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a  b  s  t  r  a  c  t

The  present  aimed  to develop  a hormonal  therapy  based  on the  insertion  of a proges-
terone  (P4)  insert  (PI)  during  10 d plus  an  estradiol  injection  (E2)  at PI  removal  before
the  onset  of  breeding  of  beef heifers.  In  Exp.  1,  the  plasma  P4  profile  of  prepubertal
heifers  showed  that  the insertion  of  a PI  or 24  d  previously  used  P4  insert  (UPI)  sus-
tained  plasma  P4  above  1 ng/mL  for at least  the  first 7 d  of the  treatment.  In Exp.  2 there
was  no  positive  effect  of additional  estradiol  benzoate  (EB)  administered  at  the  inser-
tion of  UPI  on  the proportion  of  heifers  with  a corpus  luteum  (CL/Treated)  30  d  after
UPI  removal  [UPI  +  EB  = 85.3%a (n =  134);  EB  + UPI  + EB  = 80.8%a (n = 125)];  however,  both
were  greater  (P  <  0.0001)  than  the  Control  group  [60.3%b (n = 129)].  In Exp.  3,  a  positive
effect  (P  =  0.01)  of  UPI  treatment  and  both  E2  supplementations  [EB  and  estradiol  cyp-
ionate  (EC);  P =  0.10]  at  the UPI  removal  was observed  on CL/Treated  [Control  =  42.5%b

(n = 94);  UPI  = 58.5%a (n =  130);  UPI  + EB  =  64.0%a (n =  128);  UPI  +  EC  = 67.2%a (n = 128)].  How-
ever, greater  pregnancy  per  treated  heifer  (P/Treated)  following  artificial  insemination  (AI)
upon  estrus  detection  was  achieved  when  EC  was  applied  [Control  = 20.2%b; UPI  =  29.2%ab;
UPI +  EB = 26.6%b; UPI +  EC = 36.7%a].  In Exp.  4, the  treatment  prior  to  the  timed  AI (TAI)

tended  to improve  pregnancy  per  TAI [P/AI;  Control  43.6%  (n =  298)  vs.  UPI +  EC  51.9%
(n  = 342);  P =  0.08],  but  increased  P/Treated  [26.5%  vs. 43.3%;  P <  0.001].  Thus,  UPI + EC
treatment  were  efficient  in  increasing  the  CL/Treated,  tended  to improve  the  P/AI and
consequently  enhanced  P/Treated  of  zebu  beef heifers.
1. Introduction
Reproductive failure can severely impact cow-calf oper-
ation profitability and age at puberty is an important factor

∗ Corresponding authors at: Av. Prof. Dr. Orlando Marques de Paiva, 87,
Cidade Universitária, 05508-270, São Paulo, SP, Brazil.

E-mail addresses: manoelsa@usp.br (M.F. Sá Filho), barusell@usp.br
(P.S. Baruselli).

http://dx.doi.org/10.1016/j.anireprosci.2015.06.024
0378-4320/© 2015 Elsevier B.V. All rights reserved.
©  2015  Elsevier  B.V.  All  rights  reserved.

that determines heifer stayability and cow lifetime produc-
tivity (Cushman et al., 2013; Ferrell, 1982; Funston et al.,
2012b; Patterson et al., 1992). In Brazil, puberty in Bos indi-
cus beef heifers is estimated to occur at 22–36 months
and age at first calving at around 44–48 months of age

(Nogueira, 2004; Sartori et al., 2010). When compared to
Bos taurus,  which reach puberty around 15 mo,  this delay
observed in B. indicus heifers is attributed to both genetic
(Eler et al., 2002) and environmental factors, including
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utrition, disease, temperature, Humidity and season of
irth (Nogueira, 2004; Sartori et al., 2010).

In pasture-based production systems for beef cattle,
ypical of tropical production systems, the use of restricted
eriods of breeding requires that heifers attain puberty
efore the onset of the breeding period (BP). It is known that
eifers attaining puberty early have greater reproductive
erformance and greater chance of re-conception after first
alving (Funston et al., 2012a). In addition, heifers with a
orpus luteum (CL) at the beginning of the synchronization
rotocol have greater pregnancy per artificial insemina-
ion (P/AI) in comparison to those without a CL (Sá Filho
t al., 2010b). Strategic exposure of prepubertal heifers to
xogenous progesterone (P4) can be used to modulate their
ypothalamus, increasing gonadotropin secretion (Day,
987; Graden et al., 1968; Yavas and Walton, 2000) and

nducing puberty (Anderson et al., 1996; Claro et al., 2010;
rings et al., 1998; Hall et al., 1997; Imwalle et al., 1998).
hus, exposing zebu beef heifers to an exogenous source
f P4 prior to the onset of breeding could increase cyclicity
nd the number of pregnant heifers early in the BP.

