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Abstract 

We investigated the effects of isocaloric nutrient infusions on delayed glucoprivic feeding (DGF) 
and on glucoprivation-induced increases in hypothalamic norepinephrine (NE) turnover in order to 
identify non-orogastric conditions involved in the termination of these glucoprivic responses. Rats 
were infused with various nutrients for 30 min, 1.5 to 2 hr after insulin (2.5 units/kg, KC.) or saline 
injection. Feeding was measured in a 2-hr test 4 to 6 hr later. Nutrients (n-glucose, n-fructose, and 
nL-/?-hydroxybutyrate) were selected for infusion on the basis of their differing abilities to serve as 
substrates for brain energy metabolism. The caloric value of the infusate (7.9 kcal) was equated with 
the number of calories which effectively abolish DGF when ingested as pelleted rat chow. We found 
that hypothalamic NE turnover (decline of NE concentration after a-methyl-p-tyrosine) was 
normalized by infusion of P-hydroxybutyrate or glucose but not fructose. Thus, the entry of nutrients 
into the brain may be both necessary and sufficient to reverse the effects of glucoprivation on NE 
neurons. Delayed feeding, however, was totally abolished only by P-hydroxybutyrate, a substance 
which can be utilized by both brain and most peripheral tissues. Fructose attenuated feeding and 
glucose had no effect. The failure of fructose to abolish DGF totally may reflect its exclusion from 
brain. However, its partial effectiveness may indicate that a signal of peripheral origin contributes 
to the termination of DGF. The ineffectiveness of infused glucose is puzzling but, interpreted in the 
light of other data, may indicate that preabsorptive signals are required for termination of DGF by 
glucose. Finally, it has been suggested that NE neurons may mediate glucoprivic feeding. However, 
since glucose infusions normalize postglucoprivic NE turnover without suppressing delayed gluco- 
privic feeding, the persistence of enhanced NE turnover rates cannot account for the persistence of 
feeding after glucoprivation. 

The glucoprivic control of food intake (Epstein et al., 
1975) can be exercised experimentally by insulin-induced 
glucoprivation or by peripheral intracerebroventricular 
injection of antiglycolytic glucose analogues (Smith and 
Epstein, 1969; Booth, 1972; Muller et al., 1974; Miselis 
and Epstein, 1975; Ritter and Slusser, 1980; Slusser and 
Ritter, 1980). Therefore, it has been assumed that, under 
this control, increased feeding requires ongoing glucopri- 
vation. Recently, however, it has been shown that glu- 
coprivically initiated feeding persists after other signs of 
glucoprivation have abated (i.e., 6 to 8 l-n- after injection 
of either insulin or 2-deoxy-D-glucose (R. C. Ritter et al., 
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1978)). Consequently, some neural or metabolic sequel of 
glucoprivation, persisting longer than the glucoprivic ep- 
isode itself, may be responsible for the increased feeding 
in response to prior glucoprivation. One candidate for 
such a sequel is increased activity of hypothalamic nor- 
adrenergic (NE) neurons. Infusion of exogenous NE into 
the hypothalamus increases feeding (Grossman, 1960; 
Booth, 1968; Slangen and Miller, 1969; Leibowitz, 1975; 
Ritter and Epstein, 1975; Ritter et al., 1975). Further- 
more, there is evidence that intact hypothalamic cate- 
cholamine neurons are necessary for the initiation of 
glucoprivic feeding (Wayner et al., 1971; Marshall and 
Teitelbaum, 1973; Stricker et al., 1975; S. Ritter et al., 
1978). 

