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RESUMO 

VIEIRA, L. M. Suplementação exógena com gonadotrofinas para aumentar a produção 
in vitro de embriões em doadoras Holandesas. [Exogenous gonadotropin supplementation 
to increase in vitro embryo production in Holstein donos]. 2016. 77 f. Tese (Doutorado em 
Ciências) - Faculdade de Medicina Veterinária e Zootecnia, Universidade de São Paulo, São 
Paulo, 2016. 
 

Nos últimos anos, o emprego da aspiração folicular (OPU) e produção in vitro de embriões 

(PIVE) têm crescido mundialmente nos rebanhos bovinos. A OPU-PIVE viabiliza a rápida 

multiplicação do material genético, utilizando tanto a base genética da fêmea como do macho. 

No entanto, fêmeas de leite Bos taurus apresentam algumas peculiaridades, como menor 

população de folículos antrais e inferior qualidade oocitária, as quais foram apontadas como 

fatores responsáveis pela reduzida eficiência da técnica nesses rebanhos. Frente às 

dificuldades para o estabelecimento de programas de OPU-PIVE eficientes em vacas de leite 

Bos taurus, três experimentos foram conduzidos envolvendo diferentes tipos de tratamentos 

superestimulatórios em doadoras de oócitos lactantes e não lactantes. O primeiro estudo teve 

como objetivo aumentar a PIVE em doadoras da raça Holandesa lactantes e não lactantes 

submetidas ao tratamento tradicional de superstimulação com doses decrescentes de FSH 

porcino (FSHp) a cada 12 h, previamente à OPU. Nesse estudo, as doadoras (n = 15 vacas 

lactantes e n = 15 não lactantes da raça Holandesa) receberam protocolo para sincronização da 

emergência da onda folicular [protocolo a base de benzoato de estradiol (BE) e progesterona 

(P4)] e foram submetidas aos tratamentos de superestimulação em um delineamento 

experimental cross-over. Os outros dois estudos (n = 23 novilhas da raça Holandesa e n = 72 

vacas não lactantes da raça Holandesa) foram desenvolvidos para avaliar diferentes diluentes 

para o FSHp com o objetivo de viabilizar a superestimulação com apenas uma aplicação de 

FSHp. No geral, os estudos avaliaram o efeito da superestimulação no perfil plasmático de 

FSH, na proporção de folículos classificados como pequenos (<6mm), médios (6-10mm) ou 

grandes (>10mm), conforme diâmetro folicular, na PIVE e no estabelecimento gestacional 

após transferência de embriões. A superestimulação aumentou a proporção de folículos 

médios, aumentou a competência oocitária e resultou em maior produção de blastocistos por 

sessão de OPU. A aplicação única de FSHp associado ao diluente de liberação lenta (ácido 

hialurônico), resultou em semelhante área sob a curva de FSH, semelhante proporção de 

folículos pequenos, médios e grandes e semelhante PIVE comparado ao tratamento 

superestimulatório tradicional com doses de FSHp administradas a cada 12h. 

Independentemente do diluente e da dose de FSHp utilizada, o tratamento superestimulatório 



 

 

resultou em maior produção de blastocistos por sessão de OPU comparado às vacas não 

tratadas com FSHp. Adicionalmente, semelhante taxa de estabelecimento gestacional foi 

observada, independentemente do tratamento utilizado na doadora. Portanto, os dados obtidos 

no presente estudo permitem concluir que independentemente do tipo de tratamento (diluente 

para FSHp ou dose utilizada de FSHp), a superestimulação previamente ao processo de OPU, 

aumentou o desenvolvimento de embriões in vitro, número de blastocistos por sessão de OPU 

e resultando em semelhante taxa de estabelecimento gestacional após transferência de 

embriões.  

 

Palavras-chave: Bovino. Embrião. FSH. OPU-PIVE. Superestimulação. 

  



 

 

ABSTRACT 

VIEIRA, L. M. Exogenous gonadotropin supplementation to increase in vitro embryo 
production in Holstein donos. [Suplementação exógena com gonadotrofinas para aumentar a 
produção in vitro de embriões em doadoras Holandesas]. 2016. 77 f. Tese (Doutorado em 
Ciências) - Faculdade de Medicina Veterinária e Zootecnia, Universidade de São Paulo, São 
Paulo, 2016. 
 

In the last years, the use of ovum pick-up (OPU) and in vitro produced embryo (IVEP) 

technology has worldwide increased in cattle herds. The OPU-IVEP enable a rapid individual 

multiplication based on the female and male donor genetic. However, Bos taurus dairy 

females present some peculiarities, as reduced antral follicle population and lower oocyte 

quality, and these factors have been awarded as responsible to the reduced technique 

efficiency among these herds. Given the difficulties of establishing OPU-IVEP programs with 

high efficiency in Bos taurus dairy cows, three studies were carried out, involving different 

types of superstimulation treatments in lactating and non-lactating Holstein donors. The first 

study aimed to increase IVEP in lactating and non-lactating Holstein dairy donors submitted 

to the traditional twice-daily porcine FSH (pFSH) superstimulation treatment prior to the 

OPU. For this purpose, donors (n = 15 lactating and n = 15 non-lactating Holstein cows) 

received the follicular wave synchronization protocol [estradiol benzoate (EB) and 

progesterone (P4) based protocol] and were submitted to superstimulation treatment in a 

cross-over design. Other two experiments were performed (n = 23 Holstein heifers and n = 72 

non-lactating Holstein cows) to evaluate different pFSH diluents to enable superstimulation 

with a single injection. In general, these studies evaluated the effect of superstimulation on the 

plasmatic FSH profile, proportion of follicles sizes previous to OPU (small: <6mm; medium: 

6-10mm; and large follicles: >10mm), on in vitro embryo production and pregnancy 

establishment after the produced embryo transfer. The superstimulation treatment improved 

the proportion of medium sized-follicles, improved oocyte competence and resulted in greater 

amount of blastocyst per OPU session. A single injection of pFSH combined with a slow 

release carrier (hyaluronan), resulted in similar FSH area under curve, proportion of follicles 

sizes previous to OPU and in vitro embryo production compared to the twice-daily 

superstimulating treatment. Regardless pFSH diluent and dose, superstimulating hormone 

resulted in greater number of blastocysts per OPU session compared to the non-pFSH treated 

donors. Additionally, similar pregnancy establishment was observed, regardless embryo 

donor treatment. Therefore, with the present data, we can conclude that regardless treatment 

type (pFSH diluent or dose), the superstimulation procedure prior to the OPU, enhanced in 



 

 

vitro embryo development, increased the number of blastocyst per OPU session and resulted 

in similar pregnancy establishment after embryo transfer.  

 

Keywords: Bovine. Embryo. FSH. OPU-IVEP. Superstimulation. 
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1 GENERAL INTRODUCTION 

 

 

In the last 20 years, the worldwide bovine embryo production market underwent 

significant changes regarding the prevalence of the technology used to produce embryos. 

From 2000 to 2012 the in vitro embryo production (IVEP) method went from 17.4% to 38.8% 

of representativeness compared to the in vivo technology (IETS, 2013). Moreover, this global 

increase was related to the remarkable improvement in the Brazilian IVEP market. Brazil 

enlarged over twenty times the bovine IVEP from 2000 (12,500 embryos) to 2014 [348,468 

embryos; (SARTORI et al., 2016)]. 

Considering the in vitro embryos produced in Brazil, in 2014, 70.2% (244,686 

embryos) were obtained from dairy donors (SARTORI et al., 2016). For the first time, the 

number of IVEP produced from dairy breeds exceeded the number of embryos produced from 

beef breed. And, interestingly, the increased observed in IVEP market was also related to the 

increased in IVEP among Bos taurus donors (Figure 1; VIANA et al. 20151). Out of 244,686 

embryos produced in dairy cows, 229,727 came from Bos taurus donors (VIANA et al. 

20152). 

 

Figure 1 – Brazilian in vitro embryo market. Adapted from Viana et al. unpublished data 

 
Fonte: Vieira, L. M. (2016). 

 

                                                           
1,2 

VIANA J.H.M., FIGUEIREDO A.C.S. Produção e transferência de embriões bovinos em 2014: reflexos de um 

ano de turbulências. 2015, dados não publicados. 
2
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Regarding Bos taurus dairy donors, these animals are usually represented by Holstein 

cows with high yield production and therefore have several physiologic and metabolic 

peculiar characteristics. Considering the OPU and IVEP procedures, antral follicle population 

[AFP; (GUERREIRO et al., 2014)] and oocyte competence (FERREIRA et al., 2011) have 

been cited as important factors to obtain a successful and efficient OPU-IVEP outcome. In 

this context, previous studies have already reported lower AFP in Bos taurus females 

compared to Bos indicus, hampering the IVEP efficiency (PONTES et al., 2010; BATISTA et 

al., 2014; BATISTA et al., 2015). Additionally, lactating dairy cows have peculiar metabolic 

system, linked to nutrition (WILTBANK et al., 2006) and modified endocrine profiles 

(SARTORI et al., 2004), which has been associated with a suboptimal fertility, with 

compromised oocyte and embryo quality (SARTORI et al., 2002); also negatively associated 

to IVEP (FERREIRA et al., 2011). Therefore, several researchers initiated studies aiming to 

enhance the OPU-IVEP outcomes in this challenging animal category.  

Aware of the in vitro embryo market positioning and knowing the need to increase the 

efficiency of IVEP in Bos taurus dairy donors, the present study evaluated different simplified 

superstimulation treatments aiming to recover oocytes suitable for IVEP procedures followed 

homogeneous follicular growth.  

  



20 

 

2 HYPOTHESES 

 

All hypotheses are described below and illustrated in Figure 2. 

 

2.1 The superstimulation with four (twice-daily) pFSH injections in synchronized donors 

(lactating and non-lactating cows) increase medium sized-follicles and thereby 

enhance in vitro embryo production. 

 

2.2 Regardless treatment group, synchronized non-lactating donors present greater in 

vitro embryo production compared to lactating Holstein cows. 

 

2.3 A single injection of 200 or 300 mg of pFSH combined with hyaluronan present 

similar plasma FSH support compared to the traditional treatment (four decreasing 

doses, 12 h apart). 

 

2.4 A single injection of 200 or 300 mg of pFSH combined with hyaluronan in 

synchronized donors (non-lactating cows) increase medium sized-follicles and 

thereby enhance in vitro embryo production, being comparable to the traditional 

treatment (four decreasing doses, 12 h apart) and greater than the non-superstimulated 

donors. 

 
 



 

 

2
1

 

Figure 2 - Hypothetical model design. 

 

 

 

Fonte: Vieira, L. M. (2016). 
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3 OBJECTIVES 

 

 

3.1 Evaluate in vitro embryo production in synchronized donors (lactating and non-

lactating cows) superstimulated with four (twice-daily) pFSH injections. 

 

3.2 Evaluate plasma FSH profile after single injection of 200 or 300 mg of pFSH 

combined with hyaluronan in Holstein heifers. 

 

3.3 Evaluate in vitro embryo production and pregnancy establishment in synchronized 

donors (non-lactating cows) superstimulated with a single injection of 200 or 300 mg 

of pFSH combined with hyaluronan. 
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4 SUPERSTIMULATION PRIOR TO THE OVUM PICK-UP TO 

IMPROVE IN VITRO EMBRYO PRODUCTION IN LACTATING 

AND NON-LACTATING HOLSTEIN COWS 
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ABSTRACT  

 

 

The present study evaluated the efficacy of superstimulation with pFSH (Folltropin®) prior to 

the ovum pick-up (OPU) on in vitro embryo production (IVEP) in lactating and non-lactating 

Holstein donors. A total of 30 Holstein cows (15 lactating and 15 non-lactating) was blocked 

by lactation status to one of two groups (Control or pFSH), in a cross-over design. On a 

random day of the estrous cycle, all cows received an intravaginal progesterone device and 

2.0 mg IM of estradiol benzoate (Day 0). Cows in the Control group received no further 

treatment, while cows in the pFSH group received a total dosage of 200 mg of pFSH on Days 

4 and 5 in four decreasing doses 12 h apart (57, 57, 43 and 43 mg). On Day 7, the 

progesterone device was removed and OPU was conducted in both groups (40 h after the last 

pFSH injection in the pFSH-treated group). There was no difference between groups (P = 

0.92) in the numbers of follicles that were aspirated per OPU session (17.2 ± 1.3 vs. 17.1 ± 

1.1 in Control and pFSH-treated cows, respectively); however, pFSH-treated cows had a 

higher (P < 0.001) percentage of medium-sized follicles (6 to 10 mm) at the time of the OPU 

(55.1%; 285/517) than Control cows (20.8%; 107/514). Although recovery rate was lower 

(60.0%, 310/517 vs. 69.8%, 359/514; P = 0.002), pFSH-treated cows had a higher blastocyst 

production rate (34.5%, 89/258 vs. 19.8%, 55/278; P < 0.001) and more transferable embryos 

per OPU session were produced in the pFSH group (3.0 ± 0.5 vs. 1.8 ± 0.4; P = 0.02). 

