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Abstract

The levels of dehydroepiandrosterone (DHEA) and its sulfate (DHEA-S) peak in human in their twenties, then decrease gradually
with age. The physiological importance of DHEA was not clear until recent research reports showing that DHEA has beneficial effects
on preventing diabetes, malignancy, inflammation, osteoporosis, and collagen disease. We summarize our results concerning diabetes,
hepatitis, and colon cancer.

In 1982, Coleman et al. [Diabetes 31 (1982) 830] reported that DHEA decreased hyperglycemia in diabeticdb/db mice, which become
insulin resistant. We measured hepatic gluconeogenic enzymes in an attempt to elucidate the mechanical mechanism of DHEA action.
The activity and gene expression of hepatic gluconeogenic enzyme such as glucose-6-phosphatase (G6Pase) was increased indb/db mice
despite hyperinsulinemia compared to controldb/+m mice. DHEA, like troglitazone, decreased these levels indb/db mice. We also showed
that DHEA improved the insulin resistance caused by aging or obesity using the glucose clamp technique in another animal model. In
humans, the serum DHEA concentration was shown to be associated with hyperinsulinemia in diabetes. It also became clear that DHEA
increased insulin secretion in old-ageddb/db mice. DHEA increases not only insulin sensitivity due to the effects in the liver and muscle,
but also insulin secretion.

As an effect of DHEA on T-cell mediated hepatitis induced by concanavalin A (ConA), DHEA reduced hepatic injury by inhibiting
several inflammatory mediators and apoptosis. As an effect of DHEA on carcinogenesis, DHEA would be a potential chemopreventative
agent against colon cancer because it decreases the number of azoxymethane (AOM) induced aberrant crypt foci, which is a possible
precursor to adenoma and cancer in a murine model.

Thus, since DHEA has many beneficial effects experimentally, we should consider administration of DHEA in the future, and common
mechanisms among these actions of DHEA should be elucidated in further studies.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Dehydroepiandrosterone (DHEA) and its sulfate es-
ter (DHEA-S) are the most abundant circulating adrenal
steroids in humans. The serum concentration of DHEA-S
in human plasma is approximately 300-fold higher than
that of DHEA and at least 20-fold higher than that of any
other steroid hormone. DHEA is considered to be a weak
androgen. Peak levels of DHEA and DHEA-S occur around
the age of 20 and decrease gradually to 5% of these peak
values by age 90. DHEA is synthesized from pregnenolone,

� Presented at the 11th International Congress on Hormonal Steroids and
Hormones and Cancer, ICHS & ICHC, Fukuoka, Japan, 21–25 October
2002.

∗ Corresponding author. Tel.:+81-45-787-2640; fax:+81-45-844-6002.
E-mail address: caa90130@pop06.odn.ne.jp (K. Aoki).

and more than 90% of the synthesis in the entire body is
carried out in the adrenal gland. DHEA is metabolized to
androstenedione, testosterone, and estrogens.

The physiological importance of DHEA was not clear un-
til recent research reports that DHEA has beneficial effects
with regard to preventing diabetes, malignancy, inflamma-
tion, osteoporosis, and collagen disease.

Here, we describe the effects of administered DHEA on
diabetes, hepatitis, and colon cancer as conducted in our
laboratory.

2. Effect of DHEA on diabetes mellitus

The administration of DHEA has been reported to have
beneficial effects on diabetes. Non-insulin dependent di-
abetes mellitus (NIDDM) is characterized by impaired
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Table 1
Comparison of blood glucose levels and hepatic G6Pase activity

db/+m db/db db/db + DHEA db/db + TGZ

BG (mg/dl) 157± 5 538± 46∗ 365 ± 43# 310 ± 55#

G6Pase (nmol/mg protein/mm) 69± 8 172± 5∗ 128 ± 7# 105 ± 12#

TGZ represents troglitazone. Each value represents mean+ S.E. From [12].
∗ P < 0.05 vs. controldb/+m mice.
# P < 0.05 vs. controldb/db mice.

capacity to secrete insulin, insulin resistance, or both. Insulin
resistance is considered as the result of increased glucose
output in the liver and decreased glucose intake in muscle
and adipose tissue. The mouse model C57BL/KsJ-db/db,
which becomes obese, hyperglycemic, and hyperinsulinemic
[1,2], represents a typical NIDDM model. Coleman et al.
[3,4] reported that dietary administration of DHEA todb/db
mice induced remission of hyperglycemia and increased in-
sulin sensitivity. Many other studies suggest that DHEA in-
creases the insulin sensitivity[5–8]. Recently, Ishizawa et al.
[9] reported that treatment with DHEA for one year amelio-
rates insulin sensitivity by 30% in post-menopausal women.

