
Batterham et al. report that the gut pep-
tide hormone PYY3–36 decreases food
intake and body-weight gain in

rodents1, a discovery that has been heralded
as potentially offering a new therapy for
obesity. However, we have been unable to
replicate their results. Although the reasons
for this discrepancy remain undetermined,
an effective anti-obesity drug ultimately
must produce its effects across a range of
situations. The fact that the findings of Bat-
terham et al.1 cannot easily be replicated
calls into question the potential value of an
anti-obesity approach that is based on
administration of PYY3–36.

We have been unable to observe an acute
or chronic decrease in food intake or in body
weight following peripheral administration
of PYY3–36 to rodents (for full details, see the
authors’ website at www.pyyobesity.com).
We repeated and extended the original stud-
ies1, peripherally and/or centrally adminis-
tering PYY3–36 in equivalent concentrations
to rodents from eight different strains in
twelve independent laboratories (our meth-
ods and results are summarized in Table 1).

Food intake was measured continuously
or hourly for up to 24 hours and daily for up
to 10 days in ‘acute’ and ‘chronic’ experi-
ments. In 37 of 39 experiments, PYY3–36

either did not change or increased food
intake compared with control-treated
rodents (Table 1; see also Fig. 1a). In two 
continuous-infusion experiments, food
intake did decrease, but only transiently; no
effects were found on meal size or number,
although we observed a transient increase in
feeding behaviour that lasted for 10 min.

We found that the anorexigenic agents
MT-II (a melanocortin-receptor agonist)
and naloxone (an opioid-receptor antag-
onist) decreased food intake (P�0.001) in
rats that had not responded to PYY3–36, as did
the gut-satiety hormone cholecystokinin
(P�0.05) (see Fig. 1b, c and the authors’
website).This indicated that the animals and
conditions that we used were capable of
revealing known anorectic effects.

Body weight was measured for up to 10
days following peripheral treatment with
PYY3–36(Table 1; see also Fig. 1d). In 13 of 14
experiments, body weight either did not
change or increased compared with that 
of control-treated rodents; only in one case
(Ob/Ob�/� mouse) was there a transient
decrease in body weight (Table 1). Lean-
muscle mass did not change, and adipose-
tissue mass either increased or did not change.

We found that there was a significant
reduction in the animals’ locomotor activity
and rearing and sniffing behaviour follow-
ing PYY3–36 administration; overall energy

expenditure tended to decrease (not signifi-
cant; 6 mice received PYY3–36), as did faecal
caloric content (not significant; 8 mice
received PYY3–36). These changes favour a
positive energy balance and ultimately pro-
mote body-fat gain. Experiments usually
had equal or greater statistical power (num-
ber of animals in a group) compared with
those of Batterham et al.1.

Batterham et al. do not describe in detail
the adaptation or habituation of their ani-
mals1, so we used our own established and
more extensive adaptation protocols. We
carefully adapted our animals to experi-
mental conditions for at least five days and
excluded stress-related bias in these animals
by standard assay of plasma corticosteroids
and hypothalamic c-fos expression in the
paraventricular nucleus area, or by moni-
toring feeding2 and other stress-sensitive
behaviour (results not shown).

Batterham et al. used human PYY3–36

(supplied by Bachem) for their rodent studies
(personal communications); we ran our tests
with human or rodent PYY3–36 from several
suppliers (Bachem,P&E GmbH,Polypeptide
Laboratories, Neosystems, Eli Lilly). The 
relative molecular mass of the peptide was
confirmed upon delivery and in the injection

brief communications arising

NATURE | 8 JULY 2004 | www.nature.com/nature 1

solution either before or after experiments
(by high-performance liquid chromatogra-
phy and/or mass spectrometry).

The biological activity of PYY3–36 was con-
firmed in vivo by determining the increase 
in food intake following intracerebro-
ventricular administration (through Y1/Y5
receptors3) and the delay in gastric emptying
following intraperitoneal administration
(through Y2 receptors4). These assays test the
functional integrity of the peptide and show
that its activity is not species specific. Y2-
receptor binding was assayed5 in addition to
confirm the activity and integrity of the fresh
and left-over PYY3–36.

