Evidence from the present study sup-
ports a learning interpretation. In the in-
travenous experiment, the méan humber
of infusions increased by about 30 on
each successive food-deprivation day,
and this effect was even more pro-
nounced (more than 100) in a subsequent
replication of this experiment with co-
caine (/3). These incred8es are not ex-
plained by tolerance since there were no
increasing trends in infusions (for either
drug) on food-satiation days. Thus, the
increase in drug iritake on food-depriva-
tion days may have been a result of the
repeated pairing of food deprivation with
the reinforcing effects of the drugs.
There are also data from an extension
(16) of the present oral etonitazene ex-
periment showing more rapid increases
in etonitazene intake as a result of re-
peated exposures to food deprivation
and etonitazene access. At the end of
phase 4, group E-FD was deprived of
food a second time. Mean etonitazene in-
take increased to previous food dep-
rivation levels within 1 or 2 days. By
contrast, in phase 3 it initially took 17
days for etonitazene intake to reach
maximum levels and stabilize.

Food deprivation is routinely used in
many areas of behavioral research, in-
cluding animal tests employed in the ini-
tial screening of psychoactive drugs to
classify them and to evaluate their abuse
liability. An implication of the present
research is that food deprivation, and
possibly other deprivational states, may
have a substantial effect on the outcome
of preclinical drug research, and this var-
iable should be controlled in the design
of such experimentS. In more general
terms, feeding condition or deprivational
state appears to represent a major class
of variables controlling drug-reinforced
behavior in laboratory animals.

MARILYN E. CARROLL
CHARLES P. FRANCE
RICHARD A. MEISCH
Psychiatry Research Unit;
University of Minnesota,
Minneapolis 55455
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Sucrose Consumption Early in Life Fails to Modify the
Appetite of Adult Rats for Sweet Foods

Abstract. Male rats consumed a diet containing 0, 12, or 48 percent sucrose on
days 16 to 30 of life. Thereafter, they had simultaneous access to all three diets until
day 63. No relationship was detected between sucrose consumption early in life and
subsequent preference for sucrose. The onset of puberty was associated with a de-
creased appetite for sucrose among animals of both sexes.

It is widely believed that the consump-
tion of sucrose during infancy and early
childhood is associated with a preference
for sweet foods later in life. Although
there is considerable evidence that a
preference for sweet flavors can be de-
tected in many mammals (including hu-
mans) during the first days of life (/), we
are unaware of any published data con-
cerning the effect of sucrose consump-
tion by infants on their food preferences
as adults. In the present report we exam-

Table 1. Effect of age and sexual maturation
on sucrose consumption by rats given choice
of 0 and 24 percent sucrose diets. Male and
female rats were housed singly at weaning and
given access simultaneously to 0 and 24 per-
cent sucrose diets. The dle‘t,?wwere isocaloric
and contained similar amouiits of protein, fat,
vitamins, and minerals (2). Food intake was
measured daily. The percentage of sucrose con-
sumed was determined by dividing the grams
of sucrose (X 100) by the total grams of food
consumed. Sexual maturation was noted by
testicular descent (in a 36-hour period on days
37 to 38) and by spontankous vaginal opening
(days 39 to 41). Data are presented as means
and standard errors of the mean.

Percentage of

Age sucrose consumed

(days)
Male rats Female rats

21to 28 21 £ 1.2 22 = 1.0
29to 35 19+ 19 21 £ 1.2
36 to 42 11 = 0.5*% 18+ 19
43 to 49 i2+1.0 14 + 0.7*
50to 56 12+ 1.7 15+12
57to 63 1422 14 = 1.0

*p < 001 compared to prepubertal sucrose intake.
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ine the relationship between the amount
of sucrose provided to nursing and im-
mature rats and their ele®ive consump-
tion of sucrose later in life.

In order to choose the amounts of su-
crose to include in the test diets and the
ages at which to examine feeding behav-
ior, we had first to characterize the on-
togenesis of sucrose preference in our
experimental animals (Sprague-Dawley
rats: Charles River Breeding Laborato-
ries). We therefore measured the quan-
tities of sucrose consumed by male and
female rats, from 21 to 63 days of age,
given a choice of isocaloric diets with or
without sucrose (2). On each day, food
intake was measured and the position of
the food cups was rotated. Sexual matu-
ration was identified in males by the de-
scent of the testes and in females by vag-
inal opening. The study was repeated
three times.

Both male and female rats showed a
significant preference for the sucrose-
containing diet prior to sexual matura-
tion (Table 1). The appearances of testic-
ular descent (at days 37 to 38) and of
spontaneous vaginal opening (at days 39
to 41) both coincided with marked de-
creases in elective sucrose consumption
(P < .001) to levels that persisted for the
duration of the experiments.

Earlier studies, in which the consump-
tion of a saccharin solution as an index of
preference for sweets was used, were in-
terpreted as indicating that immature
rats of both sexes reject sweet foods and
that mature female rats have a greater
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Table 2. Relationship between sucrose consumption between days 16 and 30 of life and sub-
sequent sucrose preference in rats. Male rats were given access to a diet containing 0, 12, or 48
percent sucrose at 16 to 30 days of age. Thereafter, they were allowed to choose among all three
diets. Daily food consumption was measured until day 63. Sucrose consumption as the percentage
of total food intake was determined by dividing the grams of sucrose eaten (X 100) by the total
grams of food consumed. Data are presented as means and standard errors of the mean. During
days 30 to 36, rats that had initially eaten 0, 12, or 48 percent sucrose consumed totals of
12 = 0.5, 12 = 0.6, or 12 = 0.6 g of food (dry weight) per day, respectively. At all other inter-
vals, until the end of the experiment, there continued to be no significant differences in the total
quantities of food consumed daily by animals in the three experimental groups.

