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ABSTRACT. This study aimed to evaluate liver and breast muscle 
insulin-like growth factor I (IGF-I) and growth hormone receptor 
(GHR) gene expression between broilers fed different methionine 
levels and sources. Broiler chicks were 22 to 42 days old, distributed in 
5 treatments (control diet, DL1 - 0.08% DL-methionine, DL2 - 0.24% 
DL-methionine, MHA-FA1 - 0.11% methionine hydroxy analogue-
free acid, and MHA-FA2 - 0.33% methionine hydroxy analogue-free 
acid). The broilers were euthanized by cervical dislocation. RNA was 
extracted from liver and breast muscle, followed by cDNA synthesis 
and amplification using qRT-PCR. DL2 methionine supplementation 
provided best animal performance results. GHR and IGF-I gene 
expression in the muscle tissue was not affected by methionine 
supplementation. IGF-I gene expression in the liver was higher in 
animals fed methionine supplementation than in animals fed control 
diet. IGF-I mRNA levels in broilers fed DL2 were greater than DL1 
(1.56 vs 0.97 AU) and greater than MAH-FA1 and MAH-FA2. Broilers 
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fed DL2 increased significantly GHR gene expression in the liver than 
animals fed the control diet. Addition of methionine improved animal 
performance by stimulating synthesis and release of growth factor.

Key words: Broiler; Growth hormone receptor; Methionine;
Insulin-like growth factor I

INTRODUCTION

Poultry productivity important characteristics such as, rate of daily weight gain and 
weight gain composition (protein and fat), are influenced by several biological mechanisms 
such as, growth hormone (GH) and the diet made available to the animal. GH is an important 
regulator of growth and body composition. Through GH receptor (GHR) pathway (Kita et al., 
2005) GH promotes synthesis and release of IGF-I (insulin-like growth factor 1) (van Vught 
et al., 2008).

Diet composition interferes on gene physiology and expression, causing feed conver-
sion ratio alterations. Methionine is considered to be the first limiting amino acid for broilers, 
mostly due to amino acid demand for muscle and feather metabolism and due to the compo-
sition of foods used in their diets. Supplementation of methionine is important to maximize 
performance of broilers. Commercial methionine sources usually are DL-methionine (DL-
2-amino-4-(methylthio)-butanoic acid) and methionine hydroxy analog-free acid, MHA-FA 
(DL-2 -hydroxy-4-(methyl)-butanoic acid). Due to chemical and physical differences between 
methionine sources, the absorption occurs by distinct mechanisms (Dibner, 2003), thereby 
expressing different biologic efficacy (Jansman et al., 2003).

Despite reports in literature regarding the influence of methionine supplementation 
on performance of broiler chickens, there are few studies showing this influence or about the 
influence of other nutrients on gene expression. Research on methionine interference on genes 
that are involved in animal growth contributes to explain different poultry performance due to 
physiological changes at the cellular and molecular level. This study aimed to evaluate weight 
gain, feed conversion, liver and breast muscle IGF-I, and GHR gene expression in broilers fed 
diets containing two different sources and two levels of methionine supplementation.

MATERIAL AND METHODS

One-day-old male broilers (Cobb 500) were obtained from commercial hatchery. The 
birds were housed at broiler barn during an initial period of 1 day to 21 days old and husbandry 
under the same experimental conditions.

Broilers (22 days old) were distributed in a randomized complete design in a 2 x 2-fac-
torial arrangement with a control diet. A control diet and two sources and two levels of me-
thionine composed five treatments: control diet (no methionine supplementation); DL1: 0.08% 
DL-methionine supplementation; DL2: 0.24% DL-methionine; MHA-FA1: 0.11% MHA-FA; 
MHA-FA2: 0.33% MHA-FA, five replicates with 30 birds per box, in a total of 750 birds. The 
experimental diets were formulated according NRC (1994) recommendation (Table 1). Cor-
relation between amino acid concentration and lysine intake was increased by 5% to avoid es-
sential amino acid limitation. Broilers were given ad libitum access to food and water.
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Table 1. Experimental diets centesimal composition (expressed as fed basis).

