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Abstract

Thyrostats are a group of forbidden sub-
stances in food producing animals that increase
water absorption in muscle tissue and the gas-
trointestinal tract of animals. These substances
can be abused as illegal growth promoters as
oral drugs on farms before slaughtering. The
consequences of their illegal use on farm ani-
mals include higher yield though inferior meat
quality, while these substances also pose a po-
tential risk to human health, and so their appli-
cation is banned in European Union Member
States. Thiouracil (2-thiouracil) (TU) is the rep-
resentative, and belongs to the group of thy-
rostats but also can be naturally present in the
urine of farm animals fed with feed containing
Brassicaceae species. The aim of this study was
to monitor TU concentrations in pig and bo-
vine urine in the period from 2015 to 2023. For
this purpose, 391 urine samples were collected
as a part of the National Residue Control Plan

Introduction

Thiouracil or 2-thiouracil (TU) belongs
to the group of thyrostats, orally active
drugs that disturb the normal function of
the thyroid gland by inhibiting synthesis
of the thyroid hormones triidothyronine
(T3) and thyroxine (T4) (Courthey et al.,

(NRCP) and TU concentrations were deter-
mined by liquid chromatography tandem mass
spectrometry. TU was detected in 89 of 391 sam-
ples, or 22.76%. TU concentration ranged from
1.66 to 28.30 ug/L, and a statistically significant
difference (P < 0.05) was determined in urine
TU concentrations between pigs and bovines.
Mean concentrations of TU varied by year, and
ranged from 1.66 to 8.06 pg/L in pig urine and
from 5.92 to 13.68 ug/L in bovine urine. None
of the analysed urine samples contained TU
concentration in excess of 30 pg/L, which is the
cut-off value to distinguish potentially natural
origin resulting from a cruciferous diet (Brassi-
caceae species). The results exclude the possibil-
ity of abuse of this substances in the livestock
industry in the Republic of Croatia.

Key words: thyrostatics; thiouracil; urine;
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2002; Vanden Bussche et al., 2011a; Wozni-
ak et al.,, 2014), and by increasing water
absorption and retention within edible
tissue and the gastrointestinal tract (Pinel
et al., 2006a). Thyrostats are usually easy
to use, they are active per os and effective
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after administration with feed (Wozniak
et al., 2018). Because of these properties,
they can be abused to enhance growth
in farm animals. An animal receiving TU
in the diet will retain more water and in-
crease carcases weight. Meat produced
from those animals will be of inferior qual-
ity, due to the high water content (Abuin
et al.,, 2008; Vanden Bussche et al., 2012;
Blokland et al., 2021).

However, the possible presence of thy-
rostat residues in meat and other prod-
ucts derived from treated animals pose a
threat to human health (Pinel et al., 2006a,
2006b; Wozniak et al., 2014; Samardzija et
al., 2020). The International Agency for Re-
search on Cancer (IARC, 2001) classified
these compounds in group 2B (possibly
carcinogenic to humans), and they have
been banned in Europe for animal fatten-
ing purposes since 1981 (EC 81/602, 1981).
After oral administration, they cause car-
diovascular disorders (accelerated heart
rate, dyspnoea and apnoea) and hypertro-
phy of the thyroid gland (Wozniak et al.,
2018). Research indicates that if they are
administered to animals at ~ 5 g per day
for weight gain, the expected concentra-
tion in urine could be over 100 pg/L (Pinel
et al., 2006b; Sterk et al., 2014).

Research has shown that the presence
of TU in urine can be the result of abuse,
but also of a diet rich in cruciferous plants
(Brassicaceae) (Wozniak et al., 2014). Pinel
et al. (2006b) proved that there is a link be-
tween genus Brassicaceae feeding and de-
tected TU in urine animals, though these
concentrations do not exceed 10 ug/L.
Brassicaceae species plays a significant role
in human nutrition (cauliflower, brocco-
li, cabbage, rapeseed oil) and in animal
diet (rapeseed flakes and cakes) (Vanden
Bussche, 2011). These plant species con-
tain a goitrogenic compound responsible
for the inhibition of conversion of T3 and
T4 in a way that reduces the absorption of

iodine in the thyroid gland (Arrizabala-
ga-Larranaga et al., 2022).

