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Abstract Detection of growth-promoter use in animal pro-tutisystems still proves to be an analytical cingiéedespite
years of activity in the field. This study repoats the capability of NMR metabolomic profiling tegfues to discriminate
between plasma samples obtained from cattle tredtedlifferent groups of growth-promoting hormoridgexamethasone,
prednisolone, oestradiol) based on recorded métalpobfiles. Two methods of NMR analysis were istigated—a
Carr-Purcell-Meiboom-Gill (CPMG)-pulse sequencéntéque and a conventiond NMR method using pre-extracted
plasma. Using the CPMG method, 17 distinct met&smbould be identified from the spectitd. NMR analysis of extracted
plasma facilitated identification of 23 metabolitesix more than the alternative method and all withie aromatic region.
Multivariate statistical analysis of acquired daten both forms of NMR analysis separated the ptasmatabolite profiles into
distinct sample cluster sets representative of digerent ani-mal study groups. Samples from botts sof
corticosteroid-treated animals—dexamethasone aednsolone—were found to be clustered relativebsely and had
similar alterations to identified metabolite pandl§stinctive metabolite profiles, different fromdse observed within
plasma from corticosteroid-treated animal plasneevebserved in oestradiol-treated animals andlearfipm these animals
formed a cluster spatially isolated from controingad plasma samples. These findings suggest trenpiat use of NMR
methodologies of plasma metabolite analysis agh-thiroughput screening technique to aid deteatfogrowth promoter
use.
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Introduction

The administration of chemical agents to livesttackromote animal growth for financial gain is Ispitactised within the
European Union despite the banning of their usBdrppean Directive 88/146/EC [1]. To police and batrthese illegal
practices, statutory monitoring for growth-promagduse is performed whereby samples of animal cestrare screened
using relatively simple and rapid techniques ingigdimmunoassays, inhibitory sub-stance testing @mdmatographic
techniques, to initially clear compliant samplesdadentify potential non-compliant samples for hat testing. A
relatively small proportion of cattle (approximat@.05%) are subjected to any form of screenirdgtect growth-promoter
presence prior to entry into the food supply ch&ihsequent con-firmatory testing (post-screerohgpn-compliant samples
is typically based on hyphenated gas chromatograpHiquid chromatography (LC)-based mass specttom@S)
analysis [2]. Although MS-based techniques usenhdémitor for multiple growth-promoting agents havedacontinue to
advance consistently in terms of sensitivity amifga throughput, such analysis, as with existingesting approaches for
abuse detection, is typically dependent on thect@danalysis and detection of specific known gneprbmoting agents.

In the intervening years since the introductiothefban on the use of growth promoters, there baea clear advances
too in the practises of those who use these illidininistrations and developments on this froniehaentred primarily on
aiding avoidance of detection by monitoring agesig8. This evolution in growth-promoting activitieelates principally to
the type and class of growth-promoting agents @setin the manner by which they are administerégrd has been an
increasing trend towards the use of naturally a@ogrhormones which are impossible to distinguishnf endogenous
hormones and a tendency to use repeated low coatient dosing regimes that consist of formulati@ismultiple
growth-promoting agents including corticosteroidslevels which once administered to animals ardicdit to detect
analytically. To overcome these practises whichewdent from the current low rates of abuse detecthave proven
themselves to be analytically chal-lenging to éxgstesting methodology, attempts have been madeadbipus research
groups to develop novel approaches both to impowegall detection rates and increase sample thymutgh screening
analyseg[4, 5]. Direct approaches have included the use ofomtratio MS to distinguish between metabolites of
administered syn-thetically derived analogues fesrdogenous hormones [6] and the detection of dtesiers incorporation
into animal hair [7]. Other proposed techniquedude identification analysis of histological anoiealin target animal
organs [8], measurement of alterations to transamjz [9] and proteomic profilegl0] within tissue. Such methods all
aim to facilitate higher sample throughput to targnfir-matory residue analysis towards highlypges samples and thus
significantly improve detection rates through a exmbust monitoring of banned agent use.



