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ABSTRACT: A simple, rapid, low-cost, and sensitive high-performance liquid chromatographic method was developed
to determine tildipirosin in milk goat. Milk samples were precipitated with acetonitrile, and after evaporation, tildipirosin
was determined by reverse-phase chromatography with an ultraviolet detector set at a wavelength of 289 nm. Tildipirosin
was separated on aZorbax Eclipse XDB-C18 column, 150 x 3.0 mm, 5 pum with gradient chromatographic elution.The
retention times for tildipirosin and tylosin tartrate were 4.4 min and 10.5 min, respectively. Calibration curves were ranged
from 100 to 2500 pg/L. The lower limit of detection was 75 pg/L, and the lower limit of quantitation was 100 pg/L. The
accuracy and precision were always <15% except for LOQ < 20%. Mean recovery was 95.6 %. This procedure can be
applied to perform pharmacokinetic studiesin lactating animals and be useful to detect residues in dairy products.
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INTRODUCTION

he frequent use of veterinary drugs in animal

husbandry can result in occurrence of residues in
drinking water and foodstuff, which can have serious
adverse effects for consumers (Yu et al., 2017; Acar6z
et al., 2021a). Antibiotic resistance has become a seri-
ous global problem and is steadily increasing world-
wide in almost every bacterial species treated with
antibiotics (Sengupta et al., 2013).This situation has
been reached due to the abusive prescription of antibi-
otics, their inappropriate use by patients, and overuse
of these substances in food industry(Capita& Alon-
so-Calleja, 2013; Van Boeckel et al., 2015).Despite
this, veterinarians and doctors must apply them and
provide effective treatments without further spread-
ing of resistance. In this way, World Health Organiza-
tion (WHO) establishes the concept of “One Health,”
where antimicrobial resistance is an ecological prob-
lem that is characterized by complex interactions
involving diverse microbial populations affecting
the health of humans, animals and the environment
(WHO, 2015).

Tildipirosin (TD) is a semi-synthetic tylosin an-
alog with a unique chemical structure characterized
by two piperidine substituents on C20 and C23 and
a basic mycaminose sugar moiety at C5 of the mac-
rocyclic lactone ring. Owing to three nitrogen atoms
accessible to protonation, TD is a tribasic molecule
(Figure 1).This antimicrobial is exclusively used in
veterinary practice, and it has been approved for par-
enteral treatment of respiratory disease in cattle and
swine (Sengupta et al., 2013; EMA, 2016; Lei et al.,
2018). Moreover, it shows favourable pharmacokinet-
ic properties such as high apparent volume of distri-
bution, high bioavailabilities after extravascular ad-
ministration,and long half-lives (Galecio et al., 2020;
Menge et al., 2012; Rose et al., 2013; Wang et al.,
2018; Xiong et al., 2020). Before use in other spe-
cies, the macrolide analysis in biological fluids is a
pre-requisite step for dose optimization of TD therapy
based on specific pharmacokinetic information in vet-
erinary medicine, and its quantification in milk is nec-
essary to detect and avoid the appearance of residues
in dairy products. Because the milk provides many
beneficial health effects; however, it can contain some
hazardous substances such as antibiotic residues due
to improper usage or misuse of antibiotics to livestock
animals (Chen et al., 2019; Acardz et al., 2021b).

Several detection methods including immunoas-
says, capillary electrophoresis, high-performance lig-

A)

B)

Figure 1. Chemical structure of tildipirosin (a) and internal stan-
dard tylosin (b)

