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SI, E C C , H U BRYANT AND G K W YIM Op~o~d and non-optmd components ofmsuhn-mducedfeedmg 
PHARMACOL BIOCHEM BEHAV 24(4) 899-903, 1986 --The present study was tmttated to clarify the involvement of 
endogenous op~otds tn msuhn-tnduced feeding. Naloxone (3 mg/kg) was injected tn male Sprague Dawley rats every hour 
for 2 hours after msnlm injection (10 U/kg) Only the first hour food mtake was depressed (68% reduction). When naloxone 
was g~ven only 1 hour after msuhn administration, depression of food intake was not noted When food was withheld for 2 
hours after msuhn injectmn, both naloxone and ~ts long acting congener, naltrexone (3 mg/kg) were able to depress only the 
first hour feeding subsequent to food presentation These data suggest that insuhn-mduced feeding can be d~v~ded into two 
pharmacologically distract phases, the early phase being naloxone-sens~t~ve wlule the late phase ~s naloxone-msensmve 
Furthermore, the early phase begins w~th the presentation of food and not with the admtmstratton of msuhn 

Naloxone Naltrexone Insuhn Food intake Endogenous op~osds 

PERIPHERAL administration of  insuhn causes an increase 
in food intake in a variety of  species [9, 11, 18]. Although a 
direct effect on the insulin receptor in the ventral-medial 
hypothalamus is suspected [23], insulin-induced eating ~s 
often attributed to the central glucoprivation resulUng from 
increased glucose uptake into the non-neural tissue caused 
by insulin. This is further supported by the fact that 
2-deoxy-D-glucose (2-DG), a giucoprivic agent, also in- 
creases food intake. However,  recent evidence indicates that 
2-DG and insuhn-induced feeding might not be mediated by 
the same mechanism. For  mstance, various brmn lesions and 
surgical manipulations can differentaally attenuate one, but 
not the other type ofg lucopnvic  feeding [10]. T~us has led to 
a number of  studies that attempt to differentiate between 
these two types of feeding [15,24]. 

It is well established that 2-DG-induced feeding is 
mediated wa an oplo~d mechanism Naloxone, an opiate 
antagomst, was shown to reduce the 3 hour feeding response 
induced by 2-DG in a dose-related fashion [8]. The effect of 
opiate antagomsts on insulin-induced feeding is less clear 
Lowy et al. [8] reported that high doses of naloxone (up to 16 
mg/kg) failed to block the 3 hour insuhn-ioduced feeding re- 
sponse However ,  Ostrowsk~ et al [15] and Levme and Mor- 
ley [7] later reported that high doses of naloxone (up to 20 
mg/kg) did suppress the 1 hour, but not 2 or 3 hour feeding 
following insulin administration. 

One difficulty in interpreting the effects of naloxone at the 
early time points or the later time points of insulin-induced 
eating is the relatively short half-life of  naloxone (approx. 
30-40 min in rats [13]) Thus, there could be a phar- 
macokinetlc explanation for the lack of naloxone effect in the 

late phase. In an attempt to c~rcumvent this difficulty, nal- 
trexone, a long acting opiate antagonist was used in an ear- 
her study [24]. It marginally (not statistically s~gnificant) re- 
duced the first hour insulin-induced feeding. Hence, a more 
direct approach is needed. 

Another problem lies ~n the dosage of  naloxone The 
doses of  naloxone used to suppress msuhn-mduced feeding 
are relatively high when compared to those that are effective 
in suppressing food deprivation-induced eating or other 
types of opiate-sensitive hyperphagm [8,12]. 

The present study used a relatively low dose of naloxone 
(3 mg/kg) to determine whether there exists d~fferent phases 
of  insulin-induced feeding with regard to opiate-sensitivity 
A multiple dosing regimen of  naloxone was used to test the 
pharmacok~netic explanation for the failure of  naioxone to 
suppress the insuhn-induced feeding at the later time points. 

