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harmacokinetics of
ehydroepiandrosterone and its
etabolites after long-term daily oral

dministration to healthy young men

rian D. Acacio, M.D.,a Frank Z. Stanczyk, Ph.D.,a,b Patrick Mullin, M.D.,a

ayam Saadat, B.A.,a Neda Jafarian, B.S.,a and Rebecca Z. Sokol, M.D., M.P.H.a,c

eck School of Medicine, University of Southern California, Los Angeles, California

bjective: To determine the effects of dehydroepiandrosterone (DHEA) supplementation on the pha
inetics of DHEA and its metabolites and the reproductive axis of healthy young men.

esign: A prospective, randomized, double-blind, placebo-controlled pharmacokinetic study.

etting: General Clinical Research Center and laboratories at the Keck School of Medicine of the Un
f Southern California, Los Angeles, California.

atient(s): Fourteen healthy men, ages 18–42 years.

ntervention(s): Daily oral administration of placebo (n� 5), 50 mg DHEA (n� 4), or 200 mg DHEA (n
5) for 6 months. Blood samples were collected at frequent intervals on day 1 and at months 3 a

reatment.

ain Outcome Measure(s): Quantification of DHEA, DHEA sulfate (DHEAS), androstenedione, T,2,
ihydrotestosterone (DHT), and 5�-androstane-3�-17�-diol glucuronide (ADG). Physical examination,
en analysis, serum LH, FSH, prostate-specific antigen, and general chemistries were carried out.

esult(s): Baseline DHEA, DHEAS, and ADG levels increased significantly from day 1 to months 3
n the DHEA treatment groups but not in the placebo group. No significant changes were obse
harmacokinetic values. Clinical parameters were not affected.

onclusion(s): DHEA, DHEAS, and ADG increased significantly during 6 months of daily DHEA sup
entation. Although the pharmacokinetics of DHEA and its metabolites are not altered, sustained
levation of ADG, a distal DHT metabolite, raises concerns about the potential negative impact of
upplementation on the prostate gland. (Fertil Steril� 2004;81:595–604. ©2004 by American Society
eproductive Medicine.)

ey Words: Dehydroepiandrosterone (DHEA), dehydroepiandrosterone sulfate (DHEAS), male, and
ndrostenedione, E, dihydrotestosterone (DHT), 5�-androstane-3�,17�-diol glucuronide (ADG)
e
a-

h m-
p ac-
Dehydroepiandrosterone (DHEA) is a st
id hormone that is a popular nonprescript
ral “dietary supplement” used by men to
ance cognitive function, mood, libido, a
thletic performance(1–10). Before 1994
HEA was a prescription medicine. After t
assage of the Dietary Supplement Health
ducation Act of 1994, DHEA was reclassifi
s a nutritional supplement. Although sold o

he counter in 25- and 50-mg strengths, DH
s widely touted to maximize results at dose
00 mg or higher(4). DHEA is banned by th

nternational Olympic Committee and the N

ional Collegiate Athletic Association as an t
nabolic agent. Limited information is ava
ble regarding potential harmful effects res

ng from its supplemental use(10).

DHEA is formed predominantly in the zo
eticularis of the adrenal gland and is revers
onverted to DHEA sulfate (DHEAS), which
he most abundant circulating hormone in
ans(11). Both DHEA and DHEAS are pro
ormones without known receptors or spec

arget tissues(12). Although neither androge
as androgenic activity of its own, both co
ounds are converted intracellularly to bio
ive androgens and estrogens(13–15)(Fig. 1).
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Average daily circulating levels of DHEA and DHEAS
iffer according to age, with levels steadily declining after
5 years of age (16). Because of this age-related decline in
HEA levels and the potential positive impact that DHEA
ay have on cognition, potency, and sense of well-being in

ging men, the pharmacokinetics and potential side effects of
HEA dosing in studies evaluating DHEA supplementation

