JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2002, 50, 4769-4776 4769

Metabolic Profiles of the Mycotoxin Zearalenone and of the
Growth Promoter Zeranol in Urine, Liver, and Muscle of Heifers

MARTINA KLEINOVA,T PETER ZOLLNER,* T HERMANN KAHLBACHER,*
WERNER HOCHSTEINERY AND WOLFGANG LINDNERT
Institute of Analytical Chemistry, University of Vienna, Wahringer Strasse 38, 1090 Vienna, and

IInd Medical Clinic for Ruminants and Swine, University of Veterinary Medicine, Veterinarplatz I,
A-1210 Vienna, Austria

A group of five heifers were fed for 84 days with 2 kg of zearalenone-contaminated oats (1370
ug/kg) resulting in an average daily intake of 2740 ug of zearalenone per animal. In a parallel
experiment five heifers were implanted with two 25 mg zeranol pellets, one at the beginning of the
study and one after 42 days, and fed with 2 kg of “blank” control oats (79 ug/kg, daily intake = 158
Q). A third group of five animals were also fed with 2 kg of “blank” oats and served as control. Urine
samples of all animals were collected every 5—6 days during the whole period of the study. Animals
of all three groups were killed 84 days after the beginning of the feeding study. Tissue samples
(back, femoral region, liver, and residues of implanted pellets) were taken during post-mortem
investigations. The content of zearalenone and zeranol and their metabolites in urine and tissue
samples was established by an analytical method combining solid-phase extraction and high-
performance liquid chromatography—tandem mass spectrometry. Urinary excretion rates of zeralenone
and zeranol were calculated from these results.
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INTRODUCTION European Union (EU) since 19847, 18). This includes also

a ban for imported meat derived from cattle given these
hormones for other than veterinary reasons. Long-term inves-
tigations with rats, dogs, and monkeys indicate that zeranol is
a weak estrogen, effecting predominantly changes in mammary
. . . o= glands and organs of the reproductive system (19). Furthermore,
(1, 6), distinct estrogenic and anabolic properties in several roq 15 of examinations concerning the mutagenic, teratogenic,
animal species, resulting in severe effec’Fs on the re'producnveand carcinogenic properties of zeranol are incongrub@s0).
system (37—9). Zearalenone contamination of food is caused | e\ of these scientific data, the Joint FAO/WHO Expert
either by direct contamination of grains and fruits and their ~, 1 mittee on Food Additives (JECFA) proposed maximum
products (3,10) or by “carry-over” of mycotoxins and their residue levels in liver of 1&g/kg and in muscle of 2g/kg

metabo_lites in animal tissues, ”.“”‘-_ fand eggs after intake of (19). Recently, the U.S. Food and Drug Administration (FDA)
contaminated feedstuff (1&2). Scientific data about the effects  ggiaplished safe concentration levels for total zeranol residues
of zearalenone in humans are limited to a few investigations, j, \,nco0ked edible tissues of cattle with values as high as 150

which are mainly based on a small number of individuals and /. le. 30Gua/ka in li 450u0/ka in kid d
incomplete available datal®—15). Nevertheless, results of ggogé?k;n#f?af’(ﬂ?g g iniver, #5ug7g In idney, an

numerous animal studies concerning the zearalenone estrogenic

effects led to the establishment of tolerance levels between 30 The in vivo metabolism of zearalenone and zeranol has been
and 1000ug/kg in grain throughout the worldL6). investigated in several animal species and in humans. It has

