Administration of recombinant bovine somatotropin prior to fixed-time artificial
insemination and the effects on fertility, embryo, and fetal size in beef heifers

Nicola Oosthuizen,* Pedro L. P. Fontes,* Darren D. Henry,” Francine M. Ciriaco,” Carla D. Sanford,’
Luara B. Canal,’ Gentil V. de Moraes,* Nicolas DiLorenzo,” John F. Currin,' Sherrie Clark,!
William D. Whittier," Vitor R. G. Mercadante,® and G. Cliff Lamb*-!

*Department of Animal Science, Texas A&M University, College Station, TX 77845; "North Florida Research
and Education Center, University of Florida, Marianna, FL 32446; 'VA-MD College of Veterinary Medicine,
Blacksburg, VA 24061; SDepartment of Animal and Poultry Sciences, Virginia Tech, Blacksburg, VA 24061; and
iState University of Maringa, Maringé, PR, Brazil/CNPq

ABSTRACT: Our objectives were to determine
the effects of the administration of recombinant
bovine somatotropin (bST) at the initiation of a
fixed-time AI (TAI) protocol on concentrations
of plasma IGF-1, follicle diameter, embryo/fetal
size, and pregnancy rates in replacement beef heif-
ers. Four hundred and fourteen Angus-based beef
heifers were enrolled in a completely randomized
design at 4 locations from January to July of 2016.
All heifers were exposed to the 7-d CO-Synch +
controlled internal drug release (CIDR) protocol
where they received a 100-pg injection of GnRH
and a CIDR insert on day —9, 25 mg of PGF,,
at CIDR removal on day —2, followed by a 100-
pg injection of GnRH and TAI 54 £ 2 h later on
day 0. Within location, all heifers were randomly
assigned to 1 of 2 treatments: 1) heifers that
received 650 mg of bST on day =9 (BST; n = 191);
or 2) heifers that did not receive bST on day —9
(CONTROL; n = 223). Blood samples were col-
lected on day —9, 0, 28, and 60 to determine the
plasma concentrations of IGF-1. Follicle diam-
eter was determined on day —2 and 0 by transrec-
tal ultrasonography. Pregnancy was diagnosed via
transrectal ultrasonography on day 28 or 35, and

again at least 30 d after the end of the breeding
season. Embryo morphometry was assessed by
measuring crown-to-rump length (CRL) on day
28, and fetal size was assessed by measuring crown-
to-nose-length (CNL) on day 60. Concentrations
of plasma IGF-1 did not differ between treat-
ments on day —9 (P = 0.924), 28 (P = 0.075), and
60 (P = 0.792); however, concentrations of plasma
IGF-1 were greater (P < 0.001) in BST-treated
heifers at TAI (372.4 £ 16.6 vs. 193.7 £ 16.6 ng/
ml). No differences (P = 0.191) were detected for
follicle diameter between CONTROL and BST
treatments on day —2 or 0. Pregnancy rates to TAI
(PR/AI) were greater (P = 0.028) for CONTROL
compared to BST heifers (42.5 £ 4.0 vs.
29.9 + 4.1%). No differences (P = 0.536) in CRL
were observed on day 28 between CONTROL and
BST heifers. In addition, no difference (P = 0.890)
was observed for CNL between CONTROL and
BST treatments. Final pregnancy rates did not dif-
fer (P = 0.699) between treatments. The adminis-
tration of bST to beef heifers at the initiation of a
TAI protocol increased plasma concentrations of
IGF-1 at TAI; however, failed to enhance follicle
diameter, embryo/fetal size, and reduced PR/AI
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INTRODUCTION

Growth hormone, or somatotropin (ST), is a
protein hormone produced by the anterior pituitary
and, once released, transported to the liver where it
induces the synthesis and secretion of IGF-1 (Lucy,
2000). Recombinant bovine ST (bST) is a biological
equivalent to natural ST, and is commonly utilized
in dairy operations to improve milk production of
lactating dairy cows (Hartnell et al., 1991). The
administration of bST increases plasma concentra-
tions of IGF-1 in both beef and dairy cattle (Bilby
et al., 2004; Cooke et al., 2013; Mercadante et al.,
2016).

