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C H A P T E R  3 

Prolactin (PRL) is a single chain (23-kDa) polypeptide 
hormone that is secreted by anterior pituitary lactotroph 
cells.1 Several lines of evidence indicate that PRL has an 
essential role in reproduction and lactation.2 In addition, 
animal data have supported a role for PRL in a variety of 
metabolic processes.2 However, such PRL actions have not 
been unequivocally confirmed in humans. The present chapter 
reviews PRL physiology, followed by a discussion of the role 
of PRL in pathologic states, including hyperprolactinemia 
and PRL deficiency. Data on the epidemiology, pathology, 
clinical evaluation, and management of PRL-secreting pituitary 
adenomas (prolactinomas) are then reviewed, including data 
relevant to prolactinomas in the setting of preconception 
and pregnancy.

Lactotroph Development

◆	 Lactotroph cells develop under carefully orchestrated control 
by several transcription factors.

◆	 Lactotroph hyperplasia is physiologic during pregnancy and 
is reversible postpartum.

Pituitary lactotrophs are relatively abundant in the human 
anterior pituitary gland, accounting for up to 25% of cells 
in individuals of both genders.3 During embryogenesis, the 
pituitary gland develops from ectodermal primordial cells, 
destined to form the anterior and intermediate lobe and 
neuroectodermal tissue arising from the floor of the dien-
cephalon, which ultimately forms the posterior lobe. During 
development, inductive interactions and a host of transcription 
factors are critical in the formation of the pituitary and 
differentiation into mature functioning cells.4-6 Transcription 
factors that have been implicated in pituitary ontogenesis 
include SIX3, HESX1, LHX3, LHX4, SOX2, SOX3, PITX2, 
OTX2, BMP2, BMP4, and GLI2.4-6

Lactotroph and somatotroph cells generally develop from 
common progenitor cells (mammosomatotrophs) under the 
influence of several transcription factors, though it is possible 
that some lactotrophs may develop through other precursor 
cell lines.7,8 In particular, the transcription factor POU1F1 
(also known as PIT1), a member of the POU homeodomain 
transcription factor family, is critical in the differentiation 

and proliferation of lactotrophs, somatotrophs, and thyro-
trophs, and the expression of genes encoding PRL, growth 
hormone (GH), and the beta subunit of thyrotropin (TSH 
beta).6,7 Patients with inactivating mutations in the POU1F1 
gene lack lactotrophs, somatotrophs, and thyrotrophs, 
accounting for the presence of PRL, GH, and thyrotropin 
deficiency, respectively. Another homeodomain transcription 
factor, known as prophet of PIT1 (PROP1), has a critical 
role in the expression of POU1F1.6,7 Patients with inactivating 
mutations in the PROP1 gene may have PRL, GH, and 
thyrotropin deficiency, as well as gonadotropin (follicle 
stimulating hormone [FSH] and luteinizing hormone [LH]) 
deficiency. Patients with inactivating mutations in genes 
encoding other transcription factors, including HESX1, LHX3, 
and LHX4, generally have multiple pituitary hormone 
deficiencies as well as other midline cranial defects.6,7

Lactotroph hyperplasia is physiologic during pregnancy 
and is reversible within several months after delivery, but is 
delayed by nursing.9,10

Prolactin Gene

◆	 A single gene encodes prolactin in humans.
◆	 Prolactin gene transcription is increased by estradiol and 

inhibited by thyroid hormone.
◆	 Dopamine (DA), the major factor regulating prolactin secretion 

in humans, acts by inhibiting adenyl cyclase–dependent 
signaling pathways.

In humans, the gene encoding PRL consists of five coding 
exons, one noncoding exon, and four introns. It spans 
approximately 10 kb in length and is located on chromosome 
6.11,12 There are several regulatory elements located in the 
5′ region of the PRL gene, including areas responsible for 
stimulation of PRL gene transcription in response to POU1F1 
or estradiol, as well as those responsible for suppression of 
PRL gene transcription by thyroid hormone.13-17 In addition 
to its direct effects, estradiol also modulates DA-induced 
inhibition on PRL gene transcription.18-20 The stimulatory 
effects of POU1F1 on PRL gene transcription are also subject 
to modulation by a variety of factors, including cyclic adeno
sine monophosphate (cAMP), glucocorticoids, estradiol, 
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Abstract

Prolactin is a single chain polypeptide secreted by anterior 
pituitary lactotroph cells. Prolactin secretion is primarily 
under inhibitory control by hypothalamic dopamine. Prolactin 
levels rise substantially during pregnancy and lactation  
and serve an important role in preparing the breast for 
lactation.

Prolactin excess can be caused by a variety of etiologies, 
both physiologic and pathologic. The latter include medica-
tions, pituitary disease, and systemic causes, or it can be 
idiopathic. Hyperprolactinemia often leads to hypogonadism 
and infertility. Prolactin deficiency is uncommon and causes 
failure of lactation postpartum.

Prolactin-secreting pituitary adenomas are common, benign 
neoplasms that may present with mass effect, hypopituitarism, 
and the effects of hyperprolactinemia itself. Dopamine agonist 
therapy is the mainstay of treatment for prolactinomas, 
whereas surgery and radiation therapy have important 
therapeutic roles in very selected cases.
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elevated multimeric PRL, appear to have normal pituitary 
gonadal function, likely as a consequence of decreased 
bioactivity of multimeric PRL species.38,40-42

Cleavage of the 23-kDa PRL species by metalloproteases 
or cathepsin D may occur in peripheral tissues, leading to 
the generation of an N-terminal 16-kDa PRL variant.43 This 
PRL species has antiangiogenic, proapoptotic, and proinflam-
matory properties, and has also been implicated in the 
pathogenesis of peripartum cardiomyopathy and preeclampsia, 
based on animal and human data.43-45

Prolactin Synthesis in the Decidua and 
Other Tissues

◆	 Extrapituitary prolactin secretion occurs in the decidua and 
other tissues.

◆	 Prolactin of decidual origin appears to promote tolerance of 
the fetus in utero.

◆	 The physiologic role of extrapituitary prolactin in other tissues 
remains poorly understood in humans.

Several lines of evidence suggest that PRL is synthesized in 
the decidua.46,47 Very high PRL levels (10 to 100 times those 
in maternal serum) have been found in amniotic fluid.46,47 In 
culture, decidual and chorion cells secrete PRL.48 This PRL 
species is identical in sequence and activity to pituitary PRL 
and is expressed under control by an alternative promoter, 
which is located upstream from the transcription initiation 
site used in pituitary lactotrophs.49,50 Of note, PRL secretion 
in the decidua is stimulated by progesterone (either alone 
or together with estrogen), relaxin, insulin, and insulin-like 
growth factor 1 (IGF-1), but is not influenced by DA agonists 
or antagonists (in contrast to pituitary PRL).51-54 Decidual PRL 
appears to have an important role in maintaining pregnancy 
by downregulating interleukin 6 and 20 alpha hydroxyster-
oid dehydrogenase.55 Of note, decidual PRL synthesis was 
reduced in decidual tissue from women who had suffered 
a miscarriage, wherein proinflammatory cytokines were 
elevated.56 In aggregate, these data suggest that decidual 
PRL supports pregnancy by promoting tolerance of the fetus  
in utero.55,56

Extrapituitary PRL expression has also been documented 
in the mammary gland, ovaries, testes, prostate, endothelial 
cells, brain, skin, adipose tissue, lymphocytes, and cochlea 
in a variety of animal paradigms.57-61 The physiologic role of 
extrapituitary PRL synthesis is under investigation.58 It has 
also been proposed that extrapituitary PRL may promote 
tumorigenesis (including tumor initiation and/or propagation) 
in the breast and prostate.62-64 This is an area of ongoing 
debate and uncertainty, since some studies have found little 
PRL expression in human tumors.65 Gain of function PRL 
receptor variants do not appear to be associated with higher 
risk of breast cancer or fibroadenomas.66 Nevertheless, avail-
able data have prompted the development of a variety of 
inhibitors of PRL receptors or PRL signaling, and their study, 
as potential therapies in human prostate or breast cancer.67-69

Prolactin Assays

◆	 Prolactin is commonly measured using two site antibody 
immunoassays.

thyrotropin releasing hormone (TRH), and epidermal growth 
factor (EGF).13-15,21-23

DA is the major inhibitory factor regulating PRL secretion 
and acts through the D2 dopamine receptor to inhibit adenyl 
cyclase and the cAMP-dependent protein kinase A (PKA) 
pathway.24 In contrast, TRH stimulates PRL secretion via 
the phosphoinositide pathway, leading to activation of 
membrane calcium channels and the release of calcium ions 
from the endoplasmic reticulum into the cytoplasm, which 
in turn activates protein kinase C (PKC), causing the down-
stream phosphorylation of other proteins, and also binds to 
calmodulin or topoisomerase II, which have a variety of 
downstream actions.25 Of note, DA inhibits PRL secretion 
caused by intracellular calcium ion release.26 This DA action 
is antagonized by several calcium channel antagonists in vitro, 
including verapamil, diltiazem, and nimodipine.27 Interestingly, 
verapamil causes the opposite effect from what would be 
predicted by in vitro data—that is, it leads to increase in 
PRL levels in humans.28,29 This observation was associated 
with decreased tuberoinfundibular DA release and may likely 
involve an effect of verapamil on N-calcium channels present 
in neurons.30 Other types of calcium channel antagonists, 
including dihydropyridines and benzothiazepines, do not 
affect PRL levels in vivo.30

Vasoactive intestinal peptide (VIP) stimulates adenyl 
cyclase, leading to PRL secretion.31 Several factors that 
stimulate PRL secretion, including TRH, neurotensin, and 
angiotensin II, may also act via the stimulation of phospho-
lipase A2, leading to the release of arachidonic acid, which 
causes an increase in calcium influx.32-34 This effect can be 
antagonized by DA and phospholipase A2 inhibitors.32,35

Prolactin Synthesis in  
Pituitary Lactotrophs

◆	 Several posttranslational prolactin modifications occur and 
influence prolactin bioactivity.

◆	 Macroprolactin species are large prolactin aggregates that 
have decreased bioactivity.

◆	 A 16-kDa prolactin fragment has been implicated in the 
pathogenesis of peripartum cardiomyopathy and preeclampsia.

The PRL gene is transcribed to mRNA, which undergoes 
processing in the nucleus to yield a mature, 1 kb mRNA 
species, encoding a 227-amino acid PRL precursor. This 
contains a 28-signal peptide sequence, which is cleaved 
posttranslationally to yield a 199-amino acid PRL protein.1,12 
Additional posttranslational modifications of the PRL mol-
ecule include glycosylation, phosphorylation, cleavage, and 
polymerization.

Of note, the large majority (80% to 90%) of the circulating 
PRL is monomeric, whereas about 10% of circulating PRL 
is dimeric (“big PRL,” molecular mass ~50 kDa) and 
approximately 5% of circulating PRL is multimeric (“big big 
PRL”).36-38 Such high molecular mass PRL species are col-
lectively called “macroprolactin” and may additionally contain 
bound immunoglobulin.39 Macroprolactin has been found to 
exhibit decreased binding to PRL receptors and has decreased 
receptor binding affinity and decreased bioactivity in most, 
but not all, assays.37,38 Patients with macroprolactinemia, 
who have elevated total serum PRL as a consequence of 
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Macroprolactin appears to have decreased bioactivity in 
some, but not all, bioassays.36,38 Women with macroprolac-
tinemia who were treated with DA agonists were reported 
to experience resolution of galactorrhea (if originally present) 
but had no consistent improvement in menstrual cyclicity.76,77 
Macroprolactinemia should be considered in patients with 
hyperprolactinemia who lack typical symptoms attributable 
to PRL excess.42,78 However, the presence of macroprolac-
tinemia does not obviate the need for pituitary imaging, 
since some patients with pituitary adenomas may exhibit 
macroprolactinemia.41 Therefore the clinical utility of assessing 
macroprolactin in symptomatic patients is limited.

Heterophilic Antibodies

Heterophilic antibodies, including human antimouse or other 
antianimal immunoglobulins and the rheumatoid factor 
autoantibody, may cause assay interference by bridging the 
capture and reporter antibodies in the absence of analyte 
(i.e., PRL), thus giving rise to artifactually high PRL levels.79,80 
Heterophilic antibodies may also confound many other assays, 
in addition to PRL immunoassays.80 Using blocking animal 
sera or heterophilic antibody blocking tubes can help prevent 
this type of interference.79

Exogenous Biotin

Several immunoassay platforms use biotinylated capture 
antibodies that collect the analyte being assayed onto 
streptavidin-coated microbeads.81 Measurement of hormone 
levels in patients taking biotin supplements in large doses is 
subject to possible interference, if the immunoassay platform 
in use employs the biotin-streptavidin reaction.82 In these 
cases, ingested biotin may prevent the formation of the 
streptavidin-biotin complex in the assay solution, leading to 
under-reporting of the analyte being measured by sandwich 
immunoassays (including PRL) or overreporting of hormones 
measured using competition assays.82,83

Prolactin Secretion

◆	 PRL secretion is pulsatile.
◆	 Serum PRL levels rise in many physiologic states, including 

pregnancy and lactation.

PRL secretion is pulsatile, involving approximately 14 
secretory peaks per 24 hours, each peak lasting 67 to 76 
minutes.84,85 The PRL pulse amplitude increases during slow 
wave sleep, with pulses beginning about 60 minutes after 
sleep onset.86 In addition, PRL levels increase by 50% to 
100% about 30 minutes after meals as a result of stimulation 
of PRL secretion by amino acids being absorbed postprandially 
(particularly tyrosine, phenylalanine, and glutamate).87,88

Changes in Prolactin Levels With Age

Immediately following delivery, PRL levels in neonates are 
elevated about 10 times above baseline, presumably as a 
consequence of high levels of placental estrogen, and decrease 
toward baseline over several months.89 Subsequently, PRL 
levels rise somewhat during adolescence.89 In women, PRL 
levels decrease by approximately 50% within about 2 years 

◆	 Several artifacts and conditions may influence the results of 
these assays, including the hook effect, the presence of 
macroprolactin, heterophilic antibodies, and biotin.

Serum PRL is currently measured using two site (“sand-
wich”) immunometric assays, including immunoradiometric 
(IRMA), chemiluminescent (ICMA), and electrochemilu-
minescent (ECLIA) platforms, which use a dual-antibody 
system.70 A “capture” antibody is used to collect the PRL 
molecules present in the specimen to a solid substrate (such 
as microparticle beads or coated tubes). Subsequently, a 
second (“reporter”) antibody attaches to the PRL—capture 
antibody complex—and is used to generate a detection signal 
through its radiolabeled or chemiluminescent tag.70 Measured 
PRL levels can vary considerably between different immunoas-
says.71 Assay interference may occur and should be suspected 
in the presence of nonlinearity in serially diluted specimens 
or discrepancy between measured hormone levels and the 
clinical presentation.70 Several factors and mechanisms, 
including the “hook effect,” the presence of macroprolactin, 
heterophilic antibodies, or exogenous biotin, may lead to 
assay interference.70

Hook Effect

The hook effect may occur when serum specimens being 
assayed contain very high PRL levels, as can be the case  
in patients with large PRL-secreting pituitary macroadeno-
mas.72,73 In these patients, PRL is present in vast stoichio-
metric excess to the two assay antibodies in the test solution, 
thus preventing the formation of the heterotrimeric  
complex (capture antibody—PRL—reporter antibody).  
The hook effect can cause substantial under-reporting of 
PRL levels.72,73 This artifact is clinically significant, since 
patients with adenomas that are thought to be PRL-secreting 
will be generally offered a trial of medical therapy.72  
In contrast, failure to diagnose a prolactinoma based on a 
normal or low prolactin level in a patient with a large 
pituitary adenoma may likely lead to a recommendation for 
surgery rather than medical therapy. In one study, the hook 
effect was reported in 5.6% of 69 patients with macroadeno-
mas.74 The frequency of hook effect using current assay 
techniques is uncertain. To detect this possible artifact, PRL 
measurements should be obtained both in undiluted and 
diluted (1 : 100) serum specimens in patients with large 
macroadenomas.72,73

Macroprolactin

Monomeric PRL normally accounts for approximately 90% 
of circulating PRL, the rest consisting of PRL multimers of 
varying molecular mass, sometimes associated with immu-
noglobulin. Multimeric PRL species are collectively termed 
macroprolactin (as previously noted).36-38 Macroprolactin can 
be resolved and separated from monomeric PRL by gel 
filtration.36-38 In routine practice, polyethylene glycol (PEG) 
precipitation has been used to separate macroprolactin from 
PRL monomers (only the latter is left in the supernatant 
after centrifugation).38,75 Of note, hyperprolactinemia can 
be solely attributed to the presence of macroprolactin, only 
if the monomeric PRL level present in the serum is within 
the reference range.76
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Stimuli that elicit PRL secretion also lead to a decrease in 
DA levels in the hypophyseal portal circulation.103,104 Mice 
with targeted disruption of D2 receptors, whose absence 
prevents DA action in pituitary lactotrophs, develop  
hyperprolactinemia, lactotroph hyperplasia, and multiple 
prolactinomas.105-107 Infusion of DA in low doses leads to 
suppression of PRL secretion in humans.108,109 Estradiol 
partially reverses the effects of DA infusion on PRL secre-
tion.110 Pharmacologic agents that inhibit DA receptors lead 
to hyperprolactinemia in humans.111

DA is synthesized in neurons whose perikarya are located 
in the dorsal arcuate nucleus and the ventromedial nucleus 
of the hypothalamus.100 This neuronal pathway is termed 
the tuberoinfundibular DA pathway. Axon terminals originat-
ing from these neurons terminate in the median eminence, 
where DA is released, enters the hypophyseal portal system, 
and traverses the pituitary stalk to reach pituitary lactotrophs 
in the pars distalis, where DA activates D2 receptors to 
suppress PRL secretion.100 Mice with disrupted PRL genes 
do not synthesize any PRL and have substantially decreased 
DA in the tuberoinfundibular DA pathway, consistent with 
the existence of a positive effect of secreted PRL on hypo-
thalamic DA release, generating a short loop feedback 
mechanism of secreted PRL that negatively regulates its own 
secretion.112

Whether other physiologically relevant PRL inhibitory 
factors exist is a matter of controversy. Some data suggest 
that gonadotropin releasing hormone (GnRH)–associated 

after menopause.90 In older men, PRL levels also decline by 
about 50% in comparison with young adults.91

Prolactin Levels During Physiologic Stress

Acutely, exercise leads to an increase in serum PRL levels, 
which is not sustained long term in long distance runners.92,93 
Other forms of physiologic stress, such as acute illness or 
injury, also lead to a two- to threefold increase in PRL levels, 
lasting about 1 hour, which is not sustained in patients with 
prolonged illness.92,94 Women have a more robust prolactin 
response than men.

Prolactin Levels During the Menstrual Cycle

Prolactin levels are lower in the follicular phase and rise 
during the luteal phase in some women.95 In addition, PRL 
and LH secretion are synchronous in the luteal phase.96

Prolactin Levels During Pregnancy  
and the Postpartum State

During pregnancy, PRL levels increase continuously and may 
reach 10-fold or higher levels over those in non-pregnant 
women.47 This is a consequence of estrogen secretion by  
the placenta, which leads to lactotroph hyperplasia and 
stimulates PRL secretion, preparing the breast for lactation 
postpartum.9,10

After delivery, basal PRL levels remain elevated in women 
who are nursing.47,97 In addition, PRL secretory peaks occur 
rapidly at the time of each suckling event.47,97 Within several 
months, there is a gradual decline in basal PRL levels towards 
normal as well as a decrease in the amplitude of secretory 
spikes in response to suckling.47,97 These events occur as a 
consequence of a gradual decrease in intensity of breast-
feeding, while formula is being introduced into the infant’s 
diet.47,97 Menses resume as postpartum hyperprolactinemia 
abates.

Nipple stimulation, either acute or chronic (by nipple 
rings), may cause hyperprolactinemia in some healthy women 
who are not nursing.97,98

Regulation of Systemic Prolactin Levels

◆	 PRL secretion is primarily under inhibitory control by hypo-
thalamic DA.

◆	 TRH, VIP, serotonin, and other factors may have some role 
in stimulating prolactin secretion.

Hypothalamic regulation of PRL secretion is primarily 
mediated via inhibitory factors (predominantly DA), as 
evidenced by an increase in PRL secretion and systemic PRL 
levels in patients who suffered pituitary stalk damage.99 In 
addition, several releasing factors may have a role in modulat-
ing PRL secretion (Fig. 3.1).

Prolactin Inhibitory Factors

Several lines of evidence indicate that hypothalamic DA is 
the most important PRL inhibitory factor under physiologic 
conditions.100 DA is present in hypothalamic portal vessels 
at levels that are sufficient to suppress PRL secretion.101,102 
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FIGURE 3.1  Factors and pathways involved in the regulation 
of prolactin secretion. GAP, Gonadotropin releasing hormone 
associated peptide (precursor to gonadotropin releasing hormone); 
PIFs, prolactin inhibitory factors; PRFs, prolactin releasing factors; 
PRLrp, prolactin releasing peptide; TRH, thyrotropin releasing hormone; 
VIP, vasoactive intestinal peptide. (From Molitch ME: Disorders of prolactin 
secretion. Endocrinol Metab Clin N Am 30:585–610, 2001, with 
permission.)
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Opioids

In experimental animals, administration of opioid peptides 
results in an increase in PRL secretion, likely mediated via 
activation of the mu opioid receptor.137,138 It appears that 
the effect of opioids on PRL secretion is indirect and is 
mediated via a decrease in DA release in the tuberoinfun-
dibular DA pathway.139

In humans, opioid administration results in PRL secretion, 
both acutely and chronically.140,141 Of note, administration 
of naloxone, a mu opioid receptor antagonist, causes an 
increase in PRL levels during the late follicular and midluteal 
phase of the menstrual cycle in humans, but does not blunt 
PRL secretion in response to physiologic stress.142,143 In 
aggregate, available data suggest that endogenous opioids do 
not have a major physiologic role in the regulation of PRL 
secretion.