Newly emerging attempts to develop improved screpmechniques have been made possible throughotegizal and
bioinformatical advances in sample and data asalysil have focused on the application of metabaolon@thodologies to
analyse changes to metabolite profiles in aninddly Metabolomic approaches have found widespreatication in diverse
fields of research and recent activities have prédantly focused on using LC-MS-based techniqueetform targeted
or untargeted analysis of alterations to urinartailn@lite profiles in response to exogenously adstened compound$2-15].An
alternative to MS-based metabolomic analysis teples utilises nuclear magnetic resonance (NMRuimgntation [L6] and
NMR-based approaches have been widely used irge Emmetabolite profiling studies of various m@es including wheat [17]
and meafl18]. Whilst NMR metabolomic approaches are not as seasis MS techniques, this non-destructive form of
analysis offers the opportunity to readily identifhe metabolites of interest a current limitatidnMS-based metabolomic
approache$l9]. A metabolomic method to identify growth-promoterated animals utilising NMR analysis was previously
described by Dumas et &0]. Urine samples from cattle treated with a rangenabalic hormone compounds were profiled
using H-13C-HMBC NMR analysis, and based on the NdgBctra obtained from sample analysis, distiricany metabolite
signatures were used to identify and classify sasnérived from treated or untreated animal gr@pin

The aim of the present study was to investigatpatential of applying NMR analytical approachedlifterentially distinguish
between non-treated livestock and animals treaféd warious growth-promoting agents through continmetabolomic
NMR profiling of plasma from these animals with thwariate statistical analysis. Two alternative Rihethodologies of
plasma sample analysis are investigated with tiaate aim of developing a high-throughput scregrécthnique. The first
method examined employs a conventional NMR teclanigquiring a solvent extraction sample clean-ep atilst the second
utilises a rapid NMR analysis method involving edtk (optimised Bruker Carr-Purcell-Meiboom-Gill (MB) pulse
program)'H CPMG pulse sequences. Plasma samples from arineatied with oestra-diol, dexamethasone and pseltmie
derivatives will be analysed alongside plasma fnom-treated animals by these two analytical apprescrlhe performance of
these two techniques will be assessed throughniilgsas of identical plasma samples and comparséeldoan their individual
performance in distinguishing between samples fnomtreated and growth-promoter-treated animalecas identified me-
tabolite profiles.

Materialsand methods
Growth-promoter animal treatment study

Twenty-four male 17-22-month-old Charolais beefleatvith an average bodyweight of 600 kg, weredaamly allocated into
four groups and treated as indicated: group A @OGhptreated control animals; group B (n06)—recei®etimg/ day per os
dexamethasone-21-sodium phosphate (DesashockKdatge Animal Health, Bologna, Italy) for 40 daygipening at study day
1; group C (n06)—received 15 mg/day per os prefimisoacetate (Novosterol, Ceva Vetem SpA, Milaay)tfor 30 days
beginning at day 8 and group D (n06)— receivecaintrscularly in the neck 0.01 mg/kg bodyweight ecétt benzoate
(Sigma-Aldrich, Milan, Italy) dissolved in benzylalcohol and ethyl oleate weekly on days 12,19263d 40. All animals
treated orally were given one capsule containimgpmmund per application using a drenching gun.

Administration dosages used in the study were cheseord-ing to known practices from the literat{Be 21, 22] and
information derived from observations of local veetary au-thorities through inspections on susfagats. Control group animals
were not administered matching administration @ieits so that reported metabolic findings wouldully representative of
the situation in on-site farm animals receivingre@atments at all. All groups of experimental arégweere kept in separate boxes
and fed with a diet consisting of corn silage, ¢biay and a commercial protein supplement, andrwate supplied ad libitum.
The experiment was authorized by the Italian Mipief Health and the Ethics Committee of the Ursitgrof Turin. All animals
were sacrificed after a 6-day drug withdrawal peaad carcasses of treated animals destroyed aigpetp Blood samples were
collected from all animal groups throughout thelgtperiod and plasma stored frozen at -20 °C fumtther use. Plasma samples
analysed by NMR in this study were obtained frodiiidual animals at day 35 of the study.