uid chromatography, gas chromatography, and liquid
chromatography-tandem mass spectrometry (LC-MS/
MS) were developed for macrolide and aminogly-
coside residue analyses with different sensitivities.
However, LC-MS/MS is accepted as the most reliable
confirmatory method based on its high sensitivity and
accuracy (Dubois et al., 2001; Acardz et al., 2020).
One analytical method has been reported for measur-
ing TD in biological bovine fluids (plasma, bronchial
fluid, and lung tissue). This method involves sample
preparation using solid-phase extraction (SPE) and
separation and detection of TD using high-perfor-
mance liquid chromatography (HPLC) coupled with
mass spectrometry (LC / MS/ MS) (Mengue et al.,
2013). Several authors have described the pharmaco-
kinetics of this macrolide in different animal species
using similar analytical methods (Abu-Basha et al.,
2021; Wang et al., 2018;Zeng et al., 2018). Although
these methods provide high sensitivity with a low
limit of quantification values, they require sample
preparation by SPE, which is relatively expensive due
to the high number of samples to be analysed in phar-
macokinetic studies. Besides, sample preparation and
detection require sophisticated and expensive equip-
ment LC/MS/MS, which is not commonly available
in most laboratories. Up to date, only three specific
HPLC methods with ultraviolet detection for TD de-
termination in plasma have been reported (Abu-Ba-
sha et al., 2021; Elazab et al., 2020; Lei et al., 2018).
In these methods, plasma samples were extracted
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with diethyl ether, obtaining limits of quantitationbe-
tween10pg/L and 50pg/L and high recoveries. How-
ever, there is no published method for the determina-
tion and quantitation of TD in milk samples.

In near future, the pharmacokinetics of this drug
will probably be widely studied in different dairy spe-
cies. Therefore, the present study aimed to establish a
simple, sensitive, and rapid HPLC method with UV
detection to quantify TD in milk goat samples.

MATERIALS AND METHODS

Chemicals, solvents, and reagents

Tildipirosin and tylosin tartrate (internal stan-
dard) were obtained from CymitQuimica (Barcelona,
Spain). All solvents were of HPLC analytical grade.
Acetonitrile (ACN), formic acid (98-100%), ethanol
96%, and water were purchased by Merck Life Sci-
ence (Madrid, Spain). Potassium di-Hydrogen Phos-
phate 99% and di-Potassium Hydrogen Phosphate
99% was supplied by PanReac AppliChem (Barcelo-
na, Spain).

Instrumentation

The LC system consisted of an Agilent series 1220
Infinity (Agilent Technologies Spain, Madrid, Spain)
with a dual gradient pump, a manual injector, a ther-
mostatic column compartment, and a variable wave-
length detector, all modules belonging to the 1220
series. The system mentioned above was connected to
a Gilson 234 Autoinjector for HPLC systems (Gilson
Incorporated, Middleton WI, USA).The chromato-
grams were recorded using Open Lab ChemStation
software for the LC system (version A.01.05, Agilent,
Spain).

Chromatographic conditions

Chromatographic separation was achieved using
a Zorbax Eclipse XDB-C18 column (150 x 3.0 mm,
5 um) from Agilent (Madrid, Spain) with an Eclipse
XDB C18 (4.6 x 12.5 mm x 5um) Agilent (Madrid,
Spain) guard column. The mobile phase consisted of
0.3% formic acid in water (solvent A) and acetonitrile
(solvent B). The gradient elution profile was as fol-
lows: 0-13 min, 5-45% B; 13-14 min, 45-5 % B; 14-
15 min, 5% B. The flow rate was 1.0 mL/min and the
injection volume was 50 pL. The ultraviolet detection
was made at a wavelength of 289 nm at 30° C. The re-
tention time for TD and tylosin tartrate were 4.4 min
and 10.5 min respectively. Finally, the run time was
15 min.

2.4 Samples collection

Seven clinically healthy Murciano-Granadina fe-
male lactating goats, without drug administration
records in the last 60 days, were used to obtain the
milk samples. These samples were obtained by man-
ual milking until the mammary gland was empty and
were taken around 09:00 in the morning (May 2021).
The milk samples were stored at -40 °C until assayed.

Standard solutions

Stock solutions of TD and internal standard (IS)
were prepared at the concentration of 200 pg/mL.
For TD, 20.24 mg of this macrolide were dissolved in
2 mL of ethanol (96%), and a solution of phosphate
buffer 0.2 M (pH=7.4) was added into a 100 mL vol-
umetric flask. The IS solution was prepared by the di-
lution of 28.63 mg of tylosin tartrate in 100 mL water
for HPLC. The stock solutions were further diluted
with water for HPLC to prepare working solutions at
low concentrations. Working solutions of TD and IS
in water were freshly prepared every week and refrig-
erated at 4°C.

