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Introduction

Dehydroepiandrosterone (DHEA), with its sulfate conjugate
(DHEAS), is the most abundant steroid hormone in man (Orent-
reich et al 1984). It is released from the adrenals, but also seems
to be directly synthesized in the central nervous system (Robel
and Baulieu 1994), where it acts as a gamma-aminobutyric acid
(GABA), receptor antagonist (Majewska 1992) in animals.
DHEA and DHEAS have been shown to increase neuronal
excitability by reducing GABA-induced neuronal inhibition.
These steroids therefore have been termed “excitatory neuro-
steroids” (Robel and Baulieu 1994; Majewska 1992). Results
from animal studies further indicate that GABA ,-antagonistic
drugs can improve memory (e.g., Castellano and McGaugh
1990). Indeed antiamnestic as well as memory-improving effects
of DHEA and DHEAS could be demonstrated in mice (Flood et
al 1988; Melchior and Ritzmann 1996). In the latter study,
DHEA blocked the memory-impairing effects of ethanol. In
addition, DHEAS enhanced hippocampal primed burst potentia-
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tion, which is an electrophysiological model of neuronal plastic-
ity (Diamond et al 1996). In humans, a single administration of
DHEA to young adults was found to increase REM sleep (Friess
et al 1995). A first open-labeled clinical trial in 6 depressed
elderly patients with low DHEA levels reported an improved
memory and mood after subchronic DHEA treatment (Wolko-
witz et al 1995); however, placebo-controlled studies in heaithy
subjects on the influence of DHEA on memory performance are
still missing. Here we examined the effects of a single DHEA
administration on memory performance in healthy men.

Methods and Materials

Thirty-six male university students (mean age 25.1 * 0.5 years)
participated in the experiment. All subjects were free of medi-
cation and nonobese (body mass index: 22.6 * 0.3). The study
was approved by the local ethics committee, and all subjects gave
written informed consent. Each subject was tested on two
consecutive days with parallel versions of the memory tests
being used. On the first day, serving as individual baseline, all
subjects received placebo. On the second day, half of the subjects
(randomly assigned) received DHEA (300 mg dissolved in 5 mL
of ethanol mixed with 100 mL juice), and the other half again
received placebo (the same ethanol—juice mix) double-blind.
Since DHEA is lipophilic, it was diluted in ethanol. Substances
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Table 1. DHEA and DHEAS Concentrations following Administration of DHEA or Placebo

DHEA (mg/L) DHEAS (mg/dL)
Placebo (n = 18) DHEA (n = 18) Placebo (n = 18) DHEA (n = 18)
Time (mean * SEM) (mean = SEM) (mean = SEM) (mean = SEM)
=30 min 4.59 +0.45 5.69 * 0.85 2773 £ 357 3142 £ 225
15 min 544 * 1.10 27.69 * 2.10¢ 278.0 + 404 4441 * 36.5¢
60 min 4.13 =043 15.42 + (0.88¢ 250.0 + 30.9 513.1 = 36.0¢
110 min 3.68 = 0.22 943 +0.91¢ 2494 + 220 511.8 = 27.3¢

Repeated-measures ANCOVA, treatment main effect: DHEA: F|, 33, = 1320, p < .00]; DHEAS: F; 33, = 87.8, p < .001.

“Newman-Keuls post hoc test, p < .001 for difference from placebo.

were administered 1 hour prior to memory testing, which took
place between 11 PM and 12 AM, when endogenous plasma
concentrations of DHEA are at their circadian nadir (Sjéberg et
al 1979). Another advantage of the selected time was that
memory performance is typically poorer in the late evening
(Folkard et al 1985), so memory improvement by DHEA should
not be blunted due to a possible ceiling effect in young adults.
Blood samples were obtained 30 min before drug intake and 15,
60 (before memory testing), and 110 min (after memory testing)
thereafter.

Memory Tests

DHEA improves memory in mice in several test paradigms
(Flood et al 1988; Melchior and Ritzmann 1996). Since no
studies in humans have been conducted so far, tests covering
different types of memory (visual, verbal, and spatial declarative
tasks) have been employed. For other steroid hormones differ-
ential effects on some memory forms are documented. Estrogen
seems to modulate verbal memory, whereas testosterone influ-
ences spatial abilities (see for review: Kimura and Hampson
1994); another example is that cortisol selectively impairs
declarative memory, while having no effects on procedural
memory (Kirschbaum et al 1996).

The Auditory Verbal Learning Test (AVLT; Crawford et al
1989; Lezak 1983). A list of 18 tape-recorded words was
repeatedly presented five times. Immediate recall of words was
tested after each presentation. Thereafter, a different list was
presented, which again had to be recalled immediately. Then
delayed recall of the first list was tested.

