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Leptin is a peptide hormone that plays an important role in the regulation of energy homeostasis. Studies 
in mammals have shown that circulating leptin levels reflect adiposity and that this adipocyte-derived 
cytokine acts as an afferent satiety signal to the brain, decreasing food intake and increasing energy 
expenditure . Since leptin has been found in the liver and adipose tissue of migratory birds that are able 
to accumulate fat reserves as endogenous fuel for flight, we hypothesized that individuals with higher fat 
score would have higher plasma leptin leve ls, as it had been found previously in mammals. The aim of
this study was to determine if circulating leptin levels correlate with the amount of body fat in a migra- 
tory bird, the dunlin Calidris alpina . Adult dunlins were caught during autumn migration on the Baltic 
coast, and their fat score was determined. Blood samples from 150 birds were used to assess the levels 
of circulating leptin. We did not find any statistical differences between dunlins with various fat scores.
In fact, plasma leptin levels tended to be lower in fat birds than in lean individuals. Our data indicate that 
in wild birds in migration mode leptin does not reflect the amount of accumulated fat. It suggests that 
leptin in birds during migration is neither involved in the regulation of energy homeostasis nor acts as
a signal to control the amount of body fat.

� 2013 Elsevier Inc. All rights reserved.
1. Introductio n

Leptin is a small (16 kDa) peptide hormone, which in mammals 
is synthesized predominantly in white adipose tissue (Zhang et al.,
1994) and, to a lesser extent, in bone marrow (Laharrague et al.,
1998), muscles (Wang et al., 1998 ), brain (Morash et al., 1999 ),
stomach (Bado et al., 1998 ), placenta (Senaris et al., 1997 ) and 
mammary gland (Smith-Kir win et al., 1998 ). Leptin has also been 
found in other vertebrates such as fish (Kurokawa et al., 2005 ),
amphibians (Boswell et al., 2006; Crespi and Denver, 2006 ), rep- 
tiles (Paolucci et al., 2011 ) and birds (Ashwell et al., 1999a; Kochan 
et al., 2006a ). Leptin signaling is mediated by a specific membran e
receptor, LEPRb, that is expressed in the hypothalamus and various 
peripheral tissues, such as intestine, liver, pancreas, ovary, testis,
kidney, lung, heart and skeletal muscles (Fruhbeck et al., 1999 ).
Leptin may act on peripheral tissues not only directly but also 
via central nervous system (Buettner et al., 2008; Gogga et al.,
2011). The physiological role of leptin has been widely studied in
rodents and humans (Reidy and Weber, 2000 ). In mammals, circu- 
lating leptin levels are highly depende nt on nutritional conditions 
and are proportional to the amount of body fat (Kochan et al.,
ll rights reserved.
2006b; Zhang et al., 2002 ). This adipocyte-derived protein acts as
a satiety hormone that decreases food intake and increases energy 
expenditur e, thus regulatin g energy homeostasi s (Belgardt and 
Bruning, 2010 ). However , in some organisms , such as seasonal 
mammals and pregnant rats, leptin resistance has been observed,
as a physiological adaptation to specific environment conditions 
(Tups, 2009 ). In addition to its role in metabolic control, leptin 
modulate s the activity of a number of physiological systems, such 
as immune (Lord et al., 1998; Lord, 2002 ), vascular (Boulomie et al.,
1998) and reproducti ve (Clarke and Henry, 1999 ).

