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Investigational drug of DHEA (IND #32,554) was granted by the FDA on December 29, 1988. 

. Our first clinical trial to determine endocrine-metabolic impacts of a 
pharmacological dose of DHEA (1600mglday) for 4 weeks duration in 
postmenopausal women was published in J u rnal of Clinical Endocrinolo& o 
Metabolism 7 1:696-704. 199Q. In this study, several important unfavorable 
effects were demonstrated (see reprint). 

. The second clinical trial using replacement dose of DHEA (SOmg/day) both orally 
and sublingually in age-advanced men and women was initiated in 1992. The 
results of this study have demonstrated several beneficial effects in both age- 
advanced men and women. More important is the absence of significant adverse 
effects; J u a 1367. 1994. o m 1 Clinical Endocrinoloev & M etabolism 78-l 360- . 

. T-1 was initiated in 1993 with the aim to assess the ~ 
enduoints of DHEA at 1 OOmg daily do=. Changes in body composition and 
muscle strength were evident in age-advanced men but not women - the potential 
gender differences was considered and remain to be elucidated (see below). The 
findings were published in the symposium on DHEA and Aging; New York 
Academy of Sciences 774: 128-l 42.1995. 

. The fourth clinical trial concerning the potential beneficial effects of DHEA 
(50mg/day) in immune function in age-advanced men was initiated in 1994. 
Activation of T-lymphocytes and natural killer (NK) cells occurred as evidence by 



significant increased of IL-2, IL-2 receptor and soluble IL-2 receptor, and by a 
stimulatory effect of DHEA on cytolytic effects of NK cells. The results of this 
study has been published in J . - -of* -4 

MM?. e ‘c 1 

All above cited studies except the pharmacological dose (1990) of DHEA were 
without significant adverse effects. 

. Current clinical trials include 1) the role of DHEA in the treatment of Addison’s 
disease and 2) the effect of hormone replacements may blunt the beneficial effects 
of DHEA in postmenopausal women. 

cc: 
Encl (reprints x 4) 
Irene Chow, Ph.D. (Genelabs) 
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The Effects of Oral Dehydroepiandrosterone on 
Endocrine-Metabolic Parameters in Postmenopausal 
Women* 
J. F. MORTOLAt AND S. S. C. YEN$ 
Department of Reproductive Medicine; School of Medicine (T-002) and the General Clinical Research 
Center, University of California-San Diego, LA Jolla, California 92093 

ABSTRACT. To discern the pharmacological effects of dehy- 
droepiandrostarone (DHEA) in older women with low endoge- 
nous DHEA and DHEA sulfate (DS), 1600 mg/day (in four 
divided doses) were administered orally to six postmenopausal 
women for 28 days in a double blind placebo-controlled cmss- 
over study. Serum concentrations of androgens after the first 
400-mg dose of DHEA increased rapidly and reached a maximum 
at W-240 min. resulting in increeses over baseline of B-fold for 
DHEA (5.8 f 2.1 to 28.8 f 5.5 nmol/L). 12.fold for DS (3.0 zt 
1.6 to 28.2 f 4.6 pmol/L) and androstenedione (1.4 & 0.3 to 19.5 
f 9.8 nmol/L), 2.5-fold for testosterone (0.7 f 0.1 to 2.2 f 0.6 
nmol/L), and 18fold for dihydrotestosterone (0.2 -C 0.06 to 2.73 
f 1.0 nmol/L). but estrone, estradiol, and sex hormone-binding 
globulin (SHBG) were unchanged. 

Assessment at weekly intervals revealed a further increase in 
all androgens which was maximal at 2 weeks and remained 
markedly elevated. elthouah it declined somewhat by 4 weeks. 
The increments okserved alter 2 weeks of DHEA administration 
reached 15-fold for DBEA (71.9 f 14.2 nmol/L). g-fold for 
testosterone (6.5 f 1.7 nmol/L), end 20-fold for DS (65.1 * 14.9 
nmol/L). androstenedione (30.5 f 11.5 nmol/L). and dihyrotas- 
tosteione (3.8 + 1.5 nmol/L). Both estrone and estradiol showed 
a propessive increase to 2-fold the basal value at 4 weeks. 
Integrated SHBG and thyroid binding globulin levels decreased 
(P < 0.05) during DHEA treatment. However, LH. FSH, body 
weight, and percent body fat, as measured by underwater weigh- 
ing, were unaltered during the 4-week experiment. 

A marked decline of 11.3% (P c 0.05) in serum cholesterol 
end 20.0% (P < 0.05) in high density lipoprotein noted within 
the first week of DHEA administration persisted for the 28&y 
period and was accompanied by a nonsignificant downward 
trend in low density lipoprotein, very low density lipoprotein, 
end triglycerides. Peek insulin levels during the 3-h oral glucose 
toleren& test were significantly higher (P--Z 0.05) aftar-the 28 
days of DHEA (1126 f 165 us. 746 f 165 pmol/L) and were 
accompanied by a 50% increase in the integrated insulin re- 
sponse (PC 0.01) without a significant change in fasting glucose 
insulin or glucose-6-phosphate dehydrogenase values. 

These data show that oral DHEA is rapidly absorbed, and a 
prompt conversion to DS as well es all potent androgens end 
estrogens occurs with a sustained effect for the 28-day duration 
of treatment. Thus, in postmenopausal women there a~rxars to 
be abundant end effeciive enzymatic systems for the biotrans- 
formation of DHEA ta C-19 and C-18 sex steroids. Further, 
pharmacologically imposed DHEA in postmenopausal women 
induced insulin resistance, altered cholesterol end the high to 
low density lipoprotein ratio, and decreased circulating SHBC 
and thyroid binding globulin concentrations. Our findings, which 
contrast sharply with those of e previous experiment in young 
men, appear to result from the induction of a highly endrogenic 
state and its impact on several endocrine-metabolic parameters 
in older postmenopausal women. (J Clin Endocrinol Metab 71: 
696-704,199O) 

C IRCULATING levels of dehydroepiandrosterone 
(DHEA) and its sulfate ester (DS) at birth are 

higher than the upper limits of the adult range (1,2) and 
fall rapidly until adrenarche (l), when a marked increase 
occurs for both sexes (2, 3). Concentrations of DHEA 
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and DS peak during the third decade, reaching levels at 
least 15-fold that of prepubertal’nadir, and thereafter 
progressively decline to very low levels at scenescence 
(4). These dramatic changes in adrenal secretion of an- 
drogen during the lifespan without significant alterations 
of cortisol secretion may be explained in part by an 
increase followed by a decrease in 17,20-desmolase activ- 
ity in the adrenal cortex (5-8). The physiological signif- 
icance of the “switch on” and “switch off’ of DHEA and 
DS production from young adulthood to aging, respec- 
tively, is unclear. 

Administration of DHEA to experimental animals has 
shown beneficial effects on endocrine-metabolic param- 
eters, enhanced immunoprotective functions, and re- 
duced carcinogenesis. DHEA prevents diabetes in genet- 
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ically diabetic (9) and obese (10) mice. Tissue sensitivity 
to insulin is increased in aged normal mice (ll), and 
weight gain is slowed without changing food intake in 
younger animals (12). DHEA prevents the increases in 
cholesterol in rats rendered hypothyroid with propyl- 
thioutacil (13) and retards atherosclerotic plaque for- 
mation in rabbit aorta (14). Moreover, in rodents, DHEA 
increases the lifespan (15), restrains autoimmune disease 
(15, 16), up-regulates immune systems (17-19),, and in- 
hibits the development of spontaneous breast cancer 
(20). DHEA treatment decreased levels of glucose-6- 
phosphate dehydrogenase (GGPD,) enzyme activity in 
both mouse embryo tibroblast (21) and human lympho- 
cyte and skin fibroblast cultures (22) and was associated 
with an increased resistance to cellular transformation 
by some carcinogens (22, 23). The importance of these 
experimental findings, both in uioo and in ho, is un- 
derscored by epidemiologic data that low DHEA levels 
are correlated with increased cardiovascular morbidity 
in men (24). breast cancer in women (25), and the decline 
in immune competence (26). 

In humans, oral administration of DS results in both 
androgenic and estrogenic manifestations (27), which 
may account for its myriad effects. Recently, Nestler et 
al. (28) have reported that the oral administration of 
DHEA at a dose of 1600 mg/day to 22- to 25-yr-old men 
for 28 days resulted in lowering of cholesterol and low 
density lipoprotein (LDL) cholesterol without changes 
in other lipid parameters and glucose disposal. Body fat 
also decreased, with a tendency for a greater response in 
more obese individuals. In contrast, using a depot injec- 
tion of 200 mg DHEA enanthate, an earlier uncontrolled 
study in young ovariectomized women (29) found a de- 
crease in total cholesterol accompanied by decreased high 
density lipoprotein (HDL) at 14 and 30 days, with a 
modest increase in androgen and estrogen levels. 

Thus, the implications of DHEA are numerous, but 
the impact of exogenous DHEA on endocrine-metabolic 
profiles in aging women with reduced endogenous pro- 
duction of adrenal DHEA has not been studied. We now 
report the results of oral administration of 1600 mg (four 
divided doses) of DHEA for 28 days to six obese post- 
menopausal women in a double blind placebo-controlled 
cross-over study. 

Materials and Methods 

Six postmenopausal women, between the ages of 46-61 yr, 
were selected for study. All women were 30-50s over ideal 
body weight (Table 1) by the Metropolitan Life table (30). One 
woman had undergone bilateral oophorectomy, and the remain- 
der had spontaneous menopause of more than 1-yr duration. 
Before the study, menopause was confirmed by elevated FSH 
and LH levels (Table 1). Serum DHEA and DS were signifr- 
cantly lower than those in young women in our laboratory 
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(DHEA, 5.8 +. 2.1 us. 23.8 2 6.6 nmol/L; DS, 3.0 f 1.6 us. 5.2 
i 1.3 amol/L). No subject had taken hormone replacement 
therapy or other prescribed medication for the previous year. 
Medical illness was excluded by history, physical examination, 
serum chemistry profile, including renal liver and thyroid 
panels, urinalysis, and complete blood count. 

Study design 

Each woman was randomly assigned to receive DHEA or 
placebo first. Subjects received 406 mg, orally. DHEA (or 
placebo) four times a day for a 28-day period (1600 mg/day). 
After an intervening P-week washout period, a cross-over of 
treatment (DHEA or placebo) for 28 days was accomplished. 
DHEA was purchased from Sigma Chemical Co. (St. 
Louis, MO) and packaged in gelatin capsules (200 mg/capsule). 
This study was approved by the Committee on Investigations 
Involving Human Subjects of the University of California, San 
Diego, and informed consent was obtained before the start of 
the study. 

Before the first dose of DHEA (or placebo), a 75-g oral 
glucose tolerance test (oCTT) was performed after an overnight 
fast. Serum glucose and insulin values were measured at 0.30, 
60, 120, and 180 min. oGTTs were repeated on the last day of 
each treatment cycle (day 28). The percent body fat was deter- 
mined at the start and end of each treatment period. 

Serum levels of DHEA, DS, androstenedione (A), testoster- 
one (T), dihydrotestosterone (DHT), estrone (E,), estradiol 
(E2), and sex hormone-binding globulin (SHBG) were evaluated 
before and after the first 400-mg oral dose of DHEA at 0, 30, 
60, 120, 180, and 240 min. These variables were determined at 
weekly intervals throughout the study. In addition, weekly 
fasting serum glucose, GGPD, and fractional lipid determina- 
tions, including total cholesterol, HDL, low density lipoprotein 
cholesterol (LDL), triglycerides, and very low density lipopro- 
tein cholesterol (VLDL) were obtained. Evaluations of thyroid 
function [total T,, T,, TB resin uptake (T&U), free T,, thyroid 
binding globulin (TBG), and TSH], liver function (aspartate 
amino transaminase, alanine amino transaminase, gamma glu- 
tamyl transferase, alkaline phosphatase, and total bilirubin), 
renal function (blood urea nitrogen and creatinine), electro- 
lytes, complete blood count (including red cell indices, white 
cell differential, and platelet count), and urinalysis were ex- 
amined weekly. The physical exam was repeated at the start 
and end of each treatment cycle. Subjects were given 24-h diet 
recall inventories at random intervals throughout the study to 
detect differences in caloric intake and percent dietary fat, 
protein, and carbohydrate between the two treatment cycles. 

Measurements 

The percent ideal body weight for each subject was deter- 
mined by Metropolitan Life table analysis (30). Ponderal index 
was calculated by determining the height in inches divided by 
the cubed root of weight in pounds. Percent body fat was 
determined by underwater weighing methods developed by 
Behnke et of. (31). The formula developed by Siri was used to 
calculate the percent body fat (32). 

Steroid and gonadotropin determinations were performed by 
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TABLE 1. Anthropomorphic measurements and laboratory characteristics before and after 26 days of treatment with DHEA and placebo in six 
.postmenopausal women 

c DHEA Placebo 

Day 0 Day 26 Day 0 Day 26 

Wt (kg) 60.6 5~ 1.7 62.2 f 1.9 61.4 f 1.6 62.2 f 1.7 
(75.0-67.2) (77.7-67.7) (75.0-65.03 (76.4-85.9) 

9% IBW 140 + 3 143 f 3 142 f 2 143 f 3 
(130-150) (134-155) (134-150) (135-155) 

Ponderal index 11.4 + 0.1 11.5 i 0.1 11.6 f 0.1 11.5 f 0.1 
(11.4-12.0) (11.1-11.6) (11.3-12.0) (11.1-11.6) 

% Body fat 47.3 + 0.9 47.3 + 0.7 47.5 f 0.6 47.3 + 0.6 
(45.7-51.2) (45.7-50.1) (45.9-49.3) (45.9-49.5) 

LH (IU/L) 116 f 20 112 + 11 107 f 17 116 f 19 
(76-141) (71-163) (75-156) (61-172) 

FSH (III/L) 116 f 12 119 f 10 115 f 13 113 f 11 
(95-W) (67-146) (69-151) (67-142) 

Glucose (fasting; nmol/L) 4.2 f 0.2 3.9 f 0.3 4.2 f 0.3 4.1 f 0.2 
(3.6-4.9) (2.6-4.4) (3.349) (4.0-4.6) 

Insulin (pmol/L) 114 f 32 116 f 31 119*35 112 f 25 
(57-267) (64-236) (57-2023 (79-261) 

CGPD (IV/g hemoglobin) 6.9 f 1.0 6.6 i 0.7 9.1 + 0.1 6.5 f 0.4 
(6.5-9.7) (7.9-9.6) (6.9-9.7) (7.0-10.9) 

The range is given in parentheses. IBW, Ideal body weight. 

RIA by previously described methods (33,34). All samples were 
assayed in duplicate. The sensitivity of the assays were 0.35 
nmol/L for DHEA, 0.5 rmol/L for DS, 0.2 nmol/L for T, 0.3 
nmol/L for A, 0.2 nmol/L for DHT, 29 pmol/L for E,, 70 pmol/ 
L for Ezr 0.3 mIU/L for LH, and 2 IU/L for FSH. The intra- 
and interassay coefficients of variation were, respectively, 8% 
and 9% for DHEA, 5% and 10% for DS, 7% and 12% for A, 
7% and 9% for T, 8% and 11% for DHT, 11% and 12% for Ei, 
9% and 10% for &, 7% and 10% for LH, and 8% and 12% for 
FSH. 

SHBG was measured by previously described methods using 
incubation of DHT with serum followed by ammonium sulfate 
precipitation (35). Glucose determinations were made using a 
Beckman glucose analyzer (Beckman, Fullerton, CA) immedi- 
ately after sample collection. Insulin was assayed by a modifi- 
cation of the technique of Kuzuya et al. (36). These modiiica- 
tions yielded an assay sensitivity of 2.1 rU/mL, and intra- and 
interassay coefficients of variation were 7% and 9%, respec- 
tively. GGPD determinations were obtained by a fluormetric 
assay of NADPH generated by erythrocytes (37) (Central Di- 
agnostic Laboratories, Tarzana, CA). 

Total cholesterol and triglycerides were measured by previ- 
ously described enzymatic methods, and HDL cholesterol was 
directly determined after sodium phosphotugstate precipitation 
of other lipids (38). LDL cholesterol was calculated using the 
formula: LDL = cholesterol - (HDL + VLDL). VLDL was 
calculated by dividing the triglyceride value by 5. Complete 
blood counts, liver function studies, thyroid studies, electro- 
lytes, and urinalysis used to monitor subject safety were per- 
formed in commercial laboratories (Central Diagnostic Labo- 
ratories) . 

