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Abstract Prolactin (PRL) has been long deemed as a hor-
mone involved only in female reproduction. However, PRL
is a surprising hormone and, since its identification in the
1970s, its attributed functions have greatly increased. Howev-
er, its specific role in male health is still widely unknown.
Recently, low PRL has been associated with reduced ejaculate
and seminal vesicle volume in infertile subjects. In addition, in
men consulting for sexual dysfunction, hypoprolactinemia has
been associated with erectile dysfunction and premature ejac-
ulation, findings further confirmed in the general European
population and infertile men. Several metabolic derange-
ments, recapitulating metabolic syndrome, have also been as-
sociated with low PRL both in men with sexual dysfunction
and from the general European population. In men with sexual
dysfunction, followed-up for more than 4 years, low PRL was
identified as an independent predictor of the incidence of ma-
jor adverse cardiovascular events. Finally, an association with
anxiety or depressive symptoms has been found in men with
sexual dysfunction and from the general European population.
While a direct role for impaired PRL function in the patho-
genesis of these reproductive, sexual, metabolic and psycho-
logical disorders is conceivable, the possibility that low PRL
is a mirror of an increased dopaminergic or a decreased sero-
tonergic tone cannot be ruled-out. Hyperactivity of the dopa-
minergic system can explain only a few of the aforementioned
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findings, whereas a hypo-serotonergic tone fits well with the
clinical features associated with low PRL, and there is signif-
icant evidence supporting the hypothesis that PRL could be a
mirror of serotonin in the brain.

Keywords Prolactin - Serotonin - Man - Metabolism -
Sexuality

1 Introduction

Prolactin (PRL) is a single-chain non-glycosilated polypeptide
hormone made up of 199 amino acids. Its gene is located on
chromosome 6. It is mainly expressed by the anterior pituitary
gland by two populations of cells, lactotroph cells, which rep-
resent 15-25 % of the anterior pituitary cells and secrete only
PRL, and mammosomatotroph cells, a minor cell population,
which co-secrete PRL and growth hormone (GH). PRL, GH
and placental lactogen share a similar structure because they
derive from a common ancestral gene. The common origin of
PRL and GH is also demonstrated by the dependence of
lactotroph on somatotroph cells during ontogenesis. In fact,
in transgenic mice with somatotroph targeted ablation, in-
duced by the germ-line expression of GH-diphtheria toxin
and GH-thymidine kinase fusion genes, lactotrophs are almost
completely absent, suggesting that lactotrophs derive from
post-mitotic differentiation of somaotrophs [1]. Beside the pi-
tuitary, 20 % of PRL concentration relies on extrapituitary
production. Extrapituitary PRL is produced by several tissues,
such as the brain, mammary epithelial cells and tumors, endo-
metrium, myometrium, lacrimal and sweat glands, skin fibro-
blasts and lymphoid organs and cells [2], and this contribution
seems to be very important, since treating hypophysectomized
rats with anti-PRL antibodies results in immune dysfunction
and death [3].
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PRL acts through the interaction with its receptor
(PRLR). It is part of the class 1 cytokine receptor, which
includes also receptors for several interleukins, colony
stimulating factors, erythropoietin and thrombopoietin.
Similarly to their ligands, PRLR and GH receptors share
several structural and functional characteristics. PRLR is a
single pass trans-membrane chain that is encoded by its
gene on chromosome 5. It is subject to alternative splicing
and this mechanism provides three different isoforms that
differ in the length of the cytoplasmic domain (short, in-
termediate and long PRLR) [see 4—6 for review]. In addi-
tion, a soluble form, identical to the extracellular domain
of the trans-membrane PRLR, has been identified [see
7-9 for review]. PRL binds to its receptor through a bind-
ing site, forming an inactive complex, which allows for
the interaction of a second PRL binding site to another
PRLR, thus forming a trimeric complex [5, 10]. This
mechanism activates a cascade of intracellular events that
mediates the transduction of the PRL signal. Several sig-
naling pathways are activated by the PRL-PRLR interac-
tion [see 11 for review], but the most important is the
phosphorylation of JAK/STAT molecules that leads to
gene transcription [5]. Beside the mammary gland, PRLR
is also expressed in several tissues involved in reproduc-
tion, such as the brain, ovaries, endometrium, testes, epi-
didymis, seminal vesicles and prostate [11]. Besides PRL
functions in immunity, other roles, such as water and elec-
trolyte balance, growth, development and tumorigenesis,
are also emerging [see 11 for review]. The most important
and known function of PRL in humans is the development
of the mammary gland during pregnancy and lactation. In
addition, PRL plays a role in other functions tightly
linked to maternity, as suggested by the observation that
in mice with altered expression of PRLR, ovulation is
impaired [11] and induction of maternal behavior is com-
promised [12]. Recently, this role of PRL in parental be-
havior has been suggested also in men [13]. Although in
the pituitary PRL is present in equal amounts in males and
females, its physiological role, well established for female
reproduction, is still obscure for the male counterpart.

Concerning pathologic functions, the effect of abnormally
high PRL levels has been extensively investigated both in
males and females [14]. Conversely, the effects of low PRL
have not received similar attention, and little is known about
the associated clinical features. However, recent and emerging
evidence shows that low PRL levels are associated with dif-
ferent pathological correlates and, for this reason,
hypoprolactinemia may deserve a specific chapter in clinical
manuals, as a new clinical syndrome.

