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ABSTRACT KEYWORDS

We have previously reported the presence
of dehydroepiandosterone (DHEA) in the day-
old-chick brain, and a role for it in enhanced
memory formation. Here we confirm that
intracerebral injections of DHEA 5 min before
training on the weak passive avoidance task
enhanced recall 24 hours after training. Recall
per se on an appetitive visual categorization
task was not altered by administration of
DHEA 5 min before training. However
administration of DHEA 5 min before limited
or very limited training on a visual categori-
zation task (20 or 10 pecks only) appeared to
enhance consolidation of this task at test 24 h
after training; reducing the latency and total
time taken to complete the test (60 pecks), while

not detrimentally altering accuracy. Moreover,
DHEA is unlikely to induce this effect via

possible anxiolytic effects because it did not
alter behavior in the open field test. We also
examined diffusion of DHEA throughout the
brain at various stages following intracerebral

injection.

Reprint request to: Amy Johnston, Depl. of Biological Sciences,

Fhe Open University, Walton Hall,, Milton Keynes, MK7 6AK
UK; e-mail: a.n.b.johnston@open.ac.uk

Abbreviations: DHEA-S, dehydroepiandosterone-sulphate;
DMSO, dimethyl sulphoxide; GABA, gamma-aminobutyric
acid; IMHV, intermediate medial hyperstriatum ventrale; LPO,
lobus parolfactorius; MeA, Methylanthranilate NMDA, N-
methyl-D-aspartate; PREG, pregnenolone

(C) Freund & Pettman, UK, 2001

neurosteroids, passive avoidance learning, DHEA,
avian, visual discrimination

INTRODUCTION

The production of significant quantities of
neurosteroids and steroids like dehydroepiandoster-
one (DHEA), pregnenolone (PREG), and their
sulphate esters (Baulieu, 1997; Corpechot, 1981;
Corpechot et al., 1983; Lanthier & Patwardhan,
1986), which are synthesized de novo in the brain
from cholesterol (Robel & Baulieu, 1995), has been
documented in a wide range of mammalian species
(Akwa & Baulieu, 1999). PREG and DHEA have
also been detected in avian species like adult male
Japanese quails (Tsutsui & Yamazaki, 1995) and
day-old chicks (Migues et al., 2002). Moreover, in
day-old chicks, DHEA is highly concentrated in a

brain region known to be crucial for consoli-dating
certain early forms of memory, including passive
avoidance learning (Rose, 2000) and filial

imprinting (Horn, 1991; Johnston et al., 1995). In
this region, the intermediate medial hyperstriatum
ventrale (IMHV), the levels of DHEA are almost
10-fold higher than those in the forebrain as a whole
and more than twice those found in other subregions
of the chick forebrain, even though plasma
concentrations in chicks are of the same order of

magnitude as those found in humans (Lanthier &
Patwardhan, 1986) and rats (Robel et al., 1999;

Migues et al., 2002). Such a high concentration of
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DHEA in the IMHV region, which is extremely
important for various forms of early neural
plasticity in chicks, is suggestive of a direct role of
DHEA in such plasticity, but can also simply
indicate high levels of activity in this region.
Given our previous finding that DHEA is
implicated in the consolidation of passive avoidance
learning, this hypothesis seemed to warrant further
investigation.

DHEA and DHEA-sulphate (DHEA-S) are
indeed promising candidates for plasticity-related
effects in the central nervous system (Baulieu &
Robel, 1996). These compounds have been shown
to increase neuronal excitability by modulating the
activity of GABA and sigma receptors (Ma’jewska
et al., 1990; Demirgoren et al., 1991; Monnet et

al., 1995) and to stimulate neurite growth and
synaptic formation during development (Bologa et

al., 1987; Roberts et al., 1987; Compagnone &
Mellon, 1998); events that also have been impli-
cated in the active consolidation of various forms
of memory in chicks and various rodents (Farkas
& Crowe, 2000; Izquierdo & Medina, 1997, Rose
& Stewart, 1999). Moreover, behavioral pharma-
cological studies using several learning and memory
models have strongly suggested that DHEA and

DHEA-S play a role in the consolidation of

memory (Vallee et al., 2001).
DHEA and DHEA-S improve retention in

various ’aversive’ tasks in rodents, particularly
aged rodents (for review see Vallee et al., 2001),
including passive and active footshock avoidance

(Flood et al., 1988; Reddy & Kulkarni, 1998a),
elevated plus maze (Reddy & Kulkarni, 1998b), and

spatial tasks like the T-maze (Melchior & Ritzmann,

1996). Moreover, we recently showed that DHEA
is involved in the consolidation of a passive

avoidance task in chicks (Migues et al., 2002).

