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The aim of this study was to evaluate the effect of herbage allowance treatment of native
pastures from calf conception to weaning on muscle fiber density and diameter and gene
expression (insulin-like growth factor (IGF) system and adipogenesis) during the first year
of age of purebred (Hereford and Angus) and crossbred (F1) dams offspring. Forty
crossbred calves, offspring of purebred or crossbred dams, were used in a randomized
block design with a factorial arrangement of herbage allowance (HA) of native pastures
(high and low; 4 vs. 2.5 kg dry matter/kg body weight (BW)) and dam genotype resulting
in 4 calf groups (high-purebred, high-crossbred, low-purebred, low-crossbred offspring).
Calf BW were registered while blood and Semitendinosus muscle samples were collected at
birth, weaning (142 days) and at 380 days old to measure plasma IGF-I concentrations and
muscle expression of genes related with the IGF system and adipogenesis by quantitative
real time PCR. Calf BW at birth did not differ between calf groups but during the postnatal
period, low purebred offspring were lighter (Po0.05) than the other three calf groups.
Lean to fat tissue ratio tended to be greater (P¼0.08) in high than in low HA offspring.
Muscle fiber density did not differ among calf groups, but fiber diameter was greater in
low than high and in crossbred than purebred offspring. Plasma IGF-I concentrations were
lower (Po0.05) in low purebred offspring than in the other three calf groups. The IGFBP5
mRNA expression was greater in low crossbred offspring when compared to the other
three groups and PPARGmRNA expression was greater in high than in low and in purebred
than crossbred offspring at birth whereas SREBF1 mRNA expression was greater in high
crossbred compared to the other three groups at birth and at weaning. At 380 days, after
winter restriction, IGF receptor type 1 (IGF1R) and IGFBP5 mRNA expression were greater in
high purebred than in high crossbred offspring. The environment provided by the dams
during gestation and lactation is probably influenced by the nutritional plane and
genotype of the cow. As a consequence, changes appeared between calf groups in calf
BW, body composition, Semitendinosus muscle fiber diameter and expression of genes
related with the IGF-I system and adipogenesis.
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1. Introduction

Beef cows in rangeland extensive conditions experience
poor nutritional environments for variable periods of time
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during pregnancy and lactation, as their intake depends on
quantity and quality of herbage produced by native pas-
tures, which is subjected to large intra and inter-annual
climate variations. These periods of nutrient restriction
(during gestation and/or lactation) can affect calf muscle
growth and development as well as intramuscular fat
(marbling) and compromise beef meat production (Du
et al., 2013; Rehfeldt et al., 2011).

Muscle growth and its intrinsic properties determine,
at least in part, the quantity and quality of the meat
produced. Muscle mass is mainly determined by fiber
number and size (Rehfeldt et al., 2011). In livestock, new
muscle fibers are formed during the prenatal stage (early
and mid-gestation) with primary fibers forming first,
followed by secondary fibers that develop around these
primaries. The number of muscle fibers (muscular hyper-
plasia) is thought to be completed at birth (Rehfeldt et al.,
2011; Du et al., 2013). The postnatal skeletal muscle
development is mainly due to the increase in muscle fiber
size (hypertrophy) as satellite cells, a population of com-
mitted myogenic cells, proliferate and fuse with existing
fibers increasing DNA content and protein synthetic capa-
city resulting in muscle fiber hypertrophy (Rehfeldt et al.,
2011). In ruminants, undernutrition during early and mid
fetal periods reduced fiber number whereas undernutri-
tion during the end of fetal and during postnatal periods
may reduce calf body weight (BW) at birth and decrease
myonuclei number, muscle fiber diameter or cross sec-
tional area and muscle fiber type (Greenwood et al., 2000;
Zhu et al., 2006; Du et al., 2010; Rehfeldt et al., 2011).

The somatotropic axis (growth hormone—insulin-like
growth factor; GH-IGF) is one of the main mechanisms
for both environmental and genetic effects on growth,
development and differentiation of skeletal muscle, via
both mitogenic and myogenic processes and metabolic
and anabolic actions (Clemmons, 1998; Philippou et al.,
2007; Duan et al., 2010; Rehfeldt et al., 2011). This axis
involves peptide hormones (GH, IGF-I and IGF-II), their
receptors (GHR and IGF1R) and IGF binding proteins
(IGFBP1 to 6), which can either potentiate or inhibit IGF
action by modulation of their bioavailability to receptors
(Clemmons, 1998). Recent studies have shown that
many genes of the somatotropic axis were differentially
expressed in animals selected for greater muscle growth
and differentiation potential (Keady et al., 2011). In addi-
tion, muscle expression of several components of ST axis
modulated by pre- and postnatal nutrition in mice (Bayol
et al., 2004) and cattle (Oksbjerg et al., 2004; Rehfeldt
et al., 2011).