) ) been shown that the anabolic agent zeranol is predominantly
Zeranol (a-zearglanolﬂgure 1), a resorcyl Iac.tone derived  metabolized into its diastereoisomrearalanol (taleranol) and
from the mycotoxin zearalenone, has been widely used as ai5 5 minor extent into zearalanonBigure 1) (22, 23). The
growth promoter in the United States since 1969 to improve mycotoxin zearalenone is predominantly transformed to
fattening rates of cattle. Its application has been banned in the; g B-zearalenol (Figure 1) 1, 7, 24—26), whereby the
concentration ratios of the metabolites, the parent compound,
* Corresponding author (telephored3 1 4277 52351; fax-43 1 4277 and their respective glucuronides are strikingly dependent on
9523; e-mail pezo@olivin.anc.univie.ac.at or peter.zoelner@ the animal species. More recently, it was demonstrated that a
bayercropscience.com). further reduction ofa- and 3-zearalenol may occur in cattle

T University of Vienna. Ll i P g
* University of Veterinary Medicine. and sheep, resulting in significant concentrations of zeranol and

ZearalenoneKjgure 1) is a nonsteroidal estrogenic mycotoxin
produced byFusariumspecies on several graink, @). Despite
its low acute toxicity and carcinogenityd{5), zearalenone
exhibits, due to its agonistic effect on the estrogenic receptor
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zearalenone (32). Compound purity99.5%), deuterium content (two
deuterium atoms per molecule), and structure were established by
electrospray mass spectrometry and NMR spectroscopy.

Instrumentation (26). LC-MS/MS analyses were performed on a
PE Sciex API 365 LC-MS/MS system (Perkin-Elmer Sciex Instruments,
Thornhill, ON, Canada) equipped with an atmospheric pressure
chemical ionization interface (APCI) and an HP1100 HPLC system
from Hewlett-Packard (Waldbronn, Germany). Chromatographic sepa-
ration was achieved on a 125 mrm 3 mm i.d. Superspher 100 RP-
18e column (Merck, Darmstadt, Germany) at°85using acetonitrile/
methanol/water (10:45:45, v/v/v) with a concentration of 15 mM
ammonium acetate. The flow rate was set at 0.5 mL/min.

The APCI interface was used in the negative ion mode at°4D0
with a needle current of 4A. For multiple reaction monitoring (MRM),
the deprotonated molecular species of zeranol, of taleranol, and of
zearalanone-d(m/z 321.15), ofa/f-zearalenol and zearalanona/g
319.15), and of zearalenone (n¥Z7.15) were selected as precursor
ions. lons atm/z277.1/303.1 (zeranol/taleranaflz 207.1 (zearalanone-
dz), m/z160.1/174.1 (a/f3-zearalenoly/z205.1/275.1 (zearalanone),
andm/z131.1/175.1 (zearalenone) were selected as product ions. The
collisional energy was adjusted by variation of the voltage between
the entrance quadrupole (Q0) and the collisional cell quadrupole (RO2).

A value of 30 eV gave highest sensitivity for all analytes. Nitrogen
was used as collisional gas.
Sample Preparation. Mixed methanolic standard solutions of all
analytes and of the internal standard ranging fronxd@ ~* to 10 mg
Lt were prepared and stored at°@ under exclusion of light. To
establish calibration curves, mycotoxin-free urine, liver, and muscle
samples were spiked with different concentrations of the analytes and
the internal standard (IS) zearalanahieSample preparation of muscle
i tissue, urine, and liver samples was performed according to previously
" . internal standard (1) described methods (2@9).
p P ' Animal Feeding Study.The feeding study approved by the Federal
Figure 1. Zearalenone and its major in vivo metabolites in pigs and cattle Ministry of Science and Transport (Vienna, Austria; GZ 68.205/20-
(conjugated forms are not depicted). Pr/4/2090) was conduc?ed at th_e Ilnq Medlqal Cllnlc_ for Rumlna_nts
and Swine of the Veterinary University of Vienna (Vienna, Austria)

: . . : under the supervision of W. Hochsteiner and H. Kahlbacher. The oats
taleranol (Figure 1) in urine (1112, 27, 28). A feeding study naturally contaminated witFusariumtoxins and the “blank” control