Preparation of calibration curve and quality con-
trols

Calibration curve (CC) and quality controls (QC)
samples were prepared from a pool of goat blank milk
spiked with an appropriate amount of TD working
solution. After mixing, these samples were spiked
with 10 pl of IS (200 pg/mL). Seven levels of con-
centration were used to compose the milk calibration
curve range: 100, 250, 500, 750, 1250, 1875, and
2500 pg/L.Four levels of concentration were prepared
for QCs; 100, 250, 1250 and, 2500 pg/L.

Sample preparation

Aliquots of 450 puL of milk were spiked with 10
pL of IS (200000 pg/L). After mixing, 900 pL ace-
tonitrile was added. This solution was homogenized
in a vortex for 1 min. After, the mixture were shak-
ing in an ultrasonic bath for 5 min at 20°C, followed
by centrifugation for 10 min at 1200 g. Supernatant
was extracted, transferred to another polypropylene
tube, and evaporated at room temperature (20°C) in
a SpeedVac Vacuum Concentrators (Fisher Scientific,
Madrid, Spain). The residue was reconstituted with
75 uL of the mobile phase, and 50 ul. was injected
into the HPLC system.

METHOD VALIDATION
Method validation was performed according to
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Figure 2. Chromatograms of tildipirosin and tylosin in goat milk by HPLC. (A) Blank milk; (B) Blank milk spiked with tildipirosin

(2500 pg/L) and 10 pl of internal standard tylosin(200000 pg/L)

FDA guidelines for bioanalytical method validation
(FDA, 2018). The following parameters were evaluat-
ed: linearity, lower limit of detection (LLOD), lower
limit of quantitation (LLOQ), accuracy, precision, re-
covery, selectivity and, carry over.

Linearity, detection, and quantitation limits

The linearity of the proposed chromatographic
method was examined by analysing seven concentra-
tions of TD plus IS in goat milk samples. Calibration
curves were obtained by plotting the ratio peak-area
compound/IS versus known nominal concentrations

of TD. Three replicates of each level were assayed.
The lower limit of detection of TD was established as
the concentration that provides a signal-to-noise ratio
> 3. The lower limit of quantitation was accepted as
the lowest concentration on the calibration curve that
can be determined with acceptable precision (coeffi-
cient of variation % < 20).

Intraday and inter-day precision and accuracy
The precision and accuracy of the method were
estimated by measuring of four (LOQ, low, medi-
um, and high QCs)spiked with IS. Intra-day preci-
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sion and accuracy were calculated on a single day
using five replicates at each concentration level. In-
ter-day, precision and accuracy were evaluated using
five replicates at each concentration level over three
consecutive days. The accuracy was calculated with
the following expression: ((measured concentration
- nominal concentration)/ nominal concentration) x
100. The accuracy results should be = 15% of nominal
concentration, except + 20 % at LOQ. For precision
values, results should be < 15% CV (variation coeffi-
cient) and < 20% for LOQ.

Recovery

Recovery tests were analysed at three concentra-
tions (low, medium, and high QCs). Five samples
were assayed at each concentration level.Recovery
(%) was calculated as: (mean peak area extracted milk
samples / mean peak area extracted blank milk sam-
ples spiked with the analyte post-extraction) x 100.

Selectivity and carry over

The selectivity of this method was studied by an-
alysing six samples of drug-free milk, free of inter-
ference at the retention times of TD and the IS. Po-
tential injection carryover effects were excluded by
analysing blank samples (n = 6) of milk directly after
injection of a set of samples containing a high concen-
tration of TD. The carryover effects should not exceed
20% of LOQ.

RESULTS

Linearity, detection and, quantitation limits

The peaks corresponding to TD and IS (Figure 2)
were obtained at 4.4 min and 10.5 min respectively.
Calibration curves were plotting by the area ratio of
TD/ IS versus the nominal concentration of TD pg/L.
The concentration range was linear from 100 pg/L to
2500 pg/L.A good linearity was observed (r>> 0.995).

The results were r’= 0.9959. The linear regression
equations were found to be y=3.0-10* x+7.0-10*.
The LOD and LOQ values were 75 and 100 pg/L.
These values indicated that the proposed method is
suitable and has adequate sensitivity for determining
TD concentrations in milk by HPLC with ultraviolet
detection.