Preparation of animal study plasma samples for Nvi&lysis

Carr—Pur cell—Meiboom—Gill NMR sample preparation

Plasma samples were allowed to come to room tetuperand 100A was mixed with 550A of saline (0.9% NaCl in 10%
D,0). Following centrifugation at 16,000xg- for 15ma 600-(j.I aliquot was pipetted into a 5-mm NMRe prior to
analysis by CPMG pulse sequence NMR.

ConventionalH NMR sample preparation

To a 10-ml glass tube containing 1 ml of plasmml 4f ice cold acetone was added and mixed for.3the solution was
subsequently kept on ice for 12 min followed bytdéngation (1,200xg) at 4 °C for 15 min. The supatant was collected



and dried under nitrogen before being re-suspeimde® ml of O and transferred to 2 ml plastic tube. The samvpkethen
centrifuged at 4 °C for 15 min at 13,000xg\ Theerdjpid layer was removed, and to the remainingtane 500A of CDCL;
was added and then mixed for 30 s. The resultingumg was then centrifuged at 13,000xg- at 4 °Clfermin and the
aqueous phase collected. This step was repeatethtive any remaining lipids and the supernatanéctdd and placed
in a clean vial until analysis. To 540 of the sample, 68i of 1 M phosphate buffer in 99.95%,0, containing 2.5
mM of the internal standard trimethylsilyl-2,2,3{8tradeuteroproprionate (TSP; Sigma Aldrich, UKas added and used
for NMR analysis. The pH of prepared samples (piv@$ checked after the addition of phosphate bisfféution[23].
NMR analysis

CPMG NMR spectral acquisition

Al 1D 1H CPMG NMR experiments were recorded at .80(t0.05) K on a Bruker AVIIl 400-MHz spectrometer
(Bruker-Bopspin, UK) operating at 400.11 MHE NMR spectra were acquired using a Bruker CPMG psisguence
(cpmgprld; RD-98{T-180°-T}-acquire) where ris the spin echo delay400\xs overall CPMG length080 ms). The
CPMG sequence generates spectra edited,lglaxation times, reducing broad resonances frogh Imolecular weight
compounds facilitating the observation of low mallec weight metabolites. For all the 1H spectréréé induction decays
(FIDs) were collected into 32 K data points, usirgpectral width of 8,223.69 Hz (20 ppm), with silaxation delay between
pulses (17 (a.s pulse length) and a rf-field sttlerft)/(4 x 90 pulse)) of 29.4 kHz. A water pre-sation delay was applied
between pulses. Replication of results was indoyednning a single sample throughout the expettiauad direct comparison of
the acquired spectra was used as a measure ofluefitity and quality control. As with standard Hpectra, an exponential
line-broadening func-tion of 0.3 Hz was appliedh® FID prior to Fourier transfor-mation. All tharaple spectra were phased
and manually baseline corrected using ACDlabs {@er£1.0, Toronto, ON, Canada). The sample spegra referenced to
lactate (CH, S1.33ppm)[24, 25].Data reduction was carried out by manually bintieyspectra and measuring the integral for
each bin/bucket between 0.70 and 6.0 ppm—a totél dfuckets were recorded. The region from 54.@5t060 ppm, which
contained the residual water signal, was excluded.

ConventionalH NMR spectral acquisition

The'H NMR spectra were recorded at 400.13 MHz at 300M&) K on a Bruker Avance 400 narrow bore. Fottedispectra,
512 FIDs were collected into 32 K data points usirspectral width of 5,000 Hz (12 ppm), with a @2laxation delay between
pulses. Four dummy scans were used in all casesxganential line-broadening function of 0.5 Hz wapplied to the FID prior
to Fourier transformation. All spectra were autdosly phase and baseline-corrected, and the saspgletra were referenced
to TSP (0.00 ppm). One dimensional 1H NMR data \weeeprocessed and aligned using an in-house gmamrograni26].

