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KIRKHAM, T C AND J E BLUNDELL Effects of naloxone and naltrexone on meal patterns of freely-feeding rats 
PHARMACOL BIOCHEM BEHAV 26(3) 515-520, 1987 ---The effects of naloxone and naltrexone on the night-time meal 
patterning of freely-feeding male rats were ~nvestigated using a Klssdeff-type eatometer Naloxone (5 0 mg/kg) and nal- 
trexone (2 5 mg/kg) reduced ~ntake for two hours after IP injection This effect resulted from a shortemng of duration of 
meals and an extension of postmeal ~ntervals Unhke other anorexic agents neither drug affected meal frequency or the 
eating rate w~thin meals These particular op~o~d antagomsts therefore appear to produce anorexia by advancing meal 
termination and extending the inhibition of feeding which follows a meal These specific changes in the structure of the meal 
pattern consohdate prewous findings and support the hypothes~s that naloxone and naltrexone reduce food retake m rats by 
promoting satmt~on and prolonging satiety 

Op~oid antagonists Naloxone Naltrexone Anorexia Satiety Feeding behav~our Meal patterns 

IN recent years considerable empirical evidence has accrued 
to support a role for endogenous op~o~d pept~des m mech- 
amsms governing eating and dnnklng behawours. While 
administration of opio~d receptor agomsts has been found to 
promote hyperphag~a, a key strategy tn th~s field of research 
has been the analysts of the anorexia induced by variety of 
op~old antagomsts [9, 26, 31, 32]. Certatn of these 
antagomsts (e .g,  naloxone and naltrexone) ~nfluence feeding 
behawour in a relattvely specific manner [7, 12, 16, 23] 
through a suppressive action on food ~ntake wa an ~ntenslfi- 
cat~on of the feedback from food ingestion Evidence from 
behawoural and motivattonai analyses reveal that NX and 
NTX do not block the ~nit~at~on of feeding but advance eating 
termination in a manner consistent w~th the early onset of 
satiety [15-18]. Moreover, the anorexia ~nduced by NX and 
NTX ~s attenuated by severe food deprlvatton and ~s unat- 
tainable in s~tuatlons m which the normal development of 
satiation ~s prevented [5, 10, 11, 18, 33]. 

In many studies the effects of NX and NTX on food ~n- 
take have been tested over brief periods using food-deprived 
animals. However, such short-sesston, high mot~vatton de- 
signs have hm~ted utd~ty since the behav~our of food- 
deprived and normal free-feeding ammals may be controlled 
by quahtat~vely different variables [8, 25, 27] Consequently, 
there Is a reqmrement that effects obtained under rather ex- 
treme physiological cond~ttons should be demonstrated using 
nondepnved subjects under more natural c~rcumstances 
Here we report the effects of opiotd antagonists in an exper- 
imental situation which permtts a detailed analys~s of feeding 
behav~our in the home environment w~th disturbance and 
extraneous variables reduced to a m~mmum. The automatic 
techmque employed enables the continuous monitoring of 

feeding patterns over long periods and precise measurement 
of food Intake over short intervals. The procedure incorpo- 
rates the use of a pellet detecting eatometer [19], which de- 
hvers a small (45 mg) food pellet to replace one eaten by the 
subject ammal and prowdes a record of every pellet con- 
sumed during the experimental period Meal pattern analysis 
~s a valuable tool for d~sclosing the processes through which 
experimental manipulations Influence overall retake and has 
been used many times to mvesttgate physiological and en- 
vironmental influences on eattng (e.g., [3, 8, 13, 34]). The 
influence of the drugs on meal patterns ~s assessed by analys- 
ing effects on meal frequency, meal stze, lntermeal intervals 
and the relattonshtps between these mdtces. A slmdar pro- 
cedure has been used prewously to mvesttgate the effects of 
naloxone in lean and genettcally obese Zucker rats [24]. In 
the following study thts analys~s is extended to include 
naltrexone-induced alterations to the meal patternmg of 
normal, lean rats within their home environment. 