By applying modern analytical tech-
niques (gas chromatography or liquid
chromatography tandem mass spectrom-
etry (GC-MS/MS or LC-MS/MS) for deter-
mination of thyrostats, it was determined
that the threshold of 10 ug/L for TU is too
low and resulted in a large number of
false positive samples (Vanden Bussche et
al., 2009). Accordingly, recent research has
indicated and the European Union Refer-
ence Laboratory (EURL) has proposed an
increase in the threshold level to 30 ug/L
(Blokland et al., 2021; Arrizabalaga-Lar-
ranaga et al., 2022). They stated that the
differences in the origin of endogenously
formed or exogenously administrated TU
might result in the differences of formed
metabolites. Furthermore, according to
Arrizabalaga-Larrafiaga et al. (2022), the
markers 4-thiouracil and 6-methyl thioura-
cil should be analysed to distinguish be-
tween exogenous and endogenous TU. In
the absence of 6-methyl-thiouracil and in
the presence of 4-thiouracil, it can be con-
cluded that TU is not originating from il-
legal treatment (Blokland et al., 2021) and
rather can occur endogenously as a con-
sequence of a diet containing cruciferous
plants (rapeseed, rapeseed meal, broccoli,
cauliflower) (Wozniak et al., 2012; Stark et
al,, 2014).

The aim of this study was to determine
and monitor the TU levels in pig and bovine
urine samples collected on Croatian farms
over a nine-year period (2015 to 2023) by
implementation of the validated analytical
method of liquid chromatography tandem
mass spectrometry (LC-MS/MS).

Materials and methods

Sampling and sample stabilisation

Samples of pig and bovine urine
were collected during the period from
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2015 to 2023 on different farms in Cro-
atia as a part of National Residue Con-
trol Plan of the Ministry of Agriculture.
In total, 391 urine samples (100 mL urine
per animal) were taken from bovines
(n=247) and pigs (n=144). Immediately
after receiving urine samples in the lab-
oratory, 40 mL of each urine sample was
stabilised by adding 1.6 mL 37% hydro-
chloric acid and 1.6 mL 0.25 M ethylen-
ediaminetetraacetic acid (EDTA). After
stabilisation, urine samples were stored
in the freezer at -20°C until analysis.

Sample preparation

In 1 mL stabilized urine, 100 pL in-
ternal standard concentration (100 ug/L)
and 4 mL 1 M phosphate buffer pH=8.0
was added, followed by vortexing. pH
was adjusted to 8.0+0.5 by adding 0.1 M
NaOH. Further, 100 uL methanol 3-io-
dobenzyl bromide solution was added
and vortexed. This was followed by incu-
bation for 60 minutes at 40°C in a water
bath. After cooling to room temperature,
5 mL ethyl acetate was added to sam-
ples and vortexed for 60 s at maximum
speed. After centrifugation for 5 min
at 5000 rpm and 18°C, the ethyl acetate
layer was transferred to a glass tube and
evaporated under a stream of nitrogen at
55°C. The residues were dissolved in 500
uL acetonitrile/water solution (30/70) and
filtered into vials through regenerated
cellulose filters (pore size 0.45 um).

For analysis, HPLC grade solvents,
i.e.,, methanol, acetonitrile and ethyl ac-
etate, were obtained from Sigma Aldrich
(St. Louis, MO, USA). Analytical stand-
ard of 2-thiouracil was obtained from Sig-
ma Aldrich (St. Louis, MO, USA) and the
internal standard Thiouracil ®C*N, (deu-
tereted form) was purchased from the
European Reference Laboratory (WEFSR,
Wageningen, Netherlands). All other
chemicals were of analytical grade.

