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bstract

Herein we describe a large-scale commercial program for in vitro production of embryos from dairy Bos taurus, Bos indicus, and
ndicus-taurus donors, using sexed sperm. From 5,407 OPU, we compared the number of recovered oocytes (n � 90,086), viable
ocytes (n � 64,826), and embryos produced in vitro from Gir (Bos indicus, n � 617), Holstein (Bos taurus, n � 180), 1/4 Holstein �
/4 Gir (n � 44), and 1/2 Holstein-Gir (n � 37) crossbred cows, and the pregnancy rate of recipient cows. Viable oocytes were in vitro
atured (24 h at 38.8 °C, 5% CO2 in air) and fertilized by incubating them for 18 to 20 h with frozen-thawed sexed sperm

X-chromosome bearing) from Gir (n � 8) or Holstein (n � 7) sires (2 � 106 sperm/dose). Embryos were cultured in similar conditions
f temperature and atmosphere as for IVM, with variable intervals of culture (between Days 2 and 5) completed in a portable incubator.
ll embryos were transferred fresh, after 24 to 72 h of transportation (up to 2,000 km). On average, 16.7 � 6.3 oocytes (mean � SEM)
ere obtained per OPU procedure and 72.0% were considered viable. Total and viable oocytes per OPU procedure were 17.1 � 4.5 and
2.1 � 3.9 for Gir cows, 11.4 � 3.9 and 8.0 � 2.7 for Holstein cows, 20.4 � 5.8 and 16.8 � 5.0 for 1/4 Holstein � 3/4 Gir, and 31.4 �
.6 and 24.3 � 4.7 for 1/2 Holstein-Gir crossbred females (P � 0.01). The mean number of embryos produced by OPU/IVF and the
regnancy rates were 3.2 (12,243/ 3,778) and 40% for Gir cows, 2.1 (2,426/1,138) and 36% for Holstein cows, 3.9 (1,033/267) and 37%
or 1/4 Holstein � 3/4 Gir, and 5.5 (1,222/224), and 37% for 1/2 Holstein-Gir. In conclusion, we compared oocyte yield from two levels
f indicus-taurus breeds and demonstrated the efficiency of sexed sperm for in vitro embryo production. Culturing embryos during long
istance transportation was successful, with potential for international movement of embryos.

2010 Elsevier Inc. All rights reserved.
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. Introduction

The in vitro embryo industry has been constantly
mproving during the last decade; currently, the num-
ers of embryos produced in vivo and in vitro are

imilar [1]. The use of IVP in Brazil is unique, with a

mailto:mseneda@uel.br
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trong impetus for replacing MOET by OPU/IVP [2];
n important reason is that Bos indicus (zebu) cattle
ave more ovarian follicles and more oocytes recovered
y OPU than Bos taurus cattle [2]. There is no apparent
iological explanation for this intriguing difference.
owever, most of the available information regarding
PU/IVP in Brazil was obtained from Nelore, a zebu
eef breed that represents approximately 80% of the
razilian herd (approximately 200 � 106 animals).

Despite the importance of Nelore as a beef breed
ell adapted for tropical areas, there is also a growing

nterest for Zebu dairy breeds, such as Gir, considering
heir adaptability to produce large amounts of milk
nder stressful conditions, e.g. high temperature, para-
ites, and poor pasture. These characteristics are main-
ained in Gir-Holstein crossbred animals [3], usually
amed “Girolanda”, which are popular dairy cattle in
entral and South America, and potentially other trop-

cal areas.
Recently, the in vitro method for embryo production

as been considered for Girolanda donors, due to the
rowing efficiency of using sexed sperm in IVF [4],
hich facilitates production of a large number of fe-
ales for the dairy industry.
The objective of the present study was to investigate

ocyte yield using OPU and in vitro embryo production
ith sexed sperm, and to determine pregnancy rates

ollowing extended transportation of embryos from Bos
aurus (Holstein), Bos indicus (Gir), and indicus-taurus
Holstein � Gir) breeds. All results were obtained from
n Vitro Brasil, a large commercial IVF production
enter.