Metabolite identification

Metabolites were assigned based on chemical shiftidentified from a library of in-house pure compas, NMR
databases (Madison Metabolomics Consortium Datalzagkfrom the literature [27]. After initial desigtion, metabolite
identifications were confirmed through spiking &id NMR (data not presented).

Data processing and multivariate statistical analys

Data obtained from plasma sample NMR analysis waslysed using orthogonal partial-least-squaresidisant analysis
(OPLS-DA). Scores plots facilitated visualisatidrtlee different sample sets, whilst loadings pleteealed the char-acteristic
underlying metabolic differences by showing théuirice of the spectral integrals on the principahgonents. OPLS-DA was
performed using SIMCA-P+ 12.0.1 (Umetrics AB, UnBdeden). The spectral integrals were normalis¢ioeteum of the total
spectral intensity and scaled using the Rangergrachnique as outlined by Xia et[@B, 29](mean centred and divided by
the range of each variable). Consequently, sany@es mean centred and analysed by OPLS-DA. Threglated components
and five orthogonal components were calculate@R¥IG data. Three correlated and two orthogonal corents were calculated
for the con-ventional data. Constructed models walidated using Sim-ca's leave data out crossiatidin technique.

Results and discussion
NMR spectroscopic analysis of bovine plasma samples
Figure 1 displays a representative spectrum oltdoitow-ing CPMG'H NMR analysis of a bovine plasma sample. In

essence, the 11 CPMG pulse program aids removal of the broadnasces associated with high molecular weight
macromolecules and motionally constrained compouthds facilitating the observation of low moleculzeight



metabolites. Using this methodology, a range obivaites was positively identified within plasmaveen 50.00 and 6.00
ppm with some spectral resonances remaining urtiled- Despite CPMG * NMR being a high-throughpagthod for
analysis (requiring no sample preparation of plasamaples), it is worth noting that the acquisitiome required is slightly
longer relative to that needed to obtain a coneeali1D'H NMR sequence (3.28 and 4.36 s per scan, respBotiv
Although we do expeck, losses in the CPMG experiment, the main reasothélonger acquisition times was due to the
larger dilution factor of samples (CPMG samplesendituted by 85%:; convention#i NMR experiments were diluted by
~30%). Using pre-saturation will affect the intdigs of any exchangeable protons in the spectrausecof saturation
transfer and, in addition, will affect the chemishlfts and intensities of all protons near theisstton frequency.
Pre-saturation can also cause the sample to heathgpower is too high, but this is not the cheee whereby a 50-Hz
pre-saturation power and variable temperature igaks were used to minimise any effects due to éeatpre increase.

