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Effect of preoperative exposure to salty food 
on food selection in adrenalectomized rats 

DOUGLAS L. GRIMSLEY 
University of North Carolina at Charlotte, Charlotte, North Carolina 

Rats that have been adrenalectomized will seek NaCI in food or in a solution, but they show 
a marked preference to regulate salt balance by drinking rather than eating. The hypothesis 
that rats do not regulate NaCI by eating because of limited exposure to diets rich in NaCI was 
tested in the present experiment. Twenty weanling rats were divided into two major groups: 
(1) experienced animals who were fed lab chow with extra NaCI added for 40 preoperative days, 
and (2) inexperienced animals that ate plain lab chow preoperatively. Half of each of these groups 
were adrenalectomized and half were sham operated. All animals had access to both plain and 
NaCl-enriched food postoperatively. The results showed that the adrenalectomized rats consumed 
considerably more NaCl-enriched food than did the sham animals, but that preoperative salt ex
perience had no significant effect on intake. Sodium-deficient rats will seek out NaCI in food and 
regulate their salt need; this behavior occurs with or without preoperative experience with NaCl
enriched foods. 

It is weIl established that rats will increase their intake 
of salt following bilateral adrenalectomy. The salt prefer
ence will emerge in spite of conditioning apreoperative 
aversion to such substances (Frurnkin, 1971), associat
ing salt consumption with irradiation (CulIen, 1969), or 
establishing preferences for highly palatable solutions 
(Grimsley, 1970; Grimsley & Cullen, 1968; Grimsley & 
Fisher, 1967). 

It is not clear, however, that rats are motivated to seek 
salt in food and in solution equally. Fregly, Harper, and 
Radford (1965) varied the salt content of food while offer
ing distilled water and a salt solution to salt-deprived rats. 
Changes in salt levels in the food failed to influence in
take, even when the salt concentration in the food reached 
6 %. Grimsley (1973) showed that adrenalectomized 
(ADX) rats would consume enough of a salt-enriched food 
to maintain body weight and to prevent the symptoms 
characterisitic of adrenal insufficiency. But given a choice 
between salt in food and in solution, the ADX animals 
showed a marked preference to regulate salt balance by 
drinking (Grimsley & Starnes, 1979). 

Ordinarily, rats without a salt deficiency will not prefer 
a salty food over a plain food. This has been shown with 
lab chow (Grimsley, 1973), and with a variety of other 
foods, including potato chips, peanuts, and soup 
(Beauchamp & Bertino, 1985). The preference for plain 
food over the same food salted can be reversed by a num
ber of treatments, including feeding the rats a sodium
deficient diet (Rogers, 1967), administering the drug 
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furosemide (Bertino & Tordoff, 1988), and adrenalectomy 
(Grimsley, 1973). 

Beauchamp and Bertino (1985) and others have sug
gested that rats do not regulate salt by eating, because they 
have limited exposure or a lack of exposure to diets rich 
in salt. Human beings, on the other hand, receive exten
sive exposure to highly salty foods from an early age, and 
perhaps this partly explains the preference for salt regu
lation by means of eating food in human beings, as op
posed to drinking in rats. 

The present study was designed for examination of the 
issue of whether prolonged exposure to an NaCI-enriched 
diet would modify the salt-seeking behavior of adrenalec
tomized rats. 

METHOD 

Subjects and Apparatus 
Twenty male Sprague-Oawley rats, averaging 55 g at the start 

of the experiment, were obtained as weanlings and housed individu
ally _ They ate from two glass cups attached to the front of each 
cage, with a drinking tube in between. 

Procedure 
Upon arrival, 10 of the animals were randomly selected to serve 

as the NaCl experienced group. Ouring the first 38 preoperative 
days, they were fed only NaCI-enriched lab chow, which consisted 
of ground Purina Lab Chow with satt added: 3 g of NaCI added 
per 100 g of food, thoroughly mixed. The other 10 animals (the 
inexperienced group) received only plain lab chow in the two cups 
for the 38 preoperative days. 80th groups then received both plain 
and NaCI-enriched foods for the last 2 preoperative days. The NaCI 
and plain food cups were alternated daily to control for position 
preferences. Body weights, water intake, and food consumption were 
measured at approximately 2 p. m. daily. The 12-h period with Iights 
on went from 8 a.m. to 8 p.m. followed by 12 h of darkness. 

