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Summary

Tylosin (TYL) is widely used to treat different bacterial infections in calves and piglets; however, there
is no information available about the withdrawal period necessary for growing calves and piglets to be safe
for human consumption. A high-performance liquid chromatography method with ultraviolet-visible light
detection was adapted and validated for the determination of TYL in calf and piglet tissues. The procedure is
based on the isolation of the TYL compound from edible calf and piglet tissues (muscle, liver, kidneys, and fat
with skin) with satisfactory recovery (81.55 £+ 10.49) and specificity. The residue depletion of TYL in calves and
piglets was assessed after a dose of 10 mg/kg body weight/day intramuscullary for S consecutive days. After the
treatment was discontinued, residue concentrations were detected in tissues till the 11" and 19" day in calves
and piglets, respectively. The highest TYL concentrations were measured in the liver, in both species. Based
on the results presented in this study, it could be assumed that a withdrawal period of 12 days for calves and
20 days for piglets before slaughter would be sufficient to ensure consumer safety.
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Tylosin (TYL) is a macrocyclic antibiotic that be-
longs to the group of 16-member-ring macrolides. It
was first derived in 1960, during the fermentation pro-
cess by Streptomyces fradiae cultures. TYL is a mix-
ture of four compounds: the main product, tylosin A
(> 80%), and the minor components: tylosin B, C, and
D, which may be present in varying amounts (8, 19,
30, 99). Due to its bacteriostatic action against Gram-
positive bacteria, anaerobic bacteria, Mycoplasmas,
and certain Gram-negative bacteria (82), TYL has
been widely used primarily to treat chronic respiratory
disease (CRD) complex in chickens and infectious si-
nusitis in turkey caused by Mycoplasma gallisepticum.
It is also used to treat swine and bovine respiratory
diseases, calf arthritis, swine dysentery or piglets strep-
tococcosis, and other infections caused by organisms
sensitive to TYL (16, 40, 64, 81, 98).

As with other antibiotics, its use could result in resi-
dues in edible tissues, potentially harmful to consumer
health, causing toxic effects in the short term or allergic
reactions and the development of resistance in the long
term. In humans, a variety of toxic and irritative ef-
fects have been reported from the use of TYL (such as

allergic contact dermatitis (ACD), etc.) (7, 12, 18, 31,
38, 41, 42, 50, 52, 54, 71, 87-90). Such reactions are
exceptionally rare, and the risk can be minimized by
careful use and observing sufficiently long withdrawal
periods of substances fed to livestock.

Moreover, the intense use of TYL in veterinary prac-
tice can give rise to an increasing risk for human and
animal health. Therefore, the European Union (EU)
has established maximum residue limits (MRLs) for
edible tissues of cattle, pigs, and chickens, expressed
as the marker residue, tylosin A: muscle, liver, kidney,
fat, 100 pg/kg (bovine and porcine); and skin/fat,
100 pg/kg (poultry). The Committee also recom-
mended an MRL for milk of 50 pg/kg and for eggs
of 200 pg/kg, both expressed as the marker residue,
tylosin A (24).

Although the pharmacokinetics and tissue depletion
study of TYL have been described in a variety of ani-
mals, such as broiler chickens (2, 51, 56, 91, 95-97),
goats (4, 6), dogs (3, 94), pigs (33, 39, 45, 46, 74, 75,
79, 80) cows and calves (1, 5, 10, 11, 13, 21, 22, 30,
37,45, 49,55, 67-69, 78, 99), in milk (17, 20, 47, 58,
61, 65), including hens and residues in eggs (9, 28, 34,
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35,43,48,57,59, 77, 93) or even honey (27, 66, 85),
there is limited data available on the residue of TYL in
edible tissues of very young, fast-growing animals like
calves and piglets when administered according to the
manufacturer’s recommendations for standard therapy.
Therefore, it is difficult to predict the withdrawal time.
Most of the EMEA reports set the withdrawal time
for parenteral administration in cattle and pigs at less
than 3 days.

Various instrumental methods have been introduced
for the determination of TYL residues (14, 32, 35, 70,
72,76, 83, 86, 92). However, one of the most promi-
nent methods is high-pressure liquid chromatography
(HPLC), which is highly effective in monitoring veteri-
nary drugs, particularly for determining TYL concen-
trations in various biological matrices (29, 53, 74, 75).

This study describes the determination of TYL and
tissue residue depletion in fast growing calves and
piglets after multiple intramuscular administrations and
its influence on withdrawal time. To our knowledge,
this is the first time a complete residue depletion study
has been conducted for TYL in edible tissues of calves
and piglets.

Material and methods

Animals and experimental design. All experiments
were carried out on 31 calves (Polish red and white cows)
with an initial weight of 58-72 kg, at the age of 5-6 weeks
and of both sexes, and on 30 piglets (Polish Landrace, PBC)
with an initial weight of 11.5-15 kg, at the age of 5-7 weeks,
and of both sexes. After a 7-day acclimatization period,
clinical observation and examination were carried out to
assess the health state of the animals. They had not received
any prior antibiotic treatment. Calves were randomly divide
dinto 5 experimental groups (A,n=6; B, n=6;C,n=6;
D, n=6; E, n=6), to determine the termination point for
each group and the collection of tissue samples, with the
last group — F, n = 1, serving as a control group. Piglets
were divided in the same way into 7 experimental groups
(A,n=6;B,n=6,C,n=6;D,n=4,E,n=2;F,n=2;
G, n = 2) with the last control group, H (n = 2). The ani-
mals were housed in pens in numbers corresponding to
each respective group and fed twice a day (in the morning,
1 hour after administering the medicine, and in the evening).
Water was provided ad libitum throughout the study period.
The experiments were approved by the Local Ethics Com-
mittee for Animal Experimentation in Lublin (28/2008;
32/2008) and conducted in accordance with European law
(2010/63/EU).

Biotyl 50 (Biowet Drwalew sp. z 0.0, Poland) for injec-
tion containing 5 g/100 ml of TYL, was administered intra-
muscularly (into the neck muscles) at a dose of 10 mg/kg
body weight/day for 5 consecutive days. The control group
received aqua pro injectione continuously for 5 days. The
animals were slaughtered and tissue samples were taken
after 6, 8, 10, 12, and 14 days in calves, and after 7, 10, 13,
15, 18, 21, and 23 days in piglets after the last drug admin-
istration. Tissue samples were extracted in the following
quantities: muscles (40 g), liver (entire), kidneys (entire),
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and skin with fat (40 g). Samples were collected from each
animal and each group. Calves and piglets from control
groups were slaughtered and marker tissues were taken for
TYL recovery. Tissue samples were stored at —30°C until
the day of analysis using HPLC.

Chemicals and reagents. An analytical standard (tylosin
base — Biowet Peshtera JSC, Bulgaria) was obtained from
a pharmaceutical company (Biowet Drwalew sp. z o.0.,
Poland). HPLC-grade reagents (acetonitrile, methanol)
and analytical-grade reagents (dichloromethane, chloro-
form, ethylacetate, orthophosphoric acid, hydrochloric
acid, sodium hydroxide, potassium dihydrogen phosphate)
were purchased from POCH chemical company (Gliwice,
Poland). HPLC-grade sodium perchlorate monohydrate
was obtained from Sigma-Aldrich (St. Louis, MO, USA).
Water (18.2 MQcm) was purified using the reverse osmosis
method with a Milli-Q-Plus 185 system (Millipore, Mol-
sheim, France).

Tylosin quantification. The analytical procedure was
validated for all tissues collected from the calves and piglets
according to the metod previously described by Prats et al.,
with a few modifications (73).