METHOD 

Male mice (Swiss-Webster,  25-35 g) and male rats 
(Sprague-Dawley, 300-400 g) were obtained from Labora- 
tory Supply Co. (Indianapolis, IN). Mice were housed m 
pairs in plastic containers with stainless steel tops (47x25 
cm) Rats were housed individually m stainless steel cages 
(25x21 x20 cm) Ammals were handled and given saline In- 
jectaons in four preliminary sessions to habituate them to 
experimental procedures.  The animals had free access to 
water and Wayne Lab Blox placed on the cage floor Rats 
and mice were housed in separate rooms at 22°C on an alter- 
natlng light-dark cycle (L 0800-2000; D" 2000-0800). 

All experiments were lmtlated between 1000 hour and 
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FIG I F~rst hour (A) and second hour (B) of the ~nsuhn (INS)- 
reduced feeding wtth 3 dosing regimens of naloxone (NAL) Treat- 
ment 1--NAL (3 mg/kg) was ~njected 10 mmutes after INS (I0 U/kg) 
~nject~on Treatment 2--NAL was rejected 10 minutes and agmn 1 
hour after INS ~n.lect~on Treatment 3--NAL was rejected I hour 
after INS ~nject~on Control (CON) ammals were treated w~th sahne 
Bars represent mean 1 hour food retake (g) from 6 rats +S E 
*=p<0 05, vs tnsuhn group 
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FIG 2 Effect of naloxone (A) and naltrexone (B) on msultn (INS)- 
reduced feeding Food was w~thheld for 2 hours following rejection 
of INS (10 U/kg) or sahne (CON) Bars represent mean of the subse- 
quent I hour food retake lg) from 6 rats +S E *=p<0 05. vs msuhn 
group 

1200 hour. In the multiple dosing experiment, rats were d~- 
v~ded ~nto five groups each w~th s~x ammals. The first two 
groups were ~njected with sahne and insulin respectively. 
The third group of  ammais were rejected w~th 3 mg/kg 
naloxone SC 10 m~n after admm~stratmn of ~nsuhn (treament 
1) Th~s treatment duplicates the experiments done by Os- 
trowsk~ et a! [15] and Lev~ne and Morley [7] but w~th a 
lower dose of  naloxone. The fourth group of  animals were 
treated w~th naioxone 10 m~n and again I hour after the ad- 
ministration of msul,n (treatment 2) Th~s procedure should 
determine whether the fa,lure of naloxone to suppress the 
second hour food ~ntake by msuhn ~s caused by its short 
half-hfe The last group of ammals were treated w~th 
naloxone ! hour after the administration ofmsuhn (treatment 
3). All insuhn-treated ammals were ~njected with a dose of  10 
U/kg unless otherwise stated Immediately after the mjec- 
t~ons, rats were returned to their home cages where pre- 
weighed quant~ttes of food were placed on the cage floor. 
Food ~ntake was measured at 1, 2, 4, and 6 hours followtng 
presentatmn of food by subtracting spillage on paper towels 
and uneaten food from the original quantity 

The next experiment was m~t~ated to further study the 
phasic nature of  ~nsuhn-~nduced feeding Rats were |njected 
w,th msuhn and were ~mmedmtely returned to their home 
cages Two hours later, naloxone or naltrexone was adm~ms- 
tered SC ~n a dosage range of 1 to 10 mg/kg A premeasured 

quantity of food was then presented Food ~ntake was meas- 
ured at 1, 2, 4, and 6 hours after food presentation 

A final experiment was tmt~ated to extend the observa- 
tions ~n rats to m~ce lnsuhn (5 U or 10 U/kg, SC) was ad- 
m,mstered to pmrs of m~ce. Ten m~n later, naloxone (5 or 10 
mg/kg) was rejected. Pooled food retake from a pa,r of m~ce 
was measured 1 and 2 hours after food presentation. 

Unless otherwise spec,fied, all results were compared 
using analys~s of  variance and post-hoc Newman-Keuls tests 
where ~nd~cated. 

