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KORNBLITH, C. L. AND B. G. IIOI-BEL. A dose-response study of anorectic drug effects on fi)od intake, self-stimulation, 
and stimulation-escape. PItARMAC. BIOCHI-M. BEIIAV. 5t2) 215 218,  1976. A comparison was made of the 
short-lerm effects in rats of 3 anorectic drugs (amphetamine, fenfluraminc, and phenylpropanolaminc) on food intake and 
responses to obtain brain stimulation and to escape from automatic brain stimulation. At a dose which decreased food 
intake, amphetamine increased sell-stimulation, but not stimulation-escape. 1.enfluramine decreased both self-stimulation 
and stimulation-escape. Phcnylpropanolamine, on the other hand, decreased sell\stimulation, but not stimulation-escape. 
Even though all 3 drugs decreased food intake, each of them had different effects on hypothalamic self-stimulation and 
stimulation-escape. Only thc actions of phenylpropanolamine were in agreement with the hypothesis that lateral 
hypothalamic reward and aversion reflect the animal's tendency to eat. suggesting that other aspects of reinforcement are 
also inw~lved in lateral hypothalamic stimulation and were affected differently by these drugs. 
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A V A R I E T Y  of m a n i p u l a t i o n s  tha t  in f luence  feeding have 
been shown  to have a s imilar  inf luence  on  re spond ing  for  
electrical  bra in  s t imu la t ion  in the  lateral  h y p o t h a l a m u s  
[121.  It has been  suggested tha t  electrical  s t imula t ion  of  
the lateral h y p o t h a l a m u s  genera tes  a c o m b i n a t i o n  of  reward 
and aversion which shif ts  a long a c o n t i n u u m  depend ing  on  
the ani tnal ' s  h o m e o s t a t i c  ba lance  [ 1 0 , I 1 ] .  Accord ing  to 
this hypothes i s ,  the reward of  lateral h y p o t h a l a m i c  st im- 
u la t ion  is in part  the  specific re inforc ing  proper t i es  of  food.  
When the an imal ' s  energy supplies are low, the  an imal  eats 
readily and lateral h y p o t h a l a m i c  s t imula t ion  is re inforc ing;  
when  there  is an energy surplus,  the  animal  refuses to eat  
and lateral h y p o t h a l a m i c  s t imu la t ion  is aversive. It has 
the re fore  been cons idered  paradoxica l  tha t  a m p h e t a m i n e  
decreases feeding and increases se l f -s t imula t ion  rates [16, 
17, 181. In the present  s tudy ,  the  ac t ions  of  a m p h e t a m i n e  
on food in take ,  se l f -s t imula t ion ,  and s t imula t ion-escape  
were compared  to those  of  2 o t h e r  anorec t i c  drugs, 
f enf lu ramine  and p h e n y l p r o p a n o l a m i n e ,  in order  to de- 
t e rmine  if there  is some c o m m o n  behaviora l  ac t ion  a m o n g  
them tha t  might  accoun t  for thei r  appe t i t e  suppress ing 
proper ty .  Dose-response curves were ob ta ined  for each drug 
on these behaviora l  measures.  Compared  to a m p h e t a m i n e ,  
p h e n y l p r o p a n o l a m i n e  is relat ively non - s t imu la to ry  [4 ], and 
fenf lu ramine  is a mild depressant  [ 15 ,23] .  It was expec ted  
that  an anorec t i c  drug which  does not  increase act ivi ty  level 

might  have a parallel ac t ion  on feeding and sel f -s t imulat ion 
and oppos i t e  ac t ion on s t imula t ion-escape .  

MI.TFIIOD 

Adul t  male She rman  rats, weighing from 250-  350  g, 
were individual ly  housed.  

