
1425

EffEct of missEnsE mutation of lEptin gEnE on sErum lEptin 
concEntration and somE blood mEtabolic paramEtErs in 
czEch piEd bulls
A. PAvlik1*, P. SlAmA, A. kNOll1, A. DUFEk2, k. kimURA3 and J. SUBRT4

1 Department of Animal Morphology, Physiology and Genetics, Mendel University in Brno, Czech Republic
2 Research Institute for Cattle Breeding, Ltd, Rapotin, Czech Republic
3 Department of Biomedical Sciences, Hokkaido University, Japan
4 Department of Animal Breeding, Mendel University in Brno, Czech Republic

abstract

PAvlik, A., P. SlAmA, A. kNOll, A. DUFEk, k. kimURA and J. SUBRT, 2013. Effect of missense mutation 
of leptin gene on serum leptin concentration and some blood metabolic parameters in Czech Pied bulls. Bulg. J. 
Agric. Sci., 19: 1425-1430

The aim of present study was to examine the effect of leptin gene single nucleotide polymorphism (C/T) giving missense 
mutation (Arg25Cys) on concentration of some serum metabolic parameters in 58 Czech Pied bulls. Resulting genotypes in 
the exon 2 were CC (48.3%), CT (36.2%), and TT (15.5%). There were no differences in serum leptin, thyroxin (T4), triiodothy-
ronin (T3), glucose, triacylglycerols and non-esterified fatty acid concentrations among the genotypes. However, concentration 
of serum insulin in bulls with TT genotype was significantly higher than those of TC and CC genotypes. Since it is shown that 
the T allele is associated with the trait of higher fat contents, higher insulin concentration in TT genotype might contribute to 
accumulation of triacylglycerols in the adipose tissue.
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introduction

leptin, a 167-amino acid hormone, is primarily secreted 
by white adipose tissue (Williams et al., 2002). Since its dis-
covery in 1994 (Zhang et al., 1994), leptin has been implicated 
in several system such as regulation of energy, metabolism, 
and reproduction through endocrine, paracrine, and autocrine 
mechanisms (Williams et al., 2002). leptin is sensitive to di-
etary manipulation and appears to play an important role in 
transmitting the status of energy reserves to the central ner-
vous system to regulate feed intake and reproductive func-
tion in ruminants (Zieba et al., 2005). intramuscular fat con-
tent, also known as marbling of meat, represents a valuable 
beef quality trait. leptin is synthesized and released into the 
bloodstream in direct proportion to the amount of body fat, re-
flecting primarily the triacylglycerols content of lipid depots, 
but also functioning as a sensor of energy balance (Chilliard 
et al., 2005). The systemic leptin levels are strongly associ-
ated with mRNA levels in subcutaneous adipose tissue and 

cellularity [Delavaud et al. (2002)]. The leptin gene has been 
mapped to bovine chromosome 4 (Stone et al., 1996). Signle  
nucleotide polymorphisms (SNP) in the leptin gene have been 
associated with serum leptin concentration, feed intake, milk 
yield (liefers et al., 2002) and body fatness (Buchanan et al., 
2002; Nkrumah et al., 2004). Animals with TT genotype of a 
cytosine/thymine (C/T) substitution detected at position 528 
in the bovine leptin promoter region (GenBank accession no 
AB070368) showed 13% and 9% increase in marbling score 
compared with CC and CT genotypes, respectively (Nkru-
mah et al., 2005). Some studies have reported the usefulness 
of using a single SNP in the leptin gene for sorting feedlot 
cattle (Engleret al. 2009). There is a clear correlation among 
leptin, iGF-i, insulin and BCS (león et al., 2004), but the met-
abolic activity of adipocytes in bovines is under the influence 
of several factors, e.g. breed (Hood, 1982). Some authors sup-
pose, that changes in leptin and other metabolic hormones are 
depend on the animals fattening capacity and level of adipos-
ity in some breeds (Ren et al., 2002; marino et al., 2009)



A. Pavlik, P. Slama, A. Knoll, A. Dufek, K. Kimura and J. Subrt1426

The aim of present study was to test hypothesis that there 
is existan effect of leptin gene single nucleotide polymor-
phism on serum leptin and other metabolites concentration 
in Czech Pied bulls.

materials and methods

animals and breeding conditions
The experiment were performed in 58 Czech Pied bulls 

at 240 ± 9 days of age, Which were divided in three experi-
mental groups depending on different leptin genotypes (CC, 
n=28; TC, n=21; TT, n=9). There were no differences in age 
and body weight among the groups. The feeding ration was 
based on corn silage. Components and the content of stan-
dard nutrients in the feeding ration are presented in Table 1.

leptin genotypes analysis
Blood samples (2 ml) were collected into tubes with EDTA 

stored at -20 °C. Genomic DNA was isolated from the sam-
ples using the QiAamp DNA Blood mini kit (Qiagen inc., 
Valencia, CA, USA). The quality of DNA was verified by 
1% agarose gel electrophoresis and sequential visualization 
with ethidium bromide. Genotypes were determined based 
on molecular genetic analysis of single-nucleotide polymor-
phism (SNP) in the exon 2 of the bovine leptin gene (transi-
tion C → T) (Buchanan et al., 2002). For testing, we used 
our own methodology. PCR primers were designed based 
on the nucleotide sequence of bovine leptin gene (GenBank 
U50365) (FW:5’TCGTTGTTATCCGCATCTGA3’, REv: 

