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WEINBERG, J., S. LEVINE AND P. R. DALLMAN. Long-term consequences of early iron deficiency in the rat.
PHARMAC. BIOCHEM. BEHAV. 11(6) 631-638, 1979.—A period of severe early iron deficiency (birth to 28 days of age)
produced a persistent deficit (22%) in brain non-heme iron in adult rehabilitated animals. Long-term effects on behavior and
physiological responsiveness were also observed. Although rehabilitated and control animals did not differ either in basal
levels of plasma corticosterone or in the time course of the stress response following ether and cardiac puncture, possible
differences in pituitary-adrenal responsiveness appeared to emerge following testing in an exploratory task. In addition,
significant differences between rehabilitated and control animals were observed in both active and passive avoidance
learning. Rehabilitated males made more intertrial responses than control males during active avoidance learning, and
rehabilitated animals of both sexes performed better (i.e. showed longer reentry latencies) in a passive avoidance situation.
It was suggested that shock may differentially affect motivation or arousal in rehabilitated and control animals.
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IRON deficiency is a major nutritional problem. Although its
incidence is greatest in low-income populations, it is also
present in infants and children of middle and upper socio-
economic classes [17]. Investigations of the effects of iron
deficiency anemia on behavior have focused primarily on
mental development and cognitive test performance. It has
been reported, for example, that anemic infants may be less
alert or responsive [16], and may exhibit a higher incidence
of **soft’’ neurologic signs such as clumsiness in balancing or
in repetitious movements [4]. Young children with anemia
appear to show decreased attentiveness and ability to focus
on, orient to and sustain interest in a learning task [11], and
have been reported to show poorer performance on 1Q,
vocabulary, and associative reaction tests [18].

We have developed an animal model to further investigate
the behavioral effects of iron deficiency. In a series of exper-
iments [20] we observed that iron deficient rats are less re-
sponsive than controls in novel and aversive situations, and
ambulate less than controls in an exploratory task. Further-
more, measurement of plasma levels of corticosterone indi-
cated that although iron deficient animals have elevated
basal levels of corticoids, they exhibit a smaller stress in-
crement than controls when exposed to the combined stress
of ether and cardiac puncture. It was suggested that iron
deficiency may reduce the prepubertal animal’s responsive-
ness to environmental stimuli.

Long-term consequences of early iron deficiency have

also been reported. Dallman and co-workers [5] found that a
period of severe iron deficiency in the young animal results
in a deficit of brain non-heme and ferritin iron which persists
in the adult even after all other known biochemical deficits
have been fully repaired through treatment with an iron-
supplemented diet. However, there are no studies which
have determined whether the behavioral changes observed
in young iron deficient animals persist in the adult after re-
habilitation. Therefore this series of studies was designed to
investigate behavioral and physiological responsiveness in
the adult rehabilitated animal.

EXPERIMENT 1

In the first experiment we investigated whether the alter-
ations in pituitary-adrenal responsiveness observed in young
iron deficient animals persist in the rehabilitated adult. As
noted above, these changes included elevated resting levels
of corticosterone and a reduced stress increment. Therefore
we measured basal levels of plasma corticosterone as well as
the time course of the corticoid response following etheriza-
tion and cardiac puncture.

METHOD
Animals

Twenty pregnant Sprague-Dawley females were obtained
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from Simonsen Laboratories, Gilroy, California. Pregnant
females were housed individually in plastic cages (28 x48x24
cm) with wood shavings as bedding, and a 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). Ten females were placed on an iron deficient diet
(Teklad Normal Protein Test Diet with iron deleted) and
de-ionized water: 10 females were given an identical iron-
supplemented control diet (Teklad Normal Protein Test Diet
Cat. No. 170590) and tap water. Because rats are cop-
rophagic and thus obtain some iron from the dams, all cages
were cleaned on Days 10, 14 and 18. After weaning on Day
21, all pups were housed 2 per cage with a littermate of the
same sex, and were maintained on their respective diets until
Day 28. It has been shown that the iron deficient diet regi-
men described above produces animals which are signifi-
cantly below controls in hematocrit and brain non-heme
iron. They are also approximately 30% below controls in
body weight and 3 to 5% below controls in brain weight
[5,20].

