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There is currently little information concerning the
prevalence of zeranol and taleranol in animal uring
Jollowing  metabolism of the naweralfy occurring
Fusarium spp. loxins. An epidermiclogical study is
describod whick imvolves four Ewropean Union conirol
laboratories in which 8008 prine samples were screened
Jor the presemce of eranol using o time-resolved
Auoroimmunoassay (TR-FIA). Of these samples.
93.6% screened negative for zeranol. AH samples
testing positive for zeranol were then analysed with
a confirnatory method. Based on the confirmaiory
resuits. the TR-Fld-positive samples were then cate-
garized a3 folse-posicive, true-positive or ‘equivocal’
[ zeramol/telerenol ond ke Pusarium  spp. texing
detected). The true-positive samples represented only
0.03% of the 1wl musber of samples (n=4). Afier
statistical onafvsis, 178 of 174 epdvocal sumples
proved 1o helorg o o ‘mermal population & which

4o e £2e

the amount of reranolitaleranal could be related 10 the
total amount of Fusarinm spp. toxins through a linear
regression with a 99% predicton imterval. This
suggested that the presence of zeranof in these samples
might be due to in vivo meabolism of the Pusarium
spp. toxins. The presence of zeranol in the four
remaining ‘owrliers’ might be attributable 1o zeramol
abuse rather than to natwal comtamination, The
results ave of interest for conrrol laboratories as they
might provide an analytical tosl to help distinguish
between abuse and natural contammation in zerenol
testing.

ds: zeranol, zearalenol, Fusgriwm, epidemiol-
ogy, analytical criteria

Introduction

Zeranol (a-zearalanol) is a nop-steroidal oestrogenic
growth promoter which increases live-weight gain in
food animuls. s administration has been banned
within the Faropean Linisn (EL} {Counedl Directive
1996a) and Member States are required to monitor
food-producing animals for possible abuse (Council
Directive 199¢b), Zeranol is a semi-synthetic product

" derived from the naturally occurring mycotoxin zear-

alenone and it was recently shown in reports from
New Zealand (Erasmuson ¢r af 1994, Miles er ol
1996) and Northern Ireland (Kennedy or &l 1995,
{998} that it might ocour sarurally in urine and bile
from sheep 2nd in cattle following metabolism of the
mycotoxing pearalenone and s-zearalenol, which cun

' contamimate animal feedstuffs. Thus, the finding of

zeranol in an snimal sight. on its own. be insuffiaeat
sroof that malicious abuse of wranol hus otcurred 1t
iz therefore pocessnry to extablish guantitative ooterda
to distinguish reranol sbuse from enmvironmental

contamination with Purorfon spp. foxins.
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The Buropean Commission (EC) funded a shared-
cost ressarch and development project entitied
‘Natural Zeranol” (FAIRS-CT97-3443) that amed
to improve reagents and procedurss for the imple-
mentation of Cornmunity policy oo the prohibition of
the use of zeranol as 2n unabolic agent in food
animals, Most EU control Isboratones use commer-
cially available tmmunocassay kits to screen for the
presence of zeranol. However, all these zeranol test
kits cxhibil cross-reactivity, to a grenter or lesser
extent, with the Fusarium spp. toxins (Cooper ef of.
2003). As part of this project, & sensitive Lme-resolved
fluoroimmunocassay (TR-FIA) method was developed
and validated for the screenimg of zerano] itsell with-
out interfersnce of the Fusarium spp. toxins (Tuomola
et af. 2002, Cooper er al. 2002}. Furthermore, as part
of this project. two different confirmatory methods
for zerano] and the Fusarium spp. toxins, one based
on gas chromatography-mass spectrometry (GC-MS)
(Blokland er ol 2004) and another one based on
fiquid chromatography coupled with tandem mass
spectrometry detection (LC-MS-MS$) (Launay e o/,
2004) were developed according to EU pudelines
(Commission Decision 2002).

However, the development of these screening and
confirmatory methods is insufficient o distinguish
zeranol abuse from environmental contamication
with Fusarin spp. toxins. Therefore, the ‘Natural
Zeranol project not only aimed to develop screening
and confirmatory roethods, but alko tried to correlate
mycotoxin levels with levels of zeranol and talcranol
i order 1o determine lentative criteria to distinguish
between z¢ranol abuse and natural contamination
with Fusarium spp. toxins. Kennedy of ol (1998)
had already suggested that the simultancous deternu.
nation of zeranol, taleranol and the Fusarium spp.
toxins might provide such criteria.