METHOD 

Ammal~ 

Twelve male hooded rats (two groups of N=6) weighing 
310-365 g at start of procedure were selected for testing. 
Ammals were housed singly, wlthm the apparatus described 
below, and maintained on a reversed 12"12 hr hght-dark 
cycle (lights-off at 10 00 hr) 

Drugs 

Naloxone HC1 and naltrexone HC1 (Endo) were dissolved 

1Requests for repnnts should be addressed to Dr T C K~rkham at his present address Department of Psychology, Umverslty of 
Birmingham, P O Box 363, Birmingham Bl5 2TT, U K 
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in 0 9~  sahne Doses of 5 0 mg/kg NX and 2 5 mg/kg NTX 
were administered by IP injection at a volume of 1 ml/kg 
These equl-anorect~c doses were chosen on the bas~s of pre- 
vious tests showing that each produces an approximate 50% 
reduction of intake over 1 hr in mildly food-deprived rats 

Apparatus 

Throughout all phases of experimentation rats were 
housed in ventdated, sound attenuating automatic feeding 
chambers. These chambers (of wooden construction) con- 
talned a living area (42x39x36 cm) together with an auto- 
matic pellet dispenser, water bottle and extractor fan The 
hvmg area was separated from all electrical and mechamcal 
hardware by a removable alumimum divider Internal light- 
lng was prowded by a single fluorescent strip (4 watts) 
Periodicity of lighting was controlled by external electro- 
mechanical timers. One corner of each chamber was pro- 
vlded w~th a shade, allowing the antmal to withdraw from 
direct hght at will. Food (45 mg Noyes precision pellets), was 
continuously available from a pellet detecting eatometer 
consisting of a V-shaped trough, at opposite ends of which 
were positioned an infra-red light emitting diode (LED) and a 
photosensor Removal of a pellet allowed the LED to ac- 
tivate the photosensor, leading to the delivery of the next 
pellet Delivery of each replacement pellet was triggered 
within 0 5 sec of photosensor activation. Water was obtained 
from a spout set ~nto an aperture m the partition. Feeding 
acavIty sent a discrete electronic signal v~a an interfacing 
system to a micro-computer running a data acquisition pro- 
gram This program recorded the source and exact (real) 
time of each signal, and also calculated the elapsed time 
between last and previous activation of each signal source 
Inputted data were continuously displayed on a VDU, allow- 
ing events to be monitored without interrupting the data col- 
lection process. These data were then automatically trans- 
ferred to disc and stored prior to analysis. 

Procedure 

For two weeks prior to testing animals were habituated to 
the feeding chambers, they were housed ~n them perma- 
nently and removed only briefly on every second day for 
cleaning and maintenance of apparatus Food and water 
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were replemshed dady at 09 00 hr On the last three days of 
habituation each ammal received a single IP injection of 
saline. At the end of this period all ammals displayed stable 
feeding patterns. On test days each animal received injection 
of test solution 15 mln before onset of dark period. Each rat 
served as its own control receiving both sahne and NX 
(Group 1) or saline and NTX (Group 2) according to a coun- 
terbalanced schedule Following each treatment, feeding 
patterns were continuously momtored for 24 hr At least 72 
hr separated successive treatments 

Data Analysts 

A separate computer program analysed the collected data 
according to the following criteria. A meal was defined as the 
removal of 5 or more pellets separated from any number of 5 
or more pellets by an ~nterval of at least 5 minutes (the vahd- 
lty of these criteria have been d~scussed elsewhere, [3]). The 
number of meals, the duration (m~nutes) and s~ze (grammes) 
of each meal were determined. Additionally, the rate of eat- 
lng (g/m~n) within each meal was computed. Ftnally, ~nter- 
meal ~ntervals and satiety ratios (meal size/duration of 
postmeal ~nterval) were calculated. For each parameter the 
s~gmficance of drug-~nduced changes occurnng over the 12 
hr of the dark period were analysed using the Student's t-test 
(two-tailed) for repeated measures. 

