Dietary glycerol for quail: association
between productive performance and COX
III mRNA expression
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ABSTRACT. This study was carry out to evaluate mRNA expression
of mitochondrial cytochrome c oxidase III in the Pectoralis superficialis
muscle of 28-day-old quails fed diets containing 0, 8, and 12% glycerol.
Total RNA was extracted (N = 10) and cDNA was amplified using
specifics primers for qRT-PCR. Feed efficiency and feed intake were
evaluated. COX III mRNA expression in breast muscle was higher
in the group fed with 12% glycerol (0.863 AU); no differences were
observed in the expression of this gene between the muscle of animals
fed diets without glycerol (0.357 AU) and 8% glycerol (0.415 AU).
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Quails that showed greater COX III mRNA expression also showed
the lowest feed efficiency. These results show that there is a difference
in COX III mRNA expression in breast muscle of 28-day-old quail fed
diets different concentrations of glycerol.
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INTRODUCTION

The use of by-products in animal diets may decrease production costs and therefore
increase profitability. When financially profitable, glycerol, a byproduct of the biodiesel
industry, can be used as a potential partial substitute for corn in animal feed (Cerrate et al.,
2006) because of their similar energy values (Dozier et al., 2008). Glycerol is absorbed
passively (Guyton, 1991), has a sweet taste and a low molecular weight (Rivaldi et al., 2007),
and may influence feed intake (Pasquetti, 2011).

Inclusion of glycerol in the diet of quails and broiler chicken may affect their
performance characteristics (Raber et al., 2009) as well as influencing mRNA expression of
some mitochondrial genes related to the efficiency of ATP synthesis, such as Cyfochrome
oxidase subunit 111 (COX III) (Gasparino et al., 2012).

COX is located in complex IV and is the last protein of electron transport chain
(Calhoun et al., 1994), where it receives electrons from cytochrome c, transfers them to a
molecule of oxygen and reduces them to water, simultaneously pumping protons through
the membrane, and transforming the energy generated in the redox reaction into proton
motive force (Yoshikawa et al., 2006). COX activity can be modified in response to different
treatments, (Scheffler, 1999; You et al., 2002), for this reason, COX has great importance in
researches of mitochondrial energy efficiency. Changes in cellular efficiency may be due to
lower expression of this gene (Kemp et al., 2003), resulting in animals being less efficient at
converting food into body weight (Gasparino et al., 2012).

Therefore, there is a need to conduct studies on the effect of nutrients, and their levels,
on the expression of genes related to the electron transport chain in order to better understand
their influence on oxidative phosphorylation and its relationship with animal performance.
Thus, this study has been developed to evaluate the effect of dietary inclusion of glycerol on
the expression of COX Il mRNA in breast muscle of quail, and on weight gain, food intake,
and feed efficiency at 28 days of age.

MATERIAL AND METHODS

This study was carried out in the poultry industry and the molecular genetics lab
of the Department of Animal Science, Universidade Estadual de Maringa. The project was
submitted and approved by the Ethics Committee under protocol No. 024/2011. For this
study, 450 1-day old quails (Coturnix coturnix) were used. Animals were divided into three
groups, each receiving different diet treatments: without the addition of glycerol, with the
addition of 8% of glycerol, and containing 12% glycerol (Table 1). Diets were formulated
based on corn and soybean meal according to the dietary recommendations of Rostagno
et al. (2011) and the NRC (1994). Throughout the experimental period, the birds had free
access to water and feed.
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Table 1. Animal feed composition.

