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ABSTRACT 
 
Background: Alpha-lipoic acid (ALA) is an endogenous antioxidant responsible for the removal of 
free radicals in all cell types. In farm animals, its use improves weight gain, energy metabolism, and 
the response to oxidative stress. The purpose of this work was to measure the effect of ALA                   
on productive variables and cardiac mitochondrial biogenesis in female fighting cocks (Gallus 
gallus). 
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Methodology: Two groups of 38 4-week-old chicks received either 0 or 40 ppm of ALA in food for 9 
weeks. Different parts of the carcass, additional to the liver and the heart, were weighed, the 
antioxidant capacity in serum was measured, and the expression of the mRNAs for five genes 
involved in mitochondrial biogenesis was quantified in the heart using real-time PCR. 
Results: No differences were observed in growth performance between the two groups (P > .1). 
The carcass yield was higher in the birds that consumed ALA (69 vs. 65%; P < .05); however, no 
significant differences were observed in the breast, leg with thigh, wing, and liver yields (P > .1). 
Heart performance was higher (0.71%) in birds treated with ALA compared to the control group 
(0.67%; P < .05), and the total antioxidant capacity (599.71 vs. 554.64 UT, P < .05) was improved 
with ALA. The expression of the mRNAs for NRF1, NRF2, PGC1-α, MT-ND1, and SIRT1 was 
increased in the heart of the birds treated with ALA (P < .05), which may suggest that there was an 
increase in cardiac mitochondrial biogenesis. 
Conclusion: The addition of ALA to the diet of fighting cocks could improve their strength during a 
fight; however, further testing is required to determine gender-specific effects of ALA 
supplementation. 
 

 

Keywords: Gallus gallus; alpha-lipoic acid; productive parameters; cardiac hypertrophy; mitochondrial 
biogenesis; fighting cocks. 

 

1. INTRODUCTION  
 

Poultry is classified into three categories: meat 
production, egg production, and recreation or 
entertainment [1]. The latter include cockfighting, 
which has had an enormous influence on the 
domestication and spread of chickens in the 
world. Cockfighting has a long history that began 
over 2,500 years ago in China [2]. Cockfighting is 
important in the world, particularly in Mexico, due 
to the economic, social, and health impacts, 
regardless of some opposing groups, who 
consider it a controversial activity [2,1]. 
 

Additives are all those compounds that are 
added to food to improve, in some way, its 
appearance, shelf life, acceptance, ingestion, 
digestion, absorption, or metabolism, although 
strictly speaking, they are not essential for animal 
nutrition [3]. Some common food additives are 
binders, enzymes, flavorings, and antioxidants. 
Among the antioxidants, α-lipoic acid (ALA), a 
fatty acid derived from octanoic acid, is 
considered the ideal antioxidant because of its 
low redox potential and its capacity not only to 
scavenge reactive oxygen species but also to 
regenerate the activity of endogenous and 
exogenous antioxidants, such as glutathione and 
vitamins C and E, respectively [4]. Additionally, 
ALA participates as a cofactor for the pyruvate 
dehydrogenase and the α-ketoglutarate 
dehydrogenase complexes of the Krebs cycle, 
conferring it an important role in metabolism [5]. 
 

ALA has been used in the laboratory [6,7], and 
farm animals (broilers, quails, and swine), 
improving weight gain, reducing oxidative stress 
and ascites syndrome-related problems, and 
stimulating insulin sensitivity [8,9,10,11,12]. It is 

also known to regulate mitochondrial biogenesis 
through the peroxisome proliferator-activated 
receptor γ coactivator 1α (PGC-1α) [13]. 
 
Several studies have suggested that ALA exerts 
cardio-protective effects against hypertension 
[14,15], diabetic cardiomyopathy [16], and 
ischemia-reperfusion injury [4]. 
 
It is known that the heart in birds is proportionally 
up to two times larger than that of a mammal of 
the same size and has an output volume 
capacity of up to seven times higher than that of 
a man or a dog [17]. 
 
With this background in mind and using the work 
by Díaz-Cruz et al. [9] as a reference, the 
objective of this work was to evaluate the effect 
of ALA in the diet of female fighting cocks on 
productive variables and cardiac mitochondrial 
biogenesis to assess the possibility of using this 
compound in the diet of such birds in the future. 
 

2. MATERIAL AND METHODS 
 

2.1 Location 
 

This experiment was performed in the facilities of 
the Juriquilla Campus of the National 
Autonomous University of Mexico (UNAM), 
located in the municipality of Querétaro, state of 
Querétaro in Mexico, with geographic 
coordinates 20°35’17” N, 100°23’17” W, and 
1900 masl. 
 

2.2 Animals and Treatments 
 

A total of 76, 4-week-old female fighting cocks 
belonging to the Hatch, Sweater, Mclean, 
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Roundhead, and Grey strains, were used in this 
study. The birds were kindly donated by the 
“Melchor Ocampo” farm located in Tepotzotlán, 
State of Mexico. 
 
