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TANNENBAUM, M. G. AND E. B. PIVORUN. Effi*et of naltrexone on food intake and hoarding in white-fimted mice 
(Peromyscus). PHARMACOL BIOCHEM BEHAV 20(1) 35-37, 1984.--Increases in food consumption and hoarding in 
mammals have been shown to be immediate and preparative adjustments to the energetic stresses of temperate winters. 
The sensitivity of these behaviors to the opiate antagonist naltrexone was tested in non-deprived white-footed mice 
(Peromyscus leucopus). Mice received naltrexone hydrochloride intraperitoneally (10 mg/kg in saline vehicle) once daily 
for four consecutive days subsequent to an equivalent period of injection with saline as control. Daily food intake was 
significantly (p<0.05) lower after naltrexone treatment. Hoarding, as assessed by logarithmic hoarding scores and the 
weight of cached food, was not affected by administration of this drug at this dosage. These results suggest that hoarding, a 
complex behavioral pattern that does not immediately affect internal energy stores, may not fall within the opiate regula- 
tory scheme. 
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DURING the late fall and early winter, many small mammals 
must increase their intake of food in order to meet the 
metabolic demands of lower environmental temperatures. 
Paradoxically, this is the time of year when naturally occur- 
ring food supplies are likely to become depleted. The resul- 
tant problem of supply and demand is often overcome by the 
initiation of food hoarding in the late summer and early fall, 
when food is more plentiful. In many small rodents, the 
onset of such caching behavior is cued by changes in photo- 
period and/or ambient temperature [1, 3, 21]. 

A recent hypothesis [15] postulates that the endorphins 
and enkephalins may be responsible for the activation of 
physiological and behavioral mechanisms that serve to direct 
the conservation of energy and bodily resources. For exam- 
ple, the induction and maintenance of hibernation, a state of 
reduced metabolic demand, may be opiate dependent [16]: 
Another example of a system under endorphinergic regula- 
tion is that of consummatory behavior. In laboratory mice 
and rats, administration of beta-endorphin stimulates food 
intake [9,17]. Moreover, these rodents consume less food 
[2,5] when given naloxone, an opiate antagonist. In light of 
the involvement of the opiates with physiological energy bal- 
ance mechanisms, the suite of autumnal behaviors (nest 
building, den construction, food hoarding, etc.) displayed by 
rodents in preparation for winter may also be modulated by 
the endogenous opiates. 

The sensitivity of one of these behaviors (food hoarding) 
to the administration of naltrexone, a long-acting opiate 
antagonist, was tested in the white-footed mouse, Peromys- 
cus leucopus. This wide-ranging [10] species exhibits a high 
propensity towards hoarding [25]. Changes in food con- 
sumption in association with naltrexone treatment were also 

assessed to determine if opiate involvement in consummat- 
ory behavior in free-living species is qualitatively similar to 
the results obtained with traditional laboratory animals. 

METHOD 

Seven white-footed mice (Peromyscus leucopus) that had 
displayed a high proclivity for hoarding in a previous exper- 
iment were utilized for the food hoarding and consumption 
experiments. These mice (4 females and 3 males) were cho- 
sen from among a genetically heterogeneous group of first- 
and second-generation offspring of mice trapped around 
Clemson, SC. All mice had been conceived, born, and raised 
to weaning in a breeding colony at room (20-22°C) tempera- 
ture under a photoperiod of 12L: 12D. Upon weaning, they 
were transferred to a cold (5°C) room with a winter lighting 
schedule (9L: 15D), were caged individually in 29x 18x 12 cm 
cages, and were given food and water ad lib. After an accli- 
mation period of at least five months, seven to 12 month old 
mice were introduced into individual test cages and were 
allowed a three day habituation period before hoarding tend- 
ency was measured. Although hoarding in the wild most 
often occurs during the autumn, white-footed mice that were 
long-term residents of this cold room continued to display 
elevated hoarding tendencies under the winter temperature 
and photoperiod regime (manuscript in preparation). 