Other Neuropeptides and Neurotransmitters
Growth hormone releasing hormone (GHRH) administration 
triggers PRL secretion in healthy individuals and repeated 
GHRH administration leads to increased PRL levels in 
children with GH neurosecretory dysfunction.144,145 However, 
it is unclear if GHRH is physiologically relevant in the regula-
tion of PRL secretion.

GnRH induces PRL secretion in vitro and in vivo in 
humans, including women with subfertility who are undergo-
ing ovulation induction with gonadotropins.146,147 In addition, 
some healthy women secrete PRL in response to GnRH 
administration, with the highest proportion of responses 
noted in women around ovulation.148 Of note, GnRH 
administration does not induce PRL secretion in healthy 
men.149,150 In contrast, GnRH leads to PRL secretion in 
transgender men on estrogen therapy, suggesting that the 
estrogenic milieu may be essential for GnRH to induce PRL 
release.149,150

Oxytocin administration triggers PRL secretion in vitro 
and in vivo in some experimental paradigms.151,152 In contrast, 
oxytocin alone does not appear to affect PRL secretion in 
humans.153 However, oxytocin administration has a minor 
positive effect on VIP-elicited PRL secretion in healthy 
individuals.153 There is no evidence that vasopressin stimulates 
PRL secretion.

Prolactin releasing peptide (PrRP) is expressed in neurons 
in the paraventricular and supraoptic nucleus of the hypo-
thalamus.154,155 In vitro, PrRP stimulates PRL secretion.155 
However, its physiologic role with regard to the regulation 
of PRL secretion has not been elucidated.

Prolactin Actions

◆	 PRL exerts its actions by stimulating its receptor, a member 
of the cytokine receptor superfamily.

◆	 PRL has major physiologic effects on the breast and possibly 
other tissues.

◆	 PRL in excess causes hypogonadism, mediated primarily  
via hypothalamic actions but also effects on the ovaries  
and testes.

In humans, PRL has a well-established physiologic role 
on the breast during pregnancy and the postpartum period, 
wherein it is essential for lactation to occur after delivery.156 

protein (GAP) as well as gamma-aminobutyric acid (GABA) 
can suppress PRL in experimental paradigms, but their 
relevance in humans is unclear.113-115

Prolactin Releasing Factors

Several factors have been proposed as being stimulatory of 
PRL secretion (as detailed later). However, their physiologic 
relevance is uncertain in many cases. Overall, their role 
appears relatively minor in comparison with the inhibitory 
role of DA on PRL secretion.

Thyrotropin Releasing Hormone
TRH induces PRL secretion in vitro and in vivo in humans, 
when administered in doses that also cause TSH secre-
tion.116,117 On the other hand, targeted disruption of the 
TRH gene in mice leads to central hypothyroidism but does 
not influence PRL levels.118 In addition, nipple stimulation 
during suckling leads to a PRL secretory spike but does not 
influence TSH levels.119 Thus it appears that TRH does not 
have a major role as a releasing factor under normal conditions. 
It should be noted, however, that patients with primary 
hypothyroidism have elevated TSH and PRL levels, which 
are normalized by levothyroxine replacement, suggesting that 
endogenous TRH may be relevant in PRL regulation in these 
patients, but does not exclude the possibility that changes 
in dopaminergic tone in the hypothyroid state may also 
contribute to hyperprolactinemia.120-122 Of note, patients 
with hyperthyroidism have normal PRL levels, but do exhibit 
an abnormally low PRL response to TRH administration, 
which is restored after euthyroidism is achieved.120-122

Vasoactive Intestinal Peptide and Peptide 
Histidine Methionine
VIP and peptide histidine methionine are derived from 
posttranslational processing of the same precursor.123,124 Of 
note, VIP producing neurons have been localized to the 
paraventricular hypothalamic nucleus.123 In addition, VIP is 
expressed in the anterior pituitary.125 Administration of VIP 
induces PRL synthesis and secretion in vitro and in vivo in 
humans.126,127 In addition, VIP immunoneutralization or 
antagonism blocks PRL secretion in various paradigms.128,129 
Administration of peptide histidine methionine has led  
to inconsistent results with regard to PRL secretion in 
humans.127,130 Overall, the physiologic role of VIP and peptide 
histidine methionine in the regulation of PRL secretion 
remains incompletely elucidated.

Serotonin
In experimental animals, administration of either serotonin 
or 5-hydroxytryptophan (serotonin precursor) induces PRL 
secretion.131 Inhibition of serotonin synthesis blunts PRL 
secretion in response to suckling.132 Similarly, intravenous 
administration of 5-hydroxytryptophan in humans triggers 
PRL secretion.133 Cyproheptadine, a serotonin receptor 
antagonist, inhibits both the nighttime PRL surge and the 
fenfluramine-induced increase in PRL levels.134,135 Administra-
tion of fluoxetine, a serotonin reuptake inhibitor, leads to a 
mild increase in PRL levels over baseline.136 Overall, these 
data suggest a possible role for serotonin in the regulation 
of nocturnal PRL secretion, as well as PRL release after 
nipple stimulation.
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Galactorrhea is defined as the secretion of milky fluid 
from one or both breasts in women who have either never 
been pregnant or have stopped nursing for over 12 
months.172,173 Galactorrhea may rarely occur in men.173 
Galactorrhea has been reported in 1% to 45% of women, 
depending on examination techniques and the patient popula-
tion under study, and can be an important clue to the presence 
of PRL excess.172 Evaluation of PRL levels and thyroid function 
is advisable in women with galactorrhea. However, only 28% 
of women with galactorrhea and regular menses have 
hyperprolactinemia.173

Prolactin Effects on Gonadotropin Secretion

In experimental animals, PRL appears to have an essential 
role in the regulation of the reproductive axis. Thus, mice 
with targeted disruption of either the PRL gene or the PRL 
receptor gene have abnormal estrous cycles and are infer-
tile.166,174 Whether physiologic PRL levels have an important 
role with regards to the regulation of the reproductive axis 
in humans is less clear. Healthy women who are administered 
bromocriptine to decrease PRL levels to approximately 5 ng/
mL have no change in gonadotropin pulsatility, but exhibit 
higher estradiol levels in the late follicular phase and lower 
progesterone levels during the luteal phase of the menstrual 
cycle.175

Hyperprolactinemia leads to a marked decrease in 
gonadotropin secretion, including decreased LH pulse fre-
quency and amplitude, as demonstrated by frequent serum 
sampling (Fig. 3.2).176,177 In menopausal women, hyperpro-
lactinemia blunts gonadotropin levels, which are restored 
by bromocriptine therapy that lowers PRL levels.178

PRL appears to exert direct effects on hypothalamic 
neurons to suppress GnRH secretion. In vitro, PRL leads to 
a decrease in GnRH secretion by hypothalamic neuronal 
cell lines.179 Hyperprolactinemic mice develop central 
hypogonadism, characterized by low gonadotropin and sex 
steroid levels.180 These animals have decreased kisspeptin 1 
expression in the arcuate and anteroventral periventricular 
nucleus.180 These data are corroborated by studies in rats, 
which are also consistent with the hypothesis that PRL in 
excess blunts kisspeptin 1 expression in the hypothalamus.181 
In hyperprolactinemic mice, administration of kisspeptin 1 
restores the function of their reproductive axis, consistent 
with the hypothesis that kisspeptin 1-expressing neurons in 
the hypothalamus have a major role in the pathogenesis of 
hyperprolactinemia-induced hypogonadism.180

In experimental animals, hyperprolactinemia blunts 
gonadotropin secretion after GnRH administration, suggesting 
that PRL may also directly influence gonadotroph function.182 
However, the findings of similar studies in humans have 
been less consistent with observations made in animals.183 
Hyperprolactinemic women also exhibit lack of a positive 
effect of estradiol on gonadotropin secretion.184

Prolactin Effects on the Ovary

In experimental animals, PRL has a role in maintaining the 
function of corpus luteum after ovulation.185 At physiologic 
levels, PRL stimulates the expression of 3 beta hydroxy
steroid dehydrogenase (type 2) and has an important role 
stimulating progesterone synthesis in human granulosa 

In addition, PRL in excess suppresses the activity of the 
hypothalamic-pituitary-gonadal axis in the nonpregnant state.78 
In animals, PRL has been implicated in many additional 
roles, including growth and development, effects on beta 
cell function, electrolyte transport, osmoregulation, and 
effects on the skin and cartilage, in addition to effects on 
behavior, immune function, and tumorigenesis.156,157 None 
of these additional actions have been adequately substantiated 
in humans. It is likely that the physiologic role of PRL is 
species specific.

Prolactin Receptor

PRL exerts its actions by activating its cognate receptor, 
which is a member of the class 1 (hematopoietic) cytokine 
receptor superfamily.158 In humans, the PRLR gene is located 
on chromosome 5 and contains 10 exons, which yield several 
diverse receptor isoforms as a result of alternative splicing 
of the primary transcript.159,160 These are broadly grouped 
into long, intermediate, and short isoforms, most of which 
possess the same extracellular and transmembrane domains 
but differ in the length of the intracellular domain.161 There 
is also a soluble isoform, which lacks transmembrane and 
intracellular domains.158 The long PRL receptor isoform is 
predominant in humans and is widely expressed in many 
cell types.158 The extracellular domain contains two disulfide 
bridges that are critical for PRL binding.162 The intracellular 
domain contains two conserved regions (Boxes 1 and 2), one 
of which (Box 1) is recognized by tyrosine kinases.163

The long isoform receptor is already dimerized before 
ligand binding occurs and can only initiate signaling upon PRL 
binding to the extracellular domain of the receptor homodi-
mer.164 Signaling primarily involves activation of the Janus 
kinase 2 (JAK2)—signal transducer and activator of transcrip-
tion 5 (STAT5) pathway.158 In addition, the mitogen-activated 
protein kinase (MAPK) pathway is activated, and the phos-
phatidylinositol 3 kinase (PI3K) pathway is also recruited.156,165 
Activation of these pathways results in altered transcription 
of target genes in the nucleus that mediate PRL actions.

Prolactin Effects on the Breast

PRL has a critical role in breast development during pregnancy 
and milk synthesis postpartum, as well as in pathologic states 
of PRL excess.2,166 Of note, PRL stimulates alveolar tissue 
growth indirectly by stimulating, in synergy with progesterone, 
the synthesis of the receptor activator of NF-kappa B ligand 
(RANKL) and insulin-like growth factor 2 (IGF2), both of 
which act in a paracrine manner to induce alveolar tissue 
growth.2,167,168 In addition to PRL, several other hormones, 
including placental lactogen, GH, insulin, cortisol, thyroxine, 
estrogen, and progesterone, have important roles in the 
development of breast tissue during pregnancy in preparation 
for lactation.169 Of note, high levels of estrogen prevent milk 
production during pregnancy.170 In contrast, some degree of 
estrogen priming of the breast is needed for lactation, and 
this likely explains the infrequent occurrence of galactorrhea 
in postmenopausal women and men with hyperprolactinemia. 
After the placenta is delivered, the rapid decline in estrogen 
relieves its inhibitory effect on milk production.170 Postpartum 
suppression of PRL secretion by bromocriptine leads to a 
rapid decline in milk production.171
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manifest neither symptom but nevertheless have shorter 
luteal phases.196 Treatment of hyperprolactinemia in these 
patients increases progesterone synthesis during the luteal 
phase and improves fertility.196,197 Preovulatory, transient 
hyperprolactinemia in eumenorrheic women has also been 
associated with infertility.198

Hyperprolactinemia is variably present in women with 
the polycystic ovary syndrome (PCOS) and is presumed  
to be a consequence of sustained elevations in estradiol  
levels that stimulate PRL secretion, though this hypothesis 
is not universally accepted.199,200 In these patients, bromo-
criptine therapy that suppresses PRL levels may lead to a 
decrease in testosterone and LH levels and regular menstrual 
cycles.199,200

Prolactin Effects on the Testis

Whether PRL at physiologic levels is relevant to the regulation 
of the reproductive axis in males has been a matter of  
debate. Male mice with targeted deletion of the PRL gene 
have normal testosterone levels, despite decreased gonado-
tropin levels, and are fully fertile.201 On the other hand, 
approximately 50% of male mice with targeted disruption 
of the PRL receptor gene have decreased fertility despite 
apparently normal spermatogenesis.166 In healthy men, 
bromocriptine administration for 8 weeks leads to a decrease 
in testosterone levels, both at baseline as well as after human 
chorionic gonadotropin (hCG) administration.202 In human 
sperm, PRL increases fructose utilization, glycolysis, and 
glucose oxidation.203,204

Available data suggest that PRL in excess suppresses the 
reproductive axis in men at several levels. In addition to 
decreased gonadotropin pulsatility, both baseline and hCG-
stimulated testosterone levels are often reduced in hyperp-
rolactinemic men.205-207 These patients frequently present 
with sexual dysfunction (low libido and/or erectile dysfunc-
tion) as a consequence of central hypogonadism.205-207 Up 
to 25% of men presenting with erectile dysfunction are 
hyperprolactinemic.208,209 Gynecomastia and/or galactorrhea 
may develop in hyperprolactinemic men, but are much less 
frequent than sexual dysfunction in this population.205-207 
Infertility may also occur in hyperprolactinemic men.210 Up 
to 5% of men presenting with infertility have been reported 
to be hyperprolactinemic.210 Cabergoline therapy that sup-
presses PRL excess often leads to improvement in sexual 
function and recovery of the reproductive axis provided that 
pituitary gonadotrophs remain intact.211,212 Whether PRL 
normalization is essential for recovery of erectile function 
is uncertain.205

Prolactin Effects on the Adrenal Cortex

Hyperandrogenism of adrenal origin, based on the presence 
of elevated dehydroepiandrosterone sulfate (DHEA-S) levels, 
has been reported in some, but not all, studies of women 
with hyperprolactinemia.213,214 Elevation in testosterone levels 
may also occur in some patients as a consequence of conver-
sion from androgenic precursors. Hirsutism may occur in 
women with elevated PRL levels, but it is not clear if it 
correlates well with DHEA-S levels.213,214 Bromocriptine 
therapy that suppresses PRL excess may lead to improvement 
in DHEA-S levels in women with hyperprolactinemia.196

cells.186,187 However, studies in humans have not been 
conclusive with regard to the physiologic role of PRL on 
ovarian function.188,189 In healthy women, bromocriptine 
administration that suppresses PRL levels attenuates pro-
gesterone secretion and leads to shorter luteal phases in 
some, but not all, studies.188,189

At high levels, PRL inhibits aromatase expression in rat 
granulosa cells and decreases estradiol and progesterone 
synthesis in human ovaries.190-192 In aggregate, available data 
suggest that PRL excess suppresses the reproductive axis in 
women at several levels, leading to oligo-amenorrhea. It should 
be noted that patients presenting with both amenorrhea and 
galactorrhea are likely to have hyperprolactinemia (75% of 
471 patients in aggregated case series).173 Typically these 
patients present with secondary, rather than primary, amenor-
rhea. Low libido and sexual dysfunction is also common in 
this group.193 On the other hand, young patients with 
hyperprolactinemia developing before the onset of puberty 
may present with primary amenorrhea.194 These younger 
patients appear to be less likely to have galactorrhea and 
may even present with delayed puberty as a result of estrogen 
deficiency induced by PRL excess.194

Hyperprolactinemia appears to be common among women 
presenting with infertility, representing about one-third of 
367 women with infertility in aggregated case series.173 In 
a more recent study of women with infertility, the prevalence 
of hyperprolactinemia was 46%.195 Although most of these 
patients also have amenorrhea and galactorrhea, some patients 
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FIGURE 3.2  Impaired luteinizing hormone (LH) pulsatile release 
was present in a hyperprolactinemic patient (top panel), 
which was restored after tumor resection (lower panel). 
Secretory pulses are shown by arrows. Dashed lines represent baselines, 
which were calculated by the Pulsar software. (Modified from Stevenaert 
Beckers A, Vandalem JL, Hennen G: Early normalization of luteinizing 
hormone pulsatility in women with microprolactinomas. J Clin Endocrinol 
Metab 62:1044–1047, 1986, with permission.)
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Prolactin and the Skeleton

Several lines of evidence suggest that abnormalities in PRL 
levels or action are often associated with abnormal bone 
metabolism. Mice with targeted deletion of the PRL receptor 
gene have low bone mineral density (BMD) and decreased 
bone formation.215 These animals also have low sex steroid 
levels, which may account for the low BMD, rather than 
the absence of PRL action.215

In humans, PRL excess is associated with deleterious 
effects on bone. Women and men with hyperprolactinemia 
and hypogonadism have decreased BMD and increased risk 
of morphometric vertebral fractures.216-220 DA agonist therapy 
that suppresses PRL excess leads to improvement in BMD.221 
Of note, hyperprolactinemic women who have regular 
menstrual cycles also have normal BMD.222 These data are 
most consistent with the hypothesis that PRL-induced sex 
steroid deficiency, but not PRL excess per se, underlies the 
development of low BMD in hyperprolactinemic patients.222

Pathologic States of Prolactin  
Deficiency and Excess

◆	 PRL deficiency generally signifies extensive pituitary failure.
◆	 PRL excess (hyperprolactinemia) can be caused by physiologic 

mechanisms, medications, pituitary, and systemic etiologies, 
or can be idiopathic.

Prolactin Deficiency

PRL deficiency may occur in patients with pituitary mac-
roadenomas or other large sellar masses, wherein it is fre-
quently associated with multiple additional pituitary hormone 
deficiencies.223 In these patients, the presence of PRL 
deficiency generally indicates advanced pituitary failure as 
a consequence of destruction of pituitary tissue by tumoral 
hemorrhage or pituitary surgery.223 PRL deficiency may also 
occur in women with Sheehan syndrome (postpartum 
pituitary infarction in the setting of hemorrhagic shock as a 
consequence of obstetric complications).224 These patients 
classically present with failure of lactation and postpartum 
amenorrhea. Sheehan syndrome is currently uncommon in 
the United States and other Western countries because of 
advances in obstetric care.224 Isolated, idiopathic PRL defi-
ciency has been reported in three patients, who were unable 
to lactate, but suffered no other evident manifestations.225,226 
In clinical studies, recombinant human PRL has been 
administered with success in some patients with PRL 
deficiency but is not currently FDA-approved as replacement 
therapy.226

Hyperprolactinemia—Causes

Hyperprolactinemia is relatively common in the general 
population (0.4%) and can be caused by diverse etiologies 
(Box 3.1).227,228

Physiologic
As already noted, PRL levels normally rise postprandially or 
during slow wave sleep. Acute stress (exercise, coitus, 
hypoglycemia, seizure, and others) may also lead to a transient 
increase in PRL levels.92,94 Hyperprolactinemia is present 

Box 3.1  Causes of Hyperprolactinemia

PHYSIOLOGIC
Pregnancy
Nursing
Sleep
Food consumption
Coitus
Stress

MEDICATIONS
Antipsychotic agents (phenothiazines, haloperidol, risperidone, 

paliperidone)
Monoamine oxidase inhibitors
Fluoxetine
Opioids
Cocaine
Verapamil
Alpha methyldopa
Metoclopramide
Domperidone

PITUITARY
Prolactinomas
Somatotropinomas and other co-secreting tumors
Stalk effect in patients with nonfunctioning sellar and 

suprasellar masses
Radiation therapy
Stalk transection

SYSTEMIC
Primary hypothyroidism
Renal failure
Cirrhosis
Adrenal insufficiency
Polycystic ovary syndrome
Spinal cord lesions
Chest wall lesions
Nipple stimulation
Ectopic prolactin secretion
Prolactin receptor gene mutations

IDIOPATHIC

during pregnancy and lactation, as already discussed, wherein 
it has a major physiologic role in breast development and 
milk production.47

Medications
Older antipsychotic agents, including phenothiazines and 
butyrophenones, cause hyperprolactinemia by virtue of their 
DA antagonist properties.229 In these patients, hyperprolac-
tinemia is generally mild to moderate (typically up to 100 ng/
mL), but can occasionally be more severe and may exceed 
300 ng/mL.230 Hyperprolactinemia resolves within four days 
after discontinuation of the offending agent.230 Some of the 
newer, “atypical” antipsychotic agents, including risperidone, 
paliperidone, and molindone, also cause substantial hyper-
prolactinemia, which may exceed 100 ng/mL.230 Other 
atypical antipsychotic agents, including olanzapine, quetiapine, 
aripiprazole, and ziprasidone, have a lesser effect on PRL 
levels as a consequence of weaker action on dopamine (D2) 
receptors and their partial DA agonist activity.230,231 As a 
corollary, the addition of low dose aripiprazole in patients 
with antipsychotic-induced hyperprolactinemia reduces PRL 
levels in patients taking risperidone.232,233



66	 PART 1  Endocrinology of Reproduction

end-stage renal disease, requiring renal replacement thera-
pies.246 In these patients, hyperprolactinemia appears to be 
a consequence of decreased PRL clearance and increased 
secretion and resolves after renal transplantation.246 Cirrhosis 
has been associated with hyperprolactinemia in 5% to 100% 
of patients in different series and has been postulated to 
occur as a consequence of decreased DA release in patients 
with hepatic encephalopathy.247

