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Purpose: This study aimed to determine the effects of the long-term use of dehy-
droepiandrosterone sulfate (DHEAS) on rat prostates and testes as well as on serum
testosterone and DHEAS levels.

Materials and Methods: Thirty male rats aged 4 to 5 months were studied. A DHEAS
suspension of 5 mg/kg per rat was administered orally to the 15 rats in the experimental
group 5 times a week, whereas saline was administered concurrently to the 15 rats in
the control group. Intracardiac blood samples were drawn to determine hormone levels,
and histological samples of prostate and testes were evaluated under light microscopy.
Results: At the end of the 6-month study period, histological examinations performed
on prostate preparations showed that the atrophy score of the experimental group was
significantly lower than the scores of the sham and control groups (p<0.001 and p
<0.001, respectively). The serum total testosterone and DHEAS levels of the rats in
the study group were significantly increased (p <0.001).

Conclusions: In our study, we determined that the long-term use of DHEAS does not

have any detrimental effects on the prostate or the testis; on the contrary, it protects Corresponding Author:
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During the first years of life, the serum level of DHEA de-
creases and it remains almost undetectable until 6 to 10

INTRODUCTION

As society ages, many people have tried to prevent aging
and its effects by using different drugs, such as anti-
oxidants and hormones. Recently, trends have shifted to
the use of testosterone and major secretory products of the
human adrenal cortex, dehydroepiandrosterone (DHEA)
and its sulfate ester dehydroepiandrosterone sulfate
(DHEAS), as antiaging medicines. DHEA and DHEAS act
as sources of active androgens in some of the androgen-re-
sponsive tissues and as precursors for androstenedione in
peripheral tissues [1]. The secretion of DHEA in humans
and in some nonhuman primates follows an age-related
pattern. At birth, DHEA is present at high levels in the se-
rum, because it is produced by the fetal adrenal glands.
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years of age. Peak DHEA concentrations are reached dur-
ing early adulthood. At 70 to 80 years of age, the concen-
trations of DHEA steadily decline to become only 10% to
20% of those of young adults [2].

Although these molecules were identified more than 70
years ago, their exact physiological roles remain to be
defined. Some of the beneficial effects of DHEAS include
an antidiabetic effect, the prevention of osteoporosis, the
modulation of the immune system, antiobesity actions, the
modulation of the central nervous system, anticarcino-
genesis actions, and the prevention of atherosclerosis
[3,4]. However, the effects of this new drug are not fully un-
derstood, especially regarding androgen-dependent or-
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gans. This study aimed to demonstrate the effects of the
chronic use of DHEAS on the histology of androgen-de-
pendent organs, such as the prostate and the testis, and
on total serum testosterone and DHEAS levels in normal
aging rats.

MATERIALS AND METHODS

Thirty Wistar Kyoto male rats aged 4 to 5 months, which
can be considered adult, and weighing between 300 and
400 g were used for this study [5]. The animals were
placed in standard rat cages in a controlled environment
at the Cukurova University Medical Sciences Experi-
mental Research and Implementation Centre. Each cage
accommodated a maximum of seven or eight rats, and all
activities within the scope of the study were performed
with the approval of the ethics committee, under the su-
pervision of a veterinarian and in compliance with the
provisions of the Strasbourg Universal Declaration of
Animal Rights of 1986. All animals were kept in the same
room with a constant mean temperature of 21°C+2°C and
light from 0700 to 1900. The rats were fed water and pel-
leted food that was specifically prepared for rodents.
Veterinary and experienced personnel in the center re-
moved any associated animal waste and supplied water
and feed to the animals.

1. Study groups
The animals were divided into three groups. Group 1 in-

cluded 8 rats that received 5 mL of saline solution orally
once daily 5 days each week for 6 months. In group 2, 7 ani-
mals were treated as shams. Group 3 included 15 rats that
received 5 mg/kg DHEAS solution orally once daily 5 days
each week for the same time period as the other groups.
This dose was administered according to the protocol used
in a similar study in which the standard DHEAS supple-
mentation dose in humans was increased by a factor of 10
to account for the higher hepatic metabolic activity of rats
compared with humans [6]. There was no sign of hypo-
gonadism or male climacterium in the rats, because they
were of an adult age group.

2. Sacrifice
At the end of the 6-month experimental period, the rats
were anesthetized intraperitoneally with a combination of

TABLE 1. Hormone levels for each group
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6 mg/kg 2% xylazine hydrochloride (Rompun, Bayer, Le-
verkusen, Germany) and 75 mg/kg ketamine hydrochlo-
ride (Ketalar, Pfizer, New York, NY, USA). The skin, sub-
cutaneous tissue, fascia, and peritoneum of the rats were
opened with 3-cm incisions on the lower abdomen.
Afterwards, the testes and prostate of each rat were located
and carefully dissected from the surrounding tissues. The
incision was then elongated through the thorax, and a 3-mL
intracardiac blood sample was withdrawn for biochemical
analysis.

3. Serum analysis

Total testosterone and DHEAS levels were measured by
immunoassay techniques by use of an E170 immunoassay
analyzer (Roche, Mannheim, Germany).

