
TYPE Original Research

PUBLISHED 11 July 2023

DOI 10.3389/fvets.2023.1215722

OPEN ACCESS

EDITED BY

Benito Soto-Blanco,

Federal University of Minas Gerais, Brazil

REVIEWED BY

Timothy Evans,

University of Missouri, United States

André Mariano Batista,

Universidade Federal Rural de Pernambuco,

Brazil

*CORRESPONDENCE

Joao Henrique Moreira Viana

henrique.viana@embrapa.br

RECEIVED 02 May 2023

ACCEPTED 26 June 2023

PUBLISHED 11 July 2023

CITATION

Xavier MC, Martins LP, Moura RM, Morais DF,

Barbosa JVL, Figueiredo RA, Peixer MAS,

Andrade RVd and Viana JHM (2023) Evaluation

of the e�ects of the recommended oral dose of

diflubenzuron on bovine sperm and oocyte

quality using CASA and OPU-IVEP.

Front. Vet. Sci. 10:1215722.

doi: 10.3389/fvets.2023.1215722

COPYRIGHT

© 2023 Xavier, Martins, Moura, Morais, Barbosa,

Figueiredo, Peixer, Andrade and Viana. This is an

open-access article distributed under the terms

of the Creative Commons Attribution License

(CC BY). The use, distribution or reproduction

in other forums is permitted, provided the

original author(s) and the copyright owner(s)

are credited and that the original publication in

this journal is cited, in accordance with

accepted academic practice. No use,

distribution or reproduction is permitted which

does not comply with these terms.

Evaluation of the e�ects of the
recommended oral dose of
diflubenzuron on bovine sperm
and oocyte quality using CASA
and OPU-IVEP

Marcelo Cunha Xavier1,2, Leticia Prates Martins3,

Rodrigo Martins Moura3, Divino Fabio Morais4,

Joao Vitor Lima Barbosa4, Ricardo Alamino Figueiredo5,

Mauricio Antonio Silva Peixer2, Rosangela Vieira de Andrade1 and

Joao Henrique Moreira Viana3,5*

1Programa de Pós-Graduação em Ciências Genômicas e Biotecnologia, Universidade Católica de

Brasília, Brasília, DF, Brazil, 2Bio Biotecnologia da Reprodução Animal, Brasília, DF, Brazil, 3Programa de

Pós-Graduação em Biologia Animal, Universidade de Brasília, Brasília, DF, Brazil, 4Departamento de

Medicina Veterinária, Centro Universitário de Brasília, Brasília, DF, Brazil, 5Embrapa Recursos Genéticos e

Biotecnologia, Brasília, DF, Brazil

Introduction: The aim of this study was to evaluate potential e�ects of

diflubenzuron on the production and quality of gametes, and on in vitro embryo

production (IVEP) outcomes, in cattle.

Methods: Two experiments were performed, the first to evaluate e�ects on

semen, and the second on cumulus-oocyte complexes (COC) and on IVEP.

Nelore (Bos taurus indicus) bulls (n = 14) or heifers (n = 16) were allocated

into control (CG) or treatment (DIF) groups. All groups received a mineral mix

supplement added (DIF) or not (CG) with diflubenzuron (30 mg/head/day), during

8weeks. Animals were weighed and blood samples were collected throughout the

experimental period. Every other week, bulls were subjected to semen collection

and heifers to transvaginal ultrasound-guided follicle aspiration sessions. Semen

underwent physical and morphological evaluation, and samples were stored for

further computer-assisted sperm analysis. The COC recovered were evaluated

according to morphology and those classified as viable were sent to an IVEP

laboratory.

Results: Diflubenzuron had no e�ect (P > 0.05) on average body weight or

in any blood hematological or biochemical endpoints, regardless of gender. In

experiment 1, there was no di�erence (P > 0.05) between DIF and CG groups for

sperm concentration, morphology, or kinetics. In experiment 2, there was also no

e�ect of diflubenzuron on the number of total, viable, or grade I oocytes, as well

as on cleavage or blastocyst rates (P > 0.05).

