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Glucagon-like peptide-1 
and satiety 

On the basis of their observation that 
intracerebroventricular administration of 
glucagon-like peptide-1 (residues 7-36) 
amide ( GLP-1) reduced food intake in rats, 
Turton et al. 1 suggest that GLP-1 is a phys
iological mediator of satiety. Using c-Fos 
immunohistochemistry as a marker of 
neuronal activity, they reported that GLP-1 
induces c-Fos expression "exclusively" in 
the paraventricular hypothalamus and cen
tral amygdala, regions of the brain impor
tant in the regulation of feeding. Although 
consistent with the hypothesis that GLP-1 
causes satiety, there are alternative interpre
tations for the earlier result. We report here 
that GLP-1, in addition to reducing food 
intake1.2, also supports the development of a 
strong conditioned taste aversion, indicat
ing that GLP-1 has aversive side-effects that 
could attenuate consumption and hence 
provide one explanation for the data of 
Turton and colleagues'. 

We administered GLP-1 (0.3, 1.0 or 
3.0 1-1g) intracerebroventricularly to un
deprived rats at the beginning of the dark 
phase of their light-dark cycle. Consistent 
with ref. 1, 3.0 1-1g was the lowest dose to 
produce reliable reductions in food con
sumption over a 2-hour period (Fig. 1a). To 
examine the potential of GLP-1 to produce 
a conditioned taste aversion, we infused 
saccharin directly into the oral cavity of 
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other rats3, followed immediately by GLP-1 
administration (1.0 1-1g or 3.0 1-1g). When 
re-exposed to saccharin several days later, a 
significant number of rats rejected the taste 
when it was paired with 3.0 1-1g but not 1.0 
1-1g of GLP-1 (Fig. 1b). Rats that received 
saccharin that had previously been paired 
with intraperitoneal injection ( 63 mg kg- 1) 

of the emetic agent lithium chloride dis
played a conditioned taste aversion similar 
in magnitude to 3.0 1-1g GLP-1 (data not 
shown). Saccharine exposure followed by 
administration of control solutions for 
GLP-1 or LiCl did not cause rats to reject 
saccharin during testing for conditioned 
taste aversion, nor did exposing rats to 
GLP-1 or LiCl that was not previously 
paired with saccharin. Thus, reduction of 
food intake by GLP-1 is apparently accom
panied by symptoms sufficient to support a 
conditioned taste aversion. 

We have also examined the pattern of 
c-Fos induction after GLP-1 administra
tion. Consistent with ref. 1, we find that 
c-Fos is expressed in the paraventricular 
nucleus and central amygdala2• GLP-1 also 
induces strong c-Fos expression in the 
nucleus of the solitary tract, area postrema 
and pontine parabrachial nucleus, eliciting 
a pattern of brainstem activity similar to 
that elicited by LiCl3• 

In summary, we find that intracere
broventricular GLP-1 generates neural 
activity in the brainstem, as assessed by 
c-Fos immunohistochemistrr, strikingly 
similar to that of a known emetic agene. 
We have also found that the lowest dose 
of GLP-1 to reduce food intake supports 
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Figure 1 a, Food intake in undeprived rats 2 h after infusion of synthetic cerebrospinal fluid (sCSF; 
n= 6;leftbar) orGLP-1 (0.3 ~g, n= 7; 1.0 ~g, n = 6; 3.0 ~g, n = 4) justbeforethedarkphase (F3,19 =4.27, 
P < 0.05; GLP-1 versus sCSF; *, P < 0.01). b, Latency to reject intraoral infused saccharine solution 
(2.5 ml of 0.15% over 5 min) by undeprived rats that had previously received saccharin immediately 
before receiving sCSF (n = 5) or GLP-1 ( 1.0 11-g, n = 6; 3.0 ~g, n = 5). Rats more rapidly rejected saccharin 
paired with 3.0 ~g GLP-1 (F2,13 = 5.17, P < 0.05; 3.0 ~g GLP-1 versus sCSF; *, P< 0.05). Male Long-Evans 
rats (300-350 g) were housed individually in stainless-steel cages and given free access to food and 
water. Cannulae were positioned and assessed as described elsewhere'·'. Intracerebroventricular drugs 
were dosed in a 3.5-~LI volume. Immediately after saccharine exposure, rats were given either GLP-1 
( 1.0 ~g or 3.0 ~g; paired GLP-1 group), LiCI ( 63 mg kg- ', 0.15 M; paired LiCI group) or the proper 
controls of both treatments (sCSF; unpaired GLP-1 or isotonic saline; unpaired LiCI). Several days later 
and without exposure to saccharin, rats in paired groups received control treatments whereas unpaired 
rats received GLP-1 (3.0 ~g) or LiCI. Thus all rats had equal exposure to drugs and to saccharin, either 
on the same day (paired groups) or on separate days (unpaired). Finally, latency to reject intraoral 
saccharin was assessed (active fluid expulsion and/ or passive dripping from the oral cavity). 
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the development of a conditioned taste 
aversion. These observations suggest that 
nonspecific, aversive symptoms may be 
elicited by GLP-1 and that these symptoms 
could account for observed reductions in 
food intake. It has often been cautioned 
that hormonal and pharmacological treat
ments can lead to reductions in food 
intake for various reasons, and that cri
teria for classifying satiating agents need to 
exclude other possible, nonspecific factors 
(see, for example, ref. 4). Our observations 
argue for a more careful consideration of 
GLP-1 before classifying it as a satiating 
agent. 
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Bloom et al. reply- van Dijk et al. provide 
interesting and valuable new data. But 
exogenously administered neurotransmit
ters penetrate a wide area in an abnormal 
concentration gradient. They probably acti
vate multiple circuits simultaneously, par
ticularly when at grossly supraphysiological 
concentrations. 

In contrast, we based our observations on 
the administration of a specific antagonist 
that acts only to block endogenous peptide 
release and thus affects only physiologically 
active circuits. Blocking endogenous GLP-1 
release causes healthy animals to eat more. 
Since the publication of our paper1, we have 
administered the GLP-1 antagonist exendin 
(residues 9-39) to rats twice daily for 10 days; 
the animals not only significantly increase 
their 24-h food intake but also gain a statisti
cally significant amount more weight than 
controls. Our view therefore remains that 
endogenous GLP-1 is indeed involved in the 
regulation of satiety, irrespective of its other 
possible functions. 
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