
ORIGINAL RESEARCH
published: 20 October 2021

doi: 10.3389/fanim.2021.744790

Frontiers in Animal Science | www.frontiersin.org 1 October 2021 | Volume 2 | Article 744790

Edited by:

Edward Narayan,

The University of

Queensland, Australia

Reviewed by:

M. Sofia Ortega,

University of Missouri, United States

Hatem Eltahan,

Agricultural Research Center, Egypt

*Correspondence:

G. Cliff Lamb

gclamb@tamu.edu

Specialty section:

This article was submitted to

Animal Physiology and Management,

a section of the journal

Frontiers in Animal Science

Received: 20 July 2021

Accepted: 24 September 2021

Published: 20 October 2021

Citation:

Sanford CD, Owen MPT, McCarty K,

Canal LB, Schulmeister TM,

Oosthuizen N, Fontes PLP,

Lemley CO, Bromfield JJ, DiLorenzo N

and Lamb GC (2021) Effects of

Administering Exogenous Bovine

Somatotropin During the First

Trimester of Pregnancy Altered Uterine

Hemodynamics in Suckled Beef

Cows. Front. Anim. Sci. 2:744790.

doi: 10.3389/fanim.2021.744790

Effects of Administering Exogenous
Bovine Somatotropin During the First
Trimester of Pregnancy Altered
Uterine Hemodynamics in Suckled
Beef Cows
Carla D. Sanford 1,2, Megan P. T. Owen 3, K. McCarty 4, Luara B. Canal 2,

Tessa M. Schulmeister 2, Nicola Oosthuizen 5, Pedro L. P. Fontes 6, Caleb O. Lemley 7,

John J. Bromfield 8, Nicolas DiLorenzo 2 and G. Cliff Lamb 5*

1Department of Animal and Range Sciences, Montana State University, Bozeman, MT, United States, 2North Florida

Research and Education Center, University of Florida, Marianna, FL, United States, 3College of Agricultural Sciences and

Natural Resources, Texas A&M University Commerce, Commerce, TX, United States, 4Department of Animal and Veterinary

Sciences, Clemson University, Clemson, SC, United States, 5Department of Animal Science, Texas A&M University, College

Station, TX, United States, 6Department of Animal and Dairy Science, University of Georgia, Athens, GA, United States,
7Department of Animal and Dairy Sciences, Mississippi State University, Starkville, MS, United States, 8Department of

Animal Sciences, University of Florida, Gainesville, FL, United States

The objective of this study was to examine the effects of recombinant bovine

somatotropin (bST) administration on uterine hemodynamics and subsequent fetal

programming in suckled cows during the first trimester of gestation. Crossbred beef

cows (n = 152) were stratified by breed, days postpartum, parity, cyclicity status, and

body condition score (BCS) before being assigned to either receive injections of bST

every other week (BST; 500-mg/14 d) starting at fixed-time artificial insemination (TAI;

d 0) until d 97 or to receive no bST (CTL). Blood samples were collected until d 97

for analysis of plasma concentrations of insulin-like growth factor 1 (IGF-1). Pregnancy

was assessed via transrectal ultrasonography on d 41 and 173. A subset of pregnant

cows (BST, n = 24; CTL, n = 28) were selected for assessment of uterine arterial blood

flow (BF), pulsatility index, and resistance index (RI) of the uterine arteries ipsilateral and

contralateral to the conceptus via color Doppler ultrasonography on d 97 and 233 of

gestation. No differences (P = 0.99) were detected in body weight (BW) or BCS of

dams; however, plasma concentrations of IGF-1 were greater (P < 0.001) in BST-treated

cows. Color Doppler ultrasonography parameters differed whereby a treatment × day

interaction (P = 0.007) was detected for RI on d 97 (P = 0.048); however, on d 233,

RI did not differ (P > 0.10) but ipsilateral BF for BST-treated cows was greater (P =

0.0319) than controls. Mean heart girth diameter, crown-to-rump length, and neonate