Similar to myogenesis, adipogenesis can be divided into
preadipocyte hyperplasia and adipocyte hypertrophy,
which occurs by accumulation of triacylglyceride (Du
et al., 2013). In ruminants adipogenesis is initiated before
mid gestation in beef cattle (Bonnet et al., 2010), with the
first detection of adipocytes in visceral fat depots followed
by subcutaneous, intermuscular, and intramuscular fat
depots (Taga et al., 2011). Although adipocyte hyperplasia
may occur during postnatal growth, the fetal period is a
major stage for generation of intramuscular adipocytes
and thereby for intramuscular fat accumulation potential
later on life (Tong et al., 2008). Peroxisome proliferator
Please cite this article as: Gutiérrez, V., et al., Effects of c
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activated-receptor-γ (PPARG) is an indispensable transcrip-
tion factor for adipocyte differentiation inducing specific
adipocyte gene expression which results in lipid accumu-
lation and adipocyte maduration (Du et al., 2013). In
addition, sterol regulatory element-binding transcription
factor 1 (SREBF1) regulates lipid metabolism through the
induction of genes which are important for triglyceride
uptake, synthesis and storage (Shao and Espenshade,
2012). Nutrition in early life affected muscle expression
of PPARG and SREBF1 mRNA in cattle (Du et al., 2010b;
Graugnard et al., 2009), which is correlated with different
potential of intramuscular adipogenesis.

Our hypothesis was that control of grazing intensity of
native pastures through changes in herbage allowance
would impact on dam nutrition during gestation and
lactation, thus, altering calf muscle fiber characteristics
and gene expression during the growing period (pre and
post-weaning). Therefore, our objective was to evaluate
the effects of herbage allowance treatment of native
pastures from calf conception to weaning on muscle fiber
density and diameter and gene expression (IGF system and
adipogenesis) of purebred (Hereford and Angus) and
crossbred (F1 Hereford and Angus) dam offspring at the
one year of age.

2. Materials and methods

2.1. Location, animals and experimental design

The experiment was conducted on 90 ha of native
grasslands (Campos biome) located at the Prof. Bernardo
Rosengurtt Experimental Station (School of Agronomy,
Universidad de la República, Uruguay; 321S, 541W) from
December 2008 to November 2010. Animal procedures
were approved by the Animal Experimentation Committee
of Universidad de la República (CHEA, Uruguay).

Forty calves and their dams were used in a randomized
block design with two replications (block 1: sandy loam
soil, 60 ha and block 2: clay loam soil, 30 ha) and four plots
in each block to which a 2�2 factorial arrangement of
herbage allowance and dam genotype was allocated. Her-
bage allowance treatments were estimated according to
Sollenberger et al. (2005) and represented 4 and 2.5 kg dry
matter (DM)/kg BW (Hi-HA and Lo-HA, respectively) on an
annual mean basis that varied among seasons (Table 1).
Herbage allowance treatments determined changes of her-
bage mass and height but did not affect chemical composi-
tion of offered herbage (Table 1). Experimental dams were
purebred (Hereford, n¼12 and Angus, n¼10) or crossbred
(F1-H�A, n¼8 and F1-A�H, n¼10) multiparous cows (5
to 6 year-old) that belonged to a group of experimental
animals generated as part of a diallel crossbreeding experi-
ment between Angus and Hereford breeds conducted for 10
years at the Experimental Station. Calf sires were Hereford
or Angus, determining that calves from purebred dams
were crossbred (H�A and A�H offspring) while calves
from crossbred dams were backcross (H-H�A, H-A�H,
A-H�A and A-AH) progeny (Table 2).

Dams were maintained in the same plot (same her-
bage allowance treatment) since May 2007 and gestated
and lactated one calf every year from 2007 to 2009. The
alf early nutrition on muscle fiber characteristics and
.1016/j.livsci.2014.07.010i
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Table 1
Herbage allowances, mass and height, and cow physiological status and estimated energy requirements through the year.

Fall Winter Spring Summer

Herbage allowance (kg DM/kgBW)
High-HAa 5 3 4 4
Low-HA 3 3 2 2

Herbage mass (kg DM/ha)b

High-HA 15927189 bc 8217189 de 16957189 bc 35477189 a
Low-HA 9287189 cde 4767189 e 10987189 cde 25147189 b

Height (cm)b

High-HAa 2.970.4 cd 2.470.4 de 3.470.4 c 11.070.39 a
Low-HA 1.570.4 e 1.670.4 e 2.770.4 de 8.070.39 b

Chemical composition (g/kgDM)
Crude protein 65 77 94 74
Neutral detergent fiber 771 703 729 751
Acid detergent fiber 361 297 276 323

Days of gestation 60 to 150 150 to 240 240 to 282
Days of lactation 0 to 50 50 to 142
Estimated daily energy requirement (%)c

High-HA 100 80 90 100
Low-HA 100 90 100 110

a,b Means with different literals differed with po0.05.
a Hi-HA¼High herbage allowance treatment; Lo-HA¼Low herbage allowance treatment.
b lsmeans7s.e.
c National Research Council (NRC) (2000).