On reception day, the birds were vaccinated 
against Newcastle (Newcastle La Sota, Merial 
Select, Gainesville, GA, USA) and the avian 
smallpox virus (Maver®, Mexico). On the sixth 
day after the reception, a coccidiostat (Baycox® 
5%, Bayer, Mexico) was administered in the 
drinking water at a dose of 0.5 mL/L (mL L-

1
) as 

a preventive treatment. 
 
The birds were distributed following a completely 
randomized design into six pens containing 12 or 
13 birds each. Each pen represented a 
repetition. Two diets were used (control and 40 
ppm ALA) in a 9 weeks trial. Weight gain, food 
intake, and food conversion were registered. The 
animals were weighed every 14 days and at the 
time of sacrifice. 
 
2.3 Diets 
 
During the experiment, all the birds received a 
Purina™ feed, especially designed for 
gamecocks. Startina plus was used from 4 to 8 
weeks of age and then Startina from 8 weeks to 
the end of the experiment. Both feeds were 
ground to facilitate mixing with the ALA. Table 1 
shows the composition of both feeds. 
 

2.4 Sacrifice 
 
After the nine weeks of treatment (13 weeks of 
age), all birds were sacrificed at the animal 
facility of the UNAM Juriquilla Campus in full 
compliance with the Institutional Experimental 
Animal Care and Use Committee (CICUAE) 
standards. Blood samples were taken, the feet 
and skin were removed, and the animals were 
eviscerated to obtain the carcass weight, as well 
as the weights of liver and heart; finally, the 
carcasses were cut up and the right breast, right 
leg with thigh, and right-wing were weighed.  

 
The hearts were sampled, immediately frozen in 
liquid nitrogen, and kept at -80°C until their 
analysis. Blood samples were centrifuged to 
obtain the serum for the antioxidant capacity test 
(QuantiChromTM Antioxidant Assay Kit, 
BioAssay Systems, Hayward, CA, USA). 

 
A total of 50 birds, 25 controls, and 25 of the ALA 
treatment were used for the analysis of these 

data. For this purpose, 8 or 9 animals were taken 
randomly from each pen. 

 
2.5 Heart Mitochondrial Biogenesis Gene 

Expression  
 
A total of 50 hearts were taken to measure the 
changes in mitochondrial biogenesis by ALA 
feed; they were 4-5 of each pen. The 
synthesized cDNA was pooled into two samples 
of 4-5 birds each per pen, obtaining six samples 
for each treatment (n = 6).  
 
Total RNA from the heart samples was purified 
using the TRIzol® Reagent (Invitrogen Life 
Technologies, Carlsbad, CA, USA) according to 
the manufacturer’s instructions and immediately 
frozen at -80°C. The RNA obtained was 
quantified with a NanoDrop 1000 
spectrophotometer (Thermo Fisher Scientific 
Inc., Wilmington, DE, USA) at 260 nm, and purity 
was assessed using the 260/280 nm ratios, 
which ranged from 1.8 to 2.0. The integrity of the 
RNA was visualized by electrophoresis in a 1% 
agarose gel. 
 

After the evaluation of the concentration and 
purity of the RNA, cDNA was synthesized using 
1 µg of total RNA, Oligo dT15, and SuperScript II 
Reverse Transcriptase (Invitrogen). The RNA 
samples were pre-treated with DNAse (Roche, 
Indianapolis, IN, USA) to eliminate genomic DNA 
contamination. 
 

Specific primers for the nuclear respiratory factor 
1 and 2 (NRF1, NRF2), sirtuin 1 (SIRT1), 
peroxisome proliferator-activated receptor-
gamma coactivator 1 alpha (PGC-1α), subunit 1 
of NADH: ubiquinone oxidoreductase (ND1), 
peptidylprolyl isomerase A (PPIA), and ribosomal 
protein large P0 (RPLP0) were designed using 
the Oligo7 software (Table 2). The PCR products 
were sequenced in a 310 ABI Prism Sequencer 
with version 3 Big Dye (Applied Biosystems, 
Foster City, CA, USA) to verify their identity.  
 

The expression of the mRNA for the genes 
described above was determined using a 
StepOne Real-Time PCR system (Applied 
Biosystems) and the LightCycler FastStart DNA 
Master Sybr Green I (Roche Applied Science, 
Mannheim, Germany).  
 

The synthesized cDNA was pooled into two 
samples of 4-5 birds each per pen, obtaining six 
samples for each treatment (n = 6). The real-time 
PCR program used for NRF1, NRF2, PGC1, 
ND1, RPLP0, and PPIA consisted of a 10-min 
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denaturation at 95°C, followed by 40 
quantification cycles consisting of a 10-s 
denaturation at 95°C, 10-s annealing at 60°C, 
and a 15-s extension at 72°C; the melting curve 
started at 60°C for 1 min and ended with 15 s at 
95°C. For SIRT1, the extension at 72°C was for 
12 s and the melt curve analysis started at 55°C; 
the rest of the program was the same as for the 
other genes quantified. 
 