Liver and skin + fat: Frozen tissue samples were thawed
to room temperature prior to extraction. 2.5 g of minced skin
+ fat was transferred into a test tube and mixed with 1 mL of
0.2 M buffer KH,PO, (pH =9.00) and 5 mL of ethylacetate,
then homogenized for 1 minute. Afterward, the sample was
shaken for 20 minutes and centrifuged for 20 minutes at
5000 x g. The upper ethylacetate layer was transferred into
a clean tube and evaporated under a stream of nitrogen in
a water bath at 50°C until approximately 1.5 mL of an oily
residue remained. Next, 2 mL of metanol were added, the
tube was mixed for 30 seconds on a vortex mixer, and then
centrifuged for 10 minutes at 5000 % g. The metanol layer
(~1.8 mL) was measured and evaporated under a stream
of nitrogen in a water bath at 50°C. The dry extract was
dissolved in 200 pL of a mixture of acetonitrile and water
(50:50; v/v) and mixed. Subsequently, a 50 uL volume of
the eluate was injected into the HPLC system. The same
procedure was used for liver samples, but the first evapora-
tion step was to dry the residue.

Kidney and muscle: Frozen kidney samples were thawed
to room temperature prior to extraction. 2.5 g of kidney
was transferred into a test tube and mixed with 1 mL of
1 M NaOH and 5 mL of acetonitrile, then homogenized for
1 minute. Afterward, the sample was shaken for 20 minutes
and centrifuged for 20 minutes at 5000 x g. The acetoni-
trile was collected and dried under a stream of nitrogen in
a water bath at 50°C. The dry extract was then redissolved
in 2 mL of acetonitrile and water (8: 2) and subjected to
liquid-liquid partition with 5 mL of dichloromethane for
2 minutes. After a second centrifugation for 10 minutes at
5000 x g, the organic phase was filtered into a clean tube.
Another extraction of the non organic phase was carried out
with 2.5 mL of dichloromethane. After shaking for 2 min-
utes and centrifuging for 10 minutes at 5000 x g, the upper
layer was discarded, and the lower dichloromethane layer
was combined with the organic phase. All the collected
dichloromethane was evaporated under a stream of nitrogen
in a water bath at 50°C. After dissolving the dried extracts
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in 200 pL of a mixture of acetonitrile and water (50:50;
v/v), 50 uL of sample was injected into the chromatographic
column. Muscle samples were processed in the same way
as kidney samples, but instead of using 1 mL of 1 M NaOH
and 5 mL of acetonitrile at the beginning of the procedure,
0.5 mL of 0.2 M buffer KH,PO, (pH = 9.00) and 5 mL of
chloroform were used, respectively.

Preparation of standard solutions. A standard stock
solution of TYL (400 pg/mL) was prepared by dissolv-
ing 10 mg in 25 mL of a mixture of acetonitrile and H,O
(50:50; v/v). Final working solutions (1000, 750, 500,
250, 150, 50 ng/mL) were prepared by appropriate serial
dilution of the stock solution with the same mixture used
for the stock solution. These solutions were then injected
to obtain the calibration curve and remained stable for at
least 2 months at 4°C.

HPLC instrumentation. The HPLC system consisted of
an isocratic delivery pump (STAR 9002), a 50 uL manual
injector Rheodyne, and a variable wavelength UV-VIS 9050
detector, all controlled by a thermostat MetaTherm (all
Varian Analytical Instruments, Walnut Creek, CA, USA).
The separation was performed on a reversed-phase column
(XTerraRP18, 5 um, 4.6 x 250 mm, Waters) equipped with
a guard column (XTerra RP18, 5 um, 3.9 x 20 mm, Waters).
The column temperature was maintained at 35°C.

Animal tissue was homogenized using a HeidolphDiax
900 (Bochem Laborbedarf, Weilburg, Germany), and a cen-
trifuge (2-16K Sigma) was used to separate the supernatant
from the solid phase. Other instruments used included an
analytical balance (Sartorius BP 61S), Vortex mixer (WL-1,
Bio-mix, Warsaw, Poland), shaker (BWZ 23S, Bio-mix,
Warsaw, Poland), pH meter (® 34 pH Meter BECKMAN,
Brea, USA), water bath (MLL 547 AJL electronic, Krakow,
Poland), and Milli Q Plus 185 system (Millipore-Waters).

The mobile phase consisted of acetonitrile and sodium
perchlorate monohydrate (200 g/L) adjusted to pH 2.5
(40:60, v/v) and was injected onto the HPLC system (50 pL
of this solution) isocratically at a flow rate of 1.2 mL/min.
This type of mobile phase is recommended by the European
Pharmacopoeia. The chromatograph was operated at 35°C,
and the column effluent was monitored at a wavelength of
290 nm.

Validation of the analytical method. The quantitative
HPLC method was validated for each of the calves and
piglets tissues (liver, kidney, fat with skin, and muscle) in
terms of linearity, intra-day and inter-day precision, stabil-
ity, recovery, limits of detection (LOD) and quantification
(LOQ), as well as decision limit (CCa) and detection capa-
bility (CCp) according to the Commission Implementing
Regulation (EU) draft document (15).

Linearity was determined by linear regression analysis,
using calibration curves constructed using replicates (n = 3)
of control samples from calves’ and piglets’ matrices spiked
with TYL. The calibration curves were prepared at con-
centrations of standards of 5.50, 11.0, 55.0, 110.0, 320.0,
650.0 ng/g for calves and 5.50, 11.0, 55.0, 110.0, 268.0,
590.0 ng/g for pigs, respectively.

The intra-day and inter-day precision was calculated after
analyzing six samples of matrices spiked with TYL at three
different concentrations (5.50, 110.0, and 590.0 ng/g) and is
expressed as percentage coefficients of variation (CV, %).
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The stability of TYL was determined in two different
ways in sample of purified extracts (spiked all the tissues
of calf'at 100 ng-g™) stored before the HPLC analysis and
in solvent (stock solutions). First, the stability of the work-
ing standard solutions prepared with the mixture acetoni-
trile — H,O (50:50; v/v) was studied. The solutions were
analyzed every week and the instrumental responses were
compared with the peak areas obtained at the moment of
the preparation of solutions. The acceptance criterion was
aresponse between 95% and 105% of the initial one and no
degradation phenomena observable during a storage time of
2 months at 4°C. In order to check of the purified extracts,
homogenized blank tissues of calf were divided into four
aliquots and each was fortified at 100 ng-g!. One aliquot
was analyzed immediately and the remaining aliquots
were stored in the freezer at —20°C and analyzed after 7,
14 and 21 days. The concentration of TYL in each aliquot
was calculated by considering the solution of the analyte
freshly prepared at the time of analysis to be 100%. It was
shown to be stable up to 21 days. Consequently, the puri-
fied extracts can be preserved in a freezer at least 3 weeks
before instrumental determination.

The extraction recovery experiment was carried out by
comparing the response (in an area) of high, middle, and
low standards to the response of equivalent standards. Each
sample of the control calf tissue was spiked at three levels:
50.0, 100.0, and 150.0 ng/g. These fortified levels were
chosen depending on the MRL of the analyte (0.5, 1, and
1.5 times the MRL established for TYL).

The CCa and CCb were determined using the calibra-
tion curve procedure according to ISO 11843 (ISO 2003).
The CCa =MRL + 1.64 x SD of blank samples and blanks
fortified around the MRL and CChH = CCa + 1.64 x SD of
blank samples and blanks fortified around the MRL.

Withdrawal period estimation. Exploratory withdrawal
times (WT) were computed for TYL in calves’ and piglets’
livers using the software WT 1.4, developed by the EMA
(23). The withdrawal time was established as the point when
the upper one-sided tolerance limit (95%) with a 95% con-
fidence interwal fell below the MRL. In the present study,
the MRL (100 ng/g) reported for TYL in calves’ and piglets’
tissues by the EMA was used (25).