!’las_demonstrqted that zeranpl is also a zearalenone n?Etabomgats were thorougly homogenized (mixed) and analyzed by the lind

in pigs, where it could unambiguously be detected in urine and yjegical Clinic for Ruminants and Swine of the Veterinary University

muscle tissue (29). of Vienna with ELISA and by Biomin GmbH (Herzogenburg, Austria)
In contrast to zeranol2@, 23, 29, 30), few attempts have  with GC-MS: 137Qug/kg zearalenone, 2G#g/kg nivalenol, 223g/

been made to determine residue rates of zearalenone and of it&g 3-/15-acetyldeoxynivalenol, and 2340@/kg deoxynivalenol were

metabolites in tissues and biological liquids of animdls3(L, found in the contaminated samples andufigkg zearalenone, 358/

32). In view of the above-mentioned EU regulations and the kg nivalenol, and 27&g/kg deoxynivalenol were found in the blank

hormone conflict between the EU and the United States, which control oats. No other typicafusarium mycotoxins (fusarenone X,

is predominantly focused on the application of zeranol in cattle chratoxin A, T-2, and HT-2 toxin) were detected in the samples. To

fattening, and on the basis of the results of a similar experiment exclude any further intake of mycotoxins, only hay and straw was used

ith pi 9 f d imal feedi tud ith before and during the feeding experiment that offered no indication of
with pigs @9), we performed an animal feeding study wi Fusariumcontamination (striking color, smell, moisture, and dust). The

heifers. The purpose of this study was to establish in detail the jmnort of 25 mg zeranol pellets was approved by the Federal Ministry
metabolic profile of zearalenone, which is so far not well for social Security and Generations (Vienna, Austria; GZ 382.026/3-
investigated in cattle, and of zeranol. A further focus was to 1x/A/6/00).

investigate whether zeranol, zearalenone, and their metabolites Fifteen heifers (Simmendal breed), +5.0 years or age, known to
are incorporated into animal tissues that are intended to be usede free from feeding with zearalenone-contaminated feedstuff, with a
for human nutrition purposes. The metabolism, distribution, and mean body weight of 392 kg were randomly divided into three separate
excretion of zearalenone in cattle were compared with the resultsgroups, each with five animals, and housed on straw and fed with 2 kg

of our previous zearalenone feeding study with pia@)( of blank contrpl oats (daily. zearalenone intake of all three greaps
158ug per animal) along with straw, hay, and water. All three groups

were allowed to familiarize themselves with their new surroundings
MATERIALS AND METHODS for 35 days before the study was begun.

Chemicals and Solvents.a-Zearalanol (zeranol)s-zearalanol During the animal feeding study (84 consecutive days) one group
(taleranol),a-zearalenol 5-zearalenol, zearalenone, and zearalanone of animals (zearalenone group) was fed with 2 kg of contaminated oats
were purchased from Sigma (Deisenhofen, Germany). Methanolic stock per day (daily intake of zearalenone groe2.74 mg of zearalenone
solutions with concentrations of 1 and 40/mL were stored at 4C per animal) while the control group and the third group received the
under exclusion of light. Ammonium acetate (p.a.), HPLC grade same amount of blank control oats (daily zearalenone irtak&8ug
methanol, and HPLC grade acetonitrile were purchased from Merck per animal). To avoid any cross-contamination, the zearalenone group
(Darmstadt, Germany). HPLC water was prepared by an Elgastat waterwas kept in a separate stable. The heifers of the third group were
purification system (Bucks, U.K.). implanted successively on different sides of the neck with two 25 mg

The internal standard’,2'-dideuterated zearalanone (zearalanone- zeranol pellets (zeranol group), one at the beginning of the study and
d,) was synthesized as described previously by catalytic deuteration of one after 42 days. Also, this group of animals was fed with 2 kg of