n men have focused on aging and aged men (17–19). How-
ver, because younger men also use DHEA, primarily to
nhance athletic performance, the conversion of DHEA to
otent steroid hormones also raises concerns about the po-
ential morbidity of long-term and/or high-dosage consump-
ion of DHEA in these reproductive-age men. Supraphysi-
logic levels of these metabolites may adversely affect the
ale reproductive axis. Increased levels of T suppress go-

adotropins, which ultimately may lead to suppression of
permatogenesis (20, 21). T is readily converted to E2 in
eripheral tissues (13, 14, 21). Increased E2 levels can lead
o gynecomastia, impotence, and alterations in spermatogen-
sis (22). T is also converted to dihydrotestosterone (DHT).
levated serum E2 and DHT levels may cause benign pros-

atic hypertrophy (22). Elevated levels of DHT could theo-
etically lead to proliferation of prostate cancer cells (22,
3).

No information is available on the pharmacokinetics of
HEA dosing in young men or on the impact of long-term

dministration on the reproductive axis in younger men.

F I G U R E 1

etabolism of DHEA.

cacio. Pharmacokinetics of DHEA after oral administration. Fertil Steril 2004.
herefore, the purpose of this study was to focus on the p

96 Acacio et al. Pharmacokinetics of DHEA after oral adminis
mpact of DHEA supplementation in healthy young men and
o [1] investigate the circulating levels of DHEA and its
rincipal metabolites after exogenous administration of
HEA; [2] determine if there is accumulation of DHEA or

ts metabolites over a prolonged interval of use; [3] ascertain
ome important pharmacokinetic parameters of DHEA and
ts metabolites after DHEA administration; and [4] clinically
etermine if there are any detrimental effects of exogenous
HEA to long-term health, such as gynecomastia, prostate
rowth, semen parameter abnormalities, and weight changes.

MATERIALS AND METHODS

ubjects
Fourteen healthy men between the ages of 18 and 42

ears were recruited into the study. All subjects were in good
ealth, as evidenced by a negative medical history and
ormal physical examination, including normal sized testes
nd a normal sized prostate determined by digital rectal
xamination. Subjects specifically denied chronic or acute
isease, alcohol or drug abuse, prior or current anabolic
teroid use, current prescription or nonprescription drug use,
nd excessive physical exercise. All subjects were consid-
red eligible for inclusion in the study if a screening semen
nalysis and serum LH, FSH, T, and E2 levels were within
he healthy male reproductive-age range. All subjects had
ormal complete blood counts, serum biochemistry, and

rostate-specific antigen (PSA) levels.

tration Vol. 81, No. 3, March 2004
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The study was approved by the Institutional Review
oard of the University of Southern California Keck School
f Medicine. All participants gave informed written consent.

xperimental Protocol
The study was a prospective, randomized, double-blind

lacebo-controlled dose response trial of 6 months duration.
ach subject received placebo (n � 5), 50 mg DHEA (n �
), or 200 mg DHEA (n � 5) by daily morning oral admin-
stration. DHEA and placebo capsules were formulated by
elmar Pharmacy (Lakewood, CO).

Subjects were admitted to the General Clinical Research
enter (GCRC) at the Los Angeles County USC Medical
enter. Blood samples were collected by antecubital veni-
uncture in the morning, after overnight fasting, at baseline
before first dose) and at 1, 2, 3, 4, 6, 8, 12, and 24 hours
fter starting treatment on day 1 and after 3 and 6 months of
reatment. Serum for hormone measurements was frozen at

15°C until analysis.