Food Intake Test 

Thi r ty  rats were r andomly  d i s t r ibu ted  in to  3 groups  of  
10 each. Animals  were given at least 2 weeks to adjust  to a 
4 hr daily feeding schedule.  Water was available at all t imes. 
Test ing bcgan when  animals  were consuming  an a m o u n t  of  
Purina pellets  dur ing the 4 hr period equivalent  to the  
a m o u n t  eaten dur ing  a 24 hr period wi th  free access to 
food. Once  per week animals  were injccted with one of the 
anorec t ic  drugs, and 1 hr and 4 hr food in take  were 
recorded.  The  range of doses selected for tes t ing was 
in tended  to include one  dose which  decreased food in take  
to a p p r o x i m a t e l y  50% of  con t ro l  level, and one  dose which  
had li t t le or no effect  on food intake.  Animals  in the  first 
group were tes ted wi th  f en f lu ramine  h y d r o c h l o r i d e  in doses 
of 1.0, 5.0, and 10.0 mg/kg. In the second group,  animals  
were tested wi th  d - a m p h e t a m i n e  su lpha te  in doses of  0.05,  
0.01, and 1.0 mg/kg. Animals  in the third g roup  were tested 
with p h e n y l p r o p a n o l a m i n e  hydroch lo r idc  in doses of 1.0, 
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5.0, and 10.0 mg/kg. All injections were made IP. Amphe t -  
amine and pheny lp ropano lamine  were injected one half hr 
before the test. Fenf luramine  was injected 1 hr before  the 
test. Each animal was tested with all the doses for a given 
drug and with physiological saline. The order  of  testing the 
various doses was randomly  de te rmined .  No animal was 
tested with more  than one drug. 

Brain St imulat ion Test 

The 17 rats used in this part o f  the exper iment  had free 
access to food and water  in their  home cages. Animals were 
anesthet ized with 50 mg/kg sodium pentobarbi ta l  and 
implanted with monopola r ,  plat inum-ir idium electrodes ,  
0.23 mm in dia., insulated except  for the conical tip. 
Electrodes were aimed at the lateral hypo tha lamus :  6 mm 
anterior  to earbar zero: 1.75 mm lateral to the center  o f  the 
mid-sagittal sinus: 7.5 mm below the dura with the skull 
horizontal  be tween bregma and lambda. An indifferent  
e lectrode made contac t  with several skull screws. Tests were 
conduc ted  in a Plexiglas box measuring 30.5 x 18× 5 9 c m  
with a grid floor and ()pen top through which the wire 
passed which connec ted  the e lect rodes  to the slip rings and 
s t imulat ion apparatus.  A response bar 2.5 × 1.9 cm was 
mounted  2.5 cm above the floor on each of  the narrow 
walls. During self-st imulat ion (SS/ tests, a response on one 
bar triggered a 0.5 sec train of 100 ltz,  biphasic,  0.1 msec 
pulses. Addit ional  presses within the 0.5 sec period did not 
affect  s t imulus durat ion and were not counted .  For  each 
animal a current  level was de ter ,n ined  which produced a 
modera te  level of responding.  Animals were also briefly 
screened for elicited feeding at this same current  level. 
Food pellets were placed in the box and the animal was 
st imulated in a 30 sec on 60 sec off  pa t tern  for several 
cycles. If the animal ate during the s t imulat ion in at least 2 
out of  3 cycles and did not eat during the o f f  periods, it 
was considered a s t imula t ion-bound feeder.  All but one of  
the animals met this cri terion.  Animals were then trained 
on s t imulat ion-escape (SE). A response on the o ther  bar 
turned off  for 5 sec, s t imulat ion delivered automat ical ly  in 
0.5 sec trains, 1 sec apart.  This test was used to detect  
changes in the negative re inforcement  value of the stim- 
ulation and also served as a control  for changes in general 
activity level. Animals were given I hr per day sessions of  
al ternating 5 rain SS and SE periods until their  rates 
stabilized. During testing, 1 hr sessions (one half hr total SS 
and one half hr total SE~ were run 5 days per week. On the 
fifth day animals were tested with one of  the anorect ic  
drugs. The doses, t iming, and route of  injection were the 
same as those used in food intake tests. Each animal was 
tested with all the doses for a given drug and with 
physiological saline. [ h e  order  of testing the various doses 
was randomly  de te rmined .  Results are expressed as percent  
of the average in the 4 no drug sessions preceding each drug 
test. No animal was tested in more  than 2 of  the drug series. 
Fol lowing comple t ion  of the exper iment ,  animals were 
sacrificed with an overdose of  anes thet ic  and perfused with 
10f'~ Formalin.  The brains were sect ioned at 50 u, stained 
with Cresyl violet, and the e lect rode tips localized. "l-he data 
for each group were analyzed by a one-way repeated 
measures analysis of variance and by subsequent  Newman- 
Keuls compar isons  [25 I. 

R I(S I_11 .TS 

There was at least one dose of each drug which 

significantly decreased 1 hr food intake. Fenf luramine  was 
the only drug that had a significant effect  on 4 hr food 
intake. There was no c o m m o n  behavioral effect of  all 3 
drugs on responding to obta in  or to escape brain stim- 
ulation which might account  for their  appet i te  suppressing 
proper ty .  