In contrast to the CPMG pulse sequence technigsaigple preparation step to extract polar metasoit required prior to
the analysis of plasma by the conventional NMR négplres. This step is necessary as a substantigimoent of all plasma
samples consists of albumin, and using conventiéhAIMR analysis, this protein negative-ly impactstiea observation of
other low level components within the sample. Fégiillustrates a typical 1EH spectrum obtained from an extracted
plasma sample using this form of conventional NMilgsis with prior sample clean-up. As can be olekrthe resulting
spectra obtained are cleaner compared to CPMGneltapectra, with over 23 identified metabolited some resonances
remaining unidentified. The most obvious additioriite metabolite profile obtained from this formamfalysis is the
identifica-tion of aromatic group compounds inchgltyrosine, phe-nylalanine, 3-methylhistidine tidise,
1-methylhistidine and formate, between 56.50 an@G9pm (see insert Fig. 2). A distinct advantafgis form of NMR
analysis over the CPMG pulse sequence technighatigdentified metabolites can potentially be difiexd if required
through the addition of an internal standard (T@®yided the proper relaxation delay between putsepplied (5x the
longest T1 in the sample). For example, acetatbyh&fis are on the order of 6 s and TSP methytsBBs. Therefore, a
minimum 30-s relaxation delay would be needed sari@ that their relative peak areas reflect théoprooncentra-tions of
each species. As a semi-quantitative analysisid (i. high versus low) in this manuscript, thekl of an appropriately long
relaxation delay between pulses (2 s is used éoexiracted plasma samples) is suffice. HowevéngifT1's are significantly
different, this could affect the high versus lowsdification.
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Fig. 1'H CPMG NMR spectrum following analysis of bovin@agina sample. All identified peaks are referencethédactate peak at 51.33 ppm
(d, 3,30 6 Hz, CH3). Major peak assignments: 1, a-glu¢es&.23 ppm; d, 1J03 Hz, CH);2, |3-glucose ((54.64 ppm; d,, J 06, CH);3, lactate
((54.11 ppm; q1,J 07, CH); 4, glucose (large carbohydrate region); 5, cholinegpio@choling83.21ppm; s, , CH); 6, unidentified ((52.69 ppm;
s); 7, dimethylamine ((53.15 ppm; s, 3, §HB, methylamine(82.55ppm; s, 3, CH); 9, acetoacetate ((52.23 ppm; s, 3, CHB); glycoprotein
(acetyls);11, unidentified ((51.91 ppm, s}2, alanine(81.47ppm; d,3,J07,CHs); 13, lactate ((51.33 ppm; d, 3,06 Hz, CH); 14, lipid (CHa); 15,
isoleucine/ leucine/valine (overlappedp, lipoprotein (CH)

Multivariate analysis of metabolomic profiles ofdilee plasma samples



CPMG pulse sequence NMR plasma sample data intatjore

Plasma sample® 0 24) obtained on the same study day (day 35) framala within the various growth-promoter groups
were individually analysed by both forms of NMR lgss and metabolomic profiles representative ahesample recorded.
OPLS-DA was utilised to analyse the reported spedata to determine if it was possible to discnaé between those
samples from non-treated control and those frowtlrpromoter-treated animal grou@€)]. Figure3 illustrates the scores plot
obtained following OPLS-DA interpretation of theespral data obtained following sample analysis thiea CPMG pulse
sequence. From the scores plot, it is visually iptesso clearly identify four distinct animal studyoups. The four different
animal study groups are differen-tially distingugdhalong three latent components—Ilatent comporneZ { explaining
17.6% of the variation, LC2 10.6% and LC3 H&20 0.93;Q20 0.66).

It is evident that animals from all treatment gr®@gpn be distinguished from control animals dwkfterences occurring in the
relative levels of various identified metaboliteggent with analysed plasma. Table 1 highlightsréfegive levels of major
metabolites, identified through the analysis ofghec-tral data using loadings plots and s-plddés(pot presented). It is notable
that plasma from dexamethasone- and prednisoleatett animals has similar high and low concentratiof particular
metabolites relative to levels within control anisna
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Fig. 2'H spectrum obtained following conventional NMR ayséd of an extracted plasma sample. All peaksefegenced to the internal standard TSP
at 60.00 ppm. Insert -magnified view of the aromeggion of the spectrum. Major peak assignmentsnitientified, (68.46 ppm; s); 2, 1/3 methylamine
(68.14; s, H2-ring); 3, hippurate (67.82 ppm;Jd; 7.40, o-ring); 4, hippurate (ring structure); 5epklalanine (ring structure); 6, tyrosine (67.20
ppm; d,J = 8.3, H2/H6-ring); 7, tyrosine (66.90 ppm;Jk 8.3, H3/H5-ring); 8, a-glucose (65.23 ppm; dJ£,3Hz, CH); 9, |3-glucose (64.64 ppm; d,
1,J=6, CH); 10, lactate (64.11 ppm; g,Jl= 7, CH); 11, glucose (Large carbohydrate region);ch®line/phosphocholine (63.21 ppm; s, 3,55 H3,
unidentified (62.57 ppm, s); 14, region correspagdio glutamine and glutamate; 15 unidentified $81ppm, s); 16, alanine (61.47 ppm; dJ3,7,
CHy); 17, lactate (61.33 ppm; d, B= 6 Hz, CH); 18, isoleucine/leucine/valine (Overlapped); ®hydroxybutyricacid(61.2ppm, d, 3,J= 6.4,ygH
20, TSP (60.00 ppm, s, 9)



