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La diapausa 
 

Entre las estrategias reproductivas que han permitido la supervivencia de los mamíferos que 
actualmente conocemos, destaca la estacionalidad reproductiva. La programación de una época de 
apareamiento tiene como propósito que los partos ocurran en la mejor época del año y así asegurar 
la supervivencia de las crías. Además de la programación del apareamiento, existen especies que 
pueden modificar el momento de fertilización, retrasar el desarrollo embrionario y la implantación. 
Ciertas especies de murciélagos tienen la capacidad de aparearse en otoño antes de hibernar y 
ovulan en la primavera, mientras tanto, los espermatozoides se almacenan en el aparato genital de 
la hembra, en donde sobreviven hasta 198 días. Algunos hámsteres y leones marinos pueden 
modificar la duración de la gestación retrasando el desarrollo del embrión. Otras especies regulan la 
longitud de la gestación mediante el retraso de la implantación, proceso conocido como diapausa. 
La suspensión del desarrollo embrionario ocurre en la etapa de blastocisto; el embrión deja de 
crecer, se suspende la división celular o muestra una fase de crecimiento lento. Se han descrito tres 
fases de la diapausa: el inicio y la suspensión de la división celular, el mantenimiento de 
interrupción, y la reactivación del desarrollo. La diapausa se observa en alrededor de 100 especies 
de mamíferos pero poco se sabe acerca del mecanismo que la regula; además de que las 
características y su regulación difieren entre especies. Algunas señales como la presencia o 
ausencia del amamantamiento, el fotoperiodo y la nutrición están asociadas con el inicio de la 
diapausa. La prolactina es la hormona más importante en este proceso. Esta hormona tiene un 
patrón de secreción dependiente del fotoperiodo, y también es regulada por el amamantamiento; 
además, la prolactina regula la función del cuerpo lúteo. De acuerdo con la especie, el aumento o la 
disminución de la prolactina estará relacionado con el inicio o con la terminación de la diapausa. La 
progesterona también tiene un papel relevante, ya que la suspensión de la implantación como su 
reactivación se encuentran asociados con las concentraciones séricas de progesterona. El papel de 
la progesterona varía entre las diferentes especies; por ejemplo, en algunas focas el mantenimiento 
de la diapausa se relaciona con concentraciones bajas de progesterona mientras que la 
reactivación del desarrollo se asocia con un incremento de esta hormona; no obstante, la inyección 
de progesterona no es suficiente para la reactivación del desarrollo en otras especies. Este 
fenómeno es sólo un ejemplo del grado de perfección de los procesos reproductivos y nos recuerda 
nuestro alto grado de ignorancia. Sir James Jeans, físico y astrónomo británico, dijo acerca del 
funcionamiento del universo: “El universo se parece cada vez menos a una gran maquinaria y cada 
vez más a un gran pensamiento”, esta conclusión se puede aplicar al control de la reproducción en 
los animales y podríamos decir que “La fisiología de la reproducción se parece cada vez menos a 
una gran maquinaria y cada vez más a un gran pensamiento”. 
 

Los colaboradores de esta publicación les desean felices fiestas y que el año 2011 sea 
mejor que los anteriores. ¡Muchas gracias! 

 

Foto Portada: Ganadería en el Estado de Zacatecas, México. 

 
 

Dr. Joel Hernández Cerón 
Departamento de Reproducción 
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Manejo Reproductivo  
Theriogenology 74 (2010) 1559–1569 

Bovine ovarian follicular cysts: in vitro effects of 
lecirelin, a GnRH analogue 
 
Annalisa Rizzo, Claudia Cosola, Maddalena Mutinati, Massimo Spedicato, 
Giuseppe Minoia, Raffaele Luigi Sciorsci* 
Department of Animal Production-Faculty of Veterinary Medicine, University of Bari 
(Italy), Strada prov.le per Casamassima, km3, 70010, Valenzano (BARI), Italy 
 

This study investigates the mechanisms of action by which a 
GnRH analogue may modulate the contractility of the bovine 
ovarian follicular wall. The in vitro evaluation of the 
spontaneous basal contractility of bovine preovulatory and 
cystic follicles was performed, followed by testing the effects 
of lecirelin, a GnRH analogue, on their basal contractility. 
Strips of tissue in isolated organ bath were employed. In 
addition, to better investigate the mechanism of action of 
lecirelin, the study of the effects of cumulative doses of 
nifedipine (a calcium channel blocker), phentolamine (an α-
adrenoceptor antagonist) and reserpine (an inhibitor of the 
vesicular up-take of catecholamines) alone and, at the 
highest doses employed, associated to lecirelin, was set up. 
The results demonstrate that in basal conditions and after the 
addition of lecirelin, the strips from preovulatory follicles 
contract significantly more than strips from cysts. 
Furthermore, among the patterns of contractility evoked by 
the three drugs employed, the one induced by nifedipine was 
the only one unaffected by the addition of lecirelin. The data 
obtained provide the hypothesis that one of the main 
mechanisms of action of GnRH, could involve calcium 
channels. 
 

* Corresponding author.: r.sciorsci@veterinaria.uniba.it (R.L. Sciorsci). 
***** 

 
 
 
 
Reprod Dom Anim 45, 1114–1117 (2010) 
Short Communication 

Increased Risk of Conception Failure in German 
Holstein Friesian Cows with Chronic 
Endometritis 
 
G Tsousis1, AR Sharifi2 and M Hoedemaker3 
1Clinic of Farm Animals, Aristotle University of Thessaloniki, Thessaloniki, Greece; 
2Institute of Animal Breeding and Genetics, University of Göttingen, Göttingen, 
Germany; 3Clinic for Cattle, University of Veterinary Medicine Hanover, Hanover, 
Germany 
 

The objective of this retrospective field study was to evaluate 
the effect of chronic clinical endometritis (CCE) on days open 

in German Holstein Friesian cows. Two hundred and sixty-
four cows diagnosed with CCE from day 14 to 42 postpartum 
were included in this study. A Cox’s proportional hazards 
regression model with stepwise forward selection for days 
open was used and the variables type of vaginal discharge, 
ovarian cysts and a marked loss of body condition score 
proved to be significant with hazard ratios of 1.5, 2.0 and 1.9 
respectively. Although not remaining in the model, a weak 
positive effect of treatment for CCE and a negative effect of 
high milk production could also be found in the univariate 
analysis. These results suggest that the suppression of 
fertility of animals diagnosed with CCE varies according to 
the different symptoms, which could be used to support 
decisions regarding treatment. Management factors such as 
a marked loss in body condition and high milk production 
prolonged the number of days open of animals with CCE. 
 