Nipple stimulation, chest wall lesions (burns, thoracic 
zoster, etc.), as well as spinal cord injuries have been associated 
with the presence of hyperprolactinemia, presumably as a 
consequence of neurogenic stimulation of PRL release.248 
Very rarely, ectopic PRL secretion has been documented in 
isolated cases with gonadoblastoma, pituitary tissue present 
within an ovarian teratoma, bronchogenic carcinoma, and 
renal cell carcinoma.249-251

Prolactin Receptor Gene Mutation
In one report, three sisters were found to have hyperpro-
lactinemia in the absence of a pituitary tumor or other 
demonstrable etiology.252 Two of these patients presented 
with oligomenorrhea and one had infertility. Of note, the 
propositus had given birth to 4 children but was treated 
with bromocriptine because of persistent galactorrhea 
postpartum.252 All three patients were found to have a 
heterozygous, germline mutation of the PRL receptor gene, 
resulting in a single amino acid substitution (His188Arg), 
which reduces signal transduction through the JAK-STAT 
pathway.252

Idiopathic
In some patients with hyperprolactinemia, no evident etiology 
can be found. In such cases, hyperprolactinemia is termed 
idiopathic. The underlying mechanisms are likely heteroge-
neous and may reflect the presence of very small PRL 
secreting adenomas that are below the resolution of current 
pituitary imaging modalities in some cases, or underlying 
dysregulation of PRL secretion in other cases. On follow-up, 
23 out of 199 patients with idiopathic hyperprolactinemia 
developed pituitary microadenomas during a 2 to 6 year 
period.253,254 Of note, idiopathic hyperprolactinemia may 
resolve spontaneously in approximately one third of patients 
during follow-up.255,256

Hyperprolactinemia—Diagnosis

Patients with hyperprolactinemia require careful evaluation, 
including history and physical examination.78 Confirmation 
of PRL levels by repeat testing after overnight fasting is 
advisable, particularly in patients with mild hyperprolac-
tinemia.78 Women of reproductive age should have a pregnancy 
test. Evaluation of kidney, liver, and thyroid function is also 
advisable. If no obvious cause is found to explain the presence 
of hyperprolactinemia, such as pregnancy or primary hypo-
thyroidism, patients should undergo pituitary imaging by 
magnetic resonance imaging (MRI) using a pituitary protocol 
(or computed tomography [CT] if MRI is contraindicated, 
such as in patients with most pacemakers).78,257

There is a good correlation between PRL levels and tumor 
size in patients with PRL-secreting pituitary adenomas.78,228 
As a corollary, patients with PRL-secreting macroadenomas 
generally have PRL levels over 200 ng/mL.78,228 In contrast, 

Older, tricyclic antidepressants cause mild to moderate 
hyperprolactinemia in 25% of cases.230 Monoamine oxidase 
inhibitors have also been associated with mild hyperprolac-
tinemia.234 Fluoxetine may raise PRL levels modestly, but these 
generally remain within the normal range.235 Other serotonin 
reuptake inhibitors, bupropion, nefazodone, trazodone, ven-
lafaxine, and lithium do not cause hyperprolactinemia.230 
Opioids and cocaine may also cause mild hyperprolactinemia, 
which may result in hypogonadism.230,236

Metoclopramide and domperidone inhibit DA receptors 
and commonly cause hyperprolactinemia and hypogonadism 
after chronic administration.230 There have been occasional 
case reports of hyperprolactinemia linked to use of histamine 
(H2) receptor inhibitors, proton pump inhibitors, and protease 
inhibitors, but a causal relationship between these agents 
and PRL elevation has been disputed.230,237

Some older antihypertensive agents have been associated 
with hyperprolactinemia. Alpha methyldopa inhibits 
L-aromatic amino acid decarboxylase, which converts L dopa 
to DA and acts as a false neurotransmitter interfering with 
DA secretion, thus causing hyperprolactinemia.230 Verapamil, 
but not other calcium channel antagonists (dihydropyridines 
and benzothiazepines), raises PRL levels by decreasing 
hypothalamic DA.238

Medications cannot be assumed to be the cause of 
hyperprolactinemia by default, although the timing between 
medication initiation and onset of symptoms of hyperpro-
lactinemia can be helpful. If the potentially offending 
medication can be safely discontinued, then PRL levels should 
be checked 3 to 4 days later. If PRL levels normalize, then 
hyperprolactinemia can be attributed to the drug. If the 
medication cannot be safely discontinued, the patient should 
undergo pituitary imaging to detect a possible sellar mass 
(as detailed later).

Pituitary
In addition to PRL-secreting adenomas and PRL co-secreting 
tumors, which are discussed separately, virtually any mass 
lesion involving the pituitary and stalk may lead to hyper
prolactinemia by interfering with DA outflow through  
the hypothalamic hypophyseal portal system into the anterior 
pituitary (“stalk effect”).228,239 Hyperprolactinemia is generally 
mild to moderate in patients with stalk effect, with PRL 
levels generally being below 150 ng/mL in most cases.228,239,240 
Previous radiation therapy to the brain, delivered by  
linear accelerator, has been associated with mild hyperpro-
lactinemia, presumably as a consequence of hypothalamic 
dysfunction.241 Similarly, proton beam radiation therapy to 
the base of the skull has been frequently associated with 
hyperprolactinemia.242

Systemic
Primary hypothyroidism has been associated with mild 
hyperprolactinemia in up to a third of patients and resolves 
with levothyroxine replacement.243 It has been proposed 
that elevated TRH secretion and increased sensitivity of 
lactotroph cells to TRH underlie the increased PRL levels 
in these patients.243 In rare cases, primary adrenal insufficiency 
has been associated with mild hyperprolactinemia, which 
resolves after glucocorticoid replacement.244,245

Chronic renal dysfunction is associated with hyperpro-
lactinemia, which becomes most common in patients with 
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Macroadenomas are proportionately more common in 
children or adolescents than in adults, and are also more 
common in men than in women.228 Larger tumors tend to 
have a higher proliferation (Ki67) index.272 In some cases, 
tumor growth has been associated with estrogen administra-
tion.273 However, predictors and mechanisms of tumor growth 
remain poorly understood.272 It may be noted that most 
prolactinomas are benign, with frankly malignant tumors, 
which are, by definition, associated with intracranial or 
extracranial metastases, being exceedingly rare.228,274

Pathogenesis

PRL-secreting pituitary adenomas are monoclonal tumors.275 
Factors involved in the pathogenesis of these neoplasms are 
unknown in most cases. Of note, mutations in the gene 
encoding the D2 dopamine receptor or the gene encoding 
the Gi2 alpha subunit, which couples the D2 receptor to 
adenyl cyclase, have been found in up to 15% of prolactinomas 
that are resistant to DA agonist therapy.276 Somatic mutations 
in several putative oncogenes or tumor suppressor genes, 
including ras, myc, Pit-1, PROP-1, c-fos, MENIN, and others, 
have not been found in these tumors.275,277

PRL-secreting pituitary adenomas develop in about 20% 
of patients with the multiple endocrine neoplasia 1 (MEN1) 
syndrome, caused by germline inactivating mutations of the 
MENIN gene, which is a tumor suppressor gene.278 Prolac-
tinomas in these patients have been previously reported to 
behave more aggressively and be more resistant to medical 
therapy in comparison with sporadic tumors.279 On the other 
hand, more recent data in patients with the MEN1 syndrome 
suggest that prolactinomas generally respond well to medical 
therapy in this population.280 The coexistence of a prolacti-
noma (or other pituitary adenoma) and hypercalcemia second-
ary to primary hyperparathyroidism defines an index case 
for MEN1 and has been reported in approximately 14% of 
patients without known familial disease who were screened 
for hypercalcemia.281 About one-third of these patients were 
also found to have gastrin-secreting enteropancreatic neu-
roendocrine tumors, which constitute another cardinal 
manifestation of MEN1.281 As a corollary, it is advisable to 
measure serum calcium levels in all patients with presumed 
prolactinomas.

The syndrome of familial isolated pituitary adenoma (FIPA) 
has been the subject of substantial investigation in the recent 
past.282 In some of these patients, germline, inactivating 
mutations in the gene encoding the aryl hydrocarbon receptor 
interacting protein (AIP) have been identified and impart 
predisposition to pituitary tumor formation.283 This is 
transmitted as an autosomal dominant trait with incomplete 
penetrance and is associated with increased risk of developing 
GH-secreting tumors, prolactinomas, or co-secreting 
tumors.284,285 Pituitary adenomas present at a younger age 
in patients with AIP gene mutations and appear to be more 
aggressive and resistant to medical therapy.282

Approximately 10% of prolactinomas are resistant to DA 
agonist therapy.286 Decreased expression of D2 DA receptors, 
including the long DA receptor isoform, decreased D2 
receptor density, and DA binding sites on pituitary lactotrophs 
have been reported in these tumors and may underlie 
resistance to DA agonists.287,288 In addition, decreased expres-
sion of transforming growth factor beta 1 (TGF beta1) and 

PRL levels tend to be lower (below 150 ng/mL) in patients 
with nonfunctioning sellar masses causing stalk effect. As a 
word of caution, PRL levels should be rechecked in dilution 
in patients with very large sellar masses who have modest 
PRL elevations in order to detect a possible hook effect 
immunoassay artifact which may occur in patients with 
exuberant PRL secretion (as noted previously).78,228 Patients 
with a microadenoma and modest PRL elevation may have 
either a functioning tumor (microprolactinoma) or a clinically 
nonfunctioning adenoma causing stalk effect.258 Regular 
pituitary imaging can be helpful in making this distinction, 
since a prolactinoma will generally shrink in size in response 
to DA agonist therapy, whereas a nonfunctioning adenoma 
will not get smaller, and may even enlarge, despite the 
institution of DA agonist therapy that normalizes PRL levels.

Prolactin-Secreting Pituitary Adenomas 
(Prolactinomas)

◆	 Prolactinomas are common, benign pituitary tumors.
◆	 Clinical manifestations may include mass effect, hypopituitarism, 

and effects directly attributable to hyperprolactinemia.
◆	 DA agonist therapy is generally first line treatment for most 

patients who require therapy, with surgery and radiotherapy 
having important roles in selected cases.

Epidemiology and Natural History

PRL-secreting tumors represent the most common type of 
functioning pituitary adenoma.228 The incidence of these 
tumors was previously reported as being 10 cases per million 
per year, and their prevalence as approaching 100 patients 
per million in the general population.259 However, more recent 
studies from several European countries, including Belgium, 
the United Kingdom, Finland, Iceland, and Switzerland, have 
suggested that the incidence and prevalence of these tumors 
is substantially higher (about five times) than previously 
reported.260-264

By definition, tumors below 10 mm in greatest diameter 
are termed microadenomas, whereas those that reach or 
exceed 10 mm are termed macroadenomas. This classification 
is clinically relevant, as larger tumors are more likely to cause 
mass effect or invade neighboring structures and have a greater 
growth potential.228 Most prolactinomas are microadenomas. 
However, a larger proportion of macroadenomas occurs in 
men than women.228

A plethora of autopsy studies have identified the presence 
of clinically unsuspected pituitary adenomas in about 11% 
of subjects autopsied, with almost all (over 99%) of these 
tumors being microadenomas.265 These data are corroborated 
by the findings of imaging studies, which have identified the 
presence of incidental pituitary hypodensities consistent with 
microadenomas in 10% to 20% of study subjects.266,267 In 
autopsy studies, approximately 40% of adenomas examined 
by immunohistochemistry showed PRL immunostaining.268

Several studies have reported on the natural history of 
untreated microprolactinomas.253,269-271 Out of a total of  
139 women followed for up to 8 years, tumor growth was 
detected in nine patients (6.5%).253,269-271 These studies 
predated the use of MRI for pituitary imaging, but neverthe-
less do suggest that the growth potential of microprolacti-
nomas is fairly low.
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Patients with macroadenomas may also develop anterior 
hypopituitarism and all require thorough evaluation of anterior 
pituitary function.78,228 Of note, diabetes insipidus is extremely 
unlikely to develop in patients with pituitary adenomas in 
the absence of surgical intervention.300,301 As a corollary, 
patients who present with central diabetes insipidus and a 
sellar mass should be suspected of harboring a nonadeno-
matous lesion (such as a craniopharyngioma or metastasis 
or an infiltrative lesion), rather than a pituitary adenoma.300

Hyperprolactinemia is generally proportionate to tumor 
size in patients with prolactinomas.228 Women frequently 
present with galactorrhea, secondary amenorrhea, or infertility. 
In a total of 21 case series (1621 women), galactorrhea was 
present in 85% of women and oligomenorrhea in 93% of 
women.302 Men often present with low libido, erectile 
dysfunction, infertility, gynecomastia, or uncommonly, 
galactorrhea. In a total of 16 case series (444 men), erectile 
dysfunction was present in 78% and galactorrhea was present 
in 11%.302 As already mentioned, men are more likely than 
women to harbor macroadenomas.228,302,303 Whether this 
gender difference is only related to biologic factors, such as 
sex steroids, which may influence tumor behavior, is debat-
able; delayed recognition of pituitary adenomas in men who 
may ignore their symptoms and attribute them to aging is 
another possibility.228,302

Children and adolescents may present with primary 
amenorrhea and delayed puberty.304 As already noted, younger 
patients are more likely to have macroadenomas, which are 
resistant to DA agonist therapy.305 Adolescents with hyper-
prolactinemia are at increased risk of developing low BMD, 
which is likely a consequence of hypogonadism occurring 
during a critical time of peak bone mass acquisition.306

Management

Overview
The goals of therapy differ among patients with prolactinomas, 
depending on their symptoms, tumor size, presence of 
hypogonadism, and patients’ interest in pregnancy.78,228 In 
patients with macroadenomas, timely decrease in tumor size 
and long-term tumor control, relief of mass effect, and restora-
tion of pituitary function are all important goals of therapy. 
In addition, PRL normalization is desirable in all hyperpro-
lactinemic patients who have hypogonadism or desire fertility 
in order to restore their gonadal function and optimize their 
fertility potential. Other possible indications for therapy 
include the presence of bothersome galactorrhea, gyneco-
mastia, hirsutism, and acne, all of which may improve with 
PRL normalization.78,228

Medical therapy with a DA agonist represents an appropri-
ate first line approach for most patients with prolactinomas 
who require treatment.78,228 However, patients with micro-
adenomas who have central hypogonadism, but are not seeking 
immediate fertility, can be treated with sex steroid hormone 
replacement therapy or an oral contraceptive instead of DA 
agonists, provided that their tumors remain stable during 
follow-up. Studies in patients with idiopathic hyperprolac-
tinemia or microprolactinomas have not shown a deleterious 
effect of oral contraceptives on PRL levels or tumor size.307,308

Asymptomatic patients with hyperprolactinemia and 
microadenomas who have normal gonadal function and are 

several components of its signaling cascade (Smad2 and 
Smad3) have been reported in tumors resistant to DA agonist 
therapy.289 Animal data suggest that TGF beta1 inhibits 
lactotroph proliferation and PRL secretion, raising the pos-
sibility that restoration of TGF beta1 activity might be 
efficacious as a therapy in patients with prolactinomas that 
are resistant to DA agonists.290

Pathology

PRL-secreting pituitary adenomas are almost always benign.228 
In rare cases, distant metastases within the cranium or in 
remote locations, such as liver or bone, may develop and 
are essential to define the presence of malignancy in these 
patients.274,275 Some prolactinomas may co-secrete other 
hormones, most often GH, but in some cases TSH, ACTH, 
or FSH.291 Acidophil stem cell adenomas often have oncocytic 
features and co-secrete PRL and GH.291,292 Symptoms 
attributable to hyperprolactinemia most often predominate 
over those related to GH excess in these patients.291,292

Clinical Manifestations

In addition to symptoms and signs directly attributable to 
PRL excess, patients with PRL-secreting macroadenomas 
may manifest symptoms related to mass effect or anterior 
hypopituitarism.228 Headache may occur as a result of pressure 
exerted on the dura and can be particularly severe and acute 
in the setting of pituitary apoplexy, generally occurring  
as a consequence of hemorrhage within an adenoma.293  
Tumors extending superiorly into the suprasellar cistern may 
impinge upon the optic apparatus, causing a variety of visual 
field deficits.294 Bitemporal hemianopsia is typically noted 
in patients whose tumors compress the optic chiasm.294 
Central scotomas may develop in patients with compression 
of one of the prechiasmatic optic nerves and homonymous 
hemianopsia may occur as a consequence of impingement 
onto one of the optic tracts.294 Rarely, large tumors  
may extend into the third ventricle, causing obstructive 
hydrocephalus.228,295

Tumors extending laterally often involve the cavernous 
sinus and may encase the intracavernous segment of the 
internal carotid artery, but are very unlikely to cause arterial 
narrowing.296 Clinical manifestations attributable to compres-
sion of the cranial nerves (III, IV, V1, V2, or VI) coursing 
through the cavernous sinuses, namely ophthalmoplegia, facial 
pain or numbness, are very uncommon in patients with 
pituitary adenomas, including prolactinomas.297 Nevertheless, 
such symptoms may occur in patients with pituitary apoplexy 
or occasionally in patients with large, aggressive adenomas.293 
Rarely, large tumors may impinge upon the ipsilateral temporal 
lobe, causing complex partial seizures.295

Tumors extending inferiorly often erode into the sphenoid 
base and may involve the sphenoid sinus or even the posterior 
nasopharynx.298 These patients may rarely develop cerebro-
spinal fluid rhinorrhea in response to DA agonist therapy.299 
In these cases, medical therapy causes dramatic tumor 
shrinkage, which unmasks gaps present in the bone and  
dura, leading to cerebrospinal fluid leakage.299 These patients 
typically require neurosurgical intervention in order to  
close these defects and prevent the attendant risk of 
meningitis.299
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generally given in two or even three divided daily doses, 
when the total daily dose exceeds 2.5 mg daily to improve 
effectiveness and tolerance; total daily doses exceeding 10 mg 
are rarely needed.228,311

Adverse effects associated with bromocriptine therapy 
most commonly include nausea and orthostatic dizziness.228,311 
These can be minimized with gradual dose titration and 
intravaginal administration in some cases. In some patients, 
these adverse effects may improve over time. Less common 
adverse effects include headache, nasal congestion, constipa-
tion, digital vasospasm, vivid dreams, or nightmares.228,311 
Pituitary tumor fibrosis may occur in some patients and 
hinder subsequent attempts at transsphenoidal resection.317 
Rarely, systemic fibrotic manifestations have been reported, 
including mediastinal and retroperitoneal fibrosis.311 The 
association between DA agonist use and cardiac valvulopathy 
will be discussed later.318 Other rare, but serious, adverse 
effects include the development of psychosis or impulsivity, 
both of which resolve after medication discontinuation.319-321 
Patients with history of psychosis are, in general, not good 
candidates for DA agonist therapy.228 However, psychotic 
reactions can occur even in patients without such history. 
Medical therapy of prolactinomas in patients prescribed 
neuroleptics, which act as DA antagonists, should be carefully 
reviewed with the treating psychiatrist in order to avoid 
precipitating an increase in psychiatric symptoms.

Among patients whose tumors decrease in size in response 
to bromocriptine therapy, the medication dose can often be 
downtitrated, as the therapeutic benefits can generally be 
maintained on a lower dose.311 Eventually, some patients can 
be considered to be weaned off the medication after a 
treatment period of 2 to 3 years. Good candidates for DA 

not seeking to improve fertility can be followed expec-
tantly.78,228 In this group, it is advisable to monitor the patients’ 
PRL levels, periodically reassess their gonadal function, and 
obtain follow-up pituitary MRI examinations in order to 
detect possible tumor progression (reported to occur in about 
7% to 10% of patients over a 4 to 6 year interval, although 
not all changes are clinically significant) or the subsequent 
development of hypogonadism, either of which would require 
the institution of therapy.78,228 Although PRL levels and tumor 
size are generally well-correlated in patients with prolacti-
nomas, it should be noted that tumor growth has been rarely 
reported in the absence of a change in PRL levels.309,310 This 
observation suggests that periodic pituitary imaging is prudent 
in patients followed expectantly in order to detect this unusual 
possibility.

