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Abstract. Dehydroepiandrosterone (DHEA) is the major adrenal steroid of young 
adults; however, its physiologic functions, if any, are not known. The purpose of this 
review is to evaluate the current literature in which DHEA was administered to either 
humans or experimental animals to discern what these functions might be. Reports 
are divided into five areas: neurologic, immunologic, cardiovascular, oncologic, and 
metabolic. Particular attention is paid to the dosage and route of administration. This 
type of analysis shows that at the lowest doses, DHEA has effects on neurologic and 
immunologic tissues, suggesting that these two sites may be physiologic targets. 
DHEA also affects cardiologic and metabolic functions as well as tumor growth, but 
such actions require higher doses and may reflect ‘pharmacologic’ activities. It is 
proposed that DHEA’s pattern of activity represents a new class of steroid hormones, 
the “Regnantoids.” Further progress in the endocrinology of this family of steroids 
may only come when synthetic, long-acting analogs of DHEA are available for in vitro 
studies to allow correlations between hormone action and receptor binding. 

[P.S.E.B.M. 1998, Vol 218 ] 

D HEA (dehydroepiandrosterone) in its free, sulfated, 
and lipoidal forms is the most abundant steroid se- 
creted by the adult human adrenal. Whether it is a 

member of a distinct class of steroid hormones that exerts 
unique physiologic actions is still debated. DHEA is most 
often referred to as an adrenal androgen because it can be 
converted in the periphery to testosterone. However, DHEA 
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itself does not interact with androgen receptors, and separate 
DHEA-specific receptors have been identified. 

This paper examines the results of trials in which 
DHEA was administered to test subjects to evaluate whether 
this steroid has a definite and unique spectrum of actions. If 
so, these actions define a new category of steroid hormones. 

Classically, endocrinologists use two approaches to de- 
lineate the actions of hormones: 1) Serum levels are corre- 
lated with physiologic and/or pathologic findings; and 2) the 
effects of exogenous hormone given to experimental ani- 
mals and humans are monitored. 

Results of experiments using the first approach suggest 
that DHEA influences a variety of systems (1). For ex- 
ample, DHEA may be cardioprotective in men (2-6) but a 
cardiac risk factor in women (7). Lkewise, a significant body 
of evidence suggests that DHEA may protect against certain 
cancers (8-9). Some reports suggest that DHEA levels are 
related to obesity (10) and immune function (1  1). 

174 EXOGENOUS DEHYDROEPIANDROSTERONE 



Publications using the second approach, monitoring the 
results of DHEA administered to test subjects, provide the 
basis for this report. Ideally trials would involve giving 
DHEA to subjects who have adrenal insufficiency and who 
are cortisol replete. Such studies are currently under way 
(12), but at this point not widely employed. Some studies 
however, report using other experimental groups that are 
pertinent. For example, some studies have evaluated the 
effects of DHEA given to older individuals who, because of 
the age-related decline in DHEA-secretion, have very low 
levels of DHEA. Distinct effects were noted. DHEA has 
also been given to a number of younger individuals who 
were not DHEA deficient, and in some cases the findings 
were surprising. Finally, DHEA has been administered to a 
variety of experimental animals, and here the results are 
very promising. The purpose of this review is to summarize 
the results of these studies with a goal of determining 
whether, taken as a whole, these reports reveal that DHEA 
exerts the physiologic and/or pharmacologic actions of a 
distinct class of hormones. If so, exploitation of these prop- 
erties may prove useful in clinical medicine. 

A computerized search of the English language litera- 
ture was used to identify articles published in the 1990s in 
which DHEA was administered to intact organisms. These 
were supplemented with key articles published before 1990 
retrieved from the authors’ files. Experiments involving in 
vitro additions to cell, tissue, or organ cultures were ex- 
cluded. All articles retrieved are not included. To make the 
report more manageable, articles that simply extended a 
group’s previous observations were not included unless they 
brought out some new important aspect of the observation 
(the effect of a different route of administration or the effect 
of a new dosage range). 

Once identified, articles were summarized by species 
involved, dose, route of DHEA administration, and biologic 
effect of the hormone. These summaries were listed, in gen- 
eral, according to dosage administered. Attempts were made 
to include articles that involved all routes of DHEA admin- 
istration and representative articles of all aspects of DHEA 
biology, both beneficial and detrimental to the test subject. 
Articles that report negative results refuting the positive 
claims of others are included. Nearly all articles involving 
administration to humans are included. 

The articles were placed into five categories based upon 
the reviewers’ understanding of the main conclusions of the 
work: N = having to do with the nervous system, I = 
having to do with the immune system, CV = having to do 
with cardiovascular disease, C = having to do with cancers, 
and M = having to do with metabolic changes. 

In many cases, DHEA was administered as an injection 
or as a defined oral dose. These articles allowed the precise 
tabulation of the amount of hormone administered. How- 
ever, in many articles, especially those involving rodents, 
DHEA was administered over a prolonged period as a food 
supplement [usually ranging from 0.2%-0.8% (wt of hor- 
mone/weight of food)]. In many of these articles, the au- 

thors did not report how much hormone or food was con- 
sumed. Hence, the amount of DHEA administered could not 
be determined with certainty. To estimate how much DHEA 
was consumed in these trials, the following intakes were 
assumed: mice, rats, and rabbits consume 4,20 and 100 g of 
laboratory chow/day respectively. Next, in order to compare 
the results between different experiments and different spe- 
cies, the amount of DHEA administered was expressed as 
mg of hormonekg body weight. Again, the weights of sub- 
jects were not always supplied. In those cases, the following 
assumptions were made: humans, rabbits, rats, and mice 
weigh 70, 4, 0.25, and 0.02 kg each respectively. 

Tabulation of Reports 
Table I lists the articles included. Those that involve 

administration of DHEA to humans are shown in boldface 
type. The first column identifies the general category under 
which the observation falls (neurologic, immune, cardiovas- 
cular, cancer, or metabolic), and the second column briefly 
summarizes the major findings. Articles are presented, in 
general, in ascending order by dose of hormone adminis- 
tered (fourth column) expressed as mgkg. 

The first thing that can be gleaned from Table I is that 
most studies have been conducted using rodents. However, 
there are a significant number of observations in dogs, rab- 
bits, monkeys, pigs, and humans. Twenty one articles are 
listed that involve the administration of DHEA to humans. 
An additional article is included that involves the adminis- 
tration of etiocholanedione, a metabolite of DHEA to 
humans. 

Dosage Considerations. The second observation 
that is immediately apparent from reviewing Table I is that 
a 10,000-fold range of doses has been investigated. In mice, 
doses below 0.1 mgkg have been found to be active as well 
as doses calculated to be 1200 mgkg. The range evaluated 
in humans is much narrower. On the low side is a report of 
the actions of 0.1 mgkg (7.5 mg at one time) (16), whereas 
the upper range is about 40 mgkg/day (67). Most of the 
recent studies with humans use doses of 1-5 mgkg/day. 