Food Intake Test 

As shown in Fig. 1, fenf luraminc in doses of  5.0 and 
10.0 mg/kg significantly decreased bo th  1 hr and 4 hr food 
intake, F(3,28} = 16.7. p<O.01,  and F(3,281 = 13.4. 
p<0 .01 ,  respectively.  Al though different  from control ,  
subsequent  compar isons  indicated that  the effects  of  these 
2 doses did not differ significantly from each other.  With 
amphe tamine  (see Fig. 11 only the 1.0 mg/kg dose 
significantly decreased intake, and this reduct ion occurred 
only in the 1 hr intake, F t 3 , 2 8 1 =  1 2 . 5 , p < 0 . 0 1 .  As shown 
in Fig. 1, all doses of pheny lp ropano laminc  significantly 
decreased I hr intake, F(3.281 = 14.4, p , : 0 . O I . S u b s e q u e n t  
comparisons  indicated that  these doses did not differ  from 
each other.  With the doses used here. phenylpropanolan l ine  
did not significantly decrease 4 hr intake. 

Brain St imulat ion Test 

As shown in Fig. 2, all doses of fenf luraminc decreased 
SS rates, FI3,281 = 33.0, p<O.O1. Subsequent  compar isons  
indicated that  the 5.0 and 10.0 mg/kg doses of  fenflur- 
amine differed significantly from the 1.0 mg/kg dose,  
al though these doses did not differ from each other.  
Fenf luraminc  in doses of 5.0 and I0.0 mg/kg also decreased 
SE rales, F[3 ,2g)  = 37.6, p < 0 . O l ,  al though these doses did 
not differ  from each other.  During control  no drug sessions. 
the average SS rate for the fenf luramine group was 560 
responses per half hr and the average SE rate was gcJ 
responses per half hr. 

With amphe tamine  (see Fig. 2) the 1.0 mg/kg dose 
significantly increased SS rates, F(3,181 = 7.6, p<O.01,  
while none of the doses used had a consis tent  effect  on SE 
rates, t:(3,181 = 1.4, p .0.01. For  the amphe t amine  group,  
the average SS rate during control  no drug sessions was 7(Y~ 
responses per half hr and the average SE response rate was 
5g responses per half hr. 

As shown in Fig. 2. all doses of pheny lp ropano lamine  
significantly decreased SS rates, F(3,28~ = lg .9 ,  ,,7<0.01. 
Subsequent  compar isons  indicated that  the 5.0 mg/kg dose 
was significantly different  from the 20.0 mg/kg dose, while 
the dose of 10.0 mg/kg did not differ from either  the 5.0 or 
20.0 mg/kg dose. Pheny lpropano lamine  in doses of 5.0 and 
10.0 mg/kg increased SE rates slightly, overall 1:(3.281 = 
.C~l, p7 0.01. The average SS rate for the phenylpropanol -  
amine group during control  no drug sessions was 718 
responses per half hr and the average SE rate was t,~4 
responses per hall  hr. 

All but one of the brains were prepared histologically. 
All of these electrodes were localized anatomical ly  in the 
dorsal por t ion  of  the medial forebrain bundle  from the 
poster ior  por t ion of the anter ior  hypotha lamic  nucleus to 
the anter ior  tip of  the ventromedia l  hypotha lamic  nucleus. 

I)IS('tISSI()N 

There was no c o m m o n  behavioral effect  observed in all 3 
anorect ic  drugs on the SS and SE tests in this s tudy which 
could explain the appet i te  suppressing p roper ty  of the 
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t.IG. 1. Dose-response curves for the effects of anorectic drugs on average food intake during 1 hr 
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FIG. 2. Dose-response curves for the effects of anorectic drugs on self-stimulation and 
stimulation-esmpe expressed as average percent of control rate. I.'enfluramine injected 1 hr before test. 

Amphetamine and phenylpropanolamine injected one hall" hr before test. *p<0.01 

drugs. As expec ted ,  at an effective dose for decreasing food 
intake, fenf luramine decreased SS rates, but SE rates were 
also decreased.  All of  these effects  may be due to the drug 's  
general depressant  ef fect  on activity [15 ,23] .  At the 
highest dose of fenf luramine ,  animals appeared sluggish. 

A m p h e t a m i n e  increased responding in SS tests, but did 
not significantly affect  responding to escape s t imulat ion.  If 
the increase in SS rates was due primarily to a general 
increase in activity then SE rates should have increased too.  
In this s tudy,  the enhancing  effect  o f  amphe t amine  on SS 
rates appeared to be due to its inf luence on the reward 
value of the lateral hypo tha lamic  s t imula t ion  rather than to 
its influence on general activity. 