Table 2
Schematic representation of calf genotypes included in the study.

Genotypesa

Dams Sires Calvesb

Purebred
HH AA A�H (n¼12; n¼6 F and 6 M)
AA HH H�A (n¼10; n¼5 F and 5 M)

Crossbred, F1
H�A AA A-H�A (n¼4; 2 F and 2 M)
H�A HH H-H�A (n¼4; 2 F and 2 M)
A�H AA A-A�H (n¼6; 3 F and 3 M)
A�H HH H-A�H (n¼4; 2 F and 2 M)

a H¼Hereford, A¼Angus.
b F¼female, M¼male.
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present study included calves that were born during the
2009 spring calving season (October to November). Thus,
calves were subjected to the effect of herbage allowance
treatments from conception (breeding season 2009–
2010) to weaning (April 2010; 142715 days) and no
further treatments were applied. Eight to twelve calves
(n¼4 to 6 for males and females) were evaluated per
treatment (high purebred, high crossbred, low purebred,
and low crossbred offspring). Calves were weaned at
142715 days of age by definitive separation from their
dams. All calves (males and females) were put together in
a native pasture paddock and supplemented with 1% of
BW (approximately 1.2 kg DM) of a commercial concen-
trate (150 g/kg DM of CP, 11.7 MJ/kg DM of metabolizable
energy, 20 g/kg DM of ether extract) until they reached
150715 kg BW (approximately 210 days) and no further
supplement was used. Male calves were castrated one
week after weaning (149715 days). After weaning,
calves were managed as a contemporary group grazing
on a native pasture (102 ha, 15967185, 10727114, and
Please cite this article as: Gutiérrez, V., et al., Effects of c
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1606774 kg DM/ha of estimated herbage mass for fall,
winter and spring, respectively) with good access to
water. Details of the experimental design have been
reported previously (Gutiérrez et al., 2013).

At birth (first 72 h), weaning and 380715 days of age,
calf BW was recorded and blood and muscle samples
were collected. Blood samples were obtained by jugular
venipuncture using tubes containing sodium fluoride and
potassium oxalate (Vacutests; Arzergrande, Italy) and
plasma was extracted by centrifugation (2000� g,
15 min). Plasma was stored at �20 1C for IGF-I analysis
according to Gutiérrez et al. (2013). Muscle samples were
obtained from the Semitendinosus muscle as in one of the
larger muscles of the beef carcass and presents easy
accessibility for biopsy. Semitendinosus muscle samples
were obtained from the center of the left through a 3-cm
skin incision after local anesthesia (5 mL, 2% Lidocaine).
Muscle samples (1 to 2 g, 2 cm3) were removed using a
scalpel and divided in two to be conserved in 10 mL of 4%
paraformaldehyde in 0.1 M phosphate buffer for histolo-
gical analyses or immediately snap-frozen using liquid
nitrogen to be stored at �80 1C until RNA extraction. At
weaning and 380 days of age, lean to fat tissue ratio was
estimated using the urea dilution technique (Wells and
Preston, 1998) as described by Gutiérrez et al. (2013).
Briefly, urea space was calculated using the difference in
plasma urea–nitrogen between samples collected before
and after urea infusion (0.75 mL/kg BW of a 20% urea
solution) and used together with BW in multiple regres-
sions (Rule et al., 1986) to estimate percentages of carcass
protein and fat which were used to calculate lean to
fat ratio.

2.2. Histological analyses

Histological analyses were performed in muscle sam-
ples at birth and weaning (142 days). Muscle samples were
alf early nutrition on muscle fiber characteristics and
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paraffin-embedded, sectioned (10 μm thick; model 2030
Reichert-Jung, Germany) at the mid-section and stained
with hematoxylin–eosin to evaluate muscle morphology
(Bayol et al., 2004). Muscle images (16 images/sample; 4
areas in 4 sections) were captured using an optic micro-
scope (Olympus BX50, Olympus, Tokyo, Japan) equipped
with an INFINITY1-3c camera (3.1 Megapixel Color CMOS
Camera, y LuSDK: Software Developer’s Kit, Lumenera
Corporation, Otawa, Canada) and analyzed with the INFI-
NITY Camera Software v5.0.3 (Lumenera Corporation).
Fiber density was calculated by examining a minimum of
450 muscle fibers per animal and both, the minor and
mean (average of the smallest and longest apparent
diameter) fiber diameters (fiber cross sectional area) were
determined by measuring a minimum of 300 muscle fibers
per animal. This was done to minimize errors associated
with any fibers that may not have been cut exactly
perpendicular to fiber direction as well as any possible
mistake due to non-circularity of the fibers. Muscle growth
rate was calculated (mm) as the increment in diameter per
fiber per day from birth to weaning.