Figure 1 presents the dosage information in graphical 
form. The data are divided into the five areas of action 
attributed to DHEA: neurologic, immunologic, cardiovas- 
cular, cancer, and metabolic. Again, it is readily apparent 
that a wide range of doses has been used to demonstrate 
effects in each area, but, in general, neurologic actions have 
been demonstrated with the lowest doses of DHEA whereas 
metabolic actions generally require some of the highest 
doses. 

Since such large doses of DHEA have been used to 
demonstrate effects, many observers discount the physi- 
ologic relevance of DHEA. However, examination of the 
information in Table I shows that in most of these experi- 
ments the oral route was used in rodents and as will be 
discussed in the next paragraph, this may not be an effective 
route of administration. When administered by either sub- 
cutaneous or intraperitoneal injection, much smaller doses 
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Table 1. Articles Reviewed. The Articles Reviewed are Listed in Approximate Order of the Dose of 
DHEA Administered 

Category Action Species Dose Route of administration Reference 
and comments 

N 

N 

N 

I 

N 

I 

N 

N 

I 

M 

N 

N 

I 

Enhances memory 
in mice trained by 
foot shock 

Enhances memory 
and alleviates 
amnesia 

Decreases sound 
stress 

Mice 

Mice 

Rats 

~ 0 . 1  mg/kg 

cO.1 mg/kg 

<0.1 mg/kg 

Enhances immune 
response to 
influenza 
vaccination 

Decreases food 
intake 

I m p roves 
immunosen- 
escence 

Anxiolytic in plus 
maze 

Treats depression 

Decreases CD4+ 
cells and 
increases 
T-he1 per cel Is 

Increases i nsu I in 
binding and 
degradation in 
I y m p hocytes 

No effect on 
cognitive 
function and 
perception of 
well-being 

Increases 
perception of 
well-being 

Enhances the 
immune 
response of 
elderly humans 
to influenza 
vaccine 

Older humans 

Obese Zucker 
rats 

C3H/HeN MTV-, 
C57BU6 mice 
85-1 05 weeks 
old 

Mice 

Humans 

Post-menopausal 
women 

Post-menopausal 
women 

Elderly men and 
women 

Humans 

Elderly humans 

0.1 mg/kg 

0.2 mg/kg 

0.5 mg/kg 

0.7 mg/kg/day 
for 3 weeks 

0.7 mg/kg/day 
for 3 weeks 

0.7 mg/kg/day 
for 2 weeks 

0.7 mg/kg/day 

0.7 mg/kg 

Administered by 

Administered by 

Administered by 

int race re broventricular 
injection 

intracerebroventricular 
injection 

intracerebroventricular 
injection; neither 
estrogens, androgens, 
nor progesterone had 
similar effects; DHEA 
effect blocked by 
glucocorticoid agonist 

7.5 mg administered as 
subcutaneous injection 
at same time as 
vaccination 

Administered by 
intracerebroventricular 
injection 

topical preparation at site 
of immunization or in 
vaccine 

Intraperitoneal injection; 
both DHEA and DHEA-S 
worked 

label study for 4 weeks 
in six depressed men 
and women with low 
DHEA levels 

Morning administration in 
a micronized pill- 
place bo-cont rol led, 
randomized, 
double-blinded, 
crossover study 

micronized pill 

Administered once as 

Oral-tried in an open 

Morning administration of 

Placebo-controlled; oral 
administration at night; 
2-week study on active 
agent and placebo; a 
trend toward 
improvement was seen 
in women 

Oral, 3-month trial 

Oral, administered along 
with vaccine 
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Table 1. Continued 

Category Action Species Dose Route of administration Reference 
and comments 

I 

I 

M 

N 

CV 

N 

CV 

N 

I 

M 

M 

CV 

I 

I 

I 

No effect on 
immune 
response of 
humans to 
influenza 
vaccination 

system and 
raises IGF-I 
levels 

Increases levels of 
serum amyloid P 
in older women 

Potentiates 
neuronal 
response to 
NMDA in 
hippocampus 

Reduces dermal 
ischemia by 
thermal injury 

Activates immune 

Elderly humans Oral, administered for 4 
days beginning 2 days 
before vaccination 

0.7 mg/kg 

Older men with 
IOW DHEA-S 
levels 

0.7 mg/kg/day Oral, daily 50-mg dose 
for 20 weeks 

Post-menopausal 
women 

0.9 mg/kg/day 

0.1-2 mg/kg 

Oral, daily administration 

Administered by 

of 60-mg dose of 3 
weeks 

intravenous route, utilized 
sigma receptors 

Rats 

Mice 1 .O mg/kg/day Subcutaneous 
administration within 96 
hr of burn; 
di hydrotestosterone did 
not have same effect 

lntraperitoneal injections Rats 1.0 mg/kg Diminishes despair 
in animals with 
mixed despair and 
anxiety 

Reduces 
plasminogen 
activator 
inhibitor type 1 

Decreases 
aggression in 
castrated male 
mice toward 
lactating females 

Improves lupus 
erythematosus 

Humans 

Mice 

2 mg/kg/day 50-mg tablet given 3 
times a day in 
placebo-controlled trial 
to men for 12 days 

Given by intraperitoneal 
injections for 4 weeks; 
dose did not have effect 
on sex organs; doubt 
DHEA acted as androgen 

Oral, treated for 3-6 
months in an open 
study with improvement 

Oral, 200 mg/day for 1 
month; also evaluated 
50 mg/day 

Single case report; oral 
DHEA given along with 
dexamethasone 

Administered by 
subcutaneous injection 

(33) 

(34) 2 mg/kg/day 

Humans 3 mglkglday 

3 mg/kg/day 

4 mg/kg/day 

4 mg/kg 

(35) 

Raises serum level 
of estradiol 

Pan hypopituitary 
humans 

Decreases insulin 
resistance 

Human (36) 

(37) Improves 
microcirculation 
hemodynamics in 
muscle after 
ischemia 

cyto kines 

septic symptoms 
after 
administration of 
I i popol ysacc haride 

Increases levels of 

Lack of effect on 

(LPS) 
Improves immune 

function of burned 
mice 

Rats 

(38) 

(39) 

Mice 

Pigs 

4 mg/kg/day 

4 mg/kg/day 

In food or injection of 

Doses up to 20 mg/kg were 
not effective; LPS 
administration lowered 
DHEA levels 

DHEA-S 

Mice 5 mg/kg Administered 
subcutaneously within 1 
hr of burn; DHEA showed 
anticllucocorticoid effect 
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Table 1. Continued 

Route of administration Reference 
and comments Category Action Species Dose 

I 

I 

I 

I 

I 

M 

N 

N 

C 

M 

CV 

I 

I 

M 

C 

N 

Fails to improve 
immune function 
of burned mice 

Mice 5 mg/kg Administered (41 ) 
subcutaneously 1 hr after 
burn; isolated 
splenocytes assayed 

intraperitoneal injection; 
DHEA-S also had effect 

subcutaneously after 
being made immune 
tolerant by injection of 
sheep red cells 

One subcutaneous 
injection of DHEA-S 
before immunization with 
Pn u- i m m u ne vaccine 

Subcutaneous injections; 
improves immune 
function and acts as 
more than 
ant ig I ucoco rt icoid 