In B. indicus heifers, P4 administered via intravaginal
4-releasing inserts has effectively hastened puberty and
mproved service rate at the onset of the BP (Claro et al.,
010; Rodrigues et al., 2014, 2013). However, despite the
eneficial effects of this hormonal therapy, previous stud-

es fail to demonstrate the amount of P4 delivered during
reatment when employing a used P4 insert (UPI), which
s expected to determined lower P4 circulating concentra-
ion, in comparison to a new P4 insert (PI; Dias et al., 2009).
urthermore, the importance of administrating an estradiol
ster at P4 insert removal and the type of estradiol (E2)
ster [E2 benzoate (EB) or E2 cypionate (EC)] are questions
o be considered. Finally, the impact of inducing puberty
efore the onset of the BP on P/AI remains unclear.

Therefore, the objectives of this sequence of studies
ere to test a P4 plus E2-based protocol to increase the
umber of B. indicus beef heifers presenting a CL at the
nset of the BP (Exp. 1–3); and to evaluate the impact of
his hormonal therapy on P/AI of beef heifers presenting
L at onset of the synchronization protocol (Exp. 4). We
ypothesized that treatment with exogenous P4 plus E2
ould increase the number of B. indicus beef heifers pre-

enting a CL (CL/treated), the P/AI and, consequently, the
regnancy per treated heifer (P/Treated).

. Materials and methods

.1. Experiment 1: P4 profile of heifers treated with P4
nserts

.1.1. Location and animals
This experiment was conducted at the São Paulo Uni-

ersity Beef Cattle Research Center located in Pirassununga,
ão Paulo, Brazil. All heifers were kept on Brachiaria decum-
ens pasture and had access to mineral supplement and
ater. Twenty seven Nelore (B. indicus) beef prepubertal

eifers from 20 to 22 months of age were enrolled in the
tudy. On the first day of treatment all heifers were weighed
sing digital cattle weight scales without food or water
estriction and body condition score (BCS) was recorded
on Science 160 (2015) 30–39 31

using a 1–5 point scale (1 = emaciated, 5 = obese) (Ayres
et al., 2009).

2.1.2. Experimental design and ultrasound examination
Two consecutive transrectal ultrasound examinations

(5 MHz, Chison 500VET®, Kylumax Eletromedicina LTDA,
Brazil) were performed to evaluate cyclicity status (Days
−7 and 0) of all heifers (Fig. 1). Only prepubertal heifers
were eligible for the experiment; heifers with a cor-
pus luteum (CL) detected at least once were excluded.
The remaining (n = 27) heifers were randomly assigned to
one of the three following treatments: Control untreated
heifers (n = 8); PI [n = 10; insertion of a PI containing 1.9 g
of P4 (CIDR®, Zoetis, São Paulo, Brazil)]; or UPI [(n = 9; inser-
tion of a UPI). The UPI insert has been previously utilized
in suckled beef cows for three 8 day periods, summarizing
24 days of use. After each use, the UPI were individually
washed with water and soaked in a solution of chlo-
ride alkyl dimethyl benzyl ammmonium (CB 30 Ourofino
Agronegócio, São Paulo, Brazil) for ∼10 min. Thereafter, the
inserts were dried using brown paper, placed into plastic
bags and stored at room temperature, in a clean environ-
ment. After 10 d (Day 10), the P4 insert was  removed.

Blood samples were collected from the jugular vein
in 10 mL heparinized tubes (Vacutainer®, Becton Dickin-
son and Company, USA) on Days 0, 1, 4, 7, 10 and 20
(Fig. 1). Samples were promptly centrifuged at 1500 × g
and plasma was stored at −20 ◦C until analyzed. The
plasma P4 concentration was determined by a solid-phase
radioimmunoassay (Coat-a-Count®, Diagnostic Products
Corporation, Los Angeles, CA, USA). The P4 assay sensitivity
was 0.072 ng/mL and the inter- and intra-assay coefficients
of variation were 6.71 and 9.08%, respectively. Another
transrectal ultrasound examination was  performed on Day
20, in order to evaluate ovulation occurrence (i.e. presence
of a CL).

2.2. Experiment 2: Combining the use of EB at the
beginning and end of P4 treatment

2.2.1. Location and animals
This experiment was  conducted in three commercial

beef farms located in Cascavel, Paraná, Brazil. All heifers
remained on B. decumbens pasture and received mineral
supplement and water ad libitum. A total of 388 Nelore (B.
indicus) beef heifers ranging from 23 to 26 months of age
were enrolled in the study. The BCS was  recorded on the
first day of treatment using a 1–5 point scale (1 = emaciated,
5 = obese) (Ayres et al., 2009).