The use of bST has been reported to alter
ovarian follicular development, and increased the
number of recruited follicles in lactating dairy
cows (De La Sota et al., 1993; Kirby et al., 1997)
and beef heifers (Gong et al., 1991, 1993, 1997).
Both bST and IGF-1 have been shown to stimu-
late embryonic development in bovines (Moreira
et al., 2002) and the use of bST has increased preg-
nancy rates to Al (PR/AI) in lactating dairy cows
(Moreira et al., 2000, 2001; Starbuck et al., 2006).
Bovine ST supplementation enhanced concep-
tus development, reduced embryonic losses, and
improved PR/AI in dairy cows administered at
fixed-time AI (TAI) and 14 d later (Ribeiro et al.,
2014). However, a similar study conducted in beef
cows revealed no differences in fetal size or PR/AI
(Mercadante et al., 2016).

Limited information exists on the effects of
bST administration at the initiation of an estrus
synchronization protocol on fertility in beef heif-
ers. We hypothesized that an injection of bST at
the initiation of a TAI protocol would increase
concentrations of plasma IGF-1 at TAI, and con-
sequently enhance follicle diameter, embryo/fetal
size and improve PR/AI. Therefore, this study was
performed to evaluate the effects of the adminis-
tration of bST on plasma concentration of IGF-
1, embryo/fetal size, and pregnancy rates of beef
heifers exposed to TAIL

MATERIALS AND METHODS

All heifers were handled in accordance with
procedures approved by each collaborating
University’s Animal Care and Use Committee
(IACUC #201509212).

J. Anim. Sci. 2018.96:1894-1902
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Animals and Treatments

Four hundred and fourteen Angus-based,
crossbred beef heifers were enrolled in the experi-
ment at 4 locations in 2 states [Florida (FL-1,
n = 84; and FL-2, n = 40) and Virginia (VA-1,
n = 228; and VA-2, n = 62)]. All heifers were
exposed to the 7-d CO-Synch + controlled internal
drug release (CIDR) protocol where they received
a 100-pg injection of GnRH (Factrel; gonadorelin
hydrochloride; Zoetis Animal Health, Parssipany,
NJ) and a CIDR (EAZI-BREED CIDR; 1.38 g
of progesterone [P4]; Zoetis Animal Health) insert
on day —9, a 25-mg injection of PGF, (Lutalyse;
dinoprost tromethamine; Zoetis Animal Health) at
CIDR removal on day —2, and a 100-ug injection
of GnRH and TAI 54 * 2 h later on day 0. Within
location, all heifers were randomly assigned to 1 of
2 treatments (Fig. 1): 1) BST (n = 191); heifers were
administered 650 mg of bST (Posilac; sometribove
zinc; Elanco Animal Health, Indianapolis, IN) on
day —9; or 2) CONTROL (n = 223); heifers did not
receive bST on day —9. Bovine ST was administered
s.c. in the ischiorectal fossa area. The dose of bST
was selected based on an unpublished preliminary
study where beef heifers receiving 650 mg of bST
tended to yield greater PR/AI. Heifers were eval-
uated for estrus activity between CIDR removal
and TAI at 2 locations (FL-1 and VA-1) by deter-
mining the activation of estrus detection patches at
TAI (Estrotect; Rockway Inc., Spring Valley, WI).
Heifers were considered to be in estrus when at
least 50% of the rub-off coating was removed from
the patch, or when the patch was absent (Hill et al.,
2016). Initially, collection of estrus detection data
was not an objective of this study; however, this
data was collected at the FL-1 and VA-1 locations.
Heifer BW was recorded before the initiation of the
experiment at 2 locations (FL-1 and VA-1). No less
than 10 d after TAI heifers were exposed to bulls
for the remainder of the breeding season.

