
the pattern of innervation to the limb. 
Thus, they have found that upper arm re- 
generates are derived mainly from the 
posterior and ventral sectors of the 
stump, in which the major nerve trunks 
are concentrated. A nonuniform distri- 
bution of nerves in the blastema could 
therefore account for the nonequiv- 
alence of regenerates arising from double 
anterior and double posterior half limbs. 
This possibility cannot be ruled out, for 
blastemas derived from those limbs 
are heavily innervated throughout 
[see also (2)]. Why then, do both double 
anterior and double posterior hindlimb 
stumps not form normal regenerates? 
The most likely answer is that the halves 
of symmetrical hindlimbs in some way 
interact with one another in an inhibitory 
fashion so that each is prevented from 
regenerating other than its original pro- 
spective significance. This hypothesis is 
supported by the fact that double poste- 
rior half limbs allowed to heal for 32 days 
before amputation produce fewer tarsals 
and toes than do those which healed for 
only 10 to 14 days. 

Although the idea of differential con- 
tributions to the blastema by different 
stump sectors is consistent with the re- 
sults reported here, it is not consistent 
with inability of both double anterior and 
double posterior upper arms of adult 
newts to undergo distal transformation 
(2). However, we cannot discount the 
possibility that positional information 
may be arranged or generated in dif- 
ferent ways in forelimbs and hindlimbs, 
in limbs of different genera, or in embry- 
onic and postembryonic limbs. For ex- 
ample, Carlson (7) has shown that ampu- 
tation after 180? displacement of tissues 
relative to one another in the upper arm 
of A. mexicanum results in about 80 per- 
cent of the regenerates having multiple 
digits, whereas the same experimental 
manipulations in the hindlimb result in 
multiple digits in only 10 percent of the 
cases (8). It would be instructive in this 
regard to do a comparative study which 
might lead to a more unified concept of 
the process of pattern formation and reg- 
ulation in amphibian appendages. 
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vous system, substrates. 

Antelman and associates (1, 2) and 
others (3) have reported that mild tail 
pinch reliably induces eating in sated 
rats. This is particularly interesting in 
view of observations that eating behav- 
ior in both humans and animals increases 
during stress (4). We now report that ad- 
ministration of the active core (COOH- 
terminal octapeptide) of cholecystokinin 
(CCK) (5), an intestinal peptide hor- 
mone reported to induce satiety (6, 7), 
antagonizes tail pinch-induced ingestive 
behavior in rats. 

The tail pinch method (1, 2) was used 
in our experiments. Naive adult male 
Sprague-Dawley rats weighing about 250 
g were screened by placing them in a 
stainless steel surgical bowl (33.8 cm in 
diameter) in the presence of 5 g of rat 

Table 1. The effect of intracerebroventricular 
administration of cholecystokinin on tail 
pinch-induced eating in rats. Rats were inject- 
ed through lateral ventricular cannulae with 
10 ulI of vehicle (0.9 percent NaCI, pH 7.5) or 
CCK dissolved in vehicle; 5 minutes later 
they received a 10-minute continuous tail 
pinch. Mean food consumed by control rats 
was 1.82 + 0.19 g. Student's t-test (two-tailed) 
was used to compute statistical differences. 
Although the total number of control animals 
is shown, computation of statistical dif- 
ferences was made between experimental and 
control groups (N > 6) for each experiment. 
Food consumption is given as mean percent- 
age of control + standard error of mean; 
N.S., not significant. 

Food 
consumed 

Treatment N P of 

control) 
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Vehicle 30 100.0 ? 10.0 
CCK, 0.3 ug 6 92.4 + 19.1 N.S. 
CCK, 0.5 /g 13 72.2 + 12.9 N.S. 
CCK, 1.0Ag 6 59.6 + 19.0 N.S. 
CCK,3.0,tg 8 22.16 + 6.9 < .01 

9. T. Steen, J. Exp. Zool. 167, 49 (1968). 
10. P. Weiss, Wilhelm Roux Arch. Entwicklungs- 

mech. Org. 194, 359 (1925). 
11. E. Francis, The Anatomy of the Salamander 

(Oxford Univ. Press, London, 1934). 
12. I thank Drs. J. B. Nardi and D. L. Nanney for 

their helpful discussion and critical evaluation of 
the mauscript. Supported by grant BMS 71- 
01579 A 01 from National Science Foundation. 

