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RUDSKI. J. M., M. GRACE. M. A. KUSKOWSKI, C. J. BILLINGTON AND A. S. LEVINE. Behavioral effects uf naloxone 
on neuropeptide Y-induced feeding. PHARMACOL BIOCHEM BEHAV .54(4) 771-777, lYY6.-We evaluated the effect 
of naloxone on neuropeptide Y (NPY)-induced feeding behavior using two methods; operant chambers and observational 
analysis. In the first study rats were trained on a FR 80 (first pellet) FR 3 (subsequent pellets) reinforcement schedule. 
Following training, rats were injected with NPY (intraventricular, 5 kg) and various doses of naloxone (subcutaneous, 0, 
0.1, 0.3. 1. 3, and 10 mgikg). NPY significantly increased the number of pellets consumed during the one hour session and 
naloxone (1, 3, and 10 mgikg) blocked this effect. NPY failed to alter the time to the first response, but did decrease the 
time needed to complete the first ratio (FR 80). Naloxone (3 and 10 mgikg) increased the latency to the first response and 
blocked NPY’s effect on completion of the first ratio. In the second study, we observed rats continually following injection 
of saline, NPY (5 kg ICV) and/or naloxone (1 mg/kg SC). NPY increased food intake during the l-h session and naloxone 
blocked this effect. NPY decreased the latency to eat, but naloxone failed to significantly antagonize this effect. The amount 
of time spent eating was greater in the NPY group compared to the saline group and naloxone antagonized this effect. Lag 
sequential analysis indicated that NPY induced a move-eat-move behavioral sequence that disappeared following naloxone 
administration. These data lend support to the notion that opioids are involved in maintenance of NPY-induced feeding 
but affect meal initiation in a minor way. Only relatively high doses of naloxone (3 and 10 mg/kg) altered NPY-induced 
changes in meal initiation. 

Naloxone Neuropeptide Y Induced feeding 

IT is well known that naloxone decreases nocturnal feeding as 
well as feeding induced by various neuroregulatory substances 
and by food deprivation (7,20). The manner in which opioid 
receptor antagonism decreases feeding is unclear. Kirkham 
used observation analysis to evaluate the effect of naloxone 
on eating and other behaviors in rats deprived of food for 6 
h (15). Naloxone reduced the latency to approach food and 
hastened the termination of eating during the test period. In 
a second study Kirkham used a runway to monitor changes 
in food motivation and food consumption after naloxone ad- 
ministration (16). Naloxone did not reduce the speed of trav- 
ersing the runway to acquire food, but decreased the amount 
of food consumed once the rats were in the goal box. Cooper 
and Holtzman (6) found that naloxone decreased drinking 
duration without altering latency to begin drinking. Naloxone 
has also been shown to shorten the duration of nightime meals 

and to extend the postmeal intervals without altering meal 
frequency or eating rate within a meal (17). We found that 
naloxone failed to affect acquisition time of the first pellet in 
an FR 80 (first pellet) FR 3 (subsequent pellets) reinforcement 
schedule, but did decrease the number of pellets consumed 
(27). These data suggest that naloxone affects maintenance 
rather than initiation of feeding. 

Neuropeptide Y is the most potent orexigenic peptide, 
enhancing feeding after intracerebroventricular or hypothala- 
mic administration (1). Repeated administration of NPY to 
rats for 3 weeks increased food intake and resulted in weight 
gain (34). NPY has been reported to stimulate food reinforced 
behavior in rats placed on various reinforcement schedules 
(11). Feeding following NPY administration is characterized 
by intake initiation within 20 min of injections, increased time 
spent eating, increased local rate of ingestion. and continuation 
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of feeding over an extended time period (8,13,22,23,25,33,35). 
Thus, NPY appears to be involved in both the initiation and 
maintenance of feeding. No NPY receptor(s) antagonists have 
been synthesized that block the effects of NPY on feeding 
behavior. However, peripheral and central administration of 
naloxone has been shown to decrease NPY-induced feeding. 
suggesting that NPY’s effect on feeding may be dependent 
on an opioidergic pathway (21,23,33). 

