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Summary
In the present study we used the primary cultures of chick embryonic muscle and liver cells as a model for potential
mutual combination effects of leptin and insulin, respectively. The influence of both hormones on the proliferation and
protein synthesis was dose-dependent and related to the age of embryos from which the cells were isolated. Leptin
(10 and 100 ng/well) increased the proliferation (estimated by DNA content and incorporation of labeled thymidine into
DNA) and protein synthesis (determined by incorporation of labeled leucine into proteins) of muscle cells. The effect of
leptin and insulin in muscle cells was similar. In younger embryo (11-day-old) the lower dose of leptin was more
effective than the higher one compared to the insulin effect. Mutual effects of leptin and insulin were neither additive
nor synergistic and were equivalent to the effects of individual hormones. In hepatocytes the influence of leptin was
dependent on the age at which the cells were isolated (11- and 19-day-old embryos). The presence of insulin neither
potentiated nor inhibited the effect of leptin.
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Introduction

Leptin, an ob gene product – produced in
mammals mostly by white adipose tissue – plays an
important role in body weight homeostasis (Zhang et al.
1994). In addition to its role as a feedback signal in the
regulation of energy balance, leptin may have multiple
physiological actions. It was shown that effects of leptin
on food intake are mediated through leptin receptors in
the hypothalamus (Tartaglia et al.1995). Leptin receptors
are found not only in the brain but also in many other
tissues including lungs, kidneys, ovaries, liver and

skeletal muscles (Tartaglia et al. 1995, Tartaglia 1997,
Cioffi et al. 1996). The pattern of leptin receptor
distribution suggests that leptin might exert a wide
spectrum of cellular effects in tissues other than the brain.
The long signal-transducing isoform of leptin receptor is
differently expressed than a short isoform in various
organs. In chickens, the long isoform of leptin receptor
was found in the ovary, brain, liver, intestine and the
kidney (Ohkubo et al. 2000), while skeletal muscles were
not analyzed in that study.
 Both in vivo and in vitro studies using
mammalian models showed conflicting results on the
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effects of leptin and insulin. Leptin could mimic the
insulin effects on glucose transport and glycogen
synthesis in cultured rat myotubes (Berti et al. 1997).
Extended exposure of cultured rat adipocytes to leptin
inhibits insulin responsiveness (Muller et al. 1997).
Leptin promotes in vitro fatty acid utilization in rat
muscle tissue and this effect is opposite to that induced
by insulin (Muoio et al. 1997). Leptin also modulates
insulin sensitivity of the liver (Cohen et al. 1996, Wang
et al. 1997). It has recently been shown that leptin
released by rat adipocytes requires the presence of insulin
for ob gene expression (Remesar et al. 1997). Insulin is
necessary for leptin synthesis and secretion from
adipocytes but not for leptin action in mammals. Hereby,
functional leptin receptors are necessary not only for
central leptin action but also for making the brain
sensitive to insulin (Remesar et al. 1997).

Most information on leptin comes from studies
performed on laboratory rodents and humans. In birds,
the data related to the physiology of leptin are rather
sparse. Leptin gene was cloned in chickens (Taouis et al.
1998). Surprisingly, leptin expression was found not only
in adipose tissue but also in hepatocytes. The presence of
leptin in avian hepatocytes underlies an important role of
the liver in fat metabolism of chickens (Ashwell et al.
1999).

Muscle tissue plays a central role in the action of
insulin determining energy metabolism. In the present
study we therefore used primary cultures of chick embryo
muscle and liver cells as a model for potential leptin and
insulin effects and their mutual combination. Actions of
both hormones were evaluated by the incorporation of
labeled leucine into proteins and the incorporation of
labeled thymidine into DNA.

Material and Methods

Animals
Fertilized eggs of broiler breeder hens were

incubated in a forced draught incubator with automatic
turning every hour at a temperature 37.5±0.2 oC.

Cell culture and incubation
Cells were isolated by trypsinization of 11- and

19-day-old chick embryo thigh and breast muscles or
liver tissue (Königsberg 1979). The isolated cells were
seeded (2.0-3.0 106 cells/well in 12 well-plate) in
Dulbecco’s modified Eagle’s medium (DMEM) with

4.5 g/l glucose, sodium pyruvate (2 mmol/l), L-glutamine
(2 mmol/l ) supplemented with 10 % fetal calf serum and
antibiotics ( penicillin (105 U/l), streptomycin (25 mg/l),
kanamycin (100 mg/l) and grown at 37 oC in a humidified
incubator in air supplemented with 5 % CO2 for 24 h.
After 24 h of preincubation, the medium was replaced
with a fresh medium containing a definite dose of leptin
(10, 100 or 1000 ng/ml of medium) or insulin (2.57 or
25.7 mU/ml of medium) or their mutual combination
(100 ng of leptin plus 2.57 mU of insulin/ml of medium).
One ml of the medium was used for one well. The cells
were evaluated after 2 h (incorporation of [3H]leucine
into proteins) or 24 h (incorporation of [3H]thymidine
into DNA). In our experiments, the recombinant murine
leptin (Pepro Tech, EC Ltd, London, England) and
insulin from the bovine pancreas (Sigma, St. Louis, Mo,
USA) were used. Leptin and insulin were dissolved in
DMEM up to the appropriate experimental concentration.

