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Abstract

Imported breeds raised in tropical countries demand greater use of chemical control of
ectoparasites, however, this practice can compromise the results of biotechnologies of
reproduction. Thus, the objective of this study was to evaluate the presence of chemical
residues of tick or their metabolites in the blood and in the follicular fluid and to verify the in
vitro embryo production (IVEP) of Wagyu cows, raised in a tropical country, submitted to
fluazuron based tick treatment. Twenty adult Wagyu bovine females were used, donors of
oocytes, divided into 2 groups: G1 - animals that were not submitted to tick control and G2,
animals that were submitted to chemical control of ticks with fluazuron based product (2.5
mg kg-1 of body weight). After application (DO0), all cows were submitted to estrous
synchronization and, in four moments (D12, D33, D54 and D75) the aspirations of the
follicular fluid from the dominant follicles were performed, the oocytes were collected for
IVEP and were collected blood samples for extraction and analysis of the presence of
chemical residues, using GC-MS. Plasma residues of fluazuron were detected up to 54 days
after application of the tick, but no residues were detected in the follicular fluid. Group 1 had
a higher number of total and viable oocytes (p<0.0001), however, the viability rate and the
blastocyst rate was lower (p<0.0001), showing that the use of ticks compromised IVEP.
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1. Introduction
1.1 Cattle Farming in Brazil

In order to maintain good production rates in beef cattle herds, several factors must be taken
into account, including sanitary management, as infectious diseases or the presence of endo
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and/or ecotparasites can reduce the development rates of the herd (BERGE and
VERTENTEN, 2017).

In tropical countries, an ectoparasite of economic importance is the tick Rhipicephalus
(Boophilus) microplus (CHEFER & SOUZA, 2016), with the main form of control being
chemical, based on the use of products called ticks. This problem is aggravated, mainly, with
the introduction of imported breeds, which are more susceptible to ticks and, therefore,
depend on more intensive control (MAPHOLI et al., 2014).

The Wagyu cattle breed, of Japanese origin, was introduced in tropical countries like Brazil,
in order to expand the list of breeds raised and offer a product with differentiated quality,
since its meat is recognized worldwide for its tenderness, juiciness and flavor, characteristics
resulting from the carcass with high levels of marbling and the high amount of unsaturated fat
(TANINAKA et al., 2015). Therefore, fostering this creation brings economic advantages to
countries. However, as pointed out, imported breeds such as Wagyu, are more susceptible to
ticks, a fact that demands a more intense control of ectoparasites.

Added to this fact, it is pointed out that for the maintenance or increase in the productive
indexes of the bovine productive chain, it is necessary the use of biotechniques of
reproduction, such as the in vitro production of embryos (IVPE), which allows the
dissemination of high quality embryos and plays an important role in the genetic
improvement of herds (GUSMAO et al., 2017).

1.2 Research Justification and Objectives

Thus, considering that, there is a lack of research linking the use of chemical control of
ectoparasites with the performance of IVPE cows and, in order to relate these points, the
objective of this work was to evaluate the presence of chemical residues of fluazuron-based
ticks in the blood and fluid. follicular and to verify the quality of the IVPE of Wagyu cows
raised in a tropical country, submitted to the treatment with ticks..

2. Method
2.1 Ethical Animal Experimentation and Local

The procedures used in this research were approved by the Ethics Committee on the Use of
Animals at the University Cesumar/ Unicesumar, under protocol No. 07/2020. The
experiment was carried out at the Biotechnology Center/ Biotec, at farm school, Cesumar
University / Unicesumar, Maringd Parand Brazil (2325'S, 51%57'W and altitude of 550
meters), in Southern Brazil, in 2020.