The aim of this review is to provide an overview of the
available knowledge on the role of PRL in men, with a par-
ticular consideration of the most novel data concerning the
clinical correlates of low PRL levels.
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2 Regulation of PRL secretion

PRL differentiates from the other pituitary hormones because
of its regulation. In fact, PRL secretion has a prevalent inhib-
itory control carried out by dopamine (DA). Furthermore,
PRL regulation is not dependent on a signaling from its pe-
ripheral target and PRL itself can stimulate DA release, lead-
ing to a self-regulated short-loop feedback. DA is not the only
PRL inhibitory factor. In fact, several molecules, including
endothelin-1, transforming growth factor-f31, and calcitonin,
which act in an endocrine or paracrine fashion, have been
identified. PRL is also regulated by stimulating agents.
Among them, serotonin (5-hydroxy-triptamine, 5-HT), thyro-
tropin stimulating hormone (TRH), basic fibroblast growth
factor, epidermal growth factor, vasoactive intestinal peptide,
oxytocin, estrogen and opiates should be mentioned. The de-
tailed description of the numerous factors involved in PRL
regulation is beyond the aim of the present review and a com-
plete overview is provided elsewhere [see 15 for review].
However, for the importance in PRL metabolism and for its
possible implication in recent findings on PRL clinical corre-
lates in men, the role of DA and 5-HT deserve a brief
description.

2.1 Dopamine

Dopamine is secreted by neurons within the arcuate nu-
cleus of the hypothalamus. These dopaminergic cells are
not homogenous from an anatomical point of view, and
they include three different types of neurons. In partic-
ular, the tuberoinfundibolar dopaminergic neurons
(TIDA) are located in the dorso-medial arcuate nucleus
and their axons end in the external zone of the median emi-
nence. The tuberohypophyseal neurons (THDA) are located
in the rostral part of the arcuate nucleus and project to the
neural lobe of the pituitary. Finally, the periventricular hypo-
physeal (PHDA) are in the periventricular nucleus and termi-
nate in the intermediate lobus of the pituitary. TIDA release
DA into the pituitary portal vessels, while THDA and PHDA
neurons secrete DA into the neurohypophysis and it is led to
the anterior part of the gland by short portal vessels. Despite
these differences, from a functional point of view, TIDA,
THDA and PHDA neurons can be considered a single func-
tional unit of a PRL-inhibiting system. DA in the pituitary
interacts with its receptors D2 and D4 [16, 17] and it decreases
the secretion of PRL [18], but it is also involved in the down-
regulation of PRL gene expression [19] and in inhibiting
lactotroph proliferation [20]. In turn, PRL regulates DA syn-
thesis and release through a short-loop feedback. The PRL
receptor (PRLR) is expressed in TIDA, THDA and PHDA
neurons. Intracerebroventricular administration of PRL [21]
induces hypothalamic DA synthesis and release of DA from
TIDA neurons into pituitary stalk blood [22]. Conversely,
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hypophysectomy or use of D2 agonists decrease DA synthesis
[23].

2.2 Serotonin

Serotonin is a neurotransmitter widely represented in the brain
and it is involved in several functions and behaviors. A sig-
nificant amount of evidence supports the role of 5-HT as a
PRL stimulating factor. In rats, the direct intraventricular in-
fusion of 5-HT or the intraperitoneal administration of 5-HT
precursors, such as 5-hydroxy-tryptophan, leads to an increase
in serum PRL levels [24, 25], and a 5-hydroxy-tryptophan-
induced increase in serum PRL has been demonstrated also in
humans [26]. Furthermore, p-chlorophenylalanine induced 5-
HT depletion in the brain decreases basal PRL levels and their
suckling-dependent increase [27, 28]. Similarly, a decrease in
basal and stimulated PRL after the administration of 5-HT
blockers, such as cyproheptadine, metergoline and methyser-
gide [29, 30], has been demonstrated whereas the administra-
tion of fluoxetine, a selective 5-HT re-uptake inhibitor (SSRI),
led to an increase in PRL secretion [25]. The 5-HT neurons
that are mainly responsible for the serotonergic signaling in-
volved in PRL regulation are located in the dorsal raphe nu-
cleus [31, 32]. Lactotroph cells express 5-HT receptors [33,
34], however, when these cells are treated in vitro with 5-HT,
no response in PRL secretion is observed [35-37]. Further-
more, the infusion of 5-HT into the anterior pituitary or into
cannulated portal vessels does not result in increments in se-
rum PRL levels [24]. These data suggest that 5S-HT does not
directly affect pituitary PRL secretion, but its activity is indi-
rect and mediated by other PRL stimulating factors. Among
the 5-HT receptors, SHT s, SHT,4, and SHT,¢ have been
identified as those involved in the release of PRL. In particu-
lar, SHT,, and 5HT,c receptors act indirectly through the
stimulation of the paraventricular hypothalamic nucleus, as
demonstrated by the blunted PRL secretion after the adminis-
tration of m-chlorophenylpiperazine, a 5-HT,c receptor ago-
nist, or 1-(2,5-dimethoxy-4-iodophenyl)2-aminopropane, a 5-
HT,A/nc agonist, in rats with a selective lesion of the
paraventricular hypothalamic nucleus [38, 39]. Conversely,
PRL release after administration of a 5-HT) 5 receptor agonist,
ipsapirone, is not affected [38, 39].