2.2.2. Experimental design and ultrasound examination
On the first day of the trial (Day 0), heifers were exam-

ined by transrectal ultrasound; only heifers without a CL
were eligible for the study. Heifers were randomly assigned
to one of the three following treatments: Control (n = 129;
untreated heifers); UPI + EB [n = 134; insertion of a UPI plus
1 mg  of EB (i.m., Estrogin®, Farmavet, São Paulo, Brazil) at

P4 insert removal on Day 10]; and EB + UPI + EB (n = 125;
same treatment as UPI + EB group plus 2 mg  EB i.m. at P4
insert insertion) (Fig. 2). Before insertion, the PI were pre-
viously used and washed as described in Exp. 1.
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Fig. 1. Design of Experiment 1. Heifers received none (Control), a new intravaginal insert containing 1.9 g progesterone (PI) or a 24 d previously used P4
 evalua
uation o
insert  (UPI) during 10 d. Ultrasound examinations were done in order to
collected to determine the plasma P4 concentration. US: ultrasound (eval

On Day 40, ovaries were scanned via transrectal ultra-
sound. Heifers, regardless of the presence of CL, were
treated with a protocol for estrus and ovulation synchro-
nization, consisting of a 3 mg  norgestomet (NORG) ear
implant (Crestar®, MSD  Animal Health, São Paulo, Brazil)
and 2 mg  EB i.m. At the NORG ear implant removal 8 d
later, all heifers received an i.m. injection of 150 �g of d-
cloprostenol (Preloban®, MSD  Animal Health, São Paulo,
Brazil) and 300 IU of equine chorionic gonadotropin (eCG;
Folligon®, MSD  Animal Health, São Paulo, Brazil). Ovulation
was induced with 1 mg  EB i.m. 24 h after NORG implant

removal and TAI was performed 24 h afterward. Pregnancy
diagnosis was performed 30 d after TAI by transrectal ultra-
sound examination.

Fig. 2. Design of Experiment 2. Heifers received none (Control), a 24 d previously 

(EB)  only at the end (UPI+EB) or at the beginning and end of UsediP4 treatment
timed  artificial insemination (TAI) protocol [Norgestomet ear implant plus 2 mg
gonadotropin ((eCG) – 24 h – 1 mg  EB i.m. – 24 h – TAI). Pregnancy diagnosis w
condition score.
te the presence of a corpus luteum (CL) in ovaries. Blood samples were
f the presence of a CL); BCS: body condition score; BW:  body weight.

2.3. Experiment 3: Using different esters of E2 at the
conclusion of P4 treatment

2.3.1. Location and animals
This experiment was conducted on three commercial

beef farms located in Cascavel, Paraná, Brazil. All heifers
remained on B. decumbens pasture with free access to
mineral supplement and water. Four hundred and eighty
Nelore (B. indicus) beef heifers from 23 to 26 months of
age were enrolled in the study. Body condition score was
recorded on the first day (Day 0) of the trial and on the first

day of the BP (Day 40), using a 1–5 scale (1 = emaciated,
5 = obese) (Ayres et al., 2009). The BCS changes between
Day 0 and Day 40 were calculated and heifers were

used 1.9 g P4 intravaginal insert (UPI) during 10 d plus estradiol benzoate
 (EB + UPI + EB). Thirty days later, all treated heifers were subjected to a

 EB – 8 d – 150 �g d-cloprostenol (PGF2�) and 300 IU equine chorionic
as performed 30 d after TAI by ultrasound. US: ultrasound; BCS: Body
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Fig. 3. Design of Experiment 3. Heifers received none (Control), a 24 d previously used 1.9 g P4 intravaginal insert during 10 d alone (UPI) or combined
with  estradiol benzoate (UPI + EB) or cypionate (UPI + EC) at the removal of UPI. Thirty days later, heifers with a corpus luteum (CL) were treated with
d eifers w
w D40; US
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–

-cloprostenol (PGF2�) and subjected to estrus detection for five days. H
as  performed 30 d after by ultrasound. *only when a CL was  present at 

lassified as follows: (1) No change; (2) Low gain (gain of
.25 of BCS); or (3) High gain (gain of ≥0.5 of BCS).

.3.2. Experimental design and ultrasound examination
On the first day of the trial (Day 0), ovaries were scanned

or CL by transrectal ultrasound. Heifers with a CL were
xcluded from the trial. Heifers without a CL were ran-

omly assigned to one of the four following treatments:
ontrol (n = 94; untreated heifers), UPI [n = 130; insertion
f a UPI for 10 d], UPI + EB [n = 128; similar to UPI plus an
.m. injection of 1 mg  EB (Estrogin®, Farmavet, São Paulo,

ig. 4. Design of Experiment 4. Heifers received none (Control), 24 d previously
EC)  at the removalof UPI (UPI + EC). Thirty days later, heifers with a corpus lute
Norgestomet ear implant plus 2 mg  EB – 8 d – 150 �g d-cloprostenol (PGF2�) and

 TAI). Pregnancy diagnosis was performed 30 d after TAI by ultrasound. US: ultra
ere artificially inseminated upon estrous detection. Pregnancy diagnosis
: ultrasound; BCS: Body condition score.