Ingredients                       Experimental diets

   Control   DL1   DL2   MHA-FA1   MHA-FA2

Corn 7.8% crude protein   45.51   45.51   45.51   45.51   45.51
Sorghum 8.0% crude protein   20.00   20.00   20.00   20.00   20.00
Soybean meal 46.7% crude protein   24.00   24.00   24.00   24.00   24.00
Meat meal 46% crude protein     4.50     4.50     4.50     4.50     4.50 
Viscera flour 59% crude protein     2.00     2.00     2.00     2.00     2.00
Soy oil     2.80     2.80     2.80     2.80     2.80
DL 99%     0.00     0.08     0.24     0.00     0.00
MHA-FA 88%     0.00     0.00     0.00     0.11     0.33
L-lysine HCl 78%     0.17     0.17     0.17     0.17     0.17
L-threonine 78%     0.08     0.08     0.08     0.08     0.08
Salt     0.34     0.34     0.34     0.34     0.34
Calcareous 38%     0.36     0.36     0.36     0.36     0.36
Inert (kaolin)     0.45     0.45     0.45     0.45     0.45
Premix1     0.40     0.40     0.40     0.40     0.40
Total 100.60 100.70 100.90 100.70 100.90
                       Composition analysis2 (%)
Crude protein   19.60   19.60   19.60   19.60   19.60
Lysine digestible     1.00     1.00     1.00     1.00     1.00
Met+Cis digestible     0.52     0.59     0.75     0.59     0.75
Threonine digestible     0.68     0.68     0.68     0.68     0.68
Tryptophan digestible     0.19     0.19     0.19     0.19     0.19
Valine digestible     0.79     0.79     0.79     0.79     0.79
Isoleucine digestible     0.69     0.69     0.69     0.69     0.69
Arginine digestible     1.13     1.13     1.13     1.13     1.13
                       Composition calculated (%)
Ca     0.74     0.74     0.74     0.74     0.74
P     0.38     0.38     0.38     0.38     0.38
Na     0.19     0.19     0.19     0.19     0.19
AME (kcal/kg) 3150 3150 3150 3150 3150

Control diet (no methionine supplementation); DL1: 0.08% DL-methionine; DL2: 0.24% DL-methionine; MHA-FA1: 
0.11% MHA-FA; MHA-FA2: 0.33% MHA-FA. 1Supplied by kilogram of diet: retinyl-acetate, 3.44 mg; cholecalciferol, 
50 µg; DL-α-tocopherol, 15 mg; thiamine, 1.63 mg; riboflavin, 4.9 mg; pyridoxine, 3.26 mg; cyanocobalamin, 12 µg; 
D-pantothenic acid, 9.8 mg; D-biotin, 0.1 mg; menadione, 2.4 mg; folic acid, 0.82 mg; niacinamide, 35 mg; selenium, 
0.2 mg; iron, 35 mg; copper, 8 mg; manganese, 60 mg; Zn, 50 mg; I, 1 mg; choline, 650 mg; salinomycin, 60 mg; 
avilamycin, 5 mg; butyl hydroxy toluene, 80 mg. 2Feed formulations were made based on the total amino acids of corn 
and soybean meal as analyzed by Evonik Degussa (Hanau, Germany). The digestibility coefficient from NRC (1994) 
was used to obtain digestible amino acids. AME: apparent metabolizable energy. Amino acids, crude protein and dry 
matter as analyzed by Evonik Degussa (Hanau, Germany).

The broilers were weighed on the beginning of trial (22 days old) and by the end of 
trial (42 days old). Feed intake was calculated from amount of feed offered and subtracted 
from orts by the end of experiment. Feed conversion was obtained by dividing feed intake by 
weight gain. Mortality was included to calculate feed conversion.

Six animals from each treatment (N = 6) were euthanized by cervical dislocation by the 
end of trial. Liver and muscle breast (pectoralis superficialis) tissues were collected and stored 
in RNA Holder® (BioAgency Biotechnology, Brazil) at -20°C for posterior RNA extraction.