To the best of the present authors” kpowledge, there
is little information concerning the prevalence of
the interference caunsed by Fusarium spp. loxins in
zeranol festing. The pressnt paper reports the resulls
gathered during 2 major survey conducted in
four EU Member States and an epidemiological
study conducted as part of the Matwral Zempol
project  Four different laboratories  {National
Apricultursl  Besearch Foundation (MAGREF,
Thessalogilt, Greece: Lahorstoric Naciousi de
investigacso Velgrimaria (LNIV), Lisbon, Poriugek
The Mationa! Food Administration (NFAL Uppsala,
Sweden; and Department of Veterinary Seisnee,

Cruesn’s University Bolfast (GUH). Bellasl, UK were

involved in this stady Fach laboratory collected
approximnately 2000 urine samples and analysed
them using the zeranol-specific TR-FIA mentioned
above. All samples testing positive for zeranol were
then sent to European Union Community Reference
Laboratory, National [ustitute of Public Health and
Eavironment (R1VM), Bilthoven, the Netherlands, or
QUB and anzlysed for zeranol, takranol and the
Fusqriwon spp. toxing with one of the two confirma-
tory methods mentionsd above. The data generated
by the survey were used to investigate a possible
correlation between the amount of zeranol and the
concentrations of the Fusarium spp. toxins in bovine
urine and detenmine tentative critenia whereby zerano!
abuse and narral contamination with Fusarium spp.
toxins may be distinguished.

Materials and methods

- Materlals and reagents

All solvents were of high-performance liquid chroma-
" tography (HPLC) grade and other chemicals were of

analytical reagent prade. AH chemicals, unless other-
wise stated, were supplied by Sigma Co. (Poole, UK).
Distilled or de-ionized water was used throughout this
study. For TR-FIA measurements, DELFIA Wash
solution and DELFIA Enhancement soluiion were
obtained from Perkin-Elmer Life Sciences (Wallac,
Turku, Finland). The TR-FI1A plates were purchased

. from InnoTrac Diagnostics Oy (Turku. Finland). For

GC-MS and LC-MS-MS measurements, deuterium-
jabelled internal standards, d,-zervanol, de-taleranol,

" de-a-zearalenol and da-B-zearalenol. were obtained
. from RIVM.

Lrine sample collection

A total of 8008 urine sampies were collected dunng

this study (NAGREF, 2024; KEA 1896 LNIV, 2001,
QUR. 1987). Most sampies were of bovine origin
{7832} However, some sampks were also of ovine

. (NAGREF, 68), porcine (NAGREF, 78) and caprine

(MAGEREF 1) origin. The samples wers laken ran-
domly throughont the conntry/region concerned and
wers callected evenly throughout & calendar year. All

samples were stored frozen 2t —18°C in the dark.
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Screening method

All the samples collected were screened for 2erancl
in the laboratory of the country of ongin
[mmuncaffinuty colurans (JAC) were used for the
exiraction of 2eranol from urine samples. To ensure
homogeneity of the results, the 1AC were prepared in
the UK laboratery according to the method described
by Tuomola ef o/, (2002) and were dispaiched to the
three other partners. A single set of 20 |AC was sent
to each participating laboratory. One set was used for
the analysis of all samples in each laboratory The
sample prepuration and TR-FIA protocol used were
the same in the four countries and have already been
drscribed by Tuomola ¢f af. (2002) and Cooper e7 4l
(2002). For the same reasons as for the [AC columns,
the standards used for the TR-FIA were prepared in
the UK taboratory and subsequently sent to the other
participants. In the four participating laboratories,
the curopium tme-rgsolved fluorescence was mes-
surcd ustag & Victor 1420 multilabel counter with
Wallac 1420 workstation software and MuhiCak
online data reduction software supplied by Perkin

Elmer Life Sciences.