The expression of the mRNA for NRF1, NRF2, 
PGC1-α, ND1, and SIRT1 was normalized 
relative to the geometric mean [18] of PPIA and 
RPLP0, which were evaluated as the best 
housekeeping genes by the Excel add-in 
Normfinder (MDL, Aarhus, Denmark) using the 2

-

ΔCt method [19,20]. 
 

2.6 Statistical Analysis 
 

A split-plot in time design was used for the 
analysis of the live weight, voluntary intake, and 
daily weight gain variables. The weights of the 
breast, leg-thigh, wing, liver, and heart were 
expressed relative to the weight of the carcass 
and were analyzed as the arcsine of the square 
root of this value in a completely randomized 
design. The antioxidant capacity and the 
expression of the mRNA for NRF1, NRF2, 
PGC1, ND1, and SIRT1 were analyzed in a 
completely randomized design as well. 
 

In all cases, the general linear model procedure 
(GLM) of the statistical analysis software SAS 
[21] was used with the significance level set at P 
< .05. Least square means (LSM) ± standard 
error of the mean (SEM) were used to analyze 
the differences within each data block. 
 

3. RESULTS AND DISCUSSION 
 

No differences between treatments (P > .1) were 
found in the productive variables (Table 3). It has 
been observed that ALA administration in healthy 
and obese diabetic rats reduces body weight 
[6,22,23]; however, it has also been reported that 
ALA does not affect body weight in rats [24]. In 
broiler chickens, the addition of 40 ppm ALA to 
the diet improved the final body weight and the 
food conversion in a seven-week trial [9], which 
was not observed in this experiment. Our results 
suggest that in female gamecocks, ALA 
administration should be for a longer period (> 9 
weeks) to observe effects on weight gain. Díaz-
Cruz et al. [9] observed that treatment with ALA 
in broiler chickens had an increase of 124 g gain 
relative to the control animals (P < .05) from the 
third up to the seventh week of the production 
period. 
 

The carcass yield was improved with ALA (65% 
vs. 69%; P < .05; Table 4). In mice, treatment 
with ALA causes carcass weight and body fat 
loss due to a reduction in food intake and an 
increase in fatty acid oxidation, respectively [6]. 
Kim et al. [25] observed that ALA decreased the 
activity of AMP-activated protein kinase (AMPK) 
in the hypothalamus of obese rodents, causing 
weight loss as a consequence of the decrease in 
food intake and the increase in energy 
expenditure. These reports are contrary to what 
was observed in this work, in which no 
differences in the breast, leg with thigh, or wing 
yields concerning the carcass yield were 
observed between treatments (P > .1). Even 
when the carcass yield of the treated birds was 
greater (P < .05), no increase in their muscle 
mass (breast, leg with thigh, and wing) was 
observed. This difference could be represented 
in strength for the fight as a result of the ability of 
ALA to improve insulin sensitivity in skeletal 
muscle [26]. 
 

In the liver, no differences between control and 
treated birds (P > 0.1) were observed. Cremer et 
al. [27] observed that the livers of female rats 
treated with 180 mg ALA kg-1 body weight during 
24 months showed a decrease in their weights 
as compared to those of the controls. 
Furthermore, Ide et al. [28] showed that ALA 
reduces fatty acid synthesis in the liver. Those 
results are different from our work; however, the 
administration of ALA was for a shorter time 22 
days (vs. 9 weeks in this work) and ALA 
concentrations administered were between 2 and 
20 times higher than the used in the present 
report. 
 

The hearts of the treated birds were bigger than 
those of the control animals (P < .05; Table 4). 
Valdecantos et al. [29] observed a decrease in 
the absolute weight of the hearts from male rats 
treated with ALA in a dose approximately 200 
times higher than the one received by the fighting 
chicks used in this experiment. 
 

In humans, it is known that several hereditary or 
familial factors are affecting the size of the heart 
[30]. In animals, for example, racehorses, heart 
hypertrophy due to hereditary factors and the 
normal physiological maturity is unclear 
compared with the one caused by exercise; 
however, Sleeper et al. [31], found that heart 
size, determined by echocardiographic 
measurements, in Arabian endurance horses is 
related with performance in elite vs. non-elite 
animals, which is similar to the findings for 
English thoroughbred horses. 
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Table 1. Diets 
 

Type of 
feed 

Age, 
weeks 

Feed 
(Purina™) 

Moisture, 
% (Max) 

Protein, % 
(Min) 

Fat, % 
(Min) 

Fiber, % 
(Max) 

Nitrogen free 
extract, % 

Ash, % 
(Max) 

Ca, % 
(Min) 

P, % 
(Min) 

Starter 4-8 Startina Plus  12 28 2 8 42 8 0.9 0.6 
Grower 8-end Iniciarina 

gold 
12 21 2 9 46 10 0.0 0.5 

 
Table 2. Primers used for the amplification of specific DNA sequences by qPCR 

 
Gene Reference sequence (accession 

number) 
Primer position 
(5’ → 3’) 