BW at 7 ± 5 d of calf age did not differ (P > 0.10). Liver tissue samples from each

calf were collected for analysis of mRNA expression of target insulin-like growth factor

system ligands. There was no difference in gene expression of hepatic IGF-1 between

treatments (P = 0.99). A treatment× sex interaction was determined, where BST heifers

https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org/journals/animal-science#editorial-board
https://www.frontiersin.org/journals/animal-science#editorial-board
https://www.frontiersin.org/journals/animal-science#editorial-board
https://www.frontiersin.org/journals/animal-science#editorial-board
https://doi.org/10.3389/fanim.2021.744790
http://crossmark.crossref.org/dialog/?doi=10.3389/fanim.2021.744790&domain=pdf&date_stamp=2021-10-20
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/animal-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:gclamb@tamu.edu
https://doi.org/10.3389/fanim.2021.744790
https://www.frontiersin.org/articles/10.3389/fanim.2021.744790/full


Sanford et al. Bovine Somatotropin in Beef Cows

had increased mRNA expression of IGFR1 compared to BST bulls (P = 0.03). Bi-weekly

administration of bST until d 97 of pregnancy increased plasma concentrations of IGF-1,

altered uterine hemodynamics in dams, induced sex-specific changes in liver gene

expression of the offspring but failed to alter calf morphometries or calf performance

until weaning.

Keywords: beef cow, Doppler ultrasonography, insulin-like growth factor I, recombinant bovine somatotropin,

Doppler ultrasound

INTRODUCTION

Gestation is a dynamic process that relies on extensive adaptation
of the maternal system to partition nutrients and oxygen to
the developing conceptus. Livestock production systems typically
focus on genetic selection and nutritional management to
achieve optimal growth and performance of offspring. However,
researchers are now evaluating how hormonal, nutritional,
and metabolic environments during gestation may have lasting
impacts on livestock offspring based on the concept of fetal,
or developmental programming (Godfrey and Robinson, 1998).
Alterations to maternal nutrition and circulating hormonal
concentrations during gestation can impact fetal growth and
cause lifelong modifications of the endocrine and vasoregulative
systems (Nüsken et al., 2011).

Nutrient delivery to the growing fetus is dependent upon
numerous factors including placental growth and development,
uteroplacental blood flow (BF), nutrient availability, placental
metabolism, and transport capacity (reviewed by Dunlap et al.,
2015). Maternal and fetal nutrient availability is particularly
important in times of suboptimal nutrition, as fetuses from dams
exposed to nutrient restriction may never achieve their maximal
genetic potential postnatally (Gluckman et al., 2013). Efficiency of
placental nutrient transport is directly related to uteroplacental
BF, which is critical for fetal growth (Ferrell, 1991; Reynolds
and Redmer, 1995; Vonnahme, 2012). Fetal demand on the
uteroplacenta requires adaptation and the production of growth
hormones, such as insulin-like growth factor-I (IGF-1), as well
as an increase in placental and fetal BF (Murphy et al., 2006;
Gluckman et al., 2007; Nüsken et al., 2011). Insulin-like growth
factor-1 is particularly important for both prenatal and postnatal
growth (Lawrence et al., 2012), whereas growth hormone (GH),
or somatotropin, regulates metabolism, growth and development
of tissues and controls IGF-1 levels.

Abbreviations: BCS, body condition score; BF, blood flow; bST, recombinant

bovine somatotropin; BW, body weight; CIDR, controlled internal progesterone

releasing insert; CRL, crown-to-rump length; Cyp1, cyclophilin-1; Dv, diastolic

velocity; GH, growth hormone; HG, heart girth; IGF, insulin-like growth factor

system; IGF-1, insulin-like growth factor 1; IGF1, insulin-like growth factor 1

gene; IGF2, insulin-like growth factor 2 gene; IGFBP, insulin-like growth factor

binding proteins; IGFBP3, insulin-like growth factor binding protein 3; IGFR1,

insulin-like growth factor 1 receptor; MnV, mean velocity; P4; progesterone;

PI, pulsatility index; PCR, real-time reverse transcription polymerase chain

reaction; RI, resistance index; RPS9, ribosomal protein S9; S, systolic velocity;

TAI, fixed-time artificial insemination; Vmax, maximal systolic velocity; WW,

weaning weight.

