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Abstract

The effect of intracerebroventricular (i.c.v.) injection of leptin was investigated using broiler and Single Comb White Leghorn
(SCWL)-type chickens. These represent relatively fast- and slow-growing birds, respectively. The i.c.v. injection of leptin decreased food
intake in both broilers and Leghorns in a dose-dependent manner. The most efficacious dose appeared to be 10 g in both types of chick-
ens. Water intake was generally not affected by leptin, indicating that this effect was not due to general malaise. It appears that leptin can

act within the central nervous sytstem of birds to decrease food intake.
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1. Introduction

It has been known for years that endogenous lipid stores
are well regulated [20]. Although it is unlikely that such
regulation can be explained by a single gene, the cloning of
the ob gene encoding for leptin has shed some light on
mechanisms regulating lipid deposition [29]. In mammals,
it appears that mutations in either leptin [23] or its receptor
[8,22] resultsin changesin lipid stores and food intake.

Leptin isthought to act as a signal between the peripheral
lipid stores and the central nervous system [7], gaining ac-
cess to the brain at the arcuate nucleus and choroid plexus
by a specific transport system [3]. Intracerebroventricular
(i.c.v.) or intrahypothalamic injections of leptin have been
reported to decrease food intake in a variety of mammalsin-
cluding mice [8], rats[9], pigs [4], and monkeys [26]. Leptin
probably acts by altering neuropeptide Y expression and re-
lease from neurons originating in the arcuate nucleus [24,27].

The gene encoding leptin in chickens has recently been
cloned [2,25]. Unlike in mammalss, the gene is expressed not
only in adipose tissue, but aso in liver. Interestingly, both
adipose tissue [21] and liver [19] are believed to be periph-
eral sitesinvolved in food intake regulation.

It is well documented that the modern broiler and Leg-
horn are relatively fast-growing and slow-growing, respec-
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tively [5]. It has been shown that the mechanisms regulating
food intake differ between Leghorns and broilers, presum-
ably because of differential genetic selection for growth rate
[10]. It is reasonable to expect that a signal originating from
adipose or hepatic tissue would act similarly in birds and
mammals. Recently, however, it was reported that i.c.v. injec-
tions of leptin did not reduce food intake in young chickens
[6]. The purpose of the present study wasto determineif leptin
acts within the central nervous system of chickens to alter
food intake in two types of chickens differing in growth rate.

2. Materials and methods
2.1. Animal preparation

Broiler and Leghorn cockerels obtained on the day of
hatch were reared in heated batteries with raised wire-bot-
tom floors until 4, and 7 weeks of age, respectively. There-
after, they were moved to individual cages. Broilers have
been selected for rapid body weight gain [13], whereas Leg-
horns have been indirectly selected for slow growth [16].
These ages were selected so that the birds would be of similar
weight at the time of the experiments. A mash diet (20% crude
protein, 2864 kcal/kg metabolizable energy) and water were
provided ad lib consumption, and lighting was continuous.

After being moved to individual cages, each bird was
anaesthetized with sodium pentobarbital (25 mg/kg), and a
23-gauge thin-walled stainless steel guide cannula was ste-
reotaxically implanted into the right lateral ventricle as de-
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Fig. 1. Cumulative food and water intake of male Single Comb White Leg-
horns following intracerebroventricul ar injection of 0—10.g human recom-
binant leptin. Lin, linear contrast; Min, minutes, PSE, pooled standard
error; Quad, quadratic contrast; *p < 0.05.

scribed by Denbow and Van Krey [11]. Placement in the
ventricle was verified by the presence of cerebrospina fluid
in the guide cannula. Birds were alowed a minimum of 3
days recovery before beginning injections.

2.2. Experiment 1

Eight Leghorn cockerels were used in areplicated Latin
square design with birds and days as blocking factors. All
solutions were made in artificial cerebrospinal fluid (aCSF;
[1]), which served as the control. The aCSF was filtered
through a 0.22-pm filter (Gelman Instrument Co., Ann Ar-
bor, MI) prior to injection. The birds were injected with
0-20 g of human recombinant leptin (Calbiochem, La Jolla,
CA) in avolume of 10 pL. The chicken leptin gene shows
83% homology with human gene [2,25]. Injections were
made using a 27-gauge stainless-steel cannula connected to
a 10-pL Hamilton syringe with a 60-cm length of PE-20
tubing (Clay Adams). Food and water intake were moni-
tored at 15-min intervals through 3 h postinjection. Intake
was again determined at 24 h postinjection to determine if
there was a carry over effect of the drug.

2.3. Experiment 2

This experiment was similar to the previous experiment
except that broilers were used.
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Fig. 2. Cumulative food and water intake of male Single Comb White Leg-
horns following intracerebroventricular injection of 0-20 wg human
recombinant leptin. LIN, linear contrast; Min, minutes, PSE, pooled stan-
dard error; QUAD, quadratic contrast; *p < 0.05.