Zearalanone (6)
MW 320.15

OH ©O H/"CHS

o 1°,2"-dideuterated Zearalanone (D, 6),
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Table 1. Zearalenone, a/f-Zearalenol, Zeranol, Taleranol, and Zearalanone Concentrations in Heifer Urine and Liver Samples of the Zearalenone
Group (Fed with Zearalenone-Contaminated Oats), of the Zeranol Group (Implanted with Zeranol Pellets), and of the Control Group (Fed with
“Zearalenone-Free” Oats)?

increase of dose of active
group zearalenone o-zearalenol  f-zearalenol zeranol  taleranol zearalanone wt (kg) compound
zearalenone urine® (uglL) 5-8 3-5 20-65 2-3 2-3 tr 1425+ 10 daily: 2740 ug of
zearalenone
liver® (ug/kg) tr=1.2 tr=1.2 5-115
zeranol urine® (uglL) tr tr 2-5 2-5 tr 1155+12 2 x 25 mg zeranol
pellets + daily: 158 ug
of zearalenone
liver® («glkg)
control urine® (uglL) tr tr 94.4+12 daily: 158 ug of
zearalenone
liver® (uglkg) tr

2 None of the analytes were detected in any of the investigated muscle tissue samples. ® Traces in urine = concentrations between 0.1 and 0.5 ug/L (limits of detection)
and between 0.5 and 1.0 ug/L (limits of quantification). ¢ Traces in liver = concentrations between 0.1 and 1.0 ug/kg (limits of detection) and between 0.5 and 3.0 uglkg
(limits of quantification).

blank oats per day (daily zearalenone intakel58 g per animal). Urine Samples.Control Group.Because low amounts of
One heifer of the zearalenone group was already pregnant before thezearalenone were also present in the “blank” control oats (79
beginning of the study and was, therefore, removed from this group. ug/kg), some urine samples of the control group contained traces

After 84 days of controlled feeding, the remaining 14 animals of the 4t ;aaralenone and @zearalenol €0.5ug/L, Table 1). Other
three test groups were weighed immediately before being killed with metabolites could not be detected '

T 61 (a mixture of embutramide, mebezoniumiodide, and tetracain). 7 | G S fth . | fth
Tissue samples (musculus psoas major of the back, musculus quadriceps £€aralenone Groupinvestigation of the urine samples of the

femoris of the femoral region, liver, and skin of the neck with second €XPerimental group revealed thaB0% of zearalenone analyzed
implanted pellet) were collected during post-mortem examinations. The @S the sum of the mother compound and its metabolites was
residues of the animal bodies were burned. Urine samples were collectedransformed in vivo tax-zearalenol (3-5 4g/L) and to its epimer
every 5—6 days over the whole period of 84 days in the early morning 3-zearalenol (20—6%xg/L) in a ratio of 1:8, whereas zeranol

before feeding. All tissue and urine samples were stored 24t °C and taleranol as further metabolites could be detected at lower

until analysis. concentration levels between 2 andi@/L with a ratio of 1:1
(Table 1). Zearalanone, which has not been reported before as

RESULTS AND DISCUSSION a metabolite of zearalenone, was identified in traces, although