Author’s address (for correspondence): E-mail: gtsousis@googlemail.com 
 
 
 
 

Theriogenology 74 (2010) 1548–1558 

Effect of feeding a docosahexaenoic acid-
enriched nutriceutical on the quality of fresh and 

frozen-thawed semen in Holstein bulls 
 

H. Gholamia,*, M. Chamania, A. Towhidib, M.H. Fazelic 
a Department of Animal Science, Islamic Azad University, Science and Research 

Branch, Tehran, Iran 
b Department of Animal Science, Faculty of Agricultural Science & Engineering, 

University of Tehran, Karaj, Iran 
c Department of Veterinary Science, Islamic Azad University of Shahrekord, 

Shahrekord, Iran 
 

The aim of the current study was to investigate the effect of 
feeding a DHA-enriched nutriceutical on the in vitro quality 
and sperm motility parameters of fresh and frozen-thawed 
bull semen assessed by CASA. Samples were obtained from 
nineteen Holstein bulls used for semen collection at Semen 
Production Center, Karaj, Iran. Control group (n = 10) were 
fed a standard concentrate feed while treatment group bulls 
(n = 9) had this standard feed top dressed with 100 g of a 
commercially available DHA-enriched nutriceutical. Semen 
quality was assessed on ejaculates collected at the baseline 
and after 5, 9, and 12 weeks of supplementation. Classical 
semen evaluation, assessment of sperm motility (subjective 
and computer-assisted), viability (eosin-nigrosin), and hypo-
osmotic swelling test (HOST) were conducted. Semen 
volume, sperm concentration, and consequently total sperm 

http://www.sciencedirect.com/science/journal/0093691X
http://www.wiley.com/bw/journal.asp?ref=0936-6768
http://www.sciencedirect.com/science/journal/0093691X
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output were not affected by dietary treatment (P > 0.05). 
Feeding the nutriceutical was indeed found to affect sperm 
motility parameters assessed by CASA after 9 weeks of trial. 
The treatment has improved total motility (P < 0.01), 
progressive motility (P < 0.05), average path velocity (P < 
0.05), HOST-positive (P < 0.01), and proportion of rapid 
spermatozoa (P < 0.01) in the fresh semen of bulls. 
Moreover, the proportion of viable spermatozoa increased (P 
< 0.05) in the ejaculates collected from nutriceutical-fed bulls 
compared to the control after 12 weeks of feeding trial. The 
post-thawed HOST and sperm motility data obtained by 
CASA did not differ between two groups (P > 0.05). On the 
other hand, dietary supplementation did not affect body 
weight, BCS and scrotal circumference. Consequently, it can 
be concluded that dietary DHA supplementation or its 
precursors, improve in vitro quality and motility parameters of 
fresh semen assessed by CASA in Holstein bulls. However, 
this effect was not pronounced in frozen-thawed semen. 
 

* Corresponding author.: Gholami_hd@yahoo.com (H. Gholami). 
***** 

 
 
 
Reprod Dom Anim 45, 1020–1027 (2010) 

Pre-operative and Operative Difficulties During 
Bovine Caesarean Section in Belgium and 
Associated Risk Factors 
 
I Kolkman1,2, G Opsomer1, D Lips2, B Lindenbergh1, A de Kruif1 and S De 
Vliegher1 
1Faculty of Veterinary Medicine, Department of Reproduction, Obstetrics, and Herd 
Health, Ghent University, Salisburylaan, Merelbeke; 2KaHo Sint-Lieven, Department 
of Agro- and Biotechnology, Sint Niklaas, Belgium 
 

The aim of this study was to describe the difficulties 
encountered during caesarean section (CS) in practice on 
mainly Belgian Blue (BB) cows and to identify the associated 
risk factors. Data were collected using a questionnaire 
completed by veterinarians of the Ambulatory Clinic of the 
Faculty of Veterinary Medicine, Ghent University (Belgium), 
immediately after performing a CS. Results revealed that the 
BB breed had fewer severe pre-operative problems than 
animals of other breeds, most probably due to the fact that 
CSs in this breed are performed in a very early stage of 
parturition. Mild as well as severe difficulties were more likely 
to happen during surgery in cows that had undergone a CS 
before. Cows at their second or third surgery had a 
significantly higher proportion of larger calves and more skin 
scar tissue was present, both increasing the risk of 
abdominal wall muscular and uterine haemorrhage. These 
factors can all lead to problems with exteriorization and 
suturing of the uterus; hence special attention is needed 
when performing a CS on a cow which has experienced the 

procedure before. The more experienced veterinarians were 
less likely to report difficulties during the operation than less 
experienced surgeons. 
 

Author’s address (for correspondence): E-mail: iris.kolkman@ugent.be; 
iris.kolkman@kahosl.be 
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Animal Reproduction Science 122 (2010) 335–341 

Role of increased estradiol on altering the 
follicle diameters and gonadotropin 

concentrations that have been reported for 
double-ovulating heifers 

 
M.P. Palhaoa,b, M.A. Begc, M.T. Rodriguesb, O.J. Ginthera,c,∗ 

a Eutheria Foundation, Cross Plains, WI 53528, USA 
b Department of Animal Science, Federal University of Vic¸ osa, Vic¸ osa, MG 

36570-000, Brazil 
c Department of Pathobiological Sciences, School of Veterinary Medicine University 

of Wisconsin, Madison, WI 53706, USA 
 

During the preovulatory period in heifers that ovulate from 
two compared to one follicle, circulating concentrations of 
estradiol-17β (E2) are greater, diameter of follicles and 
concentration of FSH are reduced, and the LH surge occurs 
sooner. The effect of increased E2 on the reported 
characteristics of double ovulation was studied by treating 
heifers with 0.07mg E2, 0.09mg E2, or vehicle in four 
treatments at 6-h intervals (n=6 heifers/group), beginning at 
the time of expected follicle deviation (largest follicle, 8.5mm). 
There were no significant differences on follicle diameters or 
hormone concentrations between the 0.07 and 0.09mg E2 
groups, and heifers were combined into one E2 group 
(n=12). The E2 treatments induced concomitant preovulatory 
surges in LH and FSH at 34.0±2.6h after first treatment, 
compared to 57.6±4.5h in the vehicle group (P<0.0002). The 
E2 treatments did not affect FSH concentrations during the 
preovulatory gonadotropin surge. The diameter of the 
preovulatory follicle at the LH peak was smaller (P<0.0001) in 
the E2-treated group (10.2±0.2mm) than in the vehicle group 
(13.1±0.6mm). The hypothesis was not supported that the 
previously reported increase in circulating E2 in heifers with 
double preovulatory follicles accounts for the reported lesser 
concentrations in the preovulatory FSH surge in heifers with 
double ovulations. Hypotheses were supported that the 
reported earlier occurrence of the preovulatory LH surge and 
smaller preovulatory follicles in heifers with double ovulations 
are attributable to the reported increase in E2 from the 
double preovulatory follicles. 
 

∗ Corresponding author at: E-mail address: ginther@vetmed.wisc.edu (O.J. 
Ginther). 

