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Gonads start to produce sex hormones around the
seventh week of gestation and together with the adren-
als supply these products throughout life. These effects,
defined as “organizational”, cause permanent changes
in the hormone-sensitive neural substrate to obtain a
male or female subject, and they are related to both re-
productive and non-reproductive functions. In addi-
tion, gonadal hormones modulate CNS functions
throughout an individual’s life by means of “activa-
tional” actions mostly related to their local synthesis
and/or plasma concentration. Indeed the adult mam-
malian brain shows remarkable plasticity in response
to gonadal steroid changes. 

Gonadal hormone receptors are present in many
structures involved in pain mechanisms. This involve-
ment was indicated by the presence of clinical pain
conditions with clear sex differences and by the
changes experienced by women when hormone con-
centrations change in the blood [1,2,3]. For example,
although prepubertal girls and boys have a similar
prevalence of migraine, the lifetime prevalence of mi-
graine becomes 3-fold higher in women than men
(18% vs 6%) after puberty, when the androgen/estro-
gen ratios in the two sexes drastically change [4].

Experiments to determine the possible involvement
of estrogens in pain modulation did not provide con-
clusive evidence. Indeed, in experimental animals
and in humans, these types of studies by several dif-
ferent investigators yielded highly equivocal results.
For instance, there are studies demonstrating estro-

gens as analgesic due to the longer lasting latencies
in response to acute nociceptive stimuli in ovariec-
tomized, estradiol-treated female rodents compared to
hormone-depleted controls [e.g. 5,6,7], but there are
also many studies reporting no effect of estradiol on
acute nociceptive responses and some reporting hy-
peralgesia [e.g. 8,9]. 

Experimental and clinical data indicate the involve-
ment of estrogens in many chronic pain syndromes. In
this case, unlike acute pain, chronic pain shows a clear
sex difference in most of the syndromes considered; the
incidence of pain, but also its frequency and intensity,
are very often higher in females than in males, in this
case the pro-nociceptive role of estrogens was repeat-
edly shown [1,10]. For instance, in humans, migraine,
temporomandibular joint disorder, fibromyalgia,
arthritis and interstitial cystitis are more prevalent in
women than in men [10,11,12]. These differences com-
monly appear after puberty, are often related to the
menstrual cycle and may disappear with menopause,
clearly indicating a relationship among female gonadal
hormone and painful syndromes in women. A study
performed in our laboratory of transsexuals undergo-
ing hormonal treatment reported a significant increase
in chronic pain conditions in male-to-female patients
undergoing estradiol/antiandrogen treatment, differ-
ently from the female-to-male patients in which there
was an improvement of painful condition after treat-
ment with testosterone [13]. Similarly in experimental
animals, long-lasting pain (i.e. chronic constriction in-
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jury or arthritis), always show higher pain intensity
and longer duration in females than males, differences
that are abolished by ovariectomy [1]. 

These studies suggest that the ‘female’ concentra-
tion/changes of estrogens, more than acting to modu-
late acute pain, would affect chronic pain development.
A list of possible points of action is given, from the
brain to the sensory receptors.

GOnADAl HOrMOneS, eSTrOGenS

Estrogens, like other steroids, can reach their target
in the cell with or without specific estrogen receptors
(ER) and with slow (nuclear) or rapid (membrane) ac-
tion. Two main isoforms of the receptors have been
identified (a and b) and there is much information
about their modulation and activity [i.e. 14]. As for
many other neurotransmitters, the effects of a given es-
trogen likely reflect the balance between ERa and b ac-
tivation in the specific cell/system; indeed it was
shown that activation of ERa and b can produce op-
posing effects, for example on anxiety [15].

Both membrane and nuclear estrogen receptors are
likely important in pain modulation by estrogens [16].
However, very few pain studies have attempted to dis-
tinguish between membrane and nuclear receptor-me-
diated effects or between ERa- and ERb-mediated
effects of estrogens, nor is it known which estrogenic
effects on pain might be mediated by the newly de-
scribed estrogen receptor, a G-protein-coupled estrogen
receptor (GPR30) [17]. The activation of GPR30 re-
quires a higher estrogen concentration and presents a
sexually dimorphic distribution, as shown in the ham-
ster hypothalamus in which its expression is much
higher in females than males [18].

In general, the ERa and ERb located on neurons
show a similar distribution but greater density in fe-
male than male rats and some cycle-related fluctuations
in females; a good example is the distribution of ER on
the trigeminal brain stem complex (trigeminal subnu-
cleus caudalis) [19]. ERa and b are also located in areas
of the brain involved in motor control, stress, anxiety
and pain, such as the hypothalamus, amygdala, peri-
aqueductal gray (PAG) and dorsal raphe nucleus [20].
In these brain areas, estrogenic actions can be direct on
pain modulation or indirect through interactions with
other neurotransmitter systems. 