Despite reports of cloning and sequencing leptin gene in birds 
(Taouis et al., 1998; Ashwell et al., 1999a ), some researchers failed 
to confirm its existence (Friedman-E inat et al., 1999; Ninov et al.,
2008; Yosefi et al., 2010 ) and deny leptin expression in these ver- 
tebrates. Addition ally, the controve rsy concerns very high similar- 
ity (97%) in nucleotid e sequence between chicken and mouse 
leptin (Taouis et al., 1998 ), which is very unlikely from an evolu- 
tionary point of view. To date, no leptin gene has been found in
avian genome. It has even been proposed that in birds the gene 
encoding leptin has been lost during the course of evolution (Pitel
and Faraut, 2010 ). On the other hand, there are several reports 
demonst rating the presence of leptin (Taouis et al., 1998; Ashwell 
et al., 1999a; Kochan et al., 2006a; Quillfeldt et al., 2009 ) and its 
receptor (Richards and Poch, 2003; Liu et al., 2007; Ohkubo et al.,
2007; Cerasale et al., 2011 ) in wild and domestic birds. Assays 
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based on antibody-antig en interactions enable detection of leptin 
or at least leptin-lik e protein, which is very similar in size and 
structure (Dridi et al., 2000a; Kochan et al., 2006a; Neglia et al.,
2007; Quillfeldt et al., 2009; Kordonowy et al., 2010 ). Leptin-in- 
duced activation of the JAK-STAT pathway (the main signaling 
pathway initiated by leptin in mammals) has also been demon- 
strated (Adachi et al., 2008 ). Moreover, it appears that in birds, as
in mammals, leptin is involved in the regulation of energy metab- 
olism. For instance, leptin administrat ion reduces food intake in
the chicken (Denbow et al., 2000; Dridi et al., 2000b, 2005 ).
Anorexigen ic effect of leptin has also been observed in wild spe- 
cies, the great tit Parus major (Lohmus et al., 2003 ) and the Asian 
blue quail Coturnix chinensis (Lohmus et al., 2006 ). It suggests that 
in birds this hormone signals nutritional status to the central ner- 
vous system. If energy metabolism in migrating bird species was 
controlled by the same mechanism as in mammals, the individua ls
with higher fat load should have higher levels of plasma leptin.
This would lead to a decrease in food intake and inhibit fattening.
In fact, birds before a migratory flight are able to accumulate fat 
deposit up to nearly 50% of their body mass (Gill et al., 2005 ), so
one can assume that they somehow circumvent satiety signal re- 
lated to leptin. This study was aimed to investiga te if levels of cir- 
culating leptin in a migratory bird, the dunlin Calidris alpina, reflect
the amount of accumulate d fat reserves, as in mammals. Given the 
controversy surrounding the avian leptin, in this study we use the 
term ‘‘leptin’’, but we mean ‘‘leptin-like protein’’.
2. Materials and methods 

2.1. Fieldwork 

Dunlins were caught in walk-in traps (Meissner, 1998a ) on the 
southern Baltic coast, in the Vistula river mouth (54�21.440N,
18�56.610E). Shorebirds stop in this area to accumulate energy re- 
serves during migration toward wintering grounds (Gromadzka ,
1998). Dunlins were aged according to plumage features (Meissner
and Skakuj, 2009 ). The body mass (accuracy 1 g) and bill length 
(accuracy 0.1 mm) of caught birds were measured to assess mass 
of accumulate d fat accordin g to predictive equation given by Mei-
ssner (1998b). Blood samples (10–50 ll) were collected from 150 
adult dunlins (older than 1 year) from the brachial vein and centri- 
fuged to obtain plasma, which was immediatel y frozen and stored 
in liquid nitrogen. Samples were transferred to the laboratory and 
stored at �70 �C until analyses. Samples were collected between 
the last week of July and mid-August in 2009, and during the last 
week of July and the first week of August in 2010.

The amount of fat reserves in caught birds has been scored by
visual assessment of subcutaneous fat deposit according to fat 
score scale developed for shorebird s (Meissner, 2009 ). For further 
analyses birds were divided into three groups (Table 1):

� lean individuals – fat scores 0 or 1,
� medium fat individuals – fat scores 2 or 3,
� fat birds – fat score 4 or higher.

Among dunlins caught at this stage of migration adiposity cat- 
egories are not evenly distributed and majority of birds usually 
Table 1
Number of sampled birds and plasma samples used in the study.