2.1. Gluconeogenesis

Many studies do not fully state the mechanism of increas-
ing insulin sensitivity. Therefore, we evaluated glucose me-
tabolizing enzyme activities in the liver and muscle indb/db
mice. The plasma insulin level ofdb/db mice was higher
than that ofdb/+m mice. Despite hyperinsulinemia, the ac-
tivity and mRNA level of hepatic glucose-6-phosphatase
(G6Pase), which is a gluconeogenic enzyme and is normally
suppressed by the action of insulin[10], were increased in
db/db mice compared todb/+m mice as shown inTable 1
and Fig. 1. Dietary administration of DHEA significantly
decreased blood glucose indb/db mice and hepatic G6Pase
activity and gene expression indb/db mice (Table 1 and
Fig. 1) [11,12]. Troglitazone, which was the first drug to
be introduced in clinical medicine to improve insulin sen-
sitivity, also decreased blood glucose and hepatic G6Pase
activities and gene expression indb/db mice.

Recently, we measured the glucose production indb/db
mice, using14C labeled sodium bicarbonate. Indb/db mice,

Fig. 1. Comparison of G6Pase mRNA in four groups of mice. A repre-
sentative result is shown for Northern blot analysis. From[12].

hepatic glucose production was increased compared to
db/+m mice and administration of DHEA decreased this
glucose production indb/db mice (unpublished data). McIn-
tosh and Berdanier[13] also reported that administration
of DHEA decreased hepatic glucose production in isolated
hepatocytes from prediabetic male BHE/cdb rats. Base on
these results, DHEA may suppress hepatic glucose output
by decreasing G6Pase activity and gene expression indb/db
mice. These results suggest that the elevation of G6Pase
mRNA is important in elucidating the cause of insulin re-
sistance, and that the G6Pase gene is at least one target for
the hypoglycemic effects of DHEA as an insulin-sensitizing
agent indb/db mice.

In contrast, there are no significant positive relationships
between muscle enzyme activities and blood glucose levels
[1].

Since androstenedione, a DHEA metabolite, exhibited al-
most no effect on either of these enzyme activities or blood
glucose indb/db mice, these actions of DHEA, which are
similar to troglitazone, are presumed to be caused by DHEA
itself.

DHEA is considered to increase the insulin sensitivity in
the same way troglitazone does in the liver; however, the
effects are different for DHEA and troglitazone. Adminis-
tration of troglitazone increased body weight indb/db mice;
however, DHEA did not change the body weight. In an-
other study[8], administration of DHEA decreased the body
weight of diabetic rats. DHEA also has an effect on insulin
secretion indb/db mice that is different from that of trogli-
tazone. First, DHEA was administered to 8-week-olddb/db
mice and did not increase the plasma insulin level indb/db
mice. When we administered DHEA to 15-week-olddb/db
mice, however, DHEA significantly increased the plasma in-
sulin level indb/db mice. The plasma insulin level indb/db
mice gradually declined from about 12 weeks of age, and
DHEA is considered to slow this decline by preventing at-
rophy of pancreatic� cells as Coleman reported in 1982
[3,4]. As to the effect on insulin secretion, Dillon et al.[14]
reported that DHEA-S enhanced glucose-stimulated insulin
secretion when administered in vivo to rats or in vitro to�
cell lines, without changing the cellular insulin content.

2.2. Insulin sensitivity in older rat and serum tumor
necrosis factor-α

Fink et al.[15] previously reported that glucose sensitiv-
ity (tolerance) decreases with age and glucose intolerance
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develops as a part of the aging process. Therefore, we eval-
uated the effects of exogenous DHEA on tissue sensitivity
of insulin that are associated with the aging in rats using
the hyperinsulinemic euglycemic clamp technique. The glu-
cose metabolic clearance rate (MCR) of control rats showed
a gradual decline with advancing age. The glucose MCR
of DHEA-treated rats also exhibited a gradual decline with
the aging process. However, the MCR of DHEA-treated rats
was significantly higher than that of the control rats. Since
glucose MCR is a parameter indicating the insulin sensitiv-
ity especially in muscles and the body composition was not
changed after the injection of DHEA, DHEA is considered
to work on muscles to increase insulin sensitivity.