Such tasks are known to be inherently stressful,

however, elevating endogenous corticol/cortico-

sterone (McGaugh, 1989; Cordero et al., 1998).
Moreover, performance at test on these tasks in

chicks and rodents is also altered by the admini-
stration of specific levels of ’stress’ hormones like
corticosterone, as is the ’weak’ version of passive
avoidance learning (Sandi & Rose, 1994; Johnston
& Rose, 1998; McGaugh, 1989). The endogenous
levels in the brain but not in plasma, of certain
neurosteroids, including a precursor of DHEA
(PREG), are directly related to acute stress responses
(Barbaccia, 1996a,b); and levels of PREG, not

DHEA, correlate with memory performance in rats

(Vallee et al., 2001). Nevertheless, unique thus far
among the neurosteroids, DHEA has yet to be
shown to be specifically altered by exposure to

stressful events, suggesting that DHEA may not be

directly evoked by stress. Thus, its putative anti-

amnestic features may relate less to anxiolytic
properties and more directly to the biochemical
mechanisms of memory consolidation.

Information about the role of the neurosteroids
in the consolidation of appetitive tasks, as opposed
to aversive tasks, is very limited in any species.
Whereas in mice, PREG-S can overcome amnesia

induced by an NMDA receptor antagonist in a

classic operant conditioning task, it does not, when

administered alone, alter behavior on this task.
Melchior and Ritzamn (1996) investigated the

effect of PREG, PREG-S, DHEA, and DHEA-S on

spatial working memory in adult male mice, using
a win-shift foraging paradigm in a T-maze, in

which an appetitive reward (milk) was offered.
The authors found that DHEA, DHEA-S, PREG,
and PREG-S (0.05 mg/kg i.p. each) given 30 min

before training enhanced memory. Despite their

own previous findings, however, that DHEA had

an anxiolytic effect whereas PREG-S has a dose-

dependent anxiogenic effect (Melchior & Ritzman,

1994), the authors did not investigate the possible
differential effects of these neurosteroids on non-

specific behavioral strategies or on anxiety per se.

Most behavioral studies using DHEA or related

neurosteroids have been done with male animals.

We have previously shown that, at least in chicks,
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behavioral (even leaming-related) responses to
stressors are often more elevated in male than in
female animals (Rogers, 1995; Johnston & Rose,
1998). DHEA, as opposed to the other neuro-
steroids, has not been found to show gender-
dependent effects on memory tasks. Although lack
of such a finding cannot be taken to indicate a true
lack of such a difference, we have not found any
gender-linked differences in the effect of DHEA
treatment on memory retention (Migues et al.,
2002). Yet, possible anxiolytic effects of DHEA in
chicks cannot be dismissed and clearly warrant

investigation, such as examining its effects on the
open field test (Andrew, 1991 ).

Bead floor (or pebble floor) learning is a
visual categorization learning task commonly used
in the chick. This task relies on chicks learning,
within the space of a limited number of pecks
(usually 60 pecks), to attend selectively to food
grains scattered among beads or pebbles that are

glued to the floor (Rogers, 1995; Tiunova et al.,
1996). Thus, the task simulates a possible ’real-
life’ scenario, in which chicks rapidly and with
limited experience learn to classify objects into
food and non-food items after encountering only a
few examples of such objects, based on the
acquisition of a generalized response to classes of
object (beads/grains). This task relies on a food
search strategy that is apparently quite rapidly
adapted to laboratory-based studies like this and
has been used to describe various correlates of

memory (Tiunova et al., 1998).
The focus of the current study was to examine

the relative memory-enhancing effects of DHEA in
an aversive and in an appetitive task in the same

species at relatively similar ages. Our aim was to

confirm our previous observation that DHEA did
indeed facilitate the weakly aversive version of the
one-trial passive avoidance task (Experiment 1)
and to examine the effects of administering DHEA
into the IMHV region on an appetitive task

(Experiments 2, 3). Various measures of possible

non-specific effects of DHEA on behavior, which
might influence apparent ’memory’ performance
accompanied these tests to specifically examine
whether DHEA has anxiolytic effects on chicks by
testing age- and batch-matched treated chicks on
an open field and response to novel object test
(Experiment 4). Previous data were acquired from
experiments in which neurosteroids were injected
into the intermediate medial hyperstriatum ventrale
(IMHV) region. Because we considered it

important to examine the extent of diffusion of
DHEA after such injections, we also completed an

experiment using radiolabeled DHEA to examine
these parameters (Experiment 5).

MATERIALS AND METHODS

Animals

Fertile Ross Chunky eggs were incubated in a

commercial communal brooder maintained on a
8:16 h light-dark cycle at 37-38C. Eggs were
candled on day-16 of incubation, and the fertile
eggs were transferred to a hatching incubator
maintained on a 12:12 h light-dark cycle at 37-
38C the following day. The chicks were allowed
to hatch normally and, about 6 h after hatching,
were placed in a group cage maintained on a 12:12
h light-dark cycle, at 27-29C with chick starter
crumbs and water provided ad libitum. All animal

experimental work was carried out under personal
and project Home Office Licenses, according to

the U.K. Animals (Scientific Procedures) Act 1986.

