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KANAREK, R. B., L. HO AND R G. MEADE. Su~tatned decrease m fat consumptton produced by amphetamtne m rat~ 
mamtamed on a dtetary self-selectzon regime PHARMAC BIOCHEM. BEHAV. 14(4)539-542, 1981.--Total dally caloric 
intakes and d~etary self-selection of the three macronutrlents, protein, fat and carbohydrate, were examined in female rats 
following the admmlstraUon of anorectlc doses of d-amphetamine sulfate (0.5, 1.0 and 2 0 mg/kg body weight, IP). Ammals 
had access to nutrients for a stx-hour period each day with food retakes measured two hours after food presentatton and 
again at the end of the six-hour feeding period Amphetamine injections led to similar dose-related decreases m caloric 
intakes m ammals maintained on a standard laboratory diet (ground Punna Laboratory Chow) and those maintained on the 
dietary self-selection regime Detailed exammaUon of feeding patterns of animals given the self-selection regime revealed, 
however, that amphetamine had differentml effects on the consumption of protein, fat and carbohydrate. At all three drug 
doses, protein and carbohydrate intakes were suppressed dunng the initial two-hour measurement period Intakes of these 
two macronutrients returned to control values by the end of the six-hour feeding period. In contrast, fat retake was mltmlly 
suppressed and remained suppressed throughout the entire six-hour period following amphetamine admimstratlon Com- 
parison of the present results with those of previous experiments indicates that the selective effect of amphetamine on fat 
consumption as not a general effect of drugs which reduce caloric retake. 
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MOST studies investigating the anorectic properties of am- 
phetamine in experimental animals have provided animals 
with access to only a single nutritionally complete diet (e.g. 
[2, 3, 4, 5]). While these experiments allow conclusions to be 
drawn concerning amphetamine's action on total caloric in- 
take, they do not provide information on effects of  amphet- 
amine on specific macronutrient intakes. Recent research 
suggests, however, that anoretic agents may selectively af- 
fect macronutrient consumption [13,14]. For example, in an 
experiment in which rats were given simultaneous access to 
two isocaloric diets containing either 5% or 45% protein, it 
was found that following the administration of  the anoretic 
drug fenfluramine animals preferentially decreased their in- 
take of  the 5% protein diet [13]. The preferential decrease in 
intake of the low protein diet resulted in a reduction in total 
caloric intake without a significant reduction in protem in- 
take. In contrast to fenfluramine, administration of  amphet- 
amine to animals in the same situation led to proportional 
decreases in protein and caloric intakes [13]. 

Two factors in these experiments make it difficult to draw 
conclusions about the effects of  anorectic drugs on intake of 

specific macronutrients. F~rst, the two diets offered to the 
animals varied not only in protein content, but also in carbo- 
hydrate content. That is, the low-protein diet (5% protein) 
contained 80% carbohydrate, while the high-protein diet 
(45% protein) contained only 45% carbohydrate. Second, as 
the proportion of  the third macronutnent,  fat, was identical 
(15%) in both diets, no conclusions can be made about the 
effects of  anoretic agents on the intake of  this macronutnent. 
To overcome these difficulties, the present study examined 
the effects of  d-amphetamine on total caloric retake and diet 
selection in rats provided with separate sources of the three 
macronutnents. Using this dietary regime, a selective de- 
crease in fat consumpUon was observed following the admin- 
istration of amphetamine. 

METHOD 

Animals 

Fifteen adult female Sprague-Dawley rats (CD outbred, 
Charles River Laboratories, Wilmington, MA) were used. 
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Ammals were housed individually m standard laboratory 
cages m a temperature-controlled room (21 _+ 1°(2). Lighting 
in the animal room was maintained on a reversed 12-12 hour 
hght-dark cycle, with lights on from 2100 to 0900 hours. 