. Materials and methods

.1. Cattle

Non-pregnant, healthy, and cycling Gir (Bos indi-
us, n � 617), Holstein (Bos taurus, n � 180), 1/4
olstein � 3/4 Gir (n � 44), and 1/2 Holstein-Gir (n �
7) cows, selected on the basis of genetic merit, were
sed as oocyte donors. The mean body condition score
as 3.5 � 0.5 (scale, 1–5) [5], and the mean age was
� 2.3 y (range, 3–7 y). The median postpartum

nterval was 296 d. All donors had regular ovarian
ctivity (based on transrectal palpation and ultrasonog-
aphy). All cows were used for OPU (5,407 proce-
ures), with a mean of 6.2 � 2.4 (range, 4–7) OPU
erformed per donor cow. Donors were randomly used
n OPU/IVP without a specific schedule or predeter-
ined sequence; the only constraint was a minimum
nterval of 15 d between subsequent OPU sessions. g
one of the females were subjected to hormonal treat-
ent before OPU/IVP. Embryo production was con-

ucted over a 12-mo interval in a commercial embryo
roduction center, with laboratories located in Mogi-
irim, SP and Goiânia, GO, Brazil.
Crossbred heifers (15–19 mo old) and cows (24–48

o old) were used as recipients. These females were
ocated on one of eight farms in northern Brazil (states
f Pará and Mato Grosso), approximately 2,000 km
rom the IVP laboratories. Recipients were selected for
dequate body condition, normal estrous cycles, and
ealth status.

.2. Preparation of donor cows

Before each procedure, feces were removed from the
ectum and the perineal area was cleaned with tap water
nd 70% ethanol. Prior to OPU, each cow received
pidural anesthesia (7 mL of 2% lidocaine; Anestésico
, Pearson, São Paulo, SP, Brazil) to decrease peristal-
is and discomfort.

.3. Follicle aspiration

Previously described procedures were used for fol-
icular aspiration [6]. Briefly, each visible follicle was
spirated using a real-time B-mode ultrasound scanner
Scanner 200 Vet, Pie Medical, Maastricht, The Neth-
rlands), a 7.5-MHz convex array transducer fitted into
he intravaginal device (Pie Medical), and a stainless
teel guide. Follicular puncture was performed using a
isposable 19-gauge 1/2’’ hypodermic needle (Becton
ickinson, Curitiba, PR, Brazil) connected to a 50-mL

onical tube (Corning, Acton, MA, USA) via silicon
ubing (0.8 m; 2 mm id). Aspiration was performed
sing a vacuum pump (Cook Veterinary Products,
ueensland, Australia) with a negative pressure of 10

o 12 mL of water/min. The collection medium was
CM 199 (Gibco Life Technologies, Grand Island, NY,
SA) supplemented with 25 mM HEPES (Sigma
-0763), 5% fetal calf serum (FCS), 50 �L/mL genta-
ycin sulfate (Schering-Plough, São Paulo, SP, Bra-

il), and 10,000 IU/L sodium heparin (Sigma H-3149).

.4. In vitro embryo production

Immediately after recovery, aspirated material was
ashed and filtered through an Emcon embryo filter

Immuno Systems Inc., Spring Valley, WI, USA) with
phosphate buffer solution (PBS-Nutricell, Campinas,
P, Brazil). The cumulus oocyte complexes (COCs)
ere classified according to the presence of cumulus

ells and the oocyte quality using the following criteria:

ood, more than three layers of cumulus cells; regular,
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t least one layer; denuded, partly covered with cumu-
us cells or without cumulus cells; and atretic, dark
umulus oophorus and signs of cytoplasmic degenera-
ion [6]. Both good and regular oocytes were consid-
red viable and used, whereas atretic follicles were
iscarded.