Administration of DHEA:

DHEA (Sigma, UK) was dissolved in dimethyl-
sulphoxide (DMSO, Sigma, UK) to create a stock
solution of 0.1 M and then diluted with 0.9%
sterile saline to the appropriate concentration for
injections. The final concentration of DMSO in all
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solutions was less than 0.001%. DHEA (3 or 30 ng
per chick, equivalent to 10 or 100 pmol), or saline
containing less than 0.001% DMSO (control) were
injected intracerebmlly, 5 microliters per hemisphere
into both hemispheres, 5 min before training. The
solutions were injected using a Hamilton micro-
syringe fitted with a plastic sleeve as a stop, allowing
an injection depth of 3 mm. A Plexiglass head holder
was used to direct the injection into both the right
and left intermediate and medial hyperstriatum
ventrale (IMHV). The injection needle was left in
place for 5 s. Methylene blue stain was used in
preliminary trials to confirm that the headholder
was calibrated and that the injections were going
to the IMHV region. Moreover, at the conclusion
of each experiment, the brains were dissected and
a visual inspection of the termination site of each
injection was made. Less than 2% of the injections
did not appear to terminate in the IMHV. In such
cases, the data were not included in the analysis.

Behavioural testing

Passive avoidance learning: Memory retention
was studied using the weak passive avoidance task
(Sandi & Rose, 1994; Bume & Rose, 1997; Crowe
& Hamalainen, 2001). One-day-old chicks were

placed in pairs into aluminium pens illuminated by
red 25 W light bulbs, and chick crumbs were

scattered on the floor. After at least h of
acclimatization, the chicks were pre-trained by
presenting them with a small (3.5 mm-diameter)
white bead for 10 s. We repeated this procedure 3
times with an interval of at least 5 min between
presentations. Chicks that failed to peck in at least
two of the three trials were excluded from

subsequent treatment. Five min after pretraining,
the chicks were trained by a 30 s presentation of a
4-mm shiny chrome bead coated with 10% MeA in

ethanol. Twenty-four h after training, the chicks

were tested with a 10 s presentation of a dry 4-mm
chrome bead, followed (5 min later) by a 10 s

presentation of a white bead (the discrimination
trial). We trained and tested each chick only once.
Ater the test, the chicks were killed, and the site of
injection was confirmed. Chicks that showed
discrimination at test; namely, avoided the chrome
bead but pecked at the white bead, were classified
as able to recall the task, whereas those that
pecked at both beads at test were regarded as
amnesic. Whereas clearly some chicks may
remember the task and avoid both beads during the
test, the standard criteria we use to indicate recall
is that the chicks show a specific memory of the
aversive properties of the chrome bead and do not

generalize to the white bead (Burne & Rose,
1997). Failure to meet this basic criterion results in
exclusion from further analysis. By contrast,

chicks that peck at the white bead during testing
demonstrate that their general pecking behavior is

relatively unaffected by training and that no

significant motor or visual impairment has resulted
from treatment. Thus, we included in the final

analysis only chicks that (a) in at least two of three
trials pecked during pre-training, (b) pecked at the
chrome bead during training, and (c) pecked at the
white bead during the test.

The results were expressed as percent avoidance,

a group level measure of recall calculated as follows.

no. chicks that pecked at white bead but not at chrome bead at test
no. chicks that reached all criteria

Beadfloor

Soon after hatching, the chicks were placed,
either in pairs (Experiment 2) or individually
(Experiment 3), into 2025x20 cm aluminum

cages, illuminated with red 25 W light bulbs and
were provided with food and water ad libitum. The

chicks remained in these pens but were handled,

and the pens were cleaned at least twice daily, for
2 d. The experiments began 3 d after hatching.
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Food was removed from the home cage for 2 to 3 h
before training. The chicks were individually
placed into the experimental (training/testing)
cage, which was identical to the home cage except
for a transparent perspex front wall and, in
Experiment 2, a mirror that was stuck to the rear
wall of the cage. The perspex floor of the ’test’
cage was covered in eight different colored beads,
glued to the floor in twelve rows of fifteen beads
each. Before training and testing, around 2 g of
standard chick starter crumbs were scattered on the
floor among the beads.

During training, each chick remained in the
experimental cage until it had completed either 20
pecks (Experiment 2; limited training) or 10 pecks
(Experiment 3; very limited training) at objects on
the floor. We scored repeated pecks at the same
object, not interrupted by pecks at other objects, as
a single peck. We scored all data manually, using an
adapted computerized event recorder. Pecks were
scored as ’correct’ (peck at a food grain) or ’error’
(peck at bead). We also recorded defecations,
scratching, grooming, and jumping. Immediately
after completing its allocated number of pecks,
each chick was returned to the home cage, where it
remained until testing 24 h later.

