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Summary Gonadal hormones are known to be affected by morphine and other opioids. In this
paper, we summarize data collected in recent years which clearly indicate that the opioid-
induced effects on steroid hormones depend on the opioid used and in some cases on the sex of the
subject. Indeed morphine is able to reduce hormones like testosterone and cortisol in both male
and female subjects in just a few hours, probably acting directly on peripheral glands. These
depressant effects of morphine on hormones are also present in the treatment of surgical pain and
are quickly reversible once opioid administration is suspended. Similar actions were also found to
occur in experimental animals and in vitro in glial cells, further confirming the morphine-induced
reduction of testosterone cell content. Testosterone and its metabolites are well known sub-
stances involved in the development and maintenance of the brain and all body structures. Thus
when treating pain with opioids, their effects on hypothalamo—pituitary—gonadal and hypotha-
lamo—pituitary—adrenal-related hormones must be considered and, where possible, hormone
replacement therapy should be started.
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ava i lab le at www.sc ienced i rect .com

journa l homepage: www.el sev ier.com/locate/psyneuen
* Corresponding author. Tel.: +39 0577 234103;
fax: +39 0577 234037.

E-mail address: aloisi@unisi.it (A.M. Aloisi).

0306-4530/$ — see front matter # 2009 Elsevier Ltd. All rights reserve
doi:10.1016/j.psyneuen.2009.05.013
1. Introduction

In the treatment of pain and particularly of moderate and
severe chronic pain, opioids remain one of the most effective
and widely used therapies (Rasor and Harris, 2005). In spite of
the increase in available pain treatments, opioids are still a
first choice for postoperative pain relief and for relief of
d.
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many other painful conditions requiring long-term treat-
ment, including cancer. However too often patients achieve
little or no pain relief because of the numerous side effects
that limit their intake of medication.

Opioid-induced side effects often start immediately and
sometimes last for the duration of treatment. OPIAD, i.e.
opioid-induced androgen deficiency, is one of the most con-
stant syndromes. That exposure to opioids decreases gonadal
hormones in humans, as well as in experimental animals
treated with different opioids, is a widely acknowledged
fact, given the number of papers in the literature (Cicero
et al., 1976; Abs et al., 2000; Daniell, 2002; Roberts et al.,
2002; Rajagopal et al., 2003; Amini and Ahmadiani, 2005;
Aloisi et al., 2005; Ceccarelli et al., 2006). Nevertheless, this
aspect is seldom considered in patients regularly taking
opioids as analgesics.

Morphine-induced hypogonadism inmen is dramatic, since
testosterone levels are decreased enormously, reaching cas-
tration levels (<1 ng/ml) in a few hours after a single opioid
administration (Aloisi et al., 2005), and unlike other opioid-
induced side effects this condition persists throughout the
treatment. The reduction in gonadal hormones during opioid
intake has been described in both sexes and is associated in
men with a reduction in libido and potency (Daniell et al.,
2006) and in females with amenorrhea (Tutak and Doleys,
1996; Daniell, 2008). In addition to its influence on sexual
interest and function, hypogonadism induces many other
physiological changes, in particular fatigue, muscle wasting,
osteoporosis and changes in pain.

Several hypotheses have been proposed to explain the
pathogenesis. One of them considers the inhibition by opioids
of releasing factor secretion in the hypothalamus (Pimpinelli
et al., 2006), while another suggests a direct inhibitory action
in the pituitary via specific binding sites on the gonadotrophs
(Fabbri et al., 1989). Other hypotheses have also been tested
(Jordan et al., 1996; Amini and Ahmadiani, 2005).

