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Abstract
Two commonly used growth promotants in the United States beef industry are β-agonists and anabolic steroid hormones. Each has been shown to
increase lean muscle deposition in cattle provided treatments of each
growth technology, but much is still unknown of how steroidal implants and
β-agonists work in combination. It was our goal to determine the effect of
implant strategy and β-agonist administration in beef feedlot heifers (n =
264). A 3 × 2 factorial randomized complete block design was used with 2 levels of OPT and 3 different durations of terminal implant (TI) windows for a
total of 6 treatment groups with 9 replications. Terminal implants (20 mg estradiol/200 mg trenbolone acetate implant, Component TE-200) were provided to heifers 140 d from slaughter (TI140), 100 d from slaughter (TI100),
or 60 d from slaughter (TI60). Animals receiving the later two TI being first
implanted on day 0 (8 mg estradiol/80 mg trenbolone acetate implant, Component TE-IH). The second treatment of the cattle received was the orally active beta adrenergic agonist, ractopamine-hydrochloride (RH) in the form of
Optaflexx (OPT; 0 (NO) or 200 (YES) mg/hd·d−1) over the final 28 days of the
trial. Thirty animals were subjected to longissimus muscle (LM) biopsies on d
0, 40, 80, 112, and at slaughter on d 140 to view mRNA levels of myogenic related genes and protein quantities of the β1-adrenergic receptor (β1 AR) and
β2-adrenergic receptor (β2 AR). On the same days, blood samples were taken
from 108 animals to assess changes in plasma blood urea nitrogen (BUN),
non-esterified fatty acids (NEFA) and progesterone due to treatments. Relative mRNA levels of myosin heavy chain IIX (MHC IIX), AMPKα, and IGF-I
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were increased (P < 0.05) in animals receiving a TI100 over the other two implant dates after OPT was fed to animals. After OPT administration myosin
heavy chain IIA (MHC IIA) mRNA levels tended to decrease (P = 0.09) due
to OPT. An interaction between TI d and OPT administration caused an increase (P < 0.05) in MHC IIA mRNA level in the TI60/Yes treatment group
over all other treatments except the TI100/No treatment group. Protein intensity of the β2 AR was decreased (P < 0.05) by the latest TI d (TI60) during
OPT feeding, while β1 AR protein intensity tended to be lower (P < 0.10) in
animals fed OPT. Plasma BUN levels were reduced (P < 0.05) after terminal
implants and OPT feeding; while progesterone was decreased (P < 0.05) by
OPT alone. Neither growth promotant affected NEFA levels in plasma. Collectively, these data indicate that ractopamine hydrochloride and estradiol +
trenbolone acetate implants alter myogenic mRNA, β-adrenergic receptors,
and blood metabolites in finishing beef heifers.

Keywords
β-Agonist, β-Receptor, Muscle Hypertrophy, Myogenic mRNA, Ractopamine
Hydrochloride, Steroid Hormones

1. Introduction
Growth promotants are commonly used throughout the United States beef industry. These techniques include the use of a steroidal implants and the administration of β-adrenergic receptor agonists (β-agonists) in feed. Both of these approved methods result in lean tissue accretion, however, their modes of action
are quite different. Steroid hormones are delivered to the animal by an implant
inserted into the middle of the ear containing steroids that are released over duration of time. Two commonly used steroid hormones for muscle growth are estradiol-17β (E2, an estrogen) and trenbolone acetate (TBA, a synthetic form of
testosterone). Steroids act by working through the somatotropic axis; IGF-I elicits the muscle hypertrophy response in live animals [1]. An increase in IGF-I
mRNA [2], satellite cells in muscle tissue [3], and an increase in circulating
IGF-I [1] has been documented in steers administered a steroidal implant. Animals provided combined TBA/E2 implants have been shown to increase both
average daily gain and feed efficiency, 20% and 15% respectively [4] [5] compared with nonimplanted animals.
Like steroidal implants, β-agonists also have been shown to increase muscling,
average daily gain, feed efficiency, and carcass weight [6] [7]. They differ, however, in their mechanism in which they increase growth. Unlike anabolic steroids, the somatotropic axis is not influenced by β-agonists. Known as repartitioning agents, β-agonists increase lipolysis, decrease lipogenesis, and increase lean
muscle deposition [8] [9]. Work has been done in both steers and heifers, with
heifers showing more variability in response to ractopamine-hydrochloride (RH)
than steers [10] [11].
DOI: 10.4236/ojas.2020.103028
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These two different types of growth promotants have been approved for use in
animals at the same time. Data supports that the two work additively together in
increasing muscle growth, ADG, HCW, and G:F [12] [13]. An interaction between OPT and implants affected the number of β-adrenergic receptors in feedlot heifers while a decrease in IGF-I was seen in heifers fed OPT that were reimplanted [13]. Our goal in this study was to determine the effects of OPT administration and terminal implant date on skeletal muscle mRNA, skeletal muscle
β1- and β2-adrenergic protein levels, and blood urea nitrogen (BUN), progesterone and non-esterified fatty acids (NEFA) in blood of feedlot heifers.

2. Materials & Methods
The growth performance responses and carcass characteristics from these heifers
have been reported previously [14]. All experimental procedures involving the
use of animals were submitted, reviewed, and approved by the Texas Tech University Animal Care and Use Committee. The experiment was conducted at the
Texas Tech University Burnett Center located approximately 9.7 km east of New
Deal, TX.

Animals.
A total of 264 heifers of mainly British and British × Continental crossbreds
were received at the Texas Tech University Beef Center at New Deal, TX on May
6th and 7th of 2011. Animals came from different sources and were of varied geographical origins. Heifers were provided access to drinking water, grass hay, and
a moderate-concentrate mixed diet upon arrival and placed in dirt pens. An initial processing day was performed on May 8th, 2011 in which each heifer was
weighed individually, ear tagged with identification, vaccinated with a modified
live virus vaccine (Titanium 3, Elanco, Greenfield, IN) and a clostridial bacterin
toxoid (Vision 7 with SPUR, Merck Animal Health, Madison, NJ), treated for
internal parasites with Ivomec Plus (Merial, Duluth, GA), and treated metaphylactically with Micotil (Elanco Animal Health). Heifers were stepped up to a
90% concentrate diet over the three-week period prior to initiation of the trial.