When the majority of data from one slaughter point
were below the limit of detection (LOD), that time point
was excluded. However, three time points were retained
to enable meaningful regression analysis. Assumptions for
linear regression analysis were assessed to validate with-
drawal time estimation. Since the time points did not encom-
pass a full day, the withdrawal period had to be rounded up
to the next day (23).

Results and discussion

TYL is widely used in bovine and pig livestock
husbandry, despite inadequate information about its
pharmacokinetics and the lack of available data re-
garding tissue concentrations in these growing species
after multiple administrations, such as during complete
therapy. This study represents the first attempt to de-
scribe the depletion of TYL residues in edible calves
and piglets tissues using a validated HPLC method.
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Validation performance.

Table 1 lists the results for in calves and piglets
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Tab. 1. Results of the HPLC method validation for TYL quantification in different tissues

the main parameters from the Matrix

analytical method validation Parameter | Unit Muscle Kidneys Liver Fat + Skin
inall evah,lated tissues. _Upder calves piglets calves piglets | calves piglets | calves piglets
our experimental conditions, [, 0.9983 | 0.9997 | 0.9989 | 0.9998 | 0.9993 | 0.9999 | 0.9984 | 0.9993
TYL showed a retention time

of about 7 and 8 minutes in | Merday eV | % 295 | 993 164 | 728 | 339 | 1476 | 3.58 | 10.65
calves’ and piglets’ samples, | Inra-daycv | % 417 317 | 311 | 1243 175 | 495 | 2.80 5.56
respectively. The analytical | Recovery % | 93.42 | 96.77 | 82.00 | 87.19 | 68.64 | 54.81 | 8275 | 86.85
method showed a linearity in | Lop ng/y | 460 | 335 | 1293 | 350 | 332 | 1972 | 3.06 | 3.91
the range of 5.5-650 ng/g for | gq ng/g | 13.88 | 1016 | 31.04 | 1061 | 10.06 | 59.76 | 9.28 | 11.84

every matrix considered. The
limit of detections (LOD = 3.3-S_,, where S is the
standard deviation and a is the slope) for calve and
porcine tissues were calculated in the ranges 3.06-12.93
ng/g and 3.35-19.72 ng/g, respectively. The limit of
quantification (LOQ = 10-S ) for tissues of calves
and porcine were in the range of 9.28-31.04 ng/g and
10.16-59.76 ng/g, respectively. The calculated rela-
tive standard deviation (RSD) fell within the range of
0.71% to 5.19% in calf tissues and 3.17% to 14.83%
in piglets’ tissues. The calculated mean recovery of
TYL was dependent on the tested tissues: 93.42%
and 96.77% for muscle, 82.00%
and 87.19% for kidney, 68.64% and
54.81% for liver, and 82.75% and
86.85% for fat with skin in calves

of 100 ng/g, and disproportionately higher compared
to the residues in the kidneys (164.79 + 71.27 ng/g)
(P < 0.05), where the TYL concentrations amounted
to about one-third of those in the liver. This difference
was also observed in the muscles (128.63 £40.27 ng/g)
and fat with skin, where no residues of the administered
drug were detected (< LOD). The trend persisted in
the subsequent days of tissue collection and after the
drug was withdrawn. On the 12" day post-treatment,
concentrations of TYL detected in all studied tissues
were below the accepted EU MRL (Tab. 2 and Fig. 1).

Tab. 2. Mean (= SD) tylosin (TYL) residues (ng/g) in calves edible tissues after
5 days intramuscular administration in the dose 10 mg/kg bw, with 24 h intervals.
Because all the values in the day 14™ were below the LOD, the time points were
excluded from statistical analysis of withdrawal time

and piglets, respectively.

Regarding stability verification, | Tme afterlast

dose (days)

Mean TYL calves tissue residues (ng/g)

Muscle Kidney Liver Skin + fat

TYL remained stable throughout
the freezing process. No degradation 6
phenomena were observed in the 8
working solution during storage for 10
a period of 21 days at 4°C, nor be- 12
tween the amount of TYL spiked and 14

128.63 (+ 40.27)
49.33 (+ 30.83)

164.79 (+ 71.27)
81.10 (+ 37.61)
<LOD
<L0D
<LOD

459.68 (+ 97.64)

207.47 (+ 29.38)

82.25 (+ 27.61)
<LOD
<L0D

<LOD
<LOD
<LOD
<LOD
<LoD

<LOD
<LOD
<LOD

that observed in the samples stored

for different periods of time.

The CCa and CCbH were respec-
tively: 103.79 ng/g and 107.58 ng/g
in calves and 104.81 ng/g and 109.62
ng/g in piglets.

Residue depletion study. The
concentrations of TYL measured in
muscle, kidney, liver, and fat with
skin from calves and piglets are
summarized in Table 2 and Table 3,
respectively. These results indicate
the presence of TYL residues in the
tissues of calves and piglets after
treatment with this drug.

Residues in calves’ tissues: On the
sixth day of the withdrawal period 0
following the complete treatment,

TYL concentration (ng/g)
N N
o (%3]
o o

Calves
—@ -Muscles
= @ = Kidneys
e | jVET

e« @.. Fat with skin

14 Days

8 10 12

the TYL residue content in the liver
was more than four times higher
(459.68 + 97.64 ng/g) than the MRL

Fig. 1. Mean concentrations in muscles, kidneys, liver and fat with skin of tylosin
(TYL) in calves after 5 days of intramuscular administration in the dose 10 mg/
kg bw, with 24 h intervals (n = 30)
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This study represents the first examination of residue
depletion over a 14-day period following intramuscular
administration of TYL at a dose of 10 mg/kg b.w. for
5 consecutive days, mirroring routine therapy recom-
mended by the manufacturer. In contrast to previous
reports, our findings indicate that the primary storage
organ for TYL is the liver. Concentrations were sig-
nificantly higher and persisted for a longer duration
compared to the kidneys, as reported by Kennington
et al. (44, 45) and Luperi et al. (55). This divergence
could be attributed to differences in experimental
conditions. Due to the scarcity of data in the literature,
it is challenging to draw comparisons with studies
conducted under alternate conditions. For instance,
in some studies, TYL was administered at the same
dosage but for only 3 consecutive days, with tissue
collection for testing conducted only 4 hours after the
end of drug administration (45).

It also appears inconclusive to compare the results
of our study with the study conducted by Luperi et al.,
where TYL was administered at a dose of 10 mg/kg for
4 days, although tissues were collected from 7 to 42

Tab. 3. Mean (+ SD) tylosin (TYL) residues (ng/g) in piglets edible tissues after
5 days intramuscular administration in the dose 10 mg/kg bw, with 24 h intervals.
Because all the values in the day 21 and 23" in piglets tissues were below the
LOD, the time points were excluded from statistical analysis of withdrawal time
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days after the end of treatment (55). For instance, the
values of residue concentrations in the kidneys in our
study on day 5 were slightly higher (128.63 + 40.27
ng/g) compared to those found on day 7 by Luperi et
al. (73.7 £37.7 ng/g) (55). However, in other tissues,
including the liver, TYL residues were below LOQ of
the method (50 ng/g) from day 7 onwards. This concen-
tration is even 9 times lower on day 5 and 4 times lower
on day 8 than those found in our experiment (459.68
+ 97.64 ng/g) and (207.47 + 29.38 ng/g), respectively.

Our results are partially supported by the study
conducted by Thomson et al., where TYL was admin-
istered at a dose of 10 mg/kg for 5 consecutive days
(84). Sections of the liver and kidneys, where similarly
to the results obtained in this experiment, no TYL
residues were found, were collected only on the 21*
day after the end of treatment.

