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Abstract The current study demonstrates the ability of 
neuropeptide Y (NPY) to increase break points under 
a progressive ratio 1 (PR1) reinforcement schedule. An 
initial response resulted in delivery of a food reinforcer 
(45 mg pellet) under the PR1, and an additional 
response was required for each successive reinforcer. 
The break point, the number of responses emitted to 
obtain the last reinforcer, is considered a measure of 
reinforcing efficacy or motivational strength of the tbod 
reinforcer. NPY (0.3-10gg) significantly increased 
break point to levels comparable to those produced by 
36-48h of food deprivation. Although insulin 
(3-8 U/kg) and 2-deoxygtucose (150-250 mg/kg) also 
increased food intake, neither increased break points 
to levels produced by NPY or food deprivation. These 
data suggest that NPY may change the value of food 
in ways that cannot be accounted for by changes in 
insulin, glucose levels or intracellular glucoprivation. 
These results emphasize that simply measuring the 
amount of freely available food eaten is not a fully ade- 
quate measure of the strength of the feeding behavior. 
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Introduction 

Neuropeptide ~ first identified by Tatemoto, Carlquist 
and Mutt (1982), is one of the most abundant peptides 
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present in the central nervous system (Allen et al. 1983). 
It is widely distributed in the brain with particularly 
high concentrations in the hypothalamus (McDonald 
1988). Exogenous administration of NPY altered pas- 
sive avoidance performance (Flood et al. 1987), sexual 
behavior (Clark et al. 1985), cardiovascular function 
(Boublik et al. 1989) and feeding (Clark et al. 1984). 

Neuropeptide Y's effects on feeding are reliable and 
robust. NPY (2 10 gg), administered intracerebroven- 
tricularly (ICV), increased feeding in rats (Clark et al. 
1984), and enhanced nocturnal feeding, deprivation- 
induced feeding, and feeding during the light period of 
the light/dark cycle when rats normally do not eat 
(Levine and Morley 1984). NPY, administered directly 
into the paraventricular nucleus of the hypothalamus 
(PVN), increased food and water intake, but not other 
behaviors (Stanley and Leibowitz 1985). 

Few studies have shown increases in food-reinforced 
responding in non-restricted animals. NPY increased 
milk-reinforced lever-pressing in non-restricted mice 
(Flood and Morley 199t). NPY also increased food- 
reinforced lever pressing in food-satiated rats (Jewett 
et al. 1992). In that study, NPY's effect was examined 
under three different food availability conditions, a 
fixed ratio 40 (FR40) requiring 40 lever-presses for each 
food pellet, a fixed interval 15-s (FI 15-s) which deliv- 
ered a food pellet for the first response occurring 15 s 
after each reinforcer, and under conditions of freely 
available food (FF). NPY (5 gg) significantly increased 
fbod intake and/or lever-pressing under all conditions. 
Food intake following NPY was inversely related to the 
amount of effort required to obtain the lbod, and the 
strength of the food-induction increased with succes- 
sive daily injections under the high-effort condition 
(FR40). 

The relatively large amount of work expended for 
food after NPY under the high-effort condition con- 
trasts with reports of feeding in rats lesioned in the 
ventromedial hypothalamus (VMH) (Anand and 
Brobeck 1951). VMH-lesioned rats eat large amounts 
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of palatable food when response requirements are min- 
imal (to the point of becoming obese), but drastically 
decrease intake when substantial effort is required to 
obtain food (Teitelbaum 1957). Under these conditions, 
VMH-lesioned rats lever-press and subsequently eat 
considerably less than non-lesioned rats. The results 
suggest that measures of food intake alone do not full?, 
indicate the "motivation" to eat induced by VMH 
lesions. 

The current study compares NPY-induced feeding 
with other methods of increasing food intake, that is, 
peripheral injections of insulin or 2-deoxyglucose (2- 
DG), and food deprivation to determine to what extent 
these orexigens increase the reinforcing efficacy of food 
or the "motivation" to eat. The progressive ratio sched- 
ule of food reinforcement (PR) used in the current study 
requires an increasing number of lever presses for each 
successive reinforcer. Eventually the performance 
(number of presses emitted by a subject) falls below a 
preset criterion required to obtain a reinforcer. The 
number of responses emitted to obtain the last rein- 
forcer is the break point and is considered a measure 
of reinforcing efficacy of the food reinforcer (Hodos 
1961). Break points under PR schedules have been 
shown to be sensitive to factors influencing reinforcing 
efficacy, such as reinforcer magnitude (Hodos and 
Kalman 1963), self-administered drug dose (Griffiths 
et al. 1978), or tbod deprivation level (Hodos 1961). 