Because opioids are thought to be involved in the mainte- 
nance of feeding, it is possible that NPY initiates food intake 
and opioids maintain this feeding. While naloxone decreases 
NPY-induced feeding, it is not clear whether it does so by 
affecting initiation or maintenance of the meal, rate of eating, 
number of meals, or if naloxone induces an alternative behav- 
ior that interferes with feeding. Questions regarding NPY’s 
effects on initiation and maintenance of feeding were ad- 
dressed in the current study by using a reinforcement schedule 
sensitive to both of these components of feeding: that is, rats 
were required to emit 80 (FR 80) presses to acquire the first 
pellet (initiation), and three lever presses (FR 3) to obtain each 
subsequent pellet (maintenance). Furthermore, the pattern of 
feeding over a 60-min session was tracked by recording the 
number of pellets delivered every 2 min. We also continuously 
observed and recorded feeding and other behaviors exhibited 
by rats given NPY and naloxonc in their home cages. 

METHOD 

Subjects 

Two sets of male Sprague-Dawley rats (Harlan, Madison, WI) 
were housed in individual wire hanging cages and maintained 
in a temperature-controlled vivarium (20°C) on a 12 L:12 D 
cycle (lights on at 0700 h). The first group of rats (n = 6) was 
maintained at 85% of their free-feeding weights (300-325 g) 
during behavioral training. Following training, free access to 
food (Teklad lab chow) was reinstated. The second group of 
rats (n = 18) weighed 400-475 g at the start of the experimental 
procedure. Tap water was available ad lib in home cages. 

Apparatus 

In the first study, experimental sessions were conducted in 
six standard operant chambers (Coulbourn Instruments, Inc., 
Lehigh Valley. PA). In the second study. sessions were con- 
ducted in the home cages kept in a quiet room. Operant 
chambers were enclosed in an isolation cubicle (Model ElO- 
20, Coulbourn Instruments, Inc.) to attenuate outside noise, 
and equipped with an exhaust fan to supply ventilation. Ses- 
sions were controlled and data were recorded by a Zeos 486 
computer located in the same room as the chambers. 

Surgery 

Rats were anesthetized with 60 mgikg IP Nembutal, and 
a 20 gauge guide cannula (Plastics One, Roanoke, VA) was 
implanted in the right lateral ventricle (1.5 mm lateral. 1 .O mm 
posterior, and 3.5 mm below bregma, incisor bar set 3 mm 
below the interaural line). Rats were allowed to recover at 
least 7 days before beginning the experimental procedures. 
Cannula placement and patency was verified by injecting 0.1 
nmol Angiotensin II and recording fluid intake over 15 min. 
Angiotensin is a potent dipsogenic agent, and if rats consumed 
more than 6 ml of fluid over 15 min, the cannula was considered 
to be properly placed and patent. Tests of patency with angio- 
tensin were conducted at the commencement and termination 

of drug administration. All rats in the present study met this 
criterion. Experiments were not conducted for at least one 
day after angiotensin injection. 

Drug Preparation and Administration 

Neuropeptide Y (Peninsula Laboratories) was diluted in 
isotonic (0.9%) saline to provide a concentration of 1 kg/b1 
and stored in aliquots at -20°C. The NPY was thawed prior 
to injections and administered ICV, injected over 45 s at a 
constant volume of 5.0 t_~l, 20 min before sessions. In Experi- 
ment 1, naloxone was diluted in isotonic saline and adminis- 
tered subcutaneously (SC) immediately following NPY ad- 
ministration. In Experiment 2, naloxone was injected SC 15 
min prior to ICV injection of NPY. Prepared solutions of 
naloxone were stored at 4°C. 

Experimental Design 

Experiment I. In the first experiment, rats were deprived 
to 85% of their free-feeding weights and trained to press the 
left lever to obtain food under a FR 80 (first pellet) FR 3 
(subsequent pellets) reinforcement schedule. Training took 7 
to 10 days. Free access to food in home cages was restored, 
and rats were run daily under the FR 80-FR 3 reinforcement 
schedule for 1 week. Rats were injected with NPY (5 kg) 60 
min following each of the last two training sessions. A saline- 
saline control, and NPY (5 kg) administered in conjunction 
with various doses of SC naloxone (0, 0.1, 0.3, 1 .O, 3.0, and 
10.0 mgikg) were administered to each rat over 7 consecutive 
days in a randomized order. Naloxone injections immediately 
followed NPY administration and rats were placed in the 
operant chambers approximately 15 min later. 