2.2 Management, Estrus Synchronization Protocol and Experimental Groups

Twenty adult Wagyu bovine females were used, donors of oocytes, aged between 12 and 24 months
and with an average weight of 510.25 kg. The animals were in perfect body condition, with a body
score between 3 and 3.5 and with excellent health and reproductive conditions. The animals were
kept in paddocks of brachiaria (Brachiaria brizantha cv MG-5), with mineral supplementation and
water ad libitum, being submitted to the hygienic management adopted in the property.
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The animals were distributed in 2 experimental groups: Group 1 (G1) - animals that were not
submitted to ectoparasite control and Group 2 (G2), animals that were submitted to control.
Thus, on day zero of the experiment (DQ), the G2 cows were subjected to carriage control
with fluazuron based product (Tackzuron Pour On® - Zoetis), with a dosage of 2.5mg kg™ of
body weight , obtained with the application of 5.0 mL/50 kg of body weight, as established in
the product insert. The total dose was administered in two bands, on both sides of the dorsal
line, from the neck to the croup, with the product applicator. The grace period informed by
the manufacturer for cattle for slaughter is 45 days after the last application (ZOETIS, 2022).

\ MacrOthi“k Journal of Agricultural Studies

Afterwards, all cows were submitted to estrous synchronization, in four moments during the
experiment, with intervals of 21 days. For synchronization, an auricular implant containing
5.0 mg of Norgestomet (progestin) (Crestar® - Lab. Intervet Ltda) and 2.0 mg of estradiol
benzoate (EB) (Estrogin® - Lab. Farmavet Ltda.) was used intramuscularly. On days D7, D28,
D59 and D71, the ear implant was removed and 2.0mL Prostaglandin F2a (PGF2a) (Ciosin®
- Lab. Coopers Ltda) was applied, intramuscularly.

On days D12, D33, D54 and D75, aspirations of the follicular fluid from the dominant
follicles were performed to analyze the presence of chemical residues. The follicular fluid
was stored in microtubes and stored at -20<€ for further analysis. At the same time, the other
follicles were aspirated to obtain the oocytes (Figure 1).

45 days:
product grace period

|

DO D12 D33 D54 D75
Group 1 Group1and 2 Group1and 2 Group 1 and 2 Group 1 and 2
. i i Blood collection + Blood collection +
Without fluazuron Blood collection + Blood collection + 4 Clio 4 Clio
application follicular aspiration of follicular aspiration of follicular aspiration of  follicular aspiration of
the dominant folicle +  the dominant follicle +  the dominant follicle +  the dominant follicle +
follicular aspiration follicular aspiration follicular aspiration follicular aspiration
Group 2 (oocytes) (oocytes) (oocytes) (oocytes)

Fluazuron application
50mL/50kg BW

Figure 1. Experimental protocol

The aspiration of the follicular fluid from the dominant follicle was performed using an
ALOKA ultrasound device type SSD500 with a 5 MHz convex sector probe adapted to a
needle system (18G) and coupled to the vacuum system (pump) with the follicular aspiration
corresponding to approximately 13 to 15 mL of water per minute. The aspirated follicular
fluid was collected and transferred to microtubes and sent for analysis in the laboratory.

The aspiration of the other follicles to obtain the oocytes was also performed using an
ALOKA ultrasound device type SSD500 with a 5 MHz convex sector probe adapted to a
needle system (18G) and coupled to the vacuum system (pump). The vacuum pressure was
obtained by means of a pump (Cook V-MAR 5000®), adjusted between 38 and 45mmHg,
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allowing a flow of 12mL of half a minute. The oocytes were aspirated with a solution
containing 2.0% Bovine Fetal Serum (BFS) (Nutricell®, Campinas, SP, Brazil), 25U1/mL of
sodium heparin and 98.0% of Phosphate Buffer (PBS) (Nutricell®, Campinas, SP, Brazil).

At the time of follicular aspiration, low epidural anesthesia was performed with 5mL of 2%
lidocaine (Pearson®, S& Paulo/Brazil) to reduce peristaltic movements and discomfort in the
animal. After lidocaine administration, the animal had the vulva washed and cleaned with
paper towels. Then, the transducer was inserted to the bottom of the vaginal sac, with the
manipulation of the ovaries through the rectum, seeking the best visualization of them on the
ultrasound screen. The follicles were positioned on the puncture line indicated on the
ultrasound screen and aspirated, according to the objective of the study. After the end of the
aspiration, the vacuum system was cleaned with the means of receiving the oocytes and the
used needles were discarded.