To our knowledge, only one group not
associated with the authors of refs 1 and 6
has so far replicated parts of the original
study. However, this group7,8 found no effect
of PYY3–36 on body weight or on chronic
food intake, and no effect on acute food
intake without specific pre-fasting. Others
have studied the longer peptide PYY1-36

(ref. 9) or focused on the cardiovascular
effects of PYY3–36 (ref. 10). On the basis of
the results available so far in rodents, we
believe that there is no conclusive evidence
that PYY3–36 is a physiological satiety factor
with the potential to treat obesity.

Physiology

Does gut hormone PYY3–36 decrease food intake in rodents?
Arising from: R. L. Batterham et al. Nature 418, 650–654 (2002)

Figure 1 Lack of inhibitory effect of PYY3–36 on food intake in rodents. Animals were acclimatized to test conditions for 5–28 days (Table 1),

fed normally and showed no signs of stress. a–d, Testing of human PYY3–36 (a, b, d) and rat PYY3–36 (c). a, PYY3–36 (intraperitoneal (i.p.) dose

of 3 �g kg�1, n�10; green circles) did not decrease food intake over 24 hours in individually housed Wistar rats compared with vehicle-

injected controls (orange circles). b, The melanocortin-receptor agonist MT-II (3 mg kg�1), but not PYY3–36 (i.p., injected just before lights

turned off; 100 �g kg�1), decreased 4-hour food intake in Wistar rats (n�18). c, PYY3–36 (i.p., 5 �g kg�1) increased food intake after

overnight fasting (30 min, P<0.05, n�10) in Sprague–Dawley rats; cholecystokinin (CCK; i.p., 6 �g kg�1) decreased food intake (n�14).

d, PYY3–36 (i.p., twice a day at 50 �g kg�1; green line) increased body weight compared with saline control (orange line) over a 7-day 

treatment period in Sprague–Dawley rats (n�8). Error bars show standard error of the mean; * P<0.001; ** P<0.05.
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Table 1 Effects of PYY3–36 on food intake and body weight in rodents

Species (male) Administration Study Dose Total number of Food intake Body weight

route animals (controls)*

Wistar rat i.c.v. Acute 10 µg 5 µl�1 14 (5) Increase (~200%) ND

2 µg 3 µl�1, 4 µg 3 µl�1, 8 µg 3 µl�1 32 (8) Increase (~300%) ND

i.p. Acute 0.3 µg 100 g�1 10 (5) No effect ND

100 µg kg�1 16 (8) No effect ND

100 µg kg�1 24 (12) No effect ND

100 µg kg�1 24 (8) No effect ND

3 µg, 30 µg, 100 µg (twice a day) 32 (8) No effect ND

100 µg kg�1 24 (6) No effect ND

5 µg kg�1 102 (32) Increase ND

Chronic (2 d) 30 µg kg�1, 100 µg kg�1, 300 µg kg�1 32 (8) No effect ND

Sprague–Dawley rat i.v. Chronic (2 d) 5 µg 100 g�1 (twice a day) 16 (8) No effect No effect

i.p. Acute 3 µg 100 g�1, 10 µg 100 g�1 72 (24) No effect No effect

3 µg 100 g�1 96 (24) No effect ND

0.3 nmol kg�1, 1 nmol kg�1, 5�8 (8) Transient decrease† ND

3 nmol kg�1, 10 nmol kg�1

Chronic (7 d) 5 µg 100 g�1 (twice a day) 16 (8) Increase (~7%) Increase (~35%)

Long Evans rat i.c.v. Acute 0.2 nmol, 1 nmol 24 (8) No effect‡, increase§ No effect

i.p. Acute 30 µg kg�1, 100 µg kg�1, 300 µg kg�1 32 (8) No effect No effect

30 µg kg�1 10 (5) No effect No effect

Chronic (5 d) 5 µg 100 g�1 16 (8) ND No effect

Lister hooded rat i.p. Acute 3 µg kg�1, 30 µg kg�1,100 µg kg�1 4�10 (10) No effect|| No effect