Fetal growth, development, and subsequent performance are
critical to livestock producers, but few studies have investigated
the impact of the maternal insulin-like growth factor (IGF)
system on intrauterine programming in beef cattle. When
recombinant bovine somatotropin (bST) was administered to
beef heifers during the first third of gestation there was
increased plasma concentrations of IGF-1, an increase in fetal
fluid, decrease in placentome number and greater umbilical
diameter (Sanford et al., 2021). The objective of this experiment
was to determine the effects of bST administration during
early gestation on uterine hemodynamics in suckled cows and
subsequent calf growth. It was hypothesized that the bST-
induced increase in maternal IGF-1 from the time of breeding
through the first trimester of gestation would benefit conceptus
development and subsequent calf performance due to improved
uterine hemodynamics.

MATERIALS AND METHODS

All procedures for the study conducted at the North Florida
Research and Education Center in Marianna, FL were reviewed
and approved by the University of Florida Institutional Animal
Care and Use Committee (number 201709780).

Experimental Design
A total of 152 primiparous (n= 29; 462± 42 kg, BCS 5.6± 0.9 at
DPP 68 ± 14 d) and multiparous (n = 123; 561 ± 85 kg, BCS
5.9 ± 0.3 at DPP 74 ± 17 d) suckled beef cows composed of
Angus (n=78), Brangus (n= 56), and SimAngus (n= 18) breeds
were enrolled in this experiment. Cow-calf pairs were maintained
together according to standard operating procedures of the
facility and housed on Pensacola bahiagrass (Paspalum notatum)
pasture for the duration of the experiment with ad libitum access
to bahiagrass hay, bahiagrass pasture, and water. On d −22
and −10, body condition score (BCS) was assessed, and blood
samples were collected via jugular venipuncture to determine
estrous cyclicity status of all cows. Body condition score was
individually assigned using a scale of 1 to 9 (Whitman, 1975).
Cows were then stratified by breed, days postpartum, parity,
estrous cyclicity status, and BCS before being randomly assigned
to either receive bi-weekly injections of recombinant bST (BST;
500-mg/14 d; Posilac; Elanco Animal Health, Greenville, IN)
starting at fixed-time artificial insemination (TAI; d 0) through
d 97, or to receive no bST treatment as untreated controls (CTL).
On d−10, cows were exposed to the 7-d CO-Synch+ controlled
internal progesterone releasing (CIDR) estrus synchronization
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protocol. In brief, all cows received a 100-µg injection of GnRH
(2-mL Factrel; Zoetis Animal Health, Parsippany, NJ) concurrent
with the insertion of a CIDR (1.38-g Progesterone [P4]; Zoetis
Animal Health), followed by a 25-mg injection of Prostaglandin
F2α (5-mL Lutalyse; Zoetis Animal Health) at the time of CIDR
removal. Cows received an injection of 100-µg GnRH and TAI
66 ± 2 h after CIDR removal. Following TAI, individual body
weight (BW) was recorded and BCS was assessed on d 13, 27,
41, 55, 69, 83, 97, 173, and 233. The administration of bST was
performed by subcutaneous injection in the neck every 14 d
throughout the first trimester of gestation. Calf BW and sex were
recorded at parturition. Moreover, liver samples were collected
and calf morphometrics (heart girth [HG] and crown-to-rump
length [CRL]) were measured at 7± 5 d of age using a measuring
tape. At weaning, all calves were weighed and an adjusted 205-d
weaning weight (WW) was estimated.