2.4. Analysis

Cumulative food and water intake were analyzed using
analysis of variance at each time period. Treatment effects
were partitioned into linear and quadratic contrasts to deter-
mine the dose—response relationships at each time period.
Significance impliesp < 0.05.

3. Results and discussion

The i.c.v. injection of human recombinant leptin de-
creased food intake in both Leghorn and broiler type chick-
ens (Figs. 1-4). It appeared that 10 g was the most effica-
cious dose. These results support those found in other
speciesin which injections both inside or outside the blood—
brain barrier reduced food intake [4,7,14,15,22]. The site of
action in which leptin is working within the central nervous
system of birds has not been identified. However, it appears
likely that the siteis similar to that in mammals where leptin
acts at the arcuate nucleus to alter neuropeptide Y expres-
sion [27]. Neuropeptide Y stimulates feed intake in birds
similarly to that in mammals [12,18], and has aso been
shown to be localized within the hypothalamus [17].

Water intake was generally not altered by thei.c.v. injec-
tion of leptin (Figs. 1-4). The only significant effect on wa-
ter intake was observed at 165 and 180 min following the
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Fig. 3. Cumulative food and water intake of broilers following intracere-
broventricular injection of 0-10 g human recombinant leptin. Lin, linear
contrast; Min, minutes; PSE, pooled standard error; Quad, quadratic con-
trast; *p < 0.05.

i.c.v. injection of leptin at the higher doses in Leghorns
(Fig. 2). Because food intake was decreased within 45 min
of leptin injection in the same experiment, the effect on wa-
ter intake was probably an indirect effect of the decreased
food intake. Thei.c.v. administration of leptin has been shown
to decrease food intake in both lean and obese rats [28].
The sengitivity of the brain to leptin appears to be related
to the animal’s genetic background. Wang et al. [28] re-
ported that both lean and obese Zucker rats responded to
i.c.v. leptin. However, Halass et al. [15] found that AY mice
were relatively unresponsive to i.c.v. leptin compared to
lean mice. In the present study, both broilers and Leghorns
were responsive to the anorexigenic effects of i.c.v. leptin.
The results of the present study differ from those of Fu-
ruse et a [12], who reported that i.c.v. injection of mouse
leptin had no effect on food intake in 2-day-old broilers of
SCWL. Although the reason for these disparate results is
unclear, it may be dueto either age or source of leptin.

References

[1] Anderson DK, Heisey SR. Clearance of molecules from cerebrospi-
nal fluid in chickens. Am J Physiol 1972;222:645-8.

[2] Ashwell CM, Czerwinski SM, Brocht DM, McMurtry JP. Hormonal
regulation of leptin expression in broiler chickens. Am J Physiol
1999;276:R226-32.

35 1

——-aCSF
-5 ug

- NN W
S B © N O
1 1 I 1 1

Food Intake (g)

(9]
1

0 pE— ; A . . . . . . A s
Min 30 60 90 120 150 180
PSE 8.47 12.57 16.72 21.48 23.26 24.32
Lin

Quad + 4+ + + + + + + + + o+

Min 30 60 90 120 150 180
PSE 10.71 11.30 15.54 14.42 18.51 20.01
Lin

Quad

Fig. 4. Cumulative food and water intake of male broilers following intrac-
erebroventricular injection of 0-20 g human recombinant leptin. Lin, lin-
ear contrast; Min, minutes; PSE, pooled standard error; Quad, quadratic
contrast; *p < 0.05.

[3] Banks WA, Kastin AJ, Huang W, Jaspan JB, Maness LM. Leptin en-
ters the brain by a saturable system independent of insulin. Peptides
1996;17:305-11.
Barb CR, Yan X, Azain MJ, Draeling RR, Rampacek GB, Ramsay
TG. Recombinant porcine leptin reduces feed intake and stimulates
growth hormone secretion in swine. Dom Anim Endocrinol 1998;15:
77-86.
[5] Boa-Amponsem K, Larsen CT, Dunnington EA, Siegel PB. Immuno-
competence and resistance to marble spleen disease of broiler- and
layer-type pure lines of chickens. Avian Pathol 1999;28:379-84.
Bungo T, Shimojo M, Masuda Y, Tachibanab T, Tanaka S-J, Sugahar
K, Furuse M. Intracerebroventricular administration of mouse lep-
tin does not reduce food intake in the chicken. Brain Res 1999;817:
196-8.
[7] Campfield LS, Smith FJ, Guisez Y, Devos R, Burn P. Recombinant
mouse ob protein: evidence for a periphera signal linking adiposity
and the central neural networks. Science 1995;269:546-9.
Chen H, Charlat O, Tartaglia LA, Woolf EA, Weng X, Ellis SJ,
Lakey ND,Culpepper J, Moore KJ, Breitbart RE, Duyk GM, Tepper
RI, Morgenstern JP. Evidence that the diabetes gene encodes the lep-
tin receptor: identification of a mutation in the leptin receptor genein
db/db mice. Cell 1996;84:491-5.
Cusin |, Rohner—Jeanrenaud F, Stricker—Krongrad A, Jeanrenaud B.
The weight-reducing effect of an intracerebroventricular bolus injec-
tion of leptin in genetically obese fa/fa rats—reduced sensitivity com-
pared with lean animals. Diabetes 1996;45:1446-51.
[10] Denbow DM. Appetite and its control. Poult Sci Rev 1994;5:209-29.
[11] Denbow DM, Van Krey HP. lonostatic control of food intake in the
domestic fowl. Poult Sci 1987;66:1229-35.
[12] Furuse M, Matsumoto M, Mori R, SugaharaK, Kano K, Kasegawa S.
Influence of fasting and neuropeptide Y on the suppressive food in-

