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Studies in recent years have demon- 
strated that peripherally applied stressful 
stimulation, for example, electric shock to 
various parts of a rat's body, can reliably 
induce aggression or copulatory behavior, 
or both, depending on stimulus conditions 
(1). We report here that a similar stimulus, 
such as tail pinch, induces eating in sated 
rats when food pellets are present. Gnaw- 
ing and licking are also observed, but these 
behaviors occur much less frequently than 
does eating. 

Eating induced by mild tail pinch typi- 
cally appears to be identical to normal eat- 
ing. Immediately after pressure is applied 
to the tail, the animal begins to sniff and 
explore its environment for a few seconds. 
A food pellet is then picked up and held be- 
tween the forepaws, and the animal begins 
to bite the pellet and chew. During a sus- 
tained pinch, animals pause and swallow 
quite normally between bites, and eating 
behavior is almost invariably maintained 
for the duration of the pinch. Relatively 
little spillage of food is seen in the tail 
pinch situation as the animals typically 
show unhurried consumption of a single 
pellet. In some animals, however, the pinch 
appears to represent a more stressful stim- 
ulus (as indicated by vocalization), and 
these animals often move from pellet to 
pellet and may spill or shred some of the 
food. 

Tail pinch-induced consummatory be- 
havior is an exceptionally reliable phenom- 
enon, having been rapidly and repeatedly 
demonstrated in every animal in this study. 
This behavior does not appear to be caus- 
ally dependent on the activation of pain 
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mechanisms, as it can be reliably induced 
by applying a pinch of minimal intensity 
which does not produce vocalization. Since 
the brain catecholamines, norepinephrine 
(NE), and dopamine (DA) have frequently 
been linked to the control of eating (2), we 
examined their respective roles relative to 
tail pinch-induced eating. Our findings in- 
dicate that eating, as well as the other con- 
summatory behaviors that we observed 
during tail pinch, is critically dependent on 
brain DA. 

Male albino rats (weighing 250 to 350 g) 
were purchased from a number of sup- 
pliers (Marland Farms, Blue Spruce, 
Holtzman, and Zivic-Miller) to ensure that 
the tail-pinch phenomenon was not re- 
stricted to specific breeding conditions or 
populations. Rats were housed in pairs and 
maintained on a natural day-night cycle 
with food and water freely available. Test- 
ing was done during the daytime in shallow 
bowls 34.3 to 44.5 cm in diameter; each 
bowl contained six to ten pellets of Purina 
rat chow. A surgical hemostat, 25 cm long 
and insulated at the tips with foam rubber, 
was used for tail pinch. Testing consisted 
of five 20-second, predrug screening trials, 
each separated by. 5 to 8 minutes, and, af- 
ter an appropriate interval, five trials after 
the drug (or vehicle) treatment. All ani- 
mals demonstrated eating, gnawing, or 
licking (hereafter referred to as tail-pinch 
behavior) within 20 seconds on 98 to 100 
percent of both predrug and vehicle trials. 
All statistical comparisons are between 
drugs and vehicles. 

Our initial experiment sought to deter- 
mine the effects on tail-pinch behavior of 
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pharmacological blockade of both brain 
NE and brain DA receptors. Haloperidol 
was chosen for this condition as it is known 
to antagonize both NE and DA receptors 
at moderate doses (3, 4). Doses of 0.2 and 
0.4 mg/kg significantly blocked tail-pinch 
behavior on 44 and 52 percent of the total 
trials, respectively (Table 1); a dose of 0.1 
mg/kg was ineffective in preventing this 
behavior. The blocking effect could not be 
attributed to nonspecific debilitation since 
the animals vocalized and moved about the 
testing chambers in an alert manner. Dur- 
ing those trials in which tail-pinch behavior 
was initiated, it was typically maintained 
until the hemostat was removed. Neverthe- 
less, animals treated with drugs at all doses 
showed significantly longer latencies to be- 
gin tail-pinch behavior than those receiving 
the vehicle (vehicle median, 2 seconds; 0.1 
mg/kg median, 4 seconds; 0.2 mg/kg me- 
dian, 10 seconds; 0.4 mg/kg median, 7.5 
seconds; P < .0005 in all cases, U-test). 