Medical Therapy
DA agonist therapy represents the cornerstone of management 
of most patients with prolactinomas who require therapy.228 
Bromocriptine and cabergoline are both ergot alkaloid deriva-
tives, and are currently approved by the Food and Drug 
Administration (FDA) for use in patients with hyperprolac-
tinemia and prolactinomas.228 Pergolide is no longer available 
in the United States.228 Quinagolide, a non-ergot compound, 
was never introduced in the United States, but is available 
for use in several other countries.302

Bromocriptine was the first drug in this class used to treat 
prolactinomas and hyperprolactinemia.311 Bromocriptine 
normalizes PRL levels in approximately 75% of patients and 
leads to resumption of menses in the majority of treated 
women.311 In addition to inhibiting PRL secretion, bromo-
criptine inhibits DNA synthesis and cell proliferation, leading 
to a decrease in tumor size.312,313

About 76% of patients treated with bromocriptine experi-
ence a decrease in tumor size over a treatment period of up 
to 10 years.302,311 An example of a tumor response to 
bromocriptine therapy is shown in Fig. 3.3. Tumor size 
reduction is variable in patients treated with bromocriptine. 
In approximately 40% of 112 patients reported in a total of 
10 studies, there was a greater than 50% decrease in tumor 
size after the institution of bromocriptine therapy.302,311 Some 
tumors can completely disappear on follow-up MRI examina-
tions. In patients with macroadenomas impinging on the 
chiasm, an improvement in visual field deficits occurs in 
more than 80% of treated patients and may be noticeable 
within 1 to 3 days after the institution of bromocriptine 
therapy.314 Visible decreases in tumor size occur with a variable 
time course and can be observed within a period of several 
weeks to several months on therapy.314 Pituitary function 
may also improve in patients whose tumors shrink on 
bromocriptine therapy.315 The extent of tumor shrinkage 
and the magnitude of reduction in PRL levels are not well 
correlated in all patients.228,311 Some of the patients whose 
tumors do not respond adequately to bromocriptine therapy 
may be effectively treated with cabergoline (as will be detailed 
later).228,311,316

Bromocriptine therapy is usually initiated at a dose of 
0.625 mg to 1.25 mg daily, taken in a single nightly dose to 
optimize tolerance, and is advanced every 3 to 7 days to a 
dose of 2.5 mg daily.228,311 Dose titration may occur in 4-week 
intervals toward achieving normal PRL levels, provided that 
the medication remains well-tolerated. The medication is 

FIGURE 3.3  Sagittal (left, top, and bottom panels) and coronal 
(right, top, and bottom panels) magnetic resonance images 
of a patient with hyperprolactinemia and a pituitary  
macroadenoma, obtained before (top) and after (bottom) 
the institution of bromocriptine therapy. There is substantial 
decrease in tumor size on medical therapy. Arrows point to the tumor. 
(From Molitch ME: Medical treatment of prolactinomas. Endocrinol 
Metab Clin N Am 28:143–169, 1999, with permission.)
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bromocriptine in most cases, based on greater efficacy and 
better tolerance of cabergoline therapy, except in the setting 
of preconception or pregnancy.78

Cardiac valvulopathy has been reported in some patients 
with Parkinson disease who were treated with very high 
doses of cabergoline (or pergolide, but not bromocriptine).332,333 
In these patients, fibrotic lesions in the endocardium occur 
as a consequence of serotonin (5HT2B) receptor activation 
by cabergoline and can lead to clinically significant valvular 
regurgitation.318 A higher cumulative dose exposure is associ-
ated with a higher risk of valvulopathy.332,333 In contrast, 
patients treated with usual cabergoline doses (up to 2.0 mg/
week) appear to be at low risk of valvulopathy.334-336 It appears 
sensible to inform patients as to available data and consider 
performing periodic echocardiographic monitoring on a case 
by case basis (particularly in patients who require larger than 
usual cabergoline doses).337

Among patients whose tumors decrease in size in response 
to cabergoline therapy, the medication dose can often be 
downtitrated, as the therapeutic benefits can generally be 
maintained on a lower dose.228 Cabergoline withdrawal can 
be eventually considered in patients who have responded 
well to medical therapy for at least 2 to 3 years, remain 
normoprolactinemic, and have no visible residual tumor on 
MRI. In a study of hyperprolactinemic patients who had 
achieved normoprolactinemia on cabergoline therapy, recur-
rence rates (5-year Kaplan-Meier estimates) for hyperpro-
lactinemia after drug withdrawal were higher among patients 
with visible residual tumor on MRI and were also higher 
among patients with macroadenomas than those with 
microadenomas.338,339 Among 105 patients with microadeno-
mas, hyperprolactinemia recurred in 42% of patients with 
visible residual tumor on MRI and 26% of patients without 
visible residual tumor at the time of medication with-
drawal.338,339 Among 70 patients with macroadenomas, 
hyperprolactinemia recurred in 78% of patients with visible 
residual tumor on MRI and 33% of patients without visible 
residual tumor.338,339 All patients who are eventually with-
drawn from cabergoline therapy should be made aware of 
the risk of recurrence, and be followed with serial PRL levels 
and pituitary MRI examinations.228

Pergolide is another DA agonist, which was previously 
used off-label in the United States to treat hyperprolac-
tinemia.311 Pergolide appears to be comparable to bromo-
criptine with regard to efficacy and tolerability in patients 
with hyperprolactinemia.340 In high doses, pergolide was also 
used to treat Parkinson disease and was FDA-approved for 
that indication. The medication was withdrawn from the 
United States in 2007 because it was associated with cardiac 
valvulopathy, when administered in high doses in patients 
with Parkinson disease.332,333

Quinagolide is a non-ergot DA agonist that has been used 
to treat hyperprolactinemia in some countries.341,342 Approxi-
mately 50% of hyperprolactinemic patients who are resistant 
to bromocriptine can be treated effectively with quina-
golide.341,342 In addition, some patients tolerate quinagolide 
better than bromocriptine.341,342 It is not approved by the 
FDA and is not currently available in the United States.

Surgery
Pituitary surgery is typically performed transsphenoidally, 
using an operating microscope or endoscope. Transsphenoidal 

agonist withdrawal are those who have maintained normo-
prolactinemia and have no visible tumor on follow-up MRI 
examinations. Of note, recurrence of hyperprolactinemia 
may occur after bromocriptine withdrawal.311 About 20% 
to 50% of patients with microadenomas and 16% of patients 
with macroadenomas maintain normal PRL levels after 
medication withdrawal.322-324 As a corollary, patients who 
are withdrawn from therapy should be warned of the risk 
of recurrence and monitored with serial PRL levels and MRI 
examinations to detect possible recurrence, which should 
prompt the reinstitution of therapy.

Cabergoline is another ergot alkaloid derivative with a 
very long half-life after oral administration, which generally 
allows for infrequent dosing (once or twice a week).228 
Cabergoline has high affinity for D2 receptors in the pituitary 
and is very slowly eliminated as a consequence of its slow 
release from pituitary binding sites and extensive enterohe-
patic cycling.325

Cabergoline is more effective than bromocriptine in 
normalizing PRL levels and restoring gonadal function and 
is generally better tolerated.212,311,326 In one partially double-
blind randomized clinical trial of 459 women, most of whom 
had microprolactinomas, cabergoline therapy led to PRL 
normalization in 83% and restoration of regular menses in 
72% of patients.326 In the same study, bromocriptine therapy 
led to PRL normalization in 59% and restoration of regular 
menses in 52% of patients.326 Similarly, cabergoline therapy 
leads to restoration of gonadal function in the large majority 
of hyperprolactinemic men.212

Cabergoline is also effective in reducing tumor size in 
most patients with prolactinomas.302,327-330 In one study of 
hyperprolactinemic patients with macroadenomas who were 
treated with cabergoline therapy, 96% out of 26 patients 
who were treatment-naive experienced a decrease in tumor 
diameter exceeding 50% over baseline.331 In the same study, 
64% out of 33 patients who were resistant to bromocriptine 
experienced a decrease in tumor diameter exceeding 50% 
over baseline after the institution of cabergoline therapy.331 
Overall, available data indicate that many patients who do 
not respond to bromocriptine therapy can be treated effec-
tively with cabergoline.228

Cabergoline therapy is usually initiated at a dose of 0.25 
to 0.5 mg per week, taken at bedtime with a small snack, and 
is generally titrated every 4 to 6 weeks, aiming to restore 
normoprolactinemia.228 More rapid dose titration can be 
appropriate in patients with large tumors causing mass effect. 
Most patients can be effectively treated with a total dose of 
3.5 mg per week or less. About 10% of patients can be resistant 
to cabergoline (as well as bromocriptine), even in high doses, 
and may often require additional therapies, including pituitary 
surgery, radiation therapy, and/or temozolomide chemotherapy 
(as will be subsequently discussed).228

Cabergoline use has been associated with the same adverse 
effects noted among patients who are treated with 
bromocriptine, albeit less frequently.228 In a clinical trial of 
459 hyperprolactinemic women, cabergoline therapy was 
discontinued in 3% of women because of adverse effects, 
whereas bromocriptine was discontinued in 12% of women 
because of adverse effects.326 Many patients who cannot 
tolerate bromocriptine can be treated safely with cabergoline, 
administered either orally or intravaginally.228,311 Indeed, 
published guidelines recommend using cabergoline over 
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after surgery.350 Permanent diabetes insipidus is uncommon 
when surgery is performed by an expert pituitary neurosur-
geon.349 Other postoperative complications include epistaxis 
and cerebrospinal fluid rhinorrhea.349 Very uncommonly, 
tumor bed hemorrhage, meningitis, or stroke may occur. 
Perioperative mortality risk is about 0.2% to 0.5% and 
approaches zero in expert hands.349 Perioperative morbidity 
is also lower among patients operated on by more experienced 
neurosurgeons.348

Other Treatment Modalities (Radiation Therapy 
and Chemotherapy)
In patients with prolactinomas, the role of radiation therapy 
(radiotherapy) is limited at present.78,228 Radiation therapy 
is very effective for tumor control and is advisable in patients 
with macroadenomas who require tumor control and cannot 
be adequately treated with DA agonist therapy and surgery.78,228 
Of note, PRL normalization has been reported in only 35% 
of patients treated with a combination of surgery and radiation 
therapy, and generally takes 5 to 15 years after radiotherapy 
to occur.302 Increasingly, radiation therapy is administered 
using stereotactic techniques that deliver either photons 
(Gamma knife, Cyberknife) or protons selectively to the 
target.351 These newer modalities largely spare the normal 
brain tissue from radiation exposure in comparison with 
older, conventional radiotherapy methods.351 Stereotactic 
radiation therapy can be administered in a single fraction (a 
technique known as radiosurgery) in appropriate candidates, 
who have smaller tumors that are distant from the optic 
apparatus.351 Based on historical comparisons, it has been 
suggested that radiosurgery is associated with a faster 
endocrine response than conventional radiation therapy.352,353

Anterior hypopituitarism is frequent after radiation therapy, 
regardless of the modality used for administration.351-353 This 
complication occurs in about 40% of patients at 5 years after 
radiation therapy and becomes even more prevalent long-
term.351-353 As a corollary, all patients who receive radiation 
therapy require lifelong yearly reassessment of pituitary 
function and replacement of hormone deficiencies as needed.

Other uncommon complications of radiation therapy 
include optic neuropathy or other cranial neuropathies.351 
Infrequent complications in patients who received conven-
tional radiation therapy include stroke, temporal lobe necrosis, 
or secondary tumor formation, which may occur several 
decades after radiation therapy.351 Whether stereotactic 
radiation therapy is associated with a lower risk of developing 
these very infrequent complications remains unknown.

Temozolomide is an orally active alkylating agent, which 
has useful activity against many gliomas, including glioblastoma 
multiforme.354 Temozolomide exerts its effects by methylating 
DNA bases, resulting in DNA fragmentation and cell 
death.355-357 This drug has been helpful for tumor control in 
several patients with large, locally aggressive prolactinomas 
or the rare PRL-secreting carcinomas that continue to enlarge 
despite adequate DA agonist therapy, surgery, and radiation 
therapy.358,359 Up to 73% of patients with aggressive PRL-
secreting adenomas appear to respond to temozolomide, 
using either tumor size or PRL levels as treatment 
endpoints.355-357 Expression of the DNA repair enzyme 
O6-methylguanine-DNA methyl-transferase (MGMT) in the 
tumor is inversely correlated with response rates to temo-
zolomide in several, but not all, studies.355-357 Lack of a 

pituitary surgery is generally considered second-line therapy 
in patients with prolactinomas.78,228

Patients who should be considered for surgery include 
those with macroadenomas that do not respond to DA agonist 
therapy, including patients with persistent chiasm compression 
or tumor growth during a trial of medical therapy.78,228,343 
Some cystic prolactinomas are not responsive to medical 
therapy and should be considered for resection.344 Patients 
with tumors that are resistant to medical therapy are also 
candidates for surgical intervention.78,228 In addition, patients 
presenting with pituitary apoplexy should be considered  
for surgery.

Another indication for surgery is intolerance of DA agonist 
therapy.78,228,343 The rare development of cerebrospinal  
fluid leak, manifesting as rhinorrhea, or the occurrence of 
pituitary apoplexy on medical therapy (either of which may 
rarely occur in patients with prolactinomas being treated 
with DA agonists) are additional indications for surgical 
intervention.78,228

Patients with psychotic depression or schizophrenia are 
not good candidates for DA agonist therapy, as these medica-
tions can exacerbate psychosis.78,228 These patients should 
be considered for pituitary surgery, particularly if they  
have large tumors that are encroaching upon the optic 
apparatus.

Among patients with microadenomas, individual preference 
and their desire to avoid medical therapy, if possible, is another 
possible indication for surgical intervention.78,228,345 However, 
patients with microprolactinomas opting for pituitary surgery 
should be referred only to expert pituitary neurosurgeons, 
who can achieve the best possible outcomes.346,347

Women who have macroadenomas with suprasellar exten-
sion and are seeking fertility should be considered for pituitary 
surgery in order to decrease their risk of tumor progression 
during subsequent pregnancy, particularly if a trial of DA 
agonist therapy fails to reduce tumor size.78,228 In addition, 
women with microadenomas who are seeking fertility and 
are resistant to the effects of DA agonist therapy are can-
didates for pituitary surgery.78,228 However, these patients 
may also be treated with ovulation induction in order to 
help them conceive.

The likelihood of achieving complete resection depends 
on tumor size and location, as well as the skill and experience 
of the neurosurgeon.348 In aggregated data from 50 case 
series, PRL normalization was reported in 75% out of 2137 
patients with microadenomas and 34% of 2226 patients with 
macroadenomas.302 Recurrence of hyperprolactinemia was 
reported in 18% of patients with microadenomas and 23% 
of those with macroadenomas. Long-term remission of 
hyperprolactinemia occurs in about 60% of patients with 
microadenomas but only approximately 25% of those with 
macroadenomas who underwent pituitary surgery.302 However, 
pituitary surgery is very effective in quickly relieving mass 
effect.349 Patients with visual deficits and large tumors that 
do not promptly respond to DA agonist therapy should be 
referred to an expert pituitary neurosurgeon. In these patients, 
tumor debulking and decompression of the optic apparatus 
generally leads to improved visual outcomes.228,349

Postoperatively, pituitary function improves in approxi-
mately one-third of patients who had evidence of anterior 
hypopituitarism preoperatively.350 However, new deficits in 
pituitary function may also develop in up to 20% of patients 



72	 PART 1  Endocrinology of Reproduction

pituitary surgery should be considered in order to debulk 
the tumor and decrease the risk of adenoma growth during 
the subsequent pregnancy.228,361

Nursing has not been associated with an increase in size 
of prolactinomas or a higher risk of persistent hyperprolac-
tinemia after lactation has ended.363-365 In the absence of 
preexisting mass effect exerted by a growing adenoma, women 
should be encouraged to nurse. DA agonist therapy will 
suppress milk output and the drug will be present in breast 
milk, if lactation is not completed suppressed. As a corollary, 
DA agonists should be avoided in this setting in the absence 
of compelling indications, including mass effect as a conse-
quence of a growing tumor.

Effects of Dopamine Agonists During 
Preconception and Pregnancy

No clinical trials of DA agonist therapy have been conducted 
during preconception or pregnancy. However, safety data 
have been published of women who conceived while taking 
DA agonist therapy.228,361 There are more limited data in 

treatment response after three cycles of temozolomide  
therapy predicts resistance to this agent in patients with 
aggressive pituitary adenomas (including prolactinomas).357 
Escape from the salutary effects of temozolomide on tumor 
growth may occur.

Pregnancy and Prolactinomas

◆	 PRL normalization improves fertility in hyperprolactinemic 
patients.

◆	 In contrast to microprolactinomas, macroprolactinomas have 
a substantial growth potential during pregnancy.

◆	 Use of bromocriptine in the preconception period appears to 
be safe for the fetus and the pregnancy.

◆	 Cabergoline also appears to be safe in the preconception 
setting but pertinent data are much more limited.

Prolactin-Secreting Pituitary Adenomas 
During Preconception and Pregnancy

If left untreated, hyperprolactinemia often decreases fertility 
potential (as already reviewed).173,196,228 In these women, 
PRL normalization generally improves their likelihood of 
conceiving.173,196,228 As a corollary, hyperprolactinemia is an 
indication for DA agonist therapy in all women presenting 
with subfertility.360 In these patients who are treated in the 
preconception setting, bromocriptine is considered the drug 
of choice (as will be subsequently detailed).228

Some prolactinomas may enlarge during gestation as a 
consequence of tumor exposure to the estrogenic milieu of 
pregnancy (Fig. 3.4).361 As already discussed, normal lacto-
troph hyperplasia is physiologic during pregnancy and regresses 
within several months postpartum.362 In women with pro-
lactinomas, the risk of tumor growth during pregnancy is 
higher among those with macroadenomas than women with 
microadenomas (Table 3.1).361 In aggregate, the risk of clini-
cally significant tumor growth during pregnancy, which caused 
mass effect, was 2.7% (18 out of 658 women) in patients 
with microprolactinomas.361 In several of these patients, 
bromocriptine therapy during pregnancy resulted in prompt 
symptomatic relief.361 In contrast, the risk of clinically sig-
nificant tumor growth during pregnancy was 22.9% (49 out 
of 214 women) in patients with macroprolactinomas who 
did not undergo pituitary surgery or radiation therapy before 
conception.361 However, the risk of tumor growth during 
gestation was 4.8% among 148 patients with macroadenomas 
who underwent surgery or radiation therapy before conceiv-
ing.361 As a corollary, medical therapy with bromocriptine 
is advisable before conception in order to reduce the size of 
macroadenomas before pregnancy.228,361 If an adequate tumor 
response cannot be achieved on medical therapy alone, then 

FIGURE 3.4.  Coronal (left, top, and bottom panels) and sagittal 
(right, top, and bottom panels) magnetic resonance images 
of a patient with hyperprolactinemia and a pituitary 
adenoma, obtained before pregnancy (top) and during the 
third trimester of pregnancy (bottom). There was evident tumor 
growth during pregnancy in this patient, who reported persistent 
headache. Arrows point to the tumor. (From Molitch ME: Medical 
treatment of prolactinomas. Endocrinol Metab Clin N Am 28:143–169, 
1999, with permission.)

Table 3.1  Outcomes of Women With Prolactinomas During Pregnancy, Stratified by Tumor Size at Baseline and 
Prepregnancy Management

Tumor size before pregnancy Number of women
Prepregnancy surgery and/or 
radiation therapy

Symptomatic tumor 
growth during gestation

Microadenoma 658 No 18 (2.7%)
Macroadenoma 214 No 49 (22.9%)
Macroadenoma 148 Yes 7 (4.8%)

Data from Molitch ME: Prolactinoma in pregnancy. Best Prac Res Clin Endocrinol Metab 25:885–896, 2011.
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Management of Patients With Prolactinomas 
During Preconception and Pregnancy

Based on our understanding of the pathophysiologic role of 
PRL excess, it would be advisable to treat all hyperprolactinemic 
women planning to conceive, regardless of whether they 
have regular menses or not.228,361 Bromocriptine is the drug 
of choice in this setting in light of its larger safety database 
in comparison with that of cabergoline. However, cabergoline 
also appears safe and can be used if bromocriptine is not 
effective or tolerated. It is prudent to recommend that barrier 
contraceptive methods be used until a regular, cyclic menstrual 
pattern is established, before pregnancy is attempted.228,361 
In this manner, a missed menstrual period is more likely to 
come to the patient’s attention earlier after conception, thus 
limiting exposure of the embryo to DA agonist therapy to 
only a few weeks during early gestation.

Patients with microadenomas or idiopathic hyperprolac-
tinemia are at low risk of tumor growth during preg-
nancy.228,361,378 In these patients, there is no rationale to 
continue bromocriptine therapy throughout gestation. 
However, these women require regular clinical follow-up 
during pregnancy, and should be warned of the low risk of 
tumor growth during gestation and advised of warning signs 
(peripheral visual loss, frequent or persistent headaches) 
that might suggest clinically significant tumor enlargement 
during pregnancy.

If any of these symptoms occur, then a neuro-ophthalmic 
examination and a pituitary MRI examination without contrast 
(limited to the sella) should be advised.228,361 Monitoring 
serum PRL levels during pregnancy is of no diagnostic value 
and should not be done.78,379 If there is evidence of tumor 
growth and mass effect develops, then bromocriptine therapy 
can be recommended and may often lead to tumor shrinkage 
during pregnancy (based on limited available data).228,361 If 
no response to DA agonist therapy occurs, then pituitary 

women who were treated with a DA agonist throughout 
pregnancy.

Bromocriptine use during preconception and very early 
pregnancy has not been associated with any increase in 
miscarriages, congenital malformations, ectopic pregnancies, 
or spontaneous abortions, based on data in more than 6000 
pregnancies (Table 3.2).361,366,367 Children whose mothers 
received bromocriptine in the preconception setting have 
not been found to be at increased risk of developmental 
abnormalities during childhood.368 Data in about 100 women 
who were treated with bromocriptine for a longer time during 
pregnancy also suggest that bromocriptine use appears safe 
during gestation.361,369 However, it should be recognized that 
safety data in women treated with bromocriptine throughout 
pregnancy remain limited, and therefore any conclusions 
regarding medication safety in this setting have to be made 
with caution.

Cabergoline use during preconception and very early 
pregnancy has not been associated with harm to the fetus 
or the pregnancy, similarly to bromocriptine.361 Children 
whose mothers were treated with cabergoline during pre-
conception were not found to be at increased risk of 
developmental abnormalities.370-372 However, the safety 
database in patients treated with cabergoline in the preconcep-
tion setting is smaller, comprising about 800 patients in 
total.361,373-375 As a corollary, bromocriptine is the DA agonist 
of choice in hyperprolactinemic women during preconception, 
but cabergoline can be used if bromocriptine is not effective 
or tolerated.

Safety data on pergolide and quinagolide have suggested 
the possibility of an increased risk of fetal harm in association 
with use of these medications in the preconception 
period.361,376,377 Based on available data, it would be prudent 
to avoid these two medications in women wishing to 
conceive.