Blood Sampling Analysis
Blood samples from all cows were collected on d−22,−10, 0, 13,
27, 41, 55, 69, 83, and 97 relative to TAI via jugular venipuncture
into 10-mL evacuated tubes spray-coated with 143-IU of sodium
heparin (BD Diagnostics, Franklin Lakes, NJ) then immediately
placed on ice, and later centrifuged at 1,500× g for 15min at 4◦C.
Plasma from each blood sample was aliquoted into polypropylene
vials and stored at−20◦Cuntil further analysis. Samples collected
on d −22 and −10 were used to determine the circulating
concentrations of P4 and the results were used to assess cyclicity
status prior to estrus synchronization. Cows were considered
cyclic when one or both samples had a P4 concentration of ≥
1 ng/mL. Blood samples were also collected every 14 d from
0 to 97 d to determine the concentrations of IGF-1 in the
circulation of all cows. Concentrations of plasma P4 and total
IGF-1 were determined with an immunoassay system (Immulite
1000 Version 5.22; Siemens Healthcare Diagnostics, Malvern,
PA) as previously reported for bovine samples (Mercadante et al.,
2016; Leiva et al., 2017; Fontes et al., 2019).

Ultrasonography Evaluation
Pregnancy status was determined via transrectal ultrasonography
(Ibex Pro portable ultrasound; 5.0-MHz linear multi-frequency
transducer; E.I. Medical Imaging, Loveland, CO) on d 41 and
173 post TAI. Uteroplacental hemodynamic measurements were
determined using color Doppler ultrasonography (MicroMaxx,
Sonosite, Inc., Bothell, WA) and a transrectal probe (Linear
Endorectal L52x probe, Sonosite, Inc.). Uterine perfusion
measurements were obtained on d 97, while uterine artery
hemodynamics ipsilateral and contralateral to the conceptus were
measured on d 233 (BST, n = 24; CTL, n = 28) of gestation
following the techniques described by Brockus et al. (2016).
Briefly, the uterine artery was located transrectally by following
the abdominal aorta toward the origin of the external iliac
artery and moving the probe caudally to locate the internal iliac
artery. The left and right uterine arteries were palpated and were
identified as a major branch of the iliac arteries. On d 233, the left
and right uterine arteries noticeably differed to assure pliability
and pulsatility. Hemodynamic examinations took ∼30min per
cow. Cardiac cycle waveforms from two independent ultrasound

TABLE 1 | Uterine hemodynamics evaluated on d 97 by color Doppler

ultrasonography.

Treatmenta P-valued

Variableb CTL BST SEMc TRT

Ipsilateral uterine artery

Vmax, cm/s 112.49 109.75 14.775 0.854

PI 1.27 1.10 0.093 0.079

RI 0.66 0.60 0.025 0.048

DIA, cm 0.47 0.46 0.050 0.881

BF, L/min 446.38 496.09 134.810 0.809

Contralateral uterine artery

Vmax, cm/s 90.99 115.19 16.818 0.158

PI 1.37 1.42 0.106 0.664

RI 0.68 0.68 0.028 0.969

DIA, cm 0.41 0.37 0.048 0.387

BF, L/min 321.29 308.42 118.130 0.911

BF Average, L/min 386.13 403.16 89.066 0.849

BF Summation, L/min 727.88 716.15 180.760 0.948

HR Average, bpm 66.04 71.61 5.373 0.309

aBST: Angus-based crossbred cows received 500-mg of recombinant bovine

somatotropin bi-weekly via subcutaneous injection from fixed-time artificial insemination

until d 97 of gestation; CTL: Angus-based crossbred cows received no injections. All cows

were exposed to estrus synchronization protocol and fixed-time artificial insemination.
bVmax , maximum velocity; PI, pulsatility index; RI, resistance index; DIA, vessel diameter;

BF, blood flow of the uterine artery ipsilateral to the conceptus.
cPooled standard error of treatment means; BST: n = 24; CTL: n = 28.
dStatistical significance was declared at P ≤ 0.05, while a statistical tendency was

declared at 0.05 < P ≤ 0.10.