Brazil) at P4 insert removal] and UPI + EC [n = 128; similar to
UPI + EB except for replacing EB with 0.5 mg  EC i.m. (E.C.P®,
Zoetis, São Paulo, Brazil)] (Fig. 3). Before insertion, the PI
were previously used and washed as described in Exp. 1.
On Day 40, ovaries were scanned by transrectal ultrasound
and heifers with a CL received 150 �g of d-cloprostenol
(Preloban®, MSD  Animal Health, São Paulo, Brazil). Heifers

detected in estrus within the following five days (Days
40–45) were artificially inseminated. Pregnancy diagnosis
was performed by transrectal ultrasound 30 d after the last
AI (Day 75).

 used 1.9 g P4 intravaginal insert (UPI) for 10 d plus estradiol cypionate
um (CL) were subjected to a timed artificial insemination (TAI) protocol

 300 IU equine chorionic gonadotropin (eCG) – 24 h – 1 mg EB i.m. – 24 h
sound; BCS: Body condition score.
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2.4. Experiment 4: Impact of treatment with P4 and EC
prior to TAI

2.4.1. Location and animals
This experiment was conducted on a commercial beef

farm located in Rio Verde do MT,  Mato Grosso do Sul, Brazil.
All heifers grazed on B. decumbens pasture with free access
to mineral supplement and water. A total of 640 Nelore
(B. indicus) beef heifers from 23 to 26 months of age was
enrolled in the study. The BCS was recorded on the first
day of treatment using a 1–5 point scale (1 = emaciated,
5 = obese) (Ayres et al., 2009).

2.4.2. Experimental design and ultrasound examination
On the first day of the trial (Day 0) ovaries were scanned

for CL by transrectal ultrasound. Heifers with a CL were
excluded from the trial. The remaining heifers (n = 640)
were randomly assigned to one of the two following treat-
ments: Control (n = 298; untreated heifers), or UPI + EC
(n = 342). On Day 0, heifers from Control group remained
untreated, while UPI + EC heifers received a UPI. Before
insertion, the PI were previously used and washed as
described in Exp. 1. On Day 10, the UPI was removed and
0.5 mg  EC i.m. was administered. On Day 40, ovaries were
scanned by transrectal ultrasound, and only heifers with
a CL were treated with a TAI protocol. The inclusion of
only heifers presenting a CL was based on previous data
obtained using zebu beef heifers; greater conception rate
was expected following the TAI of heifers presenting a CL at
beginning of the synchronization of ovulation than non CL
heifers (Sá Filho et al., 2010b). The synchronization of ovu-
lation protocol consisted of a NORG ear implant and 2 mg  EB
i.m. (Day 40). At the implant removal 8 d later (Day 48), all
heifers received 150 �g d-cloprostenol, 300 IU eCG i.m plus
0.5 mg  EC i.m. Two days later (Day 50), all heifers were arti-
ficially inseminated at fixed time. Pregnancy diagnosis was
performed by transrectal ultrasound 30 d (Day 80) after TAI
(Fig. 4).

3. Statistical analysis

In all Exp. (1–4), statistical analyses were performed
using the PROC GLIMMIX or MIXED of SAS for Windows
(SAS 9.3 Institute Inc., Cary, NC, USA, 2003). Continu-
ous variables were presented as mean ± standard error of
the mean (mean ± SEM) and percentage (%) for frequency
of occurrence for binomial variables. The continuous
response variables were subjected to response scaling test
through the solution Guided Data Analysis of SAS. Variables
that did not follow these assumptions were transformed
accordingly. Binomial variables were analyzed by logistic
regression using the SAS GLIMMIX procedure with models
fitted to binomial distributions. For the statistical models,
variables were removed by Backward Elimination, based on
the Wald criterion. Only variables with P < 0.20 were kept

in the final model, unless the variable was essential, such
as treatment. Statistical difference was considered when
P ≤ 0.05 and tendency when P > 0.05 and ≤0.10. Graphs
were plotted with Sigmaplot (version 11.0).
ion Science 160 (2015) 30–39

In Exp. 1, treatment (Control, PI or UPI) was the indepen-
dent variable for ovulation rate (%) and circulating P4 10 d
after the end of treatment with P4 and E2. All P4 concen-
trations (ng/dL) during maintenance of the insert on Days
0, 1, 4, 7 and 20 were analyzed as repeated measures, using
the MIXED procedure of SAS.

In Exp. 2, statistical model was comprised of Farm, Age
mo,  BCS, Treatment (Control, UPI + EB or EB + UPI + EB),
Farm × Treatment, Treatment × Age mo  and Treat-
ment × BCS as independent variables, and CL/Treated and
P/AI as response variables. An additional analysis was
performed considering different BCS (<3.0 or ≥3.0) as
independent variables, and CL/Treated, P/AI as response
variables.

In Exp. 3, statistical model was  comprised of Farm,
Treatment (Control, UPI, UPI + EB or UPI + EC), BCS, Age,
BCS change, Farm × Treatment, Treatment × BCS, Treat-
ment × Age and Treatment × BCS change as independent
variables, and CL/Treated, P/AI and P/Treated as response
variables. The effect of treatment was  also assessed as
orthogonal contrast when the objective was  to determine
differences between females treated or not with PI (C1),
effect on animals treated or not with E2 (C2), as well as the
effect on animals treated with EB or EC (C3). An additional
analysis was  done considering different BCS (<3.0 or ≥3.0)
or BCS change [No change, Low (0.25) or High (≥0.5)] as
independent variables, and CL/Treated, P/AI and P/Treated
as response variables.