Table 3.2  Safety Data on Pregnancy Outcomes After Exposure to Bromocriptine or Cabergoline  
During the Preconception Period

After bromocriptine therapy After cabergoline therapy General population
n (%) n (%) n (%)

Number of pregnancies 6239 789
Miscarriages (spontaneous abortions) 620 (9.9%) 60 (7.6%) 10%–15%
Ectopic pregnancies 31 (0.5%) 3 (0.4%) 1.0%–1.5%
Terminations 75 (1.2%) 59 (7.5%)* 20%
Hydatidiform moles 11 (0.2%) 1 (0.1%) 0.10%–0.15%

Number of deliveries of known duration 4139 547
Deliveries at term (≥37 weeks) 3620 (87.5%) 480 (88.4%)† 87.3%
Preterm deliveries (<37 weeks) 519 (12.5%) 67 (11.6%) 12.7%

Number of deliveries with known outcomes 5120 475
Single births 5031 (98.3%) 463 (98.3%) 96.8%
Multiple births 89 (1.7%) 12 (1.7%) 3.2%

Number of infants with known outcomes 5123 664
No congenital malformations 5030 (98.2%) 633 (96.8%) 97%
Congenital malformations reported 93 (1.8%) 21 (3.2%) 3.0%

*Eleven terminations were performed because of congenital malformations.
†Including five stillbirths.
Data from Molitch ME: Prolactinoma in pregnancy. Best Prac Res Clin Endocrinol Metab 25:885–896, 2011.
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hyperprolactinemia persists after nursing has ended, then DA 
agonist therapy should be considered, if indicated.228,361
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surgery should be considered with a goal to relieve pressure 
on the optic chiasm and restore vision.228,361 Because pituitary 
surgery during pregnancy is associated with a risk of miscar-
riage, a trial of medical therapy is prudent as a first-line 
approach.361,380

Patients with macroadenomas are at higher risk of clinically 
significant tumor growth during pregnancy, particularly when 
the tumor approaches the chiasm before gestation.228,361,378 
If DA agonist therapy is not effective in reducing tumor 
size, then surgical debulking should be considered before 
conception in order to minimize the risk of clinically significant 
tumor growth during subsequent gestation.228,361

Since most patients with macroadenomas experience no 
significant tumor growth during pregnancy, it is generally 
advisable to discontinue bromocriptine therapy when a 
positive pregnancy is obtained and institute regular clinical 
monitoring, including regular neuro-ophthalmic assessments 
every trimester throughout gestation (or more frequent 
testing, if clinically warranted).228,361 If there is evidence of 
tumor growth with mass effect, then a trial of bromocriptine 
(or cabergoline) therapy should be recommended and may 
lead to tumor shrinkage during pregnancy.228,361,381,382 If there 
is no response to DA agonist therapy, then pituitary surgery 
should be advised to relieve pressure on the optic chiasm 
and restore vision.228,361

An alternative approach in patients with macroadenomas 
involves continuing bromocriptine (or cabergoline) therapy 
throughout pregnancy.381,383-385 While this approach might 
be anticipated to decrease the risk of tumor growth during 
gestation, it also exposes the fetus to the medication for a 
longer duration. In the absence of reassuring data from a 
large observational database or relevant clinical trial data, 
this approach cannot be widely recommended, but should 
be discussed with the patient as a possible option, depending 
on tumor anatomy.

Regardless of the management approach chosen during 
pregnancy, it is advisable to perform pituitary MRI examinations 
in all women several months after delivery and monitor  
their PRL levels after they conclude nursing.228,361 If 

http://expertconsult.com/


	 CHAPTER 3  Prolactin and Its Role in Human Reproduction	  74.e1

27.	 Di Renzo G, Amoroso S, Maida P, et al: Effect of different Ca2+ entry 
blockers on dopamine-induced inhibition of in vitro prolactin secretion. 
Eur J Pharmacol 146:201–206, 1988.

28.	 Gluskin LE, Strasberg B, Shah JH: Verapamil-induced hyperprolactinemia 
and galactorrhea. Ann Intern Med 95:66–67, 1981.

29.	 Kamal TJ, Molitch ME: Effects of calcium channel blockade with 
verapamil on the prolactin responses to TRH, L-dopa, and bromocriptine. 
Am J Med Sci 304:289–293, 1992.

30.	 Kelley SR, Kamal TJ, Molitch ME: Mechanism of verapamil calcium 
channel blockade-induced hyperprolactinemia. Am J Physiol 270: 
E96–E100, 1996.

31.	 Gourdji D, Bataille D, Vauclin N, et al: Vasoactive intestinal peptide 
(VIP) stimulates prolactin (PRL) release and cAMP production in a 
rat pituitary cell line (GH3/B6). Additive effects of VIP and TRH on 
PRL release. FEBS Lett 104:165–168, 1979.

32.	 Grandison L: Stimulation of anterior pituitary prolactin release by 
melittin, an activator of phospholipase A2. Endocrinology 114:1–7, 
1984.

33.	 Judd AM, Ross PC, Spangelo BL, et al: Angiotensin II increases pituitary 
cell prolactin release and arachidonate liberation. Mol Cell Endocrinol 
57:115–121, 1988.

34.	 Ross PC, Judd AM, MacLeod RM: The dynamics of arachidonic acid 
liberation and prolactin release: a comparison of thyrotropin-releasing 
hormone, angiotensin II, and neurotensin stimulation in perifused rat 
anterior pituitary cells. Endocrinology 123:2445–2453, 1988.

35.	 Canonico PL, Valdenegro CA, MacLeod RM: The inhibition of 
phosphatidylinositol turnover: a possible postreceptor mechanism for 
the prolactin secretion-inhibiting effect of dopamine. Endocrinology 
113:7–14, 1983.

36.	 Whitaker MD, Klee GG, Kao PC, et al: Demonstration of biological 
activity of prolactin molecular weight variants in human sera. J Clin 
Endocrinol Metab 58:826–830, 1984.

37.	 Garnier PE, Aubert ML, Kaplan SL, et al: Heterogeneity of pituitary 
and plasma prolactin in man: decreased affinity of “Big” prolactin in 
a radioreceptor assay and evidence for its secretion. J Clin Endocrinol 
Metab 47:1273–1281, 1978.

38.	 Samson SL, Hamrahian AH, Ezzat S, et al: American Association of 
Clinical Endocrinologists, American College of Endocrinology Disease 
State Clinical Review: Clinical relevance of macroprolactin in the 
absence or presence of true hyperprolactinemia. Endocr Pract 21: 
1427–1435, 2015.

39.	 Hattori N, Ikekubo K, Ishihara T, et al: Effects of anti-prolactin 
autoantibodies on serum prolactin measurements. Eur J Endocrinol 
130:434–437, 1994.

40.	 Jackson RD, Wortsman J, Malarkey WB: Characterization of a large 
molecular weight prolactin in women with idiopathic hyperprolactinemia 
and normal menses. J Clin Endocrinol Metab 61:258–264, 1985.

41.	 Tritos NA, Guay AT, Malarkey WB: Asymptomatic “big” hyperprolac-
tinemia in two men with pituitary adenomas. Eur J Endocrinol 138: 
82–85, 1998.

42.	 Corenblum B: Asymptomatic hyperprolactinemia resulting from 
macroprolactinemia. Fertil Steril 53:165–167, 1990.

43.	 Struman I, Bentzien F, Lee H, et al: Opposing actions of intact and 
N-terminal fragments of the human prolactin/growth hormone family 
members on angiogenesis: an efficient mechanism for the regulation 
of angiogenesis. Proc Natl Acad Sci USA 96:1246–1251, 1999.

44.	 Hilfiker-Kleiner D, Struman I, Hoch M, et al: 16-kDa prolactin and 
bromocriptine in postpartum cardiomyopathy. Curr Heart Fail Rep 
9:174–182, 2012.

45.	 Hilfiker-Kleiner D, Sliwa K: Pathophysiology and epidemiology of 
peripartum cardiomyopathy. Nat Rev Cardiol 11:364–370, 2014.

46.	 Friesen HG, Fournier P, Desjardins P: Pituitary prolactin in pregnancy 
and normal and abnormal lactation. Clin Obstet Gynecol 16:25–45, 
1973.

47.	 Tyson JE, Friesen HG: Factors influencing the secretion of human 
prolactin and growth hormone in menstrual and gestational women. 
Am J Obstet Gynecol 116:377–387, 1973.

48.	 Golander A, Hurley T, Barrett J, et al: Prolactin synthesis by human 
chorion-decidual tissue: a possible source of prolactin in the amniotic 
fluid. Science 202:311–313, 1978.

49.	 Semprini S, Friedrichsen S, Harper CV, et al: Real-time visualization 
of human prolactin alternate promoter usage in vivo using a double-
transgenic rat model. Mol Endocrinol 23:529–538, 2009.

50.	 de Ziegler D, Gurpide E: Production of prolactin by cultures of  
cells from human decidua. J Clin Endocrinol Metab 55:511–515,  
1982.

References

1.	 Cooke NE, Coit D, Shine J, et al: Human prolactin. cDNA structural 
analysis and evolutionary comparisons. J Biol Chem 256:4007–4016, 
1981.

2.	 Horseman ND, Gregerson KA: Prolactin actions. J Mol Endocrinol 
52:R95–R106, 2014.

3.	 Halmi NS, Parsons JA, Erlandsen SL, et al: Prolactin and growth hormone 
cells in the human hypophysis: a study with immunoenzyme histo-
chemistry and differential staining. Cell Tissue Res 158:497–507, 1975.

4.	 Carriere C, Gleiberman A, Lin CR, et al: From panhypopituitarism 
to combined pituitary deficiencies: do we need the anterior pituitary? 
Rev Endocr Metab Disord 5:5–13, 2004.

5.	 Cohen LE, Radovick S: Molecular basis of combined pituitary hormone 
deficiencies. Endocr Rev 23:431–442, 2002.

6.	 Radovick S: Molecular mechanisms responsible for combined pituitary 
hormone deficiency. J Pediatr Endocrinol Metab 15(Suppl 5):1427–1428, 
2002.

7.	 Kelberman D, Rizzoti K, Lovell-Badge R, et al: Genetic regulation  
of pituitary gland development in human and mouse. Endocr Rev 
30:790–829, 2009.

8.	 Wells T: Redefining ancestral relationships in pituitary cell genealogy. 
Endocrinology 148:1943–1945, 2007.

9.	 Scheithauer BW, Sano T, Kovacs KT, et al: The pituitary gland in 
pregnancy: a clinicopathologic and immunohistochemical study of 69 
cases. Mayo Clin Proc 65:461–474, 1990.

10.	 Goluboff LG, Ezrin C: Effect of pregnancy on the somatotroph and 
the prolactin cell of the human adenohypophysis. J Clin Endocrinol 
Metab 29:1533–1538, 1969.

11.	 Owerbach D, Rutter WJ, Cooke NE, et al: The prolactin gene is located 
on chromosome 6 in humans. Science 212:815–816, 1981.

12.	 Truong AT, Duez C, Belayew A, et al: Isolation and characterization 
of the human prolactin gene. EMBO J 3:429–437, 1984.

13.	 Day RN, Maurer RA: Thyroid hormone-responsive elements of  
the prolactin gene: evidence for both positive and negative regulation. 
Mol Endocrinol 3:931–938, 1989.

14.	 Day RN, Maurer RA: The distal enhancer region of the rat prolactin 
gene contains elements conferring response to multiple hormones.  
Mol Endocrinol 3:3–9, 1989.

15.	 Schaufele F: Regulation of estrogen receptor activation of the prolactin 
enhancer/promoter by antagonistic activation function-2-interacting 
proteins. Mol Endocrinol 13:935–945, 1999.

16.	 Shull JD, Gorski J: Estrogen regulates the transcription of the rat 
prolactin gene in vivo through at least two independent mechanisms. 
Endocrinology 116:2456–2462, 1985.

17.	 Glass CK, Holloway JM, Devary OV, et al: The thyroid hormone 
receptor binds with opposite transcriptional effects to a common 
sequence motif in thyroid hormone and estrogen response elements. 
Cell 54:313–323, 1988.

18.	 Shull JD, Gorski J: The hormonal regulation of prolactin gene expression: 
an examination of mechanisms controlling prolactin synthesis and the 
possible relationship of estrogen to these mechanisms. Vitam Horm 
43:197–249, 1986.

19.	 Shull JD, Gorski J: Estrogen regulation of prolactin gene transcription 
in vivo: paradoxical effects of 17 beta-estradiol dose. Endocrinology 
124:279–285, 1989.

20.	 Shull JD, Gorski J: Regulation of prolactin gene transcription in vivo: 
interactions between estrogen, pimozide, and alpha-ergocryptine.  
Mol Pharmacol 37:215–221, 1990.

21.	 Elsholtz HP, Mangalam HJ, Potter E, et al: Two different cis-active 
elements transfer the transcriptional effects of both EGF and phorbol 
esters. Science 234:1552–1557, 1986.

22.	 Iverson RA, Day KH, d’Emden M, et al: Clustered point mutation analysis 
of the rat prolactin promoter. Mol Endocrinol 4:1564–1571, 1990.

23.	 Somasekhar MB, Gorski J: Two elements of the rat prolactin 5′ flanking 
region are required for its regulation by estrogen and glucocorticoids. 
Gene 69:13–21, 1988.

24.	 Liu JC, Baker RE, Sun C, et al: Activation of Go-coupled dopamine 
D2 receptors inhibits ERK1/ERK2 in pituitary cells. A key step in the 
transcriptional suppression of the prolactin gene. J Biol Chem 
277:35819–35825, 2002.

25.	 Lamberts SW, Macleod RM: Regulation of prolactin secretion at the 
level of the lactotroph. Physiol Rev 70:279–318, 1990.

26.	 Ishibashi M, Yamaji T: Mechanism of the inhibitory action of dopamine 
and somatostatin on prolactin secretion from human lactotrophs in 
culture. J Clin Endocrinol Metab 60:599–606, 1985.



74.e2	 PART 1  Endocrinology of Reproduction

74.	 St-Jean E, Blain F, Comtois R: High prolactin levels may be missed 
by immunoradiometric assay in patients with macroprolactinomas. 
Clin Endocrinol (Oxf) 44:305–309, 1996.

75.	 Leslie H, Courtney CH, Bell PM, et al: Laboratory and clinical experi-
ence in 55 patients with macroprolactinemia identified by a simple 
polyethylene glycol precipitation method. J Clin Endocrinol Metab 
86:2743–2746, 2001.

76.	 Suliman AM, Smith TP, Gibney J, et al: Frequent misdiagnosis  
and mismanagement of hyperprolactinemic patients before the  
introduction of macroprolactin screening: application of a new strict 
laboratory definition of macroprolactinemia. Clin Chem 49:1504–1509, 
2003.

77.	 Strachan MW, Teoh WL, Don-Wauchope AC, et al: Clinical and 
radiological features of patients with macroprolactinaemia. Clin 
Endocrinol (Oxf) 59:339–346, 2003.

78.	 Melmed S, Casanueva FF, Hoffman AR, et al: Diagnosis and treatment 
of hyperprolactinemia: an Endocrine Society clinical practice guideline. 
J Clin Endocrinol Metab 96:273–288, 2011.

79.	 Sturgeon CM, Viljoen A: Analytical error and interference in immunoas-
say: minimizing risk. Ann Clin Biochem 48:418–432, 2011.

80.	 Gulbahar O, Konca Degertekin C, Akturk M, et al: A case with 
immunoassay interferences in the measurement of multiple hormones. 
J Clin Endocrinol Metab 100:2147–2153, 2015.

81.	 Diamandis EP, Christopoulos TK: The biotin-(strept)avidin system: 
principles and applications in biotechnology. Clin Chem 37:625–636, 
1991.

82.	 Wijeratne NG, Doery JC, Lu ZX: Positive and negative interference 
in immunoassays following biotin ingestion: a pharmacokinetic study. 
Pathology 44:674–675, 2012.

83.	 Elston MS, Sehgal S, Du Toit S, et al: Factitious Graves’ disease due 
to biotin immunoassay interference-a case and review of the literature. 
J Clin Endocrinol Metab 101:3251–3255, 2016.

84.	 Greenspan SL, Klibanski A, Rowe JW, et al: Age alters pulsatile prolactin 
release: influence of dopaminergic inhibition. Am J Physiol 258:E799–
E804, 1990.

85.	 Veldhuis JD, Johnson ML: Operating characteristics of the hypothalamo-
pituitary-gonadal axis in men: circadian, ultradian, and pulsatile release 
of prolactin and its temporal coupling with luteinizing hormone. J Clin 
Endocrinol Metab 67:116–123, 1988.

86.	 Parker DC, Rossman LG, Vander Laan EF: Sleep-related, nychthermeral 
and briefly episodic variation in human plasma prolactin concentrations. 
J Clin Endocrinol Metab 36:1119–1124, 1973.

87.	 Carlson HE, Miglietta JT, Roginsky MS, et al: Stimulation of pituitary 
hormone secretion by neurotransmitter amino acids in humans. 
Metabolism 38:1179–1182, 1989.

88.	 Quigley ME, Ropert JF, Yen SS: Acute prolactin release triggered by 
feeding. J Clin Endocrinol Metab 52:1043–1045, 1981.

89.	 Poindexter AN, Buttram VC, Besch PK, et al: Circulating prolactin 
levels. I. Normal females. Int J Fertil 22:1–5, 1977.

90.	 Balint-Peric LA, Prelevic GM: Changes in prolactin levels with the 
menopause: the effects of estrogen/androgen and calcitonin treatment. 
Gynecol Endocrinol 11:275–280, 1997.

91.	 Iranmanesh A, Mulligan T, Veldhuis JD: Mechanisms subserving the 
physiological nocturnal relative hypoprolactinemia of healthy older 
men: dual decline in prolactin secretory burst mass and basal release 
with preservation of pulse duration, frequency, and interpulse interval—a 
general clinical research center study. J Clin Endocrinol Metab 
84:1083–1090, 1999.

92.	 Noel GL, Suh HK, Stone JG, et al: Human prolactin and growth 
hormone release during surgery and other conditions of stress. J Clin 
Endocrinol Metab 35:840–851, 1972.

93.	 Chang FE, Richards SR, Kim MH, et al: Twenty four-hour prolactin 
profiles and prolactin responses to dopamine in long distance running 
women. J Clin Endocrinol Metab 59:631–635, 1984.

94.	 Van den Berghe G, de Zegher F, Bouillon R: Clinical review 95: acute 
and prolonged critical illness as different neuroendocrine paradigms. 
J Clin Endocrinol Metab 83:1827–1834, 1998.

95.	 Tanner MJ, Hadlow NC, Wardrop R: Variation of female prolactin 
levels with menopausal status and phase of menstrual cycle. Aust N 
Z J Obstet Gynaecol 51:321–324, 2011.

96.	 Braund W, Roeger DC, Judd SJ: Synchronous secretion of luteinizing 
hormone and prolactin in the human luteal phase: neuroendocrine 
mechanisms. J Clin Endocrinol Metab 58:293–297, 1984.

97.	 Noel GL, Suh HK, Frantz AG: Prolactin release during nursing and 
breast stimulation in postpartum and nonpostpartum subjects. J Clin 
Endocrinol Metab 38:413–423, 1974.

51.	 Huang JR, Tseng L, Bischof P, et al: Regulation of prolactin production 
by progestin, estrogen, and relaxin in human endometrial stromal cells. 
Endocrinology 121:2011–2017, 1987.

52.	 Thrailkill KM, Golander A, Underwood LE, et al: Insulin-like growth 
factor I stimulates the synthesis and release of prolactin from human 
decidual cells. Endocrinology 123:2930–2934, 1988.

53.	 Thrailkill KM, Golander A, Underwood LE, et al: Insulin stimulates 
the synthesis and release of prolactin from human decidual cells. 
Endocrinology 124:3010–3014, 1989.

54.	 Bigazzi M, Ronga R, Lancranjan I, et al: A pregnancy in an acromegalic 
woman during bromocriptine treatment: effects on growth hormone 
and prolactin in the maternal, fetal, and amniotic compartments. J 
Clin Endocrinol Metab 48:9–12, 1979.

55.	 Bao L, Tessier C, Prigent-Tessier A, et al: Decidual prolactin silences 
the expression of genes detrimental to pregnancy. Endocrinology 
148:2326–2334, 2007.

56.	 Garzia E, Clauser R, Persani L, et al: Prolactin and proinflammatory 
cytokine expression at the fetomaternal interface in first trimester 
miscarriage. Fertil Steril 100:108–115, e1-e2, 2013.

57.	 Christensen HR, Murawsky MK, Horseman ND, et al: Completely 
humanizing prolactin rescues infertility in prolactin knockout mice 
and leads to human prolactin expression in extrapituitary mouse tissues. 
Endocrinology 154:4777–4789, 2013.

58.	 Ben-Jonathan N, Mershon JL, Allen DL, et al: Extrapituitary prolactin: 
distribution, regulation, functions, and clinical aspects. Endocr Rev 
17:639–669, 1996.

59.	 Brandebourg T, Hugo E, Ben-Jonathan N: Adipocyte prolactin: regulation 
of release and putative functions. Diabetes Obes Metab 9:464–476, 
2007.

60.	 Langan EA, Foitzik-Lau K, Goffin V, et al: Prolactin: an emerging force 
along the cutaneous-endocrine axis. Trends Endocrinol Metab 
21:569–577, 2010.

61.	 Ramot Y, Biro T, Tiede S, et al: Prolactin—a novel neuroendocrine 
regulator of human keratin expression in situ. FASEB J 24:1768–1779, 
2010.