not in all samples. The degree of glucuronidation of the analytes

Heifers were used for this experiment to establish eventual in urine was established by parallel investigations of contami-
pathological or histological changes of the reproductive system. nated urine samples, with and without enzymatic (glucoronidase)
All 15 animals were selected from a herd that was under digestion, and found to be almost 100% for all analytes. This
permanent veterinary supervision of the Medical Clinic for is in distinct contrast to the glucuronidation rates in pigs, for
Ruminants and Swine of the Veterinary University of Vienna. which values between 27% (zearalenone) and 94%e@rale-
Urine samples were investigated for zearalenone, zeranol, andhol) have been found). A typical LC-MS chromatogram of
their metabolites to ensure that they were “mycotoxin-free” a urine sample is depicted iRigure 2A with extracted ion
(concentrations of zearalenone gftdearalenol in urine were  chromatograms of zearalenonEiqure 2B), o/f-zearalenol
<0.5 ug/L; other metabolites could not be detected) at the (Figure 2C), zearalanoneHigure 2D), and zeranol/taleranol
beginning of the controlled study. Despite the additional high (Figure 2E). Peaks marked with asteriskskigure 2D,E are
deoxynivalenol content (2340@g/kg), the animals of the  derived fromo/B-zearalenol and zearalanongbgcause all three
zearalenone group did not refuse the mycotoxin-contaminatedanalytes also influence the fragmentation pathways of zeranol,
feed at any time during the feeding period. The mean increasetaleranol, and zearalanone.
of weight (Table 1) was established shortly before slaughter as  The time—concentration course of zearalenone and its major
142.5+ 10 kg for the zearalenone group, 115512 kg for metabolites o/5-zearalenol, zeranol, and taleranol was an
the zeranol group, and 9444 12 kg for the control group, giving  important and accurate marker for the overall progress of the
clear evidence for the anabolic effect of zearalenone, zeranol,study. Depending on the day, the curve consisted of mean
and its metabolites. Clinical, pathological, and histological concentration values of a minimum of three and a maximum
investigations during the feeding study and after slaughter of five animals of the zearalenone groupidure 3). The
revealed no striking changes of the reproductive system (hy- beginning of the feeding with mycotoxin-contaminated oats is
perestrogenism), although no conclusion about the influence of clearly indicated by an immediate increase of the concentrations
zearalenone or zeranol on reproductive rates and milk productionof all five analytes (days -©14) to the highest levels found
can be drawn from these results. However, decreased fertility during the whole study (days $£24). Afterward, concentration
and milk production of dairy cows by zearalenone intoxication values decreased slightly and varied between 20 anag80
has previously been reporte83 34). Blood and rumen juice  (#-zearalenol), 5 and 8g/L (zearalenone), 3 and /&g/L (a-
samples taken at the beginning, in the middle, and at the endzearalenol), and 2 and/&y/L (zeranol/taleranol) until the end
of the feeding period offered also no striking changes in values. of the study.
A detailed survey about the veterinary and histological data of  Except for days 67, analyte ratios of zearalenone and its
this study will be published elsewhere. metabolitesa/f-zearalenol and zeranol were more or less
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Figure 2. LC-MS/MS chromatograms of a heifer urine sample of the zearalenone group contaminated with 26.4 «g/L zearalenone, 18.4 ugl/L o-zearalenol,
111.9 ug/L fS-zearalenol, 5.8 ug/L zeranol, 5.9 ug/L taleranol, and 1.1 ug/L zearalanone and spiked with 5.0 ug/L zearalanone-d, (IS): (A) total ion
chromatogram; (B) extracted ion chromatogram of zearalenone, 317.1 = 175.1; (C) extracted ion chromatogram of a-/3-zearalenol, 319.1 = 174.1; (D)
extracted ion chromatogram of zearalanone, 319.1 = 205.1 (peaks derived from zearalenols are marked with asterisks); (E) extracted ion chromatogram
of zeranol and taleranol, 321.1 = 277.1 [peak derived from zearalanone-d, (IS) is marked with an asterisk].

constant during the whole feeding study (days 8—84) with an profile is in agreement with earlier studies (29—31) and gives

average ratio for zearalenonezearalenol of 1.5:1, for zearale-

evidence that zearalenone metabolization exhibits significant

none/p-zearalenol of 1:5, for zearalenone/zeranol of 2.5:1, for differences between species, such as pigs, for example, where

zearalenone/taleranol of 2.5:1, f@fzearalenol/3-zearalenol of

1:8, and for zeranol/taleranol of 1:1. In principle, this metabolic 29).

zearalenone is predominantly transformed impearalenol 24,
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Figure 3. Time course of zearalenone and a/f3-zearalenol concentrations

from mean value of three to five animals fed with zearalenone-

contaminated oats (zearalenone group).