In an earlier series of experiments, we showed that 
hypothalamic NE turnover was increased by glucopri- 
vation (Bellin and Ritter, 1981; Ritter et al., 1981). Inges- 
tion of pelleted rodent laboratory chow normalized these 
elevated rates of NE turnover to values indistinguishable 
from those observed in saline-injected rats. Furthermore, 
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we found that, in the absence of food, NE turnover 
remained elevated even after spontaneous glucorestora- 
tion had occurred. Thus, increased hypothalamic NE 
turnover might be a part of the mechanism by which 
feeding is maintained in the apparent absence of gluco- 
privation. This hypothesis was strengthened by subse- 
quent work in which we demonstrated that ingestion of 
either rat chow or glucose not only abolished delayed 
glucoprivic feeding but also abolished enhanced rates of 
hypothalamic NE turnover (Ritter et al., 1981). 

Because our previous experiments did not discriminate 
between pre- and postabsorptive consequences of inges- 
tion, we have performed additional experiments utilizing 
intravenous nutrient infusions in order to determine the 
importance of postabsorptive signals in abolishing glu- 
coprivation-induced increases in feeding and hypotha- 
lamic NE turnover. In parallel experiments, reported 
separately, we have considered the contribution of preab- 
sorptive parameters of food ingestion in terminating glu- 
coprivic responses (Ritter et al., 1981). 

In the experiments that follow, we have made further 
use of the delayed access design (R. C. Ritter et al., 1978). 
This experimental protocol permits evaluation of feeding 
and NE turnover at a time when the stress of acute 
glucoprivation has apparently subsided. Temporal re- 
moval from the glucoprivic episode itself is particularly 
important with respect to measures of NE turnover since 
stresses of many kinds enhance brain NE neuron activity 
(Maynert and Levi, 1964; Thierry et al., 1968; Stone, 
1973; Ritter and Ritter, 1977). Additionally, the delayed 
access design permits intravenous nutrient infusions to 
be made after the glucoprivic stimulus is fully developed 
but at least 3.5 l-u prior to the measurement of feeding 
and NE turnover. These facets of the design have two 
important consequences. First, nonspecific effects of nu- 
trient infusion are less likely to alter either feeding or NE 
turnover. Second, since the glucoprivic episode is allowed 
to develop fully prior to the commencement of nutrient 
infusion, any effects of these infusions must relate spe- 
cifically to the termination of glucoprivation-induced re- 
sponses rather than simply to the prevention of the 
glucoprivic stimulus itself. 

mitted from 8 to 9 A.M.; (2) food was removed and 
insulin (Iletin, Lilly, 2.5 units/kg) or saline was injected 
subcutaneously at 9 A.M.; (3) food was withheld for 6 hr 
except during a 30-min period from 1.5 to 2 hr post- 
insulin injection, during which time, rats were infused 
intra-atrially with a concentrated nutrient solution (see 
below) or saline; (4) food intake or catecholamine turn- 
over was measured during the postglucoprivic period, 
from 6 to 8 hr after insulin or saline injections. When 
blood glucose determinations were required, 30 ~1 of tail 
vein blood was collected in microcapillary tubes at 8:50 
A.M. and at 1.5, 3, 4, 5, and 6 hr after insulin or saline 
injection and subsequently assayed using the glucose 
oxidase method (Saifer and Gerstenfeld, 1958). When 
catecholamine turnover was measured, food was not 
returned during the postglucoprivic period. Instead, rata 
were injected subcutaneously with 350 mg/kg of (Y- 
methyl-p-tyrosine (AMT, 100 mg/ml of distilled water) 
5.5 hr after insulin or saline injection, and animals from 
each treatment group were sacrificed 0.5,1, and 2 hr later 
(Costa, 1970; Weiner, 1974; Cooper et al., 1978; Bellin and 
Ritter, 1981). Hypothalamus and telencephalon were dis- 
sected, as described by Lorden et al. (1975), and analyzed 
fluorometrically for catecholamine content using a mod- 
ification of the technique described by Jacobowitz et al. 
(1967). 