***** 
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Animal Reproduction Science 122 (2010) 189–199 

Use of a stochastic simulation model to assess 
effects of diagnostic specificity of systems for 
detecting ovulating cows on herd reproductive 
performance in year-round calving dairy herds 
 
C.D. Hockey*, J.M. Morton1 
School of Veterinary Science, University of Queensland, Gatton Campus, 
Queensland 4343, Australia 
 

Many automated systems for detecting ovulating cows in 
dairy herds require decisions when designing algorithms and 
selecting cutpoints that require a compromise between 
diagnostic sensitivity (probability of classifying an ovulating 
cow as ovulating) and diagnostic specificity [daily probability 
of not classifying a non-ovulating cow (whether open or 
pregnant but not yet diagnosed as pregnant) as ovulating]. 
Because sensitivity must be moderately high, this 
compromise often results in specificity below 100%. 
However, little is understood about the effects of reduced 
specificity on herd reproductive performance. A stochastic 
model was developed that simulates the reproductive 
process in a year-round calving dairy herd to assess effects 
of changes in specificity at various combinations of sensitivity 
and conception rate (proportion of inseminations resulting in 
pregnancy) on herd reproductive measures of economic 
importance. The model included effects of inseminations in 
pregnant cows on probability of conceptus loss, and variation 
in the interval from conceptus loss to next ovulation (i.e. the 
next opportunity to reconceive).  
 

Using moderate assumptions of the probability of conceptus 
loss following insemination in pregnant cows, reductions in 
specificity from 99.9 to 99.5, 99, 98 and 97%, resulted in 
decreases in mean 100 day in-calf rate (100DICR; the 
proportion of cows with a positive pregnancy diagnosis to an 
insemination on or before 100 days since calving) of 1.2, 3.3, 
6.8 and 9.7 percentage points, respectively. These same 
reductions in Sp resulted in increases in mean 200 day not 
in-calf rate (200DNICR; the proportion of cows with negative 
pregnancy diagnosis results to all inseminations on or before 
200 days since calving) of 0.5, 1.6, 3.6 and 6 percentage 
points, and increases in mean number of inseminations per 
calving (Insems/Calving; the total number of inseminations in 
the herd divided by the number of cows that recalved) by 
factors of 1.2, 1.5, 2.1 and 2.8, respectively.  
 

The relationship between specificity for detecting ovulating 
cows and the 100DICR, 200DNICR and Insems/Calving was 
sensitive to changes in the probability of conceptus loss 
following inseminations in pregnant cows. However, even 
with conservative assumptions, specificity still had important 

effects on 100DICR and 200DNICR. Varying parameters for 
the interval from conceptus loss to next ovulation had little 
effect on the relationships between specificity and these 
measures.  
 

These results demonstrate that specificity is an important 
consideration when designing algorithms and selecting 
cutpoints in automated systems for detecting ovulating cows. 
Low specificity not only increases Insems/Calving but also 
prolongs intervals from calving to the establishment of a 
sustained pregnancy resulting in substantial reductions in 
100DICR and increases in 200DNICR. This model could 
assist when determining economically optimal combinations 
of ovulation detection sensitivity and specificity when 
developing automated systems for selecting ovulating cows 
in commercial herds. 
 

∗ Corresponding author: c.hockey@uq.edu.au (C.D. Hockey), j.morton@uq.edu.au 
(J.M. Morton). 

***** 
 
 
 
 

Theriogenology 74 (2010) 1636–1642 

Strategies to improve pregnancy per 
insemination using sex-sorted semen in dairy 

heifers detected in estrus 
 

M.F. Sá Filhoa, H. Ayresa, R.M. Ferreiraa, M. Nichia, M. Fosadob, E.P. Campos 
Filhob, P.S. Barusellia,* 

a Departamento de Reprodução Animal, FMVZ-USP, Rua Prof. Orlando Marques de 
Paiva, 87, CEP 05.508-000, São Paulo, SP, Brasil 

b Sexing Technologies, 22575 Highway 6 South, Navasota, Texas 77868, USA 
 

The objective was to improve pregnancy per artificial 
insemination (P/AI; 35-42 d after AI) in virgin Jersey heifers 
bred by AI of sex-sorted semen after being detected in 
estrus. Giving 100 μg of GnRH at first detection of estrus, 
with AI 12 h later, did not affect P/AI in Experiment I [GnRH = 
47.2% (100/212) vs. No GnRH = 51.7% (104/201); P = 0.38] 
or Experiment II [GnRH = 53.1% (137/258) vs. No GnRH = 
48.6% (122/251); P = 0.43]. In these two experiments, estrus 
detection was done with tail-head chalk or a HeatWatch(®) 
system, respectively. In Experiment III, a single insemination 
dose (2.1 × 10⁶ sperm) 12 h after estrus detection (n = 193), 
a double dose at 12 h (n = 193), or a double dose involving 
insemination 12 and 24 h after estrus detection (n = 190) did 
not affect P/AI (87/193 = 45.1%, 85/193 = 44.0%, and 94/190 
= 49.5%, respectively; P = 0.51). However, P/AI was 
influenced by the number of AI service (First, 115/208 = 
55.3%(a); Second, 94/204 = 46.1%(a); and Third, 57/165 = 
34.8%(b); P = 0.004). In Experiment IV, the P/AI of heifers 
inseminated from 12 to 16 h after the onset of estrus (40/106 

http://www.sciencedirect.com/science/journal/03784320
http://www.sciencedirect.com/science/journal/0093691X
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= 37.7%) was less (P = 0.03) than those inseminated from 
16.1 to 20 h (85/164 = 51.8%), and 20.1 to 24 h (130/234 = 
55.6%). However, the P/AI for heifers inseminated from 24.1 
to 30 h (61/134 = 45.5%) did not differ from that of any other 
interval. In conclusion, in Jersey heifers inseminated with 
sex-sorted semen, P/AI was not significantly affected by 
giving GnRH at detection of estrus or a double insemination 
dose, but it was higher with AI 16.1 to 24 h vs. 12 to 16 h 
after the onset of estrus. 
 
* Corresponding author. Tel.: _55 0113091-7674. E-mail address: barusell@usp.br 

(P.S. Baruselli). 
***** 

 
 
 
 
J Dairy Sci. 2010 Dec;93(12):5798-808. 

Effect of interval between induction of ovulation 
and artificial insemination (AI) and supplemental 
progesterone for resynchronization on fertility of 
dairy cows subjected to a 5-d timed AI program. 
 