Fragment size Annealing 
temperature (°C) 

Chicken 
NRF1 

NM_001030646.1 
Gallus gallus nuclear respiratory factor 1 
(NRF1), mRNA 
 

Forward: 
TCTACGCATTTGAGGATCAGC 
Reverse: 
GCCACTGCAGAATAATTGACT 

220 bp 60 

Chicken 
NRF2 

NM_001007858.1 
Gallus gallus GA binding protein 
transcription factor alpha subunit 
(NRF2), mRNA 
 

Forward: 
TGCACATTATTCCAGCATCCG 
Reverse: 
GAAATACAGTCCCGAGCGTCT 

190 bp 60 

Chicken 
PGC1  

XM_040699025.1 
Gallus gallus PPARG coactivator 1 
alpha (PGC1A), mRNA 
 

Forward: 
ATCCAGATCACCGTACAGTCG 
Reverse: 
TCCCTCAGATCTTTTCGGGTT 

216 bp 60 

Chicken ND1 AB753756.1 
Gallus gallus mitochondrial NADH 
dehydrogenase subunit 1 (ND1) 
 

Forward: 
ATTTCTCCTAGCCATATCAAGC 
Reverse: 
TTAAGGTGTAATTGCCGCTCA 

180 bp 60 

Chicken 
Sirtuin 1 
(SIRT1) 

NM_001004767.1 
Gallus gallus sirtuin 1 (SIRT1), mRNA 
 

Forward: 
TGCTCCCAGAAACGATCCCT 
Reverse: 
CCGGCTCCTGTCAAGACCA 

175 bp 60 

Chicken 
PPIA 

NM_001166326.1 
Gallus gallus peptidylprolyl  

Forward: 
AGCACTGGGGAGAAAGGATT 

248 bp 60 
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Gene Reference sequence (accession 
number) 

Primer position 
(5’ → 3’) 

Fragment size Annealing 
temperature (°C) 

isomerase A (PPIA), mRNA 
 

Reverse: 
AGCCACTCAGTCTTGGCAGT 

 
Chicken 
RPLP0 

 
NM_204987.1 
Gallus gallus  ribosomal protein, large, 
P0 (RPLP0), mRNA 
 

 
Forward: 
AGACTGGAGACAAGGTGGGA 
Reverse: 
ACACCCTCCAGAAAGCGAGA 

 
172 bp 

 
60 

 
Table 3. Effect of the addition of ALA to the diet on productive variables (body weight, daily weight gain, accumulated food intake, and food 

conversion) in female fighting cocks 
 

Treatment BWi  
(g) 

BWf  
(g) 

DWG  
(g d

-1
) 

AFI  
(kg) 

FC 

�� SEM �� SEM �� SEM �� SEM �� SEM 
Control 284.1 7.2 1043.1 17.2 12.0 10.6 149.4 4.2 3.8 0.7 
ALA 287.5 5.5 1021.5 14.0 11.7 9.5 146.7 4.4 4.1 0.5 

ALA= alpha-lipoic acid; BWi= initial body weight; BWf= final body weight; DWG= daily weight gain; AFI= accumulated food intake; FC= food conversion; �̅/LSM= mean 
value/least square mean; SEM= standard error of the mean. P > 0.1, n = 3 

 
Table 4. Effect of the addition of ALA to the diet on carcass weight and breast, leg-thigh, wing, liver, and heart yields 

 
Treatment Carcass weight  

(g) 
Carcass yield  
(%) 

†
 

Breast (%) Leg-thigh (%) Wing (%) Liver  
(%) 

Heart  
(%) 

�� SEM �� SEM �� SEM �� SEM �� SEM �� SEM �� SEM 
Control 673.2 14.9 65

a
 2.2 30.7 2.7 13.5 2.7 6.5 3.2 3.2 0.3 0.67

a
 0.002 

ALA 694.2 14.9 69b 2.1 29.9 2.7 13.3 2.7 6.3 3.3 3.2 0.3 0.71b 0.002 
†
 The values for breast, leg-thigh, wing, liver, and heart are express relative to the carcass, as %. Different letters within columns indicate statistical differences (P < .05, n = 3). 

�̅= mean; SEM= standard error of the mean 



In this work, the increase in heart weight of the 
treated birds could indicate an added effect of 
ALA and the cardiac capacity of these birds, 
since it is likely that they were selected in great 
part due to their musculoskeletal capacity [32]. 
In the Thoroughbred industry, it has long been 
believed that large hearts were ass
racing success [33]. Recent data have 
demonstrated a significant linear relationship 
between British Horseracing Board Official rating 
or Timeform rating and heart size measured by 
echocardiography in 200 horses engag
National Hunt racing (30,33). If VO
heart size are the more important predictors of 
performance for equine athletes, the effect of 
ALA on heart size observed in this experiment 
could be beneficial for gamecocks 
 

The total antioxidant capacity in serum of the 
treated birds was higher than in control birds (
.014; Table 5). Chen et al. [34] observed an 
increase in the activity of superoxide dismutase 
(SOD) and glutathione peroxidase (GPx) in 
serum, liver, and breast muscle of broilers 
treated with ALA but no increase in the total 
antioxidant capacity. Jia et al. [35], on the 
contrary, observed a dose-dependent increase of 
the total antioxidant capacity in the serum of 
broilers treated with ALA. In raceh
administration of ALA in doses from 2 to 10 g d
decreases oxidative stress produced during 
training and intense exercise [36,37]. Therefore, 
it is possible to deduce that ALA in fighting cocks 
could improve their response capacity to the 
oxidative stress induced by their physical activity 
during training or a fight. 