scans were used to calculate systolic velocity (S; cm/s), diastolic
velocity (Dv; cm/s), maximal velocity (Vmax; cm/s), S:Dv ratio,
pulsatility index (PI), and resistance index (RI) using preset
functions on the color Doppler ultrasound device (Tables 1,
2). Mean velocity (MnV) was calculated using the equation:
(S – Dv)/PI. Uterine BF was calculated using the following
equation: (MnV × vessel area × 60 s). Total uterine artery BF
was calculated by addition of BF in both the right and left
uterine arteries. Ipsilateral and contralateral uterine artery BF is
presented as the vessels on the same and opposite side of the
fetus, respectively.

Tissue Collection
Liver tissue samples were harvested from calves at 7 ± 5 d
of age. Samples were collected via needle biopsy, following
the techniques described by Corah et al. (1994). Immediately
following collection, ∼100mg of wet liver tissue was placed
into 1mL of RNA stabilization solution (RNAlater, Ambion Inc.,
Austin, TX), placed on ice for 6 h and stored at either −20 or
−80◦C until analysis.

RNA Extraction and Quantitative Reverse
Transcription Polymerase Chain Reaction
Approximately 50mg of liver tissue from each biopsy was
homogenized with a mechanical homogenizer in 1mL of TRIzol
(Ambion Inc., Austin, TX) followed by phase separation with
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0.2mL of chloroform. Subsequent RNA was precipitated in
isopropanol and pelleted by centrifugation (12,000× g for 15min
at 4◦C). Resultant RNA was washed in ethanol by centrifugation
and finally resuspended in molecular grade RNase-free water.
Extracted total RNA was quantified using a NanoDrop 2000
spectrophotometer (Thermo Scientific, Waltham, MA). All
samples resulted in 260 nm/280 nm ratios between 1.9 and

TABLE 2 | Uterine hemodynamics evaluated on d 233 by color Doppler

ultrasonography.

Treatmenta P-valued

Variableb CTL BST SEMc TRT

Ipsilateral uterine artery

Vmax, cm/s 284.35 357.52 27.94 0.011

PI 0.74 0.82 0.059 0.178

RI 0.48 0.52 0.023 0.127

DIA, cm 1.09 1.08 0.071 0.929

BF, L/min 666.24 870.58 92.390 0.032

Contralateral uterine artery

Vmax, cm/s 188.39 217.72 22.117 0.191

PI 1.06 0.96 0.094 0.296

RI 0.59 0.57 0.027 0.471

DIA, cm 0.67 0.66 0.063 0.818

BF, L/min 212.33 217.49 58.030 0.921

BF Average, L/min 474.54 582.20 64.2300 0.100

BF Summation, L/min 893.46 1016.00 120.750 0.311

HR Average, bpm 75.86 74.31 3.002 0.608

aBST: Angus-based crossbred cows received 500-mg of recombinant bovine

somatotropin bi-weekly via subcutaneous injection from fixed-time artificial

insemination until d 233 of gestation; CTL: Angus-based crossbred cows received no

injections. All cows were exposed to estrus synchronization protocol and fixed-time

artificial insemination.
bVmax , maximum velocity; PI, pulsatility index; RI, resistance index; DIA, vessel diameter;

BF, blood flow of the uterine artery ipsilateral to the conceptus.
cPooled standard error of treatment means; BST: n = 24; CTL: n = 28.
dStatistical significance was declared at P ≤ 0.05, while a statistical tendency was

declared at 0.05 < P ≤ 0.10.