RESULTS 

The results of  the multtple dostng experiment wtth 
naloxone are presented m Fig 1 Dunng the first hour of 
feeding following msuhn adm~mstrat~on, food ~ntake was re- 
duced (o<0.05) m both treatment groups rece~wng naloxone 
(treatments 1 and 2, F~g. IA) by 68% and 61% respectively 
Feeding m treatment group 3, which received only sahne 
pre-admlmstrat~on, was unaffected. Interestingly, naloxone 
had no suppressant effect on appetite when g~ven just prior 
to the second hour of  tnsuhnqnduced feeding (F~g IB), 
e~ther m an,mals who had prior administration of naloxone 
(treatment 2) or ~n those who had not (treatment 3) There- 
fore, the theoretical maintenance of naloxone blood levels 
through multiple dosing d~d not perpetuate the reduction ~n 
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T A B L E  I 
CUMULATIVE FOOD INTAKE ($) BY RATS GIVEN INSULIN OR SALINE AND THEN INJECTED WITH 

VARIOUS DOSES OF NALOXONE IN A 2 HOUR DELAY FEEDING PARADIOM 

Ttme After Food Presentatton 

Treatment I hour 2 hour 4 hour 6 hour 

Sahne 0 37 _+ 0 2t'5" 0 85 *__ 0 42* I 38 -+ 0 45* 2 83 ± 0 86* 
lnsuhn 462 _+ 068 487 _ 073 495 ± 070  580 ± 044  
Insuhn + Naloxone 2 48 +- 0 69 2 50 ± 0 69 4 02 ± 0 60 4 60 ± ! 00 

( I mg/kg) 
Insuhn + Naloxone 2 46 ± 0 40* 3 65 z 0 56 4 33 ~ 0 60 6 78 -+ 0 82 

(3 mg/kg) 
lnsuhn + Naloxone 1 02 +-- 0 32* I 77 + 0 61" 2 45 ± 0 60* 4 37 +_ 0 99 

( 10 mg/kg) 

*p<0 05 vs tnsuhn group 
*Mean +- Standard Error of the Mean for 6 rats 

T A B L E  2 

CUMULATIVE FOOD INTAKE Ig) BY RATS GIVEN INSULIN OR SALINE AND THEN INJECTED WITH 
VARIOUS DOSES OF NALTREXONE IN A 2 HOUR DELAY FEEDING PARADIGM 

Time After Food Presentation 

Treatment 1 hour 2 hour 4 hour 6 hour 

Sahne 05  *- 022"* 097 +_048" 2 3 7 - * 0 8 6 "  422 +-091" 
insuhn 4 75 ___ 0 56 4 93 -- 0 53 5 58 +- 0 63 7 27 ___ 0 79 
lnsuhn + Naltrexone 2 62 -* 0 65* 3 53 +_. 0 65 4 08 _+ 0 70 5 82 ~ 0 81 

( I mg/kg) 
Insuhn + Naltrexone 3 18 ~ 0 31" 3 80 _ 0 45 4 40 _ 0 82 5 87 +_ I 06  

(3 mg/kg) 
Insuhn + Naltrexone 2 73 _ 0 58* 3 30 _+ 0 58 3 73 _+ 0 66 6 33 ~_ 0 87 

( 10 mg/kg) 

*p<0 05 vs ~nsulm group 
*Mean ± Standard Error of the Mean for 6 rats 

food ,n take,  and  the  same dose  of  na loxone  which  inhib i ted  
m s u h n - m d u c e d  feeding in the  first h o u r  did not  inhibi t  tt in 
the  second  hour .  W h e n  2, 4 or  6 hour  cumula t ive  food retake 
was a s ses sed ,  there  were  no  s ignif icant  r educ t ions  in any  
na loxone  t r e a t m e n t  group relat ive to the  insulin t r e a t m e n t  
group.  

