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WEINBERG, J , L P. BRETT, S. LEVINE AND P R. DALLMAN. Long-term effects of early tron defictency on 
consummatory behavior tn the rat. PHARMAC BIOCHEM BEHAV. 14(4) 447-453, 1981.--Two experiments were 
designed to investigate the effects of early ~ron deficiency on consummatory behavior m the adult rat. In Experiment 1, 
animals were placed in a novel chamber, either with or without water avadable. Although there were no effects of Iron 
deficiency per se, the data suggested that decreased caloric intake experienced early m life may have different long-term 
consequences for males and females. While ad hb control males, and females m all diet cond,tlons, exhibited less elevation 
of plasma cortlcosterone when water was avadable in the novel chamber, calorically restncted males appeared unable to 
use the cues or reinforcement provided by consummatory behavior to reduce arousal In Experiment 2, a conditioned taste 
aversion SltUatton involving conflict, we were able to separate effects due to early iron deficiency from those due to early 
caloric restncuon. When reexposed to mdk, caloncally restricted (weight control) males exhibited an attenuated plasma 
cortlcoid response, compared to that of ad hb control males, whde weight control females resembled ad hb control females 
in their response. Thus, as m Experiment 1, early caloric restrict,on affected males more than females Early iron 
deficiency, however, markedly altered pituitary-adrenal responsiveness in both males and females Not only was the 
response to reexposure completely reversed In rehabd,tated males and females, but also, the cortlco~d response to depnva- 
t~on was increased m rehabilitated males and decreased m rehablhtated females Taken together w,th previous data, these 
results suggest that early iron deficiency alters both behav,oral and physiolog,cal arousal or responsiveness, and may do so 
dlfferentmlly in males and females 
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I R O N  lack is considered to be the most  prevalent  nutrit ional 
def iciency wor ldwide  [29]. Despi te  its widespread occur-  
rence,  however ,  there is little information about  the behav-  
ioral or  funct ional  consequences  o f  iron deficiency.  This is 
due to a var ie ty  of  factors.  First ,  even  severe ly  anemic pa- 
tients are often asymptomat ic  [2,28]. Second,  symptoms,  
even  when they do occur ,  are often subtle or  vague,  and the 
number  and sever i ty  o f  symptoms  do not appear  to correlate  
with the degeee  of  anemia  [5]. Third,  in studies where  behav- 
ioral changes have  been reported,  the results are often in- 
conclus ive  or  difficult to interpret ,  largely due to uncon- 
trolled variables or  f laws in design or  analysis (as rev iewed  
by [12]). Given  the hmitat ions on this type o f  research  in 
humans,  some invest igators  have  begun to deve lop  animal 
models  in which envi ronmenta l  and nutri t ional variables can 
be more  carefully control led.  

In a recent  series of  exper iments  [3,22], we observed  that 
if an iron deficient  diet regimen was provided  to females 
throughout  lactation,  and then to the offspring from weaning 
through 28 days o f  age, these offspring had decreased  levels  
o f  brain non-heme iron in addit ion to lower  hematocri ts .  A 
reduced rate of  growth also became ev ident  during the last 
few days o f  the regimen.  During subsequent  testing [22] it 
was observed  that iron deficient  animals were  less act ive  
than controls  m a mildly avers ive  novel  situation (open 
field), ambulated less in an explora tory  task (hole-board),  
exhibi ted longer  reentry latencles fol lowing shock in a pas- 
sive avoidance  task, and exhibi ted a reduced pituitary- 
adrenal  response  when exposed to the combined stress of  
e ther  and cardiac puncture.  These  data  suggested that iron 
deficiency reduces  the young animal ' s  general  responsive-  
ness to some envi ronmenta l  stimuli. 

