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Introduction
Hyperthyroidism is the most frequently diagnosed feline 
endocrine disease worldwide, and is often treated with 
antithyroid drugs.1 Thiamazole and its prodrug carbima-
zole are licensed for cats. In cats, antithyroid drugs are 
available for topical or oral administration. Antithyroid 
drugs are associated with side effects in both cats and 
humans.2–8 Furthermore, antithyroid medication could 
be potentially teratogenic and, although owners should 
handle antithyroid medication with care, this recommen-
dation does not always seem to be followed.8–11 Currently, 
no studies have qualified and quantified the urinary 
excretion of thiamazole in cats in combination with a risk 
assessment of direct or indirect exposure for the own-
ers. Nowadays, cats often live in close contact with their 
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owners (rubbing, licking, sharing beds); hence, exposure 
of the cat owner to antithyroid medication should be 
evaluated.

The aim of this study was to investigate the presence 
of thiamazole in urine of owners of hyperthyroid cats 
treated with licensed oral antithyroid drugs.

Materials and methods
Samples
The owners of medically treated hyperthyroid cats pre-
senting to the Small Animal Clinic (Faculty of Veterinary 
Medicine, Ghent University) and to a nearby private vet-
erinary practice were asked to participate. Five people 
treated with antithyroid drugs presented at the endo-
crinology outpatient clinic (Ghent University Hospital) 
and five humans without exposure to thyroid medica-
tion were prospectively recruited as positive and nega-
tive control groups, respectively. Local ethical committee 
approval (UZ Gent, BC-06820) was obtained. All par-
ticipants signed a written informed consent form. The 
owners of hyperthyroid cats completed a questionnaire 
related to the handling of the medication and contact with 
their cat.

Feline and human urine samples were collected by 
spontaneous micturition. In cats, a non-absorbent cat  
litter was used at home. A sample of at least 2 ml urine 
was requested. Urine samples were stored at −20°C 
within 24 h of collection. The samples were thawed prior 
to batch analysis.

Instrumentation
Chromatographic separation was achieved on an ultra-
high-performance liquid chromatography (UHPLC) sys-
tem (Dionex UltiMate 3000 XRS; Thermo Fisher Scientific), 
equipped with reversed phase chromatography column 
(Acquity UPLC HSS T3 C18 column; Waters) kept at a 
constant temperature of 25°C. Detection was performed 
on a standalone bench top quadrupole Orbitrap high-
resolution mass spectrometer (Q-Exactive; Thermo Fisher 
Scientific), which was preceded by heated electrospray 
ionisation (HESI-II source) in positive ionisation mode. 
Of each sample, 10 µl was injected. Analysis was per-
formed on two consecutive days. Targeted data process-
ing was carried out with Xcalibur 3.0 software (Thermo 
Fisher Scientific).

Extraction
The thawed samples (n = 57) were centrifuged (4–25°C) 
for 10 mins at 4000 g. Fifty microlitres of propylthioura-
cyl–d5 (PTU-d5, internal standard; 1 ng/µl) was added 
to 1 ml urine before vortexing for 30 s, followed by 
15 mins of equilibration. Subsequently, 1 ml phosphate 
buffered saline was added to each sample. The samples 
were vortexed for 1 min and heated for 30 mins at 65°C. 
Ethyl acetate (5 ml) was added to the mixture, followed 
by manual shaking for 1 min, after which the supernatant 

was removed. The latter was performed twice, employing 
10 ml ethyl acetate in total.

The extracts were transferred to plastic tubes and 
evaporated to dryness at 60°C under a gentle stream of 
nitrogen. Two hundred microlitres of 0.1% of aqueous for-
mic acid was added to each residue and vortexed for 30 s. 
Finally, 200 µl was transferred to a liquid chromatography 
mass spectrometry vial for analysis.

Quantification
To prepare a calibration curve for quality assurance of the 
procedure, 1 ml of two blank urine samples (one from a 
healthy cat and one from a healthy human) was placed 
five times in a sample tube. In each sample, 1 ng/µl 
internal standard PTU-d5 was added. The samples were 
spiked by adding increasing amounts of a standard solu-
tion. Based on the calibration curve, the limit of detection 
(LOD; 3.88 ng/ml) and the limit of quantification (LOQ, 
11.75 ng/ml, LOQ 11.75 ng/ml) were determined.

The method described has been extensively validated 
by Vanden Bussche et al.12

Results
Twenty-four owners of a total of 23 hyperthyroid cats 
were included. Thiamazole was administered to 12 cats 
in syrup form (median daily dosage/cat 5 mg; range  
2.5–7.5) and to 11 cats in tablet form (median daily dos-
age/cat 5 mg; range 2.5–15 mg). The cats had been treated 
for varying lengths of time (median of 11 months; range 
1 week–5 years).