62.	 Wennbo H, Gebre-Medhin M, Gritli-Linde A, et al: Activation of the 
prolactin receptor but not the growth hormone receptor is important 
for induction of mammary tumors in transgenic mice. J Clin Invest 
100:2744–2751, 1997.

63.	 Wennbo H, Kindblom J, Isaksson OG, et al: Transgenic mice overexpress-
ing the prolactin gene develop dramatic enlargement of the prostate 
gland. Endocrinology 138:4410–4415, 1997.

64.	 Vomachka AJ, Pratt SL, Lockefeer JA, et al: Prolactin gene-disruption 
arrests mammary gland development and retards T-antigen-induced 
tumor growth. Oncogene 19:1077–1084, 2000.

65.	 Nitze LM, Galsgaard ED, Din N, et al: Reevaluation of the proposed 
autocrine proliferative function of prolactin in breast cancer. Breast 
Cancer Res Treat 142:31–44, 2013.

66.	 Chakhtoura Z, Laki F, Bernadet M, et al: Gain-of-function prolactin 
receptor variants are not associated with breast cancer and multiple 
fibroadenoma risk. J Clin Endocrinol Metab 101:4449–4460, 2016.

67.	 Gu L, Liao Z, Hoang DT, et al: Pharmacologic inhibition of Jak2-Stat5 
signaling by Jak2 inhibitor AZD1480 potently suppresses growth of 
both primary and castrate-resistant prostate cancer. Clin Cancer Res 
19:5658–5674, 2013.

68.	 Damiano JS, Rendahl KG, Karim C, et al: Neutralization of prolactin 
receptor function by monoclonal antibody LFA102, a novel potential 
therapeutic for the treatment of breast cancer. Mol Cancer Ther 
12:295–305, 2013.

69.	 Damiano JS, Wasserman E: Molecular pathways: blockade of the  
PRLR signaling pathway as a novel antihormonal approach for the 
treatment of breast and prostate cancer. Clin Cancer Res 19:1644–1650, 
2013.

70.	 Smith TP, Kavanagh L, Healy ML, et al: Technology insight: measuring 
prolactin in clinical samples. Nat Clin Pract Endocrinol Metab 
3:279–289, 2007.

71.	 Fujimoto VY, Clifton DK, Cohen NL, et al: Variability of serum prolactin 
and progesterone levels in normal women: the relevance of single 
hormone measurements in the clinical setting. Obstet Gynecol 76:71–78, 
1990.

72.	 Barkan AL, Chandler WF: Giant pituitary prolactinoma with falsely 
low serum prolactin: the pitfall of the “high-dose hook effect”: case 
report. Neurosurgery 42:913–915, discussion 5-6, 1998.

73.	 do Carmo Dias Gontijo M, de Souza Vasconcellos L, Ribeiro-Oliveira 
A, Jr: Hook effect and linear range in prolactin assays: distinct confound-
ing entities. Pituitary 19:458–459, 2016.



	 CHAPTER 3  Prolactin and Its Role in Human Reproduction	  74.e3

123.	 Mezey E, Kiss JZ: Vasoactive intestinal peptide-containing neurons in 
the paraventricular nucleus may participate in regulating prolactin 
secretion. Proc Natl Acad Sci USA 82:245–247, 1985.

124.	 Itoh N, Obata K, Yanaihara N, et al: Human preprovasoactive intestinal 
polypeptide contains a novel PHI-27-like peptide, PHM-27. Nature 
304:547–549, 1983.

125.	 Arnaout MA, Garthwaite TL, Martinson DR, et al: Vasoactive intestinal 
polypeptide is synthesized in anterior pituitary tissue. Endocrinology 
119:2052–2057, 1986.

126.	 Carrillo AJ, Pool TB, Sharp ZD: Vasoactive intestinal peptide increases 
prolactin messenger ribonucleic acid content in GH3 cells. Endocrinology 
116:202–206, 1985.

127.	 Yiangou Y, Gill JS, Chrysanthou BJ, et al: Infusion of prepro-VIP 
derived peptides in man: effect on secretion of prolactin. Neuroendo-
crinology 48:615–618, 1988.

128.	 Hagen TC, Arnaout MA, Scherzer WJ, et al: Antisera to vasoactive 
intestinal polypeptide inhibit basal prolactin release from dispersed 
anterior pituitary cells. Neuroendocrinology 43:641–645, 1986.

129.	 Samson WK, Bianchi R, Mogg RJ, et al: Oxytocin mediates the 
hypothalamic action of vasoactive intestinal peptide to stimulate prolactin 
secretion. Endocrinology 124:812–819, 1989.

130.	 Sasaki A, Sato S, Go MG, et al: Distribution, plasma concentration, 
and in vivo prolactin-releasing activity of peptide histidine methionine 
in humans. J Clin Endocrinol Metab 65:683–688, 1987.

131.	 Lawson DM, Gala RR: The influence of adrenergic, dopaminergic, 
cholinergic and serotoninergic drugs on plasma prolactin levels in 
ovariectomized, estrogen-treated rats. Endocrinology 96:313–318, 1975.

132.	 Advis JP, Simpkins JW, Bennett J, et al: Serotonergic control of prolactin 
release in male rats. Life Sci 24:359–365, 1979.

133.	 Kato Y, Nakai Y, Imura H, et al: Effect of 5-hydroxytryptophan (5-HTP) 
on plasma prolactin levels in man. J Clin Endocrinol Metab 38:695–697, 
1974.

134.	 Golstein J, Vanhaelst L, Bruno OD, et al: Effect of cyproheptadine 
on thyrotrophin and prolactin secretion in normal man. Acta Endocrinol 
(Copenh) 92:205–213, 1979.

135.	 Lewis DA, Sherman BM: Serotonergic regulation of prolactin and 
growth hormone secretion in man. Acta Endocrinol (Copenh) 110: 
152–157, 1985.

136.	 Urban RJ, Veldhuis JD: A selective serotonin reuptake inhibitor, 
fluoxetine hydrochloride, modulates the pulsatile release of  
prolactin in postmenopausal women. Am J Obstet Gynecol 164:147–152, 
1991.

137.	 Van Vugt DA, Meites J: Influence of endogenous opiates on anterior 
pituitary function. Fed Proc 39:2533–2538, 1980.

138.	 Panerai AE, Petraglia F, Sacerdote P, et al: Mainly mu-opiate receptors 
are involved in luteinizing hormone and prolactin secretion. Endocrinology 
117:1096–1099, 1985.

139.	 Gudelsky GA, Porter JC: Morphine- and opioid peptide-induced 
inhibition of the release of dopamine from tuberoinfundibular neurons. 
Life Sci 25:1697–1702, 1979.

140.	 Tolis G, Hickey J, Guyda H: Effects of morphine on serum growth 
hormone, cortisol, prolactin and thyroid stimulating hormone in man. 
J Clin Endocrinol Metab 41:797–800, 1975.

141.	 Afrasiabi MA, Flomm M, Friedlander H, et al: Endocrine studies in 
heroin addicts. Psychoneuroendocrinology 4:145–153, 1979.

142.	 Snowden EU, Khan-Dawood FS, Dawood MY: The effect of naloxone 
on endogenous opioid regulation of pituitary gonadotropins and prolactin 
during the menstrual cycle. J Clin Endocrinol Metab 59:298–302, 
1984.

143.	 Morley JE, Baranetsky NG, Wingert TD, et al: Endocrine effects of 
naloxone-induced opiate receptor blockade. J Clin Endocrinol Metab 
50:251–257, 1980.

144.	 Goldman JA, Molitch ME, Thorner MO, et al: Growth hormone and 
prolactin responses to bolus and sustained infusions of GRH-1-40-OH 
in man. J Endocrinol Invest 10:397–406, 1987.

145.	 Fragoso J, Barrio R, Donnay S, et al: Chronic stimulation of basal 
prolactin (PRL) secretion by growth hormone releasing hormone 
(GHRH) in children with GH neurosecretory dysfunction. Horm Metab 
Res 22:53–54, 1990.

146.	 Herbert DC, Rennels EG: Effect of synthetic luteinizing hormone 
releasing hormone on prolactin secretion from clonal pituitary cells. 
Biochem Biophys Res Commun 79:133–138, 1977.

147.	 Cavagna M, Mantese JC, Freitas Gda C, et al: Pattern of prolactin 
secretion after administration of gonadotropin-releasing hormone agonist 
at the preovulatory phase of intrauterine insemination cycles. Sao Paulo 
Med J 123:295–297, 2005.

98.	 Modest GA, Fangman JJ: Nipple piercing and hyperprolactinemia.  
N Engl J Med 347:1626–1627, 2002.

99.	 Samuels MH, Henry P, Kleinschmidt-Demasters B, et al: Pulsatile 
prolactin secretion in hyperprolactinemia due to presumed pituitary 
stalk interruption. J Clin Endocrinol Metab 73:1289–1293, 1991.

100.	 Ben-Jonathan N, Hnasko R: Dopamine as a prolactin (PRL) inhibitor. 
Endocr Rev 22:724–763, 2001.

101.	 Gibbs DM, Neill JD: Dopamine levels in hypophysial stalk blood in 
the rat are sufficient to inhibit prolactin secretion in vivo. Endocrinology 
102:1895–1900, 1978.

102.	 Plotsky PM, Gibbs DM, Neill JD: Liquid chromatographic-electro-
chemical measurement of dopamine in hypophysial stalk blood of rats. 
Endocrinology 102:1887–1894, 1978.

103.	 de Greef WJ, Plotsky PM, Neill JD: Dopamine levels in hypophysial 
stalk plasma and prolactin levels in peripheral plasma of the lactating 
rat: effects of a simulated suckling stimulus. Neuroendocrinology 
32:229–233, 1981.

104.	 Neill JD, Frawley LS, Plotsky PM, et al: Dopamine in hypophysial 
stalk blood of the rhesus monkey and its role in regulating prolactin 
secretion. Endocrinology 108:489–494, 1981.

105.	 Kelly MA, Rubinstein M, Asa SL, et al: Pituitary lactotroph hyperplasia 
and chronic hyperprolactinemia in dopamine D2 receptor-deficient 
mice. Neuron 19:103–113, 1997.

106.	 Saiardi A, Bozzi Y, Baik JH, et al: Antiproliferative role of dopamine: 
loss of D2 receptors causes hormonal dysfunction and pituitary 
hyperplasia. Neuron 19:115–126, 1997.

107.	 Hnasko TS, Hnasko RM, Sotak BN, et al: Genetic disruption of 
dopamine production results in pituitary adenomas and severe prolac-
tinemia. Neuroendocrinology 86:48–57, 2007.

108.	 Leblanc H, Lachelin GC, Abu-Fadil S, et al: Effects of dopamine 
infusion on pituitary hormone secretion in humans. J Clin Endocrinol 
Metab 43:668–674, 1976.

109.	 Serri O, Kuchel O, Buu NT, et al: Differential effects of a low dose 
dopamine infusion on prolactin secretion in normal and hyperprolac-
tinemic subjects. J Clin Endocrinol Metab 56:255–259, 1983.

110.	 Judd SJ, Rakoff JS, Yen SS: Inhibition of gonadotropin and prolactin 
release by dopamine: effect of endogenous estradiol levels. J Clin 
Endocrinol Metab 47:494–498, 1978.

111.	 Pollock A, McLaren EH: Serum prolactin concentration in patients 
taking neuroleptic drugs. Clin Endocrinol (Oxf) 49:513–516, 1998.

112.	 Phelps CJ, Horseman ND: Prolactin gene disruption does not com-
promise differentiation of tuberoinfundibular dopaminergic neurons. 
Neuroendocrinology 72:2–10, 2000.

113.	 Nikolics K, Mason AJ, Szonyi E, et al: A prolactin-inhibiting factor 
within the precursor for human gonadotropin-releasing hormone. Nature 
316:511–517, 1985.

114.	 Phillips HS, Nikolics K, Branton D, et al: Immunocytochemical localization 
in rat brain of a prolactin release-inhibiting sequence of gonadotropin-
releasing hormone prohormone. Nature 316:542–545, 1985.

115.	 Catalano PN, Bonaventura MM, Silveyra P, et al: GABA(B1) knockout 
mice reveal alterations in prolactin levels, gonadotropic axis, and 
reproductive function. Neuroendocrinology 82:294–305, 2005.

116.	 Noel GL, Dimond RC, Wartofsky L, et al: Studies of prolactin and 
TSH secretion by continuous infusion of small amounts of thyrotropin-
releasing hormone (TRH). J Clin Endocrinol Metab 39:6–17, 1974.

117.	 Tashjian AH, Jr, Barowsky NJ, Jensen DK: Thyrotropin releasing 
hormone: direct evidence for stimulation of prolactin production by 
pituitary cells in culture. Biochem Biophys Res Commun 43:516–523, 
1971.

118.	 Yamada M, Saga Y, Shibusawa N, et al: Tertiary hypothyroidism and 
hyperglycemia in mice with targeted disruption of the thyrotropin-
releasing hormone gene. Proc Natl Acad Sci USA 94:10862–10867, 
1997.

119.	 Gautvik KM, Tashjian AH, Jr, Kourides IA, et al: Thyrotropin-releasing 
hormone is not the sole physiologic mediator of prolactin release during 
suckling. N Engl J Med 290:1162–1165, 1974.

120.	 L’Hermite M, Robyn C, Golstein J, et al: Prolactin and thyrotropin in 
thyroid diseases: lack of evidence for a physiological role of thyrotropin-
releasing hormone in the regulation of prolactin secretion. Horm Metab 
Res 6:190–195, 1974.

121.	 Jacobs LS, Snyder PJ, Utiger RD, et al: Prolactin response to thyrotropin 
releasing hormone in normal subjects. J Clin Endocrinol Metab 
36:1069–1073, 1973.

122.	 Snyder PJ, Jacobs LS, Utiger RD, et al: Thyroid hormone inhibition 
of the prolactin response to thyrotropin-releasing hormone. J Clin 
Invest 52:2324–2329, 1973.



74.e4	 PART 1  Endocrinology of Reproduction

176.	 Klibanski A, Beitins IZ, Merriam GR, et al: Gonadotropin and prolactin 
pulsations in hyperprolactinemic women before and during bromocriptine 
therapy. J Clin Endocrinol Metab 58:1141–1147, 1984.

177.	 Winters SJ, Troen P: Altered pulsatile secretion of luteinizing hormone 
in hypogonadal men with hyperprolactinaemia. Clin Endocrinol (Oxf) 
21:257–263, 1984.

178.	 Scoccia B, Schneider AB, Marut EL, et al: Pathological hyperprolac-
tinemia suppresses hot flashes in menopausal women. J Clin Endocrinol 
Metab 66:868–871, 1988.

179.	 Grattan DR, Jasoni CL, Liu X, et al: Prolactin regulation of gonadotropin-
releasing hormone neurons to suppress luteinizing hormone secretion 
in mice. Endocrinology 148:4344–4351, 2007.

180.	 Sonigo C, Bouilly J, Carre N, et al: Hyperprolactinemia-induced ovarian 
acyclicity is reversed by kisspeptin administration. J Clin Invest 
122:3791–3795, 2012.

181.	 Araujo-Lopes R, Crampton JR, Aquino NS, et al: Prolactin regulates 
kisspeptin neurons in the arcuate nucleus to suppress LH secretion in 
female rats. Endocrinology 155:1010–1020, 2014.

182.	 Fox SR, Hoefer MT, Bartke A, et al: Suppression of pulsatile LH 
secretion, pituitary GnRH receptor content and pituitary responsiveness 
to GnRH by hyperprolactinemia in the male rat. Neuroendocrinology 
46:350–359, 1987.

183.	 Klibanski A, Beitins IZ, Zervas NT, et al: alpha-Subunit and gonadotropin 
responses to luteinizing hormone-releasing hormone in hyperprolac-
tinemic women before and after bromocriptine. J Clin Endocrinol 
Metab 56:774–780, 1983.

184.	 Glass MR, Shaw RW, Butt WR, et al: An abnormality of oestrogen 
feedback in amenorrhoea-galactorrhoea. Br Med J 3:274–275, 1975.

185.	 McNeilly AS, Glasier A, Jonassen J, et al: Evidence for direct inhibition 
of ovarian function by prolactin. J Reprod Fertil 65:559–569, 1982.

186.	 Feltus FA, Groner B, Melner MH: Stat5-mediated regulation of the 
human type II 3beta-hydroxysteroid dehydrogenase/delta5-delta4 
isomerase gene: activation by prolactin. Mol Endocrinol 13:1084–1093, 
1999.

187.	 McNatty KP, Sawers RS, McNeilly AS: A possible role for prolactin 
in control of steroid secretion by the human Graafian follicle. Nature 
250:653–655, 1974.

188.	 Schulz KD, Geiger W, del Pozo E, et al: Pattern of sexual steroids, 
prolactin, and gonadotropic hormones during prolactin inhibition in 
normally cycling women. Am J Obstet Gynecol 132:561–566,  
1978.

189.	 del Pozo E, Wyss H, Tollis G, et al: Prolactin and deficient luteal 
function. Obstet Gynecol 53:282–286, 1979.

190.	 Dorrington JH, Gore-Langton RE: Antigonadal action of prolactin: 
further studies on the mechanism of inhibition of follicle-stimulating 
hormone-induced aromatase activity in rat granulosa cell cultures. 
Endocrinology 110:1701–1707, 1982.

191.	 Krasnow JS, Hickey GJ, Richards JS: Regulation of aromatase mRNA 
and estradiol biosynthesis in rat ovarian granulosa and luteal cells by 
prolactin. Mol Endocrinol 4:13–12, 1990.

192.	 Demura R, Ono M, Demura H, et al: Prolactin directly inhibits basal 
as well as gonadotropin-stimulated secretion of progesterone and 17 
beta-estradiol in the human ovary. J Clin Endocrinol Metab 54:1246–
1250, 1982.

193.	 Post KD, Biller BJ, Adelman LS, et al: Selective transsphenoidal adeno-
mectomy in women with galactorrhea-amenorrhea. JAMA 242:158–162, 
1979.

194.	 Kemmann E, Jones JR: Hyperprolactinemia and primary amenorrhea. 
Obstet Gynecol 54:692–694, 1979.

195.	 Sharma N, Baliarsingh S, Kaushik GG: Biochemical association of 
hyperprolactinemia with hypothyroidism in infertile women. Clin Lab 
58:805–810, 2012.

196.	 Skrabanek P, McDonald D, de Valera E, et al: Plasma prolactin in 
amenorrhoea, infertility, and other disorders: a retrospective study of 
608 patients. Ir J Med Sci 149:236–245, 1980.

197.	 Huang KE, Bonfiglio TA, Muechler EK: Transient hyperprolactinemia 
in infertile women with luteal phase deficiency. Obstet Gynecol 
78:651–655, 1991.

198.	 Ben-David M, Schenker JG: Transient hyperprolactinemia: a correctable 
cause of idiopathic female infertility. J Clin Endocrinol Metab 
57:442–444, 1983.

199.	 Falaschi P, del Pozo E, Rocco A, et al: Prolactin release in polycystic 
ovary. Obstet Gynecol 55:579–582, 1980.

200.	 Azziz R, Woods KS, Reyna R, et al: The prevalence and features of 
the polycystic ovary syndrome in an unselected population. J Clin 
Endocrinol Metab 89:2745–2749, 2004.

148.	 Mais V, Melis GB, Paoletti AM, et al: Prolactin-releasing action of a 
low dose of exogenous gonadotropin-releasing hormone throughout 
the human menstrual cycle. Neuroendocrinology 44:326–330, 1986.

149.	 Gooren LJ, Harmsen-Louman W, van Bergeyk L, et al: Studies on the 
prolactin-releasing capacity of luteinizing hormone releasing hormone 
in male subjects. Exp Clin Endocrinol 86:300–304, 1985.

150.	 Gooren LJ, Harmsen-Louman W, van Kessel H: Follow-up of prolactin 
levels in long-term oestrogen-treated male-to-female transsexuals with 
regard to prolactinoma induction. Clin Endocrinol (Oxf) 22:201–207, 
1985.

151.	 Kennett JE, McKee DT: Oxytocin: an emerging regulator of prolactin 
secretion in the female rat. J Neuroendocrinol 24:403–412, 2012.

152.	 McKee DT, Poletini MO, Bertram R, et al: Oxytocin action at the 
lactotroph is required for prolactin surges in cervically stimulated 
ovariectomized rats. Endocrinology 148:4649–4657, 2007.

153.	 Chiodera P, Volpi R, Capretti L, et al: Oxytocin enhances the prolactin 
response to vasoactive intestinal polypeptide in healthy women. Fertil 
Steril 70:541–543, 1998.

154.	 Hinuma S, Habata Y, Fujii R, et al: A prolactin-releasing peptide in 
the brain. Nature 393:272–276, 1998.

155.	 Lin SH: Prolactin-releasing peptide. Results Probl Cell Differ 46:57–88, 
2008.

156.	 Goffin V, Binart N, Touraine P, et al: Prolactin: the new biology of an 
old hormone. Annu Rev Physiol 64:47–67, 2002.

157.	 Harris J, Stanford PM, Oakes SR, et al: Prolactin and the prolactin 
receptor: new targets of an old hormone. Ann Med 36:414–425, 2004.

158.	 Brooks CL: Molecular mechanisms of prolactin and its receptor. Endocr 
Rev 33:504–525, 2012.

159.	 Hu ZZ, Zhuang L, Meng J, et al: The human prolactin receptor gene 
structure and alternative promoter utilization: the generic promoter 
hPIII and a novel human promoter hP(N). J Clin Endocrinol Metab 
84:1153–1156, 1999.