Since the results with haloperidol sug- 
gested catecholamine involvement in tail- 
pinch behavior, we attempted to parcel out 
effects that may have been due primarily to 
the action of NE or DA. We proceeded 
first by measuring the effect of the specific 
DA-receptor blocking agents, spiroperidol 
and pimozide (3), on tail-pinch behavior. 
Each of these agents significantly blocked 
the display of this behavior (spiroperidol: 
F = 14.35; d.f. = 3,19; P < .01; pimozide: 
F = 4.09; d.f. = 3,17; P < .05). As shown 
in Table 1, spiroperidol significantly 
blocked tail pinch-induced consummatory 
behavior on 50 percent of all trials at a 
dose of 0.125 mg/kg and virtually elimi- 
nated tail-pinch behavior at a dose of 0.25 
mg/kg. The 0.062 mg/kg dose was without 
effect. 

Pimozide, at 1 and 2 mg/kg, significant- 
ly reduced the display of tail-pinch behav- 
ior to 60 percent of the trials, whereas a 
dose of 0.5 mg/kg had no significant 
blocking action. During those trials in 
which tail-pinch behavior did occur, la- 
tencies were significantly extended after 
0.125 mg of spiroperidol per kilogram (ve- 
hicle median, 3 seconds; 0.125 mg/kg me- 
dian, 17 seconds; P < .0005, U-test) and all 
doses of pimozide (vehicle median, 2 sec- 
onds; 0.5 mg/kg median, 5 seconds; 1 mg/ 
kg median, 12 seconds; 2 mg/kg median, 8 
seconds; P < .0005 in all cases, U-test). 

Spiroperidol and pimozide produced a 
moderate degree of ptosis in most, but not 
all, animals tested. There was no correla- 
tion, however, between the appearance of 
ptosis and blockade of tail-pinch behavior. 
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Discontinuous lurching movements, ob- 
served with each drug, were more pro- 
nounced after spiroperidol and may be re- 
lated to the extrapyramidal side effects ob- 
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Tail Pinch Induces Eating in Sated Rats Which Appears 
to Depend on Nigrostriatal Dopamine 

Abstract. Mild tail pinch reliably and rapidly induced eating, gnawing, or licking be- 
havior in all animals tested. Eating was by far the predominant response. Pharmacologi- 
cal analysis of the involvement of the brain catecholamines in tail-pinch behavior sug- 
gests that it is critically dependent on the nigrostriatal dopamine system. 
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served when this drug is given to schizo- The possible role of brain NE receptors 
phrenics (5). Each drug also produced a in tail-pinch behavior was directly exam- 
marked increase in the intensity of vocal- ined by using a- and d-NE-receptor antag- 
ization, but only during trials in which oth- onists. Phentolamine, the a-blocking agent 
er oral behaviors were blocked. Since vo- selected, is a potent competitive antagonist 
calization is one index of arousal, blockade of brain NE, with no apparent action on 
of tail-pinch behavior is probably not re- DA receptors (7). Sotalol, the /-antagonist 
lated to a deficit in arousal, since, if any- employed, is a potent blocker with consid- 
thing, the animals appeared more aroused erably less local anesthetic properties than 
than normal. A similar dissociation be- other such agents (8). 
tween arousal or activation and the per- Blockade of brain NE receptors, with ei- 
formance of consummatory behaviors has ther a- or d-antagonists, had no effect 
recently been reported(6). whatever on either the induction of tail- 