Confirmatory methods

All samples testing pesitive for zemanol with the
screening method were then referred to RIVM or
QUB for confirmatory analysis. The samples were
analysed for zeranol {and its epimer taleranol) and the
Fusarium spp. toxing {a-2¢aralenol, B-zearalenod and
zearglenone) using & GC-MS method (RIVM) or an
LC-MS-MS method (QUB). These two rnethods are
being published clsewhere (Blokland er of. 2004,
faunay #1 al. 2004). The sample prepuration was
similar for both methods, Briefly, the urine sample
(5 m1) was bufficred with aeetate buffer (pH 5.2} and
deconjugated with §-glucuronidase from Helix pome-
sz 2t AP0 far 2h, After liquid/liguid extraction, the
extract was cleaned-up using sucvessively €18 and
amine solid-phase extrastion  columns  {(Varian,
Harbor City. CA, USA)

For GC-MS meapurement, the exiract was then
derivatized with hepuafivorobutyric scld anhydride
{Pigrce, Bockioed, 1L, UBAL The ansivsls was per-
formed on u Howlks Packsrd 5890 ¢

omuiopraph sgwpped with & Hewlsty Packard

oo

833

7673 autosampler and » 39%3A Muass Specirometer
{type Engine). The column used wus 4 fused silics
zapillary column HP-] (12.3m x 020 mum = 0.33 um},
The detection limit for all compounds was
U.5ngml™'.

For LC-MS-MS analysis, the extract was dissclved in
waterimethane! 56 30 (v/v} befors injection. Analysis
was performed using 2 Quatiro LC {Micromass,
Wythenshawe, UK) operated in the segativeion
mode. A Hewlett Packard (Stockport, UK) HPLC
systemn, comprising an 1100 Series binary pump.
autosamnpler and solvent degasser, was coupled via
an electrospray interface to the Quatiro LC. The LC
column used was a Lums 3umCy; 150 x 4.6mm
{Phenomenex, Macclesfield, UK) and the mobile
phase was a mixture of methanoliwater (84: 16v/v).
The detection limit for all compounds was approxi-
mately 0.5ngmi™'. A correlation between the two
methods has been described (Launay #¢ of. 2004},

Interpretation of results

. After confirmatory analysis, screening Iest positives

were then categorized as follows:

» False-positive: Fusoriom spp. toxins present or
abscnt, zeranol (or taleranof) absent.

¢ ‘Equivocal’: Fusarium spp. toxing present, zeranol
(or taleranol) present.

& True-positive: Fusarivm spp. toxins absent, zeranol

{or taleranol) present.

The data generated by this survey were used to
investigate a possible correlation between the amount
of 2¢ranol and the concentrations of the Fusarium
spp. toxins in uringe. This was done by statistical
analysis of the ‘eguivocal' screeping tests. The
aim was to find possible criteda 1m order io
clagsify sguivocal screening test results as sither
‘positive-zeranol abuse” or ‘negative-epvirommental
contamination’.

Besults and discossion
Overall scresning results

The epidemiclogh
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(FAIRS-CTS7-3443) and. thersfore, used the TR-FIA
assay developed as part of this project Befors
commencing this extensive survey, the application of
this new sssay in differen) laboratory environmenss
was validated by an witerlaboratory ring test in
which the fosr participants in the epidemiological
study  were  involved {(Cooper 1 ol 2003
Furthermore, the improved specificity of the zeranol
TR-FIA  alongide comparable  comuwrcially
available enzyme immunoassay test kits was demon.
strated cisewhere (Cooper of of. 2003} and i sup-
ported the use of the TR-FIA in order to minimize
{alsc-positive screening test results dunng this study.
The overall screening rasults are shows in table 1
Using the screcping  test developed within the
‘Natursl Zeranol® project, the overall incidence of
positive samples i3 fairly low and mes! samples
(93.6%) are negative for zeramol However, these
results do not allow discrimination between natural
contamination and zeranol abuse for the samples
which screened positive for zeranol. The samples were
collected evenly throughour a calendar year in order
1o assess the impact of seasonality on the number of
sereening test positive samplas, However, this study
did not yield any significant resulis {data not shown}
and it was therefore concluded that seasonality was
rot a fagtor in the incidence of screening test positive

samples.

Tabie 1. Summary of the zeranol TR.

aos

FoM. Leunay o1 5l

Confirmatory resuits

The two confirmatory methods used during this
survey wore validated as qualitative and quantitative
confirmatory methods actording 1o EU guidefines
(Commission Decision 2002). Furthermore, 28 bovine
urine samples of unknown conceniration  werg
selected and analysed using both methods. The results
of this study, published slsewhere {Launay e of
2004), showed a very good agreement between the
two methods both from a4 qualitative and 2 quagtita-
tive point of view for all the analytes of interest for
this survey, ensuring a pood homogeneity of the

‘results of the epidemiological study presented hers.