We have shown that ingestion of at least 2.5 gm of 
pelleted chow is required to abolish postglucoprivic feed- 
ing behaviors and elevated rates of hypothalamic NE 
utilization (Ritter et al., 1981). Therefore, in experiments 
(described below) designed to investigate postabsorptive 
parameters of food intake capable of affecting these 
insulin-associated events, infusates calorically equivalent 
to 2.5 gm of pelleted chow (7.9 kcal) were administered. 

In the experiments reported in this paper, we made 
intravenous infusions of glucose, fructose, and the ketone 
body, ,l?-hydroxybutyrate (BOH), in‘order to determine 
whether postabsorptive signals capable of normalizing 
hypothalamic NE turnover rates after a glucoprivic epi- 
sode are also capable of abolishing glucoprivically in- 
duced feeding. Our results suggest that the persistence of 
enhanced turnover rates cannot account for the persist- 
ence of feeding after glucoprivation. 

Fifty catheterized rats were divided randomly into five 
treatment groups. Seventeen animals received saline in- 
jections at 9 A.M. The remaining subjects were admin- 
istered insulin at this time. One and one-half hours later, 
saline-injected rats were infused with sterile physiological 
saline (4.4 ml) and insulin-treated rats received infusions 
of either saline (n = 12; 4.4 ml) or 2.4 M n-glucose (n = 9; 
4.4 ml), n-fructose (n = 6; 4.4 ml), or DL-/?-hydroxybutyr- 
ate (n = 6; 5.1 ml) solutions. In this study, blood samples 
were collected and analyzed as described. A similar study 
was repeated 2 days later in the absence of food, but 
blood samples were not taken at this time. Instead, 
pelleted chow was returned to each animal at 3 P.M. and 
food intake was monitored to the nearest 0.1 gm during 
the subsequent 2-hr period. 

Materials and Methods 

Adult male Sprague-Dawley rats weighing 400 to 500 
gm were housed individually in suspended wire mesh 
cages in a temperature-controlled room (22 & 1°C) illu- 
minated for 12 hr during the day (7 A.M. to 7 P.M.). All 
studies were conducted in the animals’ home cages during 
the light phase. Pelleted chow and tap water were freely 
available to all rats except when noted. 

In a separate group of 60 naive rats equally divided 
into five treatment blocks, these experiments were re- 
peated in order to determine the effects of these infusates 
on catecholamine turnover during the postglucoprivic 
period. 

Catecholamine concentrations in insulin-treated rats 
did not differ significantly from values recorded in un- 
treated controls at the time of AMT injections in any 
turnover experiment. Therefore, catecholamine concen- 
trations were calculated and expressed as a percentage 
of the untreated control values. 

The experimental design used in all studies was as Nonpaired bidirectional t tests were used t.o analyze 
follows: (1) free access to fresh pelleted chow was per- blood glucose, postglucoprivic feeding, and catechola- 
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mine content data. Statistical results from individual 
parameters were confirmed by a one-way analysis of 
variance. 

Results 

The magnitude of delayed glucoprivic feeding observed 
in nutrient-infused rats receiving insulin or saline injec- 
tions is shown in Figure 1. In insulin-injected, saline- 
infused subjects, approximately 6.0 gm of pelleted rodent 
food was ingested during the delayed feeding period. 
Glucose infusions administered during insulin-induced 
glucoprivic episodes did not alter the magnitude of de- 
layed feeding. Fructose infusions significantly attenuated 
the amount of food consumed during the delayed feeding 
trial ($ =p c 0.01). However, this level of intake remained 
statistically greater than that amount eaten by saline- 
injected rats receiving saline infusions (* = p < 0.001). 
Finally, the intravenous delivery of BOH abolished the 
enhanced feeding that was otherwise observed during the 
delayed test in glucodeprived, saline-infused rats. 