The housing conditions were changed between
Experiment 2 and Experiment 3 (paired housing or
individual housing) in an attempt to remove the
requirement for a mirror (’pseudo-social companion’)
during training and testing. The mirror seemed to
attract a great deal of attention and to increase
latency and pecking times unnecessarily (see Figs.
3 & 5). Using individual housing for several days
before training/testing (as per Rogers, 1995)
successfully overcame isolation stress in these
social animals. Indeed, the behavioral parameters
associated with the bead-floor test and its ’parent’
have been widely investigated (see Rogers, 1995)
and thus, a great deal of confidence can be placed
in specific effects of subtle variations in housing,
training, and testing conditions.

We conducted testing and training in the same
manner but in testing, the chicks remained in the
experimental cage until they had completed 60
pecks at objects on the floor. In both Experiments
2 and 3, we allowed a maximum time of 600 s to
complete training and a maximum time of 300 s to
complete the test.

Open field and response to novel object tests:

Open field and response to novel object tests
were conducted on chicks from the same batches
as those used in the very limited beadfloor tests.
The chicks were housed in pairs (to match those
used in Experiment 2) for several days before
testing. One chick in each pair, the target chick,
was injected with DHEA (30 ng) or saline 5 min
before testing or 24 h before testing (to match the
times of injection pre-training and effects at testing
24 h later). The chicks were returned to their home
cage after testing.

For the open field test, we used a l-m square
gray non-reflective plastic arena. The floor was
covered in the same paper toweling that was used
in the chick’s home cage. The toweling was
divided into 10-cm square sections. Each target
chick was placed, along with its companion chick,
into the arena at the same start point (’top’ left
corner). We videotaped the chick’s behavior
during the 300 s test and simultaneously scored the
behavior, using a computerized event recorder. We
recorded the number of squares crossed, defeca-
tions, bouts of peeping, grooming, and scratching.
Immediately following the end of the 300 s open
field test, the chicks were removed from the open
field, a novel object (blue and white box, 3.5
square centimeters with 2 red spots on each side)
was placed into one marked square, and the chicks
were returned to the new ’start square’ (middle
left) in the open field. Again, we videotaped the
test and simultaneously scored the behavior of the
target chick, using a computerized event recorder.
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The number of squares crossed, defecations, bouts
of peeping, grooming, and scratching were noted.
Also noted were approaches toward or contact
with the novel object, time spent in the same
square as the novel object, and time spent in a

square adjacent to the novel object, using playback
analysis.

With all experiments, the contribution of each
batch to each group was balanced as much as

possible, given the inevitable variations in hatch
size and exclusion because of failure to meet the
criteria. Each chick was trained and tested once

only and on only one behavioral task (except open
field and response to novel object tests, which we
conducted using the same ’target’ chick).

Statistical analysis:

Statistical comparisons between the percentage
avoidance scores of the groups were performed
using the G-test (Sokal & Rohlf, 1981). We also
compared the numbers of chicks excluded from
each group, due to failure to reach criteria, where

appropriate, by G-tests. We pooled the results
from male and female chicks as data from earlier

experiments indicated no gender difference in the

avoidance response to DHEA. Scores from the

beadfloor tests (errors) were grouped into blocks
of 20 (Experiment 2/3) or l0 (Experiment 3) and
compared using KruskaI-Wallis tests (Sokal &
Rohlf, 198 l). Post-hoc tests were conducted using
Mann-Whitney U-tests. ’Timing’ data (latency, total

time, time spent pecking) was compared using the

one-way ANOVA and the post-hoc Tukey’s
honestly significant difference tests. We recorded
insufficient numbers of defecations, grooming
bouts, jumps, and scratching for further analysis.

We used ANOVA to compare the number of

squares crossed, the number of bouts of peeping,
and latency to move out of the start square in both

the open field and the response to novel object

tests, using the factor treatment (DHEA or saline

pre-training, DHEA or saline post-training). We
recorded insufficient numbers of grooming bouts,
jumps, and scratching for further analysis. As most
chicks defecated once in each test, in each group
the number of chicks that defecated were compared
using G-tests.

Diffusion experiment

Chicks were injected with 3 nanograms of [3H]
DHEA into the IMHV (112,000 dpm). At various
times after injection (5, 15, 30, 60 rain), the birds
were killed and the brain was removed. The IMHV
and the lobus parolfactorius (LPO) were dissected
from each brain, weighed, and frozen on dry ice.
The rest of the brain, including the remaining
forebrain and the mid-hindbrain, was also weighed
and frozen on dry ice. Each sample was then hom-

ogenized using a Polytron homogenizer
(Kinematica GmbH, Switzerland) at 27,000 rpm
with cold phosphate-buffered saline (PBS) (1:10).
The composition of the buffer (mM) was as

follows: CaCi:.2H:O 0.9, MgCI.6H:O 0.5, KCI:
2.6, KH:PO4 1.5, NaCI 136.0, Na:PO4 8.1 (pH
7.4). An aliquot (100 microliter) from each

homogenate was placed in a scintillation vial,
mixed with 5 mL of scintillation liquid (Pico
FluorTM 15, Packard Bioscience B.V., The Nether-

lands). Radioactivity was counted in a Beckman
LS 1701 liquid scintillation counter.