Repeat physical examination, including digital rectal ex-
mination and measurement of body mass index (BMI), was
erformed during each subject’s admission to the GCRC (on
ay 1 and at 3 and 6 months of study). All subjects collected
emen samples at the start of the study and at 3 months of
reatment. The samples were collected after 3–5 days of
bstinence. Semen analysis was performed within 1 hour of
ollection using World Health Organization criteria (24).

ormone Assays
Serum levels of DHEA, androstenedione, T, DHT, and E2

ere quantified in our laboratory by validated, previously
escribed radioimmunoassays (RIAs) (25–28). Before RIA,
teroids were extracted from serum with hexane:ethyl ace-
ate (3:2). DHEA, androstenedione, and T were then sepa-
ated by Celite column partition chromatography using in-
reasing concentrations of toluene in trimethylpentane. DHT
nd E2 were separated in a similar fashion using ethyl acetate
n trimethylpentane. Using highly specific RIAs, 5�-andro-
tane-3�-17�-diol glucuronide (ADG) was measured di-
ectly in serum (27) and DHEAS was measured after serum
ilution. LH levels were quantified by specific immunora-
iometric assays (Diagnostic Products Corporation, Los An-
eles, CA). PSA was quantified using a specific enzyme-
inked immunosorbent assay.

All the immunoassay methods were shown to be reliable
25–28). Specificity was achieved by use of highly specific
ntisera and/or organic solvent extraction and chromato-
raphic steps before quantification of the analytes. Accuracy
as established by demonstrating parallelism between mea-

ured concentrations of a serially diluted analyte in serum
ith the corresponding standard curve. Intra-assay and in-

erassay coefficients of variation ranged from 4% to 8% and
% to 13%, respectively. All assay methods were found to be
ensitive. The sensitivity of an RIA method was determined

y the smallest amount of analyte that reduced the number of A

ERTILITY & STERILITY�
ounts per minute of the radio-labeled analyte at zero mass
y 2 SD.

ata Analysis
Descriptive results were presented as mean � SE unless

therwise indicated. All data were collected and then com-
uted using the Statistical Analysis Systems (SAS) program
29). Pharmacokinetic parameters (maximum concentration
Cmax], time to reach maximum concentration [Tmax], and
rea under the concentration time curve from 0 to 24 hours
AUC0–24h]) were assessed using data from 0 to 24 hours of
ultiple blood sampling on day 1 and at months 3 and 6 for

ach analyte. The AUC was computed using the linear
rapezoidal method. The mean values of each outcome in the
hree treatment groups were compared by repeated measures
nalysis of variance. Changes of means from day 1 to
onths 3 and 6 and between 3 and 6 months in each group
ere calculated by the Wilcoxon matched-pairs signed ranks
aired t-test. P�.05 was considered statistically significant.

RESULTS

linical Observations
One participant in the placebo group and one in the 50

g/day DHEA group discontinued the study after 3 months.
n each case, the discontinuation was due to personal con-
iderations and not side effects or complications of the trial.

There were no significant changes in physical examina-
ions during the study (breast growth, change in testicular
ize, or prostate examinations by digital rectal examination).
SA levels in all subjects were �2 ng/mL at the beginning
nd end of the study. There were no significant changes in
MI, serum chemistry, or LH values among the three treat-
ent groups over the 6-month treatment period. Baseline,

-month, and 6-month LH values (mean � SD) for the
ontrols were 2.2 � 0.8, 2.2 � 1.4, and 2.3 � 1.1 mIU/mL,
espectively; for the 50 mg–treated group, 2.2 � 0.66, 1.45

0.41, and 1.5 � 0.9 mIU/mL, respectively; and for the 200
g–treated group, 2.1 � 1.4, 3.0 � 0.9, and 2.8 � 0.9
IU/mL, respectively. There were no significant changes in

otal motile sperm counts among the treatment groups. Total
otile counts for all patients at baseline were 120 � 106 �

5 as compared with 122 � 106 � 21 at 3 months.

harmacokinetics

HEA and DHEAS

Mean � SE serum levels of DHEA and DHEAS obtained
t frequent intervals on day 1 and after 3 and 6 months of
HEA or placebo administration are shown in Figures 2 and
. Cmax, Tmax, and AUC0–24h values determined from mea-
urements of these hormones are reported in Table 1. No
ignificant differences were noted in DHEA and DHEAS
aseline levels and corresponding pharmacokinetic parame-
er values in the placebo group over the treatment period.