R.S. Bisinotto*, E.S. Ribeiro*, L.T. Martins*, R.S. Marsola*, L.F. Greco*, M.G. 
Favoreto*, C.A. Risco†, W.W. Thatcher* and J.E.P.Santos*, 
* Department of Animal Sciences, University of Florida, Gainesville 32611 
† College of Veterinary Medicine, University of Florida, Gainesville 32610 
 

Objectives were to investigate 2 intervals from induction of 
ovulation to artificial insemination (AI) and the effect of 
supplemental progesterone for resynchronization on fertility 
of lactating dairy cows subjected to a 5-d timed AI program. 
In experiment 1, 1,227 Holstein cows had their estrous cycles 
presynchronized with 2 injections of PGF(2α) at 46 and 60 d 
in milk (DIM). The timed AI protocols were initiated with 
GnRH at 72 DIM, followed by 2 injections of PGF(2α) at 77 
and 78 DIM and a second injection of GnRH at either 56 
(OVS56) or 72h (COS72) after the first PGF(2α) of the timed 
AI protocols. All cows were time-inseminated at 72h after the 
first PGF(2α) injection. Pregnancy was diagnosed on d 32 
and 60 after AI. In experiment 2, 675 nonpregnant Holstein 
cows had their estrous cycles resynchronized starting at 34 d 
after the first AI. Cows received the OVS56 with (RCIDR) or 
without (RCON) supplemental progesterone, as an 
intravaginal insert, from the first GnRH to the first PGF(2α). 
Pregnancy diagnoses were performed on d 32 and 60 after 
AI. During experiment 2, subsets of cows had their ovaries 
scanned by ultrasonography at the first GnRH, the first 
PGF(2α), and second GnRH injections of the protocol. Blood 
was sampled on the day of AI and 7 d later, and 
concentrations of progesterone were determined in plasma. 
Cows were considered to have a synchronized ovulation if 
they had progesterone <1 and >2.26 ng/mL on the day of AI 
and 7 d later, respectively, and if no ovulation was detected 

between the first PGF(2α) and second GnRH injections 
during resynchronization. In experiment 1, the proportion of 
cows detected in estrus at AI was greater for COS72 than 
OVS56 (40.6 vs. 32.4%). Pregnancy per AI (P/AI) did not 
differ between OVS56 (46.4%) and COS72 (45.5%). In 
experiment 2, cows supplemented with progesterone had 
greater P/AI compared with unsupplemented cows (51.3 vs. 
43.1%). Premature ovulation tended to be greater for RCON 
than RCIDR cows (7.5 vs. 3.6%), although synchronization of 
the estrous cycle after timed AI was similar between 
treatments. Timing of induction of ovulation with GnRH 
relative to insemination did not affect P/AI of dairy cows 
enrolled in a 5-d timed AI program. Furthermore, during 
resynchronization starting on d 34 after the first AI, 
supplementation with progesterone improved P/AI in cows 
subjected to the 5-d timed AI protocol. 

 
***** 

 
 
 
 

J Dairy Sci. 2010 Dec;93(12):5668-72. 

Hot topic: Successful fixed-time insemination 
within 21 d after first insemination by combining 

chemical pregnancy diagnosis on d 18 with a 
rapid resynchronization program. 

 
J.C. Greena, C.S. Okamuraa, D.J. Mathewa, E.M. Newsoma and M.C. Lucya 

a Division of Animal Science, University of Missouri, Columbia 65211 
 

Cattle that are not pregnant to first fixed-time artificial 
insemination (TAI) may be resynchronized for a second TAI if 
they are found nonpregnant at pregnancy diagnosis. The 
specific interval between first and second TAI ranges from 4 
to 8 wk. The selected interval depends on the available 
method of pregnancy diagnosis and the efficiency of the 
resynchronization program. The objective of this experiment 
was to evaluate a pregnancy diagnosis and 
resynchronization system that achieved a 21-d interval 
between TAI. This 21-d interval approximates the natural 
return-to-service interval. It also enables resynchronization to 
be implemented within the same estrous cycle in which cattle 
are first inseminated. Holstein heifers were randomly 
assigned to a 21-d resynchronization program (21d_resynch; 
n = 40) or a control group in which estrus was observed for 
the purpose of re-insemination (control; n = 29). The 
21d_resynch heifers were diagnosed for pregnancy on d 18 
after a TAI (d 0) by using predetermined cut-off values for 2'-
5' oligoadenylate synthetase 1 (Oas1) gene expression in 
leukocytes and plasma progesterone concentration. Heifers 
that were not pregnant to first TAI had greater expression of 
Oas1 at the time of PGF(2α) (d -3) than pregnant heifers, but 

http://jds.fass.org/
http://jds.fass.org/


 

http://www.fmvz.unam.mx/fmvz/departamentos/reproduccion/boletin/actual.html  Diciembre  2010 7 

this relationship was reversed on d 18 after TAI: the heifers 
that were pregnant to first TAI had almost 5-fold greater 
expression of Oas1 compared with nonpregnant heifers. 
Nonpregnant heifers in the 21d_resynch group were injected 
with a luteolytic dose of PGF(2α) on d 19 and were injected 
with GnRH on d 21 and submitted to TAI. The pregnancy per 
AI after first insemination was similar for 21d_resynch 
(50.0%; pregnancy diagnosis on d 18) and control (51.7%; 
pregnancy diagnosis on d 27). Likewise, no difference was 
detected in second insemination pregnancy per AI for 
21d_resynch (36.8%; nonpregnant heifers TAI on d 21) and 
control (35.7%; nonpregnant heifers inseminated at return to 
estrus or after nonpregnant diagnosis on d 27). The interval 
between first and second insemination was shorter for 
21d_resynch compared with control (21.0 ± 0 and 27.5 ± 2.1 
d). The conclusion is that a TAI resynchronization can be 
programmed within 21 d of previous TAI when a d 18 
pregnancy test and a rapid resynchronization are used. 

 
***** 

 
 
 
 
J. Anim Sci. 2010. 88:3856-3870 

Effect of dietary organic zinc, manganese, 
copper, and cobalt supplementation on milk 
production, follicular growth, embryo quality, 
and tissue mineral concentrations in dairy cows 
 

K. S. Hackbart*, R. M. Ferreira*, A. A. Dietsche*, M. T. Socha , R. D. Shaver*, M. 
C. Wiltbank* and P. M. Fricke*,1 
* Department of Dairy Science, University of Wisconsin, Madison 53706; and  
Zinpro Corp., Eden Prairie, MN 55344 
 

This study evaluated potential effects of organic trace mineral 
supplementation on reproductive measures in lactating dairy 
cows. Cows were blocked by breed and randomly assigned 
at dry-off to receive inorganic trace mineral supplementation 
(control; n = 32) or to have a portion of supplemental 
inorganic Zn, Cu, Mn, and Co replaced with an equivalent 
amount of the organic forms of these minerals (treatment; n = 
31). Trace minerals were provided through control or 
treatment premixes fed at 100 g·cow(-1)·d(-1). Premixes 
were fed to dry cows (range = 40 to 72 d before calving) in 
1.8 kg·cow(-1)·d(-1) concentrate pellets through a computer 
feeder to provide 40, 26, 70, and 100% of supplemented Zn, 
Mn, Cu, and Co, respectively, and to lactating cows (range = 
69 to 116 d after calving) in a total mixed ration to provide 22, 
14, 40, and 100% of supplemented Zn, Mn, Cu, and Co, 
respectively. Treatment increased milk production at wk 14 
(P = 0.047) postcalving, milk urea N content (P = 0.039), and 
BW loss from calving to 1 mo postcalving (P = 0.040), and 