5’TACCGTGTGTGAGATGTCATTG 3’). PCR was per-
formed in 12.5 µl volumes containing 25 ng of bovine ge-
nomic DNA, 1x HotStarTaq Master Mix (Qiagen) and 0.2 μM 
of each forward and reverse primer. A PCR thermal profile 
consisted of pre-denaturation at 95°C for 2 min; followed by 
30 cycles of denaturation at 95°C for 30 s, annealing at 56°C 
for30 s, elongation at 72°C for 30 s; and final extension at 
72°C for 7 min. The PCR products of 278 bp in size were 
separated on 3% agarose gel and sequenced using the ABi 
PRiSm 3100-Avant Genetic Analyzer. The polymorphic lo-
cus (C/T) is located at position 204 base of the fragment.
collection of blood samples

Blood for hormone and metabolite analyses was collect-
ed randomly from vena jugularis externa of bulls in three 
groups between 8.00 and 9.30 a.m., and sampled into the test 
tube with silicon gel separator and coagulation accelerator 
(Dispolab, Czech Republic). Serum was separated by centrif-
ugation with 2 000 x g for 10 min at 4°C, and was stored at 
-20oC until analyzed.
hormones and metabolite analyses

The triiodothyronine (T3) and thyroxine (T4) levels were 
determined using an immUliTE automatic analyser (Sie-
mens HealthcareDiagnostics, USA) and currently available 
commercial kits (Siemens s.r.o., Czech Republic).

leptin concentration was analysed by EliSA (Bovine 
leptin E90084Bo kit, USCN life Science, China). insulin 
concentration was analysed by Bovine insulin EliSA 10-
1201-01 kit (mercodia, Sweden).

Triacylglycerols (TAG), glucoseand non-esterified fatty 
acids (NEFA) serum concentration were analysed on konelab 
T20xt automatic analyser (Thermo Fisher Scientific, Finland) 
using currently available commercial kits (Biovendor-labo-
ratornimedicina, Czech Republic). 
statistical evaluation

Changes in serum hormones and metabolites were ana-
lyzed by one-way ANOvA for factors leptin genotype. ANO-
vA was followed by post-hoc Fischer lSD test. Correlations 
between leptin, hormones and blood metabolites were evalu-
ated by means of the correlation coefficient at the level of 
probability (P<0.05). All statistical analyses were performed 
by Statistica 8.0 statistical software (StatSoft inc., Tulsa, 
USA).Data represent mean ± SE. The overall level of statisti-
cal significance was defined as p< 0.05.

results

Genotypes were determined based on the sequence of the 
leptin gene in 58 Czech Pied bulls, and resulting genotypes 
were CC (48.3%), CT (36.2%), and TT (15.5%).  No obvious 

table 1
components and nutrients composition of the diets
Component/nutrient Unit value
Corn silage
Clover haylage
CCm
Hay
Straw
Wheat meal
maize meal
Rapeseed meal
limestone powder
Feed salt
mineral-vitamin feedstuffs for 
cattle (vvS, CzechRepublic)

Crudeprotein
Crudefiber
Net energy
PDiE
PDiN

kg.day-1

kg.day-1

kg.day-1

kg.day-1

kg.day-1

kg.day-1

kg.day-1

kg.day-1

kg.day-1

kg.day-1

kg.day-1

g.kg-1

g.kg-1

mJ.kg-1

g.kg-1

g.kg-1

15
5

1.5
0.5
0.5
1.7
0.6
0.5
0.08
0.05
0.18

125.5
173.6
6.1

80.6
82.3
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difference was found in serum leptin concentrations among 
the genotypes, but the highest concentration of serum leptin 
was recorded in TT genotype (7.27 ± 1.892 ng.ml-1) (Figure 
1). When lipogenesis-related serum parameters were exam-
ined, serum insulin concentration in bulls of TT genotype 
(1.042 ± 0.231ng.ml-1) was significantly higher than those of 
CC (0.544 ± 0.084 ng.ml-1) and CT genotypes (0.365± 0.045 

ng.ml-1) (Figure 2). There was also some tendency to decrease 
in serum triacylglycerols concentration in TT genotype, while 
there were no differences in glucose concentration among the 
genotypes (Figure 3). On the other hand, when lipolysis-relat-
ed serum parameters were examined, there were no apparent 
changes in serum T3, T4, glucose and NEFA concentrations 
among the genotypes (Figures  3, 4, 6 and 7).Contrariwise, 
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fig. 1. serum leptin concentration of 240 days old bulls 
divided into 3 groups depending on leptin genotype
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fig. 2. serum insulin concentration of 240 days old bulls di- 
vided into 3 groups depending on leptin genotype (*P<0.05)
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fig. 3. serum t3 concentration of 240 days old bulls 
divided into 3 groups depending on leptin genotype
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fig. 4. serum t4 concentration of 240 days old bulls 
divided into 3 groups depending on leptin genotype
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fig. 5. serum tag concentration of 240 days old bulls 
divided into 3 groups depending on leptin genotype
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fig. 6. serum nEfa concentration of 240 days old bulls 
divided into 3 groups depending on leptin genotype
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serum TAG was found as highest in bulls group TC (0.244 
mmol.l-1) as shows Figure 5. 

