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In male rats exposed to repeated stress, the decrease in stress reactivity produced by
subcutaneous injection of dehydroepiandrosterone sulfate (recorded by the decrease in
stress-induced concentrations of corticosterone and adrenocorticotropic hormone in
blood plasma) was observed 1-6 days postinjection and involved central regulatory
mechanisms.
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The corticosterone assay showed that dehydroepi-
androsterone sulfate (DHEAS) decreases stress re-
activity in male rats. Corticosterone concentration
in repeatedly stressed males was measured 2 days
after single administration of aqueous solution of
DHEAS [2]. 11-Hydroxycorticosteroid concentra-
tion in females was estimated on day 16 after re-
peated administration of oil solution of synthetic
dehydroepiandrosterone analogue retabolil (before
and 2 weeks after treatment) [2]. Oil solutions of
steroid hormones produce a prolonged effect. How-
ever, the influence of aqueous solutions remains
unknown. Our previous studies showed that aque-
ous solution of DHEAS produced a prolonged an-
xiolytic effect, which developed 4 and 28 h after
treatment [4].

Here we studied the effect of single treatment
with aqueous solution of DHEAS on stress reac-
tivity in male rats exposed to repeated stress (19
days). The concentrations of corticosterone and
adrenocorticotropic hormone (ACTH) were mea-
sured 1, 2, 3, 4, 5, and 6 days after DHEAS in-
jection.

MATERIALS AND METHODS

Experiments were performed on male Wistar rats
weighing 160-180 g. The rats were subjected to
repeated shaking (1 h/day, 19 days) on an AVB-
4p laboratory shaker at a frequency of 180 rpm.
Stress reactivity was determined by measuring the
concentrations of corticosterone and ACTH in blood
plasma immediately after stress. Plasma cortico-
sterone was assayed by high-performance liquid
chromatography on a microcolumn with anticoagu-
lant heparin. ACTH concentration was estimated by
radioimmune assay (standard kit (ELISA-ACTH)
with anticoagulant EDTA using antibodies to frag-
ment 1-24. Human ACTH is a polypeptide consisting
of 39 amino acid residues. The N-terminal peptide 1-
24 is similar in all vertebrate species. Biological ac-
tivity of peptide 1-24 is similar to that of ACTH.
Moreover, the effects of these compounds persist over
the same period. Plasma DHEAS concentration was
measured using standard DHEA sulfate kit.

The animals were decapitated on days 1, 2, 3,
4, 5, and 6 after injection of 30 mg/kg DHEAS
sodium salt (Sigma). All experimental procedures
were performed according to international rules on
laboratory animal care.

The results were analyzed by means of Sta-
tistica software. The significance of differences was
evaluated by Student’s t test.
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RESULTS

The concentrations of corticosterone (Fig. 1) and
ACTH (Fig. 2) in blood plasma from male rats in-
creased immediately after repeated stress. The in-
crease in corticosterone concentration after repeated
stress (19 days) was less pronounced in animals
receiving single subcutaneous injection of DHEAS
1 (p<0.01), 2 (p<0.01), 3 (p<0.05), 4 (p<0.01), 5
(p<0.01), and 6 days (p<0.01) before decapitation
(compared to stressed rats without hormone treat-
ment, Fig. 1). No differences in corticosterone con-
centration were revealed on days 1, 2, 3, 4, 5, and
6 after DHEAS administration.

ACTH concentration in repeatedly stressed rats
decreased 1-6 days after hormone treatment (Fig.
2). The increase in ACTH concentration was less
pronounced on days 2 and 6 after DHEAS injection
(p<0.05 compared to stressed rats without hormone
treatment). Moreover, ACTH concentration on days
1, 2, 3, 4, 5, and 6 after DHEAS injection did not
differ from the control.

Thus, injection of DHEAS aqueous solution
limits the increase in corticosterone and ACTH con-
centrations in response to repeated stress, which
attests to a prolonged stress-limiting effect of this
preparation. The prolonged effect of oil solutions
of steroid hormones is associated with the influence
of oil. The effect of aqueous steroid solution was
unexpected.

In experiments studying the role of DHEA and
DHEAS in correction of pathological changes usually
long-term (from several weeks to 1 year) daily treat-
ment with these compounds is employed [5,7], while
in behavioral experiments they are administered
several minutes before testing [10,11]. The results
of our study and published data [3,4] suggest that
daily treatment with DHEAS for a long time is not
required to prevent pathological changes [5,7]. It
is not necessary to administer this drug immediately
before behavioral tests, since aqueous solution of
DHEAS produces a prolonged effect for at least 6
days [10,11]. These data are of considerable im-
portance for the study of stress reactivity, since
injection produces a considerable stress response.

DHEAS modulates stress reactivity by affecting
the concentration of ACTH. Therefore, the decrea-
se in stress reactivity is mediated by central regu-
latory mechanisms with the involvement of ACTH.