The importance of considering testosterone in the study of
pain is underlined by clinical and experimental evidence that
testosterone-depleted subjects and/or those with low tes-
tosterone levels present high pain levels. In particular an
inverse relationship was found between plasma testosterone
and work-related neck and shoulder disorders in female
workers (Kaergaard et al., 2000). Other evidence of an
analgesic effect of androgens is the clinical finding that
gonadal and adrenal androgen levels (testosterone and
DHT) are lower in both female and male rheumatoid arthritis
patients than in controls. Interestingly, androgen adminis-
tration induces a significant improvement of clinical symp-
toms, probably through their inhibitory action on the immune
system (Morales et al., 1994; English et al., 2000). Moreover
in male rats, testosterone has a protective role in adjuvant-
induced arthritis (Harbuz et al., 1995). We showed that when
supraphysiological levels of testosterone were administered
to male and female rats, the formalin-induced licking (longer
in female than male controls) decreased only in females;
interestingly, there was no decrease in flexing or jerking
behavior (Aloisi et al., 2004), suggesting that a high level
of testosterone did not affect the nociceptive input (jerking
and flexing were unchanged) but did induce a ‘male-like’
response in females with regard to licking, the most complex
supraspinal formalin-induced response. In another experi-
ment aimed at evaluating the long-term effect of a painful
stimulus in rats, it was confirmed that male gonadal hor-
mones have an inhibitory, adaptive effect on the behavioral
and neuronal responses to repeated nociceptive stimulation
(Ceccarelli et al., 2003). This was demonstrated by the fact
that in intact male rats (but not in gonadectomized rats)
there was adaptation to repetition of the stimulus (three
times with one week in between) at both the neuronal (c-Fos)
and behavioral (formalin-induced licking) levels. Therefore
we can hypothesize that the higher behavioral and neuronal
effects observed in response to nociceptive stimulation can
be attributed to a ‘female-like system’ in these animals.

The purpose of this review is to carefully consider the time
course and morphine-induced modulation of testosterone
metabolism. We present a series of experiments carried
out in different patient populations, in experimental animals
and in vitro, dealing with the response of hypothalamo—
pituitary—adrenal/hypothalamo—pituitary—gonadal-related
hormones to the actions of different opioids. For the human
experiments, all procedures were conducted in accordance
with the Helsinki Declaration and with the adequate under-
standing and written consent of the subjects. All animal
experiments were carried out in accordance with the Eur-
opean Communities Council Directive of 24 November 1986
(86/609/EEC). All efforts were made to minimize animal
suffering, reduce the number of animals used and utilize
alternatives to in vivo techniques.

1.1. Effects of i.t. morphine administration in
men and women (Table 1)

To evaluate the immediate effects of morphine spinal admin-
istration on steroid hormones and their time course, we
considered male and female patients implanted with an epi-
dural catheter due to persistent severe pain. This technique
allows the immediate and safe infusion of small quantities of
opioids, thus reducing many side effects. The daily dose of
morphine was 0.9 mg/die and the overall administration time
was 15 days. The patients, mostly women, remained in the
clinic after implantation; the period of hospitalization allowed
their state of health to be closely monitored. The following
hormones were considered: LH, FSH, testosterone, free tes-
tosterone, cortisol. Blood was collected and analyzed on Days
0, 1, 2, 15 (last day of administration) and 16 (the day after
withdrawal of morphine).

In both men and women, total testosterone, free testos-
terone and cortisol blood levels were greatly reduced from
the baseline levels (from Day 1 to Day 15). By contrast,
gonadotropins tended to minimally increase from the base-
line level in men and to decrease in women. In all subjects
the values had returned to pre-treatment levels on Day 16.

These findings clearly show that morphine administration
(including epidural administration) immediately affects
gonadal hormones and cortisol, irrespective of gender. The
levels of all these hormones progressively fell starting from
the first day of treatment and then recovered 24 h after its
suspension. However analysis of the hormone behavior sug-
gested different morphine target points in the two sexes.
While hypothalamo—pituitary axis inhibition can be excluded
in men due to the lack of gonadotropin decrease, hypotha-
lamo—pituitary involvement in women is suggested by the
decrease (even if small) of gonadotropin levels. Thus a direct
action of opioids on the testis and/or an increase in testos-



Table 1 Hormone plasma levels in male and female patients suffering chronic pain, implanted with an epidural catheter to
administer a solution containingmorphine for 15 days. Blood was collected before the beginning of treatment (baseline) and after 1,
2 and 15 days of treatment (Day 1, Day 2 and Day 15, respectively) and 24 h after opioid withdrawal (Day 16).