Discussion: In summary, the oral administration of diflubenzuron, within the

recommended dose, has no short-term negative e�ects on sperm production and

quality or on oocyte yield and developmental potential in vitro, in cattle.
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1. Introduction

The diflubenzuron [1-(4-clorophenyl)-3-(2,6-difluorobenzoyl)

urea] is a chemical from the benzoylphenyl urea (BPU) class

widely used since the 1970′s for pest control, both in urban

areas and in agriculture and livestock (1). It inhibits synthesis

of chitin exoskeleton and acts as an arthropod larvae growth

regulator, being used as an insecticide and acaricide. In cattle,

diflubenzuron has been used as a diet additive to control horn

fly (Haematobia irritans), housefly (Musca domestica), stablefly

(Stomoxys calcitrans), as well as ticks (Rhipicephalus microplus).

Diflubenzuron is poorly absorbed by the gastrointestinal track of

cattle, extensively metabolized, and almost totally excreted in feces

and urine, resulting in very low residue concentrations in milk

and meat (2, 3). Within the recommended doses, such residues

are usually undetectable or below the acceptable daily intake (ADI)

values (4), and thus are unlikely to present a public health concern

(1, 5). Therefore, there is no withdraw time, and diflubenzuron can

be used in lactating dairy cattle (6).

Although diflubenzuron has been considered as safe for use in

livestock, results from toxicological studies on non-target species

are controversial. No carcinogenic effect of diflubenzuron was

observed in vitro (7, 8), whereas dose-dependent genotoxic and

mutagenic effects were observed in vivo in some animal models (9),

but not others (10). Such inconsistencies may be associated with

the indirect effect of metabolites, such as 4-chloroaniline, which are

formed in vivo from the small proportion of the diflubenzuron that

is actually absorbed (11). Recently, diflubenzuron was shown to

induce cell apoptosis and ROS generation in mammary epithelial

cells (12). Potentially detrimental effects for cell and especially

for DNA integrity are particularly important for gametes and

embryos, and thus for reproductive toxicity. It is also noteworthy

that diflubenzuron, besides acting on chitin synthesis on larvae, also

impairs oogenesis and reduces ovarian follicle population in adult

insects (13). In this regard, potential actions on gametogenesis in

other species should be a target for risk assessment. Nevertheless,

very few studies have addressed the potential reproductive toxicity

of diflubenzuron on livestock.

In vitro embryo production (IVEP) has become the technique

of choice for embryo production in many countries, and in

2020 the number of embryos produced in vitro was three

times greater than the number of embryos collected in vivo

worldwide (14). Besides its key role as a tool for animal breeding

programs, IVEP also provides an important platform for the

study of environmental effects, including endocrine disruptors, on

reproduction. In vitro maturation (IVM) of bovine oocytes, for

example, has been proposed as a potential method to evaluate

chemical hazards on fertility, requiring far fewer animals to

demonstrate potential detrimental effects on reproduction than

in vivo-models (15). The bovine species is also a suitable model

for human reproductive toxicology studies, due to the similarities

between bovine and human ovarian physiology (16). Similarly, the

advances in bovine semen evaluation, such as the use of computer-

assisted sperm analysis (CASA), has provided more accurate tools

to identify potential interferences in male reproductive physiology,

e.g., minor changes in sperm quality not detectable in routine

andrological exams.

The aim of the present study was to evaluate possible short-

term potential detrimental effects of diflubenzuron treatment on

gamete quantity, quality, and developmental potential in cattle.

Our hypothesis was that, within the current recommended doses,

diflubenzuron treatment would not affect gamete or embryo quality

and developmental potential in cattle. The rationale for this study

was that the use of new analytical methods, such as CASA, and

in vivo-in vitro experimental models such as the association of

in vivo oocyte recovery with IVEP, are important to validate

previous toxicological evaluations on the safety of diflubenzuron

on livestock.