RESULTS 

1 General Pattern of  Food Intake 

Naloxone produced clear alterations to the pattern of in- 
take over the early stages of testing (Fig. 1A) The drug 
produced a considerable depression of intake over the two 
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FIG 3 Meal frequency after naloxone (A) or naltrexone (B) admm- 
~stratnon Each point represents total number of meals eaten by 6 
rats wnthnn each hour of the dark phase 

hours subsequent to adm~mstrat~on, effectively abohshmg 
the dusk eating peak. Over th~s period mean ~ntake was less 
than 50% of  control values, and was slgmficantly reduced 
over the first hour, t(5)=3 570, p<0.05.  Recovery of |ntake 
was apparent over  hours 3 and 4, so that by the end of hour 4 
the cumulatwe retake of  NX rats was no longer slgmficantly 
different from control levels (F~g 2A). Whether ~n response 
to any remaining (albe~t small) energy deficit, or to an endog- 
enous orcad~an entrainment of meal taknng [36], NX-treated 
rats continued to eat at high levels over the following four 
hours Over thns period mean hourly intake paralleled that 
occurnng under control conditions 0 e ,  dunng m~d-phase 
eatnng). Finally, after two hours of  minimal intake, levels 
rose again over hours 11 and 12 to comc~de with the dawn 
eating peak Thus, the normal features of nocturnal eating 
had been restored in the NX-treated rats, despite a shght 
desynchromsat~on of  the normal eating pattern [whnch ac- 
counts for the marked difference between sahne and NX 
~ntake levels dunng hour 9, t(5)=3 830, p<0.05] 

The effects of  NTX (Fig 1B) were slmdar to those occur- 
nng after NX adm~mstration. The dusk eating peak was 
again abohshed, w~th NTX producing a 57% reduction of  
intake over  the 1st hour, t(5)=4 024, p<0.02  A slmdar re- 
duction was obtained over the 2nd hour. Over the next 2 
hours NTX-treated rats showed a marked recovery of  ~n- 
take, so that at the end of the 4th hour cumulative retake for 
the NTX-treated rats matched control levels (Fig 2B). Over 
the 5th hour NTX intake fell to control levels and from this 
point NTX rats displayed a pattern of retake s~mdar to that of  
controls The ~mtlal anorexia and subsequent restorative 
feeding again gave rise to a shght desynchromsat~on of  ~ntake 
patterning (Fng. 1B) Thus dawn eating was found to be de- 
layed by 1 hr m NTX-treated rats. 

2 Meal Frequency 

When meal frequency is plotted (F~g. 3A and B) a slmdar 

pattern is found to that observed for hourly retake Dunng 
the course of  the dark period saline-treated Group 1 rats 
consumed an average of 8 33 (---0 42) meals,  saline-treated 
Group 2 rats ate 8.5 (---0 67) meals. When meals taken over 
the following 12 hr of the hght period are included, 24 hr 
averages of 11.5 (---0 88) and 10.67 ( - 0  71) are obtained for 
saline treatments in groups 1 and 2, respectively. This con- 
forms with the early finding [28] that rats wtll satisfy their 
nutritional requirements by consuming 8 to 13 separate 
meals over 24 hr 

Whereas NX reduced food intake slgmficantly dunng the 
first hour of  testing, there was no effect upon the number of  
meals taken dunng this period (Fig. 3A) Clearly, therefore 
this intake reduction was not due to a fadure of NX-treated 
rats to commence eating However,  dunng the 2nd hour 
NX-treated rats mltmted fewer meals than under control 
conditions (see discussion of mtermeal interval data in sec- 
tion 3, below) Beyond hour 2 the number of meals engaged 
m by NX rats rose above control levels and subsequently 
followed a pattern snmdar to that described for hourly retake. 
At the end of the dark period the total number of meals eaten 
by NX-treated rats (9.67---1.36) equalled those occumng 
under control conditions Total meals over 24 hr were simi- 
larly comparable after NX (11.17---1.40) and sahne 
(11.5-+0.88) treatments.  

Generally, the plot of meal frequency of NTX-treated rats 
corresponds to the pattern of  hourly retake and exhibits slm~- 
lar adjustments to those induced by NX In particular, whde 
NTX produced marked a reduction of retake over the first 
hour, the number of  meals was not appreciably altered (Fig. 
3B) As for Group 1, the total number of meals occurnng in 
the 12 hr after NTX admlmstratlon (mean=8.5-+l.18) was 
eqmvalent to the sahne total Over 24 hr 10.67___0 71 and 
11.00_1 44 meals were consumed after sahne and NTX 
treatments respectwely 

3 Drug Effects on Indtvtdual Meals 

Tables 1 and 2 show the effects of NX and NTX on spe- 
cific parameters related to the first three meals occurring m 
the test period Since each animal took only a s~ngle meal 
(and rarely two) within any hour, these data thus encompass 
the period dunng which the drugs exerted their major 
anorexic action (hours 1 and 2), and also the subsequent 
period when recovery from the effects of  the drugs was 
occurnng. 