Fig. 1. Effect of ALA on the relative expression of NRF1 and SIRT1 in heart of female fighting 
cocks. Different literals re
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, the increase in heart weight of the 
treated birds could indicate an added effect of 
ALA and the cardiac capacity of these birds, 
since it is likely that they were selected in great 
part due to their musculoskeletal capacity [32].  

ustry, it has long been 
believed that large hearts were associated with 

. Recent data have 
demonstrated a significant linear relationship 
between British Horseracing Board Official rating 
or Timeform rating and heart size measured by 

ocardiography in 200 horses engaged in 
VO2, max, and 

heart size are the more important predictors of 
performance for equine athletes, the effect of 
ALA on heart size observed in this experiment 

The total antioxidant capacity in serum of the 
treated birds was higher than in control birds (P = 
.014; Table 5). Chen et al. [34] observed an 
increase in the activity of superoxide dismutase 
(SOD) and glutathione peroxidase (GPx) in 

er, and breast muscle of broilers 
treated with ALA but no increase in the total 
antioxidant capacity. Jia et al. [35], on the 

dependent increase of 
the total antioxidant capacity in the serum of 
broilers treated with ALA. In racehorses, 
administration of ALA in doses from 2 to 10 g d

-1
 

decreases oxidative stress produced during 
37]. Therefore, 

it is possible to deduce that ALA in fighting cocks 
could improve their response capacity to the 

stress induced by their physical activity 

Table 5. Effect of the addition of ALA to the 
diet on the antioxidant capacity in serum 

(obtained) from female fighting cocks (after 
sacrifice) 

 
Treatment                               

Trolox units 
LSM 

† 

Control 554.6 a 
ALA 599.7 b 

†
 Different letters within columns indicate statistical 

differences (P = .014, n = 3). �̅/LSM= mean value/least 
square mean; SEM= standard error of the mean

 
Fig. 1 shows that ALA treatment increased the 
expression of the mRNA for NRF1, NRF2, 
SIRT1, PGC-1α, and ND1 (P < .05); these genes 
participate in mitochondrial biogenesis. This is a 
complex process that requires the coordinate 
expression and assembly of several proteins 
coded by both the nuclear and mitochondrial 
genomes [38]. Pershadsingh et al. [39] 
demonstrated that ALA is a peroxisome 
proliferator-activated receptor γ and α (PPARγ 
and PPARα) agonist and their coactivator PGC
1α can activate SIRT1, regulating mitochondrial 
biogenesis [40]. This family of coactivators plays 
an important role in this process through 
interactions with transcription factors, such as 
NRF1, which controls the transcription of both 
the nuclear and mitochondrial genomes and 
directly activates the mitochondrial transcription 
factor A (TFAM), a basic component of the 
mitochondrial transcription machinery [38].
 
 

 

 

Effect of ALA on the relative expression of NRF1 and SIRT1 in heart of female fighting 
cocks. Different literals represent statistical differences 

*P < .05; n =6 
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Table 5. Effect of the addition of ALA to the 
diet on the antioxidant capacity in serum 

(obtained) from female fighting cocks (after 

                                    

SEM 
12.75 
12.75 

Different letters within columns indicate statistical 
/LSM= mean value/least 

square mean; SEM= standard error of the mean 

treatment increased the 
expression of the mRNA for NRF1, NRF2, 

< .05); these genes 
participate in mitochondrial biogenesis. This is a 
complex process that requires the coordinate 
expression and assembly of several proteins 

y both the nuclear and mitochondrial 
genomes [38]. Pershadsingh et al. [39] 
demonstrated that ALA is a peroxisome 

activated receptor γ and α (PPARγ 
and PPARα) agonist and their coactivator PGC-
1α can activate SIRT1, regulating mitochondrial 

ogenesis [40]. This family of coactivators plays 
an important role in this process through 
interactions with transcription factors, such as 
NRF1, which controls the transcription of both 
the nuclear and mitochondrial genomes and 

chondrial transcription 
factor A (TFAM), a basic component of the 
mitochondrial transcription machinery [38]. 

 

Effect of ALA on the relative expression of NRF1 and SIRT1 in heart of female fighting 
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Training is important in elite sports and during 
physical activities and the wide variety of 
responses observed is dependent on the 
individual's genotype [41]. Based on the results 
obtained in this work, it can be concluded that 
the addition of 40 ppm ALA to the diet of fighting 
cocks increases the size and the mitochondrial 
biogenesis of their hearts, improving their 
physical and metabolic responses for the 
purpose these animals are being produced for. 
 