For the washing and selection of oocytes, the aspirated material was transferred to the
embryo collection filter and washed with the same medium used for aspiration. The follicular
liquid being separated into 50mL flasks and immediately afterwards, transferred to
microtubes.

The remaining sediments in the filter were transferred to a Petri dish and the search, counting
and classification of the oocytes as viable and non-viable was carried out. Oocytes that
presented the presence of homogeneous cumulus and ooplasm were considered viable (grade
I, 11 and 111) and those that were nude or pycnotic, heterogeneous and with apoptotic vesicles
were unviable (grade 1V) (DE LOOS et al., 1989).

In vitro maturation (IVM) was performed in TCM199 with Earles salts (Gibco®), glutamine
(Sigma® cod.:G8540) and NaHCOsz (Mallinckrodt®), supplemented with 10% SFB
(Cultilab®), 22pg/mL pyruvate (Biochemical® cod.:44094), 50 g gentamicin (Sigma® cod.:
G1272), 0.5 g FSH/mL (Bioniche®), 50 pg LH/mL (Bioniche®) and 1 g estradiol/mL
(Sigma® cod.:E2758), kept in an oven at 39€, 5% CO2 in air with maximum humidity, for 22
to 24 hours. The oocytes were placed in 90 L microdroplets of maturation medium covered
with mineral oil.

In vitro fertilization (IVF) was performed in 100 pL of TALP medium supplemented with
10pg/mL of heparin (Sigma cod.: H3149), 22pd/mL of pyruvate (Biochemical® cod.:44094),
50g/mL of gentamicin (Sigma® cod:G1272), bovine serum albumin-BSA (without fatty
acids) (Sigma® cod.:A3311), 2pM penicillin PHE solution (Sigma® cod.:P4875), 1pM
hypotaurine (Sigma® cod.:H1384) and 0.25 |V of epinephrine (Sigma® cod.:E4250). The
sexed semen of Wagyu bull was thawed in a water bath at 36<€. For selection of mobile
sperm and removal of thinners and seminal plasma, centrifugation in Percoll gradient (90 and
45%) was performed for 4 min at 4 rpm. 1x10°® sperm/mL were used, and the oocytes were
transferred to the microdroplets (20 oocytes/drop), where they remained for 18 hours, at 39<€,
in an atmosphere with 5% CO: in air.

After fertilization, the zygotes were cultured in vitro (CIV), in SOF medium (Synthetic
Oviduct Fluid) supplemented with SFB (Nutricell®, Brazil), with granulosa cells monolayer.
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Cultivation was carried out for 18 hours post-insemination, in an incubator, with a gaseous
atmosphere containing 20% COz in air, with maximum humidity.

Seven days after fertilization, the embryos were evaluated and packed in 0.25 mL straws to
be later innovated in the recipients.

For the analysis of the presence of chemical residues of ticks in the blood, blood samples
were taken on the same days as the collection of follicular fluid and oocytes, that is, days D12,
D33, D54 and D75 after the application of the ticks, to elaborate the curve decay of the
product's active ingredient and its metabolites. Samples of 10mL of blood were collected, by
puncture of the jugular vein, in heparinized tubes, and were immediately subjected to
centrifugation at 3500 rpm for 10 minutes. The plasma was separated, packed in microtubes,
in duplicate of 1 mL each, and stored at -20<€ for further analysis.

For gas chromatography extraction and analysis, plasma samples were prepared by adding
10g of blood sample in a falcon tube, containing 250mg of magnesium sulfate, 250g of
sodium chloride and 5mL of acetonitrile. The samples were shaken vigorously for 1 minute,
followed by decanting by centrifugation (5.000 rpm) for 2 min. After phase separation, the
top layer obtained from the mixture was transferred to QUEChERS cartridge, containing
50mg of MgSOa4, 15mg of PSA and 30mg of C18, to separate the desired analytes from the
matrix, stirring vigorously for 1 minute and decanting by centrifugation at 5000 rpm for 2
min. For the analysis of the follicular liquid, the quantities were reduced, and the samples
were prepared by adding 1g of sample of follicular liquid in a falcon tube, containing 125mg
of magnesium sulfate, 125mg of sodium chloride and 3mL of acetonitrile, followed by
stirring and decanting by centrifugation in the same way as plasma and, after phase
separation, the upper layer obtained was transferred to QUEChERS cartridge, containing 1g
of MgSOs4, 15mg of PSA and 7.5mg of C18, followed by agitation and mixing decanting. The
separated upper layer, from both the plasma samples and the follicular liquid samples, was
filtered and injected directly into the GC-MS. All extractions were performed in duplicate.

