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Abstract

Leptin is an adipose and liver tissue-derived secreted protein in chickens that has been implicated in the regulation of food intake and

whole-body energy balance. In this study, the metabolic clearance and tissue uptake of leptin were examined in the chicken (Gallus gallus).

Four-week-old broiler males were infused with 125I-labeled mouse leptin. Chromatography of radiolabeled leptin in plasma produced two

peaks, one at 16 kDa (free leptin) and a free iodine peak. No leptin binding protein in blood was detected. Leptin was cleared with a half-life

estimate of 23 min. In order to investigate the tissue distribution and uptake of radiolabeled leptin, multiple tissues were removed from

infused birds at 15 and 240 min post-infusion, and trichloroacetic acid (TCA)-precipitable radioactivity was determined. The amounts of

radioactivity at 15 min post-infusion in the tissues in rank order were: kidney, testis, lung, spleen, heart, liver, small and large intestine,

gizzard, pancreas, bursa, leg and breast muscle, adrenals, and brain. A slightly different pattern of distribution was observed at 240 min post-

infusion. We conclude from these studies that unlike mammals, no circulating leptin binding protein is present in chickens. Leptin is

metabolized and cleared very rapidly from blood by the kidney.

Published by Elsevier Inc.
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1. Introduction

Since its initial discovery in 1994, the biology of leptin

has been most extensively studied in mammals (Barb et al.,

2001; Chilliard et al., 2001; Attele et al., 2002; Blevins et

al., 2002; Margetic et al., 2002). Much less information is

available on the biological role of leptin in birds (see

reviews: McMurtry et al., 2001; Taouis et al., 2001).

Beyond its effect on feed intake in the chicken (Raver et

al., 1998; Denbow et al., 2000; Dridi et al., 2000) and a wild

bird species (Lohmus et al., 2003), and a role in embryo-

genesis (Ribatti et al., 2001; Macajova et al., 2002), very

little is known about the physiological role of leptin in

domestic birds. Much more has been reported on the

developmental patterns of leptin gene expression (Ashwell

et al., 2001), and influences of other hormones and nutrients

on leptin gene expression levels (Ashwell et al., 1999a,b;

Taouis et al., 2001).

To understand the physiological significance of a hor-

mone, it is important to determine its possible interaction

with other circulating proteins and its bioavailability to

target tissues. To address this issue, we conducted a series

of experiments to determine target tissues for leptin in the

chicken, and to assess both in vivo and in vitro, whether

leptin binding proteins are present in chicken plasma.

2. Materials and methods

2.1. Animals

The chicken experiment was conducted with a research

protocol approved by the Beltsville Agricultural Animal Use

and Care Committee and the U.S. Department of Agricul-

ture Radiation Safety Committee. Day-old male broiler

chicks were purchased from Shaver Poultry Breeding

Farms, Cambridge, ON, Canada, and grown in brooder

batteries until 3 weeks of age. A standard commercial starter

diet (22% CP; 3150 kcal/kg ME) and water were available

ad libitum. At 3 weeks of age, the birds were transferred to
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individual sampling cages for acclimatization, and provided

a grower diet (20% CP; 3150 kcal/kg ME) and water ad

libitum. One week later (1.8–2.0 kg body mass), a cannula

was surgically inserted in the jugular vein of each bird as

previously described (McMurtry and Brocht, 1984). The

clearance and uptake study was conducted 3 days after

surgery. During the 3-day post-operative period, feed intake

(85 g/day) and body mass were monitored daily. Cannulated

birds, which did not eat or lost body mass, were not

included in the infusion study.

2.2. Clearance and plasma distribution of radiolabeled

leptin

A blood sample was drawn from each cannulated bird

prior to infusion of radiolabeled hormone (time 0). Mouse

and chicken leptin share a high degree of structural simi-

larities (Taouis et al., 2001; Doyon et al., 2001). Mouse

leptin has been shown to be biologically active in the

chicken (Lamosova and Zeman, 2001; Lamosova et al.,

2003). Due to the structural homology between chicken and

mouse leptin, and the bioactivity of mouse leptin in the

chicken, mouse leptin was used in this study. Radiolabeled
125I-mouse leptin (135 ACi/Ag) was purchased from Linco

Research (St. Charles, MO USA), and infused via the

cannula at a concentration of 40 ACi/kg body mass in a

volume of 1 ml sterile saline. Blood samples (1 ml) were

drawn into EDTA-treated tubes via the cannula at the

following times post-infusion: 7.5, 15, 30, 60, 120 and

240 min. The plasma was harvested by centrifugation

(1800� g), and the radioactivity in a 10-Al aliquot deter-
mined by gamma spectrometry. Trichloroacetic acid (TCA)-

precipitable radioactivity in each plasma sample was deter-

mined by mixing the 10 Al aliquot with 1 ml 10% (w/v)

TCA, followed by centrifugation (1800� g), aspiration of

the supernatant and counting the precipitate.