decreased milk fat percentage (P = 0.045) and BCS (P = 
0.048). Treatment tended to increase milk production at wk 
13 (P = 0.089) postcalving and endometrial tissue 
concentrations of Fe (P = 0.070), BW at mo 1 (P = 0.056), 
and milk protein percentage (P = 0.064). Treatment did not 
affect (P > 0.1) DMI, health events, first-wave follicular 
dynamics, first cycle luteal measures, embryo quality, liver 
trace mineral concentrations, or luteal trace mineral 
concentrations. Cows with a rectal temperature ≥39°C at the 
time of AI had a smaller percentage of fertilized entities (P < 
0.001). However, of the entities that were fertilized, the 
percentage of viable embryos, embryo quality, accessory 
sperm number, and embryo cell number were not affected (P 
> 0.1) by treatment. We conclude that replacing a portion of 
inorganic supplemental trace minerals with an equivalent 
amount of these organic trace minerals (Zn, Mn, Cu, and Co) 
increased milk production in mid-lactation, but did not affect 
postpartum follicular dynamics, embryo quality, or liver and 
luteal trace mineral concentrations. 
 

1 Corresponding author: pmfricke@wisc.edu 
***** 

 
 
 
 

J. Anim Sci. 2010. 88:4094-4101 

Winter grazing system and supplementation of 
beef cows during late gestation influence heifer 

progeny1 
 

R. N. Funston2, J. L. Martin, D. C. Adams and D. M. Larson 
University of Nebraska West Central Research and Extension Center, North Platte 

69101 
 

A 2 × 2 factorial arrangement of treatments was used to 
evaluate effects of dam winter grazing system and 
supplementation in the last third of gestation on subsequent 
BW gain, feed efficiency, and reproduction in heifer progeny. 
Crossbred cows (yr 1, n = 109; yr 2, n = 114; yr 3, n = 116) 
grazed range (WR) or corn residue (CR) during winter and 
within grazing treatment received 0.40 kg/d of 31% CP (DM 
basis) cubes (PS) or no supplement (NS). Heifer calves (yr 1, 
n = 56; yr 2, n = 56; yr 3, n = 54) grazed dormant pasture for 
114 d postweaning and were individually fed for 87 d before a 
45-d natural service breeding. Dam PS reduced (P = 0.04) 
heifer birth date and CR tended to increase (P = 0.07) heifer 
birth BW. Both PS and CR increased (P ≤ 0.05) heifer 
weaning BW; however, adjusted 205-d weaning BW was only 
lighter (P = 0.03) if the dam grazed WR with NS. Heifers from 
PS dams tended to be younger (P = 0.09) at puberty than 
NS, and there was a trend (P = 0.11) for more heifers to be 
pubertal by breeding if the dam grazed WR with PS 

http://jds.fass.org/
http://jds.fass.org/
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compared with other treatment groups. Heifers from WR-NS 
dams tended to weigh less (P ≤ 0.09) at breeding and at 
pregnancy diagnosis than WR PS. There was a trend (P = 
0.13) for pregnancy rate to be greater for heifers born to PS 
dams. Individually fed heifer DMI was not affected (P = 0.25) 
by treatment; however, heifers from dams that grazed CR 
with PS gained the least BW (P = 0.04) during individual 
feeding and had the smallest (P = 0.03) G:F. In contrast, 
there were no differences (P > 0.15) in feed efficiency when 
expressed as residual feed intake. The first calf birth and 
weaning BW of the heifer was unaffected (P > 0.15) by dam 
treatment. Heifers from dams that grazed WR with NS tended 
to have lighter (P = 0.09) BW before the second breeding 
season but similar (P = 0.97) pregnancy rates. Cows grazing 
CR with NS produced the most valuable heifer calf at 
weaning; however, heifers from cows that grazed WR with 
NS cost the least to develop per pregnant heifer. Winter 
grazing system and late gestation supplementation affected 
heifer progeny BW, feed efficiency, and fertility. 
 

2 Corresponding author: rfunston2@unl.edu 
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Artículos de Revisión 
 
 
Reproduction (2010) 140 803–813 

Remodelling at the maternal–fetal interface: 
relevance to human pregnancy disorders 
 
Judith E Cartwright, Rupsha Fraser, Karin Leslie, Alison E Wallace and Joanna 
L James 
Division of Basic Medical Sciences, St George’s, University of London, Cranmer 
Terrace, London SW17 0RE, UK 
 

In human pregnancy, successful placentation and 
remodelling of the uterine vasculature require the integration 
of a number of stages, which are crucial for a healthy 
pregnancy. As the demands of the developing fetus for 
nutrients and oxygen increase, the capacity of the maternal 
blood vessels to supply this must be altered radically, with 
deficiencies in this process implicated in a number of 
dangerous pregnancy complications. The complex signalling 
networks that regulate these tightly co-ordinated events are 
becoming clearer as more studies of early pregnancy are 
performed. It is the aim of this review to draw together our 
knowledge of events that occur to facilitate a successful 
pregnancy ranging from the preparation for implantation, 
through the invasion and differentiation of the trophoblast and 
the regulation of these processes by other cells within the 
decidual environment, to the active role that the trophoblast 
and maternal immune cells play in facilitating the remodelling 
of the uterine spiral arteries. The events involved in a healthy 
pregnancy will then be compared to aberrant placentation 
and remodelling, which are characteristics of many 
pregnancy disorders, and recent advances in detection of 
abnormal placental development will also be discussed. 
 
Correspondence should be addressed to J E Cartwright; Email: jcartwri@sgul.ac.uk 
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Biology of Reproduction 83, 893–900 (2010) 

What Makes an Egg Unique? Clues from 
Evolutionary Scenarios of Egg-Specific Genes1 
 
Xin Tian,3,4,5,6 Joel Gautron,7 Philippe Monget,3,4,5,6 and Géraldine Pascal2,3,4,5,6 
UMR85,3 Physiologie de la Reproduction et des Comportements, INRA, Nouzilly, 
France 
UMR6175,4 CNRS, Nouzilly, France 
Université François Rabelais de Tours,5 Tours, France 
Haras Nationaux,6 Nouzilly, France 
UR83 Recherches Avicoles,7 INRA, Nouzilly, France 
 

The avian egg, which contains the egg yolk, the egg white, 
and the eggshell, represents the mostly advanced amniotic 
egg in oviparous vertebrates. In mammals, this reproductive 

strategy of laying egg has gradually evolved toward 
placentation. In order to better understand the unique status 
of the avian egg in the evolution of the vertebrate 
reproduction, we investigated the evolution of some Gallus 
gallus egg-specific protein-coding genes. Based on our 
finding and other recent research, we have summarized here 
that gene formation (such as ovalbumin genes, ovocalyxin-36 
and apovitellenin-1 encoding genes in the G. gallus), gene 
divergence between G. gallus and mammals (such as the 
ovocalyxin-32 gene with its ortholog, the mammalian 
RARRES1, and the ovocleidin-116 with its ortholog, the 
mammalian MEPE), and gene loss (egg-expressed genes 
lost during the evolution of the mammals, such as vitellogenin 
and RBP encoding genes) play significant roles in the 
evolution of egg-specific genes. 
 