Ultrasonography

Transrectal ultrasonography (5.0-MHz lin-
ear array transducer, Aloka 500V, Instrument of
Science and Medicine, Vancouver, BC, Canada; or
Ibex portable ultrasound, 5.0-MHz linear multi-fre-
quency transducer, Ibex, E.I. Medical Imaging,
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Figure 1. Schematic of treatments. Heifers assigned to the BST (n = 191) treatment received a 650-mg injection of bovine somatotropin (bST;
Posilac; sometribove zinc; Elanco Animal Health, Indianapolis, IN), an injection of GnRH (Factrel; gonadorelin hydrochloride; Zoetis Animal
Health, Parssipany, NJ), and a controlled internal drug release (CIDR; EAZI-BREED CIDR; 1.38 g of progesterone; Zoetis Animal Health) insert
on day -9; an injection of PGF, (Lutalyse; dinoprost tromethamine; Zoetis Animal Health) at CIDR removal on day —2; and a second injection
of GnRH concurrent with fixed-time AI (TAI) 54 £ 2 h later on day 0. CONTROL heifers (n = 223) were treated the same as BST; however, did
not receive an injection of bST on day —9. Blood samples (BS) were collected on day —9, 0, 28, and 60. Follicle diameter (FD) was measured on
day —2 and again on day 0. Pregnancy diagnosis was performed by transrectal ultrasonography on day 28 (FL-1, VA-1, and VA-2) or 35 (FL-2)
and again at least 30 days after the end of the breeding season. Crown-to-rump length (CRL) was measured on day 28, and crown-to-nose length

(CNL) was measured on day 60.

Loveland, CO) was performed on 28 (FL-1, VA-1,
and VA-2) or 35 d (FL-2) after TAI to determine PR/
Al. Embryo size was assessed by measuring crown-
to-rump length (CRL) on day 28 at 3 locations (FL-
1, VA-1, and VA-2), and fetal size was determined
by measuring crown-to-nose length (CNL) on day
60 at 1 location (FL-1; Riding et al., 2008). A brief
ultrasound recording was obtained at the first preg-
nancy diagnosis and the ideal position and orienta-
tion of the embryo was selected in a frame-by-frame
manner to measure embryo CRL. A second video
was recorded on d 60 and CNL was measured. The
images were measured twice, each by a separate indi-
vidual at each location. The final CRL and CNL
were calculated as the mean of both measurements
(Mercadante et al., 2016). Follicle diameter was
determined on day —2, and 0 in a similar fashion to
the CRL and CNL measurements. The length and
width of the largest follicle was recorded, and the
average of the 2 measurements was used to reflect
the diameter of the follicle. Final pregnancy rates
were determined by transrectal ultrasonography at
least 30 d after the end of the breeding season at
each location.

Blood Collection and Analysis

Blood samples were collected via jugular ven-
ipuncture into 10-mL evacuated tubes containing
Na heparin (BD Vacutainer, Franklin Lakes, NJ),
placed on ice after collection, and centrifuged for
15 min at 1,500 X g at 4°C. Blood samples were
collected on day —9, 0, 28, and 60, to determine
concentrations of plasma IGF-1 at 1 location
(FL-1). After centrifugation, plasma was trans-
ferred into polypropylene vials (12 X 75 mm;
Fisherbrand; Thermo Fisher Scientific Inc.,
Waltham, MA) and stored at —20°C for further
analysis. Concentrations of total plasma IGF-1

were determined with an immunoassay system
(Immulite 1000 Version 5.22; Siemens Healthcare
Diagnostics, Malvern, PA) as previously used for
bovine samples (Leiva et al., 2017; Lippolis et al.,
2017). Retrospectively, it would have been desir-
able to collect blood samples from all 4 locations;
however, it was not an initial objective, and thus
blood samples were only collected at the FL-1
location.

Statistical Analyses

The SAS (version 9.4; SAS/STAT, SAS Inst.
Inc., Cary, NC) statistical package was used for
all statistical analyses. Heifer was considered the
experimental unit. Body weight, CRL, CNL, PR/
Al, and final pregnancy rates were analyzed using
the GLIMMIX procedure of SAS. The model
included the fixed effects of treatment, location,
and the treatment X location interaction. Plasma
concentrations of IGF-1 and follicle diameter were
analyzed as repeated measures using the MIXED
procedure of SAS. Both models included the fixed
effects of treatment, day, and the treatment X day
interaction. Individual heifer was considered the
subject in both models; however, the covariance
structure for plasma concentration of IGF-1 was
unstructured, and for follicle diameter was autore-
gressive. The covariance structures were selected
based on the lowest Akaike information criterion
values. Location had no effect on follicle diameter
(P = 0.301) and was therefore, excluded from the
model. Artificial insemination sire and Al techni-
cian were distributed evenly among treatments;
therefore, these variables were not included in the
models. Not all sires were included at all locations;
however, were evenly distributed within location
between treatments. Statistical differences were
considered significant at P < (.05.