4. CONCLUSION 
 

Alpha-lipoic acid improved the weight of the heart 
concerning the carcass, which could represent 
an advantage in fighting cocks because of a 
possible greater cardiovascular capacity. The 
expression of both genes evaluated was 
increased, indicating an increase in mitochondrial 
biogenesis in the heart. ALA also improved the 
total antioxidant capacity, which could enhance 
their oxidative stress response. More research 
on the effects of ALA at the cellular and 
molecular levels is still necessary, mainly in the 
liver, skeletal muscle, and heart, as well as in 
male fighting cocks. 
 

ETHICAL APPROVAL  
 

Animal Ethic committee approval has been taken 
to carry out this study. 
 

ACKNOWLEDGEMENTS 
 

We thank José Martín García Servín, DVM, 
responsible for the animal facility at the 
Neurobiology Institute of the UNAM, Juriquilla 
Campus, Querétaro, for the facilities provided 
during the sacrifice; Héctor Ramos Flores, DVM, 
owner of the “Melchor Ocampo” farm for the 
donation of the animals used for this experiment; 
and grant IT201912 from the PAPIIT UNAM.  
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Liu YP, Zhu Q, Yao YG. Genetic 
relationship of Chinese and Japanese 
gamecocks revealed by mtDNA sequence 
variation. Biochem. Genet. 2006;44(1-
2):19-29.  
Available:https://doi.org/10.1007/s10528-
006-9012-7 

2. Komiyama T, Ikeo K, Gojobori T. Where is 
the origin of the Japanese gamecocks? 
Gene. 2003;317(1-2):195-202. 

Available:https://doi.org/10.1016/S0378-
1119(03)00703-0 

3. Shimada A. Nutrición Animal. Trillas. 
México, DF; 2015. 

4. Deng CZ, Sun G, Tong W, Yi L, Ma B, 
Zhao L, et al. α-lipoic acid reduces infarct 
size and preserves cardiac function in rat 
myocardial ischemia/reperfusion injury 
through activation of PI3K/Akt/Nrf2 
pathway. PLoS One. 2013;8(3):e58371.  
Available:https://doi.org/10.1371/journal.po
ne.0058371 

5. Nesbitt NM, Cicchillo, RM, Lee KH, Grove 
TL, Booker SJ. Lipoic acid biosynthesis. In: 
Patel MS, Packer L. (Eds). Lipoic Acid: 
Energy Production, Antioxidant Activity, 
and Health Effects. CRC Press. Taylor & 
Francis Group. Florida, USA; 2008. 

6. Shen QW, Jones CS, Kalchayanand N, 
Zhu MJ, Du M. Effect of dietary alpha-lipoic 
acid on growth, body composition, muscle 
pH, and AMP-activated protein kinase 
phosphorylation in mice. J. Anim. Sci. 
2005;83(11):2611-2617.  
Available:https://doi.org/10.2527/2005.831
12611x 

7. Wang Y, Li X, Guo Y, Chan L, Guan X. 
Alpha-lipoic acid increases energy 
expenditure by enhancing AMPK-PGC-1α 
signaling in the skeletal muscle of aged 
mice. Metabolism 2010;59(7):967-976.  
Available:https://doi.org/10.1016/j.metabol.
2009.10.018 

8. Berg E, Maddock K, Linville M. Creatine 
monohydrate supplemented in swine 
finishing diets and fresh pork quality: III. 
Evaluating the cumulative effect of creatine 
monohydrate and alpha-lipoic acid. J. 
Anim. Sci. 2003;81(10):2469-2474.  
Available:https://doi.org/10.2527/2003.811
02469x 

9. Díaz-Cruz A, Serret M, Ramírez G, Ávila 
E, Guinzberg R, Piña E. Prophylactic 
action of lipoic acid on oxidative stress and 
growth performance in broilers at risk of 
developing ascites syndrome. Avian 
Pathol. 2003;32(6):645-653.  
Available:https://doi.org/10.1080/03079450
310001610668 

10. Hamano Y. Effects of dietary lipoic acid on 
plasma lipid, in vivo insulin sensitivity, 
metabolic response to corticosterone, and 
in vitro lipolysis in broiler chickens. Br. J. 
Nutr. 2006;95(6):1094-1101.  
Available:https://doi.org/10.1079/bjn20061
766 



 
 
 
 

Preza-Montiel et al.; AJRAVS, 8(3): 20-29, 2021; Article no.AJRAVS.69361 
 
 

 
28 

 

11. Arshad MS, Anjum FM, Asghar A, Khan 
MI, Yasin M, Shahid M, et al. Lipid stability 
and antioxidant profile of microsomal 
fraction of broiler meat enriched with α-
lipoic acid and α-tocopherol acetate. J. 
Agric. Food Chem. 2011;59(13):7346-
7352. 
Available:https://doi.org/10.1021/jg200239
3 