2Correspondence: e-mail: geraldine.pascal@tours.inra.fr 
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Theriogenology 74 (2010) 1509–1520 

Noninvasive bovine oocyte quality assessment: 
possibilities of a single oocyte culture 

 
I.G.F. Goovaerts*, J.L.M.R. Leroy, E.P.A. Jorssen, P.E.J. Bols 

University of Antwerp, Faculty of Pharmaceutical, Biomedical and Veterinary 
Sciences, Laboratory of Veterinary Physiology, Universiteitsplein 1, Gebouw U, B-

2610 Wilrijk, Belgium 
 

Although bovine embryos are routinely produced in vitro for 
several decades, there still exists a critical need for 
techniques to accurately predict the oocyte's developmental 
competence in a noninvasive way, before the in vitro embryo 
production procedure. In this review, several noninvasive 
methods to evaluate oocyte quality are discussed, such as 
morphological assessment of the cumulus oocyte complex 
and the use of brilliant cresyl blue. Because an individual 
oocyte and embryo culture method can possibly generate 
additional insights into the factors that determine oocyte 
quality, the second part of this review summarizes the state 
of the art of bovine single oocyte culture. The optimization of 
individual in vitro embryo production can obviously accelerate 
the quest for better noninvasive oocyte quality markers, 
because more information about the oocyte's requirements 
and intrinsic quality will be revealed. Although each step of in 
vitro culture has to be re-examined in light of the hampered 
production of single embryos, the reward at the end will be 
substantial. Individual scored oocytes will be traceable along 
the in vitro embryo production procedure and the final 

http://www.reproduction-online.org/
http://www.biolreprod.org/
http://www.sciencedirect.com/science/journal/0093691X


 

http://www.fmvz.unam.mx/fmvz/departamentos/reproduccion/boletin/actual.html  Diciembre  2010 10 

blastocyst outcome can be linked to the original oocyte 
quality and follicular environment without the bias caused by 
simultaneously developing embryos. 
 

* Corresponding author. E-mail address: Ilse.Goovaerts@ua.ac.be (I.G.F. 
Goovaerts). 
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Theriogenology 74 (2010) 1521–1530 

Quality assessment of bovine cryopreserved 
sperm after sexing by flow cytometry and their 
use in in vitro embryo production 
 
J.O. Carvalhoa,b, R. Sartoric, G.M. Machadoa,b, G.B. Mourãoc, M.A.N. Dodea,b,* 
a Laboratory of Animal Reproduction, Embrapa Genetic Resources and 
Biotechnology, Brasilia, DF 70770-900, Brazil 
b College of Agriculture and Veterinary, University of Brasília, Brasília, DF 70910-
970, Brazil 
c Department of Animal Science, ESALQ, University of São Paulo, Piracicaba, SP 
13418-900, Brazil 
 

The objective was to evaluate the structural and functional 
quality of bull sperm after sexing by flow cytometry. Frozen 
non-sexed (NS), sexed for X (SX) and sexed for Y (SY) 
sperm from four bulls was used. Frozen-thawed sperm was 
analyzed for motility, sperm head agglutination, morphology, 
capacitation, and integrity of the plasma membrane, 
acrosome, and chromatin. After Percoll centrifugation 
(45:60% gradients), the pellet was used for sperm analysis or 
IVF. Data were analyzed using generalized linear models (P 
< 0.05) and were reported as least squares means ± 
standard error (SEM). Based on sperm evaluations, NS 
sperm had better (P < 0.05) quality than sexed sperm, 
including higher motility and greater percentages of cells with 
an intact membrane and acrosome (58.0 ± 3.0, 58.2 ± 3.0, 
and 60.9 ± 3.3) than SX (29.6 ± 1.3, 36.0 ± 2.9, and 37.1 ± 
3.3), and SY (26.2 ± 2.1, 36.4 ± 2.9, and 37.5 ± 3.3). There 
were no differences (P > 0.05) among groups for fertilization 
and cleavage rates. Similarly, blastocyst rate on Day 8 (Day 
0 = day of insemination) did not differ among groups (22.2 ± 
3.2, 18.1 ± 3.3, and 14.8 ± 2.9 for NS, SX, and SY, 
respectively). Regarding embryo development kinetics, all 
groups had similar developmental stages from Days 6 to 9. 
Although the sex-sorting procedure affected sperm 
characteristics, it did not significantly affect fertilization or 
embryo development. 
 

* Corresponding author. E-mail address: margot@cenargen.embrapa.br (M.A.N. 
Dode). 
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Fisiología Reproductiva 
 
Animal Reproduction Science 122 (2010) 208–214 

Endometrial expression of leptin receptor and 
members of the growth hormone—Insulin-like 
growth factor system throughout the estrous 
cycle in heifers 
 
C. Sosaa,M. Carriquiryb, C. Chalarc, D. Crespid, C. Sanguinettic, D. Cavestanyd, 

A. Meiklee,∗ 
a Animal Production and Food Science, Veterinary Faculty, C/Miguel Servet 177, 
Zaragoza 50013, Spain 
b Animal and Pastures Production, Agronomy Faculty, Uruguay 
c Biochemistry, Science Faculty, Uruguay 
d Animal Reproduction, Uruguay 
e Laboratory of Nuclear Techniques, Veterinary Faculty, Lasplaces 1550, 
Montevideo 11600, Uruguay 
 

The growth hormone (GH)-insulin-like growth factor (IGF) 
system is expressed in bovine uterus during the estrous cycle 
and early pregnancy and is acknowledged to play an 
important role in regulating the development of the embryo 
and uterus. The leptin receptor (LEPR) is also expressed in 
the bovine uterus although it is not known whether its 
expression varies during the estrous cycle. In this study, the 
expression of the IGF-I and -II, the type 1 IGF receptor (IGF-
1R), GH receptor (GHR) and LEPR transcripts was 
determined on endometrial transcervical biopsies collected 
on days 0 (estrus), 5, 12 and 19 of the cow estrous cycle 
(n=8). The expression of mRNA was determined by RT real 
time PCR using ribosomal protein L19 as a housekeeping 
gene. It has been demonstrated for the first time that LEPR 
mRNA is expressed in the bovine uterus throughout the 
estrous cycle and that it presents a cycle-dependent 
variation, with higher levels observed during the luteal phase. 
The expression of IGF-I mRNA was greatest at estrus and 
day 5 (100%), and decreased on days 12 and 19 to 47% and 
35% of the initial values. IGF-II mRNA increased on day 12 
and decreased sharply thereafter (to one-third of day 12 
values). Interestingly, IGF-1R showed the same pattern as 
IGF-II: increased 50% on day 12 compared to values at 
estrus and presented a sharp decrease on day 19. The 
expression of GHR transcript was greatest at estrus and on 
day 5 and progressively decreased thereafter. These results 
show that the GH-IGF system components are distinctively 
regulated during the estrous cycle suggesting that modulation 
of the IGF system may influence uterine activity during this 
period. The increase in the uterine sensitivity to IGFs during 
the late luteal phase - as demonstrated by the increased IGF-
1R expression - concomitant with the increased IGF-II mRNA 
expression may reinforce the role of IGF-II during early 
pregnancy. Moreover, leptin is also likely to play roles during 

early embryo development. 
 