Unfortupately, of the 510 sampies that screened
positive for zeranol, 49 samples coutd rot be anslysed
with 2 confitmatory method, sither because insuffi-

cient material was available for 3 confirmatory test pr

because of destruction of the samples following a
freezer failure. Thus, 461 screening Lest positives were
analysed with at leust one of the two confirmatory
methods. Afler confirmation. as already mentioned
above, samples were calegorized as truc-positive,
false-positive or cquivocal. The results are shown in

~table 2. A smell majority of screening test positives
. were categorized ay false-positive, However, the pro-
portion of false-positives remains small (3.5%) when

compared with the 1otat number of samples screaned

FIA <creeming results Jollowing anatysis of 3008 urine

sanmples.
Country 1 Country 2 Country 3 Couniry 4 Totai
e T
Saciples screensd 1987 2001 1996 024 R0O08
Seanples positive 0 50 44 196+ 510
Peresniage 3.5 7.5 47 %7 6.4

e o
*Inchuding one porcine snd four avine samnpios.

Table 2. Swmmrary of the comfirmatory resufts JSollowing the macy G
ened pasitive for sevanol using the reranct PR-5IA,

iric confirmarion of

461 samples which gere
Country | Country 2 Country 3 Copsiry 4 Testal

Sarples tested &5 136

Fualse-pourive 23 4385.4%; 4% (63.3%)

Lapsieneal 42 154 6% LIEE S A

Truz-positiv & H 26134
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during this study. Furthermore, in a large majority of
thess samples. no Fusarfwm spp. toxins were detected
during confirmatory analvsis, suggesting that these
false-positive did not arise {rom Fuserium spp. toxins
crossreactivity but rather from matrix interferences,
The number of true-positbve samplics corresponding
to the samplks for which the detecdon of zeranol/
talerans! unequivocally arose from sbuse was very
low (1=4, 0.05% of the total number of samples
sereered) and was in agreement with what was
expected by the participants due to therr previous
expericace in zeranol testing as control laboratories.
The number of tquivocal samples represented 2.2%
of the total nurmber of samples screened during the
survey. This population of sampies is the most inter
esting as the presence of zeranol (and/or laleranol) in
those samples was confirmed along with Fusarion
spp. toxins. As a comscquence, it is currently impos-
sible 1o determine whether the presence of zeranol
{and/or aleranol) arose from abuse or from caviron-
mental contamination. Therefore, a possible correla-
tion between the amount of zeranol/talerancl and the
concentrations of the Fusarivm spp. toxins in these
equivocal samples was  investigated as part of
this study m order o propose lentative analytical
¢riteria to distoguwsh between zeranol abuse and
environmental contarination.

Sratigsical analysis

A linear regression was carried out relating zeranol
and taleranol comcentrations (response variable)
against Fusuriwm spp. toxin concentration (explana-
tory variable} for the samples belonging to the
cquivocal population. Both the response and explan-
atory varizbles were subject to logarithmic (base 10}
transformation. The resulting regression parameters
and associated standard errors gensrated permitied
the calculation of a 99% prediction interval for the
sstimated values of the respore variable to any given
value of the expianatory variable (McConway e7 ol
1999}, This permitted & determination of whether or
not the abserved value for the response variable fell in
this range. To caleulate & prodietion interval the
following squation was used:

o Brg 2 (AL S~

where » 15 the number of observations and #(d.{) &5
the desired percentage point from the /~distribution.
Thus, for a prediction imterval of, for cxample, $8%
and an x value of 1, the above equation will give two
values between which we are 99% confident that the
true p value should He for this x value

To visualize more easily the results of this statistical
analysis, the samples belonging o the equivocsl

‘p(}puiaiicn were plotied (Agure 1) The loge of the

explanatory variable { Fusarium spp. toxins concentra-
tion} was plotted on the x-axis and the logj of the
response variable (zeranol and taleranol concentra-
tion} on the y-axis. Four samples. all of which came
from Country 4 (solid symbols), had 2 response
variable which fell outside the 99% prediction inter-
val (in sach cuse: p < 0.0001) for the estimated value
of the response varigble (given the value of their
explanatory variable), and are referred to hereafter

* a5 ‘outlicrs’. The remuining 170 samples (open sym-

hols) had a response variable which fell inside the

* 9% prediction interval for the estimated value of the
. response variable (given the value of their explanatory
" variable). To facilitate the discussion, this population

will be referred 1o hereafier as the ‘normal popula-

" tion". The linear regression parameters relating to the
normal population, that may be used for determining.

with a specified confidence interval, whether or not an
individual sample belongs to that pogmal population,
are shown in table 3.

