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Simple Summary: Tylvalosin (TV) is a third-generation macrolide antibiotic, registered exclusively
for veterinary medicine to treat respiratory and enteric bacterial infections in swine and poultry. In
the coming years, the use of this drug will probably be widely studied in different species. However,
before its use in each veterinary species, macrolide analytical determination in various biological
fluids is a pre-requisite step for the rational dose calculation of TV based on specific pharmacokinetic
information. Its quantification is essential to detect and avoid the appearance of residues in animal
products intended for human consumption. Therefore, the aim of this proposed method was to
develop a high-performance liquid chromatography (HPLC) method with ultraviolet detection for
TV quantification in pig plasma. According to the food and drug administration (FDA) guidelines,
this quick, sensitive, and reproducible validated method produced a good performance. This method
can be useful for storing plasma samples for months and for performing routine analysis and
pharmacokinetic studies.

Abstract: Tylvalosin (TV) is a macrolide antibiotic that is used for treating respiratory and enteric
bacterial infections in swine and in poultry. In the coming years, the use of this drug will probably be
widely studied in different species, but before its use in each veterinary species, macrolide analytical
determination in various biological fluids is a pre-requisite step for the rational dose calculation
of TV based on specific pharmacokinetic information. Its quantification is essential for detecting
and avoiding the appearance of residues in animal products intended for human consumption.
Therefore, a robust chromatographic method coupled with an ultraviolet detector was fully validated
for the quantification of TV in pig plasma. A mixture (78:22) of (A) 0.3% formic acid in water and (B)
acetonitrile was used as the mobile phase. TV and enrofloxacin (internal standard) were eluted at 14.1
and 5.9 min, respectively. Calibration curves ranged from 0.1 to 5 ug/mL. The accuracy and precision
parameters for the quality controls were always <13.0%. Recovery ranged from 89.66 to 96.92%. The
detection and quantification limits were found to be 0.05 ug/mL and 0.1 ug/mL, respectively. This
method could be applied to develop pharmacokinetic studies.

Keywords: pigs; HPLC; plasma; tylvalosin

1. Introduction

Tylvalosin (TV) is a modern veterinary macrolide antibiotic with a 16-membered
lactone ring derived from tylosin by the substitution of the 3-acetyl-40-isovaleryl group
for acetylisovaleryltylosin tartrate [1,2]. This macrolide is used in swine and poultry for
treating enteric and respiratory bacterial infections, including those caused by Mycoplasma
species [1,3,4]. Before its use in veterinary medicine, macrolide analysis in body fluids
is a prerequisite step for the rational dose calculation of TV therapy based on specific
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pharmacokinetic information in veterinary species. Moreover, its quantification is essential
to detect and avoid the appearance of residues in animal products intended for human
consumption. Initially, microbiological methods were used to quantify the TV plasma
concentrations in broiler chickens and turkeys [5-7]. These methods can measure antibiotic
concentrations, assessing their inhibitory effects on the growth of specific test microor-
ganisms. Microbiological assays are a potential alternative to high-performance liquid
chromatography (HPLC) methods that can unmask undetectable changes not checkable
by conventional chemical methods, requiring no specific equipment and with non-toxic
products [1]. However, HPLC methods, although more laborious, are more accurate, re-
producible and precise than the aforementioned, being appropriate for pharmacokinetic
studies. Therefore, liquid chromatography coupled with mass spectrometry (HPLC/MS)
techniques have been widely used in previous studies to quantify TV in feed, milk, honey,
tissues and eggs [8-13].

Nowadays, only three methods can be found in the literature to determinate TV in
plasma by HPLC. One of these methods quantifies the concentrations of this macrolide by
liquid chromatography-mass spectrometry (LC/MS) in pig plasma with a quantification
limit (LOQ) of 0.001 ug/mL [14]; the other two methods use high-performance liquid
chromatography with ultraviolet detection (HPLC/UV) in turkey plasma and chicken
serum [4,15] with an LOQ of 0.1 and 0.039 pug/mL, respectively. LC/MS methods show
high sensitivity but unfortunately suffer from a high matrix effect (especially in mode:
electrospray ionization), and these devices are not usually present in most clinical labora-
tories [16-18]. Therefore, other chromatographic methods with sufficient sensitivity and
reliability to be implemented in routine analyses ought to be developed.

Regarding sample preparation, different methods have been used, such as solid-phase
extraction (SPE) [14] and liquid-liquid extraction (LLE) [4,15]. Solid-phase extraction is
widely used in liquid chromatography (LC) as high recoveries and good chromatograms
are obtained, but it takes longer to perform and requires more steps [19-21]. On the other
hand, protein precipitation (PP) is the simplest method to remove proteins from plasma
samples [22], and for that reason, researchers are developing new and easier PP methods,
instead of SPE or LLE, which have long running times. Owing to the lack of suitable data
and stability tests of TV in pig plasma samples, it is necessary to develop an easy, rapid,
cost-effective and eco-friendly chromatographic method with sufficient sensitivity and
reliability to be applied when LC/MS is not available in the laboratory. The aim of this
research is therefore to achieve a rapid, eco-friendly and reliable method to quantify TV in
pig plasma by LC with an ultraviolet detector.