2.3. Quantitative real time PCR

Total RNA was isolated using TRIzol (Invitrogen, Life
Technologies, Carlsbad, CA, USA), followed by precipitation
with lithium chloride and by DNase-treatment with a
DNA-Free Kit (Applied Biosystems/Ambion, Austin,TX,
USA). Concentration of RNA was determined by measuring
absorbance at 260 nm (NanoDrop ND-1000 Spectrophot-
ometer; Nanodrop Technnologies Inc., Wilmington, DE,
USA), and purity and integrity of all RNA isolates were
assessed from 260/280 and 260/230 absorbance ratios and
by electrophoresis in 1% agarose gel. Isolated RNA was
stored at �80 1C until analyzed by quantitative real time
PCR. Reverse Transcription was conducted with Super-
ScriptsIII Transcriptase (Invitrogen) using random hexam-
ers and 1 μg of total RNA as a template. The cDNA was
stored at -20ºC until use in the quantitative real time PCR.

Primers (Supplementary Table S1) specifically designed
to amplify cDNA for the target genes of interest: GHR, IGF1,
IGF1R, IGFBP3, IGFBP5, PPARG, SREBF1, and paired box-3 and
-7 (PAX3 and PAX7), and endogenous control genes: ß-actin
(ACTB) hypoxanthine phosphoribosyltransferase (HPRT) were
used for real time RT-PCR. Before use, primer product size
(1% agarose gel separation) and sequence (Macrogen Inc.,
Seoul, Korea) were determined to ensure that the primers
produced the desired amplification products (data not
shown). Real time PCR reactions were performed using
7.5 mL KAPA SYBRs FAST Universal 2X qPCR Master Mix
(Kapa Biosystems, inc. Woburn, MA, USA), equal amounts
(200 nM) of forward and reverse primers (Operon Bio-
technologies GmbH; Cologne, Germany), and 3 mL diluted
cDNA (1:7.5 in RNase/DNase free water) in a final volume
of 15 mL. Samples were analyzed in duplicate in a 72-disk
Rotor-GeneTM 6000 (Corbett Life Sciences, Sydney, Aus-
tralia). Standard amplification conditions were 5 min at
95 1C and 40 cycles of 10 s at 95 1C, 45 s at 60 1C, and 20 s
at 72 1C. Dissociation curves were run on all samples to
detect primer dimers, contamination, or presence of other
amplicons. Each disk included a pool of total RNA from
Please cite this article as: Gutiérrez, V., et al., Effects of c
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muscle samples analyzed in triplicate to be used as the
basis for the comparative expression results (exogenous
control) and duplicate tubes of water (non-template
control).

Gene expression was measured by relative quantifica-
tion (Pfaffl, 2009) to the exogenous control and normal-
ized to the mean expression of the endogenous control
genes (ACTB and HPRT) corrected by amplification effi-
ciency. Both ACTB and HPRT have been used before as an
endogenous control in skeletal muscle (Feng et al., 2010)
and did not vary among samples in this study. Amplifica-
tion efficiency for target and endogenous control genes
was estimated by linear regression of a dilution cDNA
curve (n¼5 dilutions, from 100 to 6.25 ng/tube; Table 1).
The intra and inter-assays CV were less than 7.6 and 12.3%,
respectively.

2.4. Statistical analyses

Data were analyzed using the SAS Systems programs
(SAS 9.0V; SAS Institute Inc., Cary, NC, USA, 2009). UNI-
VARIATE procedure was performed on all variables to
identify outliers and inconsistencies and to verify normal-
ity of residuals. Calf BW, lean to fat tissue ratio, plasma
IGF-I, muscle fiber diameter and density and gene expres-
sion data were analyzed with a mixed model with
repeated measures using the MIXED procedure. The model
included herbage allowance, dam genotype, calf age
(repeated measure), their interactions, calf sex and birth
date (covariate) as a fixed effects, and block, sire genotype,
and calf as a random effects. The appropriate covariance
structure (unstructured (UN), compound symmetry (CS),
or autoregressive of first order (AR (1), according to
Bayesian Information Criteria (BIC) and the Kenward–
Rogers procedure to adjust the degrees of freedom of
denominator were specified. Mean separation was per-
formed using the adjusted Tukey test. Pearson correlation
coefficients to describe relationships between variables
were estimated using the CORR procedure. Results are
presented as least square means7pooled standard error,
and are considered as significantly different if Po0.05 and
a tendency if 0.05oPo0.10.

3. Results

3.1. Calf BW, lean to fat tissue ratio, and muscle
characteristics

Calf BW at birth did not differ among calf groups but
during the postnatal period was less (Po0.05) in low
purebred offspring than in the other three calf groups
(Table 3). Lean to fat tissue ratio decreased (Po0.01) from
142 to 380 days and tended to be greater (P¼0.08) in high
than low HA offspring (Table 3).