10 November 1977; revised 1 February 1978 

9. T. Steen, J. Exp. Zool. 167, 49 (1968). 
10. P. Weiss, Wilhelm Roux Arch. Entwicklungs- 

mech. Org. 194, 359 (1925). 
11. E. Francis, The Anatomy of the Salamander 

(Oxford Univ. Press, London, 1934). 
12. I thank Drs. J. B. Nardi and D. L. Nanney for 

their helpful discussion and critical evaluation of 
the mauscript. Supported by grant BMS 71- 
01579 A 01 from National Science Foundation. 

10 November 1977; revised 1 February 1978 

chow (45-mg pellets, Noyes) and apply- 
ing a 2-minute tail pinch about 5 cm from 
the tail tip with a 25-cm surgical hemo- 
stat insulated at the tips with foam rub- 
ber. This procedure produced a positive 
response in 66 percent of animals tested; 
approximately the same response rate 
was obtained by applying a pressure of 
70 to 100 pounds per square inch (psi) 
with a calibrated pressure cuff. Positive 
responders were defined as those that 
exhibited continuous chewing and eating 
during the 2-minute test period. Non- 
responders were excluded from further 
experimentation and responders were 
used on subsequent days as follows. In 
experiments examining the effects of pe- 
ripheral peptide administration on tail 
pinch-induced ingestive behavior, rats 
were injected intraperitoneally with vari- 
ous doses of the COOH-terminal octa- 
peptide of CCK (8) or vehicle (0.9 per- 
cent NaCl, pH 7.5). Five minutes later 
each rat was placed in a surgical bowl as 
described above and a continuous 10-min- 
ute mild tail pinch was applied. At the 
end of the test period, the amount of 
food consumed was calculated. In exper- 
iments on the effects of central adminis- 
tration of CCK on tail pinch-induced 
eating, rats with implanted lateral ven- 
tricular cannulae (1.4 mm lateral and 0.5 
mm posterior to the bregma and 3.5 mm 
from the top of the skull) (9) were treated 
with CCK or vehicle (10 ,l) and tested 5 
minutes later as described above. Other 
experiments were performed to deter- 
mine the effects of CCK administration 
on tail pinch-induced gnawing behavior. 
In these studies rats received either CCK 
or vehicle intraperitoneally and were 
placed in a surgical bowl containing 
wood chips. Gnawing behavior was 
quantified by counting jaw movements 
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25.0 micrograms per rat) significantly antagonized tail pinch-induced eating in rats, 
an animal model for stress-induced human hyperphagia. Centrally administered 
cholecystokinin was effective only in high doses (3 micrograms into the cerebral ven- 
tricle). The finding that the minimal effective dose of cholecystokinin in suppressing 
stress-induced appetitive behavior is smaller after peripheral than central adminis- 
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during the tail pinch. In all experiments 
an observer, unaware of the treatment 
given, recorded food consumption or 
gnawing behavior during the testing peri- 
od. 

Peripheral administration of the 
COOH-terminal octapeptide of CCK (1.0 
to 100 ,/g per kilogram of body weight) 
produced a dose-dependent reduction in 
tail pinch-induced ingestive behavior 
(Fig. 1). In contrast, peripheral adminis- 
tration of bradykinin (100 /ug/kg, intra- 
peritoneally), an endogenous non- 
apeptide of molecular weight similar to 
that of the COOH-terminal octapeptide 
of CCK, had no effect on tail pinch-in- 
duced eating. During the 10-minute tail 
pinch seven bradykinin-treated rats con- 
sumed 1.25 ? 0.17 g (mean + standard 
error of mean); seven control rats con- 
sumed 1.55 + 0.21 g (P > 0.1). Periph- 
erally administered CCK in a dose that 
maximally abolished tail pinch-induced 
eating (100 /ug/kg) had no effect on tail 
pinch-induced gnawing behavior; six 
CCK-treated animals exhibited 2125 ? 
354 gnawing movements, and six control 
animals exhibited 1851 ? 308 gnawing 
movements. 