2. Materials and Methods
2.1. Reagents and Materials

Tylvalosin (TV) tartrate (TR-T634280), enrofloxacin (internal standard, IS) and other
substances examined to select IS and check specificity (difloxacin, marbofloxacin, nor-
floxacin, ciprofloxacin, penicillin G, streptomycin, cefuroxime, cephazolin, cephadroxil,
tildipirosin, tylosin, ceftiofur hydrochloride, pregnenolone, alfaxalone and candesartan)
were obtained from Cymit Quimica (Barcelona, Spain). Acetonitrile (ACN-HPLC analytical
grade), formic acid (98-100%), dimethyl sulfoxide (DMSO) and water were obtained from
Merck Life Science (Madrid, Spain). Potassium di-hydrogen phosphate 99%, di-potassium
hydrogen phosphate 99%, and sodium hydroxide pearls of 98% purity were purchased
from PanReac AppliChem (Barcelona, Spain).

For method application, tylvalosin (Aivlosin®) was obtained as 62.5% water-soluble
white granules (ECO Animal Health Europe Limited, Dublin, Ireland). Each gram of
powder contains 625 mg of TV as TV tartrate.

2.2. Instrumentation and Analytical Conditions

The liquid chromatography (LC) system, column and guard column were described
in a previous paper [23].
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The mobile phase was composed of 0.3% formic acid in aqueous phase acetonitrile
(78:22), eluted in an isocratic manner at 1.0 mL/min and at 22 °C. A volume of 50 uL.
was injected. A wavelength of 254 nm was chosen in the ultraviolet detector. TV and
enrofloxacin in pig plasma were eluted at 14.1 min and 5.9 min, respectively, and the total
runtime was 15 min.

2.3. Standard Solutions

TV and enrofloxacin (IS) stock solutions were prepared at 100 pg/mL and 25 pg/mL,
respectively. Solutions of TV and IS were made separately by dissolving each compound in
2 mL of DMSO, and a solution of phosphate buffer 0.2 M (pH = 7.4) was added into two
100 mL volumetric flasks. Stock solutions were further diluted with 0.2 M of phosphate
buffer (pH = 7.4) to prepare working solutions at low concentrations. Working solutions of
TV at2.5,5, 10, 25 and 50 pg/mL were prepared daily.

2.4. Calibration Curves and Quality Control Samples

Plasma drug-free samples were obtained from the slaughterhouse (Murcia, Spain).
After stunning, blood samples were collected from the jugular veins in heparinized tubes
and were centrifugated at 1500 g for 15 min. Plasma was immediately removed and stored
at —40 °C until use. The Bioethical Committee of the University of Murcia (Spain) approved
the experimental protocol (CEEA 558/2019) before the study. Calibration curves (CC) and
quality control (QCs) samples were set up according to food and drug administration (FDA)
guidelines [24]. Then, 500 pL of blank pig plasma was spiked with a proper quantity of TV
working solution. After mixing, 20 uL of IS (25 pg/mL) were added to these samples. Nine
concentration levels were used to compose the plasma calibration curves: 0.1, 0.25, 0.5, 0.75, 1,
1.5,2,3 and 5 pg/mL. For QCs, four concentration levels were used (0.1, 0.5, 1 and 2 ug/mL).

2.5. Sample Preparation

Aliquots of plasma (500 pL) were fortified with 20 pL of IS (25 ug/mL). After mixing,
400 pL of mixture (0.1% formic acid in acetonitrile) was added. This solution was mixed in
a vortex for 1 min and then shaken for 5 min in an ultrasonic bath at room temperature.
Afterwards, the solution was centrifuged at 15,000 g for 10 min. Subsequently, the upper
phase was transferred to a polypropylene tube until it was dry due to evaporation. A
volume of 75 pL of water was added to the residue, which was then transferred to high-
performance liquid chromatography (HPLC) vials.

2.6. Method Validation

The present method was performed and validated following FDA guidelines for
bioanalytical method validation [24] to quantify TV in pig plasma. Therefore, all relevant
parameters mentioned in the guidance were evaluated.

2.7. Method Application

To explore the applicability of the method in the clinical practice, TV concentrations
were measured in plasma samples obtained from two cross bred pigs weighing approxi-
mately 20 kg. TV was given as a single dose at 5 mg/kg (according to the manufacturer
instructions). TV water soluble granules (ECO Animal Health Europe Limited, Dublin,
Ireland) was dissolved in water and administered in a single bolus by oral gavage.

Blood samples were collected from the jugular veins into heparinized tubes at 2, 4 and 24 h.
Samples were centrifuged at 600 x ¢ for 10 min, and plasma was stored at —40 °C until analysis.
Plasma samples (500 pL) were spiked with 20 pL IS before analysis. The Bioethical Committee
of the University of Murcia (Spain) approved the experimental protocol (CEEA 558/2019).