Prior to in vitro maturation (IVM), COCs were
ashed three times in TCM-199 HEPES (Gibco Life
echnologies, Grand Island, NY, USA) supplemented
ith 10% FCS and 50 �g gentamycin sulfate, and were
ashed once in bicarbonate TCM-199 (Gibco Life
echnologies) supplemented with 10% FCS, 5 �g lu-

einizing hormone (LH-Ayerst, Rouses Point, NY,
SA), 0.5 �g follicle stimulating hormone (FSH-Foll-

ropin, Vetrepharm, Belleville, ON, Canada), 1 �g es-
radiol (estradiol-17�, Sigma E-8875), 2.2 �g pyruvate
Sigma P-4562), and 50 �g gentamycin/mL of me-
ium. The COCs of each category were separately
ultured for 24 h in 100-�L drops of maturation me-
ium under mineral oil (D’Altomare, Santo Amaro, SP,
razil) at 39 °C and 5% CO2 in air [7,8]. Frozen-

hawed sexed sperm (X-chromosome bearing, 2 � 106/
ose) from Gir (n � 8) and Holstein (n � 7) sires of
nown fertility (based on previous utilization for IVF)
ere used. Sexed Holstein sperm were used for fertil-

zation of oocytes from Gir, 1/4 Holstein � 3/4 Gir, and
/2 Holstein-Gir cows, whereas sexed Gir sperm were
sed for Holstein females. For IVF, straws were thawed
or 20 s in a 35 °C water bath. Sperm were washed by
entrifugation at 200 � g for 30 min through a 90–
5% Percoll gradient. Sperm were capacitated using
eparin (30 �g/mL) and motility was stimulated by the
ddition of 40 �L/mL of penicillamine, hypotaurine,
nd epinephrine (PHE) [9]. After a visual assessment of
otility, sperm concentration was adjusted to 25 � 106

otile sperm /mL and each fertilization drop received 4
L of sperm (final concentration 1 � 105 sperm per
rop) [6]. After maturation, COCs were washed three
imes in pre-fertilization medium TCM 199 supple-
ented with 25 mM HEPES (Gibco Life Technologies,
rand Island, NY, USA) and 0.3% BSA (Sigma
-9647), and were washed once in TALP fertilization
edium supplemented with 10 �g/mL heparin and 160
L PHE solution [9,10].

Presumptive zygotes had their cumulus cells re-
oved and were transferred to 100 �L drops of culture
edium of embryos (SOFaa BSA, containing 8 mg/mL
SA [free of fatty acid] and 1 mM glutamine), under

he same conditions of temperature and gaseous atmo-
phere used for IVF. Embryos remained under these

onditions until the moment of transfer to recipients. i
he osmolarity was maintained at 270 to 280 mOsmol
nd the pH was 7.4. The embryo rate was obtained from
he total of aspirated oocytes. Embryos at various de-
elopmental stages (Days 2 to 5; Day 0 � day of IVF)
ere chosen to be transported to farms where the re-

ipients were housed. Due to long distances from the
aboratories to the recipients, the final stages of embryo
ulture were carried out during the transportation pe-
iod, as described below. Despite the varying duration
f transportation from the laboratory to the farm, all
mbryos were transferred at Day 7.

.5. Protocol for embryo transfer

A fixed-time embryo transfer protocol was used for
ecipient estrus synchrony. Each recipient received an
ntravaginal progesterone implant (CIDR, Pfizer, Ham-
lton, New Zealand) and 2 mg of estradiol benzoate
Estrogin, Farmavet, São Paulo, SP, Brazil) on Day 0.
rogesterone implants were removed on Day 8, when
nimals were also injected with 300 IU of eCG (No-
ormon, Syntex, Buenos Aires, Argentina), 150 �g of
-cloprostenol (Preloban, Intervet, São Paulo, SP, Bra-
il), and 1 mg of estradiol cypionate (E.C.P., Pfizer,
uarulhos, SP, Brazil). No estrus detection was per-

ormed; Day 10 was considered the day of estrus.
mbryos were transferred on Day 17. Before embryo

ransfer, the ovaries of each recipient were examined
ltrasonographically (Aloka SSD 500® with 5 MHz
inear transducer, Tokyo, Japan) to confirm the pres-
nce and size of a CL; only recipients with a CL �13
m in diameter received an embryo.