These test cages were identical to the cages in which the 
mice had been held prior to the test, with the exception of an 
attached hardware cloth runway (50 cm long, 5 cm diameter) 
that allowed access to a hardware cloth food hopper 
(15 x 10x 10 cm). Nesting material was supplied to the home 
cages, and 25 preweighed (_+0.1 g) Purina Rat Chow pellets 
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T A B L E  1 

HOARDING SCORES, HOARDING WEIGHTS, AND FOOD INTAKE IN PEROMYSCUS LI-,U('OPUS 
UNDER CONTROL (SALINE) AND EXPERIMENTAL (NALTREXONE) CONDITIONS 

Hoarding Score Hoarding Weight Food Intake 
Animal Sex Treatment (_+I SE) (g, _+1 SE) (g, +1 SE) 

l F Saline 3.19 _+ 0.0l 92.4 + 1.4 8.0 + 0.3 
Naltrexone 3.23 + 0.02 89.3 + 2.7 7.4 + 1.2 

2 M Saline 2.18 _+ 0.28 31.3 + 9.0 5.0 + 0.6 
Naltrexone 2.47 _+_ (1.1(1 35.7 + 7.1 4.6 + 0.5 

3 F Saline 1.(14 _+ (I.2(I 5.9 + 2.4 6.9 + 1.3 
Naltrexone 1.42 _+_ (I.31 13.6 + 4.9 3.4 + 0.9 

4 F Saline 1.64 _+ 0.12 13.6 + 2.8 3.5 + 0.4 
Naltrexone 2.52 + 0.28 43.0 ± 11.3 2.4 + 0.7 

5 M Saline 0.17 + 0.17 0.8 + {I.8 8.8 + 0.4 
Naltrexone 0 0 7.2 + (1.7 

6 M Saline 3.16 + 0.07 86.0 + 7.5 5.4 + (t.6 
Naltrexone 3.24_+ 0.01 88.3 + 2.2 4.9 + 1.8 

7 F Saline 1.33 + 0.69 25.8 _+ 21.5 5.5 + (I.4 
Naltrexone 0 0 5.3 + 0.5 

Mean Saline 1.81 _+ 0.22 36.5 _+ 7.4 6.2 + (t.4" 
Naltrexone 1.91 + 0.25 40.0 + 7.1 5.0 + 0.5* 

*p<0.05. 

were  p laced  into the food hopper .  Each  day,  within the hou r  
fol lowing the  onse t  of  light in the cold room,  the  pel lets  
r emain ing  in the  food hoppe r ,  as well as those  tha t  had been  
t r an spo r t ed  by the  mice into the  h o m e  cage,  were  coun ted  
and  weighed.  Af ter  this  weighing p rocedure ,  all food was 
r e m o v e d  f rom the h o m e  cage and  the  supply  of  pel le ts  in the  
food h o p p e r  was rep len i shed .  The  d i f fe rence  b e t w e e n  the  
total  weight  of  food p re sen t  on  success ive  days ,  minus  any  
spillage, was r eco rded  as daily food c o n s u m p t i o n .  Mice were  
a l lowed full access  to food and  wa te r  t h r o u g h o u t  the  experi-  
ment .  Two  measu re s  o f  hoard ing ,  weight  and  n u m b e r  of  pel- 
lets,  were  also r eco rded  for  each  mouse .  A hoa rd ing  score  
(log of  the  n u m b e r  of  pel lets  hoa rded  plus l) was then  as- 
s igned to each  mouse  for  each  day [18]. 

In o rde r  to min imize  d i s t u r bance  to the  animals ,  nal- 
t r exone  or  saline in jec t ions  were  adm i n i s t e r ed  at  the  same 
t ime tha t  hoa rd ing  and food in take  was measu red .  Each  
m o u s e  rece ived  a single in t raper i tonea l  in jec t ion  of  0.9% 
physio logica l  saline (0.25 ml pe r  mouse)  for four  success ive  
days ,  fol lowed by four  cons ecu t i ve  days  of  0.25 ml in jec t ions  
o f  na l t r exone  hyd roch lo r ide  (10 mg pe r  kg) in an identical  
sal ine vehicle .  Use  of  this  long-act ing opiate  an tagon i s t  was 
p r o m p t e d  by  f indings  tha t  na loxone  at doses  of  10 and  20 
mg/kg s ignif icant ly  a l te red  pa t t e rns  of  daily t o rpo r  bou t s  in a 
c losely  re la ted  species ,  P. maniculatus [23]. M o r e o v e r ,  use 
of  na l t r exone ,  as opposed  to na loxone ,  s e e m e d  jus t i f ied  in 
l ight of  the  fact  tha t  bo th  hoard ing  and  feeding were  a s sessed  
o v e r  a 24-hour  tes t  per iod.  

Each  individual  se rved  as its ow n  con t ro l ,  a condi t ion  
necess i t a t ed  by  the  grea t  var ia t ion  in the  t e n d e n c y  to hoard  
seen among  indiv iduals  of  this  species .  Da ta  were  subjec ted  
to a paired t - tes t  and  analys is  of  var iance .  

