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Dietary self-selection was examined following the administration of the glucoprivic agent, 2-deoxy-D-glucose (2-DG),in 
adult male rats given access to separate sources of the three macronutrients, protein, fat and carbohydrate. All animals 
received injections (IP) of saline, 250, 500 and 750 mg/kg 2-DG with nutrient intakes measured at 2, 4, 6 and 24 hrs following 
injections. Animals consumed significantly more carbohydrate at 4, 6 and 24 hrs after injections of 500 and 750 mg/kg 2-DG 
than after saline injections, in contrast, fat intake was significantly suppressed by all three doses of 2-DG at 2 hr, by 250 and 
750 mg/kg 2-DG at 4 and 6 hrs, and by 750 mg/kg 2-DG at 24 hr after injections. Protein intake was significantly decreased by all 
three doses of 2-DG at 2 hr after injections. As a result of the increase in carbohydrate intake and complimentary decrease 
in fat intake following 2-DG injections, total caloric intake of animals given the self-selection regime was not modified as a 
function of drug administration. In comparison, rats given a single nutritionally complete diet (ground Purina Laboratory 
Chow) consumed significantly more calories following 2-DG administration than following saline injections. The ability of 
animals to make appropriate modifications in nutrient selection following regulatory challenges is discussed. 
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M O S T  exper iments  examining the regulation of  food intake 
in exper imenta l  animals employ  single nutri t ionally comple te  
diets. While exper iments  providing animals with a single diet 
al low conclusions to be drawn about  the effects  of  var ious 
manipulat ions on overal l  energy intake, they provide no in- 
formation about  the effects  of  these manipulat ions on nutri- 
ent select ion.  Recent  studies allowing animals access  to 
separate  sources  of  the three macronutr ients ,  protein,  fat 
and carbohydra te  have revealed that exper imenta l  manipu- 
lations which produce similar changes in overall  caloric in- 
take can result in different patterns of  nutrient select ion [4, 5, 
7, 8, 10]. For  example ,  destruct ion of  the vent romedia l  hypo- 
thalamus (VMH) and administrat ion of  exogenous  insulin 
both lead to e levat ions  in total caloric intake. These  two 
manipulat ions,  however ,  produce very different patterns of  
nutrient  choice  [4,5]. Des t ruc t ion  of  the V M H  is associated 
with an increase in ei ther  fat or  carbohydra te  intake and a 
decrease  in protein intake [4], while insulin administrat ion is 
associated with a select ive increase in carbohydra te  intake 
and decrease  in fat intake [5]. Exper iments  employing di- 
etary self-selection regimes thus permit  more  detailed in- 
sights into the control  of  food intake. 

Adminis t ra t ion of  2-deoxy-D-glucose  (2-DG) stimulates 
food intake in a variety of  species [3, 9, 12, 14, 15, 16]. The 
effects of  2-DG on food intake have been related to the de- 

creases  in cellular glucose utilization which occur  in brain 
and other  tissues following the administrat ion of  the drug. 
2-DG decreases  cellular glucose utilization by compet i t ive ly  
inhibiting the phosphohexose i somerase  step of  glycolysis 
[2,11]. The select ive effect of  2-DG on carbohydra te  metab- 
olism suggested that animals might specifically modify 
carbohydra te  intake following administrat ion of  the drug. In 
the present  exper iment ,  this suggestion was tested by exam- 
ining the effects of  2-DG on nutrient choice  in rats given 
separate  access  to the three macronutr ients .  

METHOD 

Animals and Diets 

Four teen  male Sprague-Dawley rats (CD outbred,  
Charles  River ,  Wilmington MA), weighing an average of  350 
g at the beginning of  the exper iment  were used. Animals  
were housed individually in standard laboratory cages in a 
tempera ture-cont ro l led  room (21_+l°C) maintained on a 
12-12 hr light-dark cycle (lights on: 0800-2000 hr). 

Animals  were divided into two groups matched on the 
basis o f  body weight.  Animals  in the first group (N =6) re- 
ce ived  Ground Purina Rodent  Chow No. 5001 (caloric den- 
sity = 3.6 kcal/g). Animals  in the second group (N=8)  had 
access  to three separate  dietary rations: a protein ration, a 
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carbohydrate ration and a fat ration. The protein ration 
(caloric density=3.8 kcal/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 Diet Fortification Mixture, ICN Phar- 
maceuticals). The carbohydrate ration (caloric density=3.8 
kcal/g) was composed of 580 g corn starch (Teklad Test 
Labs, Madison, WI), 280 g dextrin (Teklad Test Labs), 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=7.9 kcal/g) was com- 
posed of 912 g hydrogenated fat (Crisco), 48 g safflower oil 
(Hollywood Health Foods, Los Angeles, CA), 90 g minerals 
(U.S.P. XIV Salt Mixture) and 49.5 g vitamins (Vitamin Diet 
Fortification Mixture). Vitamins and minerals were added to 
the components so that the three dietary rations contained 
equal amounts of these micronutrients on a per kilocalorie 
basis. Purina Chow and the protein and carbohydrate rations 
were provided in Wahmann (Timonium, MD) spill-proof LC 
306-A food cups. The fat ration was provided in 75 ml glass 
cups. All animals received continuous access to water 
throughout the experiment. 

Following a three-week period of adaptation to the di- 
etary regimes, animals were tested for 2-DG induced feed- 
ing. On test days, animals received intraperitoneal injections 
of either 2-DG or physiological saline at 0900 hr. 2- 
deoxy-D-glucose (Sigma Chemical Corp., St. Louis, MO) 
was kept frozen, and the required amount mixed with saline 
to provide a 10% solution immediately preceding its use. 
Saline and 2-DG were administered according to the follow- 
ing schedule: saline, 500 mg/kg 2-DG, saline, 250 mg/kg 
2-DG, saline, 750 mg/kg 2-DG. At least seven days inter- 
vened between 2-DG injections. On test days, nutrient in- 
takes were measured to 0.1 g at 2, 4, 6 and 24 hr post- 
injection. 

