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ABSTRACT - The objective of this study was to evaluate the effect of high or low energy intake on carcass composition 
and expression of hypothalamic genes related to the onset of puberty. Twenty-four prepubertal Nellore heifers, 18-20-
months-old, with 275.3±18.0 kg body weight (BW), and 4.9±0.2 (1-9 scale) body condition score (BCS) were randomly 
assigned to two treatments: high-energy diet (HE) and low-energy diet (LE). Heifers were housed in two collective pens and 
fed diets formulated to promote average daily gain of 0.4 (LE) or 1.2 kg (HE) BW/day. Eight heifers from each treatment 
were slaughtered after the first corpus luteum detection – considered as age of puberty. The 9-10-11th rib section was taken 
and prepared for carcass composition analyses. Samples from hypothalamus were collected, frozen in liquid nitrogen, and 
stored at −80 °C. Specific primers for targets (NPY, NPY1R, NPY4R, SOCS3, OXT, ARRB1, and IGFPB2) and control 
(RPL19 and RN18S1) genes were designed for real-time PCR and then the relative quantification of target gene expression 
was performed. High-energy diets increased body condition score, cold carcass weight, and Longissimus lumborum muscle 
area and decreased age at slaughter. High-energy diets decreased the expression of NPY1R and ARRB1 at 4.4-fold and 1.5-fold, 
respectively. In conclusion, the hastening of puberty with high energy intake is related with greater body fatness and lesser 
hypothalamic expression of NPY1 receptor and of β-arrestin1, suggesting a less sensitive hypothalamus to the negative effects 
of NPY signaling.
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Introduction

The onset of puberty is characterized by the first
ovulation, preceded by a gradual increase in luteinizing 
hormone (LH) pulse frequency, inducing ovulation of a 
dominant follicle (Rawlings at al., 2003). Nutrition is a key 
factor determining the initiation of reproduction in cattle 
and other mammals and body weight gain and adiposity 
play important roles in the commencement of puberty 
(Velazquez et al., 2008; Amstalden et al., 2014).

There is a clear effect of diet and energy intake on 
hastening of puberty in heifers and changes in the diet can 

also lead to changes in carcass composition by the time of 
puberty (Lohakare et al., 2012). Day et al. (1986) reported 
that restriction of dietary energy intake prevents the 
prepubertal rise in secretion of LH and delays the initiation 
of puberty. However, the hypothalamic mechanism by 
which diet modulates puberty is not fully elucidated (Foster 
and Hileman, 2015).

At the hypothalamic level, changes in energy intake 
can alter secretion of neuropeptide Y (NPY), which acts as 
an inhibitor of gonadotropin-releasing hormone (GnRH). 
Intra-cerebro-ventricular administrations of NPY in goats 
demonstrated that NPY acts on LH secretion through 
inhibition of GnRH pulses (Roland and Moenter, 2011). 
Besides alteration on NPY, acute and chronic changes on the 
animal energetic status can alter expression of other genes 
in the hypothalamus-pituitary-gonadal axis (Allen et al., 
2012). The identification of the key mediators signaling
the nutritional status of the animal to the hypothalamus 
at the time of puberty is important for the development of 
nutritional, pharmacological, and breeding strategies aiming 
to reduce the age of first calving in the Brazilian herd.

The objective of this study was to evaluate the effect 
of high or low energy intake on carcass composition at 
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puberty and expression of NPY and other hypothalamic 
genes related to sexual maturation of B. indicus heifers.

Material and Methods

All experimental procedures are in agreement with 
the Guide for Care and Use of Agricultural Animals in 
Agricultural Research and Teaching (Vaughn, 2012) 
and research on animals was conducted according to the 
institutional committee on animal use (protocol number 
1331/2008).

The experiment was conducted in Pirassununga, 
state of São Paulo, southeast of Brazil (21°59'46"S, 
47°25'33"W, 627 m above sea level) from June 2008 to 
January 2009. According to the Köppen system, the climate 
in Pirassununga is Cwa type, characterized by hot and wet 
summer (mean temperature of the hottest month higher 
than 22 °C), dry winter (mean temperatures of the coldest 
month below to 18 °C), and ~1100 mm of annual rainfall. 
The rainy season lasts from October to March and the dry 
season from April to September.