On Day 28 all animals were given lab chow and tap water
and left undistrubed except for routine cleaning until 60 days
of age. Twenty-four males and 24 females were then ran-
domly selected from each diet condition to be used in this
experiment. In addition, 12 males and 12 females from each
diet were selected for measurement of ‘body weight, brain
weight and brain non-heme iron.

Procedure

Blood samples were collected between 0900 and 1200 hr
in an anteroom adjacent to the colony room. To obtain basal
samples animals were removed from the colony room,
quickly anesthetized with ethyl ether, and 0.6 cc of blood
was collected in heparinized syringes by cardiac puncture.
Animals were then returned to their home cages and cages
were returned to the colony room.

Etherization and collection of the basal sample served as
the stressor. A second sample was then taken either 15, 45 or
120 min following the basal sample. All samples were taken
within 1 to 2 min of exposure to ether, which has been
demonstrated to be sufficiently rapid to provide reliable es-
timates of corticoid levels at the time of sampling [6]. These
samples were then centrifuged at 2000 rpm for 20 min after
which plasma was extracted and frozen until assayed by the
fluorometric method of Glick et al. {10]. Data were analyzed
by a three-way analysis of variance for the factors of Diet,
Sex and Time. Post hoc analyses were by tests of simple
main effects and Newman-Keuls tests [26].

Brain non-heme iron was determined by the method of
Weinfeld [22]. Animals were injected with pentobarbital
anesthesia and perfused with heparinized isotonic saline via
the left ventricle of the heart. The brain was then removed,
weighed, and subjected to analysis. This procedure is de-
scribed more completely in Dallman er «!f. [5].

RESULTS AND DISCUSSION

A. Brain and Body Parameters

Separate two-way analyses of variance for the factors of
Diet Condition and Sex were carried out on measurements of
body weight, brain weight and brain non-heme iron (Table
1). There was a major sex difference in body weight as ex-
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pected, F(1,44)=148.2, p<0.001, and a small sex difference
in brain weight, F(1,43)=10.7, p<0.01. However, there were
no differences between rehabilitated and control animals on
these measures. In contrast, measurement of brain iron indi-
cated a significant main effect of Diet, F(1,42)=77.6.
p<0.001. Rehabilitated animals remained 22% below con-
trols in brain non-heme iron, despite maintenance on an
iron-supplemented diet from 28 days of age.

B. Plasma Corticosterone

There was no difference in basal levels between rehabili-
tated and control animals. However, in addition to the usual
sex difference in corticoid levels [12] with females exhibiting
higher levels than males, F(1,112)=72.07, p <0.001, the Sex
x Time interaction was significant, F(3,112)=4.97, p<0.01
(Fig. 1). Post hoc testing indicated a simple main effect of
time for both males and females (»s<0.01). Thus, males and
females both exhibited significantly elevated levels of plasma
corticosterone 15 min after basal sampling. There was no
change from these peak levels at 45 min in either group:
however, females showed a significant decrease toward
basal levels at 120 min while males showed only a slight but
nonsignificant decrease at this point.

Thus, while females show a decrease toward basal levels
slightly earlier than males, there appear to be no differences
in the time course of the plasma corticoid response in re-
habilitated and control animals. This suggests that the alter-
ations in pituitary-adrenal responsiveness observed in young
iron deficient animals do not persist in rehabilitated adults.
Alternatively, it is possible that because ether is such a po-
tent stressor, differences in pituitary-adrenal responsiveness
were masked in this experiment. Differences between pre-
viously iron deficient and control animals might in fact be
observed in response to less intense stimuli. The next exper-
iment was designed to test this possibility.

EXPERIMENT 2

In this experiment we measured activity and exploration
in a novel environment. Since novelty is a potent stimulator
of arousal [2,9], we chose a situation designed to minimize
arousal and thus increase exploration—the hole-board [8)].
The apparatus was relatively small and painted a dull gray,
and testing was done under red lights. The primary de-
pendent variable was head-dipping, an exploratory response
which was relatively independent of ambulation; the rat
could freely ambulate without head-dipping or could stand in
place and repeatedly head-dip. Thus, this task enabled us to
obtain fairly independent measures of activity and explora-
tion.