Prewean- Percentage of sucrose consumed

ing diet

(percent Prepuberty Postpuberty

sucrose) (days 30 to 36) Days 37 to 40 Days 40 to 63
0 22 + 3.1 7+ 1.2% 13 = 1.0t
12 24 £ 2.5 12 = 1.1% 14 = 0.7*
48 31 +2.8 9 + 1.6% 14 + 0.8*

*P < .001 compared to prepubertal sucrose intake.

preference for sweet foods than do males
(3). The discrepancy between our find-
ings and these earlier studies might be
explained by postulating that the effect
of consuming a sweet constituent in food
is different from the effect of consuming
it in solution. Thus Mook found that
adult rats that preferred a saccharin solu-
tion over water failed to exhibit a clear
preference for a food flavored with the
same concentration of saccharin (). Al-
ternatively, the difference between our
results and those of earlier investigators
may reflect the ability of sucrose to pro-
duce metabolic effects that are absent af-
ter saccharin consumption.

To examine this latter possibility, we
gave immature male rats simultaneous
access to a diet flavored with saccharin
and a nonsweet diet or to a saccharin-
containing diet and a sucrose-containing
diet. In the first set of experiments, rats
chose among three sucrose-free diets
containing 0, 0.1, or 0.25 percent saccha-
rin; in the second set, rats chose among a
sucrose-containing (24 percent) diet and
two sucrose-free diets containing 0 or
0.25 percent saccharin. Food intake was
measured daily for 8 days. Rats failed to
choose saccharin-containing over non-
sweet diets; however, they did show a
significant preference for the sucrose-
containing diets over those containing
saccharin: 58 = 3.1 percent of the total
food consumed was the sucrose-contain-
ing diet, 19 + 1.7 percent was the 0.1
percent saccharin diet, and 23 = 3.4 per-
cent was the 0.25 percent saccharin diet.

These observations agree with find-
ings that rats prefer solutions of sucrose
over saccharin (5) and that the availabili-
ty of a saccharin solution does not re-
duce subsequent sucrose consumption
(6). Our results raise the possibility that
the appetite of immature rats for sucrose
(Table 1) reflects a desire for its metabol-
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1P < .01 compared to prepubertal sucrose intake.

ic and neurochemical consequences and
not just for its sweet taste (7). Such con-
sequences might include the insulin-me-
diated changes in plasma amino acid pat-
terns and brain serotonin synthesis that
follow consumption of particular car-
bohydrates (8). Crapo et al. found that
the consumption by human volunteers
of sucrose or starch elicited different
plasma glucose and insulin patterns (9).

To examine the relationship between
early postnatal sucrose consumption and
subsequent preference for this sweet nu-
trient, we gave animals diets containing
0, 12, or 48 percent sucrose between
days 16 and 30 of life and then examined
their choice of food when given simulta-
neous access to all three diets between
days 30 and 63. The separate experi-
ments yielded similar results; data from
one are described below. (Prior to day
16, dams had free access to Purina Rat
Chow. The strain of animals that we
used normally starts to consume solid
food at day 16 of life.) Two litters, each
containing a dam and eight male pups,
were given access to each of the three
test diets. All test diets were isocaloric
and contained similar amounts of pro-
tein, fat, vitamins, and minerals. They
were semisoft, and thus could be pushed
through the grids covering the cage so
that they were accessible to the pups as
well as to the dams. On day 22, the ani-
mals were weaned, but pups from the
same litter were kept together and con-
tinued to receive their particular test
diets until day 30. Thereafter, they were
housed in suspended cages that con-
tained three food pans with each of the
test diets.

No relationship was noted between
the sucrose content of the diet consumed
prior to day 30 and the amount of su-
crose eaten thereafter, when animals had
simultaneous access to the three diets

(Table 2). As noted previously (Table 1),
sucrose consumption declined with pu-
berty; however, at no time was the elec-
tive sucrose intake of adults affected by
the amount of sucrose they had con-
sumed between days 16 and 30 (Table 2).
These observations provide no support
for the view that the consumption of su-
crose-rich foods early in childhood
causes prolonged increases in preference
for sucrose.

These studies thus demonstrate (i) a
preference for sucrose-containing diets
among sexually immature male and fe-
male rats, (i) a significant decrease in
elective sucrose consumption coincident
with the onset of puberty, (iii) that the
change in sucrose preference with puber-
ty may relate to the metabolic con-
sequences of its consumption, and (iv)
that the amount of sucrose consumed
during the early postnatal period bears
no clear relationship to the amount con-
sumed electively during subsequent de-
velopment and maturation.

JupITH J. WURTMAN
RICHARD J. WURTMAN
Laboratory of Neuroendocrine
Regulation, Department of
Nutrition and Food Science,
Massachusetts Institute of Technology,
Cambridge 02139
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