WOMen AnD PAIn

Further support of the role of estrogens in pain mod-
ulation comes from evidence related to cyclic estrogen
fluctuations in women. The menstrual cycle is driven
by the action of gonadotropins and their first input is
to the production of estradiol by the ovaries. 

As early as 1944, Haman [21] advanced the hypoth-
esis of a general lowering of the sensory threshold in
correspondence of menses. This was substantiated by
a number of studies that found the pain threshold to
be highest in the follicular phase and lowest in the
luteal phase [22]. Procacci et al. [23] found that diurnal
variations in pain thresholds and cyclic changes cover-
ing longer periods were present in both sexes. An hy-
pothesis to explain pain threshold variation during the
menstrual cycle stated that variations in the extracellu-
lar fluid at the receptor site or increased skin imped-
ance may change the conductance into deeper tissues
and thus alter the aversiveness of the electrical stimu-
lation [24]. This effect can probably be explained by
the finding that estrogens enhanced the dermal con-
tents of water and collagen in a study on human sub-
jects [25]. Interestingly Morton et al. [26] noted that the
mean weight increase in women due to premenstrual
water retention was 1.36 Kg. 

Facchinetti et al. [27] reported a blunted increase of
serum concentrations of cortisol and �-endorphin dur-
ing the premenstrual phase after intravenous adminis-
tration of naloxone in women with menstrual
migraine. The response was normal during the follic-
ular phase, suggesting that there was a cyclic failure of
opiate tonus in patients with menstrual migraine. 

The use of different tools to test the pain threshold
and its variations during the menstrual cycle has
shown that while the pain threshold appears to be
higher in the follicular phase for almost all natural
stimuli, the opposite occurs for electrical stimuli, i.e.
there is a lower threshold in the follicular phase [1]. 

From a clinical point of view, it is known that rapid
decreases of estrogen levels occurring cyclically at men-
struation appear to further increase ongoing muscle
and joint pain in temporomandibular disorder and
rheumatoid arthritis as well as migraine headache
[28,29]. Indeed about 10% of female migraine sufferers
have menstrual migraines, i.e. headaches that regularly
occur at the beginning of menstruation [30,31]. More-
over, human studies suggest that serotonin release (es-
timated on the basis of prolactin concentrations after
administration of d-fenfluramine) is highest during the
mid-cycle, intermediate during the late luteal phase
and lowest during the early follicular phase [31,32]. It
was suggested that a low estrogen state, as present in
the early follicular phase, may be associated with de-
creased release of serotonin and diminished respon-
siveness of 5-HT1 and 5-HT2 receptors in patients with
menstrual migraines.

Sex hormones can influence the morphology and
functions of many central nervous system structures
[3]. Indeed sex differences in neurotransmitter levels,
receptor binding and responsiveness to medications
acting through these pathways have been identified
[33]. For instance significant effects have been shown
on transmitter systems, such as the endogenous opioid
systems, dopaminergic and serotonergic activity, and
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other endogenous components. For example, it has
been proposed that dysfunction of dopaminergic neu-
rotransmission may contribute to the clinical symp-
toms of fibromyalgia (i.e. CWP and generalized
hyperalgesia), which is much more prevalent in
women than in men, and that dopamine may be an im-
portant target for the treatment of fibromyalgia [33]. 

In experimental animals, estrogens were shown to
enhance serotoninergic neurotransmission by increas-
ing synthesis, decreasing re-uptake and decreasing
degradation of serotonin [34,35], probably through the
raphe magnus, a serotonergic nucleus located in the
brainstem that can modulate neurotransmission in sec-
ond-order afferent neurons [36].

An important modulation exerted by estrogens is that
on the opioid system. The presence of ER was demon-
strated in the endorphinergic neurons in the arcuate
nucleus of the hypothalamus as well as in many other
CNS regions involved in pain transmission and mod-
ulation [see 37]. Interestingly Piva and colleagues [38]
reported that treatment with estradiol benzoate in-
creased the number of binding sites of dihydromor-
phine (a specific μ-receptor ligand) in the
hippocampus and thalamus. The estrogen mediated ef-
fects in the hippocampus would be related to the
higher cholinergic activation (i.e. higher arousal and at-
tention) found in females than males during experi-
mental painful condition [39,40]. More recently Smith
et al. [41] performed positron emission tomography
studies in premenopausal women during high and low
estrogen states. The high estrogen state was achieved
by placement of an estradiol transdermal patch during
the early follicular phase and the low estrogen condi-
tion was achieved by administration of a placebo patch
at the same time. Using a model of acute pain (infusion
of isotonic saline into the masseter muscle), the re-
searchers found lower pain with higher estrogen levels
probably due to the significant increase in μ-receptor-
mediated neurotransmission in the thalamus, nucleus
accumbens and amygdala during the high estrogen
state compared with the low estrogen state. 

