribute to the variabil-
. ity in metabonomics parameters. To allow successful inter-
6. Conclusions pretation of metabonomic data, triallists should either impose

The results of evaluation 1 have shown that PCA as a _dletary and lifestyle restrictions or if restrictions cannot be

Lick screen to expose outliers as part of a clinical stud imposed in such clinical trials, a dietary record should be
q . P - P . . Y considered. The period over which diet should be controlled
has potential, although additional visual inspection of the .~

. . . X is still unclear.
original raw data{H NMR spectra) is required. The urines
are clearly prone to variability, which is due to dietary and
lifestyle influences. References

The consumption of medication and ethanol was detected
in some cases, even though concomitant medication and ex-[1] J.K. Nicholson, J.K. Lindon, E. Holmes, Xenobiotica 29 (1999)
cessive alcohol consumption were excluded by the protocols. ~ 1181-1189. _
Hence, the application of metabonomics appears to prove [2] JK Nicholson, J. Connelly, J.C. Lindon, E. Holmes, Nat. Rev. Drug
ful in the identification and subsequent exclusion of non- bisc. 1 (2002) 153-161.
use . T - a [3] J.C. Lindon, J.K. Nicholson, E. Holmes, H. Antti, M.E. Bollard,
compliantindividuals from the trial. However, we have shown H. Keun, O. Beckonert, T.M. Ebbels, M.D. Reily, D. Robertson,
that despite PCA interrogation of the NMR data, some out- G.J. Stevens, P. Luke, A.P. Breau, G.H. Cantor, R.H. Bible, U.



E.M. Lenz et al. / Journal of Pharmaceutical and Biomedical Analysis 36 (2004) 841-849

Niederhauser, H. Denn, G. Schlotterbeck, U.G. Sidelmann, S.M.
Laursen, A. Tymiak, B.B. Car, L. Lehman-Mckeeman, J.-M. Co-
let, A. Loukaci, C. Thomas, Toxicol. Appl. Pharmacol. 187 (2003)
137-146.

[4] J.K. Nicholson, 1.D. Wilson, Prog. NMR Spectrosc. 21 (1989)
449-501.

[5] C.L. Gavaghan, J.K. Nicholson, S.C. Connor, |.D. Wilson, B. Wright,
E. Holmes, Anal. Biochem. 291 (2001) 245-252.

[6] M.E. Bollard, E. Holmes, J.C. Lindon, S.C. Mitchell, D. Branstetter,
D. Zhang, J.K. Nicholson, Anal. Biochem. 295 (2001) 194-202.

[7] C.L. Gavaghan, E. Holmes, E. Lenz, I.D. Wilson, J.K. Nicholson,
FEBS Lett. 484 (2000) 169-174.

[8] C.L. Gavaghan, I.D. Wilson, J.K. Nicholson, FEBS Lett. 530 (2002)
191-196.

[9] J.T. Brindle, H. Antti, E. Holme, G. Tranter, J.K. Nicholson, H.W.L.
Bethell, S. Clarke, P.M. Schofield, E. McKilligan, D.E. Mosedale,
D.J. Granger, Nat. Med. 8 (2002) 1439-1443.

[10] R.A. Wevers, U.F.H. Engelke, S.H. Moolenaar, C. Brautigam, J.G.D.

De Jong, R. Duran, R.A. Abreu, A.H. van Gennip, Clin. Chem. 45
(1999) 539-548.

[11] I. Messana, F. Forni, F. Ferrari, C. Rossi, B. Giardina, C. Zuppi,
Clin. Chem. 44 (1998) 1529-1534.

[12] B.A. Hart, J.T.W.E. Vogels, G. Spijksma, H.P.M. Brok, C. Polman,
J. van der Greef, J. Neurol. Sci. 212 (2003) 21-30.

849

[13] E.M. Lenz, J. Bright, I.D. Wilson, S.R. Morgan, A.F.P. Nash, J.
Pharm. Biomed. Anal. 33 (2003) 1103-1115.

[14] J.C. Lindon, E. Holmes, J.K. Nicholson, Prog. NMR Spectrosc. 39
(2001) 1-40.

[15] J.C. Lindon, J.K. Nicholson, J.R. Everett, Ann. Rep. NMR Spectrosc.
38 (1999) 1-88.

[16] C. Zuppi, I. Messana, F. Forni, F. Ferrari, C. Rossi, B. Giardina,
Clin. Chim. Acta 278 (1998) 75-79.

[17] B.G. Svensson, B. Akesson, A. Nilsson, K. Paulsson, J. Toxicol.
Environ. Health 41 (1994) 411-420.

[18] M.N. Clifford, E.L. Copeland, J.P. Bloxidge, L.A. Mitchell, Xeno-
biotica 30 (2000) 317-326.

[19] T.A. Clayton, J.C. Lindon, J.R. Everett, C. Charuel, G. Hanton, J.-
L. Le Net, J.-P. Provost, J.K. Nicholson, Arch. Toxicol. 77 (2003)
208-217.

[20] B.M.D. Gonzalez, A. Fernandez-Cruz, Y. Nara, Y. Yamori, J. Car-
diovasc. Pharmacol. 16 (1990) 32-34.

[21] S.A. Laidlaw, T.D. Shultz, J.T. Cecchino, J.D. Kopple, Am. J. Clin.
Nutr. 47 (1988) 660—663.

[22] S.K. Rana, T.A. Sanders, Br. J. Nutr. 56 (1986) 17-27.

[23] X. Zhao, J. Jia, Y. Lin, Adv. Exp. Med. Biol. 442 (1998) 501—
505.

[24] C. Teague, E. Holmes, E. Maibaum, J.K. Nicholson, H. Tang, Q.
chan, P. Elliot, I. Wilson, Analyst 129 (2004) 259-264.



	Metabonomics, dietary influences and cultural differences: a 1H NMR-based study of urine samples obtained from healthy British and Swedish subjects
	Introduction
	Experimental
	Subjects
	Two independent evaluations were carried out
	Food intake and medication
	Samples
	1H NMR Spectroscopy
	Statistical methods and software

	Results and discussion
	Demography
	Urine

	Evaluation 1: variability within a group of 120 healthy British volunteers
	Investigation of effect of freeze-drying

	Evaluation 2: investigation of cultural differences
	Conclusions
	References