After preparing the samples, they were inserted into a gas chromatograph (model Agilent
7890B) with automatic injector (CTC PAL Control), coupled to a mass spectrometer (Model
Agilent 5977A MSD), equipped with an HP-5MS Ul Agilent column with 5% phenyl methyl
siloxane phase (30.0m x 250um di x 0.25um film thickness). For the proper separation of the
analytes in the GC-MS system, 2 pL of each extracted sample was injected into the column
using the Split injection mode in a 1:50 ratio, in the following oven conditions: initial
temperature of 70<C maintained by 2,5 min, then ramp from 15<C min™ to 175<C maintained
for 13 min, and ramp from 20<C min™* to 290 <C and maintained for 15 min.

The other conditions of the analysis method were: injection volume of 1.0uL, flow of carrier
gas (He, purity 99.99999%) equal to 1.2 mL min, ionization by electronic impact of 70 eV,
ionization source temperature of 230<C, quadrupole of 150<C, transfer line of 280<C and
injector of 250<C. Data acquisition was performed using the MassHunter software and
qualitative analysis of mass spectra by the NIST 11 library. The quantification of the veterinary
drug was performed using a pre-established calibration curve with a minimum level of 0.5 and
a maximum of 8.0pg/mL and also by the presence of the internal standard of octadecane.

5 http://jas.macrothink.org



Journal of Agricultural Studies
ISSN 2166-0379
2022, Vol. 10, No. 4

Macrothink
A\\Institute ™

2.3 Statistics and Data Analysis

The data were tabulated and the statistical analyzes of the variables were performed using the
PROC NPAR1WAY procedure of the statistical program SAS (2000), version 8.01, the means
of plasma concentration and follicular fluid being analyzed by the Kruskal-Wallis test; for the
analysis of the OPU efficiency, viability rate (percentage of viable oocytes in relation to the
total oocytes) and of the blastocyst rate (percentage of embryos in relation to the total viable
oocytes), the Poisson distribution and function of identity link.

3. Results

The result of the analysis of fluazuron in the blood, as expected, differed between the groups
(p<0.0001) at 12, 33 and 54 days after application of the product, however, the drug was not
detected on day 75 (Table 1).

Table 1. Plasma concentration of fluazuron in Wagyu donor cows subjected to a dose of 2.5
mg kg? of body weight of commercial formulation pour on fluazuron as a function of the
days after application (g mL™)

Days after fluazuron G1 - control (n=10) G2 — fluazuron (n=10) p value
application (g mLY) (kg mLY)
D12 0,0 3,80 <0,0001
D33 0,0 2,19 <0,0001
D54 0,0 0,85 <0,0001
D75 0,0 undetectable

G1: group of animals that were not submitted to tick treatment; G2: group of animals that
were subjected to treatment with ticks.

Regarding the efficiency of the Ovum pick-up (OPU), differences were observed between the
groups in all variables studied (p<0.0001) (Table 2).

Table 2. Average efficiency of four sessions of ovum pick-up (OPU) and in vitro embryo
production in Wagyu donor cows subjected to a dose of 2.5 mg kg of body weight of
commercial formulation pour on de fluazuron

Variables G1- control G2- fluazuron o value
(n=10) (n=10)

Total oocytes (M3SE) 11,8 +£0,54 15,1 +0,61 <0,0001
Number of viable oocytes (M+SE) 8,77 £0,47 10,47 £0,51 <0,0001
Viability rate (%) 74,59 +1,36 68,68 +1,31 <0,0001
Number of non-viable oocytes (M+SE) 3,27 £0,28 4,6 +£0,34 <0,0001
Number of embryos (M3SE) 3,05 +0,7 2,65 +0,6 <0,0001
Blastocyst rate (%) 34,73 £0,93 24,54 0,78 <0,0001