Visual recognition. Forty-eight slides (16 food-related pic-
tures, 16 sexually related pictures, 16 landscape pictures) were
presented at a rate of one slide per second. Immediately after
presentation a second series of 48 slides was presented, half of
which were identical with the stimuli of the first series. These
had to be recognized by the subject. False-positive and false-
negative responses were summed to a single error score.

Spatial memory (Baumler 1974). Subjects were asked to
memorize (within 1 min) a route marked in a city map. Following
performance on the Sternberg task (see below), the subject had to
draw the learned route onto an unmarked map. The number of
correctly chosen roads was determined and used as the test score.
This task was one part of a standardized German test battery to
evaluate different memory types.

Sternberg task (Sternberg 1966, 1975). Following a 30-sec
presentation of memory sets consisting of one, two, or four
letters, single letters were presented consecutively on a computer
screen. The subject had to decide as fast and as accurately as
possible whether this letter belonged to the memory set. Reaction
time was measured for the three set sizes as well as for the two
demanded reaction types. Reaction time in this task reflects
speed of screening processes in short-term memory.

To evaluate whether possible changes in cognitive perfor-
mance would be accompanied by changes in perceived mood and
fatigue, an extensive adjective checklist was presented to the
subjects immediately before memory testing (EWL; Janke and
Debus 1978). The adjectives describe the subject’s mood state on
15 different dimensions.

Serum DHEA, DHEAS, and cortisol concentrations were
determined with commercial assay kits to validate treatment
effects.

Effects of DHEA on memory performance and mood were
evaluated by analysis of covariance (ANCOVA), including the
test scores from the first session as covariates. This kind of
analysis allows control for baseline differences between the
treatment groups. Effects of DHEA treatment on blood hormone
levels were also evaluated by a two-way ANCOVA with the
grouping factor “treatment” and the repeated factor “time.”
Baseline hormone levels (—30 min) on the second day served as
covariates. Post hoc analyses were performed for all significant
effects by Newman—Keuls tests.

Results

Compared with placebo, DHEA administration significantly
increased plasma concentrations of DHEA and DHEAS (Table 1).

Plasma cortisol concentrations were reduced by DHEA, as
indicated by a significant treatment main effect [F(1,33) = 4,8;
p < .05]. Post hoc tests revealed that the significant difference
was observed 15 min after DHEA intake (mean = SEM: 3.99 +
0.8 mg/dL versus 5.87 *= 1.1 mg/dL for placebo).

Performance on all cognitive tests was comparable following
intake of DHEA and placebo. The only difference showing a
statistical trend (p < .10) was a slightly impaired visual recog-
nition following DHEA. None of the tests indicated possible
memory-enhancing effects of the steroid (Table 2).

DHEA also did not affect self-reported mood and fatigue (all
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Table 2. Memory Performance in Subjects Treated with DHEA or Placebo

Placebo group (n = 18)

DHEA group (n = 18)

Test (mean * SEM) (mean = SEM) F value p level
Verbal learning

Recalled words (averaged across all trials) 128 0.5 124 + 0.6

Treatment main effect (df = 1,34) 0.55 46

Treatment by trial interaction (df = 6,198) 0.64 70
Visual recognition

Errors (averaged across stimulus categories) 1.7+03 23+03

Treatment main effect (df = 1,34) 3.27 .07

Treatment by category interaction (df = 2,68) 1.31 28
Spatial memory

Score of correct decisions (maximum: 31) 18.1 £ 1.6 176 £ 1.6 0.08 77
Sternberg task

Mean reaction time in miiliseconds 511 = 126 S14 = 15.0

Treatment main effect (df = 1,34) 0.07 .79

Treatment by set size interaction (df = 2,66) 0.13 87

Treatment by reaction type interaction (df = 1,33) 1.7 .20

Analysis of covariance: values from the first test session (all subjects placebo) served as covariates: presented means are baseline adjusted.

F values < 1). Only in the Sternberg test was a practice effect
from day 1 to day 2 observed [F(1,34) = 23.6, p < .001],
whereas no practice effect was obvious for the other three tests
(all p > .05).

Discussion

Animal studies (Flood et al 1988; Melchior and Ritzmann 1996)
as well as a first trial with patients (Wolkowitz et al 1995) have
stimulated the hypothesis that DHEA improves memory func-
tions. The present experiment in young healthy men does not
support this notion. A single administration of DHEA had no
effects on performance in several tests covering different aspects
of memory. Increased plasma concentrations of DHEA and
DHEAS after DHEA application as well as a transient decrease
in cortisol levels assured that the exogenous DHEA was ab-
sorbed into the blood and was endocrinologically active. The
decrease in cortisol levels following administration of DHEA
supports the hypothesis of an “antiglucocorticoid” action of this
steroid (see Kalimi et al 1994 for review).

The failure of DHEA to enhance memory performance raises
serious doubts about an acute effect of this steroid on memory
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