3. Results
3.1. Linearity, Detection and Quantification Limits

Tylvalosin (TV) and internal standard (IS) peaks in pig plasma were eluted at 14.1 min
and 5.9 min, respectively (Figure 1).
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Figure 1. Chromatograms of tylvalosin and enrofloxacin (IS) in pig plasma by HPLC-UV. (A) Blank plasma; (B) blank plasma with 20 uL of IS (25 ug/mL); (C) blank
plasma with tylvalosin at LOQ (0.1 pg/mL) and 20 uL of IS (25 ug/mL); and (D) blank plasma spiked with tylvalosin (1 pg/mL) and 20 uL of IS (25 pug/mL).
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Tylvalosin was analyzed by high-performance liquid chromatography with diode-
array detection (HPLC-DAD) (Agilent, Madrid, Spain) at different wavelengths (220, 254,
280 and 420nm) to identify the best one. A higher area of TV was obtained at 220 nm.
Moreover, the ultraviolet (UV) spectrum in the DAD detector was obtained (Figure 2), and
the best wavelength was found at 236 nm.

Figure 2. Absorption spectrum of tylvalosin standard.

Different solvents were proposed to extract tylvalosin from the pig plasma samples
(Figure 3). Acetonitrile with 0.1% formic acid was found to be the best option.

Figure 3. Recovery of tylvalosin (500 pug/mL of pig plasma) after adding different microliters of
solvents as the extracted reagent.

To evaluate the linearity, calibration curves were established following a previously
described method [23]. The linearity ranged from 0.1 pg/mL to 5 ug/mL and was described
by the equation y = 0.9993x + 0.0021 (r? > 0.9998). The detection (LOD) and quantitation
limits (LOQ) were 0.05 and 0.1 pg/mL, respectively, which is sufficiently sensitive for the
quantification of TV.

3.2. Precision and Accuracy

Food and drug administration (FDA) guidance [24] was followed to calculate the
precision and accuracy. The results are shown in Table 1. Four levels with replicates (1n = 5)
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were analyzed for intra-day and inter-day quality control assays. Both the intra-day and
inter-day precision values were <6.1%. The intra-day accuracy was within the range from
—7.96 to 12.50%. The inter-day accuracy varied from —9.05 to 12.89%. For the precision and
accuracy acceptance criteria, the results should meet <15% coefficient of variation (CV).
Relevant results were obtained, indicating that this method is adequate for quantifying TV
in pig plasma.

Table 1. Intra- and inter-day accuracy (bias) and precision (CV) of tylvalosin in pig plasma (1 = 5).

Intra-Day (n = 5) Inter-Day (n = 5)
Concentration Mean + SD o . 1o Mean + SD o . o
(ug/mL) (ug/mL) CV (%) Bias (%) (ng/mL) CV (%) Bias (%)
0.1 0.11 £ 0.01 1.23 12.50 0.10 +0.01 5.82 2.96
0.5 0.49 £+ 0.02 4.81 —2.10 0.56 £+ 0.01 0.88 12.89
1 0.89 £ 0.04 4.02 —10.99 1.09 4+ 0.03 3.04 —9.05
2 1.84 +0.11 6.04 —7.96 2.09 4+ 0.06 2.99 4.83

3.3. Recovery

The recovery results are shown in Table 2. Tylvalosin was analyzed according to
the FDA recovery test [24]. A brief explanation can be found in [23]. The values ranged
from 89.66 to 96.92% with a variability (CV) of <7.75%. Excellent recoveries close to 100%
indicate an efficient and reproducible method of quantifying TV in pig plasma samples.

Table 2. Recovery of tylvalosin in pig plasma (1 = 5 replicates).

Recovery (%)

Concentration (ug/mL) Mean £+ SD CV (%)
0.5 89.66 + 6.93 7.73
1 95.02 £ 6.77 7.12
2 96.92 & 4.65 4.80

3.4. Selectivity, Specificity, Dilution Effect and Carry Over

No interfering peaks or endogenous interferences were observed at the same retention
times as TV and IS (Figure 1). In addition to this, an appropriate retention time and
symmetric sharp for TV and IS were found. Other drugs (difloxacin, marbofloxacin,
norfloxacin, ciprofloxacin, penicillin G, streptomycin, cefuroxime, cephazolin, cephadroxil,
tildipirosin, ceftiofur hydrochloride, pregnenolone, alfaxalone and candesartan) were
analyzed in order to demonstrate the specificity of the method. The method is appropriate
for the analysis of TV in pig samples. To verify the applicability of the method proposed
here, a dilution effect integrity test was also performed to ensure the accuracy of the
measurements when the samples were diluted. Concentrations of 1 and 5 ug/mL in pig
plasma were prepared separately and diluted 10-fold with matrix. The accuracy results
were less than +15% of the nominal concentration, and the precision (%CV) was within 15%.
Moreover, carryover was tested in blank plasma, after the injection of a high concentration
of TV (5 ug/mL (n = 6)), resulting in a signal <20% of the LOQ. These data suggest the
absence of a significant carryover effect.