Data were analyzed using one-way analyses of variance 
followed by a posteriori multiple comparison tests of within 
group means using Scheffe's method [13]. As there were no 
differences in intakes following the three saline injections, 
mean data for saline injections were used in data analyses. 

RESULTS 

Purina Chow Intake 

Purina Chow intake increased as a function of 2-DG ad- 
ministration (Fig. 1, bottom). Intake of Purina Chow was 
significantly greater 4 and 6 hours following injections of 500 
and 750 mg/kg 2-DG than following saline injections. No 
differences in Purina Chow intake were observed as a func- 
tion of drug administration at 24 hours post-injection. 

Individual Macronutrient Intakes for Animals Given the 
Self-selection Regime 

Carbohydrate intake increased as a function of drug ad- 
ministration. (Fig. 2, top). Carbohydrate intake was signifi- 
cantly greater at 4, 6 and 24 hours after injections of 500 and 
750 mg/kg 2-DG than after saline injections. 

In contrast to carbohydrate intake, fat intake decreased 
as a function of the administration of the 2-DG (Fig. 2, bot- 
tom). All three doses of the drug led to significant reductions 
in fat intake at 2-hours post-injection. Cumulative fat intake 
remained significantly suppressed at 4 and 6 hours after in- 
jection of 250 mg/kg 2-DG and at 4, 6 and 24 hours after 
injection of 750 mg/kg 2-DG. 
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FIG. I. Cumulative total caloric intakes at 2, 4, 6 and 24 hours 
fol lowing injections of  2-DG or saline for animals maintained on 
either a dietary self-selection regime (top) or ground Purina Chow 
(bottom). *Significantly different (p<0.05) from saline injections. 

Animals consumed significantly less protein at 2 hours 
following injections of 500 and 750 mg/kg 2-DG than after 
saline injections (Fig. 2, middle). No other significant differ- 
ences were observed in protein intake as a function of 2-DG 
administration. 

As a result of the increase in carbohydrate intake and 
decreases in fat and protein intakes, no differences in total 
caloric intake were found as a function of 2-DG administra- 
tion for animals maintained on the serf-selection regime (Fig. 
1, top). 

DISCUSSION 

Rats given access to separate sources of the three macro- 
nutrients increased carbohydrate intake and decreased fat 
intake following the administration of the glucoprivic agent, 
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FIG. 2. Cumulative caloric intakes of carbohydrate, protein and fat 
at 2, 4, 6 and 24 hours following injections of 2-DG or saline for 
animals maintained on a dietary self-selection regime. *Significantly 
different (p<0.05) from saline injections. 

2-deoxy-D-glucose. As a consequence of these alterations in 
nutrient choice, no differences in total caloric intake were 
observed as a function of 2-DG administration for rats main- 
tained on the dietary self-selection regime. In contrast, rats 
given a single nutritionally complete diet significantly ele- 
vated caloric intake following 2-DG administration. 

The pattern of nutrient choice observed after 2-DG injec- 
tions was similar to that previously observed following the 
administration of  the other classic glucoprivic agent, insulin 
[5]. When maintained on the same self-selection regime as 
that used in the present experiment, rats given daily injec- 
tions of NPH insulin consumed significantly more carbo- 
hydrate and less fat than non-injected animals. As in the 
present experiment, only minimal changes in protein intake 
were observed as a function of  insulin administration. 

Variations in diet palatability among the three dietary ra- 
tions partially may account for the selective effects of 2-DG 
and insulin on nutrient intake. Previous experiments have 
shown that rats maintained on unpalatable diets actually de- 
crease food intake in response to the administration of 
glucoprivic agents [l, 6, 17]. It might be hypothesized, there- 
fore, that the fat component of the self-selection regime was 
less palatable than the carbohydrate component and that the 
relative palatability of these two components may have led 
to the observed pattern of nutrient intake. However,  this 
seems unlikely as prior to 2-DG injections animals did not 
appear to have a preference for either fat or carbohydrate 
consuming 35% of their daily caloric intake as fat and 33% as 
carbohydrate. 

More likely, the alterations found in dietary self-selection 
patterns following the administration of both 2-DG and insu- 
lin reflect the animal's attempt to restore homeostatic bal- 
ance to its internal milieu. Both 2-DG and insulin lead to 
decreases in glucose availability at glucoreceptors within the 
central nervous system (CNS). Feeding during glucopriva- 
tion provides exogenous glucose and thereby increases glu- 
cose availability to the CNS. Among the three macronutri- 
ents, it may be presumed that ingestion of carbohydrate fol- 
lowing 2-DG or insulin administration would result in the 
most rapid elevations in glucose availability. 

The increase in food intake typically observed following 
2-DG administration, thus may be a consequence of a spe- 
cific need for carbohydrate rather than a general requirement 
for energy. The fact that total caloric intake was not elevated 
for animals maintained on the self-selection regime supports 
this conclusion. In contrast, rats not allowed to self-select 
displayed substantial increases in energy intake as a function 
of 2-DG administration. 

The present results, as well as those of previous experi- 
ments [4, 5, 7, 8, 10], clearly indicate the advantages of em- 
ploying dietary self-selection regimes in research on feeding 
behavior. Experimental procedures which produce similar 
modifications in energy intake can lead to very different pat- 
terns of dietary self-selection. The patterns of nutrient 
choice observed following different pharmacological and 
physiological manipulations may help to elucidate the com- 
plex mechanisms underlying the control of energy and nutri- 
ent intake. 
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