RESULTS

Experiment 1" Passive avoidance tests

Mirroring our previous results, when 30 ng of
DHEA/chick was injected 5 min before training,

we found a significant enhancement of avoidance

at test compared with the performance of matched

saline-treated chicks (G 4.12, P < 0.05; Fig. 1).
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Fig. 1: Effects of bilateral pretraining injection of DHEA (30
ng; solid bar) compared to saline (open bar) on recall
24 hr after training using the ’weak’ version of the
passive avoidance task (with 10 % MeA). Results are
expressed as percentage avoidance from each group.
*Avoidance tested at 24 h posttraining is significantly
enhanced by DHEA (P < 0.05). n-values are given in
the appropriate bars.

This result was unlikely to be due to the non-
specific effects of treatment with DHEA on training
because an equivalent proportion of each group
did not peck during training (2/19 saline treated
chicks versus 1/21 DHEA treated chicks,
(G 0.48, P > 0.25). The result is equally unlikely
to be due to nonspecific effects on attention or
other non-specific behaviors during testing
because similar proportions of both DHEA- and
saline-treated chicks did not discriminate (2/17
saline-treated versus 3/19 DHEA-treated chicks).
Overall, 12 of 43 chicks (28%)initially placed into
home cages were excluded from the analysis.
Thus, the results of the present study extend our
previous data suggesting an enhancing effect of 30
nanograms DHEA per chick, administered
bilaterally on avoidance responses following
’weak’ training. It is interesting that many of the
DHEA-treated chicks shook their heads, peeped,
and backed away from the test bead, indicative of
a memory of the aversive nature of the ’bitter-
taste’ previously associated with this bead.

Experiment 2: Beadfloor testing chick, limited
training

There was no significant difference between
either group of DHEA-treated and saline-treated
chicks (G 0.25, P 0.88) in the number of errors
in the training block of 20 pecks. As evident in
Fig. 2, all chicks showed similar pecking at beads
(errors) and grains. The treatment also had no
significant effect on pecking in either the first
(G 4.74, P 0.09), second (G 0.52, P 0.77)
or third (G 0.24, P 0.89) block of 20 pecks
during testing. Chicks treated with 30 ng DHEA
showed a tendency toward lower levels of errors in
the first block of 20 pecks during testing, but as
noted above, this trend did not reach significance
(see Fig. 2).

Treatment had no effect on (a) latency to peck
during training (F2,35 0.66, P 0.52), (b) total time
to complete the training (F2.35 0.31, P 0.74), or (c)
total time spent pecking (F2.3. 1.57, P 0.22; see
Fig. 3A, 3B), but it significantly affected latency
to peck during testing (F2.3.=3.42, P<0.05).
Posthoc Tukey’s HSD tests indicated that this
result was due to the significantly reduced latency
in chicks treated with 30 ng DHEA as compared
with matched saline-treated chicks (P<0.05).
There was no significant difference between
saline- and 3 ng DHEA-treated chicks in latency at
test. The total time taken to complete 60 pecks
(F2.3., 11.30, P < 0.01) was significantly different,
however, indicating that the total amount of time
spent in the testing cage differed between groups.

Both 3 and 30 ng DHEA-treated chicks spent
less overall time in the experimental cage than did
saline-treated chicks (P < 0.01 in each case). This
result was not just a consequence of the reduced
latency to peck, as was evident in both DHEA-
treated groups (whereas reduced latency was
evident only in the 30 ng-DHEA treated group).
The total time taken to complete the 60 testing
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Fig. 2: Effects of a bilateral injection ofDHEA (3 or 30 ng in saline; upright or inverted triangles) or saline (squares) into the IMHV
5 min before training on the pecking accuracy of chicks during both training and testing. Data are analysed and presented as
errors (pecks at beads) in each block of 20 pecks, x indicates a trend towards statistical difference from the internal, saline-
injected, control group and 3 ng DHEA-treated group, 0.10 > P > 0.05. n 12 for each group.

pecks (from first to last peck) was also
significantly reduced in both 3 and 30 ng-DHEA
treated chicks (F,.3.= 13.52, P < 0.01). Both DHEA
groups showed significantly reduced pecking times
compared with saline-treated chicks (P < 0.01 in
both cases; see Fig. 3B). Thus, DHEA appears to
reduce the time taken to complete the test without
disrupting the overall accuracy of the responses.