3 Prolactin in males: role in reproduction

The role of PRL in male reproduction and fertility has been
studied in several animal models, leading, however, to con-
flicting results. PRLR is expressed in the testis of rodents and
mammals [11], including men [40]. In particular, PRLR ex-
pression has been demonstrated in Leydig, Sertoli and in germ
cells [41, 42]. PRL can affect steroidogenesis by modulating
the expression of luteinizing hormone (LH) receptors [43, 44],

or by regulating the activity of steroidogenetic enzymes [45,
46], such as Sx-reductase, 33-HSD and 17p3-HSD [47, 48]. In
animal models, PRL regulates spermatogenesis as well. PRL
induces the expression of follicle stimulating hormone (FSH)
on Sertoli cells and stimulates the progression of germ cells
from spermatocyte to spermatide morphology [49]. However,
PRLR knock-out in male mice was associated with infertility,
without disorders of mating behavior, only in 2040 % of
cases [50-53] and, in most cases, the homozygous deletion
of PRLR was associated with delayed fertility, rather than
complete infertility [52, 53]. Furthermore, PRL knockout
mice do not show any impairment in fertility [54].

Taken together these data suggest an ancillary role of PRL
in male fertility. This is in keeping with the hypothesis that
PRL displays weak gonadotropic activity, which becomes ev-
ident when LH and FSH action is absent [55] and that is
redundant when gonadotropin function is normal. In men,
studies on the effects of PRL on fertility are scanty and, since
mutations in PRL gene have not been described and mutations
in PRLR were found only in women [56], no model of spon-
taneous defective PRL action is available. In men treated with
GnRH analogs for prostate cancer, adding bromocriptine led
to a worse impairment in semen parameters than adding cy-
proterone acetate [57]. Administration of exogenous PRL or
the increase of endogenous PRL levels, by treating with
metoclopramide, in 20 infertile men with hypoprolactinemia
led to an improvement in sperm concentration and morphol-
ogy [58]. A study conducted in human sperms suggested that
PRL is involved in the survival of these cells, since, after
incubation with PRL, their motility was preserved for a longer
time and spontaneous DNA strand fragmentation was de-
creased [59]. However, a recent study conducted on 269 male
partners of infertile couples failed to demonstrate any signifi-
cant association between semen parameters and serum PRL
levels [60].

PRL has a trophic effect on male seminal accessory glands.
One of the earliest demonstrations comes from the evidence of
an androgen-independent increase in seminal vesicles in rats
and mice with hyperprolactinemia induced by the grafting of a
female anterior pituitary [61, 62]. Treating mice with
erocornine, an inhibitor of PRL secretion, was associated with
a decrease in seminal vesicle weight [63], a result that is rep-
licated in PRL knock-out mice [54]. PRL and its receptor are
expressed in the prostate and studies in vitro and in vivo dem-
onstrated that their regulation is androgen dependent [64]. The
role of PRL in the prostate has been clarified by the use of
transgenic mice with overexpression of the PRL gene, which
developed a dramatic prostate hyperplasia [65]. Moreover,
PRL seems to be involved also in the secretory activity of
male accessory glands, in fact the increase or suppression of
PRL levels has been associated with a change in seminal ves-
icle and prostate secretion composition in different animal
models [66—68]. PRLR expression has been demonstrated in
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human seminal accessory glands [40, 69]. However, the clin-
ical implication of PRL activity on the male genital tract is still
unclear. PRL has been proposed as being involved in the path-
ogenesis of prostate benign hyperplasia and cancer [70], how-
ever, the available studies provide conflicting results and their
scarceness did not allow us to draw final conclusions.
Concerning seminal vesicles in men, only one study is avail-
able [60]. In this study, the seminal tract and accessory glands
of 269 men from infertile couples were assessed with
transrectal ultrasound before and after ejaculation [60]. Low
Serum PRL levels were significantly associated with de-
creased semen volume, diameter of deferential ampullas, sem-
inal vesicle volume either before and after ejaculation, and
with an inhomogeneity of seminal vesicle texture, thus sug-
gesting not only a trophic effect of PRL on the male genital
tract, but also a remodeling activity [60].

4 Prolactin in males: role in sexuality

The role of PRL in male sexuality has been extensively stud-
ied with regard to its pathologically increased levels [see 14
for review]. However, recent evidence is showing a role in
sexual pathology also for low PRL levels. In a study conduct-
ed on more than 2500 men consulting for sexual dysfunction,
low PRL levels were associated with impaired penile blood
flow, as assessed by color Doppler ultrasound [71], which is
an objective index of arteriogenic erectile dysfunction (ED).
Accordingly, Fig. 1 panel A shows that, in a larger population
of men with sexual dysfunction, after excluding those with
hyperprolactinemia or taking drugs affecting prolactinemia,
men reporting moderate or severe ED have lower PRL levels.
In men with sexual dysfunction, low PRL levels are also as-
sociated with the complaint of premature ejaculation (PE) (see
Fig. 1 panel B and [71]). These findings on the relationship
between PRL and sexual functioning were further confirmed
in a later study on almost 3000 subjects, aged 40—79 years,
from the general European population involved in the Euro-
pean Male Ageing Study (EMAS) [72]. In this study, men
who reported a worsening in their sexuality during the previ-
ous year had lower PRL levels [72]. Interestingly, among the
investigated domains of sexuality, low PRL was associated
with a worsening in sleep- or sex-related erections and lower
ejaculatory time [72]. The association of hypoprolactinemia
with PE was found also in a population of infertile men, whose
Premature Ejaculation Diagnostic Tool (PEDT) score was sig-
nificantly higher — suggesting a higher risk of PE - in subjects
with low PRL levels than in controls [60]. Ejaculation is the
result of a spinal reflex arising from genital and/or brain stim-
ulations that are integrated by the spinal ejaculatory generator,
which, in turn, regulates the sympathetic, parasympathetic and
motor nerve activity, thus providing the nervous outflow that
leads to the ejection of seminal fluid [73]. Besides the nervous
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control, ejaculation is regulated also by hormones [73], as
already demonstrated in a population of men consulting for
sexual dysfunction, whose ejaculatory latency time was posi-
tively associated with thyroid stimulating hormone (TSH) and
PRL and negatively associated with testosterone [73, 74]. Ac-
cordingly, Fig. 1 panel B shows that lower PRL, increased
thyroid activity and testosterone levels are risk factors for
PE, independently from each other and from other possible
confounding factors.