3.5. Stability

The results of the stability assessment of TV in quality controls and stock solutions
are shown in Tables 3 and 4, respectively. For quality control (QCs) samples, at 4 °C, room
temperature and 24 h were evaluated in terms of short-term stability according to FDA
guidelines [24]. They were stable, with CV < 5.9%, and bias values were always <11.0%.
The stability results of TV in QCs were suitable when they were stored for 15 and 30 days
at —40 °C. At 15 days, a low QC (0.5 pg/mL) accuracy of —8.73 (CV 6.26%) was found,
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and at 30 days, it was —2.58% (CV 6.61%). Likewise, a degradation of —8.51% for 15 days
(CV 0.94%) and —9.77% (CV 2.83%) for 30 days of storage were obtained for the high QC
(2.0 pg/mL). The degradation of QCs at 30 days is greater than at 15 days, as was to be
expected. In addition to this, the freeze-thaw stability (five cycles at —40 °C) was analyzed,
and the TV concentration only decreased by 3.31% (CV 10.79%) for a QC of 0.5 pg/mL and
by 10.76% (CV 3.87%) for a QC of 2.0 ng/mL. At the same time, 2.5 ug/mL and 25 pg/mL
stock solutions were stored for 7, 20 and 60 days at —40 °C, achieving good stability test
results (Table 4). In this case, a slight decrease of <4.0% for 7, 20 and 60 days was observed,
indicating that stock solutions of TV can be stored for up to 60 days.

Table 3. Short-term, long-term and freeze-thaw stability of quality controls (QCs) of tylvalosin
(n = 5 replicates).

Condition QC Low 0.5 (ug/mL) QC High 2.0 (ug/mL)
Mean + SD Bias Mean + SD Bias
V (% V (%
wgmp VO ) wgmp V@
0Oh 0.47 £0.03 5.86 —491 2.05 £+ 0.05 2.52 2.83
Short-term stability 24 h (RT) 0.44 £+ 0.02 39 —11.00 1.83 +0.10 5.53 —8.37
24h (4°C) 0.44 + 0.01 2.99 —10.54 1.86 £ 0.04 2.44 —7.17
Long-term stability 15 days (—40 °C) 0.45 £ 0.03 6.26 —8.73 1.83 £0.02 0.94 —8.51
(—40°C) 30 days (—40 °C) 0.48 £ 0.03 6.61 —2.58 1.80 + 0.05 2.83 —9.77
5 Freeze-thaw cycles 5 days of freeze-thaw, _ _
(—40°C) (—40 °C) 0.48 £ 0.05 10.79 3.31 1.78 £0.07 3.87 10.76
Table 4. Short- and long-term stability of stock solutions of tylvalosin (1 = 5 replicates).
Condition Stock Solution Low 2.5 (ug/mL) Stock Solution High 25 (ug/mL)
Mean + SD Mean + SD
V (% Bias (% V (% Bias (%
(ug/mL) CV (%) ias (%) (ug/mL) CV (%) ias (%)
Short-term stabilit 0Oh 245 £0.16 6.59 —-2.13 2520 +£1.20 4.76 0.81
y 7 days (—40 °C) 2.59 £+ 0.01 0.19 3.89 2418 £0.16 0.63 —3.28
Long-term stability 20 days (—40 °C) 2.53 £0.14 5.56 1.22 2473 £1.44 4.63 —-1.07
(—40°C) 60 days (—40 °C) 241 £0.23 9.41 —3.67 24.54 + 0.32 1.29 —1.82

3.6. Method Application

The application of the method was tested by analyzing plasma samples obtained
from two pigs after TV oral administration. The drug was detected in all samples without
interferences, as shown in Figure 4.
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Figure 4. Representative HPLC chromatogram of pig plasma samples after oral TV administration
(5 mg/kg) at time sampling: (A) 2 h and (B) 4 h.

4. Discussion
4.1. Optimization of Chromatographic Conditions

An analytical method of validation to quantify tylvalosin (TV) in pig plasma by liquid
chromatography (LC) with an ultraviolet detector has not yet been published. Only three
methods have been reported to quantify TV in plasma, one of them using HPLC/MS [14]
and the others using high-performance liquid chromatography with ultraviolet detection
(HPLC/UV) (turkey plasma and chicken serum) [4,15]. Differences have been reported
among different species in terms of the composition and functional properties of blood.
Higher levels of hemoglobin and plasma protein content were found in porcine blood as
compared with chicken and duck blood. The porcine blood seemed to have a less nutritive
amino acid composition than avian blood due to a larger deficiency in isoleucine, but it was
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rich in heme iron content compared with avian blood, in relation to its higher hemoglobin
content. Moreover, chicken blood exhibited superior gelation and emulsion properties but
poor foaming properties as compared with duck and porcine blood [25,26]. Therefore, these
differences could influence the extraction ratio of plasma samples and different endogenous
peaks in the chromatograms; in fact, any analytical determination of the biological matrix
must be validated in the specific matrix.