[4

=

[6

]

(8

-

[9

—



362

[13]

(14]

(19]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

D.M. Denbow et al. / Physiology & Behavior 69 (2000) 359-362

take induced by intracerebroventricular injection of glucagon-like
peptide-1 in the neonatal chick. Brain Res 1997;764:289-92.

Gous RM. Genetic progress in the poultry industry. S Afr J Anim Sci
1986;16:127-33.

Halaas JL, GagjiwalaK, Maffei M, Cohen S, Chait BT, Rabinowitz D,
Lalone R, Burley S, Friedman JM. Weight-reducing effects of the
plasma protein encoded by the obese gene. Science 1995;269:543-6.
Halaas JL, Boozer C, Blair-West J, Fidahusein N, Denton DA, Fried-
man JM. Physiological response to long-term peripheral and central
leptin infusion in lean and obese mice. Proc Natl Acad Sci USA
1997,94:8878-83.

Kinney TB. A Summary of Reported Estimates of Heritabilities and
of Genetic and Phenotypic Correlations for Traitsin Chickens. Wash-
ington, DC: USDA Agriculture Handbook No. 363, 1969.

Kuenzel WJ, McMurtry J. Neuropeptide Y: brain localization and
central effects on plasma insulin levels in chicks. Physiol Behav
1988;44:669-78.

Kuenzel WJ, Douglass LW, Davison BA. Robust feeding following
central adminsitration of neuropeptide Y or peptide YY in chicks.
Peptides 1987;8:823-8.

Lacy MP, Van Krey HP, Skewes PA, Denbow DM. Food intake in
the domestic fowl: effect of intrahepatic lipid and amino acid infu-
sions. Physiol Behav 1986;36:533-8.

Lepkovsky S. Hypothalamic—adipose tissue interrelationships. Fed
Proc 1973;32:1705-8.

Lepkovsky S. Feeding controls in chickens. In: Ookawa T, editor.
The Brain and Behavior of the Fowl. Todyo: Japan Scientific Press,
1983. pp. 171-84.

Maffei M, Fei H, Lee G-H, Dani C, Leroy P, Zhang Y, Proenca R,

(23]

[24]

[29]

(26]

[27]

(28]

[29]

Negrel R, Ailhaud G, Friedman JM. Increased expression in adipo-
cytes of ob RNA in mice with lesions of the hypothalamus and with
mutations at the db locus. Proc Natl Acad Sci USA 1995;92:6957—60.
Pelleymounter MA, Cullen MJ, Baker MB, Hecht R, Winters D,
Boone T, Collins F. Effects of the obese gene product on body weight
regulation in ob/ob mice. Science 1995;269:540-3.

Stephens TW, Basinski M, Bristow PK, Bue-Valleskey JM, Burgett
SG, Craft L, Hale J, Hoffmann J, Hsiung HM, Kriauciunas A,
MacKellar W, Rosteck PR Jr, Schoner B, Smith D, Tindey FC,
Zhang X-Y, Heiman M. The role of neuropeptide Y in the antiobesity
action of the obese gene product. Nature 1995;377:530-4.

Taouis M, Chen JW, Daviaud C, Dupont J, Derouet M, Simon J.
Cloning the chicken leptin gene. Gene 1998;208:239-42.

Wagner JD, Jayo MJ, Cefaiu WT, Hardy VA, Rankin SE, Toombs
CF. Recombinant human leptin (rHULEPTIN) reduces body weight
and body fat and improves insulin sensitivity in nonhuman primates.
Obes Res 1996;4(Suppl 1):27S,

Wang Q, Bing C, Al-Barazanji K, Mossakowaska DE, Wang X-M,
McBay DL, Neville WA, Taddayon M, Pickavance L, Dryden S, Th-
omas MEA, McHale MT, Gloyer ES, Wilson S, Buckingham R, Arch
JRS, Trayhurn P, Williams G. Interactions between leptin and hypo-
thalamic neuropeptide Y neuronsin the control of food intake and en-
ergy homeostasisin the rat. Diabetes 1997,46:335-41.

Wang T, Wartzell DL, Flatt WP, Martin RJ, Baile CA. Responses of
lean and obese Zucker rats to centrally administered leptin. Physiol
Behav 1998;65:333-41.

Zhang Y, Proenca R, Maffei M, Barone M, Leoppold L, Friedman
JM. Positiona cloning of the mouse obese gene and its human homo-
logue. Nature 1994;373:425-32.