~Send repnnt requests to Joanne Wemberg, Ph D ,  Division of Human Nutrition, University of British Columbia. Vancouver, British 
Columbia V6T lW5 Canada 
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TABLE 1 

COMPOSITION OF DIETS 

Component Proportion in diet (g/kg)§ 

Iron Deficient Control 

Casein, lugh protein 200 O0 200 00 ~- 
DL-methionine 3 00 3 00 E 
Corn starch 150 00 150.00 
Sucrose 554.33 549 99 O 
Corn oil 50.00 50 D0 ,77, 
Choline bitartrate 2.00 2.00 
Vitamin mix, AIN-76* 10 DO 10.DO 7 < 
Mineral mix, AIN-76+ 35 DO? 35 00~ 
Ethoxyquin (antioxidant) 0.01 0 01 

*Supplied the following (per kg diet). 6 mg thmmme HCI; 6 mg 
riboflavin, 7 mg pyndoxlne HCI, 30 mg nicotinic acid; 16 mg calcium 
pantothenate, 2 mg fohc acid; 0.01 mg cyanocobalamm, 4000 IU 
vitamin A, 1DO0 IU vitamin D3; 50 IU vitamin E, 0.05 mg vitamin K 

?Supplied the following (per kg diet) 17 5 g calcium phosphate, 
dibasic; 2.59 g sodium chloride, 7 7 g potassium citrate, monohy- 
drate; 1 82 g potassium sulfate, 0.84 g magnesium oxide, 0 1225 g 
manganese carbonate; 56 mg zinc carbonate; 10.5 mg cupric car- 
bonate, 0 35 mg sodium selenite; 19.25 mg chromium potassium 
sulfate. 

Sin addition, supplied 210 mg ferric citrate (per kg diet) which 
provides 35 mg iron (per kg diet). 

§As determined by Teklad Test Diets, Inc., Madison, WI. 
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FIG. 1. Growth curve from 21-28 days of age In Iron deficient (-I).  
ad hb control (C) and weight control (WC) ammals. 

Long-term consequences of early ~ron deficiency were 
also observed. Deficits in brain non-heme and ferritin iron 
produced by this brief period of iron deficiency in the young 
animal were found to persist in the adult, even after all other 
known biochemical deficits had been fully repaired through 
treatment with an iron supplemented diet [3]. Subsequent 
testing [25] indicated that neither changes in the plasma cor- 
ticoid response to ether, nor changes in activity levels which 
had been observed in 28-day-old iron deficient animals per- 
sisted in the rehabilitated adult. However, differences be- 
tween rehabilitated and control groups were apparent in two 
shock-motivated avoidance tasks. Rehabilitated males made 
more intertrial responses than control males during active 
avoidance learning, and rehabilitated animals of both sexes 
performed better in a passive avoidance situation. These 
data indicated that shock may differentially affect motivation 
or arousal in rehabilitated and control animals. 

The present series of experiments was undertaken to 
further investigate both behavioral and pituitary-adrenal re- 
sponsiveness in adult animals which had experienced a 
period of early iron deficiency. For these experiments we 
chose two tasks which involved a consummatory response 
Several earlier studies demonstrated that changes in con- 
summatory behavior are reflective of changes in emotional 
state or emotional reactivity [13, 14, 26]. More recently it has 
been shown that there is a relationship between consumma- 
tory behavior and pituitary-adrenal activity. Consummatory 
behavior can inhibit or decrease the pituitary-adrenal activa- 
tion typically observed in animals placed on a restricted feed- 
ing or watering schedule [15], and can modulate the plasma 
corticold elevations observed in response to a novel en- 
vironment [17]. In the first experiment we investigated the 

relationship between consummatory behavior and pitui- 
tary-adrenal activity in rehabilitated and control subjects. 

EXPERIMENT 1 

The plasma corticoid response of previously iron defi- 
cient and control animals was determined following place- 
ment in a novel chamber, either with or without water avail- 
able. 

METHOD 

Animal6 

Twenty-four pregnant females were obtained from 
Simonsen Laboratories, Gilroy, California. Pregnant females 
were housed individually in plastic cages (28x48×24 cm) 
with wood shavings as bedding, and a stainless steel grid top 
which held a water bottle and food pellets. The colony room 
was maintained with controlled temperature and humidity on 
a 12 hr light/12 hr dark cycle with lights on at 0800 hr. 

On the day of birth all litters were culled to 8 (4 males, 4 
females). Eight females were maintained on a diet containing 
7 mg iron/kg diet (Teklad Iron Deficient Diet #TD78130, 
Table 1) and de-ionized water. The remaining 16 females 
were provided with an identical iron-supplemented control 
diet containing 35 nag iron/kg diet (Teklad Control Diet 
#TD78135, Table 1). Because rats are coprophagic and can 
thus obtain some iron from the feces of the dams, all cages 
were cleaned on Days 10, 14 and 18 of lactation. After wean- 
ing on Day 21, all pups were housed in the same type of cage, 
2 per cage, with a littermate of the same sex. 