Experimental design, treatment and pen assignment.
Heifers were separated into two groups and placed on trial (120 head on May
30 and 96 head on June 13th). Treatments were arranged into a 2 × 3 factorial
th

with 2 levels of ractopamine HCl (Optaflexx; Elanco Animal Health; OPT) and 3
different durations of terminal implant windows for a total of 6 treatment
groups with 9 replications that were blocked by body weight. OPT treatments
included a 0 mg/hd·d−1 of OPT (Control, n = 27) and 200 mg/hd·d−1 of OPT (n =
27). OPT was fed to those animals designated to receive it over the last 28 days of
the finishing trial. Terminal steroidal implants (TI) were given to animals in a
variation of three implant windows 60 d pre-slaughter (TI60, n = 18), 100 d
pre-slaughter (TI100, n = 18), and 140 d pre-slaughter (TI140, n = 18). The terminal implant consisted of a 20 mg estradiol + 200 mg trenbolone acetate implant (Component TE-200 with Tylan; Elanco Animal Health). Heifers receiving
DOI: 10.4236/ojas.2020.103028
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the TI60 and TI100 treatments were initially implanted on d 0 with 8 mg estradiol + 80 mg trenbolone acetate (Component TE-IH; Elanco Animal Health).
Heifers were weighted individually on May 28th and June 11th, 2011 and stratified. Individuals were weighed again and placed onto trial on May 30th and June
13th, respectively. An average of the two individual weights was used for the initial weight to start the trial. Biopsy samples were taken from the longissimus
muscle and serum samples were taken on days 0, 40, 80, 112, and 140. The samples were taken from 1 heifer per pen from alternating blocks. Due to the time
and preparation it takes to take biopsy samples, blocks were split into two
groups with the heavy group (30 pens; 5 blocks) starting treatments 14 d before
the light group (24 pens; 4 blocks) (Total n of animals biopsied = 30). Blood was
drawn from 2 animals per pen (n = 108) on days 0, 40, 80, 112, and 140.
Diets were formulated based on those outlined by the [15] for growing/finishing
cattle and were prepared at the Burnett Center at Texas Tech Feedmill. All diets
were manufactured daily and were fed once daily to cattle at approximately 0900
h. Cattle that were destined for OPT treatment were fed an OPT premix that delivered 200 mg/hd·d−1 over the last 28 d of the trial and was formulated to provide 19.2 g/ton DM of OPT. Monensin sodium and tylosin phosphate were included in the diet at rates of 30 g/ton and 10 g/ton DM, respectively. Samples
were obtained from the feed bunks at morning feedings to assess DM diet composition on a weekly basis. A monthly composite was put together from a portion of these samples that was submitted for nutrient analysis (Servi-Tech Laboratories, Amarillo, TX) using AOAC approved procedures. Samples were also submitted to a commercial laboratory for analysis of monensin sodium and
ractopamine HCl levels. Cattle were weighed at approximately 0600 h on d 40,
80, 112 with a squeeze chute placed on top of load cells certified by the Texas
Department of Agriculture (scale readability 0.454 kg). During the weighing
period, feed refusals were collected and weighed, and samples were dried to
analyze DM content. After individual weights were taken, animals were returned to their respective pens and rations were then provided. Final individual
weights and biopsies were taken on d 140 and 141 for the first and second
groups respectively (October 17th for the first group and November 1st for the
second group).

Biopsy procedure.
The biopsy procedures were performed at the Burnett Center of Texas Tech
University. The procedure comprises of harnessing the animals in a hydraulic
chute, shaving the area between the 10th and 13th rib overtop the longissimus
dorsi muscle, and applying a local anesthetic (lidocaine HCL; 20 mg/mL; 8 mL
per biopsy) in a 2.54 cm diamond shape. After application of the local anesthetic,
sterile gauze was placed over the biopsy site and an approximately 1-cm incision
was made with a sterile scalpel. The tissue sample was extracted with a sterile 6
mm Bergstrom biopsy needle and was taken from the longissimus dorsi muscle.
The tissue taken from the animal was delegated into two whirl-pack bags (NasDOI: 10.4236/ojas.2020.103028
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co, Fort Atkinson, WI): one intended Real-time quantitative reverse transcription-PCR (RTQ-PCR) and the other for protein quantification via Western Blotting analysis. After tissue extraction, the biopsy site was cleaned and rinsed with
a 70% ethanol solution followed by closure of the incision with veterinary glue.
To reduce the chance of infection a topical antibiotic spray was applied to the
biopsy site and a spray-on aluminum bandage was used to protect the site from
physical entrance. All heifers were monitored for 24 h for signs of infection and
swelling after the biopsy procedure. These procedures were performed on d 0,
40, 80, and 112; location of the site was alternated between sides of the animal
for the sequential days. Day 140 samples were obtained from the slaughter plant
and were taken from the longissimus muscle after the animals hide was removed. This tissue sample was also located between the 10th and 13th rib. Samples were flash frozen in liquid nitrogen and stored at −80˚C.