∗ Corresponding author. E-mail address: anamei@adinet.com.uy (A. Meikle). 
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Animal Reproduction Science 122 (2010) 253–258 

Circulating hormone concentrations within a 
pulse of a metabolite of prostaglandin F2α 
during preluteolysis and early luteolysis in 

heifers 
 

O.J. Ginthera,b,*, H.K. Shresthaa, M.A. Begb 
a Eutheria Foundation, Cross Plains, WI 53528, USA 

b Pathobiological Sciences, University of Wisconsin, Madison, WI 53706, USA 
 

Plasma from hourly blood samples from two previous studies 
in heifers was assayed for hormones that were not 
considered in the previous reports. The objective was to 
determine the intrapulse temporal relationships between a 
prostaglandin F2α metabolite (PGFM) pulse and various 
hormones during preluteolysis and luteolysis. Hormone 
concentrations were centralized to the peak of a PGFM pulse 
(Hour 0) and evaluated from Hours -3 to 3. Experiment 1 
(n=6) was done during early luteolysis. Progesterone 
decreased during Hours -3 to 0 and then rebounded, but did 
not return to prepulse concentrations, and concentration of 
LH increased between Hours -1 and 2. In Experiment 2 
(n=7), comparisons were made between the last PGFM pulse 
of preluteolysis and the first pulse of luteolysis. Intrapulse 
concentrations of LH increased rapidly between Hours 0 and 
1 during preluteolysis and gradually between Hours -2 and 2 
during luteolysis. Intrapulse differences in cortisol among 
hours were not significant for preluteolysis and approached 
significance (P<0.06) during luteolysis, owing primarily to an 
apparent increase between Hours -2 and 1. Oxytocin 
concentrations showed only an hour effect (P<0.0003) from 
to an increase between Hours -2 and 0 and a decrease 
between Hours 0 and 2. Results indicated that oxytocin and 
PGFM concentrations increased and decreased 
concomitantly and supported the hypothesis that the reported 
more prominent rebound in progesterone during the 
descending portion of a PGFM pulse during preluteolysis 
than during luteolysis involves a greater transient increase in 
LH. 
 

∗ Corresponding author at: E-mail addresses: ginther@vetmed.wisc.edu, 
ginther@svm.vetmed.wisc.edu (O.J. Ginther). 
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Animal Reproduction Science 122 (2010) 282–287 

In vivo fertility of bull semen following 
cryopreservation with an LDL (low density 
lipoprotein) extender: Preliminary results of 
artificial inseminations 
 
L. Amirat-Brianda,∗, D. Bencharifa, O. Vera-Munoza, S. Pineaua, C. Thorina, S. 
Destrumellea, 
S. Deshercesb, M. Antonc, M. Jouand, E. Shmittb, D. Tainturiera 
a Laboratoire de Biotechnologie et pathologie de la reproduction, ONIRIS: Ecole 
Nationale Vétérinaire, Agroalimentaire et de l’alimentation Nantes Atlantique, BP 
40706, 44307 Nantes, France 
b IMV Technologies l’Aigle, France 
c Groupe Physico-chimie des Emulsions, Laboratoire d’Etude des Interactions des 
Molécules Alimentaires, Institut National de la Recherche Agronomique, BP 71627, 
44316 Nantes Cedex 3, France 
d Centre d’insémination artificielle ―La Crespelle‖, La Chapelle Janson 35133, France 
 

A semen extender made with low density lipoproteins (LDL) 
has been used instead of a standard extender that is already 
available on the market for the cryopreservation of bovine 
semen. However, in order to extend its use to artificial 
insemination centres, in vivo fertility studies were required. 
Semen was taken from three bulls and frozen-thawed in two 
extenders: the LDL extender and a standard Tris-egg-yolk 
(20%) extender used by AI centres. The quality of the semen 
was assessed prior to artificial insemination: motility was 
assessed using an image analyser (Computer Assisted 
Semen Analysis (Hamilton Thorne)), and the integrity of the 
plasma membrane was assessed using the hypo-osmotic 
test (HOS test). For the first time, gestations were obtained 
following the artificial insemination of cows in the field 
(n=193) with semen that had been frozen-thawed in the LDL 
extender. No significant difference (p>0.05) was detected 
between the success rates of AI between the semen that had 
been frozen-thawed in the LDL extender (59.2%) and the 
control extender, Tris-20% egg yolk (65.3%). In conclusion, 
the in vivo fertility of semen that has been frozen-thawed in 
the LDL extender is maintained since gestations are obtained 
following AI. 
 

***** 
 
 
 
 

Theriogenology 74 (2010) 1629–1635 

Embryo production and possible species 
preservation by nuclear transfer of somatic cells 
isolated from bovine semen 
 
Jie Liua, Mark Westhusina, Charles Longa, Gregory Johnsonb, Robert 
Burghardtb, Duane Kraemera,* 
a Department of Veterinary Physiology and Pharmacology, Texas A&M University, 
College Station, TX 77843, USA 
b Department of Veterinary Integrative Biosciences, Texas A&M University, College 
Station, TX 77843, USA 

 

Somatic cells in semen are a potential source of nuclei for 
nuclear transfer to produce genetically identical animals; this 
is especially important when an animal has died and the only 
viable genetic material available is frozen semen. Usefulness 
of somatic cells obtained from fresh (cultured) and frozen 
(isolated, not cultured) bovine semen for nuclear transfer was 
evaluated. Twelve ejaculates were collected from nine bulls 
representing three breeds: Charolais, Brahman, and 
crossbred Rodeo bull. All samples were processed 
immediately and cell growth was obtained from seven of the 
twelve ejaculates (58.3%). Cells from three bulls (with the 
best growth rates) were evaluated by optical microscopy and 
used in cloning experiments. In culture, these cells exhibited 
classic epithelial morphology and expressed cytokeratin and 
vimentin, indicating they were of epithelial origin. When cells 
from the three bulls were used as donor cells, 15.9% 
(18/113), 34.5% (29/84), and 14.4% (13/90) of the fused 
embryos developed into blastocysts, respectively. Of the 
blastocyst stage embryos, 38.9% (7/18), 72.4% (21/29), and 
61.5% (8/13) hatched, respectively. Somatic cells isolated 
(not cultured) from frozen bovine semen were also used in 
the cloning experiments. Although cleavage occurred, no 
compact morulae or blastocysts were obtained. In 
conclusion, epithelial cell growth was obtained from fresh 
bovine ejaculates with relatively high efficiency. Somatic cells 
from semen can be used as nucleus donors to produce 
cloned blastocyst-stage embryos. 
 