Chromatographic and mass
spectrometry conditions

The HPLC equipment consisted of a
degasser, a binary pump, column com-
partment, autosampler (Infinity 1260, San-
ta Clara, CA, USA) and was coupled with
a QQQ 6410 mass spectrometer provid-
ed by Agilent Technologies (Santa Clara,
CA, USA). Chromatographic separation
was performed on a Kinetex C18 HPLC
column (3 x 100 mm, and particle size 2.6
pm) (Phenomenex, Torrance, CA, USA).
The mobile phase consisted of 0.1% ace-
tic acid (A) and acetonitrile (B). Gradient
elution was employed, as follows: 0—-1 min
60% A, 1-4.5 min 15% A, 4.5-10 min 60%
A, with a flow rate of 0.5 mL and column
temperature of 40°C. Ionisation was per-
formed in positive ion mode (ESI+), with a
source temperature set at 350°C, gas flow
rate set at 12 L/min, nebuliser set at 45 psi,
and capillary voltage set at 4000 V (+) and
1000 V (-). For TU, one precursor and two
productions, and for the internal standard
one precursor and one product ion were
monitored.

Method validation was performed
using an in-house matrix validation and
factorial design by InterVal Plus software
version 3.4.04. (quo data, Gesellschaft
fiir Qualititsmanagement und Statistik
GmbH, Drestden, Germany).

Data analysis

Statistical analysis was performed us-
ing the SPSS Statistics Software 22.0 (SPSS
Statistics, NY IBM, 2013, Sankt Ingbert,
Germany). Differences between pig and
bovine urine were established using anal-
ysis of variance (ANOVA), with statistical
significance set at 95% (P = 0.05).

Results and discussion

Table 1 shows the diagnostic ions,
fragmentation voltage, collision energy
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and retention time for TU and Thiouracil
BCPN, (TU-PC®N,) as the internal stand-
ard. Figure 1 shows total ion current (TIC)
and multiple reaction monitoring (MRM)
chromatograms of the analytes obtained
by use of the LC-MS/MS method. The TU
calibration curve (Figure 2) consists of six
points of the following concentrations: 2.0,
6.0, 8.0, 10.0, 15.0 and 30.0 pg/L.

Method validation gave the values of
1.40 pg/L for the decision limit (CCa) and
1.71 pg/L for detection capability (CCf3).

The obtained validation results met all set
criteria given by legislation ((EU) 2021/808,
2021), and therefore it can be considered
that the implemented LC-MS/MS method
is suitable for TU determination.
Literature data has shown that TU can
be present in animal tissues as a result of
the illegal administration of thyrostats,
or can occur endogenously as a conse-
quence of a diet containing cruciferous
(Brassicaceae) plants (Wozniak et al., 2012,
2014). Plants from the Brassicaceae species

Table 1. Diagnostic parameters for thiouracil (TU) and TU C™N,

Collision

Precursor Product Fragmentation Retention Internal
Analyte . . energy . .
ion ions Voltage (V) (eV) time (min)  standard
Thiouracil
EISEN 348.0 216.8 110 16 2.782 -
2
: : 216.8 14
2-thiouracil ~ 345.0 : 110 2.785 TU-BC™N
89.8 40 2
4104 +ESI MRM Frag=110.0v CID@40.0 [345.0 > 59.8) Std_d0z d
i 1|2 23
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Figure 1. TIC and MRM chromatograms of thiouracil (TU) and TU "C'"N, standard solution

with a concentration of 100 ug/L
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Figure 2. Matrix match calibration curve of thiouracil (TU)

contain glycosinolates that can be an in-
direct source of TU in a way that these
endogenous plant compounds can be
converted by myrosinase hydrolysis into
TU (Vanden Bussche et al., 2011b; Arriza-
balaga-Larrafiaga et al., 2022), which can
be the source of the TU urine contamina-
tion (Tolgyesi et al., 2018). By plant dis-
ruption (chewing), glucosinolates located
in the plant idioblast cells are releasing
from vacuoles together with the plant-de-

rived enzyme myrosinase (£8-thioglucosi-
dase; EC 3.2.1.147) and depending on the
pH value, form a different goitrogen that
affects thyroid function (Kiebooms et al.,
2014). Those authors also stated that the
endogenous formation of TU is Brassi-
caceae-induced and occurs under colonic
conditions, most likely through myrosi-
nase-like enzyme activity expressed by
different common intestinal bacterial
species.