Naloxone exerted particularly strong effects upon both 
the length and size of the first meal. Duration was reduced by 
approximately 60%, t(5)=5 491, p<0.01,  and mean retake by 
67%, t(5)=11.135, p<0.001.  Naloxone had no effect upon 
eating rate Following NX administration there was a 44% 
~ncrease ~n the length of the first postmeal  interval. The sati- 
ety ratio (meal slze/postmeal mterval) was significantly re- 
duced by NX, t(5)= 3.197, p <0 05, md~cattng that the power  
of a given quantity of food to ~nhlblt further eating was 
greater after NX admlmstrat~on than under control condi- 
tions. 

Cons~denng the normal half-hfe o f N X  tn vtvo [37] and the 
long mtermeal interval noted above (mean= 78 mln), the drug 
m~ght not be expected to produce very marked effects upon 
2nd meal parameters However,  meal size was agmn reduced 
by some 60%, t(5)=4.552, p < 0  01. Again, NX had no effect 
upon eating rate. Postmeal ~nterval was shghtly extended 
and the satiety ratio was again lower in NX-treated rats, but 
these dtfferences were not significant 



518 K I R K H A M  A N D  B L U N D E L L  

T A B L E  1 

NALOXONE-INDUCED ALTERATIONS TO MEAL PARAMETERS OF FREE-FEEDING RATS DURING DARK PHASE 
(MEALS 1-3) 

Meal Meal Eating Postmeal 
Meal Duration Size Rate Interval Satiety 
Number Treatment (mln) (g) (g/mm) (hr) Ratio 

salme 6 1 2 ± 0 8 7  1 6 2 ± 0 0 8  0 3 4 ± 0 0 3  0 9 0 _ 0 1 2  1 9 2 _ 0 2 6  
I 

naloxone 2 39 ± 0 68~" 0 54 +_ 0 08~: 0 30 ± 0 03 1 30 +- 0 39 0 60 ± 0 27* 
saline 7 6 9 _ 2 7 1  1 7 1 ± 0 2 0  033 ± 0 0 4  0 7 4 ± 0 1 4  262_+052  

2 
naloxone 5 28 +_- 1 66 0 68 ± 0 06"~ 0 25 +- 0 03 0 96 ± 0 18 1 18 ± 0 38 
saline 7 4 0 _ 3 7 4  t35  ± 0 3 7  033+_002  2 4 5 ± 0 9 1  ! 0 7 ± 0 2 0  3 
naloxone 6 7 4 ±  1 94 0 8 4 ±  015 032_+004  071 _+ 0 16 1 43 ± 043 

All values are the mean (±SEM) of six rats 
*p<0 05, ~p<0 01, ~:p<0 001 stgmficanfly different from control values using t-test for repeated measures (two- 

tailed) 

T A B L E  2 

NALTREXONE-INDUCED ALTERATIONS TO MEAL PARAMETERS OF FREE-FEEDING RATS DURING DARK PHASE 
(MEALS 1-3) 

Meal Meal Eating Postmeal 
Meal Duration S~ze Rate Interval Satiety 
Number Treatment (mm) (g) (g/min) (hr) Ratio 

saline 8 77 _+ 3 06 0 92 ± 0 17 0 34 _ 0 03 0 60 _+ 0 13 1 70 ± 0 39 
1 naltrexone 4 93 --+ 1 43 0 71 - 0 15 0 29 __+ 0 04 1 23 +_ 0 24* 0 55 ± 0 09 

saline 15 36_+479 205- - -031  034_.+005 145 ± 0 2 3  1 4 7 _ 0 2 5  
2 

naltrexone 7 19 + 334 1 16 ± 0 3 1  0 3 4 ± 0 0 6  095_+ 0 19t 1 12_+013 
saline 9 42 _ 4 96 t 37 - 0 39 0 32 +-- 0 03 1 74 +_- 0 36 0 75 ± 0 18 