Regardless of treatment, non-lactating cows had a higher blastocyst rate (41.9%, 106/253 vs. 

13.4%, 38/283; P = 0.001) and produced more transferable embryos per OPU session (3.5 ± 

0.5 vs. 1.3 ± 0.3; P = 0.003) than lactating cows. Thus, superstimulation of Holstein donors 

with pFSH prior to OPU increased the efficiency of IVEP. In addition, non-lactating donors 

had higher percentage of in vitro blastocyst development and produced more embryos per 

OPU session than lactating cows. 

 

Keywords: Bovine. Holstein. In vitro embryo production. Oocyte competence. 
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4.1 INTRODUCTION 
 

 

The success of dairy operations is related to increased genetic gain, reproductive 

efficiency and milk yield per cow. Among the reproductive biotechnologies, in vitro embryo 

production (IVEP) has been considered an important alternative to rapidly enhance genetic 

progress through the female lineage in dairy cattle. However, oocyte quality has been 

considered an important factor (LEROY et al., 2008a; SARTORI; BASTOS; WILTBANK, 

2010; BARUSELLI et al., 2012; LEROY et al., 2012) contributing to the low fertility 

reported for high producing lactating dairy cattle (WALSH; WILLIAMS; EVANS, 2011). In 

addition, regardless the significant variation within animal (MERTON et al., 2003; PONTES 

et al., 2009), IVEP efficiency has been reported to be lower in lactating Holstein cattle as 

compared to Holstein heifers (FERREIRA et al., 2011) and beef cattle (RATTO et al., 2011). 

Therefore, further studies are required to evaluate alternative strategies to improve the 

efficiency of IVEP in Holstein donors, especially those that are lactating. 

The outcome of IVEP programs has also been associated with the stage of follicular 

growth at which ovum pick-up (OPU) is performed (PAVLOK; LUCAS-HAHN; NIEMANN, 

1992; BLONDIN; SIRARD, 1995; FAIR; HYTTEL; GREVE, 1995; HAGEMANN et al., 

1999; HENDRIKSEN et al., 2004). The acquisition of developmental potential of oocytes 

(e.g., the ability of the oocyte to reach the blastocyst stage) has been associated with follicular 

growth, i.e., developmental competence continues to be enhanced as follicular diameter 

increases and approaches the LH surge (LONERGAN et al., 1994; ARLOTTO et al., 1996; 

SIRARD et al., 2006; CAIXETA et al., 2009; SIRARD, 2011; SIRARD, 2012). It has been 

shown that during oocyte growth in cattle mRNA and proteins are stored in the oocyte 

(BREVINI-GANDOLFI; GANDOLFI, 2001) and the composition of RNA is essential to 

sustain the first few cell cycles of early embryo development (DIELEMAN et al., 2002). 

Therefore, there may be an ideal range during follicular development where IVEP is 

optimized; and in that context, the use of protocols for follicular wave synchronization, and 

superstimulation prior to OPU may be a strategy to improve the efficiency of this technology 

in dairy cattle. 

Superstimulation with porcine FSH (pFSH) prior to the OPU has been used successfully 

for IVEP programs in non-lactating Bos taurus donors, resulting in increased total embryo 

yields per OPU session (GOODHAND et al., 1999; SENDAG et al., 2008), possibly due to 

the greater follicular diameters of the aspirated follicles. Another important and positive 
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aspect regarding the improved efficiency of IVEP following superstimulation is associated 

with the “coasting” period (i.e., a period of FSH withdrawal/starvation) in Holstein heifers 

and lactating cows (BLONDIN et al., 2002; NIVET et al., 2012). Similar to the effect of 

follicular stage, the effect of gonadotropin starvation on the efficiency of IVEP has been 

reported to be a simulation of the physiological alterations observed immediately prior to 

ovulation, resulting in improved oocyte competence (BLONDIN et al., 2002). However, the 

efficacy of “coasting” following superstimulation used in IVEP in lactating donor cows has 

yet limited data. Considering the concerns related to the oocyte developmental competence 

(e.g., the oocyte capacity to yield into blastocyst) and donor lactational status, adjustments 

were studied to ascertain a follicular synchronization protocol for OPU which encompasses 

the beneficial effects of superstimulation (higher proportion of medium-sized follicles) and 

gonadotropin withdrawal (coasting), with the overall objective of improving the use of this 

biotechnology, especially in lactating dairy cattle. 

Thus, the challenge is to promote the growth of a homogeneous follicle population and 

to recover competent oocytes suitable for IVEP procedures. The present study evaluated the 

effect of superstimulation with pFSH in Holstein oocyte donors (lactating and non-lactating 

cows) submitted to an OPU-IVEP program. The hypothesis was that superstimulation with 

pFSH prior to OPU in lactating and non-lactating Holstein donors would alter the proportion 

of medium-sized follicles available for OPU and enhance the in vitro competence of the 

recovered oocytes, increasing the general efficiency of IVEP programs (number of embryos 

produced per OPU). We also hypothesized that OPU-IVEP procedures would result in a 

higher number of blastocysts per OPU session in non-lactating than in lactating donors. 

 

 

4.2 MATERIALS AND METHODS 
 

 

4.2.1 Farm and animals 
 

 

The present experiment was conducted in a commercial dairy farm in southeast Brazil 

(22◦01’27’’S/47◦53’19’’W) during January to March, 2013. The herd was composed of 1,500 

lactating Holstein cows housed in free stall facilities, milked three times daily and with an 
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average milk production of 30.1±0.3 kg per day. The non-lactating cows were maintained in 

dry lot pens.  

Lactating cows enrolled in the experiment trial were normal cycling cows with 172.9 ± 

24.9 DIM (±SEM), had a daily milk production of 30.0 ± 1.3 (±SEM), and were on lactation 

number 1.7 ± 0.2 (±SEM). Non-lactating cows were normal cycling and on lactation number 

2.2 ± 0.4 (±SEM). 

All animals were fed a TMR formulated to meet or exceed the minimum nutritional 

requirements for lactating and non-lactating Holstein cows (NRC, 2001). Briefly, the main 

ingredients were corn silage and Tifton hay as forage and a corn, soybean, and cottonseed 

meal-based concentrate. 

 

 

4.2.2 Experimental design 
 

 

A total of 30 Holstein donors (15 lactating cows and 15 non-lactating cows) were 

enrolled in cross-over experimental design, so that all females were submitted to both 

treatments: Control and pFSH. On random days of the estrous cycle (Day 0; AM) all cows 

received an intravaginal progesterone device (P4; Primer®, Tecnopec, Brazil) and 2.0 mg 

intramuscular (IM) of estradiol benzoate (RIC-BE®, Tecnopec, Brazil). The Control group 

received no further treatments, while the pFSH group received 200 mg NIH-FSH-P1 

(Folltropin®, Bioniche Animal Health, Belleville, ON, Canada) divided into four decreasing 

doses (57, 57, 43 and 43 mg, 12 h apart) on Days 4 and 5. On Day 7 AM (40 h of “coasting” 

period in the pFSH group), the P4 devices were withdrawal immediately before OPU (Figure 

3).  

 

Figure 3 - Superstimulation protocol to evaluate the use of pFSH prior to the ovum pick-up (OPU) in lactating (n 
= 15) and non-lactating (n = 15) Holstein donors in a cross-over experimental design. EB = 2.0 mg 
estradiol benzoate; P4 device = intravaginal device containing 1.0 mg of progesterone; pFSH = 200 
mg porcine follicle-stimulating hormone (57, 57, 43 and 43 mg; 12 h apart) 

 
Fonte: Vieira, L. M. (2016). 
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4.2.3 Ultrasonography examinations 

 

 

Immediately before the OPU session, both ovaries were examined by transrectal 

ultrasonography using a portable scanner (Aloka SSDV 500; Aloka, Tokyo, Japan) with 5 

MHz convex array transducer housed in a plastic vaginal probe. All visible follicles were 

quantified and classified according to their diameters [small (SF < 6 mm), medium (MF = 6 to 

10 mm) and large (LF = > 10 mm) follicles]. 

 

 

4.2.4 Ovum pick-up (OPU) 

 

 

All donors were subjected to OPU in the morning of Day 7 (40 h after the last 

treatment in the pFSH group or “coasting” period). For the oocyte collection procedure, cattle 

were restrained in a chute and epidural anesthesia was administered with lidocaine 

hydrochloride 2% (Lidovet®, Bravet, Brazil) to facilitate the handling of the ovaries through 

the rectum. The perineal area was cleaned using water, dried and sprayed with alcohol prior to 

each session. All follicles ≥ 2 mm were aspirated using the portable scanner with a 5-MHz 

convex array transducer housed in a plastic vaginal probe with a stainless steel needle guide 

connected to aspiration equipment and a vacuum system. Follicular aspirates were recovered 

via a 1.1 mm i.d. by a 120 cm length circuit (Watanabe Tecnologia Aplicada, Cravinhos, SP, 

Brazil), connected directly to a disposable 20-gauge x 2 inch hypodermic needle (0.9 x 50 

mm; Terumo Europe NV – Belgium ) and a 50 mL conical tube containing 15 mL of 

Dulbecco PBS (DPBS; Nutricell Nutrientes Celulares, Campinas, SP, Brazil) supplemented 

with 1% (vol/vol) fetal calf serum (FCS; Gibco Life Technologies, Grand Island, NY) and 

5,000 IU/mL sodium heparin (Parinex, Hipolabor, Belo Horizonte, MG, Brazil) at 35 to 37°C. 

The vacuum connected to the needle was set at 85 to 90 mm Hg. All retrieval procedures were 

performed by the same veterinarian. The conical tube containing the follicular aspirate was 

transported to a field laboratory and cumulus–oocyte complexes (COCs) were recovered 

using a 75 μm filter (Watanabe Tecnologia Aplicada) and DPBS supplemented with 1% FCS. 

The COCs were washed once in DPBS supplemented with 1% FCS at 37°C and 

morphologically evaluated under a stereomicroscope at 8–20X magnification). The COCs 

were morphologically classified based upon the number of cumulus cell layers as follow: 
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Grade 1, more than three layers of compact cumulus cells; Grade 2, at least one layer of 

cumulus cells; Grade 3, denuded; and Grade 4, atretic, with dark cumulus cells and signs of 

cytoplasmic degeneration (SENEDA et al., 2001). After evaluation, only Grade 4 COCs were 

considered non-suitable to culture and discarded. The COCs considered suitable to culture 

were transported to the IVEP laboratory in 1.5 mL cryotubes containing HEPES-buffered 

tissue culture medium 199 (TCM-199; Gibco Life Technologies, Grand Island, NY), 10% 

FCS, 49.4 mg/mL sodium pyruvate (Sigma-Aldrich Chemical Co.; St. Louis, MO), and 50 

mg/mL gentamycin at 37 to 39°C. 

 

 

4.2.5 In vitro embryo production (IVEP) 

 

 

 Prior to in vitro maturation (IVM), COCs were washed 3 times in HEPES-buffered 

TCM-199, supplemented with 10% FCS and 50 μg/mL gentamycin, and once in maturation 

medium, composed of bicarbonate-buffered TCM-199 (Gibco Life Technologies) 

supplemented with 10% FCS, 50 μg/mL LH (APL, Ayerst, Rouses Point, NY), 5 μg/mL FSH 

(Folltropin-V, Bioniche Animal Health, Canada), 0.1 μg/mL estradiol (Estradiol 17β; Sigma-

Aldrich Chemical Co.), 22 μg/mL sodium pyruvate, and 50 μg/mL gentamycin. The COCs of 

each cow were cultured separately for 24 h in 70 μL drops of maturation medium under 

mineral oil (D’Altomare, São Paulo, SP, Brazil) at 39°C in an atmosphere of 5% CO2 in 

humidified air. After IVM, the COCs were washed and subjected to in vitro fertilization (IVF) 

in 70 μL drops of IVF medium under mineral oil. The IVF medium was Tyrodes albumin 

lactate pyruvate (TALP; BAVISTER; YANAGIMACHI, 1977) supplemented with 10 μg/mL 

heparin, 22 μg/mL sodium pyruvate, 50 μg/mL gentamycin), 6 mg/mL fatty acid-free BSA, 

and PHE solution (2 μM penicillin, 1 μM hypotaurine, and 0.25 μM epinephrine).  