160.	 Arden KC, Boutin JM, Djiane J, et al: The receptors for prolactin and 
growth hormone are localized in the same region of human chromosome 
5. Cytogenet Cell Genet 53:161–165, 1990.

161.	 Trott JF, Hovey RC, Koduri S, et al: Multiple new isoforms of the 
human prolactin receptor gene. Adv Exp Med Biol 554:495–499, 2004.

162.	 Dagil R, Knudsen MJ, Olsen JG, et al: The WSXWS motif in cytokine 
receptors is a molecular switch involved in receptor activation: insight 
from structures of the prolactin receptor. Structure 20:270–282, 2012.

163.	 Kelly PA, Djiane J, Postel-Vinay MC, et al: The prolactin/growth 
hormone receptor family. Endocr Rev 12:235–251, 1991.

164.	 Gadd SL, Clevenger CV: Ligand-independent dimerization of the human 
prolactin receptor isoforms: functional implications. Mol Endocrinol 
20:2734–2746, 2006.

165.	 Berlanga JJ, Gualillo O, Buteau H, et al: Prolactin activates tyrosyl 
phosphorylation of insulin receptor substrate 1 and phosphatidylinositol-
3-OH kinase. J Biol Chem 272:2050–2052, 1997.

166.	 Brisken C, Kaur S, Chavarria TE, et al: Prolactin controls mammary 
gland development via direct and indirect mechanisms. Dev Biol 
210:96–106, 1999.

167.	 Fata JE, Kong YY, Li J, et al: The osteoclast differentiation factor 
osteoprotegerin-ligand is essential for mammary gland development. 
Cell 103:41–50, 2000.

168.	 Hovey RC, Harris J, Hadsell DL, et al: Local insulin-like growth factor-II 
mediates prolactin-induced mammary gland development. Mol 
Endocrinol 17:460–471, 2003.

169.	 Trott JF, Vonderhaar BK, Hovey RC: Historical perspectives of prolactin 
and growth hormone as mammogens, lactogens and galactagogues— 
agog for the future! J Mammary Gland Biol Neoplasia 13:3–11,  
2008.

170.	 Martin RH, Glass MR, Chapman C, et al: Human alpha-lactalbumin 
and hormonal factors in pregnancy and lactation. Clin Endocrinol (Oxf) 
13:223–230, 1980.

171.	 Weinstein D, Ben-David M, Polishuk WZ: Serum prolactin and  
the suppression of lactation. Br J Obstet Gynaecol 83:679–682,  
1976.

172.	 Sakiyama R, Quan M: Galactorrhea and hyperprolactinemia. Obstet 
Gynecol Surv 38:689–700, 1983.

173.	 Molitch ME, Reichlin S: Hyperprolactinemic disorders. Dis Mon 28:1–58, 
1982.

174.	 Horseman ND, Zhao W, Montecino-Rodriguez E, et al: Defective 
mammopoiesis, but normal hematopoiesis, in mice with a targeted 
disruption of the prolactin gene. EMBO J 16:6926–6935, 1997.

175.	 Kauppila A, Martikainen H, Puistola U, et al: Hypoprolactinemia and 
ovarian function. Fertil Steril 49:437–441, 1988.



	 CHAPTER 3  Prolactin and Its Role in Human Reproduction	  74.e5

229.	 Rivera JL, Lal S, Ettigi P, et al: Effect of acute and chronic neuroleptic 
therapy on serum prolactin levels in men and women of different age 
groups. Clin Endocrinol (Oxf) 5:273–282, 1976.

230.	 Molitch ME: Drugs and prolactin. Pituitary 11:209–218, 2008.
231.	 Lee BH, Kim YK, Park SH: Using aripiprazole to resolve antipsychotic-

induced symptomatic hyperprolactinemia: a pilot study. Prog Neuro-
psychopharmacol Biol Psychiatry 30:714–717, 2006.

232.	 Yasui-Furukori N, Furukori H, Sugawara N, et al: Dose-dependent 
effects of adjunctive treatment with aripiprazole on hyperprolactinemia 
induced by risperidone in female patients with schizophrenia. J Clin 
Psychopharmacol 30:596–599, 2010.

233.	 Chen JX, Su YA, Bian QT, et al: Adjunctive aripiprazole in the treatment 
of risperidone-induced hyperprolactinemia: a randomized, double-blind, 
placebo-controlled, dose-response study. Psychoneuroendocrinology 
58:130–140, 2015.

234.	 Slater SL, Lipper S, Shiling DJ, et al: Elevation of plasma-prolactin 
by monoamine-oxidase inhibitors. Lancet 2:275–276, 1977.

235.	 Peterson MC: Reversible galactorrhea and prolactin elevation related 
to fluoxetine use. Mayo Clin Proc 76:215–216, 2001.

236.	 Mendelson JH, Mello NK, Teoh SK, et al: Cocaine effects on pulsatile 
secretion of anterior pituitary, gonadal, and adrenal hormones. J Clin 
Endocrinol Metab 69:1256–1260, 1989.

237.	 Hutchinson J, Murphy M, Harries R, et al: Galactorrhoea and hyper-
prolactinaemia associated with protease-inhibitors. Lancet 356:1003–
1004, 2000.

238.	 Romeo JH, Dombrowski R, Kwak YS, et al: Hyperprolactinaemia and 
verapamil: prevalence and potential association with hypogonadism in 
men. Clin Endocrinol (Oxf) 45:571–575, 1996.

239.	 Karavitaki N, Thanabalasingham G, Shore HC, et al: Do the limits of 
serum prolactin in disconnection hyperprolactinaemia need re-definition? 
A study of 226 patients with histologically verified non-functioning 
pituitary macroadenoma. Clin Endocrinol (Oxf) 65:524–529, 2006.

240.	 Hong JW, Lee MK, Kim SH, et al: Discrimination of prolactinoma 
from hyperprolactinemic non-functioning adenoma. Endocrine 37: 
140–147, 2010.

241.	 Agha A, Sherlock M, Brennan S, et al: Hypothalamic-pituitary dysfunc-
tion after irradiation of nonpituitary brain tumors in adults. J Clin 
Endocrinol Metab 90:6355–6360, 2005.

242.	 Pai HH, Thornton A, Katznelson L, et al: Hypothalamic/pituitary 
function following high-dose conformal radiotherapy to the base of 
skull: demonstration of a dose-effect relationship using dose-volume 
histogram analysis. Int J Radiat Oncol Biol Phys 49:1079–1092, 2001.

243.	 Hekimsoy Z, Kafesciler S, Guclu F, et al: The prevalence of hyperp-
rolactinaemia in overt and subclinical hypothyroidism. Endocr J 
57:1011–1015, 2010.

244.	 Stryker TD, Molitch ME: Reversible hyperthyrotropinemia, hyperthy-
roxinemia, and hyperprolactinemia due to adrenal insufficiency. Am J 
Med 79:271–276, 1985.

245.	 Kelver ME, Nagamani M: Hyperprolactinemia in primary adrenocortical 
insufficiency. Fertil Steril 44:423–425, 1985.

246.	 Hou SH, Grossman S, Molitch ME: Hyperprolactinemia in patients 
with renal insufficiency and chronic renal failure requiring hemodialysis 
or chronic ambulatory peritoneal dialysis. Am J Kidney Dis 6:245–249, 
1985.

247.	 Corenblum B, Shaffer EA: Hyperprolactinemia in hepatic encephalopathy 
may result from impaired central dopaminergic neurotransmission. 
Horm Metab Res 21:675–677, 1989.

248.	 Wang YH, Huang TS, Lien IN: Hormone changes in men with spinal 
cord injuries. Am J Phys Med Rehabil 71:328–332, 1992.

249.	 Palmer PE, Bogojavlensky S, Bhan AK, et al: Prolactinoma in wall of 
ovarian dermoid cyst with hyperprolactinemia. Obstet Gynecol 
75:540–543, 1990.

250.	 Hoffman WH, Gala RR, Kovacs K, et al: Ectopic prolactin secretion 
from a gonadoblastoma. Cancer 60:2690–2695, 1987.

251.	 Stanisic TH, Donovan J: Prolactin secreting renal cell carcinoma. J 
Urol 136:85–86, 1986.

252.	 Newey PJ, Gorvin CM, Cleland SJ, et al: Mutant prolactin receptor 
and familial hyperprolactinemia. N Engl J Med 369:2012–2020, 2013.

253.	 Schlechte J, Dolan K, Sherman B, et al: The natural history of untreated 
hyperprolactinemia: a prospective analysis. J Clin Endocrinol Metab 
68:412–418, 1989.

254.	 Pontiroli AE, Falsetti L: Development of pituitary adenoma in women 
with hyperprolactinaemia: clinical, endocrine, and radiological charac-
teristics. Br Med J (Clin Res Ed) 288:515–518, 1984.

255.	 Martin TL, Kim M, Malarkey WB: The natural history of idiopathic 
hyperprolactinemia. J Clin Endocrinol Metab 60:855–858, 1985.

201.	 Steger RW, Chandrashekar V, Zhao W, et al: Neuroendocrine and 
reproductive functions in male mice with targeted disruption of the 
prolactin gene. Endocrinology 139:3691–3695, 1998.

202.	 Oseko F, Nakano A, Morikawa K, et al: Effects of chronic bromocriptine-
induced hypoprolactinemia on plasma testosterone responses to human 
chorionic gonadotropin stimulation in normal men. Fertil Steril 55:355– 
357, 1991.

203.	 Desai RB, Sheth AR, Purandare TV, et al: Effect of prolactin on car-
bohydrate metabolism in human semen. Indian J Exp Biol 14:320–322, 
1976.

204.	 Shah GV, Desai RB, Sheth AR: Effect of prolactin on metabolism of 
human spermatozoa. Fertil Steril 27:1292–1294, 1976.

205.	 Carter JN, Tyson JE, Tolis G, et al: Prolactin-screening tumors and 
hypogonadism in 22 men. N Engl J Med 299:847–852, 1978.

206.	 Spark RF, Wills CA, O’Reilly G, et al: Hyperprolactinaemia in males 
with and without pituitary macroadenomas. Lancet 2:129–132, 1982.

207.	 Ambrosi B, Gaggini M, Travaglini P, et al: Hypothalamic-pituitary-
testicular function in men with PRL-secreting tumors. J Endocrinol 
Invest 4:309–315, 1981.

208.	 Leonard MP, Nickel CJ, Morales A: Hyperprolactinemia and impotence: 
why, when and how to investigate. J Urol 142:992–994, 1989.

209.	 Corona G, Mannucci E, Fisher AD, et al: Effect of hyperprolactinemia 
in male patients consulting for sexual dysfunction. J Sex Med 
4:1485–1493, 2007.

210.	 Hargreave TB, Richmond JD, Liakatas J, et al: Searching for the infertile 
man with hyperprolactinemia. Fertil Steril 36:630–632, 1981.

211.	 Walia R, Bhansali A, Dutta P, et al: Recovery pattern of hypothalamo-
pituitary-testicular axis in patients with macroprolactinomas after 
treatment with cabergoline. Indian J Med Res 134:314–319, 2011.

212.	 De Rosa M, Zarrilli S, Vitale G, et al: Six months of treatment with 
cabergoline restores sexual potency in hyperprolactinemic males: an 
open longitudinal study monitoring nocturnal penile tumescence.  
J Clin Endocrinol Metab 89:621–625, 2004.

213.	 Carter JN, Tyson JE, Warne GL, et al: Adrenocortical function in 
hyperprolactinemic women. J Clin Endocrinol Metab 45:973–980, 
1977.

214.	 Parker LN, Chang S, Odell WD: Adrenal androgens in patients with 
chronic marked elevation of prolactin. Clin Endocrinol (Oxf) 8:1–5, 
1978.

215.	 Clement-Lacroix P, Ormandy C, Lepescheux L, et al: Osteoblasts are 
a new target for prolactin: analysis of bone formation in prolactin 
receptor knockout mice. Endocrinology 140:96–105, 1999.

216.	 Klibanski A, Neer RM, Beitins IZ, et al: Decreased bone density in 
hyperprolactinemic women. N Engl J Med 303:1511–1514, 1980.

217.	 Schlechte JA, Sherman B, Martin R: Bone density in amenorrheic 
women with and without hyperprolactinemia. J Clin Endocrinol Metab 
56:1120–1123, 1983.

218.	 Mazziotti G, Mancini T, Mormando M, et al: High prevalence of 
radiological vertebral fractures in women with prolactin-secreting 
pituitary adenomas. Pituitary 14:299–306, 2011.

219.	 Greenspan SL, Oppenheim DS, Klibanski A: Importance of gonadal 
steroids to bone mass in men with hyperprolactinemic hypogonadism. 
Ann Intern Med 110:526–531, 1989.

220.	 Mazziotti G, Porcelli T, Mormando M, et al: Vertebral fractures in 
males with prolactinoma. Endocrine 39:288–293, 2011.

221.	 Klibanski A, Greenspan SL: Increase in bone mass after treatment of 
hyperprolactinemic amenorrhea. N Engl J Med 315:542–546, 1986.

222.	 Klibanski A, Biller BM, Rosenthal DI, et al: Effects of prolactin and 
estrogen deficiency in amenorrheic bone loss. J Clin Endocrinol Metab 
67:124–130, 1988.

223.	 Mukherjee A, Murray RD, Columb B, et al: Acquired prolactin deficiency 
indicates severe hypopituitarism in patients with disease of the 
hypothalamic-pituitary axis. Clin Endocrinol (Oxf) 59:743–748, 2003.

224.	 Shahmanesh M, Ali Z, Pourmand M, et al: Pituitary function tests in 
Sheehan’s syndome. Clin Endocrinol (Oxf) 12:303–311, 1980.

225.	 Kauppila A, Chatelain P, Kirkinen P, et al: Isolated prolactin deficiency 
in a woman with puerperal alactogenesis. J Clin Endocrinol Metab 
64:309–312, 1987.

226.	 Powe CE, Allen M, Puopolo KM, et al: Recombinant human prolactin 
for the treatment of lactation insufficiency. Clin Endocrinol (Oxf) 
73:645–653, 2010.

227.	 Biller BM, Luciano A, Crosignani PG, et al: Guidelines for the diagnosis 
and treatment of hyperprolactinemia. J Reprod Med 44:1075–1084, 
1999.

228.	 Klibanski A: Clinical practice. Prolactinomas. N Engl J Med 362: 
1219–1226, 2010.



74.e6	 PART 1  Endocrinology of Reproduction

284.	 Daly AF, Jaffrain-Rea ML, Ciccarelli A, et al: Clinical characterization 
of familial isolated pituitary adenomas. J Clin Endocrinol Metab 
91:3316–3323, 2006.

285.	 Daly AF, Tichomirowa MA, Petrossians P, et al: Clinical characteristics 
and therapeutic responses in patients with germ-line AIP mutations 
and pituitary adenomas: an international collaborative study. J Clin 
Endocrinol Metab 95:E373–E383, 2010.

286.	 Vroonen L, Jaffrain-Rea ML, Petrossians P, et al: Prolactinomas resistant 
to standard doses of cabergoline: a multicenter study of 92 patients. 
Eur J Endocrinol 167:651–662, 2012.

287.	 Vasilev V, Daly AF, Vroonen L, et al: Resistant prolactinomas. J Endocrinol 
Invest 34:312–316, 2011.

288.	 Shimazu S, Shimatsu A, Yamada S, et al: Resistance to dopamine 
agonists in prolactinoma is correlated with reduction of dopamine D2 
receptor long isoform mRNA levels. Eur J Endocrinol 166:383–390, 
2012.

289.	 Li Z, Liu Q, Li C, et al: The role of TGF-beta/Smad signaling in 
dopamine agonist-resistant prolactinomas. Mol Cell Endocrinol 
402:64–71, 2015.

290.	 Recouvreux MV, Camilletti MA, Rifkin DB, et al: The pituitary 
TGFbeta1 system as a novel target for the treatment of resistant 
prolactinomas. J Endocrinol 228:R73–R83, 2016.

291.	 Asa SL: Practical pituitary pathology: what does the pathologist need 
to know? Arch Pathol Lab Med 132:1231–1240, 2008.

292.	 Horvath E, Kovacs K, Singer W, et al: Acidophil stem cell adenoma 
of the human pituitary: clinicopathologic analysis of 15 cases. Cancer 
47:761–771, 1981.

293.	 Zhang RC, Mu YF, Dong J, et al: Complex effects of apoplexy secondary 
to pituitary adenoma. Rev Neurosci 28(1):59–64, 2016.

294.	 Melen O: Neuro-ophthalmologic features of pituitary tumors. Endocrinol 
Metab Clin North Am 16:585–608, 1987.

295.	 Anderson JR, Antoun N, Burnet N, et al: Neurology of the pituitary 
gland. J Neurol Neurosurg Psychiatry 66:703–721, 1999.

296.	 Molitch ME, Cowen L, Stadiem R, et al: Tumors invading the cavernous 
sinus that cause internal carotid artery compression are rarely pituitary 
adenomas. Pituitary 15:598–600, 2012.

297.	 King LW, Molitch ME, Gittinger JW, Jr, et al: Cavernous sinus syndrome 
due to prolactinoma: resolution with bromocriptine. Surg Neurol 
19:280–284, 1983.

298.	 Minniti G, Jaffrain-Rea ML, Santoro A, et al: Giant prolactinomas 
presenting as skull base tumors. Surg Neurol 57:99–103, discussion 
-4, 2002.

299.	 Corsello SM, Ubertini G, Altomare M, et al: Giant prolactinomas in 
men: efficacy of cabergoline treatment. Clin Endocrinol (Oxf) 
58:662–670, 2003.

300.	 Di Iorgi N, Napoli F, Allegri AE, et al: Diabetes insipidus—diagnosis 
and management. Horm Res Paediatr 77:69–84, 2012.

301.	 Kristof RA, Rother M, Neuloh G, et al: Incidence, clinical manifestations, 
and course of water and electrolyte metabolism disturbances following 
transsphenoidal pituitary adenoma surgery: a prospective observational 
study. J Neurosurg 111:555–562, 2009.

302.	 Gillam MP, Molitch ME, Lombardi G, et al: Advances in the treatment 
of prolactinomas. Endocr Rev 27:485–534, 2006.

303.	 Delgrange E, Trouillas J, Maiter D, et al: Sex-related difference in the 
growth of prolactinomas: a clinical and proliferation marker study. J 
Clin Endocrinol Metab 82:2102–2107, 1997.

304.	 Steele CA, MacFarlane IA, Blair J, et al: Pituitary adenomas in childhood, 
adolescence and young adulthood: presentation, management, endocrine 
and metabolic outcomes. Eur J Endocrinol 163:515–522, 2010.

305.	 Colao A, Loche S, Cappa M, et al: Prolactinomas in children and 
adolescents. Clinical presentation and long-term follow-up. J Clin 
Endocrinol Metab 83:2777–2780, 1998.

306.	 Colao A, Di Somma C, Loche S, et al: Prolactinomas in adolescents: 
persistent bone loss after 2 years of prolactin normalization. Clin 
Endocrinol (Oxf) 52:319–327, 2000.

307.	 Testa G, Vegetti W, Motta T, et al: Two-year treatment with oral 
contraceptives in hyperprolactinemic patients. Contraception 58:69–73, 
1998.

308.	 Corenblum B, Donovan L: The safety of physiological estrogen plus 
progestin replacement therapy and with oral contraceptive therapy in 
women with pathological hyperprolactinemia. Fertil Steril 59:671–673, 
1993.

309.	 Hofle G, Gasser R, Mohsenipour I, et al: Surgery combined with 
dopamine agonists versus dopamine agonists alone in long-term treatment 
of macroprolactinoma: a retrospective study. Exp Clin Endocrinol 
Diabetes 106:211–216, 1998.

256.	 Sluijmer AV, Lappohn RE: Clinical history and outcome of 59 patients 
with idiopathic hyperprolactinemia. Fertil Steril 58:72–77, 1992.

257.	 Bayrak A, Saadat P, Mor E, et al: Pituitary imaging is indicated for the 
evaluation of hyperprolactinemia. Fertil Steril 84:181–185, 2005.

258.	 Livshits A, Kravarusic J, Chuang E, et al: Pituitary tumors in MEN1: 
do not be misled by borderline elevated prolactin levels. Pituitary 
19:601–604, 2016.

259.	 Ciccarelli A, Daly AF, Beckers A: The epidemiology of prolactinomas. 
Pituitary 8:3–6, 2005.

260.	 Daly AF, Rixhon M, Adam C, et al: High prevalence of pituitary adeno-
mas: a cross-sectional study in the province of Liege, Belgium. J Clin 
Endocrinol Metab 91:4769–4775, 2006.

261.	 Fernandez A, Karavitaki N, Wass JA: Prevalence of pituitary adenomas: 
a community-based, cross-sectional study in Banbury (Oxfordshire, 
UK). Clin Endocrinol (Oxf) 72:377–382, 2010.

262.	 Fontana E, Gaillard R: Epidemiology of pituitary adenoma: results of 
the first Swiss study]. Rev Med Suisse 5:2172–2174, 2009.

263.	 Raappana A, Koivukangas J, Ebeling T, et al: Incidence of pituitary 
adenomas in Northern Finland in 1992–2007. J Clin Endocrinol Metab 
95:4268–4275, 2010.

264.	 Agustsson TT, Baldvinsdottir T, Jonasson JG, et al: The epidemiology 
of pituitary adenomas in Iceland, 1955–2012: a nationwide population-
based study. Eur J Endocrinol 173:655–664, 2015.

265.	 Molitch ME: Nonfunctioning pituitary tumors and pituitary inciden-
talomas. Endocrinol Metab Clin North Am 37:151–171, xi, 2008.