W h e n  food was wi thhe ld  for  2 hours  fol lowing insulin 
re ject ion m an  a t t empt  to b y p a s s  the  ear ly  op ia te - sens i t ive  
phase ,  na loxone  re ta ined  its appe t i te  suppress ive  act ivi ty  
(Fig. 2A). Fo l lowing  the  2 hou r  delay ,  insul in  p roduced  a 
s t rong,  twelve-fold  inc rease  in s u b s e q u e n t  l hour  food ~n- 
take.  Bo th  the  3 0 and  10 0 mg/kg doses  o f  na loxone  reduced  
(p<0 .05)  this  effect  d u n n g  the  first hou r  tha t  food was made  
ava i lab le  by  47% and 79% respec t ive ly  The  high,  10 mg/kg 
dose  of  na loxone  con t inued  to dep r e s s  cumula t ive  2 and  4 
hou r  i n s u h n - m d u c e d  hype r phag i a  by 63% and 50% respec-  
t ively (Table  1) By 6 hours  (8 h o u r s  pos t - insul in  reject ion) ,  
food retake was not  s igmficant ly  d e c r e a s e d  m any  of  the  
na loxone  t r e a t m e n t  g roups  

Us ing  a s imilar  parad igm,  na l t r exone ,  a longer  ac t ing 
opia te  an tagon i s t ,  also s u p p r e s s e d  insu l in- induced  feeding 
(Fig. 2B). Again ,  insulin induced  a s t rong hype rphag ic  re- 

sponse  (over  nine-fold)  tn the first h o u r  fol lowing the  2 hou r  
delay.  All th ree  doses  of  na l t r exone  (1.0, 3.0 and  10.0 mg/kg) 
a t t e n u a t e d  this  r e sponse  (p<0 .05)  dur ing  the  first  hou r  by  
45%, 33% and 43% respec t ive ly .  The  effect  h o w e v e r ,  was  
only  o b s e r v a b l e  d u n n g  the  first h o u r  as at s u b s e q u e n t  t tme 
points  (2, 4 and  6 hour )  cumula t ive  food in take  was not  re- 
duced  (Table  2). 

The  sens i t iv i ty  of  only the first hou r  of  i n suhn- induced  
feeding to opia te  r ecep to r  b lockade  wi th  na loxone  was also 
o b s e r v e d  in mice (Fig. 3). F ive  or  10.0 U/kg insul in  resu l ted  
in roughly  a two-fold  inc rease  in 1 hou r  food in take  in the  
mice.  Bo th  5.0 and  10.0 mg/kg na loxone  r educed  this  effect  
(.0<0.05) Cumula t ive  2 hou r  food in take  was  only  sup- 
p ressed  by the  10.0 mg/kg dose  of  na ioxone  in the  10 0 U/kg 
~nsuhn t r e a t m e n t  g roup  (42% reduc t ion ,  da ta  no t  shown) ,  
while  3, 4 and  6 hou r  cumula t ive  food  mtakes  were  not  sup- 
p ressed  in any  of  the  na loxone  t r e a t m e n t  g roups  

DISCUSSION 

The  resul t s  of  these  e x p e r i m e n t s  indicate  the  ex i s t ence  of  
pharmaco log ica l ly  separab le  phases  of  feeding s u b s e q u e n t  to 
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FIG 3 Effect of naloxone on food intake induced by 5 U/kg msuhn 
(INS) (A) or 10 U/kg ~nsuhn (B) ~n m~ce Control (CON) ammals 
were treated w~th sahne Bars represent mean I hour food intake (g) 
from 6 pairs of mice +S E *=p<0 05, vs ~nsuhn group 

the SC ~n.lect~on of ~nsuhn These data show that naioxone 
suppresses only the first hour of feeding ~nduced by tnsuhn m 
both rats and m~ce This finding ~s ~n agreement w~th those of 
Lev~ne and Morley [18], but with a lower dose The results of 
the mullJple dosing regimen used in th~s study shows that the 
failure of naloxone to block msuhn-mduced food intake at 
later t~me points ~s not, as suggested by Rowland and Bart- 
ness [19], due to ~ts short half-hfe. Rather, ~t may be due to 
the phasic nature of ~nsuhn-~nduced feeding. These data, 
along with the finding that naloxone does not attenuate 
~nsuhn-induced feeding when g~ven during the second hour, 
~s compatible w~th the existence of a naloxone sensitive 
opiate component m the first hour ofmsuhn-induced feeding 
followed by a late phase that ~s opiate independent The 
duration of effect of naloxone was equal to that of naltrexone 
~n the second set of experiments, as both blocked only the 
first hour of msuhn-induced feeding Depression of cumula- 
tive 2 and 4 hour feeding with naloxone was due to the ~n- 
ab~hty of the animals to compensate for the first hour feeding 
defic|t. S~nce naltrexone ~s a longer acting opiate antagomst 
than naloxone [1], th~s ts further evidence that the lack of 
attenuation of ~nsuhn-mduced feeding at the later time points 
cannot be explained by the pharmacokmet~c properties of 
naloxone 