Twenty-four prepubertal heifers (12 per treatment) 
were used in this experiment. The heifers were 18 to 20 
months old, with 275±18 kg body weight (BW) and 5±0.2 
body condition score (BCS) (scale of 1 to 9). Animals were 
randomly assigned to each of two treatments: high-energy 
diet (HE) or low-energy diet (LE). Diets were formulated 
to promote weight gains of 0.4 kg/day (LE) or 1.2 kg/day 
(HE). Heifers were fed ad libitum once a day and were 
weighted and had their BCS evaluated twice weekly. Diets 
were formulated according to NRC (2000) to promote an 
average daily gain (ADG) of 0.4 kg/d (LE) or 1.2 kg/d (HE) 
and both diets were offered at ad libitum intake (Table 1).

Age at puberty was defined as the age of first detection
of a corpus luteum (CL) by transrectal ultrasonography 
conducted twice weekly and confirmed by serum
progesterone above 1 ng/mL. Eight heifers from each 
treatment were slaughtered on the second day after the 
first CL detection in an experimental abattoir. To avoid 
damaging the hypothalamus, captive bolt stunning was 
used to render animals insensible with a single shot on the 
spinal cord. According to Grandin (2005), a satisfactory 
stunning score is considered to be around 95% for animal 
welfare. In the present study, the stunning score was 97.2%. 
After stunning, the jugular vein was severed clean to allow 
bleeding, the head was removed, and the brain collected.

Samples from the hypothalamus were collected, frozen 
in liquid nitrogen, and stored at −80 °C for subsequent 
RNA extraction. To locate the hypothalamus, structures 
from diencephalon were used as delimiters: dorsally to 

the median eminence, caudally to optic chiasm, frontally 
to mammillary body, and ventrally to third ventricle 
(Klein, 2012).

All half-carcasses were stored in a cold chamber at 
0 to 2 °C for 24 h, after which the cold carcass weight 
was obtained. The Longissimus lumborum muscle area 
(LMA) and subcutaneous fat thickness were measured 
at the 12th rib on the right hemi-carcasses. To estimate 
carcass chemical composition, the 9-10-11th rib section 
(HH section) was removed from the left half-carcasses, 
according to procedures outlined by Cônsolo et al. (2015), 
and stored at −20 °C.

The HH sections were cut by a band saw, ground two 
times to pass through a 23-mm sieve, and two times at an 
8-mm sieve. Samples were homogenized and about 350 g 
were stored in four petri dishes. Samples were lyophilized 
to constant weight to determine the water content and the 
chemical composition of the HH section was estimated 
using equations developed for growing Nellore cattle 
(Lanna et al., 1995).

The water content of the HH section was used to 
estimate empty body weight (EBW) composition using 
equations developed for Nellore cattle (Putrino et al., 2006). 
After calculation of EBW composition, data were used to 
calculate composition (crude protein and ether extract) of 
EBW gain. The protein and ash contents on EBW were 
obtained using the protein:water and ash:water ratios of 
0.3009 and 0.0747, respectively (Lanna et al., 1999).

Hypothalamus samples were subjected to total RNA 
extraction using TRIzol (Life Technologies, Brazil) 

Table 1 - Ingredient composition and analysis of the high- and 
low-energy diets

Diet

High energy Low energy

Diet composition (g kg−1 of DM)  
  Corn silage 401 554
  Sugarcane bagasse - 312
  Ground corn 401 -
  Soybean meal 182 116
  Urea - 1.0
  Minerals and vitamins 1.5 0.8

Ration analysis (DM basis)  
  aNDF (g kg−1 DM) 307 571
  Total digestible nutrients1 (g kg−1) 751 595
  Gross energy2 (Mcal kg−1) 43 42
  Metabolizable energy (Mcal kg−1) 27 22
  Crude protein (g kg−1) 156 126
  Ether extract (g kg−1) 36 23
  Lignin (g kg−1) 16 47
  Ash (g kg−1) 56 68

DM - dry matter; aNDF - ash-free neutral detergent fiber.
1 Estimated with NRC (2001) equations. 
2 Obtained in bomb calorimeter.
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reagent protocol following the manufacturer’s instructions. 
Quality of RNA extraction was determined with 1.2% 
(w/v) agarose-formaldehyde gel electrophoresis to verify 
the integrity of the 5.8S, 18S, and 28S rRNA bands and 
by measuring the absorbance at 260 and 280 nm using  
GeneQuant Pro (Amersham Biosciences). To avoid 
genomic contamination, 1.5 µg of total RNA was treated 
with DNase I (Life Technologies, Brazil) before proceeding 
to cDNA synthesis using the Superscript II cDNA synthesis 
kit (Life Technologies, Brazil).