The experimental setup most similar to ours, which
assessed TYL residues for 21 days after intramuscular
administration at a dose of 10 mg/kg for 5 consecu-
tive days, yielded comparable values of TYL residue
concentrations in the kidneys on day 7 to the values
obtained in our experiment on the
8" day after the end of treatment.
However, there were different find-
ings regarding residues in the liver.

Fig. 2. Mean concentrations in muscles, kidneys, liver and fat with skin of tylosin
(TYL) in piglets after S days of intramuscular administration in the dose 10 mg/
kg bw, with 24 h intervals (n = 28)

Time after last Mean TYL piglets tissue residues (ng/g) In the study by Moran et al. (60, 6 1 )
dose (days) Muscle Kidney Liver Skin + fat TYL was not detected in the liver tis-
7 61.77(£19.91) | 188.8(232.65) | 410.63 (x32.63) <LOD i‘ll:rslt%l}iz ?ﬁgﬁggf;yatsoigg;ggepg;
10 <L0D 63.94 (+34.04) | 241.02 (+39.26) <L0D the main deposit organ with residues
13 <LoD <LoD 145.68 (x 23.08) <LoD nearing the MRL (100 ng/g) by the
15 <LOD <LOD 119.96 (= 17.26) <LOD 10" day (82.25 +27.61 ng/g).
18 <LOD <LOD 90.33 (+ 2.34) <LOD In another study where calves were
21 <LOD <LOD <LOD <LOD treated with 20 mg/kg of TYL for
2 <LOD <LOD <LOD <LoD 5 days and slaughtered on the 7" and
14™ day post-administration, differ-
ences in TYL concentration in the
450 liver were observed (73). Residues
were below quantifiable levels after
0 7 days of administration, compared
350 to our findings on the 6™ day (459.68
z Porcine + 97.64 ng/g). Moreover, kidney
£3% —e  Muscles concentrations were very similar to
S e — o Kidneys our findings and slightly exceeded
£ ——Liver the fixed MRL (100 ug/kg). Fourteen
g 200 o e ns Fatwith skin days after administration, all tissue
2 15 concentrations were below the LOQ
5 of the analytical method, similar to
100 our study. However, it should be
o emphasized that the drug dose was
double that used in our study.
0 Residues in piglets’ tissues: The
! 10 3 15 18 2 23 Days | highest TYL concentrations were

measured in the liver on the seventh
day after the completion of treat-
ment in piglets. On that day, the TYL
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residue content in piglets’ liver was four times higher
(410.63 £32.63 ng/g) than the MRL of 100 ng/g, while
in the kidneys, it was half'the TYL concentration of the
liver (188.8 £ 32.65ng/g) (p < 0.05). By the 18™ day,
TYL concentrations in all studied tissues were lower
than the accepted EU MRL (Tab. 3 and Fig. 2).

In the present study, TYL residue levels in the kid-
ney and liver differ significantly from those obtained
by Prats et al. (74, 75). TYL concentrations above the
MRL were found here on day 7 in the kidney, in con-
trast to our study where on day 7 all values were below
the LOD of the method (36.46 ng/mL). Moreover, in
our study, TYL residues in the liver on day 7 were even
5 times higher (410.63 + 32.63 ng/g) than those found
on day 3 in the study by Prats et al. (approximately
75 ng/g) (74, 75).

Other experiments conducted in the same experi-
mental setup also showed differences in residue distri-
bution, where the drug was detected in all tested tissues
only on the first day after the end of intramuscular
administration of the drug at a dose of 10 mg/kg b.w.
for 5 consecutive days (62).

Considering the large discrepancies in the values of
TYL residue concentrations in the available literature,
it was decided to also refer to the results of TYL resi-
due tests after oral administration. Nevertheless, our
study did not confirm previous reports where, after
using TYL for 28 consecutive days at a dose 20 times
higher (200 mg/kg) than that used in our experiment,
no residues were found in the tested tissues (liver and
kidneys) above the LOD of the method (20 ng/g),
even on the 3" day after the end of drug administra-
tion (24). Moreover, monitoring TYL levels in swine
tissue following administration of 0.5 g tylosin/L in
the drinking water for 10 days does not corroborate
our results. The study showed that at least 0 days
withdrawal was required, as TYL residues in all tested
tissues were below the detection limits, although tis-
sues were collected from pigs sacrificed also at 2 and
5 days of withdrawal (63).

At the same time, it should be emphasized that our
study does not confirm such rapid metabolism and
elimination of TYL as previously reported. This may
be related to changes in these processes depending on
age. Previous studies were conducted mostly on adult
or adolescent animals, while very young animals were
used in our study. Additionally, the kidney does not
seem to be an appropriate organ for routine monitor-
ing of TYL residues in calves or piglets, although it
is the recommended target tissue for routine monitor-
ing purposes in both adult bovine and swine (24, 26).
According to the study by Handy et al., where TYL
was orally administered to young calves, residues
were highest and persisted longest in liver tissue until
the 12" day post-treatment when they were below
the LOD (36). This finding is very similar to ours,
although the route of administration, dose, and treat-
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ment period differed from our study. Certainly, further
pharmacokinetic studies, along with the assessment of
residue concentrations, should be conducted to clarify
this issue.

Due to the lack of information in the open literature
about TYL withdrawal time in calves and piglets, it
could be speculative and may depend on periods esti-
mated for other macrolides or other domestic species.

Withdrawal time estimation. It is crucial to consid-
er the pre-slaughter withdrawal interval in the context
of an overall risk-benefit assessment for consumers of
calves’ and piglets’ products. As previously mentioned,
the withdrawal periods for TYL were determined based
on the MRL using the statistical method (95% tolerance
limit and 95% confidence) outlined in EU Regulation
37/2010 guidelines (25).

Since all values on the 14" day in calf tissues and
the 215" and 23" days in piglets’ tissues were below the
LOD, those points were excluded from the statistical
analysis of withdrawal time.

The withdrawal periods for TYL in calves were
calculated only for liver tissue (11.83 days) due to
meeting the basic statistical requirements of the WT1.4
program. The assumptions of linear regression analysis
ensured the validation of the method. Due to the in-
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complete day coverage of time points, the withdrawal
period needed to be rounded up to the next day. Hence,
the withdrawal time of 12 days for edible tissues of
calves can be considered as the definitive withdrawal
time to ensure consumer safety.

The process of determining the withdrawal period
for piglets’ edible tissues followed a similar approach.
The withdrawal periods for TYL were calculated, as
in the calves study, only for liver tissue (19.36 days)
due to fulfilling the basic statistical requirements of
the WT1.4 program. For piglets’ edible tissues, the
withdrawal time was set to 20 days.

In conclusion, an analytical method for the determi-
nation of TYL in calves and piglets tissues has been
developed and validated. The extraction procedure
of TYL from calves and piglets tissues uses small
volumes of organic solvents, making the method
cheaper and safer than that published by Prats et al.
(73). The chromatographic conditions adopted with
LLE clean-up allow the separation of TYL from any
co-extractives. The method developed in this study
could be effectively utilized as a foundation for the
development and validation of TYL analysis in tissues
of other animal species. Liver residue depletion appears
to be significant for estimating the withdrawal time of
TYL in calves and piglets. The withdrawal period for
the concentration of TYL in this tissue was set at 12
days for calves and 20 days for piglets, respectively,
to ensure compliance with the EU MRL.

References

1. Abdul-Karim B. G.: Study No. T1G1010402. Pre-clinical laboratory study:
pharmacokinetics of tylosin in cattle and calves. 2006a, Elanco Animal Health.
A Division of Eli Lilly and Company, Greenfield, USA. Lewicki J. Tylosin.
A-review of pharmacokinetics, residues in food animals and analytical methods.
Available at the website of FAO at: ftp://ftp.fao.org/ag/agn/food/tylosin_2006.
pdf.