These findings are in apparent contrast with the well-
known sexual inhibitory effects that are often described in
hyperprolactinemia. However, it must be noted that, while
the negative effect of pathologically high PRL levels on sex-
ual desire has been consistently demonstrated [75-79], their
role on erectile function and orgasm or ejaculatory distur-
bances is controversial [80-82]. Abnormally high PRL levels
down-regulate GnRH-gonadotropin-testis axis, thus leading
to hypogonadism which is per se associated with sexual dys-
functions, such as low libido and ED [83]. However, when
treating hyperprolactinemic men with testosterone replace-
ment, sexual desire is not restored [84], whereas the use of
PRL-lowering drugs can improve the symptom [77, 85]. This
demonstrates that PRL itself'is involved in the pathogenesis of
reduced libido. Conversely, the role of high PRL in ED seems
not to be direct, but mediated by hypogonadism, as demon-
strated by the lack of significance of the relationship between
ED and hyperprolactinemia, when the association is adjusted
for testosterone levels [78, 86]. Hence, these data, overall,
support an effect of hypoprolactinemia, rather than
hyperprolactinemia, on ED and PE.

How PRL stimulates sexual function is matter of specula-
tion. In animal models, the intraventricular injection of PRL
can stimulate sexual behavior [87]. Furthermore, studies with
functional magnetic resonance in men demonstrated that brain
response to erotic visual stimuli correlated with serum PRL
levels [88, 89]. However, it should be taken into consideration
that PRL can be a marker of different causative mechanisms,
more than the direct effector of sexual stimulation. In particu-
lar, as previously mentioned, low PRL can be the result of an
increased DA activity. Evidence shows that DA is involved in
modulating male sexual behavior. In animal models, the sys-
temic or intraventricular administration of the DA precursor
L-DOPA or direct DA receptor agonists, such as apomor-
phine, is associated with the stimulation of the appetitive
phase of sexual behavior, as well as with an increase in the
number of ejaculations obtained and with a reduction in the
number of mounts and intromissions required to achieve ejac-
ulation [90-92]. These stimulatory effects of DA on sexual
activity and ejaculation were also confirmed in castrated ani-
mals, in whom the administration of apomorphine was able to
restore copulatory activity, even without testosterone replace-
ment [93, 94]. Accordingly, the use of DA antagonists, such as
haloperidol or pimozide induces a dramatic reduction in the
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Fig. 1 Association between PRL and sexual symptoms. Data were
derived from a consecutive series of 4159 patients (mean age
51.6 + 13.1 years) seeking medical care at the Sexual Medicine and
Andrology Unit of the Department of Experimental and Clinical
Biomedical Sciences, University of Florence, Florence, Italy. All data

number of ejaculations and increases ejaculatory latency time
in a dose dependent manner [95-97]. Hence, an increased
dopaminergic tone, as reflected by low PRL levels, can ex-
plain the association with reduced ejaculatory latency time
and PE. However, it is well known that dopaminergic central
neurotransmission is pivotal to inducing penile erection both
in animals and in humans [see for review 98] and a hyper-
activated central dopaminergic tone does not explain the as-
sociation between low PRL and erectile dysfunction.

Another possible explanation for the association be-
tween hypoprolactinemia and both erectile and ejaculatory
dysfunctions could be represented by a decrease in sero-
tonergic central tone. As aforementioned, 5-HT is a PRL
stimulating factor and PRL itself can reflect the central
serotonergic tone. In an animal model of non-human pri-
mates (Macaca Mulata), 5-hydroxiindolacetic acid was
the only monoamine whose concentration in cerebrospinal
fluid correlated with the concentration of PRL in saliva
[99]. Moreover, PRL response to a challenge test with
fenfluramine or citalopram — a 5-HT agonist and a SSRI,
respectively — has been widely used as a non-invasive
index of central nervous 5-HT responsiveness in humans
[100-105]. The role of 5-HT in ejaculation has been hy-
pothesized since the 1970s when, in contrast with the
widespread opinion that ejaculatory disorders were psy-
chological diseases, several scientists started to investi-
gate neuronal control of ejaculation. Administration in
rats of lysergic acid diethylamide or quipazine, two non-
selective 5-HT,¢ agonists, delays ejaculation [106] and a
similar result is obtained by treatment with 2,5-
dimethoxy-4-iodophenyl-2-aminopropane, a 5-HT,5 and
5-HT,¢ agonist [107].