Fatness 
group 

Range of
fat scores 

Mean body 
mass [g] ± SD

Number of
sampled 
birds 

Number of
analyzed plasma 
samples 

Lean 0–1 41.4 ± 3.60 56 18
Medium 2–3 44.9 ± 3.32 51 16
Fat 4–7 51.3 ± 4.40 43 14
depart from this area with low or medium energy reserves (Meiss-
ner, 1998b ). Thus, the group consisting of the fattest individuals 
was smaller than the other groups and represented mainly by birds 
with fat scores 4 or 5, while fat scores 6 or 7 were observed only in
single individuals.
2.2. Radioimmunoa ssay (RIA) of plasma leptin 

Plasma leptin levels were determined using the multispecie s
leptin RIA kit (Millipore, Billerica, MA, USA). Assays were per- 
formed according to the manufacturer’s instruction, with slight 
modifications to adjust the procedure to small sample volumes.
Because little amount of blood was collected from some individu- 
als, plasma samples from birds of the same fatness group were 
pooled, so one sample consisted of plasma from one to five birds.
We made an additional standard sample (0.5 ng/ml of leptin) to in- 
crease precision of the standard curve.
2.3. Western blot analysis 

Protein levels of leptin were determined in dunlins’ plasma 
using specific polyclonal antibodies. Aliquots of plasma (4 ll) di- 
luted in loading buffer containing 2% sodium dodecyl sulfate 
(SDS) and 50 mM dithiothreitol were boiled for 5 min and sepa- 
rated by SDS–polyacrylamide gel electrophor esis in Any kD gradi- 
ent gels (Bio-Rad, Hercules, CA, USA), followed by transfer to
Hybond membrane (Amersham Pharmaci a Biotech, Little Chalfont,
UK). To check transfer of proteins and assess the uniformity of
loading, the membrane was stained with Ponceau S (Sigma, St.
Louis, MO, USA). After destaining, the membrane was blocked with 
5% skimmed milk in PBS-T buffer (Phosphate Buffered Saline, pH
7.4, 0.1% Tween 20) for 2 h at room temperature. Next it was incu- 
bated with rabbit anti-lepti n polyclonal antibodies (Pierce, Rock- 
ford, IL, USA), followed by HRP-conjugate d secondary antibodie s
(Sigma) (Kochan et al., 2006a ). Primary antibodies were raised 
against a synthetic peptide correspondi ng to N-termin al domain 
of mouse leptin, which is highly conserved among vertebrates 
(Boswell et al., 2006 ). The concentr ation of leptin in the blood is
in the low nanogram per milliliter range, for example serum leptin 
levels in fasted rats are below 2 ng/ml (Karbowsk a and Kochan,
2012). Having in mind that leptin may be present in low concen- 
trations in the blood of dunlins, proteins on the membrane were 
visualized using SuperSig nal West Pico substrate (Pierce), which 
is an enhanced chemiluminescen t substrate and provides low pico- 
gram detection of proteins in Western blot applications. The mem- 
branes were exposed to Kodak XAR film (Kodak, Rochester, NY,
USA) for 2–10 min.
2.4. Statistical analyses 

Mean levels of plasma leptin in birds from different fatness 
groups were compared by single factor ANOVA using STATISTICA 
9.1 software (StatSoft, 2010). The systemati c trend in plasma leptin 
levels across fatness groups was checked using Jonckheere–Terp- 
stra trend test (Jonckhee re, 1954 ). To examine the possible correla- 
tion between plasma leptin levels and fat mass Spearma n’s 
correlation coefficient was used.
3. Results 

Mean fat mass of analyzed birds from three fatness groups dif- 
fered significantly (ANOVA, F2,39 = 104.32, P < 0.001) and high dif- 
ferences were observed between all groups (Tukey post hoc test,
P < 0.05) (Fig. 1).
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Fig. 1. Comparison of mean fat mass in dunlins from different fatness groups.
Center point – mean, box – SD, whiskers – range. Arrows indicate statistically 
significant differences between groups according to Tuckey post hoc test at
P < 0.001.