2. Abdul-Karim B. G.: Study No. T1G1010403. Pre-clinical laboratory study:
pharmacokinetics of tylosin in chicken. 2006b, Elanco Animal Health,
A Division of Eli Lilly and Company, Greenfield, USA. Lewicki J. Tylosin.
Areview of pharmacokinetics, residues in food animals and analytical methods.
Available at the website of FAO at: ftp://ftp.fao.org/ag/agn/food/tylosin_2006.
pdf.

3. Anderson R. C., Worth H. M., Small R. M., Harris P. N.: Toxicological studies
on tylosin: its safety as a food additive. Food Cosmet. Toxicol. 1966, 4, 1-15.

4. Atef M., Youssef S. A. H., Atta A. H., El-Maaz A. A.: Disposition of tylosin in
goats. Br. Vet. J. 1991, 147, 207-215.

5. Baggot J. D.: Some aspects of clinical pharmacokinetics in veterinary medi-
cine: principles of pharmacokinetics. J. Vet. Pharmacol. Ther. 1978, 1, 111-118.

6. Baggot J. D., Gingerich D. A.: Pharmacokinetic interpretation of erythromycin
and tylosin activity in serum after intravenous administration of a single dose
to cows. Res. Vet. Sci. 1976, 21, 318-323.

7. Barbera E., Cuadra J. de la: Occupational airborne allergic contact dermatitis
from tylosin. Contact Dermatitis 1989, 20, 308-309.

8. Botsoglou N. A., Fletouris D. J.: Drug residues in foods: Pharmacology: Food
Safety and Analysis, Marcel Dekker, New York, USA 2000.

9. Burnett T. J., Marth J.., Fossler S. C. Kiehl D. E.: 14C-tylosin metabolism
and residua decline in laying hens administered medicated drinking water:
part 1 of 2: analysis and characterization of radioactive residues in eggs. 1999,
Unpublished GLP study No. T1Y729901 from Lilly Research Laboratories,
Eli Lilly and Company, Greenfield, USA. Lewicki J. Tylosin. A review of
pharmacokinetics, residues in food animals and analytical methods. Available
at the website of FAO at: ftp://ftp.fao.org/ag/agn/food/tylosin_2006.pdf.

10. Burrows G. E.: Pharmacotherapeutics of macrolides, lincomycins, and spec-
tinomycin. J. Am. Vet. Med. Assoc. 1980, 176, 1072-1077.

Med. Weter. 2024, 80 (10), 500-508

11. Burrows G. E., Barto P. B., Martin B., Tripp M. L.: Comparative pharmaco-
kinetics of antibiotics in newborn calves: chloramphenicol, lincomycin, and
tylosin. Am. J. Vet. Res. 1983, 44, 1053-1057.

12. Caraffini S., Assalve D., Stingeni L., Lisi P.: Tylosin, anairborne contact
allergen in veterinarians. Contact Dermatitis 1994, 31, 327-328.

13. Cester C. C., Ganiere J. P, Toutain P. L.: Effect of stage of oestrous cycle on
tylosin disposition in genital tract secretions of cows. Res. Vet. Sci. 1993, 54,
32-39.

14. Civitareale C., Fiori M., Ballerini A., Brambilla G.: 1dentification and quan-
tification method of spiramycin and tylosin in feeding stuffs with HPLC-UV/
DAD at | ppm level. J. Pharm. Biomed. Anal. 2004, 36, 317-325.

15. 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. Journal of the E. U. 2021, L180: 84-109.

16. Couper A., Cromie L., Neeve S., Pommier P, Keita A., Pagot E.: Treatment
of pneumonia in pigs with long-acting injectable tylosin. Vet. Rec. 2006, 159,
805-807.

17. Curtis M. A.: Tylosin phosphate in feed for dairy cows. Milk residua study —
final report. 1999, Unpublished study T1XAL9801 from Elanco Animal Health,
West Ryde, Australia and Bovine Strategic Services, Camden, Australia.
Lewicki, J. Tylosin. A review of pharmacokinetics, residues in food animals
and analytical methods. Available at the website of FAO at: ftp://ftp.fao.org/
ag/agn/food/tylosin_2006.pdf.

18. Danese P, Zanca A., Bertazzoni M. G.: Occupational contact dermatitis from
tylosin. Contact Dermatitis 1994, 30, 122-123.

19. Debono M., Willard K. E., Kirst H. A., Wind J. A., Crouse G. D., Tao E. V.,
Vicenzi J. T., Counter F. T, Ott J. L., Ose E. E.: Synthesis and antimicrobial
evaluation of 20-deoxo-20-(3,5-dimethylpiperidin-1-yl) desmycosin (tilmico-
sin, EL-870) and related cyclic amino derivatives. J. Antibiot. Tokyo 1989,
42, 1253-1267.

20. Dudrikova E., Lehotsky J.: A comparison of liquid chromatographic and
microtitre test procedures for determining the depletion of tylosin in health
lactating cows. Milchwissenschaft 1998, 53, 90-92.

21.Duyn Van R. L., Folkerts T. M.: Concentrations of tylosin in blood and lung
tissue from calves given single and repeated daily intramuscular doses. Vet.
Med. Small Anim. Clin. 1979, 74, 375-377.

22.El-Sayed M. G. A., El-Attar H. M., Atef M., Yousif M.: Pharmacokinetic profile
of tylosin in mastitic cows. Dtsch. Tierdrztl. Wschr. 1986, 93, 326-328.

23. EMA (European Medicines Agency). Guideline on determination of withdrawal
periods for edible tissues. EMA/CVMP/SWP/735325/2012 Rev. 2, Committee
for Veterinary Medicinal Products (CVMP) 2018.

24. EMEA. Tylosin. Commetee for Vetrinary Medical Product. Summary report
(5). EMEA/MRL/829/02-FINAL, 2002.

25. European Commission, CommissionRegulation (EU) No 37/2010 of
22 December 2009 on Pharmacologically Active Substances and Their
Classification Regarding Maximum Residue Limits in Food-stuffs of Animal
Origin. 2010, 15. OJEC, pp. 1-72. Available at the website: https://ec.europa.
eu/health/sites/health/files/files/eudralex/vol-5/reg 2010 37/reg_ 2010 37
en.pdf.

26. FAO. Residues of some veterinary drugs in animals and foods 41/4. FAO.
Monographs prepared by the Thirty-eighth Meeting of the Joint FAO/WHO
Expert Committee on Food Additives, 1991.

27. Feldlaufer M. F., Kochansky J. P, Pettis J. S., Vincent D.: Potential residues
of tylosin tartrate in honey. Tylan® Soluble (tylosintartrate) for the con-
trol of American foul brood 31 (Paenibacillus larvae) in honeybees. 2006,
International Summary Dossier, Elanco Animal Health. Lewicki, J. Tylosin.
A review of pharmacokinetics, residues in food animals and analytical meth-
ods (2006). Available at the website of FAO at: ftp://ftp.fao.org/ag/agn/food/
tylosin_2006.pdf.

28. Furusawa N.: Transference of dietary veterinary drugs into eggs. Vet. Res.
Commun. 2001, 25, 651-662.

29. Garcia-Mayor M. A., Garcinuiio R. M., Fernandez-Hernando P, Durand-
Alegria J. S.: Liquid chromatography-UV diode-array detection method
for multi-residue determination of macrolide antibiotics in sheep’s milk.
J. Chromatogr. A. 2006, 28, 1122, 76-83.

30. Gingerich D. A., Baggot J. D., Kowalski J. J.: Tylosin antimicrobial activity
and pharmacokinetics in cows. Can. Vet. J. 1977, 18, 96-100.