2. Material and methods

2.1. Animals and location

Experiment 1 was conducted on a private beef farm located in

Formosa, GO, Brazil. Pubertal Nelore (Bos taurus indicus) bulls

(n = 14), with no detectable abnormalities during andrological

exams, were enrolled. The bulls were kept under Brachiaria sp.

pasture with ad libitum access to water, and received 2 Kg/head/day

of concentrate supplement with a mineral mix. Experiment 2

was conducted at the Embrapa’s Sucupira Experimental Station,

in Brasilia, DF, Brazil. Nulliparous, pubertal, cycling Nelore (Bos

taurus indicus) heifers (n = 16), with no detected pathologies

during gynecological examination, were enrolled. The heifers were

confined and received a maintenance diet consisting of corn silage

and mineral mix (100 g/day/head), starting at an adaptation period

2 weeks before the beginning of the experiment. Both experiments

were conducted from June to August (winter, dry season).

2.2. Experimental design

This study was subdivided into two experiments (for bulls

and heifers, respectively), both following a similar experimental

design (Figure 1). In both experiments, animals were distributed

into a control (CG) or treatment (DIF) group. Bulls were

allocated to the experimental groups at random, whereas

heifers were first ranked according to antral follicle count

(AFC), as defined elsewhere (17) and, from the higher to the

lower position, alternately allocated to the CG or DIF groups.

The balancing of distribution was confirmed by the lack of

difference (P > 0.05) in AFC between the two groups at the

beginning of the experiment. The experimental groups received

a mineral mix added (DIF) or not (CG) with diflubenzuron,

calculated to meet the daily mineral requirements and, in

the DIF groups, to ensure the daily consumption of 1 g of a

commercial formulation (Difly S3, Champion, Anápolis, Brazil)

with 3% diflubenzuron (30mg per head/day, according to

product label recommendation, https://www.champion.ind.

br/produto/difly-s3-6-kg-2/), during 8 weeks (56 days). The

consumption of the mineral mix of each group was monitored

daily, the confirm the ingestion of the expected diflubenzuron

dose. Body weight was evaluated and blood samples were

collected weekly in the heifers, and every 15 days in the
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FIGURE 1

Experimental design used in experiments 1 (males) and 2 (females).

bulls. Starting immediately before treatments, every other

week bulls were subjected to semen collection, and heifers to

transvaginal ultrasound-guided follicle aspiration (OPU), in

a total of five sessions in each experiment. Semen underwent

physical and morphological evaluation, and samples were stored

for further computer-assisted sperm analysis (CASA). The

cumulus-oocyte complexes (COC) recovered were evaluated

according to morphology and sent to a commercial laboratory

for IVEP.

2.3. Blood sampling and blood analyses

Blood samples were collected by puncture of the coccygeal

vein or artery, using 21G double-ended needles. Two samples were

collected from each animal into 5mL vacuum tubes, one with and

another without K3 EDTA (Vacutainer Systems; Becton Dickinson,

São Paulo, SP, Brazil). Samples were kept under refrigeration

(5
◦

C) and transported to a commercial veterinary clinical analysis

laboratory. Each sample was evaluated for hemogram and

biochemical endpoints.

2.4. Semen collection and analysis

Semen samples were collected by electroejaculation, as

described elsewhere (18). Briefly, bulls were contained in a

beef cattle squeeze chute, and ejaculation was induced using an

electroejaculator, at presetting #4 (Autojac 3, Neovet, Uberaba,

Brazil). Samples (20 µL) of fresh semen were evaluated under x200

magnification for mass movement, vigor, and motility, and under

x1000 magnification for morphological analysis of the sperm cells,

as previously described (19). The semen was them diluted 1:1 in

a semen extender (Optixcell, IMV Technologies Brasil, Campinas,

Brazil) and kept under refrigeration (5◦C) until transportation to

the laboratory. Fresh semen from each bull was rediluted 1:10 in

Optixcell and a 3 µL sample was analyzed in a counting chamber

(Leja, IMV Technologies) using CASA (SpermVision Minitube

GMBH, Tiefenbach, Germany), with the standard presetting of

the equipment. The remaining semen was then diluted, according

to the sperm concentration determined by CASA, to a final

concentration of 50 x 106 sperm/mL, filled into 0.5mL straws,

stabilized at 4◦C for 4 h, and frozen using a freezing machine

(Cryogen, Neovet) with the standard freezing curve for cattle.
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TABLE 1 Body weight and blood hematological and biochemical endpoints (mean ± SEM) of Nelore (Bos taurus indicus) bulls and heifers treated (DIF) or

not (CG) with 30mg diflubenzuron/day, during 8 weeks.