Specific primers for the target genes – arrestin, β 1 
(ARRB1), insulin-like growth factor binding protein 2 
(IGFBP2), NPY, NPY receptors (NPY1R and NPY4R), 
oxytocin (OXT), suppressor of cytokine signaling 3 
(SOCS3) – and for the constitutive reference genes – 
ribosomal protein L19 (RPL19) and 18S ribosomal RNA 
(RN18S1) – were designed for real-time PCR (qPCR) using 
Primer Express 3.0 software (Life Technologies) (Table 2), 
based on bovine sequences deposited on GenBank.

Relative gene expression quantification of ARRB1,
IGFBP2, NPY, NPY1R, NPY4R, OXT, and SOCS3 was 
performed using RPL19 or RN18S1 to normalize the 
reactions. The real-time PCR reactions were performed 
using cDNA hypothalamic samples, 10 µL of SYBR Green 
master mix 2 X (Life Technologies, Brazil), 0.25 mM of 
each primer, and water up to a final volume of 20 µL. 
Thermal cycling parameters were as follows: an initial 
denaturing step of 94 °C for 10 min, followed by 44 cycles 
of denaturing (94 °C for 15 s), annealing/elongation (60 °C for 

1 min), a melting curve program (60-95 °C with a heating 
rate of 0.3 °C per cycle), and a final cooling cycle of 4 °C. 
All reactions were performed in triplicate wells.

Amplification efficiency of all genes was verified by 
a dilution curve with a series of cDNA concentrations and 
quantification was performed only when efficiency was
not different than 100% (Yuan, 2006). All analyses were 
done based on second derivative maximum method. The 
StepOne® Detection System (Life Technologies, Brazil) 
was used to perform the reactions.

All statistical analyses were conducted using SAS 
(Statistical Analysis System, version 9.1.2). Data were 
analyzed as a completely randomized design using the 
MIXED procedure of SAS, according to the following 
model:

Yij = µ+ τi + eij,
in which Yij is the observed response, µ is an overall 
mean, τi is the treatment effect (i = 1 to 2), and eij is the 
experimental error.

Data on BCS and on carcass composition were 
considered non-normal and analyzed using the PROC 
GLIMMIX procedure of SAS. In all comparisons, 
significance was declared at P≤0.050 and tendencies at 
P≤0.100.

Results

The age at slaughter reflects the time when the
first CL was observed and the heifers were considered

Gene Oligonucleotide primer: 5’ → 3’ Accession number1 PCR insert size (bp)

ARRB1 F-TCACGGTGGCGAACCCCTGG NM_174243.2 152
 R-CCGAAGGCCAGAGCTGTGCTGG  

IGFPB2 F-AGGGTGGCAAACATCACCT NM_174555.1 120
 R-GAAGGCGCATGGTGGAGAT  

NPY F-ACCCCTCCAAGCCTGACAA AY491054 100
 R-TGCCTGGTGATGAGATTGATG  

NPY1R F-ACAGGTCCAGTGAAGCCAAAA XM_580988 112
 R-TGGTCCCAGTCAAACACAGTG  

NPY4R F-TGGCCTCCACCTGTGTCAA XM_582253 100
 R-GGGACACTCTGCTGGCAAGT  

OXT F-ACCATGGCAGGTTCCAGCCTCG NM_176855.1 134
 R-CAGGGGAGACACGTGCGCAC  

RN18S1 F-CGGCGACGACCCATTCGAAC NR_036642.1 99
 R-GAATCGAACCCTGATTCCCCGTC  

RPL19 F-AGGGTACTGCCAATGCTTTAATG XM_587778 113
 R-CATGTGGCGGTCAATCTTCTT  

SOCS3 F-CCAGCCTGCGCCTCAA NM_174466 104
                                                       R-CGTCACGGTGCTCCAGTAAA

ARRB1 - arrestin beta 1; IGFBP2 - insulin-like growth factor binding protein 2; NPY - neuropeptide Y; NPY1R and NPY4R - neuropeptide Y receptors; OXT - oxytocin; 
RN18S1 - 18S ribosomal RNA; RPL19 - ribosomal protein L19; SOCS3 - suppressor of cytokine signaling 3.
1 GeneBank accession number; primers were designed based on previously deposited bovine sequences.