31. Gollins W. J.: Occupational asthmadue to tylosin tartrate. Br. J. Ind. Med.
1989, 46, 894.

32. Gon-sup K., Sun-hye S., Jong-su K., Do-kyung R.: Determination of tylosin
in edible meats by high-performance liquid chromatography. Korean J. Vet.
Res. 2001, 41, 13-19.

33. Grassetti A., Villa S.: Tylan® Sulphapremix tissue residue in swine. 2001a,
Unpublished GLP study No. TSUPIT010 from Research Toxicology Centre



Med. Weter. 2024, 80 (10), 500-508

S.p.A, Pomezia (Roma), Italy. Lewicki, J. Tylosin. A review of pharmacoki-
netics, residues in food animals and analytical methods (2006) Available at
the website of FAO at: ftp://ftp.fao.org/ag/agn/food/tylosin_2006.pdf.

34. Grassetti A., Villa S.: Tylan® G 250 premix eggresidue in laying hens. 2001b,
Unpublished GLP study No. TIXAIT001 from Eli Lilly Italia S.0.A., Sesto
Fiorentino, Italy. Lewicki, J. Tylosin. A review of pharmacokinetics, residues
in food animals and analytical methods (2006) Available at the website of FAO
at: ftp://ftp.fao.org/ag/agn/food/tylosin_2006.pdf.

35. Hamscher G., Limsuwan S., Tansakul N., Kietzmann M.: Quantitative analysis
of tylosin in eggs by high performance liquid chromatography with electro-
spray ionization tandem mass spectrometry: residua depletion kinetics after
administration via feed and drinkingwater in laying hens. J. Agric. Food Chem.
2006, 54, 9017-9023.

36. Handy P. R., Matsuoka T.: Tylosin tissue residues in calves following oral
feeding of tylosin tartrate. Experiment No. 659-G128-45. 1978, Unpublished
report, Lilly Research Laboratories, Greenfield, Indiana. FAO. Residues of
some veterinary drugs in animals and foods 41/4. Monographs prepared by
the Thirty-eighth Meeting of the Joint FAO/WHO Expert Committee on Food
Additives, 1991.

37. Hjerpe C. A.: A comparison of serum antibiotic concentrations achieved in
calves with intratracheal administration of procaine penicillin G, ampicillin
trihydrate, tylosin, oxytetracycline hydrochloride, chloramphenicol sodium
succinate, dihydrostreptomycin sulfate and neomycyn sulfate with those
achieved with intravenous, intramuscular and subcutaneous administration.
Bovine Pract. 1979, 14, 18-26.

38. Hjorth N., Weismann K.: Occupational dermatitis among veterinary surgeons
caused by spiramycin, tylosin and penethamate. Acta Dermatovener. 1973,
53,229-232.

39. Iritani Y, Hidaka S., Kitabatake T., Ise T.: Tylosin levels in the tissue of pigs
after medication in drinking water. Jap. J. Zootech. Sci. 1975, 48, 588-590.

40.Ji L. W., Dong L. L., Ji H., Feng X. W., Li D., Ding R. L., Jiang S. X.:
Comparative pharmacokinetics and bioavailability of tylosin tartrate and
tylosin phosphate after a single oral and i.v. administration in chickens. J. Vet.
Pharmacol. Ther. 2014, 37, 312-315.

41.Jung H. D.: Occupationally-induced contacteczema by tylosin (Tylan).
Dermatol. Monatsschr. 1983, 169, 235-237.

42.Kale A., Gaspari A. A.: A dog lover’s dilemma: Airborne allergic contact
dermatitis to tylosin. JAAD Case Rep. 2020, 20, 7, 100-102.

43.Kan C. A., Petz M.: Residues of veterinary drugs in eggs and their distribution
between yolk and white. J. Agric. Food Chem. 2000, 48, 6397-6403.

44. Kennington A. S., Donoho A. L.: 14C-tylosin rat metabolizm study. 1994,
Unpublished study No. T1X759102 from Lilly Research Laboratories, Eli Lilly
and Company, Greenfield, IN, USA. Submitted to WHO by Elanco Animal
Health, Division of Eli Lilly and Company, Indianapolis, USA. JECFA Joint
FAO/WHO Expert Committee on Food Additives. “Toxicological evaluation of
certain veterinary drug residues in food”. Prepared by the Seventieth meeting.
WHO Food additives series; 79, 2009.

45. Kennington A. S., Donoho A. L., Darby J. M., Moran J. W., Occolowitz J. L.:
Tylosin metabolizm study in tissues and excreta of calves injected with
14C-tylosin. 1994a, Unpublished GLP study No. T1Z2749302 from Lilly
Research Laboratories, Eli Lilly and Company, Greenfield, USA. Lewicki,
J. Tylosin. A review of pharmacokinetics, residues in food animals and ana-
lytical methods (2006). Available at the website of FAO at: ftp://ftp.fao.org/
ag/agn/food/tylosin_2006.pdf.

46. Kennington A. S., Donoho A. L., Darby J. M., Moran J. W., Occolowitz J. L.:
Tylosinmetabolism in tissues and excreta of pigs dosed with 14C-tylosin.
1994b, Unpublished GLP studies No. T1X759101 and T1X749303 from Lilly
Research Laboratories, Eli Lilly and Company, Greenfield, USA. Lewicki,
J. Tylosin. A review of pharmacokinetics, residues in food animals and ana-
lytical methods (2006). Available at the website of FAO at: ftp://ftp.fao.org/
ag/agn/food/tylosin_2006.pdf.

47. Keukens H. J.: A study in dairy cows: Residues in milk after repeated intramus-
cular administration of Tylan® 200 injectable. 1996, Unpublished GLP study
No. RIK.HKE.96.02 (TY1R016) from the Institute of Veterinary Research,
Wezep for Elanco AnimalHealth, The Netherlands. Lewicki, J. Tylosin.
A review of pharmacokinetics, residues in food animals and analytical
methods (2006). Available at the website of FAO at: ftp://ftp.fao.org/ag/agn/
food/tylosin_2006.pdf.

48. King N., Walker A.: Determination of tylosin residues in chicken eggs fol-
lowing the administration of 500 mg tylosin/litre in the drinking water for
5 consecutive days. 2007, Study No. 284189. Charles River Laboratories,
Tranent, Edinburgh, UK. Lewicki, J. Tylosin. A review of pharmacokinet-
ics, residues in food animals and analytical methods (2006). Available at the
website of FAO at: ftp://ftp.fao.org/ag/agn/food/tylosin_2006.pdf.

49. Kiorpes A. L.: Relative availability of Tylan® 200 Injection administered
subcutaneously and intramuscularly to cattle. 1993, Unpublished GLP study

507

No. HWI 6180-110 from Hazelton Wisconsin Inc., Madison, Wisconsin.
Lewicki, J. Tylosin. A review of pharmacokinetics, residues in food animals
and analytical methods (2006). Available at the website of FAO at: ftp://ftp.
fao.org/ag/agn/food/tylosin_2006.pdf.

50. Kraemer K. H., Torres V., Weinstein G. D.: Contact allergy to tylosin. Arch.
Dermatol. 1976, 112, 561.

51. Lacoste E.: Pharmacokinetic study of tylosin in broiler chicken Rusing an
aqueous solution (via the intravenous route and oral gavage) and as a feedslurry
(via oral gavage). 2003, Unpublished GLP study No. TIYAFR0202 from
Avogadro, Parc de Génibrat, Fontenilles, France. Lewicki, J. Tylosin. A review
of pharmacokinetics, residues in food animals and analytical methods (2006).
Available at the website of FAO at: ftp://ftp.fao.org/ag/agn/food/tylosin_2006.
pdf.