3 naltrexone 12 33 - 7 27 1 37 -+ 0 40 0 28 __+_ 0 05 0 87 _+ 0 19 1 72 - 0 65 

All values are the mean (±SEM) of s~x rats 
*p<0 05, ~p<0 01 significantly different from control values using t-test for repeated measures (two-tailed) 

Consis tent  with the fact that  the third meal was predomi-  
nantly consumed when  the main intake-reducing effect  o f  
NX had abated,  third meal  size was not s~gmficantly affected 
by the drug Again,  nei ther  meal durat ion nor  eating rate 
were  affected No te  also that  the postmeal  interval  was,  for 
the first t ime, shor ter  than the control  interval.  Conse-  
quently,  meal  3 satiety ratio was marginally higher than the 
control  value As a larger value for  this ratio suggests less 
inhibition o f  feeding per  unit o f  food ingested,  this measure  is 
in agreement  with the observed  increase in meal f requency 
exhibi ted by NX rats from the third hour  o f  testing. 

Nal t rexone  reduced first meal durat ion by some 44%, al- 
though the effect was not significant Alterat ion to first meal 
size was more  modest ,  with N T X  bnnging  about  only a 23% 
reduction.  Eat ing rate was unaffected by N T X .  In contrast ,  
N T X  produced a two-fold increase in the length o f  the first 
postmeal  interval,  t (5)=2 957, p < 0  05 Assoc ia ted  with this 
act ion to delay subsequent  eating was a reduct ion o f  the 
satiety ratio. Al though this effect  was clearly apparent  in 5 
out  of  6 rats, the difference be tween  the means  fol lowing 
control  and N T X  treatments  just  failed to reach s~gnrficance, 
t (5)=2 507, p > 0  05 In addition to delaying subsequent  eat- 
lng, N T X  also reduced second meal durat ion and size by 53% 

and 43%, respect ive ly ,  al though these effects  were  not  sigmf- 
lcant Eat ing rate was again unaffected.  Consis tent  with the 
data  ~n Fig. 1B, these effects seem to mark the terminat ion o f  
N T X ' s  anorexic  action 

GENERAL DISCUSSION 

Many aspects  o f  the data  f rom these  exper iments  are in 
agreement  with previous  observat ions ,  especial ly those  from 
the only previous study of  oplold antagonist  effects  on meal 
pat terns [24]. The  general i ty o f  those  earl ier  findings has 
been ex tended  by the demons t ra t ion  that these effects  on 
meal  pat terning (and part icularly the marked short- term 
anorexia)  may  be obtained in freely-feeding rats within their  
home env i ronment  Of  part icular  importance is the reduct ion 
of  meal durat ion,  indicative of  an early terminat ion of  eating, 
which fol lows N X  t rea tment  A tendency  for meal durat ion 
to be reduced  by N T X  is also suggested by the data,  al though 
the effect  faded to achieve  significance Observat ional  
studies have shown an early cessat ion of  eating in NX and 
NTX- t rea ted  rats to be accompanied  by the behavloural  se- 
quence  typical of  post-prandial  satiety [15,16]. In arguing 
that  opiold antagonists  reduce  ~ntake through a specific ac- 
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tlon on the processes involved m meal termination, it is im- 
portant to rule out potential effects of these drugs on other 
aspects of feeding behaviour So far there has been little 
indication that NX or NTX might interfere with eating initia- 
tion [16]. The present data also fall to provide evidence of 
such an effect. Meal frequency was not reliably altered by 
either drug over the period when maximum intake reduction 
was evident. In particular, the number of meals occurring 
during the first hour of testing was similar under both drug 
and saline conditions. A similar lack of effect on meal fre- 
quency after NX administration has also been reported in 
lean and obese Zucker rats [24]. Thus, NX and NTX appear 
to influence food intake only after eating has commenced. 
Indeed, tracking the development of satiation using a run- 
way paradigm [17,18] revealed that NX and NTX d~d not 
reduce motivational measures or block food consumption 
during early stages of testing Rather, these drugs brought 
about a prompt cessation of intake only after some food had 
been eaten. 