 For IVF, semen straws were thawed for 30 s in a 35°C water bath and semen was 

deposited on a 90 to 45% Percoll gradient prepared with sperm wash medium (modified 

Tyrode medium) and centrifuged at 320 × g for 30 min to separate the motile sperm and to 

remove the diluents and seminal plasma. Then, the sperm pellet was evaluated for motility 

and concentration. Each fertilization droplet received 5 μL of sperm, to achieve a final 

concentration of 1 × 106 live sperm/mL. Sperm and COCs were incubated at 38.5°C in an 

atmosphere of 5% CO2 in humidified air for 18 to 20 h. The same sire was used with each 

donor during the cross-over. 
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 Approximately 18 h after insemination, presumptive zygotes were stripped of cumulus 

cells by mechanical pipetting in TALP medium. Groups of presumptive zygotes were co-

cultured on a monolayer of cumulus cells that had attached to the surface of the plate during 

IVM. Thus, to maintain the maximum amount of cumulus cells, the IVM medium was gently 

replaced with 50 μL of CR2aa medium (WATANABE et al., 1999) supplemented with 2% 

FCS and 30 mg/mL BSA for embryo culture at 39°C in an atmosphere of 5% CO2 in 

humidified air for 48 to 72 h, at which time 30 μL of fresh culture medium was added (first 

feeding). Cleavage rate was recorded after 3 d of embryo culture. The second feeding was 

done on the sixth day of embryo culture and the blastocyst rate (total number of blastocysts 

divided by total number of cultured oocytes) was recorded on the seventh day of embryo 

culture.  

 

 

4.2.6 Statistical Analysis 

 

 

Statistical analyses were performed using the GLIMMIX procedure of the Statistical 

Analysis System for Windows 9.3 (SAS 9.3). The variables evaluated were the number of 

follicles in each size category at the time of OPU (small, medium and large), total number of 

follicles aspirated, total number of COCs recovered, recovery rate (total number of COCs 

recovered per total number of follicles aspirated), number and percentage of cultured COCs 

(number of COCs cultured per total structures recovered), cleavage rate (number of cleaved 

zygotes per total number of COCs cultured), blastocyst rate (number of blastocysts produced 

per total number of COCs cultured) and number of embryos produced per OPU procedure.  

For the analysis, a binomial distribution was assumed for the categorical response 

variables. Continuous data were tested for normality of the residues and homogeneity of 

variances using the Guided Data Analysis, and transformed when necessary. The fixed effects 

included in the model were treatment (Control vs. pFSH), lactation status (lactating vs. non-

lactating) and their interactions. The individual effect was included as a random effect. 

Means (±SE) are used to describe all of the response variables. Differences with P ≤ 

0.05 were considered statistically significant, and 0.05 < P < 0.10 were designated as a 

tendency. 
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4.3 RESULTS 

 

 

There were no significant interactions between treatment and donor lactational status 

for any response variable (Table 1). There was no effect (P = 0.92) of treatment on the total 

number of follicles aspirated; however, pFSH-treated donors had a lower proportion of small 

(P < 0.001) and large follicles (P = 0.03), and a higher proportion of medium follicles (P < 

0.001) at the time of OPU (Figure 4). Also, due to a tendency for a reduction in the number of 

COCs recovered from pFSH- treated donors (P = 0.10), the lower recovery rate was 

significant (P < 0.001; Table 1).  

 Although there was no treatment effect on the number of COCs considered suitable to 

culture (P = 0.52), a higher percentage (P = 0.05) of COCs from pFSH-treated donors was 

considered viable to use in IVEP (Table 1). Although there were no differences in cleavage 

rates (P = 0.81), the pFSH group had a higher blastocyst rate (P < 0.001; Table 1), and as a 

result, superstimulated Holstein donors produced more embryos per OPU session (P = 0.01; 

Table 1). 

 Regardless of treatment groups, donor lactational status did not affect any of the 

follicular, COCs or cleavage characteristics (Table 1). However, non-lactating cows produced 

a higher blastocyst rate (P = 0.001) and a higher number of transferable embryos (P = 0.003) 

than lactating Holsteins cows (Table 1). 
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Table 1 - Summary of oocyte and embryo results (mean +SE) after OPU-IVEP in Control and pFSH-treated donors (lactating and non-lactating Holstein cows) 

 Lactating donors  Non-lactating donors   P-value 5 

 Control pFSH  Control pFSH   Treatment Lactation Treat*Categ 

No. 15 15  15 15   . . . 

Total follicles aspirated 17.6±1.6 18.2±2.1  16.7±1.5 16.3±1.6   0.92 0.52 0.62 

Total oocytes retrieved 13.0±1.7 10.7±1.5  10.9±1.6 9.9±1.5   0.10 0.51 0.54 

Recovery rate, % 1 
73.9 

(195/264) 

59.0 

(161/273) 
 

65.6 

(164/250) 

61.1 

(149/244) 
  < 0.001 0.89 0.08 

COCs cultured 10.0±1.3 8.9±1.3  8.5±1.4 8.3±1.3   0.52 0.58 0.57 

COCs culture rate, % 2 
76.9 

(150/195) 

82.6 

(133/161) 
 

78.0 

(128/164) 

83.9 

(125/149) 
  0.05 0.77 0.88 

Cleavage rate, % 3 
65.3 

(98/150) 

63.2 

(84/133) 
 

72.7 

(93/128) 

72.8 

(91/125) 
  0.81 0.16 0.69 

Blastocyst rate, % 4 
10.8 

(15/150) 

17.3 

(23/133) 
 

31.3 

(40/128) 

52.8 

(66/125) 
  < 0.001 0.001 0.16 

Embryos produced per OPU 1.0±0.4 1.5±0.5  2.7±0.6 4.4±0.8   0.01 0.003 0.17 

Fonte: Vieira, L. M. (2016). 
1 No. COCs /no. follicles aspirated; 2 No. COCs cultured /no. total COCs retrieved; 3 No. cleaved zygotes /no. oocytes cultured; 4 No. blastocysts /no. oocytes cultured; 5 

Treatment = effect of treatment (Control vs. pFSH); Lactation = effect of donor lactation status (lactating vs. non-lactating); Treat*Categ = interaction between treatment and 
donor lactation status. 
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Figure 4 - Proportion of small (< 6 mm), medium (6 to 10 mm) and large follicles (> 10 mm) immediately before 
OPU (Day 7) in lactating (A; n=30), non-lactating (B; n=30) and both lactating and non-lactating 
Holstein donors (C; n=60) submitted to OPU with and without pFSH superstimulation. P values 
within follicle size ≤ 0.05 differ significantly. No donor lactation status or interaction between 
treatment and lactation status was observed (P > 0.05) 
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4.4 DISCUSSION 

 

 

The results of the present study confirm the positive effect of superstimulation of 

bovine donors with pFSH on the overall efficiency of the OPU-IVEP technology (BLONDIN 

et al., 2002; MERTON et al., 2003; NIVET et al., 2012). Donors treated with pFSH in the 

present study had a greater proportion of medium-sized follicles, an increased proportion of 

COCs suitable to culture and higher developmental rates of recovered COCs (higher 

blastocyst rate and numbers of embryos per OPU session); however, the lower recovery rate 

in pFSH treated donors lessened the overall benefit to superstimulation. These data provide 

support for an alternative method to enhance the IVEP production among lactating and non-

lactating Holstein donors. 

Previously, it was shown that 70 to 80% of the small follicle (< 5 mm) population 

viewed at the beginning of the superstimulation treatments responded to exogenously 

administered (SINGH et al., 2004; DUROCHER; MORIN; BLONDIN, 2006) and in another 

study, became available for OPU (DUROCHER; MORIN; BLONDIN, 2006). Accordingly, 

the FSH treatments have been used to superstimulate donors for in vitro embryo production 

(GOODHAND et al., 1999; BLONDIN et al., 2002; MONTEIRO et al., 2009). Therefore, the 

reasoning for increasing the proportion of medium-sized follicles for aspiration, as reported 

previously (ALLER et al., 2010; NIVET et al., 2012), and as observed in the present study 

was based on the observation that oocyte development competence following OPU was 

influenced by the stage of follicular development (SIRARD, 2012). 

The acquisition of oocyte developmental potential has been shown to be associated 

with follicular growth (LONERGAN et al., 1994; ARLOTTO et al., 1996; CAIXETA et al., 

2009). A sequence of molecular and transcriptomal alterations during follicular (and oocyte) 

growth has been related to final oocyte development potential (BREVINI-GANDOLFI; 

GANDOLFI, 2001; SIRARD, 2012; LABRECQUE; SIRARD, 2013), indicating that oocyte 

development competence is acquired gradually during follicle growth. Mourot et al. (2006) 

have reported differences in oocyte gene expression profiles according to the size of the 

follicle from which the oocyte was retrieved e.g., higher mRNA levels for PSMB2, SKIIP, 

CDC5L, RGS16, and PRDX1 in oocytes of follicles more than 8 mm. In addition, Chu, 

Dufort and  Sirard (2012) demonstrated increased expression of PTTG1, BTG4, PAPOLA 

and LEO1 genes in oocytes retrieved from superstimulated donors compared to untreated 

donors. Considering that these genes are related to transcription and cell cycle regulation, the 
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authors suggested that stimulation with exogenous FSH could allow for the accumulation of 

more messenger which would result in the preservation of oocyte quality. Collectively, these 

observations suggest that potential factors affecting oocyte developmental competence might 

be altered by superstimulation with exogenous FSH prior to the OPU. 

The oocyte quality concept involves the competence to yield a viable blastocyst within 

an in vitro production system (MERTON et al., 2003). In this context, donors superstimulated 

with pFSH in the present study had increased blastocyst production rates compared to the 

untreated donors. Similar results were reported by Blondin et al. (2002) in a study performed 

in Bos taurus beef cattle, also treated with exogenous FSH. However, recent report has shown 

that the oocyte quality gained after an optimal coasting period has limited lifespan, possibly 

due to an intensification of the transcript degradation mechanism (LABRECQUE et al., 

2013). Therefore, the present data suggest that the increased in vitro embryo production of 

donors superstimulated with pFSH prior to OPU was related to the gonadotropin stimulus 

effect. However, it is important to highlight that this positive effect can be a response to an 

associative influence of the pFSH treatment added to the fact that all pFSH-treated donors had 

a 40 h coasting period. 

Although oocyte quality has been shown to improve with follicle growth (FAIR; 

HYTTEL; GREVE, 1995), follicle size was negatively correlated with the recovery rate in 

Bos taurus cows (SENEDA et al., 2001) and heifers (GOODHAND et al., 1999). Similar 

results were observed in the present study with Holstein donor cows. Seneda et al. (2001) 

suggested that the reduced volume and viscosity of follicular fluid and the lower intra-

follicular pressure of small follicles might favor the OPU procedure (i.e., increased COCs 

recovery rates following intra-follicular needle insertion) compared to the large follicles. 

Therefore, as a matter of necessity, the mechanism to retrieve the maximum proportion of 

COCs with optimal development potential and without adversely affecting recovery rate 

needs to be studied and established to enhance IVEP systems.  

Despite the improvement in the in vitro embryo production in lactating donors 

following pFSH treatment in the present study, the efficiency of the in vitro system was even 

greater in non-lactating Holstein donors. Superovulation and embryo production has also been 

reported to be higher in non-lactating cows or heifers compared to lactating Holstein cows 

(SARTORI et al., 2002; SARTORI; BASTOS; WILTBANK, 2010; VIEIRA et al., 2014b). 

Dairy cows present a peculiar metabolic system, linked to nutrition and disruption of 

endocrine profiles. Lactating dairy cows metabolic profile are commonly characterized by the 

lower concentrations of progesterone and estradiol (WILTBANK et al., 2006) and increased 
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concentrations of NEFA (nonesterified fatty acids) and BHBA [β-hydroxybutyrate (LEROY, 

2005)]; and this peculiar metabolism has been associated with a suboptimal follicle 

microenvironment, compromising oocyte quality and resulting in a failure to conceive 

(SARTORI; ROSA; WILTBANK, 2002; SARTORI et al., 2004; WILTBANK et al., 2006; 

LEROY et al., 2008a,b; WALSH; WILLIAMS; EVANS, 2011). Therefore, the greater 

challenge of lactating cows to maintain an optimal reproductive efficiency might be part of 

the explanation to the lower results observed in the in vitro embryo production. Although in 

vitro embryo production was improved following treatment with pFSH in lactating donors, 

lactation results in such highly modified metabolism that it will be difficult to completely 

overcome treatment strategies. Accordingly, non-lactating donors may be considered the 

preferred donor to be enrolled in OPU-IVEP programs, due to the higher yield of embryos per 

OPU session. 

In conclusion, superstimulation with pFSH increased the proportion of medium-sized 

follicles available for the OPU procedure. Consequently, the treatment also enhanced the 

proportion of COCs suitable for culture and resulted in greater blastocyst rates and embryo 

yield per OPU-IVEP session. Regardless of gonadotropin treatment, non-lactating donors had 

higher in vitro oocyte competence and produced more embryos per OPU session, resulting in 

an overall higher OPU-IVEP efficiency compared to lactating donors. It can be concluded that 

pFSH superstimulation treatment can effectively improve embryo yield of in vitro production 

systems in lactating or non-lactating Holstein donors. Importantly, non-lactating donors 

should be the elective lactation status to be used in OPU-IVEP programs, regardless 

superstimulation treatments. 