12. Halici M, Imik H, Koç H, Gümüş R. Effects 
of -lipoic acid, vitamins E and C upon the 
heat stress in Japanese quails. J. Anim. 
Physiol. Anim. Nutr. 2012;96(3):408-415. 
Available:https://doi.org/10.11117j.1439-
0396.2011.01156.x 

13. Abadi A, Crane JD, Ogborn D, Hettinga B, 
Akhtar M, Stokl A, et al. Supplementation 
with α-lipoic acid, CoQ10, and vitamin E 
augments running performance and 
mitochondrial function in female mice. 
PLoS One 2013;8(4):e60722.  
Available:https://doi.org/10.1371/journal.po
ne.0060722 

14. Vasdev S, Gill V, Longerich L, Parai S, 
Gadag V. Salt-induced hypertension in 
WKY rats: prevention by alpha-lipoic acid 
supplementation. Mol. Cell Biochem. 
2003;254(1-2):319–326. 
Available:https://doi.org/10.1023/a:102735
4005498 

15. Vasdev S, Gill V, Parai S, Gadag V. 
Dietary lipoic acid supplementation 
attenuates hypertension in Dahl salt-
sensitive rats. Mol. Cell Biochem. 
2005;275(1-2):135–141. 
Available:https://doi.org/10.1007/s11010-
005-1095-7 

16. Wen H, Liang ZS, Zhang R, Yang K. Anti-
inflammatory effects of triptolide improve 
left ventricular function in a rat model of 
diabetic cardiomyopathy. Cardiovasc. 
Diabetol. 2013;12:50.  
Available:https://doi.org/10.1186/1475-
2840.12.50 

17. Pees M, Krautwald-Junghanns ME. 
Cardiovascular Physiology and Diseases 
of Pet Birds. Vet. Clin. North Am. Exot. 
Anim. Pract. 2009;12(1):81-97.  
Available:https://doi.org/10.1016/j.cvex.200
8.08.003 

18. Vandesompele J, De Preter K, Pattyn F, 
Poppe B, Van Roy N, De Paepe A, et al. 
Accurate normalization of real-time 
quantitative RT-PCR data by geometric 
averaging of multiple internal control 
genes. Genome Biol. 
2002;3:RESEARCH0034.1-0034.1.  

Available:https://doi.org/10.1186/gb-2002-
3-7-research0034 

19. Livak KJ, Schmittgen TD. Analysis of 
relative gene expression data using real-
time quantitative PCR and the 2(-Delta 
Delta C(T)) method. Methods. 
2001;25(4):402-408. 
Available:https://doi.org/10.1006/meth.200
1.1262 

20. Schmittgen TD, Livak KJ. Analyzing real-
time PCR data by the comparative CT 
method. Nat. Protoc. 2008;3(6):1101-1108.  
Available:https://doi.org/10.1038/nprot.200
8.73 

21. SAS Institute, Inc. SAS Online Doc. 9.1.3. 
SAS Institute, Inc. Cary, NC, USA. 2008.  

22. Lee WJ, Song KH, Koh EH, Won JC, Kim 
HS, Park HS, et al. α-lipoic acid increases 
insulin sensitivity by activating AMPK in 
skeletal muscle. Biochem. Biophys. Res. 
Commun. 2005;332(3):885–891.  
Available:https://doi.org/10.1016/j.bbrc.200
5.05.035 

23. Lee Y, Naseem RH, Park BH, Garry DJ, 
Richardson JA, Schaffer JE, et al. α-lipoic 
acid prevents lipotoxic cardiomyopathy in 
acyl Co A-synthase transgenic mice. 
Biochem. Biophys. Res. Commun. 
2006;344(1):446-472.  
Available:https://doi.org/10.1016/j.bbrc.200
6.03.062 

24. Midaoui AE, Elimadi A, Wu L, Haddad PS, 
de Champlain J. Lipoic acid prevents 
hypertension, hyperglycemia, and the 
increase in heart mitochondrial superoxide 
production. Am. J. Hypertens. 
2003;16(3):173–179.  
Available:https://doi.org/10.1016/s0895-
7061(02)03253-3 

25. Kim MS, Park JY, Namkoong C, Jang PG, 
Ryu JW, Song HS, et al. Anti-obesity 
effects of α-lipoic acid mediated by 
suppression of hypothalamic AMP-
activated protein kinase. Nat. Med. 
2004;10:727-733.  
Available:https://doi.org/10.1038/nm1061 

26. Saengsirisuwan V, Kinnick TR, Schmit MB, 
Henriksen EJ. Interactions of exercise 
training and lipoic acid on skeletal muscle 
glucose transport in obese Zucker rats. J. 
Appl. Physiol. 2001;91(1):145-153.  
Available:https://doi.org/10.1152/jappl.200
1.91.1.145 

27. Cremer DR, Rabeler R, Roberts A, Lynch 
B. Long-term safety of alpha-lipoic acid 
(ALA) consumption: A 2-year study. Regul. 
Toxicol. Pharmacol. 2006;46(3):193-201. 