NMRI mouse i.p. Acute 50 µg kg�1, 100 µg kg�1 (twice a day) 18 (6) No effect No effect

Chronic (10 d) 100 µg kg�1 (twice a day) 14 (7) Increase (~20%) Increase (~5%)

C57BL/6 mouse s.c. Chronic (7 d) 1 mg kg�1 17 (9) Transient decrease¶ No effect

i.p. Acute 1 nmol kg�1, 3 nmol kg�1 3�6 (6) No effect ND

1 nmol kg�1, 3 nmol kg�1 4�6 (12) No effect ND

Ob/Ob�/� mouse s.c. Chronic (7 d) 1 mg kg�1 17 (9) Transient decrease¶ Transient decrease# 

NZO mouse i.p. Chronic (8 d) 100 µg kg�1 10 (4) No effect No effect

The results were obtained after habituation of all animals, which were individually housed. Briefly, animals were adapted to single-housed test conditions and diet, non-interrupted 12-hour light cycles and handling, including body-weight
measurements and saline injections for 5–28 days before study onset. Food intake in the pre-study habituation phase was monitored to verify that it had stabilized and did not differ from the food intake of the control group during testing.
Bedding was screened for spilt food and noise was kept to a minimum. Animals were monitored for evidence of stress (for example, poor grooming, defensive postures, discoloration around eyes and nose). Although the results of a few
experiments were in agreement with those of Batterham et al., that number (assuming all tests performed at a 2-tailed 0.05 significance level) was not significantly greater than expected by chance (P�0.255 for food intake), whereas the
number in the other direction was significantly greater than would be expected by chance (P�0.016). For further details, see the authors' website at www.pyyobesity.com.
ND, not determined; i.c.v., intracerebroventricular administration; i.p., intraperitoneal administration; s.c., continuous administration by subcutaneously implanted osmotic minipump.
* The total number of animals comprises treated animals and controls.
† Transient decrease (about 70%) at 30 min only at the dose 1 nmol kg�1 only. No effect with any other dose or at any other time point.
‡ No effect at 0.2 nmol dose.
§ Increase (about 60%) at 1 nmol dose.
|| No effect on total 1-h intake, but significant increase (about 23–50%) in duration of feeding behaviour in the first 10 min of test.
¶ Transient decrease (about 30%) in first 3 d, then no effect.
# Decrease (about 2%) on first day, then no effect.



Batterham et al. reply — The results of
Tschöp et al.1 on the lack of effect of
peripheral administration of PYY3–36 on
food intake in rodents are at odds with
both the published literature2–8 (our
Table 1) and with earlier data generated by
the Tschöp laboratory.

It has been shown that PYY3–36 does not
inhibit food intake in animals whose
appetite is reduced by stress5 and this seems
the likeliest explanation for the different
findings now reported by Tschöp et al. The
results of Tschöp et al. may also be under-
mined by their failure to measure the blood
concentrations of PYY3–36 that were achieved
following peripheral administration. Were
they sufficient to result in inhibition of food
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intake? In addition, their meta-analysis does
not include earlier data generated in Tschöp’s
laboratory that confirm our findings9 (M.T.,
personal communication; data available
from S.R.B.on request).

Tschöp et al. do not challenge the large
body of appropriate mechanistic data that
includes the inhibitory effect on food intake
of intra-arcuate Y2-receptor (Y2R) agonists
or PYY3–36, changes in hypothalamic neuro-
peptide messenger RNA, the analysis of
rodent hypothalamic explants and studies in
Y2R-knockout mice4,9. The human studies
showing that PYY3–36 inhibits food intake9,10

are also uncontested.
Peripherally administered PYY3–36 inhibits

food intake in procedure-acclimatized
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Table 1 Summary of literature data on PYY3–36 and food intake in rodents

Species Route Study Dose Total number of Effect

animals (controls)