The effect of NPY alone and NPY-naloxone combinations 
on latency to initiate responding (i.e., initial latency), time 
required to complete the initial ratio following the initial re- 
sponse (i.e., FR 80 completion time), and number of pellets 
consumed over the session were recorded. Rats not responding 
during the session were assigned an initial response latency 
and a FR 80 completion time of 60 min. Rats which emitted 
some initial responses but did not complete the initial ratio 
were assigned an FR 80 completion time of 60 min. Main 
effects for initial response latency, subsequent FR 80 comple- 
tion time, and total number of pellets consumed were analyzed 
using a repeated measures analysis of variance (RMANOVA). 

In order to examine the pattern of responding over the 
session, the number of pellets consumed after the first rein- 
forcer delivery was accumulated into 2-min bins. If latency to 
acquire the first pellet precluded access to all bins, they were 
left empty and not included in the data analysis (e.g., with session 
length being 60 min. a rat that required 30 min to acquire the 
first pellet only had data entered in the first 15 2-min bins, 
with the remaining bins remaining empty for that subject). 
Due to the extremely large number of post hoc comparisons 
required in examining 2-min bins, data were grouped into 
IO-min bins and compared with a RMANOVA (treatment X 
IO-min bin). Because 3.0 and 10.0 mgikg naloxone completely 
eliminated responding in three of six rats. these doses were 
not included in the statistical analysis. Furthermore, because 
most of the terminal bins (40-60 min) were left empty due to 
the time necessary to acquire the initial pellet, sample size 
was too small to test statistically. Post hoc comparisons were 
analyzed with Fisher’s least significant difference test. 

Experiment 2. In this experiment we evaluated the effect 
of NPY with or without naloxonc on rat behavior by direct 
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FIG. 1. Effect of naloxone on number of pellets (45 mg) ingested following intraventricular injection of NPY (5 tq) to rats 
resoondine on an FR 80 FR 3 reinforcement schedule. *D < 0.05 compared to saline/NLX 0 control group; +p < 0.05 
compared to NPY/NLX 0 group. 

observation. Rats were divided into three groups of six each 
and injected with either saline (ICV, 5 ~1) , NPY (ICV, 5 kg/ 
5 ~1) or NPY (ICV, 5 ug/5 ~1) + naloxone (1 mg/kg SC). 
Rats were pretreated with naloxone 15 min prior to injection 
of NPY or saline. After NPY or saline administration rats 
were returned to their home cages (hanging wire cages), which 
contained preweighed food pellets (Teklad lab chow) and a 
water bottle. A trained observer, unaware of the order of 
treatment examined each rat’s behavior continually for a 60. 
min time period. Behaviors were recorded using a bar code 
scanner (Time Wand Optical Bar Code: Videx Inc., Corvalis, 
OR), which the observer scanned across various bar codes 
printed on a sheet of paper. The data collected with a battery 
operated Time Wand was downloaded to a Macintosh com- 
puter. The time wand recorded the onset of a given behavior 
and time spent on each activity was calculated by subtracting 
the start time of one behavior from the start time of the next 
behavior. Food intake was measured at the end of each 60- 
min time period. No more than four rats were studied each day 
between 0900-1400 h. Behaviors that were recorded included 
eating (food chewed and swallowed), drinking (licking of sip- 
per tube and apparent swallowing), grooming (licking of paws, 
stomach, hindquarters; rubbing paws over face; scratching), 
moving body (moving around cage), moving head (moving 
head, but not body), resting (not moving, eyes open or shut), 
rearing (standing on rear legs), sniffing (moving nares without 
moving about cage), and teeth chatter (movement of jaw in 
an oscillating manner). Data were recorded as the amount of 
time spent on each activity and were converted to percent 
time spent on each activity. These data are expressed as the 
means ? SEM and were analyzed by RMANOVA. Also, 
latency to the first meal (at least 16 s of eating behavior) was 
recorded. The average number of meals, intermeal interval, 
length of eating episodes and rate of intake (g/min) were 
calculated from the observed results. Means were compared 
using Fisher’s protected least significant difference test. 