Endpoint Gendera CG DIF P-value Ref. valueb

Treatment Time Treatment × time

Weight (Kg) M 728.9± 20.3 715.5± 24.1 0.9831 0.0123 0.2163 –

F 524.1± 5.3 559.5± 7.9 0.1057 0.7229 0.9995

Hematocrit (%) M 39.0± 0.8 41.1± 0.7 0.2156 0.4779 0.9466 24.0–46.0

F 42.8± 0.5 40.9± 0.5 0.1842 0.0023 0.1386

Protein (g/dL) M 7.7± 0.1 7.9± 0.1 0.1487 0.0462 0.6179 7.0–8.5

F 7.2± 0.1 7.2± 0.1 0.5855 <0.0001 0.0982

Creatinine (mg/dL) M 2.5± 0.0 2.3± 0.1 0.3294 0.0050 0.0419 1.0–2.0

F 2.5± 0.2 2.6± 0.1 0.2274 0.0074 0.6820

ALPc (U/L) M 191.9± 10.0 185.7± 10.6 0.7244 0.0034 0.0003 90–170

F 124.6± 3.7 120.4± 3.1 0.7806 0.0395 0.5575

aM, males; F, females.
bPhysiological reference values for cattle adopted by the Laboratory in charge of the analyses.
cAlkaline phosphatase.

Samples of frozen semen were also analyzed by CASA, immediately

after thawing or after being submitted to a thermo-resistance test

(TRT) during 4 h.

2.5. Oocyte recovery and in vitro embryo
production

All ultrasonographic exams and OPU procedures were

performed using a portable ultrasound device (MyLab 30 Gold

Vet, Esaote, Genova, Italy) equipped with a 7.5 MHz linear

rectal probe or a micro-convex vaginal 7.5 MHz probe mounted

in a custom-made polyethylene needle guide (WTA Tecnologia

Aplicada, Cravinhos, Brazil). Before the first OPU, the number of

sonographic-detectable follicles (AFC) in the ovaries was recorded

and used to balance the distribution of heifers between treatments.

The OPU-IVEP procedures used were the same as described

elsewhere (20). Briefly, immature COC were collected by puncture

and aspiration of visible follicles (>2mm), using 20G needles and

a vacuum pressure of approximately 80 mm/Hg. The aspirated

fluid with the follicle content was recovered into 50mL tubes

containing DPBS added with 1% FCS and 125 IU/mL sodium

heparin. COC quality was evaluated under a stereomicroscope at

x40 magnification and those morphologically classified as viable,

as previously described (21), were transferred to 1.2mL cryotubes

(Corning, New York, USA) containing maturation medium and

transported in a portable incubator (Minitub do Brasil, Porto

Alegre, Brazil) at 38◦C to the IVEP laboratory.

The COC from each donor underwent in vitro maturation

(IVM), in vitro fertilization (IVF), and subsequent in vitro

embryo culture (IVC) separately. IVM was performed for 20 h

in TCM199 (Gibco, New York, USA) supplemented with 0.05

IU/mL FSH (Pluset, Hertape-Calier, Barcelona, Spain), 1 mg/mL

estradiol, and 10% FCS in a humidified incubator at 5% CO2

in air and 38.5◦C. Expanded COC were then partially denuded

and transferred to drops with Tyrode’s albumin lactate pyruvate

(TALP) medium supplemented with 10µg/mL heparin, 20µM D-

penicillamine, 10µMhypotaurine, and 1µMepinephrine. IVF was

performed with 1 x 106 spermatozoa/mL for 18 h. Semen from

a single Nelore sire with known fertility on IVEP was used for

all fertilization batches. Presumptive zygotes were then IVC in

50 µL droplets of synthetic oviduct fluid (SOFaa) supplemented

with essential and non-essential amino acids, 0.34mM sodium

tricitrate, 2.77mM myo-inositol, and 10% FCS, under mineral

oil. Cleavage and blastocyst rates were determined at 72 and

168 h post-insemination. Blastocysts were also classified according

to developmental stage (initial blastocysts, blastocysts, expanded

blastocysts, or hatched blastocysts). A subset of the expanded

blastocysts (circa 30/batch/group) were transferred to glass slides,

stained with Hoechst 33342 (Sigma-Aldrich, St. Louis, MO, USA),

and evaluated under the microscope (x1000) for total cell number

(ICM plus trophoblast).