Intraday and inter-day precision and accuracy

Precision and accuracy and results are shown in
Table 1. Intra-day and inter-day precision were evalu-
ated at four QCs concentration levels: 100, 250, 1250,
and 2500 pug/L and five replicates measurements were
recorded. The CV precision values in milk samples
were < 9.0 % and <12.5 % for intra-day and inter-day
precision, respectively. The same procedure was per-
formed for intra-day and inter-day accuracy. The ac-
curacy of the method for TD determination in milk
samples was determined by replicate analysis of five
sets of samples spiked with four different concentra-
tions of TD: 100, 250, 1250 and, 2500 pg/L, and com-
paring the difference between the spiked value with
the nominal value. The results are shown in Table 1.
The accuracy ranged from -14.7 % to 13.7 %. Rele-
vant results were obtained, indicating that the method
is reliable for the quantitative determination in milk
goat samples.

Recovery

The recoveries of TD in milk were measured at
low, mid and high QC levels (250, 1250 and, 2500
ug/L) by comparing extracted samples (n = 5) with
blanks spiked with the analyte post-extraction. Mean
recoveries at these three levels were from 92.5 + 3.6
to 98.0 = 12.0 %. The results are shown in Table 2.
Excellent recoveries were obtained, indicating that
this method was efficient.

Table 1. Intra-day and inter-day precision and accuracy of tildipirosin in goat milk samples

Intra-day Nominal concentration Mean concentration+ SD CV Accuracy
(ng/mL) (ng/mL) (%) (%)
100 99.449.0 8.9 -0.5
250 239.6 +4.3 1.8 -4.1
1250 10652 +12.2 2.1 -14.7
2500 2190.4 £105.9 4.8 -12.3
Inter-day
100 113.7+£20.3 8.2 13.7
250 263.5+19.9 12.4 5.4
1250 1371.2 £ 164.1 5.9 5.0
2500 2695.7 +307.9 1.7 7.8
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Table 2. Mean + SD recovery of tildipirosin in goat milk samples

Nominal Concentration Recovery (%)
(ug/L) (Mean £SD)
250 92.5+3.6
1250 98.0£12.0
2500 96.2+10.7

Selectivity and carry over

Six blank milk samples were analysed and there
were no endogenous interferences with the same re-
tention times of TD and IS (Figure 2). Closer peaks at
the retention time of tylosin is due to the impurities of
this drug. Tylosin is a mixture of four closely related
compounds: tylosin A, tylosin B, tylosin C, tylosin D.
The mayor area of tylosin is tylosin A (80 %) (Arsic et
al., 2018).These chromatograms were compared with
spiked milk samples. Moreover, well-resolved peaks
for TD and IS were observed. Adequate results were
obtained, indicating the high selectivity of the meth-
od. Finally, the carryover effects have not been shown
due to in six blank milk samples there were no peaks
at the same TD retention time after running a set of
milk samples with high concentrations of TD (n = 6).

DISCUSSION

This work aimed to achieve a satisfactory meth-
od for the determination of TD in goat milk samples
with HPLC/UV detection. Four methods have been
reported using HPLC-UV for TD detection in plasma
(Abu-Basha et al., 2021; Elazab et al., 2020; Galecio
et al., 2020; Lei et al., 2018; but a validated method
for determining TD in goat milk samples by HPLC/
UV have not been reported yet. Only one technique
was published to determine this macrolide in bovine
raw milk using HPLC high-resolution hybrid tandem
mass spectrometry (LC-Q-Orbitrap) (Moretti et al.,
2016). However, there are several methods to deter-
mine other macrolides, as azithromycin and tylosin,
in milk in different species using LC/MS (Wang et
al., 2020) and HPLC/UV detection (Garcia-Mayor et
al., 2006; Kurjogi et al., 2019;Nasr et al., 2014).Other
authors have developed techniques by ultra-high-per-
formance liquid chromatography-tandem mass spec-
trometry for more than sixty veterinary drugs in milk,
although neither TD nor tylosin were included in
these assays (Castilla-Ferndndez et al., 2019; Wang et
al., 2018).It should be noted, mass spectrometry (MS)
has become the technique of choice for the analysis of
all macrolides in food, biological and environmental
samples due to its sensitivity and specificity. HPLC/
MS and HPLC/MS/MS are commonly used for milk

samples due to the importance of detecting drug res-
idues in these samples(Wang et al., 2017), but these
sophisticated and expensive equipment LC/MS/MS is
not commonly available in most laboratories. More-
over, LC/MS suffers from a high matrix effects that
affect deeply in the accuracy, precision, and sensitiv-
ity (Zhou et al., 2017) that it is important to analyse.