fter the 50-mg dosage, baseline DHEA levels rose signifi-
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antly by 13% and 25% from day 1 to 3 months and to 6
onths (P�.05), respectively. After the 200-mg dose, there
as a 27% significant increase during the first 3 months

F I G U R E 2

ean � SE serum levels and dose response of DHEA obtain
n day 1 and after 3 months and 6 months of administration o
00 mg/day (green) (n � 5).

cacio. Pharmacokinetics of DHEA after oral administration. Fertil Steril 2004.
P�.05). This trend was not continued after 3 months. Base- f

98 Acacio et al. Pharmacokinetics of DHEA after oral adminis
ine DHEAS levels rose significantly from day 1 by 35% at
months and by 52% at 6 months with the 50 mg/day dose

P�.05). Significant increases of baseline DHEAS levels

t frequent time intervals (0, 1, 2, 3, 4, 6, 8, 12, and 24 hours)
cebo (red) (n � 5), DHEA 50 mg/day (yellow) (n � 4), or DHEA
ed a
f pla
rom day 1 to 3 months (84%) and 6 months (128%) also

tration Vol. 81, No. 3, March 2004



o
d
D
t
t
n

A

a
a
c

M
o
2

A

F

ccurred with the 200-mg dose (P�.05). No significant
ifferences were found in Cmax, Tmax, or AUC0–24h values of
HEA and DHEAS among any of the sampling times in all

hree groups of subjects. A trend toward a more rapid rise in
he Tmax of DHEA and a delay in the DHEAS Tmax was

F I G U R E 3

ean � SE serum levels and dose response of DHEAS obtain
n day 1 and after 3 months and 6 months of administration o
00 mg/day (green) (n � 5).

cacio. Pharmacokinetics of DHEA after oral administration. Fertil Steril 2004.
oted at 6 months after the 200-mg dose. t

ERTILITY & STERILITY�
ndrostenedione, T, and E2

Table 2 presents baseline and pharmacokinetic data for
ndrostenedione, T, and E2. Baseline levels, and Cmax, Tmax,
nd AUC0–24h values for these hormones were not signifi-
antly different among any of the sampling day times in the

t frequent time intervals (0, 1, 2, 3, 4, 6, 8, 12, and 24 hours)
cebo (red) (n � 5), DHEA 50 mg/day (yellow) (n � 4), or DHEA
ed a
f pla
hree study groups.
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HT and ADG

Baseline and pharmacokinetic data for DHT and ADG are
eported in Table 3. No significant differences were noted for
he DHT values within or among the treatment groups.
owever, there was a significant elevation in baseline ADG

evels after the first 3 months in the 50-mg DHEA group
27% change, P�.05), with a tapering to an 11% rise at 6
onths. In the 200-mg DHEA group, there was a 175% rise

fter the first 3 months and a 100% increase from baseline to
months (P�.05) in ADG levels. Cmax, Tmax, and AUC0–24h

alues for ADG were not significantly different within or
mong the groups. Figure 4 depicts the mean � SE serum
evels of ADG obtained at frequent intervals on day 1 and at
onths 3 and 6 of DHEA treatment.

DISCUSSION
This is the first prospective, randomized, double-blind,

lacebo-controlled, long-term study to compare an interme-
iate dosage (50 mg) and a relatively high dosage (200 mg)

T A B L E 1

max, Tmax, and AUC0 –24h values (mean � SE) for DHEA
nd DHEAS on day 1 and at 3 and 6 months after daily
ral administration of placebo, 50 mg DHEA, or 200 mg
HEA to healthy young men.