.6. Embryo transportation

Embryos were produced in the states of São Paulo
Southeast of Brazil) and Goiás (Center of Brazil) and
ere transferred to recipients located in eight farms in
orthern Brazil (Pará and Mato Grosso). Due to the
ong distances (up to 2,000 km), embryos were shipped
n airplanes, transported inside microtubes containing
00 �L of the same embryo culture medium described
bove, under 300 �L of mineral oil. Temperature and
tmosphere were similar to those of the in vitro matu-
ation. Each tube contained an average of 40 embryos.
uring transportation (24 to 72 h), from the laboratory

o the moment of transfer, all tubes were maintained
nside an incubator designed for embryo transport
Ceafepe Tecnologia Veterinaria, Sorocaba, SP, Bra-
il). Prior to transfer, each embryo was inserted into a
.5-mL straw and non-surgically transferred into a uter-

ne horn, ipsilateral to the CL. The developmental stage
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f embryos was not recorded at the time of transfer, but
he vast majority were at the morula or blastocyst stage.

.7. Pregnancy evaluation

Between 23 and 28 d after embryo transfer (hereaf-
er designated Day 30), pregnancy status of recipients
as determined by ultrasonography. Recipients diag-
osed pregnant were re-evaluated with ultrasonography
0 to 35 d later (designated Day 60) to confirm preg-
ancy.

.8. Statistical analysis

Statistical analysis was performed using the soft-
are Bioestat 5.0 [11]. The oocyte yield per donor cow

nd the number of embryos produced per donor cow
ere normally distributed and were analyzed by
NOVA. Comparisons between breeds were done with
Tukey test. The number of viable oocytes per donor

ow was not normally distributed and therefore was
nalyzed using the Kruskal-Wallis test, with a Dunn
est for comparisons between breeds.

. Results

A total of 90,086 oocytes were collected in 5,407
PU sessions. We performed 3,778 ultrasound-guided

ollicular aspiration in Gir cows, 1,138 in Holstein
ows, 267 in 1/4 Holstein � 3/4 Gir cows, and 224 in
/2 Holstein-Gir crossbreed cows. On average, 16.7 �
.3 oocytes were obtained per procedure and 64,826
72.0%) of the 90,086 oocytes were considered viable,
enerating an average of 12.0 � 4.4 viable oocytes per

able 1
ean � SEM number of oocytes, embryos and pregnancy rate obta

ubmitted to OPU – IVP.

Type of donor Total oocytes/
OPU (n)

Viable oocytes/
OPU (n)

ir 17.1 � 4.5a 12.1 � 3.9a

(64617/3778) (45838/3778)
olstein 11.4 � 3.9b 8.0 � 2.7b

(12977/1138) (9082/1138)
Holstein ¾ Gir 20.4 � 5.8c 16.8 � 5.0c

(5457/267) (4472/267)
Holstein ½ Gir 31.4 � 5.6d 24.3 � 4.7d

(7035/224) (5434/224)
otal 16.7 � 6.3 12.0 � 4.4

(90086/5407) (64826/5407)

–d Within a column, means without a common superscript differ (P
* Pregnancy data of 10 049 embryos from the total of 16 924 tran
rocedure. m
The mean number of recovered oocytes (17.1 � 4.5
s. 11.4 � 3.9) and viable oocytes (12.1 � 3.9 vs.
.0 � 2.7) per procedure was greater (P � 0.01) in Gir
han Holstein cows (Table 1). The oocyte yield from
ndicus-taurus donor cows was greater (P � 0.01) than
rom Bos indicus donors. For 1/4 Holstein � 3/4 Gir
ows, the mean number of recovered (20.4 � 5.8) and
iable (16.8 � 5.0) oocytes per procedure was lower
P � 0.01) than for 1/2 Holstein-Gir crossbreed fe-
ales, which had the highest number of recovered

31.4 � 5.6) and viable (24.3 � 4.7) oocytes per pro-
edure (Table 1).

