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Abstract:

Background: Dehydroepiandrosterone (DHEA), a neurosteroid, is known to be the most abundant hormone in the human body. Its

role in the central nervous system has not been well defined. Previous studies indicate that DHEA is synthesized in the spinal cord

and plays an important role in pain modulation. In the present study, we investigated the effect of DHEA on pain threshold in rats

after both acute and subchronic treatment.

Method: Rats were orally administered with DHEA at a dose of 10 mg/kg once daily and the pain threshold was measured with me-

chanical and thermal stimuli.

Results: After acute treatment, DHEA exhibited pronociceptive effects which lasted up to 150 min. After subchronic administration,

DHEA showed an opposite effect by elevating the pain threshold.

Conclusion: The results suggest that DHEA could be indicated as a drug to improve treatment of chronic pain disorders.
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Introduction

Dehydroepiandrosterone (DHEA) and its sulfate form

(DHEAS) are the most abundant hormones in the hu-

man body. Unfortunately, their concentration de-

creases with age [16], which is often etiologically

connected with certain common disorders, such as de-

pression, Alzheimer’s disease or cardiovascular dis-

turbances [3, 14]. DHEA is also a neurosteroid which

can be synthesized by nerve cells. Many researchers

have proved its impact on pain nociception via al-

losteric modulation of many receptors in the spinal

cord, e.g., sigma-1, NMDA, P2X2 or GABAA [7, 10,

20]. Therefore, DHEA is considered as a potential

antinociceptive drug. However, in all the aforemen-

tioned studies DHEA was administered parenterally.

To consider DHEA as an analgesic, an easier way of

administration should be sought. In the present study,

we focused on assessing whether oral (po) administra-

tion of small doses of DHEA would affect pain

threshold in both acute and subchronic setting by

using standard mechanical and thermal stimuli.
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Materials and Methods

Animals

Naive male Wistar rats, weighing 250–300 g were

used in this study. The animals were given free access

to standard laboratory diet and tap water. They were

exposed to a 12 h/12 h light/dark cycle at a constant

room temperature of 22 ± 2°C and relative humidity

of 50 ± 5%. All experiments were performed during

the light period at the same time of day (between

10:00 a.m. and 2:00 p.m.) to minimize circadian influ-

ences on pain susceptibility. All experimental groups

consisted of seven rats. After each experiment, the

rats were euthanized with pentobarbital overdose. The

experimental protocol was approved by the Local

Ethics Committee at the Medical University of War-

saw (license number 18/2011).

Drugs

DHEA (kindly provided by LEK-AM, Warszawa,

Poland) was suspended in a 1% solution of methyl

cellulose and administered po by gastric gavage at

a dose of 10 mg/kg. The dose was selected according

to preliminary experiments. The control group re-

ceived only the vehicle, methyl cellulose solution.

Determination of pain threshold

Pain threshold was determined using two kinds of no-

ciceptive stimuli, mechanical and thermal. Mechani-

cal pain threshold was determined via the modified

Randall-Selitto method [2]. The measurements were

done by analgesimeter (Ugo-Basile, Comerio, Italy).

Mechanical stimuli of linearly increasing intensity

were applied to the dorsal surface of a rat’s hind paw

until the animal withdrew the paw. This intensity of

force, expressed in grams-force (G), was described as

the pain threshold. The cut-off pressure was 360 G.

Threshold of thermal stimulation was measured using

the tail-flick method [8, 19] (Ugo-Basile, Comerio, It-

aly). A radiant heat source was focused on the middle

part of the rat’s tail (3–6 cm proximally to the tip).

The pain threshold was defined as the time from the

onset of the thermal stimulus to withdrawal of the tail.

A 15-s cut-off time was imposed to prevent tissue

damage.

In the case of acute administration of DHEA/vehi-

cle, the measurements took place before administration

of the drug and repeatedly 30, 60, 90, 120, and 150 min

after administration of DHEA or vehicle. In the sub-

chronic setting (14 days), the measurements were made

before administration of the drug and 24 h afterwards.

Statistical analysis

All values are expressed as the means ± standard error

of the mean (SEM). Data are presented as the percent-

age of baseline values according to the following

formula:

% of analgesia = (B/A) × 100 – 100%,

where A indicates pressure (in G for mechanical stim-

uli) or time (in seconds for thermal stimuli) at base-

line (on day 1 of the study, before DHEA treatment)

and B indicates pressure (G) or time (s) in successful

measurements which were performed after drug ad-

ministration. The values of the vehicle- and DHEA-

treated groups at different time points were compared

by a repeated-measures two-way ANOVA followed

by Tukey’s post-hoc test for multiple comparisons

(Statistica v. 10, StatSoft Polska Sp. z o.o., Kraków,

Poland). A p-value of less than or equal to 0.05 was

considered to be statistically significant.

Results

The individual treatment groups did not show statisti-

cally significant differences in baseline nociceptive

threshold values in rats.