Incorporation of [3H]leucine
Two hours before the end of the treatment

period, L-[4,5-3H]leucine (1620 GBq/mmol, Amersham)
was added to cell culture to reach a final concentration of
6 µCi/ml (240 kBq/ml) of the medium. At the end of
incubation, the medium was removed and the cells were
processed by the method described by Robinson et al.
(1976). The protein content was quantified with bovine
serum albumin as a standard (Lowry et al. 1951).

Incorporation of [3H]thymidine
For determination of thymidine incorporation

into DNA, [methyl-3H]thymidine (1500 GBq/mmol,
Amersham) was added to the cell culture 24 h before the
end of treatment. Its final concentration was 6 µCi /ml
(240 kBq/ml) of the medium. At the end of incubation,
the medium was removed and cells were processed by the
method of Robinson et al. (1976). For RNA and DNA
assays, yeast RNA and calf thymus DNA were used as
standards.

Radioactivity measurements and statistical analysis
A Beckman LS-6000 SE (USA) was used for the

measurement of radioactivity. Experimental values are
given as means ± S.E.M. Control and treatment groups
were compared by Student’s t-test. The influence of
different concentrations of leptin on protein synthesis in
muscle cells and hepatocytes was evaluated by ANOVA
followed by Tukey`s test.
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Table 1. Effects of different doses of leptin on protein synthesis in muscle cells and hepatocytes isolated from
11-day-old chick embryos.

Control group 10 ng /well 100 ng /well 1000 ng /well

Muscle cells 10.40 ± 1.04 12.32 ± 1.11 13.82 ± 0.99* 12.95 ± 0.88

Hepatocytes 64.32 ± 7.59 67.58 ± 9.70 71.56 ± 9.39 38.58 ± 3.76**

Data on the incorporation of [3H]leucine into cell proteins (cpm/µg protein) are expressed as mean from eight wells ±
S.E.M. ** P<0.01, * P<0.05 vs. control.

Results

In preliminary experiments, the response of
chick embryonic muscle cells and hepatocytes isolated
from 11-day-old embryos was tested to different doses of
leptin. Both muscle cells and hepatocytes were found to
be sensitive to recombinant murine leptin. The most

effective dose, estimated on the basis of incorporation of
labeled leucine into cell proteins, was 100 ng/dish
(P=0.033, ANOVA) for chick muscle cells (Table 1). The
highest tested dose of leptin (1000 ng/dish) had no
significant effect in muscle cells and it inhibited protein
synthesis in hepatocytes (Table 1).   

Fig. 1. Proliferation of chick muscle
cells isolated from 11-day-old embryos
(A, B) and 19-day-old embryos (C, D)
after different doses of leptin and
insulin application. DNA content (A, C)
(µg/ml of hydrolysate) and 24 h
incorporation of [3H]thymidine into
DNA (B, D) (cpm/ml of hydrolysate).
Data are means from six wells ± S.E.M.
* P<0.05, ** P<0.01, *** P<0.001 vs.
control; a P<0.05, aa P<0.01, aaa
P<0.001 vs ( leptin 100 ng + insulin
2.57 mU/ml).

On the basis of these results, doses 10 and
100 ng of leptin per dish alone or in combination with
insulin were used in subsequent experiments. Both
concentrations of leptin enhanced the proliferation of

muscle cells (estimated on the basis of DNA content, Figs
1A and 1C, and [3H]thymidine incorporation into DNA,
Figs 1B and 1D). This effect was significant both in cells
isolated from 11- and 19-day-old chick embryos. Leptin
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and insulin exerted similar effects on muscle cells. The
differences in effectiveness of both hormones were dose-
dependent and related to the age of embryos from which
the muscle cells had been isolated. In the younger
embryos, a lower dose of leptin (10 ng) was more
effective than the higher one (100 ng) compared to lower
dose (2.57 mU/ml) of insulin (DNA content: 105 % and
95.9 %, respectively; incorporation of labeled thymidine:
122.3 % and 93.3 %, respectively). In older embryos, the

higher dose of leptin (100 ng) was more effective than the
lower one (10 ng) compared to insulin (2.57 mU/ml)
(DNA content: 106.3 % and 97.0 %, respectively;
incorporation of labeled thymidine: 65 % and 45 %,
respectively). The mutual effect of leptin and insulin was
neither additive nor synergistic and was equivalent to the
effect of each hormone given separately. In younger
embryos, a combined action of leptin and insulin was
more pronounced than in older ones.