Conversely, the selective stimulation of 5-HT,, recep-
tor with 2,5-dimethoxy-4-methyl-amphetamine does not

Probability of Premature Ejaculation

are adjusted for age, smoking habits, alcohol consumption, waist
circumference, total testosterone and TSH after excluding subjects with
hyperprolactinaemia (defined as >735 mU/I or 35 ng/ml) or taking
antidepressants. Abbreviations: PRL: prolactin, TSH: thyreotropin
stimulating hormone

affect ejaculatory latency time [106]. Furthermore, the
stimulation of 5-HT;, receptor with a selective agonist,
8-hydroxy-2-di-n-propylaminotetralin, decreased the ejac-
ulatory latency time and the number of intromissions re-
quired for obtaining ejaculation [106]. These observations
led Waldinger [108] to formulate a neurobiological hy-
pothesis for PE, which states that perturbation of the cen-
tral 5-HT pathway, due to SHT,¢ receptor hyposensitivity
and/or 5-HT 5 receptor hypersensitivity, might be the or-
igin of some cases of lifelong PE [108]. This hypothesis
has been proven in humans by two randomized, placebo-
controlled, clinical trial which demonstrated that
nefazodone, an antidepressant drug that potently antago-
nizes 5-HT, receptors, and mirtazapine, an antidepressant
that blocks 5-HT,c and 5-HTj; receptors, were not able to
delay ejaculation in patients with PE, whereas SSRIs,
such as paroxetine and sertraline were [109, 110].
Concerning erection, it has been demonstrated that differ-
ent 5-HT agonists, such as fenfluramine, m-chlorophenyl-
piperazine (m-CPP), quizapine and 5-hydroxytryptophan,
can induce erection in rodents and non-human primates
[111, 112], and DA induced erection is prevented by 5-
HT antagonists [113]. The use of 5-HT receptor agonists
with different affinity for the different 5-HT receptor sub-
types led to the acquisition that 5-HT;¢ receptors mediate
a stimulatory effect on erection, whereas 5-HT;, and 5-
HT, have an inhibitory action [114, 115].

From the data presented, it turns out that the emerging
association between low PRL and ED or PE, confirmed in
different populations, can be explained by a low central 5-
HT tone that, among its manifestations, induces a reduction
in serum PRL levels. Conversely, a hyperactivity of DA path-
way cannot fully explain the clinical features associated with
hypoprolactinemia.
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5 Prolactin in males: role in metabolism

A role for PRL as a marker of metabolic disorders is also
emerging. The first report was obtained by our group in a
population of 2531 men who attended our Sexual Medicine
and Andrology Unit at the University of Florence, seeking
medical care for sexual dysfunction [71]. Among them, men
with lower PRL levels had a worse metabolic profile, as dem-
onstrated by a higher body mass index and prevalence of
diabetes mellitus as well as dyslipidemia [71]. Furthermore,
the study demonstrated a stepwise negative relationship be-
tween serum PRL levels and number of metabolic syndrome
(MetS) components [71]. These results have now been repli-
cated in an extended sample of 4159 men, as shown in Fig. 2.
The role of low PRL as a marker of a disadvantageous meta-
bolic profile was later confirmed in the EMAS population
(almost 3000 community-dwelling men from eight European
Countries), in which, beside a correlation between low PRL

and obesity, hyperglycemia and increasing number of MetS
components, also a relationship with physical inactivity was
found [72]. More recently, in a population-based study involv-
ing more than 2000 Chinese subjects, low PRL was confirmed
as a correlate of a poor glycemic profile [117]. These data have
also been confirmed in a longitudinal study on a pediatric
population of about 130 patients, which showed that obese
children had significantly lower PRL levels as compared to
their healthy counterparts and PRL levels were significantly
and inversely correlated with body mass index, HOMA-IR
and interleukin-6 and positively with HDL-cholesterol [118].
Furthermore, low PRL was significantly associated with inci-
dence of MetS during one year of follow-up and, in children
having MetS at baseline and who started a lifestyle interven-
tion, hypoprolactinemia represented a negative prognostic fac-
tor for the improvement of metabolic parameters [118]. Con-
sistently with the adverse metabolic profile, we recently dem-
onstrated that low PRL is a predictor for the occurrence of
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Fig. 2 Association between PRL and metabolic parameters. Data were
derived from a consecutive series of 4159 patients (mean age
51.6 £ 13.1 years) seeking medical care at the Sexual Medicine and
Andrology Unit of the Department of Experimental and Clinical
Biomedical Sciences, University of Florence, Florence, Italy. All data
are adjusted for age, smoking habits, alcohol consumption, total
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testosterone and TSH after excluding subjects with hyperprolactinaemia
(defined as >735 mU/] or 35 ng/ml) or taking antidepressants.
Abbreviations: PRL: prolactin; IFG: impaired fasting glucose; DM:
diabetes mellitus; MetS: metabolic syndrome; IDF: International
Diabetes Federation [116]
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major adverse cardiovascular events (MACE) during a mean
follow-up of 4.4 years [119]. As shown in Fig. 3, the associ-
ation between low PRL and forthcoming MACE is indepen-
dent from other cardiovascular risk factors both conventional,
such as age, smoking habits and waist circumference and un-
conventional and ED-specific, such as lack of partner’s sexual
interest [120, 121] and reduced flaccid penile acceleration
[122]. The association between low PRL and negative cardiac
outcomes has also been confirmed by data from the Study of
Health in Pomerania (SHIP). SHIP is a population-based
study, involving almost 2000 men and 2000 women, and it
showed that in men, but not in women, low PRL levels at
baseline were associated with a higher incidence of left ven-
tricular altered geometry and hypertrophy during five years of
follow-up [123].