Zeranol Group.Traces of zearalenone and its major metabo-
lite p-zearalenol (both<0.5ug/L) were found in all investigated
urine samples of the implanted heifefsdure 4A, extracted
ion chromatograms not shown, alfdble 1), revealing a certain
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(79 ug/kg). As mentioned above, traces of both analytes were
also detected in the urine samples of the control group. Apart
from that, analyte profiles in urine of the zeranol-implanted
heifers are completely different from those of the animals fed
with zearalenone-contaminated odtggre 4A). Zeranol and
taleranol were found at low concentration levels between 2 and
5 ug/L in a ratio of 1:1 Figure 4C), revealing metabolic
epimerization of zeranol via oxidation of zeranol to zearalanone
and further reduction to taleranol. Intact zearalanone as a stable
metabolite was identified only in traces, although not in all
samples (Figure 4B). These results are partially in contrast to
an earlier investigation, during which distinctly higher concen-
trations of zearalanone (1—2d/L) were found in the urine

of zeranol-implanted steers and a mean zeranol/taleranol ratio
of 1:2.5 was establishe@38). A possible explanation for these
different results might be a distinctly shorter experimental period
(6 days) of the study of Chichila et al. and possible differences
between the zeranol metabolism in steers and heifers. Further-
more, just one steer was used for these experiments; thus, the
statistical significance of the data obtained is low compared to
our experimental results obtained with five animals. In other
species, such as rats, dogs, and rhesus monkeys, zearalanone
has been reported as a major phase | metabolite and taleranol

degree of zearalenone contamination via the blank control oatsas the minor component, giving evidence that zeranol metabo-
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Figure 4. (A) LC-MS/MS chromatograms of a heifer urine sample of the zeranol group contaminated with 3.6 xg/L zeranol, 4.7 ug/L taleranol, and
traces of zearalanone, zearalenone, and S-zearalenol and spiked with 5.0 ug/L zearalanone-d, (IS); (B) extracted ion chromatogram of zearalanone,
319.1 = 275.1 (peak derived from f-zearalenol is marked with an asterisk); (C) extracted ion chromatogram of zeranol and taleranol, 321.1 = 277.1

[peak derived from zearalanone-d, (IS) is marked with an asterisk].
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ug/L) as well as their ratio (meas 1:1) remained more or
less constant over the whole period of this study, revealing a
constant release of zeranol from the pellets. The pronounced
increase of the zeranol concentrations (up fogf.) between
days 50 and 60 was presumably caused by the application of
the second pellet, resulting in the temporarily increased zeranol
release from both pellets. Analytical investigation of the second
pellet supports this assumption, because it could be shown that
60% of the dosed zeranol had not been released from the pellet
after 42 days. Compared to earlier investigations of Brown, who
has shown that-96% of implanted zeranol was absorbed after
70 days (35), the release rates found in this study are lower.
Unfortunately, the zeranol level of the first implant could not
be established 84 days after implanting, because the respective
pellets could not be detected and isolated during post-mortem

T T T ] ¥ T T T T T T T 1
0 7 14 21 28 35 42 49 56 63 70 77 84 91 examinations. From these findings, and by taking the low

zeranol/taleranol concentrations in urine samples into account,
the zeranol concentrations found seem to be essentially a
function of the rate of drug release/absorption from the implant.
Liver Samples.Control Group.Liver samples of the control
group that had been fed with blank control oats (#gkg)

lism also exhibits pronounced species-dependent differencescontained only traces gf-zearalenol (<1ug/kg), indicating

(30). that a higher daily intake of zearalenone is necessary to effect
As depicted inFigure 5, the concentration levels of zeranol incorporation of this mycotoxin and its major metabolites in
(mean= 3 ug/L) and its major metabolite taleranol (mears liver tissues.