When DHEA was administered to obese Zucker rats, the
MCR, which was normally reduced in obese rats, was in-
creased significantly compared with the obese control rats.
It is known that administration of DHEA to rats decreases
their food intake. The pair-fed obese rats also showed levels
of weight reduction similar to those of DHEA-treated rats.
The increase in MCR of DHEA-treated rats was significantly
greater than that in the pair-fed rats, suggesting a direct ame-
liorating effect of DHEA on the insulin sensitivity of obese
rats. Tumor necrosis factor-� (TNF-�) is a cytokine that is
secreted from adipose tissue and causes insulin resistance.
Serum TNF-� levels were measured by bioassay. The serum
TNF-� level was also reduced significantly in DHEA-treated
mice; however, it was not reduced in pair-fed obese rats as
indicated. These results suggest that DHEA treatment re-
duces body weight and serum TNF-� independently, and
that both may ameliorate insulin resistance in this rat model.

2.3. Serum DHEA levels in diabetes
with hyperinsulinemia

Nestler et al.[16] reported a progressive decline of serum
DHEA-S levels during hyperinsulinemic-euglycemic clamp
in normal men and women without affecting serum testos-
terone, progesterone, or cortisol. Furthermore, they demon-

Fig. 2. Summary of effects of DHEA on diabetes in vivo.

strated that a reduction in serum insulin concentration is
associated with an increase in serum DHEA and DHEA-S
[17]. To elucidate further the interaction between insulin and
DHEA concentrations, the serum DHEA and DHEA-S lev-
els in diabetic patients with hyperinsulinemia, whose fasting
serum insulin concentrations were greater than 10 mU/ml
(71.8 pmol/l), were evaluated[18]. Diabetic patients with hy-
perinsulinemia produced significantly lower levels of serum
DHEA and DHEA-S than did the controls. These studies
suggest that in diabetic patients with hyperinsulinemia, the
baseline DHEA level is suppressed compared to that of the
control subjects or non-hyperinsulinemic diabetic patients.

3. Effect of DHEA on hepatic injury and
cancer [19,20]

It is known that DHEA is a potential immunological
regulator. In a recent study, Yoshida et al.[19] in our lab-
oratory examined the effect of DHEA on hepatitis and the
modulation of apoptosis induced by concanavalin A (ConA)
which is an established experimental T-cell mediated hep-
atitis model. Mice were treated with DHEA and injected
with ConA. The expression of TNF-�, cyclooxygenase-2
(COX-2), inducible nitric oxide synthase (iNOS), and
macrophage migration inhibitory factor (MIF) were mea-
sured by quantitative RT-PCR in the liver. Apoptosis was de-
tected by the TUNEL method and DNA fragmentation test.
In DHEA-treated mice, the serum ALT levels and expres-
sion of these mediators were significantly decreased. Few
hepatocytes were shown to have TUNEL positive nuclei in
DHEA-treated mice compared to control mice. DNA frag-
mentation was observed in the control mice, whereas DNA
fragmentation was significantly reduced in DHEA-treated
mice. The results strongly suggest that DHEA can reduce
T-cell mediated liver injury by inhibiting the expression of
several cytokines and apoptosis. Thus, DHEA may be a
candidate for a novel therapy for liver injury.
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Nyce et al.[21] reported that administration of DHEA
to mice significantly inhibits the rate of appearance of
1,2-dimethylhydrazine (DMH)-induced macroscopic colon
cancer. Osawa et al.[20] in our laboratory investigated
the effect of DHEA on precursors to colon cancer. Aber-
rant crypt foci (ACF) of colon cancer are considered to be
possible precursors of adenoma and cancer. The chemo-
preventive effect of DHEA was evaluated in azoxymethane
(AOM)-induced ACF of female BALB/c mice. The num-
bers of ACF and aberrant crypt, which contain ACF, were
significantly decreased in DHEA-treated mice. Based on
the results, DHEA is considered to be a chemopreventive
agent against colon cancer.

4. Conclusion

Our view, as shown inFig. 2, is that DHEA is considered
to increase not only insulin sensitivity due to the effects in the
liver and muscle, but also insulin secretion in animal models.
In humans, the serum DHEA concentration is associated
with hyperinsulinemia in diabetes. DHEA reduces T-cell
mediated liver injury and has a chemopreventitive effect on
the precursors to colon cancer.

Its role and side effects in the human body have yet to be
elucidated. We think that exogenous DHEA administration
is not currently warranted in patients. However, as DHEA
has many beneficial effects, we should consider the admin-
istration of DHEA in the future and further research should
reveal a common mechanism of DHEA actions.
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