A special series was conducted to measure plasma
DHEAS concentration after single stress exposure
(Fig. 3). Exogenous DHEAS was injected 2 h or 1
and 2 days before decapitation. Plasma DHEAS
concentration increased 2 h after injection, but did
not differ from the control on days 1 and 2 after

treatment. Therefore, the prolonged effect of DHEAS
is not associated with long-term presence of this com-
pound in the circulation. The delayed effect of this
hormone is realized via intermediate mechanisms.

Our previous studies showed that the anxio-
lytic [4] and stress-limiting effects of DHEA [3]
involve the opiate system (e.g., µ-opioid receptors).
The prolonged effect of DHEAS probably results
from its interaction with the opiate system. They
modulate activity of other neurotransmitter systems
(monoaminergic systems), which, in turn, modulate
activity of the hypothalamic-pituitary-adrenocorti-
cal system [8].

Fig. 1. Plasma corticosterone concentration in male rats after 19-
day stress exposure and administration of dehydroepiandrosterone
sulfate (DHEAS). Here and in Fig. 2: control (1); stressed animals
without DHEAS administration (2); 1 day after DHEAS administration
(3); 2 days after DHEAS administration (4); 3 days after DHEAS
administration (5); 4 days after DHEAS administration (6); 6 days
after DHEAS administration (7). *p<0.001 compared to the control;
+p<0.05 and ++p<0.01 compared to 19-day stress exposure without
DHEAS administration.

Fig. 2. Plasma ACTH concentration in male rats after 19-day stress
exposure and administration of DHEAS. p<0.05: *compared to the
control; +compared to 19-day stress exposure without DHEAS
administration.
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jected to repeated (19 days) stress. The effect per-
sists over 1-6 days after subcutaneous injection of
DHEAS. The stress-limiting effect of DHEAS is
mediated by central regulatory mechanisms with the
involvement of endogenous ACTH. The prolonged
effect of DHEAS is not associated with long-term
presence of this compound in the circulation. This
effect is mediated by various physiological mecha-
nisms, including the µ-opioidergic mechanism.

REFERENCES

1. A. V. Val’dman, Pharmacology of Neuropeptides: Proceeding
of the Institute of Pharmacology of the USSR Academy of Medi-
cal Sciences [in Russian], Moscow (1982), pp. 8-30.

2. T. A. Obut, Byull. Sib. Otd. Ros. Akad. Med. Nauk, 2, 62-68
(1994).

3. T. A. Obut, M. V. Ovsyukova, and O. P. Cherkasova, Byull.
Eksp. Biol. Med., 135, No. 3, 269-271 (2003).

4. M. V. Ovsyukova, N. N. Kudryavtseva, T. A. Obut, and A. V.
Amikishieva, Ros. Fiziol. Zh., 89, No. 5, 598-604 (2003).

5. W. Arlt, F. Callies, I. Koehler, et al., J. Clin. Endocrinol. Me-
tab., 86, No. 10, 4686-4692 (2001).

6. J. A. Carr, Brain Res. Bull., 44, No. 1, 19-23 (1997).
7. M. Homma, T. Onodera, M. Hirabatake, et al., J. Pharm. Phar-

macol., 50, No. 10, 1139-1145 (1998).
8. K. Pacak, M. Palkovits, I. J. Kopin, and D. S. Goldstein, Front.

Neuroendocrinol., 16, 89-150 (1995).
9. Y. Park, I. K. Ho, L. W. Fan, et al., Brain Res., 894, 311-315

(2001).
10. A. Prasad, M. Imamura, and Ch. Prasad, Physiol. Behav., 62,

No. 5, 1053-1057 (1997).
11. D. S. Reddy and S. K. Kulkarni, Brain Res., 752, 61-71 (1997).
12. S. R. Sesack and V. M. Pickel, J. Neurosci., 12, 1335-1350

(1992).
13. B. E. Wright, F. Svec, and J. R. Porter, Int. J. Obes. Relat.

Metab. Disord., 19, No. 12, 887-892 (1995).
14. Y. Yoshida, S. Koide, N. Hirose, et al., Neurosci., 92, No. 4,

1357-1365 (1999).

This hypothesis is supported by published data.
Although the half-life period of peptide regulators
is several minutes, their effect on physiological
processes persists over hours or days [1]. Peptide
hormones (e.g., opioids) modulate monoaminergic
transmission by various mechanisms. They affect
catabolism or biosynthesis of monoamines in nerve
terminals, function of postsynaptic receptors for
monoamines, release and uptake of the neurotrans-
mitter, and membrane permeability [1,9,12]. The
effects of opioids on monoaminergic systems can
be realized via µ-opiate receptors [6,14]. Moreover,
DHEAS modulates activity of the noradrenergic
and dopaminergic system [13].

We conclude that DHEAS produces a prolon-
ged decrease in stress reactivity in animals sub-

Fig. 3. Plasma DHEAS concentration in stressed male rats 2 h
and 1 or 2 days after DHEAS administration. Control (1); after
single stress (2); 2 h after DHEAS administration (3); 1 day after
DHEAS administration (4); 2 days after DHEAS administration (5).
*p<0.001 compared to the control.
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