When perpubertal iron deficient animals were previously
tested in this situation we found that they did not differ from
controls in amount of head-dipping, but did differ in activity
in that they ambulated significantly less than controls on Day
1 of testing [20]. In this present experiment we investigated
whether this activity difference persisted in the adult. In ad-
dition, to assess the animal's arousal in response to the novel
environment, we measured plasma corticoid levels following
the session on Day 2 of testing.

METHOD
Animals

Twelve pregnant females (6 lron Deficient, 6 Control)
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TABLE 1
BODY WEIGHT, BRAIN WEIGHT, AND BRAIN NON-HEME IRON

Diet Body Weight Brain Weight Brain Iron ug/Brain
s ® o ® 3 0
Iron deficient 367.8 = 16.1 237.7 = 89 1.831 + 0.03 1.743 = 0.04 10.33 + 0.28 10.39 = 0.30
Control 361.6 = 6.7 246.9 = 4.5 1.875 = 0.02 1.782 = 0.02 13.29 + 0.42 13.17 = 0.30
80 Each animal was tested for a 5-min trial each day for 2 con-
T T —T T . . .
secutive days. Between trials the apparatus was wiped clean
and then washed down with a 50% EtOH solution to neutral-
70 -~ ize olfactory cues. Behavioral measures recorded were 1)
g head-dipping (scored if both eyes disappeared into the hole);
° 2) total duration of head-dipping (recorded in seconds); 3)
© 60 ~ ambulation (defined as number of quadrants entered with all
§ 4 feet). Data for each measure were analyzed in separate 2
o oL (Diet) x 2 (Sex) x 2 (Days) analyses of variance, with the
z ° -1 Days factor treated as a repeated measure. In addition, blood
g samples for determination of plasma levels of corticosterone
40 | were taken 20 min after the start of the session on Day 2 of
b4 T testing.
©
T 30 4
S B RESULTS AND DISCUSSION
; Head-Dipping and Duration of Head-Dipping
20~ . .
2 'ﬁ All animals showed a decrease both in number of head-
a dips, F(1,40)=24.6, p<0.001, and in duration of head-dips,
10} - F(1,40)=59.5, p<0.001, over the 2 days of testing. However,
there was no effect of diet on these measures.
ol—1 1 1 1 .
0 5 25 120 Ambulation
TIME Similarly, while there was no effect of diet on ambulation,

FIG. 1. Time course of the plasma corticoid response in previously

iron deficient (1) and control (C) animals at 15, 45 and 120 min

following ether and cardiac puncture. Basal samples (Time 0) were
also collected.

were treated and housed as described in Experiment 1. E-
leven males and 11 females from each diet condition were
randomly selected at approximately 65 days of age to be used
in this experiment.

Apparatus

The apparatus was a modified rat hole-board [8]: a gray
wooden box with a floor 6666 cm and walls 35 cm high. The
floor was marked off into 4 equal quadrants, and in the floor
were 4 equally spaced holes, each 3 c¢m in diameter. The
walls of the apparatus extended below the level of the floor,
which was thus raised to a height of 11 cm so that objects
could be placed under each hole. The objects were matches,
a cork, a rubber stopper, and a ball of cotton, each standing
in the mouth of a 50-ml Erlenmeyer flask. The area under the
floor was illuminated by two 10 W bulbs. Testing was done in
a darkened room under red light, with white masking noise of
approximately 70 dB.

Procedure

All testing was conducted between 0900 and 1300 hr.

all groups showed less ambulation on Day 2 than on Day 1 of
testing, F(1,40)=76.9, p<0.001.

Plasma Corticosterone

The typical sex difference in plasma corticoids was ob-
served, with females showing significantly higher levels than
males, F(1,40)=37.1, p<0.001. In addition there was a trend
for a Diet x Sex interaction, F(1,40)=3.3, p<0.07. While
previously iron deficient males (mean=12.2 = 1.9 ug%)
showed less elevated corticoid levels than control males
(mean=17.7 + 2.8 ug%), rehabilitated females (mean=49.3
+ 6.7 ug%) showed greater corticoid elevations than control
females (mean=37.7 + 5.6 ug%).