discussion

The mean value of plasma leptin from the present research 
(ranged between 5.21 and 7.27 ng.ml-1) was greater than lep-
tin concentration reported by Daix et al. (2008) in a different 
beef cattle breed, whereas it was comparable with values re-
ported by Yamada et al. (2003). With regard to the other me-
tabolite hormones, the plasma concentration of insulin was in 
agreement with those measured by Hornick et al. (1998) and 
results of plasma concentration in T3 and T4 were similar to 
those founded by Pagano-Toscano et al. (1993) and Pavlik et 
al. (2009, 2010). 

Several experiments have indicated that plasma leptin con-
centrations are correlated with fat thickness in cattle (Geary 
et al., 2003). in relation to the physiological mechanism of 
leptin, it has been documented that leptin may regulate li-
polysis by controlling both the levels of HSL mRNA (Sarm-
iento et al., 1997) and cellular cAMP concentration (Holm et 
al., 2000). Studies in vitro (Fruhbeck et al., 1997) and in vivo 
(Siegrist-kaiser et al., 1997) have demonstrated that leptin in-
creased lipolytic rates of the adipocytes. Also Chilliard et al. 
(2005) have shown, through effects on either the central ner-
vous system or endocrine glands, that leptin decreases insulin 
and stimulates growth hormone, catecholamines and thyroid 
hormone secretions, thus increasing adipose tissue lipolysis. 
Simultaneously, in several studies (Buchanan et al., 2002, 
liefers et al., 2002) the T allele was associated with higher 
level of leptin in the blood. Based on the information it would 
be expected, that intensity of lipolysis as well as serum lip-
ids concentrations would be higher in TT bulls compared to 
other experimental groups. However, no differences in serum 
TAG and NEFA were found in this experiment, according 

to Ban-Tokuda et al. (2008), who not found any relationship 
between leptin, TAG and NEFA blood plasma concentration. 
Delavaud et al. (2002) recorded positive correlations between 
leptin and blood metabolites of young bulls and mentioned 
that leptin could be a useful indicator of nutritional status of 
the cattle, but in this study, any relationship between leptin 
and investigated blood metabolites was found.

insulin’s effects on leptin secretion have been demonstrated 
in dairy (leury et al., 2003; Bradford et al., 2006) and beef 
cattle (lents et al., 2005). These authors showed, that plasma 
leptin concentrations were significantly related to insulin. In 
our study, significant effect of leptin single nucleotide poly-
morphism in Czech Pied bulls on serum insulin concentrati-
on was found. The highest insulin concentration was found 
in the group of TT bulls. However, no significant relationship 
between serum leptin and insulin concentration was recorded. 

The thyroid hormones maintain the homeostasis of en-
ergy and protein metabolism, thermoregulation, growth and 
productivity parameters (Huszenicza et al., 2002). Thyroxin 
(T4) and triiodothyronin (T3) are factors that regulate leptin 
expression or its plasma concentration to some extent (Ahi-
ma et al, 1996; Chilliard et al., 2005), thyroid hormone sta-
tus then influences leptin, but the relationship between leptin 
and thyroid hormones is controversial. Thyroid dysfunction 
causes changes in appetite and body weight, which might in-
volve the regulation of leptin (medina-Gomez et al., 2003). 
it has been shown that thyroid hormones exert a negative in-
fluence on serum leptin levels in rodents (Escobar-Morreale 
et al., 1997). On the other hand, leptin is an important neu-
roendocrine regulator of the hypothalamicpituitary-thyroid 
axis (Feldt-Rasmussen, 2007) by regulation of TRH gene 
expression in the paraventricular nucleus, and TSH in turn 
will stimulate leptin secretion by human adipose tissue (Oge 
et al., 2005). leptin also affects thyroid deiodinase activities 
with activation of T4 to T3 conversion (Reinehr, 2010). All 
the foregoing data support the concept of an inverse relation-
ship between thyroid hormone and leptin. On the contrary, 
there were no significant differences in thyroid hormones 
between experimental groups of bulls in our study. We, as 
well as Delavaud et al. (2002), have found not significant cor-
relation between thyroid hormones, leptin, insulin and other 
monitored parameters. 

conclusion

in this study, there were investigated the effects of single 
nucleotide polymorphism of leptin gene. We found significant 
effect of leptin SNP on serum insulin concentration, but any 
effect of leptin SNP on other monitored parameters was re-
corded. No significant correlations between monitored meta-
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fig. 7. serum glucose concentration of 240 days old bulls 
divided into 3 groups depending on leptin genotype
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bolic hormones in serum of Czech Pied bulls were found. We 
supposed that differences in comparison with results found 
in other studies are given by differences in fattening capaci-
ties particular breeds.
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