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DUM, J , CH GRAMSCH AND A HERZ Acmatton ofhvpothalamtc fl-endorphm pool~ by renard reduced by htghlv 
palatablefi~od PHARMACOL BIOCHEM BEHAV 18(3) 443-447, 1983 --Experiments were performed to find biochemi- 
cal evidence of an acUvatlon of endogenous opmte peptldes m the brain by incentive reward A method used to estimate 
specific in vlvo opiate binding m rats using the labelled opmte agonlst, aH-etorphme, indicated a considerable reduction m 
opmte binding exclusively m the hypothalamus of non-deprived animals given a highly palatable food to eat for 20 mln 
Radlolmmunoassay of the hypothalamus of rats under similar condmons found a pronounced drop m the concentration of 
fl-endorphln, but not m dynorphm, in the hypothalamus, indicating a release and breakdown of/3-endorphm Therefore, the 
reduction in opmte binding m the hypothalamus may at least be partmlly explained by an occupation of opiate receptors by 
/3-endorphln, causing a reduced avadabdlty of receptors to etorphlne A posslbel role of hypothalamlc/3-endorphm m the 
facdltatlon of reward pathways m the brain is dlscussed 

/3-Endorphm Hypothalamus Reward Opmte binding Palatablhty 

S I N C E  the  d i s cove ry  of  engogenous  hgands  for  opia te  re- 
cep to r s ,  a poss ib le  regu la tory  func t ion  of  these  subs t ances  in 
r eward  sys t ems  o f  the  bra in ,  wh ich  also con t ro l  c o n s u m a t o r y  
behav io r s ,  has  been  p roposed  [1] This  p roposa l  is suppo r t ed  
by  the  fact  tha t  opia te  agonls ts  are se l f -admin is te red  and  t ha t  
appe t i t ive  behav io r s  and  se l f -s t imula t ion are  inc reased  by  
opmte  agomst s  and  suppre s sed  by  opia te  an tagon i s t s  [1,19] 
T h e s e  effects  a p p e a r  to be  opla te-spect f ic ,  s ince  they  occu r  
at low doses  and  some have  been  s h o w n  to be  s te reospec l f ic  
[15,23] N e v e r t h e l e s s ,  such  pha rmaco log ica l  e x p e r i m e n t s  
are no t  suff ic ient  p roo f  in t hem s e l ve s ,  s ince  reJected sub- 
s tances  do not  impmge  o n  neura l  sys t ems  m the  same way as 
natura l ly  re leased  t r ansmi t t e r s  Some  e x p e r i m e n t s  h a v e  
b e e n  able to show more  physio logica l  h n k s  Fo r  example ,  
the  c o n c e n t r a t i o n  o f  f l - endorphm in the  p l tmtary  and  b lood  
o f  roden t s  wi th  a he red i t a ry  t e n d e n c y  t ow ar ds  obes i ty  and  
over -ea t ing  is i nc reased  [17,21] H o w e v e r ,  ev idence  indi- 
ca tes  tha t  f l - endorphm,  ff causa l ly  revolved ,  may  be  p roduc-  
ing Its effect  in the  pe r iphe ry  [17,21] A n  ind ica t ion  o f  a 
cen t ra l  e f fec t  was  found  m fast ing rats ,  w h i c h  have  a reduc-  
t ion o f  f l - endorphm m the  h y p o t h a l a m u s  [7], bu t  this  may  be  
a t t r ibu ted  to s t ress ,  s ince s t ress  has  b e e n  s h o w n  to r educe  
the  c o n c e n t r a t i o n  o f / 3 - e n d o r p h i n  in this  s t ruc tu re  [18] 

The  fol lowing inves t iga t ions  use  m e t h o d s  des igned  to 
t race  the actw~ty o f  e n d o g e n o u s  opia tes  in an imals  g iven  a 
na tura l  r eward  and  kep t  as f ree  f rom s t ress  as poss ib le  The  
resul t s  indica te  tha t  the  m vlvo b inding  of  a highly label led 

opmte  t r ace r  to opia te  r ecep to r s  ~s r educed  in the  hypo tha l -  
amus ,  bu t  not  in o the r  bra in  s t ruc tures ,  w h e n  non -dep r ived  
ra ts  are g iven  a highly pa la tab le  food m a f amdla r  env i ron-  
m e n t  U n d e r  s imilar  condi t ions ,  the  total  c o n c e n t r a t i o n  of  
f l -endorph ln ,  bu t  no t  of  d y n o r p h m ,  Is r educed  in the  same  
s t ruc ture ,  suggest ing a re lease  and  b r e a k - d o w n  of  the  pep-  
t ide There fo re ,  a good exp lana t ion  for  the  r educ t ion  m the  
opia te  b inding  m the  h y p o t h a l a m u s  of  ra ts  m a r eward ing  
s~tuatlon is tha t  an  inc reased  n u m b e r  of  opia te  r ecep to r s  are 
be ing  occup ied  by  f l -endorphin  To ou r  knowledge ,  this  is 
the  first  b iochemica l  ev idence  for  the  ac t iva t ion  of  an  
e n d o g e o u s  opia te  pept lde  by  a p leasurab le  s t imulus  