Baseline Cmax Tmax AUC0–24h

HEA: ng/mL ng/mL Hours ng/hour/mL�1

lacebo
Day 1 8.04 � 1.28 9.52 � 1.05 4.0 � 1.7 132 � 25.7
3 Months 9.48 � 1.56 11.0 � 1.31 9.6 � 5.9 155 � 32.2
6 Months 8.40 � 1.03 12.2 � 0.40 18 � 6.0 141 � 17.1

0 mg
Day 1 4.77 � 1.12 7.28 � 1.19 3.8 � 0.9 104 � 30.0
3 Months 5.37 � 1.12 9.93 � 1.90 3.0 � 0.4 139 � 37.2
6 Months 5.97 � 0.89a 8.72 � 2.47 2.7 � 1.8 112 � 19.7

00 mg
Day 1 8.75 � 1.45 19.1 � 4.74 12 � 4.8 305 � 25.7
3 Months 11.1 � 1.76a 16.9 � 2.67 7.0 � 4.3 241 � 32.2
6 Months 7.18 � 1.06 23.0 � 6.29 2.2 � 0.4 242 � 17.1

HEAS: �g/mL �g/mL Hours �g/hour/mL�1

lacebo
Day 1 2.80 � 0.22 3.74 � 0.20 9.4 � 3.9 74.3 � 11.9
3 Months 3.38 � 0.86 4.84 � 1.27 12 � 5.1 95.1 � 28.0
6 Months 3.03 � 0.21 3.18 � 0.18 10 � 5.2 70.1 � 20.3

0 mg
Day 1 3.18 � 0.39 7.02 � 0.60 2.5 � 0.3 106 � 13.7
3 Months 4.28 � 0.80a 8.50 � 1.35 3.0 � 0.0 117 � 32.3
6 Months 4.83 � 1.14a 6.30 � 1.93 1.0 � 0.6 102 � 23.4

00 mg
Day 1 3.04 � 0.59 10.2 � 0.72 2.2 � 0.2 164 � 10.6
3 Months 5.60 � 1.00a 10.5 � 1.52 2.8 � 0.9 171 � 25.0
6 Months 6.94 � 2.27a 10.1 � 1.83 6.8 � 4.4 164 � 18.2

ote: DHEA � dehydroepiandrosterone; DHEAS � DHEA sulfate.
P�.05.

cacio. Pharmacokinetics of DHEA after oral administration. Fertil Steril 2004.
f DHEA administered to nonelderly men. Furthermore, this s

00 Acacio et al. Pharmacokinetics of DHEA after oral adminis
s the first study to perform detailed pharmacokinetics, e.g.,

max, Tmax, and AUC0–24h, over a prolonged period of time
omparing DHEA and several of its major metabolites.

Our data indicate that long-term daily oral ingestion of
HEA results in a significant sustained dose response in-

rease in baseline levels of the metabolites DHEAS and
DG. There was, however, little if any increase in the
aseline levels of other DHEA metabolites. In some in-

T A B L E 2

max, Tmax, and AUC0 –24h values (mean � SE) for
ndrostenedione, T, and E2 on day 1 and at 3 and 6
onths after oral administration of placebo, 50 mg
HEA, or 200 mg DHEA to healthy young men for 6
onths.

Baseline Cmax Tmax AUC0–24h

ndrostenedione: ng/mL ng/mL Hours ng/hour/mL�1

lacebo
Day 1 1.56 � 0.19 1.91 � 0.06 12 � 4.9 31.1 � 3.91
3 Months 1.84 � 0.09 2.85 � 0.83 15 � 5.5 40.2 � 7.60
6 Months 1.78 � 0.15 2.09 � 0.22 24 � 0.0 30.0 � 6.91

0 mg
Day 1 1.45 � 0.18 2.22 � 0.34 3.2 � 1.0 31.7 � 4.51
3 Months 1.80 � 0.13 3.21 � 0.34 2.2 � 0.3 36.2 � 8.80
6 Months 1.50 � 0.21 2.12 � 0.45 9.0 � 7.5 31.9 � 7.98