m Negative samples

u Positive samples

186

Bavines

Figure 3. Total number of analysed positive (TU > cca) and negative (TU < cca) samples by
animal (TU - thiouracil; cca - decision limit = 1.40 ug/L)
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Table 2. Summary overview of determined thiouracil (TU) in urine samples collected from
Croatia farms during the period from 2015 to 2023

2015 2016 2017

Year of sampling

2018 2019 2020 2021 2022 2023

Number of samples 43 42 49 4h 45 48 47 41 32
Number of positive 12 1% 10 7 10 1 1 8 5

samples

% positive samples  27.91 30.09 20.41 1591 22.22 22.92 23.40 19.51 15.63
Min value of 328 231 326 531 366 204 149 207 1.66
U g/l . . . . . . . . .

MEFCRLIUE @1 2275 1262 28.30 22.80 1543 17.24 2516 11.01 1.95
TU (pg/L)

Due to the above, Blokland et al. (2021)
claimed that the set TU threshold of 10
ug/L is too low and results in high number
of false positive results, and they advised
the threshold be raised to 30 pg/L. In this
study, performed in the period 20152023
on 391 urine samples, TU was detected in
89 urine samples (TU > cca) (Figure 3), i.e.,
in 24.14% of pig samples and 32.80% of
bovine samples. Table 2 shows a summary
overview of the analysed urine samples.
The highest percentage of positive sam-
ples (30.09%) was obtained in 2016, and
the lowest (15.63%) in 2023. Also, the de-
termined concentration of TU varied from
1.66 t0 28.30 ug/L, and a statistically signif-
icant difference (P<0.05) was determined
in TU concentrations between the pig and
bovine analysed urines.

Mean concentrations of TU varied by
year from 1.66 to 8.06 pg/L in pig urine
and from 5.92 to 13.68 pg/L in bovine
urine.

In a similar study carried out on 537
urine samples collected over an 18-month
period in Poland, Wozniak et al. (2011)
found that 14.3% of analysed samples
were positive for the presence of TU. They
stated that in eight samples (one pig and
seven bovine samples), the concentra-

tion of TU was higher than 10 ug/L while
in this study, it exceeded this limit in 17
samples (4.35%). Concentrations in excess
of 10 ug/L in this study were determined
in two pig and 15 bovine urine samples.
Vanden Bussche et al. (2011a) stated that
61.3% of bovine samples, and 96.3% and
57.9% ovine urine samples analysed with-
in that study were a part of the European
residue control plan in Belgium and Nor-
way had TU levels below 10 ug/L.

Figure 4 shows the mean + SD con-
centrations of TU in urine samples deter-
mined in this study by species and year
of sampling. It is evident that in 2018 and
2021, the mean concentrations of TU in
bovine urine were higher than 10 ug/L.
This can be considered naturally present,
as none of the analysed urine samples
over the years had TU concentrations that
exceeded 30 pg/L, which could represent
abuse of TU in farm animals. It is also evi-
dent that, over the years, lower concentra-
tions of TU were determined in pig urine
samples compared to bovine urine sam-
ples, which can be explained by the dif-
ferent diet of omnivores and ruminants.
Furthermore, TU was not detected in any
pig urine samples during 2023. Pinel et al.
(2006b) found a relationship between a
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Figure 4. Concentration (mean = SD) of thiouracil (TU]) in urine samples by animal species (pig and
bovine) and sampling year (2015-2023) (green line indicates the concentration of 10 pg/L and the red

line of 30 pg/L as the threshold for TU)

diet based on cabbage and rapeseed cake
in correlation with TU, and determined
concentrations in range of 3-7 and 2-9
pg/L TU, respectively. Furthermore, they
stated that the polar nature of TU mol-
ecule is the reason for its presence in the
urine, since polar compounds are easily
assimilated and eliminated from urine.
Also, the authors showed that a 5-day pe-
riod was enough for complete elimination
of TU from urine.