4. Histopathological evaluation

The prostate glands and testes were fixed in 10% formalin
and stained with hematoxylin and eosin. Two different par-
affin blocks were prepared from each testis and prostate.
Three randomized power fields at x200 magnification were
analyzed by a single pathologist blinded to the treatment
that the animal received. The histological sections were an-
alyzed and quantified with respect to the degrees of atrophy
and hyperplasia. Furthermore, the stroma gland ratio and
papillary component were graded on a semiquantitative
scale of 1 to 3 as defined previously [6]. The histologies of
the testes were analyzed according to the Johnsen tes-
ticular biopsy score count [7].

5. Statistical analysis

Statistical analyses were performed by using the Mann-
Whitney U test for the histological score counts and the se-
rum analysis. Both chi-square and Fisher’s exact tests
were used for the comparison of the categorical variables.
In the multiple analysis, Bonferroni corrections (p
<0.05/n, where n is the comparison number) were
performed. A value of p<0.018 was considered significant.

RESULTS

The results of the biochemical analyses showed serum
DHEAS levels to be 8.0+1.4, 7.3+1.4, and 280.6+71 ng/mL
and testosterone levels to be 1.9+0.4, 1.9+0.2, and 3.9+0.6
ng/mL in the control, sham, and experimental groups,

DHEAS (ng/mL) Testosterone (ng/mL)
Group
Mean+SD Median (range) p-value Mean+SD  Median (range) p-value
Control (n=8) 8.0£1.4 8.1(5.7-9.9) <0.001* 1.9+0.4 1.9 (1.5-2.5) <0.001*
Sham (n=7) 7.3t1.4 7.0 (5.5-9.8) <0.001° 1.9+0.2 1.9(1.6-2.2) <0.001°
Experiment (n=15) 280.6+71 246.4 (196.4-393.3) - 3.9+0.6 4.1(2.8-5.1) -

DHEAS, dehydroepiandrosterone sulfate; SD, standard deviation.

%:p<0.001 between the control and experiment groups. b:p< 0.001 between the sham and experiment groups.
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TABLE 2. Stroma-gland ratio, papillary component, atrophy and hyperplasia scores for each group

Stroma-Gland ratio Papillary component Atrophy degree Hyperplasia degree

Group . . . .
Mean+SD Median Mean+SD Median Mean+SD Median p-value Mean+SD Median
(range) (range) (range) (range)
Control (n=8) 3.7+1.0 3.5 (3-6) 4.4+1.9 5(0-6) 2.9+1.0 3(25) <o0.01° 2.8+1.2 3(1-5)
Sham (n="7) 4.2+1.2 4 (3-6) 3.4+1.5 3 (2-5) 4.4+0.5 4(4-5) <0.001" 2.1+0.3 2 (2-3)
Experiment (n=15) 3.2+1.2 3(1-6) 2.9+1.2 3(0-5) 0.9+0.9 1(0-2) <0.001° 2.7+1.1 2 (1-5)

SD, standard deviation.

%:p<0.01 between the sham and control groups. :p <0.001 between the sham and experiment groups. “:p<0.001 between the control

and experiment groups.

FIG. 1. Control group showing atrophy of the prostate glands
(H&E, x200).

respectively. These values were significantly higher in the
experimental group than in the control and sham groups
(p=0.001) (Table 1). However, no statistically significant
differences in prostate or testis weights were observed be-
tween the groups (p>0.05).

Histological examinations performed on the testis
preparations revealed that spermatogenesis was com-
plete in seminiferous tubules and that there were no score
differences between the control, sham, and experimental
groups on the basis of the Johnsen scoring protocol (p >
0.05).

However, histological examinations performed on the
prostate preparations showed that the atrophy score of the
experimental group was significantly lower than the scores
of the control and sham groups (p<0.001 and p<0.001, re-
spectively) (Table 2; Figs. 1, 2). The stroma-gland ratio, the
papillary component, and hyperplasia were analyzed as
categorical variables. The percentages of the stroma-gland
ratio, the papillary component, and hyperplasia were not
significantly different in the experimental group compared
with the sham group (p=0.09, p=0.6, and p=0.2, re-
spectively), whereas the percentage of atrophy was sig-
nificantly lower in the experimental group (p<0.05).

FIG. 2. Experimental group showing no atrophy of the prostate
glands (H&E, x200).

DISCUSSION

DHEA and DHEAS are major secretory steroids secreted
by the adrenal gland. Principally, all of the DHEA present
in male plasma originates from the adrenal cortex, and the
daily production amount ranges from 10 to 30 mg in hu-
mans [8]. Whereas DHEA is secreted in a pulsatile and cir-
cadian manner, DHEAS does not display such variations
in level; it is secreted at an average level. For this reason,
DHEAS serum levels are used for both clinical and labo-
ratory studies [9].