Bovine somatotropin use in beef heifers

RESULTS AND DISCUSSION

Body Weight

Body weight was recorded before the initiation
of the study to ensure that heifers were evenly dis-
tributed between CONTROL and BST treatments
at 2 locations (FL-1 and VA-1). Heifer BW differed
(P < 0.001) between locations; however, did not
differ (P = 0.443) between CONTROL and BST
treatments (356.08 £ 2.56 vs. 353.23 £ 2.68 kg), or
between treatments within location (P = 0.864).

Insulin-like Growth Factor 1

A treatment X day interaction (P < 0.001)
was detected on plasma concentrations of IGF-1
(Fig. 2). Although plasma concentrations of IGF-1
were similar (P> 0.05)between CONTROL and BST
heifers on day —9 (223.1 £ 10.4 vs. 221.7 £ 10.4 ng/
mL, respectively), plasma concentrations of
IGF-1 differed (P < 0.05) on day 0 at TAI, where
BST heifers had greater plasma concentrations
of IGF-1 than CONTROL heifers (372.4 + 16.6
vs. 193.7 £ 16.6 ng/mL). Plasma concentrations
of IGF-1 were similar between CONTROL and
BST treatments on day 28 (P > 0.05; 99.0 £ 16.9
vs. 106.7 £ 18.1 ng/mL, respectively) and day 60
(P > 0.05; 84.2 + 11.3 vs. 105.2 £ 12.1 ng/mL,
respectively).

The administration of bST increases plasma
concentrations of ST, which stimulates the synthe-
sis and release of IGF-1 from the liver (Lucy, 2000;
Le Roith et al., 2001). Once released from the liver,
IGF-1 acts on numerous tissues, where it influences
the regulation of growth and differentiation of var-
ious cell types, and assists in the control of organ
and tissue metabolic activity (Kuzmina et al., 2007).

450 - —&— CONTROL
400 1 --@-- BST
350 A
300 A
250 A
200 A
150 1
100 1
50 4
0

Concentration of IGF-1, ng/mL

Day relative to TAI

Figure 2. Plasma concentrations of IGF-1 of beef heifers per day
relative to fixed-time AI (TAI) by treatment. BST heifers received
650 mg of bovine somatotropin (bST; Posilac; sometribove zinc; Elanco
Animal Health, Indianapolis, IN) on day —9, whereas CONTROL
heifers did not receive bST. *Effect of treatment (P < 0.001); treatment
% day interaction (P < 0.001).
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Bovine ST has been shown to increase the plasma
concentrations of IGF-1 in both beef (Cooke et al.,
2013; Mercadante et al., 2016) and dairy females
(Bilby et al., 2004). In lactating dairy cows, bST is
administered every 14 d to sustain elevated levels
of IGF-1, therefore, maintaining increased milk
production (Hartnell et al., 1991; Ribeiro et al.,
2014). A study conducted in dairy cows indicated
that a 325-mg injection of bST at TAI and again
14 d later increased plasma concentrations of GH
and IGF-1 (Ribeiro et al., 2014). Similarly, plasma
concentrations of IGF-1 were increased in beef
cows receiving 325 mg of bST at TAI and again
14 d later (Mercadante et al., 2016). As expected,
in the present study, plasma concentrations of
IGF-1 were not different on day 28 or 60 between
CONTROL and BST heifers, as concentrations of
plasma IGF-1 typically peak 7 d after administra-
tion, and then gradually decline to baseline concen-
trations approximately 7 to 14 d later (Bilby et al.,
2004; Ribeiro et al., 2014; Mercadante et al., 2016).

Follicle Diameter

Follicle diameter was measured on day -2,
and again on day 0, and did not differ (P = 0.191)
between CONTROL and BST treatments on either
day. As expected, follicles on day 0 were greater
(P < 0.001) in diameter than follicles on day —2
(12.59 = 0.59 and 11.30 * 0.58 mm, respectively);
however, no treatment X day (P = 0.588) interac-
tion was detected.