Analyses of data 

Differences between all steroid hormone concentrations as 
well as SHBG acutely after the first dose of DHEA and in 

weekly determinations were performed by two-way analysis of 
variance with repeated measures, with factors being subject 
and treatment, followed by Newman-Keuls multiple range 
tests. Differences in glucose and insulin after the oGTT and 
weekly GGPD and glucose determinations were similarly ana- 
lyzed. Lipid fractions were converted to percent change from 
baseline values and analyzed by an analogous two-way analysis 
of variance, followed by Duncan testing. Integrated SHBG 
levels and integrated insulin and glucose responses during the 
oGTT before and after DHEA treatment were determined by 
calculating the area under the response curves by the trapezoid 
method and compared by paired t test. Differences in body 
weight, percent body fat, thyroid function studies, and gonad- 
otropin levels were compared by analysis of variance. Data are 
presented for each time point as the mean f SE. For ail analyses 
P < 0.05 was considered significant. 

Results 

Acute effects 

A prompt and dramatic increase in all serum androgen 
levels after the first oral dose of 400 mg DHEA was 
observed (Fig. 1, left panel). Mean (+-SE) maximal incre- 
ments (g-fold) in serum DHEA were seen 180 min after 
DHEA ingestion (5.8 +- 2.1 to 28.8 f 5.5 nmol/L). Serum 
DS rose lo-fold above the basal level at 180 min and 12- 
fold at 240 min (3.0 f 1.6 to 28.2 f 4.6 rmol/L). A 
parallel increase in serum A was evident and reached 12- 
fold the basal value at 240 min (1.42 + 0.3 to 19.5 f 9.8 
nmol/L). Serum T levels showed a slower and modest 
increase (2.5-fold) at 240 min. In contrast, the rise in 
serum DHT was more robust, with a 4-fold increase seen 
within 120 min and a further rise to 15-fold at 180 min 
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WC. 1. Serum concentration of androgens obtained within 240 min 
after the first 400 mg dose of DHEA (lefl panels) and at weakly intervals 
during DHEA administration in a daily dose of 1600 mg. 0, DHEA; 0, 
placebo. l , P c 0.05 compared with basal value. Concentrations are 
reported in metric units. To convert to System Internationale. multiply 
by the following factors: DHEA X 3.467 = nmol/L, DS X 2.714 = nmol/ 
L, A X 0.00349 = nmol/L, T X 0.00347 = nmol/L, and DHT X 0.00344 
= nmol/L. 

(0.2 k 0.06 to 2.7 +: 1.0 nmol/L). The increments in 
androgen levels, expressed as percent change from basal 
values, are shown in Table 2. No significant changes in 
serum EI,E2, or SHBG levels were observed after the 
single dose of DHEA. There were no significant altera- 

tions in any of the above-mentioned parameters during 
the placebo treatment. 

Chronic effect 

Daily administration of 1600 mg DHEA (in four di- 
vided doses) for 28 days exhibited further elevations in 
androgen levels, evaluated at weekly intervals before the 
first morning dose (Fig. 1, right panel). The percent 
increment for each androgen is given in Table 2. The 
highest serum values were seen 2 weeks after the start of 
the experiment for all androgens; mean increments from 
basal values reached 12-fold for DHEA (72.0 f 14.2 
nmol/L), g-fold for T (6.5 f 1.7 nmol/L), and 20-fold for 
DS (65.1 & 14.9 pmol/L), A (30.5 + 11.5 nmol/L), and 
DHT (3.8 -t 1.5 nmol/L). While the weekly values for 
SHBG were not significantly different, mean integrated 
serum SHBG concentrations were lower (P < 0.05) dur- 
ing the 28 days of DHEA treatment compared with those 
after the placebo treatment (43 + 5 us. 57 f 9 nmol/L- 
week; Fig. 2). A progressive rise in serum Er and & levels 
became apparent during the course of the 28-day exper- 
iment, with mean E, and Ez values increasing 2-3-fold 
above basal values (E,, 58.7 * 11.0 to 167.4 f 66.6 pmol/ 
L; Ei, 36.7 + 3.7 to 121.1 * 25.7 pmol/L), corresponding 
to maximal percent changes of 214 -I- 67% and 181 f 
29% for E1 and E?, respectively (Fig. 3). Despite the 
marked increases in androgens and estrogens, gonado- 
tropin levels showed no discernible changes throughout 
the experiment (Table 1). With the placebo treatment, 
none of the above-mentioned parameters was altered. 

Lipids and glucose metabolism 

Serum cholesterol declined 11.3 z!z 3.3% (2’ c 0.05) 
within the first week of DHEA treatment; this was 
maintained throughout the 4 weeks of treatment (Fig. 4) 
and was accompanied by a 20.0 + 4.9% decline (P < 
0.05) in HDL cholesterol within the first week, which 
remained 20-30s lower for the duration of the study. 

TABLE 2. Percent change from basal levels in androgens and SHBG after the first oral dose of 400 mg DHEA and at weekly intervals during daily 
administration of 1600 mg/day in six postmenopausal women 

Time DHEA DS A T DHT SHBG 

Acute 
30 min 
60 min 

120 min 
180 min 
240 min 

Daily 
1 week 
2 weeks 
3 weeks 
4 weeks 

15 i 16 
126 k 98’ 
253 i 65’ 
643 f 178’ 
452 f 187’ 

386 f 112’ 
1338 + 635” 
527 2 161’ 
571 k 176’ 

2f2 
164 f 112’ 
525 f 159’ 

1026 + 251’ 
1386 * 383’ 

1385 f 337’ 
2993 f 1146” 
1942 f 910. 
2282 + 1162’ 

12 t 14 
213 f 198’ 
526 f 210’ 
676 f 261’ 

1332 f 887’ 

094 i 256’ 
3378 f 1985’ 
1109 f 429’ 
841 f 328’ 

3f6 
24 f 12’ 

110 + 52’ 
150 f 49’ 
236 f 88’ 

447 f 98 
1017 f 458’ 
488 f 114’ 
406 f 156’ 

12f 11 
314 f 247’ 
585 f 182’ 

1570 + 661’ 
748 f 1869 

928 f 283 
2101+ 946’ 
1592 f 401‘ 
1255 + 283’ 

-1 f 2 
-6$3 
-3f2 

lf4 
2f5 

-32+6 
-31 f 14 
-28&23 
-16+28 

'P < 0.05. 
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TIME (weeks) AUC 
FIG. 2. Weekly serum SHBG levels (f&t) during oral administration 
of 1606 mg/day DHEA (0) or placebo (0) and integrated levels during 
the 4 weeks of administration (right). AUC, Area under the curve. 

TIME lweeka) TIME (weeks) 
FIG. 3. Serum concentrations (I#) and percent change (right) in E, 
and Es at weekly intervals during DHEA administration (0) or placebo 
(0). To convert metric units to System Internationale, multiply E, X 

3.699 and & x 3.671 to obtain picomoles per L. 

LDL cholesterol, VLDL cholesterol, and total triglycer- 
ides showed a downward trend, but were not significantly 
lower during DHEA treatment compared with placebo 
treatment. 

Weekly values for fasting serum glucose, insulin, and 
G6PD were similar throughout both DHEA and placebo 
treatments (Table 1). During oGTT, there was signifi- 
cant increase in insulin response after 4 weeks of DHEA 
treatment for both peak increments (1126 -t 165 us. 746 
k 165 pmol/L; P < 0.05) and integrated values (P < 0.01; 
Fig. 5). This was not accompanied by significant changes 
in glucose response. No differences were found in corre- 
sponding values during placebo treatment. 

Anthropomorphic measures 

Mean body weight did not change significantly during 
either DHEA or placebo treatment (Table 1). Percent 
body fat was also unaltered by DHEA treatment (47.3 f 
0.9 us. 47.3 * 0.7%) and was comparable to values at the 
beginning and end of the placebo treatment. Thus, no 
differences in anthropomorphic indices were detected in 
response to DHEA in our postmenopausal, relatively 
obese population. There were no significant differences 

%. _..._-_.. -- .- 
0 1 , 3 . 

t,rt 1.1*...1 

FIG. 4. Percent change in total cholesterol, HDL cholesterol, LDL 
cholesterol, VLDL cholesterol, and total triglycerides at weekly inter- 
vals during DHEA administration at 1696 mg daily (0) or placebo (0). 
l , Significant change from baseline. No significant changes were noted 
during placebo administration. 

in dietary analysis based on 24-h recall between placebo 
and DHEA months. 

Thyroid function 

All subjects demonstrated a decline (P < 0.05) in total 
T, (111 -C 15 to 76 f 15 nmol/L) and an increase (P < 
0.05) in T3RU (0.30 +- 0.02 to 0.35 +- 0.1) during DHEA 
treatment, which were not seen with placebo. These 
changes were accompanied by a significant (P c 0.05) 
decline in TBG levels (480 * 21 to 354 zb 13 nmol/L) in 
all subjects during DHEA treatment, while free TJ levels 
and total T3 and TSH levels were unchanged (Table 3). 

Safety studies 

Physical examination, liver function studies, complete 
blood counts, and urinalysis revealed no abnormaliCes 
or significant changes throughout the study. One subject 
report& increased facial hair during DHEA t rmtt IIICII~., 
and one did so during placebo administr;u iorr. No 

changes in sexual drive or appetite were rW~rlctl. No 

other adverse consequences were noted- 
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TIME (min. I AUC 
FIG. 5. Serum glucose and insulin responses to a 75-g oCTT before 
(0) and after (0) 28 days of DHEA at 1600 mg daily. l , P < 0.05). 
Integrated serum glucose and insulin responses are on the right. Con- 
centrations are in metric units. AUC, Area under the curve. To convert 
to System Intemationale, multiply by the following factor: glucose X 
0.05551 = mmol/L, and insulin X 7.715 = pmol& 

Discussion 

Our study in older postmenopausal women (aged 46- 
61) demonstrates that oral administration of pharmaco- 
logical doses of DHEA results in a prompt and dramatic 
increase in serum levels of both A5 and A’ androgens. 
The parallel rise in serum levels of DHEA and DS 
between 60-180 min after DHEA administration sug- 
gests that rapid sulfation of circulating DHEA occurred 
and reflects an abundance of tissue steriod sulfatase in 
postmenopausal women. Increases in A and T were also 
observed within hours of DHEA administration, with 
increases in A being of similar magnitude to those in the 
3’ androgens, implying extensive conversions of A” to A’ 
androgens, the process of which requires 3@ol-hydroxy- 
steroid dehydrogenase activity. This is in contrast to the 
low rate of peripheral conversion of As-A4 steroids ob- 
served under physiological conditions (39). The incre- 
ment in DHT (15-fold) was substantially greater than 
that in T (2.5-fold) in response to acute administration 
of DHEA. The reasons for this disproportionate large 
conversion of T to DHT are unclear. The availability of 
an abundance of 5a-reductase activity or a rapid induc- 
tion by DHEA appear to be plausible explanations. 

Given the multiple beneficial effects of DHEA (and Sustained increases in serum androgen levels were 
DS) demonstrated experimentally in animals and the noted throughout the 28day course of the experiment. 
lack of information concerning the biological action in However, levels were invariably higher 2 weeks after the 
humans, pharmacological assessments of DHEA should start of treatment and subsequently declined somewhat 
provide insights into the physiology of the age-related during weeks 3 and 4. Since serum levels obtained for 
decline in both men and women. In a recent controlled DHEA itself were also highest after 2 weeks of treatment, 
study, DHEA administration (1600 mg/day, orally) for these findings may be explained by a decrease in the 
29 days to a group of five young men (aged 22-25 yr) amount of DHEA entering the circulation or a change in 
effected a reduced body fat mass, increased muscle mass, the metabolic clearance (MCR) of DHEA after prolonged 
lower serum LDL cholesterol levels, and an unaffected oral administration, rather than by changes in enzyme 
tissue sensitivity to insulin (28). Based on these findings, activity within the androgen synthetic pathway. An in- 
the researchers inferred that the progressive decline in crease in the MCR of DS has been demonstrated when 
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DHEA and DS levels with aging may play a part in the 
increase in body fat and increased atherosclerosis with 
advancing age. 

TABLE 3. Thyroid function studies before and after 28 days of treatment with DHEA and placebo in six postmenopausal women 

DHEA Placebo 

Day 0 

T, (nmol/L) 112 f 15 
CM-168) 

T,RU 0.30 * .02 
(.29-.34) 

T, (nmol/L) 1.20 f .14 
(.89-1.80) 

Free T, (pmol/L) 14.8 f 1.03 
(10.3-18.0) 

TBC (nmol/L) 480 f 21 
(404-530) 

TSH fmU/L) 3.7 f 1.0 

Day 28 - 
76 i 15’ 
(53-100) 

.35 f .01* 
(.30-.38) 

1.05 f .lO 
(.X-1.35) 

15.1 f 1.16 
(10.3-18.0) 
354 f 13’ 
(327-404) 
3.5 f 0.5 

Day 0 

98 f 9 
(79-121) 

.31 f .Ol 
(.28-.31) 

1.12 f .lO 
(.94-1.49) 

14.9 + 1.03 
(11.6-19.3) 
428f39 
(387-489) 
3.6 f 1.1 

Day 28 

114 f 12 
(80-150) 

.30 f .02 
(.27-.36) 

1.20 f .12 
(86-1.64) 

14.8 f 1.16 
(11.6-19.3) 
448 zt 43 
(387-550) 
3.8 f 1.2 

The range is given in parentheses. 
l P < 0.05. 

(1.7-8.5) (2.9-5.9) (1.9-6.2) (1.8-7.3) 

P 
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1. 
%-urn levels are raised acutely by constant infusion of 

.dS, presumably as a result of a decreased fraction of the 
total circulating DS bound to albumin (40). Further 
experiments using alternate routes of DHEA administra- 
tion will be required to elucidate the changes in first pass 
liver clearance after prolonged administration of phar- 
macological doses of DHEA. 

In this experiment, E1 and Ez levels showed a pattern 
different from that of androgens. Unlike the dramatic 
and rapid increases in the latter, estrogen levels showed 
no acute increases, and their rise (2-fold) was much more 
gradual and sustained over the 4 weeks of treatment. 
This disparity between the conversion to potent andro- 
gen and estrogen after DHEA administration, especially 
in relatively obese postmenopausal women, is unex- 
pected. A parallel decline in SHBG concentration, ren- 
dering progressively increased substrate availability for 
aromatization, cannot fully account for the disparity. An 
association between DHEA and SHBG levels has previ- 
ously been noted (41) and was confirmed by our study. 

A significant decline in total serum cholesterol and 
HDL cholesterol was seen during the first and subse- 
quent weeks of DHEA administration. Although LDL 
cholesterol and other lipids were not significantly altered, 
they showed a downward trend. Consistent patterns of 
lipid profiles, as related to androgen influence, have not 

-.. 

c 

been found (42), but a decrease in HDL in high androgen 
environments has been observed (43). The lipid changes 
observed in this study may be a consequence of hepatic 
impact by pharmacological doses of DHEA. Studies using 
a transdermal delivery system in smaller doses of DHEA 
may disclose a different pattern of lipid profile. Despite 
the high circulating levels of potent androgens in our 
postmenopausal women, no increase in lean body mass 
was noted, and all anthropomorphic parameters were 
unaltered at the end of the 28-day treatment with either 
DHEA or placebo. 

The results of our experiment in relatively obese post- 
menopausal women differ markedly from those observed 
in young normal weight men using identical doses and 
duration of DHEA administration (28), in which total 
cholesterol and LDL cholesterol levels declined during 
DHEA treatment. Although basal DS and A levels in our 
postmenopausal women were one third of those in the 
young males at the start of treatment, comparable levels 
were attained at the second week of treatment. Further, 
administration of the same dose of DHEA to young men 
resulted in no significant changes in serum testosterone 
level, whereas a g-fold increase in testosterone and 20- 
fold increases in DHT were seen in our postmenopausal 
women. Thus, the relative increase in androgens as a 
results of DHEA administration in our population was 
far greater than that after administration of the same 
dose in younger men. The alterations in the HDL/LDL 

ratio in our study is highly consistent with the impact of 
the high androgen environment (44). Our findings are in 
agreement with an earlier unblinded study using a single 
depot injection of 200 mg DHEA enanthrate to younger 
agonadal women, in which total cholesterol and HDL 
cholesterol were also shown to decline (29). Taken to- 
gether, the different effects on lipid profiles in men and 
women suggest that although high levels of DHEA may 
be protective against cardiovascular morbidity in men 
(24), the same. may not pertain in women. 