In Exp. 4, the statistical model was comprised of Pen,
Treatment (Control or UPI + EC), BCS, Pen × Treatment and
Treatment × BCS as independent variables, and CL and P/AI
as response variables. An additional analysis was done
considering BCS (<3.0 or ≥3.0) as independent variables,
and CL/Treated, P/AI and P/Treated as response variables.

An additional retrospective analysis, considering heifers
enrolled at different trials (Exp. 1–4) was performed to
evaluate the impact of treatment on CL/Treated (All trials;
Control = untreated heifers, n = 529; UPI = all groups that
received a P4 stimulus, n = 996), on the P/AI (Exp. 2–4; Con-
trol, n = 341; UPI, n = 767) and on P/Treated heifer (Control,
n = 529; UPI, n = 996). Information from individual heifers
from each experiment was collated into a single data set for
statistical analysis. Data were analyzed through multivari-
ate logistic regression using the GLIMMIX procedure of SAS.
For this analysis, the effect of treatment, BCS class (≥3.0
or <3.0) and their interaction were considered as indepen-
dent variable. The effect of each experiment (1–4) within
each farm was considered as a random effect. The response
variables evaluated were CL/Treated, P/AI and P/Treated.

4. Results

4.1. Experiment 1: P4 profile in heifers treated with a P4
insert

Similar BW (325.4 ± 8.5, 325.3 ± 7.2, and 339.1 ± 9.7 kg;
P > 0.05) and BCS (3.2 ± 0.1, 3.2 ± 0.1 and 3.2 ± 0.1;

P > 0.05) were found among groups (Control, PI and UPI,
respectively). The plasma P4 concentrations during the
maintenance of P4 inserts are shown in Fig. 5. Both
groups treated with P4 sustained plasma P4 concentration
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ontaining 1.9 g of P4); and UPI (n = 9; insertion of a PI previously used for

 P < 0.01; Time – P < 0.01; and Treatment × Time – P < 0.01.

bove 1 ng/mL at least during the first 7 d of the
reatment. On Day 20, greater ovulatory response
P = 0.04) was observed in heifers treated with P4 inserts
PI = 30.0% (3/10) and UPI = 55.6% (5/9)] than untreated
Control = 0.0% (0/8)]. At this moment (Day 20), the
lasma P4 concentration was greater (P < 0.0001) in UPI
reated heifers (1.38 ± 0.45 ng/mL) than in Control heifers
0.18 ± 0.07 ng/mL). Intermediated concentration of P4 was
ound in the PI treated group (0.83 ± 0.35 ng/mL).

.2. Experiment 2: Combining the use of EB at the
eginning and at the end of P4 treatment

As shown in Table 1, treatment with UPI increased
P < 0.0001) the CL/treated at the onset of the BP (Day
0), regardless of the use of EB at the insertion of the PI.
espite the greater number of heifers presenting a CL at
eginning of the synchronization of ovulation protocol for
AI, there was no difference between treatments for P/AI
P = 0.38).

When heifers were classified according to their BCS into
wo different groups (<3.0 or ≥3.0), the presence of a CL at
he onset of the BP was lower in poorer (<3.0) BCS heifers
han in heifers of BCS > 3.0 [73.4% (199/271) vs. 85.5%
100/117); P = 0.01]. However, this difference was reversed
or P/AI [56.8% (154/271) vs. 47.9% (56/117), respectively;

 = 0.04)].

.3. Experiment 3: Using different esters of E2 at the
onclusion of P4 treatment
Regardless of treatment with E2 at the end of the
ormonal therapy (UPI + EB or UPI + EC), the exposure of
eifers to exogenous P4 (Control or UPI) influenced the
ntrol (n = 8; untreated heifers); PI (n = 10; insertion of a new P4 insert
fter 10 d, the P4 insert was removed in both treatment groups. Treatment

CL/treated (orthogonal contrast − C1; P = 0.005). Further-
more, the administration of an E2 ester (EB or EC) at UPI
insert removal tended to an additional effect on CL/treated
(C2; P = 0.10). However, there was no difference between
both estradiol esters (EB and EC) used (C3; P = 0.30). In
addition, there was no effect of the exogenous P4 [Control
or UPI (C1; P = 0.54)], the administration of an E2 ester at
UPI removal (C2; P = 0.73) on the P/AI. However, EC-treated
heifers presented greater P/AI than EB-treated heifers (C3;
P = 0.04). The exposure of heifers to exogenous P4 promoted
greater P/Treated (C1; P = 0.02). Such difference was not
maintained following the administration of E2 ester at UPI
removal (C2; P = 0.41). However, heifers treated with EC
presented greater P/Treated than those treated with EB at
iP4 removal (C3; P = 0.04).