The main advantages of our HPLC/UV method are that it reduces costs and time in
the analytical process in accordance with the principles of green chemistry [27,28], with
our method showing the following differences with the HPLC/UV methods previously
published in avian species [4,15]: a lower consumption of organic solvents (acetonitrile: 22%
in the pig method, 51% in both avian methods), and a cheaper column and filters, notably
reducing the price and time of the analysis. Moreover, our method has a short running
time (15 min), although this cannot be compared between methods because the retention
times of the drugs (analyte and internal standard) and the duration of the chromatograms
have not been published for both avian methods [4,15]. Therefore, an eco-friendly method
was developed following some principles of green chemistry, such as the minimization of
energy consumption, waste chemicals and material amounts, easier sample preparation
and the maximization of sample throughput.

Tylvalosin is a derivate of tylosin and could potentially be detected at the same
wavelength. At first, when using the chromatographic method previously published by
our group to quantify tildipirosin [29] (using tylosin as internal standard), the results were
not satisfactory because the wavelength (289 nm) was not appropriate to quantify TV with
acceptable precision and accuracy at the quantification limit (LOQ). However, only one
article has quantified TV at 289 nm [4]. Other methods have reported wavelengths between
280 and 287 nm to detect tylosin in different matrices by HPLC/UV with an acceptable
LOQ [30-33]. For this reason, the maximum wavelength of TV absorption was examined.
Tylvalosin was analyzed by high-performance liquid chromatography with diode-array
detection (HPLC-DAD) (Agilent, Madrid, Spain), and various wavelengths were tested (220,
254, 280 and 420 nm) to identify the best one. Surprisingly, a higher area of TV was obtained
at 220 nm. Moreover, the UV spectrum in the DAD detector was obtained (Figure 2), and
the best wavelength was found at 236 nm. Based on these results, the detector was fixed at
220 and 236 nm, but it was not very stable, and therefore, A = 254 nm was finally chosen as
the wavelength of the UV detector.

Concerning the mobile phases, buffer solutions could cause problems in the LC
system, such as clogging in the pump; an acidic mobile phase is one of the best ways
to avoid these problems. The current trend in green chemistry is to avoid the use of
buffers [34-36]. Moreover, isocratic elution was selected with a short running time instead
of gradient elution.

Several C18 columns available in the laboratory were also checked in [23]. The
Brisa LC2 C18 column 250 mm X 4.6 mm i.d, 5 um, was chosen as it possessed the best
symmetrical peaks.

Concerning sample preparation, protein precipitation (PP) and liquid-liquid extraction
(LLE) were tested. The precipitation of protein was chosen because it is fast and eco-
friendly [19,22]. Different ratios of acetonitrile added to a small quantity of acid or a mixture
of methanol/trifluoroacetic acid were checked to obtain the best recoveries (Figure 3).
Finally, acetonitrile with 0.1% formic acid was found to be the best option.

4.2. Validation

In general, previously reported validation methods to quantify TV in plasma are not
described in detail because they are part of a pharmacokinetic study. Owing to the lack of
suitable data in pig plasma samples, it is important to develop an easy, cost-effective and
eco-friendly chromatographic method.

The LOQ value obtained in this study was 0.1 pg/mL. This result is similar to those
obtained by other authors from avian plasma samples of 0.1 and 0.039 ug/mL [4,15]. A
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lower LOQ (0.001 ng/mL) was obtained in pig plasma [14] when TV was quantified by
liquid chromatography—mass spectrometry (LC/MS) with solid-phase extraction (SPE).
It must be admitted that high-performance liquid chromatography-mass spectrometry
(HPLC/MS) methods have higher sensitivity than HPLC-UV and high-performance liquid
chromatography with fluorescence detection (HPLC-FL) methods, but SPE, commonly
used in mass spectrometry, results in longer analytical times per sample compared with the
presented HPLC/UV method with protein precipitation.

Furthermore, the intra-day and inter-day precision and accuracy values for quality
control (QCs) samples were not reported in most previous manuscripts. Only intra-day and
inter-day precision coefficient of variation (CV) values, ranging from 4.28 to 4.92% and from
4.86 to 5.42%, respectively, were obtained for broiler chicken and turkey plasma [4]. On the
other hand, these parameters were not evaluated in synovial fluid and pig plasma [14,37].
Therefore, the precision and accuracy values of the present method (Table 1) have been
proven to be able to quantify TV in pig plasma in accordance with the established stan-
dards [28].