Thus, we observed that rehabilitated and controi animals
did not differ in amount of exploration. In addition, these
results indicate that the ambulation or activity difference
previously observed in young iron deficient animals does not
persist in the rehabilitated animal.

In contrast, the pituitary-adrenal response to the hole-
board does indicate a possible difference between rehabili-
tated and control animals. Although the interaction was only
marginally significant, the corticoid response suggests that
males may show reduced arousal while females show in-
creased arousal under these conditions. Data on 28-day-old
iron deficient animals (20] indicate generally reduced re-
sponsiveness to environmental stimuli in both males and
females as a result of iron deficiency. It is possible that once
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TABLE 2
MEAN BODY WEIGHTS (G)
Age (days)

Diet 21 23 26 28
Control S S7T4+15 655+16 846=19 98.4 =20
9 560+12 622+19 789+23 90.7=x24
‘ 3 473=14 510=15 S80=2.0 63.3=+24
Iron Deficient O 471=13 509+14 568+22 60725
. 3 569+12 556=1.1 606+1.1 63912
Weight Control o <¢'g . 08 542+07 $83+08 61608

the animals have been rehabilitated, the two sexes respond
differently as a consequence of their early experience. The
next experiment was designed to determine whether possible
differences in responsiveness between rehabilitated and con-
trol animals might affect performance in a cognitive task.

EXPERIMENT 3

Active avoidance conditioning has frequently been used
to assess the relationship between emotional reactivity and
learning [3]). For example, animals which are known to be
less reactive due to preweaning handling have been shown to
learn faster and make fewer errors in some active avoidance
paradigms [13,14] and also to be capable of showing reduced
arousal indicative of coping over the course of avoidance
testing [19].

Improved active avoidance performance has also been
observed in perinatally malnourished animals [15,25]. It was
suggested that this facilitation in performance was not due to
altered emotionality but might be related to altered shock
thresholds. Since iron deficient animals have a brief period
of slower weight gain than controls, effects due to previous
iron deficiency might be confounded with effects due to re-
duced food intake during active avoidance learning. There-
fore, in addition to the iron deficient and ad lib control ani-
mals, a weight control group was also included in this exper-
iment. Animals in the weight control group were continued
on the control diet from 21 to 28 days of age, but intake was
restricted so that they approximated the weight gain of the
iron deficient rather than of the control animals. It was noted
previously [20] that by 28 days of age animals raised on the
iron deficient diet regimen were 20 to 25% underweight com-
pared with controls. We hypothesized that if the persistent
deficit in brain non-heme iron in some way affected either
overall responsiveness or cognitive function in rehabilitated
animals, differences in performance might be observed dur-
ing active avoidance learning.

METHOD
Animals

Sixteen pregnant females were treated and housed as de-
scribed previously. On the day they gave birth, 5 females
were placed on the iron deficient diet regimen and 11 females
were placed on the control diet regimen. At weaning the
controls were divided into 2 groups. Animals in 1 group were
given ad lib access to the control diet until pups were 28 days

of age. Animals in the other group were also continued on
the control diet, but intake was restricted so that they grew
at the rate of the iron deficient rather than the control ani-
mals (Table 2).

Apparatus

The avoidance apparatus was a two-way shuttlebox
(19%x45x27 cm) divided into two compartments by a 7.5 cm
high barrier. The conditioned stimulus was a light (mounted
on the wall at either end of the box) plus white noise (approx-
imately 75 dB). Electric shock (0.5 mA) was delivered to the
grid floor and barrier (1.6 cm spacing center to center be-
tween grids) through a Grason-Stadler Shock Scrambler
(Model No. 1064GS). The CS, or CS + UCS, were termi-
nated when the rat crossed the barrier. The CS-UCS interval
was 5 sec and the intertrial interval was 60 sec. The entire
apparatus was housed in a sound-attenuating chamber.