RESULTS AND DISCUSSION 

ln t r ape r i t onea l  in jec t ion of  na l t r exone  (10 mg/kg) signifi- 
cant ly  (/)<0.05) r educed  mean  food c o n s u m p t i o n  in non-  
depr ived  Peromyscus leucopus, the whi te - footed  mouse .  In 
con t r a s t  to c o n s u m m a t o r y  behav io r ,  hoard ing ,  as assessed  
by  hoard ing  score  and  the  weight  of  cached  food,  was not 
s ignif icant ly  a l tered by na l t r exone  (Table  1). Na l t r exone  
admin i s t r a t ion  abo l i shed  the hoard ing  r e sponse  in two indi- 
v iduals ;  howeve r ,  m e a n  hoard ing  scores  for  the o the r  five 
mice were  slightly (but  non-s ignif icant ly)  increased  by this 
opia te  an tagonis t .  F u r t h e r m o r e ,  in four  of  the  la t ter  five 
animals ,  the m e a n  weight  of  cached  food was also increased  
by  drug t r ea tmen t .  The re  was no s ignif icant  day- to-day  var- 
iat ion in e i the r  hoard ing  score  (F=0 .02 ,  p < 0 . 9 9 )  or hoard ing  
weight  (F=0 .06 ,  p<0 .981 .  Similar ly,  food c o n s u m p t i o n  did 
not  vary  s ignif icant ly among  the  four  success ive  days  within 
each  t r ea tmen t .  

These  resul t s  are cons i s t en t  with  those  of  o the r  s tudies  in 
which  per iphera l ly  admin i s t e red  na loxone  [4, 11,26] at doses  
o f  0 .5-10  mg/kg and  na l t r exone  [13,24] at doses  of  0.3-3(/ 
mg/kg suppre s sed  food in take  in rats.  A l though  a pauci ty  of 
da ta  exis ts  for  wild mammal s ,  the re  p re sumab ly  exists  a 
c o m m o n  m e c h a n i s m  for  opiate  modu la t ion  of  feeding among  
bo th  wild and  domes t i c a t ed  species .  A recent  s tudy [19] 
d e m o n s t r a t e d  n a l o x o n e ' s  supp re s s ion  of  feeding in wolves  at 
concen t r a t i ons  of  1 and  5 mg/kg. Lowy  and  Kim [14], how- 
ever ,  have  s h o w n  tha t  h a m s t e r  feeding b e h a v i o r  is " 'opiate-  
i n sens i t i ve "  c o m p a r e d  to rats.  

As  has  been  s t ressed  in o the r  repor t s ,  r educed  feeding in 
r e sponse  to opiate  an tagon i s t  in ject ion may  not  be a reflec- 
t ion of  d i rec t  ac t ion  on  a cen t ra l  si te media t ing  energy  bal- 
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ance,  but ra ther  may be due to non-speci f ic  effects  such as 
taste  avers ion  [8] or changes  in emot ional  tone [12]. Such 
effects  may b e c o m e  increasingly impor tant  at high doses  [7] 
such as used in this s tudy.  

Fant ino  and Cabanac  [6] have shown  that  the amount  of  
food hoarded  by depr ived  rats was propor t iona l  to their  body 
weight  decrease ,  or energy  deficit .  The amount  of  food 
hoarded  and ea ten  by wild roden ts  is higher  during autumn,  
when  the body weight  set-point  may be e levated  [20,22]. It is 
there fore  surpris ing that  hoarding is not as suscept ible  to 
modula t ion by opiate  antagonis ts  as is food intake, since 
augmenta t ion  of  both  behaviors  would serve to increase and 
maintain body weight .  A single, large, sys temic  dose  of  nal- 
t r exone  did not elicit lower  hoarding scores  in whi te- footed  
mice; a dose - r e sponse  curve  is necessa ry  to fully de te rmine  

the involvement  of  the opiates  with hoarding behavior .  Al- 
ternat ively ,  central ,  as o p p o s ed  to per ipheral ,  adminis t ra t ion 
o f  opiate antagonis ts  may have resul ted in the a t tenuat ion of  
hoarding.  It is also possible  that not all o f  the multiple causes  
underlying this complex  behavioral  pa t tern  fall within the 
opiate  regulatory scheme.  Fur the rmore ,  the differential  sen- 
sitivity of  food hoarding and eating to na l t rexone  injections 
may arise f rom the fo rmer  only indirectly affecting energy 
balance.  
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