The bovine ovary contains receptors for both ST
and IGF-1 (Lucy, 2000). Cumulus cells, mural gran-
ulosa cells, and oocytes of bovine follicles express
receptors for ST (Izadyar et al., 1997); whereas
granulosa cells of primary, secondary, and antral
follicles express receptors for IGF-1 (Monget and
Bondy, 2000). Bovine somatotropin has been shown
to influence follicle development (Gong et al., 1993;
Lucy et al., 1994), and the developmental compe-
tence of bovine oocytes (Kuzmina et al., 2007).
A study conducted in dairy heifers showed that
the number of small follicles present on the ovary
was increased 72 h after treatment with 320 mg of
bST, indicating that bST affected the recruitment
of small follicles (Gong et al., 1993). Dairy heifers
treated with bST had earlier emergence of their sec-
ond follicular growth wave; however, had smaller
dominant follicles in this wave when compared
to the controls (Lucy et al., 1994). An experiment
performed in vitro demonstrated that bST (10 ng/
mL) interacts with granulosa cells and stimulates
the oxidative activity of ooplasmic mitochondria,
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decreasing the intracellular stored calcium. As a
result, the quality of bovine oocytes as well as the
proportion that developed into blastocysts after in
vitro fertilization, were greater in the bST treatment
group (Kuzmina et al., 2007). Similar to the pres-
ent study, a study utilizing both lactating and non-
lactation dairy cows reported no differences in the
size of the dominant follicles between cows receiv-
ing 25 mg bST or saline daily (De La Sota et al.,
1993). Our original hypothesis was that administra-
tion of bST at the time of GnRH administration
would stimulate follicular growth of the subse-
quent follicular wave as a result of increased IGF-
1. Concentrations of plasma IGF-1 were increased
in the BST heifers; however, it is possible that the
baseline concentrations of IGF-1 were already suf-
ficient, and therefore, treatment with bST had no
additional effect on dominant follicle size.

Estrus Response

Estrus response differed by location (P = 0.003),
yet was similar (P = 0.861) between CONTROL
and BST treatments (Table 1). No treatment X loca-
tion interaction was detected (P = 0.836).

Administration of bST has been shown to
reduce estrus expression in dairy cows (Morbeck
et al., 1991; Santos et al., 2004; Rivera et al., 2010).
Lactating dairy cows that were administered with

Table 1. Fertility and embryo/fetal size in beef heif-
ers treated with recombinant bovine somatotropin

Treatment!

Item CONTROL BST SEM P-value
Estrus Response, % 56.2 S1.1 6.23 0.861
PR/ATL%, % 42.5 29.9 5.76 0.028
Final PR?, % 88.7 90.0 3.44 0.967
Fetal size*, mm

CRL day 28 9.1 9.3 0.40 0.536

CNL day 60 27.2 27.1 0.82 0.890

'Heifers assigned to the BST (n = 191) treatment received a 650-
mg injection of bovine somatotropin (bST; Posilac; sometribove
zinc; Elanco Animal Health, Indianapolis, IN), an injection of
GnRH (Factrel; gonadorelin hydrochloride; Zoetis Animal Health,
Parssipany, NJ), and a controlled internal drug release (CIDR; EAZI-
BREED CIDR; 1.38 g of progesterone; Zoetis Animal Health) insert
on day —9; an injection of PGF, (Lutalyse; dinoprost tromethamine;
Zoetis Animal Health) at CIDR removal on day —2; and a second
injection of GnRH concurrent with fixed-time AI (TAI) 54 2 h later
on day 0. CONTROL heifers (n = 223) were treated the same as BST;
however, did not receive an injection of bST on day —9.

“Pregnancy diagnosis was performed by ultrasonography on day 28
or 35 to determine pregnancy rates to Al (PR/AI).

3Final pregnancy rates (PR). Pregnancy diagnosis was performed at
least 30 days after the end of the breeding season.

‘CRL = crown-to-rump length; CNL = crown-to-nose length.
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500 mg of bST every 10 d for 6 wk had reduced
estrus durations, fewer standing events, and reduced
estrus expression when compared to control cows
(Rivera et al., 2010). Dairy cows treated with differ-
entdoses of bST (5.15,10.3, or 16.5 mg/d) had lower
rates of estrus detection, and thus longer intervals
to first insemination compared with untreated con-
trols (Morbeck et al., 1991). Similarly, there was a
tendency for a reduction in the percentage of mul-
tiparous cows detected in estrus after treatment
with 500 mg of bST every 14 d; however, detection
of estrus in primiparous cows was unaffected by the
bST treatment (Santos et al., 2004). However, in
the current study, estrus expression between CIDR
removal and TAI was similar between CONTROL
and BST treatments. It is plausible that the reduc-
tion in estrus response in the abovementioned stud-
ies is a result of increased milk production in these
lactating dairy cows receiving bST, as increased milk
production has been associated with reduced estrus
duration and estrus intensity (Wiltbank et al., 2006;
Rivera et al., 2010). It is, therefore, possible that we
did not see a difference in estrus response between
the treatment groups, because of the physiological
differences between nonlactating beef heifers and
lactating dairy cows.