The decrease in total T4 values in our study in the 
presence of normal free T4 values is readily explained by 
the reduction of TBG. This decrease in TBG is similarly 
reflected by an increased T,RU, which is inversely re- 
lated to TBG values in the presence of normal Ts. There- 
fore, all thyroid function alterations were accounted for 
by reduced levels of the single parameter, TBG. The 
lowering of both TBG and SHBG levels in response to 
pharmacological doses of DHEA administration and its 
subsequent conversion to potent androgens suggests in- 
hibition of hepatic production of these binding proteins 
(45,46). 

Of particular interest was the finding of a 50% increase 
in both peak and integrated insulin responses to the 
oGTT in the face of an unaltered serum glucose response. 
This may be explained by the induction of an insulin- 
resistant state as the result of the profound increase in 
potent androgens during DHEA treatment (47). These 
data are consistent with the development of insulin 
resistance in male weightlifters ingesting large doses of 
androgenic steroids compared to matched weight lifters 
in the absence of exogenous steroids (48). These obser- 
vations may further elucidate the mechanism by which 
insulin resistance occurs in polycystic ovary syndrome 
and is consonant with the hypothesis that increased 
androgens are at least in part responsible (49-53). More- 
over, Shriocik et al. (54) have shown that the insulin 
response to glucose is negatively correlated with serum 
DS, but positively correlated with serum T; further, a 
positive correlation between red blood cell insulin bind- 
ing and serum DS, and a negative correlation with serum 
T were found. While an inverse relationship between 
insulin levels and serum DHEA and DS seems well 
established in both men (55) and women (56, 57), high 
levels of potent androgens may be sufficient to obviate 
this effect. This may explain the absence of altered 
glucose utilization in young men given DHEA (28) and 
the induction of insulin resistance in our postmenopausal 
women in whom potent androgen levels increased 20- 
fold during DHEA administration. 

The clinical role of DHEA in postmenopausal steroid 
replacement regimens remains to be established. Al- 
though circulating levels of Ez and E1 achieved after 4 
weeks of DHEA administration were lower than those of 
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estrogen supplements shown to be effective in preventing 
osteoporosis (58-SO), the protective effects on bone den- 
sity anticipated to result from the androgenic environ- 
ment occasioned by DHEA may well be sufficient to 
compensate for the lower estrogen levels. At the very 
high androgen levels obtained in our experiment, adverse 
effects on HDL cholesterol and insulin sensitivity were 
seen that are not present in conventional menopausal 
estrogen replacement therapy (61-63). However, peren- 
teral administration of lower doses of DHEA may result 
in more favorable lipid and carbohydrate metabolism 
alterations, consistent with the beneficial effects on ath- 
erogenesis and diabetes seen in ariimal studies (g-14). 
Moreover, further studies are required to examine the 
potential improvement in immunocompetence (15-23) 
and the decreased breast cancer rates (25) that may result 
from DHEA administration to postmenopausal women 
and thereby contribute to longevity. 

Taken together, our results demonstrate thaat phar- 
macological doses of DHEA in postmenopausal women 
result in high circulating levels of all androgens along 
with a decline in SHBG and TBG and a modest increase 
in estrogens. A highly significant decline in both total 
cholesterol and HDL cholesterol was noted, while LDL 
cholesterol was unchanged. Moreover, insulin resistance 
was induced by the treatment. Further study using a 
different route and smaller doses of DHEA administra- 
tion to circumvent the first pass hepatic effect is war- 
ranted. 
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ABSTRACT 
Aging in humans is accompanied by a progressive decline in the 

secretion of the adrenal androaens dehvdroeaiandrosterone (DHEA) 
and DHEA sulfate (DS), paralleling that-of th; GH-insulin-l&; growth 
factor-1 (CH-ICF-I) axis. Although the functional relationship of the 
decline of the GH-IGF-I system and catabolism is recognized, the 
biological role of DHEA in human aging remains undefined. To test 
the hypothesis that the decline in DHEA may contribute to the shift 
from anabolism to catabolism associated with aging, we studied the 
effect of a replacement dose of DHEA in 13 men and 17 women, 40-70 
yr of age. A randomized placebo-controlled cross-over trial of nightly 
oral DHEA administration (50 mg) of B-month duration was conducted. 
During each treatment period, concentrations of androgens, lipids, 
apolipoproteins, IGF-I, IGF-binding protein-l (IGFBP-l), IGFBP-3, 
insulin sensitivity, percent body fat, libido, and sense of well-being 
were measured. A subgroup of men (n - 8) and women (n - 5) 
underwent 24-h sampling at ZO-min intervals for GH determinations. 

DHEA and DS serum levels were restored to those found in young 
adults within 2 weeks of DHEA replacement and were sustained 
throughout the 3 months of the study. A 2-fold increase in serum levels 

of androgens (a&&et&one, testosterone, and dihydrotestosterone) 
was observed in women, with only a small rise in androstenedione in 
men. There was no change in circulating levels of sex hormone-binding 
globulin, estrone, or estradiol in either gender. High density lipoprotein 
levels declined sliehtlv in women. with no other Iioid chances noted for 
either gender. In&l& sensitivity-and percent body fat w& unaltered. 
Althoueh mean 24-h GH and IGFBP-3 levels were unchanpcd semm 
IGF-I &vels increased significantly, and IGFBP-1 decna&i signif- 
cantly for both genders, suggesting an increased bioavailability of IGF- 
I to target tissues. This was associated with a remarkable increase in 
perceived physical and psychologicll well-being for both men (67%) 
and women (34%) and no change in libido. 

In conclusion, restoring DHEA and DS to young adult levels in men 
and women of advancing age induced an increase in the bioavailability 
of IGF-I. as reflected by an increase in IGF-I and a decrease in IGFBP- 
1 levels. These observetionr together with improvement of physical 
and psychological well-being in both genders and the absence of side- 
effects constitute the frst demonstration of novel effects of DHEA 
replacement in age-advanced men and women. (J Clin Endocrinol 
Metab 78: 1360-1367.1994) 

A GING in man is associated with reduced protein syn- 
thesis, decreased lean body mass and bone mass, and 

increased body fat (1). These body composition changes are 
accompanied by a progressive decline of adrenal secretion of 
dehydroepiandrosterone (DHEA) and its sulfate ester (DS) 
(2) paralleling that of the GH-insulin-like growth factor-1 
(GH-IGF-I) system (1). Although the GH-IGF-I system is 
recognized as a trophic factor in promoting cellular growth 
and metabolism at multiple sites (1, 3), the biological role of 
DHEA and DS in humans remains elusive. Based on animal 
experiments, DHEA may be viewed as a multifunctional 
steroid with protective roles in many aspects of cellular well- 
being, especially aging-associated deficits (4-7). The rele- 
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Vance of these findings to human biology and diseases is 
perplexing, because adrenal production of DHEA or DS in 
these experimental animals is either minute or does not exist; 
humans and nonhuman primates are the only species with 
the capacity to synthesize and secrete these adrenal andro- 
gens in quantities surpassing all other known steroids 
(a-10). 

Epidemiological data support beneficial effects of DHEA 
and DS. Low serum DS levels are correlated with increased 
cardiovascular morbidity in men (ll), breast cancer in 
women (12). and the decline of immunocompetence during 
aging (13). However, prospective studies (14, 15) failed to 
confinn earlier reports of an inverse association of plasma 
DS levels and angiographically defined coronary atheroscle- 
rosis in men (16) and a positive correlation of serum DS 
levels and bone mineral density in aging women (17) . 

In healthy young men, using suprapharmacological doses 
of DHEA (1600 mg/day) for 4 weeks, Nestler ef al. (18) 
reported a decrease in cholesterol and low density lipoprotein 
(LDL) levels as well as a 31’% decrease in body fat without 
weight changes, implying an increase in muscle mass (18); 
these findings, however, were not confirmed by subsequent 
reports using the same dose of DHEA in ob?e (19) and 
nonobese (20) young men and in postmenopausal women 
(21). All clinical studies thus far were conducted with mega 
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ses of DHEA, which may induce responses beyond its 
&ysiological action or even induce down-regulation of cel- 
lular response. 

In the ,present study, we tested the supposition that re- 
storing extracellular levels of DHEA and DS in individuals 
of advancing age to levels in young adults may have bene- 
ficial effects on neuroendoaine-metabolic functions. We re- 
port here the results of a replacement dose of 50 mg DHEA 
administered orally at bedtime to 17 women and 13 men, 
aged 40-70 yr, in a double blind, placebo cross-over trial of 
&month duration. 

Subjects 

Materials and Methods 

Subjects were recruited by advertisement. 17 women (mean, 54.5 f 
1.9 vr) and 13 men (mean, 53.7 f 2.5 v-r), aged 40-70 yr, were entered 
intothe study. There were 5 subjects df each gender in each decade of 
the age group, except for only 3 men in the fourth decade and 6 women 
each in the fifth and sixth decades. All subjects were nonobese with a 
body mass index (BMI) of 20-28 kg/m’ (mean, 24.5 + 0.6 kg/m’ for 
women, 26.6 f 0.7 kg/m* for men) and were nonsmokers; they were 
taking no medications and had stable dietary and exe&e regimens. Of 
the 17 women, 2 were premenopausal, and 15 were menopausal. Of 
these 15, 8 were receiving menopausal estrogen replacement (previous 
hysterectomy), whereas the other 7 women were receiving no menopau- 
sal replacement therapy. Medical illness was excluded by history, phys- 
ical examination, blood chemistry profile (including renal, hepatic, and 
thyroid panels), urinalysis, and complete blood count. All subjects 
completed the protocol. The protocol was approved by the Committee 
on Investigations Involving Human Subjects of the University of Cali- 
fornia-San Diego. All subjects gave oral and written informed consent. 

N- 
Study design 

The study design was a randomized, double blind, placebo cross- 
over trial of 6-month duration. Sample sire in this trial was calculated 
usine a cornouter software uackane (Power and Sample Size by 1. L. 
Hlnce) by &mating the ierror-at‘0.05, the ,9 erro; at 0.25 (power 
75561, and A (size of treatment effect sought) of 1 so of the measurement 
of the outcome variable. 

- 

The daily replacement oral dose of 50 mg DHEA was determined by 
taking into account the MCR of 1 l-15 L/day, a daily production rate of 
18-28 mg for DS, interconversion rates of DHEA to DS of 7.7% and DS 
to DHEA of 30% (22, 23), estimated endogenous serum levels in indi- 
viduals of advancing age of 20-40% young adult levels (2, 24). and 
absorption of 50% of an oral dose (21). 

Each subject received 3 months of DHEA and 3 months of placebo 
at bedtime in random order. Compliance was checked by pill counts 
and monthly refills and retrospectively by DHEA and DS levels. All 
subjects were instructed by a nutritionist to continue their current and 
usual dietary and exercise regimens. A questionnaire was administered 
at monthly intervals for dietary recall, using household measures (25). 
These records were coded and analyzed using the Nutrition III version 
7 software program. No major changes in the diet/exercise regimen of 
individuals occurred over the duration of the trial. 

Study protocol and procedures 

Potential adverse effects were monitored by means of interviews, 
physical examinations, and standard laboratorv tests. Subjects were seen 
monthly as well as 2 weeks after their baselindand 3 and6 month visits. 
Blood was drawn at each visit between 0800-0900 h after an overnight 
fast for determination of serum steroid hormones and sex hormone- 
binding globulin (SHBC) levels as well as liver function, renal function, 
electrolytes, complete blood count, and urinalysis. 

At the baseline, 3 month, and 6 month visits, an additional fasting 

blood sample was cotlected for lipids, IGF-I, IGF-biding protein-l 
(IGFBP-I), IGPBP-3, insulin, and glucose determinations. During each 
of these visits, the heights and weights of alI subjects were recorded as 
well as an estimation of percent body fat by bioelectric impedance (B- 
1OlA RJL System, Detroit, Ml) (26-28). Insulin sensitivity was e 
in all subjects by the modified, minimally sampled, iv glucose tolerance 
test (29): administration of 300 mg/kg dextrose as an iv bolus over 1 
mln, followed 20 min later by an iv bolus of regular insulii (0.03 U/kg). 
Frequent blood samples were obtained (at 0, 2, 4, 8,19,22, 30,40,50, 
70,90, and 180 min) for determinations of serum glucose and insulin. 
Insulin sensitivity and glucose effectiveness were analyzed using the 
MINMOD computer program (30). In a subgroup of five subjects, insulin 
sensitivity was further measured using the hrperlnsuIinemlc l uglycemic 
clamp method at baseline and 3 and 6 months. A visual analog scale of 
libido and an open ended questionnaire for self-assessment of well- 
being and activities as well as side-effects were administered at the 3 
(cross-over) and 6 month visits. 

A subgroup of 13 of the 30 subjects (8 men and 5 women) was 
admitted to the Clinical Research Center for 24-h frequent blood aam- 
pling (every 20 minutes) from 0800-0800 h for determination of serum 
CH profiles at baseline and 3 and 6 months. Meals were med at 0800, 
1200, and 1700 h, and subjects slept from 2200-0700 h. 

Another subgroup of Jive subjects (three men and two women) was 
admitted to the Clinical Research Center for hyperlnsulinemic eugly- 
cemlc clamp studies, according to previously described procedures (31), 
to assess &sue sensitivity to ~st&n, l xpreked as the $ucose disPosa1 
rate (mllliarams oer keJmln) at baseline and 3 and 6 months, Briefly, a 
catheter v&s ins&ted &to ai antecubital vein for infusion of insulin ktd 
glucose. A second catheter was inserted retrogradely into a dorsal hand 
Gein, which was kept In a heating device, f& Sam&g of arterializld 
venous blood. Recombinant human n@ar insulin was infused via a 
Harvard pump at a rate of 40 mU/mz&t for a total of 240 min. Setum 
glucose was maintained at 4.7-5.3 mmol/L by adjustments of a variable 
infusion of 20% glucose based on the glucose values determined at 5- 
mln intervals. Whole body glucose disposal rates were calculated by 
determining the mean of data from the last 60 min of the study on each 
occasion, corrected for residual hepatic glucose output measured by 
isotope dilution (32). 

Assays 

All hormone measurements for an individual subject were performed 
in the same assay. Serum concentrations of DHEA, DS, testosterone (T), 
androstenedione (A’dione), estrone (Et), atradiol (Es), and dihydrotes- 
tosterone (DHT) were measured bv soecific RiAs, previous& described 
(33). The s&&ity of the assays wer; 0.5 nmol/L ior DHEA, 0.6 @ol/ 
L for DS, 0.3 nmol/L for 1; 0.6 nmol/L for A’dione, 42 pmol/L for El, 
44 pmol/L for Er, and 0.2 nmol/L for DHT. The intra- and interassay 
coefficients of variation were, respectively, 8% and 9% for DHEA, 5% 
and 7% for DS, 5% and 6% for T, 4% and 11% for A’dione, 11% and 
12% for El, 9% and 10% for Ea and 8% and 11% for DH’T. 

Serum CH levels were measured by an established RIA (34) with&a 
sensitivity of 0.5 &L and intra- and interassay coefficients of 5% and 
9%. respectively. IGF-1, IGFBP-1, and IGlrBP-3 were determined by 
established RIAs at Nichols Institute Reference Laboratories (San Juan 
Capistrano, CA). IGF-1 was measured after acld.ethanol extraction (35, 
36) with an assay sensitivity of 0.1 ng/mL and intra- and interassay 
coefficients of variation of 5.0% and 10.296, respectively. RIAs for 
ICFBP-1 and IGFBP-3 have sensitivities, respectively, of 1 ng/mL and 
0.1 mg/L and intra- and interassay coefficients of variation, respectively, 
of less than 5% and 14.2% for IGFBP-1 and 3% and 7.2% for IGFBP-3 
(37, 38). 

SH& was measured by time-resolved fluorolmmunoassay (Delfia 
SHBG kit, Wallac, Gaithersba MD). with a sensitivltv of 0.8 nmol/L 
and intra- and interassay coef&r& of variation, respectively, of 7% 
and 9%. Sentm glucose concentrations were determined by the glucose 
oxidase method (Yellow S rings 

P 
Instrument Co. analyzer, Yellow 

Springs, OH). Serum insulin evels were measured by a double antibody 
RIA, with an assay sensitivity of 2.1 rU/mL, and intra- and interassay 
coefficients of variation of 7% and 9%, respectively (39). 