Wistar rats (male) i.p. Acute (freely feeding)6 300 �g kg�1 28 (14) Reduction in 24-h food intake*

i.p. Acute (dark phase)9 3, 10, 30 �g kg�1 32 (8) Reduction in 4-h food intake*

i.p. Acute (fasted)9 3, 10, 30 �g kg�1 32 (8) Reduction in 4-h food intake*

i.p. Acute (fasted)9 50 �g kg�1 24 (12) Reduction in 24-h food intake**

i.p. Chronic (7 d)9 50 �g kg�1 d�1 24 (12) Reduction in food intake and body-weight gain**
(twice daily)

Intra-arcuate Acute (fasted)9 0.001, 0.01, 0.1 nmol 32 (8) Reduction in 2-h food intake* 

Diabetic Fatty Zucker rats (male) Alzet pump Chronic (28 d)7 30, 100, 300 �g d�1 44 (14) Reduction in cumulative food intake at highest two doses**
Reduction in HbA1c and fructosamine*

Fatty Zucker obese Alzet pump Chronic (56 d)7 100 �g kg�1 d�1 20 (13) Reduction in cumulative food intake and body weight*
non-diabetic rats (male) 

129/J mice (male) i.p. Acute (fasted)4 100 �g kg�1 16 (8) Food intake reduction at 6 h*** and 24 h**

i.p. Acute (dark phase)4 100 �g kg�1 16 (8) Tendency to reduce 24-h food intake (NS)

i.p. Acute (freely feeding)4 100 �g kg�1 20 (10) Increased POMC mRNA at 6 h** and 24 h**
Decreased NPY mRNA at 6 h**

POMC KO mice (male) i.p Acute (fasted)3 100 �g kg�1 64 (32) Reduction in 4-h food intake**
and WT controls (male)

i.p. Chronic (7 d)3 100 �g kg�1 (twice daily ) 32 (16) No effect on food intake or body weight

NIH/Swiss non-obese i.p. Acute (fasted)7 0.1, 1, 3, 10, 30, 100, 192 (40) Reduction in 1-h food intake with all doses greater 
mice (female) 300, 1,000 �g kg�1 than 3 �g kg�1*

Ob/Ob�/� mice (female) Alzet pump Chronic (28 d)7 100, 300, 32 (8) 300 and 1,000 �g kg�1 d�1 doses led to reduction in 
1,000 �g kg�1 d�1 cumulative food intake** and reduction in body-weight gain*** 

C57BL6/J DIO mice (male) Alzet pump Chronic (28 d)7 30, 100, 300, 1,000 �g kg�1 76 (20) Dose-dependent reduction in cumulative food intake*,
body weight*** and reduced adiposity*

C57BL6/J mice (male)5 i.p. Acute (fasted) 3, 30, 100 �g kg�1 20 (5) No effect on food intake in unacclimatized mice
unacclimatized5

i.p. Acute (fasted)5 3, 30, 100 �g kg�1 20 (5) Reduction in 4-h food intake*

i.p. Acute (fasted)5 3, 100 �g kg�1 19 (10) Reduction in 4-h food intake*

i.p. Acute (fasted)5 30, 100 �g kg�1 19 (10) Reduction in 4-h food intake*

Y2 receptor KO mice (males) i.p. Acute (fasted)9 50 �g kg�1 40 (10) Reduction of food intake in WT mice *
and WT controls (males) No effect in Y2R KO mice

Ddy mice (male) i.p. Acute (fasted)2 3 nmol 18 (9) Reduction in 24-h food intake*

i.p. Acute (dark phase)2 3 nmol 16 (8) Reduction in 24-h food intake*

MC4R KO mice (male) i.p. Acute (dark phase)5 3, 30, 100 �g kg�1 70 (36) Reduction in 4-h food intake
and WT controls (male) 

Agouti mice (male) i.p. Acute (fasted)8 0.02 �mol kg�1 44 (21) Reduction in 2-h re-feeding*** 
and WT controls (male)

Abbreviations: KO, knockout; NS, non-significant; i.p., intraperitoneal; WT, wild type; POMC, pro-opiomelanocortin; MC4R, melanocortin-4-receptor. * P�0.05; ** P�0.01; ***, P�0.001.