Administered as (42) 

Administered (43) 

lntraperitoneal injections 

5 mg/kg 

5 mg/kg 

Alters lnterleukin 2 
synthesis 

Mice 

Mice Balb/c Reverses immune 
suppression 
induced by 
high-dose antigen 

CB-17 mice 5 mg/kg (44) Reverses 
age-associated 
decline in immune 
function 

Preserves immune 
function after burn 

CF-1 and BALB/c 
mice 

(45) 5 mg/kg 

Antagonizes effect 
of dexamethasone 
on induction of 
hepatic enzymes 

Increases prolactin 
mRNA in pituitary 

Increases rapid 
eye movement 

Diminishes DNA 
synthesis in 
response to tumor 
promoter 

dexamethasone 
induced 
hypertension 

Prevents 

Zucker rats 5 mg/kg 

Two days of subcutaneous 

Oral, administered before 

Single intraperitoneal dose 

administration 

sleep 

Rat 

Humans 

Mice 

6 mg/kg/day 

7 mg/kg 

2-15 mg/kg 

Administered by 
subcutaneous 
administration along with 
6 mg/kg of 
dexamethasone every 
other day 

Oral, 300 mg 3 times/day 
to men for 14 days 

lntraperitoneal DHEA 
prevented involution of 
lymphoid organs; 
suggesting immune 
modulation 

administration; animals 
infected with E. coliafter 
thermal injury 

mg 4 times/day 

Subcutaneous (53) 

Oral, given dose of 400 (54) 

Rats 3-1 5 
mg/kg/eve ry 
other day 

13 mg/kg/day 

10-20 mg/kg 

Inhibits platelet 
aggregation 

Reduces mortality 
when inoculated 
with virus and 
exposed to cold 
stress 

Improves survival of 
mice after thermal 
injury 

Humans 

ICR female mice 

Mice 5-25 
mg/kg/day 

Fails to alter body 
fat or weight in 
obese men 

Alters the rate of 
tumor growth in 
rats with 
DM BA-induced 
mammary tumors 

Enhances long-term 
potentiation in 
dentate gyrus 

Humans 

Rats 

16 mg/kg/day 

16 mg/kg/day By gastric intubation for 21 (55) 
days; 2 mg/rat twice a 
day; effect different in 
ovariectomized and intact 
female rats 

intravenously in Nutralipid 
DHEA-S administered (56) Rats 10-30 mg/kg 
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Table 1. Continued 

Category Route of administration Reference 
and comments Action Species Dose 

cv Lowers serum Postmenopausal 20 mg/kg/day 
cholesterol in women 
obese, 
postmenopausal 
women 

Oral, 400 mg 4 times/day (57) 
for 28 days; double- 
blinded, placebo- 
controlled, crossover 
study. Raised serum 
insulin without change 
in glucose levels. No 
change in weight or 
body fat. Significant 
androgenic action at 
this dose 

I nt raperitoneal 
administration of DHEA 
and DHEA-S caused fall 
in body temperature; both 
enhance response to 
ethanol 

Oral, given for 16 weeks; 
no dose-limiting side 
effects seen 

N Enhances hypnotic 
and hypothermic 
effect of ethanol 
and pentobarbital 

Rats 20 mg/kg 

I Transiently 
improves 
immune function 
in AIDS patients 

Reduces LDL 
cholesterol and 
body fat but not 
insulin sensitivity 
in normal men 

energy 
metabolism, 
weight, or lean 
body mass 

No effect on 

Human 11-32 
m g/kg/da y 

(59) 

M Lean men 

Lean men 

21 mg/kg/day Oral, 400 mg 4 times/day 
in normal healthy men 
for 4 weeks 

M 21 mg/kg/day Oral, 400 mg 4 timedday; 
no side effects seen 
after 4 weeks. Serum 
levels of DHEA were 9 
times higher than 
during placebo 

lntraperitoneal injections of 
50 mg/kg 3 times weekly 
for 9 weeks; only works 
while consuming high fat 
diet in young animals 

lntraperitoneal injection 

M Decreases body 
weight 

Rats 

Mice 

Rats 

Obese humans 

Mice 

Humans 

21 mg/kg/day 

M Antagonizes the 
effect of 
dexamethasone 
on induction of 
hepatic enzymes 

hi ppocampal 
primed burst 
potentiation 

Enhances 

25 mg/kg 

N 24-48 mg/kg 

34 mg/kg/day 

35 mg/kg/day 

40 mg/kg/day 

Subcutaneous 
administration of 
DHEA-S; neither lower 
nor higher doses worked; 
suggest U-shaped curve 

etiocholanedione given 
daily; a metabolite of 
DHEA. Cannot be 
converted to androgens 

Given subcutaneously; 
needs twice as much by 
oral route or only 0.02 as 
much if given into 
cerebral ventricles 

Oral; uncontrolled, 
nonrandomized study 
in which some patients 
had response in mood 
and other CNS functions 

Oral; 4 grams of Weight loss in 
obese 

Improves memory 

N Improves some 
functions in 
multiple 
sclerosis 
patients 
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Table I .  Continued 

Category Action Species Dose Route of administration Reference 
and comments 

C 

I 

cv 

M 

N 

I 

cv 

cv 

I 

M 

M 

M 

M 

CV 

M 

Prevents mammary 
tumors induced by 
N-methyl-N- 
nitrosourea 

Improves survival in 
animals treated 
with endotoxin 

Decreases serum 
cholesterol and 
body weight 

Induces 
peroxisomal 
proliferative 
response 

Alters expression of 
GnRH in brain 

In hibits 
dexamethasone- 
induced 
suppression on 
I y m p hocyte 
proliferation 

Reduces LDL 
cholesterol while 
on low-fat diet 

Reduces serum 
cholesterol 

In hi bits 
glucocorticoid- 
induced involution 
of thymus 

Induction of hepatic 
glycerophosphate 
de hydrogenase 

Elevates state 3 
mitochondria1 
respiration 

Induces changes in 
liver histology and 
mitochondria 

Decreases body 
weight 

Reduction of aortic 
plaque size in 
cholesterol-fed 
rabbits with aortic 
injury 

peroxidation in rat 
liver mitochondria 

Induces lipid 

Rats 

Mice 

Obese dogs 

Rats 

Rats 

Mice 

Rhesus monkey 

Rhesus monkey 

Mice 

Rats 

Zucker rats 

Rats 

BHE rats 

Rabbits 

Rats 

32-64 
mg/kg/day 

5-100 mg/kg 

30-75 
m g/kg/day 

60 mg/kg/day 

60 mg/kg/day 

60 mg/kg/day 

60 mg/kg/day 

60-75 
mg/kg/da y 

80 mg/kg/day 

40-1 60 
mg/kg/day 

100 mg/kg 

100 mg/kg/day 

120 mg/kg/day 

125 mg/kg/day 

40-480 
m g/ kg/d a y 

Administered as 0.04% or 
0.08% supplement in 
chow; mammary tumors 
reduced from 70% in 
control to 0% 

Administered by 
intraperitoneal injection 
before 
lipopolysaccharide; TNF 
response blocked by 
DHEA 