Surgery was perforrned under aseptic conditions, with the use 
of ether anesthesia. A dorsal approach exposed the adrenal glands. 
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All the animals were kept warm and under observation until they 
had fully recovered from the anesthesia. 

Six of the 10 experienced anirnals were randomly assigned to the 
ADX group and received bilateral adrenalectomy . The remaining 
4 animals received sham surgery. consisting of bilateral exposure 
of the adrenals without removal. Sirnilarly , 6 of the inexperienced 
animaIs were adrenalectomized, and 4 received sham surgery. All 
the animaIs were then given a choice between plain food and 3 % 
NaCI-enriched food for 17 days . On Day 18, the amount of NaCI 
added to the food was raised to 6% for 8 days, and then retumed 
103% for 7 additional days. 

RESULTS 

One of the animals in the ADX experienced group died 
during surgery, so the data for that group is based on 5 
animals . All of the graphs were plotted beginning with 
the mean of preoperative Days 39 and 40 (PRE). Post
operative plots show the means of 2-day intervals, except 
on Days 17 and 32, which show the group means for those 
days only . 

An analysis of food intake during the second half of 
the preoperative period, which comprised Days 20-38, 
after the animals had adjusted to the food cups and rou
tine but before both foods were provided, showed no sig
nificant differences between groups (p > .05). There was 
a significant effect of days [F(l8,270) = 4 .87, P < .01], 
showing an increase in the amount eaten by the groups 
over days. Analysis oftotal food intake for Days 39 and 
40, when both types of food were available, revealed no 
significant differences among the groups (p > .05). 

Further analysis of the last 2 preoperative days showed 
that all groups preferred the plain food. The intake of plain 
food was particularly high and the intake of NaCl~nriched 
food low for both experienced groups on Day 39 of the 
preoperative period, the first day in which plain food was 
available to these groups. The differences between groups 
in plain-food intake for preoperative Days 39 and 40 were 
statistically significant [F(3,15) = 4 .06, P < .05]. The 
days effect was also significant [F(I , 15) = 8.23, p < 
.01], and there was a significant interaction effect between 
days and groups [F(3,15) = 8.17, p < .01], for the ex
perienced animals reduced their intake of plain food and 
increased their intake ofNaCI-enriched food on Day 40. 

Water intake was high for the experienced animals on 
Days 20-38 preoperative1y [F(3 ,270) = 4O.87,p < .01), 
due to the high salt content of the food . There was also 
a significant increase over Days 20-38 [F(l8,270) = 9.29, 
p < .01] . No difference in water intake was found be
tween the groups on Days 39 and 40 preoperatively. 

The percentage of the total food intake that consisted 
of NaCI-enriched food is shown in Figure l, for each con
centration. It can be seen that for the ADX animals, most 
intake was chosen from salt-enriched food . For example, 
during the first 17 days postop, when the salty food was 
3 % NaCI-enriched, the ADX animals increased their in
take steadily and consumed approximately 80%-90% of 
total intake as salty food by Day 17. When the amount 
of salt added was increased to 6 %, the percentage of 
NaCI-enriched food intake fell immediately to 50%-60% 
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Figure 1. Salty food intake as a percentage of total food intake, 
for tbe last 2 preoperative and the 32 postoperative days. 

and then retumed rapidly to approximately 90% when the 
amount of added NaCI in the food was retumed to 3 %. 
Experienced and inexperienced animals consumed simi
lar amounts of NaCI-enriched food , and no significant 
differences were found (p > .05) . 

After adrenalectomy, both of the ADX groups showed 
an immediate and sustained increase in intake of NaCI
enriched food, as shown in Figure 2. During the first 17 
days, they selected significantly more NaCI-enriched food 
thanplainfood[F(3,24O) = 32.99 , p < .01] . Therewas 
also a significant effect of days [F(l6,24O) = 15 .30, p < 
.01]. The groups x days interaction was significant 
[F(48,24O) = 5.01 , p < .01], where only the ADX 
groups increased their intake. 