Semitendinosus muscle fiber diameter (both, mean and
minor) was duplicated (Po0.01) from birth to 142 days
whereas muscle fiber density decreased (Po0.01) to one
third during the same period of time (Table 3). Mean
muscle fiber diameter was less (P¼0.02) in high than low
HA and greater (P¼0.04) in crossbred than purebred off-
spring (Table 3). Minor fiber diameter tended (P¼0.09) to
alf early nutrition on muscle fiber characteristics and
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Table 3
Effect of herbage allowance (HA) and dam genotype (G) on calf body weight, lean to fat tissue ratio and Semitendinous muscle fiber characteristics.

Treatments1 All3 s.e. P-value2

Hi-PU Lo-PU Hi-CR Lo-CR HA G D HA�G

Calf performance
Calf body weight (kg) 0.09 0.05 o0.01 0.04

Birth 39.6e 38.2e 38.6e 42.8e 38.4C 2.7
142 days 138.1c 122.0d 142.6c 139.0c 139.3C 16.7
380 days 229.0a 206.8b 228.8a 232.9a 228.9A 8.1

Lean:fat tissue ratio4 0.08 0.71 o0.01 0.97
142 days 3.9a 2.7b 4.1a 2.9b 3.4A 0.7
380 days 2.3b 1.5c 1.6bc 0.9c 1.6B 0.6

Muscle characteristics
Mean fiber diameter (mm) 0.02 0.04 o0.01 0.19

Birth 42.2d 44.4d 40.9d 52.1c 44.9B 2.7
142 days 85.3b 89.8ab 87.5ab 93.5a 89.1A 3.0

Minor fiber diameter (mm) 0.20 0.09 o0.01 0.88
Birth 25.7cd 24.6d 24.4d 29.8c 26.1B 2.7
142 days 56.4b 61.2ab 62.9a 62.1a 60.7A 3.0

Fiber density (cell/mm2) 0.21 0.83 o0.01 0.59
Birth 0.53 0.50 0.57 0.46 0.51A 0.03
142 days 0.16 0.14 0.14 0.15 0.15B 0.01

Fiber growth rate (mm/day) 0.32 0.31 0.35 0.31 0.32 0.02 0.45 0.58 - 0.60

1 Herbage allowance (HA): high and low: 4 and 2.5 kg DM/kg BW in average, respectively; Hi vs. Lo. Dam genotype (G): purebred: Hereford and Angus
vs. F1-crossbred; PU vs. CR. D: days.

2 The interactions HA�D, G�D and HA�G�D were not significant (P40.12) for all variables except for minor fiber diameter for which the
HA�G�D interaction showed a P¼0.09.

3 lsmeans for day effect, including all treatments.
4 Estimated using the urea dilution technique (Wells and Preston, 1998) as described by Gutiérrez et al. (2013).
A,B,C Denote lsmeans differences by Tukey analysis for day effect.
a,b,c,d,e Denote lsmeans differences by Tukey analysis for HA�G�D interaction.
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be affected by the interaction of HA treatment, dam
genotype and calf age as it was greater in low crossbred
offspring than in the other three calf groups at birth while
was greater in high and low crossbred than in high
purebred offspring at 142 days (Table 3).
3.2. Plasma IGF-I and Semitendinosus muscle gene
expression

Plasma IGF-I concentrations decreased (Po0.01) from
birth to 142 days and increased (Po0.01) from 142 to 380
days, being less (Po0.05) in low purebred offspring than
in the other calf groups (Table 4).

Muscle expression of GHR and IGFBP5 mRNA increased
(Po0.01) from birth to 142 days (weaning), remaining
stable thereafter at 380 days. Expression of IGF1 and
IGFBP3 mRNA did not change from birth to weaning and
increased (Po0.01) fromweaning to 380 days while IGF1R
mRNA increased (Po0.01) from birth to 380 days
(Table 4). Muscle expression of GHR and IGFBP3 mRNA
was not affected by HA treatment, dam genotype or their
interaction (Table 4). Muscle IGF1 mRNA was not affected
by HA treatment, but was less (P¼0.03) in crossbred than
purebred offspring (Table 4). Expression of IGF1R mRNA
tended (P¼0.09) to be affected and IGFBP5 mRNA was
affected (P¼0.01) by the interaction between HA treat-
ment, dam genotype and calf age as their expression was
greater (Po0.05) at birth in low crossbred than low
purebred calves and at 380 days was less (Po0.05) in
high crossbred than high purebred offspring.
Please cite this article as: Gutiérrez, V., et al., Effects of c
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Muscle expression of PPARG mRNA did not change from
birth to weaning, but increased (Po0.01) at 380 days. The
expression of this transcript tended (P¼0.07) to be less in
crossbred than purebred offspring; being this difference
more marked in low than high HA. In addition, PPARG
mRNA expression tended (P¼0.09) to be affected by the
interaction between HA treatment and calf age as it was
greater in high than low HA offspring at birth (Table 4).
Expression of SREBF1 mRNA increased (Po0.01) from
birth to 380 days, was greater (P¼0.05) in crossbred than
purebred offspring and tended (P¼0.07) to be affected by
the interaction between HA treatment, dam genotype and
calf age as its abundance was greater at birth and weaning
in high crossbred offspring than in the other calf groups
(Table 4).