Procedure

Animals were tested for 70 trials in a single session. Be-
havioral measures recorded during the session were number
of avoidance responses, and total number of responses (sum
of avoidance responses + intertrial responses). Between
sessions the chamber was wiped clean and then washed
down with a 50% EtOH solution to neutralize odor cues. The
resulting design was 3 (Diet) x 2 (Sex) x 7 (Blocks of 10
trials) with the Trials factor treated as a repeated measure.

RESULTS AND DISCUSSION
Avoidance Responses

All groups increased their correct responses over trials,
F(6,360)=145.5, p<0.0001 (Fig. 2). In addition, females
made more correct responses overall than males,
F(1,60)=5.5, p<0.05. There was no effect of diet on this
measure.

Total Responses

First, the Sex x Trials interaction was significant,
F(6,360)=2.6, p<0.05 (Fig. 3). Post hoc analysis of simple
main effects [26] indicated that males and females were simi-
lar in responding for the first 20 trials. Females then showed
a significant increase in intertrial responses and continued to
make more total responses than males until trial 50
(ps<0.05), when they then showed a decrease in number of
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FIG. 2. Mean number of correct responses during active avoidance

learning in previously iron deficient (1), ad lib control (C), and

weight control (WC) animals. Scores were recorded for each block
of 10 trials.

responses; for the last 20 trials males and females did not
differ. In addition to this sex difference in total number of
responses, there was a significant Diet X Sex interaction,
F(2,60)=3.3, p<0.05 (Table 3). Females of the 3 diet condi-
tions did not differ from each other, but rehabilitated males
made significantly more total responses than both ad lib con-
trol and weight control animals (ps<0.01), and these latter 2
groups were alike.

Thus in terms of performance we found a significant sex
difference, with females making more correct responses
than males. However, neither previous iron deficiency nor
previous mild undernutrition appeared to have long-term ef-
fects on learning in this test. In contrast, early iron defi-
ciency did appear to affect total number of responses, a
measure which includes intertrial responding as well as
avoidance/escape responding. Here we observed that
females from the 3 diet groups did not differ, but rehabili-
tated males made significantly more responses than both ad
lib controls and weight controls.

It is unlikely that these results were due to an effect of
reduced brain non-heme iron on general activity since groups
did not differ previously in their activity scores in the hole-
board. One possible explanation is that rehabilitated and
control males were differentially affected by shock in this
situation. Shock thresholds may have been altered in pre-
viously iron deficient males, or shock may have differentially
affected motivation or arousal in these animals. Another

TABLE 3
MEAN NUMBER OF TOTAL RESPONSES

Diet Condition

Rehabilitated Control Weight Control
3 16.2 = 0.9 11.2 = 0.2 11.4 £ 0.2
Q 15.1 £ 0.6 157 = 0.6 13.4 = 0.4
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FIG. 3. Mean number of total responses (sum of avoidance/escape +
intertrial responses) for males and females, summed across diet
conditions.

possibility is that rehabilitated males are impaired in their
capacity to inhibit responses. Although this was not reflected
in improved performance it may have affected intertrial re-
sponding. The next study was undertaken to investigate
these two possibilities.

EXPERIMENT 4

In this experiment animals from the same 3 diet condi-
tions described in Experiment 3 were tested for their per-
formance in a shock-motivated passive avoidance task. In
this situation animals were required to freeze or inhibit ac-
tivity in order to avoid shock. We hypothesized that if the
increased responding seen in active avoidance learning was
due to an impaired ability to inhibit responses, then rehabili-
tated animals would not perform as well as controls in pas-
sive avoidance learning. If, on the other hand, the increased
intertrial responding was due to altered shock thresholds or
altered arousal then rehabilitated animals would perform bet-
ter than controls in this situation.

METHOD
Animals

Animals (5 litters per diet condition) were treated and
reared as described in Experiment 3. At 70 days of age 9
males and 9 females were chosen from each of the 3 diet
conditions to be used in this experiment.
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FIG. 4. Mean latencies to enter the chamber on the Test Day, re-

corded on the trial prior to shock (Pre-Shock) and on the first 2 trials

immediately following shock (Post 1 and Post 2). Previously iron

deficient (—I), control (C) and weight control (WC) groups were
tested.