Sex/age Hormones Baseline Day 1 Day 2 Day 15 Day 16

Females/65.5 years, N = 15 LH (mIU/ml) 19.60 � 4.66 21.66 � 3.83 19.63 � 3.47 17.27 � 5.2 19.80 � 2.78
FSH (mIU/ml) 48.51 � 6.72 44.66 � 6.21 41.18 � 5.49 40.93 � 5.0 52.42 � 6.07
Estradiol (pg/ml) 12.73 � 1.76 11.90 � 1.64 9.63 � 0.95 8.45 � 0.32 12.0 � 1.16
Testosterone (ng/ml) 0.41 � 0.07 0.23 � 0.03 0.17 � 0.02 0.17 � 0.03 0.30 � 0.07
Free T (pg/ml) 1.1 � 0.18 0.60 � 0.11 0.50 � 0.09 0.42 � 0.09 0.90 � 0.16
Cortisol (ng/ml) 155.1 � 13.2 59.0 � 30.4 54.72 � 29.06 49.2 � 20.5 145.72 � 24.8

Males/68.7 years, N = 4 LH (mIU/ml) 2.63 � 1.37 3.13 � 0.28 4.6 � 2.91 4.9 � 3.91 2.66 � 0.60
FSH (mIU/ml) 4.63 � 0.98 4.53 � 0.77 5.55 � 1.65 6.0 � 2.91 4.63 � 0.55
Estradiol (pg/ml) 24.66 � 1.33 19.0 � 3.0 13.0 � 3.0 9.5 � 0.49 18.66 � 2.73
Testosterone (ng/ml) 4.13 � 0.49 2.30 � 0.16 1.4 � 0.90 1.45 � 1.15 2.66 � 0.27
Free T (pg/ml) 5.70 � 0.1.67 2.63 � 0.41 1.80 � 0.80 1.60 � 0.9 4.2 � 1.10
Cortisol (ng/ml) 142.7 � 30.8 11.0 � 3.26 12.0 � 1.3 10 � 5.01 119 � 88.93
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terone metabolism has to be hypothesized to explain the
testosterone reduction inmen (Jenab andMorris, 2000; Amini
and Ahmadiani, 2005).

1.2. Effect of long-term administration of
transdermal buprenorphine in men and women
(Table 2)

Male and females treated with transdermal buprenorphine
(35 mg/h every 72 h) for acute/persistent pain were included
in this study, the principal aim of which was to observe the
modifications of the HPG and HPA axes. Estradiol, total
testosterone, free testosterone, DHT, cortisol and steroid
hormone binding globuline (SHBG) plasma levels were mea-
sured at baseline and after 1, 3 and 6 months of treatment.

In the females, all hormones showed slight changes during
the observation period that did not become significant except
for total testosterone, whichwas increased at 3months. In the
males, there were no significant differences for any hormones
Table 2 Hormone plasma levels in male and female patients su
(35 mg/h patch, every 72 h) for 6 months. Blood was collected bef
months of treatment.

Sex/age Hormones Baseline, N = 28

Females/58.7 years Estradiol (pg/ml) 32.6 � 13.3
Testosterone (ng/ml) 0.20 � 0.02
Free T (pg/ml) 1.26 � 0.11
DHT (pg/ml) 30.47 � 3.53
Cortisol (ng/ml) 121.1 � 9.38
SHBG (nmol/l) 80.38 � 8.95

Hormones Baseline, N = 12

Males/61.4 years Estradiol (pg/ml) 14.47 � 1.62
Testosterone (ng/ml) 2.92 � 0.36
Free T (pg/ml) 12.02 � 1.18
DHT (pg/ml) 753.6 � 170
Cortisol (ng/ml) 168.4 � 11.0
SHBG (nmol/l) 56.98 � 6.95

* p < 0.04 vs baseline.
** p < 0.001 vs baseline.
except free testosterone, which appeared to have decreased
after 3 months. In both sexes the HPA axis was not inhibited
since cortisol progressively increased during treatment.

SHBG is a rarely measured protein which indicates the
possibility of testosterone being transported in the blood.
The bound testosterone is the unavailable fraction, although
it remains in equilibrium with the unbound form (free tes-
tosterone). Thus the higher the SHBG concentration, the
lower the possibility of testosterone being taken up by the
cells. SHBG is affected by several factors, including age. In
this study, its level did not change significantly in either sex.
However in the males, the SHBG peak at 3 months corre-
sponded to the lowest free testosterone values.