37 

 

 

 

REFERENCES 

 

 

ALLER, J. F.; MUCCI, N. C.; KAISER, G. G.; RÍOS, G.; CALLEJAS, S. S.; ALBERIO, R. 
H. Transvaginal follicular aspiration and embryo development in superstimulated early 
postpartum beef cows and subsequent fertility after artificial insemination. Animal 
Reproduction Science, v. 119, n. 1–2, p. 1-8, 2010. 

 
ARLOTTO, T.; SCHWARTZ, J.-L.; FIRST, N. L.; LEIBFRIED-RUTLEDGE, M. L. Aspects 
of follicle and oocyte stage that affect in vitro maturation and development of bovine oocytes. 
Therio, v. 45, n. 5, p. 943-956, 1996. 

 
BARUSELLI, P. S.; SÁ FILHO, M. F.; FERREIRA, R. M.; SALES, J. N. S.; GIMENES, L. 
U.; VIEIRA, L. M.; MENDANHA, M. F.; BÓ, G. A. Manipulation of follicle development to 
ensure optimal oocyte quality and conception rates in cattle. Reproduction in Domestic 
Animals, v. 47,  p. 134-141, 2012. Supplement 4. 

 
BAVISTER, B. D.; YANAGIMACHI, R. The effects of sperm extracts and energy sources on 
the motility and acrosome reaction of hamster spermatozoa in vitro. Biological 
Reproduction, v. 16, n. 2, p. 228-237, 1977. 

 

BLONDIN, P.; SIRARD, M. A. Oocyte and follicular morphology as determining 
characteristics for developmental competence in bovine oocytes. Molecular Reproduction 
and Development, v. 41, n. 1, p. 54-62, 1995. 

 
BLONDIN, P.; BOUSQUET, D.; TWAGIRAMUNGU, H.; BARNES, F.; SIRARD, M. A. 
Manipulation of follicular development to produce developmentally competent bovine 
oocytes. Biology Reproduction, v. 66, n. 1, p. 38-43, 2002. 

 
BREVINI-GANDOLFI, T. A.; GANDOLFI, F. The maternal legacy to the embryo: 
cytoplasmic components and their effects on early development. Theriogenology, v. 55, n. 6, 
p. 1255-1276, 2001. 

 
CAIXETA, E. S.; RIPAMONTE, P.; FRANCO, M. M.; JUNIOR, J. B.; DODE, M. A. N. 
Effect of follicle size on mRNA expression in cumulus cells and oocytes of Bos indicus: an 
approach to identify marker genes for developmental competence. Reproduction, Fertility 
and Development, v. 21, n. 5, p. 655-664, 2009. 

 
CHU, T.; DUFORT, I.; SIRARD, M. A. Effect of ovarian stimulation on oocyte gene 
expression in cattle. Theriogenology, v. 77, n. 9, p. 1928-1938, 2012. 

 



38 

 

 

 

DIELEMAN, S. J.; HENDRIKSEN, P. J. M.; VIUFF, D.; THOMSEN, P. D.; HYTTEL, P.; 
KNIJN, H. M.; WRENZYCKI, C.; KRUIP, T. A. M.; NIEMANN, H.; GADELLA, B. M.; 
BEVERS, M. M.; VOS, P. L. A. M. Effects of in vivo prematuration and in vivo final 
maturation on developmental capacity and quality of pre-implantation embryos. 
Theriogenology, v. 57, n. 1, p. 5-20, 2002. 

 
DUROCHER, J.; MORIN, N.; BLONDIN, P. Effect of hormonal stimulation on bovine 
follicular response and oocyte developmental competence in a commercial operation. 
Theriogenology, v. 65, n. 1, p. 102-115, 2006. 

 
FAIR, T.; HYTTEL, P.; GREVE, T. Bovine oocyte diameter in relation to maturational 
competence and transcriptional activity. Molecular  Reproduction Development, v. 42, n. 4, 
p. 437-442, 1995. 

 
FERREIRA, R. M.; AYRES, H.; CHIARATTI, M. R.; FERRAZ, M. L.; ARAÚJO, A. B.; 
RODRIGUES, C. A.; WATANABE, Y. F.; VIREQUE, A. A.; JOAQUIM, D. C.; SMITH, L. 
C.; MEIRELLES, F. V.; BARUSELLI, P. S. The low fertility of repeat-breeder cows during 
summer heat stress is related to a low oocyte competence to develop into blastocysts. Journal 
Dairy Science, v. 94, n. 5, p. 2383-2392, 2011. 

 
GOODHAND, K. L.; WATT, R. G.; STAINES, M. E.; HUTCHINSON, J. S. M.; 
BROADBENT, P. J. In vivo oocyte recovery and in vitro embryo production from bovine 
donors aspirated at different frequencies or following FSH treatment. Theriogenology, v. 51, 
n. 5, p. 951-961, 1999. 

 
HAGEMANN, L. J.; BEAUMONT, S. E.; BERG, M.; DONNISON, M. J.; LEDGARD, A.; 
PETERSON, A. J.; SCHURMANN, A.; TERVIT, H. R. Development during single IVP of 
bovine oocytes from dissected follicles: interactive effects of estrous cycle stage, follicle size 
and atresia. Molecular Reproduction and Development, v. 53, n. 4, p. 451-458, 1999. 

 
HENDRIKSEN, P. J.; STEENWEG, W. N.; HARKEMA, J. C.; MERTON, J. S.; BEVERS, 
M. M.; VOS, P. L.; DIELEMAN, S. J. Effect of different stages of the follicular wave on in 
vitro developmental competence of bovine oocytes. Theriogenology, v. 61, n. 5, p. 909-920, 
2004. 

 
LABRECQUE, R.; VIGNEAULT, C.; BLONDIN, P.; SIRARD, M.-A. Gene expression 
analysis of bovine oocytes with high developmental competence obtained from FSH-
stimulated animals. Molecular Reproduction and Development, v. 80, n. 6, p. 428-440, 
2013. 

 
LABRECQUE, R.; SIRARD, M.-A. The study of mammalian oocyte competence by 
transcriptome analysis: progress and challenges. Molecular Human Reproduction, v. 20, n. 
2, p. 103-106, 2013. 

 



39 

 

 

 

LEROY, J. L. Non-esterified fatty acids in follicular fluid of dairy cows and their effect on 
developmental capacity of bovine oocytes in vitro. Reproduction, v. 130, n. 4, p. 485-495, 
2005. 

 
LEROY, J. L.; VAN SOOM, A.; OPSOMER, G.; GOOVAERTS, I. G.; BOLS, P. E. Reduced 
fertility in high-yielding dairy cows: are the oocyte and embryo in danger? Part II. 
Mechanisms linking nutrition and reduced oocyte and embryo quality in high-yielding dairy 
cows. Reproduction in Domestic Animals, v. 43, n. 5, p. 623-632, 2008a. 

 
LEROY, J. L.; VANHOLDER, T.; VAN KNEGSEL, A. T.; GARCIA-ISPIERTO, I.; BOLS, 
P. E. Nutrient prioritization in dairy cows early postpartum: mismatch between metabolism 
and fertility? Reproduction in Domestic Animals, v. 43,  p. 96-103, 2008b. Supplement 2. 

 
LEROY, J. L.; RIZOS, D.; STURMEY, R.; BOSSAERT, P.; GUTIERREZ-ADAN, A.; VAN 
HOECK, V.; VALCKX, S.; BOLS, P. E. Intrafollicular conditions as a major link between 
maternal metabolism and oocyte quality: a focus on dairy cow fertility. Reproduction, 
Fertility and Development, v. 24, n. 1, p. 1, 2012. 

 
LONERGAN, P.; MONAGHAN, P.; RIZOS, D.; BOLAND, M. P.; GORDON, I. Effect of 
follicle size on bovine oocyte quality and developmental competence following maturation, 
fertilization, and culture in vitro. Mol Reprod Dev, v. 37, n. 1, p. 48-53, 1994. 

 
MERTON, J. S.; DE ROOS, A. P.; MULLAART, E.; DE RUIGH, L.; KAAL, L.; VOS, P. L.; 
DIELEMAN, S. J. Factors affecting oocyte quality and quantity in commercial application of 
embryo technologies in the cattle breeding industry. Theriogenology, v. 59, n. 2, p. 651-674, 
2003. 

 
MONTEIRO, F. M.; FERREIRA, M. M. G.; POTIENS, J. R.; EBERHARDT, B. G.; 
TRINCA, L. A.; BARROS, C. M. Influence of Superovulatory Protocols onIn 
VitroProduction of Nellore (Bos indicus) Embryos. Reproduction in Domestic Animals, v. 
45, n. 5, p. 860-864, 2009. 

 
MOUROT, M.; DUFORT, I.; GRAVEL, C.; ALGRIANY, O.; DIELEMAN, S.; SIRARD, 
M.-A. The influence of follicle size, FSH-enriched maturation medium, and early cleavage on 
bovine oocyte maternal mRNA levels. Molecular Reproduction and Development, v. 73, n. 
11, p. 1367-1379, 2006. 

 
NIVET, A. L.; BUNEL, A.; LABRECQUE, R.; BELANGER, J.; VIGNEAULT, C.; 
BLONDIN, P.; SIRARD, M. A. FSH withdrawal improves developmental competence of 
oocytes in the bovine model. Reproduction, v. 143, n. 2, p. 165-171, 2012. 

 
NATIONAL RESEARCH COUNCIL (NRC). Nutrient requirements of dairy cattle. 7th ed. 
rev. Washington, DC.: Paperback, 2001.  

 



40 

 

 

 

PAVLOK, A.; LUCAS-HAHN, A.; NIEMANN, H. Fertilization and developmental 
competence of bovine oocytes derived from different categories of antral follicles. Molecular 
Reproduction and Development, v. 31, n. 1, p. 63-67, 1992. 

 
PONTES, J. H. F.; NONATO-JUNIOR, I.; SANCHES, B. V.; ERENO-JUNIOR, J. C.; UVO, 
S.; BARREIROS, T. R. R.; OLIVEIRA, J. A.; HASLER, J. F.; SENEDA, M. M. Comparison 
of embryo yield and pregnancy rate between in vivo and in vitro methods in the same Nelore 
(Bos indicus) donor cows. Theriogenology, v. 71, n. 4, p. 690-697, 2009. 

 
RATTO, M. H.; PERALTA, O. A.; MOGOLLON, G.; STROBEL, P.; CORREA, J. 
Transvaginal ultrasound-guided cumulus oocyte complexes aspiration and in vitro embryo 
production in suckled beef and lactating dairy cattle on pasture-based management conditions. 
Animal Reproduction Science, v. 129, n. 1-2, p. 1-6, 2011. 

 
SARTORI, R.; SARTOR-BERGFELT, R.; MERTENS, S. A.; GUENTHER, J. N.; 
PARRISH, J. J.; WILTBANK, M. C. Fertilization and early embryonic development in 
heifers and lactating cows in summer and lactating and dry cows in winter. Journal of Dairy 
Science, v. 85, n. 11, p. 2803-2812, 2002. 

 
SARTORI, R.; ROSA, G. J. M.; WILTBANK, M. C. Ovarian structures and circulating 
steroids in heifers and lactating cows in summer and lactating and dry cows in winter. 
Journal of Dairy Science, v. 85, n. 11, p. 2813-2822, 2002. 

 
SARTORI, R.; HAUGHIAN, J. M.; SHAVER, R. D.; ROSA, G. J.; WILTBANK, M. C. 
Comparison of ovarian function and circulating steroids in estrous cycles of Holstein heifers 
and lactating cows. Journal Dairy Science, v. 87, n. 4, p. 905-920, 2004. 

 
SARTORI, R.; BASTOS, M. R.; WILTBANK, M. C. Factors affecting fertilisation and early 
embryo quality in single- and superovulated dairy cattle. Reproduction, Fertility and 
Development, v. 22 n. 1, p. 151-158, 2010. 

 
SENDAG, S.; CETIN, Y.; ALAN, M.; HADELER, K.-G.; NIEMANN, H. Effects of eCG 
and FSH on ovarian response, recovery rate and number and quality of oocytes obtained by 
ovum pick-up in Holstein cows. Animal Reproduction Science, v. 106, n. 1–2, p. 208-214, 
2008. 

 
SENEDA, M. M.; ESPER, C. R.; GARCIA, J. M.; OLIVEIRA, J. A. D.; VANTINI, R. 
Relationship between follicle size and ultrasound-guided transvaginal oocyte recovery. 
Animal Reproduction Science, v. 67, n. 1–2, p. 37-43, 2001. 