METHOD 

Two  e x p e r i m e n t s  were  pe r fo rmed  in non -dep r ived  rats  
g iven  p re fe r red  foods  as incen t ive  r ewards  E x p e r i m e n t  1 
was  done  to measu re  the  m VlVO binding  of  a highly label led 
opia te  In different  bra in  par ts ,  and  E x p e r i m e n t  2 was done  to 
measu re  the  c o n c e n t r a t i o n  of  two e n d o g e n o u s  opia tes  m the  
h y p o t h a l a m u s  Two,  comparab le ,  k inds  o f  food  were  g iven  
as m c e n t w e  r ewards  In E x p e r i m e n t  1, choco la t e  milk was  
m a d e  avai lable  to ra ts  m a cage for  20 min  p rov id ing  un in te r -  
rup ted  con t ac t  wi th  the  incen t ive  In E x p e r i m e n t  2, p ieces  of  
chocola te  covered  waffle candy  were given randomly  to the 
ra ts  for  the  same  length  o f  t~me so tha t  exp lo ra to ry  b e h a w o r  
could  be o b s e r v e d  b e t w e e n  eat ing P rev ious  behav io ra l  ex- 

1Requests for reprints should be addressed to Dr A Herz at the above address 
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perlments using naloxone [3] suggest that both types of re- 
warding situations activate endogenous opiate(s) and that an 
Increase in exploratory behavior partially results from such 
an activation 

Animals 

In an effort to eliminate extraneous stimuli and stress to 
the animals in these experiments, the rats (male, Sprague- 
Dawley) were cared for exclusively by the experimenter in a 
separate, chmatlzed room (20°_+ I°C) where the experiments 
were also conducted Kdhng, by decapitation, was per- 
formed In a curtamed off section of the room For 2 wk prior 
to the beginning of  training, rats were habituated to the room 
and individually handled twice daily Rats were kept four to 
a box (wire mesh 30×50×20) to avmd "isolation stress" and 
on an reversed day-hght cycle (8 a m -8 p m , dim red light, 
8 a m -8  p m , bright white light) so that procedure and ex- 
periments were done dunng the waking cycle of the anamals 
Only two rats were used per box because the remaining rats 
might be stressed by the removal of rats at the end of the 
experiment Lab chow and water were always available 

Pto( edure ~ff E~pettment I 

In this experiment which measured in VlVO opiate binding, 
animals were first farmharlzed with the preferred food, choco- 
late milk (Ostbayensche Milchwerke AG, Passau, F R G , 
containing low fat milk with 6% chocolate powder, sugar and 
emulsifier), by giving it to them in their home cages (in four 
drinking bottles per cage) for 1 hr/day on 2 consecutive days 
After this, rats were put through a procedure to familiarize 
them with the experimental situation Every morning for 14 
consecutave days, they were alternately placed in a restrain- 
mg tube for 10 sec, in which IV injections were performed on 
the day of the experiment, and then immediately thereafter, 
for 20 mm in either of  two clear acrylic boxes (20×30× 15), 
containing wood shavings and equipped with wire mesh 
covers and food through filled with lab chow The boxes sat 
side by side and the drinking bottles were filled with water or 
chocolate milk for the control and experimental animals, re- 
spectively During the 14 days, the amount of chocolate milk 
drunk dunng each session gradually increased and finally 
stabilized As a control for the chronic intake of chocolate 
milk, control rats continued to received chocolate milk 
everyday in their home cages for 20 mm, starting at 16 00 
Control rats took In the same amount of chocolate milk/rat as 
the experimental animals On the day of the experiment, 
following the last day of training, the same procedure was 
followed, except that IV Injections of ZH-etorphme were 
given in the restraining tube and decapitation was performed 
following the usual 20 mtn in the acrylic box Both control 
and expenmental rats weighed 190 + _ 10 g at the end of the 
experiment 