At this point the controls were divided into two groups. 
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TABLE 2 
MEAN SCORES (--+ SEM) FOR SUBJECTS IN THE " D R I N K "  CONDITION 

Rehabdltated Control Weight Control 

8 2 8 9 c; 

Latency to 232.1 168 6 199.5 322.7 184 5 189.8 
drink (sec) _+49 3 _+34 3 _+36.4 _+91.0 ___46 7 -+25 9 

Amount 8 3 6.3 8.4 6.7 9 1 6 1 
consumed (ml)  _+0.8 ___0.4 ±0 5 ±0.6 -+0.4 ___0.4 

Animals in the ad lib group were continued with ad lib access 
to the control diet until 28 days of age. Animals in the weight 
control group were also continued on the control diet but 
intake was restricted to approximately 3--4 grams of food per 
day. Iron deficient rats were continued with ad lib access to 
the iron deficient diet. Growth curves for the iron deficient 
and the two control groups are shown in Fig. 1. We have 
previously shown that although weight control rats under 
these conditions have body weights similar to those of iron 
deficient animals, they have hematocrits similar to those of 
ad lib control rats [22]. 

At 28 days of age six animals were randomly selected 
from each diet condition for determination of hematocrits. 
Hematocnts  ranged from 12.0 to 19.5 in iron deficient, from 
35 to 37 in control, and from 36 to 41 in weight control 
animals. These values conformed to the parameters estab- 
lished previously [22]. 

All animals were then given lab chow and tap water ad lib 
and were left undisturbed except for routine cleaning untd 60 
days of age. Twenty males and 20 females were then ran- 
domly selected from each diet condition. The typical sex 
difference in body weights was observed in ad lib control 
animals: £383.9_6.5 g for males and £249.1__+_5.2 g for 
females. Body weights of males and females in the rehabili- 
tated and weight control conditions did not differ signifi- 
cantly from these values. 

Apparatus 

The apparatus was a clear Plexlglas chamber (23 x 25 × 23 
cm) with a solid floor covered with wood shavings. A 
graduated cylinder served as the water bottle, with the spout 
extending through a hole in the middle of the s~de wall. The 
apparatus was housed in a sound-attenuating chamber which 
was illuminated by a dim light and contained a one-way view- 
ing window. 

Procedure 

Animals were randomly assigned to either the Drink 
(water available) or Box (no water available) conditions. 
Four animals were tested simultaneously (2 Drink, 2 Box). 
All testing was performed blind, and testing order was bal- 
anced over the test session. Subjects were placed in the 
chamber for a 20-rain trial. Latency to drink and amount 
consumed were recorded for rats in the Drink condition. 
Behavioral data were analyzed in separate 2-way analyses of 
variance for the factors of Diet and Sex. At the end of the 
trial, animals were quickly removed from the chamber, 
anesthetized with ether, and blood samples (0.5 ml) were 
taken in heparinized syringes by cardiac puncture for the 
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FIG. 2. Plasma cortlcosterone levels following 20 rain m the 
chamber with water avadable (Dnnk) or wlth no water avadable 
(Box), in previously iron deficient (-I),  ad hb control (C) and weight 
control (WC) ammals. 

determination of plasma corticosterone. All samples were 
taken within 1-2 rain of exposure to ether, which is suffi- 
ciently rapid to provide reliable estimates of corticoid levels 
prior to anesthesia [4]. These samples were then centrifuged 
at 2000 rpm for 20 min after which plasma was removed and 
frozen until assayed by the fluorometric method of Glick et 
al. [8]. Plasma corticosterone data were analyzed by a 
2(Diet) × 2(Sex) × 2(Drink/Box) analysis of variance. Post hoc 
analyses were performed by tests for simple main effects and 
Newman-Keuls tests [27]. 

One week after testing, half the animals from the Drink 
condition and half the animals from the Box condition were 
water deprived for 24 hr while the remaining animals were 
maintained with ad lib access to water. Each animal was then 
removed from the colony room, quickly anesthetized w~th 
ether, and a second blood sample was collected for determi- 
nation of basal levels of plasma corticosterone, as described 
above. 