Conclusions

Over the 9-year period, TU was de-
tected in the both pig and bovine urine
samples collected from Croatian farms.
TU concentrations in no urine samples
exceeded the value of 30 ug/L, considered
a threshold value for the suspected abuse
of these substances in farm animals in the
Republic of Croatia. Therefore, all the de-
tected TU values could be considered en-
dogenous and the consequence of animal
feeding containing Brassicaceae species.
Further research should be focused on the
analysis of specific metabolites to deter-

mine the origin of TU, i.e., pathways of its
occurrence in farm animal urine.

References

1. ABUIN, S, F. CENTRICH, A. RUBIES, R.
COMPANYO and M. D. PRAT (2008): Analysis
of thyrostatic drugs in thiroid samples ba Ultra-
Performance Liquid chromatography tandem mass
spectrometry detection. Anal. Chim. Acta 617, 184-
191.

2. ARRIZABALAGA-LARRANAGA, A., M. GROOT,
M. BLOKLAND, I. BARBU, N. SMITS and S. S.
STERK (2022): EURL reflection paper 2.0: Natural
growth promoting substances in biological samples.
Presence - and formation - of hormones and other
growth promoting substances in food producing
animals. RIKILT, Wageningen UR.

3. BLOKLAND, M. H,, F. E. VAN TRICHT, M. J.
GROOT, L. A. VAN GINKEL and S. S. STERK,
(2021): Discrimination between the exogenous and
endogenous origin of thiouracil in farm animals,
the final chapter? Food Addit. Contam. Part A
Chem. Anal. Control Expo Risk Assess 38, 2077-
2090. 10.1080/19440049.2021.1967463.

4. COMMISSION IMPLEMENTING REGULATION
(EU)  (2021): Commission Implementing
regulation ( (EU) 2021/808) of 22 March 2021 on
the performance of analytical methods for residues
of pharmacologically active substances used in
food-producing animals and on the interpretation
of results as well as on the methods to be used for
sampling and repealing Decisions 2002/657/EC and
98/179/EC. Off. J. Eur. Union L 180, 84-109.

VETERINARSKA STANICASS5 (6), 601-609, 2024.



N. KUDUMIJA, J. PLEADIN, T. LESIC, D. VRATARIC, D. PETROVIC and A. VULIC

10.

11.

12.

13.

COURTHEY, D., B. LE BIZEC, G. BRAMBILLA,
H. F. DE BRABANDER, E. COBBAERT, M. VAN
DE WIELE, J. VERCAMMEN and K. DE WASCH
(2002): Recent developments in the use and abuse
of growth promoters. Anal. Chim. Acta 473, 71-82.
EUROPEAN COMMUNITY (1981): Counical
Directive 81/602/EC. Off. J. Eur. Commun. L. 222,
32-33.

INTERNATIONAL AGENCY FOR RESEARCH ON
CANCER (IARC) Working group on the Evaluation
of Carcinogenic Risks to Humans (2001): Group on
the evaluation of carcinogenic risk to humans: Some
thyrotropic agents. France, IARC Press.
KIEBOOMS, J. A. L., J. WAUTERS, ]. VANDEN
BUSSCHE, K. HOUF, P. DE VOS, S. VAN
TRAPPEN, I. CLEENWERCK and L. VANHAECKE
(2014): Thiouracil-forming bacteria identified and
characterized upon porcine in vitro digestion of
Brassicaceae feed. Appl. Environ. Microbiol. 80,
7433-7442.10.1128/ AEM.02370-14.