52.Lee H. S., Wang Y. T, Tan K. T,, Ratnam K. V.: Occupational astma due to
tylosin tartrate. Br. J. Ind. Med. 1989, 46, 498-499.

53. Liguoro M. De, Anfossi P, Angeletti R., Montesissa C.: Determination of
tylosin residues in pig tissues using high-performance liquid chromatography.
Analyst 1998, 123, 279-282.

54. Luperi L., Villa S.: Tylan® 200 Injection tissue residue study in dairy
cattle. 1999, Unpublished study No. 6956 (T1XCIT9801) from the Research
Toxicology Centre, S.p.A, Pomezia (Roma), Italy. Lewicki, J. Tylosin. Areview
of pharmacokinetics, residues in food animals and analytical methods (2006).
Available at the website of FAO at: ftp://ftp.fao.org/ag/agn/food/tylosin_2006.
pdf.

55. Malaiyandi V., Houle M. C., Skotnicki-Grant S.: Airborne allergic contact
dermatitis from tylosin in pharmacy compounders and cross-sensitization to
macrolide antibiotics. Dermatitis 2012, 23, 5, 227-230.

56.Marth J. L., Burnett T. J., Kiehl D. E., Buck J. M.: 14C-tylosin metabolism
and residua decline in broiler chickens administered medicated drinking
water. 2001, Unpublished GLP study No. T1Y720001 from Lilly Research
Laboratories, Eli Lilly and Company, Greenfield, USA. Lewicki, J. Tylosin.
A review of pharmacokinetics, residues in food animals and analytical meth-
ods (2006). Available at the website of FAO at: ftp://ftp.fao.org/ag/agn/food/
tylosin_2006.pdf.

57.Marth J. L., Burnett T. J., Kiehl D. E., Da D. H., Fossler S. C.: 14C-tylosin
metabolism and residua decline in laying hens administered medicated drink-
ing water: part 2 of 2: analysis and characterization of radioactive residues in
tissues and excreta. 2000, Unpublished GLP study No. T1Y 729901 from Lilly
Research Laboratories, Eli Lilly and Company, Greenfield, USA. Lewicki,
J. Tylosin. A review of pharmacokinetics, residues in food animals and ana-
lytical methods (2006). Available at the website of FAO at: ftp://ftp.fao.org/
ag/agn/food/tylosin_2006.pdf.

58. Matsuoka T., Johnson W. S.: Milk residue studies in lactating cows following
intramuscular injection of tylosin. 1976, Unpublished study No. 659-G128-10
from Lilly Research Laboratories, Eli Lilly and Company, Greenfield, USA.
Lewicki, J. Tylosin. A review of pharmacokinetics, residues in food animals
and analytical methods (2006). Available at the website of FAO at: ftp://ftp.
fao.org/ag/agn/food/tylosin_2006.pdf.

59.McReynolds J. L., Caldwell D. Y., McElroy A. P, Hargis B. M., Caldwell
D. J.: Anti microbial residua detection in chicken yolk samples following
administration to egg-producing chickens and effects of residue detection
on competitive exclusion culture (PREEMPT) establishment. J. Agric. Food
Chem. 2000, 48, 6435-6438.

60. Moran J. W., Coleman M. R., Thomson T. D., Cochrane R. L.: The determi-
nation of tylosin residue in tissues following administration of Tylansoulbe
in drinking water of growing pigs. Experiment No. T1Z709001. 1990a,
Unpublished report, Lilly Research Laboratories, Greenfield, Indiana.
Submitted to FAO by Eli Lilly and Co. Lewicki, J. Tylosin. A review of
pharmacokinetics, residues in food animals and analytical methods (2006).
Available at the website of FAO at: ftp://ftp.fao.org/ag/agn/food/tylosin_2006.
pdf.

61. Moran J. W., Coleman M. R., Thomson T. D., Cochrane R. L.: The deter-
mination of tylosin residue in milk following administration of Tylan® 200
by intramuscular injection to dairy cows. 1990 b, Unpublished GLP study
No. T1Z2709003 from Lilly Research Laboratories, Eli Lilly and Company,
Greenfield, USA. Lewicki, J. Tylosin. A review of pharmacokinetics, residues
in food animals and analytical methods (2006). Available at the website of
FAO at: ftp://ftp.fao.org/ag/agn/food/tylosin_2006.pdf.

62. Moran J. W., Coleman M. R., Thomson T. D., Cochrane R. L.: The determi-
nation of tylosin residues in tissue following administration of Tylan 200
by intramuscular injection to growing pigs. Experiment No. T1Z709001.
1990c, Unpublished report, Lilly Research Laboratories, Greenfield, Indiana.
Submitted to FAO by Eli Lilly and Co. Lewicki, J. Tylosin. A review of
pharmacokinetics, residues in food animals and analytical methods (2006).
Available at the website of FAO at: ftp://ftp.fao.org/ag/agn/food/tylosin_2006.
pdf.



508

63. Moran J. W., Coleman M. R., Thomson T. D., Cochrane R. L.: The determi-
nation of tylosin residues in tissue following administration of Tylan 200 by
intramuscular injection to growing pigs. Experiment No. T1Z709001.1990d,
Unpublished report, Lilly Research Laboratories, Greenfield, Indiana.
Submitted to FAO by Eli Lilly and Co. Lewicki, J. Tylosin. A review of pharma-
cokinetics, residues in food animals and analytical methods (2006). Available
at the website of FAO at: ftp:/ftp.fao.org/ag/agn/food/tylosin_2006.pdf.

64. Morck D. W., Merrill J. K., Gard M. S., Olson M. E., Nation P. N.: Treatment
of experimentally induced pneumonic pasteurellosis of Young calves with
tilmicosin. Can. J. Vet. Res. 1997, 61, 3, 187-192.

65. Nagy J., Popelka P, Sokol J., Turek P, Neuschl J.: The excretion of tylosin
residues in ewes’ milk after its experimental administration. Folia Vet. 2001,
45, 196-198.

66. Nalda M. J. N., Yagiie J. L. B., Gomez M. T. M., Sevilla J. J. J., Nozal J. B.
del, Pascual M. H.: Trace analysis of antibacterial tylosin A, B, C and D in
honey by liquid chromatography electrospray ionization-mass spectrometry.
J. Sep. Sci. 2006, 29, 405-413.

67. Nouws J. F. M., Ziv G.: Distribution and residues of macrolide antibiotics in
normal dairy cows. Arch. Lebensmittelhyg. 1979, 30, 202-208.

68. Nouws J. F. M., Ziv G.: The persistence of antibiotic residues at the intramus-
cular injection site of dairy cows. Ref. Vet. 1977, 34, 131-135.

69. Nouws J. F. M., Ziv G.: Tissue distribution and residues of tylosin in normal
and emergency-slaughtered dairy cows and calves. Arch. Lebensmittelhyg.
1977, 28, 92-94.

70. Paranhos A. G. O., Pereira A. R., Fonseca I. C. da, Sanson A. L., Afonso
R.J. C. F, Aquino S. F.: Analysis of tylosin in poultry litter by HPLC-UV and
HPLC-MS/MS after LTPE. Int. J. Environ. An. Ch. 2021, 101, 2568-2585.

71. Pirkis J. E., O ’Regan K. K., Bailie R.: Contact dermatitis and in-feed exposure
to antibiotics among pig farmers. Aust. J. Rural Health.1997, 5, 76-79.

72. Poucke C. Van, Dumoulin F., Keyser K. De, Elliott C., Peteghem Van C.:
Tylosin detection in animals feed by liquid chromatography-tandem mass
spectrometry with enzymatic hydrolysis of the tylosin ureaadduct. J. Agric.
Food Chem. 2004, 19, 52, 2803-2806.