Individual results of embryo production are shown
Table 1). A total of 64,826 oocytes were used for IVF,
roducing 16,924 embryos (26.1%) that were trans-
erred into recipients. The mean number of embryos
roduced per IVP session from 1/2 indicus-taurus (5.5,
� 1,222/224) donor cows was greater (P � 0.01) than

rom Bos indicus (3.2, n � 12,243/3,778) cows. For 1/4
olstein � 3/4 Gir cows, the mean number of embryos

3.9, n � 1,033/267) produced per donor cow was
imilar (P � 0.05) to 1/2 Holstein-Gir (5.5, n � 1,222/
24) crossbreed females per procedure (Table 1). The
ean number of procedures per donor was 2.9 � 1.4.
Because of the magnitude of this embryo transfer

rogram, we could not recover data for all transferred
mbryos. Based on 16,925 transferred embryos, 10,049
59.3%) resulted in pregnancies. The overall pregnancy
ate for all embryos transferred was 39% (Table 1).
ercentage of cleaved oocytes, embryos per oocyte, and
mbryos per cleaved oocyte on a per-bull basis are
hown (Table 2). Considering all aspects of such a large
rogram, it was not possible to retrieve detailed infor-

m Gir (B. indicus), Holstein (B taurus) and indicus–taurus donors

yos/total
es % (n)

Embryos/
OPU-IVP (n)

Pregnancy/
OPU-IVP* (n)

Pregnancy
rate (%)* (n)

8.9 3.2a 1.2a 40
3/64617) (12243/3778) (3113/2670) (3113/7763)
8.7 2.1b 0.7b 36

6/12977) (2426/1138) (604/822) (604/1698)
8.9 3.9ac 1.3ac 37

3/5457) (1033/267) (137/103) (137/368)
7.4 5.5c 1.7c 37

2/7035) (1222/224) (82/47) (82/220)
8.8 3.1 1.1 39

4/90086) (16924/5407) (3936/3642) (3936/10049)

).
(results of 6 876 transferred embryos were not available).
ined fro

Embr
oocyt

1
(1224

1
(242

1
(103

1
(122

1
(1692

� 0.05
ation for each bull regarding the efficacy of the sexed
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perm. The overall rate of female calves (based on
nformation obtained from the farmers) was 91% for
olstein and 87% for Gir.

. Discussion

To our knowledge, this is the largest program of in
itro embryo production in dairy indicus cattle using
exed sperm. We compiled data embryo production
nd pregnancy rates in Holstein (Bos taurus), Gir
Bos indicus), and Holstein-Gir donor cows, based
n �5,000 OPU/IVP procedures. We also described
protocol for transporting embryos long distances

rior to transfer. It is expected that this information
an be used to facilitate the expansion of OPU/IVF
rograms in cattle.

In the present study, the number of recoverable
ocytes from Holstein cows (11.4 � 3.9) seemed much
reater than previous reports [12,13] of approximately
oocytes collected per OPU session. However, the

umber of recovered oocytes from Holstein donors in
he present study seemed similar to the results reported
y Bousquet et al [13], who reported a mean of 9.5
4,145/437) oocytes collected per OPU session. We
oncluded that the higher number of oocytes collected
erein (11.4 � 3.9) was more representative of this
reed, given the large number (1,138) of procedures
erformed in this study. We credit two factors for our
uccessful results; the use of donors that were repro-
uctively sound, and the experience of our OPU tech-
icians. In that regard, veterinarians from the embryo
enter usually perform 15 to 20 follicle aspirations
very workday, an unusual situation when compared
ith most operators.
The number of recovered oocytes per OPU session

rom Gir cows (17.1 � 4.5) seemed higher than previ-
usly reported by Viana et al [14]. These authors col-
ected an average of 11.6 oocytes per OPU session from
ir cows. However, the present results seemed similar

able 2
ercentage of cleaved bovine oocytes, hatched blastocysts per oocyt
rom various Holstein (H) or Gir (G) sires.