PINEL, G., D. MAUME, Y. DECEUNINCK, F.
ANDRE and B. LE BIZEC (2006a): Unambiguous
identification of thiouracil residue in urine collected
in non-treated bovine by tandem and high-
resolution mass spectrometry. Rapid Commun.
Mass Spectrom. 20, 3183-3187. 10.1002/rcm.2711.
PINEL, G., S. MATHIEU, N. CESBORN, H. DE
BRABANDER, D. MAUME, F. ANDRE, B. LE
BISEC (2006b): Evidence that urinary excretion
of thiouracil in adult bovine submitted to a
cruciferous diet can give erroneous indications
ofthe possible illegal use of thyrostats in meat
production. Food Addit. Contams. 23, 974-980.
10.1080/02652030600806370.

SAMARDZIJA, M., L. GULIC, D. BURICIC, N.
KUDUMIJA, M. BENIC, J. PLEADIN (2020):
Varijacije koncentracije 17(3-estradiola i testosterona
u teladi razlicitog spola, dobi, pasmine i farmskog
podrijetla. Vet. stn. 51, 255-265. 10.46419/vs.51.3.3
STERK, S. S., M. H. BLOKLAND, E. DE RIJEKE and
L. VAN GINKEL (2014): EURL reflection paper:
natural growth promoting substances in biological
sample. RIKILT, Wageningen UR.

TOLGYESI, A., A. GIRI, E. BARTA, T. J.
MCDONALD and V. K. SHARMA (2018):
Determination of Thyreostats in urine using
supported liquid extraction and mixed-mode
cation exchange solid-phase extraction: screening
and confirmatory methods. J. Chromatogr. Sci. 56,
858-866, 10.1093/chromsci/bmy054.

14.

15.

16.

17.

18.

19.

20.

21.

VANDEN BUSSCHE, J. (2011): Analytical
approaches to unravel the semi-endogenous status
of thiouracil. Doctoral thesis, Faculty of veterinary
medicine, Department of veterinary public health
and food safety, Ghent University, Belgium.
VANDEN BUSSCHE, ], H. NOPPE, K.
VERHEYDEN, K. WILLW, G. PINEL, B. LE BIZEC
and H. F. DE BRABANDER (2009): Analysis of
thyreostats: A history of 35 years. Anal. Chem. Acta
637, 2-12.10.1016/j.aca.2008.08.027.

VANDEN BUSSCHE, J., J. A. L. KIEBOOMS, N. DE
CLERCQ, Y. DECEUNINCK, B. LE BIZEC, H. F.
DE BRABANDER and L. VANHAECKE (2011b):
Feed or food responsible for the pres-ence of low-
level thiouracil in urine of livestock and humans?
J. Agric. Food Chem. 59, 5786-5792. 10.1021/
jf200556x.

VANDEN BUSSCHE, J., L. VANHAECKE, Y.
DECEUNINCK, K. WILLE, K. BEKAERT, B.
LE BIZEC and H. F. DE BRABANDER (2011a):
Ultra-high performance liquid chromatography
coupled to triple quadrupole mass spectrometry
detection of naturally occurring thiouracil in
urine of untreated livestock, domesticated animals
and humans. Food Addit. Contam. Part A Chem.
Anal. Control. Expo. Risk Assess. 28, 166-172.
10.1080/19440049.2010.544681.

VANDEN BUSSCHE, ], S. S. STERK, H. F.
DE BRABANDER, M. H. BLOKLAND, Y.
DECEUNINK, B. LE BIZEC and L. VANHAECKE
(2012): Thyreostatic drugs, stability in bovine and
porcine urine. Anal. Bioanal. Chem. 403, 2973-2982.
10.1007/s00216-012-5739-7.

WOZNIAK, B, 1. MATRASZEK-ZUCHOWSKA,
K. SIELSKA, S. WITEK, A. POSYNIAK, K.
NIEMCZUK and J. ZMUDZKI (2018): Control
of residues of thyreostats in slaughter animals
in Poland in 2011-2017. J. Vet. Res. 62, 511-517.
10.2478/jvetres-2018-0077.