Oral for 3 months; obese 
lost weight; both obese 
and lean had lower 
cholesterol 

Given by intraperitoneal 
injection for 4 days; 
DHEA-S is more effective 
than DHEA 

Given by intraperitoneal 
injection for 2 days; 
results varied in males 
and females 

Subcutaneous 
administration for 3 days 
before 60 mg/kg 
dexamethasone 

Oral; effect not seen on 
high-fat diet; DHEA also 
altered thyroxine levels 

Oral; 8 weeks of treatment; 
affects mostly the 
cholesterol in LDL 
fraction 

Subcutaneous injection for 
3 days with DHEA before 
recieving equal amount 
of dexamethasone 

Oral; actinomycin blocked 
effect; levels increased 
3-5-fold in 7 days 

Given by gastric intubation 
route; effect seen by 3 hr 

Administered as 
intraperitoneal injections 
in corn oil 

lntraperitoneal injections; 
lower doses did not 
cause difference in 
weights 

Fed for 12 weeks; 50% 
reduction in plaque size 

Oral in food; effect seen 
with low dose and after 3 
days of treatment with 
high dose 

(72) 

(73) 

(74) 

(75) 

180 EXOGENOUS DEHYDROEPIANDROSTERONE 



Table I .  Continued 

Category Action Species Dose Route of administration Reference 
and comments 

cv 

C 

M 

N 

Inhibits acclereated 
coronary disease 
in rabbits 

Rabbits 150 mg/kg/day 

160 mg/kg/day 

Oral; rabbits received 
heterotopic cardiac 
transplant and a 
high-cholesterol diet 

Oral; strongly inhibits 
promotion/progression of 
mammary cancers 
induced by 
N-methyl-N-nitrosourea 

Given orally as 450 mg/kg 
3 timedweek; Dose of 1 1  
mg/kg/day did not work 

lntraperitoneal injection; 
doses below 50 
mg/kg/day had no effect; 
macronutrient selection 
diet; changes in 
hypothalamic 
neurotransmitters seen 

Given in chow; anti-DNA 
antibody level decreased 
and mice live longer 

Inhibits mammary 
gland chemical 
carcinogenesis 

Rats 

C3H mice 

Zucker rat 

Decreases body 
weight 

193 mg/kg/day 

200 mg/kg/day Diminishes fat food 
intake 

(87) I Prevents lupus-like 
synd rome 

New Zealand 
B I ac k/N ew 
Zealand white 
Mice 

rats 
Obese Zucker 

225 mg/kg/day 

N 

M 

Elevates serotonin 
in lateral 
hypothalamus 

Antiobesity effect in 
castrated rats 

240 mg/kg/day 

240 mg/kg/day 

7 days of treatment with a 
0.3% supplemented 
chow diet 

Given as 0.3% supplement 
in chow; suggests that 
conversion of DHEA into 
androgens by gonads is 
not needed 

Given in diet for over 20 
weeks after known 
carcinogens 

Administered in food as 
0.2% supplement 

Castrated and 
noncast rated 
obese Zucker 
rats 

C C h emop revent ive 
for cancers 

Rats 240 mg/kg/day 

260 mg/kg/day C In hi bits 
prostaglandin 
stimulation by 
tumor promoter 

Decreases body 
weight 

Mice 

M Sprague-Dawley 
rat with 
diet-i nduced 
obesity 

Rats and mice 

260 mg/kg/day Oral; mixed into high-fat 
diet 

(93) M Induces hepatic 
peroxisome 
proliferation- 
associated 
enzymes 

tumors 
Inhibits testicular 

300 mg/kg/day Given by gastric intubation; 
had less of an effect on 
hamsters and no effect 
on guinea pigs 

(94) C Fischer 344 360 mg/kg/day Fed DHEA-containing food 
for 84 weeks; none of 
treated animals had 
Leydig tumors; all 
controls did 

Fed DHEA-containing food 
for 70-84 weeks 

Fed DHEA-containing 
chow; rats had medial 
hypothalamic knife cuts 
to make hyperphagic; 
DHEA reduced food 
intake 

(95) 

(96) 

360 mg/kg/day 

360 mg/kg/day 

C Induces hepatic 

M Decreases body 
tumors 

weight 

Fischer 344 

Sprague-Dawley 
rat 
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Table I. Continued 

Category Action Species Dose Route of administration Reference 
and comments 

M 

M 

M 

M 

C 

M 

C 

N 

C 

M 

I 

I 

C 

M 

Decreases glucose 
in insulin-resistant 
mice 

Alters liver proteins 

Decreases body 
weight 

Decreases number 
of hepatic 
glucocorticoid 
receptors 

Inhibits HMGCoA 
reductase activity 
in preneoplastic 
I ive r nodules 

Increases hepatic 
carnitine 
acyltransferase 
synthesis at level 
of transcription 

Decreases hepatic 
nodules and 
protects against 
hepatic cancers 

Alters hypothalamic 
serotonin content 

In hi bits bladder 
cancer induced by 
butylated 
hydroxyanisole 

Decreases weight 
gain 

Enhances immune 
response of older 
animals 

Improves immune 
system of mice 
immunosuppressed 

dexamethasone 
and infected with 
Cryp tosporidium 
parvum 

Prevents 
spontaneous 
tumors in 
p53- knockout 
mouse 

Prevents obesity 
and/or 
hyperglycemia 

by 

Db/db mice 

(NZBxNZW) F1 
mice and 
BALB/c mice 

Zucker rat 

Obese Zucker rat 

Rat that had liver 
tumors induced 

Zucker rats 

Rats with 
diethylnitros- 
amine to 
induce hepatic 
nodules 

rats 
Obese Zucker 

F344 Rats 

Wistar rats 

Mice 

Mice C57BU6N 

P53-knockout 
mice 

Db/db mice ob/ob 
mice 

400 mg/kg/day 

400 mg/kg/day 

480 mg/kg/day 

480 mg/kg/day 

480 mg/kg/day 

480 mg/kg/day 

480 mg/kg/day 

480 mg/kg/day 

480 mg/kg/day 

480 mg/kg/day 

500 mg/kg 

500 mg/kg/day 

600 mg/kg/day 

800 mg/kg/day 

Given as 0.2% food 
supplement; higher dose 
had no effect; fluorinated 
analog worked better and 
had no androgenic effect 

Oral administration 

Given as 0.6% supplement 
in chow; treated lean and 
obese were lighter 

Given as 0.6% supplement 
in chow; 28 days of 
treatment 

DHEA in food as 0.6% 
supplement for 3 weeks 

Administered as 0.6% food 
supplement; clofibrate 
acted similarly 

DHEA (0.6%) in food; 
treated animals had 
fewer nodules and fewer 
transitions into cancer 

Seen after 1 day of feeding 
DHEA (0.6%) in rat chow 

Some other tumors were 
enhanced by the addition 
of DHEA in the diet 

DHEA in food; DHEA did 
not inhibit tumor 
production by 
dimethylnitrosamine 
(DMN) 

Only one subcutaneous 
injection of 10 mg/mouse; 
response monitored 5 
weeks after immunization 