284 A 3
=z
=3
k2
2 1.6e4
&
&
=

0.4ed

2000 { B 1

XIC
- ] 317.1/175.1
& 1
2
z
E 1400
=
2
]
200 -
1 5 7 9 11 13 15
3
6000
XIC
— 319.1174.1
& 2,3
)
z
£ 3000
g 2
E N
0 = e —
1 5 7 9 11 13 15

Retention time [min]

Figure 6. LC-MS/MS chromatogram of a liver tissue sample (zearalenone group) contaminated with 2.1 ug/kg zearalenone, 2.4 uglkg a-zearalenol, and
11.4 uglkg B-zearalenol and spiked with 5.0 ug/kg zearalanone-d, (IS): (A) total ion chromatogram; (B) extracted ion chromatogram of zearalenone,
317.1 = 175.1; (C) extracted ion chromatogram of a-/3-zearalenol, 319.1 = 174.1.
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Zearalenone Groupln liver samples of the zearalenone is a-zearalenol and in heifefszearalenol. Furthermore, zeranol
group, B-zearalenol (5.0—11.5ug/kg) along with smaller and taleranol concentrations in heifer urine samples were
amounts ofa-zearalenol (<1.0—2.4g/kg) and zearalenone  distinctly higher than those in pigs. Taking an average daily
(<1.0—2.1ug/kg) could be identified with analyte concentra- urine volume of 12 L per heifer into account, it can be roughly
tions being distinctly lower than those observed in urine samples estimated that-33% of the zearalenone was excreted via the
(Table 1). The analyte ratio of zearalenofiedearalenol (1:5) urinary system (sum of zearalenone, its metabolites, and the
was found to be comparable to the values in urine, whereasrespective isomers). Only minor amounts of zearalenone and
zearalenonel-zearalenol (1:1) and.-zearalenoj-zearalenol its metabolites were incorporated into liver (~0.005% with an
ratios (1:5) were slightly higher. Zeranol and taleranol could average liver weight of 6.2 kg), and none of the analytes could
not be detected in any of the investigated samples, which is be detected in muscle tissue samples. Feces have been reported
somewhat surprising as these metabolites were found in urineas a further major excretion pathway @6), which, however,
samples. A possible explanation might be that they are presentwas not analyzed in the present study.
at concentration levels below the limit of detection of the applied  Fifty percent of the implanted and absorbed zeranol is
analytical method. Parallel analysis of outer and inner parts of transformed in zeranol-implanted heifers into its epimer taleranol
a liver revealed that zearalenone amfB-zearalenol seem to  and to a minor extent to zearalanone. The keto compounds
be homogeneously distributed in this organ. A typical LC-MS zearalenone and zearalanone seem to be metabolized (reduced)
chromatogram of a liver sample of the zearalenone group is to the respective hydroxy compoungisearalenolj-zearalenol,
given inFigure 6A), along with extracted ion chromatograms zeranol, and taleranol, because zearalenone and zearalanone
of a/B-zearalenol (Figure 6B) and zearalenorféigure 6C). levels in urine are relatively low. However, it cannot be ruled
Preliminary experiments with naturally contaminated heifer liver out that reoxidation of the hydroxy compounds to the keto
samples of the zearalenone group revealed that a considerableompounds followed by a further reduction step could also occur
part of the analytes that are incorporated in the liver are to some extent, which consequently may then be responsible
glucuronidated/sulfated (zearalenone, 65%zearalenol, 47%; for the so-called epimerization reaction of zeranol and taleranol.
B-zearalenol, 30%), which is comparable to the glucuronidation ~ Fourteen percent of zeranol (sum of zeranol, taleranol, and
rates found previously in liver samples of pig§. zearalanone) is excreted via the urinary system of implanted