 
SINGH, J.; DOMı́NGUEZ, M.; JAISWAL, R.; ADAMS, G. P. A simple ultrasound test to 
predict the superstimulatory response in cattle. Theriogenology, v. 62, n. 1–2, p. 227-243, 
2004. 

 



41 

 

 

 

SIRARD, M.-A.; RICHARD, F.; BLONDIN, P.; ROBERT, C. Contribution of the oocyte to 
embryo quality. Theriogenology, v. 65, n. 1, p. 126-136, 2006. 

 
SIRARD, M.-A. Follicle environment and quality of in vitro matured oocytes. Journal of 
Assisted Reproduction and Genetics, v. 28, n. 6, p. 483-488, 2011. 

 
SIRARD, M. A. Factors affecting oocyte and embryo transcriptomes. Reproduction in 
Domestic Animals, v. 47,  p. 148-155, 2012. Supplement 4. 

 
VIEIRA, L. M.; RODRIGUES, C. A.; MENDANHA, M. F.; SÁ FILHO, M. F.; SALES, J. N. 
S.; SOUZA, A. H.; SANTOS, J. E. P.; BARUSELLI, P. S. Donor category and seasonal 
climate associated with embryo production and survival in multiple ovulation and embryo 
transfer programs in Holstein cattle. Theriogenology, v. 82, n. 2, p. 204-212, 2014. 

 
WALSH, S. W.; WILLIAMS, E. J.; EVANS, A. C. O. A review of the causes of poor fertility 
in high milk producing dairy cows. Animal Reproduction Science, v. 123, n. 3-4, p. 127-
138, 2011. 

 

WATANABE, Y. F.; WATANABE, M. R.; GALERANI, M. A. V.; VILA, R. A.; LÔBO, R. 
B. The influence of B2 and modified CR2 on the in vitro production of bovine with cumulus 
and oviduct co-culture. Theriogenology, v. 51, n. 1, p. 259, 1999. 

 
WILTBANK, M.; LOPEZ, H.; SARTORI, R.; SANGSRITAVONG, S.; GÜMEN, A. 
Changes in reproductive physiology of lactating dairy cows due to elevated steroid 
metabolism. Theriogenology, v. 65, n. 1, p. 17-29, 2006. 



42 

 

 

 

 

5 EFFICACY OF A SINGLE INTRAMUSCULAR INJECTION OF 

PORCINE FSH IN HYALURONAN PRIOR TO OVUM PICK-UP IN 
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ABSTRACT  

 

Plasma FSH profiles, in vitro embryo production (IVP) following ovum pick-up (OPU) and 

establishment of pregnancy with IVP embryos were compared in untreated Holstein oocyte 

donors and those superstimulated with multiple injections or a single intramuscular (IM) 

injection of porcine FSH (pFSH) in hyaluronan (HA). Plasma FSH profiles were determined 

in 23 heifers randomly allocated into 1 of 4 groups. Controls received no treatment, while the 

F200 group received 200 mg of pFSH in 4 doses, 12 h apart. The F200HA and F300HA 

groups received 200 or 300 mg pFSH in 5 mL or 7.5 mL, respectively of a 0.5% HA solution 

by a single IM injection. Plasma FSH levels were determined before the first pFSH treatment 

and every 6 h over 96 h. All data were analyzed by orthogonal contrasts. Circulating FSH area 

under curve (AUC) in pFSH-treated animals was greater than in the Control group (P = 0.02). 

Although the AUC did not differ among FSH-treated groups (P = 0.56), the total period with 

elevated plasma FSH was greater in the F200 group than in the HA groups (P < 0.0001). 

However, the F300HA group had a greater AUC than the F200HA group (P = 0.006), with a 

similar total period with elevated plasma FSH (P = 0.17). The IVP was performed in 90 non-

lactating Holstein cows randomly allocated to 1 of the 4 treatment groups as in the first 

experiment. A greater proportion of medium sized (6-10 mm) follicles was observed in cows 

receiving pFSH, regardless of treatment group (P < 0.0001). Also, numbers of follicles (P = 

0.01), cumulus oocyte complexes (COCs) retrieved (P = 0.01) and matured (P = 0.02), 

cleavage rates (P = 0.002) and blastocysts produced per OPU session (P = 0.06) were greater 

in cows receiving pFSH, regardless of treatment group. Cows in the F200HA group had a 

greater recovery rate (P = 0.009), number of COCs cultured (P = 0.04) and blastocysts 

produced per OPU session (P = 0.06) than cows in the F300HA group. Similar pregnancy 

rates were observed 50 to 60 d after transferring IVP embryos from donors in the different 

treatment groups (P > 0.05). In conclusion, a single IM injection of pFSH combined in 0.5% 

HA resulted in similar plasma FSH profiles as twice-daily pFSH treatments. Treatment of 

non-lactating donors with pFSH, with or without HA, resulted in increased IVP over 

untreated controls. A single dose of 200 mg of pFSH in 0.5% HA resulted in greater IVP than 

300 mg pFSH in HA. Finally, pregnancy rates with IVP embryos were similar, regardless 

donor treatment. 

Keywords:  Bovine. Bos Taurus. FSH half-life. In vitro embryo production. Oocyte 

competence.
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5.1 INTRODUCTION  
 

 

Genetic improvement has led the effort to enhance dairy cattle productivity. Among 

breeding alternatives, in vitro produced embryo transfer is a robust tool used to enhance 

genetic progress through both the female and male lineage. However, large scale efficient use 

of this reproductive strategy in dairy cattle has been a challenge. The main factors affecting 

the efficacy of ovum pick-up (OPU) and in vitro embryo production (IVP) include: 1) reduced 

oocyte quality (LEROY et al., 2008a; SARTORI; BASTOS; WILTBANK, 2010; 

BARUSELLI et al., 2012; LEROY et al., 2012), mainly in lactating Holstein cows compared 

to Holstein heifers (FERREIRA et al., 2011) and beef cattle (RATTO et al., 2011); 2) low 

antral follicle populations, especially in Bos taurus breeds (BATISTA et al., 2014); and 3) 

variation between females (MERTON et al., 2003; PONTES et al., 2009). Therefore, various 

strategies have been designed to improve the results from IVP programs with Holstein donors.  

Among the strategies used, ovarian antral follicle counts in the donors, evaluated 

directly by ultrasonography (BURNS, 2005; IRELAND et al., 2007; IRELAND et al., 2008; 

SILVA-SANTOS et al., 2014a,b) or indirectly by the concentrations of anti-Mullerian 

hormone (RICO et al., 2009; MONNIAUX et al., 2011; BALDRIGHI et al., 2014; BATISTA 

et al., 2014; GUERREIRO et al., 2014) are beginning to be applied in the field. Another 

alternative is the use of follicular wave synchronization protocols associated with 

superstimulation treatments prior to the OPU (GOODHAND et al., 1999; SENDAG et al., 

2008; VIEIRA et al., 2014a). Earlier studies reported associations between IVP outcomes and 

the stage of follicular growth at which OPU is performed (PAVLOK; LUCAS-HAHN; 

NIEMANN, 1992; BLONDIN; SIRARD, 1995; FAIR; HYTTEL; GREVE, 1995; 

HAGEMANN et al., 1999; HENDRIKSEN et al., 2004). During follicular and oocyte growth, 

the oocyte acquires its developmental potential progressively (LONERGAN et al., 1994; 

ARLOTTO et al., 1996; SIRARD et al., 2006; CAIXETA et al., 2009; SIRARD, 2011; 

SIRARD, 2012) due to the constant increase in the cytoplasmic storage of mRNA and 

proteins (BREVINI-GANDOLFI; GANDOLFI, 2001), essential for early embryo 

development (DIELEMAN et al., 2002). Superstimulation treatments with porcine FSH 

(pFSH) prior to the OPU has improved IVP in Bos taurus donors, resulting in increased total 

embryo yields per OPU session (GOODHAND et al., 1999; DE ROOVER et al., 2008; 

SENDAG et al., 2008; VIEIRA et al., 2014a), possibly due to healthier and more competent 

oocytes recovered from the greater proportion of medium-sized follicles.  
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Traditional superstimulatory treatments consist of twice daily IM injections of pFSH 

for in vivo (MAPLETOFT; BÓ, 2012) or in vitro (ROOVER et al., 2005; VIEIRA et al., 

2014a) embryo production. The need of frequent applications to induce ovarian 

superstimulation (DEMOUSTIER et al., 1988; MALHI et al., 2008) is due to the short half-

life of FSH (5 h) in cattle (LASTER, 1972; DEMOUSTIER et al., 1988). Explicitly, 

superstimulation protocols require precision and attention to minimize mishandling during the 

treatments. Therefore, the application of traditional superstimulatory protocols in large scale 

programs can lead to failures and poor results, suggesting the need for simplified protocols 

that can be implemented efficiently and easily in the field by reducing handling and 

consequently, the incidence of potential errors.  

Considering the need to develop a simplified superstimulation protocol, studies have 

focused on alternative methods to maintain FSH release during a prolonged period of time. 

An alternative that has been studied for in vivo embryo production is the use of a single 

injection of pFSH in a hyaluronan (HA) solution (TRÍBULO et al., 2011). The HA is a 

biodegradable polymer that apparently results in a sustainable slow release of hormones. 

Previous studies reported a similar number of transferable embryos when a single (in 2% HA) 

(TRÍBULO et al., 2011) or two (in 0.5 or 1% HA) (TRÍBULO et al., 2012) IM injections of 

pFSH was administered compared to the traditional twice-daily IM injection protocol. The 

same authors emphasized that the need for the second injection is related to the concentration 

of HA; the lower concentrations are less viscous and easier to mix with pFSH, but are not as 

efficacious in sustaining circulating FSH levels (TRÍBULO et al., 2011, 2012). Therefore, 

considering the shorter period of FSH support required for superstimulation prior to OPU 

(BLONDIN et al., 2002; VIEIRA et al., 2014a) compared to traditional multiple ovulation 

and in vivo embryo procedures [reviewed by Mapletoft and Bó (2012)], the use of a single 

injection of pFSH in 0.5% HA (5 mg/mL) might be an alternative to simplify the 

superstimulatory protocol for OPU-IVP programs. In a preliminary study performed in beef 

donor cows, the administration of 160 mg of pFSH diluted in 0.5% HA resulted in a 

comparable number of COCs recovered and blastocysts produced as the administration of 160 

mg pFSH in twice daily IM injections (ONGARATTO et al., 2011).  

Thus, the objectives of the present study were: 1) to compare plasma FSH profiles when 

two different doses of pFSH were combined with 0.5% HA with twice daily injections of 

pFSH in saline; 2) to evaluate the FSH support needed to obtain growth of a homogeneous 

population of medium-sized follicles for OPU; 3) to compare OPU-IVP outcomes after 
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superstimulation with two different doses of pFSH administrated as a single IM injection in 

0.5% HA with twice daily injections of pFSH in saline, and; 4) to determine the viability of 

IVP embryos following superstimulation by transfer to synchronous beef heifer recipients.  

 

 

5.2 MATERIALS AND METHODS 
 

 

5.2.1 Experiment 1: plasma FSH profiles 
 

 

5.2.1.1 Farm and animals 
 

 

The experiment was conducted during July and August of 2014, on a state research 

farm (Institute of Animal Science) located in Nova Odessa, São Paulo, Brazil. The heifers 

enrolled in the experiment were maintained in dry-lot pens and fed with a TMR formulated to 

meet or exceed the minimum nutritional requirements for Holstein heifers (NRC, 2001). All 

heifers had free access to water and mineralized salt. On the first Day of the trial, animals 

were on average of 330.0 ± 52.9 Kg (± SD) in weight, 13.5 ± 2.2 months (± SD) of age and a 

body condition score of 2.7 ± 0.3 (BCS; 1 – 5 scale (AYRES et al., 2009). 

 

 

5.2.1.2 Experimental design 
 

 

A total of 23 Holstein heifers were randomly allocated to one of four groups (Control, 

F200, F200HA or F300HA groups). On a random days of the estrous cycle (Day 0), all 

heifers received a Norgestomet ear implant (Crestar®, MSD Animal Health, The 

Netherlands), 2.0 mg IM of estradiol benzoate (RIC-BE®, Tecnopec, Brazil) and 0.150 mg of 

cloprostenol (ESTRON®, Tecnopec, Brazil). On Day 5, all heifers received another 0.150 mg 

of cloprostenol and on Day 7 were submitted to an ultrasound evaluation to obtain the 

diameter of the largest visible follicle present in the ovaries (average diameter of 10 ± 0.7 

mm). Control heifers received no further treatments. On Days 8 and 9, the F200 group 

received a total dosage of 200 mg of pFSH (14.3 mg/mL in saline diluent; Folltropin®, 
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Bioniche Animal Health, Belleville, ON, Canada) administrated IM in four doses (57.1, 57.1, 

42.9 and 42.9 mg), 12 h apart. The HA treated heifers received a single dose of pFSH (IM) on 

Day 8 AM in 5.0 mL (F200HA) or 7.5 mL (F300HA) of 0.5% hyaluronan (40 mg/mL of 

FSH; MAP-5®, Bioniche Animal Health, Belleville, ON, Canada) On Day 12 AM, the 

Norgestomet ear implant was removed after the last blood sample (Figure 5).  