Procedure 

Animals were assigned on the basis of body weight to one 
of two dietary conditions' (1) a standard laboratory diet 
(N=8), or (2) a self-selection regime (N=7). Rats in the 
standard laboratory diet group received ground Purina Labo- 
ratory Chow #5001 (caloric density = 3.60 kcal/g, calculated 
from the nutritive content of the diet) provided in Wahmann 
(Timonium, MD) LC306-A food cups. Animals in the self-se- 
lection group received three separate dietary rations: a pro- 
tern ration, a fat ration and a carbohydrate ration. The pro- 
tein ration (caloric density = 3.76 kcai/g) was composed of 
960 g casein (ICN Pharmaceuticals, Cleveland, OH), 40 g 
minerals (U.S.P. XIV Salt Mixture, ICN Pharmaceuticals), 
and 22 g vitamins (Vitamin Fortification Mixture, ICN 
Pharmaceuticals). The carbohydrate ration (caloric density 
= 3.76 kcal/g) contained 580 g corn starch (Teklad Test D1- 
ets, Madison, WI), 280 g dextrin (Teklad Test Diets), 100 g 
commercial-grade sucrose, 40 g minerals (U.S.P. XIV Salt 
Mixture) and 22 g vitamins (Vitamin Diet Fortification Mix- 
ture). The fat ration (caloric density = 7.85 kcal/g) contained 
960 g commercial-grade vegetable shortening (Crisco), 90 g 
minerals (U.S.P. XIV Salt Mixture) and 50 g vitamins (Vi- 
tamin Diet Fortification Mixture). Vitamins and minerals 
were added to the components so that the three dietary ra- 
tions contained equal amounts of these micronutrients on a 
per kilocalorie basis. All of the dietary rations were pre- 
sented in Wahmann LC306-A food cups. 

Ammals were allowed one month to habituate to the re- 
versed light-dark cycle and the dietary rations. Animals then 
were placed on a six-hour feeding schedule with food avad- 
able from the end of the first hour (1000 hr) to the end of the 
seventh hour (1600 hr) after the onset of the dark portion of 
the daily lighting cycle. Animals were allowed one month to 
adapt to the restricted feeding schedule prior to the initmtlon 
of drug injections. Food retake and body weight data were 
collected every third day throughout the two-month pre-drug 
period. At the t~me drug injections were initiated, animals 
were 120 days of age. Mean body weight of animals in the 
standard laboratory diet group was 220.5 g and mean body 
weight of animals in the self-selection group was 225.9 g. At 
this time, ammals on the self-selection regime were consum- 
ing 5(}~ of their daily caloric retake as fat, 36% as carbohy- 
drate and 14% as protein. This pattern of &et selection is 
consistent w~th that previously observed in this laboratory 
(e g. [8,10], Meade, unpublished results). 

The procedures for drug injections and data collection 
were as follows. Animals were weighed to the nearest gram 
immediately following the onset of the dark pomon of the 
24-hour cycle. Intraperitoneal injections of d-amphetamine 
sulfate (Smith, Kline and French Laboratories, Philadelphia, 
PA) dissolved in physiological saline or physiological saline 
alone were given m a volume of 1.0 ml/kg body weight one- 
half hour before animals were to receive their food. Food 
intakes and spdlage were measured to the nearest 0.1 g at 
two and six hours after the initiation of the feeding period. 
Each day of amphetamine rejections was preceded by a day 
of saline injections. Three doses of amphetamine were given. 
0.5, 1.0 and 2.0 mg/kg body weight. Animals received two 
rejections of the 2.0 mg/kg dose of amphetamine and one 
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FIG 1. Cumulative two-hour (top) and six-hour (bottom) caloric 
retakes (mean _+ SE) following the administration of sahne, 0.5, 1 0 
and 2.0 mg/kg amphetamine in animals maintained on either Punna 
Chow (left) or a dietary self-selection regime (right) 

mjection each of the 0.5 and 1.0 mg/kg doses. Amphetamine 
injections were separated from each other by at least one 
week. 

Data were analyzed by one-way analyses of variance with 
repeated measures, followed by a posteriori comparisons be- 
tween drug doses using Scheffe's method [12]. As neither 
total daily caloric intakes nor nutrient selection varied across 
sahne injection days, mean data for saline rejections were 
used to analyze data. Similarly, as no differences in intakes 
were observed following the two injections of 2.0 mg/kg am- 
phetamine, mean data were used in data analyses. 