Serum total cholesterol and triglycerides were measured by previously 
described enzymatic methods (40,41). Very low density lipoprotein was 
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c ; calculated by dividing the triglyceride value by 5. LDL cholesterol was 
calculated using the formula: LDL = cholesterol - (HDL + very low 
density lipoprotein). HDL cholesterol was enzymatically determined 
after sodium phosphotungstate/magnesium precipitation of other lipids. 

I Apolipoprotein-A-l and -B were quantified by Behring nephelometry. 
Coefficients of variations vary from &IO%. Complete blood counts, 
liver function studies, thyroid panel, electrolytes, and urinalysis, used to 
monitor subject safety, were performed in a commercial laboratory 
(MetWest Unilabs, San Diego, CA). 

Analyses of data 

CH pulsatile activity was analyzed using the Cluster pulse detection 
algorithm, with a cluster configuration of 2 X 2 and t statistics of 2.5 X 
2.5 (42). Differences between all steroid hormone concentrations as well 
as SHBG at the monthly time points were performed by two-way 
analysis of variance with repeated measures, with factors gender and 
treatment, followed by Dunnett’s testing. Lipids, BMI, percent body fat, 
insulin sensitivity, glucose effectiveness, glucose disposal rates, CH 
parameters, ICF-I, ICFBP-1, and ICFBP-3 were analyzed by an analo- 
gous two-way analysis of variance, followed by post-hoc Dunnett’s 
testing for comparing treatment groups (DHEA and placebo) to baseline 
(control). Differences in self-reported well-being and libido were ana- 
lyzed by paired # tests (two tailed). Data are presented as the mean (i 
SE), and P < 0.05 was considered significant for all analyses. 

Results 

Steroi$ hormone changes 

In response to DHEA administration, within 2 weeks, 
serum levels of DHEA and DS were elevated from placebo 
values in both men (8.47 f 0.8 to 14.72 f 1.4 nmol/L; 3.5 k 
0.3 to 10.1 f 1.2 rmol/L; P < 0.001) and women (7.19 f 0.5 
to 16.13 & 3.3 nmol/L; 1.78 f 0.17 to 9.27 f 0.76 rmoljl; 
P < 0.001) respectively (Fig. 1). The incremental levels at- 
tained were in the range of young adult levels (2). These 
levels were maintained throughout the 3-month trial based 
on monthly determinations and were normalized within 2 
weeks after discontinuation of DHEA (data not shown). 
Serum levels of DS attained with DHEA treatment were not 
significantly correlated to baseline DS levels for men (r = 
0.21; P = 0.5) or women (r = -0.22; P = 0.4). 

MEN 

2QI 

WOMEN 

12 

I! 
6 = 

FIG. 1. Mean (fSE) serur$,DHEA and DS concentrations in men (left 
panel) and women at basefIne, after 12 weeks of oral administration of 
50 mg DHEA nightly, and after 12 weeks of placebo administration. 
l **, P < 0.005 compared with placebo values. 

ET AL. 

Biotransformation of DHEA to potent androgens occurred 
selectively in women (Fig. 2, right panel). Between baseline 
and 12 weeks of DHEA administration in women, serum 
A’dione increased from 1.33 f 0.13 to 3.0 f 0.19 nmol/L (P 
<‘O.OOl), serum T from 0.72 + 0.07 to 1.46 + 0.14 nrnol/L 
(P < O.OOl), and serum DHT from 0.32 f 0.03 to 0.9 f 0.1 
nmol/L (P c O.OOl), whereas serum SHBG concentrations 
exhibited a tendency to decline (105.5 f 12.3 to 81.2 f 10.6 
nmol/L) that was not statistically significant. In men, there 
was no significant change in serum T, DHT, or SHBG con- 
centrations with baseline, DHEA, or placebo administration. 
Serum A’dione levels, however, increased significantly dur- 
ing DHEA treatment (1.86 f 0.11 to 2.23 f 0.14 nmol/L; P 
C 0.01; Fig. 2, left punel). Serum levels of El and E2 were not 
significantly altered, in men (Er, 89.4 -C 5.9 VS. 95.0 f 7.8 
pmol/L; Ez, 87.7 f 4.8 us. 78.3 f 6.6 pmol/L), and women 
(E,, 256.2 +- 58.5 vs. 268.2 f 58.8 pmol/L; Err 144.7 f 35.2 
VS. 107.3 f 20.6 pmol/L). 

Lipids (Table I) 

Serum lipids, triglycerides, and apolipoprotein-B and -A- 
l did not change in men and women, with the exception of 
serum HDL in women, which was reduced during DHEA 

MEN WOMEN 

A’DIONE 
(nmovl) 

TEST 
(nmoUL) 

DHT 
(nmolll) 

SHBG 
@mot/L) 

BweIW Dtl6A Plewbe .WIIW DH6A PlWObo 

2 12 2 12 2 12 2 12 
weeka web wwks weeks 

FIG. 2. Serum concentrations of androgens and SHBG in men (left 
panel) and women at baseline, 2 and 12 weeks after oral administration 
of 50 mg DHEA nightly, and 2 and 12 weeks after placebo administra- 
tion. The shaded area represents the DHEA treatment period. l *, P < 
0.01; l **, P < 0.005 (compared with basal values). TEST, T. 
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c TABLE 1. Effects of replacement dose of DHEA and placebo on 
&oles~~l and lipoprotein levels in men (n - 13) and women (n - 
17) 

Men Women 

Chok~~4 (mg/dL) 204.3 f 7.9 223.7 f 5.8 
DHEA 209.9 f 9.4 218.3 f 6.9 

H;L&/dW 45.4 f 2.5 68.7 2 2.6 
DHEA 44.8 f 1.7 63.4 f 2.7’ 

mp$p’ 140.4 3~ 6.9 141.2 f 6.2 
DHJZA 147.5 f 8.5 136.0 f 4.9 

A~~~fb6mid~W 165.4 f 5.3 222.8 f 8.1 
DHEA 167.4 * 6.1 213.7 f 8.1 

Arg,;~ddL’ 143.0 f 7.3 137.2 f 5.8 
DHEA 149.8 f 8.5 137.4 2 5.9 

TG 
Placebo 114.5 f 13.5 102.5 + 9.2 
DHEA 107.7 f 10.5 94.2 f 7.4 

HDL. High density lipoprotein; Ape-Al, apolipoprotein-Al; Ape-B, 
apolipoprotein-B; TG, triglycerides. Values are the mean & SEM. 

l P c 0.05 compared to placebo. 

c 

treatment (68.7 + 2.6 to 63.4 & 2.7 mg/dL; P < 0.05) 
compared with placebo. 

Anthropometric measures and glucose metabolism (Table 2.J 

There was no significant change in anthropometric indices 
(percent body fat or BMI) during either DHEA or placebo 
treatment in men or women. 

Insulin sensitivity and the insulin-independent fractional 
glucose disappearance, glucose effectiveness, as determined 
by Bergman’s modified minimal model technique, did not 
change significantly during DHEA administration in either 
men or women. Similarly, glucose disposal rates as deter- 
mined by the hyperinsulinemic euglycemic clamp in three 
men and two women showed no significant difference with 
DHEA or placebo administration (DHEA, 7.64 f 0.56 mg/ 
kg-mm; placebo, 8.41 +I 1.26 mg/kg-min). 

Well-being and libido 

An improved sense of well-being was self-reported by the 
majority of women (82%) as well as men (67%) after 12 
weeks of DHEA administration, whereas less than 10% 
reported any change after placebo administration (Fig. 3, felt 
panel). Specific statements of well-being ranged from im- 
proved quality of sleep, more relaxed, increased energy to 

better ability to handle stress. No difference was noted in 
libido while subiects were receiving DHEA compared to the 
placebo group (Fig. 3, right paneI).-Of note, there were five 
subjects who self-reported marked improvements of preex- 
isting joint pains and mobility during DHEA replacement. 

. 
GH-IGF axis 

, 

There was no difference noted in GH pulse number per 
24 h, mean amplitude, or transverse mean in the subset of 
13 subjects (8 men and 5 women) who underwent 24-h 
frequent blood sampling for GH (Table 3). A representative 
example of 24-h GH pulsatile activity at baseline and in 
response to the administration of DHBA us. placebo is dis- 
played in Fig. 4. 

In response to DHEA administration, men (Fig. 5, left 
panel) showed an elevation of serum IGF-I levels (151.3 f 
10.2 to 180.1 f 15.4 ng/mL; P < 0.01) and a decline in 
IGFBP-1 levels (28.7 f 3.3 to 20.4 f 3.5 ng/mL; P < 0.05), 
resulting in an increased IGFJIGFBP-1 ratio (8.3 f 1.6 to 
12.7 f 2.9; P < 0.05). A similar finding was seen in women 
(Fig. 5, right panel), with elevation of serum IGF-I levels 
(140.8 f 14.0 to 157.4 & 16.4 ng/mL; P < 0.05) and a de&e 
in IGFBP-1 levels (53.2 f 6.6 to 41.3 f 5.7 ng/mL; PC O.Ol), 
resulting in an increased IGF-I/IGFBP-1 ratio (4.2 f 1.1 to 
6.6 & 1.9; P < 0.05). There was no change in IGFBP3 levels 
in men (2.8 -I- 0.2 to 2.6 f 0.2 ng/mL) or women (2.8 f 0.1 
to 2.8 k 0.1 mg/L; Fig. 5). 

Although the baseline IGF-I levels were similar, a signifi- 
cant gender difference was noted in baseline IGFBP-1 levels, 
with women having a 2-fold higher level than men (women, 
51.0 f 7.0; men, 25.5 + 4.1; P < O.Ol), which confirms the 
report of Yeoh and Baxter (43). Consequently, a significantly 
lower JGF-I/IGFBP-1 ratio occurs in women (P < 0.05; Fig. 
6A). Given this gender difference, the data were further 
analyzed to determine whether the relative changes from 
placebo group values for men and women differed. As shown 
in Fig. 6B. the individual percent change from placebo for 
IGF-I and IGFBP-1 values in both genders were fairly uni- 
form. An increase in IGF-I in men (11.3 f 4.8%; P < 0.05) 
and women (9.7 f 5.0%; P < 0.05) as well as a significant 
decrease in IGFBP-1 in men (20.7 rb 6.7%; P < 0.05) and 
women (18.3 f 6.2%; P < 0.05) imposed by DHEA admin- 
istration relative to placebo group values were evident. Con- 
sequently, the IGF-I/IGFBP-1 ratio, an index that may reflect 
an overall increase in the bioavailabiity of IGF-I, was in- 
creased in both men (52.0 & 15.9%; P < 0.05) and women 
(54.1 xl: 15.1%; P < 0.05) to a similar extent. Whether 

TABLE 2. Effects of replacement dose of DHEA and placebo on body composition and glucose metabolism in men (n = 13) and women 
(n = 17) 

% Fat 
BMI (kg/m*) 
Insulin sensitivity (X104 min/pU-mL) 
Glucose effectiveness (min-‘) 

Values are the mean f SEM. 

Men Women 

Pl*cehe DHEA PlCebo DHEA 

22.1 * 1.2 21.9 * 1.3 31.0 f 1.0 31.3 f 1.0 
27.3 f 0.8 27.0 f 0.7 24.8 f 0.7 24.7 f 0.7 
2.89 f 0.6 3.69 zt 0.5 3.72 f 0.5 2.90 f 0.4 

0.022 f 902 0.019 * 0.001 0.018 * 0.001 0.024 i 902 
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Frc.3. Percentage of men and women SENSE OF WELL-BEING 
who self-reported an improved sense of 
well-being a&r 12 weeks of oral admin- 
istration of 60 mg DHEA nightly and 
after 12 weeks of placebo administration 
(IcftP~0. l **, P<O.oOS compared with 
placebo values. Scored values of libido 

E 

on a visual analog scale in men and 
8 50 
‘; 

women after 12 weeks of oral adminis- a 
tration of 50 mg DHEA nightly and after 
12 weeks of placebo administration are 
shown. l *, P < 0.01 compared with op- 
posite gender values. DHEA Plrubo OHEA PIredo 

TABLE 3. Effects of replacement dose of DHEA and placebo on 
24-h GH characteristics in men (n = 8) and women (n = 5) 

Pulse no./24 Amplitude Transverse mesa 
h (Id-) wu 

Baseline 6.00 f 0.45 3.65 f 0.73 2.19 5 0.27 
DHEA 5.23 t 0.55 2.49 f 0.45 2.05 f 0.28 
PlaCebo 5.54 f 0.50 3.17 + 0.76 2.05 f 0.27 

Values are tbe mean f SEM. 

Subiect 12 

OS00 1200 1600 2000 2400 0400 0800 

x t 

:/J&w; J 
I 1 OS00 1200 1600 2000 2400 0400 0800 

z j~w&jJ , 4 OS00 1200 1600 2000 2400 0400 0800 

Clock Hours 
FIG. 4. Twenty-four-hour semm GH puisatile pattern in a represent- 
ative subject (a 47.yr-old woman, subject 2) at baseline (A), after 12 
weeks of oral administration of 50 mg DHEA nightly (B), and after 12 
weeks of placebo (C) administration. l , Identitied pulses. 

poshnenopausal women were with (n = 8) or without (n = 
7) estrogen replacement was not a significant factor in the 
relative increase in the ratio of IGF-I/IGFBP-1 (with estrogen, 
48%; without estrogen, 66%; P = NS). Serum levels of IGF- 
I and IGFBP-1 attained with DHEA treatment were not 
significantly correlated to basal levels. 

LIBIDO 

DHEA Placebo DHEA Phabo - 

MEN WOMEN 
240 240 

. . IGF-I IGN 

60 

[1 
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I 

120 r 
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FIG. 5. Serum IGF-I, IGFBP-1, and IGFBP-3 concentrations in men 
(&/t panel) and women at baseline, after oral administration of 50 mg 
DHEA nightly for 12 weeks, and after placebo for 12 weeks. l , P < 
0.05; l *, P < 0.01 (compared with placebo values). 

Safety studies 

Physical examination, hepatic and thyroid studies, com- 
plete blood count, and urinalysis revealed no abnormalities 
or significant changes throughout the study. One female 
subject reported increased facial hair during DHEA treat- 
ment, and one did so during placebo; both resolved by the 
end of 3 months of the other treatment period. 

Discussion 

In the present study, we have demonstrated that a calcu- 
lated reulacement dose of 50 mg DHEA administered orally 
at bedime to men and women of advancing age restored 
DHEA and DS to levels seen in the second decade of life (2). 
These levels were sustained throughout the 3 months of 
DHEA administration. The use of physiological replacement 
rather than pharmacoIogica1 doses of DHEA may be of 
critical importance in determining the effects of DHEA and 
DS in the aging population, because of its ability to undergo 
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PIG. 6. A, Baseline (mean k SE) serum IGF-I and IGFBP-1 concentra- 
tions and their ratio (IGF-I/IGFBP-1) in men and women. l , P C 0.05; 
l *, P < 0.01 (compared with opposite gender value). B, Percent change 
from placebo of individual values for serum IGF-I, IGFBP-1. and ICF- 
I/IGFBP-1 ratio after 12 weeks of oral administration of 50 mg DHEA 
nightly in men and women. The mean k SE of each measurement are 
also shown. l , P < 0.05 compared with placebo. 

rapid biotransformation to potent androgens, which, in turn, 
may have a biological impact on target tissue, including 
anabolic effects, To date, only one study was designed to 
address the Issue of the pharmacological impact of DHEA. 
Mortola and Yen (21), using a 1600-mg daily oral dose of 
DHEA in postmenopausal women (aged 46-61 yr) for 4 
weeks, demonstrated a marked biotransformation of DHEA 
to potent androgens and estrogens. The increments reached 
g-fold for T, 20-fold for A’dione and DHT, and 2-fold for El 
and E2. This hyperandrogenic state imposed by a pharma- 
cological dose of DHEA was associated with a significant 
decline in SHBG, ‘I,-binding globulin, total cholesterol, and 
high density lipoprotein cholesterol and the appearance of 
insulin resistance. These marked endocrine-metabolic 
changes were not observed in our present study with a 
replacement dose of DHEA. The increments in androgens, 
but not estrogens, were minimal and occurred selectively in 
women. Most importantly, these levels were within the nor- 
mal ranges of adult women (44). Thus, within our experi- 
mental design, the results obtained may reflect the physio- 
logical actions of DHEA in viva. 

The most intriguing observation made in the present study 
was changes in the IGF-I system. DHEA replacement in- 
duced an approximately 10% rise in serum IGF-I levels and 
an approximately 19% decline in IGFBP-1 levels, resulting 
in an elevation of IGF-I/IGFBP-1 ratio by 50% in both men 

and women. These changes occurred independent of gender 
differences in baseline IGFBP-I levels and were unaccom- 
panied by changes in insulin sensitivity and 24-h GH or GH- 
dependent IGFBP3 levels. 