Experiment 3" Beadfloor testing chicks, very
limited training

Even with very limited training on the beadfloor
(10 pecks), DHEA had no effect on accuracy in
pecking during training (Fig. 4) when compared
with saline or non-injected chicks. There was no
significant difference between DHEA-treated,
saline-treated or untreated chicks (G 1.61, P
0.45) in the number of errors in the training block

of 10 pecks. Nor was there any significant effect of
treatment on pecking in either the first (G 1.15,
P 0.56), second (G 0.03, P 0.99) or third

(G 2.28, P=0.32) block of 20 pecks during
testing. Unlike chicks trained with 20 pecks, there
was not even a tendency for chicks treated with 30
ng DHEA to show lower levels of errors in the
first block of 20 pecks during testing. This result
is, at least in part, due to the relatively high levels
of variability shown by these chicks.

It is worth noting, however, that mean error
scores of between 7 (saline) and 5.2 (DHEA-
treated chicks) were seen in the first block of 20
pecks in testing. This, together with comparison of
the testing data presented in Fig. 2 (where the
average error scores in the first block of 20 pecks
at test ranged from 6 in saline-treated chicks to 4
in DHEA-treated chicks) strongly suggests that 10
pecks is sufficient for chicks to acquire the visual

categorization.
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Fig. 3: Eflizcts of a bilateral injection of DHEA (3 or 30 ng.
shaded or solid bars) or saline (open bars) into the
IMHV 5 min belbre training on the time taken to begin
(latency) and complete (total time) training (A) and
testing (B) on the beadfloor task. The total time spent
pecking (total time minus latency) is also presented.
Data are presented as mean + SEM. Bars with different
letters indicate significant differences between
treatments tbr that measure P < 0.05. n 12 per group.

Treatment had no significant effect on latency
to peck during training (F2..s 0.006, P > 0.99), on
the total time to complete the training (Fz.3: 0.34,

P 0.72) or on the total time spent pecking (F2.3.
1.31, P- 0.28; see Fig. 5, A and B). The lack

of difference in any of these measured parameters
between saline-treated, untreated, and DHEA-
treated chicks (or saline- and 3 or 30 ng DHEA-
treated chicks shown in Exp. 2) strongly suggests
that treatment with DHEA does not alter learning
by altering behaviors that are indirectly associated
with task acquisition.

With very limited training, just as with
limited training, treatment had a significant effect
on latency to peck during testing (F2.3. 3.55,
P=0.04). This result is clearly due to
significantly reduced latency to peck in the
DHEA-treated group. No difference occurred
between saline-treated and untreated chicks,
indicating that the stress assoc-iated with an
intracerebral injection just before training is not
sufficient to reduce latency at test (P > 0.05) or

accuracy at testsee below).
Despite an apparent reduction in the total

time of testing and the time spent pecking in the
DHEA-treated group (see Fig. 5) neither measure
was statistically significant (total time" F2.3.=2.25,
P 0.12; time spent pecking F.3., 0.91, P 0.41 ).
This result is probably due primarily to the
variability associated with these tests. The varia-
bility, however, was just as high in all groups
(including untreated chicks) and might be related
to the reduced training experience. Such variability
is unlikely to be due to individual testing per se
(no mirrors) as (note that the same scale in used
in Figs. 3 and 5) testing individually without
mirrors (but following an extended period of
individual housing) did not appear to alter the
average length of testing (but did, obviously,
reduce the training times). Thus, DHEA appears
to reduce the time taken to start the test, without
disrupting the over-all accuracy of the responses
for the time spent peckingindicative of a possible
memory enhancing effect of DHEA for this
appetitive task.
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Fig. 4: Effects of a bilateral injection of DHEA (30 ng in saline; inverted triangles) or saline (triangles) into the IMHV 5 min before
training on the pecking accuracy of chicks during training and testing on the beadfloor task. Also included in this experiment
is data from a non-injected group of chicks (squares). Data are analysed and presented as in Fig. 2. Note however that the
training block was reduced to 10 pecks, n values vary and are given in the legend key.

Experiment 4: Open field and response to novel
object tests

Treatment with DHEA or saline, either ’pre’
training (24 h before testing) or ’post’ training (5
min before testing), did not selectively alter the
responses of chicks in the open field test. Neither
the number of squares crossed by the target chicks
in each group (F3.3_-0.66, P=0.59), nor the
number of peeping bouts (F3.23= 1.07, P 0.38) or

latency to move out of the start square (F..3=0.64,
P 0.60) were significantly different between the
groups. Four or 5 of the 6 chicks in each group
defecated during the test (G=0.45, P>0.50).
Although the data showed a relatively high degree
of variability (see Table 1), the response was not

altered by treatment.
Similar results were obtained in the response

to novel object tests. Again, the number of squares
crossed by chicks did not appear to depend on their

prior treatment (F3.23- 0.56, P--0.65). Perhaps, not

surprisingly, given the chicks previous experience
in the open field apparatus, latency to move out of

the start square was reduced in all groups. There
was, however, no overall difference between the
groups in latency to move from the start square
(F3.:z3 =0.21, P=0.89) or bouts of peeping
(F3.3 0.28, P= 0.84)in this test (see Table 1).
None of the chicks approached or made contact
with the novel object, and only two chicks spent
time in the square adjacent to the novel object,
negating useful analysis of the data. Interestingly,
overall, chicks treated with DHEA defecated more

often than saline-treated chicks did (G 6.28, P <

0.05), although there was no difference between
instances of defecation in chicks treated with

DHEA either 24 hr or 5 min before testing (G
0.45, P > 0.50).