These data imply that brain DA recep- pinch behavior or on latencies to induction 
tors may be critically involved in ex- (Table 1). The drug dosages employed in 
pression of the syndrome of eating, gnaw- the present experiment were intentionally 
ing, and licking that occurs after tail pinch. high and should therefore constitute a deci- 
Thus the wide safety margin between doses sive test of any major involvement of NE 
of spiroperidol effective in blocking tail- in tail-pinch behavior. Despite their failure 
pinch behavior and those required to block to interfere with tail-pinch behavior, the 
NE receptors (3) argues against the possi- higher doses of both phentolamine and 
bility that spiroperidol antagonism of NE sotalol induced catalepsy, piloerection, 
receptors can account for the results ob- hunched back, and ptosis between trials. 
tained. Moreover, the finding that pimo- These symptoms were especially marked 
zide at a dose of 2 mg/kg is no more effec- with phentolamine, since ptosis continued 
tive in blocking tail-pinch behavior than a and was even accentuated during tail 
dose of 1 mg/kg also argues against a pinch. Taken together with the findings re- 
critical role for NE in tail-pinch behavior, ported above, these results suggest rather 
since at doses above 1 mg/kg, pimozide is strongly that tail-pinch behavior is criti- 

thought to antagonize both brain NE and cally dependent on DA and not on NE. 
brain DA receptors (3). They do not, however, provide more than a 

Table 1. The effects of pharmacological interference with brain DA or NE function, or both, on ini- 
tiation and maintenance of tail-pinch behavior (TPB). Maintenance refers to TPB that is sustained 
until removal of hemostat from the animal's tail. N is the number of animals; the number of trials is 
N x 5; S.E.M., standard error of the mean. 

Trials on which Trials on which 
TPB TPB was 

Treatment Nos was initiated maintained 
(mg/kg) (mean % 4- (No. positive/ 

S.E.M.) No. tested) 

Haloperidol Vehicle 5 100 ? 0 25/25 
0.1 18 98 ?2 87/88 
0.2 5 56 15*t 14/14 
0.4 8 48 ? 10t 12/19 

Spiroperidol Vehicle 5 100 0 23/25 
0.062 5 88 i 12 21/22 
0.125 8 50 ?llt 14/20 
0.250 5 12 ? 5t 2/3 

Pimozide Vehicle 5 100 0 25/25 
0.5 4 85 15 16/17 
1.0 7 60 12? 19/21 
2.0 5 60 13? 9/15 

Phentolamine 5.0 4 100 ? 0 20/20 
10.0 4 100 ?0 19/20 
20.0 3 100 ?0 14/15 

Sotalol 20.0 4 95 ? 5 16/19 
40.0 4 100 ?0 18/20 
80.0 4 100 0 18/20 

6-OHDA Vehicle 13 98 ? 2 62/64 
+ 27 hours 8 ig/4 cl 3 67 ? 10? 5/10 
+ 48 hours 8 jg/4 ul 5 56 ? 13t 6/14 
+ 48 hours and 

0.1 mg/kg of 
haloperidol 8 Ag/4 A1 5 40 ? 21t 4/10 

+ 27 hours and 
48 hours 8 Ig/4 1l 3 27 ? 27 1/4 

*T-comparison with vehicle controls following one-way analysis of variance. For the analysis the percentages were 
subjected to an arc-sine square root transformation. tP < .01. tP < .001. ?P < .05. 
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hint that the particular DA neurons in- 
volved might be those of the nigrostriatal 
bundle (NSB). 