BCS had a positive effect on CL/Treated at the
onset of the BP [<3.0 = 51.2% (169/330) vs. ≥3.0 = 76.7%
(115/150); P < 0.0001]. This effect was  also observed on P/AI
[<3.0 = 51.0% (74/145) vs. ≥3.0 = 58.7% (64/109); P = 0.04]
and on P/Treated [<3.0 = 22.4% (74/330) vs. ≥3.0 = 42.7%
(64/150); P < 0.0001]. This finding was  supported by the
analysis of the effect of BCS change [No change, Low
gain (0.25) or High gain (≥0.5)] on CL/Treated, P/AI and
P/Treated. Greater outcomes were observed as the heifers
moved from stable BCS to gaining ≥0.5 points of score.
The CL/Treated at onset of BP had an increase of almost
40% when heifers gained ≥0.5 points of BCS compared
to those which sustained stable BCS [No change = 49.0%
(24/49)b, Low = 53.8% (120/223)b, High = 67.3% (140/208)a;
P < 0.0001]. Similarly, greater P/AI [No change = 40.9%

(9/22)b, Low = 53.8% (56/104)ab, High = 57.0% (73/128)a;
P = 0.05] and greater P/Treated [No change = 18.4% (9/49)b,
Low = 25.1% (56/223)b, High = 35.1% (73/208)a; P < 0.0001]
was observed as gain in BCS improved.
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Table  1
General results from Exp. 2–4.

Item CL/Treateda P/AIb P/Treatedc

% (n/n) Odds ratio (CI) P value % (n/n) Odds ratio (CI) P value % (n/n) Odds ratio (CI) P value

Experiment 2
Treatmentsd

Control 60.3 (78/129)b Reference
<0.0001

49.6 (64/129) Reference
0.38

49.6 (64/129) Reference
0.38UPI  + EB 85.3 (114/134)a 3.8 (2.0–7.1) 57.5 (77/134) 1.4 (0.8–2.3) 57.5 (77/134) 1.4 (0.8–2.3)

EB  + UPI + EB 80.8 (101/125)a 2.7 (1.5–5.0) 55.2 (69/125) 1.3 (0.8–2.1) 55.2 (69/125) 1.3 (0.8–2.1)
Experiment 3
Treatmentse

Control 42.5 (40/94)c Reference

0.01

61.3 (19/31) Reference

0.21

20.2 (19/94)b Reference

0.02
UPI  58.5 (76/130)bc 1.3 (0.7–2.4) 54.3 (38/70) 1.2 (0.4–3.2) 29.2 (38/130) ab 1.8 (0.9–3.7)
UPI  + EB 64.0 (82/128)ab 1.9 (1.0–3.5) 45.3 (34/75) 0.9 (0.3–2.5) 26.6 (34/128)b 1.7 (0.8–3.4)
UPI  + EC 67.2 (86/128)a 2.5 (1.3–4.7) 60.3 (47/78) 1.9 (0.7–5.1) 36.7 (47/128)a 3.0 (1.5–6.0)

Experiment 4
Treatmentsf

Control 60.7 (181/298) Reference
<0.0001

43.6 (79/181) Reference
0.08

26.5 (79/298) Reference
<0.0001UPI  + EC 83.3 (285/342) 3.7 (2.4–5.7) 51.9 (148/285) 1.4 (0.9–2.0) 43.3 (148/342) 2.0 (1.5–2.9)

a CL/Treated: percentage of heifers presenting corpus luteum (CL) 30 days after used progesterone (P4) insert (UPI) removal.
b Pregnancy per artificial insemination (P/AI).
c Pregnancy per treated heifer (P/Treated).
d Treatments of Exp. 2: Heifers received none (Control), a 24 d previously used 1.9 g P4 intravaginal insert for 10 d alone (UPI) or combined with estradiol

benzoate at the end (UPI + EB) and at beginning and at the end (EB + UPI + EB) of the P4 treatment.
e Treatments of Exp. 3: Heifers received none (Control), a UPI alone (UPI) or combined with estradiol benzoate (UPI + EB) or estradiol cypionate (UPI + EC)

ed with
script d
at  the end of P4 treatment.
f Treatments of Exp. 4: Heifers received none (Control) or a UPI combin

a, b, c Within a column in each trial, proportions without a common super

4.4. Experiment 4: Impact of treatment with P4 and EC
prior to TAI

As shown in Table 1, control untreated heifers had
lower CL/Treated (P < 0.0001), tended to present lower P/AI
(P = 0.08) and had lower P/Treated (P < 0.0001) than UPI + EC
treated heifers. When heifers were analyzed according to
their BCS (<3.0 vs. ≥3.0), those with greater BCS had sim-
ilar CL/Treated at the beginning of the BP [96.4% (27/28)
vs. 71.7% (439/612); P = 0.39], P/AI [48.2% (13/27) vs. 48.8%
(214/439); P = 0.94] and P/Treated [46.4% (13/28) vs. 35.0%
(214/612); P = 0.85] than the ones with lesser BCS.