Fig. 3 3D OPLS-DA scores
plot of the first three
components from the analysis of
'H CPMG NMR spectra
obtained from plasma samples
of non-treated control and
growth-promoter-treated animal
groups(n 0 6): dexamethasone
(red), prednisolondblue),
oestradiol benzoatglack)and
control(green). R2 ®.93;Q2 0
0.66

LC1




This observation would indeed be anticipated aseth®o compounds are corticosteroid agents antharefore likely to exert
effects through similar mechanisms in vivo. Howepé&sma from animals treated with prednisolonewdifslightly from controls
(compared to dexamethasone -treated animals)tithéyahave higher levels of an unknown metab@itsinglet at 52.69 ppm).
From an extensive review of the literature and Ikwhries, we were unable to implicitly identifyidtparticular compound. We
suspect that it maybe 3-methyl-nicotinic aid. Arlsrieeated with oestradiol, an agent with oestrimgativity, were found to have
altered plasma levels of a panel of metabolitedivel to control animals which are totally dis-ttivee from those observed
within samples from corticosteroid-treated animals.

Direct comparison of metabolite panels identifiedhis study with previous metabolomic studies stigating bio-logical
responses to growth promot¢t®, 15, 20, 30]s complicated by variations in utilised treatmegimes, in sample analysis
methods, and in the type of matrices ana-lysed,pl@&asma versus urine. Plasma metabolites distgshing between
growth-promoter-treated and non-treated animalstified in this study include markers of nitrogdoxf and metabolic
balance. These metabolites reflect the impact ofigidtered agents on the processes of gluconecsigenglycogen
deposition and protein metabolism. Glu-tamine dadine are major inter-organ nitrogen carriersamdeleased by muscle
tissue under corticosteroid influ-ence to accetenrdgrogen transfer to the liver. Plasma glutanaége plays a central role in
mammalian nitrogen flow and protein synthesis @cta a substrate for gluta-mine production in penipl tissues such as
skeletal muscle. Observed alterations to creatiaim creatine levels also signify effects on protacretion and nitrogen
reten-tion and have previously been shown to beugezd in other studies also investigating blf#@] and uring15, 20]
parameters affected by growth promoters.

Tablel Levels of metabolite

concentrations in plasma sam- Growth-promoter study animal treatment group
ples from various
growth-promoter-treated animal ~ Prednisolone Dexamethasone Qestradiol
groups relative to the matching
control non-treated animal High Low High Low High Low
group as de-termined through
data obtained by the CPMG Choline Creatine Alanine Creatine Alanine Acetoacetate
pUItslf sdequence NMR analysis  creatinine Glucose Choline Glucose Choline Creatine
metho . " $ii : 5 2
Glutamine Creatinine Glutamine Isobutyric acid
Ghutamate Glutamine Ghutamate Ghicose
Unidentified Glutamate Isoleucine
Lactate Isobutyric acid Lactate
Lactate Leucine
Methylamine Valine
Valine