Pro( edute oJ E~pettment 2 

In this experiment, which measured the concentration of 
dynorphln and /3-endorphm In the hypothalamus, a similar 
procedure was followed Pieces of chocolate-covered waf- 
fled candy (Kltkat, minimal chocolate content 27%, 
Rowntree Mackintosh GmbH, Hamburg) were used as a pre- 
ferred food To famihanze the rats with it. several pieces of 
the candy were placed in the home cages of the rats for 2 
consecutive days Thereafter, the rats were familiarized with 
the experimental situation every morning for 14 consecutive 

days by placing them alternately for 20 man m one of two 
clear acrylic cylinders (20 cm × 60 cm), placed side by side on 
top of clean, vinyl-coated lab paper Three pieces (4 g/piece) 
of candy or lab chow were dropped at random into the cylin- 
ders of the experimental and control animals, respectively, 
dunng the entire period of time the animals were in the cyl- 
inders As a control for the chronic intake of  candy control 
rats were given the same amount of candy everyday at 16 00 
in their home cages during this time On the day following 
completion of  training, the same procedure was followed, 
except that the animals were decapitated upon removal from 
the cylinder The rate of vertical exploratory behavior was 
estimated on the day of the experiment between eating, 
while animals were in the cylinder by counting the number of 
rearlngs Control and experimental rats weighed 250_+20 g at 
the time of killing 

Estimation o~ In Vlvo Opiate Re( eptot Bmdmg 

The estimation was done by measuring the radioactivity 
m different brain parts 20 mln after an IV injection (taking 10 
sec) of 100/xl physiological saline containing a trace dosage 
of 3H-etorphme (2/xCffrat, 41 Cl/mmole, The Radlochemlcal 
Center, Amersham, England) Into the rat tall Etorphlne was 
used as an opiate receptor hgand because it is a potent nar- 
cotic analgesic with a relatively non-selective action on dif- 
ferent types of receptors [24], making the detection of a 
change in the binding in some population of opiate receptors 
more likely Since the cerebellum is known to contain almost 
no opiate receptors, this structure can be used as an internal 
standard for the amount of radioactivity not specifically 
bound As shown m previous experiments [12], this method 
traces opiate receptor binding with characteristics similar to 
those found using m vitro methods Rats were killed by de- 
capltataon and the brains ammedlately removed and dissected 
as described previously [8] Brain parts were weighed and 
combused in a Packard Tri-Carb sample oxidizer and the 
radioactivity measured by scintillation counting in a Packard 
Trl-Carb Scintillation Spectrometer with 40% efficiency 

E~ttmatton o! Con( entratton o /D~notphm and [3-Endorptun 

The concentrations of lmmunoreactlve dynorphln and 
/3-endorphln were measured m the hypothalamus after ex- 
traction using a highly sensitive and specific RIA as previ- 
ously described [9,11] Brain dlssectaon was performed In the 
same way as for the measurement of in vavo receptor band- 
lng 

Data Anal~ set 

Statistical differences were calculated using the two- 
tailed t-test 

RESULTS 

All of the rats given chocolate mdk in the acrylic box avidly 
drank it by the end of two weeks of training Dnnkmg started 
Immediately after placement in the box and continued at a 
decreasing rate during the rest of the 20 rain A total of 15_ + 
2 ml/rat was drunk This corresponds to observations made in 
previous experiments in which the time course of  chocolate 
milk dnnkmg by rats was measured using a drink-o-meter 
[3] In contrast, the control rats. which had water in the 
drinking bottle, drank nothing and spent the majority of the 
time explonng on the floor of the box Similarly. the rats 
given pieces of chocolate-covered candy in a cylinder con- 
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T A B L E  1 

AVERAGE NUMBER OF REARINGS/MINUTE IN EACH FIVE MINUTE PERIOD DURING 
TWENTY MINUTES OBSERVATION IN A CYLINDER AND DURING THE TOTAL TWENTY 

MINUTE PERIOD, EXCEPT FOR TIME SPENT EATING 

T i m e  

Period 
(mm) 1-5 6-10 11-15 16-20 1-20 

Candy 8 1 _+ 0 9 "  4 1 -+ 0 2  36_+ 0 2 "  3 5 -+ 1 2 4 8  +_ 0 5 t  
Rat 5 3 - + 0 7  2 6 - + 0 7  1 8 - + 0 6  1 2 - + 0 7  2 7 _ + 0 4  

Chow 

Candy Rats given three pieces of candy at random dunng the twenty minute period 
Rat Chow Rats g~ven three pieces of rat chow at random to eat 
Exght rats/group Mean_+S E M Difference from rat chow controls statistically slgmfi- 

cant *(p<0 05) t (p<0  01) 

• 103 
25" _c 

E 

g 

~ 2C 

g. 