The distribution pattern of radiolabeled mouse leptin in

plasma was assessed by size-exclusion chromatography. A

250-Al plasma sample was extracted with an equal volume

of 1,1,2-trichloro-1,2,3-trifluorethane (Freon; AR grade;

Mallinckrodt, Paris, KY USA), and 100 Al extracted lipid-

free plasma was chromatographed on a Superose-12 column

(HR 10/30; Amersham Pharmacia Biotech, Piscataway, NJ,

USA), equilibrated with a solution containing 50 mM

sodium phosphate, 150 mM sodium chloride, 0.02% sodium

azide, and 1U/ml heparin at pH 7.4. The flow rate was 0.5

ml/min and 0.5 ml fractions were taken for the measurement

of radioactivity. The Superose-12 column was calibrated

using the following markers purchased from Amersham

Pharmacia Biotech or Sigma, St. Louis, MO, USA: blue

dextran, alcohol dehydrogenase (150 kDa), bovine serum

albumin (68 kDa), ovalbumin (43 kDa), cytochrome C (12.4

kDa), aprotinin (6.5 kDa), and radiolabeled mouse leptin

(16 kDa).

The presence of leptin binding activity was also assessed

in vitro. In this procedure, 125I-radiolabeled chicken leptin

(200,000 cpm in 100 Al buffer solution) was incubated

overnight at 4 jC with either 200 Al male chicken (4 weeks

of age) or male turkey (10 weeks of age) plasma. After 24

h of incubation, the plasma samples (n= 4) were subjected

to Superose-12 size-exclusion chromatography and evaluat-

ed as described above.

2.3. Tissue uptake and distribution of radiolabeled leptin

In order to investigate tissue distribution and uptake of

radiolabeled mouse leptin, four chickens were killed with

sodium pentobarbital at 15 min and 4 h post-infusion.

Immediately following euthanasia, the birds were exsangui-

nated and the following tissues were removed and a 1–2 g

sample taken, frozen in liquid nitrogen and counted in a

gamma counter: adrenals, brain, breast muscle (pectoralis

superficialis), bursa of Fabricius, gizzard, heart, kidney, leg

muscle (gastrocnemius), liver, lung, pancreas, small and

large intestine, spleen, and testes. TCA-precipitable radio-

activity in the tissue samples was determined by homoge-

nizing (Omni tissue pulverizer; Omni International,

Waterbury, CT, USA) the samples in 10% TCA (w/v),

cooling on ice for 30 min, and centrifuging (1800� g) to

obtain TCA-soluble and TCA-insoluble fractions. The ra-

dioactivity was measured in each sample. Radioactivity in

the pellets was determined and the data expressed as TCA-

precipitable cpm/mg tissue.

2.4. Ligand blot

Frozen plasma samples were thawed, and diluted in

loading buffer (with or without 5 mM dithiothreitol) and

heated to 60 jC for 5 min, prior to loading the equivalent of

1 Al plasma onto 1.5 mm, 10% SDS-polyacrylamide gels.

Following electrophoresis, proteins were electroblotted onto

0.2 Am nitrocellulose using Tris-glycine buffer (pH 8.9)

with a semi-dry blotting system (BIORAD, Hercules, CA,

USA). Ligand blotting was performed with 125I-chicken

leptin as previously described for 125I-IGF-1 (McMurtry et

al., 1996a). Recombinantly derived chicken leptin was

kindly provided by A. Parlow (National Hormone and

Pituitary Program). Chicken leptin was radiolabeled to a

specific activity of 60 Ci/g using the same procedure as

previously reported for chicken IGF-I (McMurtry et al.,

1996a). Additionally, one blot from each group was incu-

bated with unlabeled recombinant chicken leptin (1 Ag/ml)

for 1 h prior to addition of 125I-labeled leptin to determine

binding specificity. Blots were exposed to a phosphor

imaging screen for 66 h prior to scanning with a Storm

860 imaging device (AP Biotech, Piscataway, NJ, USA).

2.5. Statistical analysis

Tissue uptake data were analyzed by one-way ANOVA

with replications, where p < 0.05 was considered significant.

Means were separated by Bonferroni pair-wise tests. Cal-

J.P. McMurtry et al. / Comparative Biochemistry and Physiology, Part A 138 (2004) 27–3228



culations of leptin metabolic clearance (t1/2) were conducted

as previously described (McMurtry et al., 1987).