While not preventing meal initiation following food depri- 
vation or a period of naturally occumng abstinence (e g ,  at 
the end of the light phase), it is possible that the opioid 
antagonists may produce some other, less specific effect on 
eating that could reduce meal size In these experiments, 
neither NX nor NTX were found to influence eating rate 
This lack of effect is in marked contrast to the effects of 
other anorexic drugs For example, fenfluramine reduces 
meal size and causes early meal termination, but also re- 
duces eating rate [2,6], whilst amphetamine increases 
lntra-meal eating rate [4]. The absence of any alteration to 
either eating rate or meal frequency following NX treatment 
but a marked reduction in meal size and length appears to 
rule out the possibility of non-specific effects of the drug 
bnnging meals to a premature closure 

One of the major advantages of the continuous monitoring 
technique employed in these experiments is that, in addition 
to data on lntrameal parameters, analysis of the temporal 
relationships of all meals is permitted. Thus, if NX and NTX 
do influence satiation some alteration to the relationships 
between intra- and intermeal variables may be expected. It 
has been proposed that a positive correlation exists between 
the size of a meal and the time elapsing before the onset of 
the next meal [21, 22, 35] As satiety may be regarded as a 
state of inhibition over further eating, in terms of the above 
relationship, larger meals will normally appear to be more 
satiating in that they lead to a greater inhibition of subse- 
quent feeding (1 e , are followed by a longer postmeal inter- 
val) 

While NTX produced a significant suppression of intake 
over the first hour of testing, a reliable reduction of meal size 
was not obtained However, both the first and second 
postmeal intervals were significantly extended after NTX 
injection This effect implies that a quantity of food has a 
greater capacity to satiate in NTX-treated rats than would a 
similar amount under control conditions Naloxone failed to 
produce a reliable extension of postmeal intervals and the 
small effect that was apparent was limited to the period after 
the first meal This failure (in the light of the greater effec- 
tiveness of NX with respect to meal size and duration) may 

be due to the shorter half-life of NX, compared to NTX. a 
tendency for some animals to engage in early rebound feed- 
ing could disguise an action of the drug to delay subsequent 
feeding. 

An alternative form of analysis, which takes into account 
the fact that intermeal intervals may be determined by fac- 
tors other than meal size, is the satiety ratio (the ratio of meal 
size to lntermeal interval; [27]) Any action of a drug to 
enhance satiety and thus to increase the satiating capacity of 
food, should therefore be reflected in an alteration to this 
ratio Indeed, NX significantly reduced the satiety ratio ob- 
tained for the first meal of the test period Thus, compared to 
control, NX acted to increase the lnMbition of feeding per 
unit of food ingested 

The direction of the respective changes to postmeal inter- 
val and satiety ratio, together with previous findings, 
suggests that the narcotic antagonists may both advance 
meal termination and also extend the inhibition of eating that 
naturally follows meal taking. These changes would repre- 
sent effects upon the process of satiation and the state of 
satiety [1] and such effects are in keeping with recent results 
on NX suppression of sucrose intake in rats which indicate 
that NX increases the satiating effect of orosensory and/or 
postlngestive food stlmuh [38] 

The present results may be usefully compared with the 
alterations to meal parameters induced, under similar condi- 
tions, by central noreplnephrine (NE) administration. Evi- 
dence suggests that endogenous NE may function in the 
maintenance of feeding behavlour through the ~nhibtnon of 
satiety [20,29] It is interesting, therefore, that injection of 
NE into the hypothalamic paraventncular nucleus produces 
effects opposite to those produced by NX/NTX in our exper- 
iments, NE increases food intake primarily through a 
lengthening of meal duration, meal frequency being unaf- 
fected [34]. These findings suggest that endogenous opiolds 
may exert a s~mllar influence on feeding behaviour to that 
proposed for NE. Thus, both sets of agents may be related 
components of a system controlling the onset and develop- 
ment of satiation. 