Apparatus

The apparatus was a modification of one described by
Ader et al. [1]. It was a black Lucite chamber 39x39x40 cm.
The floor of the box consisted of 0.3 cm rods spaced 1.4 cm
apart. A 10 cm wide mesh-covered runway extended out 25
cm from the center of the front wall on a plane with the grid
floor. A guillotine door separated the runway from the box.
The box remained dark, while a 25 W bulb was fixed approx-
imately 56 ¢cm above the runway. During testing the room
was dark. The box was placed with the front wall at the edge
of a table so that the platform extended out over the floor.

Procedure

On Day 1 of testing (Habituation Day}), animals were each
placed into the box (with guillotine door open) and allowed
to explore freely for 2 min. They were then removed from
the chamber and immediately placed at the end of the
platform facing away from the door. Latency to enter the
chamber was recorded.

On Day 2 animals were again placed on the platform,
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facing away from the door; latency to enter the chamber was
recorded. When the rat entered, the guillotine door was im-
mediately closed and 3 sec of 0.5 mA shock was adminis-
tered. Rats were left in the chamber for an additional 7 sec
and then removed to a holding pan for a 1 min intertrial
interval. Animals were then placed back on the platform as
before, and latency to reenter the chamber was recorded up
to a maximum of 2 min. If the animal reentered within 2 min
the door was closed and shock was administered as on the
first trial. After 1 min in the holding pan the rat was again
placed back on the platform. This procedure was repeated
until the animal reached a criterion of two successive
avoidances (2 min on the platform).

RESULTS AND DISCUSSION
Habituation Day

A two-way analysis of variance for the factors of Diet and
Sex revealed no significant differences among groups or be-
tween males and females on the habituation day; all groups
entered the chamber with similar latencies.

Test Day

There were no significant differences among groups in
number of trials to reach the criterion of 2 successive
avoidance trials. However, a three-way analysis of variance
for the factors of Diet, Sex and Trials, performed on the data
for the first 3 trials on the Test Day revealed a significant
Diet x Trials interaction, F(4,96)=2.84, p<0.05 (Fig. 4).
Post hoc tests for simple main effects revealed that groups
did not differ in reentry latencies when placed on the plat-
form prior to receiving shock. On the first trial following
shock, however, rehabilitated animals exhibited significantly
longer latencies to reenter the chamber than either ad lib
controls or weight controls (ps<0.05) and these latter 2
groups did not differ from each other. By the second trial
following shock, both ad lib and weight controls increased
their reentry latencies to the level of the rehabilitated ani-
mals, and the 3 groups no longer differed.

It appears that when required to inhibit activity in order to
avoid shock, previously iron deficient animals actually per-
formed better than controls. In our previous study on 28-
day-old iron deficient animals similar results were obtained:
that is, young iron deficient animals also showed increased
reentry latencies following shock. Thus in this situation the
pattern of response observed in young iron deficient animals
appeared to persist in the rehabilitated adult. These results
do not support the hypothesis that rehabilitated animals are
impaired in their capacity to inhibit activity. However it is
difficult to determine just what factors produced these re-
sults. We observed that rehabilitated males were more af-
fected than rehabilitated females during active avoidance
learning, but that the two sexes were similarly affected in
this situation. If reductions in shock threshold which differ-
entially affected males and females had occurred as a conse-
quence of early iron deficiency, we would have expected a
sex difference in response to passive avoidance learning as
well. On the other hand, even if shock thresholds were not
affected, shock might still have differentially affected moti-
vation or arousal in rehabilitated and control animals. The
fact that this was reflected differently in the two shock-
motivated tasks may have been due to the nature of these
two test situations. Both tasks involved an avoidance-
avoidance conflict for the animals. In the two-way
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shuttlebox there was no consistently safe location. Animals
had to learn to respond in two directions, and to constantly
return to a place where they had previously received shock.
In the passive avoidance task animals were first permitted to
run from an aversive (platform) to a preferred (chamber)
location, and were then shocked upon entering the chamber,
thus rendering both locations highly aversive. However, of
the two tasks, active avoidance was probably the less aver-
sive. Although the shuttlebox task forced animals to return
to a dangerous location, there was also a high level of feed-
back to indicate that they had made the correct response.
Feedback can be defined as stimuli occurring after a re-
sponse and not associated with the stressor [23]. These
stimuli provide information to the organism, indicating that it
has *‘done the right thing’’ and/or that the aversive stimulus
is over, at least for some interval of time. It has been
demonstrated (e.g. [19, 23, 24]) that relevant feedback can
reduce arousal and enable animals to cope with a situation
even if they are receiving shock. For example, animals
which receive signals, either prior to or immediately follow-
ing shock in a wheel-turning escape/avoidance task, develop
fewer gastric ulcers than animals performing the same task
with no signals present [23,24). The signals provide informa-
tion about the effectiveness of the animal’s responses as well
as about shock onset and offset (and hence about safe
periods).