IGF-I, a potent metabolic giotith factor, is regulated by 
GH and secreted constitutively by the liver without storage 
(45). To maintain steady levels in the circulation, IGF-I is 
bound to a series of IGFBPs. The major BP in serum is 
IGFBP-3, which possesses the highest binding affinity for 
IGFs and is completely saturated (46). Serum IGFBP-1 is 
present with a relatively low binding affinity and at a lOO- 
fold lower concentration than IGFBP-3, but Is unsaturated 
and binds IGFs readily (45-47). That IGFBP-1 may play a 
physiological role by modulating the availability of IGF-I for 
metabolic homeostasis ls suggested by its ability in uivo to 
block IGF-I action and increase blood glucose levels after the 
administration of IGFBP-l(45). IGFBP-1 is mainly expressed 
in the liver, and its release is suppressed by insulin (45-47) 
and GH (48). Given this background, the effect of DHEA on 
IGF-I/lGFBP-1 observed in the present study appears to be 
operating outside the known regulatory mechanism of the 
GH-IGF-I and insulin-IGFBP-1 axes. In the absence of a 
known mechanism of DHEA action, we speculate that res- 
toration of DHEA levels in men and women of advancing 
age may exert a stimulatory action on either the hepatic 
production of IGF-I or the generation of GH receptors, 
thereby enhancing the effectiveness of ambient GH levels 
for IGF-I production. In the same context, hepatic production 
of IGFBP-I may be inhibited by DHEA to account for the 
increased IGF-l/lGFBP-1 ratio without a discernible change 
in GH or insulin levels. The possibility that DHEA may 
represent a previously unrecognized physiological regulator 
of the IGF-I/IGFBP-1 system should be considered an issue 
that deserves further investigation. 

It is also not known whether thll relative increase In the 
bioavailability of IGF-I in response to DHEA in time may 
exert a metabolic impact on anaboliim or attenuate ongoing 
catabolism. The role of IGF-I ln reversing catabolism has 
been recognized in experiments of GH administration in 
aging populations (3). Several IGF-I infusion studies, as 
recently reviewed by Clemmons (49), have shown that acute 
elevation of IGF-I levels can Induce a glucose-lowering and 
protein-sparing effect in healthy adult men, and this anabolic 
action of IGF-I is more evident .in nutritionally deprived 
individuals. The question of long term target tissue exposure 
to endogenously generated IGF-I bioavailability in response 
to restoration of DHEA levels was not addressed in the 
present experiment. Nevertheless, our findings represent the 
first demonstration of a biological effect of DHEA in men 
and women of advancing age. Further studies at selected 
target tissue responses are warranted. 

Although we are fully cognizant of the limitations of self- 
reported mood-behavioral changes in response to an exper- 
imental agent, the self-reported increase in well-being by the 
large majority of our subjects during DHEA treatment should 
be viewed as a reliable outcome in this double blind, placebo- 
controlled study. Self-reported changes include increased 
energy, deeper sleep, improved mood, more relaxed feeling, 
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and better ability to handle stressful events. The lack of 
conesponding changes in libido support the validity of the 
positive event of improved physical and psychological ca- 
pacity during DHEA, but not placebo, treatment. 

The mechanism underlying the array of individual well- 
being enhancements in response to replacement doses of 
DHEA in both men and women is unclear. It is unrelated to 
the small increments in potent androgens, as this occurred 
only in women. The possibility of a central effect of DHEA 
should be considered. Substantial experimental evidence 
now exists showing that DHEA and DS bid to the Y- 
aminobutyric acid,-receptor complex and function as an 
antagonist or negative modulator, resulting in activation of 
neuronal excitability in vitro (see Ref. 50 for review). Further, 
a memory-enhancing effect and inhibition of aggressive be- 
havior have been demonstrated in viva (50). DHEA and DS 
have been found in the human brain and may mediate a 
distinct allosteric mode of interaction with the y-aminobu- 
tyric acid, receptor, as in rodents (50). However, it is not 
known whether incremental changes in circulating DHEA 
can be delivered to brain target sites. Alternatively, the 
potential improvement of cellular well-being by trophic ef- 
fects of IGF-1 may manifest as improved capacity of physical 
and psychological performances. To clarify these postulates 
would require a multidisciplinary approach. 

In conclusion, our results support the hypothesis that 
DHEA may indeed have a biological function in man, and 
that restoration of DHEA and DS levels in age-advanced 
men and women with a replacement dose of DHEA induced 
an increase in bioavailable IGF-I, which, with time, may 
result in an improvement in catabolic processes and physical/ 
psychological well-being. Future trials are warranted to iden- 
tify the biological end points of elevated bioavailable IGF-I 
in healthy aging individuals. 

Acknowledgments 

The authors are arateful to the nursing staff of the CCRC, to left 
Wong and Shannon-ifetze for the technicarassistance in assays, to earn 
Malcom, R.N., for the clinical coordination, to Gail Laughlin for critical 
review of the manuscript, and to Dr. Richard Bergman of the University 
of Southern California for his help in the data analysis of the minimal 

- iv glucose tolerance test data. 23. 

1. 

2. 

3. 

4. 

5. 

6. 

References 

Corpas E, Harman M, Blackman MR. 1993 Human growth hor- 
mone and human aging. Endocr Rev. 14:20-39. 
Orentreich N, Brind JL, Riser RL, Vogelman JH. 1984 Age changes 
and sex differences in serum dehydroepiandrosterone sulfate con- 
centrations throughout adulthood. J Clin Endocrinol Metab. 59:551- 
555. 
Rudman D, Feller AC, Hoskote SN, et al. 1990 Effects of human 
growth hormone in men over 60 years old. N Engl J Med. 323:1- 
54. 
McIntosh MK, Berdanier CD. 1991 Antiobesity effects of DHEA 
are mediated bv futile substrate cvclinr! in heuatocvtes of BHE/cdb 
rats. J Nutr. 12i:2037-2043. * ” ’ ‘ 
Gordon CB, Bush DE, Weisman HF. 1988 Reduction of athero- 
sclerosis by administration of DHEA. J Clin Invest. 82~712-720. 
Daynes RA, Araneo BA. 1992 Prevention and reversal of some 
age-associated changes in immunologic responses by supplemental 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

24. 

25. 

26. 

27. 

28. 

dehydroepiandrosterone sulfate therapy. Aging fmmun fnfd &. 
3:135-154. 
Schwartz AG, Whitcomb JW, Nyce JW, et al. 1988 Dehydroepi- 
androsterone and structural analogs: a new class of cancer chew 
preventive agents. Adv Cancer Res. 51:391-424. 
Cutler CB, Glenn M, Bush hl, Hodgen GD, Graham CE, L.orfaa 
DL 1978 Adrenarche: a survey of rodents, domestic ax&n& ad 
primates. Endocrinology. 103:2112-2118. 
van Weerden WM, Bierings HG, van Steenburgge GJ, de Jong 
FH, Schroder FH. 1992 Adrenal glands of mouse and rat do not 
synthesize l ndrogens. Life Sci. 50:857-861. 
Roth GS, Blackman MR, Ingram DK, Lane MA, Ball SS, Cutler 
RG. 1993 Age-related changes in an&Men levels of rhesus monkevs 
subjected tidiet restictionr Endou J. c227-234. 

,- 

Barrett-Connor E Khaw K Yen SSC. 1986 A txosmxtive rtudv of 
DS, mortality and.cardiovas&lar disease. N End J &cl. 315:1<1& 
1524. 
Helzlsouer KJ, Go@on CB, Alberg A, Bush TL, Comstock CW. 
1992 Relationship of prediagnostic serum levels of DHEA and DS 
to the risk of developing premenopausal breast cancer. Cancer Res. 
52:1-4. 
Thoman ML, Weigle WO. 1989 The cellular and subcellular bases 
of immunosenescence. Adv Immunol. 46:221-261. 
Contoreggi CS, Blackman MR, Andres R, et al. 1990 Plasma levels 
of estradiol, testosterone, and DS do not uredict risk of coronaN 
artery disease in men. j &&ol. 11:460-476. 

, 

Barrett-Connor E, Krits-Silverstein D, Edclsterin SL 1993 A 
prospective study of DHEAS and bone mineral density in older men 
and women. Am J Epidemiol. 137:201-206. 
Harrington DM,-G&don GE, Achuff SC, et al. 1990 Plasma DS 
in patients undergoing diagnostic coronary angiography. J Am Co11 
Cardiol. l&862-870. 
Nordin BEC, Robertson A, Seamrrk RF, et al. 1985 The relation 
between calcium absorption, serum DHEA and vertebral mineral 
density in postmenopausal women. J Clin Endocrinol Metab. 
603651-657. 
Nestler JE, Barlascini CO, Clore JN, Blackard WG. 1988 Dehy- 
droepiandrosterone reduces serum low density lipoprotein levels 
and bod 
Clin En d! 

fat but does not alter insulin sensitivity in normal men. J 
ocrinol Metab. 66~57-61. 

Usiskin KS, Butterworth S, Clore w, et al. 1990 Lack of effect of 
DHEA in obese men. Int J Obesity. 143457-463. 
Welle 5. Jorefowicz R, Statt M. 1990 Failure of DHEA to influence 
energv and protein metabolism in humans. J Clin Endocrinol Metab. 
71:12:9-1264. 
Mortola J, Yen SSC. 1990 The effects of oral dehydroepiandroste- 
rone on endocrine-metabolic uarameters in wstmenopausal 
women. J Clin Endocrinol Metab.‘71:696-704. * - 
Bird CE, Masters V, Clark AF. 1984 Dehydroepiandrosterone 
sulfate: kinetics of metabolism in normal youig me-n and women. 
Clin Invest Med. 7~119-122. 
Haning RV, Chabot M, Flood CA, Hackett R, Longcope C. 1989 
Metabolic clearance rate (MCR) of dehydroepiandrosterone sulfate 
(DS). its metabolism to dehydroepiandrosterone, androstenedione, 
testosterone, and dihydrotestosterone, and the effect of increased 
plasma DS concentration on DS MCR in normal women. J Clin 
Endocrinol Metab. 69:1047-1052. 
Gray A, Feldman HA, McKinlay JB, Longcope C. 1991 Age, 
disease, and changing sex hormone levels in middle-age men: results 
of the Massachusetts Male Aging Smdy. J Clin Endocrinol Metab. 
73:1016-1025. 
Krause MV, Mahan LK. 1979 Food nutrition and diet therapy: a 
textbook on nutritional care. Philadelphia: Saunders: 194-196. 
Khrled, MA, McCutcheon, MJ, Reddy S, Pearman PI Hunter 
CR, Weinsler RL. 1988 Elechical impedance in aMing human 
body composition: the BIA method. Am J Clin Nuh. 4.7:789-792. 
SegaI KR, Loan MN, Fitzgerald PT, Hodon JA, Itilhe TBV. 1988 
Lean body mass estimation by bioelectrical analysis: a four site .’ 
cross-validation study. Am J Clin Nuh. 
Renvall MJ, Spindler AA, Nichols JF, 
corn 

p” 
ition of patients with Alrheimer’s disease. 

93:4 -52. 



DHEA REPLACEMENT 1367 

029. SteIlCMVolundAKahnSE,BergmanRN.I993Reducedsample 

.’ 
number for calculation of insulin sensitivity and glucose effective- 
neJS from the ~nirrd model. Diabetes. 42:250-256. 

I 30. Bergman RN, Beard JC, Chen M. 1986 The minimal modeling 
method. mment of insulin sensitivity and B-cell fun&Ion ix 
viva. Methods Diabetes Res. 2%34.’ 

31. Freidenberg CR, Suter SL, Henry RR, Reichari D, Olefsky JM. 
1991 fn niuo stimulation of the insulin receptor kinase ln human 
skeletal muscle. Correlation with insulin-stimulated glucose disposal 
during euglycemic clamp studies. J Clll Invest. 822222-2229. 

32. Chiasson JL, Lilgenqulst JE, Lacy WW, Jennings AS, Cherrington 
AD. 1977 Gluconeogenesis: methodological approaches in viva. Fed 
Proc. 36229-235. 

33. Anderson DC, Hopper BR, Lasley BL, Yen SSC. 1976 A simple 
method for assay of eight steroids in small volumes of plasma. 
Steroids. 28~179~196. - 

34. Berga SL, Mortoh JF, Cirton L, et al. 1989 Neuroendoaine aber- 
rations in women with functional hypothalamic amenorrhea. J Clin 
Endoainol Metab. 68:301-308. 

35. Daughaday WH, Maria IK, Blethen SL. 1980 Inhibition of access 
of bound somatomedin to membrane receptor and immunobiiding 
sites: a comparison of radioreceptor and radioimmunoassay of so- 
matomedin in native and add-ethanol extracted serum. J Clin En- 
docrinol Metab. 51:781-788. 

36. Furlanetto RW, Underwood LE, Van Wyk JJ, D’Ercole AJ. 1977 
Estimation of somatomedin-C levels in normals and patients with 
pituitary disease by radioimmunoassay. J Clin Invest. 60:648-657. 

37. BusbyWH, Snyder DK, Clemmons DR. 1988 RIA of a 2600 dalton 
plasma insulin like growth factor binding protein: control by nut+ 
tional variables. J Clin Endocrlnol Metab. 67:1225-1230. 

38. Baxter RC, Martin JL. 1986 RIA of growth hormone dependent 
insulin-like growth factor binding protein in human plasma. J Clin 
Invest. 78:1504-1512. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

Morgan CR, Iasamw A. 1963 Immunoassay of insulin: two anti- 
body system. Diabetes. K&115-126. 
Segal P, Bachorik P, Rifkind B, Levy R. 1984 Lipids and dyslipo- 
proteinemia. In: Henry RB, ed. Clinical diagnosis and management 
by Iaboratoty methods. Philadelphia: Saunders; 186-193. 
Allain CA, Poon LS, Ghan SCG, Richmond W, et aL 1974 Enzy- 
matic determination of total serum cholesterol. Clln Chem. 20:470- 
475. 
Veldhuis JD, Johnson ML 1986 Cluster analysisr a slmple. versa- 
tile, robust algorithm for endocrine pulse detection. Am J Physiol. 
25O:E486-E493. 
Yeoh SL Baxter RC. 1988 Metabolic regulation of the nrowth 
hormone independent insulin-I&e growth &or blinding p&m m 
human plasma. Acta Endoainol (Copenh). 119~465-473. 
O%ialley SW, Stmtt CA. 1991 Steroid hormones: metabolism and 
mechankm of l ctfon. In: Yen SSC. Jaffe RB. eds. Reoroductive 
endocrinology. Philadelphia: Saunders; 162. ’ 
Holly JMP. 1991 The physiology role of ICFBP-1. Acta EndoalnoI 
(Copenh). 124:55-62. 
Clemmonr DR. 1992. ICF biding proteins: regulation of cellular 
actions. Growth Regul. 2~80-87. 
Snyder DK. Clemmons DR. 1990 Insulin-dependent regulation of 
it&n-like growth factor-biding protein-l. j Clin End&inol Me- 
tab. 71:1632-1636. 
Tapanainen J, Ronnberg L, Martikalnen H, Reinlle M, Kolstlnen 
R, Seppala M. 1991 Short and long-term effects of nrowth hormone 
on &ulating levels of insulin-l&e growth factor I, ICF binding 
protein-l and insulin: a placebo-controlled study. J Clin Endocrinol 
Metab. 73:71-74. 
Clemmons D. 1992 Editorial: role of insulin-like growth factor-l ln 
reversing catabolism. J Chn Endoainol Metab. 75~1183-1185. 
Robe1 P, Baulieu EE. 1994 Nemosteroids: biosynthesis and func- 
tion. Trends Endoainol Metab. 5:1-8. 