The ADX animals continued to show significantly 
greater intake of NaCI-enriched food than did the sham 
animals as the amount of added NaCI was raised to 6% 
[F(3,105) = 19.04, P < .01]. There was also a signifi-

3 6 3 
20 I ,-----, ,---, 

AOX EXP 

§ 15 -AOX· EXP 

~J 
0 SHAMEXP 111 

:ac -S EXP c 
~ 
Q 10 8 
I&. 
..J 
0 
C 

~...;;, z: 5 • • 0 

o~~~~~~~~~~~~~~~ 
PRE 1 5 9 13 17 21 2S 29 33 

OAYSPO$TOP 

Figure 2. Mean NaCl food intake for tbe last 2 preoperative and 
tbe 32 postoperative days. 



cant effect of days [F(7,105) = 3.81 , p < .0IJ . When 
the percentage of NaCI added to the food was reduced 
to 3% (on Days 26-32), there continued to be a signifi
cant difference between the groups [F(3,90) = 24.29, 
P < .01], as weil as a significant effect of days [F(6,90) 
= 9.91, p < .01]. The ADX groups were not signifi
cantly different from each other, nor were the sham 
groups significantly different from each other (p > .05), 
with respect to any of the NaCI-enriched food concentra
tions tested. 

Following 8 days of experience with the 6% NaCI
enriched food , there appears to have been an increased 
preference for the 3% NaCI-enriched food, particularly 
for the sham groups. The intake data for 3 % NaCI
enriched food for Days 14-17 was compared to the data 
for Days 29-32 for each group. No statistically signifi
cant differences were found. 

The total food intake (plain + NaCI-enriched) for Days 
39 and 40 and for the postoperative period is shown in 
Figure 3. There is a significant groups [F(3,24O) = 10.71, 
p < .01] and days [F(16,24O) = 17.84, p < .01] effect 
for Days 1-17. The groups are also significantly differ
ent during Days 18-25 [F(3, 105) = 6.62, p < .01]. The 
differences between groups are not significant for 
Days 26-32 (p > .05), though there is a significant days 
effect [F(6,90) = 9.96, p < .01]. 

Analysis of the data conceming plain food intake 
showed that the sham animals consumed significantly 
more plain food than did the ADX animals during 
Days 1-17 postop [F(3,24O) = 62.99, p < .01]. There 
was also a significant days effect [F(16,24O) = 3.72, p < 
.01]. The significant groups x days interaction [F(48,24O) 
= 5.44, p < .01] occurred as the ADX animals gradu
ally decreased their intake while the sham animals in
creased theirs. Both the ADX and the sham animals 
showed an increase in plain-food consumption when 6% 
NaCI-enriched food was used, and the significant differ
ence between the groups continued [F(3,105) = 44.23, 
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Figure 3. Total food intake for lhe last 2 preoperalive and lhe 32 
postoperative days. 
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Figure 4. Mean body weighl for lhe last 2 preoperalive and lhe 
32 postoperalive days. 

p < .01] . There was also a significant difference among 
the groups [F(3 ,90) = 53.56, p < .01), as weil as a sig
nificant days effect [F(6,90) = 2.35, p < .05]. The mar
ginally significant groups x days interaction [F(l8,90) 
= 1.80, p < .05) during the last 7 days of measurement, 
when the NaCI-enriched food was again reduced to 3 %, 
occurred in conjunction with the continuing gradual 
decline in plain-food consumption by ADX animals and 
the continuing slight increase in consumption by sham 
animals . Neither the two ADX groups nor the two sham 
groups were significantly different from each other. 

All of the animals showed an increase in body weight 
(see Figure 4) over the 32 postoperative days, though the 
ADX animals rernained significantly lighter throughout. 
The differences between groups [F(3 ,24O) = 15 .84, 
F(3,105) = 32.36, and F(3,90) = 35.09) and days 
[F(16 ,24O) = 360.23, F(7,105) = 91.38, and F(6,90) = 
53 .10], and the groups x days interaction [F(48,24O) = 
21.30, F(2I,105) = 4.02, and F(18 ,90) = 3.81), for the 
3 %, 6 %, and 3 % periods, respectively, were all signifi
cant (p < .01) . All of the ADX animals survived the 
postoperative period. Water intake was similar for all 
groups during the course ofthe postoperative period, and 
there were no statistically significant differences 
(p > .05). 