2.6. Data analysis

All endpoints related to weight, blood hematological and

biochemical analyses, sperm production and quality in the bulls,

and oocyte yield and in vitro embryo production in heifers, were

compared between CG and DIF groups using the GLIMMIX

procedure of SAS (SAS Studio 3.8, University Edition; SAS Institute

Inc., Cary, NC, USA) with a repeated statement to account

for measurements over time. The model included the effects of

treatment (control or diflubenzuron), time (semen collection or

OPU-IVEP session), and their interactions, and was adjusted for

the type of distribution of each variable. Due to low individual

frequencies, sperm pathologies were pooled as major or minor

defects, as described elsewhere (22). Similarly, expanded blastocysts

were grouped according to cell count in those with >100 or <100

cells. Differences among means were determined using the Student

T-test. Results are shown asmean± SEM. Exact P-values are shown
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TABLE 2 Sperm endpoints (mean ± SEM) in Nelore (Bos taurus indicus) bulls treated (DIF, n = 7) or not (CG, n = 5) with 30mg diflubenzuron/day, during

8 weeks.

Endpoint CG DIF P-value

Treatment Time Treatment × time

Physical exam

Volume (mL) 6.6± 0.4 4.4± 0.5 0.0634 0.2365 0.0250

Motility (%) 65.6± 2.6 65.5± 4.0 0.4239 0.6457 0.1908

Vigora 3.6± 0.1 3.6± 0.2 0.4205 0.0053 0.0131

Mass movementa 2.5± 0.3 2.7± 0.3 0.6363 0.0001 0.4567

Major defects (%)b 21.5± 2.0 14.1± 1.3 0.0569 0.4750 0.2126

Minor defects (%)c 8.3± 1.9 12.6± 2.5 0.2866 0.0356 0.3536

CASA parametersd

Fresh semen

MOT (%) 81.8± 2.3 76.4± 3.5 0.6410 0.7706 0.7290

DCL (µm) 80.3± 2.1 81.5± 3.1 0.6125 0.0032 0.0505

DAP (µm) 39.1± 0.9 40.1± 1.4 0.3150 0.022 0.0526

DSL (µm) 23.1± 0.4 24.5± 0.9 0.0690 0.0087 0.0407

VCL (µm/s) 185.3± 5.0 187.2± 7.0 0.6252 0.0047 0.1637

VAP (µm/s) 90.6± 2.1 92.5± 3.3 0.3205 0.0258 0.1908

VSL (µm/s) 53.8± 1.1 57.1± 2.0 0.0632 0.0078 0.1105

LIN (%) 0.3± 0.0 0.3± 0.0 0.1773 0.0001 0.7351

STR (%) 0.6± 0.0 0.6± 0.0 0.2532 0.0001 0.8774

WOB (%) 0.5± 0.0 0.5± 0.0 0.3189 0.0001 0.1447

BCF (Hz) 24.6± 0.4 24.6± 0.8 0.2960 0.2244 0.1429

ALH (µm) 7.3± 0.2 7.1± 0.3 0.8133 0.1458 0.6122

Frozen/thawed semen

MOT (%) 28.3± 2.9 27.8± 2.7 0.8516 0.0001 0.0132

DCL (µm) 60.7± 2.4 63.1± 3.2 0.6801 0.0033 0.1851

DAP (µm) 30.8± 0.9 32.8± 1.3 0.4527 0.0081 0.1210

DSL (µm) 22.5± 0.6 24.3± 0.9 0.3547 0.0032 0.0281

VCL (µm/s) 136.6± 5.0 143.1± 6.8 0.5954 0.0032 0.1158

VAP (µm/s) 69.8± 1.8 74.9± 2.7 0.3450 0.0096 0.0618

VSL (µm/s) 50.9± 1.3 55.7± 1.7 0.2152 0.0057 0.0104

LIN (%) 0.4± 0.0 0.4± 0.0 0.2948 0.0024 0.8670

STR (%) 0.7± 0.0 0.7± 0.0 0.5747 0.4309 0.5898

WOB (%) 0.5± 0.0 0.5± 0.0 0.2144 0.0001 0.8608

BCF (Hz) 25.3± 0.8 25.1± 0.7 0.8463 0.0628 0.3057

ALH (µm) 5.4± 0.1 5.5± 0.1 0.7235 0.3370 0.0077