G1: group of animals that were not submitted to tick treatment; G2: group of animals that
were subjected to treatment with ticks. Viability rate: percentage of viable oocytes in relation
to the total oocytes; Blastocyst rate: percentage of embryos in relation to the total viable
oocytes; MASE: mean and more or less standard error of the mean.
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4. Discussion
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The data on the analysis of fluazuron residue in blood are interesting because as pointed out
in the product package insert, the grace period informed by the manufacturer for cattle for
slaughter is 45 days after application (ZOETIS, 2022), therefore, it was expected that the
same not be detected in the samples from the D54 collection. The decrease in serum levels
was 42.37%, 77.63% and 100% in relation to the levels of fluzuron in D12.

In order to study the pharmacokinetic characteristics of fluazuron in cattle, Ferreira et al.
(2019) evaluated and validated a method of liquid chromatography ultraviolet detection
(LC-UV). The authors stated that fluazuron, administered topically to animals, with a dosage
of 2.5mg kg-1, reached the systemic circulation and was absorbed (T max=48 Hs), remaining
quantifiable in plasma levels for up to 14 days after treatment. This information differs from
the findings of this study, since the drug was detected within 54 days after its application.
Perhaps, this difference can be attributed to the sensitivity of the technique used, since, in this
study, GC-EM was used, which is more sensitive than LC-UV.

The Committee for Medicinal Products for \eterinary Use, of the European Medicines
Agency (EMA), published in 2017, a regulation establishing Maximum Residue Limits
(MRL) for fluazuron in fin fish, valid throughout the European Union (EMA, 2017). In this
document, the researchers stated that a highly specific method for analysis of fluazuron is the
method of Liquid Chromatography Coupled to Mass Spectrometry (CL-MS), which, in fact,
is more sensitive than the one employed in our study; however, in general, many different
techniques are used in publications on fluazuron dosage.

Some studies, conducted with cattle of different breeds, and which applied doses of fluazuron,
administered topically (pour-on), which varied between 1.25 to 2.5 mg kg of body weight,
reported values of residues of the drug in the plasma from 0.002 to 0.001 pg/mL, after 42 and
84 days, respectively (THOMAS et al., 1992; SWINDALE et al., 1993), revealing values
well below those found in this research.

Brazil is one of the world's largest consumers of agrochemicals (HERMIDA et al., 2015). For this
reason, several agencies are involved in determining the Maximum Residue Limits (MRL) for
agricultural products, such as Codex Alimentarius (CODEX), the European Medicines
Evaluation Agency (EMEA) and the National Health Surveillance Agency (ANVISA). Despite
the high degree of asymmetry and subjectivity present in the decision criteria adopted by the
countries and by the expert committees, it is observed that the MRL of fluazuron in cattle
presented by the agencies are similar, with 7.000 pg/kg in fat, 200 pg/kg in muscle, 500 pg/kg in
liver and kidney and 200 pg/kg in milk, however, the documents do not mention plasma levels.

Based on the technique and the calibration curve used in this study, it was not possible to
detect chemical residues of fluazuron in the follicular fluid. It is pointed out that, perhaps,
using an even more sensitive calibration curve, or if it was possible to obtain a larger volume
of follicular fluid or employ a more effective follicular fluid pre concentration step, or use
more sensitive analytical methods such as CL-MS perhaps the same could have been detected,
despite the good sensitivity of the curve used in this study.
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Bovine follicular fluid (FF) is an exudate from blood plasma with different protein factors,
glycoproteins, glycosaminoglycan’s, steroids and many other metabolites synthesized by cells
in the follicular wall (GORDON, 2003). The composition of the follicular fluid is similar to
that of serum with respect to low molecular weight components and most electrolytes
(SHALGI et al., 1972). However, some components may vary, as the basal lamina of the
follicle can act as a barrier for the diffusion of substances, such as proteins greater than 100
KDa (CLARKE et al., 2006), thus, another hypothesis is that the basal lamina has prevented
the transfer of the fluazuron residue to the follicular fluid.