RNA isolation and RTQ-PCR.
Isolation of RNA was performed using procedures described by [2]. Approximately 0.2 g of frozen tissue was homogenized in Tri Reagent (Sigma Aldrich,
Co.) at a 1:3 ratio of grams of tissue to mL Tri reagent, by use of mortar and pestle. Then 200 µL chloroform was mixed in with the sample in a microcentrifuge
tube and then the tube was vortexed for 30 s. After vortexing, the solution was
centrifuged at 15,000 × g and the resulting supernatant was removed and placed
into a separate tube. The supernatant was mixed with isopropanol and centrifuged at 10,000 × g for 10 minutes and the resulting pellet was rinsed with a 75%
ethanol solution before being resuspended and frozen in 75% ethanol. Samples
were treated with DNAse to remove any DNA contaminants with a DNA-free
kit (Ambion). After DNAse treatment, the concentration of RNA (suspended in
nuclease free water after being DNAsed) was determined with a spectrophotometer at an absorbance of 260 nm to determine RNA quality, a 260/280 ratio of
1.76 to 2.05 was determined to be acceptable. After determining concentration,
RNA was then subjected to reverse-transcriptase procedures and cDNA was
produced. cDNA was synthesized from 1 µg of mRNA using TaqMan Reverse
Transcription Reagents (Applied Biosystems, Foster City, CA) with the primers
for cDNA synthesis derived from random hexamers.
Real-time quantitative reverse transcription-PCR was used to measure the
quantities of β1-adrenergic receptor (β1 AR), the β2-adrenergic receptor (β2 AR),
myosin heavy chain I (MHC I), myosin heavy chain IIA (MHC IIA), myosin
heavy chain IIX (MHC IIX), AMPKα, and IGF-I mRNA. Measurement of cDNA
relative quantity to an endogenous control, ribosomal protein S9 (RPS9), was
performed by using PCR Master Mix (Applied Biosystems), 300 nM of the appropriate forward and reverse primers and 1 µL of the cDNA mixture (Table 1).
The cDNA was measured using the ABI Prism 7000 detection system (Applied
Biosystems, Foster City, CA) at the recommended thermal cycling variables
from the manufacturer (40 cycles of 15 s at 95˚C and 1 min at 60˚C).

Protein extraction and Western blots.
DOI: 10.4236/ojas.2020.103028
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Table 1. Forward and reverse primers for RTQ-PCR for myogenic gene expression.
Item

Sequence (5’ to 3’)

AMPKα (accession # NM_001109802)
Forward

ACCATTCTTGGTTGCTGAAACTC

Reverse

CACCTTGGTGTTTGGATTTCTG

TaqMan Probe

6FAM-CAGGGCGCGCCATACCCTTG-TAMRA

IGF-I (accession # X15726)
Forward

TGTGATTTCTTGAAGCAGGTGAA

Reverse

AGCACAGGGCCAGATAGAAGAG

TaqMan Probe

6FAM-TGCCCATCACATCCTCCTCGCA-TAMRA

MHC-I (acession # AB059400)
Forward

CCCACTTCTCCCTGATCCACTAC

Reverse

TTGAGCGGGTCTTTGTTTTTCT

TaqMan Probe

6FAM-CCGGCACGGTGGACTACAACATCATAG-TAMRA

MHC-IIa (accession # AB059398)
Forward

GCAATGTGGAAACGATCTCTAAAGC

Reverse

GCTGCTGCTCCTCCTCCTTG

TaqMan Probe

6FAM-TCTGGAGGACCAAGTGAACGAGCTGA-TAMRA

MHC-IIx (accession # AB059399)
Forward

GGCCCACTTCTCCCTCATTC

Reverse

CCGACCACCGTCTCATTCA

TaqMan Probe

6FAM-CGGGCACTGTGGACTACAACATTACT-TAMRA

β1-AR (accession # AF188187)
Forward

GTGGGACCGCTGGGAGTAT

Reverse

TGACACACAGGGTCTCAATGC

TaqMan Probe

6FAM-CTCCTTCTTCTGCGAGCTCTGGACCTC-TAMRA

β2-AR (accession # NM_174231)
Forward

CAGCTCCAGAAGATCGACAAATC

Reverse

CTGCTCCACTTGACTGACGTTT

TaqMan Probe

6FAM-AGGGCCGCTTCCATGCCC-TAMRA

RPS9 (accession # DT860044)
Forward

GAGCTGGGTTTGTCGCAAAA

Reverse

GGTCGAGGCGGGACTTCT

TaqMan Probe

6FAM-ATGTGACCCCGCGGAGACCCTTC-TAMRA

Protein was extracted by removing approximately 0.35 g of tissue from biopsy
samples. The tissue was then homogenized with Tissue Protein Extraction Reagent (T-PER; Pierce Biotechnology, Rockford, IL) at a ratio of 1 g tissue: 3 mL of
T-PER. Samples were then centrifuged at 14,000 × g for 5 minutes. The superDOI: 10.4236/ojas.2020.103028
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natant was collected and the samples were then centrifuged again at 2000 × g for
5 minutes to rid the sample of excess debris. Protein concentration was determined using an ND-1000 Spectrophotometer (NanoDrop Technologies, Wilmington, DE) and samples were brought to equal concentration by addition of
TPER.
Samples were subjected to denaturation by SDS-β-mercaptoethanol and incubated for 2 minutes at 95˚C. Total protein (40 µg) was separated by gel electrophoresis with Novex 10% - 20% Tris-glycine gels (Invitrogen, Carlsbad, CA).
The gels were run for approximately 120 min at 120 V and 130 mA. Proteins
were transferred onto a PVDF membrane (Bio-Rad, Hercules, CA) for 120 min
at 4˚C. Following transfer the membrane was blocked by in blocking solution for
1 hour and then rinsed 3 times in 1 × TBS-Tween solution. The appropriate
primary antibody against either the β1-adrenergic receptor or the β2-adrenergic
receptor (Abcam, Cambridge, MA) was then applied to the membrane and was
left overnight at 4˚C. After incubation overnight, the membranes were then
pulled from the cold incubation freezer and allowed to warm to room temperature for 30 min. After 30 min, the membranes were then rinsed 3 times in 1 ×
TBS-Tween solution and then secondary Alexa fluorescent antibodies were
added to the membrane and incubated for 1 h. After 1 h, membranes were then
rinsed 3 times in TBS-Tween solution, dried, and imaged with QuantityOne
software.