3 
Reprinted from Dehydmqlandrostnonc (DIIEA) and Aging 

Volume 774 of the Ann& of the NW York Ardmty n/Scicnws 
December 19. 1995 

Replacement of DHEA in Aging Men 
and Women 

Potential Remedial Effects” 

Aging in men is associated with rcduccd protein synthesis. dccrcascd lcan body mass 
and bone mass, and increased body fat.’ Thcsc body composition changes arc 
accompanied by a progressive dcclinc in adrcnrl sccrcrion of dchydrocpiandros- 
Icronc (DHEA) and its sulfate cstcr (DHEXS),z paralleling lhose of the growth 
hormone (GH)-insulin-like growth factor-l (GH-IGF-I) system and immune func- 
tion.” Although the GH-IGF-I system is rccognizcd to promote cellular growth and 
metabolism at multiple sitcst.’ and IO modulate the immune system in health and 
discasc.J17 the biologic function of DHEA and DHEAS in humans remains clusivc. 
Extcnsivc animal cxpcrimcnts have shown that DHEA may have immunocnhanc- 
ing%tt and protcctivc clfccts against viral infection,‘? glucocorticoid-induced thymic 
involution,” autoantibody formation.” and age-related d&its such as obesity. 
cardiovascular d&case. and breast cancer. +t”Thus, DHEA may be viewed as a multifunc- 
tional steroid hormone. The rclcvancc of thcsc findings in human biology and discascs is 
pctplcxing, because humansand nonhuman primates arc the only spccics with the capacity 
to synthesize and secrete DHEA and DHEAS in quantities surpassing all other known 
stcroidr” In light of these considcratkms, assessments of the polcntial role of DHEA in 
human health and discasc arc of both biologic and clinical importance. 

Unlil recently, limited clirdcal studies wereconducted with mega doses of DHEA, 
which may induce responses beyond its physiologic action or may, through rapid 
biotransformation to potent androgens and estrogens, have biologic impact on target 
tissues, including anabolic effects. In time course studies Mortola and Yen,” using a 
1,600-mg daily oral dose of DHEA in postmenopausal women (aged 46-61 years) for 
4 weeks, demonstrated marked increments of potent androgcns and estrogens within 
1-2 hours. These increments reached 9-fold for testosterone (T). 20-fold for andro- 
stenedione (A) and dihydrotatostcronc (DHT). and 2-fold for estronc (Et) and 
estradiol (Er) by the 3rd hour after DHEA administration. and levels were sustained 
during the entire duration of the study. This hypcrandrogcnic state imposed by a 
pharmacologic dose of DHEA was associated with a significant dcclinc in sex 
hormone-binding globulin (SHBG), thyroid-binding globulin, total cholesterol and 
high density lipoprotein cholesterol. and the appearance of insulin resistancc.z’ 

CELLUUR MECHANISMS OF DHEA DECLINE DURING AGING 

Liu ef oLz2 reported that the progressive decline in DHEA and DHEAS during 
aging reflected intraadrenal changes in I’la-hydroxylase enzymatic activities, in that 

#This work was supported by National Inrtitutn of Health RO-I AG-10979-03. National 
Institutes of Health Minority Clinical Associate Physician Award (A.M.) and General Clinical 
Research Center USPHA grant MO-I Rr-00827. Ortho American college of Obstetrician and 
Gynecologist Award (O.K.), and in part by the Clayton Foundation for Research. 
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a rclativc dcllcicncy in 17,Xl dcsmolasc occurs in aging women, a finding that was 
rcccntlyconlirmcd in aging mcn.rr As I’Io-hydroxylasc and 17,10-dcsmolasc arc PJ.50 
Cal7 enxymc cncodcd by a single gcne.r’ 1hc sclcctivc dccrcasc in )7.X-dcsmolasc 
with unaltered 17n-hydroxylasc activity observed in old& individuals suggests a 
hmctional shill with aging npposirc thar seen during adrcnarchc/pubcrIy when the 
selcctivc incrcasc in 17.2(l-dcsmolasc iKtiVily Icads to a prclcrcntial mcrcasc in 
DHEA and DHEAS Icvcls. The mechanism(s) fnr this switch-on ;Ind witch-oil of 
17.20 dcsmolasc activi1y during the anabolic state of puberty and Ulc catabolic staIc 
of aging remains unclear. The progrcssivc blun1ing of the ACTH-mcdiatcd pulwtilc 
aclivity of DHEA with advancing age (FIG. I), without aliccting the pulsatilc rhythm 
of corlisol, is highly consiucnt with a sclcctivc intraadrcnal biosynthetic dcfcc~ for 
DHEA. 
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FIGURE 1. Reprcm~a~lve 24-hour pulsatik pattern oladrenal DIIEA showing a progressive 
decline with advancing age in pm- and pustmcnupausal wnmen. 

REPIACEMENT OF DHEA IN AGING MEN AND WOMEN 

WC tested the supposition that restoring cxtraccllular levels of DHEA and 
DHEAS in individuals of advancing age IO lcvcls in young adults may have beneficial 
effects. Because the GH-IGF-I system and immune function decline wi1h aging in 
parallel IO DHEA, we hypothesized that thcsc concomitant changes may bc function- 
ally linked. S1udics of replacemen doses of 50 and IO0 mg of DHEA administcrcd 
orally at bedtime wcrc conducted in men and women aged 40-70 years in doublc- 
blind, placcbo-controtled cross-over trials of 6- and It-month duralions. In a 
separate study, WC determined 1he cffccts of in viw adminis1ralion of 50 mg DHEA 
on immune function in aging men. 

Studies with o SO-ME Lke of DHEA 

The time course and circulating levels of DHEA and DHEAS after oral versus 
sublingual routes of administration of 50 mg DHEA in gelarin capsules were 
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FIGURE 2. AbsorpIion and r&live incrcmenlsofserum kvelrof DHEA. DHEAS. andrusiene- 
dione (A). ~erloslerone (T). and dihydroIenIosteronc (DHT) following oral versus sublingual 
administnnion of a XI-rag duse of DHEA in aging men and wumen (Moraks and Yen. 
unpublished observauons). 

dctcrmincd in eight men and eight women. As shown in FIGURE Z wiIh the exccplion 
of serum DHEA levels, the increments over time of circulating DHEAS. h T. and DHT 
wcrc rapid and were similar be~wccn oral and sublingual romes of administration. DHEA 
lcvcls, in contrast, showed a rapid (within 30 miruncs) and marked elevation lasting for 2 
hours after sublingual than after oral administration. Tbcreaftcr, all steroid levels, includ- 
ing those of DHEA. were similar with a slight ckclinc towards the end of the expcrlmenI at 
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the 8th hour. Thus, WC chose the oral mule of administration for subsequent studies 
becauseof itscasc and rcliabilityof administration in the agingpopulation. 

Effects of SO-h+ Oral DHEA Replacemenr (a 6.Month Trio/) 

A randomized placebo-controlled cross-over trial of nightly oral DHEA adminis- 
tration (50 mg) of (I-months duration was conducted in I3 men and I7 women JO-70 
ycara of age.*’ During each trcatmcm period. concentrations of androgcns, lipids, 
apolipoprotcins, IGF-I. IGF-binding protein-I (IGFBP-I). and IGFBP-3. insulin 
sensitivity. percentage of body fat, libido. and scnsc of well-being wcrc mcasurcd. A 
subgroup of men (n = g) and women (n = 5) underwent 24-hour sampling at 
20-minute intctvals for growth hormanc dctcrminations. 

DHEA and DHEAS strum lcvcls wcrc rcstorcd to those found in young aduhs:“a 
within 2 wccbof DHEA rcplaccmcnt and wcrc sustained throughout the 3 months of the 
study. A twofold incrcasc in strum kvcls of tmdrogcns (A. T, and DHT) was ohscrvcd in 
women, with only a smull rise in A in mtn. Thcsc androgcn incrcmcnts in women remain 
within the r*ngcofyrnrngadullsThcrc-mch;lngc incirculating Icvcfsc~fSCIBG. E,.or 
Ez in cithcr gcndcr. High dcmity lipoprotein levels dcclincd slightly in women, with no 
other lipid changes noted for chhcr gcndcr. Insulin sensitivity. dctcrmincd hy cuglyrcmic 
hypcrinsulincmic clamp studies, and pcrccntagc of hody fat wcrc unallcrcd. Although 
mean 24-hour grtmth hormone and IGFBP-3 lcvcls wcrc unchanged. strum IGF-I Icvcls 
irtcrcascd signif~ntfy and IGFBP-I dccrcascd signiticantfy. resulting in an clcwucd 
IGF-IIIGFBP-I rtt~in for ho1h gcndcrs (FIG. 3). suggesting an incrcascd bicravailebili1y of 
IGF-I IO target tissucs.~ This was associated with a rcmarkablc incrcasc in pcrccivcd 
physical and WI wcg-bcmg for both men (67%) and women (tt40) and no 
change in hido (FIG. 4). Thcsc obscrva~ions and the abscncc of side clfccts cnnstitutc the 
first dcmonsrration of ncwcl cffccts of the rcpfaccrncnt ti of DHEA in age-adwmccd 
men and worttcn.n 
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PICURE 3. Percentage change from placebo of individual values for serum IGF-I. IGFBP-I, 
and IGF.I/IGPBP-I ratio afrer llwceks of oral administration of 50 mg DHEA nightly in men 
and women. llre mean 2 SE of each measurcmcnt is also shown. l p < 0.05 compared with 
placebo (Morales and Yens’). 
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One- Yew Study of a IOO-Mg Dose of DHEA 

A randomized double-blind placcbo-controllcd cxpcrimcnt of I-year’s duraiion 
was conducted with a Ifkl-mg oral dose of DHEA or placebo. This study was aimed 
specifically IO assess the ctfccts of doubling the dose and expanding the duration of 
DHEA administration on biologic old-poinfs in aging men 01 = 8) and women 
(n = R) SO-65 years of age. 

Basal concentralions of all androgcnic steroids wcrc either below or near the 
lower end of the normal range fnr young adults. Strum DHEAS lcvcls incrcascd 
scvcrul-fold in both men and women al the end of 6 months of DHEA. bu1 not 
pluccbo. adminisrration (FIG. 5). Thcsc values were near or beyond the upper limit 
of young adult IcvcIs.~~” Biotransformation of DHEA in men was limited IO a 
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FIGURE 4. Pcrcemagc of men and women who self-reported an improved sense of well-bring 
after I.2 weeks of oral administration of 50 mg DHEA nighlty and after I2 weeks of plnceho 
adminirlralion (lefrparwl). “‘p < tItltH compared with placebo values. Scored values of libidcr 
cm a visual analog scale in men and women af1cr I2 weeks of oral administration of SO mg 
DIIEA nightly and after II weeks of planho administration are shown. “p < 0.01 compared 
wi1h opposite gender values. 

doubling of A fcvcls. By contrast, there was a three- to fourfold incrcasc in all 
androgcnic steroids (A, T. and DHT) in women. and the levels reached were above 
the upper limits of normal for adutt women. Although SHBG levels were unaltered 
in men. a 50% decline was seen in women. This gender disparity may be accounted 
for by the relatively greater incremenls of androgcn lcvcls in women, thereby 
cxcrting an inhibitory etfect on hepatic production of SHBG. One woman developed 
facia) hair that rcsolvcd by the end of the study. Gonadotropin levels in both genders 
wcrc unalfectcd by DHEA treatment 

Biologic Markets 

As seen in the SO-mg dose sludy. a significant (p < 0.05) increase in Serum IGF-I 
lcvcls occurred in both men and women after 6 months of DHEA treatment at a 
IOO-mg daily dose (FIG. 6). The relative incrcmcnt in IGF-I was grearcr in subjects 
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nGURE I. Circulating DHEAS levels (mean f SE) at hasslim and in response to placchu 
and DHEA (100 ml/d) administration (6 months each) in aging men (n = 8) and women 
(n = II). (Inset) Changes in individual valuer 

with low DIEAS levels at basclinc. Lean body mass, dctcmtincd by DEXA. showed 
an increase in both genders, but signiftcancc (p < 0.03) was achieved only when both 
genders were analyxed together (FIG. 7). Knee extcnsion/flexiott muscle strength 
(McdX isometric testing) was increased in men (p < O.Ol), but not in women. for 
whom a strong placebo effect was evident (FIG. 8). Lumbar muscle strength was 
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PICURE 6. Serum IGF-I kvels (mean t SE) at hasslim (lm) and the pemntaga change in 
response to placebo and DHEA (I W mgld) administration for 6 months in aging man (n - 8) 
and women (n - 8). (Inset) Mean f SE increments (delta). l p < o.tlS. 
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FIGURE 7. Lean body mass (LBM) measured by DEXA at baseline (la%) and the percent- 
age change in response to placebo and DHEA (IO0 mgld) administrations in aging men (n = LI) 
and women (n - 8). (Insel) Increments (delta). ‘p < 0.05. 

BASALPLACEBODHEA BASALPLACEBO DHEA 

llGUHE & Knee cxtcnsion/Rcxion muscle strength measured by’Mcd#X isometric machine at 
baulinc (IOU%) and pwccntap change in response to placebo and DHEA ( IOOmgld) in aging 
men (n - 8) and women (n - 8) expressed as number of feet. tp < 0.0s placebo versus 
hnsclinc: l p < 0.05 DHEA versus placebo. (lnaet) Incremental changes (delta). 
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unaltered. No time course-rclatcd changcswerc noted in muscle strength detcrmina. 
tions. Fat body mass (by DEXA) was signillcantly dccrcascd in men (p < 0.05) but 
MS in women (FIG. 9). a finding consistent wiIh that rcportcd by Nestler rf 01:” In 
both genders. no change was noted in lipid profile and apolipoprotcins, insulin or 
glucose lcvcls. niIrogcn balttncc, basal mclabolic rate. bone mineral density, or 
urinary pyridilinc Icvcls. 

In summary, in this cxtendcd study (I year). wc have contirmed the abilitypf 
DHEA to induce an increase in IGF-I. Furthcrmorc. biologic end-points of incrcascs 
in lean body mass and muscle strength of Ihc knee wcrc obscrvcd. A strong placebo 
CfkcI was noled in women with regard to muscle strength mcasurcmcnls. A daily 
dose of 100 mg for 6 months appears IO be cxccssivc with rcspcct IO the increment of 
androgcns in women and may induce undcsirablc androgcniccllccts with time. Thus. 
a potcnrial gcndcr dificrcncc in biotransformation of DHEA and biologic rcsponscs 
requires further study. 
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FIGURE% Fat body mass (FBM) measured by DEXA at hassiinc (IIWf) and the pcrcenutgr 
change in respcmse to placebo and DIIEA (It0 mgld) for 6 mmths in aging men (n = tt) and 
aging women (n - tt). (1~~1) Incremcntr (delta). 

DHEA Administmtion and Immune Funcfion 

Several lines of evidence derived primarily from animal sIudics have suggested a 
role for DHEA in modulating immune function. et4 In mice, DHEA administration 
dcmonstratcd a protea& cffecI agains viral induced mortality,‘* and blocked Ihc 
glucocorticoid-mediated Ihymocytc dcstrucIion in viva and in vitro.” In a murinc 
model of lupus erythcmatosus, oral adminislration of DHEA prcvcntcd the forma- 
tion of anMwdies IO double-stranded DNA and prolonged survival.” In vitra studies 
wiIh both murines and human T ccllsv have shown that DHEA exerts a stimulatoty 
clfect on IL-2 seer&m. inhibits NK cell dilTcrcnIiaIion.“t and prcvcnts Ihc agc- 
related increase in IL-6 pmducIion in murinc lymphocyms.“‘~” A study of the 
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therapeutic potential of DHEA (ZOO mg) in human systemic lupus crythematosus 
rcportcd an improvement in sympIoms, a red&on in corIicosIeroid requirements.“’ 
and rcsrorarion of impaired IL-2 production by T cells in vitraU 

To date, Ihc only study examining Ihe in viw effect of a replacement dose of 
DHEA on human immune function is by Casson cf 01.~’ who reponed that in 
postmenopausal women DHEA treatment with a SO-mg daily oral dose for 3 weeks 
increased NKcellcyIotoxicity and decreased the number of CD4 (T helper) cells, but 
did not influence in vitro IL-6 production. The in viva cflccIs of DHEA treatment on 
the immune funclion of elderly men have not been rcportcd. 