Experiment 5: Diffusion of DHEA throughout
forebrain.

The percentage of radioactivity retained in the
whole brain is shown in Table 2. Approximately
20% of the radioactivity from DHEA was retained

in the brain 5 min after injection, and it had almost
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Fig. 5: Effects of a bilateral injection of DHEA (30 ng, solid
bars) into the IMHV 5 min pretraining on latency to
peck and total time spent completing training (A) and
testing (B) on the beadfloor task. The data are
compared with those from chicks injected with saline
(shaded bars) and a non-injected group of chicks
(open bars). The total time spent pecking (total time
minus latency) is also presented for training (A) and
testing (B). Data are presented as in Fig. 3. * indicates
significant differences between treatments on that
measure P < 0.05. n values vary and are given in the
appropriate bar.

disappeared by hr post-injection. Although the
radioactivity decreased with time, the distribution
within the IMHV and LPO was relatively constant.
Approximately half the amount of total radio-

activity retained within the brain is localized in the
IMHV, whereas approximately 10% remains in the
LPO (See Table 2).

DISCUSSION

The experiments described in this paper
indicate that administration of exogenous DHEA
has an enhancing effect on memory formation. The
results confirm that memory retention in chicks
trained on the ’weak’ version of the passive
avoidance task is enhanced by the administration
of 30 ng DHEA. This effect is unlikely to be due
to nonspecific effects of DHEA on behavior (such
as altered attention, activity or pecking behavior)
because a pre-training injection of the neurosteroid
did not alter the proportion of chicks in each group
that reached criteria.

On the visual categorization task, the
observation that administration of the higher dose
of DHEA before training reduced latency to peck
and total time of pecking without altering accuracy
suggests the possibility that DHEA could enhance
recall on a visual appetitive task as well. The data
suggest that the effects of neurosteroids like DHEA
are not limited to aversive or spatially oriented
tasks, at least not in chicks. The effects of DHEA
observed in 3 to 4 day old chicks also suggest that
the role of DHEA is not limited to a very brief
period of extreme plasticity in the chick (such as
that described in day-old, 24 to 36 h chicks by
Andrew 1991 and Rogers [1995]).

The report presented here is, to the best of our

knowledge, the first on the use of limited training
on the visual discrimination/categorization task as
a means of demonstrating the enhancing effect of a
neurochemical on recall. Although the 10-peck
protocol seemed to show high levels of variation--
so high as to possibly blur enhancing effects of
DHEAthe same pattern of results was evident
with both the 20-peck and 10-peck protocols.
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TABLE 1

Behavioral data obtained in the open field and response to novel object tests

Treatment

DHEA 24 hr pretest

Saline 24 hr pretest

DHEA 5 min pretest

Saline 5 min pretest

Squares crossed

15.2 + 1.49

14.0+/-3.7

19.7 +/- 4.0

15.2 + .2.5

Bouts peeping

6.7 +0.2

3.5 + 3.5

21.3 + 13.2

17.2 +/- 7.9

latency

81.0 +/- 26.6

94.3 +/- 27.5

50.0 +/- 23.8

64.5 +/- 17.1

1Expressed as mean + SEM

TABLE 2

Recovery and distribution of [3H]DHEA in the chick brain

Time after
injection (min)

5

15

30

60

% recovery in
brain

24 +/-2.2

9.7 +/-0.8

5.1+/-1.9

1.4 +/- 0.9

% of
radioactivity in

IMHV

41+/-8

34__.7

45+/- 12

38+/-6

%of
radioactivity in

LPO

13+/-4

I1+/-1

12+/-4

15+5

*Data in the second column are expressed as a percentage of injected radioactivity. Data in columns 3 and 4 are expressed as
percentage of total radioactivity measured in the whole brain.