Blood parameters.
Concentrations of NEFA were determined by modification of the enzymatic
HR Series NEFA-HR (2) assay (Wako Diagnostics, Richmond, VA) to fit a
96-well format [16]. Briefly, 200 µL of the prepared Color Reagent A were added
to 5 µL of serum or prepared standards in a 96-well plate. Plates were incubated
at 37˚C for 5 min and then absorbance read using a spectrophotometer at 550
nm. Next, 100 µL of prepared Color Reagent B was added to all wells on the
96-well plate. Plates were incubated for an additional 5 min and read for a
second time using a plate reader at 550 nm. Concentrations of NEFA were determined by comparing unknown samples to at standard curve of known NEFA
concentrations. The minimum detectable concentration was 0.0014 mEq/L and
the intra- and inter-assay coefficients of variation were 9.0% and 14.3%, respectively. Data are presented as the concentration in mEq/L.
Serum concentrations of BUN were determined by a colorimetric assay according to the manufacturer’s guidelines (K024-H1; Arbor Assays, Ann Arbor,
MI) by comparison of unknowns to standard curves generated with known concentrations of urea nitrogen. The minimum detectable BUN concentration was
0.065 mg/dL and the intra- and inter-coefficients of variation were 4.0% and
15.7%, respectively. Data are presented as the concentration in mg/dL.
For progesterone analysis, serum was sent to New Mexico State University (D.
Halford) and analyzed via radioimmunoassay procedure using bovine specific
antibodies to determine progesterone concentration.

Statistical analysis.
DOI: 10.4236/ojas.2020.103028
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Data were analyzed using the PROC Mixed function in SAS 9.4 (SAS Inst.,
Cary, NC). The data were analyzed as a randomized complete block design using
repeated measures over time. The covariance structure with the lowest Akaike
information criterion (AIC) was used [17] and the least significance difference
procedure of SAS 9.4 was used to determine significance between treatments
using an α of 0.05. The statistical model had protein and mRNA data dependent
on the fixed effects of day, TI day, OPT, and all possible interactions and pen
served as the experimental unit for all analyses. To give a common starting point
for animals receiving OPT administration, covariate analysis was performed on
the day OPT was given to the animals. A α of 0.05 determined significance and
0.051 to 0.10 was considered a tendency.

3. Results
Individual effects of OPT and TI day on mRNA
Real-time quantitative PCR was performed on the β1-adrenergic receptor (β1
AR), the β2-adrenergic receptor (β2 AR), myosin heavy chain I (MHC I), myosin
heavy chain IIA (MHC IIA), myosin heavy chain IIX (MHC IIX), AMPKα, and
IGF-I to determine if OPT would alter mRNA levels in longissimus muscle of
heifers provided ractopamine HCl. Main effect means are presented in Table 2
and Table 4 (covariate adjusted using d 112 pre-RH biopsy values to adjust in
Table 4 for myogenic genes) and interactive means of terminal implant and RH
use are presented in Table 3 and Table 5 (covariate adjusted using d 112 pre-RH
biopsy values to adjust in Table 5 for myogenic genes). Over the entire study, it
was discovered that OPT did not alter (P > 0.05) gene expression of any myogenic mRNA levels (Table 2). Because OPT was administered only over the last
Table 2. The individual effects of terminal implant day (TI day) and ractopamine hydrochloride (OPT) on relative myogenic genes. Values for each parameter are represented
by least-square means.
Treatment
TI Day
Gene

P-Value

OPT3

2

TI160

TI100

TI60

SEM

No

Yes

SEM

β1 AR

0.53

0.61

1.31

0.39

0.75

0.88

β2 AR

1.41

1.57

1.40

0.20

1.51

MHC I

2.15*

3.17*

2.51

0.43

MHC IIA

612.30

736.68

923.41

MHC IIX

5.13

7.73

AMPKα

1.65

IGF-1

1.93

1

TI Day

OPT

0.31

0.29

0.78

1.42

0.18

0.71

0.63

2.09

2.32

0.39

0.07

0.11

199.33

712.06

802.86

171.14

0.34

0.58

5.31

1.38

6.47

5.65

1.25

0.13

0.48

1.88

1.48

0.20

1.69

1.65

0.17

0.26

0.86

2.39

1.72

0.32

1.92

2.11

0.29

0.13

0.49

4

Genes are as follows: the β-1 adrenergic receptor (β1 AR), β-2 adrenergic receptor (β2 AR), myosin heavy
chain I (MHC I), myosin heavy chain IIA (MHC IIA), myosin heavy chain IIX (MHC IIX), AMPKα, and
IGF-I. 2Animals were implanted on d 140 (TI140), 100 (TI100), or 60 (TI60) before slaughter with Component TE-200. 3Ractopamine hydrochloride provided to animals at 200 mg/hd·d−1 in final 28 days of trial.
4
SEM represents the pooled standard error of the mean.
1
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Table 3. The interactive effects of terminal implant day (TI day) and ractopamine hydrochloride (OPT) on relative myogenic genes. Values for each parameter are represented
by least-square means.
Treatment
TI Day2/OPT3
Gene1