Fertility

Pregnancy rates to TAI were reduced
(P =0.040) in heifers from the BST compared to the
CONTROL treatment (Table 1). In addition, there
was an effect of location (P < 0.001) on PR/AI,
which ranged from 20.8% to 46.2%. No treatment
X location interaction was detected (P = 0.290).
At the conclusion of the breeding season, final
pregnancy rates did not differ (P = 0.699) between
CONTROL and BST treatments; however, final
pregnancy rates differed (P < 0.001) among loca-
tion, and ranged from 76.5% to 96.8%.

The effects of bST on fertility in cows and heif-
ers have been previously examined, and results have
varied between beef and dairy cattle (Starbuck
et al., 2006; Ribeiro et al., 2014; Mercadante et al.,
2016), cow parity (Silvia et al., 2002; Starbuck et al.,
2006), and timing of the bST injection (Bilby et al.,
1999; Moreira et al., 2000; Ribeiro et al., 2014).

Pregnancy rates to Al have been improved in
lactating dairy cows through the administration
of bST (Moreira et al., 2000; Santos et al., 2004;
Starbuck et al., 2006). Pregnancy rates to TAI
were increased in lactating dairy cows that received
500 mg of bST at the initiation of a TAI protocol
and every 14 d thereafter until 30 d before the dry
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period (Moreira et al., 2000, 2001). In addition,
cyclic dairy cows treated with 500 mg of bST at
14-d intervals had improved conception rates to
the first AI (Santos et al., 2004). When bST was
injected at TAI and again 14 d later, lactating dairy
cows had greater PR/AI, and had fewer pregnan-
cies lost between day 31 and 66 compared with
controls (Ribeiro et al., 2014). Furthermore, dairy
cows receiving 500 mg bST at Al, 12 h after being
observed in standing estrus, had improved concep-
tion rates compared to untreated controls (Starbuck
et al., 2006). However, in the same study, beef and
dairy heifers treated with bST had no differences in
conception rates when compared to controls.

The improvements in fertility reported in pre-
vious studies may be dose dependent, as detrimen-
tal effects on fertility have been attained elsewhere
through the use of bST (Downer et al., 1993; Bilby
et al.,, 2004). Nonlactating dairy cows that were
administered 500 mg bST at TAI and again 11 d later
had reduced PR/AI compared to untreated controls
(Bilby et al., 2004). Furthermore, a meta-analysis
conducted on the effects of bST in dairy cattle
indicated that the use of bST increased the risk of
a cow not becoming pregnant by approximately
40% (Dohoo et al., 2003). Conception rates were
decreased in lactating dairy cows that were admin-
istered 700 mg of bST every 14 d beginning from
14 wk postpartum for 30 wk (Downer et al., 1993).
However, in the same experiment, conception rates
were unaffected in cows receiving 350 mg every 14
d for 30 wk.

Treatment with bST has also been shown to
have no effect on PR/AI in dairy cows (Rivera et al.,
2010), beef cows (Rossetti et al., 2011), dairy heif-
ers (Starbuck et al., 2006), and beef heifers (Bilby
etal., 1999). Beef heifers and cows that were AI 8 to
12 h after observed estrus, and were administered
167 mg of bST at the time of Al, had no difference
in conception rate when compared to the untreated
females (Bilby et al., 1999).

It is, therefore, plausible that the dose of bST
administered may be a determinant of the repro-
ductive outcome. In the present study, 650 mg of
bST significantly decreased PR/AI when adminis-
tered at the initiation of the 7-d CO-Synch + CIDR
estrus synchronization protocol, resulting in fewer
established pregnancies. Excessive IGF-1 has been
shown to increase early embryonic mortality in
rats by creating a more unfavorable uterine envir-
onment (Katagiri et al., 1996). Concentrations of
plasma IGF-1 in our study may have had a dele-
terious effect on the uterine environment, and
been detrimental to embryo development. In
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addition, plasma concentrations of IGF-1 have
been reported to have a quadratic effect on the
probability of pregnancy in beef cows (Cooke
et al., 2009). Therefore, it is plausible that the con-
centrations of plasma IGF-1 in our study may have
been greater than what would be considered opti-
mal, and as a result, reduced PR/AI