Zeranol GroupExcept for traces gf-zearalenol and zearale- ~ heifers. In liver and muscle tissue none of the analytes could
none most probably deriving from the blank control oats feed, P€ detected. Another major part of the implanted zeranol seems
in liver samples of the zeranol group (implanted with zeranol © remain in the pellet, because analysis of the second pellet
pellets), absolutely no traces of zeranol and/or its metabolites 91Ves évidence that 60% of zeranol had not been released after

taleranol and zearalanone could be detected. This is in contrasf*2 days. If one considers the release rate to be constant over
to an earlier study (23) in which zeranol and taleranol could be the whole study, it can be estimated that 35% of the absorbed

found at low concentrations (low parts per billion range) just 6 Z€ranol is excreted via the urinary system. Feces as a further
days after implantation of zeranol pellets. However, this study Major excretion pathway and other components of the digestive

was performed with steers, which might have different residue SYStém, such as bile and kidney, were not analyzed in the present
rates in this organ compared to heifers. In addition, the zeranol study.

release of the pellets could have been much faster and may For future investigations, it seems necessary to obtain also a
therefore, not be fully comparable to this study. more detailed knowledge about analyte concentrations in serum

Muscle Tissue Samplesin none of the analyzed muscle \allir:e?/v":);elzcssrg ult.ll‘;ltsigr:rs] gtnhdeir?erghet)rl?n%fntgecgﬁl?c?ttlggtjyeséir?ﬁén

tissue samples (back; femoral region) of the zearalenone and " 9 L )
. - . United States and the EU, it is apparent from this study and the
zeranol groups could incorporation of analyte concentrations - o L
. . - ..~ previous study with pigs that further statistically more relevant

above the analytical detection limits be observed. This is : I -
surorising. because Chichila et al. were able to demonstrate th(,i{nvesUgatlons are necessary to make an accurate risk assessment

P 9, : concerning the overall estrogenic and anabolic effects of natural

the application of zeranol pellets in steers resulted in zeranol S o
and taleranol concentrations at the pglkg level 6 days after zearalenone contamination in feed and the application of zeranol
9 y implants in livestock. Nevertheless, it is a fact that the

implantation 23_); however, the same reasons as discussed abovezearalenone group gained the most weight, followed by the
could be ta!<en Into account. Also, z_e_ranol mde_aralenol WEre  zeranol group and the control group, which indicates that overall
four_ld prewogsly in the parts per b||||qn range in tissue samples zearalenone and its metabolites could be considered as an
of pigs fed with zearalenone-contaminated 0d8&)(Although strogenically active cocktail of “drugs’, implying that the

heifers ar le of m lizi i . .
eifers are capable of metabolizing zearalenone into zeranpl aN%e|ated regulatory issues may need to be reconsidered and
a-zearalenol, none of these analytes could be detected in the

investigated muscle tissue samples. By taking the comparableremterpreted'

higher zeranol concentrations in urine into account (heifers , -\ <\ ebaveENT
compared to pigs), these results indicate that zeranol especially
is more efficiently excreted via the urinary system (and via e thank Dr. F. Hammerschmidt (Institute of Organic Chem-
feces) by heifers than by pigs. Furthermore, incorporated jstry, University of Vienna) for assistance in the synthesis of
concentrations levels, if present in muscle, might be below our the deuterated internal standard and N. Thimm (Biomin GmbH,
detection limits (0.5ug/kg). Thus, more sensitive analytical Herzogenburg, Austria) for analyzing the contaminated and
methods would be necessary to clarify this point. “plank” oats samples.

To conclude, approximately 80% of the analyzed zearalenone
in urine and tissue samples was shown to be transformed by
heifers to-zearalenol and to a distinctly lower degree to
a-zearalenol, zeranol, taleranol, and zearalanone. The metabolic (1) Kuiper-Goodman, T.; Scott, P. M.; Watanabe, H. Risk assessment
profile of zearalenone in the urine of heifers and pigs was found of the mycotoxin zearalenonBegul. Toxicol. Pharmacol987,
to be similar in principle, although the major metabolite in pigs 7, 253—306.
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