In Figure 2, the blood glucose concentrations recorded 
from these same animals prior to and following nutrient 
infusions are presented. Blood glucose levels in all insu- 
lin-treated subjects fell to approximately 20 mg% by 1.5 
hr postinjection and returned spontaneously to preinjec- 
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Figure 1. Effect of infused nutrients on food intake in a 
delayed feeding test conducted during the postglucoprivic pe- 
riod 6 to 8 hr after insulin (2.5 units/kg, s.c.) or saline (1.0 ml/ 
kg) injection. Nutrients or saline were delivered via intra-atria1 
catheters from 1.5 to 2 hr postinjection. Nutrient infusions were 
calorically equivalent to 2.5 gm of pelleted food (7.9 kcal), an 
amount of food which abolishes delayed glucoprivic feeding. 
Glucose infusion failed to alter delayed glucoprivic feeding (p 
2 0.50 versus insulin-Sal). Fructose significantly attenuated ($ 
= p 5 0.01, insulin-Fru versus insulin-Sal) but did not abolish 
postglucoprivic feeding (* = p 5 0.01, insulin-Fru versus saline- 
Sal). P-Hydroxybutyrate abolished delayed glucoprivic feeding 
(p 2 0.50 versus saline-Sal). The values presented are the 
means f  SEM. The abbreviations used are: Fru, fructose; Glu, 
glucose; /?-OH, /3-hydroxybutyrate; Sal, saline. 
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Figure 2. Blood glucose concentrations from rats receiving 
intra-atrial infusions of calorically equivalent nutrients 1.5 to 2 
hr after insulin injection (2.5 units/kg, s.c.). The stippled area 
represents the 95% confidence interval for blood glucose values 
sampled from saline-injected rata (1.0 ml/kg). The values shown 
are the means + SD (* = p c: 0.01 versus all treatments). 

tion values in saline-, fructose- and BOH-infused animals 
by 5 to 6 hr after insulin administration. Following glu- 
cose infusion, however, glucorestoration was accelerated 
so that blood glucose concentrations met or exceeded 
preinjection values by 3 to 4 hr after insulin injection. 

Figure 3 shows the effects of nutrient infusions on the 
postglucoprivic hypothalamic NE concentration follow- 
ing inhibition of catecholamine biosynthesis with AMT. 
Without exception, the levels of NE detected 2 hr after 
AMT in insulin-treated, saline-infused rats were signifi- 
cantly less than the levels recorded from any saline-’ 
injected, nutrient-infused subject (* = p < 0.01; ** = p 
< 0.001). In addition, hypothalamic NE concentrations 
in glucodeprived rats receiving either glucose or BOH 
infusions were equal to or more than the 2-l-n post-AMT 
concentrations seen in their saline-injected counterparts. 
However, at this time, neurotransmitter levels in insulin- 
treated, fructose-infused animals remained depressed 
when compared to values recorded in their saline-in- 
jected counterparts. 

In telencephalic tissue (Table I), no effect of prior 
glucoprivation on either the NE or dopamine turnover 
rate was apparent during the postglucoprivic period. In 
glucodeprived rats, infusion of fructose or BOH, however, 
decelerated NE turnover to rates lower than those 
observed in controls. Fructose infusion, but not BOH, 
also slowed the apparent rate of dopamine utilization in 
insulin-injected subjects. 

Discussion 
Infusion of either BOH or glucose during ongoing 

glucoprivation abolished the elevated hypothalamic NE 
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Figure 3. Effect of infused nutrients on hypothalamic nor- 
epinephrine turnover during the postglucoprivic period 5.5 to 
7.5 hr after insulin injection (2.5 units/kg, s.c.). Turnover is 
estimated by the rates of decline of transmitter concentration 
after a-methyl-p-tyrosine (350 mg/kg, s.c.). Food was removed 
from the animals at the time of the insulin injection. Equicaloric 
nutrient solutions (7.9 kcal) or saline were delivered via intra- 
atrial catheters over a 30-min period from 1.5 to 2 hr after 
insulin injection. Turnover rate was potentiated by insulin. 
Infusions of either glucose or the ketone body, P-hydroxybutyr- 
ate, normalized NE turnover rates (* = p 5 0.01, insulin-glucose 
versus insulin-saline; ** = p 5 0.001, insulin-ketone versus 
insulin-saline, respectively). Fructose infusion, however, had no 
effect on NE turnover (p 2 0.10, insulin-fructose versus insulin- 
saline). Concentrations are expressed as means + SD. 