In sum, the data reported here provide support for the 
hypothesis that opioid antagonists reduce food intake 
through an enhancement of satiety Although the present 
data were obtained from single experiments using small 
numbers of subjects, the fact that NX (and less reliably 
NTX) produce these effects in free-feeding animals supports 
the involvement of endogenous opioids in the mechanisms 
that normally regulate eating behaviour. Possibly, op~oid 
peptides may act to maintain eating by retarding the devel- 
opment of satiation [9] 

ACKNOWLEDGEMENTS 

This work was supported by the Scmnce and Englnecnng Re- 
search Councd (Case Award No B4056) and was camed out m 
partial fulfillment of Ph D reqmrements (T C K ) Naloxone and 
naltrexone were generously donated by Endo Laboratories We are 
grateful to John Bhnkhorn and Peter Higgmbotham for the design of 
apparatus and software 



520 K I R K H A M  A N D  B L U N D E L L  

REFERENCES 

1 Blundell, J. E Hunger, appetite and satiety Constructs ~n 
search of identity In Nutrition and Lifestyles, edited by M 
Turner London Apphed Science Pubhshers, 1979, pp 21-42 

2 Blundell, J E ,  C J Latham and M B Leshem Differences 
between the anorexic action of amphetamine and 
fenfluram~ne--poss~ble effects on hunger and satiety J Pharm 
Pharmacol 28: 471-477, 1976 

3 Blundell, J E and C J Latham BehavIoural pharmacology of 
feeding In Drugs andAppente, edited by T Sflverstone Lon- 
don Academic Press, 1982, pp 41-80 

4 Blundell, J E and C J Latham Pharmacological manipulation 
of feeding behawor possible ~nfluences of serotomn and 
dopamine on food ~ntake In Central Mechamsms of  Anorecttc 
Drugs, edited by S Garatt~ni and R Samanln New York 
Raven Press, 1978, pp 83-109 

5 Brown, D R andS G Holtzman Suppression of deprivation- 
induced food and water intake m rats and mice by naloxone 
Pharmacol Btochem Behav 11: 567-573, 1979 

6 Burton, M J ,  S J Cooper and D A Popplewell The effect of 
fenfluramlne on the mlcrostructure of feeding and drinking m 
the rat Br J Pharmacol 72: 621-623, 1981 

7 Carey, M P ,  J A Ross and M P Enns Naloxone suppresses 
feeding and dnnking but not wheel running ~n rats Pharrnacol 
Btochem Behav 14: 56%571, 1981 

8 Colher, G H ,  E H~rsch and P H Hamhn The ecological 
determinants of reinforcement m the rat Phystol Behav 9: 705- 
716, 1972 

9 Cooper, S J , A Jackson and T C K~rkham Endorph~ns and 
food retake Kappa oplo~d receptor agonists and hyperphagIa 
Pharmacol Btochem Behav 23: 889-901, 1985 

l0 Deakm, J F W and D C Longley Naloxone enhances 
neophob~a Br J Pharmacol 74: 201P, 1981 

I I Goudie, A J and C Demellweek Naloxone fads to block 
amphetamme-~nduced anorexia and conditioned taste aversion 
J Pharm Pharmacol 32: 653-656, 1980 

12 Green, E J ,  R L Isaacson, A J Dunn and T H Lanthorn 
Naioxone and halopendol reduce grooming as an after effect of 
novelty Behav Neural Btol 27: 546-551, 1979 

13 Gnnker, J A ,  A Drewnowskl, M Enns and H K~ssileff Ef- 
fects of d-amphetanune and fenfluram~ne on feeding patterns of 
obest and lean Zucker rats Pharmacol Btochem Behav 12: 
265-275, 1980 

14 Kersten, A., J H Strubbe and N J Spiteri Meal patterning of 
rats with changes In day length and food availability Phvstol 
Behav 25: 953-958, 1980 

15 K~rkham, T C Investigation of op~oid mechamsms in the con- 
trol of feeding behavlour Unpublished Ph D thes~s, University 
of Leeds, 1985 

16 Klrkham, T C and J E Blundell Dual act~onofnaloxone on 
feeding revealed by behavioural analysis Separate effects on 
m~t~at~on and termination of eating. Appetite 5: 45-52, 1984 

17 K~rkham, T C and J E Blundell Oplold antagomst effects on 
feeding observed m the runway Neuropharmacology 25: 64% 
651, 1986 