266.	 Hall WA, Luciano MG, Doppman JL, et al: Pituitary magnetic resonance 
imaging in normal human volunteers: occult adenomas in the general 
population. Ann Intern Med 120:817–820, 1994.

267.	 Katzman GL, Dagher AP, Patronas NJ: Incidental findings on brain 
magnetic resonance imaging from 1000 asymptomatic volunteers. JAMA 
282:36–39, 1999.

268.	 Buurman H, Saeger W: Subclinical adenomas in postmortem pituitaries: 
classification and correlations to clinical data. Eur J Endocrinol 
154:753–758, 2006.

269.	 March CM, Kletzky OA, Davajan V, et al: Longitudinal evaluation of 
patients with untreated prolactin-secreting pituitary adenomas. Am J 
Obstet Gynecol 139:835–844, 1981.

270.	 Weiss MH, Teal J, Gott P, et al: Natural history of microprolactinomas: 
six-year follow-up. Neurosurgery 12:180–183, 1983.

271.	 Sisam DA, Sheehan JP, Sheeler LR: The natural history of untreated 
microprolactinomas. Fertil Steril 48:67–71, 1987.

272.	 Gurlek A, Karavitaki N, Ansorge O, et al: What are the markers of 
aggressiveness in prolactinomas? Changes in cell biology, extracellular 
matrix components, angiogenesis and genetics. Eur J Endocrinol 156: 
143–153, 2007.

273.	 Garcia MM, Kapcala LP: Growth of a microprolactinoma to a mac-
roprolactinoma during estrogen therapy. J Endocrinol Invest 18:450–455, 
1995.

274.	 Kaltsas GA, Nomikos P, Kontogeorgos G, et al: Clinical review: diagnosis 
and management of pituitary carcinomas. J Clin Endocrinol Metab 
90:3089–3099, 2005.

275.	 Melmed S: Pathogenesis of pituitary tumors. Nat Rev Endocrinol 
7:257–266, 2011.

276.	 Barlier A, Pellegrini-Bouiller I, Caccavelli L, et al: Abnormal transduction 
mechanisms in pituitary adenomas. Horm Res 47:227–234, 1997.

277.	 Clayton RN, Boggild M, Bates AS, et al: Tumour suppressor genes in 
the pathogenesis of human pituitary tumours. Horm Res 47:185–193, 
1997.

278.	 Burgess JR, Shepherd JJ, Parameswaran V, et al: Prolactinomas in a 
large kindred with multiple endocrine neoplasia type 1: clinical features 
and inheritance pattern. J Clin Endocrinol Metab 81:1841–1845, 1996.

279.	 Verges B, Boureille F, Goudet P, et al: Pituitary disease in MEN type 
1 (MEN1): data from the France-Belgium MEN1 multicenter study. 
J Clin Endocrinol Metab 87:457–465, 2002.

280.	 de Laat JM, Dekkers OM, Pieterman CR, et al: Long-term natural 
course of pituitary tumors in patients with MEN1: results from the 
DutchMEN1 Study Group (DMSG). J Clin Endocrinol Metab 
100:3288–3296, 2015.

281.	 Corbetta S, Pizzocaro A, Peracchi M, et al: Multiple endocrine neoplasia 
type 1 in patients with recognized pituitary tumours of different types. 
Clin Endocrinol (Oxf) 47:507–512, 1997.

282.	 Vasilev V, Daly AF, Petrossians P, et al: Familial pituitary tumor syn-
dromes. Endocr Pract 17(Suppl 3):41–46, 2011.

283.	 Vierimaa O, Georgitsi M, Lehtonen R, et al: Pituitary adenoma pre-
disposition caused by germline mutations in the AIP gene. Science 
312:1228–1230, 2006.



	 CHAPTER 3  Prolactin and Its Role in Human Reproduction	  74.e7

335.	 Auriemma RS, Pivonello R, Perone Y, et al: Safety of long-term treatment 
with cabergoline on cardiac valve disease in patients with prolactinomas. 
Eur J Endocrinol 169:359–366, 2013.

336.	 Maione L, Garcia C, Bouchachi A, et al: No evidence of a detrimental 
effect of cabergoline therapy on cardiac valves in patients with acro-
megaly. J Clin Endocrinol Metab 97:E1714–E1719, 2012.

337.	 Samson SL, Ezzat S: AACE/ACE disease state clinical review: dopamine 
agonists for hyperprolactinemia and the risk of cardiac valve disease. 
Endocr Pract 20:608–616, 2014.

338.	 Colao A, Di Sarno A, Cappabianca P, et al: Withdrawal of long-term 
cabergoline therapy for tumoral and nontumoral hyperprolactinemia. 
N Engl J Med 349:2023–2033, 2003.

339.	 Colao A, Di Sarno A, Guerra E, et al: Predictors of remission of 
hyperprolactinaemia after long-term withdrawal of cabergoline therapy. 
Clin Endocrinol (Oxf) 67:426–433, 2007.

340.	 Freda PU, Andreadis CI, Khandji AG, et al: Long-term treatment of 
prolactin-secreting macroadenomas with pergolide. J Clin Endocrinol 
Metab 85:8–13, 2000.

341.	 Vance ML, Cragun JR, Reimnitz C, et al: CV 205-502 treatment of 
hyperprolactinemia. J Clin Endocrinol Metab 68:336–339, 1989.

342.	 van der Lely AJ, Brownell J, Lamberts SW: The efficacy and tolerability 
of CV 205-502 (a nonergot dopaminergic drug) in macroprolactinoma 
patients and in prolactinoma patients intolerant to bromocriptine.  
J Clin Endocrinol Metab 72:1136–1141, 1991.

343.	 Donegan D, Atkinson JL, Jentoft M, et al: Surgical outcomes of 
prolactinomas in recent era: results of a heterogenous group. Endocr 
Pract 23(1):37–45, 2016.

344.	 Faje A, Chunharojrith P, Nency J, et al: Dopamine agonists can reduce 
cystic prolactinomas. J Clin Endocrinol Metab 101:3709–3715, 2016.

345.	 Salvatori R: Surgical treatment of microprolactinomas: pros. Endocrine 
47:725–729, 2014.

346.	 Tampourlou M, Trifanescu R, Paluzzi A, et al: Therapy of endocrine 
disease: surgery in microprolactinomas: effectiveness and risks based 
on contemporary literature. Eur J Endocrinol 175:R89–R96, 2016.

347.	 Andereggen L, Frey J, Andres RH, et al: 10-year follow-up study 
comparing primary medical vs. surgical therapy in women with pro-
lactinomas. Endocrine 55(1):223–230, 2017.

348.	 Barker FG, 2nd, Klibanski A, Swearingen B: Transsphenoidal surgery 
for pituitary tumors in the United States, 1996–2000: mortality, 
morbidity, and the effects of hospital and surgeon volume. J Clin 
Endocrinol Metab 88:4709–4719, 2003.

349.	 Swearingen B: Update on pituitary surgery. J Clin Endocrinol Metab 
97:1073–1081, 2012.

350.	 Nelson AT, Jr, Tucker HS, Jr, Becker DP: Residual anterior pituitary 
function following transsphenoidal resection of pituitary macroadenomas. 
J Neurosurg 61:577–580, 1984.

351.	 Loeffler JS, Shih HA: Radiation therapy in the management of pituitary 
adenomas. J Clin Endocrinol Metab 96:1992–2003, 2011.

352.	 Wattson DA, Tanguturi SK, Spiegel DY, et al: Outcomes of proton 
therapy for patients with functional pituitary adenomas. Int J Radiat 
Oncol Biol Phys 90:532–539, 2014.

353.	 Johnston DG, Hall K, Kendall-Taylor P, et al: The long-term effects 
of megavoltage radiotherapy as sole or combined therapy for large 
prolactinomas: studies with high definition computerized tomography. 
Clin Endocrinol (Oxf) 24:675–685, 1986.

354.	 Liu Y, Hao S, Yu L, et al: Long-term temozolomide might be an optimal 
choice for patient with multifocal glioblastoma, especially with deep-
seated structure involvement: a case report and literature review. World 
J Surg Oncol 13:142, 2015.

355.	 Bruno OD, Juarez-Allen L, Christiansen SB, et al: Temozolomide therapy 
for aggressive pituitary tumors: results in a small series of patients 
from Argentina. Int J Endocrinol 2015:587893, 2015.

356.	 Ghazi AA, Rotondo F, Kovacs K, et al: Treatment of invasive silent 
somatotroph pituitary adenoma with temozolomide. Report of a case 
and review of the literature. Endocr Pathol 26:135–139, 2015.

357.	 Liu JK, Patel J, Eloy JA: The role of temozolomide in the treatment 
of aggressive pituitary tumors. J Clin Neurosci 22:923–929, 2015.

358.	 Whitelaw BC, Dworakowska D, Thomas NW, et al: Temozolomide in 
the management of dopamine agonist-resistant prolactinomas. Clin 
Endocrinol (Oxf) 76:877–886, 2012.

359.	 Felker J, Patterson B, Wrubel D, et al: Successful treatment of a child 
with a prolactin secreting macroadenoma with temozolomide. J Pediatr 
Endocrinol Metab 29(12):1413–1415, 2016.

360.	 Eftekhari N, Mohammadalizadeh S: Pregnancy rate following 
bromocriptine treatment in infertile women with galactorrhea. Gynecol 
Endocrinol 25:122–124, 2009.

310.	 Alkabbani AG, Mon SY, Hatipoglu B, et al: Is a stable or decreasing 
prolactin level in a patient with prolactinoma a surrogate marker for 
lack of tumor growth? Pituitary 17:97–102, 2014.

311.	 Colao A, di Sarno A, Pivonello R, et al: Dopamine receptor agonists for 
treating prolactinomas. Expert Opin Investig Drugs 11:787–800, 2002.

312.	 Lloyd HM, Jacobi JM, Willgoss DA: DNA synthesis by pituitary tumours, 
with reference to plasma hormone levels and to effects of bromocriptine. 
Clin Endocrinol (Oxf) 43:79–85, 1995.

313.	 Thorner MO, Martin WH, Rogol AD, et al: Rapid regression of pituitary 
prolactinomas during bromocriptine treatment. J Clin Endocrinol Metab 
51:438–445, 1980.

314.	 Bevan JS, Webster J, Burke CW, et al: Dopamine agonists and pituitary 
tumor shrinkage. Endocr Rev 13:220–240, 1992.

315.	 Warfield A, Finkel DM, Schatz NJ, et al: Bromocriptine treatment of 
prolactin-secreting pituitary adenomas may restore pituitary function. 
Ann Intern Med 101:783–785, 1984.

316.	 Molitch ME: Pharmacologic resistance in prolactinoma patients. Pituitary 
8:43–52, 2005.

317.	 Landolt AM, Osterwalder V: Perivascular fibrosis in prolactinomas: is 
it increased by bromocriptine? J Clin Endocrinol Metab 58:1179–1183, 
1984.

318.	 Italiano D, Bianchini E, Ilardi M, et al: Effectiveness of risk minimization 
measures for cabergoline-induced cardiac valve fibrosis in clinical practice 
in Italy. J Neural Transm (Vienna) 122:799–808, 2015.

319.	 Noronha S, Stokes V, Karavitaki N, et al: Treating prolactinomas with 
dopamine agonists: always worth the gamble? Endocrine 51:205–210, 
2016.

320.	 Barake M, Evins AE, Stoeckel L, et al: Investigation of impulsivity in 
patients on dopamine agonist therapy for hyperprolactinemia: a pilot 
study. Pituitary 17:150–156, 2014.

321.	 Bancos I, Nannenga MR, Bostwick JM, et al: Impulse control disorders 
in patients with dopamine agonist-treated prolactinomas and nonfunc-
tioning pituitary adenomas: a case-control study. Clin Endocrinol (Oxf) 
80:863–868, 2014.

322.	 Berinder K, Stackenas I, Akre O, et al: Hyperprolactinaemia in 271 
women: up to three decades of clinical follow-up. Clin Endocrinol 
(Oxf) 63:450–455, 2005.

323.	 Passos VQ, Souza JJ, Musolino NR, et al: Long-term follow-up of 
prolactinomas: normoprolactinemia after bromocriptine withdrawal. 
J Clin Endocrinol Metab 87:3578–3582, 2002.

324.	 Biswas M, Smith J, Jadon D, et al: Long-term remission following 
withdrawal of dopamine agonist therapy in subjects with micropro-
lactinomas. Clin Endocrinol (Oxf) 63:26–31, 2005.

325.	 Andreotti AC, Pianezzola E, Persiani S, et al: Pharmacokinetics, 
pharmacodynamics, and tolerability of cabergoline, a prolactin-lowering 
drug, after administration of increasing oral doses (0.5, 1.0, and 1.5 
milligrams) in healthy male volunteers. J Clin Endocrinol Metab 
80:841–845, 1995.

326.	 Webster J, Piscitelli G, Polli A, et al: A comparison of cabergoline and 
bromocriptine in the treatment of hyperprolactinemic amenorrhea. 
Cabergoline Comparative Study Group. N Engl J Med 331:904–909, 
1994.

327.	 dos Santos Nunes V, El Dib R, Boguszewski CL, et al: Cabergoline 
versus bromocriptine in the treatment of hyperprolactinemia: a sys-
tematic review of randomized controlled trials and meta-analysis. 
Pituitary 14:259–265, 2011.

328.	 Biller BM, Molitch ME, Vance ML, et al: Treatment of prolactin-secreting 
macroadenomas with the once-weekly dopamine agonist cabergoline. 
J Clin Endocrinol Metab 81:2338–2343, 1996.

329.	 Shimon I, Sosa E, Mendoza V, et al: Giant prolactinomas larger than 
60 mm in size: a cohort of massive and aggressive prolactin-secreting 
pituitary adenomas. Pituitary 19:429–436, 2016.

330.	 Tirosh A, Shimon I: Current approach to treatments for prolactinomas. 
Minerva Endocrinol 41:316–323, 2016.

331.	 Colao A, Di Sarno A, Landi ML, et al: Macroprolactinoma shrinkage 
during cabergoline treatment is greater in naive patients than in patients 
pretreated with other dopamine agonists: a prospective study in 110 
patients. J Clin Endocrinol Metab 85:2247–2252, 2000.

332.	 Schade R, Andersohn F, Suissa S, et al: Dopamine agonists and the 
risk of cardiac-valve regurgitation. N Engl J Med 356:29–38, 2007.

333.	 Zanettini R, Antonini A, Gatto G, et al: Valvular heart disease and 
the use of dopamine agonists for Parkinson’s disease. N Engl J Med 
356:39–46, 2007.

334.	 Valassi E, Klibanski A, Biller BM: Clinical Review#: potential cardiac 
valve effects of dopamine agonists in hyperprolactinemia. J Clin 
Endocrinol Metab 95:1025–1033, 2010.



74.e8	 PART 1  Endocrinology of Reproduction

361.	 Molitch ME: Prolactinoma in pregnancy. Best Pract Res Clin Endocrinol 
Metab 25:885–896, 2011.

362.	 Elster AD, Sanders TG, Vines FS, et al: Size and shape of the pituitary 
gland during pregnancy and post partum: measurement with MR imaging. 
Radiology 181:531–535, 1991.

363.	 Bronstein MD: Prolactinomas and pregnancy. Pituitary 8:31–38, 2005.
364.	 Narita O, Kimura T, Suganuma N, et al: Relationship between maternal 

prolactin levels during pregnancy and lactation in women with pituitary 
adenoma. Nihon Sanka Fujinka Gakkai Zasshi 37:758–762, 1985.

365.	 Auriemma RS, Perone Y, Di Sarno A, et al: Results of a single-center 
observational 10-year survey study on recurrence of hyperprolactinemia 
after pregnancy and lactation. J Clin Endocrinol Metab 98:372–379, 
2013.

366.	 Krupp P, Monka C: Bromocriptine in pregnancy: safety aspects. Klin 
Wochenschr 65:823–827, 1987.

367.	 Glezer A, Bronstein MD: Prolactinomas, cabergoline, and pregnancy. 
Endocrine 47:64–69, 2014.

368.	 Raymond JP, Goldstein E, Konopka P, et al: Follow-up of children born 
of bromocriptine-treated mothers. Horm Res 22:239–246, 1985.

369.	 Konopka P, Raymond JP, Merceron RE, et al: Continuous administration 
of bromocriptine in the prevention of neurological complications in 
pregnant women with prolactinomas. Am J Obstet Gynecol 146:935–938, 
1983.

370.	 Ono M, Miki N, Amano K, et al: Individualized high-dose cabergoline 
therapy for hyperprolactinemic infertility in women with micro- and 
macroprolactinomas. J Clin Endocrinol Metab 95:2672–2679, 2010.

371.	 Lebbe M, Hubinont C, Bernard P, et al: Outcome of 100 pregnancies 
initiated under treatment with cabergoline in hyperprolactinaemic 
women. Clin Endocrinol (Oxf) 73:236–242, 2010.

372.	 Stalldecker G, Mallea-Gil MS, Guitelman M, et al: Effects of cabergoline 
on pregnancy and embryo-fetal development: retrospective study on 
103 pregnancies and a review of the literature. Pituitary 13:345–350, 
2010.

373.	 Robert E, Musatti L, Piscitelli G, et al: Pregnancy outcome after 
treatment with the ergot derivative, cabergoline. Reprod Toxicol 
10:333–337, 1996.

374.	 Ricci E, Parazzini F, Motta T, et al: Pregnancy outcome after cabergoline 
treatment in early weeks of gestation. Reprod Toxicol 16:791–793, 2002.

375.	 Colao A, Abs R, Barcena DG, et al: Pregnancy outcomes following 
cabergoline treatment: extended results from a 12-year observational 
study. Clin Endocrinol (Oxf) 68:66–71, 2008.

376.	 De Mari M, Zenzola A, Lamberti P: Antiparkinsonian treatment in 
pregnancy. Mov Disord 17:428–429, 2002.

377.	 Webster J: A comparative review of the tolerability profiles of dopamine 
agonists in the treatment of hyperprolactinaemia and inhibition of 
lactation. Drug Saf 14:228–238, 1996.

378.	 Molitch ME: Endocrinology in pregnancy: management of the pregnant 
patient with a prolactinoma. Eur J Endocrinol 172:R205–R213, 2015.

379.	 Divers WA, Jr, Yen SS: Prolactin-producing microadenomas in pregnancy. 
Obstet Gynecol 62:425–429, 1983.

380.	 Brodsky JB, Cohen EN, Brown BW, Jr, et al: Surgery during pregnancy 
and fetal outcome. Am J Obstet Gynecol 138:1165–1167, 1980.

381.	 Liu C, Tyrrell JB: Successful treatment of a large macroprolactinoma 
with cabergoline during pregnancy. Pituitary 4:179–185, 2001.

382.	 Forsbach-Sanchez G, Tamez-Perez HE, Hernandez-Herrera R, et al: 
[Treatment of macroprolactinoma with cabergoline during pregnancy]. 
Rev Med Inst Mex Seguro Soc 47:307–310, 2009.

383.	 Laloi-Michelin M, Ciraru-Vigneron N, Meas T: Cabergoline treatment 
of pregnant women with macroprolactinomas. Int J Gynaecol Obstet 
99:61–62, 2007.

384.	 Banerjee A, Wynne K, Tan T, et al: High dose cabergoline therapy for 
a resistant macroprolactinoma during pregnancy. Clin Endocrinol (Oxf) 
70:812–813, 2009.

385.	 Shahzad H, Sheikh A, Sheikh L: Cabergoline therapy for macropro-
lactinoma during pregnancy: a case report. BMC Res Notes 5:606, 
2012.


	3 Prolactin and Its Role in Human Reproduction
	Abstract
	Keywords
	Lactotroph Development
	Prolactin Gene
	Prolactin Synthesis in Pituitary Lactotrophs
	Prolactin Synthesis in the Decidua and Other Tissues
	Prolactin Assays
	Hook Effect
	Macroprolactin
	Heterophilic Antibodies
	Exogenous Biotin

	Prolactin Secretion
	Changes in Prolactin Levels With Age
	Prolactin Levels During Physiologic Stress
	Prolactin Levels During the Menstrual Cycle
	Prolactin Levels During Pregnancy and the Postpartum State

	Regulation of Systemic Prolactin Levels
	Prolactin Inhibitory Factors
	Prolactin Releasing Factors
	Thyrotropin Releasing Hormone
	Vasoactive Intestinal Peptide and Peptide Histidine Methionine
	Serotonin
	Opioids
	Other Neuropeptides and Neurotransmitters


	Prolactin Actions
	Prolactin Receptor
	Prolactin Effects on the Breast
	Prolactin Effects on Gonadotropin Secretion
	Prolactin Effects on the Ovary
	Prolactin Effects on the Testis
	Prolactin Effects on the Adrenal Cortex
	Prolactin and the Skeleton

	Pathologic States of Prolactin Deficiency and Excess
	Prolactin Deficiency
	Hyperprolactinemia—Causes
	Physiologic
	Medications
	Pituitary
	Systemic
	Prolactin Receptor Gene Mutation
	Idiopathic

	Hyperprolactinemia—Diagnosis

	Prolactin-Secreting Pituitary Adenomas (Prolactinomas)
	Epidemiology and Natural History
	Pathogenesis
	Pathology
	Clinical Manifestations
	Management
	Overview
	Medical Therapy
	Surgery
	Other Treatment Modalities (Radiation Therapy and Chemotherapy)


	Pregnancy and Prolactinomas
	Prolactin-Secreting Pituitary Adenomas During Preconception and Pregnancy
	Effects of Dopamine Agonists During Preconception and Pregnancy
	Management of Patients With Prolactinomas During Preconception and Pregnancy

	Top References
	References
	References