00 mg
Day 1 2.24 � 0.66 4.02 � 0.43 7.0 � 4.3 57.8 � 3.91
3 Months 2.38 � 0.50 6.16 � 1.74 2.0 � 0.5 61.4 � 7.60
6 Months 1.84 � 0.40 5.05 � 1.73 6.6 � 4.4 56.9 � 6.91

: ng/mL ng/mL Hours ng/hour/mL�1

lacebo
Day 1 5.88 � 0.66 6.63 � 0.60 6.6 � 4.6 118 � 15.1
3 Months 4.11 � 0.73 6.22 � 0.39 24 � 0.0 110 � 15.7
6 Months 6.42 � 0.57 6.94 � 0.84 6.2 � 5.9 116 � 18.3

0 mg
Day 1 5.12 � 0.95 5.63 � 0.86 7.5 � 5.7 107 � 17.5
3 Months 4.99 � 0.92 7.45 � 1.53 14 � 5.8 114 � 18.1
6 Months 6.54 � 0.33 6.61 � 0.29 16 � 8.0 119 � 21.1

00 mg
Day 1 4.44 � 1.23 5.14 � 1.14 9.4 � 3.8 105 � 15.1
3 Months 4.27 � 0.81 5.17 � 0.93 11 � 5.4 100 � 15.7
6 Months 3.82 � 0.69 5.31 � 0.66 7.2 � 4.3 107 � 18.3

2: pg/mL pg/mL Hours pg/hour/mL�1

lacebo
Day 1 37 � 1.9 53 � 7.8 21 � 3.2 1,027 � 87
3 Months 40 � 3.8 55 � 6.6 17 � 4.8 977 � 103
6 Months 39 � 8.0 47 � 10 9.5 � 5.5 873 � 111

0 mg
Day 1 40 � 4.6 47 � 6.9 6.5 � 5.8 732 � 101
3 Months 33 � 1.8 42 � 4.7 4.5 � 1.6 708 � 119
6 Months 40 � 6.4 40 � 6.2 8.3 � 7.8 689 � 128

00 mg
Day 1 35 � 3.2 40 � 2.8 6.6 � 2.6 707 � 101
3 Months 32 � 2.6 42 � 2.2 12 � 3.6 730 � 119
6 Months 30 � 4.4 44 � 3.6 13 � 4.9 783 � 128

ote: DHEA � dehydroepiandrosterone.

cacio. Pharmacokinetics of DHEA after oral administration. Fertil Steril 2004.
tances, as with DHEA at the higher dosage, there was in fact

tration Vol. 81, No. 3, March 2004
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n attenuation of baseline levels from 3 months to 6 months,
hich suggests an adaptation to the supplementation. Inter-

stingly, these higher levels of DHEAS and ADG did not
lter the pharmacokinetic patterns of any of the metabolic
roducts of DHEA. This is consistent with an increased
learance of unconjugated steroid hormones after DHEA
upplementation. The body may have a protective mecha-
ism by which inactivation of biologically active steroid
ormones is increased through the action of sulfuryl or
lucuronyl transferases when circulating levels of unconju-
ated steroids become too high.

These data generated in younger men are in general
greement with data published on the responses of reproduc-
ive hormones to lower doses of DHEA and DHEAS given
o older men. As we found in our study of young men,
HEA and DHEAS levels were reported to be elevated after
HEA dosing in aging men. T and E2 levels were not

levated. Morales et al. (17, 18) dosed elderly men with 50

T A B L E 3

max, Tmax, and AUC0 –24h values (mean � SE) for DHT
nd ADG on day 1 and at 3 and 6 months after oral
dministration of placebo, 50 mg DHEA, or 200 mg
HEA in healthy young men.