It must be emphusized that the finding of a4 samplke
that Hes outside the prediction interval does not
provide absolute proef that zeranol abuse has
occurred. However, it does indicate that the sample
belongs, with a measurable degree of certainty, o &
pon-normal population. Simslarly, the finding of o
sample that lies within the prediction interval does
not constitute proof that zeranal has not been delibe-
rately administered to the ammal from which the
sample was taken. However, it does indicate that
ihe sample iz indistingumishable from that which has
been termed here the ‘normal populstion’. Field
reports of zeranol abuse in the EU are comparatively

Crare. In Morthers ireland, for example, zerapoi

implant pellets have not been found during post
moriem meal inspection of suspect apimals for more
than 10 vears. Zeranol s generally not the “anabolc
agent of chowse’ f[or lammers wishing ilegally

- promeote the growth of their animals. Drugs such as

the B-agonists are much more effective growth pro-
moters and have been much more widely abused

the EU and chewhere. The balanos of probabilides
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Figure | Samples (n=[74] belonging to the ‘equivocal’ population whick comained reranol and taleranoel bt addition 1o
the Fusarium spp. toxins. The saeples (0= 4] represented by a sofid circle fell ouiside the 99% confidence nterval, ie.

Table 3. Linear regression parameters relating 1o the
P74 samples belonging ro the "rormal popuiarion’.

Symbol VYaulue
i 0 %733
£ —0.6000
opc B 0.5318
Diegeres of fresdom d.r 168
Sum (X~ oean X7 £ 69.6738
5 0.0016

(¥ - predicted YPdL

suggests, therefore, that the zerano) and taleranol
occurring in samples classified as belonging to the
normal population is present as a result of metabo-
lism of dictary Fusarfom spp. toxins.

Unlike the samples belonging to the normal popula-
tion, the outliers fell outside the 99% prediction
interval. Furthermore, 25 shown in table 4 the con-
centration of zeranol and taleranol is generally higher

they are 'surliers’. The remaining sonples (n= 170} fell

,than the total concenwation of the Fusariom pp-
toxins. Kennedy ez al (1998) have suggested that in
contaminated samples, the total concentration of
- Fusariem spp. toxins is much higher than the con-
centration of zeranol and taleranol. Thus, it is very
_unlikely that the presence of zeranol and taleranol
arises from the metabolism of the Fusarium spp.
toxins only. Thersfore, it is suggested here that the
presence of zeranol and (aleranot in these four
- samples did not arise from natural contamination
< but rathcr may have arisen from 2eranol abuse.

» Conclusion

A major survey was carried out as part of the project
" ‘Matural Zeranol” (FA[RS5-CT-1997.3443). Four con-

Table 4. Comcenirasions {sgmtt™ ) of the differemt muwicholites for the faur sutliers [ Couniry 4,
all of which felf outside the normal populoripn (< 0.0001).

Zergnot Talerana! g-Zegralennl Zegralenone
Zamnle | 16 2 36
Samgle I kX 0% &
Saumple 4 5% z 27
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trol laboratories from four different EU countriss
coflectod cach approximately 2000 arine samples
and tested them for zeranol using a2 TR-FIA mumu-
noassay. A tolal of 93.6% of all samples screened
negative foc zoranol. Al samples found posilive were
then re-tested using a confirmatory method based
either or GC-MS or on LO-MS-MS. After confirma.
tory analysis. screening lest positives were then cats.
gorized as false-positive. true-positive or equivocal
A total of 2.2% of the samples surveyed during this
study proved (o be equivocal and 0.08% of the
samples proved to be true-positive, The squivocal
samples were then subjected (o statistical analysis
In fowr of the 174 equivocal sampics (all of which
came from Country 4), the lack of correlation
between the concentration of zeranol/taleranol and
the rotal concentration of the Fusorfum Spp. loxins
coupled with the fact that zeranolitaleranol was
found at relatively high concentrations suggested that
the presence of zeranol/taleranol arose from abuse
rather than from environmental contamination.
Of the remaining 170 samples, termed the ‘normal
population’, the presence of zeranol/taleranol in these
samples probably arose from natural contamination
rather than from abuse These results are unportant
for control laboratories as they might provide an
analytical tool to help distinguish between sbuse
and natural contamination in pational residue control

schemes,
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