 
 
 
 

Preza-Montiel et al.; AJRAVS, 8(3): 20-29, 2021; Article no.AJRAVS.69361 
 
 

 
29 

 

Available:https://doi.org710.1016/j.yrtph.20
06.06.003 

28. Ide T, Azechi A, Kitade S, Kunimatsu Y, 
Suzuki N, Nakajima C. Combined effect of 
sesamin and α-lipoic acid on hepatic fatty 
acid metabolism in rats. Eur. J. Nutr. 
2013;52(3):1015-1027. 
Available:https://doi.org/10.1007/s00394-
012-0408-3 

29. Valdecantos MP, Pérez-Matute P, 
González-Muniesa P, Prieto-Hontoria PL, 
Moreno-Aliaga MJ, Martínez JA. Lipoic 
acid administration prevents nonalcoholic 
steatosis linked to long-term high-fat 
feeding by modulating mitochondrial 
function. J. Nutr. Biochem. 
2012;23(12):1676-84. 
Available:https://doi.org/10.1016/j.jnutbio.2
011.11.011 

30. Wolfe LA, Cunningham DA, Boughner DR. 
Physical conditioning effects on cardiac 
dimensions: a review of echocardiographic 
studies. Can. J. Appl. Sport Sci. 1986;11: 
66–79. 

31. Sleeper MM, Durando MM, Holbrook TC, 
Payton ME, Birks EK. Comparison of 
echocardiographic measurements in elite 
and nonelite Arabian endurance horses. 
Am. J. Vet. Res. 2014;75(10):893-898.  
Available:https://doi.org/10.2460/ajvr.75.10
.893 

32. Talavera RM. El Gallo de Pelea, Atención 
Quirúrgica Poscombate. Trillas. México, 
DF. 2014. 

33. Young LE. Equine athletes, the equine 
athlete's heart, and racing success. Exp. 
Physiol. 2003;88(5):659–663.  
Available:https://doi.org/10.1113/eph88026
15 

34. Chen P, Ma QG, Cheng J, Zhang JY, Zhao 
LH, Zhang Y, et al. Dietary lipoic acid 
influences the antioxidant capability and 
oxidative status of broilers. Int. J. Mol. Sci. 
2011;12(12):8476–8488. 
Available:https://doi.org/10.3390/ijms12128
476 

35. Jia R, Bao YH, Zhang Z, Ji C, Zhao LH, 
Zhang JY, et al. Effects of dietary α-lipoic 
acid, acetyl-l-carnitine, and sex on 
antioxidative ability, energy, and lipid 

metabolism in broilers. Poult. Sci. 
2014;93(11):2809-2817.  

Available:https://doi.org/10.3382/ps.2014-
03921 

36. Williams CA, Hoffman RM, Kronfeld DS, 
Hess TM, Saker KE, Harris PA. Lipoic acid 
as an antioxidant in mature thoroughbred 
geldings: a preliminary study. J. Nutr. 
2002;132(6 Suppl 2):1628S–1631S.  

Available:https://doi.org/10.1093/jn/132.6.1
628S 

37. Williams CA. Antioxidant supplementation 
to the exercising horse. R. Bras. Zootec. 
2010;39:145-150.  

Available:https://doi.org/10.1590/S1516-
35982010001300017 

38. Fernández-Galilea M, Pérez-Matute P, 
Prieto-Hontoria PL, Houssier M, Burrell 
MA, Langin D, et al. α-lipoic acid treatment 
increases mitochondrial biogenesis and 
promotes beige adipose features in 
subcutaneous adipocytes from 
overweight/obese subjects. Biochim. 
Biophys. Acta. 2015;1851(3):273-281.  

Available:https://doi.org/10.1016/j.bbalip.2
014.12.013 

39. Pershadsingh HA, Ho CI, Rajamani J, Lee 
C, Chittiboyina AG, Deshpande R, et al. 
Alpha lipoic acid is a weak dual PPAR/ 
agonist: an ester derivative with increased 
PPAR/ efficacy and antioxidant activity. 
J. Appl. Res. 2005:5(4):510-523. 

40. Flachs P, Horakova O, Brauner P, 
Rossmeisl M, Pecina P, Franssen-van Hal 
N, et al. Polyunsaturated fatty acids of 
marine origin upregulate mitochondrial 
biogenesis and induce beta-oxidation in 
white fat. Diabetologia. 2005;48(11):2365–
2375. 

Available:https://doi.org/10.1007/s00125-
005-1944-7 

41. Marton O, Koltai E, Takeda M, Koch LG, 
Britton SL, Davies KJ, et al. Mitochondrial 
biogenesis-associated factors underlie the 
magnitude of response to aerobic 
endurance training in rats. Pflugers Arch. 
2015;467(4):779-788.  

Available:https://doi.org/10.1007/s00424-
014-1554-7 

_________________________________________________________________________________ 
© 2021 Preza-Montiel et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/69361 