Thawed semen after TRTe

MOT (%) 21.5± 2.5 18.8± 2.0 0.2467 0.0001 0.0097

DCL (µm) 48.6± 2.6 41.1± 1.9 0.1054 0.0029 0.5368

DAP (µm) 26.5± 1.1 23.3± 0.8 0.0787 0.0009 0.4765

DSL (µm) 20.7± 0.8 18.4± 0.6 0.0639 0.0013 0.4316

VCL (µm/s) 108.5± 5.6 92.3± 3.8 0.0935 0.0031 0.3612

(Continued)
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TABLE 2 (Continued)

Endpoint CG DIF P-value

Treatment Time Treatment × time

VAP (µm/s) 59.6± 2.5 53.1± 1.5 0.0711 0.0003 0.2227

VSL (µm/s) 46.6± 1.8 42.2± 1.1 0.0584 0.0003 0.2101

LIN (%) 0.4± 0.0 0.5± 0.0 0.2065 0.0153 0.9822

STR (%) 0.8± 0.0 0.8± 0.0 0.4490 0.0388 0.6685

WOB (%) 0.6± 0.0 0.6± 0.0 0.1695 0.0141 0.9821

BCF (Hz) 25.0± 0.8 22.2± 0.8 0.0682 0.0516 0.5585

ALH (µm) 4.2± 0.2 4.2± 0.1 0.7757 0.1680 0.0117

aSubjective score (1–5).
bMajor defects: defective acrosome; amorphous head; pouch formation; head narrow at the base; detached abnormal head; microcephalic head; pyriform head; bent tail with distal cytoplasmic

droplet; coiled tail; folded tail; corkscrew defect; teratoid forms; proximal cytoplasmic droplet; midpiece defects.
cMinor defects: pseudo-droplets; detached acrosome; narrow head; giant head; detached head; twisted tail; bent tail; distal cytoplasmic droplet; abaxial tail implantation.
dMOT, Motility; DCL, Curvilinear Distance; DAP, Distance of Average Path; DSL, Straight Line Distance; VCL, curvilinear velocity; VAP, average path velocity; VSL, continuous line velocity;

LIN, linearity; STR, straightness; WOB, Wobble coefficient; BCF, beat cross frequency; ALH, amplitude of lateral head displacement.
eThermo-resistance test.

for each comparison, to denote how close mean differences were

from significance (P < 0.05).

3. Results

The average body weight and blood parameters in Nelore bulls

and heifers from the CG and DIF groups are shown in Table 1.

In general, there was no effect (P > 0.05) of treatment on any

of the endpoints analyzed for both males and females. A time-

effect (P > 0.05) was observed on weight in males and on most

blood parameters in both groups and gender, but a treatment x

time interaction was only observed for creatinine and alkaline

phosphatase (ALP) in males.

3.1. Experiment 1

Two bulls did not adapt to the semen collection routine

and were removed from the experiment, therefore the CG and

DIF groups consisted of five and seven bulls, respectively. The

treatment with diflubenzuron had no effect (P > 0.05) on any

physical or CASA sperm parameter, regardless of whether the

analyses were carried out with fresh, frozen-thawed, or frozen-

thawed plus TRT semen (Table 2). Conversely, there was a time-

effect (P < 0.05) on most endpoints. Treatment x time effects were

seldom observed, in all cases associated with fluctuations in values,

rather than with increasing or decreasing trends throughout the

experimental period.