Ingredients (kg) Crude glycerin

Without glycerol 8% 12%
Corn 54.58 46.5 42.4
Soybean meal 45% 37.84 39.4 40.1
Crude glycerin - 8 12
Soybean oil 2.88 1.44 0.73
Dicalcium phosphate 1.61 1.63 1.64
L-Lysina HCL 0.65 0.84 0.82
DL-Methionine 0.66 0.66 0.67
L-Threonine 0.44 0.43 0.43
Salt 0.4 0.4 0.4
Vitamin supplement’ 0.4 0.4 0.4
Limestone 0.28 0.26 0.26
Mineral supplement! 0.07 0.07 0.07
Antioxidant? 0.01 0.01 0.01

'Vitamin/mineral supplementation (assurance levels per kg of product). Vitamin A, 4,500,000 IU; vitamin D3,
1,250,000 IU; vitamin E, 4000 mg; vitamin B1, 278 mg; vitamin B2, 2000 mg; vitamin B6, 525 mg; vitamin
B12, 5000 pg; vitamin K3, 1007 mg; calcium pantothenate, 4000 mg; niacin, 10,000 mg; cholin, 140,000 mg;
antioxidant, 5000 mg; zinc, 31,500 mg; iron, 24,500 mg; manganese, 38,750 mg; copper, 7656 mg; cobalt, 100 mg;
iodine, 484 mg; selenium, 127 mg; 2BHT (butyl hidroxy toluene).

Quails were weighed at 28 days to determine body weight gain. The experimental
diet and remains were weighed at 28 days to calculate feed intake. Feed efficiency was
calculated as the ratio between the weight gain and feed intake. Mortality was considered
for the feed conversion calculation. Ten quail from each treatment group were killed by
cervical dislocation at 28 days. Breast muscle (Pectoralis superficialis) samples from these
birds were collected, conditioned in RNA Holder® (BioAgency, Carlsbad CA, USA), and
stored at -20°C until RNA extraction.

Total RNA was extracted using the Trizol® reagent (Invitrogen, Carlsbad, CA, USA)
at a concentration of 1 mL for every 100 mg tissue. Muscle tissue was ground with an electric
homogenizer until complete dissociation occurred. Subsequently, 200 pL chloroform was
added and the sample was manually homogenized for 1 min. The homogenate was centrifuged
for 15 min at 12,000 rpm at 4°C, and the liquid phase was collected and transferred to a test
tube, where 500 pL isopropanol was added. Next, the material was homogenized, centrifuged
for 15 min at 12,000 rpm and 4°C. The supernatant was discarded and the precipitate was
washed with 1 mL 75% ethanol. The material was then centrifuged again at 12,000 rpm for 5
min, and the supernatant discarded. The precipitate was air-dried for 15 min and homogenized
in distilled and deionized RNase-free water.

The total RNA concentration was determined with a spectrophotometer at 260 nm.
RNA integrity was evaluated on a 1% agarose gel and visualized under ultraviolet light. RNA
samples were treated with DNase (Invitrogen Corporation, Brazil) to remove residual DNA,
according to the manufacturer protocol.

For preparation of cDNA, a SuperScript™ III First-StrandSynthesisSuper Mix kit
(Invitrogen Corporation, Brazil) was used. Six-microliters of total RNA, 1 pL oligo (dT) (50
uM) and 1 pL annealing buffer were included. The reaction mixture was incubated for 5 min
at 65°C and then placed on the gel for 1 min. Thereafter, 10 uL 2X First-Strand Reaction Mix
solution and 2 pL solution containing the enzyme SuperScript III reverse transcriptase and
RNase inhibitor were added. The solution was incubated for 50 min at 50°C for the synthesis
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of cDNA. The reaction mixture was incubated again for 5 min at 85°C and then immediately
placed on ice. Samples were stored at -20°C until analysis. Real-time PCR was performed
using the SYBR GREEN fluorescent compound [SYBR® GREEN PCR Master Mix (Applied
Biosystems, USA)].

Primers for COXIII (GenBank accession No. NP_006921) were obtained from Ojano-
Dirain et al. (2007). Primers for B-actin, which acted as the endogenous control gene, were
utilized. All analyses were performed in duplicate in a final volume of 25 pL. Data were
analyzed by the SAS GLM procedure (SAS, 2000).The results of COX III gene expression
analysis are presented as 2°", UNIVARIATE analysis was adopted to verify the normality
of the data. ANOVA was used with three treatments (without glycerol, 8 and 12% glycerol
inclusion). Means were compared by the Tukey test (P < 0.05).