RESULTS 

Ammal~ Mamtamed on the Single Standard Laboratory Diet 

Amphetamine admimstration led to dose-related de- 
creases in caloric intakes during the first two hours of the 
six-hour feeding period (Fig. 1, top left). Two hour caloric 
intakes after rejections of 2.0 mg/kg amphetamine were sig- 
nificantly lower than intakes after injections of 1.0 mg/kg 
amphetamine, which in turn were significantly lower than 
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FIG. 2. Cumulative two-hour (top) and six-hour (bottom) calonc 
retakes of fat, carbohydrate and protein following the administration 
of sahne, 0.5, 1 0 and 2 0 mg/kg amphetamine m animals maintained 
on a dietary self-selection regime 

intakes after the 0.5 mg/kg dose of the drug. Further, animals 
consumed significantly less food after the lowest dose of 
amphetamine than they did after saline injections. 

During the final four hours of the feeding periods follow- 
ing administration of the low and medium doses of amphet- 
amine, animals compensated for initial suppressions in 
caloric intakes. As a result of  this compensatory behavior, 
six-hour caloric intakes following injections of 0.5 and 1.0 
mg/kg amphetamine did not differ from intakes following 
saline administration (Fig. 1, bottom left). In contrast, 
caloric intake following the highest dose of amphetamine 
remained significantly suppressed throughout the entire 
six-hour feeding period. 

Animals Mamtamed on the Dietary Self-Selectton Regtme 

Like animals maintained on Purina Chow, animals given 
the self-selection regime decreased two-hour caloric intake 
(calculated as the sum of caloric intakes from each of  the 
three macronutrients) directly as a function of  the dose of 
amphetamine administered (Fig. 1, top right). Although ani- 
mals ate less following injections of 2.0 mg/kg than following 
injections of  1.0 mg/kg amphetamine, this difference was not 
statistically significant. 

Analysis of  individual macronutrient intakes revealed that 
the reduction m two-hour caloric intake was accounted for 
by decreases in the consumption of all three dietary compo- 
nents (Fig. 2, top). While macronutrient intakes following 
the medium and high doses of  amphetamine were signifi- 
cantly lower than intakes after saline rejections, macronutri- 
ent intakes after the lowest dose of  the drug did not differ 
significantly from saline values. 

Consistent with data of the Purina Chow group, six-hour 
caloric intakes of the self-selection animals after the low and 
medium doses of  amphetamine did not differ from intakes 
following saline injections. Furthermore, parallel to caloric 
intakes of their Purina Chow counterparts, caloric intakes 
of  self-selection animals were significantly suppressed 
throughout the entire six-hour feeding period following ad- 
ministration of the highest dose of  amphetamine (Fig. 1, bot- 
tom right). 

Inspection of specific macronutrient intakes at the end of 
the total six-hour feeding period revealed no differences in 
either protein or carbohydrate intakes as a result of drug 
administration (Fig. 2, bottom). In contrast, amphetamine 
rejections resulted in dose-related decreases in fat consump- 
tion across the six-hour feeding period. Total six-hour m- 
takes of fat were significantly lower following the medium 
and high doses of amphetamine than after saline injections. 

DISCUSSION 

As previously reported (e.g. [1, 2, 3, 9]), m the present 
experiment, amphetamine administration resulted in initial 
decreases m caloric intakes in animals maintained on a single 
nutritionally complete &et. This suppression m caloric in- 
take was no longer evidenced at the end of  the six-hour 
feeding periods following injections of  the medium and low 
doses of the drug. Similar modifications in feeding behavior 
were observed in animals maintained on a self-selection re- 
gime. Detailed examination revealed that amphetamine had 
different effects on intakes of the three macronutrients. In- 
takes of  protein and carbohydrate were suppressed during 
the first two hours of the feeding period, but returned to 
control levels by the end of the six-hour feeding period. In 
contrast, fat intake was imtially suppressed and remained 
suppressed throughout the entire six-hour period. Similar 
patterns of  diet selection have been observed in male rats 
maintained under a normal hght-dark cycle following am- 
phetamine administration (Kanarek and Orthen-Gambill, 
unpublished results). 