turnover rate otherwise observed during the postgluco- 
privic period. Infusion of fructose had no effect. In con- 
trast, BOH was the only infusate which abolished post- 
glucoprivic feeding. Fructose produced only an attenua- 
tion, and infusion of glucose failed to produce any reduc- 
tion in postglucoprivic feeding. 

These results show that infusions of BOH or glucose, 
nutrients which pass the blood-brain barrier and are 
metabolized by the brain (Maker et al., 1976; Robinson 
and Williamson, 1980), are capable of normalizing hypo- 
thalamic NE turnover after glucoprivation. In contrast, 
fructose does not pass the blood-brain barrier (Park et 
al., 1957; Oldendorf, 1971). The failure of fructose infusion 
to diminish the glucoprivation-induced elevation of NE 
turnover therefore suggests that normalization of NE 
turnover requires entry of utilizable nutrients into the 
brain (Stricker et al., 1977; Rowland and Stricker, 1979). 

The lack of correspondence of telencephalic NE and 
dopamine turnover with prior glucoprivation, delayed 
feeding, or nutrient infusion is generally consistent with 
our previous results (Bellin and Ritter, 1981) and suggests 
that these catecholamine systems may not be directly 
involved in delayed glucoprivic feeding. Although some 
studies provide evidence for an involvement of various 
brain dopamine systems in feeding behavior (e.g., Unger- 
stedt, 1971; Stricker and Zigmond, 1974; McCaleb and 
Myers, 1979; Heffner et al., 1980) and reveal alterations 
of dopamine metabolism with changes in nutrient avail- 
ability to the brain (McCaleb and Myers, 1979; Saller 
and Chiodo, 1980), other studies have failed to find such 
evidence (Ritter et al., 1975; Van der Gugten et al., 1977; 
Van der Gugten and Slangen, 1977). Elucidation of the 
role of dopamine systems in these phenomena requires 
further study. 

The effects of intravenous nutrient infusions on glu- 
coprivation-induced feeding appear to be more complex 
than the effects that we observed on NE turnover. Infu- 
sion of the ketone body, BOH, abolished delayed access 
glucoprivic feeding. P-Hydroxybutyrate is an endogenous 
alternate fuel for most tissues. Of importance is the fact 
that this substance can be taken up and utilized by most 
brain areas as a substrate for energy metabolism in direct 
proportion to its concentration in the blood (Robinson 
and Williamson, 1980). Thus, BOH may abolish feeding 
by reversing a glucoprivation-induced metabolic signal 
which triggers or maintains this response. If BOH influ- 
ences glucoprivic feeding by this mechanism, then it is 
possible that this response is controlled by receptors 

TABLE I 
Effect of infused nutrients on telencephalic norepinephrine and 

dopamine turnover observed during the postglucoprivic period 5.5 to 

7.5 hr following subcutaneous insulin injection (2.5 units/kg))” 

Treatme& NE DA’,” 

5% 
Saline-glucose 69.8 f 0.4 62.8 f 0.6 
Insulin-saline 68.2 + 3.4 60.7 f 3.1 
Insulin-glucose 65.9 + 2.0 61.3 + 1.6 

Saline-fructose 70.1 + 1.8 64.3 f 5.8 
Insulin-saline 68.2 + 3.4 60.7 + 3.1 
Insulin-fructose 74.5 f 3.0’ 68.6 -+ 4.6 

Saline-ketone 71.1 + 0.6 66.0 + 5.2 
Insulin-saline 68.2 + 3.4 60.7 -+ 3.1 
Insulin-ketone 76.4 f 3.4’ 66.7 + 4.0 