RESULTS

The performance of quails who received different levels of dietary glycerol in the
feed is shown in Table 2. No significant treatment effects on weight gain were observed, but
there were significant increases in feed intake and in the efficiency of quail. Feed intake was
significantly higher in the group of quails fed diets containing 12% glycerol than in the groups
subjected to other treatments, and the consumption did not differ statistically between groups
fed diets with 8% glycerol those fed diets without glycerol.

Table 2. Performance of quails fed different levels of glycerol.

Characteristics' Glycerol inclusion levels

Without glycerol 8% 12%
WG (g) 177.65 £ 15.34 179.51 £10.18 182.56 +21.31
FI(g) 34532 +31.85" 385.83 +24.42° 437.73 £31.82*
FE 0.502 +0.007° 0.496 +0.017* 0.414 + 0.046°

**Different letters on the same line represent different means (P < 0.05). '"WG = weight gain; FI = feed intake; FE
= feed efficiency.

In addition, birds fed diets containing 12% glycerol had the worst feed efficiency
when compared with quails fed diets without glycerol or with 8% glycerol. This represented
an average worsening of 8.5% in feed efficiency of the quails up to 28 days of age. Although no
specific primers were found for the COX III gene, the Gallus gallus primers used in real-time
PCR were shown to be suitable for the development of this study. Dissociation curve analysis
revealed that there were no nonspecific products or primer dimer formation, confirming the
reliability of the data. The expression of COX [/l mRNA in the breast muscle of 28-day-old
quails is shown in Figure 1.

The expression of COX III mRNA in the Pectoralis superficialis muscle of quails was
higher in the animals fed diets containing 12% glycerol, and this level of supplementation
increased the expression of COX Il mRNA by 91% (compared to the expression without
glycerol treatment) and 64% (compared to the expression under 8% glycerol treatment). No
difference in COX III expression was observed between the group supplemented with 8%
glycerol and those not receiving glycerol treatments. The relationship between COX III and
feed efficiency was inversely proportional (Figure 2).

Genetics and Molecular Research 15 (2): gmr.15027435 ©FUNPEC-RP www.funpecrp.com.br




Dietary glycerol for quail 5

< 0,80 - A
= I
0,60 -
> B B
~
E 040 - I I
> 4
5 0,20
O
0,00
0% 8% 12%
Glycerol Levels

Figure 1. COX 11l mRNA expression. Letters on the bars represent the comparison of mRNAs expression means.
Different letters represent a statistical difference (P < 0.05) as determined by the Tukey test.
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Figure 2. Inverse relationship between COX /1] expression and feed efficiency (FE) in response to increased dietary
glycerol.

DISCUSSION

The level of dietary glycerol inclusion in this study differentially influenced the
expression of COX [II. These changes in gene expression may partly explain the results
obtained for quail performance. Feed intake showed a raising, being the higher consumption
observed in animals fed diet containing 12% glycerol. This may have occurred due to the
increased palatability of diets containing glycerol, which has a sweet taste and may influence
feed intake (Pasquetti, 2011). There was no increase in weight gain, thus promoting a worse
feed conversion in animals receiving 12% glycerol. According to the literature, the maximum
recommended inclusion of glycerol in the diets of quails up to 14 days of age is 10% (Pasquetti,
2011). Therefore, inclusion of 12% glycerol may have exceeded the metabolic capacity of the
animal, thus limiting its absorption (Min et al., 2010). Moreover, the inclusion of glycerol at
8 and 12% promoted an increase in apparent litter humidity, suggesting an increased rate of
digesta passage and compromising nutrient utilization as suggested by Gianfelici (2009).

In broilers, a relationship between mitochondrial function and feed efficiency has
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been reported (Parker et al., 2008). During oxidative phosphorylation, there may be errors in
the movement of protons from the inter membrane space to the mitochondrial matrix (Brand
et al., 1995) due to the uncoupling of proton transport by specific proteins that function as
membrane uncouplers, which may cause mitochondrial inefficiency (Rolfe and Brand, 1997).