The experiment examining diffusion of DHEA
throughout the brain after intracerebral injection
into the IMHV showed that only around 20% of
the DHEA contained in the microsyringe was
retained in the brain 5 min after injection, and
almost all had disappeared by h post-injection.
The results presented here imply the following:

the doses said to be administered into the
IMHV in this and in other such studies (see
also Mileusnic et al., 2000) are probably over-

estimated, making difficult the accurate deter-
mination of the effective dose using behavioral
pharmacological tests;
DHEA is probably retained, unchanged, in the
brain for no longer than h, which does not
indicate whether it is metabolized to other
steroids or if it diffuses away;
the action of the neurosteroids injected into the
IMHV might not be restricted only to this
brain region but also occurs in the LPO, in the
archistriatum, and in other surrounding areas.
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Our results mirror those of previous experi-
ments conducted in our laboratory showing low
recovery of tritiated substances injected into the
IMHV (about 30% with glutamate; Johnston,
unpublished) and others in this field. Rosenzweig
et al. (1991), who conducted a similar study with
glutamate, enkephalin, and ouabain, also found a
low percentage of retention, varying between 20%
and 40%, depending on the substance injected.
Although this result clearly does not negate our
behavioral findings, it does argue for caution in
direct comparison of doses and the brain regions
that are required for various learning tasks in
different species based on the results of behavioral
pharmacological experiments.

Migues et al. (2002) have suggested that the
memory enhancing effect of DHEA might be
related to the glucocorticoid-like effects of DHEA.
Corticosterone has previously been shown to en-
hance at least the weak form of passive avoidance
learning (Sandi & Rose, 1994; Johnston & Rose,
1998), and, although not investigated directly in
the beadfloor, ’stress’ or ’stress-like effects’ have
been implicated in altered consolidation of the
pebble-floor (Rogers, 1995). DHEA can act via
anti-glucocorticoid like mechanisms (Kalimi et al.,
1994; see also Kimonides et al., 1999), whereas
behavioral studies in adult male mice have
suggested an anxiolytic effect of DHEA (Melchior
& Ritzmann, 1994; see also Frye & Lacey, 1999).

The importance of the open field and response
to novel object tests in batch-matched animals is
that no significant effect of the drug (or injection)
on these classic tests of possible fear- or stress-
related behaviors appears to be demonstrated.
Such lack of effect supports the notion that DHEA
may interact directly with the biochemical cascade
associated with memory consolidation.

A great deal is known about the memory
cascade associated with the consolidation of passive
avoidance memory (Rose, 1991; 1995; 2000); less
is known about the consolidation of categorization

learning. Yet, both have been shown to involve
similar stages of protein-synthesis dependency and
fucosylation (Tiunova et al., 1996). Thus, it is
possible that they might involve similar, if not the
same, molecular/biochemical cascades. Certainly,
some brain regions seem to be important for both
processes. The IMHV in young chicks is crucial
for the consolidation of passive avoidance learning,
as well as for filial imprinting and possibly for the
visual discrimination/categorization associated with
learning to feed (Andrew, 1991). The relatively
high amount of free DHEA in the IMHV has been
taken as further support for a proposed role of
DHEA in memory formation in the chick, possibly
by a training-related stimulation of release of already
synthesized DHEA into the extra-cellular space.

Various mechanisms could explain the effect
of DHEA on memory retention. Such mechanisms
include mediation through modulatory actions on
neurotransmitter receptors like GABA and sigma
receptors, which have been implicated in the
mechanisms underlying at least passive avoidance
learning (Ciements & Bourne, 1996; Maurice et
al., 1998; Salinska et al., 1998). Alternatively, the
effect of DHEA could be mediated by the classic
genomic action of steroids (Rupprecht et al.,
1996), facilitating the synthesis of proteins needed
for long-term memory formation to occur. Although
intracellular receptors have not yet been described
for DHEA, it is possible that the compound is
metabolized and acts on intracellular receptors
(progesterone, testosterone, or corticoid receptors,
for example) via one or more of its derivatives.

The effects of exogenous DHEA on recall
could also occur via its action on neural cyto-
skeleton dynamics. DHEA has been shown to
increase the number and connectivity of neurons in
culture (Bologa et al., 1987), as well as increasing
the length of the neurites containing the axonal
marker Tau (Compagnone & Mellon, 1998).
Following strong passive avoidance training in
chicks, memory-related changes are known to
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occur in synaptic and in dendritic numbers,
dimensions, and morphology (Patel et al., 1988;
Doubell & Stewart, 1993), including changes in
the connectivity of neurons in the IMHV region.

The mechanisms for DHEA action cited above
are clearly not mutually exclusive and may well
operate simultaneously in producing a memory-
enhancing effect in chicks for appetitive, as well as
for aversive conditioning. Although further studies
are necessary to explore the precise route by which
DHEA strengthens memory retention, our findings
point to a significant regulatory role for DHEA,
and presumably for related neurosteroids, in the
normal mechanisms of experience-dependent
neural plasticity. One of the few positive effects of
the neurosteroids in human memory trials is that of
DHEA on tasks involving visual attention in
elderly adults (Wolf et al., 1998). Thus, DHEA
may well constitute a potential therapeutic tool in
the treatment of cognitive deficits.
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