18 Klrkham, T C and J E Blundell Effect ofnaloxone and nal- 
trexone on the development of satiation measured ~n the run- 
way Comparisons with d-amphetamine and d-fenfluramine 
Pharmacol Btochem Behav 25: 123-128, 1986 

19 K~sslleff H Free feeding in normal and 'recovered lateral' rats 
monitored by pellet detecting eatometer Phystol Behav 5: 805- 
814, 1970 

20 LIebowItz, S F ,  P Roosln and M Rosenn Chronic norepl- 
nephrlne injection into the hypothalam~c paraventrlcular nu- 
cleus produces hyperphagia and increased body weight in the 
rat Pharmacol Btochem Behav 21: 801-808, 1984 

21 LeMagnen J and S Tallon La perlodicite spontanee de la prise 
d'ahments ad hbitum du rat blanc J Phystol (Parts) 58: 323-349, 
1966 

22 LeMagnen, J , M Devos, J P Gauddhere, J Louls-Sylvestre 
and S Tallon Role of a hpostatlc mechanism In the regulation 
by feeding of energy balance in rats J Comp Phystol Psvchol 84: 
1-23, 1973 

23 Leshem, M Suppression of feeding by naloxone in the rat A 
dose-response comparison of anorexia and conditioned taste 
aversion suggesting a specific anorexic effect Psychophatma- 
cology (Berhn) 82: 127-130, 1984 

24 McLaughhn, C L and C A Bade Feeding behavlour re- 
sponses of Zucker rats to naloxone Phystol Beha~ 32: 755-761, 
1984 

25 Moran, G Severe food deprivation Some thoughts regarding ~ts 
exclusive use P~ychol Bull 82: 543-557, 1975 

26 Morley, J E .  A S Levlne, G K Y~m and M T Lowy Op~old 
modulation of appetite Neuroscl Btobehav Rev 7" 281-305, 
1983 

27 Panksepp, J Reanalys~s of feeding patterns in the rat J Comp 
Phy~tol Psycho! 82: 78-94, 1973 

28 Richter, C P Animal behavior and ~nternal drives Q Re~ B~ol 
2: 307-343, 1927 

29 Rltter, R C and A N Epstein Control of meal size by central 
noradrenerglc action Proc Natl At ad SCl USA 72. 3740-3743, 
1975 

30 Rosenwasser, A M , Z Boulos and M Terman C~rcad~an or- 
gamsatlon of food intake and meal patterns in the rat Phystol 
Beha~ 27: 33-39, 1981 

31 Sanger, D J EndorphlnergIc mechanisms in the control of food 
and water intake Appetite 2: 193-208, 1981 

32 Sanger, D J Opiates and ingestive behawour In Theotv tn 
Psychopharmacology, Vol 2, edited by S J Cooper London 
Academic Press, 1983, pp 75-113 

33 Sanger, D J and P S McCarthy The anorectlc action of 
naloxone is attenuated by adaptation to a food-deprivation 
schedule Psychopharmacology (Berlin) 77: 336-338, 1982 

34 Shor-Posner, G ,  J A Gnnker, C Martnescu and S F 
L~ebowltz Role of hypothalamlc noreplnephrine ~n control of 
meal patterns Physlol Behav 35: 20%214, 1985 

35 Snowdon, C T Motivation, regulation and the control of meal 
parameters with oral and mtragastnc feeding J Comp Ph)~tol 
Psychol 69: 91-100, 1969 

36 Splten, N J ,  A A Pnns, J Keyserand J H Strubbe C~rca- 
dmn pacemaker control of feeding in the rat, at dawn Ph3~slol 
Behav 29: 1141-1145, 1982 

37 Tepperman, F S , M H~rst and P Smith Bra~n and serum 
levels of naloxone following peripheral adm~mstratlon L~fe Scl 
33: 1091-1096, 1983 

38 Vlgorlto, M and A Sclafam Naloxone supress~on of sucrose 
retake reduced hedonlc response or enhanced satiety 9 
Proceedmgs of  the Eastern Psychological Assoctatton New 
York City, Aprd 17-20, 1986, p 19 (abstr) 