Behavioral patterns were analyzed using lag sequential 
analysis as previously described (22,30). Lag sequential analy- 

sis is a nonparametric strategy for testing the independence 
of behavioral states in sequential data that allows the identifi- 
cation of significantly likely (or unlikely) behavior sequences 
following a criterion behavior. It involves a comparison of 
the probability of occurrence of a given behavior with the 
probability of that behavior’s occurrence conditional on its 
following (or preceding) some criterion behavior. A behav- 
ioral sequence is said to be established if the conditional proba- 
bility is significantly greater than the unconditional probabil- 
ity. This analysis requires a large number of observations; 
therefore, we collapsed observational data across all animals 
within a given treatment condition. 

RESULTS 

Experiment 1 

NPY administration increased food intake (Fig. l), an ef- 
fect suppressed by naloxone doses of 1.0 mgikg and greater, 
F(6,41) = 8.58,p -C 0.0001. NPY administration was character- 
ized by continued eating throughout the session (F = 6.87, 
p < 0.0001) (Fig. 2). Naloxone doses (0.1, 0.3 mg/kg) that 
did not suppress NPY’s effect on intake produced an intake 
pattern throughout sessions similar to NPY, whereas 1.0 mg/ 
kg naloxone produced intake patterns statistically similar to 
the control condition. Three of the six rats injected with 3.0 
mgikg and 10.0 mgikg naloxone did not complete the initial 
ratio. Rats responding following high naloxone doses (3 and 
10 mgikg) showed little feeding late in the session (data not 
shown). 

NPY administration did not alter time to first response 
(initial response latency) (Table 1). Coadministration of nalox- 
one at doses of 3.0 mg/kg and higher increased latency to 
respond (F = 3.91, p < O.OOS), although this may have been 
artifactual, resulting from the default value of 60 min being 
assigned to rats not responding. Once responding commenced, 
NPY administration decreased FR 80 completion time (Table 
1). Naloxone (3 mg/kg or higher) also suppressed NPY’s effect 
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FIG. 2. Effect of naloxone on number of pellets (45 mg) ingested every 2 min following intraventricular injection of NPY (S kg) to rats 
responding on an FR 80 FR 3 reinforcement schedule. *p < 0.05 compared to salinc/NLX 0 control group. 

of decreasing FR 80 completion time (p < 0.05). although 
again, this might have been artifactual. 

Experiment 2 

Food intake was significantly increased (p < 0.05) by cen- 
tral administration of 5 p,g of NPY compared to the vehicle 
control and naloxone administration (1 mgikg) blocked this 
increase in food intake (Table 2). NPY significantly decreased 
the latency to eat compared to the control group and naloxone 
partially antagonized this effect (p < 0.05 compared to saline 
group but not compared to NPY/sal group). There was a 
suggestion that drug administration altered the number of 

meals (meal 2 16 s spent eating) (Table 2). Based on the 
Fisher’s least significant difference test (p < O.OS), NPY in- 
creased the number of meals compared to the saline control 
but naloxone did not reverse this effect. There was no effect 
of drug administration on intermeal interval, length of each 
eating episode or on the rate of food intake (data not shown). 
Also, there was no effect of naloxone on the amount of time 
to the last eating episode either during the first 30 min of the 
study (NPY: 20 + 3 s: NPYinaloxone: 17 I? 4 s) or during the 
entire 60-min session (NPY: 36 -t 9 s; NPYinaloxone: 46 -t 7 s). 

The results of the lag sequential analysis demonstrated a 
difference in behavioral pattern between groups. There was 
a significantly increased probability 0, < 0.01) that moving 
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TABLE 1 
EFFECT OF NALOXONE ON TIME TO FIRST RESPONSE AND 
TIME TO COMPLETE THE FIRST RATIO (FR 80) FOLLOWING 

INTRAVENTRICULAR INJECTION OF NPY(5 kg). 