Obesity has been previously associated with alterations in
circulating PRL concentrations and with an impairment of
PRL responsiveness to pharmacological stimulation [see in
124]. The PRL response to insulin-induced hypoglycemia
[125], TRH stimulation [126, 127] and other stimulatory fac-
tors [128] is, in fact, diminished in obese individuals. In addi-
tion, obesity alters the 24-h spontaneous release of PRL with a
generalized dampening of its release [129]. Weight reduction,
with the accompanying decrease in plasma insulin levels,
leads to a normalization of prolactin responses in most circum-
stances [130]. In animal models, the role of PRL in regulating
body weight and metabolism is conflicting [131]. Buntin et al.
[132] observed that prolactin strongly stimulates body weight
gain in ring doves (Streptopelia risoria). Silverin [133] con-
cluded that the body weight of prolactin treated pied fly-
catchers (Ficedula hypoleuca) was significantly higher than
that of the control group. A study by Perez-Villamil et al.
[134] indicated that PRL secretion has an effect on the

increase in the body weight of mice. A very recent study
demonstrated that, in male rats with high fat diet-induced obe-
sity, PRL decreases by almost 50 % both in serum and in the
anterior pituitary [135]. In healthy men, the infusion of a lipid/
heparin emulsion was able to decrease the PRL response to a
citalopram challenge test [136].

Animal models have suggested that PRL might be involved
in stimulating insulin release and beta-cell proliferation [131,
137, 138], adipogenesis [131, 139] and lipid metabolism [131,
139]. Accordingly, PRLR deficient mice are characterized by
features of incipient diabetes, with islet and (3-cell hypoplasia,
reduced pancreatic insulin mRNA levels, blunted insulin se-
cretory response to glucose and glucose intolerance [140]. In
addition, experimental PRL deficiency, induced by bromo-
criptine treatment, was found to cause an increased lipogene-
sis in rats [131, 141]. Treating lactating rats with bromocrip-
tine exposes the offspring to a higher risk of obesity, dyslip-
idemia and insulin resistance in adulthood, increasing the risk
for MetS development [142]. Only few reports have investi-
gated the relevance of PRL in metabolic control in humans.
For at least 30 years it has been known that PRL response to
various stimuli is impaired in obese subjects [125, 127,
143—145]. It has been demonstrated that human adipose tissue
expresses PRL and its receptor. In adipose tissue, PRL is able
to reduce the bio-synthesis of adipose lipoprotein lipase and
fatty acid synthase [146, 147], thus decreasing lipogenesis.
Furthermore, PRL modulates the expression of several
adipokines, including adiponectin, interleukin-6 and leptin
[148, 149] with a consequent effect on adipose and peripheral
insulin sensitivity. These observations contrast with increased
the insulin-resistance, lipid levels and body weight observed
in subjects with prolactinoma-induced hyperprolactinemia
[150—152]. However, it should be noted that elevated PRL

Prolactin

Age

Smoking habits

Waist Circumference

Low partner's libido

Flaccid penile acceleration

——
-
—-———
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——

——1
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Risk of Major Adverse Cardiovascular Events

Fig. 3 Hazard ratio and 95 % confidence interval (log-scale) for incident
major adverse cardiovascular events as a function of different
conventional and unconventional cardiovascular risk factors. Data were
derived from 1385 patients (mean age 53.1 + 12.4 years) followed-up for
a mean time of 4.4 + 2.6 years at the Sexual Medicine and Andrology

Unit of the Department of Experimental and Clinical Biomedical
Sciences, University of Florence, Florence, Italy. Men with
hyperprolactinaemia (defined as >735 mU/l or 35 ng/ml) or taking
antidepressants were excluded from the analysis
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levels within the normal range are associated with a compen-
satory increase in (3-cell mass and insulin secretion in re-
sponse to hyperglycemia and are also associated with im-
proved insulin sensitivity [150, 153—155]. These data, overall,
are in favor of a positive metabolic role of PRL, as long as it is
in the normal range, even though definitive conclusions can-
not yet be drawn [156, 157]. In addition, the results of our
studies themselves do not support the hypothesis of a direct
effect of PRL on an adverse cardio-metabolic profile, as
shown by the comparison between hyperprolactinemic men
and matched controls [71, 72, 119].

Food intake as a function of energy storage in adipose
tissue is regulated by several molecules, including leptin, in-
sulin and ghrelin. DA is not primarily involved in the homeo-
stasis of energy balance, nonetheless it takes part in the mech-
anisms of food intake because it is the neurotransmitter in-
volved in reward. Sight, smell and taste can activate the re-
ward mechanism and provide motivation for food intake with
a strength which can override the homeostatic mechanisms
[158]. The dopaminergic system has been extensively evalu-
ated in the pathogenesis of obesity. In obese subjects, similarly
to drug addicts, DA receptors, in particular D2 subtype, are
hypo-expressed and hypo-functioning in thestriate nucleus
[159-162]. Furthermore, a polymorphism of the D2 receptor,
leading to significantly reduced expression [163], has been
associated with a greater food reinforcement, which leads to
an increased energy intake, more evident in obese subjects
[164, 165]. More recently, this polymorphism has been found
significantly more prevalent in subjects with type 2 diabetes
mellitus than in non-diabetic ones [166]. Besides these effects
on food intake, a role for DA in glucose metabolism has also
been described. In particular, in hamsters, D2 receptor agonist
administration demonstrated an insulin sensitizing effect [167]
and, in humans, treatment with DA agonists was associated
with the improvement of diabetes metabolic control [168]. In
addition, the adverse effects of DA antagonists on glucose
metabolism is well known [169].