RESULTS AND DISCUSSION 

Behavior 

Previously iron deficient (rehabilitated) animals did not 
differ significantly from the two control groups either in la- 
tency to begin drinking or in amount consumed (Table 2). 
Thus, unlike protein-calorie malnourished animals [18], 
neither rehabilitated nor weight control subjects exhibit in- 
creased thirst or increased motivation to drink following 
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deprivation. Possibly this is because the caloric restriction 
under our conditions was considerably milder than that typi- 
cally imposed in studies of protein-calorie malnutrition. A 
significant Sex difference in amount consumed indicated that 
males in all 3 dietary groups drank more water during the 
20-min session than females (F(1,58)=25.6, p<0.001;  Table 
2). However,  this difference was roughly proportional to the 
males '  greater body weights. 

Plasma Corttcosterone 

Basal levels. Previous iron deficiency had no effect on 
basal levels of plasma cortlcosterone However ,  the 
Sex × Water Deprivation interaction (F( 1,48) = 12.1, p <0.01 ) 
indicated that females exhibited significant corticoid eleva- 
tions when water deprived (~16.1-3.0 /zg% nondeprlved, 
~42.4+4.9 ~g% deprived), while males showed no significant 
change with deprivation (~6.6-+0.8 /xg% nondeprlved, 

11.0-1.3/xg% deprived). 
Post-testing levels. There was no main effect of Diet on 

post-testing plasma corticold levels. The Sex×Drink/Box in- 
teraction (F(1,120)=17.94, p<0.001;  Fig. 2) indicated that 
females in the Drank condition exhibited significantly less 
elevation of plasma corticosterone than females in the Box 
condition (p<0.01), while for males, the overall difference 
between the Drink and Box groups just  failed to reach signif- 
icance (required critical value=3.92, obtained value=3.88, 
p<0.10).  However ,  Fig. 2 indicates that males in the ad lib 
control group did appear  to exhibit the differential corticoid 
response shown by all females; that is, corticoid levels were 
almost twice as great in Box ammals as they were in Drink 
animals. In contrast,  rehabilitated males and weight control 
males exhibited similar corticoid elevations in both the Drink 
and Box conditions. 

Thus while early iron deficiency per se did not appear  to 
affect the corticoid response of subjects in this consumma- 
tory task, the data suggest that decreased caloric intake 
experienced early in life may have different long-term con- 
sequences for males and females. The pattern of results 
suggests that while ad lib control males, and females in all 
three diet conditions, exhibit less elevation of  plasma corti- 
costerone when water is available in the novel chamber,  it is 
possible that calorically restricted males may be unable to 
use the cues or reinforcement provided by consummatory 
behavior to reduce arousal. 

EXPERIMENT 2 

This experiment was designed to further investigate the 
effects of  early iron deficiency and/or early caloric restric- 
tion on the animals '  ability to use cues provided by consum- 
matory behavior. One situation in which animals must accu- 
rately utilize information from eating or drinking is in taste 
aversion learning. If  ingestion of  a novel flavor IS paired with 
illness, animals will readily learn the flavor-illness associa- 
tion and will subsequently show an aversion for that flavor 
(e g.. [7]). Furthermore,  it has been shown in male rats that 
the pituitary-adrenal system plays a role both in the acquisi- 
tion of  and the recovery from conditioned taste aversions 
[16]. Lithmm chloride, a toxic agent known to produce ill- 
ness [7], produces a prolonged activation of the pituitary- 
adrenal system [11]. In addition, if animals are subjected to a 
period of food and water deprivation following conditioning, 
then the behavioral aversion observed upon reexposure is 
accompanied by a marked activation of the pituitary-adrenal 
system Animals exhibiting the greatest avoidance of milk 

TABLE 3 
AMOUNT CONSUMED (g) ON CONDITIONING DAY (MEAN -+ SEM) 

Rehabdltated Control Weight Control 

12 14" 9 25 9 33 
+_1.5 +-1 1 +_07 

8 40 9 37 10.62 
+-0 7 +-0.9 +-0.8 

*n=19 

appear to exhibit the greatest adrenocortical  activity [20]. 
Under  these conditions of  deprivation it appears that animals 
experience an approach-avoidance conflict: they are hungry 
and thirsty and thus motivated to drink, yet are presented 
only with a substance which they are motivated to avoid [19, 
21, 26]. Pituitary-adrenal activation, as an index of arousal 
[10], appears to reflect the intensity of the conflict in this 
situation. 