In the spinal cord, the interaction between pain and
gonadal hormones has been studied mostly with ref-
erence to pregnancy-related events. In women as well
as in rodents, antinociception occurs in response to so-
matic as well as visceral noxious stimuli before partu-
rition [42]. These changes in pain perception during
pregnancy were attributed to sex hormones through an
opioid-mediated increase of the pain threshold [43,44].
Indeed the progressive increase in the circulating levels
of estradiol and progesterone, as occurs during preg-
nancy, modulates a spinal opioid analgesic system
through the estrogen-sensitive neurons present in the
superficial dorsal horn lamina of the spinal cord [45]. 

Since the distribution of ER-containing cells in lam-
ina II corresponds to the preferential localization in the
spinal cord of preproenkephalin-expressing neurons
[45], it was suggested that the effect is due to the in-

volvement of estrogens in the transcriptional control of
opioid synthesis and of δ- and b-opioid receptors [46].
Indeed, Amandusson et al. [47] showed that estrogen
administration rapidly increases spinal cord
enkephalin mRNA levels in ovariectomized rats. More-
over, other neural systems have been described as
being modulated by estrogens. Tang et al., [48] reported
that colonic distention increased phosphorylation of
the NR1 subunit of the NMDA receptor in ovariec-
tomized rats treated with estrogen but not in rats that
did not receive estrogen. Martin et al [49] reported that
neuronal responses in the trigeminal nucleus caudalis
and dorsal horns of C1 to C3 were increased in re-
sponse to glutamic acid during the late proestrus stage
(hormonal milieu of high and declining serum concen-
trations of estrogen) compared with other stages of the
rat estrous cycle, suggesting that high or fluctuating
serum concentrations of estrogen can enhance afferent
sensory input through glutamatergic mechanisms. 

Estrogens have a direct effect on blood vessels, pro-
moting vasodilatation by stimulating the synthesis of
vasoactive mediators such as prostacyclin and endothe-
lium-derived NO [50]. The vascular walls contain spe-
cific high-affinity receptors for estrogens and changes
in the plasma estrogen concentrations regulate the level
of ER in vascular tissue [51]. 

Estrogen appears to be involved in pain-related ef-
fects through its vasodilatatory action. On the other
hand, in some instances estrogen appears to be in-
volved in pain processes through potentiation of the
spasmogenic response of vascular smooth muscle. This
action may contribute to several pain syndromes with
a recognized vascular component, e.g. migraine
headache, influenced by gender and by menstrual sta-
tus, and the vasoconstriction observed in Raynaud’s
phenomenon, a disease most common in pre-
menopausal women [52]. The decrease in the nocicep-
tive threshold produced by norepinephrine in
estradiol-treated rats was completely antagonized by
sympathectomy [52]. The basis for the qualitative dif-
ferences in the vasomotor responses to estrogen among
different blood vessels is unclear. 

Another example of the possibility of obtaining dif-
ferent/opposite results when testing the same tissue
with inflammatory stimuli comes from the changes ob-
tained with different E2 concentrations. Indeed it was
shown that very high estrogen concentrations tend to
inhibit inflammation, whereas lower levels of estro-
gens may produce either no effect or a proinflammatory
effect [53,54]. Finally the idea that estrogens are in-
volved in inflammatory processes is supported by the
finding that ER a and b are present in organs of the im-
mune system, including the thymus, spleen and bone
marrow; activation of each ER by estrogens differen-
tially contributes to granulocyte-induced inflamma-
tion, T lymphocyte proliferation and phenotypic shift,
suppression of NK cell cytotoxicity, and B-lymphocyte
suppression and increased differentiation [55].
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Estrogens are involved in pain and in particular in
chronic pain increasing women’s ability to put atten-
tion and increase arousal towards the painful stimuli.
This is strongly confirmed by the clinical evidence of a
sex difference in most chronic painful syndromes and
by the changes occurring in pain features when females
pass from one reproductive period to another, i.e.
menses, puberty, menopause.

Estrogens act as neurotransmitters and gene regula-
tors, and their effects are widespread in the body. This
was evident a century ago, when the first neurophysi-
ologists started to look for sex differences. However,
for unclear reasons there has been a very slow ap-
proach by researchers to the consideration of gonadal
hormones, and estrogens in particular, even though
good knowledge of the role of these hormones in pain
mechanisms would certainly help in the understanding
and treatment of pain.
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