The relationship between COX III and feed efficiency was inversely proportional (Figure
2). Birds receiving feed supplemented with 12% glycerol showed higher COX [II expression and
worse feed efficiency than birds receiving no glycerol and 8% glycerol. Similar to this finding,
other studies have found increased expression of COX [III in birds with poor feed efficiency
(Igbal et al., 2004; Igbal et al., 2005; Lassiter et al., 2006; Tinsley et al., 2010), suggesting that
there is a relationship between poor feed efficiency and increased COX III expression.

According to Igbal et al. (2004), although the exact mechanism of action of COX III
has not yet been fully determined, the high expression of COX /1] in low feed efficiency birds
could represent a compensatory response against possible oxidative stress caused by enhanced
protein oxidation. The increase in COX III expression in animals fed a diet containing 12%
glycerol is a strong indication of the likely increase in reactive oxygen species caused by diet,
since the function of COX IlI is more closely linked to stress oxidative responses and activities
relating to changes in proton position (You et al., 2002).

The results of this study show that even when diets are isocaloric, the source of
energy and nutrient levels used influence the gene expression of COX I1I, which consequently
influences the performance of quail at 28 days of age. This indicates that molecular studies
that evaluate gene expression assist in our understanding of mechanisms that may improve or
worsen the performance of birds for different nutrients, and their levels used in feed. Dietary
inclusion of 8% glycerol led to similar quail performance as was observed for those fed diets
without glycerol, suggesting that its inclusion up to this level would not cause adverse effects.

In conclusion, the inclusion of glycerol in diets affects the mRNA expression of COX [1]
in the breast muscle of quails as well as feed intake and feed efficiency of birds up to 28 days old.

Conflicts of interest

The authors declare no conflict of interest.

ACKNOWLEDGMENTS
The authors are grateful to Capes and CNPq (process #445322/2014-4).

REFERENCES

Brand MD, Chien LF, Ainscow EK, Rolfe DF, et al. (1995). The causes and functions of mitochondrial proton leak.
Biochim. Biophys. Acta 1187: 132-139. http://dx.doi.org/10.1016/0005-2728(94)90099-X

Calhoun M, Thomas J and Gennis R (1994). The cytochrome oxidase superfamily of redox-driven proton pumps. 7rends
Biochem. Sci. 19: 325-330.

Cerrate S, Yan F, Wang Z, Coto C, et al. (2006). Evaluation of glycerine from biodiesel production as a feed ingredient
for broilers. Int. J. Poult. Sci. 11: 1001-1007.

Dozier WA, 3rd, Kerr BJ, Corzo A, Kidd MT, et al. (2008). Apparent metabolizable energy of glycerin for broiler chickens.
Poult. Sci. 87: 317-322. http://dx.doi.org/10.3382/ps.2007-00309

Gasparino E, Guimardes SEF, Neto AR, Martins EN, et al. (2012). The effect of glycerol on mRNA expression of growth
hormone, insulin-like growth factor, and mitochondrial breast muscle genes of Japanese quail. Br. Poult. Sci. 53:
497-507. http://dx.doi.org/10.1080/00071668.2012.716507

Gianfelici MF (2009). Uso de glicerol como fonte de energia para frangos de corte. Dissertagao (Mestrado em Zootecnia).

Genetics and Molecular Research 15 (2): gmr.15027435 ©FUNPEC-RP www.funpecrp.com.br



Dietary glycerol for quail 7

Universidade Federal do Rio Grande do Sul/Faculdade de Agronomia, Porto Alegre.

Guyton AC (1991). Textbook of Medical Physiology. W.B. Saunders Company, Philadelphia, PA.