Materials and methods 

Subjects 

Eleven male Sprague-Dawley rats (Harlan, Madison, Wis.), 90 days 
old and 250-275 g at the beginning of the experiment, were housed 
in individual cages and maintained on a 12-h light/dark cycle with 
lights on at 0630 and off at 1830 hours. Food pellets in operant 
chmnber and home cage were of identical composition (#F0021, 
Bioserv Hotton Industries, Frenchtown, N.J.). Rat chow was also 
available in the home cage during some portions of the procedure 
(Laboratory Rat Chow, Raulston-Purina, St Louis, Mo.). Water 
was available at all times in the home cage. 

Apparatus 

Experimental sessions were conducted in five standard two-lever 
operant chambers (Coulbourn Instruments, Lehigh Valley, Pa.), 
equipped with feeders which could deliver 45 mg food pellets. 
Chambers were enclosed in sound-attenuating cubicles in a room 
with white noise present continuously. Experimental conditions and 
data recording were executed by MED-PC software (MED 
Associates, East Fairfield Vt.) and a Zenith ZW Z286 computer 
(Zenith Electronics, St Joseph, Mich.), located in an adjacent room. 
Home cages were individual stainless steel, equipped with water 
bottles and spouts. 

Surgery 

Rats were anesthetized with sodium pentobarbital (40 mg/kg IP) 
and fitted with a 20 gauge guide cannula terminating in the right 

lateral ventricle. Stereotaxic coordinates, with incisor bar set 
3.0 mm below the interaural line, were 1.5 mm lateral, 1.0 mm pos- 
terior, and 3.5 mm below the surface of the skull, Rats were allowed 
to recover for 7 days before behavioral training began. Cannula 
placement was verified by injecting dye into the cannuta following 
sacrifice. If  microtome brain slices through the section that included 
the cannula showed dye in the lateral ventricle, the cannula was 
considered to have been properly placed. All rats in the present 
study met this criterion. 

Drug preparation and administration 

Neuropeptide Y (Peninsula Laboratories, Belmont, Calif.) was 
diluted in 0.9% saline and stored in sealed plastic containers at 
- 20°C. It was thawed to room temperature and slowly (30 s) 
administered ICV at a constant volume of 5.0 gl using a 50-gl 
microsyringe. Vehicle injections were 5.0 gl saline. Insulin (Regular 
Porcine Insulin, Novo Nordisk Pharmaceuticals, Princeton, N.J.) 
and 2-deoxy-D-glucose (Sigma, St Louis, Mo.) were diluted with 
0.9% saline, stored in sealed piastic containers and refrigerated until 
30 rain prior to use. 

Procedures 

Body weights of  five rats were slowly reduced to 80% of their free- 
feeding levels and rats were trained to press the right lever to obtain 
food (45 mg pellet) by the method of successive approximations. 
Initially, one lever-press produced a reinforcer. This response 
requirement was slowly increased until ten lever-presses were 
required to produce a food pellet (FR10). After three sessions, the 
reinforcement schedule was changed from an FR10 to a PRI,  under 
which the initial lever press was reinforced, but the number of 
responses required to obtain food increased by one lever-press for 
each successive reinforcer. The session continued until 3 min elapsed 
with no responding. The number of  responses emitted in the last 
completed ratio was termed the break point. 

Responding stabilized after 20-40 sessions of training under the 
PR schedule of reinforcement. Stability criteria were ten consecu- 
tive sessions with no increasing or decreasing trends according to 
the Tryon C-test (Tryon 1982) and the last five sessions with break 
points differing by no more than _+ 10% of the mean of the these 
break points. Rats were cannulated after criteria had been reached. 
Following surgery and recovery, sessions continued until respond- 
ing was again stable. Body weights were then returned to free-feed- 
ing levels by providing ad lib tbod and water in the home cage. 
Under food and water satiation, responding was minimal. 