Table 2 - Oligonucleotide primer pairs designed for use in real-time polymerase chain reaction (PCR) amplification
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pubertal. Heifers fed the high-energy diet obtained puberty 
1.5 months earlier than heifers fed the low-energy diet 
(P<0.010) (Table 3). Increasing the energy content of the 
diet not only anticipated puberty, but also changed BW and 
body composition at the time of puberty. Feeding heifers 
a high-energy diet tended (P = 0.091) to increase BW at 
puberty and did increase cold carcass weight (P = 0.022) 
(Table 2). High-energy-fed heifers also had greater BCS 
at puberty (P = 0.013), but had no difference in backfat 
thickness (P = 0.234, Table 2). Regarding the carcass 
parameters, high-energy diet increased LMA (P<0.010) but 
had no effect on carcass chemical composition (P = 0.440).

Our hypothesis was that high-energy diet would hasten 
puberty and change gene expression of NPY or of its 
receptors, as well as alter expression of other related genes 
at the hypothalamus. Energy content of the diet affected 
NPY1R and ARRB1 expression in the hypothalamus, 
without altering expression of the other evaluated genes. 
Heifers fed high-energy diets had reduced expression of 
NPY1R (P = 0.042) and ARRB1 (P = 0.021) by 4.4-fold and 
1.5-fold, respectively (Figure 1). There was no effect of diet 
on the expression of NPY (P = 0.753), NPY4R (P = 0.920), 
SOCS3 (P = 0.242), IGFBP-2 (P = 0.754), or OXT (P = 0.923) 
(Figure 1).

Discussion

The objective of this study was to verify whether 
feeding prepubertal heifers a high-energy diet would alter 
the body composition at puberty and identify hypothalamic 
molecular pathway by which a high-energy diet could 
hasten puberty. Limitation of energy during heifer growth 
is a common event for B. indicus cattle reared in range 
condition, especially during the dry season, and is a key 

factor determining the age of puberty. Samadi et al. (2014) 
demonstrated that heifers under dietary energy restriction 
attained puberty later than heifers fed high-energy diets. 

The onset of puberty can be defined as the first ovulatory
estrus followed by a luteal phase of normal duration (Atkins 
et al., 2013). In the present study, the onset of puberty 
corresponds to the slaughter age and heifers fed a high-
energy diet were considered pubertal 45 days earlier than 
heifers fed a low-energy diet. Similar results were found by 
Nepomuceno et al. (2017), in which grain supplementation 
of Nellore heifers after weaning increased the percentage 
of pubertal heifers at 18 months of age.

Changes in the nutritional program during the rearing 
phase can alter body composition at puberty. Some authors 
observed that females became pubertal with a greater weight  
and BCS when subjected to a high-energy diet (Pattherson 
et al., 1990; Hopper et al., 1993; Yelich et al., 1995). In the 
present study, LMA was increased by high energy intake 
as was the cold carcass weight. The increase in LMA 
was observed in heifers (Zieba et al., 2008) and steers 
(Amstalden et al., 2000) fed high-energy diets associated 
with greater amounts of fat. Also, in the present study, 
heifers fed a high-energy diet had greater BCS at puberty. 
Therefore, our results support the hypothesis that puberty is 
not always attained at a definite BW and body composition.
Heifers reared with a high-energy diet had heavier carcass 
and greater LMA and BCS at puberty. The nutrition plan 
should consider the changes in body composition and the 
advantages in reducing the age at puberty of replacement 
heifers.

Contrary to the observed increase in BCS in high-
energy-fed heifers, there was no effect of treatment on the 
carcass chemical composition estimated by the HH section. 
Visual evaluation of BCS reflects changes in subcutaneous 

Variable
Treatment

SEM P-value
LE HE

Age at slaughter (months) 25.5 23.1 0.7 <0.010
Live body weight at slaughter (kg) 345 366 14 0.091
Body condition score at slaughter  4.9 5.8 0.3 0.013
Cold carcass weight (kg) 174 196 9.0 0.022
Longissimus lumborum area (cm²) 52.5 58.2 1.8 <0.010
Fat thickness (mm) 3.4 4.4 0.8 0.234

Empty body weight composition         ---g kg−1 of empty body weight--- 
Water  571 561 13 0.440
Dry matter 500 515 19 0.440
Fat 211 224 16 0.440
Protein 172 169 4 0.440
Ash 42.6 41.9 1.0 0.440

Table 3 - Effect of diets on age, live body weight, body condition 
score, and carcass composition of pubertal Nellore 
heifers

LE - low-energy diet; HE - high-energy diet; SEM - standard error of the mean.

Figure 1 - Hypothalamic relative gene expression of NPY, NPY1R, 
NPY4R, ARRB1, SOCS3, IGFBP2 and OXT genes on 
the onset of puberty in Nellore heifers. 

Dashed line represents expression of the low-energy treatment.
*P = 0.042.
**P = 0.021.
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fat especially in the rump area, which was not detected by 
the chemical composition of the HH section.