Methionine




Conventional NMR analysis of extracted plasma sampl

The scores plot obtained following OPLS-DA inteimtign of data from spectra derived through conwsrai NMR analysis
of plasma samples from various growth-promoterte@and control animal samples is visualised in #@nd illustrates a
very similar pattern of study group sample sepanato that obtained following analysis of data fr@RMG sequence
analyses. The four animal groups form separaténdistiusters with a single outlier observed foe tiexamethasone
treatment group which, following closer inspectiohthe quality of the obtained spectrum, was rerdove&om the
OPLS-DA analysis, LC1 was found to account for 1dfthe variation amongst the samples whereas L@kared 8.2%
and LC3 68.5%¢R20 0.78;Q2 0 0.33). Although the OPLS-DA scores plots obtaifredh data from both types of NMR
analyses are similar, the information obtained ftbenconventional NMR analysis of extracted samptesfound to pro vide
less compact and defined clusters in comparistvet€PMG sequence data. Furthermore, it does ptaiaxhe same amount
of variation as evident from CPMG analysis (LC1-L@8counting for 33.2% of the variation). In additiat can be
determined from the validation of the models that€PMG analysis was more efficient as evident fils@obtainedR2and
Q2 values. This suggests that the less time-consu@PIG sequence plasma analysis method could praride®gous
results to that achieved by conventional NMR anallgat more rapidly, potentially making it more arable for adop-tion in
high-throughput screening approaches.

Table 2 displays the relative levels of key metabslobserved through conventional NMR analysisidendtified through
loadings plots and s-plots as being responsible docounting for the variation between plasma etdradcom
growth-promoter-treated animals and plasma frontrobanimals. Similar to observations from highabghput CPMG
analysis, plasma extracts from prednisolone- amdmethasone-treated animals were revealed to ocaatared levels of a
similar range of identified metabolites. Plasmarfroestradiol-treated animals was, also as befovedto display metabolite
profiles distinct from that within corticosteroideited animal plasma samples. There are someigasan the metabolites
identified through the different methods of NMR Bs#&s as having increased or decreased levelsvelat control animals.
This may be as an artefact of analysing intactugeextracted plasma samples resulting in some wigedbbeen weighted
more heavily in one form of analysis than anotfiiérs is evident when comparing the two types ofys®s with regards to
the small differences recorded between prednisadodecontrol samples for the separate NMR methgiggoConventional
NMR acquisition allows for identification of incread numbers of metabolites, and this has a dingaadét on subsequent
model building. For the samples measured by the GPMIse program, the plasma proteins and lipidsaierim the sample
whilst being analysed by NMR. As a result, manynaatic compounds present in the samples bind tonafbuWhilst
bound, these small molecules take on the motiaglgsties of the protein and are also atten-uayetddoCPMG pulse train.
For the samples analysed by the conventional prmitse sequence, the plasma proteins were preigigitesing acetone. In
this process, many bound small molecules can leaset and consequently are detected in the resbIMR spectrum.
As a result, specific metabolites are more heavéjghted and have a greater variable importanteef©PLS-DA analysis
lead-ing to the small differences between samptyuiation methods. Additionally, as the CPMG pulsegram
removes broad resonances and other motionally reamsti molecules, it may suppress larger signatkinvihe plasma
samples resulting in other identified metabolitesbeing as heavily weighted in the OPLS-DA analysi

Conclusion

The present work has examined the potential toctietes illicit use of growth-promoting agents thigtu the
metabolomic profiling of bovine plasma by applyilMR methodologies and utilising multivariate dataalgsis to
differentially distinguish between non-treated anelted animals based on reported metabolite pmfiDestradiol
administration, either alone or in combination wather agents, has long been recognised for itsthrpromoting activity
in animal production processes, whilst the synttmiditicosteroids dexamethasone and prednisolgpieatly associated with
veterinary health applications, have come into mecent focus as continuing evidence of their dlage arises [3]. Due to their
rapid excretion in urine irrespective of the adrmiration route [31], glucocorticoids are typicalgministered orally in
growth-promoting regimes at repeated low doses swstiained periods of time. Administration of saglents has been shown
to increase animal weight gain, water retention fabhdontent, whilst improving overall feed effioy [32]. These effects of
growth promoting agents are reflected in changéiseabiological level and effects on circulatingddl componentg83-36],
and tissue$37, 38] have been clearly demonstrated. These effects lbdvi® attempts to use the detection of changes to
biological path-ways in response to exogenouslyiaidtared agents as a means of identifying illgga#tated animalgt, 5].
Metabolomic techniques examining changes in spegifnels of metabolites within various biologicaltrites in response to
administration of growth-promoting compounds arerently being investigated with the aim of devetapieasy-to-use
high-throughput sample screening techniques. Tladytizal capabilities of two types of NMR analys$ts analyse plasma
samples have been compared in this study andahiiiy to distinguish between samples from hormteated and control
non-treated animals assessed. Despite differentdiatinct means of plasma analysis, both techmiqueduced similar
metabolite profiling results with subsequent defickistering of plasma samples from animals o&difiit study groups upon
multivariate analysis of obtained data. The CPMGgusgequence analysis, requiring little or no sarppéparation prior to