WOZNIAK, B, S. WITEK, 1. MATRASZEK-
ZUCHOWSKA and J. ZMUDZKI (2014):
Determination of the thyreostats in animal feeding
stuffs using liquid chromatography-tandem mass
spectrometry. Bull. Vet. Inst. Pulawy 58, 413-419.
10.2478/bvip-2014-0064

WOZNIAK, B., S. WITEK, J. ZMUDZKI, and A.
KEOPOT (2012): Natural occurrence of thiouracil in
urine of livestock in Poland. Bull. Vet. Inst. Pulawy
56, 611-615. 10.2478/v10213-012-0108-z

VETERINARSKA STANICA 55 (6), 601-609, 2024.



The occurrence of thiouracil in pig and bovine urine collected from Croatian farms
Pojavnost tiouracila u svinje¢im i govedim urinima prikupljenih na hrvatskim farmama

Pojavnost tiouracila u svinje¢im i govedim urinima prikupljenih

na hrvatskim farmama

Dr. sc. Nina KUDUMIJA, znanstvena suradnica, dr. sc. Jelka PLEADIN, redovita
profesorica, znanstvena savjetnica u trajnom zvanju, dr. sc. Tina LESIC, poslijedoktorandica,
Hrvatski veterinarski institut, Zagreb, Hrvatska; Darija VRATARIC, dr. med. vet., Ministarstvo
poljoprivrede Republike Hrvatske, Zagreb, Hrvatska; dr. sc. Danijela PETROVIC, izvanredna
profesorica, SveuciliSte u Mostaru, Agronomski i Prehrambeno-tehnoloski fakultet, Mostar,
Bosna i Hercegovina, dr. sc. Ana VULIC, via znanstvena suradnica, Hrvatski veterinarski

institut, Zagreb, Hrvatska

Tireostatici predstavljaju skupinu zabranjenih
tvari u farmskim Zivotinjama uzgojenim za pre-
hranu ljudi za proizvodnju mesa, koje povecavaju
apsorpciju vode u misi¢nom tkivu i gastrointesti-
nalnom traktu. Mogu se zlouporabiti kao ilegalni
stimulatori rasta u vidu oralnih lijekova na farma-
ma prije klanja. Posljedice njihove primjene u hra-
nidbi farmskih Zivotinja su: vedi prirast (randman) i
meso losije kvalitete. Ove tvari predstavljaju poten-
cijalni rizik za zdravlje ljudi pa je njithova primjena
u zemljama Europske unije zabranjena. Tiouracil
(2-tiouracil) (TU) kao glavni predstavnik skupine
tireostatika moze biti prirodno prisutan i u urinu
domacih Zivotinja koje se hrane hranom biljnog po-
drijetla, a koja sadrzi vrste Brassicaceae. Cilj je ovog
istrazivanja bio pratiti koncentraciju TU u svinj-
skom i govedskom urinu u razdoblju od 2015. do
2023. godine. U tu svrhu prikupljen je 391 uzorak
urina u sklopu Drzavnog programa monitoringa
rezidua (DPMR), a koncentracije TU odredene su

metodom tekucinske kromatografije s masenom
spektrometrijom (LC-MS/MS). Od ukupnog broja
analiziranih uzoraka TU je utvrden u 89 uzoraka,
odnosno 22,76% analiziranih uzoraka sadrzavalo
je TU. Koncentracije TU kretale su se od 1,66 do
28,30 pg/L, a utvrdena je i statisticki znacajna ra-
zlika (P < 0,05) u koncentracijama TU u urinu svi-
nja i goveda. Srednje koncentracije TU varirale su
po godinama te su se u svinjskom urinu kretale
od 1,66 ug/L do 8,06 ug/L, a u govedem od 5,92
ug/L do 13,68 pg/L. Niti u jednom od analiziranih
uzoraka urina koncentracija TU nije bila visa od
30 pg/L, sto predstavlja vrijednost koja se smatra
granicnom za razlikovanje TU prirodnog podrije-
tla (rezultat prehrane biljkama rodova Brassicacen)
u odnosu na zlouporabu u anabolicke svrhe. Do-
biveni rezultati iskljucuju mogucnost zlouporabe
ovih tvari u stocarstvu u Republici Hrvatskoj.

Kljucne rijeci: tireostatici, tiouracil, urin, svinje,
goveda
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