* Corresponding author. E-mail address: dkraemer@cvm.tamu.edu (D. Kraemer). 
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Reproduction (2010) 140 835–852 

Cumulus cell gene expression following the LH 
surge in bovine preovulatory follicles: potential 

early markers of oocyte competence 
 

Mourad Assidi, Steph J Dieleman1 and Marc-André Sirard 
Centre de Recherche en Biologie de la Reproduction (CRBR), Université Laval, 

Québec, Québec, G1K 7P4, Canada and 1Department of Farm Animal Health, 
Faculty of Veterinary Medicine, Utrecht University, Yalelaan 7, 3584 CL Utrecht, The 

Netherlands 
 

Cumulus cells (CCs) are essential for oocytes to reach full 
development competency and become fertilized. Many major 
functional properties of CCs are triggered by gonadotropins 
and governed by the oocyte. Consequently, cumulus may 
reflect oocyte quality and is often used for oocyte selection. 
The most visible function of CCs is their ability for rapid 
extracellular matrix expansion after the LH surge. Although 
unexplained, LH induces the final maturation and improves 

http://www.sciencedirect.com/science/journal/03784320
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oocyte quality. To study the LH signaling and gene 
expression cascade patterns close to the germinal vesicle 
breakdown, bovine CCs collected at 2  h before and 6 h after 
the LH surge were hybridized to a custom-made microarray 
to better understand the LH genomic action and find 
differentially expressed genes associated with the LH-
induced oocyte final maturation. Functional genomic analysis 
of the 141 overexpressed and 161 underexpressed clones 
was performed according to their molecular functions, gene 
networks, and cell compartments. Following real-time PCR 
validation of our gene lists, some interesting pathways 
associated with the LH genomic action on CCs and their 
possible roles in oocyte final maturation, ovulation, and 
fertilization are discussed. A list of early potential markers of 
oocyte competency in vivo and in vitro is thereafter 
suggested. These early biomarkers are a preamble to 
understand the LH molecular pathways that trigger the final 
oocyte competence acquisition process in bovine. 
 

Correspondence should be addressed; Email: marc-andre.sirard@fsaa.ulaval.ca 
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Theriogenology 74 (2010) 1596–1603 

Social behavior and kin discrimination in a 
mixed group of cloned and non cloned heifers 
(Bos taurus) 
 
M. Coulona,c,*, C. Baudoina, H. Abdib, Y. Heymanc, B.L. Deputtea,d 
a Université Paris 13, Laboratoire d’Ethologie Expérimentale et Comparée, 99 
avenue J-B. Clément, F-93430 Villetaneuse, France 
b School of Behavioral and Brain Sciences, The University of Texas at Dallas, MS: 
GR4.1, 800 West Campbell Road, Richardson, TX 75080-3021, USA 
c INRA, Biologie du Développement et Reproduction, F-78352 Jouy-en-Josas, 
France 
d Ecole Nationale Vétérinaire d’Alfort, Département d’Ethologie, F-94704 Maisons-
Alfort, France 
 

For more than ten years, reproductive biotechnologies using 
somatic cell nuclear transfer have made possible the 
production of cloned animals in various domestic and 
laboratory species. The influence of the cloning process on 
offspring characteristics has been studied in various 
developmental aspects, however, it has not yet been 
documented in detail for behavioral traits. Behavioral studies 
of cloned animals have failed to show clear inter-individual 
differences associated with the cloning process. Preliminary 
results showed that clones favor each other's company. 
Preferential social interactions were observed among cloned 
heifers from the same donor in a mixed herd that also 
included cloned heifers and control heifers produced by 
artificial insemination (AI). These results suggest behavioral 

differences between cloned and non-cloned animals and 
similarities between clones from the same donor. The aim of 
the present study was to replicate and to extend these 
previous results and to study behavioral and cognitive 
mechanisms of this preferential grouping. We studied a group 
composed of five cloned heifers derived from the same donor 
cow, two cloned heifers derived from another donor cow, and 
AI heifers. Cloned heifers from the same donor were more 
spatially associated and interacted more between themselves 
than with heifers derived from another donor or with the AI 
individuals. This pattern indicates a possible kin 
discrimination in clones. To study this process, we performed 
an experiment (using an instrumental conditioning procedure 
with food reward) of visual discrimination between images of 
heads of familiar heifers, either related to the subjects or not. 
The results showed that all subjects (AI and cloned heifers) 
discriminated between images of familiar cloned heifers 
produced from the same donor and images of familiar 
unrelated heifers. Cattle discriminated well between images 
and used morphological similarities characteristic of cloned 
related heifers. Our results suggest similar cognitive 
capacities of kin and non kin discrimination in AI and cloned 
animals. Kinship may be a common factor in determining the 
social grouping within a herd. 
 
 
* Corresponding author. E-mail address: marjoriecoulon82@yahoo.fr (M. Coulon). 
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http://www.colpos.mx/agrocien/agrociencia.htm
http://www.animal-journal.eu/
http://www.cbra.org.br/publicacoes/animalreproduction/issues.do
http://www.sciencedirect.com/science/journal/03784320
http://www.biolreprod.org/
http://www.revistaciencia.amc.edu.mx/
http://jas.fass.org/
http://jds.fass.org/
http://www.jstage.jst.go.jp/browse/jrd
http://www.sciencedirect.com/science/journal/18711413
http://www.manejolechero.com/
http://www.nature.com/nature/index.html
http://physrev.physiology.org/
http://www.pnas.org/
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 Reproduction  
 http://www.reproduction-online.org/ 

 
 Reproduction in Domestic Animals 

 http://www.wiley.com/bw/journal.asp?ref=0936-6768 
 

 Reproduction, Fertility and Development 
 http://www.publish.csiro.au/nid/44.htm 

 

 Revista Mexicana de Ciencias Pecuarias 
 http://www.tecnicapecuaria.org.mx/index2.php 
 

 Science 
 http://www.sciencemag.org/ 
 

 The American Association of Bovine Practitioners 
 http://www.aabp.org/ 
 

 The Dairy Cattle Reproduction Council (DCRC) 
 http://www.dcrcouncil.org/index.html 

 

 The Veterinary Record 
 http://veterinaryrecord.bvapublications.com/ 

 

 Theriogenology 
 http://www.sciencedirect.com/science/journal/0093691X 

 
 Veterinary Clinics of North America: Food Animal Practice 

 http://www.vetfood.theclinics.com/ 
 

 Veterinaria México 
 http://www.fmvz.unam.mx/fmvz/revvetmex/revvetmex.htm 
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http://www.fmvz.unam.mx/fmvz/departamentos/reproduccion/boletin/actual.html  Diciembre  2010 16 

 

http://www.partners-in-reproduction.com/