When no lever-pressing trends were observed under the above 
conditions and responding was minimal, the effects of NPY, food 
deprivation, insulin, and 2-DG were assessed under the PR sched- 
ule of  reinforcement. Within a given treatment condition (initially 
NPY, then food deprivation, the insulin and finally 2-DG), the order 
of administration for all doses or imposition of number of hours 
of deprivation were randon~y selected for each subject. Drug or 
deprivation conditions were spaced so as to occur approximately 
every fourth session. Rats were first injected (ICV) with saline (5 gl) 
or NPY (0.3-10 ~tg in 5 ~tl) 30 min prior to the session. Next, the 
effects of food deprivation were tested and rats were food deprived 
for 1248 h prior to experimental sessions, Rats received saline injec- 
tions 30 min prior to these experimental sessions. Subsequent test 
sessions were preceeded by SC administration of insulin (3, 6, and 
8 IU/kg). Finally, rats received SC injections of 2-DG (150, 200, 
and 250 mglkg). All sessions were conducted 1 h after the light cycle 
began and 30 min after drug or saline administration. Total food- 
reinforced lever presses, cumulative post-reinforcement pause time 
(seconds between reinforcer and next lever-press), break point and 
session time were recorded. 

Rats receiving freely available food (FF, n = 6) were maintained 
at their free-feeding weights throughout the study. Rats in this group 
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received SC injections of saline (0.9%), insulin (3, 6 and 8 IU/kg) 
and 2-DG (150, 200, and 250 mg/kg) in a random order. At least 
2 days separated drug administrations. Injections occurred during 
the first 2 h of the light portion of the 12-h light-dark cycle. After 
injection, all rats were returned to their home cages and given free 
access to 1-g food pellets, identical in composition to those used as 
reinforcers under the PR schedule. Water was available ad lib. The 
amount of food consumed was recorded for 30 rain by weighing 
remaining food and spillage. 

Statistics 

Dependent measures were compared across drug conditions or 
hours of deprivation using the repeated measures analysis of vari- 
ance (RMANOVA). Dunnett 's  t-test was used to compare drug or 
deprivation conditions to control conditions when RMANOVA was 
significant. 

Results 

Break points, the number of responses required to 
obtain food reinforcers, were significantly increased 
following NPY administration relative to break points 
under saline [F(4,28) = 22.7, P < 0.0001]. Figure 1 
depicts break points under the training conditions 
(20% deprivation), and following saline, and NPY 
(0.3-10 btg) in the same rats when not food-restricted. 
Mean break point during the chronic food deprivation 
condition was significantly higher than break points 
obtained in non food-restricted animals. Saline admin- 
istration had no effect on break point. NPY adminis- 
tration significantly increased break points at each dose 
compared to break points following saline (Dunnett's 
t, P < 0.05). The largest NPY dose (10 gg) produced 
the largest mean break point (54). 
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Fig. 1 Effects of NPY and acute food deprivation on break point 
in rats responding under a PR1 schedule of food presentation. Mean 
break points (n = 5) obtained in rats food restricted to 80% of their 
free-feeding weight under training conditions (20% Dep), in non- 
restricted rats following free access to food (0% Dep), and in non- 
restricted rats administered saline (S), and 0.3, 1, 3, 5 and 10 gg 
NPY ICV. Mean break points were also obtained following 0, 12, 
24, 36 and 48 h food deprivation. Asterisks indicate break point 
significantly different than break point following saline (Dunnett 's 
t-test, P < 0.05). The single bracket represents +1 SEM 

Table 1 Effect of insulin and 2-deoxyglucose on break point. Data 
are expressed as the mean break point (n = 5) + 1 SEM 

Drug condition Break point 

Saline 
Insulin 

2-DG 

6.8 _+ 2.6 
3 IU/kg 11.6 +_ 4.9 
6 IU/kg 10.0 _+ 4.6 
8 IU/kg 18.0 _+ 6.3 

150 mg/kg 6.6 _+ 1.5 
200 mg/kg 9.6 _+ 5.5 
250 mg/kg 0.8 +_ 0.6 

*Break point significantly different than break point following saline 
(Dunnett's t-test, P < 0.05) 

Figure 1 also depicts break point following acute 
food deprivation. Food deprivation significantly 
increased break point as a monotonic function of hours 
since availability [F(4,20) = 13.09, P < 0.0001]. Break 
point following 12- and 24-h food deprivation was 
increased to comparable levels. Mean break point fol- 
lowing 36- and 48-h deprivation was significantly 
increased compared to break points following no food 
deprivation (P < 0.05; Dunnett's t). 