Drug Treatment 
Time to 1st 

Response 
Time to Complete 

FR 80 

SaliNLX 0 
NPY/NLX 0 
NPYiNLX 0.1 
NPY/NLX 0.3 
NPYiNLX 1 
NPYiNLX 3 
NPYiNLX 10 

96 -+ 42 s 1125 t 632 s 
91 2 27s 592 2 521 s 
46?8s 372 2 177 s 

139 ? 65 s 254 5 170 s 
166 -c 97 s 495 t 185 s 

1459 -+ 613 s* 2049 % 638 s* 
902 ? 261 s* 2276 -+ 595 s* 

*p < 0.05 compared to NPYiNLX 0 group. 

(29). Butorphanol and buprenorphine increased food intake 
contingent upon a reinforcement schedule identical to the one 
used in the current study. Neither of these opiates decreased 
the time necessary to complete the first ratio (FR 80); however, 
buprenorphine did decrease the latency to the first lever press. 
Also, both butorphanol and buprenorphine increased food 
intake across the experimental session. These data support 
the idea that the opiates/opioids have their major effects on 
maintenance rather than initiation of feeding (l&16). In con- 
trast to opioids, NPY also appears to be involved in meal 
initiation. NPY levels in the PVN increase immediately pre- 
ceding meals and fall in response to that meal (14). Further- 
more, endogenous hypothalamic levels and release of NPY 
correspond to an animal’s circadian rhythm of feeding; increas- 
ing at the beginning of the dark cycle, the time of day when 
most ingestion occurs (12,24). 

followed or preceded eating in the NPY group. The uncondi- 
tional probability that a rat would move was 0.39, whereas 
the conditional probability that a rat would move after eating 
was 0.53 and 0.48 before eating. In contrast, neither the saline 
nor NPY + naloxone groups demonstrated an increase in 
probability of moving after eating. In the control group no 
one behavior was more likely to occur before or after eating, 
whereas NPY induced a move-eat-move sequence. This NPY- 
induced shift in behavioral sequence was antagonized by nal- 
oxone administration. 

The amount of time spent eating was greater in the NPY 
group compared to the saline group and naloxone blocked 
this effect (Fig. 3). The time spent on other behaviors was 
unaltered by drug administration (Fig. 3). 

DISCUSSION 

Peripheral and central naloxone administration decrease 
NPY-induced feeding (2,21,23,33). Previous studies examining 
NPY’s operant effects have not examined whether naloxone 
suppresses NPY’s orexigenic effects. The current study indi- 
cates that this is, in fact, the case. Naloxone suppressed NPY’s 
effects on operant responding in both decreasing the time 
required to complete the initial ratio (initiation, 3.0 and 10.0 
mg/kg doses) and total number of pellets consumed (mainte- 
nance, 1.0, 3.0, and 10.0 mg/kg doses). We previously found 
that in deprivation induced feeding, naloxone affected the 
overall time to acquire the first pellet (FR 80) and maintenance 
of feeding (FR3); however, the effect on initiation was very 
mild (27). Furthermore, the time to acquire the first pellet 
was unaffected by naloxone, at doses as high as 10 mg/kg in 
food-restricted rats. The pattern of intake in the current study 
suggests that naloxone (1.0 mg/kg and higher) decreases NPY- 
induced feeding by blunting NPY’s potency throughout the 
feeding session, even at the 1 mg/kg dose (Fig. 2). 

NPY administration increased food intake contingent upon 
operant responding. This effect was suppressed by administra- 
tion of naloxone doses of 1.0 mg/kg or higher. Both initiation 
and maintenance of feeding were stimulated by NPY, and 
relatively high doses of naloxone (3 and 10 mgikg) affected 
both of these components. 

NPY-induced increases in free feeding are characterized 
by decreased latency to begin eating, more time spent eating, 
increasing meal size, and duration (8,19,22,23,32,33), as well 
as with an increased rate of feeding (4,13,25). The current 
study produced a similar profile. Examination of intake in lo- 
min bins indicated that NPY increased feeding relative to 
controls as sessions progressed, indicating that NPY prolonged 
time spent eating. 