Holstein sires

H1 H2 H3 H4 H5 H6 H

lastocysts/total
oocytes (%)

49 59 35 45 51 51 4

lastocysts/cleaved
oocytes (%)

86 98 67 72 100 91 8

leaved (%) 69 69 61 71 54 63 6
eplicates 0 466 695 2647 274 330 3
o those reported by the same authors [15] in another d
tudy, collecting an average 18.8 oocytes per proce-
ure. Based on the number of OPU procedures per-
ormed in the present study (3,778), we concluded that
collection of 17 to 18 oocytes was more representa-

ive for this breed. We could not find references in the
iterature regarding oocyte yield from Holstein-Gir do-
ors. For these donors, we obtained means of oocytes
anging from 20 (3/4 Holstein-Gir, n � 267) to 31 (1/2
olstein-Gir, n � 224). Perhaps heterosis promoted an

ncrease in the number of follicles/oocytes, considering
hat crossbred cattle had higher averages than purebred
attle.

Considering only Zebu cows, the variation in oocyte
ield seemed to be related to the gene sequence, at least
or the Nelore breed [16]. These authors performed
tudies with genetic sequencing according to oocyte
ield. The genes GDF9, FGF8, BMP15, and BMP15
eceptors were analyzed. Considering only the FGF8
ffect, these authors reported an increase of 2.3 � 1.1
ocytes on average and a possible variation of 7.4 �
.1 oocytes when all genes were considered together.

Despite this promising study, there are several fac-
ors yet to be addressed pertaining to oocyte yield in
ebu cattle. High oocyte yield seems to be a unique
spect of Bos indicus breeds; many hypotheses have
een presented to account for this. For instance, per-
aps Bos indicus females have a greater number of
erminal cells at the fetal stage, or maybe a longer
eriod of mitosis during the formation of oogonia.
istinctive mechanisms of follicular atresia could also

xplain the high oocyte yield from Bos indicus females.
he controversial hypothesis of follicular renewal

17,18] could also be considered for Zebu cows. How-
ver, this new concept needs to be further investigated
efore being accepted [19,20]. We are currently study-
ng the pre-antral follicular population in Zebu females
o determine the validity of this concept.

In the present study, donor cows used for oocyte
ollection were not given exogenous hormones. As

atched blastocysts per cleaved oocyte obtained with sexed sperm

Gir sires

ean G1 G2 G3 G4 G5 G6 G7 G8 Mean

6 42 21 53 44 16 13 33 59 45

7 74 40 80 75 51 28 45 82 74

8 82 57 72 67 34 54 84 81 68
2 37 283 342 21 26 2 107 —
e and h

7 M

8 4

9 6

1 7
escribed earlier by our team, the number of oocytes
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btained from Nelore females by ultrasound-guided
ollicular aspiration did not increase with ovarian su-
erstimulation [7]. This is an intriguing aspect that
eeds to be further investigated. Another unexplained
actor is a tendency to produce fewer embryos when
erforming MOET [8].

It is obvious that the variation in oocyte yield was
eflected by in vitro embryo production (Table 1). For
olstein cows, our average of 2.1 embryos/OPU-IVP
as lower when compared with the average of 4.3
escribed by Bousquet et al [13]. Yet the embryo pro-
uction system was more efficient in those studies,
onsidering that their oocyte yield per OPU (9.5)
eemed lower than ours (11.4). This variation can be
xplained by the logistics of our large embryo program,
.e., the distance from the laboratory to the recipients,
nd the use of embryos in various developmental
tages.

For Gir and Gir-Holstein donors, we could not find
ther work describing in vitro embryo production and
orresponding pregnancy rates. Given the large number
f procedures performed, we concluded the averages of
mbryos presented in this work to be representative of
hese types of donors under similar conditions of OPU/
VP. We demonstrated similar rates of embryos/oo-
ytes (Table 1) for all types of donors; indicus, taurus,
r indicus-taurus; therefore, we inferred that the in
itro system of embryo production yielded similar re-
ults, regardless of the donor source of oocytes.