3.2. Experiment 2

Data related to oocyte recovery and in vitro embryo production

are shown in Table 3. During the five OPU sessions, the CG and

DIF groups yielded 801 and 986 total COC, and 631 and 797

viable COC, respectively. The third IVEP session was affected by

microbiological contamination in both groups during IVF, thus

data from this IVEP session was discarded. Similarly to what was

observed for semen, a time-effect was observed for most OPU-

IVEP endpoints, whereas there was no effect (P > 0.05) of the

diflubenzuron treatment on any parameter. A treatment x time

interaction was observed in the number of follicles aspirated, which

decreased (P < 0.05) consistently in CG but increased (P < 0.05)

from sessions three to four in DIF group, and in the proportion

of expanded blastocysts and of embryos with > 100 cells, which

fluctuated in both groups.

4. Discussion

Benzoylurea chitin inhibitors, such as diflubenzuron, are

selective pesticides with known detrimental effects on arthropods,

as wells as in other organisms presenting chitin in their shells or

exoskeleton, but not inmammals. Diflubenzuronwas approved and

is currently used for the control of a range of plagues in agriculture

and parasites in livestock (5). However, toxicity studies have

demonstrated potential side-effects in non-target animal models.

Thus, the safety of these chemicals needs to be reassessed over

time, particularly when new analytical methods or experimental

models become available. Our hypothesis was that, within the

current recommended doses, diflubenzuron treatment would not

affect gamete or embryo quality and developmental potential in

cattle, as determined by CASA or OPU-IVEP. The present study

provided additional evidence of the lack of reproductive toxicity of

diflubenzuron on livestock.

Although the focus of the current study was the potential

effects on gametes and embryos, we also monitored weight and

hematological parameters that could indicate systemic toxicity.

We evaluated indicators of the hematopoietic system (hematocrit,

protein), hepatic (alkaline phosphatase), and renal (creatinine)

function. The liver is themain organ responsible for themetabolism

of endogenous and exogenous compounds and, together with

the kidney, is responsible for the excretion of most metabolites.

Therefore, these organs are targets for the toxic actions of

chemicals, resulting in altered plasma concentrations of biomarkers
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TABLE 3 OPU-IVEP outcomes (mean ± SEM) in Nelore (Bos taurus indicus) heifers treated (DIF) or not (CG) with 30mg diflubenzuron/day, during 8

weeks.

Endpoint CG DIF P-value

Treatment Time Treatment × time

OPUs (n) 40 40

Follicles aspirated (n) 27.4± 2.1 26.7± 1.7 0.8826 0.0403 0.0114

Total COC (n) 20.0± 1.8 24.7± 1.9 0.3694 0.0320 0.1423

Recovery rate (%) 78.1± 3.1 88.4± 2.4 0.0957 0.1517 0.1786

Viable COC (n) 15.8± 1.6 19.9± 1.8 0.3947 0.5842 0.2358

Viable rate (%) 77.9± 2.0 78.7± 1.9 0.8202 <0.0001 0.8760

COC Grade I (n) 2.4± 0.4 3.4± 0.6 0.3242 0.0005 0.1747

Denuded oocyte (n) 0.4± 0.1 0.8± 0.2 0.1213 0.0286 0.8598

Degenerated COC (n) 2.0± 0.3 2.3± 0.2 0.4203 0.0010 0.9885

Expanded COC (n) 2.4± 0.3 2.1± 0.3 0.6497 <0.0001 0.1420

IVEP (n)a 32 32

Cleaved (n) 9.2± 1.3 14.5± 2.0 0.1913 0.1373 0.7390

Cleavage rate (%) 58.9± 3.8 67.5± 3.3 0.2893 0.0025 0.7041

Blastocysts (n) 6.1± 0.9 9.6± 1.2 0.1873 0.0781 0.8595

Blastocyst rate (%) 39.7± 3.5 44.5± 2.4 0.5301 0.0127 0.2719

Expanded blastocysts (n) 4.0± 0.7 6.2± 0.9 0.2743 0.2368 0.7597

Expanded blastocysts

(%)b
64.2± 5.7 63.3± 4.1 0.7913 0.1449 0.0127

Embryos > 100 cells (n) 3.5± 0.6 3.7± 0.6 0.9452 0.0450 0.0010

aOne IVEP session was lost due to contamination and excluded from calculations.
bCalculated over the total of blastocysts.

such as ALP and creatinine (23, 24). Moreover, ALT was found

to have increased in male rats treated with Diflubenzuron (11).