Subcutaneous injection 
after administration of 
6.25 mg/kg 
dexamethasone 

Given as 0.3% supplement 
in chow; decreased 
mortality 

Given as 0.4% food 
supplement; no decrease 
in food intake 
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Table 1. Continued 

Category Action Species Dose Route of administration Reference and comments 

I Decreases spleen 
mass and other 
immune changes; 
animals lived 
longer 

I Inhibits murine 
natural killer cell 
differentiation 

M Decreases hepatic 
triglyceride 
production and 
increases 
cholesterol 
production 

lymphopoiesis but 
not myelopoiesis 

I Decreases 

I Protects against 
viral encephalitis 

I Protects against 

C Protects against 
viral infection 

colorectal 
carcinoma 

Mice AZBNV F, 800 mg/kg/day Given as 0.4% addition to (1 11) 
chow; not all immune 
functions were improved 

Mice that were 
lethally 
irradiated 

Mice 

Mice 

Mice 

Mice 

Mice 

900 mg/kg/day Given as 0.45% addition to 
chow; affected 
differentiation of 
progenitors 

supplement in food; also 
changed pattern of 
protein phosphorylation 
of liver proetins 

900 mg/kg/day Given as 0.45% 

900 mg/kg/day Given as 0.45% 
supplement in chow; 
androgen-unresponsive 
mice also responded; 
clofibrate (a peroxisomal 
proliferator) did not act 
the same way 

the same day as the 
infection; mortality 
reduced by 50% 

hr before infection 

1000 mg/kg Subcutaneous injection on (1 15) 

1000 mg/kg Subcutaneous injection 4 (1 16) 

1200 Given as 0.6% supplement (1 17) 
mg/kg/day in chow 

Note. The letter in the first column refers to the area in which the article is grouped (N = neurologic; I = immunologic; CV = cardiovascular; C 
= oncologic; M = metabolic.) The species and amount of DHEA given are recorded. Boldface type indicates DHEA given to humans. 

of DHEA are needed. Further, when administered directly 
into the cerebral ventricles, actions are seen with very low 
doses. This latter observation is consistent with the opinion 
of Baulieu (1 18) that DHEA is a neurosteroid. 

The very large doses that need to be administered by 
the oral route may reflect poor absorption and/or rapid 
clearance of DHEA. Few studies evaluate the absorption, 
tissue distribution, metabolism, and clearance of DHEA in 
experimental animals. Longcope and Tast (1 19), however, 
report that DHEA is poorly absorbed from the gastrointes- 
tinal track of monkeys (absorption = 16.3%) and that its 
metabolic clearance rate is 2601 literdday. Further, the con- 
version ratio of orally administered DHEA is 63.3% 
whereas after intravenous administration, conversion is only 
9.3%. Thus after oral administration the amount of active 
hormone absorbed that makes it past the portal circulation is 
probably quite low. 

In Zucker rats we have reported (120) that the serum 
level of DHEA-S in obese and lean rats consuming a diet 
containing 0.6% DHEA in their food for 28 days is 30.5 and 
13.8 Fmole/l respectively. These serum values can be com- 
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Figure 1. Doses of DHEA employed in studies reviewed. The doses 
of DHEA expressed as mg/kg utilized in the studies reviewed in 
Table I are displayed. Studies are divided into categories based 
upon the major thrust of the paper. Neuro = neurologic; lmmuno = 
immunologic; Cardiac = cardiovascular; Oncol = oncology; and 
Metab = metabolic. 
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pared to 5.0 pmole/l that we reported (121) for boys in 
Tanner Stage V. The intake by these animals was on the 
order of 480 mg DHEA/kg/day. Thus, although the animals 
consumed very large quantities of hormone, serum values 
are only 3-6-fold higher than in young humans. Labrie et al. 
(122) compared the effects of giving DHEA by a subcuta- 
neous route to an oral route. They concluded that if the 
effect of a dose administered subcutaneously is considered 
unity, then the same amount of DHEA administered by 
mouth is only 3% as effective. In unpublished studies, we 
found that DHEA (100 mgkg) suspended in propylene gly- 
col and injected into the peritoneal cavity of Zucker rats is 
very rapidly absorbed with DHEA-S levels reaching a peak 
of nearly 136 pmole/l in less than 1 hr. Thereafter, levels 
fall rapidly and within 24 hr serum values are only 4% of 
those seen at 1 hr. Thus, we find that DHEA is rapidly 
cleared from the serum of rats. In summary, although the 
amount of DHEA administered to experimental rodents via 
the oral route is high, evidence suggests that absorption may 
be poor and metabolism extensive. More investigators need 
to report serum levels of DHEA after treatment; levels may 
not be as elevated as anticipated from intake data. 

No studies exist on the chronic, parenteral administra- 
tion of DHEA to humans. However, several studies have 
reported the serum levels of DHEA after oral administra- 
tion. Mortola and Yen (57) reported that after 28 days of 
administration at a dosage of 20 mgkg/day, DHEA levels 
rose to 65.1 pmole/l. These levels are nearly 20-fold higher 
than baseline in this group. They are also about 7 times 
higher than the upper limit of normal for younger women. 
Nestler’s group reported that after the administration of 21 
mg/kg/day of DHEA to lean men (60) or 17 mg/kg/day to 
obese men (54) for 28 days, the levels of DHEA-S were 
38.8 pmole/l and 39.8 pmole/l respectively. These values 
were about 5 times greater than baseline. Welle et al. (61) 
used a similar protocol and found DHEA-S values of 67.1 
pmole/l in lean men. Other reports evaluated ‘lower’ doses 
of DHEA supplementation. Beer et al. (33) administered 
nearly 2 mg/kg/day to men for 16 days and found DHEA-S 
levels rose to 20.2 pmole/l. Van Vollenhoven et al. (35) 
administered 3 mg/kg/day to women and reported that the 
serum level of DHEA-S rose to nearly 32 pmole/l. Yen’s 
group (24) administered doses of 50 mg/day to older indi- 
viduals and found that serum levels rose to approximately 
12 pmole/l in the morning. Casson et al. (21-22) reported 
comparable results. These values are just above the upper 
end of the normal range for young adults. The attainment of 
this level has led to this dose being referred to as the ‘physi- 
ologic’ replacement dose. All these data are presented 
graphically in Figure 2. The average serum DHEA-S level 
in healthy ‘younger’ adults is around 7.5 pmole/l. Thus 
nearly any dosage of DHEA above 1 mg/kg/day (SO mg/ 
day) pushes the serum levels into clearly supraphysiologic 
ranges. 

Direct comparisons between humans and rats are im- 
possible; however, from the few comparable reports avail- 
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Figure 2. Serum DHEA-S levels attained after administration of 
DHEA. Results of serum DHEA-S given in references 20-22, 24, 33, 
35-36, 54, 57, and 60-61 after the oral administration of DHEA to 
humans is plotted. 

able, one may speculate that rodents clear DHEA more 
rapidly than humans, and larger doses must be given to 
rodents by the oral route in order to duplicate the values 
found in humans given daily doses of 1-20 mg/kg/day. 