FIG 1 Radioactivity in different brain parts of rats twenty minutes 
after injection (IV) with aH-etorphme (2/xCi/rat) All rats were non- 
deprived and were given either chocolate milk (cross-hatched columns) 
or water (open columns) to dnnk freely for twenty minutes before 
sacnfice (8 rats/group) Mean-+S E M *Statistically slgmficant 
difference from controls (p<0 05) 

s u m e d  all th ree  pieces ,  whe reas  the  con t ro l  ra ts  ate no th ing  
E x c e p t  for  the  per iods  spen t  eat ing,  the a m o u n t  o f  ver t ical  
explor ing ,  i e , r e a n n g ,  pe r fo rmed  by the  ra ts  g iven  candy  
was inc reased  by 77% o v e r  tha t  of  the  con t ro l s  (Table  1) 
This  increase  was also o b s e r v e d  a m o n g  rats  before  rece iv ing  
choco la t e  (not  shown)  and  the re fore  s e e m e d  to be keyed  to 
" e x p e c t a n c y "  cond i t i oned  to the  e n v i r o n m e n t  

The  c o n c e n t r a t i o n  o f  3H e t o r p h m e ,  as m e a s u r e d  by  the  
level  of  rad ioac t iv i ty  in the  var ious  bra in  par ts  o f  the  ra ts  IS 
s h o w n  in Fig 1 As found  In p rev ious  mves t iga t lons  [4,12], 
the  amoun t s  o f  label led op ia te  found  in the  b ra in  par ts  o f  the  
cont ro l  ra ts  var ied  with the  c o n c e n t r a t i o n  of  opia te  recep-  
tors  Fo r  example ,  the  c o n c e n t r a t i o n s  of  opia te  in the  hypo-  
t ha l amus  and  s e p t u m  which  high dens i t i es  o f  opia te  recep-  
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FIG 2 Concentratton of dynorphm and fl-endorphm m the hypo- 
thalamus of non-depraved rats after having received three pieces of 
either candy (cross-hatched columns) or rat chow (open columns) to 
eat dunng a twenty minute penod (10-23 rats/group) Mean-+S E M 
**Statistically slgmficant difference from controls (p<0 01) 

tors ,  are abou t  s even  t imes  g rea te r  t han  tha t  in the  cerebel -  
lum wh ich  has  vir tual ly  no  such  recep to r s  The  concen t r a -  
t ion of  opia te  in the  bra ins  o f  rats  wh ich  d rank  choco la te  milk 
was not  s ignif icant ly  di f ferent  f rom con t ro l s  excep t  in the  
h y p o t h a l a m u s ,  whe re  a d rop  o f  33% in the  specif ical ly b o u n d  
s u b s t a n c e  was  measu red ,  w h e n  the  c o n c e n t r a t i o n  of  
rad ioac t iv i ty  in the  ce rebe l lum is t aken  as a measu re  o f  sub- 
s tance  not  specif ical ly b o u n d  

In ra ts  g iven  pieces  of  candy  to eat ,  the  c o n c e n t r a t i o n  o f  
d y n o r p h m  in the  h y p o t h a l a m u s  was not  s igmficant ly  differ- 
en t  f rom tha t  in con t ro l s  (Fig 2) The  overa l l  average  con-  
cen t r a t lon  o f  d y n o r p h m  m all groups ,  59_+4 pmoles /g ,  is in 
a g r e e m e n t  w~th tha t  m e a s u r e d  in p rev ious  e x p e r i m e n t s  in 
ra ts  at  night  [22] In c o n t r a s t  to d y n o r p h l n ,  the re  was a large 
drop,  38%, In the  c o n c e n t r a t i o n  of  f l -endorphln  ( p < 0  01) in 
the  same rats  in the  h y p o t h a l a m u s  The  c o n c e n t r a t i o n s  of  
/3-endorphln m e a s u r e d  are wi th in  c lose  range  of  tha t  previ-  
ous ly  found  to be in the  rat  h y p o t h a l a m u s  using the  same 
assay  [10] 
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DISCUSSION 