Fetal Morphometry

Embryo and fetal size was determined by ultra-
sonography on day 28 and 60 after TAI (Table 1).
Crown-to-rump length was measured on day 28
and did not differ (P = 0.536) between CONTROL
and BST treatments; however, an effect of location
was identified (P = 0.026) where location VA-2 had
greater (P = 0.051) CRL than VA-1 (9.5 £ 0.3 vs.
8.5 £ 0.2 mm, respectively). No treatment X loca-
tion interaction was detected (P = 0.425). Crown-
to-nose length was recorded on day 60 and no
differences (P = 0.890) were detected between
CONTROL and BST treatments (27.2 = 0.6 vs.
27.1 £ 0.6 mm, respectively).

The uterus and conceptus have receptors for
ST and IGF-1 that mediate the actions of both
hormones during the establishment of pregnancy
(Kolle et al., 1997; Robinson et al., 2000; Rhoads
et al., 2008). The administration of bST has been
shown to enhance conceptus development in dairy
cows (Bilby et al., 2004; Ribeiro et al., 2014); how-
ever, has also been shown to have no effect in beef
cows (Starbuck et al., 2006; Mercadante et al.,
2016) nor in dairy heifers (Starbuck et al., 2006).

A 500-mg injection of bST administered to
nonlactating dairy cows at TAI and again 11 d
later increased conceptus size on day 17 (Bilby
et al., 2004). Furthermore, 325-mg injections of
bST administered at TAI and 14 d later enhanced
CRL on day 34 and day 48 after TAI in lactat-
ing dairy cows when compared to cows that only
received an injection of bST at TAI, and compared
to untreated controls (Ribeiro et al., 2014). Ewes
treated with a single 500-mg dose of bST, tended
to have greater CRL, and had greater lamb birth
weights than untreated controls (Koch et al., 2010).
Furthermore, ewes treated with bST at breeding had
smaller but more efficient placentas, and gave birth
to heavier lambs (Costine et al., 2005). In agreement
with our findings, no differences were observed in
conceptus size on day 17 in dairy cows adminis-
tered with 25 mg per d of bST from first signs of
estrus for 16 d (Lucy et al., 1995). In addition, bST
treatment (500 mg) at Al, 12 h after detected estrus,
had no effect on CRL in beef or dairy cows, nor
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in dairy heifers (Starbuck et al., 2006). Perhaps
the dose and timing of the bST injection, as well
as the physiological differences between dairy cows
and beef heifers may be associated with the results
observed in conceptus development in our study.
The previously mentioned studies that reported a
positive effect of bST on conceptus development
administered bST at 2 different time points, with
the initial injection administered at TAI (Bilby
et al., 2004; Ribeiro et al., 2014). These 2 injections
were successful at maintaining high concentrations
of IGF-1 over a longer period, and as a result, may
have stimulated conceptus development. When a
single bST injection was administered at TAI, no
difference in conceptus development was detected
(Ribeiro et al., 2014). In addition, the bST injection
in our study may have been administered too early,
where concentrations of IGF-1 would have started
to decline by TAI, resulting in similar concentra-
tions of IGF-1 between treatments at the time of
conceptus development.

Genotype has been shown to impact fetal size
and rate of development in beef cows (Mercadante
et al., 2013). The location effects observed on fertil-
ity and fetal size in the present study may have been
due to the differences in herd genetics, in addition to
differences in environmental conditions. Locations
differed in sire and breed genetics, as well as in ani-
mal handling, facilities, and nutrition, which may
have contributed to the reported ranges in estrus
response, PR/AI, CRL, and final pregnancy rates.

Beef replacement heifers are a crucial part
of any cow-calf enterprise; therefore, additional
research for improving TAI protocols adjusted spe-
cifically for beef heifers is necessary. By improving
beef heifer TAI protocols, greater pregnancy rates
to Al may be achieved, resulting in an increase in
reproductive efficiency. We conclude that a 650-mg
injection of bST at the initiation of a TAI proto-
col was successful at increasing concentrations of
plasma IGF-1 at TAI; however, failed to enhance
follicle diameter, embryo/fetal size, and resulted in
reduced PR/AI in beef heifers.
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