The mean recovery value was 93.87%, which was higher than the results obtained in
broiler chickens (81-83%) [15] and turkeys (87.2%) [4]. The mean recoveries for synovial
fluid and pig plasma were not reported [14,37] nor were selectivity, specificity and carry-
over results [4,14,37]. Tylvalosin stability in synovial fluid was checked at —70 °C for
7,14, and 28 days [37]. The author ensured stability at —70 °C, but the results are not
shown. Results to measure stability in QCs and stock solutions are shown in Tables 3 and 4,
respectively. These results demonstrate stability at —40 °C, supporting TV stability at
—70 °C [14]. In brief, our findings demonstrate a consistent analytical method to quantify
TV with accuracy and speed; as TV was analyzed in isocratic mode, the chromatogram run
times were short (15 min) and a simple PP procedure was used for sample preparation.
Moreover, the calibration curves were linear over a concentration range of 0.1-5 ug/mL,
and the limit of quantification was good (0.1 ug/mL) due to an excellent recovery result
(93.52%).

5. Conclusions

The present chromatographic method is easy to use due to its simplicity. The param-
eters were validated according to food and drug administration (FDA) guidance. The
tylvalosin plasma samples and stock solutions can be stored for a long time with the utmost
safety. Overall, this method can be applied to perform pharmacokinetic studies.

Author Contributions: V.H., methodology, investigation, validation and writing; ].5.G., visualization
and original draft preparation. V.H., ].S.G., PM. and E.E. structured the manuscript. PM. and E.E.
reviewed the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This research did not receive external funding.

Institutional Review Board Statement: The animal study protocol was approved by the Ethics
Committee of the University of Murcia (Spain) (CEEA 558/2019).

Informed Consent Statement: Not applicable.
Data Availability Statement: Data is contained within the article.

Acknowledgments: We thank the Fundacion Carolina—Espafia and Universidad San Francisco de
Quito (Ecuador) for the Ph.D. scholarship for Juan Sebastian Galecio.

Conflicts of Interest: The authors declare no conflict of interest.

1. Guedes, RM.C,; Franga, S.A.; Machado, G.S.; Blumer, M.A.; da Costa Cruz, E.C,, Jr. Use of tylvalosin-medicated feed to control
porcine proliferative enteropathy. Vet. Rec. 2009, 165, 342-345. [CrossRef] [PubMed]

2. Zhao, Z.; Tang, X.; Zhao, X.; Zhang, M. Tylvalosin exhibits anti-inflammatory property and attenuates acute lung injury in
different models possibly through suppression of NF-k B activation. Biochem. Pharmacol. 2014, 90, 73-87. [CrossRef] [PubMed]


http://doi.org/10.1136/vr.165.12.342
http://www.ncbi.nlm.nih.gov/pubmed/19767637
http://doi.org/10.1016/j.bcp.2014.04.015
http://www.ncbi.nlm.nih.gov/pubmed/24792436

Animals 2022, 12, 1385 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

Forrester, C.A.; Bradbury, ].M.; Dare, C.M.; Domangue, R.J.; Windsor, H.; Tasker, ].B.; Mockett, A.P.A. Mycoplasma gallisepticum
in pheasants and the efficacy of tylvalosin to treat the disease. Avian Pathol. 2011, 40, 581-586. [CrossRef] [PubMed]

Elbadawy, M.; Aboubakr, M.; Abugomaa, A. Pharmacokinetics of tylvalosin in broiler Turkeys (Meleagris gallopavo) after single
intravenous and oral administration. Front. Vet. Sci. 2019, 6, 6-11. [CrossRef]

Abo El-Ela, FI; El-Banna, H.A.; El-Deen, M.B.; ElI-Gendy, A.A.; Tohamy, M.A. Pharmacokinetics of tylvalosin alone or in
combination with vitamin E in broiler chickens. Asian J. Anim. Vet. Adv. 2015, 10, 556-566. [CrossRef]

Elkomy, A.A.A,; El Sayed, M.G.A.; Abd El-Mageed, N.M. Pharmacokinetics and tissue residues of tylvalosin in normal and
experimentally mycoplasma gallisepticum infected broiler chickens. Int. ]. Mod. Pharm. Res. 2019, 3, 1-8.

Radi, A.M. Pharmacokinetics and bioavailability of Tylvalosin after oral, intramuscular and intravenous administration in
Turkeys. Int. J. Pharm. Pharm. Sci. 2016, 8, 140-144.

Escobar, A.; Abeledo, M.; Vega, E.; Cedefio, V. Determination of Aivlosin in Feedstuffs By High Perfomance Liquid Chromatogra-
phy (Hplc). Rev. Salud Anim. 2008, 30, 116-121.