4.5. Retrospective analysis

Considering the retrospective analysis, treatments with
UPI plus E2 were efficient in increasing the CL/treated at
the onset of the BP (P < 0.0001), enhanced P/AI (P = 0.04)
and P/Treated (P < 0.0001) (Fig. 6). When the BCS anal-
ysis was performed, CL/Treated was greater (P < 0.0001)
in heifers presenting BCS ≥ 3.0 (74.0%; 657/888) than
those with BCS < 3.0 (62.3%; 397/637). Such difference was
not sustained regarding P/AI [BCS ≥ 3.0 = 50.2% (334/665)
vs. BCS < 3.0 = 54.4% (241/443); P = 0.45] or P/Treated
[BCS ≥ 3.0 = 37.6% (334/888) vs. BCS < 3.0 = 37.8% (241/63);
P = 0.25].

5. Discussion

This sequence of trials demonstrated that treatment
with a UPI combined with the administration of E2 is effi-

cient to increase the number of beef heifers with a CL
at the onset of the BP. The PI was capable of sustain-
ing the plasma P4 concentration above 1 ng/mL at least
during the first 7 d of the 10-d treatment period. Also, this
 estradiol cypionate (UPI + EC) at the end of P4 treatment.
iffered (P < 0.05).

hormonal therapy demonstrated the importance of asso-
ciating an E2 ester at the UPI removal by improving the
CL/treated (EB or EC) and enhancing the P/treated (mainly
for EC-treated heifers). Nonetheless, the additional treat-
ment with EB at the insertion of the UPI did not improve
the ovulatory response of treated heifers (Exp. 2). Besides
increasing the CL/treated at the beginning of the TAI pro-
tocol, UPI + EC treated heifers also had greater P/AI and
P/Treated, supporting the initial hypothesis of the present
experiments.

The beneficial effects of P4 on hastening puberty were
previously described in both B. taurus (Anderson et al.,
1996; Gonzalez-Padilla et al., 1975), B. taurus × B. indi-
cus (Rasby et al., 1998) and B. indicus (Claro et al., 2010;
Rodrigues et al., 2013) prepubertal heifers. In the first trial
described herein, the efficiency of new or 24-d-used 1.9 g
PI was  demonstrated. The UPI sustained the plasma P4
concentration >1 ng/mL at least during the first 7 d of the
treatment and improved the ovulation rate after treatment.
However, new inserts sustained greater plasma P4 concen-
trations. In fact, it is known that an excessive circulating P4
concentration particularly during the final dominant folli-
cle growth could harm the ovulatory capacity and/or lead
to the ovulation of smaller follicles which secrete less P4
(Adams et al., 1992; Carvalho et al., 2008; Dias et al., 2009;
Mantovani et al., 2010; Sá Filho et al., 2010a). Conversely,
a low P4 concentration during the synchronization proto-
col promoted increased follicular growth rate resulting in
a larger diameter ovulatory follicle with greater ovulatory
capacity (Dadarwal et al., 2013; Mantovani et al., 2010).
Likewise, specifically in prepubertal beef heifers, greater

reproductive performance was achieved when zebu heifers
were treated with a UPI rather than a new one (Claro et al.,
2010). Therefore, it seems that the quantity of P4 released
by a UPI is enough to control follicular growth of zebu
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repubertal beef heifers, improving ovulation response
ith a potential positive effect on subsequent reproductive
erformance.

The E2 negative feedback on GnRH secretion is a deter-
ining factor on the occurrence of first ovulation in heifers.

urthermore, the use of exogenous P4 (Anderson et al.,
996; Rasby et al., 1998) and the increase of endogenous E2
as been described to turn this feedback to become more
ositive, culminating in ovulation (Day, 1987; Nogueira,
004; Rasby et al., 1998). Similar to the results described
ere, a positive effect of the treatment associating exoge-
ous P4 exposure plus an E2 stimulus at the P4 insert
emoval, increasing the amount of beef zebu heifers with a
L at the beginning of the BP has been described by other
uthors (Rodrigues et al., 2014). However, the administra-
ion of additional E2 stimulus at the insertion of the UPI
id not enhance CL/Treated or P/AI in the current study.
hese findings indicate that increasing the concentration
f estradiol at the end of the P4-based protocol is sufficient
o simulate physiological proestrus and to trigger ovula-
ion in B. indicus heifers. Besides that, without the induction
f follicular wave emergence by E2 stimulus at the inser-
ion of the UPI, the development of a persistent follicle
ill be stimulated (Mantovani et al., 2005). This follicle
as a detrimental effect on conception rate after artificial

nsemination because of an altered oviductal environment
Binelli et al., 1999), premature maturation of the oocyte
Revah and Butler, 1996), or both. However, this would
ot necessarily be detrimental for the present hormonal