Method development

For TD detection in pig, horse and goat plasma,
different authors used diethyl ether as an extractant re-
agent(Abu-Basha et al., 2021; Elazab et al., 2020; Lei
et al., 2018).However, our group research optimised
a simple method to analyse TD in ewe plasma using
acetonitrile as proteins precipitation with HPLC-
UV detection (Galecio et al., 2020). Other authors
also used this method in horse and rabbit plasma(A-
bu-Basha et al., 2021; Xiong et al., 2020)The use of
acetonitrile for protein precipitation has been widely
applied for the determination of different antibiotics
and,different ratios have been proposed to achieve
this propose (for example, a solution of plasma:ace-
tonitrile (1:2 ratio)was sufficient to remove 99.4 %
of proteins)(Blanchard, 1981).Besides, protein pre-
cipitation is one of the best fast methods to process
biological samples (Ashri, Abdel-Rehim, 2011). Con-
sequently, acetonitrile was used to reach an accept-
able recovery in the present study. Other authors have
analysed TDin plasma using HPLC/MS/MS and, it
was extracted by solid-phase extraction (Abu-Basha
et al., 2021). One disadvantage of this method is that
this extraction process is time-consuming, and the use
of cartridges and reagents significantly increases the
price of each analysis.

Regarding the mobile phase conditions, the use
of acidic mobile phases was the best option instead
of preparing buffer solutions in HPLC/UV detection.
The advantages of this mobile phase are a faster and
simple preparation and a reduced tendency to pre-
cipitate and clog inside the chromatographic system.
Moreover, gradient elution and isocratic elution were
also investigated due to a longer time to IS elution
than that for TD. Accordingly, gradient elution was
chosen to obtain short running times.

Some usual C18 columns were checked in our lab-
oratory: a Brisa LC?,C18 column (150 mm x 4.6mm
i.d x 5 um) (Teknokroma, Barcelona, Spain),an ODS
C18 column (250 mm x 4.6mm i.d x 5 um) (Analisis-
Vinicos, Tomelloso, Spain), a KromasilC18 column
(250 mm x 4.6mm i.d x 5 pum) (Teknokroma, Bar-
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celona, Spain) and a Zorbax Eclipse XDB-C18 col-
umn (150 x 3.0 mmi.dx5 pm) from Agilent (Madrid,
Spain). Finally, the Zorbax Eclipse column was cho-
sen as it showed the best resolution.

Validation

The obtained LLOQ value was 100 pg/L. This
value was the same as that published in plasma of
ewes (Galecio et al., 2020). Therefore, the proposed
method is suitable and has adequate sensitivity for
determining TD concentrations in goat milk samples.
Other authors reported in horses(Abu-Basha et al.,
2021)and pigs (Lei et al., 2018)lower LLOQ using
HPLC/UYV detection, but our technique showed other
benefits,as faster and less costly than those mentioned
above.

Excellent recoveries from 92.5 + 3.6 to 98.0 +
12.0%were obtained. Other authors have reported
similar results for pig plasma (from 84 + 1.02% to
102 £+ 0.53%)(Lei et al., 2018). However, lower re-
coveries have been described in horse (from 79% to
82%)(Abu-Basha et al., 2021)and in ewe plasma sam-
ples(88.9 %) (Galecio et al., 2020) than in the present

study. Moreover, the obtained intra-day and inter-day
assays coefficients were < 20% for LLOQ and < 15%
for low, medium, and high QCs. Consequently, our
results indicate that this method was efficient and re-
producible.

CONCLUSION

A novel, simple, rapid, sensitive, and reproducible
method for the determination of TD in milk goat sam-
ples was developed by HPLC with ultraviolet detec-
tion, according to FDA guidelines. Furthermore, this
validated method could be applied to clinical studies,
routine analyses and, pharmacokinetic studies using a
short running time.
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