TI140/No TI140/Yes TI100/No TI100/Yes TI60/No

TI60/Yes

SEM4

P-Value

β1 AR

0.7274

0.3349

0.3193

0.8949

1.2157

1.398

0.548

0.6695

β2 AR

1.6765

1.139

1.4328

1.7135

1.411

1.3886

0.2637

0.2251

MHC I

2.2821

2.024

3.4122

2.9289

3.0133

2.0013

0.5424

0.6925

MHC IIA

597.93a

626.67a

987.57ab

485.78a

550.68a

1296.14b

261.51

0.0103

MHC IIX

4.9057

5.3565

8.0575

7.4053

6.4525

4.1774

1.7259

0.6323

AMPKα

1.9312

1.3636

1.8087

1.9602

1.3234

1.6328

0.2714

0.1776

IGF-1

1.9214

1.9416

2.2609

2.5104

1.5726

1.8762

0.404

0.905

Genes are as follows: the β-1 adrenergic receptor (β1 AR), β-2 adrenergic receptor (β2 AR), myosin heavy
chain I (MHC I), myosin heavy chain IIA (MHC IIA), myosin heavy chain IIX (MHC IIX), AMPKα, and
IGF-I. 2Animals were implanted on d 140 (TI140), 100 (TI100), or 60 (TI60) before slaughter with Component TE-200. 3Ractopamine hydrochloride provided to animals at 200 mg/hd·d−1 in final 28 days of trial.
4
SEM represents the pooled standard error of the mean. abValues with different superscripts differ (P <
0.05).
1

28 days of feeding, the final biopsy day (Day 112, which initiated ractopamine
HCl administration) before slaughter was used as a covariate. The covariate results showed that all gene quantities, except for MHC IIA, did not differ among
treatments (Table 4). MHC IIA expression tended to be lower (P = 0.09) in OPT
administered animals (Table 4).
RTQ-PCR was also used to determine if terminal implant (TI) day would alter
myogenic mRNA levels. Animals that received the TI 100 treatment tended to
have a higher level (P < 0.10) of MHC I expression in the longissimus muscle
than animals that received TI140 (Table 2). No other mRNA levels differed
(P > 0.05) depending on TI implant strategy (Table 2). Like with OPT, day 112
was used as a covariate to determine if there were any changes in mRNA levels
once OPT was administered to the animals. Relative mRNA levels of MHC IIX,
AMPKα, and IGF-I were greater (P < 0.05) in animals receiving TI100 over
those receiving TI140 or TI60 (Table 4). No other genes were impacted (P >
0.10) by TI day.

Interactive effects of OPT and TI day on mRNA
To determine relative quantities of skeletal muscle mRNA, RTQ-PCR was
performed muscle related genes; the β1-adrenergic receptor (β1 AR), the
β2-adrenergic receptor (β2 AR), myosin heavy chain I (MHC I), myosin heavy
chain IIA (MHC IIA), myosin heavy chain IIX (MHC IIX), AMPKα, and IGF-I.
All mRNA relative levels were corrected to a housekeeping gene (ribosomal protein subunit 9, RPS9) to ensure correct sample base levels. The results showed
that interactive effects of OPT and terminal implant day did not alter (P > 0.05) β1
AR, β2 AR, MHC I, MHC IIX, AMPKα, or IGF-I mRNA levels within longissimus
DOI: 10.4236/ojas.2020.103028
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Table 4. The individual effects of terminal implant day (TI day) and ractopamine hydrochloride (OPT) using day 112 biopsy levels as a covariate on relative myogenic genes.
Values for each parameter are represented by least-square means.
Treatment
TI Day

P-Values

OPT3

2

Gene1

TI140

TI100

TI60

SEM

No

Yes

SEM4

TI Day

OPT

β1 AR

0.24

0.33

0.15

0.79

0.20

0.27

0.07

0.22

0.48

β2 AR

2.73

3.41

2.03

0.86

3.15

2.29

0.66

0.41

0.37

MHC I

0.67

1.18

0.90

0.23

1.05

0.79

0.20

0.13

0.20

MHC IIA 338.93
MHC IIX

1.76

a

AMPKα

1.91

a

IGF-1

3.14a

480.44

663.37

246.56

531.20

457.29

201.81

0.59

0.09

2.91

b

1.51

a

0.55

2.09

2.03

0.48

0.08

0.91

3.40

b

1.16

a

0.50

2.18

2.14

0.40

0.01

0.95

2.76a

0.66

3.74

3.69

0.52

0.02

0.95

5.24b

Genes are as follows: the β-1 adrenergic receptor (β1 AR), β-2 adrenergic receptor (β2 AR), myosin heavy
chain I (MHC I), myosin heavy chain IIA (MHC IIA), myosin heavy chain IIX (MHC IIX), AMPKα, and
IGF-I. 2Animals were implanted on d 140 (TI140), 100 (TI100), or 60 (TI60) before slaughter with Component TE-200. 3Ractopamine hydrochloride provided to animals at 200 mg/hd·d−1 in final 28 days of trial.
4
SEM represents the pooled standard error of the mean. abValues with different superscripts differ (P <
0.05).
1

muscle biopsies (Figure 1). The MHC IIA isoform gene level was elevated (P <
0.05) in animals that received the latest terminal implant plus OPT administration (80/Yes) (Figure 2) over all other treatments accept those animals that received the day 40 terminal implant and were not given OPT (40/No) (Figure 2)
The animals in the 40/No treatment group tended to have higher (P < 0.10)
MHC IIA levels than the group that was implanted on day 40 and received OPT
(40/Yes) (Figure 2). To determine if OPT and TI day had an interaction after
OPT administration, day 112 was used as a covariate in mRNA analysis. The use
of day 112 as a covariate in the analysis of the interactive effects of OPT and TI
day showed that there were no difference (P > 0.05) in mRNA levels between
treatments (Table 5).