Moretti, S.; Cruciani, G.; Romanelli, S.; Rossi, R.; Saluti, G.; Galarini, R. Multiclass method for the determination of 62 antibiotics
in milk. J. Mass Spectrom. 2016, 51, 792-804. [CrossRef]

Giusepponi, D.; Paoletti, F.; Barola, C.; Moretti, S.; Saluti, G.; [anni, F; Sardella, R.; Galarini, R. Transfer of a multiclass method for
over 60 antibiotics in food from high resolution to low resolution mass spectrometry. Molecules 2019, 24, 2935. [CrossRef]
Bohm, D.A.; Stachel, C.S.; Gowik, P. Validation of a multi-residue method for the determination of several antibiotic groups in
honey by LC-MS/MS. Anal. Bioanal. Chem. 2012, 403, 2943-2953. [CrossRef] [PubMed]

Hurtaud-Pessel, D.; Jagadeshwar-Reddy, T.; Verdon, E. Development of a new screening method for the detection of antibiotic
residues in muscle tissues using liquid chromatography and high resolution mass spectrometry with a LC-LTQ-Orbitrap
instrument. Food Addit. Contam. A Chem. Anal. Control Expo. Risk Assess. 2011, 28, 1340-1351. [CrossRef] [PubMed]

Saluti, G.; Colagrande, M.N.; Castellani, F.; Ricci, M.; Diletti, G.; Scortichini, G. Survey on antibiotic residues in egg samples in
Italy. Separations 2021, 8, 148. [CrossRef]

Canning, P; Skoland, ]J.B.K.; Wulf, ].C.L.; Gauger, C.W.P,; Karriker, A.R.L. Variation in water disappearance, daily dose, and
synovial fluid concentrations of tylvalosin and 3-O-acetyltylosin in commerical pigs during five day water medication with
tylvalosin under field conditions. J. Vet. Pharmacol. Ther. 2018, 41, 632-636. [CrossRef]

Salman, A.H.; Youssef, S.A.H.; Ramadan, A.; Soliman, A.M. Pharmacokinetics of tylvalosin in healthy and experimentally
mycoplasma gallisepticum infected broiler chickens. Int. . PharmTech Res. 2016, 9, 72-80.

Shipkova, M.; Svinarov, D. LC-MS/MS as a tool for TDM services: Where are we? Clin. Biochem. 2016, 49, 1009-1023. [CrossRef]
Zhou, W,; Yang, S.; Wang, P.G. Matrix effects and application of matrix effect factor. Bioanalysis 2017, 9, 1839-1844. [CrossRef]
Bylda, C.; Thiele, R.; Kobold, U.; Volmer, D.A. Recent advances in sample preparation techniques to overcome difficulties
encountered during quantitative analysis of small molecules from bio fluids using LC-MS/MS. Analyst 2014, 139, 2265-2276.
[CrossRef]

Ashri, N.Y,; Abdel-Rehim, M. Sample treatment based on extraction techniques in biological matrices. Bioanalysis 2011, 3,
2003-2018. [CrossRef]

Stone, J. A practical guide to sample preparation for liquid mass spectrometry in clinical research and toxicology. Spectroscopyeurope
2018, 30, 15-21.

Li, S.; Zhang, Q.; Chen, M.; Zhang, X.; Liu, P. Determination of veterinary drug residues in food of animal origin: Sample
preparation methods and analytical techniques. J. Lig. Chromatogr. Relat. Technol. 2020, 43, 701-724. [CrossRef]

Blanchard, J. Plasma Samples Prior To High-Performance. J. Chromatogr. 1981, 226, 455-460. [CrossRef]

Hernandis, V.; Escudero, E.; Pareja, A.; Marin, P. A fast, cost-saving and sensitive method for determination of cefuroxime in
plasma by HPLC with ultraviolet detection. Biomed. Chromatogr. 2021, 35, e5188. [CrossRef] [PubMed]

US. Food and Drug Administration. Bioanalytical Method Validation Guidance for Industry. Available online: https://www.fda.
gov/files/drugs/published /Bioanalytical-Method- Validation-Guidance-for-Industry.pdf (accessed on 12 July 2021).
Sorapukdee, S.; Narunatsopanon, S. Comparative study on compositions and functional properties of porcine, chicken and duck
blood. Korean J. Food Sci. Anim. Resour. 2017, 37, 228-241. [CrossRef] [PubMed]

Szabd, A.; Mézes, M.; Horn, P,; Siito, Z.; Bazar, G.; Romvari, R. Development dynamics of some blood biochemical parameters in
the growing Turkey (Meleagris gallopavo). Acta Vet. Hung. 2005, 53, 397-409. [CrossRef]

Lopez-Lorente, AL; Pena-Pereira, F,; Pedersen-Bjergaard, S.; Zuin, V.G.; Ozkan, S.A; Psillakis, E. The ten principles of green
sample preparation. TrACTrends Anal. Chem. 2022, 148, 116530. [CrossRef]

Sajid, M.; Plotka-Wasylka, ]. Green analytical chemistry metrics: A review. Talanta 2022, 238, 123046. [CrossRef]

Galecio, J.S.; Escudero, E.; Cerdn, J.J.; Crescenzo, G.; Marin, P. Pharmacokinetics of tildipirosin in ewes after intravenous,
intramuscular and subcutaneous administration. Animals 2020, 10, 1332. [CrossRef]

Avci, T.; Elmas, M. Milk and blood pharmacokinetics of Tylosin and Tilmicosin following parenteral administrations to cows. Sci.
World J. 2014, 2014, 869096. [CrossRef]