Muscle PAX7 and PAX3 mRNA did not change from birth
to weaning but increased at 380 days (P¼0.01) and were
not affected by HA treatment, dam genotype, or their
interaction (Table 4).

Independently of calf group and age, muscle GHR
mRNA was positive correlated (Pr0.01) with IGF1
(r¼0.30), IGF1R (r¼0.52), IGFBP3 (r¼0.59), and IGFBP5
(r¼0.56) mRNA. Expression of IGF1R and IGFBP5 were also
positively correlated (r¼0.52; Po0.01). Muscle fiber den-
sity and mean diameter were negatively correlated
(Po0.01, r¼�0.85). Muscle fiber density was negatively
correlated while mean muscle fiber diameter was posi-
tively correlated with IGF1 (Po0.01; r¼�0.32 and þ0.42,
respectively), IGF1R (Po0.01; r¼�0.32 and þ0.38,
respectively), and IGFBP5 (Po0.01; r¼�0.42 and þ0.38,
respectively), mRNA expression. In addition, mean muscle
alf early nutrition on muscle fiber characteristics and
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Table 4
Effects of herbage allowance (HA) and cow genotype (G) on plasma IGF-I and Semitendinous gene expression at birth, weaning and 380 days of age of
calves.

Days Treatments1 s.e. P value

Hi-PU Lo-PU Hi-CR Lo-CR All2 HA G D HA�G HA�D G�D HA�G�D

Plasma IGF-I (ng/mL) 0.02 0.38 o0.01 0.02 0.05 0.68 0.18
Birth 186.9a 119.8bc 143.1ab 170.2a 155.0A 15.8
142 85.5d 62.5e 107.1cd 78.4de 83.4C 15.7
380 127.9bc 91.2d 124.3bc 126.7bc 117.5B 15.7

Muscle gene expression
GHR3 0.36 0.88 o0.01 0.62 0.68 0.25 0.50

Birth 1.45 0.71 1.81 1.56 1.38B 0.25
142 2.52 2.46 2.88 2.25 2.53A 0.23
380 2.53 2.15 1.52 2.05 2.06A 0.23

IGF1 0.19 0.03 o0.01 0.76 0.74 0.48 0.29
Birth 1.18cd 0.85de 0.95cde 0.46e 0.86B 0.14
142 1.26bc 1.33bc 1.29bc 0.74de 1.16B 0.13
380 2.23a 1.90ab 1.35bc 1.45bc 1.73A 0.13

IGF1R 0.85 0.86 o0.01 0.75 0.86 0.07 0.09
Birth 0.54d 0.74d 1.04cd 1.00cd 0.83C 0.12
142 1.30bc 1.59b 1.85ab 1.32bc 1.52B 0.13
380 2.34a 1.92ab 1.52b 1.86ab 1.91A 0.13

IGFBP3 0.19 0.39 o0.01 0.34 0.87 0.18 0.67
Birth 1.51 0.42 1.49 1.25 1.17B 0.35
142 2.00 1.10 1.03 1.33 1.36B 0.35
380 2.15 1.71 3.03 2.57 2.36A 0.35

IGFBP5 0.94 0.94 o0.01 0.29 0.93 0.34 0.01
Birth 0.93cd 0.53d 0.86cd 1.43bc 0.94B 0.21
142 1.98b 2.52ab 2.63ab 1.89b 2.25A 0.21
380 3.09a 2.18ab 1.62bc 2.69ab 2.39A 0.20

PPARG 0.53 0.07 o0.01 0.12 0.09 0.48 0.19
Birth 0.52bcd 0.40cd 0.61bc 0.26d 0.45B 0.12
142 0.62bc 0.72ab 0.56bcd 0.42cd 0.58B 0.12
380 0.80ab 1.02a 0.70ab 0.71ab 0.81A 0.12

SREBF1 0.56 0.05 o0.01 0.36 0.40 0.39 0.06
Birth 0.55e 0.68e 1.15bcd 0.86de 0.81B 0.11
142 0.90de 1.04cde 1.77a 1.03cde 1.19AB 0.11
380 1.48abc 1.35abc 1.31abc 1.67ab 1.45A 0.11

PAX3 0.91 0.62 0.01 0.16 0.30 0.65 0.66
Birth 1.72 0.52 1.5 1.52 1.32B 0.45
142 1.27 1.46 1.36 2.63 1.68B 0.44
380 3.50 2.25 2.01 3.39 2.79A 0.45

PAX7 0.71 0.40 0.01 0.37 0.85 0.13 0.58
Birth 1.60 0.78 1.22 1.75 1.33B 0.36
142 1.87 1.59 1.86 1.47 1.70B 0.35
380 3.37 2.95 1.62 2.19 2.53A 0.35

1 Herbage allowance (HA): high and low: 4 and 2.5 kg DM/kg BW in average, respectively; Hi vs. Lo. Dam genotype (G): purebred: Hereford and Angus
vs. F1-crossbred; PU vs. CR. D: days.