The results of Experiment 1 suggested that early caloric 
restriction may alter the ability of males but not of  females to 
use cues in a consummatory task. Therefore we hypoth- 
esized that males and females in the 3 diet conditions might 
also differ in their response in a taste aversion situation. This 
might be reflected either in differences in acquisition of the 
aversion, or in a differential response to reexposure, indicat- 
ing alterations in the response to conflict. 

METHOD 

Antmals 

Animals for this experiment were the same as those tested 
in Experiment I. Because of the number of rats involved, as 
well as the nature of the testing procedures,  this experiment 
was run in 3 overlapping replications, with both sexes and all 
conditions equally represented in each replication. 

Procedure 

All testing was done in the animals'  home cages. Presen- 
tation of  solutions was accomplished by replacing each 
animal 's  water bottle with a bottle containing the test solu- 
tion. 

In order to train rats to approach the spout and drink, 
animals were given two 60-min exposures to a sucrose solu- 
tion (15% by weight). On the day following this training, 
designated the Conditioning Day, rats were given a single 
30-mln exposure to a sweetened milk solution (a 13 oz can of  
Carnation evaporated milk+40 g of sucrose, diluted with tap 
water to make 1 liter total). Thus milk served as the novel 
test solution. Bottles containing the milk solution were 
weighed before and after drinking to determine amount con- 
sumed. Immediately following the drinking session all 
animals received an IP injection (7.5 ml/kg) of 0.40 M LiCI. 

Twenty-four hours later subjects were assigned to either a 
Presession or a Reexposure group. Groups were balanced so 
that they contained animals which were similar in milk con- 
sumption prior to conditioning, and all animals were then 
food deprived for a 72-hr period and water depraved for the 
last 24 hr of this period. On the day following this deprivation 
period, designated the Reexposure Day, blood samples were 
taken for plasma corticosterone determination. Samples 
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FIG 3 Plasma corticosterone levels measured prior to (PRE) and 
immediately followmg (POST) reexposure to the mdk solution in 
prevmusly iron deficient ( - I) ,  ad lib control (C) and weight control 
(WC) animals 

from the Presession animals were taken first to determine 
corticoid levels prior to milk consumption. Animals in the 
Reexposure condition were given access to the milk solution 
for 30 rain and blood samples were collected immediately 
following this reexposure session. 

RESULTS AND DISCUSSION 

Condittonlng Day 

Animals which had been rehabilitated after early iron de- 
ficiency responded differently from animals in the 2 control 
groups when first presented with the milk solution. A 
Diet x Sex interaction (F(2,108)=3.48, p <0.05; Table 3) indi- 
cated that rehabilitated males consumed more milk solution 
than rehabilitated females (p<0.01), while there was no sex 
difference in amount consumed in the other 2 groups. 

One possible explanation for this altered behavioral re- 
sponse is that early iron deficiency differentially affects the 
response to novel stimuli in males and females. Thus, re- 
habilitated males may be less responsive to novelty than are 
the females, and therefore will approach the spout and drink 
more of  the novel milk solution. 

Reexposure Day 

Behawor. Because of the intake differences on the Con- 
ditioning Day, ratio scores (Reexposure Day intake=Condi-  
tioning Day intake) were calculated for all reexposure 
scores. A 2-way ANOVA revealed no significant effects of 
Diet or Sex on drinking. All groups suppressed their intake 
to levels whach were approximately 25-40% of those ob- 
served on the Conditioning Day. 

Plasma Corttcosterone. A log transformation was per- 
formed on the plasma cort icosterone data to correct for 
nonhomogeneity of  variance (p<0.003). A 3(Diet)×2(Sex) 
×2(Presession, Reexpose) ANOVA revealed a significant 
3-way interaction (F(2,108)=3.80, p<0 .05;  Fig. 3). Post hoc 
testing indicated that animals in the 3 diet groups exhibited 3 
different patterns of response. In the ad lib control group (C), 
males showed a significant corticoid elevation following re- 
exposure (p<0.05) while females showed no change from 
presession levels (Fig. 3, middle panel). Rehabilitated ( - I )  
animals exhibited exactly the opposite pattern: females 
showed a significant corticoid increase (p <0.01) while males 

showed no change from presession levels (Fig. 3, left panel). 
Weight control subjects (WC) exhibited still another pattern 
of  response (Fig. 3, right panel). Although corticoid levels 
appeared similar to those of  ad lib controls, post hoc testing 
indicated that neither males nor females in the weight control 
condition exhibited a significant change from presession 
levels when reexposed to milk. 