A single-blind placebo-controlled trial of 5 months’ duration was conducted in 
nine healthy elderly men who were nonsmokers on no medications. with a mean age 
of 63.7 years (range 53-6Y) and mean body mass index of 26.7 kg/m? (range 22-30). 
Subjects took nighlly placebo orally for the first 2 weeks followed by oral DHEA (50 
mg) for 20 weeks. FasIing blood samples (at 8 AM) were obtained at monthly intervals 

20 
c ,* 

WEEXS OF TAEATMENT 

FIGURE IO. Serum levels (mean +-SE) of IGF-I. 
IGFBP-I. and IGF-I/IGFBP-I ratio in response to pla. 
c&n tmd DHEA (50 mgld) in nine aging men during 
xsscsstnents of immune function. “p < MM. 
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PICURE 12. Percenlagc of lymphocytes exprcrr- 
ing IL-2 receptors (tup). amecntrations d slL-2 
rrccpmrs in serum (middle). and IL-2 in culture 
(hrom) during placebo (p) and during DHM 
(50 trig/d) trea~mcnl. ‘jr C 0.05: “p C tIllI. 
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WEEKS OF TREATMENT 

cells expressing IL-2 rccepror and slL-2 receptor in serum. In contrast with murinc 
data showing inhibition of an age-rclarcd increase in IL-6 by DHEA.” WC found an 
unaltcrcd low lcvcl of basal secretion of lL-6. but augmcntcd phytohemaggluIinin- 
stimulated IL-6 production in response IO DHEA treatment in men. ln contrast with 
data obtained in postmenopausal women, m we did not observe a decrcasc in CD4’ 
T cells. Howcvcr, a similar increase in NK ceils was found with a diffcrencc in time 
course of activation (3 vs Ill weeks. respectively) in posImcnopausai women and in 
our currcm study in mtn. The mechanism(s) by which DHEA cxcrls iIs lymphocylo- 
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FIWRE 1.3. Pcrccnlr~gc of lysis of the lilt. 
get ccllsa~ rwoefleclorl~wge~ (ET) ratios XI 
baseline (B) following placebo (Pf and 
DHEA lrcatmcnts. l p < 0.05: “p < 0.01. 

WEEKS OF TREATMENT 

Irtrpic cffccts is unknown, The temporal synchrqny of the increase in circulating 
IGF-I and immune activation by DHEA suggcrts that the immunoenhancing effects 
of DHEA may he mcdialcd by IGF-I hy virtue of ils immune regulating properties. 
which have hecn dcmonsIraIcd bolh irt viva and in virro:*-” The question as 10 just 
how these lindings trttnslatc IO immunity against foreign antigens is being addrcsscd 
in ongoing sIudirs. 

DHEA in appropriate rcplaccmcnl doses appears IO have rcmcdial clTccIs wiIh 
rcspcyI IO iIs ability 1t1 induct an anaholic growth factor, incrcasc muscle rtrcngth 
and lean body mass. activate immune funcrion. and enhance quality of life in aging 
men and women, wiIh no significant advcrsc clfccrs. Further studies are nccdcd IO 
conlirm and cxtcnd our currcnI results. p;trIicularly Ihc gcndcr diffcrcnccs. 
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Activation of Immune Function 
by Dehydroepiandrosterone (DHEA) 

in Age-Advanced Men 

Omid Khorram, Lan Vu, and Samuel S. C. Yen 

Dcpanmcnt of Rcprodu~dve MuMu, Univcnit~ of California. San Dipo SchooI of Mcdicinc. 

Bar&ground. Subsr&al data from animrl studies have demonsrn~cd a rrimulatory cffcct of dehydrocpirndrosuronc 
(DHEA) on immune function. However, little is knuvn about the cffccrs of DHErr on du hum immune system. Since 
aging ic associntcd vith I de&c in immune function and in DHEA production. we proposed duu oml admlnisuadon of 
DHEA to elderly men would rcruh in acrivalion of their immune synem. 

McrhuAt. Nine hcahh) rgeul~mced men (mun age of 63 yw) with IOU DIG%-~ulfuc le*els puriciparcd in this 
study. They wcrc rrcrred nightly with OI oral p&bo for 2 wakr followd by DHEA (50 mg) for 20 weeks. Fasling 
(OS@&-Ouch) blood samples wcrc obtained B% L 10 g-week intelvals for immune function rtudiu u*l hormone 
dctcrminrdoos. Frtrhl) isolacd priphcnl lymphocytes wclc used for flow cy~~~~~tric identification of lymphocyte 
subscu, cells cRpresring the IL-2 rtccptor (IL-2R). mitogcn stimulation mdier. and fordclcrmining natunl killer(NK) 
cell number and cytotoxiciry. Lvch of inwlcukin -2 (IL-21 and IL4 meted from cultured lymphocytes were 
determined under basal and mitogen nimulowd conditions. krr wuc vulyxed for soluble IL-2 Rcccpw(sIL-2R) levels. 
insulin-like growh Mar-I (IGF-I) and IGF binding pro&-l (LGFBP-1) cortctnt&ons. 

Rcsulfs. Bwline Icwfs of wum DHEA rulfrrr (DHEAS). a stable marker of circulating DHEA Lcrds. wc~t 2 
standard dcvtutmm bclov young adulr values and incrrlccd 3-a fold within 2 weeks. These lsrclr were sustained 
throughour rhc duration of DHEA dminis&on. When compared with placebo. DHU timinixntion rcsulrJ in 8 20% 
incrcvjc @ < .r)l)in serum IGF-I. ~decrcasing txnd in IGFBP-I. and a 32% increase in &cndoof lGF4/ICFEP-I @ < 
.Dl). Acrivation of immune function omrrred wiUa I-20 weeks of DHEA trtrtntcn~ The numkr of motmcytes 
incrcoscd sigmticmtly (p < .O I) after2 (45%) 8nd 20 (35%) weeks of ucaunenr. The ppuladon ofB cells llucluatcd with 
incrcm @ < .05) u 2 (35%) rrd IO (29%) we& of malmenr. B cell mirogcnic rcrponw incmavd 62% @ C .OS) by 12 
weeks unxcompanicd by changes in serum IgG. IgA, and IgM le~elr. ToraIl cells ud T cell subseL( vcrc urulurcd. 
However. a 40% increase (p c .05) int ctll mitogenic rrsponse. 39% increase in cells erpnning TIC IL-2R (CDts-) @ 
C .OS). l ?ld 20% increase in seturn rlL2R lcvcle @ C .Ol) were found aI 12-20 w&s of DHEA mslmcnr. subgcsting a 
functional acctvalion oil lymphocytes occunrd. In viuo mirogen stimulated release of IL-2 and IM was cnhrncrd SO% 
@ < .05) ud 309 (I, < .01) rcrpccrively by 20 weeks of ueatmcnt *ifhow M recntioo king affected. NK nlI 
number shoved a 2247% incrrvc @ < .Ol) by I I-20 wakr of treatment wirh a conromilvnr 45% incrcmre @ < .Ol) in 
cyrotorieiry. There were no ~~MSC cffccts noted with DfiEA adminirtradon. 

Concfurbn. Administrwion of oral OHEA at a daily dose of 50 mg 1~ age-dvanced men with low serum DHEAS 
lcrcls significantly acdvncd immune function. The mcchmism(s) to accounr for rhc immunoenhrncing pmpcnia uf 
DHEA HIT unclear. Cunridcrrtiun is given to the potential role ofan Incmw in biotvailablc IGF-I. which by vinue of irs 
miwgcnic effects on immune cell funcrion. may mediate 4e DHM elfecu. While crandcd snrdiu arc required. our 
endings qgc&t porcnrial rhcrapulic benehls of DHJZA in’immunadcricicnr trates. 

I T is well recognized thar rhe immune system performs 
biologic functions that are indispensable to survival in 

mammalian species. Immunologic competence is largely 
dependent on both the ability and rapidity of response to 
antigens by specific cellular elements (1). Aging is associ- 
ated with a decline in immune function that leads to an 
increased incidence of infection, cancer, and autoimmune 
disease (2). Age-related changes in Immuniry primarily 
involve alterations in ‘I’ cell function. including a decreased 
proliferative response of T cells to mitogens (3.4). dimin- 
ished IL-2 production WI eaprtssion of interleukin-2 recep 
tar (IL-2R) (5). Akered B cell function also occurs with 
agmg. as evidenced by II decreased ability to generate: 
antibodies to antigens and decreased effectiveness of vac- 
cines IO confer immunity. In conrrast to T and B cells. the 
number and activity of na:ursl killer (NK) cells have beeq 

reponed to either increase (6,7) or remain the sarnc (8) in the 
aging population. 

Major research efforts have focus& on finding means to 
enhance immune function in immunodeficiency states. 
Based primarily an evidence derived from Ptudies of the 
murine model, dehydroepiandrosterone (DHEA) and its sd- 
fared ester (DHEAS) have been shown KO have immune- 
enhancing properties. DHEA reverses the conicosteroid and 
sues+induced inhibition of j&nune function (9). The cf- 
fccts of DHEA on immune function and its antagonism of 
corticosteroid effects have been recently reviewed (10-12). 
In mice, DHEA administration by various routes US shown 
to hav$ a protective effect against systemic Coxsackie virus 
Be arid herpes simplex type 2 encephalitis (13) and to black 
rhe glucocorricoid tiediarcd thymocytc involution in viva 
and in vitro (14). In a murine model for lupus eryrhcmato- 
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sus. pharmacologic doses of &al DHEA prevented the 

c 

formation of circulating auto-antibodies to double-stranded 
DNA in plasma. prolonged survival (IS), and reversed an 
IL-2 deficient smtc (16). In vitro studies have shown that 

* DHEA cxcns a stimulatoty effect on IL-2 secretion, inhibits 
NK cdi diffcrcnriation (17). and prevents the age-related 
increase in IL-6 production (18). In an elegant series of in 
vivo experiments, Daynes and associates have demonstrated 
the ability of DHEA. but not DHEAS. to enhance IL-2 
production by activated murine T cells (19.20). Araneo et 

al. found that treatment of burned mice with a single 
injection of 100 pg of DHEA SC restored their capacity to 
produce T cell derived lymphokines and :o generate a ccllu- 
lar immune response (21). The same group also demon- 
srratrd that topical application of DHEA (10 &g) or sc 
injection (100 pg) of DHEASin aging mice corrected the 
age-associated dysregulatcd production of T cell lympho- 
kines from various Iymphoid organs (22). When DHEA was 
incorporated into the hepatitis vaccine, the combination 
produced an enhanced antibody response against hepatitis B 
surface anrigcn (22). DHEA has also been shown to increase 
IL-2 production and cytotoxic effector function in human T 
cells (23) and inhibit Epstein-Barr virus induced motpho- 
logic transformation and stimulation of DNA synthesis in 
human lymphocytes in vitro (24). 

Human studies examining DHEA effects on immune 
func$X! a!! !iai:td. !n q a. prcspec:ivt :znCcmiz:C do’Jbk- 
blind study, Casson et al. reponed that daily treatment of 
posrmenopauw1 women with 04 DHEA (50 mg) for 3 
weeks increased NK cell cytotoxicity. decreased the number 
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of CD4 (T helper) cells, and inhibirzd T cell mitogenic 
response without affecting IL-6 or IL-2 secretion (25). In a 
Phase I open label study of patients with symptomatic HIV 
infection, mcga oral doses of DHEA (750-2250 mglday) for 
16 we&s failed to induce imptovcmcnt in immune paramc- 
ters (26). The therapeutic potential of DHEA in systemic 
lupus trythematosus (SLE) was tested in an open label. non- 
controlled trial involving IO women with mild to modetare 
disease: oral DHEA (200 mg daily dose) produced a signifi- 
cant symptomaric improvement and dccreastd their cortico- 
steroid requirements (27). In another study, patients with 
SLE were found to have very low serum levels of DHEA and 
administration of DHEA restored rhe impaired IL-2 produc- 
tion ofthci:iceiis in viuo (2s) In iight of these findings and 
the lack of information on the effects of DHEA on immune 
function in age-advanced men wc have conducted the fol- 
lowing studies. 

METHODS 

Subjects 
Nine healthy age-advanced men. nonsmokers, on no’ 

medications, with a mean age of 63.7 years (range 53-69) 
and body mass index of 26 7 kgfm’ (range 22-30) were 
rccruircd for this study. Psychiatric and concur-tent medical 
illnrss and major depression were excluded by history, 
physical examination. blood chemistry. complere blood 
counr. and Beck depression tests. The protocol was ap- ? 
proved by Human Subjects Commirtcc of the University of’ 
California. San Diego. 

Study Design and Prorocol 
The study design was a siuglc-blind placebo-controlled 

trial of 22 weeks duration. Subjects took an oral placebo (50 
mg) nightly for the first 2 weeks followed by oral DHEA (SO 
mg) for 20 weeks. Subjects were inswcted not to change 
their dietary habits or exercise tegimcn. 

Subjects were seen as outpatients at 4. and B-week inter- 
vals. During each visit they filkd out an open-ended qucs- 
tionnaire regarding self-reported changes and side effects. 
Fasting blood samplts wcrc drzvn bezwtcn OgZ)r3!+09Xb 
for immune studies, hormone measurements. and standard 
complete blood and chcmistty panels. Blood pressure and 
body weight were monitored at each visit. 

Hormone Mearurements 
All hotsnone measurements for each individual subject 

were performed in duplicate in the same assay. DHEAS and 
coni& were measured by a specific RIA previously de- 
scribed (29). IGF-I was measured by acid-ethanol extraction 
by a RIA kit (Nichols Institute, San Juan Capisrrano, CA). 
IGFBP-t was measured by a time-tesolvcd immunofluoto- 
metric assay (30). Assay sensitivities were 0.6 )rmoUL. 13.5 
n&ml. 0.1 kgJL and 20 nmolJL for DHEAS, IGF-1. IGFBP- 
1. and cortisol respectively. Inter- and inttaassay coef- 
ficients of variation for DHEAS were 5% and 7%. IGF-I 
were 8% and 3%. IGFBP-1 were 8% and 6%. and conisol 
were 6.d’ariC 5.4 rcspccrivc:y. 

Immune Cell Studies 
Lymphocytes were isolated from frcrhly driws blood by 

Ficoll-Hypaquc ccnnifuguion (Sigma, St. Louis, MO) (3 1). 
Cells were then washed three times with PBS buffer. 
counted in a hrmocycomaer. and suspended in the appropri- 
ate concentration in RPMI I&O containing 1% glutaminc, 
1% penicillin-streptomycin and 10% fetal calf serum. 

Mitogcn assays. - Lymphocytes wcrc incubated at a 
concentration of 1 x 10’ cell/m! in rhc prcscnce of PHA 
(Murex Diagnosrics, Notcross. GA) ~0.1 and 2 NgJml. and 
PWM (Gibco, Gaithersburg. MD) atO.5 and 5 Fgrnl. in 5% 
CO, at 37 “C for 6 days at which time 0.2 FCi of ‘H- 
thyrnidinc was added. The cells were hatvcstrd 18 hours 
later onto filters and counted in a liquid scintillation counter. 
Control wcils contained only buffer. Results were expressed 
in terms of stimulation index determined as follows: cpm in 
mirogen containing wrllslcpm in cortrrd wells. 

How cyomany. - 2 x I(Y cells wctc in&bated with 
monoclonal antibodies (Beckton-Dickinson. sj;, Jose. CA) 
against various cell surface antigens listed in Table I. After 
20 minutes of incubation at 4 ‘C the cells were washed two 
rimes with PBS buffer and fixed with 2% parafonaldehydt. 
Cells were then analyzed in a FACS scan flow cyromcter 
(Beckton-Dickinson Immunocytomcny System, San Jose, 
CA), and data were analyzed by Lysys II sofrware. 

NK cell acriviry. - Target K-562 cells were incubated 
with 200 #Zi of chromium-51 for 2 hours in 5% CO: ac 37 
“C, after which cells were washed and adjusted IO IO’ cells 

per ml. Target cells were then incubated with lymphocytes 



isolated from the DHEA ueared subjects at effcctar KO target 
(E:T) ratios of 50: 1 and 100: I in 5% CO, at 37 ‘C for 4 
hours. One hundred ~1 of the well contents was counted in a 
gamma counter. Target cells were incubated in cul~re 
medium with and without 3% SDS for measurement of 
spontaneous and maximum release. The specific lysis was 
determined aJ follows: fexpcrimtnrul refeuse)-tsponranrous 
release) I (maximum rchasel-(sp~nroneour release). 

Cyiokine ~cc;e~ion utd immunog~obulinr. - 1 X :c’ 
cells/ml were incubated with md without PHA (20 *g/ml) 
for 48 hours in 5% CO, ar 37 ‘C. After 48 hours the well 
‘conrents were ccntrifugcd at 600 g for 5 minutes and the 
supematant stored at -70 ‘C for subsequent measurements of 
IL-2 and IL-6 by ELISA kits (Biosourcc, Camarillo, CA). 
The sensitivity of these assays was 8.7 pglml and 2 pglml. 
respectively. sIL-2R was measured by ELISA (Genzyme, 
Boston, MA) with a sensitivity of 100 pgrml. Immunoglobu- 
lins were measured by radial immunodiffusion (The Binding 
Sire. La Jolla. CA). 