sample analysis, was found to be a rapid form oR\#alysis providing good metabolite profiling afgples and separation of
animal study groups through data analysis by PLS@#aventional one dimensioriél NMR analysis, although requiring a
prior plasma sample extraction step and therebyiqgao be more time-consuming, also provided adgdegree of sample
clustering and differentia-tion. This latter methredulted in cleaner NMR spectra requiring lessgssing time and facilitated
the identification of a wider range of metabolifesticularly those within the aromatic region of gpectra not observed via
analysis by the CPMG pulse sequence method. Tiidy $tas demonstrated the potential of NMR metabigléachniques to
differentiate between plasma samples within anignalips based on the metabolite profile accruingfdifferent forms of
growth-promoter administrations. Future work wiléstigate the effectiveness of this approachrgelaanimal cohorts and at
different phases of treatment regimes and followgrgvth-promoter withdrawal.

The implementation of this or other emerging forofsindirect techniques based on sample profilingidentify
growth-promoter abuse will require modificationexdsting EU regulatory legislation—targeted MS-lsheesidue analysis is
the only approach currently accepted. The statafoontinuing illegal growth-promoter abuse acpamied by ineffectual
monitoring is not only a regulatory deficiency balso a potential consumer confidence issue. The Had on
growth-promoter use was introduced essentially peeaautionary human health measure and priornarieo-duction
the treatment of animals with growth promoterseetlprincipally on regulated compounds and assatiagininistration
regimes. However, post-ban treatment prac-tices bawlved to avoid detection by residue-based aisaind have developed
to such an extent that existing EU monitoring paomgmes for growth-promoter abuse have arguably beedered
practically ineffectual. As a conse-quence, consumalth may be jeopardised by a reluctance to exgmand if deemed
appropriate implement, promis-ing new methodolog®screening techniques for growth-promoter alwug®d producing
animals. As argued by othé#s 6, 11],updating of EU legislation to bring growth-promoitgonitoring regulations up to date
with major advances in analytical methodology araterin line with anti-doping enforcement in humand &quine sport
would be a major advance towards the effectivecpali of the current ban, acting as a greater daieto growth-promoter
users and helping to maintain consumer confidence.



Fig. 4 3D OPLS-DA scores
plot of the first three latent
components of an analysis of
1D *H NMR spectra obtained
from extract plasma samples of
non-treated control and
growth-promoter-treated animal
groups(n 0 6): dexamethasone
(red), prednisolongblue),
oestradiol benzoatglack)and
control(green). RD 0.88;Q20
0.44

Table2 Relative levels of me-
tabolite concentrations in plasma
samples from various
growth-promoter-treated animal
groups compared to control
non-treated animals as
determined from data obtained
by conventional NMR analysis
of extracted plasma samples

Growth-promoter study animal treatment group

Prednisolone Dexamethasone Oestradiol
High Low High Low High Low
2-Oxoglutarate  Creatine 2-Oxoglutarate Creatine Leucine  2-Oxoglutarate
Acetoacetate Isoleucine Glutamine Myo-inositol Lysine Creatine
Glutamine Lysine Glutamate Phenylalanine Glutamine
Glutamate Myo-inositol Glucose Glutamate
Glucose Phenylalanine  Histidine Glucose
Histidine Isoleucine Histidine
Leucine Leucine Isoleucine
Unsaturated Lysine Myo-inositol
Tatty acids Unsaturated fatty acids Unsaturated

Valine

fatty acids
Valine
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