Fig. 2. Effect of leptin and insulin on DNA
content (A, C) (mg/ml of hydrolysate) and
incorporation of [3H]thymidine into DNA
(B, D) (cpm/ml of hydrolysate) in chick
hepatocytes isolated from 11-day-old
embryos (A, B) and 19-day-old embryos (C,
D). Data are means from six wells ±
S.E.M.,*P<0.05, ** P< 0.01 vs. control.

The effects of leptin and insulin in hepatocytes
were related to the age of embryos, at which the cells had
been isolated. In younger embryos, leptin and insulin in
both concentrations significantly increased the
proliferation of hepatocytes compared with the control
group (Fig. 2). The effects in hepatocytes isolated from
11-day-old embryos to both doses of leptin (10 and
100 ng/dish) were similar and higher than the effects of
insulin (Figs 2A and 2B) (DNA content 106.5 % and
105.8 % respectively; incorporation of labeled thymidine:
114.3 % and 104.0 %, respectively compared to 2.57
mU/ml insulin). The mutual effect of leptin and insulin
was lower than the effects of both substances applied
alone (69.4 % of the leptin and 73.9 % of the insulin

effect on DNA content; 76.4 % of the leptin and 87.3 %
of the insulin effect on incorporation of [3H]thymidine).
In hepatocytes isolated from 19-day-old embryos, the
proliferation of cells was not significantly influenced
either by leptin alone or by its combination with insulin
(Fig. 2C). Incorporation of labeled thymidine for 24 h
was significantly increased by the lower dose of insulin
(Fig. 2D).

Discussion

It was found that the amino acid sequence of
chicken leptin is 97 % identical to that of the mouse
(Taouis et al. 1998). Because of this close similarity in
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the primary structure of the mammalian and avian leptin
we used commercially available mouse leptin in our
experiments.

The fat deposits in mammals correlate with the
leptin produced by adipose tissue and leptin expression is
exclusively localized in the adipose tissue. Fat deposition
in birds is regulated by interactions between
environmental and genetic factors mediated by several
hormonal pathways (Buyse et al. 1999), but the
involvement of leptin in this process has not yet been
studied. However, the presence of leptin was also proved
in chickens. The expression of the chicken leptin gene
was localized not only in adipose tissue but also in the
liver (Taouis et al. 1998). Further studies proved leptin
gene expression in adipose tissue and the liver and
localized leptin also in the embryonic liver and yolk sac
(Ashwell et al. 1999). These observations have confirmed
the important role of the avian liver in processes of
lipogenesis. Moreover, a positive correlation was found
in broiler breeder hens between liver weight and leptin
concentrations, suggesting that the liver may be a major
source of leptin in chickens (Bruggeman et al. 1999).
Therefore, we have chosen hepatocytes and muscle cells
for studying the in vitro effects of leptin on embryonic
growth and development.

Many metabolic processes in vertebrates are
controlled by insulin. In comparison with mammals, birds
are resistant to insulin and it is commonly thought that
glucagon plays a more important role than insulin in the
control of bird fat metabolism (Simon 1995). Insulin is
essential for the induction of lipogenic enzymes in the
liver and is able to decrease the glucose content only
marginally (Simon 1988, 1995). In our experiments, the
effects of leptin and insulin on proliferation and protein
synthesis in embryonic muscle and liver cells were
investigated. We used bovine insulin because it was
found that bovine insulin can serve as an alternative to
chick insulin (Laurin and Cartwright 1993). Since
chicken hepatocytes are unresponsive to insulin given in
physiological concentrations (Harvey et al. 1977,
Rosebrough and Steele 1987), we administered higher
doses of insulin.