Slarisrics 
The endocrine data were analyzed by paired Student’s I- 

test. All othrr data were snalyzcd by ANOVA with rc- 
peared measure. Post hoc testing was performed by the 
method of leasr square deviation. All time points following 
the 20 weeks of DtfEA treatment were compared with 
baseline and placebo trrarmrnr values. Significance was 
established atp -Z .05. 

RESULTS 
Baseline DHEAS levels including those ftom a SEy~ar- 

old subject were two standard deviations Wow the young 
adult range. DHEA administration restored DHEAS levels 
to young adult levels (32) within 2 weeks and sustai& 
through the duration of the study (Table 2). Serum conisol 
levels were unaltered by DHEA sdminisrrarion and thus rhc 
DHEASconisol ratid increased 4-fold (Table 2). When 
compared co baseline or placebo, DHEA treatment was 
associarcd with a significant @ C .OI) elevarion in LCNIZJ 
IGF-I levels and a decreasing trend in IGFBP-1 IcveIs, 
resulting in a significant @ < .Ol) increase of the IGF-I/ 
IGFBP-I ratio (Figure 1). This finding confirmed our earlier 
studies and suggested an increase in bioavsilability of IGF-I 
to target cells (33). The effect ofcx vivo DHEA tnatmcnr on 
lymphocyte subsets is shown in Table 1. In response to 
DHEA trearmcnt, the number of monocytes (CDl4) in- 
creased at 2 and 20 u/t&s @ =C .Ol). B cell numkrs (CD20) 
showed a fiuctuzting pattern with a transitnr rise at 2 weeks 
(p < -01) and an increase by 20 weeks @ < .Ol). This 
increase was accompanied by functional activation, as tvi- 
drnced by a dose-related increase in proliferarive response to 
PWM at 12 weeks with further increases by 20 weeks 
(Figure 2). Serum IgG, IgM. and I@ levels were not 
affected over the course of study (Table 3). Although DHEA 
treatment did not sffecr the low Icvels of basal IL-6 secre- 
don. PHA-induce4 secretion of IL-6 increased significan:!y 
(p < .Ol) by 20 w&s (Figure 3). 

The number of royal T lymphocytes (CD3) and T cell 
subsets (CD& CDS) were unaffected by DHEA treatment. 

> 

Table 1. Effect of DHEA on Lymphccytt Subscrr nnd Monocyur as tkcrmined by Flow Cytometry; 
Values Are Expressed u % Lymphocytes 2 S,Stf 

Weeks of Tm~lmcnc 
Cdl hiurcr Plrccbo 2 6 10 14 18 20 

CD20 (B C&I 17.9 = 2.2 27.7 = 3.6'- 18.0 f 2.3 
CD14 (monocyrrs) 11.6 = 1.9 21.2 = 3.y 14.0 = 2.5 
co3 (l ceIlsJ 68.4 = 2.8 66.7 L 6.3 61.7 f 3.ll 
CD4 (f hclpcr) 44.2 2 3.4 39.4 z 4.7 39.8 r 2.9 

CDB (T rupprcr~~) 32.7 2 3.7 33.0 = 3.0 31.2 2 3.1 
TCR a@ s9.2 = 2.5 S5.9 f 2.9 42.6 = 5.8 

TCR $5 5.7 t I.1 6.2 f 0.97 6.2 f 1.2 
CDZJ (IL-2 rcccpror) 9.4 2 1.2 6.7 + I.7 4.8 2 o.a3& 
CDS7 (NK) 24. I 2 3.5 23.3 = 2.9 24.0 2 3.3 
CDf6 (NK) 19.5 = 1.9 17.9 + 2.4 19.6 = 1.9 

l p < .os: “p c .Ol vs plrccbo. 

18.6 I 2.4 19.6 r 2s 20.5 = 2.7 
14.2 2 2.1 14.7 = 2.6 16.2 ‘z 2.9 
65.4 = 3.1 69.1 2 1.7 68.7 5 3.7 

40.5 = 3.1 Y.6"4 - -. 43.9 r 3.6 
35.4 2 3.1 33.6 t 2.9 36.2 2 19 

57.0 + 3.2 51.9 = 3.1 61.7 r 3.9 
7.4 2 I.1 7.7 I 1.2 10.9 I 1.2 

10.6 = 2.3 II.7 2.7 r IS.1 : 1.5. 

26.0 2 2.4 22.8 = 3.6 30.9 2 2.9'* 
20.0 = 2.0 21.0 c 2.7 31.0 = 2.8*- 

25.2 r 2 7" 
17.9 r 2.9.' 
69.1 2 4.0 
41.3 2 4.1 
36.3 = 3.8 
62.0 = 5.8 
10.5 2 1.1’. 
I2 4 = 2.4. 
31.5 t 3.2.’ 
2R.6 = 3.1’. 

=-- 

Table 2. Serum Conccntrrrions (mean = SE) of DHEAS (@molrL), Conisol (nmol/L) 
and the Ratio ofDHEAS!Cokol at Baseline mnd After Tntacmcnr With Placebo and DHEh (SO m$day) 

Wcctx d Tnrcmcnf 

Bdine PJaccbo 2 IO 14 I8 20 

DHEAS [polLI 3.15 = 0.39 3.22 t 0.39 II.8 t I.07 10.9F I.12 10.7 L I.44 12.1 2 0.81 12.Y * I.13 

Csni.34 (nmoVL) 273 r 211.11 283 f 3.1 282 t 3713 !!S “2 26.3 246 = 25.1 231 I31.3 245.0 T 36.3 
DHEAE’cirnisol 13 0 = 2.2 11.9 z 1.7 18.2 2 6.4 49.2 = 7.6 el.4 r 6.9 56.3 r 6.7 53.0 T 6.7 



KtlUKKAM Cl- AL. 

c * 
IOFIC.1 

ItF-uElP.l 
. 

i 

a0 
P 16 

WEEK6 Of TIIUTMENT 

Figure I. Seturn levels (mean t SE) of IGF-I. IGFBP-I tnd IGF-IJ 

(a- 

ICFBP-I ratio in rcjponbc IO plarcbu (PI and DHEA wntmcm in 9 aging 
men. l *p c .Ol. 

However, there was a doubling in the number of T cells 
expressing the T cell receptor y/8 (TCR ~16) @ < .Ol) but 
not the TCR ofp by 20 weeks of treatment (WC Table 1). T 
cell function was activated as evidenced by an increased 
proliferative response to PHA (0.1 &g/ml) within 12 weeks 
(Figurc 2). This was accompanied by an increase in 1 cells 
expressing the IL-2R (CD29 by 18 weeks @ < .OS) (Table I 
and Figun 4). and enhanced PHA-induced IL-2 secretion by 
20 weeks !Figu.z 4). Serr?m s!L2-R levels e!sc incrcaJeC sig- 
nificantly (p < .Ol) by 12 weeks (Figure 4). Moreover, 
DHEA trearment led IO a significant @ C .Ol) increase in 
NK cell number (CDl6, CD57) by IS-20 weeks (Table 1). 
This was accompanied by a parallel increase in their cytoxic- 
iry at both high and low E:T ratios @ < .Ol) (Figure 5). 

DHEA wu well tolerated without significant effects on 

blood pressure. body weight, blood count, or chemistry 
profile. 

DISCUSSKIN 

Our study demonstrares the stimularory effects of DHEA 
on the immune function of age-advanced men. These effccrs 
of DHEA appear ro rtquirc a latent phase of several weeks. 
This delay in the immune response to DHEA is to be 
expected as changer in immune function occur at a slower 
pace in aging populations (34). The ex vivo’evidcnce pre- 
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WEEKS OF TREATMENT , 

Fiprt 2. Respmse of Iymphocyus from subJccu TV btstlinc (8). 
following plw&o (P) ad DHEA vrtlmcnt ro the B cell miqtn PWM. tnd 
rht T cell mihqtn PHA. ‘p C .OS. “p C .Ol. 

fable 3. Effect of DHEA Trcatmcm on Circulating 
Immunoglobulinr: V&KS UC mean 2 SEM 

WC& of Tlcrlmrnr 

PlrCCbo 2 IO 20 

SgG [mg/L) I I lS2 = 757 11015 = 515 10933 f 675 11245 r g60 
IsA (m&l 1869 I: 168 1934 I 191 1864 = 192 lOI4 + 17a 
IgM (mUL) 1216 f 208 II87 r I87 1223 k 202 12J9 = 209 

IL-6 

3qooI 
P 2 6 14 20 

WEEKS OF TREATMENT 

100 

50 ? 
-0 

0 

F&JR j. Conccnation of IL-6 (man f SE) In media rrom culrurcd 
lymphocyres under unstlmukrtd and PHA-sdmuhcd (?O gg!ml) condi- 
tions delmiwd follooing Phcebo [PJ and DHEA uttrmcnr. “p < .Ol 

sentcd here confirms and extends animal-derived data con- 
cerning the cffccrs of DHEA on T cell function. and provides 
novel B cell findings. DHM treatment rejuvenated the 
immune system by increasing the secretion of IL-2. a potent 
T cell growth factor, increasing the number of cells txpress- 
ing the IL-2R (CD25). inducing a rise in serum sit-ZR, and 
enhancing T cell responsiveness to mitogen srimul~tiorr. all 
of which decline during physiologic aging (34). Tttcsc find- 
ings suggest thar activation of T cclk cxpr~ssing lL-2R may 

<permit r~~growrh-promoringeffects of IL-2 on T cells via an 
‘: autocrine mode of action. In addition to serving as a growth 

factor to T lymphocytes. IL-2 may also stimulate the prolif- 
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Figure 4. Top ptncl depicts the Z lymphaficr crprtrrinE the It-2R 
(CD251 ss dccermincd by flo* c)-comcrry. Kiddlc panel show circulrtlng 
sIl.3R as determined by ELI.%, Lower panel show rhc conccntrstion of 
IL-2 u &ten&cd by ELlSA in media from culrurcd PHA stimulated (20 
kg/m!) lymphocytes following pl;lcebo and DHEA rrwrncnr. “p < .Ol . 

eration of NK cells snd enhance rhcir cytolytic function via a 
paracrinc mode of action (35). 

Moreover. IL-2 may also act on human B cells both as a 
growth factor and as a stimulus for antibody synthesis (36- 
37). The abundance of IL-2 synthesized by activated CD4- 
T ceils is viewed as an important dttetminant of the magni- 
tude of immune rcsponrc. Thus. the observed incrusts in 
IL-2 and IL-2R constitute a major attribute of DHEA treat- 
ment in enhancing the immune function of age-advanced 
men. The significance of an increase in ceils expressing the 
T cell receptor y/6 is unknown. Since TCR y/8+ ceils reside 
predominantly in epithelial surfaces (38), DHEA may play a 
role In mucosal immuniry. DHEA administration also acti- 
vated 3 cell function as evidenced by the increased number 
and responsiveness of these cells to mitogen stimulation, an 
event which may be related to the mphic cffccr of 11-2. 
These findings suggest that DHEA ueauntnr of age- 
advanced men, in nn appropriate dose (e.g., SO mg). may 
lead to an enhanced antibody response. 

Nonnai aging in human beiltgs is associated with in- 
creased basal IL-6 production by lymphocytes (18.39), 
where= stimulated IL-6 secretion is either not affected (18)’ 
or reduced (40). Dysreguhtion of this cytokinc with in- 
creased basal secretion hrs been proposed to contribute to 
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Figure 5. NK cell cyunorieit~ delcrmincd II wo cffatonurgct (E:T) 
rat& following plrccbo (P) and DHEA tresunent. ‘p C .OS: “p C All. 

the pathogen&s of age-associated diseases such as B ceil 
iymphoma. osteoporosis, and Aizhcimer’s disease (41). In 
our study, basal sccrction of IL-6 was unaffected by DHEA 
treatment. but PHA-stimulated IL-6 nlease was increased 
by 20 weeks. This tnhanctment of stimulated IL-6 secrerion 
by DHEA resembles responses seen at a younger age (40). 
and may serve ro faciiitarc the initiarion of the acute phase 
teacrion (42). and by stimulating B and T cell proliferation 
and xhe induction of the IL-2 receptor in mounting an 
immune response (3B.43). 

The significant increase in NK cell cytotoxicity in DHEA 
treated subjects was potentially tclated to the increased 
number of NK c~ii~, both events being mediated by IL-2 
stimulation. In postmenopausal women (25). an increase in 
NK cell cytoxicity was also observed. but ut an earlier time 
course of DHEA mzattncnt. i.e., 3 weeks versus 18 weeks in 
men. Moreover. the inhibirion of T-ceil mitog&ic response 
and the decreased number of cells ekprcssing the CD4 
antigen obsemd in postmenopausal women treated with 
DHEA (25) were not found in the present study. Although 
the retions for these disparities are unknown, they suggest 
that a gender difference in the immune response to DHEA 
may exist and that sex steroids may modulate the effects of 
DHEA, a proposition that requires funhcr study. Tbe qucs- 
tion of fluctuations in immune cell function over time also 
needs to be addressed. Limited data suggest a lack of 
variation in NK ceil cytotoxicity measured over a X-month 
interval (4 1). Because of the presence of circa&an rhythm of 
most of the cytqkincs in circulation (44), suckvariations can 
clearly contribute to heterogeneity in clinical studies. It was 
emphasized that proper timing with uniformity of sampling 
would improve the usefulness of cyrokine data (45). 

The mechanism to ac_cqunt for the immune-enhancing 
pmperties of DHEA is currently unknown. The steroid may 
exert a direct acdon rhtough binding to a specific cytosolic 
DIXA-binding complex (46), or by a non-genomic. direct 
action on immune ceils. Aitcmatively, the effects of DHEA 
may:& mediated by the drvation of ICF-I levels, given rht 
observed temporal increase in bioavailable IGF-I levels and 
immune activariun. and the demonstration of unambiguous 
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stimularory cffccrs, both in .vivo and in vitm, of IGF-I on 
immune cclIs (47-49). In all probability, the activation of 
immune system by DHEA is no! related to its androgenic 

. poknti$, since androgens have a negative impact on the 
CD4-/CD8* ratio (50). Nonetheless. our findings add sup 
port IO an emerging body of evidence suggesring that the 
relative levels of DHEA (immune activation) and conisol 
(immune suppressor) may determine, in part, immunel 
metabolic function (9.51). Since ACTH and conisol seclf- 
502 r,zdr. rc!a+cly corxzx &rokkj~ou: life (521, iz- 
creases and decreases in the secretion of DHEA and 
DHEAS. as seen during adrcnarche?pubcny (53) and with 
aging, may respectively determine. among ocher factors. 
immunocompcrcnce. The a-fold increase in DHEASI 
cortirol nrio in response co a 50 mg dose of DHEA as seen in 
our age-advanced male cohon may thus be viewed as a 
favorable adrenal hormonal milieu for upregulating immune 
function. albeit a1 3 slow pace. 

In summary. in this single blind placebo-controlled trial in 
age-advanced men, we present preliminary evidence drm- 
onscraring that oral DHEA in a dose of 50 mg/day can signifi- 
cantly and safely activat: the immune system by increasing 
the number of monocyres and B ctlls. stimulate T and B 
cell mirogenic response, increase the number of T cells 
expressing the tL-2R, TCR ~16 and stimulate IL-2 secretion. 
as well as nisc: circulating sIL-2R Icvels. In addirion. DHEA 
trcarmcnr incrrssed th!: number and cytotoniciry of sic celis 
and scimuloted miropcn-induced IL-6 secretion without af- 
fecting its basal release. Parr rrcarment measurements of 

c 

these immune parameters were not obtained, limiting this 
study. While immune activation by DHEA may have poten- 
tial beneficial effects in both naturally occurring and patho- 
logic immunodclicient states. we stress rbar it is premature to 
relate these findings to clinical applications. Studies BIT 
undctway in but laboratory to determine how activation of 
the peripheral lymphoid comparrmcnt by DHE.4 is trans- 
iated into an ability to mount an immune response to an 
anrigen in aging populations wirh special attention ro define 
the gender differences. 
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Awrd IO Dr. Khorrwn, and in pwt by the Ciay~on Foundation for Research. 
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Board-certified or eligible geriatrician lo join a team of five other geriatricians who are part oi a 
70-physician multiple-specialty group practice. For the right superbly trained, dynamic, and 
energetic individual who can help expand the department, this is an excellent opportunity. 

Please mail or Fax your CV to: 

Martin Greene, M.D., Medical Director 
Minor 8 James Medical, P.L.L.C. 
Suite 200,515 Minor Avenue. Seattle, WA 98104 
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