When food was w~thheld for 2 hours following msuhn 
mject~on, the early, naloxone-sens~tive component  remaJned 

intact Both naloxone and ~ts longer acting congener, nal- 
trexone, suppressed only the subsequent  1 hour feeding 
These data suggest that the two phases beg~n w~th the pre- 
sentation of food and not w~th the administration of tnsuhn 
Many studies have hnked the reward assooated w~th food 
intake to endogenous op~o~ds 12.5] It ~s possible then that 
opiate antagomsts ~nterrupt early msuhn-mduced feeding by 
mterfenng w~th the reward assooated w~th that feeding At 
later t~me points, msuhn-~nduced feeding may not be as de- 
pendent on the reward assooated with the act of feeding 

The effect of naloxone on hypoglycemia ~nduced by ~nsu- 
hn was not assessed m th~s study Previous reports have 
shown that a I0 mg/kg dose of naloxone has no effect on 
~nsuhn-tnduced hypoglycemia [191 Other reports have 
shown that h~gher doses of naioxone (20 mg/kg) blunts the 
msuhn-~nduced hypoglycemia [7] S~nce we used a consid- 
erably lower dose of naloxone, ~t ~s unhkely that the results 
~n th~s study can be explained by a reduction of the hypo- 
glycem~c activity of msuhn following naloxone administra- 
tion However, th~s poss~bdlty cannot be totally excluded as 
data from our earher studies [24] showed that ~n a s~tuat~on 
where blood glucose concentration was normal, msuhn- 
~nduced feeding was ~nsens~t~ve to naltrexone treatment 

An alternate explanation ~s that the opiate antagon,sts 
m~ght reduce the ~nsuhn-mduced feeding by reducing s~ck- 
hess m the rats as evidenced by their abd~ty to reduce con- 
d~t~oned taste aversion 16, 16. 21, 22] However, th~s 
poss~bdtty seems unhkely for two reasons F~rst, naloxone 
faded to suppress the food retake when g~ven.lust prior to the 
second hour of lnsulin-~nduced feeding, e~ther ~n ammals 
who had been ~njected w~th naloxone or ~n those who had 
not Secondly, most studies indicate that opiate antagomsts 
are weak reducers of taste aversion 16.21,221 Only by using 
procedures designed to maximize sensmv~ty (two-stimulus 
tests) can the taste aversion property of naloxone and nal- 
trexone be detected at 3 2 mg/kg dose [16] 

Our earhest assumption was that msuhn-mduced feeding 
represented a non-endogenous op~o~d medmted mechamsm, 
whde feeding subsequent to 2-deoxy-D-glucose ~n.lect~on, 
food deprivation or spontaneous nocturnal feeding was 
mediated by endogenous op~o~ds based on the sensitivity of 
these hyperphag~as to naloxone [13.24] Recent data from 
our lab [3.4] and others [ 17,20] md~cate that these naloxone 
reversible hyperphag~as are not entirely equivalent, and may 
~nvolve d~fferent opiate receptors [20] The present investi- 
gation offers further evidence that endogenous op~o~d in- 
volvement in feeding ~s far more complex than our earhest 
hypothes~s, as msuhn-mduced feeding also revolves a 
naloxone reversible component, as had been previously re- 
ported by others 17, 15, 201 

In summary, these data ~nd~cate the presence of two 
phases of ~nsuhn-tnduced feeding, the early phase being 
naloxone-sens~ttve while the later phase ~s naloxone- 
~nsens~t~ve Additionally, the early, naloxone-sensmve 
phase begins w~th the presentation of food and not the actual 
administration of ~nsuhn 
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