The concentrations of leptin and insulin used in
our experiments effectively stimulated the proliferation
and protein synthesis of hepatocytes isolated from
11-day-old chick embryos. Cells isolated from older
embryos did not respond to leptin application. We
demonstrated that hepatocytes isolated from chick
embryos are sensitive to leptin and insulin and the effects
of both substances are age-dependent. Our results

obtained with insulin correspond to the data found in
birds in in vitro and in vivo experiments during the
postnatal period (Laurin and Cartwright 1993, Ashwell et
al. 1999, Bruggeman et al. 1999). The role of leptin in
the development of chick embryos is not known, but
leptin may have paracrine and endocrine effects on
embryogenesis in mammals (Hoggard et al. 1997). Its
presence during early stages of embryogenesis suggests
that it may also have similar effects in birds. It was
suggested that leptin controls nutrient transfer to the
developing embryo (Ashwell et al. 1999). Our data
demonstrating physiological effects of leptin on
embryonic muscle cells and hepatocytes provide further
information supporting the functional role of leptin in
avian embryonic development. Thus leptin may serve as
a trophic factor for the chick embryo. Action of this
hormone can be connected with utilization of lipids from
the yolk. Its stimulatory effect was more pronounced in
younger embryos than the older ones in which the yolk
sac was almost resorbed.

Muscle tissue plays a central role in insulin
action and in the pathogenesis of insulin resistance in
mammals. The effects of acute exposure to insulin on
protein synthesis were examined in primary,
differentiated cultures of embryonic chick heart and
skeletal muscle cells (Airhard et al. 1982). Doses of
insulin in the physiological range produced significant
stimulation of protein synthesis in both cell types and the
effects were dose- and time-dependent. Our data
confirmed these findings and, moreover, showed
stimulation of protein synthesis in chick cultured muscle
cells by leptin. The stimulatory effect of leptin on protein
synthesis and proliferation of cultured muscle cells in our
experiments was comparable with results of other authors
evaluating the effects of insulin on chick embryo
fibroblasts (DePhilip et al. 1979).

The mechanism of the stimulatory action of
leptin on protein synthesis in embryonic chick muscle
cells is completely unknown. In mammals, leptin was
found to have a dual concentration-dependent effect on
insulin function in C2C12 myotubes. In low
concentrations, leptin shows insulin-like effects but in
high concentrations it impairs insulin action (Berti et al.
1997). An impairment of the first steps of insulin
signaling chain, i.e. autophosphorylation of the insulin
receptor or tyrosine phosphorylation of the insulin
receptor substrate by leptin, was also demonstrated in rat
fibroblasts, NIH3Te cells and HepG2 cells (Kroder et al.
1996). In our experiments, we found a stimulatory effect
of leptin on the proliferation and protein synthesis in
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muscle and liver cells, especially in younger embryos.
However, the concomitant action of leptin and insulin did
not show additive or synergistic effects. We therefore
suppose in analogy with the situation in mammals, that
leptin can also interact with the insulin signaling chain in
birds. More pronounced effect found in younger embryos
may be due to the more important role of leptin in earlier
developmental stages.

Our results have demonstrated direct effects of
mouse leptin on primary culture of muscle cells and

hepatocytes isolated from broiler chick embryos. The
significant stimulation of protein synthesis and
proliferation suggests that leptin may be a trophic factor
for chick embryos acting in an autocrine or paracrine
manner at early stages of avian embryogenesis.

Acknowledgements
This work was supported by a grant from the Scientific
Agency of the Slovak Republic, VEGA (No. 2/5044/98)

References

AIRHARD J, ARNOLD JA, STIREWALT WS, LOW RB: Insulin stimulation of protein synthesis in cultured skeletal
and cardiac muscle cells. Am J Physiol 243: C81-C86, 1982.

ASHWELL CHM, CZERWINSKI SM, BROCHT DM, MCMURTRY JP: Hormonal regulation of leptin expression in
broiler chickens. Am J Physiol 276: R226-R232, 1999.

BERTI L, KELLERER M, CAPP E, HÄRING HU: Leptin stimulates glucose transport and glycogen synthesis in C2C12

myotubes: evidence for a P13-kinase mediated effect. Diabetologia 40: 606-609, 1997.
BRUGGEMAN V, ONAGBESAN OM, DECUYPERE E: Body weight, fat content, liver weight and plasma leptin

concentrations in broiler breeder females reared under ad libitum feeding, restricted feeding or combinations of
both until age at first egg. Int Conf Bird Reproduction, Tours, France, 1999, pp 32-33.

BUYSE J, LEENSTRA FR, ZEMAN M, RAHIMI G, DECUYPERE E: A comparative study of different selection
strategies to breed leaner meat-type poultry. Poult Avian Biol Rev 10: 121-142, 1999.

CIOFFI JA, SHAFER AW, ZUPANCIC TJ, SMITH-GBUR J, MIKHAIL A, PLATIKA D: Novel B219/OB receptor
isoforms: possible role of leptin in hematopoiesis and reproduction. Nat Med 2: 585-589, 1996.