The effect of acute treatment with DHEA

on nociceptive threshold

DHEA administered acutely at 10 mg/kg significantly

decreased the threshold for mechanical and thermal

nociception (Figs. 1 and 2) when compared to the

vehicle control group. In both mechanical and thermal

nociception groups, the maximum hypoalgesic effect

of DHEA was obtained after 90 min (29.6 ± 3.3% and

30.5 ± 1.8%, respectively). However, after thermal

stimuli the effect could be detected earlier (after

30 min vs. 60 min) and it lasted longer (up to 150 min

vs. 120 min) than that detected after mechanical

stimulation.
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The effect of 14-day treatment with DHEA

on nociceptive threshold

In contrast to its acute administration, DHEA admin-

istered for 14 days significantly elevated nociceptive

threshold for both mechanical (Fig. 3) and thermal

(Fig. 4) stimuli. However, antinociception to thermal

stimulation was first observed after 5 days of drug

treatment. Interestingly, at the beginning of the ad-

ministration, we noticed a statistically significant

lowering of the pain threshold (Fig. 3).

Discussion

DHEA is considered as a neurosteroid with a wide

range of functions [4, 9, 14, 16, 17]. Its action is me-

diated via multiple signaling pathways involving acti-

vation or inhibition of specific membrane receptors

(e.g., NMDA, GABA, sigma-1) [7, 10, 20], stimula-

tion of nitric oxide synthase [5] as well as transforma-

tion into both androgen and estrogen derivatives [18].
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Fig. 1. Effects of dehydroepiandrosterone (DHEA, 10 mg/kg po) on
the nociceptive threshold to thermal stimulation. Data are presented
as a percentage of baseline values (the mean ± SEM) n = 7 rats per
group, * p < 0.05, *** p < 0.001 vs. the vehicle group (repeated-
measures two-way ANOVA followed by Tukey�s post-hoc test)

Fig. 2. Effects of dehydroepiandrosterone (DHEA, 10 mg/kg po) on
the nociceptive threshold to mechanical stimulation. Data are pre-
sented as a percentage of baseline values (the mean ± SEM) n = 7
rats per group, *** p < 0.001 vs. the vehicle group (repeated-meas-
ures two-way ANOVA followed by Tukey�s post-hoc test)
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Fig. 3. Effects of subchronic (14 days) administration of dehydroepi-
androsterone (DHEA, 10 mg/kg po) on the nociceptive threshold to
thermal stimulation. Data are presented as a percentage of baseline
values (the mean ± SEM), n = 7 rats per group. * p < 0.05, ** p < 0.01,
*** p < 0.001 vs. the vehicle group (repeated-measures two-way
ANOVA followed by Tukey�s post-hoc test)
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Fig. 4. Effects of subchronic (14 days) administration of dehydroepi-
androsterone (DHEA, 10 mg/kg po) on the nociceptive threshold to
mechanical stimulation. Data are presented as a percentage of base-
line values (the mean ± SEM), n = 7 rats per group. * p < 0.05, *** p <
0.001 vs. the vehicle group (repeated-measures two-way ANOVA fol-
lowed by Tukey�s post-hoc test)



Because of these properties, DHEA – either directly

or indirectly – influences many physiological and

pathological processes. Several experimental and

clinical reports indicate that pleiotropic activity of

DHEA includes also modification of nociceptive

transmission. Patte-Mensah et al. [15] reported a bi-

phasic effect of DHEA on nociception: increased no-

ciception during the early phase and increased analge-

sia during the later phase. The observed increase in

nociception in the early phase may be associated with

NMDA/sigma-1 receptor activation [20], whereas

antinociception in the later phase seems to be of sec-

ondary nature, i.e., due to DHEA transformation to

sex steroids, especially estrogens. The results ob-

tained in this study are compatible with hypotheses of

other authors [6, 12, 13, 15, 18, 21]. Interestingly, the

antinociceptive effect was not maintained at the same

level during the whole follow-up period, it decreased

between day 9 and 12 of follow-up (especially in the

case of thermal stimuli). This could be due to a bal-

ance being established between endogenous synthesis

of DHEA and DHEA supplied exogenously. It is,

however, interesting to note that, in contrast to most

studies performed on laboratory animals, the dose of

DHEA used in our study was relatively low and ad-

ministered orally. This may explain why antinocicep-

tion to thermal stimuli during subchronic administra-

tion of DHEA occurred no sooner than after 5 days.

However, this finding could also be a result of other

DHEA effects on the pain threshold. Nevertheless,

thermal and mechanical stimuli are perceived via dif-

ferent receptors [11]. The observed pronociceptive ef-

fect at the beginning of subchronic administration and

varied pain sensation to thermal stimuli require fur-

ther investigations.

Furthermore, Aloisi et al. [1] demonstrated that pa-

tients treated with opiates and nonsteroidal anti-

inflammatory drugs have lower levels of DHEA,

which could diminish the neuroprotective role of this

neurosteroid. Our results are consistent with these

findings and show that DHEA could be of potential

interest as a supportive antinociceptive drug.
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