The present results can be contrasted with previous data 
from an experiment by Wurtman and Wurtman [13] which 
demonstrated a lack of  selectivity of  amphetamine on mac- 
ronutrient consumption. The difference in results between 
the present experiment and previous work may be explained 
by differences in the experimental paradigms employed. In 
the Wurtmans' experiment, ammals were not offered a sepa- 
rate source of fat, and therefore, the effects of amphetamine 
on the consumption of this macronutrient could not be as- 
sessed. In the present study, when rats were concurrently 
presented with separate sources of protein, carbohydrate 
and fat the selective effects of  amphetamine were unmasked. 

Not all drugs which lead to reductions in caloric intakes 
result in similar patterns of diet selection For example, ad- 
ministration of morphine to animals maintained under con- 
ditions very similar to those of the present experiment re- 
sulted in a rather different pattern of diet selection [10]. Fol- 
lowing morphine administration, both protein and carbohy- 
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drate intakes were  suppressed across a s ix-hour feeding 
period,  while fat retake was actually e levated above  levels  
observed  fol lowing saline injections [10]. In contrast  to mor-  
phine and amphetamine ,  admimstra t lon o f  fenfluramine to 
animals offered separate  sources  of  the three macronu tnen t s  
led to dose-rela ted decreases  in protein and fat intakes with 
no significant modif icat ions in carbohydra te  retake across a 
s ix-hour feeding period (Kanarek and Orthen-Gambil l ,  un- 
published results). Taken  together ,  these data  indicate that 
the pattern of  diet select ion observed  following amphe tamine  
administrat ion is not  a general  effect  of  drugs which decrease  
energy consumpt ion .  

It has been known for some t ime that drugs which 
produce similar general  behavioral  effects  (e.g. a reduc tmn 
in caloric intake) may produce  quite distract ive effects  on 
brain neurochemis t ry  [1, 2, 4, 5, 9, 11]. Fo r  example ,  while 
both amphetamine  and fenf luramme lead to decreases  in 
food intake, they are hypothes ized  to produce  their  behav-  
rural actmns through different neurochemica l  systems.  The 
action of  amphetamine  appears  to be most  marked on cate- 
cho lamme metabol i sm while fenfluramine is character ized 
by its capaci ty to release and block the re-uptake of  seroto- 
nin [1, 2, 4, 5]. Al though the general  effects  of  these two 

anoret lc  agents on food intake are similar, recent  experi-  
ments  employing more refined analyses of  feeding behawor  
have revealed differences in the temporal  pat terns of  eating 
following administrat ion of  fenfluramine and amphetamine  
[2,11]. Amphe tamine  has been repor ted  to suppress food in- 
take by delaying the initiation of  feeding while fenfluramlne 
permits  feeding to begin normally but  acts to terminate  food 
intake premature ly  [2]. The present  data, m conjunct ion with 
previous work  [13,14], Kanarek  and Orthen-Gambil l ,  un- 
pubhshed results),  indicates that these drugs also produce 
different patterns of  nutrient select ion.  While these results 
make it tempting to conclude that different neurot ransmlt ter  
sys tems may be involved in mediat ing intakes of  specific 
macronutr ients ,  current  information makes  xt untenable to 
establish a one- to-one cor respondence  be tween  neuro- 
t ransmit ter  act~wty and m a c r o n u m e n t  consumptmn.  

Dietary self-selection exper iments  provide information on 
both quanti tat ive and quahtat lve aspects  of  feeding behavmr.  
Previous data f rom this laboratory have clearly es tabhshed 
that hyperphagia  in different forms of  obese animals is asso- 
ciated with different patterns of  diet select ion [6, 7, 8]. It ~s 
now evident  that drug-reduced anorexia ,  hke hyperphagia,  
may be associated with different patterns of  nutrient  choice.  
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