Most owners (22/24) reported living in close contact 
with their cat. Fourteen cats lived mainly or exclusively 
indoors. Twenty-one owners were the person responsi-
ble for administering the medication at home. One cat 
received medication from both owners, as such, they both 
participated in the study. Sixteen owners were the pri-
mary person responsible for cleaning the litter box. Two 
cats had no litter box as they were urinating and defecat-
ing outside, and one response was missing. Two of 24 
owners were splitting the tablets without using gloves. 
Two people wore gloves to administer the tablets; one 
person used fingertip protectors. Of the other 21 own-
ers, nine washed their hands after giving the medication, 
eight did not and four responses were missing.

High concentrations of thiamazole were detected in all 
feline samples (median concentration 2818 ng/ml; range 
104–15,127) and in the urine of all human patients treated 
with antithyroid drugs (median concentration 4153 ng/ml; 
range 1826–5009). No traces of thiamazole were detected 
in the urine of owners of hyperthyroid cats (LOD 3.88 ng/
ml) or in the urine of the negative control group.

Discussion
No thiamazole was found in the urine of owners of hyper-
thyroid cats treated with antithyroid drugs after urinaly-
sis by UHPLC coupled to high-resolution quadrupole 
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Orbitrap mass spectrometry. These results are quite reas-
suring, as the owners described having close contact with 
their cat. Owner exposure to thiamazole occurs not only 
while administering the medication, but could also be 
indirect, especially through contact with urine and faeces 
when cleaning the litter box.

Thiamazole is the only registered antithyroid drug for 
cats in Belgium. Consequently, only cats treated with this 
molecule were included. However, as carbimazole is a 
prodrug of thiamazole similar results would be expected. 
As in humans, oral thiamazole is rapidly and well absorbed 
from the gastrointestinal tract in cats.13–17 Excretion of 
unchanged thiamazole and its metabolites occurs mainly 
in urine in human patients, with only a small percentage 
in faeces.13–15 Urine is also the major route of excretion 
in rats.14,18 No specific study has been conducted on the 
excretion of thiamazole in cats. In a previous unpublished 
study by our group, high concentrations of thiamazole 
were detected in all urine samples of 20 client-owned cats 
treated with thiamazole (range 1166–31,303 ng/ml).

Thiamazole readily crosses placental membranes and 
is potentially teratogenic, particularly when adminis-
tered in the first trimester of pregnancy.19,20 Reported 
thiamazole-related embryofetopathies include aplasia 
cutis, craniofacial birth defects, defects of the abdomi-
nal wall and gastrointestinal tract, and ventricular septal 
defect.21 Two recent meta-analyses confirmed that the use 
of thiamazole during pregnancy was associated with an 
increased risk of congenital anomalies.22,23 A systematic 
review and meta-analysis of observational studies with 
methodological considerations published in 2021 reached 
the same conclusion, and the absolute risk difference of 
a congenital defect vs the unexposed comparison group 
per 1000 live births was estimated to be 17.8 in women 
treated with thiamazole or carbimazole.24

Although uncommon, the described congenital anom-
alies can be severe. This underscores the importance of 
prudent handling of antithyroid medication in veteri-
nary medicine, especially by women who are pregnant or 
are intending to become pregnant. Worryingly, owners’ 
responses to the questionnaire indicated that compliance 
with precautions when administering antithyroid drugs 
was rather poor. Indeed, 2/24 owners were splitting the 
tablets without using gloves, 8/17 did not wash their 
hands after giving the medication and only 3/24 were 
using protection (gloves or fingertip protectors) while 
administering the medication. The latter could be due to 
insufficient instructions from their veterinarian regarding 
the use of the medication. Another explanation would 
be that these instructions were communicated to, but 
not followed by, the owners. In the veterinarian–owner 
relationship, transparency about possible side effects of 
veterinary drugs on pet and human health is essential 
in caring for animals and the trust of the owner in the 
professional. Some people may be worried and reluc-
tant to use the medication after having read the handling 

guidelines. This study can contribute to reassuring over-
worried owners.

Although participants described living in close con-
tact with their cat, thiamazole was not detected in their 
urine. In this study, a LOD of 3.88 ng/ml was achieved. 
Therefore, it is possible that very small amounts of thia-
mazole were present but could not be detected in human 
urine. However, such a low concentration may appear 
to be harmless. There is currently no information on the 
minimum dose of thiamazole that might induce terato-
genic effects.

This study did not include cats treated with car-
bimazole orally or thiamazole as a transdermal gel. 
Transdermal formulations are not approved for veteri-
nary use and therefore do not necessarily have the same 
standards or data as veterinary-approved oral formula-
tions. When applying the gel, protection with gloves or 
finger cots is mandatory, but it is not known whether 
these guidelines are actually followed. It is possible that 
the exposure of this population to antithyroid drugs is 
higher than following oral dosing.

Conclusions
No thiamazole was detected in the urine of owners of 
hyperthyroid cats treated with oral antithyroid drugs. 
These results regarding the potential exposure of owners 
of hyperthyroid cats to antithyroid drugs are reassuring. 
However, caution is still warranted. Whether these results 
can be extrapolated to the use of transdermal application 
should be further investigated.
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