Table 1 shows that break points following insulin 
(3-SU/kg)  and 2-DG (150-250mg/kg) were not 
significantly different from those following saline 
[F(4,24) = 1.76, P > 0.05]. Table 1 shows very little 
responding occurred following 250 mg/kg 2-DG, but 
at all other doses of either 2-DG or insulin, mean break 
point was similar to break point following saline. 
Insulin and 2-DG significantly increased food intake 
under conditions of freely available food F(5,30) = 5.21, 
P < 0.001]. Figure 2 depicts amount of food consumed 
30 min after saline, insulin or 2-DG administration. 
Mean food intake following all doses of insulin 
(3-8 U/kg) and 2-DG (150-250 mg/kg) was signifi- 
cantly increased over food intake following saline 
administration (P < 0.05; Dunnett's t). 
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Fig. 2 Effects of insulin and 2-deoxyglucose on food intake. Mean 
food intake (n = 6) was measured for 30 min following an injection 
of saline (Sat), 3, 6 and 8 IU/kg insulin, and 150, 200 and 250 
mg/kg 2-deoxyglucose (2-DG). Asterisks indicate food intake 
significantly different than food intake following saline (Dunnett's 
t-test, P < 0.05). Brackets represent +t  SEM 
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Discussion 

Neuropeptide Y increased break points and amount of 
food eaten under the PR schedule of reinforcement. 
These results are consistent with previous studies 
reporting NPY increased food intake in home cage 
environments where food was freely available (Clark 
et al. 1984; Levine and Morley 1984; Stanley and 
Leibowitz 1985). NPY also increased food-reinforced 
responding under low effort conditions (Flood and 
Morley 1991; Jewett et al. 1992) and even when each 
food pellet deliver?, required significant exertion (Jewett 
et al. 1992). The current study demonstrates NPY's 
ability to increase break points under a reinforcement 
schedule thought to be sensitive to factors influencing 
the reinforcing efficacy of food. As expected, food 
deprivation also increased break point under the PR 
schedule. Thirty-six to 48 h of food deprivation 
increased PR break point to amounts that are equiva- 
lent to those following 5 gg NPY injected ICV. This 
NPY dose is typically employed in free feeding stud- 
ies and significantly increases grams of food consumed 
(e.g., Levine and Morley 1984). Chronic food restric- 
tion, which lowered body weight to 80% of free-feed- 
ing levels, was substantially more effective in increasing 
break point than was NPY. 

As we have pointed out previously, simply measur- 
ing the amount of freely available food eaten is not a 
fully adequate measure of an agent's ability to affect 
the reinforcing efficacy of food or the strength of the 
feeding behavior (Jewett et al. 1992). The PR rein- 
forcement schedule allows comparison of potential 
shared behavioral mechanisms of action of NPY and 
other feeding-inducing procedures. In the current study, 
NPY administration increased break points more than 
insulin or 2-DG administration. Insulin and 2-DG both 
significantly increased food intake in non-food- 
restricted rats given free access to food. Under similar 
experimental conditions in non-food-restricted rats 
(e.g. Jewett et al. 1992), NPY (5 gg) produced a 
2.4 (_+ 0.8) mg increase food intake 30 min after the 
injection. Taken together, these data indicate that NPY, 
insulin, and 2-DG all increased food intake when food 
was freely available, but only NPY reliably increased 
food-reinforced responding under the PR schedule. 
This result suggests the conditions that initiate and 
maintain feeding induced by NPY are substantially 
different from those that initiate and maintain feeding 
following insulin or 2-DG. Administration of insulin 
or the glucose analog 2-DG both produce glucopriva- 
tion, with subsequent increases in food intake (Ritter 
1986). However, glucoprivation produced by the two 
agents is dissimilar. Insulin promotes glucose uptake 
from the blood into adipose and muscle cells. 
Exogenous insulin thus reduces circulating glucose lev- 
els resulting in hypoglycemia. 2-DG is a glucose ana- 
log that cannot be metabolized, blocking glycolysis in 
all cells of the body including those of the brain (Miselis 

and Epstein 1975). The net result is intracellular glu- 
coprivation and subsequent hyperglycemia from a sym- 
pathoadrenal response. Some investigators have shown 
that central NPY administration stimulates insulin 
release (Moltz and McDonald 1985; Abe et al. 1989), 
while other have not detected NPY-induced changes in 
insulin levels (Billington et al. 1991). However, neither 
insulin-induced hyperglycemia nor 2-DG-produced 
hypoglycemia produced changes in break point com- 
parable to those produced by NPY. NPY changes the 
value of the food reinforcer in ways that cannot be 
accounted for by changes in insulin, glucose levels or 
intracellular glucoprivation. 

The ability of food to act as a reinforcer and the 
strength of the feeding response elicited by an agent 
involves several components which may not be mea- 
surable by the same procedure. Break point in a pro- 
gressive ratio schedule may be useful in evaluating what 
has traditionally been called "food drive" or "hunger". 
Insulin increased break point somewhat, but the effects 
were small, while NPY produced a significant increase 
in break point. 
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