Trizol® reagent (Invitrogen, Carlsbad, CA, USA) was used for RNA extraction ac-
cording to manufacturer recommendations, 1 mL/100 mg tissue. The RNase inhibitors, RNase 
AWAY® (Invitrogen), were used to prepare laboratory material. Tissue was triturated using 
electric Polytron homogenizer (tissue + Trizol) to complete dissociation, 200 µL chloroform 
was added and homogenized by hand for 1 min. The samples were centrifuged at 12,000 g at 
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4°C for 15 min, liquid phase was collected and transferred to clean tube with 500 µL isopropa-
nol in each tube. Supernatant was discarded and precipitate was washed with 1 mL 75% etha-
nol. Solution was centrifuged at 12,000 g for 5 min and the supernatant was discarded. Pellet 
was dried for 15 min and material resuspended in RNase-free ultrapure water. Spectropho-
tometer wavelength 260 nm measured total RNA concentration. RNA integrity was evaluated 
on 1% agarose gel stained with 10% ethidium bromide and observed using ultraviolet light. 
RNA samples were treated with DNase I (Invitrogen) to remove DNA residues, according to 
manufacturer recommendations.

SuperScripptTM III First-Strand Synthesis Super Mix kit (Invitrogen Corporation, Bra-
zil) was used to synthesize cDNA according to manufacturer recommendations. In a sterile and 
RNA-free tube 6 µL RNA, 1 µL oligo(dT) (50 µM oligo[dT]20) and 1 µL annealing buffer were 
added. Reaction was incubated for 5 min at 65°C and placed on ice for 1 min. Followed by 
addition of 10 µL of 2X First-Strand Reaction Mix solution and 2 µL enzyme solution, Super-
Script III reverse transcriptase and RNAse inhibitor. Mixed solution was incubated for 50 min 
at 50°C to occur synthesis of cDNA. Solution contained cDNA was incubated for 5 min at 85°C 
and immediately placed on ice. Samples were stored at -20°C for posterior analysis.

Real-time polymerase chain reaction (RT-PCR) was performed using Fluorescent dye 
SYBR Green (SYBR® Green PCR Master Mix (Applied Biosystems, Carlsbad, CA, USA). 
RT-PCR products were analyzed on StepOnePlus v.2.2 (Applied Biosystems).

Primers were designed at http://www.idtdna.com/Home/Home.aspx (accessed March 
14, 2010), using GHR and IGF-I gene sequences from www.ncbi.nlm.nih.gov (accession Nos. 
NM001001293.1 and FJ977570.1, respectively) (Table 2). We tested two housekeeping genes, 
the β-actin and GAPDH genes, and used the gene for β-actin (accession No. L08165), because 
it presented better efficiency in the reaction. All analyzes were performed in a volume of 25 
µL and in duplicates.

Gene Amplicom (bp) Annealing temperature (°C) Primer sequence (5'-3')

GHR 145 60 AACACAGATACCCAACAGCC
   AGAAGTCAGTGTTTGTCAGGG
IGF-I 140 60 CACCTAAATCTGCACGCT
   CTTGTGGATGGCATGATCT
β-actin 136 60 ACCCCAAAGCCAACAGA
   CCAGAGTCCATCACAATACC

Table 2. qRT-PCR primers.

Relative quantification analysis was determined by the 2-ΔCT method. Statistical analyses 
were determined by the Bayesian inference. The resistance (Yi) normal distribution Yi - normal 
(μi, σi

2), i = 1, 2,..., nj was considered, where j = treatments; μi and σi
2 were considered non-

informative a prior probability distributions: μi - normal (0.106) and σi
2 - gamma (103, 103), 

respectively. Multiple comparisons were performed between the posteriori probability distribu-
tions. Treatments whose credibility intervals for the mean differences do not include the value 
zero were considered to be significant at the 5% level. The marginal posteriori distributions for 
all parameters were obtained by the Brugs program (R Development Core Team, 2011) package. 
MCMC (Markov Chain Monte Carlo) process 110,000 values, assuming 10,000 initial values 
of sampling disposal period, final sample contained 100,000 values. Chains convergence was 
checked by package CODA R by the Heidelberger and Welch (1983) criterion.
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RESULTS

Melting curves showed no presence of nonspecific product (more than one peak), nor 
primer dimers (nonspecific Tm peak), thus, indicating the reliability of mRNA transcript identifica-
tion revealing IGF-I- and GH-specific primers adequate to RT-PCR. Housekeeping β-actin showed 
great efficiency as endogenous control showing no statistical difference among treatments.