Given these data, the association between low PRL and
metabolic derangement cannot be explained as the conse-
quence of an increased dopaminergic tone. Conversely, a re-
duced brain serotonergic tone can justify these findings. In
fact, 5-HT controls several functions in the brain, including
eating behavior [170]. 5-HT is mainly synthetized by the ra-
phe nuclei but serotonergic signaling reaches all regions of the
brain diffusely, including striate nucleus and hypothalamus
which are the main central structures involved in feeding reg-
ulation. 5-HT, is the most represented receptor in these areas.
In rodents, infusion of 5-HT into hypothalamic nuclei results
in a decreased food intake [171, 172] and in weight loss [173],
whereas 5-HT neurochemical depletion leads to hyperphagia
and weight gain [174-176]. Lorcaserin, a 5-HT, agonist, is
marketed in the U.S. for treatment of obesity and the short-
term use of SSRI is associated with weight loss [177]. In
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addition to its role in food intake and weight control, an effect
of 5-HT on glucose metabolism has been hypothesized, but
whether its effects are mediated by a central or a peripheral 5-
HT signaling is still unclear [178—184]. It has been also dem-
onstrated that polymorphisms in the promoter of 5-HT, 4 and
5-HT,c receptors and 5-HT transporter are associated with a
different predisposition to obesity, type 2 diabetes, coronary
and carotid artery disease [185—190]. Hence, low PRL levels
could be the mirror of a low serotonergic central tone and, in
line with this hypothesis, an impaired PRL response to a chal-
lenge test with 5-HT agonists, such as fenfluramine or
citalopram, has been associated with MetS, physical inactivity
and preclinical carotid artery atherosclerosis [191-193].

6 Prolactin in males: role in psychological health

Another unexpected correlate of low PRL, emerging from our
study on men with sexual dysfunction, is anxiety [71, 73],
which has been further confirmed in a similar, but extended,
population, as shown in Fig. 4, panel A. Accordingly, men in
the lowest quartile of PRL score the highest for the SIEDY
Scale 3 [Fig. 4, panel B], a validated index of psychopathol-
ogy in subjects with sexual dysfunction [194]. In a large sam-
ple from the general European population (EMAS), among
depressed men, serum PRL was associated with severity of
depressive symptoms, as assessed by the Beck Depression
Inventory [72]. In addition, men reporting a higher number
of adverse life events in the previous 6 months had low PRL
levels [72].

PRL is involved in response to stress. It has been demon-
strated that intraventricular administration of PRL in rats is
able to reduce anxiety-related behaviors [195], prevent the
stress-induced formation of gastric ulcers and shows antide-
pressant effects during forced swimming [196, 197]. Anxio-
lytic effects are produced also by intravenous administration
of PRL [195] and this finding, together with the observation of
an increased expression of PRLR in choroid plexus during
chronic stress [198] suggests that peripheral PRL is actively
and selectively up-taken by choroid plexus cells into the ce-
rebrospinal fluid during stressful events [199]. In addition,
down-regulating the PRLR expression in the brain, by anti-
sense targeting, increases anxiety-related behaviors in rats
subjected to emotional stressors [195]. According to Theorell
theory [200], serum PRL levels change during different psy-
chosocial conditions and, in particular, higher PRL levels are
found when stressful events are faced with a passive coping
attitude, whereas, during active coping, lower PRL levels are
observed [200]. Interestingly, in the study from the EMAS
population, when analyzing the single adverse life events oc-
curring in the previous 6 months, an inverse association with
serum PRL levels was found only for events which marginally
affected individual wellbeing, such as having a financial crisis
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Fig. 4 The association with PRL levels and psychological and anxiety
scores. Data were derived from a consecutive series of 4159 patients
(mean age 51.6 £ 13.1 years) seeking medical care at the Sexual
Medicine and Andrology Unit of the Department of Experimental and
Clinical Biomedical Sciences, University of Florence, Florence, Italy.
Adjusted r (Adj. r) values indicate the age, smoking habits, alcohol

or problems with close friends or colleagues, and which can
be overcome by positive and active coping strategies.

Although in the neurobiology of depression 5-HT and nor-
adrenaline play a pivotal role, evidence shows that also DA
have a major function [201]. In animal models of depression
and chronic stress, a decreased DA concentration [202, 203]
and D,/Dj3 receptor binding [204] is found in nucleus accum-
bens and these alterations are reversed by administration of
tricyclic antidepressants or fluoxetine [204, 205]. Studies in
humans demonstrated that the concentration of DA metabolites
in cerebrospinal fluid was lower in depressed than in non-
depressed subjects [206-209] and the administration of oc-
methylparatyrosine, an inhibitor of tyrosine hydroxylase, is as-
sociated with a relapse in depressive symptoms in patients with
remission induced by norepinephrine reuptake inhibitors [210].
The responsiveness of PRL to the administration of apomor-
phine has been evaluated as a possible test for the assessment of
central dopaminergic tone, however, while a study showed an
impaired PRL suppression of apomorphine in bipolar depressed
patients [211], other studies did not [212]. Clinical trials on the
effectiveness of DA agonists on depression are scanty and
flawed by small sample size. However, available data suggest
their efficacy in improving depressive symptoms when used in
monotherapy [213-217] or as adjuvants during tricyclic antide-
pressant therapy [218-220]. Hence, a hypo-dopaminergic tone
seems to play a role in mood pathology but this would cause a
trend towards increased, rather than decreased, PRL levels, thus
non supporting the data on PRL and mood.