2 lsmeans for day effect, including all treatments.
3 GHR¼growth hormone receptor, IGF1¼ insulin-like growth factor 1, IGF1R¼ IGF receptor type 1, IGFBP3 and IGFBP5¼ IGF binding protein-3 and -5,

PPARG¼peroxisome proliferator activated-receptor-γ, SREBF1¼sterol regulatory element-binding transcription factor 1, PAX3 and PAX7¼paired box-3 and
-7, HPRT¼hypoxanthine phosphoribosyltransferase, ACTB¼ß-actin.

A,B,C Denote lsmeans differences by Tukey analysis for day effect.
a,b,c,d,e Denote lsmeans differences by Tukey analysis for HA�G�D interaction.
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fiber diameter was positively correlated with IGFBP3 to
IGBP5 mRNA ratio (Po0.01, r¼þ0.34).

4. Discussion

This study describes short and mid-term changes in calf
skeletal muscle fiber characteristics and gene expression
after exposure to different maternal nutrition planes dur-
ing the fetal and pre-weaning periods. We determined
that maternal herbage allowance (due to control of grazing
intensity of native pastures through changes in herbage
allowance) during gestation and lactation affected not only
Please cite this article as: Gutiérrez, V., et al., Effects of c
gene expression. Livestock Science (2014), http://dx.doi.org/10
calf BW and body composition (Gutiérrez et al., 2013) but
also calf Semitendinosus muscle fiber diameter and expres-
sion of genes related with the IGF-I system and adipogen-
esis. The effects of nutrition during the fetal and pre-
weaning periods varied according to dam genotype as well
as calf age.

4.1. Pre-weaning period

Growth in mammals is directly correlated to muscle
mass, which is associated with fiber number and diameter,
and both parameters can be modified by nutrition (Bayol
alf early nutrition on muscle fiber characteristics and
.1016/j.livsci.2014.07.010i
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et al., 2004; Du et al., 2010). Herbage allowance (i.e.
nutrition) did not affect Semitendinosus fiber density but
fiber diameter was greater in low crossbred than high HA
offspring during early growth period (fetal and lactation
stages). Nutrient restriction during miogénesis could have
provoked lower fiber numbers, thus leading to compensa-
tory growth in fiber diameter (Du et al., 2010b; Rehfeldt et
al., 2011). In addition, greater skeletal muscle adipogenesis
in high HA offspring could have provoked adipocytes to
take up more space in muscle bundles of decreasing fiber
diameter (Albrecht et al., 2006). Indeed, muscle PPARG
mRNA at birth was greater in high than low HA offspring
and SREBF1 mRNA at birth and weaning was greater in
high crossbred offspring than in the other calf groups.
Both, PPARG and SREBF1 are key transcripts involved in
adipogenesis, by stimulating adipocyte differentiation and
promoting fatty acid, triglyceride and cholesterol uptake
and storage and their expression increased with enhanced
muscle adipogenesis in fetal muscles (Rosen et al., 2002;
Horton et al., 2002; Tong et al., 2008).

However, the reduced estimated lean to fat ratio of low
HA offspring would indicate that muscle mass was
decreased in detriment of adipose tissue in these animals.
Indeed, prenatal nutritional restriction has been shown to
increase subcutaneous, perirenal and omental adipose
tissue deposition in steers and lambs (Long et al., 2010;
Ford et al., 2007). The reduced lean to fat ratio at weaning
together with the greater expression of transcripts
involved in adipogenesis at birth or weaning in high HA
offspring would show a potential to increase intra or
intermuscular fat, without an increase in other fat deposits
in these animals (Rehfeldt et al., 2011).

The lower BW of calves of purebred dams grazing low
HA was associated to lower plasma IGF-I during pre-
weaning period, probably due to their more restricted
nutrition (Breier et al., 1988) that resulted in reduced milk
production of their dams (Gutiérrez et al., 2013). Plasma
IGF-I is one of the most important nutritional hormones
involved in promoting muscle fiber hypertrophy (Bayol
et al., 2004). However, it has been reported (Philippou
et al., 2007; Clemmons, 1998) that muscle locally produced
IGF-I have more effect than plasma IGF-I in promoting
skeletal muscle growth actions in mice. However, our
results showed greater muscle diameter of crossbred cow
grazing low HA offspring than in high HA offspring (from
purebred or crossbred dams) with no differences in plasma
IGF-I but with reduced local IGF1 mRNA expression, indicat-
ing that other components of the IGF system, as IGFR1 and
IGFBP, could have been involved (Duan et al., 2010; Philippou
et al., 2007). We did not detect differences in muscle IGF1R
mRNA neither at birth nor at weaning. In contrast, greater
abundance of IGFR1 mRNA has been associated to nutrient
restriction during fetal life and reduced potential of muscle
growth and development (Tomita et al., 2001; Tilley et al.,
2007; Keady et al., 2011). These contrasting results could be
due to the moderate-chronic nutrient restriction during calf
fetal and pre-weaning stages in our study.