Individual effects of OPT and TI day on protein levels
Data obtained from Western blotting for each protein sample were corrected
with a common reference sample. A representation of the β1-adrenergic receptor
and β2-adrenergic receptor Western blot is shown (Figure 3). The quantities of
the β1-adrenergic receptor (β1 AR) and β2-adrenergic receptor were not affected
(P > 0.05) by OPT or TI day (Table 6); however, when day 112 (the first day of
OPT administration) is used as a covariate of analysis, the β1 AR tended to be
higher (P < 0.10) in animals that were not provided OPT than those that were
given OPT (Table 7 and Figure 4). An effect of TI day is also documented when
day 112 is used as a covariate of analysis. Animals receiving TI60 had lower β2
AR intensities than those that received TI140 or TI100. There was no effect (P >
0.05) in the covariate of analysis by OPT on the β2 AR or by TI day on the β1
AR.
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Terminal implant effect

Relative mRNA Abundance

12
10
8

β1 AR

6

β2 AR
MHC I

4

MHC
IIX
AMPKα

2
0

IGF-1
TI140/No TI140/Yes TI100/No TI100/Yes

TI60/No

TI60/Yes

Terminal Implant Day/Optaflexx

Figure 1. Longissimus muscle β-1 adrenergic receptor (β1 AR), β-2 adrenergic receptor
(β2 AR), myosin heavy chain I (MHC I), myosin heavy chain IIX (MHC IIX), AMPKα,
and IGF-I relative mRNA levels of 6 different treatments. The treatments were arranged
in a 2 × 3 factorial with two treatments of Optaflexx (No-did not receive Optaflexx and
Yes-received Optaflexx) and 3 different terminal implant days (TI140, TI100, TI60; relative to slaughter). No differences were observed when comparing treatments among individual genes.

MHC IIA
1800
b

Relative mRNA Abundance

1600
1400

ab

1200
1000

a

a

800

a

a

MHC IIA

600
400
200
0
TI140/No TI140/Yes TI100/No TI100/Yes TI60/No

TI60/Yes

Terminal Implant Day/Optaflexx

Figure 2. Longissimus muscle myosin heavy chain IIA (MHC IIA) relative mRNA levels
of 6 different treatments. The treatments were arranged in a 2 × 3 factorial with two
treatments of ractopamine-hydrochloride (No-did not receive OPT and Yes-received
OPT) and 3 different terminal implant days (TI140, TI100, TI60; relative to slaughter).
Pooled standard errors of the mean bars are represented. Bars with different letter designation are different (P < 0.05).

Effects of OPT and TI on blood serum parameters
Blood was drawn from 2 animals per pen (n = 108) on days 0, 40, 80, 112, and
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(a)

(b)

Implant effect on protein intensity
during Optaflexx administration
1.4
Protein Intensity

1.2

β1 AR

a

a

a

1

β2 AR

0.8
0.6

a

a

b

0.4
0.2
0
TI140

TI100

TI60

Terminal Implant Day
(c)

Figure 3. (a) A representative Western blot of the β1-adrenergic receptor. (b) A representative Western blot of the β2-adrenergic receptor. (c) Longissimus muscle β-1 adrenergic receptor (β1 AR) and β-2 adrenergic receptor (β2 AR) protein intensity during
OPT feeding in three TI implant dates (TI140, TI100, TI60; relative to slaughter). All values were corrected to a common reference sample. Pooled standard errors of the mean
bars are represented. Bars of the same color with differing superscripts designate a difference in intensity (P < 0.05).

Protein Intensity

β1 AR

β2 AR

1.4
1.2
1
0.8
0.6
0.4
0.2
0
No

Yes
Optaflexx

Figure 4. Longissimus muscle β-1 adrenergic receptor (β1 AR) and β-2 adrenergic receptor (β2 AR) protein intensity during OPT feeding; treatments are 0 mg/hd·d−1 (No) or
200 mg/hd·d−1 (Yes). All values were corrected to a common reference sample. Pooled
standard errors of the mean bars are represented.
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Table 5. The interactive effects of terminal implant day (TI day) and ractopamine hydrochloride (OPT) using day 112 biopsy levels as a covariate on relative myogenic genes.
Values for each parameter are represented by least-square means.
Treatment
TI Day2/OPT3
Gene1

TI140/No TI140/Yes TI100/No TI100/Yes TI60/No TI60/Yes

SEM4

P-Value

β1 AR

0.17

0.31

0.29

0.37

0.16

0.13

0.12

0.69

β2 AR

3.72

1.74

3.33

3.49

2.40

1.65

1.28

0.62

MHC I

0.90

0.45

1.12

1.25

1.13

0.67

0.29

0.40

MHC IIA

268.81

409.04

538.35

422.54

786.47

540.28

408.61

0.19

MHC IIX

2.20

1.33

2.48

3.34

1.60

1.42

0.73

0.42

AMPKα

2.27

1.55

3.25

3.55

1.00

1.32

0.74

0.70

IGF-1

3.70

2.57

4.73

5.76

2.78

2.75

0.98

0.49

Genes are as follows: the β-1 adrenergic receptor (β1 AR), β-2 adrenergic receptor (β2 AR), myosin heavy
chain I (MHC I), myosin heavy chain IIA (MHC IIA), myosin heavy chain IIX (MHC IIX), AMPKα, and
IGF-I. 2Animals were implanted on d 140 (TI140), 100 (TI100), or 60 (TI60) before slaughter with Component TE-200. 3Ractopamine hydrochloride provided to animals at 200 mg/hd·d−1 in final 28 days of trial.
4
SEM represents the pooled standard error of the mean.
1

Table 6. The individual effects of terminal implant day (TI day) and ractopamine hydrochloride (OPT) on protein quantity. Values for each parameter are represented by
least-square means.
Treatment
TI Day2

P-Values

OPT3

Protein1

TI140

TI100

TI60

SEM

No

Yes

SEM4

TI Day

OPT

β1 AR

0.59

0.64

0.70

0.06

0.62

0.67

0.06

0.32

0.31

β2 AR

0.67

0.67

0.70

0.05

0.69

0.66

0.04

0.83

0.52

Proteins quantified were the β1 – adrenergic receptor (β1 AR) and the β2 – adrenergic receptor (β2 AR).
Animals were implanted on d 140 (TI140), 100 (TI100), or 60 (TI60) before slaughter with Component
TE-200. 3Ractopamine hydrochloride provided to animals at 200 mg/hd·d−1 in final 28 days of trial. 4SEM
represents the pooled standard error of the mean.
1
2