3. Results

3.1. Tissue distribution of radiolabeled leptin

To evaluate the transport of radiolabeled leptin from the

circulation into tissues, the amount of 125I-labeled leptin in

tissues at 15 and 240 min after infusion of the tracer has

been expressed as TCA-insoluble radioactivity per mg tissue

(Figs. 1 and 2). No correction was made for the plasma

content of the different organs or tissues. The amounts of

leptin radioactivity per mg wet mass in the various organs or

tissues at 15 min post-infusion are presented in rank order of

distribution: kidney>testes>lung>spleen>heart>liver>small

intestine>large intestine>gizzard>pancreas>bursa>leg

muscle>breast muscle>adrenals>brain (Fig. 1). Radioactiv-

ity appeared in the kidneys in a greater amount ( p < 0.05)

than in any other tissue. A slightly different distribution of

radioactivity was evident at 240 min post-infusion: lung>

kidney>spleen>testes>large intestine>bursa>gizzard>small

intestine>heart>liver>pancreas>leg muscle>breast muscle>

adrenals>brain (Fig. 2). By 240 min post-infusion, the

greatest amount ( p < 0.05) was associated in the lung. The

amount of TCA-precipitable radioactivity in each of the

tissues was significantly ( p < 0.05) less at 240 min com-

pared to that present at 15 min post-infusion. In general, the

pattern of tissue uptake and distribution did not deviate from

that presented in Figs. 1 and 2 as cpm per mg wet tissue

mass, when TCA-insoluble radioactivity was expressed as a

percentage of total counts in individual tissue samples (data

not shown).

3.2. Profiles of leptin radioactivity in plasma

Chromatography of plasma samples obtained following

the in vivo infusion of radiolabeled mouse leptin at neutral

pH on a Superose-12 column produced one peak of

radioactivity (Fig. 3). This distribution pattern was the

same for all sampling times (7.5 to 240 min post-infusion).

A similar distribution pattern of radioactivity was noted

following the chromatography of chicken and turkey

plasma incubated in vitro with radiolabeled chicken leptin

(Fig. 4). In both experiments, the peak in radioactivity

occurred at approximately 16 kDa. In none of the in vivo

samples or in vitro samples chromatographed was there

any radioactivity detected which could be ascribed to a

higher molecular mass protein. Based on the clearance of

radioactivity from plasma, a half-life estimate for leptin

was calculated to be 23 min.

3.3. Ligand blot

To further assess whether or not leptin-binding proteins

are present in circulation, we subjected chicken and turkey

plasma to gel electrophoresis ligand blot analysis, and

probed the membranes for leptin-binding proteins using
125I-chicken leptin. No specific leptin binding activity was

noted in any of the avian plasma samples assessed (Fig. 5).

4. Discussion

The physiology of leptin has been extensively investi-

gated in the central nervous system for the regulation of feed

intake and energy balance. Recently, a growing body of

evidence has reported on the actions of leptin in peripheral

organs and tissues in mammals. The results of this current

study strongly suggest that leptin may have similar periph-

eral activities in the bird. The chicken leptin receptor cDNA

Fig. 1. Radioactivity in chicken organs/tissues (cpm/mg TCA-precipitable)

at 15 min after the administration of radiolabeled mouse leptin. Values are

meansF S.E.M. (n = 4). Abbreviations are as follows: Kd = kidney,

Te = testes, Lu = lung, Sp = spleen, Ht = heart, Lv = liver, SI = small intes-

tine, LI = large intestine, Gz = gizzard, Pc = pancreas, Bu = bursa, LM= leg

muscle, BM= breast muscle, Ad = adrenals, Br = brain, TCA= trichloro-

acetic acid.

Fig. 2. Radioactivity in chicken organs/tissues (cpm/mg TCA precipitable)

at 240 min after the administration of radiolabeled mouse leptin. Values are

meansF S.E.M. (n = 4). Abbreviations are the same as in Fig. 1.

J.P. McMurtry et al. / Comparative Biochemistry and Physiology, Part A 138 (2004) 27–32 29



has been sequenced and characterized. Ohkubo et al. (2000)

reported the greatest mRNA expression in the ovary and

brain, with less abundance in the liver, kidney and intestine.

A similar pattern was observed by Horev et al. (2000) in

tissue mRNA expression levels, with the greatest activity in

the brain (hypothalamus), followed by lung, kidney, fat, and

liver. This pattern is somewhat similar to what we observed

in this study in that in general, the greatest radiolabeled

leptin activity uptake was in the kidney, spleen and lungs,

and intestine. Conversely, we found very little radioactivity

associated with brain tissue. This may be a difference in

sensitivity and assay characteristics, reflecting the fact that

measuring gene expression level is able to detect a low

abundance of receptor activity, and expression may not be

reflective of actual receptor protein levels. It is not surpris-

ing that leptin uptake would be high in the kidney, as this

tissue has previously been shown to be responsible for leptin

clearance (Cumin et al., 1996). A significant amount of

radioactivity was also detected in the pancreas. Recently,

Benomar et al. (2003) have demonstrated the presence of

Fig. 3. Superose-12 column neutral chromatography of plasma from chickens following a bolus injection of radiolabeled mouse leptin. Values represent mean

values of four birds with a pooled S.E.M.F 21 cpm. Chickens were sampled at 7.5 min (o), 15 min (.), 30 min (D), 60 min (q), 120 min (n), and 240 min

( ). The positions of molecular mass markers used to calibrate the column are indicated: D= dextran, O = ovalbumin, C = cytochrome c, I = 125I.