Credibility interval 95% reveals that gene expression profile of liver showed differ-
ences between treatments (Table 3). However, IGF-I and GHR genes expression in the muscle 
tissue showed no differences among treatments.

 Contrast Average Standard deviation Median p2.5%  p97.5%

IGF-I Δ1   -0.71* 0.07 -0.71 -0.84 -0.57
 Δ2   -1.30* 0.09 -1.30 -1.47 -1.12
 Δ3   -0.51* 0.07 -0.51 -0.65 -0.37
 Δ4   -0.62* 0.13 -0.62 -0.88 -0.36
 Δ5   -0.59* 0.07 -0.59 -0.73 -0.44
 Δ6    0.19* 0.05  0.19  0.08  0.30
 Δ7  0.09 0.12  0.09 -0.15  0.33
 Δ8    0.78* 0.08  0.78  0.63  0.94
 Δ9    0.68* 0.13  0.68  0.41  0.94
   Δ10 -0.10 0.12 -0.10 -0.35  0.14
GHR Δ1 -1.61 1.16 -1.61 -3.77  0.50
 Δ2   -1.42* 0.51 -1.42 -2.35 -0.49
 Δ3 -0.63 0.19 -0.63 -1.99  0.73
 Δ4 -0.57 0.28 -0.57 -1.48  0.33
 Δ5  0.19 0.02  0.19 -2.10  2.49
 Δ6  0.98 1.32  0.98 -1.50  3.47
 Δ7  1.04 1.23  1.03 -1.22  3.33
 Δ8  0.79 0.81  0.79 -0.77  2.36
 Δ9  0.84 0.65  0.84 -0.35  2.04
   Δ10  0.05 0.79  0.05 -1.51  1.61

Table 3. Posteriori distributions estimative of contrasts among treatments in the liver IGF-I and GHR genes 
expression (AU).

Δ1 = contrast between control diet and DL1; Δ2 = contrast between control diet and DL2; Δ3 = contrast between 
control diet and MHA-FA1; Δ4 = contrast between control diet and MHA-FA2; Δ5 = contrast between DL1 and 
DL2; Δ6 = contrast between DL1 and MHA-FA1; Δ7 = contrast between DL1 and MHA-FA2; Δ8 = contrast 
between DL2 and MHA-FA1; Δ9 = contrast between DL2 and MHA-FA2; Δ10 = contrast between MHA and 
MHA-FA1-FA2. *Statistical significant difference 5%.

Methionine supplementation of any source and concentration showed better assets 
for weight gain, DL-2 provided the highest results. No weight gain differences were found 
between animals fed MHA-FA1 and MHA-FA2 supplementation. Feed conversion was im-
proved with methionine supplementation; however, there were no, within each level, differ-
ences between sources supplementation (Table 4).

Broilers fed methionine supplementation showed no changes on muscle IGF-I mRNA 
transcription. However, there were significant differences on gene expression profile in the 
liver in animals fed with the control diet compared to those receiving some source of methio-
nine supplementation. DL2 caused greater mRNA IGF-I expression than DL1 (1.56 vs 0.97 
AU), and greater than MHA-FA1 and MHA-FA2 supplement diets (Figure 1A).

When comparing the GHR mRNA expression in liver and muscle, we noted that 
higher expression in the liver occurs independent of the diet given. Broilers fed DL2 showed 
significant higher gene expression in the liver than animals fed control diet (Figure 1B).
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 Body weight Body weight Weight Feed consumption Feed conversion*  Mortality (%)
 22 days (g) 42 days (g) gain* (g) (g) (g/g)

Control 987 ± 14.28 2597 ± 34.70 1610 ± 29c 3031 ± 41.23 1.88 ± 0.02a 1.30 ± 0.04
DL1 976 ± 14.07 2769 ± 32.94 1793 ± 23b 3026 ± 33.64 1.68 ± 0.01b 1.28 ± 0.02
DL2 975 ± 13.21 2802 ± 27.83 1827 ± 45a 2893 ± 31.28 1.58 ± 0.02c 1.03 ± 0.03
MHA-FA1 969 ± 14.77 2692 ± 30.12 1723 ± 46b 2983 ± 40.12 1.73 ± 0.03b 1.15 ± 0.03
MHA-FA2 969 ± 13.86 2747 ± 29.96 1778 ± 40b 2870 ± 31.71 1.61 ± 0.01c 1.19 ± 0.01

Table 4. Performance of broilers in the period of 22-42 days of age.