Buprenorphine is an old opioid that has recently gained a
new role in pain therapy due to its patch formulation. Its
characteristics (partial m agonist and k antagonist) differ
from those of morphine (m and k agonist). In this study, its
efficacy was also different from that of morphine, since the
blood androgen deficiency was not present. From a clinical
ffering chronic pain and receiving transdermal buprenorphine
ore the beginning of treatment (baseline) and after 1, 3 and 6

1 month, N = 23 3 months, N = 20 6 months, N = 18

18.7 � 6.61 25.9 � 15.92 12.31 � 3.20
0.16 � 0.03 0.24 � 0.02 * 0.19 � 0.02
0.96 � 0.10 1.0 � 0.10 0.92 � 0.11

23.89 � 4.51 22.03 � 4.50 40.01 � 23.66
142.3 � 22.06 166.8 � 11.18 ** 184.9 � 20.39 **

102.68 � 12.79 122.69 � 21.16 86.47 � 19.12

1 month, N = 10 3 months, N = 5 6 months, N = 5

11.71 � 0.87 12.79 � 3.43 4.75 � 1.29
2.20 � 0.40 2.00 � 0.37 1.68 � 0.28
5.89 � 1.05 * 5.46 � 1.11 5.09 � 0.80

550.25 � 114.4 439.9 � 154.23 126.4 � 20.2
150.45 � 23.2 164.2 � 19.03 163.21 � 15.3

27.18 � 16.8



Table 3 Testosterone and estradiol plasma levels in men subjected to urological surgery and implanted with an i.v. catheter filled
with morphine or morphine plus fentanyl. Blood was collected before the beginning of treatment (baseline) and 24 and 72 h after
surgery.

Treatment Hormones Baseline 24 h 72 h

Morphine testosterone (ng/ml) 4.94 � 0.27 (N = 25) 1.83* � 0.14 (N = 25) 4.65 (N = 2)
estradiol (pg/ml) 27.2 � 5.6 (N = 9) 16.7* � 3.7 (N = 9)

Morphine + fentanyl testosterone (ng/ml) 4.04 � 0.20 (N = 4) 0.93* � 0.11 (N = 4) 1.81 (N = 1)

* p < 0.01 vs baseline.
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perspective this means that buprenorphine therapy may be
carried out for several months without creating the hypogo-
nadism induced by morphine.

1.3. Effect of surgical analgesia by i.v. opioid
administration in men (Table 3)

Pain in surgical patients is often managed with i.v. opioids. In
this study we measured the testosterone and estradiol levels
in the blood of a sample of male patients who had undergone
surgery and were treated with morphine (20 mg/24 h) in
order to evaluate the changes in these hormones in these
specific conditions.

The values reported in Table 3 show that the testosterone
levels were very low 24 h after the operation, particularly
when morphine and fentanyl were used. The estradiol levels
were also lowered by the treatment. In particular, the tes-
tosterone levels of men treated with morphine alone for the
management of transvescical prostateadenectomia were sig-
nificantly reduced after 24 h and returned to normal 3 days
later; other patients who underwent more invasive surgery
such as nephrectomy and treated withmorphine and fentanyl
showed a greater and more long-lasting effect than that
reported above. In confirmation of this finding, one patient
in this group presented low testosterone levels also on the
third day. Taken together, these findings support the results
we observed on the effects of opioids.

1.4. Effect of morphine administration on
plasma and brain testosterone levels in male and
female rats (Fig. 1)

Male and female rats were injected subcutaneously with
morphine to study the effects of this opioid on testosterone
Fig. 1 Testosterone levels in plasma (left) and brain (right) in male
saline or morphine (5 mg/kg). Testosterone was not detected in the
levels in the plasma and brain. To determine the modification
after a single s.c. injection of morphine, male and female
rats were treated with a dose of 5 mg/kg and blood and brain
tissue samples were collected after 4 h.

As shown in Fig. 1, testosterone decreased in the blood of
both female and male rats. Testosterone levels in the brain
fell significantly in themales while the hormone did not reach
detectable levels in either the morphine-treated or saline-
treated females.

1.5. Effect of morphine on testosterone levels in
rat C6 glioma cells (Figs. 2—4)

A series of experiments was carried out to determinewhether
testosterone levels in rat C6 glioma cells were affected by
morphine administration and whether this effect could be
modified by adding drugs to the culture medium that inter-
fere with testosterone degradation by acting on different
enzymes: anastrozole, able to block the enzyme aromatase,
or finasteride, able to block 5a-reductase. Moreover, to
evaluate the effect of morphine on aromatase activity and
the possible interaction between morphine and anastrozole,
wemeasured aromatase activity in pools of cells treated with
anastrozole, morphine (10 mM) and the association of these
two substances. Aromatase activity was expressed as per-
centage of controls.