Central administration of the COOH- 
terminal octapeptide of CCK significant- 
ly reduced tail pinch-induced eating only 
when a high dose (3 ,/g) was given (Table 
1). 

These results demonstrate that the 
active core of CCK produces a dose- 
dependent antagonism of tail pinch-in- 
duced eating. This intestinal peptide hor- 
mone, which is released when food 
enters the gut (10), suppresses eating in 
intact rats (11), in rats with open gastric 
fistulas (12), and in intact rhesus mon- 

keys (13). In humans an impure CCK 
preparation either inhibits or stimulates 
food intake (14), depending on the dose 
and route of administration. Further- 
more, CCK does not inhibit water intake 
in rats (15). Cholecystokinin does not in- 
duce satiety in rats by inducing illness; 
this has been demonstrated by use of the 
bait-shyness paradigm (16). The hor- 
mone brings about release of insulin and 
glucagon (17), but the subsequent 
changes in blood sugar probably do not 
account for the observed satiety effect 
since glucagon administration does not 
mimic the effects of CCK (18). 

Although several endogenous peptides 
exert direct effects on the central ner- 
vous system (19), the results of intra- 
cerebroventricular administration of 
CCK (Table 1) indicate that this peptide 
probably does not act directly on the 
brain, since the dose of centrally admin- 
istered CCK needed to suppress feeding 
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Fig. 1. The effect of intraperitoneally adminis- 
tered CCK on tail pinch-induced eating in 
rats. Rats were injected with 0.9 percent NaCl 
(pH 7.5), or CCK (0.1 to 100 /xg/kg). Five min- 
utes later they were given a 10-minute tail 
pinch (70 to 100 psi). Significance was deter- 
mined by Student's t-test, two-tailed; 
*P < .05; **P < .001; N, number of animals. 
The thin bars indicate standard error of mrean. 

(3 ,ug) is greater than the minimal anorex- 
ic dose for peripheral administration (1 
/ug/kg or 0.25 /ug per rat). The effect ob- 
served at this high dose may be due to 
leakage of administered CCK from the 
cerebrospinal fluid into the peripheral 
circulation. These results are of particu- 
lar interest in view of a recent hypothesis 
(20) that hunger and satiety can be ex- 
plained on the basis of peripheral bio- 
chemical and physiological processes of 
energy metabolism. This hypothesis con- 
trasts with the traditional view that in- 

gestive behavior is primarily modulated 
by central nervous system structures 
(4). Immunohistochemical and radio- 

immunoassay data have recently pro- 
vided evidence for the presence of CCK- 
like peptides in the brains of rats, pigs, 
and dogs (21). Thus it is possible that 
CCK released from brain may modulate 
satiety mechanisms. 

Tail pinch-induced eating has been 
shown to be dependent on the nigroneo- 
striatal dopamine system (1). The data 

reported here do not contradict those re- 
sults but indicate that CCK, which ap- 
pears to act through peripheral mecha- 
nisms, can also modify this response. 

The finding that peripherally adminis- 
tered CCK inhibits ingestive behavior in 
the tail pinch paradigm, which is consid- 

ered to be an animal model of stress-in- 
duced eating (22), suggests that this pep- 
tide (or an analogue that is resistant to 
biological degradation and therefore per- 
haps longer-acting) may be useful in the 
therapy of human stress-induced hyper- 
phagia. This possibility is heightened by 
the small peripheral doses that were ef- 
fective in these experiments, as little as 1 
,sg/kg. 
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