trategy, because the heifers will be exposed to at least one
strous cycle before initiation of breeding, which ensures
hat this potential low fertility estrus does not become a
actor.
In Exp. 3, similar response were found on CL/Treated
after the treatment according to the ester of estradiol (EC
or EB) used at the end of the hormonal therapy; how-
ever heifers treated with EC presented greater P/AI and
P/treated. The EC and EB have distinguished chemical struc-
tures and estradiol-17� releasing profiles (Souza et al.,
2005); however, both are equally capable of inducing a
pre-ovulatory LH surge (Sales et al., 2012) and efficient
at inducing ovulation in lactating zebu cows (Torres et al.,
2014) and in cyclic zebu heifers (Sá Filho et al., 2011a) sub-
jected to TAI protocol. The distinct pharmacokinects of both
esters causes prolonged biological activity of EC (Vynckier
et al., 1990) but smaller peak of plasma estradiol concen-
tration (Martínez et al., 2005) in comparison to EB. This
might result in a better uterine modulation and different
subsequent luteal activity (Perry and Perry, 2008; Sá Filho
et al., 2011b), which could explain the greater P/AI, and
consequently, greater P/treated of UPI + EC treated heifers.
Thus, despite of similar CL/treated between different estra-
diol esters administrated at P4 insert removal, the EC could
be considered the elective drug to treat zebu beef heifers
before the onset of the BP.

In Exp. 4, the 10-d treatment with UPI associated with
EC increased the CL/treated and tended to improve the P/AI
and, consequently enhanced the P/Treated. Previous stud-
ies have also shown improved conception rates for cyclic
heifers early in the BP (Claro et al., 2010; Rodrigues et al.,
2013). When more heifers conceive early in the BP the
chance they will be pregnant in the subsequent BP is greater

and the risk of involuntary culling is lower (Cushman et al.,
2013; Gonzalez-Padilla et al., 1975; Rhodes et al., 2003).
Therefore, the routine use of P4 plus EC hormonal ther-
apy prior to the onset of the BP could be considered as an
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important reproductive strategy to improve the reproduc-
tive efficiency of zebu beef heifers.

The efficiency of the hormonal protocol to increase the
CL/Treated at the onset of the BP was clearly observed in
all experiments as well as in the retrospective analysis.
Interestingly, P/AI did not improve in experiments 2 and 3;
however, it tended to improve in experiment 4 and was  sta-
tistically different in the retrospective analysis. Therefore,
beef heifers treated with P4 and E2 before the BP presented
greater ovulatory response, possibly due to the modulation
of their hypothalamus, increasing GnRH secretion (Day,
1987; Graden et al., 1968; Yavas and Walton, 2000). How-
ever, impact on P/AI could be affected by other important
risk factors such as percentage of mature body weight at
breeding, body weight changes from beginning of treat-
ment to TAI or number of consecutive luteal phases prior to
AI (Byerley and Staigmiller, 1987; Funston and Deutscher,
2004; Gasser et al., 2006).

In all trials, heifers presenting greater BCS (≥3.0) had
greater occurrence of CL at the onset of the BP. Also, greater
outcomes (CL/Treated, P/AI and P/treated) were observed
as the heifers moved from stable BCS to gaining ≥0.25
points of score (Exp. 3). The effect of BCS on fertility of
beef cows following AI programs and throughout of breed-
ing season is well known (Ayres et al., 2014; Randel, 1990)
and physiological associations in both cows and heifers are
well documented (Day and Maquivar, 2014; Funston et al.,
2012b; Romano et al., 2007). However, the positive impact
of greater body energy reserves on P/IA was not on the
Exp. 4. In accordance with our results, lack of BCS effect
on P/AI has also been reported in B. taurus beef heifers
synchronized with five-day CO-Synch plus iP4 protocol
(Kasimanickam et al., 2015, 2012), B. indicus × B. taurus
heifers subjected to progestogen-based estrous synchro-
nization protocols (McKinniss et al., 2011) and in B. indicus
heifers subjected to an E2 + P4 based TAI protocol (Butler
et al., 2011). In addition, the absence of BCS effect on P/AI
found in the present could be underscored by the selection
criteria applied in Exp. 4, which only heifers presenting a
CL were subjected to TAI. Therefore, the metabolic status
of the heifer, as evidenced by the BCS, apparently presents
major impact on the advent of puberty (Day and Maquivar,
2014) and minor influence on P/AI, mainly those heifers
presenting a CL at onset of TAI synchronization proto-
col. However, the mechanism whereby nutrition influences
P/AI in heifers subjected to TAI programs requires further
controlled investigations.

In conclusion, treatment with an UPI sustained a plasma
P4 concentration above 1 ng/mL at least during the first
7 d of the 10-d treatment period (Exp. 1). The use of an
additional dose of EB at the beginning of the hormonal pro-
tocol did not increase the CL/Treated or P/AI (Exp. 2). The
CL/Treated tended to be improved when an estradiol ester
is used at UPI removal, regardless of the ester (EB or EC;
Exp. 3). However, greater P/AI and P/Treated were achieved
when EC was administrated at UPI removal in compari-
son to EB (Exp. 3). A protocol associating P4 plus EC at P4

removal increases the CL/Treated at the beginning of the
BP, tends to improve P/AI and enhances the P/Treated (Exp.
4). As to the retrospective analysis, the treatment associ-
ating P4 plus E2 before the onset of the BP increased the
ion Science 160 (2015) 30–39

number of heifers with a CL, the P/AI and consequently the
P/Treated.
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