 

Figure 5 - Experiment 1 design. Heifers were assigned to one of four groups to compare plasma FSH profiles. 
Holstein heifers were not treated (Control, n = 4), treated with 200 mg of pFSH divided into twice 
daily injections (F200, n = 6) or 200 or 300 mg of pFSH in 0.5% hyaluronan as a single injection 
(F200HA, n = 6 and F300HA, n = 6). EB = 2.0 mg of estradiol benzoate; PGF = 0.150 mg of 
cloprostenol; US = ultrasound evaluation to obtain the largest follicle diameter; pFSH = porcine 
follicle-stimulating hormone; HA = Hyaluronan 

 

 

Fonte: Vieira, L. M. (2016). 

 

The methodology used to suppress endogenous FSH release was based on 

reproductive physiology and knowledge of endocrinology. The synchronization of follicular 

wave emergence permitted the initiation of FSH treatments 4 days after follicular wave 

emergence, when a growing dominant follicle should have been selected and when 

endogenous FSH concentrations should be at baseline [reviewed by Baruselli et al. (2012)]. 

As reviewed by Mapletoft, Bó and Baruselli (2009), endogenous FSH is suppressed by 

estradiol and inhibin, hormones produced by the growing follicles, and especially the 

dominant follicle. Additionally, two doses of cloprostenol were administered to ensure low 

progesterone levels and, thus, support the dominant follicle growth. Lastly, recommended 
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doses of Norgestomet ear implant are associated with greater LH support of the development 

of the dominant follicle (BÓ et al., 2002).  

 

 

5.2.1.3 Blood sample collection and plasma FSH quantification 
 

 

Starting on Day 8 (immediately before the first pFSH treatment) blood samples were 

collected from the jugular vein at 0, 6, 12, 18, 24, 30, 36, 42, 48, 54, 60, 66, 72, 78, 84, 90 and 

96 h (n = 23) for plasma pFSH concentrations. Approximately, 8 mL were collected into 

heparinized tubes and immediately placed in ice. Plasma was separated by centrifugation 

(2,000 × g for 15 min at room temperature), and stored at −20 ◦C until assayed. Quantification 

of FSH was performed by radioimmunoassay (RIA) validated for bovine FSH using USDA-

bFSH for iodination and reference standards, and NIDDKanti-oFSH antiserum (BOLT; 

ROLLINS, 1983). Two assays were performed on each sample; sensitivity was 0.03 ng/mL 

and intra- and inter-assay coefficients of variation were 20.3% and 10.5% for high 

concentrations and 9.2% and 18.4% for low concentrations. The analyses were performed in 

the Laboratory of Animal Endocrinology at the University of the State of São Paulo 

(UNESP), Araçatuba, São Paulo. 

 

 

5.2.2 Experiment 2: ovum pick-up, in vitro embryo production and establishment of 

pregnancy  

 

 
5.2.2.1 Farm and animals 

 

 

This experiment was conducted on two commercial dairy farms in southeast Brazil 

(22◦01’27’’S/47◦53’19’’W) during October of 2013 and February of 2014. The herds were 

composed of approximately 1,500 lactating Holstein cows housed in free stall facilities, 

milked three times daily and with an average milk production of 30.1±0.3 kg per day.  

The donors were non-lactating Holstein cows selected by genetic merit, 5 years of age 

with two to three previous lactations, maintained in dry-lot pens and fed a TMR formulated to 
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meet the minimum nutritional requirements for non-lactating Holstein cows (NRC, 2001). 

Briefly, the main ingredients were corn silage and Tifton hay as forage, and corn, soybean and 

cottonseed meal-based concentrate. The embryo recipients were crossbred (Bos indicus x Bos 

taurus) beef heifers maintained on Brachiaria decumbens pastures. All animals had free 

access to water and mineralized salt. 

 

 

  

5.2.2.2 Experimental design 
 

 

  A total of 90 non-lactating Holstein donors were enrolled at random in one of the four 

groups: Control (n=22); F200 (n=23); F200HA (n=22) and F300HA (n=23). On random days 

of the estrous cycle (Day 0), all cows received an intravaginal progesterone device (P4; 

Primer®, Tecnopec) and 2.0 mg of estradiol benzoate (BE, RIC-BE®, Tecnopec) IM. The 

Control group received no superstimulatory treatment. On Days 4 and 5, the F200 group 

received total dosage of 200 mg of pFSH (Folltropin®) in saline divided in four doses (57.1, 

57.1, 42.9 and 42.9 mg), administered 12 h apart. The groups containing pFSH in hyaluronan 

(40 mg/mL; MAP-5®, received a single dose (IM) on Day 4 AM, 5.0 mL (F200HA) and 7.5 

mL (F300HA). Immediately before OPU (Day 7 AM) the P4 devices were withdrawn (Figure 

6). 
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Figure 6 - Experiment 2 design. Non-lactating Holstein cows were allocated to one of four groups for in vitro 
embryo production following OPU. Cows were not treated (Control, n = 22), treated with 200 mg of 
pFSH (F200, n = 23) in twice daily injections or 200 or 300 mg of pFSH combined with 0.5% 
hyaluronan solution (F200HA, n = 22 and F300HA, n = 23) as a single intramuscular injection. EB = 
2.0 mg of estradiol benzoate; pFSH = porcine follicle-stimulating hormone; HA = 0.5% hyaluronan; 
OPU: ovum pick-up 

 
Fonte: Vieira, L. M. (2016). 

 

 

5.2.2.3 Ultrasonography examinations 
 

 

Immediately before the OPU session, both ovaries were examined by transrectal 

ultrasonography using a portable scanner (Aloka SSDV 500; Aloka, Tokyo, Japan) with 5 

MHz convex array transducer housed in a plastic vaginal guidance device. All follicles 

suitable to be punctured (diameter ≥ 2 mm) were quantified and classified according to their 

diameters [small (SF < 6 mm), medium (MF = 6 to 10 mm) and large (LF = > 10 mm) 

follicles]. 

 

 

5.2.2.4 Ovum pick-up (OPU) 
 

 

 For the cumulus–oocyte complexes (COCs) collection, cows were restrained in a chute 

and epidural anesthesia was administered with 2% lidocaine hydrochloride (Lidovet®, 

Bravet, Brazil) to facilitate the handling of the ovaries through the rectum. The perineal area 

was cleaned using water, dried and sprayed with 70% alcohol prior to each session. All 
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follicles ≥ 2 mm were aspirated using the portable scanner with a 5-MHz convex array 

transducer housed in a plastic vaginal guidance device with a stainless steel needle guide 

connected to aspiration equipment and a vacuum system. Follicular aspirates were recovered 

via a 1.1 mm i.d. by a 120 cm length circuit (Watanabe Tecnologia Aplicada, Cravinhos, SP, 

Brazil), connected directly to a disposable 18-gauge x 2 inch hypodermic needle (0.9 x 50 

mm; Terumo Europe NV – Belgium ) and a 50 mL conical tube containing 15 mL of 

Dulbecco PBS (DPBS; Nutricell Nutrientes Celulares, Campinas, SP, Brazil) supplemented 

with 1% (vol/vol) fetal calf serum (FCS; Gibco Life Technologies, Grand Island, NY) and 

5,000 IU/mL sodium heparin (Parinex, Hipolabor, Belo Horizonte, MG, Brazil) at 35 to 37°C. 

The vacuum connected to the needle was set at 100 mm Hg. To avoid reduced recovery rate 

in superstimulated donors (VIEIRA et al., 2014a), a greater needle diameter (18-ga) and 

vacuum pressure (100 mmHg) was used based on Bols et al. (1996). All retrieval procedures 

were performed by two veterinarians. The conical tube containing the follicular aspirate was 

transported to a field laboratory and COCs were recovered using a 75 μm filter (Watanabe 

Tecnologia Aplicada) and DPBS supplemented with 1% FCS. The COCs were washed once 

in DPBS supplemented with 1% FCS at 37°C and evaluated under a stereomicroscope at 8–

20X magnification). The COCs were morphologically classified based upon the number of 

cumulus cell layers as follows: Grade 1, more than three layers of compact cumulus cells; 

Grade 2, at least one layer of cumulus cells; Grade 3, denuded; and Grade 4, atretic, with dark 

cumulus cells and signs of cytoplasmic degeneration (SENEDA et al., 2001). After 

evaluation, only Grade 4 COCs were considered unsuitable and discarded. The remaining 

COCs were considered suitable for culture, maintained in maturation medium and transported 

to the commercial IVP laboratory (Bioembryo Biotecnologia da Reprodução Animal, Bauru, 

SP or Neogen Reprodução Assistida, Tabiratiba,SP) at 37 to 39°C. 

 

 

5.2.2.5 In vitro embryo production (IVEP) 
 

 

 The in vitro maturation (IVM) medium was composed of bicarbonate-buffered TCM-

199 (Gibco Life Technologies) supplemented with 10% FCS, 50 μg/mL LH (APL, Ayerst, 

Rouses Point, NY), 5 μg/mL pFSH (Folltropin-V), 0.1 μg/mL estradiol (Estradiol 17β; 

Sigma-Aldrich Chemical Co.), 22 μg/mL sodium pyruvate, and 50 μg/mL gentamycin. The 

COCs of each cow were cultured separately for 24 h (considering the transport period to the 
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lab) in 100 μL drops of maturation medium under mineral oil (D’Altomare, São Paulo, SP, 

Brazil) at 39°C in an atmosphere of 5% CO2 in humidified air. After 24 h of IVM, the COCs 

were washed and subjected to in vitro fertilization (IVF) in 100 μL drops of IVF medium 

under mineral oil. The IVF medium was Tyrodes albumin lactate pyruvate (TALP) 

supplemented with 10 μg/mL heparin, 22 μg/mL sodium pyruvate, 50 μg/mL gentamycin), 6 

mg/mL fatty acid-free BSA, and PHE solution (2 μM penicillin, 1 μM hypotaurine, and 0.25 

μM epinephrine; (BAVISTER; YANAGIMACHI, 1977).  

 For IVF, semen straws of three sires, homogeneously distributed among experimental 

groups, were thawed for 30 s in a 35°C water bath and semen was deposited on a 90 to 45% 

Percoll gradient prepared with sperm wash medium (modified Tyrode medium) and 

centrifuged at 320 × g for 30 min to separate the motile sperm and to remove the diluents and 

seminal plasma. Then, the sperm pellet was evaluated for concentration and motility by the 

addition of IVF medium. Each fertilization droplet received 5 μL of sperm, to achieve a final 

concentration of 1× 106 live sperm/mL. Sperm and COCs were incubated at 38.5°C in an 

atmosphere of 5% CO2 in humidified air for 18 to 20 h (starting 24 h after OPU procedure). 

 Approximately 18 h after IVF, presumptive zygotes were stripped of cumulus cells by 

mechanical pipetting in TALP medium. Groups of presumptive zygotes were co-cultured on a 

monolayer of cumulus cells that had attached to the surface of the plate during IVM. Thus, to 

maintain the maximum amount of cumulus cells, the IVM medium was gently replaced with 

CR2aa medium (WATANABE et al., 1999) supplemented with 2% FCS and 30 mg/mL BSA 

for embryo culture in 100 μL drops at 39°C in an atmosphere of 5% CO2 in humidified air for 

48 to 72 h. During the first (Day 3 of culture) and second feeding (Day 5 of culture), half of 

the drop volume (50 µL) was replaced by fresh medium during all embryo culture procedures. 

Cleavage rate was recorded after 3 d of embryo culture (number of cleaved zygotes divided 

by number of cultured COC) and blastocyst rate after 7 d of embryo culture (number of 

blastocysts divided by number of cultured COC). 

 

 

5.2.2.6 Embryo transfer and pregnancy diagnosis 
 

 

A subset of the fresh in vitro produced embryos (Control: n = 18, F200: n = 23, 

F200HA: n = 11 and F300HA: n = 20) were transferred non-surgically into the uterine horn 

ipsilateral to the CL of recipients based on detection of estrus synchronous with the stage of 
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development of the embryos, as previously described in detail by Rodrigues et al. (2010). On 

the day of embryo transfer, recipients were assessed by rectal palpation for the presence of 

corpus luteum (CL). Pregnancy diagnosis was performed by transrectal palpation 50 to 60 

days after embryo transfer. The detection of asymmetry of the uterine horns and amniotic 

vesicle were used as indicator of pregnancy.  