Fig. 3. Results of the Western blot analysis of leptin levels in plasma samples from 
fat and lean dunlins. The bands represent a protein of molecular weight �16 kDa,
detected in bird plasma using rabbit anti-leptin polyclonal antibodies.
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Plasma leptin levels ranged from 1.19 to 3.83 ng/ml, with one 
outlier value of 6.51 ng/ml, which was excluded from further anal- 
yses. If plasma leptin levels reflected fat mass (as in mammals),
than one would expect significant differences in leptin levels be- 
tween groups, which was not the case (Fig. 2). There was no statis- 
tically significant relationshi p between plasma leptin levels and fat 
mass (Spearman’s correlation coefficient rS = �0.21, P > 0.05).
Therefore, levels of circulating leptin were not proportional to
the amount of visible fat in analyzed dunlins. Moreove r, plasma 
leptin levels exhibited a slight tendency to decrease with increas- 
ing fatness (Fig. 2), confirmed by a significant descent of medians 
(Jonckheere–Terpstra trend test, TJT = �1.639, P = 0.05). Further- 
more, Western blot analysis of representative plasma samples 
from fat and lean dunlins showed no significant differences in lep- 
tin levels between fatness groups (Fig. 3).

4. Discussion 

In this study, plasma leptin concentratio ns were determined in
the dunlin, a long- and medium-dis tance migrant. There are very 
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Fig. 2. Comparison of mean levels of plasma leptin in dunlins from different fatness 
groups. Center point – mean, box – SD, whiskers – range. Numbers above bars 
indicate sample size.
few reports in the literature documenting the presence of this hor- 
mone in the circulation of wild birds (Quillfeldt et al. 2009; Kor- 
donowy et al., 2010 ). Since the gene encoding leptin has not yet 
been found in the avian genome, there is still controve rsy about 
whether leptin occurs naturally in birds. Despite this, the existence 
of a functional avian leptin receptor has been demonst rated (Rich-
ards and Poch, 2003 ), and its ability to bind leptins from different 
vertebrate classes has been confirmed (Adachi et al., 2008; Hen 
et al., 2008 ). Moreover, the injection of recombinant leptin induces 
anorexig enic effects in birds (Denbow et al., 2000; Dridi et al.,
2000b, 2005; Lohmus et al., 2003 ). It suggests that in birds the lep- 
tin or leptin-like signaling system is active. Interestingl y, in spite of
low amino acid sequence similarity between vertebrate leptins, the 
tertiary structure of this protein is conserved (Crespi and Denver,
2006). The amino acid sequence of dunlin leptin has not been 
determined , thus we measured plasma levels of this cytokine with 
two independen t immunochem ical methods, which are based on
the structural similarity among vertebrate leptins. We used differ- 
ent polyclonal antibodies directed against leptin, and obtained 
similar results; however, we cannot be sure that the protein de- 
tected is genuinely leptin. In individuals with different fat scores,
the mean levels of the protein detected by anti-lepti n antibodies 
(leptin) were 2.42 ng/ml (range from 1.19 to 3.83 ng/ml). These 
values correspond with data derived both from the chicken (Dridi
et al., 2000 a) and from wild birds (Quillfeldt et al., 2009 ). In thin- 
billed prion Pachyptila belcheri nestlings, leptin levels in blood fluc-
tuated between 1 and 3 ng/ml (Quillfeldt et al., 2009 ), a range com- 
parable with values presented here for dunlins. Slightly higher 
values of plasma leptin concentratio ns obtained in our study are 
most likely due to the older age of birds. Previous studies in chick- 
ens have shown that adult individua ls have higher circulating lep- 
tin levels than chicks (Dridi et al., 2000b ; Dridi et al., 2000a ).

In dunlins, plasma leptin levels were not proportional to the 
amount of body fat. Moreove r, concentr ations of this hormone 
tended to be lower in plasma of fat birds than in lean individuals 
(Fig. 2). Similar lack of correlation between circulating leptin levels 
and body composition has recently been observed in other avian 
species (Quillfeldt et al., 2009; Kordonowy et al., 2010 ). Plasma lep- 
tin concentratio ns did not change along with body composition or
body mass in European starling Sturnus vulgaris (Kordonowy et al.,
2010). This corresponds with our results, even though dunlins ex- 
hibit much higher maximum adiposity than starlings. However,
studies by Kordonowy et al. (2010) were conducte d on female 
birds in the breeding and wintering seasons. Analogous results 
were also obtained by Quillfeldt et al. (2009), who demonstrat ed
that blood leptin levels in thin-billed prions are not correlate d with 
body condition of examined birds.