Fig. 4. Superose-12 column neutral chromatography of chicken (n) or

turkey (o) plasma incubated in vitro with radiolabeled recombinant chicken

leptin. Values represent mean values of four different plasmas with a pooled

S.E.M.F 16 cpm. The positions of molecular mass markers used to

calibrate the column are indicated: D= dextran, O= ovalbumin, C = cyto-

chrome c, I = 125I.

Fig. 5. Ligand blotting of avian plasma samples probed with 125I-

recombinant chicken leptin. Samples (Lanes 1 and 4 = chick plasma, fed;

Lane 2 = chick plasma, fasted; Lane 3 = chick embryo plasma; Lane

5 = turkey plasma) were subjected to gel electrophoresis, blotted and

probed with 125I-recombinant chicken leptin. Ligand blotting was

performed as described in Materials and methods. The molecular mass

standards in 5 mM dithiothreitol (Sigma) were: h-galactosidase (116

kDa), transferrin (78 kDa), BSA (68 kDa), ovalbumin (43 kDa) and

carbonic anhydrase (29 kDa).

J.P. McMurtry et al. / Comparative Biochemistry and Physiology, Part A 138 (2004) 27–3230



the chicken leptin receptor (cOb-R) in isolated chicken

islets of Langerhans. Furthermore, the same authors

showed that insulin secretion is significantly reduced

when the chicken pancreas was perfused with chicken

leptin. Beyond these reports, nothing is known on wheth-

er leptin has similar functions in chicken tissues as

investigated in other species. In mammals, leptin is

important for regulating the maturation of fetal lung cells

(Bergen et al., 2002), promoting testicular germ cell

differentiation and proliferation (El-Hefnawy et al.,

2000), enhancing intestinal carbohydrate absorption (Pear-

son et al., 2001), and for stimulating skeletal muscle

thermogenesis (Dulloo et al., 2002). It is noteworthy that

in this study, the same tissues (lung, testes, intestine,

muscle) contained significant amounts of TCA-precipita-

ble radioactivity. However, only additional investigations

can determine whether leptin provokes similar biological

responses in the bird.

Various forms of the leptin receptor have been cloned.

Six different alternatively spliced isoforms have been

reported (Lee et al., 1996). Of these isoforms, only the long

form of the leptin receptor (designated Ob-Rb) is capable of

mediating the biological actions of leptin. Another isoform,

Ob-Re, is speculated to be a soluble form of the receptor,

and may function as a plasma leptin binding protein (Chen

et al., 1996). Magni et al. (2000) have reported that the

bound/free ratio of plasma leptin is altered in obese indi-

viduals with free leptin accounting for 70–80% of circulat-

ing leptin, while in normal subjects only 10–15% of plasma

leptin is unbound.

To date, only the long form of the tissue leptin receptor

has been identified in birds (Ohkubo et al., 2000; Horev et

al., 2000; Richards et al., 2001). The leptin receptor has also

been identified in cells derived from a Leghorn male

hepatoma cell line (Cassy et al., 2003). Since apparently

the soluble short form is not present in avian plasma, this

may, in part, explain our observation of the absence of a

circulating leptin binding protein in chick plasma. Multiple

experimental approaches were used to demonstrate that a

majority, if not all of the leptin in chick blood circulates in

the free form.

The calculated mean plasma half-life of leptin in this

study was 23 min, which is similar to the half-life estimate

of 25 min in humans (Klein et al., 1996). A somewhat

longer half-life estimate for leptin of 96.4 and 49.5 min for

the rhesus monkey and mouse, respectively, has been

reported (Ahren et al., 2000). Overall, the half-lives and

clearance rates of peptide and protein hormones in birds

appear to be very rapid: insulin t1/2 = 7–8 min (McMurtry et

al., 1987), glucagon t1/2 = 4–5 min (McMurtry et al.,

1996b), growth hormone t1/2 = 13 min (Proudman and Opel,

1990), insulin-like growth factor-I and -II t1/2 = 3 and 5 min,

respectively (McMurtry et al., 1996a). This further charac-

terization of leptin behavior in birds contributes additional

information regarding the differences and similarities be-

tween mammalian and avian systems.
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