Igbal M, Pumford NR, Tang ZX, Lassiter K, et al. (2004). Low feed efficient broilers within a single genetic line exhibit
higher oxidative stress and protein expression in breast muscle with lower mitochondrial complex activity. Poult. Sci.
83: 474-484. http://dx.doi.org/10.1093/ps/83.3.474

Igbal M, Pumford NR, Tang ZX, Lassiter K, et al. (2005). Compromised liver mitochondrial function and complex activity
in low feed efficient broilers are associated with higher oxidative stress and differential protein expression. Poult. Sci.
84: 933-941. http://dx.doi.org/10.1093/ps/84.6.933

Kemp TJ, Causton HC and Clerk A (2003). Changes in gene expression induced by H(2)O(2) in cardiac myocytes.
Biochem. Biophys. Res. Commun. 307: 416-421. http://dx.doi.org/10.1016/S0006-291X(03)01215-4

Lassiter K, Ojano-Dirain C, Igbal M, Pumford NR, et al. (2006). Differential expression of mitochondrial and extra-
mitochondrial proteins in lymphocytes of low and high feed efficient male broilers. Poult. Sci. 85: 2251-2259. http://
dx.doi.org/10.1093/ps/85.12.2251

Min YN, Yan F, Liu FZ, Coto and Waldroup PW (2010). Glycerin - A New Energy Source for Poultry. Int. J. Poult. Sci.
9: 1-4. http://dx.doi.org/10.3923/ijps.2010.1.4

National Research Council (1994). Nutrient requirement of poultry.9thedition. Natl. Acad. Press, Washington, DC.

Ojano-Dirain C, Toyomizu M, Wing T, Cooper M, et al. (2007). Gene expression in breast muscle and duodenum from
low and high feed efficient broilers. Poult. Sci. 86: 372-381. http://dx.doi.org/10.1093/ps/86.2.372

Parker N, Affourtit C, Vidal-Puig A and Brand MD (2008). Energization-dependent endogenous activation of proton
conductance in skeletal muscle mitochondria. Biochem. J. 412: 131-139. http://dx.doi.org/10.1042/BJ20080006

Pasquetti JT (2011). Avaliagdo nutricional da glicerina brutaou semi-purificada, oriundas de gordura animal e 6leo vegetal,
para codornas de corte. Dissertagdo (Mestrado em Zootecnia).Universidade Estadual de Maringd/ Centro de Ciéncias
agrarias, Maringd, Parana.

Raber MR, Ribeiro AML, Kessler AM and Arnaiz V (2009). Suplementagéo de glicerol ou de lecitina em diferentes niveis
de acidos graxos livres em dietas para frangos de corte. Cienc. Anim. Bras 10: 745-753.

Rivaldi JD, Sarroub BF, Fiorilo R and Silva SS (2007). Glicerol de Biodiesel. Biotecnolog. Cienc. Desenvolv. 37: 44-51.

Rolfe DF and Brand MD (1997). The physiological significance of mitochondrial proton leak in animal cells and tissues.
Biosci. Rep. 17: 9-16. http://dx.doi.org/10.1023/A:1027327015957

Rostagno HS, Albino LFT, Donzele JL, Gomes PC, et al. (2011). Brazilian tables for poultry and swine: composition of
feedstuffs and nutritional requirements.3rd edn. Department of Animal Science. Vigosa Federal University, Vigosa,
Minas Gerais, Brazil.

SAS (2000). User’s Guide: Statistics. Statistical Analysis Systems Institute Inc., Cary.

Scheffler I (1999). Mitochondria. Wiley-Liss Inc., New York.

Tinsley N, Igbal M, Pumford NR, Lassiter K, et al. (2010). Investigation of mitochondrial protein expression and oxidation
in heart muscle in low and high feed efficient male broilers in a single genetic line. Poult. Sci. 89: 349-352. http:/
dx.doi.org/10.3382/ps.2009-00138

Yoshikawa S, Muramoto K, Shinzawa-Itoh K, Aoyama H, et al. (2006). Proton pumping mechanism of bovine heart
cytochrome c oxidase. Biochim. Biophys. Acta 1757: 1110-1116. http://dx.doi.org/10.1016/j.bbabio.2006.06.004

You KR, Wen J, Lee ST and Kim DG (2002). Cytochrome ¢ oxidase subunit III: a molecular marker for N-(4-
hydroxyphenyl)retinamise-induced oxidative stress in hepatoma cells. J. Biol. Chem. 277: 3870-3877. http://dx.doi.
0rg/10.1074/jbc.M 109284200

Genetics and Molecular Research 15 (2): gmr.15027435 ©FUNPEC-RP www.funpecrp.com.br