 

 

5.2.2.7 Statistical Analysis 

 

 

Statistical analyses were performed using Statistical Analysis System for Windows 

(SAS 9.3). In Experiment 1, area under the curve (AUC) of plasma FSH was calculated by the 

trapezoid method. Total period with elevated plasma FSH concentration was determined as 

the time interval from the onset of the increase of FSH (baseline concentration before the 

increase in FSH concentration induced by the first pFSH treatment) to its last return to 

baseline concentrations after the last pFSH treatment. The increase in FSH was defined as 

twice the standard deviation above the overall within-cow mean of FSH concentrations. In the 

control group, one heifer had an increased FSH concentration at 72 h, therefore, it was 

excluded from the analysis. In Experiment 2, the variables evaluated were: number of follicles 

suitable to be punctured in each size category at the time of OPU (small, medium and large), 

number of follicles suitable to be punctured, number of COCs recovered, recovery rate 

(number of COCs recovered per number of follicles suitable to be punctured), number and 

percentage of cultured COCs (number of COCs cultured per structures recovered), cleavage 

rate (number of cleaved zygotes per number of COCs cultured), blastocyst rate (number of 

blastocysts produced per number of COCs cultured), number of embryos produced per OPU 

procedure and pregnancy rate after embryo transfer.  

For the analysis, a binomial distribution was assumed for the categorical response 

variables. Continuous data were tested for normality of the residues and homogeneity of 

variances using the Guided Data Analysis, and transformed when necessary. The fixed effect 

included in the model was treatment. The OPU session effect was included as a random 

effect. The data were analyzed by orthogonal contrasts. The contrasts established were: C1 

(Superstimulation effect): Control vs (F200+F200HA+F300HA); C2 (HA effect): F200 vs 
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(F200HA+F300HA); and C3 (Dose effect): F200HA vs. F300HA. Means (±SE) or 

percentages were used to describe the response variables. 

 

 

5.3 RESULTS 

 

 

5.3.1 Experiment 1: plasma FSH profiles 

 

 

The plasma FSH concentration profiles differed among treatment groups (Figure 7). 

Heifers receiving pFSH treatment had greater (P = 0.002; C1) area under the curve (AUC) of 

plasma FSH; however, although F200 group was not different from HA groups (P = 0.56; 

C2), the F300HA group had greater AUC compared to the F200HA group (P = 0.006, Figure 

3; C3). Heifers receiving the F200 treatment had an extended period of greater plasma 

concentration of FSH compared to the groups that received a single dose of pFSH in HA (P < 

0.0001; C2), while both HA groups were similar (P = 0.17, C3; Figure 8).  
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Figure 7 - Mean ± SEM (upper graph) and area under curve (AUC, ng*h/mL; lower graph) in Holstein heifers 
following no superstimulation treatment (Control) or treatment with pFSH in twice daily injections 
(F200) or combined with 0.5% hyaluronan as a single intramuscular injection (F200HA and 
F300HA). Circulating FSH concentrations were determined by RIA at 6 hour intervals for 96 hours 
after the first treatment. For statistical analysis, orthogonal contrasts were applied: C1 (FSH Effect): 
Control x (F200+F200HA+F300HA), P = 0.02; C2 (HA Effect): F200 X (F200HA+F300HA), P = 
0.56; and C3 (Dose Effect): F200HA x F300HA), P = 0.0006 
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Fonte: Vieira, L. M. (2016). 
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Figure 8 - Total period (in hours) that plasma FSH concentrations were elevated in Holstein heifers treated with 
four doses of pFSH (F200) 12 h apart or two different doses (200 and 300 mg) of pFSH as a single 
injection in 0.5% hyaluronan (HA; F200HA and F300HA). The total period with elevated plasma 
FSH concentration was determined as the time interval from the onset of the FSH increase (baseline 
concentration before the increase in FSH concentration induced by treatment) to its return to 
baseline concentrations after the last pFSH treatment. Data are presented as mean ± standard error of 
the mean. For the duration of pFSH treatment the orthogonal contrasts were used: C1 (HA Effect): 
F200 X (F200HA+F300HA), P <0.0001and C2 (Dose Effect): F200HA x F300HA, P = 0.17 
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Fonte: Vieira, L. M. (2016). 

 

 

5.3.2 Experiment 2: ovum pick-up, in vitro embryo production and establishment of 

pregnancy 

 

 

The numbers of follicles suitable for puncture and oocytes retrieved were greater in 

superstimulated groups (P = 0.01 and P = 0.01, C1, respectively), but were similar among 

groups that received four doses of pFSH or a single dose of pFSH in HA (P = 0.97 and P = 

0.78, C2, respectively; Table 1). The number of COCs retrieved in the F300HA group tended 

to be lower than in the F200HA group (P = 0.09, C3; Table 1). In addition, pFSH-treated 

pFSH treatment 
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donors had a lower proportion of small follicles (P < 0.001, C1) and a higher proportion of 

medium follicles (P < 0.001, C1) at the time of OPU than the Control group (Figure 9). Cows 

that received four doses of pFSH had a greater proportion of small follicles compared to the 

cows that received a single dose of pFSH in HA (C2; P = 0.08, Figure 9). Proportions of 

medium (P = 0.32) and large follicles (P = 0.42; C2) did not differ between cows that 

received four doses of pFSH or a single dose of pFSH in HA (Figure 9). 

Additionally, the F300HA group had a greater proportion of large follicles compared 

to the F200HA group (P = 0.05, C3). Lastly, no difference was observed in the recovery rate 

between cows in the control group and superstimulated donors (P = 0.80, C1), and no 

difference was observed in the recovery rate between F200 and the F200HA and F300HA 

groups (P = 0.67, C2). However, cows in the F300HA group had a lower recovery rate (P = 

0.009, C3) than those in the F200HA group.  

A greater number of COCs were considered suitable for culture in pFSH-treated donors (P 

= 0.02, C1) that in the Control group, but there was no difference among pFSH treatment 

groups (P = 0.56, C2). Within single injection with HA groups, the number of COCs suitable 

to culture was lower in the F300HA group than in the F200HA group (P = 0.04, C3; Table 1). 

Similar (C1: P = 0.34, C2: P = 0.46 and C3: P = 0.30) percentages of COCs were considered 

suitable to use in IVP among pFSH-treated groups (Table 1).  

A greater cleavage rate (P = 0.002, C1) was obtained in COCs collected from donors 

treated with pFSH, regardless of treatment group and those from cows in the Control group 

(Table 1) and there was no effect of pFSH treatment group on cleavage rate (C2: P = 0.99 and 

C3: P = 0.97). Although, there was no difference in blastocyst production rate among groups 

(P = 0.42, C1; P = 0.80, C2; and P = 0.16, C3), superstimulated donors produced more 

embryos per OPU session (P = 0.06, C1) than the Control group.  Among the superstimulated 

cows, there was no difference between twice daily injection and single injection groups (P = 

0.61, C2), but the number of blastocysts produced per OPU session was lower in the F300HA 

than in the F200HA group (P = 0.06, C3; Table 1). Finally, similar pregnancy rates were 

observed among groups after transferring the subset of the fresh in vitro produced embryos 

(C1: P = 0.42, C2: P = 0.82 and C3: P = 0.82; Table 1). 
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Table 2 - Summary of cumulus-oocyte complex (COC) yield and in vitro embryo production (mean + SE or percentage) in non-lactating Holstein cows that were not treated 
(Control), treated with 200 mg of pFSH (F200) in twice daily injections or 200 or 300 mg of pFSH as a single injection in 0.5% hyaluronan (F200HA and F300HA) 

 Treatments  P-value 5 

 Control F200 F200HA F300HA  C1  C2  C3  

No. 22 23 22 23  . . . 

Total follicles suitable to be punctured 16.1 ± 1.1 20.4 ± 1.4 23.2 ± 2.3 19.6 ± 1.6  0.01 0.97 0.24 

Total oocytes retrieved 13.1 ± 1.0 16.5 ± 1.2 19.5 ± 2.1 15.4 ± 1.4  0.01 0.78 0.09 

Recovery rate, % 1  
80.8 

(287/355) 

81.0 

(379/468) 

84.0 

(429/511) 

78.7 

(355/451) 
 0.80 0.67 0.009 

COCs cultured 9.3 ± 0.7 12.2 ± 1.2 15.6 ± 1.7 11.4 ± 1.2  0.02 0.56 0.04 

COCs culture rate, % 2 
71.4 

(205/287) 

74.1 

(281/379) 

80.0 

(343/429) 

74.1 

(263/355) 

 
0.34 0.46 0.30 

Cleavage rate, % 3 
75.6 

(155/205) 

85.1 

(239/281) 

79.6 

(273/343) 

79.4 

(210/263) 
 0.002 0.99 0.97 

Blastocyst rate, % 4 
25.9 

(53/205) 

30.3 

(85/281) 

30.3 

(104/343) 

27.0 

(71/263) 

 
0.42 0.80 0.16 

Embryos produced per OPU 2.4 ± 0.5 3.7 ± 0.7  4.7 ± 0.7  3.1 ± 0.6  0.06 0.61 0.06 

Pregnancy per ET, % 
33.3 

(6/18) 

39.1 

(9/23) 

54.6 

(6/11) 

60.0 

(12/20) 
 0.42 0.82 0.82 

Fonte: Vieira, L. M. (2016). 
1 No. COCs /no. follicles suitable to be punctured; 2 No. COCs cultured /no. total COCs retrieved; 3 No. cleaved zygotes /no. COC cultured; 4 No. blastocysts /no. COC cultured; 5 Orthogonal contrasts: C1 (FSH Effect): Control x (F200+F200HA+F300HA); C2 (HA 

Effect): F200 X (F200HA+F300HA); and C3 (Dose Effect): F200HA x F300HA). 
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Figure 9 - Proportion of small (< 6 mm), medium (6 to 10 mm) and large (> 10 mm) follicles suitable to be 
punctured immediately before OPU (Day 7) in non-lactating cows (n=90) submitted to OPU without 
previous superstimulation treatment (Control), after treatment with pFSH (F200) or pFSH in 
Hyaluronan (F200HA and F300HA). Orthogonal contrasts: C1 (FSH Effect): Control x 
(F200+F200HA+F300HA); C2 (HA Effect): F200 X (F200HA+F300HA); and C3 (Dose Effect): 
F200HA x F300HA 

C1: FSH effect C2: HA effect C3: Dose effect

Small follicles < 0.0001 0.08 0.24

Medium follicles < 0.0001 0.32 0.94

Large follicles 0.08 0.42 0.05

P-value

F
o
llic

le
s 

si
ze

 p
ro

po
rt

io
n,

 %

0

20

40

60

80

100

Small follicles
Medium follicles
Large follicles

Control F200 F200HA F300HA

5.6

19.2

7.5

64.3

6.7 11.1

67.9
66.5

75.2

28.2 25.4
22.4

 
Fonte: Vieira, L. M. (2016). 

 

 

5.4 DISCUSSION 

 

 

The present study confirmed that pFSH treatment results in greater plasma FSH 

concentrations compared to the non-pFSH treated Controls. In particular, the administration 

of a single dose of pFSH in HA provided comparable plasma FSH concentrations (as 

measured by AUC) to the twice-daily pFSH treatment. The maintenance of elevated plasma 
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FSH concentrations differed among treatment groups; FSH concentration in HA groups 

reached baseline in approximately 32-37 hours after treatment which was before the twice-

daily pFSH treatment over 2 days. Moreover, in Experiment 2, pFSH treatment of cows (with 

or without HA) increased the efficiency OPU-IVP compared to the untreated Control donors. 

Although plasma FSH concentrations in HA groups reached baseline before the traditional 

twice-daily treatment, FSH support seemed to have resulted in similar overall 

superstimulation and efficiency of the OPU-IVP technology, suggesting plasma FSH 

concentration does not need to be elevated for more than 36 h to superstimulate donors for 

OPU-IVP. 

Additionally, it is important to highlight that the higher dose of pFSH in HA (300 mg) 

resulted in greater proportion of large follicles, but reduced COCs recovery rate and the 

number of embryos produced per OPU session compared to the group that received only 200 

mg of pFSH combined with HA. Regardless, these data reinforce the benefits of the 

superstimulation treatment in the Holstein breed to enhance the IVP production and that only 

one injection of 200 mg pFSH diluted in 0.5% HA is required, reducing animal handling and 

the potential noncompliance during the hormonal protocol. 