In addition, in the present study, we measured muscle
IGFBP3 and IGFBP5mRNA expression as it has been reported
that both are highly expressed in muscle and can affect
its growth by modulating IGF-I action or by exhibiting
Please cite this article as: Gutiérrez, V., et al., Effects of c
gene expression. Livestock Science (2014), http://dx.doi.org/10
independent-ligand actions (Duan et al., 2010). Semitendino-
sus IGFBP3 mRNA at birth or weaning did not differ among
calf groups but IGFBP5 mRNA expression was greater at birth
in crossbred grazing low HA which was associated with the
increased muscle fiber diameter. Similarly, Bayol et al. (2004)
reported that IGFBP5 mRNA expression increased in mice
submitted to moderate undernutrition during fetal life as a
compensation mechanism to increased local action of IGF-I.
Moreover, we found a positive correlation between mean
muscle fiber diameter and muscle expression of IGFBP5
mRNA and IGFBP3 to IGFBP5 mRNA ratio expression. In
agreement with our results, Sadkowski et al. (2009) sug-
gested that the greater muscle IGFBP3 to IGFBP5 mRNA ratio
expression might facilitate muscle differentiation.

4.2. Post-weaning period

After weaning, calf ADG was reduced to near main-
tenance when herbage mass and height of native pastures
decreased with low winter temperatures (142 to 240–270
days of age) to increase again with the beginning of spring
(240–270 to 380 days of age; Gutiérrez et al., 2013).
Therefore, differences in calf BW, lean to fat ratio and
Semitendinosus gene expression presented in this work at
380 days of age would be the results of early calf nutrition
(fetal and lactation), dam genotype and compensatory
growth (Gutiérrez et al., 2013).

After winter restriction, in spite of being all calf groups
under the same nutritional and management conditions,
low purebred offspring were not able to compensate the
difference in BW established at weaning between this and
the other three calf groups. Moreover, lower BW could be
associated to smaller muscle mass, reduced percentages of
bone and greater percentages of fat in the whole body (Wu
et al., 2006; Greenwwod et al., 1998). Indeed, low HA
offspring maintained a smaller lean to fat ratio than high
HA offspring at 380 days of age. Reduced BW and/or lean
to fat ratio could have reduced maintenance requirements
in calves from dams grazing low HA (National Research
Council (NRC), 2000), determining that the effects of post-
weaning nutrient restriction would be more marked in
high HA offspring which nutrition was better during fetal
and pre-weaning stages.

Although not different in BW or lean to fat ratio, high
purebred and crossbred offspring presented differences in
skeletal muscle gene expression at 380 days of age (after
winter restriction). Increased IGF1R and IGFBP5 mRNA was
determined in muscle of high purebred when compared
with high crossbred offspring. Neither plasma IGF-I nor
muscle IGF1 mRNA differ between these two calf groups,
however, the greater local IGF1R mRNA expression in high
purebred calves, would suggest an increased muscle sen-
sitivity to IGF-I in response to undernutrition (Tomita
et al., 2001) to promote muscle hypertrophy via satellite
cell proliferation, increased protein synthesis and decrease
protein degradation (Oksbjerg et al., 2004). Indeed, Micke
et al. (2011) reported up-regulated muscle expression of
IGF1R mRNA at slaughter in calves that were smaller at
birth and suggested that this increase in gene expression
acted as a compensatory effect to promote muscle growth.
Similarly, increased muscle IGFBP5 mRNA has been
alf early nutrition on muscle fiber characteristics and
.1016/j.livsci.2014.07.010i
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associated with increased IGF-stimulated myotube differ-
entiation during regeneration (Clemmons, 1998; Ewton
and Florini, 1995) that involves the activation of quiescent
satellite cells, which participate in the reconstitution of
damaged tissue that can occur after nutrient restriction
such as in winter. Indeed, PAX3 and PAX7 mRNA expres-
sion, which are involved in activation of satellite cells
(Bonnet et al., 2010), were increased at 380 days of age.

In conclusion, maternal nutrition through differences in
herbage allowance during calf pre-weaning period (gesta-
tion and lactation) reduced BW in low purebred offspring
and increased muscle fiber diameter but decreased esti-
mated lean to fat tissue ratio in calves of dams grazing low
HA. At birth and/or weaning, muscle expression of PPARG
and SREBF1 mRNA, was greater in high HA offspring,
particularly high crossbred, which could indicate a greater
potential to increase intramuscular fat. Differences in
IGF1R and IGFBP5 mRNA were detected only between high
purebred and high crossbred offspring after post-weaning
nutrient restriction in winter which could be related to a
differential local response to IGF-I as a compensatory effect
to promote muscle growth.
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