2.0 and were deemed acceptable for downstream procedures.
Using the Verso cDNA Synthesis Kit (Thermo Fisher Scientific,
Waltham, MA) complementary DNA was produced by 1
µg of RNA being reverse transcribed and then amplified in
duplicate using iTaq Universal SYBR Green Supermix (Bio-
Rad Laboratories, Hercules, CA). The cDNA and SYBR based
master mix were pipetted in duplicate for each sample into
a 96-well plate and used for quantitative real-time reverse
transcription polymerase chain reaction (PCR, CFX Connect,
Bio-Rad Laboratories). Assays for the genes of interest, insulin-
like growth factor 1 (IGF1), insulin-like growth factor 2 (IGF2),
insulin-like growth factor 1 receptor (IGFR1), and insulin-
like factor binding protein 3 (IGFBP3) were validated for
efficiency and specificity prior to PCR (Table 3). The geometric
mean of the two reference genes (CYP1 and RPS9) were
calculated and relative expression for the established genes of
interest were calculated using the 2−1Ct method relative to the
housekeeping genes.

Statistical Analysis
All data were analyzed as a completely randomized block design
with either cow or calf considered the experimental unit. The
SAS (version 9.4; SAS/STAT, SAS Inst. Inc., Cary, NC) statistical
package was used for all statistical analyses. Continuous response
variables collected over time (plasma concentrations of IGF-1,
BW and BCS) were analyzed as repeated measures using the
PROC MIXED procedure. The model included the fixed effects
of parity, treatment, day, and their interactions, using first-
order autoregressive as the covariance structure. In addition,
the fixed effect of treatment, day, and parity were included in
the model. Uterine hemodynamics were also analyzed using the
PROCMIXED procedure. The model included the fixed effect of
treatment and the random effect of calf sex. Gestational length,
calf BW and WW, HG, and CRL were analyzed using the PROC
MIXED procedure. Themodel included the fixed effects of parity,
treatment, and the interaction between treatment and parity.
RelativemRNA expressionwas analyzed using the PROCMIXED
procedure with Kenward–Roger’s adjusted degrees of freedom.

TABLE 3 | Nucleotide sequence of bovine-specific primers used for real-time quantitative reverse transcription PCR to determine the hepatic expression of target genes.

Gene Gene name Primer Primer sequence

Cyp1 Cyclophilin 1 Forward 5′ – GCCATGGAGCGCTTTGG – 3′

Reverse 5’ – CCACAGTCAGCAATGGTGATCT – 3′

RPS9 Ribosomal protein S9 Forward 5′ – GCTTAGGCGCAGACGGGCAA – 3′

Reverse 5′ – AGCTCTTGGTCGAGGCGGGA – 3′

IGF1 Insulin-like growth factor 1 Forward 5′ – CTCCTCGCATCTCTTCTATCT – 3′

Reverse 5′ – ACTCATCCACGATTCCTGTCT – 3′

IGF2 Insulin-like growth factor 2 Forward 5′ GACCGCGGCTTCTACTTCAG – 3′

Reverse 5′ -AAGAACTTGCCCACGGGGTAT−3′

IGFR1 Insulin-like growth factor 1 receptor Forward 5′ – CAACGGCAACCTGAGCTACT – 3′

Reverse 5′ – TTCCTGATGGGATTTTTGTC – 3′

IGFBP3 Insulin-like factor binding protein 3 Forward 5′ – AATGGCAGGTTCTGGCCATT – 3′

Reverse 5′ – AAGTTCTGGGTGTCTGTGCT – 3′
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FIGURE 1 | Plasma concentrations of insulin-like growth factor (IGF-1) of beef

cows during early gestation. BST: cows received 500-mg of recombinant

bovine somatotropin bi-weekly via subcutaneous injection from insemination

until d 97 of gestation; CTL: Angus-based crossbred cows received no

injections. All cows were exposed to estrus synchronization protocol and

fixed-time artificial insemination. *P < 0.001.

Statistical significance was declared at P ≤ 0.05, and tendencies
discussed when 0.05 < P ≤ 0.10.