Serotonin has been extensively proven to be implicated in
depression [221] and the main pharmacological strategies for
depression treatment rely on drugs that enhance serotonergic
tone in the brain. A large body of evidence supports the role of
5-HT in depression. Serotonin and its metabolites are low in
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consumption, total testosterone and thyrotropin stimulating hormone
adjusted data after excluding subjects with hyperprolactinaemia
(defined as >735 mU/l or 35 ng/ml) or taking antidepressants.
Abbreviations: PRL: Prolactin; MHQ-A: Middlesex Hospital
Questionnaire-free-floating anxiety subscale; SIEDY: Structured
Interview on Erectile Dysfunction

the cerebrospinal fluid of depressive patients [222, 223] and 5-
HT in the brain of depressed men who committed suicide is
lower than in controls [224]. Administration of tryptophan or
5-hydroxytryptophan, which are precursors of 5-HT, in de-
pressed patients improved their symptomatology even in the
absence of a standard antidepressant therapy [225] and
prevented the relapse of the disease [226]. The challenge test
with fenfluramine or citalopram has been used for testing the
central serotonergic tone and, in depressed men, PRL re-
sponse to these 5-HT agonists was blunted [227, 228], with
the severity of the clinical feature associated with the extent of
the impairment in PRL response [227, 229]. Considering these
data, basal low serum PRL, similarly to what is observed in
challenge tests, could be a mirror of an impaired 5-HT tone in
the brain and could identify a depressive phenotype.

Even in anxiety, the role of the serotonergic pathway is well
known [230]. Early studies on the neurobiology of anxiety
identified an over-activity of the serotonergic system as the
underlying mechanism. However, further research demon-
strated that different serotonergic circuitries and receptors
can mediate different aspects of anxiety [102]. The simple
observation that most of the drugs used in anxiety treatment
are 5-HT agonists can lead to the conclusion that 5-HT is
anxiolytic, however, the system is complex and only partially
understood. Several studies confirmed a role of 5-HT; 5 recep-
tor in the pathogenesis of anxiety [231-233] and, consistently,
buspirone, a 5-HT; o agonist, as well as SSRI which, by in-
creasing 5-HT in the synaptic cleft stimulating post-synaptic
5-HT A receptors, can control anxiety symptoms [234]. Ge-
netic predisposition plays an important role and polymor-
phisms in the sodium-dependent 5-HT transporter, which is
pivotal in the regulation of the 5-HT system, have been iden-
tified as important factors conditioning variability in
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emotional regulation. A common repeat polymorphism in the
promoter region of the gene encoding for the serotonin trans-
porter is present. A 43-base pair deletion represents the
short form of the transporter and it has been associated
with less effective serotonergic function, as compared to
the long allelic form [235]. Short allelic form carriers
have a sharpened reactivity of the amygdala to stress,
lower gray matter volume in the amygdala and medial
prefrontal cortex, and an increased reactivity of
hypothalamic-pituitary-adrenal axis to stress [236, 237].
In addition, as shown by a recent meta-analysis, short
allelic form carriers display a greater attention to negative
stimuli, a characteristic that is strongly implicated in the
etiology and maintenance of anxiety disorders [238]. Fur-
thermore, in 77 male volunteers, it has been shown that
carriers of the short allele exhibit blunted PRL response to
the fenfluramine challenge test [239]. Although serotoner-
gic pathway and receptor system is complicated and only
partially known, experimental and clinical data have un-
assailably demonstrated that a low serotonergic tone is
responsible for anxiety disorders. A blunted PRL response
to fenfluramine or citalopram has been used as a mirror of
brain serotonergic tone. Recent studies showed an associ-
ation between basal serum PRL levels and anxiety and
depressive symptoms. These data can be interpreted con-
sidering that not only stimulated but also basal PRL level
can mirror 5-HT cerebral tone.

7 Conclusion

Prolactin is a surprising hormone. It was initially and for a
long time believed to be a hormone involved only in
mammary gland development and in lactation. For this
reason, studies in males are scanty and prolactin’s role
in men still widely unknown. Recent and emerging data
are now showing that low prolactin has a role in male
reproduction, sexuality, metabolism and psychological
health. Whether prolactin plays a direct role in these phys-
iologic functions, with low prolactin causing their impair-
ment, or it is an epiphenomenon of different mechanisms,
is still matter of speculation and deserves further studies.
Prolactin has been demonstrated to be a trophic factor for
male reproductive tract, to have a role in improving sex-
ual behavior and lipid and glucose metabolism as well as
to have an anxiolytic effect. In this perspective, it should
be reasonable to suggest maintaining prolactin within its
normal range during therapy with dopaminergic agents.
The possibility that low serum prolactin is a mirror of
central serotonergic activity is intriguing. Serotonin is in-
volved in several functions, including mood, fear, stress
reaction, eating, locomotion, sleep, thermogenesis, cardio-
vascular control and insulin secretion. Serotonin central
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hypo-activity could explain the emerging evidence on
the clinical correlates of low prolactin levels in men.
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