*Weight gain and feed conversion in broilers fed control diet or two sources and two concentrations of methionine 
diets. Results are averages a posteriori and standard deviation. Different letters represent statistical differences with 
95% credibility interval.

Figure 1. IGF-I (A) and GHR mRNA (B) expression in the liver (LI) and muscle (MUS) of broilers fed control diet 
or two sources and two concentrations of methionine diets. Results are averages a posteriori and standard deviation 
represented by vertical bars. Different letters represent statistical differences with 95% credibility interval.

A

B
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DISCUSSION

Studies have described better performance on animals fed methionine supplementation 
(Waldroup et al., 2006; Kauomar et al., 2011). Many of these studies compared the effective-
ness of two major commercial sources of supplementation available on the market, DL-me-
thionine and methionine hydroxy analog, on characteristics such as weight gain and feed ef-
ficiency (Lemme et al., 2002; Bunchasak et al., 2006; Payne et al., 2006). Differences between 
MHA-FA and DL-methionine are due to chemical composition of the two sources: MHA-FA 
formulation is composed not only by monomers of methionine, but 12% water and impurities, 
while DL-methionine is composed of a 99% amino acid monomer powdery substance (Lemme 
et al., 2007).

This study reveals that both supplementation sources improved animal performance 
greater than the control diet. DL2 supplementation achieved highest weight gain (1827 g) and 
improved feed efficiency. Better feed conversion is associated with higher concentrations of 
methionine (Table 4). No significant difference between the commercial sources was observed 
within each level of supplementation. The fact that no differences were observed between 
the two sources may be due to the level of protein contained in the diet. Small differences in 
performance between the sources of amino acids are difficult to detect when there is a high 
protein concentration in diet (Visentini et al., 2005).

Animal growth is mostly a result of protein deposition, which is regulated from the 
balance between protein synthesis and degradation. It is suggested that these two distinct path-
ways are products of the same biological route, and the hormonal concentration and diet are 
factors that can determine which of these pathways will prevail (Sacheck et al., 2004).

GH secretion is regulated by somatotropic action, the presence of GH in the body 
leads to the synthesis and release of IGF-I through GHR pathway. Specific GHR binding site 
is followed by conformational changes that stimulates various signalling pathways, including 
the route that involves Janus kinase 2 (JAK2), which leads to different cellular responses such 
as synthesis and release of IGF-I (Kita et al., 2005). IGF-I plays an important role in poultry’s 
growth metabolism, thus, lowest levels of IGF-I decreases growth rates (Scanes, 2009).

Higher amounts of IGF-I mRNA in the liver were observed in animals fed methionine 
supplementation. Related studies revealed nutrient interferences in gene expression that are 
associated with growth metabolic pathways. Deficient diets of essential amino acids, even 
when containing appropriate protein, lead to reduction in mRNA expression of IGF-I and to 
lower plasma levels of this hormone (Kita et al., 2002). In sheep liver, IGF-I gene expres-
sion decreased in animals fed low-concentration methionine diet. IGF-I release mechanism 
is induced by GH and it is interfered by methionine concentrations. Animals fed low-content 
total amino acid diet showed no reduction on IGF-I release, suggesting a selective methio-
nine-inhibitory response to GH transcription factor interference in liver IGF-I gene expression 
(Stubbs et al., 2002).

It is also important to evaluate the sources of methionine supplementation; this study 
observed higher gene expression in animals fed DL2 supplementation. It is suggested that 
protein quality and the availability interfere on IGF-I mRNA levels (Miura et al., 1992). These 
authors observed an increased response on IGF-I mRNA transcription in the liver of mice fed 
high-quality protein diet (casein-replaced gluten); it was also observed an increase on gene 
expression in the liver of mice fed methionine supplementation instead of soy protein.
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In this study, it can also be observed significant differences between the sources of 
supplementation, DL-methionine supplementation increased IGF-I gene expression. The con-
centration of IGF-I is affected not only by the restriction of methionine, but is also dependent 
on the level of deficiency of this amino acid (Carew et al., 2003). Thus, IGF-I mRNA tran-
scription is also influenced by the amount and available source of methionine. The regulatory 
mechanisms of plasma IGF-I levels are more susceptible to dietary amino acids than IGF-I 
mRNA transcription-regulatory mechanisms. Therefore, great restriction is needed to occur 
differences in gene expression (Katsumata et al., 2002).