DISCUSSION 

Exposure to only NaCI-enriched food over a 38-day 
period failed to alter the consumption of plain and NaCI
enriched food for the ADX rats. The lengthy exposure 
to salty food did not enhance or dirninish their consump
tion of the NaCI needed to correct the deficiency created 
by the surgery. The experienced and inexperienced ADX 
animals were sirnilar in their amounts and patterns of con
sumption of plain and NaCI-enriched food following 
adrenalectomy. Likewise, for the sham animals, pro
longed exposure to NaCI-enriched food did not lead to 
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permanent changes in their pattern of food intake. The 
sham experienced animals, like their inexperienced coun
terparts, consumed large amounts of plain food and little 
NaCI-enriched food, as soon as plain food was available 
to them. 

It is interesting that the intake of 3 % NaCI-enriched food 
was greater after experience with the 6% NaCI-enriched 
food (Days 26-32), even though the increase was not 
statistically significant (see Figure 2). The greatest in
crease occurred in the two inexperienced groups. Whether 
this increase is a transient contrast effect or a specific ef
fect of experience cannot be answered easily from the 
present data. Although it is clear that for drinking be
havior, experience with different concentrations of NaCI 
solutions can change preferences (Theios, Derivera, & 
Aronson, 1962), a similar effect for eating behavior has 
not been clearly demonstrated. 

Rats, given a choice between a variety of foods offered 
plain or with added salt, usually show a preference for 
the plain food (Beauchamp & Bertino, 1985). Even when 
offered a variety of concentrations, rats do not prefer 
salted food. In an attempt to modify their preference be
havior, Beauchamp and Bertino exposed rats for varying 
periods of time to salted and unsalted potato chips. Even 
after 14 weeks of exposure, the rats preferred unsalted 
chips, and there was no statistically significant difference 
between experienced and inexperienced animals . 

Although sodium-deficient rats may not prefer to regu
late NaCI by eating food, nevertheless, NaCI appetite dur
ing a sodium-deficient state continues to be a powerful 
demonstration of specific hunger behavior in rats. Salt 
seeking will occur with whatever means is available, 
whether it be food or drink, and long experience with salty 
food is not aprerequisite for this behavior to occur. 

The results obtained in this study are consistent with 
a growing body of literature, which shows that rats will 
meet their needs and will switch choices in spite of es
tablished preferences. Bronson (1966) showed that adult 
rats do not necessarily prefer the type of solid food they 
were first fed in infancy. Established preferences for su
crose or saccharin will not be rnaintained in the presence 
of a salt need created by adrenalectomy (Grimsley, 1970; 
Grimsley & Cullen, 1968; Grimsley & Fisher, 1967). 

It is not possible to tell from the present data whether 
the regulation of NaCI intake is due primarily to taste or 
to postingestional factors, since the adrenalectomized 
animals had unlimited access to NaCI-enriched food. 
Wolf, Schulkin, and Simson (1984) have suggested the 
likelihood of multiple factors involved in the regulation 
of salt intake in rats, since the full effect of salt-intake 
adjustments may take as long as 16 h to occur when 
stornach loading is used. On the other hand, Rabe and 
Corbit (1973) showed that postingestional factors alone 
are sufficient to produce the normally found preference
aversion for NaCI solutions of different concentrations. 

The present study shows that sodium-deficient rats will 
seek out NaCI in food and regulate their salt need, and 
that the preference for NaCI-enriched food following 
ADX occurs with or without the preoperative experience 
with NaCI-enriched foods. Since the experienced and in
experienced rats exhibited sirnilar NaCI-enriched food in
takes, there appears to be no necessary role for prior ex
perience with salty food in this salt-seeking behavior. 
Adrenalectomy will produce NaCI-seeking behavior. 
While the deficient rats may prefer to regulate their salt 
balance by means of the intake of salt in solution (Grims
ley & Stames, 1979), they are clearly able to regulate their 
salt balance by means of the intake of NaCI in food. 
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