During migration birds gain fat, which is the primary fuel for 
prolonge d flight (Jenni and Jenni-Eierman n, 1998 ), mainly by
hyperphagi a and an increased efficiency of food utilisation (Bert-
hold, 1983; Bairlein, 1985 ). It has been shown that injection of lep- 
tin reduces food intake in chickens (Crespi and Denver, 2006 ) and 
in a small passerine, the great tit Parus major (Lohmus et al., 2003 ),
indicating that elevated leptin levels may reduce fattening in birds.
In order to sustain appetite, the transitory down-regulati on of lep- 
tin secretion (despite previously accumulated fat reserves) or resis- 
tance to leptin might be expected in migratory birds refuelling at a
stopover site. Such dissociat ion of leptin gene expression and 
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adiposity has previousl y been observed in some mammals (Kron-
feld-Schor et al., 2000; Florant et al., 2004 ). As in birds ahead of
migration, accumulati on of fat reserves is necessary in mammals 
prior to hibernation. Thus, seasonal mammals developed mecha- 
nisms enabling them to overcome the satiety effects of leptin. In
the little brown bat Myotis lucifugus both leptin secretion and plas- 
ma leptin levels decrease in pre-hibernatory period, despite in- 
creased adiposity (Kronfeld-Sc hor et al., 2000 ). In yellow-bellied 
marmot Marmota flaviventris plasma leptin levels dramatically de- 
crease in winter months, before significant decrease in body 
weight (Florant et al., 2004 ). Moreover, under specific physiolog ical 
conditions leptin resistance may occur. Such phenomeno n has 
been observed in seasonal mammals, which deposit considerable 
amounts of fat tissue during summer months – siberian hamster 
Phodopus sungorus (Rousseau et al., 2003 ) and field vole Microtus
agrestis (Krol and Speakma n, 2007 ). Another physiologica l example 
when leptin does not reduce food intake is pregnancy (Grattan
et al., 2007 ). These findings indicate that leptin resistance may per- 
mit animals to maintain hyperphagia and weight gain when 
needed. If analogous mechanism s existed in birds, they would en- 
able avian migrants to accumulate large amounts of fat necessary 
to begin migration, regardles s of plasma leptin concentrations . In
birds, however, leptin is synthesized primarily by the liver (Ash-
well et al., 1999a; Bruggeman et al., 2000; Kochan et al., 2006a ),
while in mammals it is secreted mainly by adipose tissue (Zhang
et al., 1994 ). Therefore, plasma leptin concentratio ns in birds 
may not depend solely on the amount of fat reserves but on the le- 
vel of leptin expression in the liver, as it has been suggested by
Bruggeman et al. (2000). In short-term studies in chickens, leptin 
expression was up-regulate d by insulin and down-re gulated by
glucagon, but only in the liver (Ashwell et al., 1999a,b ), implying 
that the transcrip tional regulatio n of leptin gene expression in
the liver differs from that in fat tissue. Thus, circulating leptin lev- 
els in migratory birds may be influenced by hepatic leptin 
synthesis.

Recent study on the white-throated sparrow Zonotrichi a albicol- 
lis demonstrat ed that leptin affects body composition and foraging 
rate, but only in birds during their wintering state (Cerasale et al.,
2011). Leptin injections did not cause a reduction of foraging rate 
or fat mass in birds that were in migration mode (Cerasale et al.,
2011). However , the molecular mechanism s involved in the mod- 
ulation of the response to leptin in avian migrants have not been 
elucidated. It is therefore possible that leptin resistance is tempo- 
rarily triggered in wild birds before migration, allowing them to
accumulate large fat reserves. These results correspond with our 
study, supportin g the thesis that in birds during migration leptin 
plays a different role (if any) than in mammals and does not signal 
body fat reserves and energy status to the brain. Unfortunate ly, we
cannot provide data from dunlins during the wintering months.
Dunlins are present at the Polish Baltic coast only during migra- 
tion, they neither winter nor hatch in our country. However, we
believe that our findings contribute to the discussion on the role 
of leptin in avian biology and offer a deeper insight into the func- 
tioning of leptin system in wild birds.
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