Neurologic Effects. Contrary to the statements of 
many commentators, rodents do produce DHEA in their 
adrenals (123). However, serum levels are so low that they 
are essentially unmeasurable using assays designed for 
clinical applications. Thus, the physiologic significance of 
DHEA’s actions in the periphery of rats and mice might be 
questioned. On the other hand, DHEA is clearly synthesized 
in the brains of rodents (1 18). Thus, special attention must 
be paid to actions taking place in the central nervous system. 

Examination of Table I and Figure 1 shows that the 
trials in which the smallest doses of DHEA produce positive 
effects are those employing parenteral injections while 
monitoring behavior. Doses below 0.1 mgkg affect rodent 
learning and memory. DHEA is anxiolytic in mice and re- 
duces stress in rats. 

There are also reports that very large doses of DHEA 
affect nervous function. The three that used the highest dose 
(86, 88, 104) were characterized in this review as having an 
effect on neurological tissues because they changed hypo- 
thalamic neurotransmitters or eating behavior. In two of 
these cases, DHEA was administered in the food. If these 
three reports on the effect of DHEA are set aside, the great- 
est number of DHEA’s actions on the nervous system re- 
quire doses below 60 mgkg, and many require less than 10 

Four papers suggest that DHEA has an action in the 
nervous system of humans (20, 24, 48, 67), and there are 
some tantalizing similarities between the actions of DHEA 
in humans and animal models. DHEA reduces anxiety, de- 
spair, and aggression in rodents (19, 32). Yen’s group re- 
ported (24) that humans experience a feeling of “improved 
well-being’ ’ after receiving DHEA in a prospective, blinded 
study. Regelson et al. (67) reported that subjects with mul- 
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tiple sclerosis had an improvement in mood upon receiving 
DHEA at 40 mgkg/day. (In a related vein, Salahuddin et al. 
(124) recently found that DHEA levels are lower in those 
with chronic fatigue syndrome as compared to healthy con- 
trols or those with depression.) Friess et al. (48) reported 
that the administration of a single 7-mgkg dose of DHEA at 
night alters rapid eye movement in humans, suggesting that 
DHEA has actions within the central nervous system. Fi- 
nally, a very recent report (20) shows that DHEA is able to 
treat depression successfully in six patients who had low 
DHEA levels. Unfortunately, the latter study was neither 
blinded nor placebo-controlled. To be fair, although all 
these reports are positive, other authors looked for an effect 
of DHEA on mood and were not able to see a statistically 
significant effect (23). 

Several possibilities exist for how DHEA might act in 
the central nervous system. Majewska and co-workers re- 
ported that the GABA receptor contains a binding site for 
DHEA-S (125). They proposed that DHEA-S could be a 
GABA antagonist. Alternately, Abadie et al. (104) reported 
that DHEA elevates hypothalamic serotonin in rats. Central 
serotonin levels have been associated with changes in food 
intake, mood. and aggression in humans. Prasad et al. found 
that DHEA and DHEA-S in vitro affect chloride channel 
transport (125a). 

Immunity. DHEA has a beneficial action on immune 
function. At doses less than 5 mgkg, DHEA affects the 
immune system of both experimental animals and humans. 
Much of the data at these doses involves experiments uti- 
lizing subjects with ‘suppressed’ immune systems. For ex- 
ample, DHEA improves the immune system of older ani- 
mals (44), burned animals (45), and those treated with an- 
tigen excess (43). Similarly, DHEA improves the immune 
function in humans with suboptimal immune systems: older 
humans who are being vaccinated (25-26), women who 
have lupus ( 3 3 ,  and (at only slightly higher doses-11-32 
mgkg/day) those with HIV infection (59). Once again, al- 
though there are positive reports that DHEA improves im- 
mune function, others (16, 27) report that DHEA does not 
alter the immune response. Further, even in the positive 
reports, the magnitude of the effects in humans is modest. 

The potential physiologic pathways involved in these 
actions of DHEA include changes in interleukins (42), cy- 
tokines (38), and lymphocyte viability (52). All can be al- 
tered by DHEA administration. Supporting these possibili- 
ties are reports of receptors for DHEA in lymphoid tissues, 
both in human (126) and murine (1 27) cell lines. 

The observation that DHEA can improve the activity of 
an immune system suppressed by physiologic stressors sug- 
gested to several investigators that DHEA may be an anti- 
glucocorticoid. (This subject has been reviewed by Kalimi 
et al. in Ref. (1 28)). May et al. (76) demonstrated that DHEA 
is able to inhibit glucocorticoid-induced thymic involution. 
Others reported (50) that DHEA prevents glucocorticoid 
hypertension in rats, and we reported (63) that DHEA pre- 
vents glucocorticoid induction of tyrosine aminotransferase 

in liver and kidney as well as omithine decarboxylase in the 
kidney. One study reported (100) that DHEA reduces the 
number of glucocorticoid receptors in liver when expressed 
as number of receptordmg cytosolic protein. Whether these 
actions are at all significant in humans is not clear. No study 
has evaluated directly the interaction of glucocorticoids and 
DHEA in humans nor has any study demonstrated that these 
antiglucocorticoid events take place at physiologic concen- 
trations of hormones in humans. 

Many studies have investigated very large doses of 
DHEA (>200 mgkg) on the immune system. These warrant 
closer scrutiny. Several involve feeding DHEA-supple- 
mented food. As before, this raises the question of how 
much steroid is actually absorbed and the half-life of any 
that is. In other trials using these very high doses, the hor- 
mone was tested using very acute and demanding para- 
digms. For example, Rasmussen et al. (108) showed that 
500 mgkg/day are needed to protect mice whose immune 
system had been suppressed by both dexamethasone and 
infection with Cryptosporidium pawum. Likewise, two 
groups (1 15-1 16) showed that 1000 mg DHEA/kg is able to 
reduce mortality in mice acutely infected with lethal infec- 
tive vectors. 

One might hypothesize that the experiments in the field 
of immunity can be divided into two groups: those that 
improve a senescent or suppressed immune system, requir- 
ing around 10 mgkg/day or less, and those that need much 
higher doses (>200 mgkg/day) but utilize tests that acutely 
overwhelm the immune system. We have presented a pre- 
liminary report that at lower doses, DHEA enhances the 
survival of obese Zucker rats that are made septic, but at 
higher doses DHEA decreases survival (1 29). This biphasic 
response is similar to what one sees with glucocorticoids in 
adrenally insufficient animals; at low doses, glucocorti- 
coids improve host response, but at higher doses glucocor- 
ticoids suppress it. This division of effects is generally felt 
to reflect the ‘physiologic’ and ‘pharmacologic’ actions of 
glucocorticoids. 

Finally, it has been reported that DHEA has an effect 
on the immune system of androgen-unresponsive mice 
(1 14). This suggests that DHEA has an action independent 
of its conversion into androgens. 