NPY’s effects on food reinforced behavior appear to be 
different from that induced by orexigenic doses of opiates. 
Whereas NPY successfully increases food intake contingent 
upon operant responding in satiated animals, opiate adminis- 
tration typically has no effect (28), with the only positive 
response obtained with butorphanol (26) or buprenorphine 

In the home cage study NPY also increased feeding, an 
effect blocked by coadministration of naloxone (1.0 mg/kg). 
The finding that NPY induced a move-eat-move sequence 
substantiates previous findings indicating that NPY increases 
activity compared to food deprived rats (22). Administration 
of naloxone eliminated this behavioral pattern. In the current 
study naloxone failed to block the NPY-induced decrease in 
latency to eat. However, the latency to eat was still longer 
than the saline control group. NPY appeared to increase the 
number of meals, but naloxone did not alter this effect. No 
other measures of feeding behavior such as intermeal interval, 
rate of food intake, or length of meals were affected by nalox- 
one. Naloxone did not alter any other behavior than time 
spent eating. Thus, the behavioral analysis data are consistent 
with findings in the operant environment; that is, that relatively 
low naloxone doses (1 mgikg) fail to alter initiation of feeding, 
but do decrease total food intake apparently by decreasing 
intake throughout the experimental session. In contrast, Kirk- 
ham reported that naloxone (5 mgikg) decreased the latency 
to the end of the final eating bout, thus shortening the eating 

TABLE 2 
EFFECT OF NAXOLONE (1 mgikg) ON NPY (5 kg)-INDUCED FEEDING PARAMETERS 

Vehicle NPY NPYiNLX ANOVA 

Food intake (g) 1.1 2 0.5 4.1 2 0.8* 1.5 2 0.4t F = 16.4,~ = 0.013 
Latency to 1st meal (min) 34.9 * 9.3 2.7 2 0.7* 8.4 +- 3.4* F = 10.4, p = 0.004 
I# meals 2.7 + 1.3 15.3 t 5.1* 7.5 + 5.7 F = 3.28, p = 0.081 

*p < 0.05 compared to vehicle group, tp < 0.05 compared to NPY group. 
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FIG. 3. Effect of NPY (S kg) and/or naloxone (1 mgikg) on portion of time spent on various 
behaviors. *p < 0.0.5 compared to saline control group. 

session (15). While lower doses decreased feeding, such doses 
had no effect on other parameters of feeding behavior includ- 
ing eating rate, duration of eating, latency to onset of eating. 
or latency to the end of the final eating bout. 

Suppression of NPY-induced feeding by naloxone might 
reflect a general depression of food-motivation following its 
administration, or a more specific opioid involvement in the 
antagonism of NPY’s effects. Naloxone administration de- 
creases feeding induced by a variety of measures including 
food deprivation, tail-pinch, availability of palatable food, ben- 
zodiazepines, clonidine, neuropeptide Y, 2-deoxyglucose, or 
electrical brain stimulation, across many species (7,20). Thus, 
food intake in the current study might have reflected an inter- 
action of increased intake due to NPY and decrease due to 
naloxone, with independent physiological mechanisms. How- 
ever, a case can also be made for a specific NPY-opioid interac- 
tion. Naloxone is more potent in suppressing NPY induced 
feeding than that induced by norepinephrine or muscimol 
(21). In addition to suppressing NPY’s effects on food intake, 
naloxone also alters NPY’s effects on energy expenditure (18) 
and memory (5). Naloxone administration has been reported 
to increase in vitro release of NPY in a dose-dependent man- 

ner (31) and to increase plasma levels of NPY (3). Further- 
more, there appears to be anatomical overlap between the two 
systems with opioidergic and NPYergic synapses occurring in 
close spatial proximity (9,lO). 

In summary. as in studies examining its effects on free- 
feeding, NPY-induced feeding in operant chambers is charac- 
terized by effects on both initiation and maintenance of feed- 
ing. Naloxone has similar effects on NPY-induced changes in 
operant-contingent food intake and NPY-induced changes in 
free feeding. These effects of naloxone on NPY-induced feed- 
ing appear to resemble those observed in free feeding and 
restriction or deprivation-induced feeding; that is, a limited 
effect on initiation and a more potent effect on meal mainte- 
nance. The anorectic effect of naloxone seems to simply repre- 
sent a blunting of the amount of food ingested throughout 
the experimental session. 
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