Baseline Cmax Tmax AUC0–24h

HT: ng/mL ng/mL Hours ng/hour/mL�1

lacebo
Day 1 0.69 � 0.06 0.87 � 0.17 6.0 � 4.5 13.2 � 2.99
3 Months 0.55 � 0.08 0.88 � 0.23 15 � 5.4 11.8 � 3.16
6 Months 0.90 � 0.25 0.90 � 0.25 6.0 � 6.0 12.6 � 2.74

0 mg
Day 1 0.84 � 0.07 1.03 � 0.08 6.5 � 5.8 15.4 � 2.99
3 Months 0.81 � 0.07 0.87 � 0.08 13 � 6.2 17.1 � 3.16
6 Months 0.80 � 0.02 0.95 � 0.06 1.7 � 0.7 17.2 � 2.74

00 mg
Day 1 0.61 � 0.13 0.79 � 0.19 1.6 � 0.7 15.5 � 2.59
3 Months 0.60 � 0.11 0.77 � 0.14 7.8 � 4.2 15.4 � 2.74
6 Months 0.49 � 0.09 0.71 � 0.09 4.2 � 2.0 14.2 � 2.37

DG: ng/mL ng/mL Hours ng/hour/mL�1

lacebo
Day 1 11.3 � 3.73 13.8 � 3.60 7.0 � 4.3 215 � 162
3 Months 10.2 � 2.30 14.9 � 3.30 10 � 3.6 241 � 106
6 Months 7.85 � 1.74 8.99 � 1.80 2.3 � 1.9 140 � 107

0 mg
Day 1 10.1 � 1.56 22.1 � 3.70 7.3 � 5.6 318 � 187
3 Months 12.8 � 2.60a 26.7 � 3.73 2.5 � 0.3 304 � 122
6 Months 11.2 � 1.20 19.3 � 6.80 9.3 � 7.3 242 � 124

00 mg
Day 1 8.01 � 2.80 46.1 � 14.5 4.0 � 2.0 716 � 187
3 Months 22.0 � 5.83a 57.3 � 12.7 2.0 � 0.3 614 � 122
6 Months 16.0 � 4.30a 35.9 � 15.6 4.3 � 1.3 481 � 124

ote: ADG � 5�-androstane-3�-17�-diol glucuronide; DHEA � dehydro-
piandrosterone; DHT � dihydrotestosterone.
P�.05

cacio. Pharmacokinetics of DHEA after oral administration. Fertil Steril 2004.
g of oral DHEA in a randomized, placebo-controlled, p

ERTILITY & STERILITY�
rossover trial of 6 months duration. DHEA and DHEAS
evels were increased to young adult levels after 2 weeks of
aily administration. No changes in E2, T, or DHT were
eported. In a related study, Yen and colleagues (19) also
eported increases in circulating DHEA and DHEAS levels
n aging men with no increase in E2 levels. These studies did
ot look at ADG levels. Similarly, Labrie et al. (14) reported
ncreases in (14) DHEA and DHEAS with no increase in E2

evels after 14 days of percutaneous DHEA administration.
s in our study, ADG levels were increased. In contrast,
lynn and coworkers (30) noted a significant increase in
ean E2 levels in men between 60 and 84 years of age dosed
ith 100 mg of DHEA for 3 months in a placebo-controlled

rossover study, a difference that may be due to the fact that
he DHEA was administered in two divided daily doses
nd/or that the statistical analyses methods differed from the
ther cited studies.

Two recent studies investigated the effect of andro-
tenedione administration on T and E2 levels in men between
0 and 40 years of age. In one of the studies, 10 men were
xposed to 200 mg of androstenedione for 2 weeks (31).
lthough no significant elevation in T levels was found,

here were significantly elevated E2 levels in the treatment
roup. A dose-response pharmacokinetic study of andro-
tenedione reported elevations in the AUCs of T and E2 after
300-mg dose for 7 days. However, baseline levels of these
ormones did not change (32). A follow-up study conducted
n 30- to 56-year-old men reported similar normal responses
o daily androstenedione intake (33). The later study also
eported an increase in DHT levels, but ADG levels were not
easured.