Cardiovascular. Barrett-Connor’s report (4) that 
DHEA-S levels are inversely related to the likelihood of 
men having a myocardial event has been one of the most 
stimulating and oft-quoted reports in DHEA literature. Al- 
though the authors have since modified their original con- 
clusions (2), a number of independent groups still suggest 
that DHEA may be cardioprotective in men (3, 5-6). Sur- 
prisingly, for all this excitement, only a few have tried to 
evaluate whether exogenous DHEA demonstrates actions 
that might provide a mechanism for this finding. Still, al- 
though few in number, the reports are very promising. 

Actions that may be pertinent to the cardiovascular sys- 
tem are listed in Table I under the category of CV. Inves- 
tigators have evaluated only a narrow dosage range. Figure 
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1 shows that doses between 1-100 mgkg have been exam- 
ined. In humans an even smaller dosage range has been 
examined. At the lowest levels, DHEA affects dermal isch- 
emia caused by a burn (31). At 4 mgkg it improves circu- 
lation in muscle damaged by ischemia (37). These reports 
suggest that DHEA has an action, either direct or indirect, 
on vascular reactivity. DHEA affects the clotting system; at 
2 mg/kg/day (50 mg 3 times a day in men), DHEA reduces 
plasminogen activator inhibitor (33) and at approximately 
13 mgkg DHEA inhibits platelet aggregation (51). Taken 
as a whole these studies offer exciting avenues to account 
for DHEA’s reported beneficial actions on the vascular 
component of cardiovascular events. 

One of the more exciting reports in the area of cardio- 
vascular risk was that of Nestler et al. (60), who reported 
that the administration of about 21 mg DHEA/kg/day re- 
sulted in a decrease in serum LDL levels in lean men. This 
report rapidly led to an additional study (54) evaluating the 
same total dose of DHEA (1600 mg/day) in obese men. In 
this trial no significant effects were seen on lipids. An ad- 
ditional study (61) in lean men using 21 mg/kg/day of 
DHEA also showed no effect on body fat or energy me- 
tabolism. Although these latter results were discouraging, 
other positive studies require note: DHEA has been shown 
to: 1) lower the cholesterol levels in obese, postmenopausal 
women (dose = 20 mg DHEA/kg/day) (57), 2) decrease 
cholesterol in obese and lean dogs (30-75 mg DHEA/kg/ 
day) (70), and 3) reduce serum cholesterol in monkeys (60 
mg DHEA/kg/day) (74-75). The effect in the latter model 
was obscured when a high-fat diet was consumed (74). Ex- 
periments in rodents also point to an effect on serum lipids, 
but as the lipid transport systems of these animals are quite 
different from humans, the significance of these findings is 
of only supportive interest. Thus, in summary, there are 
reports that DHEA does not affect lipid levels in humans 
(diet not specified-high-fat?) and two reports that it does 
lower cholesterol in humans when given at doses around 20 
mgkg. Further, there are reports that DHEA alters choles- 
terol in dogs and monkeys when doses of 30-75 mg/kg/day 
are utilized. The lipids of humans might respond if higher 
doses of DHEA were administered. 

In a very direct study of DHEA in models of cardio- 
vascular disease, two groups have reported (81, 83) the 
effect of dietary DHEA on cholesterol-fed rabbits. In each 
case, similar dosage schedules of 125-1 50 mg/kg/day led to 
clear beneficial effects; there was a 50% reduction in the 
degree of cardiac vessel stenosis without a change in serum 
lipids. This suggests that DHEA may have an effect on the 
vascular reactivity component of atherosclerosis. 

In considering that DHEA may have an affect on vas- 
cular tissue as opposed to serum lipids, a recent report by 
Ridker et al. (30) may be pertinent. They found that men 
who had myocardial infarctions had higher levels of c- 
reactive protein than healthy, matched controls. The authors 
suggest that inflammation may be an important component 
in the cardiac events of these individuals. In this light, it is 

tempting to speculate that besides any effect on lipids and 
clotting mechanisms, DHEA might exert its beneficial ac- 
tions on atherosclerosis by its effects on the immune system. 

Cancer. Probably the most confusing area of DHEA 
research is in evaluating its potential role in cancer biology. 
There are nearly as many observations suggesting that 
DHEA promotes cancer as there are that it retards tumors. 
Indeed, these reports often use the same animal model, the 
same authors, and the very same dosage. Rao et al. (94-95) 
reported that when administered at a dosage calculated to be 
about 360 mg/kg/day, DHEA inhibits testicular tumors but 
promotes hepatic tumors in rats. In nearly all cases in which 
DHEA has an action that may be relevant to cancer induc- 
tion, progression, or regression, high doses are used (>lo0 
mg/kg/day). 

Nearly all of the studies investigating tumors were done 
in rodents, and the main observations involved the liver. All 
investigators who looked at the liver of rodents receiving 
DHEA reported that DHEA increases the size of the liver, 
changes its color, and induces a wide range of hepatic en- 
zymes. DHEA also causes peroxisome proliferation (93). 
How this effect applies to hepatic tumors and how relevant 
these findings are to humans is not yet clear. However, these 
studies may eventually lead to significant insights into the 
mechanism of DHEA action. Peters et al. (71) reported that 
both DHEA and clofibrate only act in animals that have a 
functional PPAR-alpha receptor. They concluded, “DHEA- 
S or one of its metabolites, may thus serve as an important 
endogenous regulator of liver peroxisomal enzyme expres- 
sion via a PPAR alpha-mediated pathway.’’ 

Since DHEA is now readily available at over-the- 
counter sources in the United States, if it causes hepatic 
problems, a rash of case reports may appear. In this light it 
is important to note that DHEA was administered to humans 
in doses as high as 32 mgkg/day for 16 weeks (59) with no 
reported dose-limiting side effects. This dosage is nearly 50 
times the currently utilized daily dose of 0.7 mg DHEA/kg/ 
day that is ‘suggested’ in the over-the-counter preparations. 
Other researchers (60) have administered 21 mg/kg/day of 
DHEA to lean males and have reported no statistically sig- 
nificant change in liver enzymes although one out of four of 
the males had a mild elevation in serum levels while on the 
medication. 

Metabolism. The fifth and final area of activity in 
which DHEA has been investigated is in the realm of obe- 
sity, herein more generally referred to as metabolism. 
Nearly every obese animal that can be studied (Zucker rats, 
rats with medial hypothalamic knife cuts, diet-induced 
obese rats, db/db mice, ob/ob mice, and obese dogs) have 
had their obesity reduced by DHEA. Most of these studies 
involve the administration of high doses (most often over 
200 mg/kg/day) of DHEA as a dietary supplement over a 
period of weeks to months. 

Cleary ( 13 1) has summarized a variety of evidence con- 
cluding that DHEA affects mitochondria1 respiration, and 
this may be the cause of the weight loss. Whether DHEA 
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also affects food intake is not agreed upon. In some reports 
it affects food intake, especially when a high-fat diet is 
administered (86, 104). As most rodent chows are low in fat, 
this may account for some of the reported differences be- 
tween research groups. When administered to rhesus mon- 
keys, DHEA altered food intake transiently (74). Differ- 
ences between species, the sex of the animals, and the ages 
of the animals may also be important. Finally, DHEA acted 
in both castrated and intact male Zucker rats (89), suggest- 
ing that conversion of DHEA in the testes is not a necessary 
step. 