73. Prats C., Francesch R., Arboix M., Pérez B.: Determination of tylosin resi-
dues in different animals tissues by high performance liquid chromatography.
J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 2002, 5, 766, 57-65.

74. Prats C., Korchi G. El, Francesch R., Arboix M., Perez B.: Disposition kinetics
of tylosin administered intravenously and intramuscularly to pigs. Res. Vet.
Sci. 2002, 73, 141-144.

75. Prats C., Korchi G. El, Francesch R., Arboix M., Perez B.: Tylosin depletion
from edible pig tissues. Res. Vet. Sci. 2002, 73, 323-325.

76. Przeniosto-Siwczynska M., Grelik A., Kwiatek K.: Identification and quanti-
fication of tylosin in animal feed by liquid chromatography combined with
electrospray ionisation mass spectrometry. J. Vet. Res. 2020, 8, 64, 299-304.

77. Roudaut B., Moretain J. P.: Residues of macrolide antibiotics in eggs following
medication of laying hens. Br. Poult. Sci. 1990, 31, 661-675.

78. Sauter R. A., Corbe H. T, Bailey R. W.: Blood level studies in the bovine,
equine and porcie species with tylosin, a new antibiotic. J. Vet. Med. 1962,
57, 982-986.

79.Sieck R. F, Graper L. K., Giera D. D., Herberg R. J., Hamill R. L.:
14C-tylosin residue study in swine. 1978, Unpublished study from Agricultural
Biochemistry, Lilly Research Laboratories, Eli Lilly and Company, Greenfield,
USA. Lewicki, J. Tylosin. A review of pharmacokinetics, residues in food
animals and analytical methods (2006). Available at the website of FAO at:
ftp:/ftp.fao.org/ag/agn/food/tylosin_2006.pdf.

80. Sieck R. F., Graper L. K., Giera D. D., Herberg R. J., Hamill R. L.: Metabolism
of tylosin in swine and rat. 1978, Unpublished study from Lilly Research
Laboratories, Eli Lilly and Company, Greenfield, USA. Lewicki, J. Tylosin.
A review of pharmacokinetics, residues in food animals and analytical
methods (2006). Available at the website of FAO at: ftp://ftp.fao.org/ag/agn/
food/tylosin_2006.pdf.

81. Stobba-Wiley C. M., Readnour R. S.: Determination of tilmicosin residues in
cow and steep milk by liquid chromatography. Journal of AOAC International.
2000, 83, 3, 555-562.

82.Stone J. J., Clay S. A., Zhu Z., Wong K. L., Porath L. R., Spellman G. M.:
Effect of antimicrobial compound stylosin and chlortetracycline during batch
anaerobic swine manure digestion. Water Res. 2009, 43, 18, 4740-4750.

83.Tang H. P, Ho C., Lai S. S.: High-through put screening for multi-class vet-
erinary drug residues in animal muscle using liquid chromatography/tandem
mass spectrometry with on-line solid phase extraction. Rapid Commun. Mass
Spectrom. 2006, 20, 256.

84. Thomson T. D., Moran J. W.: Tylosin kidney and liver residues in cattle 21
days following 8 mg/Ib of Tylan® 200 Injection for 5 consecutive days by intra-
muscular or subcutaneous injection. 1994, Unpublished study No. T12769101
from Lilly Research Laboratories, Eli Lilly and Company, Greenfield, USA.
Lewicki, J. Tylosin. A review of pharmacokinetics, residues in food animals

Med. Weter. 2024, 80 (10), 500-508

and analytical methods (2006). Available at the website of FAO at: ftp://ftp.
fao.org/ag/agn/food/tylosin_2006.pdf.

85. Thompson T. S., Pernal S. F., Noot D. K., Melathopoulos A. P, Heever J. P.
van den: Degradation of incurred tylosin to desmycosin — implications for
residue analysis of honey. Anal. Chim. Acta. 2007, 586, 304-311.

86. Tsigouri (A. A. Towyovpn) A. D., Tyrpenou (A. E. Tvpmevov) A. E., Gouta
(E. H. I'ovta) E. H.: Determination of tylosin residues in animal tissues by
HPLCPDA. J. Hellenic Vet. Med. Soc. 2018, 49, 4, 294-299.

87. Tuomi M. L., Rasanen L.: Contact allergy to tylosin and cobalt in a pig farmer.
Contact Dermatitis. 1995, 33, 285.

88. Veien N. K., Hattel T., Justesen O., Norholm A.: Occupational contact dermatitis
due to spiramycin and/ortylosin among farmers. Contact Dermatitis. 1980, 6,
410-413.

89. Verbov J.: Tylosin dermatitis. Contact Dermatitis. 1983, 9, 325-326.

90. Verbov J., Abell E.: latrogenic dermatitis. Br. Med. J. 1969, 4, 621.

91. Walker A., Rae A., Roberts S.: Residue depletion of tylosin in broiler chick-
ens following administration of Tylan® Soluble in the drinking water for
five consecutive daysat a level of 500 mg tylosin/litre of water. 2007, Study
No. 284681, Charles River Laboratories, Tranent, Edinburgh, UK. Lewicki,
J. Tylosin. A review of pharmacokinetics, residues in food animals and ana-
lytical methods (2006). Available at the website of FAO at: ftp://ftp.fao.org/
ag/agn/food/tylosin_2006.pdf.

92. Wang J., Leung D., Lenz S. P:: Determination of five macrolide antibiotic
residues in Raw milk using liquid chromatography-electrospray ionization
tandem mass spectrometry. J. Agric. Food Chem. 2006, 54, 2873-2880.

93. Warren M. J.: Tylosin residue depletion study in chicken eggs following oral ad-
ministration via the drinking water. 1998, Unpublished GLP study No. TYL-98-
01 from the Biological Services Unit, The Royal Veterinary College, University
of London, Hatfield, Herts, UK. Lewicki, J. Tylosin. A review of pharmaco-
kinetics, residues in food animals and analytical methods (2006). Available
at the website of FAO at: ftp:/ftp.fao.org/ag/agn/food/tylosin_2006.pdf.

94. Weisel M. K., Powers J. D., Powers T. E., Baggot J. D.: A pharmacokinetic
analysis of tylosin in the normal dog. Am. J. Vet. Res. 1977, 38, 273-275.

95. Yoshida M., Hoshii H., Yonezawa S., Nakamura H., Yamaoka R.: Residue of
diet ary tylosin in blood, muscle and liver of growing chicks. Jap. Poult. Sci.
1973, 10, 23-28.

96. Ziv G.: Preliminary clinical pharmacological investigations of tylosin and
tiamulin in chickens. Vet. Quarterly. 1980, 2, 206-210.

97.Ziv G., Risenberg R.: Oral bioequivalence studies of two tylosin products in
broilers and layers. Prakt. Tierdrzt. 1991, 72, 860-863.

98.Ziv G., Shem-Tov M., Glickman A., Winkler M., Saran A.: Tilmicosin antibacte-
rial activity and pharmacokinetics in cows. J. Vet. Pharmacol. Ther. 1995, 18,
5, 340-345.

99.Ziv G., Sulman F. G.: Serum and milk concentrations of spectinomycin and
tylosin in cows and ewes. Am. J. Vet. Res. 1973, 34, 3, 329-333.

Corresponding author: Beata Lebkowska-Wieruszewska, DVM, PhD
(D.Sc.), Associate professor, Department of Pharmacology, Toxicology and
Environmental Protection, Faculty of Veterinary Medicine, University of
Life Sciences, Akademicka 12, 20-033 Lublin, Poland; e-mail: lebkowska.
wieruszewska@up.lublin.pl