COHEN B, NOVICK D, RUBINSTEIN M: Modulation of insulin activities by leptin. Science 274: 1185-1188, 1996.
DEPHILIP RM, CHADWICK DE, IGNOTZ RA, LYNCH WE, LIEBERMAN I: Rapid stimulation by insulin of

ribosome synthesis in cultured chick embryo fibroblasts. Biochemistry 18: 4812-4817, 1979.
HARVEY S, SCANES CG, HOWE T: Growth hormone effects on in vitro metabolism of avian adipose and liver

tissue. Gen Comp Endocrinol 33: 322-328, 1977.
HOGGARD N, HUNTER L, DUNCAN JS, WILLIAMS LM, TRAYHURN P, MERCER JG: Leptin and leptin

receptor mRNA and protein expression in the murine fetus and placenta. Proc Natl Acad Sci USA 94: 11073-
11078, 1997.

KÖNIGSBERG IR: Skeletal myoblasts in culture. In: Methods in Enzymology. WB JAKOBY, IH Pastan (eds),
Academic Press, New York, 1979, pp 511-527.

KRODER G, KELLERER M, HÄRING HU: Effect of leptin on insulin signaling in rat-1 fibroblasts overexpressing
HIR. Exp Clin Endocrinol Diabetes 104 (Suppl 2): 66-72, 1996.

LAURIN DE, CARTWRIGHT AL: Factors affecting insulin responsiveness of triglyceride synthesis in incubated
chicken hepatocytes. Proc Soc Exp Biol Med 202: 476-481, 1993.

LOWRY OH, ROSEBROUGH NJ, FARR AL, RANDALL RJ: Protein measurement with Folin phenol reagent. J Biol
Chem 193: 265-275, 1951.

MULLER G, ERTL J, GERL M, PREIBISCH G: Leptin impairs metabolic actions of insulin in isolated rat adipocytes.
J Biol Chem 272: 10585-10593, 1997.

MUOIO DM, DOHN GL, FIEDOREK FT, TAPSCOTT EB, COLEMAN RA: Leptin directly alters lipid partitioning in
skeletal muscle. Diabetes 46: 1360-1363, 1997.

OHKUBO T, TANAKA M, NAKASHIMA K: Structure and tissue distribution of chicken leptin receptor (cOb-R)
mRNA. Biochim Biophys Acta 1491: 303-308, 2000.

REMESAR X, RAFECAS I, FERNÁNDEZ-LÓPEZ JA, ALEMANY M: Leptin. Med Res Rev 17: 225-234, 1997.



2001 Effect of Leptin and Insulin on Chick Embryos   189

ROBINSON JH, SMITH JA, DEE LA: Synthesis and degradation of proteins in cultured, androgen-responsive tumour
cells. Exp Cell Res 102: 117-126, 1976.

ROSEBROUGH RW, STEELE NC: Measurement of glucose and lipid metabolism in avian liver explants. Comp
Biochem Physiol B 88: 1041-1049, 1987.

SIMON J: Insulin in birds: metabolic effects and possible implications in genetically fat and lean chickens. In: Leanness
in Domestic Birds, B LECLERCQ, CC WHITEHEAD (eds), INRA Butterworths, London, 1988, pp 253-267.

SIMON J: Insulin-glucagon and growth in broilers. Arch Geflügelk Suppl 1: 14-17, 1995.
TAOUIS M, CHEN JW, DAVIDAUD C, DUPONT J, DEROUET M, SIMON J: Cloning the chicken leptin gene. Gene

208: 239-242, 1998.
TARTAGLIA LA: The leptin receptor. J Biol Chem 272: 6093-6096, 1997.
TARTAGLIA LA, DEMBSKI M, WENG X, DENG N, CULPEPPER J, DEVOS R: Identification and expression

cloning of a leptin receptor, OB-R. Cell 83: 1263-1271, 1995.
WANG Y, KUROPATWINSKI KK, WHITE DW, HAWLEY TS, HAWLEY RG, TARTAGLIA LA: Leptin receptor

action in hepatic cells. J Biol Chem 272: 16216-16223, 1997.
ZHANG Y, PROENCA R, MAFFEI M, BARONE M, LEOPOLD L, FRIEDMAN JM: Positional cloning of the mouse

obese gene and its human homologue. Nature 372: 425-432, 1994.

Reprint requests
Ing. Dalma Lamošová, CSc., Institute of Animal Biochemistry and Genetics, Slovak Academy of Sciences, Moyzesova
61, 900 28 Ivanka pri Dunaji. Slovak Republic. Fax:   +421-7-45943 932, E-mail: ubzlamo@nic.savba.sk