In order to study the role of the NSB in 
tail-pinch behavior directly, we lesioned 
this bundle by intracerebral injections of 6- 
hydroxydopamine (6-OHDA) (9, 10) and 
tested the animals at different stages after 
the lesion (10). Injections of 6-OHDA sig- 
nificantly reduced the display of tail-pinch 
behavior (F = 9.52; d.f. = 3,22; P < .01). 
The group receiving its first tail pinch test 
after drug treatment at 27 hours after the 
lesion failed to initiate tail-pinch behavior 
on 33 percent of the trials (Table 1). This 
relatively modest effect on tail-pinch be- 
havior was anticipated since 27 hours cor- 
responds to the time of degeneration-in- 
duced release of DA (10). However, if tail- 
pinch behavior were critically dependent 
on the integrity of the NSB, it should have 
been severely impaired in animals tested at 
48 hours after 6-OHDA. By that time all 
DA is thought to be gone from the stria- 
tum and there is a corresponding dis- 
appearance of DA storage granules (10). 
Nevertheless, the initiation of tail-pinch 
behavior was blocked on only 44 percent of 
the total trials when animals received their 
first trial after drug treatment at 48 hours 
(Table 1). Although the extent of blockade 
is statistically significant (Table 1) and 
comparable to that obtained with most of 
our pharmacological manipulations, our 
biochemical finding of a near total deple- 
tion of caudate DA (93 ? 3 percent) (11) 
would have led us to predict a greater be- 
havioral deficit. These data suggest two 
possibilities: (i) DA fibers other than those 
of the nigrostriatal bundle may be critical 
for the initiation of tail-pinch behavior, or 
(ii) a few remaining DA fibers interacting 
with supersensitive DA receptors in the 
caudate may have been sufficient to allow 
the initiation of tail-pinch behavior on a 
substantial percentage of trials. The plau- 
sibility of the latter alternative is suggested 
by results obtained in a third group of ani- 
mals tested initially at 48 hours after 6- 
OHDA with a pretreatment of 0.1 mg of 
haloperidol per kilogram. This dose of 
haloperidol, although it exerted no block- 
ing effect on tail-pinch behavior in neuro- 
logically intact rats (Table 1), should be 
more effective in antagonizing super- 
sensitive caudate receptors in denervated 
animals. In fact, although none of the ani- 
mals tested at 48 hours after receiving 6- 
OHDA showed a complete blockade of 
tail-pinch behavior, three of five animals 
receiving the additional pretreatment with 
haloperidol showed a complete abolition of 
this behavior (Table 1). A similar effect 
was obtained in two of three animals in the 
27-hour group when they were retested at 
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48 hours after 6-OHDA. These results sug- 
gest that blockade of supersensitive DA re- 
ceptors, or exhaustion of the small amount 
of functional DA remaining in the striatum 
after the lesion, do indeed severely impair 
tail-pinch behavior in NSB lesioned ani- 
mals. Furthermore, although NSB lesions 
did not always have a severe effect on the 
initiation of tail-pinch behavior (for ex- 
ample, in the 48-hour group) they did have 
a marked effect on the maintenance of this 
behavior (see Table 1). That is to say, in 
contrast to either vehicle-treated controls 
or animals receiving DA-receptor antago- 
nists, animals with NSB lesions very often 
failed to maintain tail-pinch behavior until 
removal of the hemostat. Our results can 
be summarized as follows: (i) Mild tail 
pinch rapidly induced eating, gnawing, or 
licking in all animals tested, with eating 
the predominant response. (ii) Tail-pinch 
behavior appears to be critically dependent 
on the nigrostriatal DA system. This con- 
clusion is further supported by our findings 
that both lesioning of terminal areas of the 
mesolimbic DA system and the adminis- 
tration of clozapine (a DA-receptor antag- 
onist largely devoid of action on striatal re- 
ceptors) failed to affect tail-pinch behavior 
(12). 

In addition to eating, gnawing, and lick- 
ing our laboratory has also demonstrated 
that tail pinch can reliably induce both 
drinking (of palatable fluids) and maternal 
behavior (12). The particular response pat- 
tern observed with tail pinch appears to be 
determined by the stimulus objects avail- 
able in the environment and is always ap- 

propriate to those objects. Changing of 
available stimuli, for example, from food 
pellets to a drinking tube, produces an im- 
mediate "switch" in response, much as oc- 
curs during stimulus-bound behavior (13). 

Overall, the tail pinch paradigm pro- 
vides a new, unusually powerful, and espe- 
cially simple tool for investigating the neu- 
ral organization of behavior. The diversity 
of behaviors that can be induced by tail 
pinch suggests that the nigrostriatal DA 
system may be importantly involved in 
regulating the organisms' responsiveness 
to a wide variety of environmental stimuli. 
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