Further analysis revealed that these 3 patterns of re- 
sponse were, in part, a function of  presession corticoid 
levels. Rehabilitated males exhibated higher presession cor- 
ticoids than males in both control groups (p<0.05), while 
rehabilitated females exhibited lower presession corticoids 
than both WC females (p<0.05) and C females, although the 
comparison with the latter group just  failed to reach statisti- 
cal significance. 

Thus in this taste aversion situation, we observed effects 
of  early iron deficiency which were separate from those of  
early caloric restriction. Although caloric restriction did not 
affect the pituitary-adrenal response to deprivation (i.e., 
presession levels), the corticoid response to reexposure was 
attenuated in weight control males. On the other hand, early 
iron deficiency altered the pituitary-adrenal response to both 
deprivation and reexposure, and appears to have differen- 
tially affected the two sexes. Rehabilitated males showed an 
increased corticoid response to deprivation compared to that 
of  control males, and as a consequence, showed no further 
corticoid elevation upon reexposure. In contrast,  rehabili- 
tated females showed less elevation of plasma corticosterone 
than control females in response to deprivation, and conse- 
quently exhibited a marked elevation over presession levels 
when reexposed to milk. 

G E N E R A L  DISCUSSION 

In this study we investigated the relationship between 
consummatory behavior and pituitary-adrenal activity m re- 
habilitated and control animals. In Experiment 1, we exam- 
ined the animals'  pituitary-adrenal response to a novel 
chamber, either with or without the availability of a con- 
summatory response. The data suggested that decreased 
caloric intake experienced early in life may have different 
long-term consequences for males and females. Whale ad lib 
control males, and females in all 3 diet conditions, exhibited 
less elevation of  plasma corticosterone when water was 
available in the novel chamber, calorically restricted males 
(i.e., males in the rehabilitated and weight control condi- 
tions) exhibited similar corticoid levels in the Dnnk and Box 
conditions, and thus appeared unable to use the cues or rein- 
forcement provided by consummatory behavior to reduce 
arousal. Experiment 2 further investigated the ability of re- 
habilitated and control animals to use cues provided by con- 
summatory behavior, in this case, in a taste aversion situa- 
tion. We found that early caloric restriction once again dif- 
ferentially affected males and females. When reexposed to 
milk, weight control males exhibited a dimimshed plasma 
corticold response (compared to that of ad lib control males), 
while weight control females resembled ad lib control 
females in their response. Early iron deficiency, however, 
markedly altered pituitary-adrenal responsiveness in both 
males and females. Not only was the pattern of  response to 
reexposure completely reversed in rehabilitated anamals, but 
also, the corticoid response to deprivation was affected dif- 
ferentially in the two sexes. 

As noted above, pituitary-adrenal activation in the taste 
aversion paradigm employed here appears to reflect the an- 
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tensity of arousal resulting from an approch-avoldance con- 
flict. Given that conflict occurs in situations where there is 
competition between 2 or more incompatible response ten- 
dencles [1], it has been hypothesized that as the 2 tendencies 
become equal in strength, the amount of conflict and hence 
the degree of arousal in a situation should increase [1]. In the 
taste aversion situation, maximum conflict should therefore 
occur when approach and avoidance tendencies are equal. 
If, however, approach tendencies become stronger than 
avoidance tendencies, or vice versa, then the amount of 
conflict and hence the degree of arousal m the situation 
should decrease. Using pituitary-adrenal activity as an index 
of arousal, the responses of rehabilitated and control animals 
in the taste aversion situation can be interpreted within the 
context of this conflict model 

Let us first consider the response of ad lib control 
ammals. We found that females exhibited a sigmficantly 
greater response to deprivation than did males. According to 
the model, an increased response to deprivation should In- 
crease the females' tendency to approach the milk solution, 
and if approach tendencies thus become greater than 
avoidance tendencies, should decrease the conflict which 
they experience upon reexposure. For males, however, ap- 
proach and avoidance tendencies should be more equal m 
strength, and this should increase the conflict experienced 
upon reexposure. Examination of post-session cortico~d 
levels confirms this prediction, i.e., when reexposed to milk, 
females showed no change from presession levels while 
males showed a significant corticoid elevation. 