Table 7. The individual effects of terminal implant day (TI day) and ractopamine hydrochloride (OPT) on protein quantity using day 112 as a covariate. Values for each parameter are represented by least-square means.
Treatment
TI Day
Protein1

TI140

TI100

TI60

β1 AR

1.0563

0.8803

β2 AR

0.421

0.3986

a

a

P-Values

OPT3

2

SEM

No

Yes

SEM4

TI Day

OPT

0.9003

0.14000

1.0504

0.8409

0.12000

0.3766

0.0748

0.2573

0.04043

0.3832

0.3347

0.03314

0.0185

0.3151

b

Proteins quantified were the β1, adrenergic receptor (β1 AR) and the β2, adrenergic receptor (β2 AR).
Animals were implanted on d 140 (TI140), 100 (TI100), or 60 (TI60) before slaughter with Component
TE-200. 3Ractopamine hydrochloride provided to animals at 200 mg/hd·d−1 in final 28 days of trial. 4SEM
represents the pooled standard error of the mean.
1
2
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140 do determine implant and β-agonist effects on blood urea nitogen (BUN),
progesterone, and non-esterified fatty acid (NEFA) content. Upon receiving a
terminal implant, BUN was shown to decrease (P < 0.05) in blood samples
(Figure 5). OPT decreased (P < 0.05) both BUN and progesterone concentrations in blood samples (Figure 6 and Figure 7, respectively). Terminal implant
did not affect (P > 0.05) progesterone levels and neither TI nor OPT altered
NEFA level.
18
17

BUN, Mg/dL

16
15
TI D0

14

TI D40
TI D80

13
12
11
10
-10

40

Days on feed

90

140

Figure 5. Effect of terminal implant window on blood urea nitrogen (BUN) levels in finishing beef heifers. Cattle implanted with Component TE-200 with Tylan day 140
(TI140), day 100 (TI100), or day 60 (TI60) from slaughter. BUN levels decrease after a
terminal implant is administered to the animal.
17
16.5
16

BUN, mg/dL

15.5
15

0 mg OPT

14.5

200 mg OPT

14
13.5
13
112

140
DOF

Figure 6. Effect of ractopamine hydrochloride (OPT) on blood urea nitrogen (BUN) levels in finishing beef heifers over days on feed (DOF). Animals were either provided OPT
(200 mg) or were not fed OPT (0 mg) over the final 28 days of the trial. On day 140, OPT
decreased (P < 0.05) BUN.
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1.5
Progesterone, ng/mL

1.4
1.3
1.2

0 mg

1.1

200 mg

1

SEM = 0.25

0.9
0.8
0.7
0.6
112

140
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Figure 7. Effect of ractopamine hydrochloride (OPT) on progesterone levels in finishing
beef heifers over days on feed (DOF). Animals were either provided OPT (200 mg) or
were not fed OPT (0 mg) over the final 28 days of the trial. On day 140, OPT decreased (P
< 0.05) progesterone.