Exper iment  1 showed a reduct ion m the concentra t ion o f  
aH-etorphlne in the hypothalamus of  rats given chocola te  
milk to drink This IS probably due to a drop in the binding of  
the drug to specific opiate receptors  in this structure because 
of  an occupat ion o f  more of  the receptors  by endogenous  
opiate It is unlikely to be caused by a change m the absorp- 
tion or  elimination of  the drug since the change was only 
observed  In this one area o f  the brain It is also improbable 
that the reduct ion in radioactivi ty is due to a reduct ion in the 
total number  of  opiate receptors  in the hypothalamus,  since 
the time available for such a change,  20 mln, is very short 
This finding is similar to that of  Pert and Bowie  [20], who 
found that the opiate receptor  bmdlng was reduced in the 
brain homogenate  of  brains taken f rom acutely stressed rats 
They indicated that this reduct ion was also probably due to 
an Increase occupat ion by endogenous  hgand It is not 
possible to conclude from the data presented here which 
type or  types of  opiate receptor(s) might be involved since 
etorphlne is a rather non-select ive hgand for different opiate 
receptor  types [24] Exper iment  2 found that rats given a 
comparable  preferred food, candy, to eat have a large drop in 
the concentra t ion of/3-endorphin and not of  dynorphm in the 
hypothalamus This result  IS unlikely to be due to a reduct ion 
in the synthesis of /3-endorphln,  since such a change would  
probably only appear  after a longer t ime Instead,  the change 
can be bet ter  explained by an increased release and break- 
down off l -endorphin  This would also be consistent  with the 
findings of  Exper iment  1, since an increased release would 
be expected  to cause an Increased occupancy  of  opiate re- 
ceptors  Thus,  both exper iments  imply an act ivat ion of  en- 
dogenous opiate It is not  yet known ff o ther  opiate peptides 
besides /3-endorphin are involved As reported earlier [3], 
the rats waiting to receive  candy in these exper iments  
showed a considerable  increase m rearing Since this behav- 
ioral change has previously been shown to be partially 
naloxone sensitive [3], it is probably a further Indication of  
opiate peptlde act ivi ty Since the increase in explorat ion oc- 
curred in rats before chocolate  was given, It appears to re- 
flect an expec tancy  of  chocolate ,  which is condit ioned to the 
envi ronment  

It is Interesting to speculate  about  the function of  the 

fl-endorphln apparently released in these experaments and 
the nature of  the stimuli causing it Various reports in the 
li terature point  to widely different,  natural stimuli seemingly 
able to act ivate  endogenous  opmte(s) food-deprivat ion,  
which causes a large drop In hypothalamlc/3-endorphln  [7], 
leads to naloxone-antagonlzable  eating and increase in pain 
threshold [19], aggression in rodents ,  which is somet imes 
naloxone-senslt lVe causes a naloxone-antagonlzable  in- 
crease  in nocicept lve  thresholds [ 14 16], and the expec tancy  
of  water  in water-deprived rats, causes a naloxone- 
antagonlzable increase in explora tory  behavior  [5] It is clear 
that, although some of  the condit ions ehcltlng a release of  
endogenous  opiate(s) involve stress,  stress is not a necessary  
condit ion for the act ivation o f  endogenous  opiate(s) since 
f l-endorphln was apparently released under  the largely 
stress-free condit ions used in this Investigation It is quite 
possible that different neural pathways containing different 
endogenous  opiates are act ivated by the various condit ions 
mentioned,  although hypothalamlc  /3-endorphln is appar- 
ently act ivated by both starvation and the Incentive-reward 
situation presented here A major source of  commonal i ty  
among the different condit ions seems to be that they are 
highly motivat ing There IS evidence that this motivat ion 
may be accompanied  by a sensit ization of  reward systems in 
the brain, since food deprivat ion [2] has been reported to 
facthtate brain st imulated reward Since the opiate agonlst, 
morphine,  is reported to lower  the threshold of  lateral hypo- 
thalamlc self-stimulation [6], it is suggested that one role of  
endogenous  opiate(s),  and particularly of  hypothalamlc 
fl-endorphln, may be to facilitate the act ivation of  reward 
pathways by rewarding stimuli This would also explain why 
some of  the situations reported to act ivate endogenous 
opiate(s) are not  themselves  rewarding, but only potentiating 
rewarding behavior  Thus,  endogenous  opiate(s) may be 
modulators  of  neural reward centers ,  but not " r eward  
t ransmi t te rs"  themselves  Opiate agonlsts may thus be self- 
administered because they lower  the thresholds of  reward 
pathways to such an extent  that previously neutral stimuli, 
or even  the normal activity of  the neurons Involved,  may 
become  rewarding 
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