De Liguoro, M.; Anfossi, P.; Angeletti, R.; Montesissa, C. Determination of tylosin residues in pig tissues using high-performance
liquid chromatography. Analyst 1998, 123, 1279-1282. [CrossRef]

Huang, L.; Zhang, H.; Li, M.; Ahmad, I.; Wang, Y.; Yuan, Z. Pharmacokinetic-pharmacodynamic modeling of tylosin against
Streptococcus suis in pigs. BMC Vet. Res. 2018, 14, 319. [CrossRef] [PubMed]


http://doi.org/10.1080/03079457.2011.618822
http://www.ncbi.nlm.nih.gov/pubmed/22107092
http://doi.org/10.3389/fvets.2019.00355
http://doi.org/10.3923/ajava.2015.556.566
http://doi.org/10.1002/jms.3834
http://doi.org/10.3390/molecules24162935
http://doi.org/10.1007/s00216-012-5868-z
http://www.ncbi.nlm.nih.gov/pubmed/22367248
http://doi.org/10.1080/19440049.2011.605772
http://www.ncbi.nlm.nih.gov/pubmed/22007888
http://doi.org/10.3390/separations8090148
http://doi.org/10.1111/jvp.12503
http://doi.org/10.1016/j.clinbiochem.2016.05.001
http://doi.org/10.4155/bio-2017-0214
http://doi.org/10.1039/c4an00094c
http://doi.org/10.4155/bio.11.201
http://doi.org/10.1080/10826076.2020.1798247
http://doi.org/10.1016/S0378-4347(00)86080-6
http://doi.org/10.1002/bmc.5188
http://www.ncbi.nlm.nih.gov/pubmed/34081795
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
https://www.fda.gov/files/drugs/published/Bioanalytical-Method-Validation-Guidance-for-Industry.pdf
http://doi.org/10.5851/kosfa.2017.37.2.228
http://www.ncbi.nlm.nih.gov/pubmed/28515647
http://doi.org/10.1556/AVet.53.2005.4.1
http://doi.org/10.1016/j.trac.2022.116530
http://doi.org/10.1016/j.talanta.2021.123046
http://doi.org/10.3390/ani10081332
http://doi.org/10.1155/2014/869096
http://doi.org/10.1039/a708004b
http://doi.org/10.1186/s12917-018-1645-3
http://www.ncbi.nlm.nih.gov/pubmed/30355326

Animals 2022, 12, 1385 12 of 12

33.

34.

35.

36.

37.

Prats, C.; El Korchi, G.; Francesch, R.; Arboix, M.; Pérez, B. Disposition kenetics of tylosin administered intravenously and
intramuscularly to pigs. Res. Vet. Sci. 2002, 73, 141-144. [CrossRef]

Abdel Hamid, M.A.; Mabrouk, M.M.; Michael, M.A. A fast and green reversed-phase HPLC method with fluorescence detection
for simultaneous determination of amlodipine and celecoxib in their newly approved fixed-dose combination tablets. . Sep. Sci.
2020, 43, 3197-3205. [CrossRef] [PubMed]

Magdy, G.; Abdel Hakiem, A.F,; Belal, F.; Abdel-Megied, A.M. A novel quality by design approach for development and validation
of a green reversed-phase HPLC method with fluorescence detection for the simultaneous determination of lesinurad, febuxostat,
and diflunisal: Application to human plasma. J. Sep. Sci. 2021, 44, 2177-2188. [CrossRef] [PubMed]

Plotka-Wasylka, J. A new tool for the evaluation of the analytical procedure: Green Analytical Procedure Index. Talanta 2018, 181,
204-209. [CrossRef]

Canning, P;; Bates, J.; Hammen, K.; Coetzee, J.; Wulf, L.; Rajewski, S.; Wang, C.; Karriker, L. Concentrations of tylvalosin and
3-O-acetyltylosin attained in the synovial fluid of swine after administration by oral gavage at 50 and 5 mg/kg. J. Vet. Pharmacol.
Ther. 2016, 39, 621-624. [CrossRef]


http://doi.org/10.1016/S0034-5288(02)00036-X
http://doi.org/10.1002/jssc.202000345
http://www.ncbi.nlm.nih.gov/pubmed/32506818
http://doi.org/10.1002/jssc.202100016
http://www.ncbi.nlm.nih.gov/pubmed/33773042
http://doi.org/10.1016/j.talanta.2018.01.013
http://doi.org/10.1111/jvp.12309

	Introduction 
	Materials and Methods 
	Reagents and Materials 
	Instrumentation and Analytical Conditions 
	Standard Solutions 
	Calibration Curves and Quality Control Samples 
	Sample Preparation 
	Method Validation 
	Method Application 

	Results 
	Linearity, Detection and Quantification Limits 
	Precision and Accuracy 
	Recovery 
	Selectivity, Specificity, Dilution Effect and Carry Over 
	Stability 
	Method Application 

	Discussion 
	Optimization of Chromatographic Conditions 
	Validation 

	Conclusions 
	References