The importance of some FF constituents in acquiring oocyte development competence has
already been reported. Steroids, such as estradiol and progesterone, are related to follicle
growth and atresia, also having an effect on oocytes. In fact, the FF has a variety of functions
related to the oocyte including maintaining meiotic arrest, protection against proteolysis,
extrusion during ovulation and protection against adverse blood influences (SOHEL &
CINAR, 2014) and, therefore, based on their importance physiological and the fact that
residues of veterinary drugs can be found in various tissues (XIN-LUN et al., 2013; ZHANG
et al., 2013), this research was conducted, however, without success in detection.

Regarding the efficiency of the OPU, it was possible to observe that, despite the greater
number of total and viable oocytes, the viability rate, the number of embryos and the
blastocyst rate in the group of donors that were treated with ticks were lower (p<0.0001).
Based on these results, it appears that, in fact, as the number of follicles is mainly determined
by genetic factors (BLONDIN et al., 2012), there was no effect of treatment on this variable,
and however, when the structures were subjected in an in vitro culture system, the effect
appeared. So, even if no fluazuron residue was detected in the follicular fluid, but considering
the circulating levels in the blood and the negative effects obtained in the in vitro embryo
production, it is believed that using an even more sensitive calibration curve it is possible to
detect it and better elucidate these results.

However, it is reported that despite the significant effects found, the values obtained in this
study are similar to those reported in other studies carried out with Wagyu donor cows. In a
study whose objective was to investigate the follicular synchronization using estradiol
benzoate, with the presence of the corpus luteum, in bovine female donors of Wagyu oocytes,
in in vitro embryo production, Zamai et al. (2021) observed total oocyte values between
10.50 and 12.83, viability rate around 74%, total embryos produced between 2.40 to 2.85 and
blastocyst rate between 19.16 to 26.44%.

However, it is considered that the number of total and viable oocytes obtained in the studies
Zamai et al. (2021), regardless of treatment, was lower than those reported in the literature for
other races (SARTORI et al., 2016), showing an inferiority in this aspect for Wagyu donors.
However, despite this finding, the other reproductive advantages of Wagyu females stand out,
such as sexual precocity, ease of delivery, maternal ability and longevity.

Studies in the scientific literature that assess follicular fluid, OPU and IVEP in animals
submitted to tick treatment are scarce. However, research conducted by International Program
On Chemical Safety (1997), with rats, evaluated the reproductive toxicity of fluazuron at
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dietary concentrations of 0, 100, 1,500 or 20,000 mg kg™ and pointed out that fluazuron did
not cause adverse effects on function reproductive health of animals (IPCS, 1997).

A\\ Macrothi“k Journal of Agricultural Studies

Despite these results, Cabry et al. (2020) stated that exposure to pesticides can cause
generalized oxidative stress, with high production of free radicals and impacts on the activity
of the enzymes superoxide dismutase, catalase and glutathione peroxidase, reductase and
transferase. Thus, it is assumed that these impacts may explain, in part, the results obtained in
our study. Perhaps, the evaluation of oocytes through more in depth analyzes, such as
metabolomics, can prove the effects of these compounds on the reproductive aspects of
oocyte donor cows, since, the evaluation of recovered oocytes, fertilization and embryo
cleavage directly reflect on the percentage of embryonic losses (AL-HUSSAINI et al., 2018),
impacting the production chain.

5. Conclusion

Based on the results obtained, we conclude that it was possible to detect fluazuron residues in
the plasma of Wagyu donor cows within 54 days after the application of a commercial tick
pour fluazuron, however, fluazuron residues were not detected in the follicular fluid.

Regarding the efficiency of the ovum pick-up, despite the animals treated with ticks present a
higher number of total and viable oocytes, the viability rate and the blastocyst rate were lower,
demonstrating that the treatment negatively affected IVEP.

Thus, in order to better elucidate this effect, it is suggested that more research be conducted
in order to establish a safer and more appropriate control protocol for ticks in cows of
imported breeds, raised in a tropical country, donors of oocytes for IVEP.
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