’ Turnover is estimated by the rates of decline of transmitter con- 
centrations after cr-methyl-p-tyrosine (350 mg/kg, s.c.). 

b Food was removed from the animals at the time of insulin or saline 
injection. One and one-half hours after insulin or saline injection, a 
nutrient solution equaling 7.9 kcal or saline was delivered via an intra- 
atria1 catheter over a 30-min period. AMT was administered to each 

subject at 5.5 hr post-insulin injection. Infusates included 4.4 ml of 
either physiologically sterile saline, D-ghCOSe, or n-fructose or 5.1 ml of 
the ketone body nL-/3-hydroxybutyrate. 

’ Values are those recorded 2 hr after AMT and are expressed as a 
percentage + SD of zero time catecholamine concentrations in un- 
treated controls. 

’ DA, dopamine. 

ep 5 0.05, insulin-fructose or insulin-ketone versus insulin-saline. 
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which are sensitive to the availability of oxidizable sub- 
strate in general rather than to the availability of glucose 
specifically (Flatt et al., 1974; Stricker et al., 1977). The 
liver has been suggested as a possible site for a subpop- 
ulation of receptors controlling glucoprivation-induced 
feeding (Russek, 1970, 1975; Novin et al., 1973; Friedman 
and Stricker, 1976). However, since hepatic tissue cannot 
utilize ketone bodies (Krebs et al., 1971), it seems im- 
probable that this tissue could play such a role. 

Alternatively, BOH may abolish glucoprivic responses 
not by substituting for glucose as an energy source but 
by activating a satiety signal which is independent of and 
unrelated to the glucoprivic control. Such a satiety mech- 
anism may compete with glucoprivically induced hunger 
and overwhelm the feeding response. Similarly, the high 
concentrations of BOH used in our study far exceed 
physiological levels and may have inhibited feeding by 
making the animals sick. Possibly, the 4-hr delay between 
the end of the infusion and the beginning of the feeding 
test was inadequate to allow for the dissipation of any 
adverse consequences of ketone body infusion. In this 
regard, however, it should be noted that NE turnover 
was normalized during the time of the delayed feeding 
test after BOH infusion, an effect that would not be 
expected if the stressful aspects of the infusion were still 
prominent at that time. 

Although fructose infusions failed to abolish gluco- 
privic feeding in the delayed access experiment, this 
substance did produce a significant attenuation of food 
intake. These findings are consistent with those of other 
investigators who have demonstrated attenuation of in- 
sulin-elicited feeding following intravenous fructose in- 
fusions (Stricker et al., 1977; Rowland and Stricker, 1979; 
Granneman and Friedman, 1980). Moreover, the differ- 
ential effectiveness of BOH and fructose in abolishing 
glucoprivic feeding suggests that abolition of feeding 
requires the cooperative action of signals arising from 
receptors on both sides of the blood-brain barrier. If so, 
the greater effectiveness of BOH would reflect its access 
to receptors in both locations. Fructose may be less 
effective due to its inaccessibility to receptors within the 
brain. 

Perhaps our most perplexing result is the failure of 
infused glucose to terminate feeding in the delayed access 
design. This finding, also reported by others (Smith, 
1966; Booth and Pitt, 1968; Yin and Tsai, 1973; Ritter 
and Miller, 1978), appears to contradict the results of 
Stricker et al. (1977) showing that co-infusion of glucose 
and insulin prevented glucoprivic feeding. However, their 
experiments were conducted in such a way that the 
infused nutrients were likely to have prevented the de- 
velopment of glucoprivation-induced caloric deprivation. 
Consequently, we believe that their results are more 
relevant to the conditions which surround the initiation 
of glucoprivic feeding rather than those which are re- 
quired for its terminat,ion. 