Although DHEA has clear antiobesity actions in obese 
animals, results in humans have been disappointing. One 
early study (60) that involved lean men demonstrated that 
body fat decreased with DHEA administration, but all sub- 
sequent studies failed to report changes in body weight or 
fat (54,61). However, it is important to note the very narrow 
range of doses used and that diets have never been con- 
trolled. In the initial positive study, the dose of DHEA was 
nearly 21 mg/kg/day. A similar dosage was used in a sub- 
sequent study in lean men that showed no effect (61). In 
studies of obese men, a maximum of about 17 mg/kg/day 
was used (54). A more recent blinded, placebo-controlled 
study (65) using etiocholanedione, a metabolite of DHEA, 
found that at 32 mg/kg/day there was weight loss. 

Certainly if animal studies are to be any guide, the 
doses used in human studies are inadequate. Ignoring the 
rodent data, weight loss is seen in dogs (70) but only with 
doses around 60 mg/kg/day. The potential impact of diet 
also should not be overlooked. Cleary et al. reported (62) 
that at a calculated dose of 21 mg/kg/day, DHEA only pro- 
duced weight loss in animals that were consuming a high-fat 
diet. Further, it is not clear whether DHEA would be more 
effective if taken at certain times of the day; with meals, for 
example. Discontinuation of DHEA leads to rebound hy- 
perphagia in rats (88). It may be that too infrequent a dosing 
schedule leads to unrecognized periods of food overcon- 
sumption that obscure weight loss. 

Besides obesity, DHEA may prove beneficial in reduc- 
ing insulin resistance. The chronic treatment of obese 
Zucker rats leads to a lowering of insulin levels, a change 
that can be interpreted as an improvement of insulin resis- 
tance (120). Buffington et al. (36) reported a single case of 
a diabetic whose insulin resistance decreased with DHEA 
treatment. No one had been able to reproduce these prom- 
ising positive results until a recent abstract by Ibanez et al. 
(132) in which they showed a 14-day course of 50-mg 
DHEA improved the response to an intravenous glucose 
challenge. The patient group selected was special- 
hyperandrogenic women with low or normal levels of 
DHEA. Whether this is the first of many reports of effects 
of DHEA in unique patient groups remains to be seen. 

Summary and Overview 
In many ways the endocrinology of DHEA can be lik- 

ened to that of cortisol. Both are made in the adrenal, and 

both affect the nervous system, immunity, and intermediary 
metabolism. Indeed, the fact that DHEA antagonizes glu- 
cocorticoid action (128) links them even further. 

Additional insight might come from an appreciation of 
how glucocorticoids work. These hormones act in cells that 
have high affinity receptors that mediate the ‘physiologic’ 
actions that take place at ‘low’ levels of steroids. Glucocor- 
ticoids also exert distinct actions that take place at much 
higher ‘pharmacologic’ doses. The subcellular mechanisms 
of these actions are still unclear; possibly they involve low- 
affinity receptors or nonreceptor-mediated pathways. Re- 
view of the information in Table I suggests that DHEA may 
act similarly. A number of distinct actions take place at low 
doses of DHEA whereas others require much larger doses. 
Those actions that take place at low doses may reflect the 
‘physiologic’ properties of DHEA. These involve certain 
functions in the CNS like enhancing information processing 
and improving memory as well as modulating mood. They 
may also involve controlling aspects of the immune system, 
especially when the system is suppressed and, maybe most 
particularly, when it is suppressed by chronic disease (me- 
diated by glucocorticoids?). DHEA may also have a ‘physi- 
ologic’ role in controlling vascular tone, endothelial func- 
tion and clotting mechanisms. As noted above there are 
reports of DHEA receptors in lymphocytes. There are also 
reports of DHEA binding sites in other tissues, notably liver 
( 133- 135). 

On the other hand, DHEA’s actions in models of sepsis, 
tumorigenesis, and obesity seem to require ‘pharmacologic’ 
doses. That pharmacologic doses of steroids can be clini- 
cally useful should not be ignored. Most of the clinical 
usage of glucocorticoids involves prescribing pharmaco- 
logic doses; glucocorticoids are frequently employed to 
treat diseases of inflammation like lupus and asthma and use 
supraphysiologic doses. 

One of the major impediments to accepting DHEA as a 
member of a distinct class of steroidal hormones has been 
the failure to identify conclusively a receptor for it. A 
mounting collection of papers have reported intracellular as 
well as membrane-binding sites for DHEA (133-135). 
None of these reports, however, involves the rigorous 
proofs needed to establish that the receptors comprise a 
distinct nuclear-steroid binding family. The studies have 
simply demonstrated cellular binding species for DHEA. 
Whether these putative receptors can be translocated to the 
nucleus, undergo structural changes, and activate nuclear 
sites is unclear. In this regard, however, the reports of Li et 
al. (72) and Garcia de Yebenes et al. (47) are pertinent. Both 
studies reported that the administration of DHEA alters the 
levels of mRNA in neuronal tissues. These reports support 
the hypothesis that DHEA interacts with nuclear sites. 

One reason that receptors may not yet be characterized 
for DHEA is that no synthetic, high-affinity DHEA analog 
is available in radiolabeled form. Such analogs are crucial 
for investigating binding; direct demonstrations of gluco- 
corticoid receptors using tritiated cortisol are difficult (1 36) 
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if not impossible. Glucocorticoid receptors were demon- 
strated consistently only after radiolabeled triamcinolone 
acetonide and dexamethasone were prepared. These steroids 
have very low dissociation rates from the glucocorticoid 
receptor. Thus, it may not be possible to characterize DHEA 
receptors until a radioactive species that has a low disso- 
ciation rate is available. 

Another impediment to accepting DHEA as a member 
of a distinct family of steroid hormones has been the paucity 
of in vitro cell assays that respond to DHEA. Roberts et al. 
(14), have shown that DHEA increases viability of neuronal 
cells in tissue culture. However few study DHEA in these 
systems. The dependence of glucocorticoid action on recep- 
tor binding has been demonstrated most clearly in models 
like the GH3 cell and the AtT-20 cell. As yet, no such 
accepted model exists for DHEA. 

Conclusion 
The goal of this report was to analyze the actions of 

exogenous DHEA with the hope of delineating its actions. 
Indisputable activities, especially at the cellular level, have 
yet to be defined. The most fruitful areas appear to involve 
neurologic and immunologic tissues. Other actions may re- 
flect pharmacologic properties. 

As DHEA antagonizes the actions of glucocorticoids, 
does not affect electrolytes, works in androgen-insensitive 
animal models, and does not appear to have either estro- 
genic or progestogenic actions, it suggests that DHEA is in 
a separate category of steroid hormones. We have proposed 
(137) that this group be called the Regnantoids, a reflection 
of its wide range of actions and the high concentration of 
DHEA-S in the serum of young adults. Once the specifics of 
DHEA’s biology are recognized, more effort will be di- 
rected toward developing analogs that posses suitable phar- 
macologic properties, and the biology of DHEA at both 
physiologic and pharmacologic concentrations can be more 
readily exploited. 
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