RESULTS AND DISCUSSION

This study examined the effects of bST administration during
the first trimester of gestation on uterine hemodynamics and
subsequent calf performance in beef cattle. Growth hormone
and the IGF system are components of the somatotropic axis
and are essential for controlling growth and reproduction (Lucy
et al., 1991; Le Roith et al., 2001). The liver secretes IGF-1
and IGF-2 into circulation in response to GH stimulation
(Liu and LeRoith, 1999; Duan et al., 2010). The IGF
system is expressed throughout the body, including the
reproductive tract (Rhoads et al., 2008) where it regulates
preimplantation embryo and placental development (Wathes
et al., 1998). The bioavailability of IGF-1 in the bloodstream
is regulated by IGF binding proteins (IGFBP) which are
expressed in the endometrium prior to implantation and in
the placenta (Wathes et al., 1998). During gestation, uterine
IGF-1 concentrations decline, and IGF2 is expressed in caruncle
and fetal placental mesoderm (Wathes et al., 1998). However,
few studies have been conducted to investigate the impact
of stimulating the maternal IGF system in gestating beef
cows on blood perfusion and intrauterine programming in
beef calves.

At TAI (d 0), prior to the initial bST treatment, plasma
concentrations of IGF-1 did not differ between treatments (P
= 0.936). However, the 500-mg injections of bST administered
every 14 d from TAI until d 97 of gestation increased plasma
concentrations of IGF-1 in those females receiving recombinant

TABLE 4 | Gestation length and morphometric measurement of calves.

Treatment P-value

Item CTL BST SEM TRT

Gestation length, d 279 277 1.5 0.32

Body weight, kg 30.01 30.59 4.326 0.83

Heart girth, cm 77.65 78.46 0.571 0.69

Crown rump length, cm 84.94 86.79 0.692 0.46

BST: Calves born from Angus-based crossbred cows that received 500-mg of

recombinant bovine somatotropin bi-weekly via subcutaneous injection from fixed-time

artificial insemination until d 233 of gestation (n= 24); CTL: Calves born from Angus-based

crossbred cows that received no injections (n = 28).

Body weight was measured within 24 h of birth, and heart girth and crown-to-rump length

at 7 ± 5 d of age.

FIGURE 2 | Relative gene expression of hepatic insulin-like growth factor 1

(IGF-1) mRNA of heifer and bull calves that were either exposed to or the

absence of the treatment during intrauterine development. CTL B: bull calf

born to dam that received no bovine somatotropin (bST) administration, BST

B: bull calf born to dam that received a 500-mg injection of bST bi-weekly

during early to mid-gestation, CTL H: heifer calf born to dam that received no

bovine somatotropin (bST) administration, or BST H: heifer calf born to dam

that received a 500-mg injection of bST bi-weekly during early to

mid-gestation. *Effect of treatment × gender (P = 0.03) interaction.

bST (P < 0.001; Figure 1). While past reports have noted a
dose response of bST, this data agrees with research conducted
in beef cows receiving 325mg of bST either at TAI, two wk
post TAI, or at TAI and two wk post TAI (Mercadante et al.,
2016). Furthermore, research in dairy cows receiving 325mg of
bST at TAI and then two wk post TAI reported an increase
in plasma concentrations of IGF-1 (Ribeiro et al., 2013). While
bST administration concluded on d 97 in this study, it is
likely that concentrations of IGF-1 remained elevated for several
days after administration. Research in dairy cows reported that
IGF-1 peaks on d 7 post-injection and can persist for 31 d
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when consecutive injections are given bi-weekly (Ribeiro et al.,
2013). However, other data indicate that bST mediated IGF-1
stimulation continues for ∼14 d in beef and dairy females (Bilby
et al., 1999; Cooke et al., 2013; Ribeiro et al., 2013; Mercadante
et al., 2016).