The successful use of sexed sperm was efficient for
roducing large numbers of females. Our team has used
exed sperm to produce zebu embryos, but the present
ork was our first attempt to generate a large number of

n vitro embryos from Holstein and Gir sires. Other
eams [4] have already described the efficiency of sex-
orted sperm to produce in vitro embryos in Holstein
onors, with apparently higher averages of embryo
evelopment, but those authors used X-sorted sperm
rom a single, selected Holstein bull, whereas our re-
ults came from 15 sires. It was very clear that there
as large individual variation among bulls, as previ-
usly reported [4].

Our general pregnancy rate was nearly 40%, which
eemed higher than the 33.5% recently described in
nother study by our team [2] and very similar to
revious reports with sexed sperm (40 and 41%) [4].
onsidering the large number of embryos transferred in

he present study, as well the unusual logistics for
ransporting embryos over long distances, we con-
luded our results were commercially acceptable. Our

uccess may be due to the protocol for fixed-time em-
ryo transfer. This fixed-time protocol has improved
onsiderably in Brazil [21] in recent years.

Regarding the transportation of embryos at early
tages of embryonic development, we could not find
imilar reports in the literature. This strategy was pro-
osed at the beginning of the project, due to the long
istance from the laboratory to the recipients. At least
nder the presented conditions, we clearly showed it
as possible to transport embryos at an early stage of
evelopment over long distances and extended inter-
als, resulting in acceptable pregnancy rates.

In conclusion, we clearly demonstrated the influence
f indicus cattle on oocyte yield by comparing two
evels of indicus-taurus crossbreds. In addition, we
emonstrated the efficiency of sexed sperm for large
roduction of dairy female calves. The protocol for
ulturing embryos during transportation over long dis-
ances and prolonged intervals yielded promising re-
ults with wide potential applications for the interna-
ional movement of bovine embryos.

cknowledgements

The first two authors contributed equally to this
ork. The authors thank In Vitro Brasil and the Na-

ional Council for Scientific and Technological Devel-
pment (CNPq).

eferences

[1] Thibier M. Transfers of both in vivo-derived and in vitro pro-
duced embryos in cattle still on the rise and contrasted trends in
other species in 2005. IETS Embryo Transfer Newsletter 2006;
24:11–9.

[2] Pontes JHF, Nonato-Junior I, Sanches BV, Ereno-Junior JC,
Uvo S, Barreiros TRR, Oliveira JA, Hasler JF, Seneda MM.
Comparison of embryo yield and pregnancy rate between in
vivo and in vitro methods in the same Nelore (Bos indicus)
donor cows. Theriogenology 2009;71:690–7.

[3] Viana JHM, Camargo LSA, Ferreira AM, A WF, Fernandes
AC, Marques Junior AP. Short intervals between ultrasono-
graphically guided follicle aspiration improve oocyte quality
but do not prevent establishment of dominant follicles in the Gir
breed (Bos indicus) of cattle. Anim Reprod Sci 2004;84:1–12.

[4] Xu J, Guo Z, Su L, Nedambale TL, Zhang J, Schenk J, Moreno
JF, Dinnyés JF, Ji W, Tian XC, Yang X, Du F. Developmental
potential of vitrified Holstein cattle embryos fertilized in vitro
with sex-sorted sperm. J Dairy Sci 2006;89:2510–8.

[5] Lowman BG, Scott NA, Somerville SH. Condition scoring of
cattle, Revised edition. East Scotland College of Agriculture,
1976 (Bulletin 6).

[6] Seneda MM, Esper CR, Garcia JM, Oliveira JA, Vantini R.
Relationship between follicle size and ultrasound-guided trans-
vaginal recovery. Anim Reprod Sci 2001;67:37–43.

[7] Blaschi W, Andrade ER, Nonato I Jr, Pontes JHF, Ereno JC Jr,

Uvo S, Seneda MM. Pluset prior follicle aspiration: Impact on



[

[

[

[

[

[

[

[

[

[

[

[

1355J.H.F. Pontes et al. / Theriogenology 74 (2010) 1349–1355
in vitro embryo production in Bos indicus cows. Acta Scientiae
Veterinariae 2004;32:186(Abstract).