The hematopoietic system, on the other hand, is highly susceptible

to toxic substances, being an important endpoint in toxicological

studies (25). In the current study, no physiological endpoint was

affected by the treatment with diflubenzuron. As expected, we

observed fluctuations over time, all but for creatinine within

the physiological range for cattle (26, 27). In both groups,

creatinine plasma concentrations were consistently higher than

the reference values used by the laboratory that performed the

analyses. However, all animals remained sound and showed no

other signs of potential intoxication throughout the experiment.

One can speculate whether the higher creatinine concentrations

observed were due to any of the environmental effects that may

affect thresholds and the width of reference intervals, as reported

elsewhere (27). There was also no effect of DIF treatment on

body weight, which remained constant in heifers receiving a

maintenance diet, whereas increased over time in bulls raised

on pasture.

Fertility is a key component of toxicity tests. A number of

chemicals have been described as endocrine disruptors for cattle

(28), and thus with the potential to affect the reproductive process

and to compromise fertility (29). However, the reproductive

toxicity of diflubenzuron was evaluated mostly in non-target

species, especially in rodents. de Barros et al. (11) observed that

subacute exposure of male rats to diflubenzuron was associated

with a decrease on testicle weight and daily sperm production,

although no alterations were found in sperm morphology. The

extrapolation of these results to other species, however, requires

caution, particularly due to the differences in the physiology of

both species and in the doses used. Interestingly, there are very few

reports evaluating diflubenzuron toxicity on cattle reproduction.

A study conducted in the late 1970′s with young Holstein male

calves found no effect of diflubenzuron on sperm (30). However, in

that study a single semen evaluation was performed. In the current

study, the time-window (56 days) used almost encompassed the

seminiferous epithelium cycle and the duration of spermatogenesis

in cattle (31), so we were able to evaluate potential effects over

time. Moreover, by using CASA, a much more sensitive analytic

technique, we evaluated a range of sperm kinetic endpoints.

Nevertheless, no evidence of detrimental effects of diflubenzuron

was detected.

One potential bias of studies evaluating COC recovery

and thus embryo yield is the uneven distribution of cows

showing high or low AFC. Ovarian follicle population has a

Weibull-like, rather than a Gaussian distribution, with a few

animals presenting over 100 antral follicles at a given time

(32). Donors yielding over 500 COC have been reported (33),
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thus a random distribution of donors within treatments may

result in significant bias. In the current study, we used a

balanced distribution strategy, ensuring that there were differences

neither in AFC nor in the number of follicles aspirated or

COC recovered at the first OPU-IVEP session between CG and

DIF groups.

In heifers, as observed for bulls, there was no effect of

diflubenzuron on any of the endpoints evaluated. Differences over

time were expected, particularly due to the trend of reduction in

COC recovery in Bos taurus indicus donors undergoing repeated

OPU (34). To our best knowledge, this is the first study to address

the potential hazard effects of diflubenzuron on oocyte quality and

developmental potential in cattle. In insects, diflubenzuron acts

not only on chitin formation, but also directly on reproduction

in adult females, reducing follicle populations, yolk formation,

and fecundity (13, 35). The mechanisms underlying the latter

effects, however, are not fully understood. Potential detrimental

effects on natural reproduction in large, mono-ovulating species

such as cattle may be difficult to demonstrate, due to the high

number of animals required and to the difficulty in controlling

other environmental effects. In this regard, the OPU-IVEP model

used was particularly important to ensure the evaluation of

a high number of gametes (>800 per group), as well as the

evaluation of their developmental potential during the critical

period encompassing maturation, fertilization, and early embryo

development. In both groups (CG and DIF), oocyte recovery

and quality, as well as cleavage and embryo rates, were similar,

and within those reported for the Nelore breed (20, 32, 36).

Thus, the current results suggest that there is no interference of

diflubenzuron treatment on the latter stages of folliculogenesis

and oocyte maturation, differently to what is observed in non-

chordate animals.

5. Conclusion

In summary, there is no evidence of a detrimental effect

of short-term treatments with diflubenzuron, within the

recommended dose, on gamete quality or embryo development

potential in cattle.
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