Because of the difficulties involved in human experi-
ments, animal model experiments are performed to arrive
at clear definitions of the biological functions of DHEA and
DHEAS in the body and to evaluate the histological re-
sponses to treatment. In our study, we examined the effects
of chronic use of DHEAS, which is currently administered
as an anti-aging agent, on the testis and prostate as an-
drogen-dependent organs. When we compared the ex-
perimental group, which was subjected to chronic DHEAS
administration over a 6-month period, with the control and
sham groups, the serum DHEAS level of the experimental
group was determined to be 35 and 38 times higher, re-
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spectively; the total testosterone level of the experimental
group was determined to be 2 times higher than that of the
two other groups (p=0.001). The serum levels of these two
substances were determined to be comparable in the con-
trol and sham groups, which is concordant with the liter-
ature [6-8].

When we evaluated the prostate tissue, we observed that
the proportion of cells displaying atrophy was significantly
lower in the experimental group than in the control and
sham groups (p=0.0001 and p=0.0001, respectively). In the
first publication on this issue by Zizzi et al. [10], signs of
prostatic atrophy were shown in the experimental group.
By contrast, Rhoden et al. [6] reported no signs of atrophy
in either the study or the control group. No variations were
observed between the prostate cells of the three groups in
terms of atypia in the direction of hypertrophy, hyper-
plasia, or malignancy; dysplasia; and prostatic intra-
epithelial neoplasia. Although utmost care must be ex-
ercised when applying the data obtained in animals to hu-
mans, our results suggest that DHEA protects the volume
of the prostate, an important organ for fertility, but does
not cause hyperplasia. However, DHEA must be used care-
fully, especially in individuals who are at risk in terms of
malignancy, because DHEA administration is known to in-
crease testosterone levels.

In the literature search we performed on testis and
long-term androgen treatment, we found no studies on the
histological effects of androgen replacement on testes in
healthy humans. However, when testes weights were
measured in a study that evaluated long-term DHEA ad-
ministration in rats, no significant differences were identi-
fied between the experimental and control groups [6,8].
Likewise, in the histopathological examinations of the
testes, we found that spermatogenesis was complete and
that there were no significant differences between the
groups in terms of Johnsen scoring and testes weights (p >
0.05).

Information on the possible side effects caused by use of
DHEA as a medicine is very limited. The biggest concern
of clinicians regarding the oral use of DHEA is the possi-
bility of causing prostate cancer or triggering its develop-
ment. Indeed, the increased testosterone level observed
during DHEA treatment suggests that these concerns are
not groundless. Additionally, concerns intensified after
Morgentaler [11] identified prostate cancer in biopsies of
11 of 77 hypogonadic male patients receiving testosterone
treatment whose rectal examination results and pros-
tate-specific antigen (PSA) levels were normal. Morley et
al. [12] showed that average PSA levels increased sig-
nificantly at 3 months after testosterone treatment.
Similarly, Tenover [13] also determined an average in-
crease of 0.6 ng/L in PSA levels after 3 months of testoster-
one treatment.

In contrast, many studies in the literature show that an-
drogen replacement does not induce prostate cancer in
males with normal prostates. Horton [14] and Mac Donald
[15] separately reported that less than 1% of the testoster-
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one present in the plasma is obtained from DHEA.
Similarly, in the Reiter et al. [16] study, which used oral
administration of 50 mg DHEA, the authors did not find
any statistically significant changes in PSA levels, pros-
tate volume, or urinary residue after urination. Similar da-
ta suggesting that DHEA had no effect at all on urination
symptoms were also presented by Flynn et al. [17] after a
3-month observation period. Additionally, Rhoden et al. [6]
reported an increase in plasma testosterone levels without
any change in prostate weight or histology in a study of
DHEA administration in rats. Also, the authors suggested
that long-term use does not induce changes towards malig-
nancy [18,19].

Regarding the side effects of androgen replacement
treatment, not many studies in the literature have been
conducted on healthy human testes, and there is no con-
sensus other than the contraindications for the use of
DHEA in prostate cancer patients. Many questions await
answers in further studies. Although some of our results
were statistically significant, it should be kept in mind that
this study had some limitations. The tissue and pre-
operative biochemical levels of testosterone could not be
measured owing to limited funds, because this study was
supported by the Academic Research Projects Unit of our
university. Also, this study should be considered a pilot
study because it was done with a small sample size of ani-
mals and minimal parameters to generalize the evidence
of the role of DHEAS.

CONCLUSIONS

Today, as the aging population increases worldwide, many
people are turning toward anti-aging treatments; hormone
replacement treatments are also used for this purpose.
DHEA and DHEAS are probably the most popular hor-
mones used for these treatments. Although such treat-
ments are popular and are thought to be useful, the liter-
ature does not provide much information regarding their
side effects. Thus, we sought to assess the effects of DHEAS
on androgen-dependent organs (i.e., the prostate and
testes). Our study revealed that long-term DHEAS use
does not cause adverse effects on the prostate and testis in
rats; by contrast, it protects the prostate, an important or-
gan in terms of sustaining fertility, from atrophy. Additio-
nally, we also determined that chronic DHEAS use in-
creased serum testosterone and DHEAS levels. We believe
that our findings may prove valuable for future studies of
the effects of DHEA and DHEAS.
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