Blood flow to the utero-placental unit is critical for optimal
fetal growth and development, as well as postnatal performance
of the calf. Blood perfusion of the reproductive tract was
investigated on d 97 and again on d 233 (Tables 1, 2). On d
97, uterine hemodynamic parameters of BF of the uterine artery
ipsilateral to the conceptus (P = 0.809) and diameter of the
vessel (P = 0.881) did not differ. However, RI was different (P
= 0.048) and there was a tendency for PI (P = 0.079) to be
decreased in BST cows, which indicates a drop in blood vessel
resistance in the uterine vasculature. Although overall BF on d
97 was not different among treatments, this drop in resistance
could highlight early changes in vascularity. Furthermore, there
was no difference (P = 0.161) in the angle used to perform
the measurement of the blood vessel or heartrate of the cows
at the time of examination (P = 0.309). A treatment × d
interaction (P= 0.007) was detected for maximal systolic velocity
(Vmax), where no differences were observed on d 97 between
treatments; however, on d 233, Vmax was greater (P < 0.001;
Table 2) for BST-treated cows. Similar to Vmax, ipsilateral blood
flow was increased by 30% in BST vs. CTL cows. Therefore,
increased plasma concentrations of IGF-1 may have altered
uterine hemodynamics. Past reports in cattle have indicated that
bST can stimulate embryonic development directly (Moreira
et al., 2000) or in vitro through its actions on IGF-1 (Palma
et al., 1997). Maternal plasma IGFs play a role in maternal
tissue growth and metabolism, resulting in the modulation of
nutrient availability for adequate conceptus growth and have
been positively correlated with fetal growth in several livestock
species (Sferruzzi-Perri et al., 2011). As a result, maternal plasma
IGF-1 could potentially affect fetal growth indirectly and is itself
altered by both BCS and diet during gestation (Osgerby et al.,
2002, 2003a,b).

While bi-weekly bST administration increased plasma
concentration of IGF-1 in maternal circulation in the present
study, there were no differences detected in gestational length,
calf birth weight, mean HG diameter, or CRL length (Table 4; P
> 0.10) when assessed at 7± 5 d of calf age. In addition, cow BW
and BCS were not different (P < 0.10) between treatments. The
administration of bST during the periconception period in sheep
resulted in improved postnatal offspring performance (Costine
et al., 2005; Koch et al., 2010). When calves were assessed at the
time of weaning for performance, WW of calves was not affected
by treatment (CTL = 214.0 kg; BST = 211.8 kg). This concurs
with previous work in beef calves that reported no differences
in BW or adjusted WW of calves born to dams that received a
single 500-mg injection of bST at the time of AI compared to
those not receiving bST (Starbuck et al., 2006). A more recent
study involving beef cattle that included 325-mg injections of
bST at either TAI, two weeks prior to TAI, or both at TAI and

two weeks prior had no effect on calf BW when assessed monthly
until 150 days of age (Mercadante et al., 2016).

To evaluate the potential effects of maternal bST
administration on the somatotropic axis of offspring, expression
of hepatic IGF1, IGF2, IGFR1, and IGFBP3 were analyzed
in each calf (Figure 2). There was no difference in relative
gene expression of hepatic IGF1 between treatments (P =

0.99) which supports previous findings of no difference in calf
liver mRNA expression when dams received 325mg of bST
at TAI and bi-weekly up to 14 d after TAI (Mercadante et al.,
2016). There was a treatment × sex interaction, where heifers
of BST cows had increased expression of IGFR1 compared
to bulls born from BST cows (P = 0.03). However, research
has indicated that GH stimulates liver expression of IGF-1
(Kim et al., 2006; Jiang et al., 2007). While the current study
did not measure mRNA expression in the maternal system,
research has indicated that administration of 500-mg of
bST increases serum IGF-1 and hepatic expression of IGF1
in beef cows fed concentrate compared to those fed only
hay (Wu et al., 2010).

In conclusion, beef cows that received bi-weekly injections
of 500-mg of bST from the time of breeding through early
gestation had increased plasma circulating concentrations of
IGF-1, decreased vascular resistance and increased blood flow
to the ipsilateral uterine horn. Heifers born to cows treated
with bST had increased expression of IGFR1 compared to bull
calves born from bST-treated cows. Even though blood flow
was altered, bST administration failed to alter subsequent calf
performance assessed from birth to the time of weaning. Further
investigation is required into the effects of induced IGF signaling
on uterine hemodynamics and sex-specific postnatal calf growth
performance in beef cattle.
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