In the shuttlebox task employed in Experiment 3 there
was a high level of relevant feedback—animals changed lo-
cation, and the conditioned stimulus (or the conditioned
stimulus and shock) was terminated. Thus it is possible that
the aversiveness of the shuttlebox task was ameliorated to
some extent by the occurrence of feedback information.
However, no relevant feedback occurred in the passive
avoidance situation. Animals had to inhibit their responses
for a 2 min interval and no signals were presented to indicate
that a correct response had occurred. It was only under these
highly aversive passive avoidance test conditions that both
males and females in the rehabilitated group were signifi-
cantly more responsive than both ad lib controls and weight
controls.

GENERAL DISCUSSION

In summary we found that neither alterations in
pituitary-adrenal responsiveness nor changes in activity
levels which had been observed previously in 28-day-old iron
deficient animals [20] persisted in the rehabilitated adult.
However, in the two shock-motivated avoidance tasks
differences between groups emerged. 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. It

was suggested that shock differentially affected motivation
or arousal in rehabilitated and control animals. This was
particularly evident in the highly aversive passive avoidance
task. Under conditions of intense conflict both males and
females which had experienced early iron deficiency showed
increased responsiveness or reactivity. This pattern of re-
sponse replicated the pattern observed previously in 28-
day-old iron deficient animals. Further, the data indicate that
these differences in adult responsiveness were primarily due
to the effects of early iron deficiency rather than to any
long-term effects of the reduced food intake which is typi-
cally observed in iron deficient animals. This conclusion is
based on the fact that animals reared in the weight control
condition performed like controls rather than like previously
iron deficient animals. Inclusion of the weight control group
thus enabled us to separate effects due to iron deficiency
from those due to undernutrition. This demonstrates the
value of including a weight control condition in studies of
this type.

There were also indications that early iron deficiency af-
fected males and females differentially under certain condi-
tions. For example, in the hole-board rehabilitated males
showed a reduced corticoid response while rehabilitated
females showed an increased corticoid response. In active
avoidance learning, only rehabilitated males showed an in-
crease in intertrial responses. Other types of early experi-
ences are also known to affect the two sexes in different
ways. For example, in studies on shock-induced fighting [7],
active avoidance learning [19] and hole-board exploration
(21] it has been observed that early handling or infantile
stimulation has a much greater impact on males than on
females. Females, regardless of early treatment, appear able
to show appropriate behavioral or physiological responses.
However, only handled males appear able to show such
changes in response; nonhandled males are unable to do so,
particularly as stimulus intensity increases. Thus, in addition
to a weight control group, it is essential that an evaluation of
any infantile treatment, whether it is early handling or early
iron deficiency, include both males and females in testing.

In conclusion, previous data [S] demonstrated long-term
effects of early iron deficiency on levels of brain non-heme
iron. The present series of experiments demonstrates long-
term effects of early iron deficiency on behavioral and phys-
iological responsiveness as well. These effects were particu-
larly evident in shock-motivated avoidance tasks where ani-
mals were subjected to an intense avoidance-avoidance con-
flict.
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