4. Discussion
Relative mRNA levels over the course of the study did not differ depending on
OPT administration or TI day. Spurlock, Cusumano, Ji, Anderson, Smith, Hancock and Mills [18] reported that no β-adrenergic receptors (βAR) were decreased in pig LM and the same conclusion was reached by [19]. In contrast,
[20] showed that ractopamine decreased both β1 AR mRNA expression in steers
and heifers, but found that steers showed a decrease in β2 AR mRNA early on in
feeding and an increase in β2 AR mRNA later. The group reported that the β2
AR mRNA was not affected in heifers fed ractopamine. Sissom, Reinhardt,
Johnson, Yates, Hutcheson, Nichols and Swingle [13] saw that β2 AR mRNA
expression was increased in heifers administered OPT, while β1 AR mRNA levels were unchanged by OPT. Winterholler, Parsons, Walker, Quinn, Drouillard
and Johnson [21] reported that steers fed ractopamine had an increase in expression of β2 AR mRNA, however, [21] only found a tendency to increase β1
AR mRNA, with no change in β2 mRNA levels. From the point that OPT was
fed until slaughter, we found no difference in expression of β1 AR or β2 AR
mRNA due to ractopamine. Weber, Dikeman, Unruh, Jaeger, Murray, Houser
and Johnson [22] reported that in cows fed OPT, β2 AR mRNA increased and
those that were fed zilpaterol-hydrochloride (ZH) tended to increase β2 AR
mRNA abundance. Variation, especially in heifers, is commonly reported in
β-adrenergic receptor mRNA expression, and could be influenced by many factors such as sex, age, breed, and management practices.
Gunawan, Richert, Schinckel, Grant and Gerrard [23] reported that in pigs fed
ractopamine HCl, MHC I expression was not affected, while MHC IIA and
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MHC IIX were both shown to decrease during ractopamine HCl feeding. The
group did see an increase in MHC IIB, but this isoform of the MHC is not expressed in bovine species. Weber, Dikeman, Unruh, Jaeger, Murray, Houser and
Johnson [22] showed that during β-agonist feeding in cull cows, there is a reduction in MHC IIA mRNA expression and an increase in MHC IIX mRNA expression. Another study on cull cows found that when ractopamine was fed at 100
mg/head/day, a decrease in MHC I and MHC IIX mRNA was recorded, albeit
when the dosage was increased to 200 mg/head/day there was an increase in
MHC IIX mRNA [24]. Baxa, Hutcheson, Miller, Brooks, Nichols, Streeter, Yates
and Johnson [25] showed that ZH had no effect on MHC I mRNA expression,
however, it increased MHC IIX mRNA, and while this is a different β-agonist
than what we used, they still work through the same mechanism. Our results did
not support most of these findings; where we had no differences in βAR mRNA
levels or MHC I and MHC IIX mRNA, we did find a tendency for MHC IIA
mRNA to decrease while ractopamine was fed. It could be possible that regulation of these MHC isoforms is partly regulated at the mRNA level, but is also
controlled at the protein level by another factor, such as degradation.
Interestingly over the final 28 days of the trial (which is when OPT was fed),
an increase in MHC IIX, AMPKα, and IGF-I mRNA was found in the LM muscle of animals that received TI100 over those that received the other two TI days.
IGF-I mRNA was shown to be decreased in heifers that were implanted with 20
mg estradiol + 200 mg trenbolone acetate (Revalor-200, Merck Animal Health),
reimplanted with 200 mg trenbolone (Finaplix-H, Merck Animal Health), and
fed ractopamine HCl; while IGF-I mRNA levels were shown to numerically increase in heifers implanted with Revalor-200 and fed ractopamine, but not reimplanted [13]. It is already been shown [1] [26] that steroidal hormones increase
IGF-I circulation, so this is not a surprise. What is fairly unique about this increase in IGF-I is that it only occurred after OPT was fed to the animals. Miller,
Chung, Hutcheson, Yates, Smith and Johnson [27] showed that in muscle cultures, ZH tended to increase IGF-I mRNA, while [28] found that Holstein steers
fed OPT had decreased serum IGF-I. It is possible that any effects of OPT on
IGF-I mRNA abundance in our study were negated by steroidal implants, since
all heifers in the study were implanted. An increase MHC IIX mRNA is not
supported by results from [29]; their data show that steroidal hormonal implants
did not alter any MHC mRNA isoform. Differing results were obtained by [25]
in which animals fed ZH, and given the steroidal hormone implant containing
(24 mg estradiol + 120 mg trenbolone acetate, Revalor-S, Merck Animal Health)
tended to increase MHC IIA expression due to the implant. We only saw an increase in MHC IIX mRNA in the final 28 days on feed, which is also when OPT
was given to the animals so there may be an underlying mechanism in which
these growth promotants work together.
For instance, an interaction between OPT and TI day was seen in MHC IIA
mRNA expression. Animals that received the latest TI (TI60) and ractopamine
expressed greater levels of MHC IIA mRNA than any other treatment except
DOI: 10.4236/ojas.2020.103028
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those that received a terminal implant on day 40 and were not administered
OPT. From this, it appears that MHC IIA mRNA expression may be elevated by
a hormonal implant, however, its effect recede as its implantation time increases.
An elevation in MHC IIA mRNA expression was also described by [25]. Data
gathered on β-agonists’ effect on MHC IIA mRNA show that it decreases or does
not its expression [25] [29]. It is unclear whether steroid hormones and
β-agonists are working together to cause this increase in MHC IIA, or whether
the estradiol and trenbolone acetate implant is solely responsible.
Protein data collected showed that there was no effect due to either TI day or
OPT administration over the entire feeding trial. However, during OPT feeding,
Optaflexx tended to decrease β1 AR protein intensity, while animals that received TI60 showed a decrease in β2 AR protein intensity when compared to
both TI140 and TI100 heifers. No interaction was discovered to alter protein
abundance between the TI day and OPT. In swine, ractopamine HCl feeding has
been shown to decrease β1 AR in adipose tissue, however, skeletal muscle β1 AR
protein was not affected [18]. Previous research perfomed by [27] indicated that
when ZH is administered to bovine satellite cells, a decrease in β2 AR protein
content resulted. Huang, Gazzola, Pegg and Sillence [30] discovered that in rats
given clenbuterol that there is a decrease in β2 AR protein quantity associated
with skeletal muscle. It is speculated that the majority of the action associated
with ZH and/or clenbuterol is mediated though the β2 AR, while OPT possibly
works mainly through the β1 AR. Because of this receptor specific association of
β-agonists, it may be possible that the receptor that is stimulated by the
β-agonist may decrease in expression due to stimulation. Data gathered by our
study and others would support this receptor reduction theory.
Adrenal steroid hormones have been shown to enhance β2 AR actions [31].
Not only are actions enhanced, but cortisone acetate was found to increase
β-adrenergic receptor density in human leukocytes [32]. Not only have adrenal
steroids been shown to alter β-adrenergic receptor number but estrogen and
progesterone also may alter receptor protein abundance. Moawad, River and
Kilpatrick [33] discovered that in lung tissue of rabbits provided estrogen, βAR
abundance increased when compared to controls while progesterone decreased
βAR abundance. In rodents’ brown adipose tissue testosterone has been shown
to not alter βAR numbers, however, both estrogen and progesterone could possibly increase βAR protein concentration [34]. As mentioned earlier, our results
showed that β2 AR protein content were elevated in animals that received TI
earlier once β-agonist administration began. The shortest TI day may not have
had time to increase signaling that would cause protein expression to elevate,
while the earlier two TI days had appropriate amount of time to alter protein
abundance. Because the implant used contained both estradiol and TBA, we believe that this increase in β2 AR quantity is due to estrogenic steroids and not
TBA, as supported by research by [34].
The data regarding progesterone is considered novel in that OPT induced reduction of progesterone has not been reported. Progesterone is known as an anDOI: 10.4236/ojas.2020.103028
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ti-anabolic hormone [13], so a decrease in progesterone caused by OPT may allow for enhanced muscle growth. A reduction in BUN due to a β-agonist indicates a possible increase in protein deposition, as muscle decreases circulating
BUN levels. Our results of beta adrenergic agonist decreasing BUN are supported by others [20] [35]. Rathmann, Bernhard, Johnson, Brooks, Miller, Swingle, Lawrence, Yates, Hutcheson, Streeter and Nichols [36] developed a carcass
prediction equation and the use of this equation predicts that ADG was increased after each terminal implant. This also supports a reduction in BUN concentration, which caused us to believe that this reduction is indicative of protein
accretion in muscle similar to that found by [37]. Heitzman and Chan [37] also
found that there was no relation between implants and NEFA levels.

5. Conclusion
Collectively, these data indicate that ractopamine HCl and estradiol + trenbolone acetate implants alter myogenic mRNA, β-adrenergic receptors, and blood
metabolites in finishing beef heifers.
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