[8] Peixoto MGCD, Bergmann JAG, Fonseca CG, Penna VM,
Pereira CS. Effects of environmental factors on multiple ovulation
of zebu donors. Arquivo Brasileiro de Medicina Veterinária e
Zootecnia 2006;58:567–74.

[9] Parrish JJ, Susko-Parrish JL, Leibfriedge-Ruthedge ML, Critser
ES, Eyestone, WH, First NL. Bovine in vitro fertilization with
frozen thawed semen. Theriogenology 1986;25:591–600.

10] Bavister BD. A consistently successful procedure for in vitro fer-
tilization of golden hamster eggs. Gamete Res 1989;23:139–58.

11] Minitab: The student edition of Minitab statistical software
adapted for education. 8 release. New York: Addison-Wesley
1992.

12] Hasler JF, Henderson WB, Hurtgen PJ, Jin ZQ, McCauley AD,
Mower SA, Neely B, Shuey LS, Stokes JE, Trimmer SA.
Production, freezing and transfer of IVF embryos and subse-
quent calving results. Theriogenology 1995;43:141–52.

13] Bousquet D, Twagiramungu H, Morin N, Brisson C, Carboneau
G, Durocher J. In vitro embryo production in the cow: an
effective alternative to the conventional embryo production ap-
proach. Theriogenology 1999;51:59–70.

14] Viana JHM, Camargo LSA, Ferreira AM, A WF, Fernandes
AC, Marques Junior AP. Short intervals between ultrasono-
graphically guided follicle aspiration improve oocyte quality
but do not prevent establishment of dominant follicles in the Gir

breed (Bos indicus) of cattle. Anim Reprod Sci 2004;84:1–12.
15] Viana JHM, Palhão MP, Arashiro EKN, Ferreira AM, Fonseca
JF, Fernandes CAC. Pre-synchronization of cows for cumulus-
oocyte complexes recover: Partial results. Acta Scientiae Vet-
erinariae 2004;32:187(Abstract).

16] Biase FH, Merighe GKF, Biase WKFS, Martelli L, Meirelles
FV. Global poly(A) mRNA expression profile measured in
individual bovine oocytes and cleavage embryos. Zygote 2008;
16:29–38.

17] Johnson J, Canning J, Kaneko T, Pru JK, Tilly JL. Germline
stem cells and follicular renewal in the postnatal mammalian
ovary. Nature 2004;428:145–50.

18] Johnson J, Bagley J, Skaznik-wikiel M, Lee HJ, Adams GB,
Nikura Y, Tschudy KS, Tilly JC, Cortes ML, Eorkert R, Spitzer
T, Iacomini J, Scadden DT, Tilly JL. Oocyte generation in adult
mammalian ovaries by putative germ cells in bone marrow and
peripheral blood. Cell 2005;122:303–15.

19] Eggan K, Jurga S, Gosden R, Min IM, Wagers AJ. Ovulated
oocytes in adult mice derive from non-circulating germ cells.
Nature 2006;441:1109–14.

20] Liu Y, Wu C, Lyu Q, Yang D, Albertini DF, Keefe DL, Liu L.
Germline stem cells and neo-oogenesis in the adult human
ovary. Dev Biol 2007;306:112–20.

21] Rodrigues CA, Teixeira AA, Ferreira RM, Ayres H, Mancilha
RF, Souza AH, Baruselli PS. Effect of fixed-time embryo trans-
fer on reproductive efficiency in high-producing repeat-breeder

Holstein cows. Anim Reprod Sci 2010;118:110–7.


	Large-scale in vitro embryo production and pregnancy rates from Bos taurus, Bos indicus, and indicus-taurus dairy cows using sexed sperm
	1. Introduction
	2. Materials and methods
	2.1. Cattle
	2.2. Preparation of donor cows
	2.3. Follicle aspiration
	2.4. In vitro embryo production
	2.5. Protocol for embryo transfer
	2.6. Embryo transportation
	2.7. Pregnancy evaluation
	2.8. Statistical analysis

	3. Results
	4. Discussion
	Acknowledgements
	References