The traditional superstimulatory protocol utilizes saline as a diluent and due to the 

short half-life of the FSH (LASTER, 1972; DEMOUSTIER et al., 1988) twice daily IM 

injections are required for in vivo (MAPLETOFT; BÓ, 2012) or in vitro (ROOVER et al., 

2005; VIEIRA et al., 2014a) embryo production. Based on the rapid clearance of FSH (~5 h; 

DEMOUSTIER et al., 1988), regardless of dose of administered (HIRAIZUMI et al., 2015), 

an alternative could be to modify hormone absorption. Modifications examined have included 

changing the route administration (subcutaneous injection - BO et al., 1994; KELLY et al., 

1997; HIRAIZUMI et al., 2015) or mixing the pFSH with polymers, such as 

polyvinylpyrrolidone (CHASOMBAT et al., 2013), aluminum hydroxide gel (HASHIMOTO 

et al., 2007) or hyaluronan (TRÍBULO, A. et al., 2012) in order to reduce the rate of 

absorption. Tríbulo et al. (2012), reported satisfactory superovulatory results after treating 

donors with a single dose of pFSH combined with 2% HA. However, 2% HA was viscous and 

difficult to mix with pFSH, especially in the field. A 0.5% solution of HA was much less 

viscous and easy to work with and resulted in a similar number of transferable embryos as 

twice-daily treatments when divided into two administration 48 h apart.  Although a two 

injection protocol seemed to be required to superovulate donor cows for in vivo embryo 

production, the results of the present study support the notion that only one injection of pFSH 

diluted in 0.5% HA is required for in vitro embryo production following OPU in non-lactating 
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Holstein donors. These results are also in agreement with those obtained after a single 

injection of pFSH diluted in 0.5% HA in beef cows (ONGARATTO et al., 2011). The present 

data verify a shortened, but extended period of elevated plasma concentrations of FSH in HA 

groups. The extended period of elevated plasma FSH in females treated with the traditional 

twice-daily treatment protocol is no doubt related to the continued administration of pFSH.  

As previously reported (ALLER et al., 2010; NIVET et al., 2012; VIEIRA et al., 

2014a) and reinforced in the present study, treatment with pFSH increases the proportion of 

medium-sized follicles for OPU. The reasoning for increasing the proportion of medium-sized 

follicles for OPU has been based on the observation that oocyte developmental competence 

was influenced by the stage of follicular development (LONERGAN et al., 1994; ARLOTTO 

et al., 1996; CAIXETA et al., 2009; SIRARD, 2012). During follicle growth, several 

morphological, molecular, metabolic and epigenetic changes occur in the COCs (KRISHER, 

2014). These changes, including molecular and transcriptional alterations, have been 

correlated with final oocyte development competence, (BREVINI-GANDOLFI; GANDOLFI, 

2001; MOUROT et al., 2006; SIRARD, 2012; LABRECQUE; SIRARD, 2013). In addition, 

others have shown positive differential gene expression [genes related to transcription and cell 

cycle regulations (CHU; DUFORT; SIRARD, 2012)] of COCs retrieved from superstimulated 

donors compared to untreated females. However, negative differential gene expression (genes 

related to matrix remodeling, disturbance of angiogenesis, apoptosis, and oxidative stress 

response (DIAS et al., 2013) has also been reported in COCs retrieved from superstimulated 

donors. Although the present study did not reveal differences in pregnancy rates after transfer 

of the in vitro-produced embryos, additional trials are required to clarify and confirm the 

beneficial effects of superstimulation treatment on the overall outcomes. 

Although oocyte quality has been shown to improve with follicle growth (FAIR; 

HYTTEL; GREVE, 1995), follicle size has been reported to adversely affect COC recovery 

rate in Bos taurus cows (SENEDA et al., 2001; VIEIRA et al., 2014a) and heifers 

(GOODHAND et al., 1999). Seneda et al. (2001), suggested that the increased volume and 

viscosity of follicular fluid and the greater intra-follicular pressure of larger follicles 

following superstimulation may hamper COC recovery. In the present study, similar recovery 

rates were observed among superstimulated and Control groups. However, it is important to 

note that a greater needle diameter (18-ga) and vacuum pressure (100 mmHg) was used in the 

present trial, which may have resulted in a greater recovery rate. In another earlier study a 

greater recovery rate was observed when OPU was performed with larger needles but a 

similar vacuum pressure (BOLS et al., 1996). Therefore, more detailed studies are necessary 
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to establish an ideal approach to retrieve the maximum proportion of COCs with optimal 

development potential and without adverse effects after superstimulation of donors for OPU.  

The oocyte development potential can be evaluated by the capacity of the COC to 

become a viable blastocyst within an IVP system (MERTON et al., 2003). Although the 

present study reports similar blastocyst rates among treatment groups, donors treated with 

pFSH, regardless of diluent type (with or without HA), had increased cleavage rates compared 

to the control (untreated) donors. Other studies have also reported increased blastocyst 

production rates in Bos taurus beef (BLONDIN et al., 2002; DE ROOVER et al., 2008) and 

dairy cattle (VIEIRA et al., 2014a) following superstimulation with pFSH. Although 

considerable variation has been reported, an increased oocyte developmental competence 

(cleavage and/or blastocyst rate) was apparent in all studies, reinforcing the beneficial effects 

of the superstimulation treatment during OPU-IVP programs.  

Although different gene expression and a possible decrease in the quality of embryos 

produced after ovarian stimulation has been reported in mice (FAUQUE et al., 2007), humans 

(SATO et al., 2007) and cattle (MUNDIM et al., 2009), the present study indicates that 

pregnancy rates after the transfer of fresh in vitro-produced embryos are likely to be similar, 

regardless of donor treatment. However, future studies with larger numbers of embryos and 

recipients are required to confirm these results. 

Finally, a greater efficiency of OPU-IVP was obtained in donors treated with a single 

injection of 200 mg of pFSH in 0.5% HA as compared to those treated with 300 mg of pFSH 

in 0.5% HA. As reported previously (ROOVER et al., 2005), the larger dose of pFSH resulted 

in an increased follicular diameter but no increase in the number of visible follicles. As 

expected a greater proportion of large-sized follicles also resulted in reduced COC recovery 

rates and consequently, fewer COCs retrieved and cultured and reduced blastocyst production 

per OPU. Furthermore, the higher pFSH dosage seems to result in more rapid growth rates  

which may result in altered gene expression in granulosa cells (GARCÍA GUERRA et al., 

2015) and compromise the efficiency of OPU-IVP. Therefore, to optimize OPU-IVP 

improved approaches must be designed to more closely refine the pFSH dosage used as a 

single injection with HA in potential donors. 

In conclusion, the administration of a single dose of pFSH in 0.5% HA provided a 

comparable plasma FSH concentration (as measured by AUC of FSH) to the twice-daily 

pFSH treatment. Regardless of diluent type and administration schedule, superstimulation 

with pFSH enhanced the overall efficiency of the IVP program in non-lactating Holstein 

cows. The pFSH diluted in HA appears to be an alternative to extend plasma FSH 
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concentrations, maintaining the beneficial effects of the superstimulation treatment with a 

simplified protocol and reduced labor. Under the condition of the current trial, 200 mg of 

pFSH seems to be a more appropriate dosage than 300 mg when combined with HA in OPU-

IVP programs of non-lactating Holstein donors. Lastly, pregnancy establishment with in 

vitro-produced embryos was similar, regardless donor treatment prior to OPU. 
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6 GENERAL CONCLUSIONS 

 

 

6.1 The superstimulation with four (twice-daily) pFSH injections in synchronized donors 

(lactating and non-lactating cows) increased medium sized-follicles and in vitro 

embryo production. Initial hypothesis was confirmed. 

 

6.2 Regardless treatment group, synchronized non-lactating donors had greater in vitro 

embryo production compared to lactating Holstein cows. Initial hypothesis was 

confirmed. 

 

6.3 A single injection of 200 or 300 mg of pFSH combined with 0.5% hyaluronan 

presented similar AUC of plasma FSH compared to the traditional treatment (four 

decreasing doses, 12 h apart). However, the total period with elevated FSH 

concentration was lower among donors treated with pFSH in Hyaluronan compared 

to the traditional treatment. Initial hypothesis was not confirmed. 

 

6.4 A single injection of pFSH in 0.5% hyaluronan in synchronized donors (non-lactating 

cows) increased medium sized-follicles and in vitro embryo production; being 

comparable to the traditional treatment (four decreasing doses, 12 h apart) and greater 

than the non-superstimulated group. However, a single injection of 200 mg of pFSH 

in 0.5% hyaluronan in synchronized donors (non-lactating cows) resulted in greater in 

vitro embryo production compared to the dose of 300 mg of pFSH. Initial hypothesis 

was not confirmed. 
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3 
Commercial product prices obtained in Brazil during September 2016 with current USDBRL 

exchange rate of 3.27BRL. 

 

 

7 PRACTICAL IMPLICATIONS 

 

 

Considering increased IVEP outcome observed among Holstein donors submitted to 

superstimulation prior to OPU, the treatment can be an alternative strategy to enhance the 

technology efficiency and viability in dairy farms. Additionally, an increased embryo per 

OPU session was observed in non-lactating donors, suggesting that in vitro embryo 

production might be even greater when opting for superstimulated non-lactating Holstein 

donors. However, it is important to highlight that in the literature there are many discrepancy 

result regarding the benefits of superstimulation prior to OPU (Table 3), therefore more 

studies are required to specify in which situation and protocol the superstimulation treatment 

could be recommended.  

Still, although the possible positive effect of the superstimulation treatment, the 

increased animal handling due to the need of consecutive pFSH administrations (12 h apart) 

hamper the treatment use in large scale in the field. Therefore, the use of pFSH in a slow 

carrier diluent (i.e. hyaluronan) as a superstimulation treatment enable an effective follicular 

response and IVEP with half of the managements (six to three handling) required with the 

traditional twice-daily injections. Therefore, the superstimulation protocol has been adjusted 

aiming to maintain the possible superstimulation positive results associated to a practicality 

field application. 

Lastly, if the results presented herein are maintained, the superstimulation treatment 

could be considered profitable to be applied in the field. Considering the present study results 

and actual market scenario: 1. Increased number of blastocysts per OPU session in 

superstimulated donors (2.7 and 4.4); 2. Similar pregnancy establishment (45.8%) after 

transferring in vitro produced embryo; 3. R$ 160.00 per pFSH (200mg) treated donor; and 4. 

R$400.00 per pregnancy. Simulating 100 OPU session, it would be observed 440 instead of 

270 produced blastocysts and 202 instead of 124 pregnancies established. Therefore, 

considering total return with established pregnancy (R$80,800.00 versus R$49,600.00), even 

including the total pFSH cost (R$16,000.00), in vitro lab would still have greater return 

(R$64,800.00) compared to the one obtained with no superstimulated donors (R$49,600.00)3. 



 

 

 

7
4

 

Table 3 - Effect of superstimulation treatment prior to OPU 

Reference Treatment prior to 
OPU Breed/Category 

Numbe
r of 

OPU 

Donors treatment Result relative to 
control group Superstimulated  Control 

GOODHAND et al. (1999) 
6 decreasing doses of 

FSH (9.0mg) 
Simental heifers 8 

2.1 transferable 
embryos 

1.0 transferable 
embryo + 

GOODHAND et al. (2000) 
6 decreasing doses of 

FSH (9.0mg) 
Beef x Friesian 

cows  
64 

2.5 transferable 
embryos 

2.0 transferable 
embryos = 

MERTON et al. (2003) 
4 equal doses of FSH 

(9.0mg) 
- 30 3.3 embryos 1.5 embryos + 

DE ROOVER et al. (2008) 
4 equal doses of FSH 

(9.0mg) 
Belgian Blue 

Breed 
640 3.4 embryos 0.7 embryos + 

ALLER et al. (2012) 
Single dose of eCG 

(1,600IU) 
Pregnant Angus 

cows 
30 

2.2 
COC/donor/session 

1.0 
COC/donor/sessi

on 
+  

GERHARDT et al. (2013) 1 dose of FSH (40mg) 
Non-lactating 

Girolando cows 
68 1.8 embryos 1.3 embryos = 

MARTINS et al. (2013) 
4 decreasing doses of 

FSH (200mg) 
Gir cows 12 3.5 embryos 2.8 embryos = 

LIMA MARTINS et al. (2013) 
3 decreasing doses of 
FSH (200mg), 24h 

apart 
Sindhi cows 6 

31.2% of blastocyst 
rate 

27.1% of 
blastocyst rate = 

SILVA et al. (2014) 
4 or 6 decreasing doses 

of FSH (200mg) 
Non-lactating 
Holstein cows 

36 3.4 embryos 3.8 embryos = 

GUERREIRO et al. 
unpublished data (2015) 

4 decreasing doses of 
FSH (180mg) 

Holstein Heifers 6 3.5 embryos 1.3 embryos + 

OLIVEIRA et al. (2016 in 
press)3 

6 equal doses of FSH 
(240mg) 

Non-lactating 
Holstein cows 

35 3.0 embryos 2.6 embryos = 

 

                                                           
3
 OLIVEIRA, L. H.; SANCHES, C. P.; SEDDON, A. S.; VERAS, M. B.; LIMA, F. A.; MONTEIRO, P. L. J., JR.; WILTBANK, M. C.; SARTORI, R. Short communication: 

follicle superstimulation before ovum pick-up for in vitro embryo production in Holstein cows. Journal of Dairy Science, 2016. In press. 
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