As shown in Fig. 2, testosterone was measurable in the
glioma cells and its level was strongly reduced by morphine
addition in a dose-dependent way. In other groups of glial
cells the addition of anastrozole and finasteride had different
effects on the testosterone concentration. As shown in
Fig. 3A, anastrozole significantly increased testosterone con-
centration with respect to controls, an effect completely
negated by the contemporary administration of morphine. In
and female Sprague—Dawley rats 4 h after s.c. treatment with
female brain. *p < 0.01 vs saline.



Fig. 3 Cellular testosterone levels in: (A): control (CRL),
anastrozole (ANA) and ANA + morphine (M10: 10 mM); (B): con-
trol (CRL), finasteride (FIN) and FIN + morphine (M10: 10 mM).
Data are mean � SEM. *p < 0.01 vs CRL; #p < 0.01 vs ANA.

Fig. 4 Aromatase activity in control (CRL), morphine (M10:
10 mM), anastrozole (ANA) and ANA + M10 groups. Data, from a
pool of cells, are expressed as percentage of control activity.

Fig. 2 Testosterone levels in control (CRL) and morphine-
treated rat C6 glioma cells. M10: morphine 10 mM. M100: mor-
phine100 mM. Data aremean � SEM. *p < 0.01 and **p < 0.001 vs
CRL.

S166 A.M. Aloisi et al.
contrast, finasteride (Fig. 3B) did not significantly alter the
testosterone levels.

Morphine treatment induced a 66.8% increase in aroma-
tase activity (Fig. 4), whereas anastrozole induced a 33%
decrease; the association of anastrozole and morphine
blocked both effects.

Therefore our data provide evidence that glial cells con-
tain low but detectable levels of testosterone and that
morphine significantly decreases the cellular levels of tes-
tosterone..

2. Discussion

The experiments presented in this paper show the differing
abilities of opioids to affect hormones. The hypogonadism
induced by morphine and its effect on neuronal testosterone
are clinically relevant: although opioids remain the most
important group of drugs commonly used in pain relief,
physicians need to be aware of all their long-term conse-
quences.

Opioids are generally cheap and their various formulations
make them easy and appropriate to use for any painful
condition. For example, fentanyl is a fast opioid often used
during surgery while buprenorphine, which needs more time
to achieve its effect, is more indicated for long-term treat-
ment. However morphine remains the reference point of all
studies on opioids.

In this paper, we have described the different approaches
we adopted to better evaluate the possible interactions
between opioids and the most common steroid hormones.
The hypothalamus and the pituitary are well-know targets of
various endogenous opioids (i.e. beta-endorphins) which
modulate their cellular activity. On the other hand, endor-
phinergic neurons present in the arcuate nucleus of the
hypothalamus are known to be modulated by gonadal hor-
mones. Thus the possibility that opioids modulate the HPA or
HPG axis must be considered physiological. However when
given to treat pain, morphine and the other opioids disrupt
the physiological ratio of opioids to gonadal hormones, alter-
ing many of the functions in which opioids and the hormones
are involved. This important interaction probably plays a role
in the different capacities of the two sexes to develop
chronic pain (Aloisi and Bonifazi, 2006). As recently demon-
strated in women (Smith et al., 2006), the opioid-binding
capacity in the CNS in response to a painful stimulation
differs according to the estrogen plasma levels.

In the first study, both males and females subjected to
epidural morphine administration showed a significant
decrease in testosterone plasma levels. These effects com-
pletely disappeared after the interruption of therapy. As
already suggested, the decrease in testosterone can be
attributed to a peripheral action, i.e. on the testis in males
and the adrenals in males and females. Opioid receptors are
present in the testis and have a physiological role in testos-
terone production as well as in spermatogenesis (Fabbri
et al., 1989; Jenab and Morris, 2000). Like testosterone,
cortisol appears to be quickly affected by opioid administra-
tion, supporting a direct action of opioids on the adrenals
(Pirnik et al., 2001).

In the second study, buprenorphine-treated subjects suf-
fering acute persistent pain were followed for six months.
However this opioid had only limited endocrine effects. At 1,
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3 and 6 months after the start of treatment, there were no
decreases in any of the hormones in females, while in males
only free testosterone appeared to be constantly lower than
baseline levels, an effect paralleled by the increase of SHBG.
Indeed buprenorphine is a synthetic derivate of opioids,
which does not induce most of the common side effects
described for other opioids (i.e. on immunity, Sacerdote,
2008). The increased testosterone levels in females can
probably be attributed to the decrease of pain and the
consequent stress conditions.

