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similar to those used here to inhibit actions of CRF12. This antago-
nist (5 µg, icv; n = 5) failed to influence food intake or body weight
gain in vehicle-treated rats (n = 10) and did not influence the
hypophagia or reduced body-weight gain induced by icv injection of
prostaglandin E2 (500 ng per rat, icv; n = 6), suggesting that its effects
are specific to the CRF receptor. (Food intake: vehicle, 28 ± 1 g; D-
Phe CRF12-41, 28 ± 1 g; PGE2, 20 ± 1 g; PGE2 and D-Phe CRF12-41,
21 ± 1 g. Body weight gain: vehicle, 19 ± 1 g; D-Phe CRF12-41,
18 ± 2 g; PGE2, 11 ± 1 g; PGE2 and D-Phe CRF12-41, 11 ± 1 g).

Because effects of leptin were attenuated but not abolished
by the CRF receptor antagonist, CRF or urocortin may act in
conjunction with other mediators, such as melanocortin, which
have been implicated in the regulation of appetite13,14. Never-
theless, these results indicate that CRF or another CRF-like neu-
ropeptide, such as urocortin, is important for the actions of leptin
on food intake.

Acknowledgements
We thank the Medical Research Council, UK, and the Ministry of Agriculture,

Foods and Fisheries for supporting this work.

1. Zhang, Y. et al. Nature 372, 425–432 (1994).
2. Halaas, J.L. et al. Science 269, 543–546 (1995).
3. Grunfeld, C. et al. J. Clin. Invest. 97, 2152–2157 (1996).
4. Loffreda, S. et al. FASEB J. 12, 57–65 (1998).
5. Elmquist, J.K., Ahima, R.S., Elias, C.F., Flier, J.S. & Saper, C.B. Proc. Natl. Acad.

Sci. USA 95, 741–746 (1998).
6. Schwartz, M.W., Seeley, R.J., Campfield, L.A., Burn, P. & Baskin, D.G. J. Clin.

Invest. 98, 1101–1106 (1996).
7. Hakansson, M.L., Brown, H., Ghilardi, N., Skoda, R.C. & Meister, B. J. Neurosci.

18, 559–572 (1998).
8. Dunn, A.J. & Berridge, C.W. Brain Res. Rev. 15, 71–100 (1990).
9. Rothwell, N.J. Neurosci. Biobehav. Rev. 14, 263–271 (1990).
10. Spina, M. et al. Science 273, 1561–1564 (1996).
11. Behan, D.P. et al. Mol. Psychiatry 1, 265–277 (1996).
12. Menzaghi, F. et al. J. Pharmacol. Exp. Ther. 269, 564–572 (1994).
13. Seeley, R.J. et al. Nature 390, 349 (1997).
14. Sahu, A. Endocrinology 139, 795–798 (1998).

scientific correspondence

Leptin affects food intake
via CRF-receptor-
mediated pathways
Jason D. Gardner, Nancy J. Rothwell and 
Giamal N. Luheshi

School of Biological Sciences, 1.124 Stopford Building, University of Manchester,
Oxford Road, Manchester M13 9PT, UK

Correspondence should be addressed to G.N.L. (gluheshi@man.ac.uk)

Leptin is an important regulator of energy balance, which is thought
to provide negative feedback to the brain to inhibit body fat accu-
mulation. This protein is produced by adipose tissue in proportion
to fat mass and released into circulation, and it subsequently acts on
the brain to inhibit food intake and stimulate thermogenesis1,2. Lep-
tin expression can also be induced by inflammatory stimuli such as
bacterial endotoxin and cytokines3,4, which could result in loss of
body weight. Here we show that leptin’s effects on food intake and
body weight are blocked by co-infusion of an antagonist to the cor-
ticotrophin-releasing-factor (CRF) receptor.

There is some evidence that leptin’s actions in the brain may
involve CRF or a related neuropeptide. Expression of c-fos (a mea-
sure of neuronal activation) increases in the paraventricular nucle-
us of the hypothalamus in response to intracerebroventricular (icv)
injection of leptin5. Leptin also induces expression of CRF mRNA
in the paraventricular nucleus6, and leptin receptors are present
on CRF-containing neurons7. Although CRF is best known for its
involvement in stress responses, it also potently inhibits food intake
and mediates several actions of cytokines in the brain8,9. The reg-
ulation of energy balance probably involves CRF because it inhibits
food intake and stimulates energy expenditure and sympathetic
nervous system activity9. In addition, the CRF-like neuropeptide
urocortin, which also acts at CRF receptors, is a more potent sup-
pressor of appetite than CRF10.

The experiments described here test the hypothesis that CRF
or urocortin mediates the actions of leptin on food intake. The
CRF-receptor antagonist D-Phe CRF12-41 has similar affinity for
type I and type II CRF receptors11. Intracerebroventricular admin-
istration of leptin (Insight Biotechnology, UK; 4 µg per rat at 18:00
h) to individually housed, free-feeding male Sprague-Dawley rats
(250–300 g) inhibited food intake, measured 1 h prior to the injec-
tion and again 14 h afterward, by 50% (p<0.001) compared to
vehicle-treated animals (Fig. 1a). Administration of the CRF-recep-
tor antagonist D-Phe CRF12-41 (Bachem, UK; 1–5 µg per rat) alone
did not significantly affect food intake. Co-administration of the
lowest dose (1 µg per rat) of D-Phe CRF12-41 with leptin had no
significant effect on food intake, but higher doses (2.5 and 5 µg
per rat) attenuated effects of leptin on food intake by 58%
(p<0.001), such that food intake of these animals was restored to
80% of the intake of vehicle-treated controls. Leptin injection also
caused marked loss of body weight (12 ± 3 g) over 14 h, which was
attenuated by cotreatment with all doses of CRF receptor antago-
nist used (Fig. 1b).

The antagonist D-Phe CRF12-41 has been used widely at doses

Fig. 1. Leptin-induced
reduction in food intake
and body weight is atten-
uated by D-Phe CRF. 
(a) Injection of leptin
(4 µg, icv; n = 10) reduced
food intake by 50% over
14 h (p<0.001) compared
with vehicle-treated ani-
mals. Co-injection of D-
Phe CRF12-41 (2.5 or 5
µg/rat, icv; n = 6,7) signifi-
cantly attenuated this
effect (p<0.001) to 80% of
control food intake. 
(b) Injection of leptin
(4 µg, icv; n = 10)
reversed the gain in body
weight seen in vehicle-
treated rats over 14 h
(p<0.001). Co-injection
of D-Phe CRF12-41 (1, 2.5
or 5 µg/rat, icv; n = 6,7)
significantly attenuated this effect in a dose-dependent manner
(p<0.001). Animals were housed under a 12 h light-dark cycle (08:00
to 20:00) and had free access to food (pelleted rat chow, Beekay
International, UK) and water. All drugs were made up in sterile water
for injection. Data were analyzed using ANOVA followed by Newman-
Keuls post test.
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