The molecular mechanism regulating the onset 
of puberty seems to be influenced by adipose tissue
accumulation. Because BCS, which reflects the subcutaneous
adipose tissue, was higher in heifers fed high-energy diets, 
but there was no difference in the fat percentage of HH 
sections, it is possible that different adipose tissue depots 
have different roles in influencing puberty. The adipose
tissue synthetizes leptin, a protein that plays an important 
role in the sexual maturation process acting as a signal of 
the energy status to the central reproductive axis (Zieba 
et al., 2008; Bohler et al., 2010). The role of leptin as the 
mediator of nutrition and reproduction can be observed 
in fasting and refeeding experiments. Short-time fasting 
induces a decrease in Ob gene expression (leptin gene) and 
circulating leptin of prepubertal heifers (Amstalden et al., 
2000). At the same time, diminished frequency of LH pulses 
is observed by short-time fasting (Amstalden et al., 2000). 
Leptin administration restores normal LH pulses in fasted 
animals (Amstalden et al., 2000). Carvalho et al. (2013) 
reported higher expression of the leptin gene on adipose 
tissue in heifers fed high-energy diets; therefore, heifers 
with more adipose tissue can synthetize more leptin.

The onset of puberty is regulated by several hormones 
acting on the hypothalamus maturation (gonadostatic 
hypothesis) through feedback mechanisms involving the 
hypothalamic-pituitary-gonadal axis (Foster and Hileman, 
2015). However, the nutritional modulation and the 
molecular mechanisms regulating the onset of puberty are 
not well understood (Foster and Hileman, 2015).

Prior to puberty, LH pulses are infrequent because of 
the estradiol and inhibin inhibition on GnRH secretion by 
the hypothalamus (Cardoso et al., 2015). The maturation 
of the hypothalamus that happens close to puberty results 
in changes in the intracellular architecture of follicular 
cells that, in turn, increases hormone synthesis. Thus, the 
elevation of serum estradiol concentration stimulates the 
secretion of GnRH (Perry, 2016). Gonadotropin-releasing 
hormone stimulates the anterior pituitary to release 
gonadotropins, follicle-stimulating hormone, and LH 
(Pernasetti et al., 2001), leading to a higher frequency in LH 
pulses and enabling ovulation (Foster and Hileman, 2015). 

Several endocrine mechanisms have been studied to 
establish the relationship between nutrition and timing of 
puberty in heifers, among them the hormone leptin and 
the inhibitory action of NPY may be referred (Hausman 
et al., 2012). The leptin hormone inhibits the appetite-
stimulating effects of NPY and of agouti-related protein 
(AGRP) (Münzberg and Heymsfield, 2015). As observed 

in this study, the reduction of NPY1R expression by high 
energy intake suggests that it would make the hypothalamus 
less sensitive to NPY inhibition, enabling earlier onset of 
puberty. The role of NPY and its receptors in modulating 
puberty attainment of early- and late-maturing heifers was 
analyzed by Vaiciunas et al. (2008), who reported that NPY 
expression was not significantly altered in early-maturing
heifers. However, the authors reported that early-maturing 
heifers had reduced expression of two hypothalamic NPY 
receptors, NPY1R and NPY4R. The results of the present 
study, together with the results of Vaiciunas et al. (2008), 
support the hypothesis that signaling through the NPY 
receptors modulates both nutrition and genetics effects on 
the attainment of puberty in Nellore heifers.

High-energy diet also reduced the hypothalamic 
expression of the ARRB1 gene in the present study. Beta-
arrestins are multifunctional proteins that contribute to 
desensitization of G-protein-coupled receptors (GPCRs) by 
blocking the receptor × G-protein interaction. Beta -arrestins 
are important not only in attenuating GPCR signaling in 
the continued presence of agonist, but also for receptor 
resensitization and down-regulation (Kilpatrick et al., 
2012). These authors quantified neuropeptide Y receptor
association with β-arrestins and observed internalization of 
NPY1R to clathrin-coated pits after recruitment by β-arrestins 
when subjected to the agonist effect of NPY. Therefore, 
down-regulation of ARRB1 could be associated with 
lower sensibility of the hypothalamus to NPY action and, 
consequently, with hastening of puberty.

Conclusions

High energy intake promotes earlier attainment 
of puberty in Bos indicus heifers and increases body 
condition score at puberty. High energy intake reduces the 
hypothalamic expression of NPY1R and of β-arrestin1, 
suggesting a possible mechanism for nutritional modulation 
of puberty. 
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