It is interesting that, unlike infused glucose, ingestion 
of an equicaloric glucose solution totally abolished feed- 
ing in a delayed access paradigm (Ritter et al., 1981). 
Taken together, these results suggest that preabsorptive 
stimuli play an essential role in the suppression of feeding 
by glucose. Because we have shown in experiments re- 

ported elsewhere that saccharin ingestion has no effect 
on delayed glucoprivic feeding (Ritter et al., 1981), we 
can rule out the notion that sweet taste alone is sufficient 
to abolish the response. In fact, saccharin ingestion sig- 
nificantly enhanced glucoprivic feeding. However, when 
glucose is infused intravenously during saccharin inges- 
tion, delayed glucoprivic feeding is abolished (S. Ritter 
and N. L. Pelzer, personal communication). Therefore, it 
seems that appropriate preabsorptive signals must exist 
with glucorestoration to terminate feeding. In contrast to 
glucose, fructose is no more effective when it is ingested 
than when it is infused (Rowland and Stricker, 1979; 
Ritter et al., 1981). Thus, unlike glucose, the failure of 
fructose to abolish delayed glucoprivic feeding cannot be 
attributed to the absence of preabsorptive stimuli. 

Although we have no data at this time which would 
specify the nature of the preabsorptive signal(s) neces- 
sary for the termination of delayed feeding by glucose, 
one candidate for such a signal would be orogastrically 
mediated insulin release. The presence of insulin is re- 
quired by most tissues for the efficient utilization of 
glucose (Mayer, 1955; Larner and Haynes, 1975). How- 
ever, due to the short half-life of insulin in plasma (Larner 
and Haynes, 1975; Anika et al., 1980), the insulin injected 
at the onset of our experiment may have dissipated by 
the time our nutrient infusions were begun. Moreover, 
after glucoprivation, the release of insulin is inhibited 
(Smith and Root, 1969; Frier et al., 1980) and intravenous 
glucose infusions do not cause plasma insulin levels to 
rise (Somogyi, 1951). In contrast, if animals are permitted 
to eat after a glucoprivic episode, plasma insulin levels 
rise sharply (Smith and Root, 1969; Frier et al., 1980). 
The release of insulin under these conditions by food 
ingestion is probably mediated by vagal afferents or 
gastrointestinal hormones (Fischer et al., 1972; Hommel 
et al., 1972; Strubbe and Steffens, 1975; Steffens, 1976; 
Anika et al., 1980; Granneman and Friedman, 1980). We 
propose that the effectiveness of ingested or infused 
substances in terminating glucoprivic feeding in our ex- 
periment depends, in part, on their ability to be taken up 
and metabolized by tissues outside of the blood-brain 
barrier. Thus, ingested glucose would be more effective 
in this regard than infused glucose, since it would be 
more likely to co-exist in the circulation with the insulin 
required for its uptake. The effectiveness of BOH or 
fructose in suppressing delayed glucoprivic feeding would 
be consistent with this interpretation. Unlike glucose, the 
uptake of fructose and BOH is not enhanced by insulin 
(Park et al., 1957; Williamson et al., 1975; Robinson and 
Williamson, 1980). Therefore, the contribution of these 
substances to the suppression of delayed glucoprivic feed- 
ing should not be diminished either by the absence of 
insulin or by a possible postglucoprivic insensitivity of 
tissues to insulin (Frier et al., 1980). 

Finally, we found that delayed glucoprivic feeding per- 
sisted after glucose infusions even though the glucopri- 
vation-induced increase in hypothalamic NE turnover 
was abolished by glucose. Conversely, food intake was 
significantly reduced by fructose, while glucoprivation- 
induced elevations in postglucoprivic hypothalamic NE 
turnover rates were not altered by this substance. The 
dissociation of enhanced hypothalamic NE turnover 
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rates and feeding behavior may indicate that hypotha- 
lamic NE neurons do not mediate glucoprivic feeding. 
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