Pheny lp ropano lamine  decreased SS rates, while slightly 
increasing SE rates. At the highest dose,  activity level did 

not appear  to be affccted,  but the animals did display 
pi loerect ion and urinat ion.  The decrease in SS rates can not  
be a t t r ibu ted  to a decrease in general activity level because 
SE rates were not similarly decreased.  This decrease in SS 
rates may reflect  a decrease in the r e in fo rcement  value of  
electrical s t intulat ion of  the lateral hypo tha l amus  in a 
non-hungry animal. Data from o the r  SE tests using higher 
doses and longer dura t ions  indicate that  pheny lp ropano l -  
amine can significantly increase SE responding I 131 • 

It is not clear from this s tudy why a m p h e t a m i n e  
increases self-st imulat ion rates, whereas the o ther  2 drugs 
decrease it. We presume that  amphe t amine  activates some 
laleral hypo tha lamic  reward system unrelated to food 
reward. Thus the hypothes is  that  the reward from stim- 
ulation of  the lateral hypo tha l amus  is like food reward is an 
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oversimplif icat ion.  It accounts  for the effects  noted with 
pheny lp ropano lamine ,  but not for those of amphe t amine  
and fenf luramine.  

Al though the mechanism of  action of  these anorect ics  is 
not fully unde r s tood ,  presumably  the drugs are causing 
metabol ic  changes and also acting on di f ferent  neuro- 
t ransmit ter  systems.  A m p h e t a m i n e  may influence catechol-  
amine neurons  by facilitating release of  bo th  dopamine  and 
norepinephr ine ,  by blocking their  reuptake,  or by inhibit ing 
the act ion of  monoamine  oxidase [3 ,24] .  A m p h e t a m i n e  
may activate ca techolaminergic  satiety funct ions  as shown 
by the fact that  norep inephr ine  I l l  or dopamine  [91 
deple t ion decrease amphe tamine  anorexia.  The increase in 
SS rates observed with amphe t amine  suppor t s  the idea of a 
catecholaminergic  substrate  for lateral hypo tha lamic  SS [7, 
18, 22] .  

Much less is known about  pheny lp ropano lamine .  It is a 
s y m p a t h o m i m e t i c  similar in proper t ies  and po tency  to 
ephedr ine ,  but it has less central  nervous system activity. 
Ephedr ine  is thought  to release norep inephr ine  and also to 
have a direct  effect  on bo th  a and ,~ receptors .  It is less 
active centrally than a m p h e t a m i n e  [81. Phenylpropanol -  
amine is like amphe t amine  and fenf luramine in that  all 3 
drugs decrease food intake in rats with vent romedia l  
hypotha lamic  lesions [2 ,4] .  With pheny lp ropano lamine  
there was no not iceable  change in activity level [4] .  

Recent  investigations of fenfluramine indicate that  its 
anor¢ctic effect  may be due to an action on serotonergic  
neurons [6, 14, 21 ]. When forebrain serotonin  was lowered 
by lesions of the midbrain raphe, the anorect ic  effect  of  
fenf luramine was antagonized;  the same lesion had no 
effect on amphe tamine  anorexia [20] .  On the o ther  hand,  
when ca techolamines  were deple ted  the anorect ic  effect  o f  
amphe tamine  was antagonized,  but the sante deple t ion  
poten t ia ted  the action of  fenf luramine [51. 

Therefore  these anorect ic  drugs are acting on at least 
two, possibly more,  different  neu ro t r ansmi t t e r  systems 
which pass through the lateral hypotha lamus .  These drugs 
have similar effects  on food intake,  al though these effects  
appear Io be media ted  by di f ferent  behavioral systems. 
None of the drugs produce  the normal behavioral signs of 
satiety such as grooming fol lowed by sleep 1191. These 
drugs differ in their infh, ence on responding to obtain or to 
escape electrical s t imulat ion of the lateral hypotha lamus .  
The effects  of amphe tamine  and fenflurant ine on SS and SE 
rates appear  to be independen t  of anorexia.  There may be a 
difference be tween hypotha lamic  re inforcement  related to 
feeding and that related to nonspecif ic  operant  behavior or 
activity level. The effects  of  pheny lp ropano lamine  on 
lateral hypo tha lamic  SS and SE rates appeared 1o he 
consis tent  with its effects  on feeding. 
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