Post-surgical pain is another important application for
opioids. The clear depressant effects of morphine on testos-
terone are transitory but can interact with the healing
process. Indeed both testosterone and estradiol are involved
in wound healing through their action on tissue regeneration
and immunity (i.e. Engeland et al., 2008). Androgens gen-
erally lengthen healing times in skin, whereas estrogens
shorten them (see Gilliver and Ashcroft, 2007); yet the
results are not unequivocal (see Engeland et al., 2006).
Although the effects of gonadal hormones on healing are
still not clear, morphine may affect post-surgical patients not
only by relieving their pain but also by changing their tissue-
repair processes.

Neurons and glial cells produce and store steroids, also
called neurosteroids. These cells also take up testosterone or
other steroids from the blood to be metabolized and/or used
in cell processes. Testosterone was found in the brain of male
rats and its levels were drastically decreased just 4 h after a
single s.c. injection of morphine (Ceccarelli et al., 2006). In
this study, we applied the protocol to both male and female
rats to verify the effect in females as well. We found that the
low baseline plasma levels of testosterone in females were
further decreased while the brain testosterone levels were
always below the detection limits, even though the sensitiv-
ity of the method was very high. Since we paid great atten-
tion to the procedure of ‘cleaning’ the brain tissues of blood,
we conclude that the testosterone measured in the brain was
present within the cells. The fact that there were no detect-
able levels in females suggests that they have no consistent
uptake of testosterone, as instead may be presumed to occur
in males. This is probably due to the low testosterone plasma
levels in females but we cannot exclude that the female brain
does not require ‘high’ levels of testosterone to be aroma-
tized to estradiol since estrogens can be taken up from the
blood and their synthesis from testosterone is not as neces-
sary as in males.

Thus the morphine-induced decrease clearly present in
the male brain can only be hypothesized in females. The
influence of morphine on glial cells was also demonstrated in
the in vitro preparation: the addition of different concentra-
tions of morphine to C6 glioma cells induced a dose-depen-
dent decrease in cellular levels of testosterone. This
decrease can be attributed to a decrease in testosterone
synthesis but also to an increase in its metabolism to estradiol
(through aromatase) or dehydrotestosterone (DHT, through
5a-reductase). Interestingly the addition of anastrozole (aro-
matase inhibitor) to the culture medium caused a significant
increase in testosterone levels, suggesting that the aroma-
tase pathway is used considerably in these cells. In contrast,
finasteride, which blocks 5a-reductase, failed to induce
significant changes in cellular levels of testosterone. Thus
the testosterone present at baseline in glial cells is metabo-
lized by local aromatization to estradiol, while its transfor-
mation to DHT does not appear to play a significant role. The
direct determination of aromatase activity demonstrated
that morphine increased this enzyme, while the addition
of anastrozole blocked the increase.

Gonadal hormones are known to affect the homeostatic
conditions of the central nervous system (CNS) (Goodman
et al., 1996; Behl et al., 1997; Ahlbom et al., 1999; Lee and
Pfaff, 2008; Fuller et al., 2007; Fargo et al., 2008; Vegeto
et al., 2008). Estrogens protect neurons from oxidative
stress-induced death and androgens can rescue specific popu-
lations of motoneurons or hippocampal neurons from onto-
genic axotomy-induced death or glucose-deprivation in vivo.
Thus acute or prolonged deprivation of gonadal hormones can
have important long-term consequences.

Finally, androgens are also good candidates for the mod-
ulation of neuronal and behavioral responses to pain. Indeed
low androgen levels could be a primary contributor to the
incidence of fibromyalgia and to its anti-anabolic features
(Dessein et al., 2000). In experimental animals, testosterone
decreased long-term behavioral, hormonal and neuronal
effects of recurrent pain, while its administration to female
rats was analgesic in amodel of inflammatory pain (Ceccarelli
et al., 2003; Aloisi et al., 2004). Thus if opioids are given to
fight pain, their side effects can act in an opposite direction.
Indeed, opioid-induced hyperalgesia has been described
(Mitra, 2008).

In conclusion, opioid therapy is mandatory in several types
of pain, particularly chronic pain. However its administration
requires a detailed understanding of all the mechanisms it
affects, including gonadal hormone metabolism. All the data
we have reported are in agreement with the reports by other
authors that morphine (the most widely used opioid) signifi-
cantly influences testosterone metabolism, also in glial cells.
Therefore the prescription of opioid treatment requires great
attention to and awareness of these crucial side effects.
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