Estrogen levels are more likely to increase after andro-
tenedione administration because androstenedione is con-
erted to E2 more readily than DHEA. Androstenedione is
ransformed efficiently to estrone through the action of the
nzyme aromatase in peripheral tissues, e.g., adipose. Es-
rone is then converted to E2. Although DHEA is also
onverted to estrogens, it must first be converted to andro-
tenedione via 3�-hydroxysteroid dehydrogenase-�5-4-
somerase, which subsequently undergoes aromatization.
ot only is DHEA a more distal precursor of estrogen

ormation than androstenedione, but it is also readily con-
erted to DHEAS in significant amounts in peripheral tissues
13).

Our finding of significant baseline elevations of DHEA,
HEAS, and ADG, without significant rises in T and/or

strogens may be explained by the fact that a significant
mount of exogenous DHEA may be transformed to other
etabolites, e.g., androsterone and etiocholanolone.
hese metabolites may be present either in an unconju-
ated or a conjugated (sulfated or glucuronated) form.
hey were not measured in the present study. More im-
ortantly, there appears to be a preferential 5�-reductase

athway of metabolism in healthy young men as indicated
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y the increase in ADG recorded in our study subjects.
here is a highly significant correlation between serum

evels of ADG and 5�-reductase activity in genital skin
34), which suggests that ADG is the better marker of DHT
evels in serum. An elevation of DHT has been reported after
HEA dosing in postmenopausal women (35).

F I G U R E 4

ean � SE serum levels and dose response of ADG obtaine
n day 1 and after 3 months and 6 months of administration o
00 mg/day (green) (n � 5).

cacio. Pharmacokinetics of DHEA after oral administration. Fertil Steril 2004.
02 Acacio et al. Pharmacokinetics of DHEA after oral adminis
Labrie and colleagues (14) postulated that DHEA, by
irtue of end-organ bioconversion to a mix of estrogenic
nd androgenic metabolites that interact with androgen
nd estrogen receptors, creates a set of tissue-unique
hysiologic effects. The prostate gland may be particu-
arly sensitive to the potential toxicity of tissue-elevated

frequent time intervals (0, 1, 2, 3, 4, 6, 8, 12, and 24 hours)
cebo (red) (n � 5), DHEA 50 mg/day (yellow) (n � 4), or DHEA
d at
f pla
tration Vol. 81, No. 3, March 2004



l
c

(
h
b
c
a
m
D
m
e

D
r
t
c
o
r
p
p
c
s

d
D
n
d
t
s
p
i
a

A
Z

R

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

F

evels of DHT as reflected by the increased levels of
irculating ADG.

Over half of prostatic T arises from circulating DHEA
36). Prostatic T, in turn, is converted to DHT, a steroid
ormone that stimulates prostatic tissue and may induce
enign prostatic hypertrophy (22, 23, 36). Target tissue
onversion of T to DHT is believed to act as an androgen
mplifier mechanism that sequesters androgens in a nonaro-
atizable and very potent androgenic configuration (14).
HT in serum is short-lived and readily converted to the
ore stable ADG (37), explaining why DHT levels were not

levated in the study subjects.

PSA levels and prostate size were not increased in our
HEA-treated subjects, findings which are similar to these

eported in aged men treated with DHEA (18) and men
reated with androstenedione (33). However, changes in PSA
oncentrations do not necessarily occur with prostate pathol-
gy (38). The absence of clinical findings is consistent with
ecent information about androgen effects on the human
rostate. High-dose T use did not increase serum PSA or
rostate size when evaluated by digital examination, but
entral prostate volume calculated using planimetric ultra-
ound did increase (39).

In summary, 6 months of DHEA dosing in young repro-
uctive-age men increased circulating levels of DHEA,
HEAS, and ADG without altering the basic pharmacoki-
etic profiles of DHEA and its metabolites. DHEA dosing
id not alter semen parameters or physical findings. Al-
hough prostatic pathology was not uncovered by routine
creening tests, increases in ADG, a growth factor for the
rostate, suggests that further studies are needed to ascertain
f higher doses or longer duration of DHEA ingestion can
dversely impact the prostate gland.
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