The cortlcoid response to deprivation in weight control 
males and females was similar to that of ad lib controls. 
Therefore, we would predict that, upon reexposure, females 
should again show less conflict than males, Results in&cated 
that, like ad lib controls, weight control females showed no 
change from presession levels upon reexposure. Weight con- 
trol males, however, d~d not exhibit the expected corticold 
elevation upon reexposure. Thus, although weight control 
and ad lib control males exhibited a similar response to dep- 
rivation, weight control males showed significantly less 
arousal upon reexposure. This finding supports the hypoth- 
esis (Experiment 1) that early caloric restriction alters the 
ability of males but not of females to use or respond to cues 
approprmtely in a consummatory task. 

Finally, it appears that early iron deficiency completely 
reverses the response to conflict in males and females. The 
increased response to deprivation in rehabilitated males 
should increase their tendency to approach the milk solution, 
and should decrease the conflict experienced upon reexpo- 
sure. In contrast, since rehabihtated females showed less 
elevated presession corticoids than control females, their 
approach and avoidance tendencies should be more nearly 
equal in strength, and the conflict experienced upon reexpo- 
sure should be increased. Post-session cortlcoid levels con- 
firm both of these predictions; rehabilitated males showed no 
further arousal upon reexposure, while rehablhtated females 
showed marked corticoid elevations. 

Why early iron deficiency produces such an effect is dif- 
ficult to determine. Previously we observed that while some 
of the behavioral and physiological alterations produced by 
early iron deficiency do not persist in rehabilitated adults, 
rehabilitated animals do appear to differ from controls when 
tested in both active and passive avoidance tasks [22]. Both 
of these shock-motivated tasks present animals with an 
avoidance-avoidance conflict. In active avoidance there is 
no consistently safe location, and ammals must learn not 

only to respond in two &rections, but also to consistently 
return to a place where they had received shock. In passive 
avoidance learning animals are first permitted to run from an 
aversive to a preferred location, and then shocked upon 
entering the preferred location. In these highly aversive con- 
flict situations, rehabilitated animals exhibit mcreased be- 
havioral arousal or responsiveness when compared to con- 
trois. These changes do not appear to be due to altered shock 
thresholds per se, but rather to a differential effect of shock 
on motivation or responsweness. Simdarly, in the taste 
aversion situation, the differences which we observed did 
not appear to be due to an altered response to food per se, 
since rehabihtated and control animals exhibited similar be- 
havioral responses following both mild (Experiment I) and 
severe (Experiment 2) deprivation procedures. Instead, 
taken together with our previous data, it appears that early 
iron deficiency may alter both behavioral and physiological 
arousal or responsiveness, and may do so differentmlly m 
males and females. These effects appear to be particularly 
evident under conditions of confhct. 

Finally, these data highlight several important method- 
ological considerations. First, it is necessary to include both 
males and females in any study designed to investigate the 
effects of an early experience or preweaning manipulation on 
the behavior of adult ammals. Other types of early experi- 
ence treatments, such as early handhng, have also been 
shown to affect males and females in different ways [6, 23, 
24]. Because of these differential effects, the true ~mpact of 
an early treatment might be missed if only one sex is in- 
cluded in testing Second, it is essential to include appropri- 
ate nutritional control groups in any study undertaken to 
investigate the effects of an early nutritional insult. In our 
experiments, iron deficiency was accompanied by a reduced 
rate of growth during the last few days of the regimen. It was 
only through the inclusion of an additional control group, the 
weight control condition, that effects specific to early iron 
deficiency could be separated from the more general effects 
of early caloric restriction. Third, these data indicate the 
importance of measuring both behavioral and physiological 
responses. Hennessy and Levine [10], using the model of 
Groves and Thompson [9], have argued that behavioral re- 
sponses reflect the operation of stimulus-response or motor 
systems, while plasma cortlcoid responses more accurately 
reflect the arousal state of the organism Although these two 
systems do interact, dissociations between them are both 
possible and probable Thus, measurement of either cate- 
gory of response by itself might provide an incomplete or 
even an inaccurate assessment of an ammal's responses. On 
the other hand, simultaneous measurement of behavioral and 
physiological responses can yield a more complete under- 
standing of the response of an organism, particularly m 
arousal-inducing experimental situations 
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