Increased expression of IGF-I mRNA in muscle compared to liver was observed in 
broilers fed diet without methionine supplementation and in broilers fed lower levels of MHA-
FA. Katsumata et al. (2002) observed lower levels of mRNA in the liver of animals fed low 
concentration of amino acids. An opposite pattern was observed in the muscle, suggesting that 
IGF-I concentration in nonhepatic tissue is associated with low levels in the liver. However, 
analysis of IGF-I mRNA transcription in longissimus dorsi muscle showed no alteration on 
gene expression in pigs fed different amino acid concentration. In this study, broilers fed differ-
ent methionine concentrations showed no effect on IGF-I mRNA transcription in muscle tissue. 
Since the liver is the major site of synthesis of this hormone (Schwander et al., 1983), this may 
have been under greater influence of diet, possibly by transcriptional and translational signals.

In this study, we observed the effect of methionine supplementation on GHR gene 
expression in liver; it can be seen that the consumption of the basal diet led to significant 
reduction in the amount of mRNA GHR in the liver (Brameld et al., 1999; Katsumata et al., 
2002). When analyzing the gene expression within each source, it was observed that the low-
est level of methionine tended to a greater amount of mRNA GHR. An inverse pattern revealed 
greater IGF-I mRNA transcription in the liver of broilers fed high methionine concentration. 
The GHR expression may be reduced directly by the amount of GH in this organism, but also 
by the influence of GH that can occur via IGF-I (Kim et al., 2010). Therefore, diets with higher 
methionine concentrations increased IGF-I concentrations and decreased GHR gene expres-
sion. Lu et al. (2008) observed an inverse pattern expression of GHR mRNA and GH mRNA 
transcription, suggesting that these two genes may play a transmitting inverse expression pat-
tern in the profile of signalling of mechanisms that regulate growth.

According to results found in literature, GHR mRNA transcription is influenced by 
diet, although with different patterns in distinct tissues. Results from this study corroborate 
the above hypothesis, considering that methionine supplementation showed no GHR mRNA 
transcription effect in the muscle tissue but showed interference on GHR mRNA transcription 
in the liver. Pigs fed low-concentration lysine diets decreased GHR mRNA transcription in the 
liver. However, in muscle tissue an inverse pattern was observed, GHR mRNA transcription 
increased in pigs fed low-concentration lysine diets (Katsumata et al., 2002). The GH performs 
different functions in muscle and liver, thus, the expression of GHR, regulated by nutritional 
status, can also occur with distinct mechanisms in these tissues (Dauncey et al., 1994).

Methionine supplementation and high IGF-I levels stimulate protein synthesis and 
decrease protein degradation, improving protein deposition and growth. Methionine supple-
mentation interferes in growth factor regulation such as, GHR and IGF-I, and this action of 
methionine may be related to the activity of mTOR (mammalian target of rapamycin). mTOR 
is an enzyme involved in protein synthesis regulation by mechanisms dependent or not on in-
sulin (Stubbs et al., 2002). Amino acids act not only in translation initiation and on elongation 
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factors, but amino acids also act on signaling pathways for the synthesis of proteins that were 
previously thought to be influenced only by hormones (Kimball and Jefferson, 2006). In addi-
tion, expression of genes involved in protein degradation can be reduced not only by growth 
factors, but also by effectiveness of dietary methionine (Tesserau et al., 2007).

Methionine supplementation improves weight gain and feed conversion in broilers 
regardless of source or concentration. The expression of mRNA IGF-I and mRNA GHR in 
the liver is influenced by methionine addition on the diet. This trail revealed highest amounts 
of IGF-I mRNA and GHR mRNA, and best broiler growth performance in animals fed DL2 
supplementation.
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