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Abstract
Purpose of review—Although the gut contains most of the body’s 5-hydroxytryptamine (5-
HT), many of its most important functions have recently been discovered. This review summarizes
and directs attention to this new burst of knowledge.

Recent findings—Enteroendocrine cells have classically been regarded as pressure sensors,
which secrete 5-HT to initiate peristaltic reflexes; nevertheless, recent data obtained from studies
of mice that selectively lack 5-HT either in enterochromaffin cells (deletion of tryptophan
hydroxylase 1 knockout; TPH1KO) or neurons (TPH2KO) imply that neuronal 5-HT is more
important for constitutive gastrointestinal transit than that of enteroendocrine cells. The enteric
nervous system of TPH2KO mice, however, also lacks a full complement of neurons; therefore, it
is not clear whether slow transit in TPH2KO animals is due to their neuronal deficiency or
absence of serotonergic neurotransmission. Neuronal 5-HT promotes the growth/maintenance of
the mucosa as well as neurogenesis. Enteroendocrine cell derived 5-HT is an essential component
of the gastrointestinal inflammatory response; thus, deletion of the serotonin transporter increases,
whereas TPH1KO decreases the severity of intestinal inflammation. Enteroendocrine cell derived
5-HT, moreover, is also a hormone, which inhibits osteoblast proliferation and promotes hepatic
regeneration.

Summary—New studies show that enteric 5-HT is a polyfunctional signalling molecule, acting
both in developing and mature animals as a neurotransmitter paracrine factor, endocrine hormone
and growth factor.
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INTRODUCTION
The mention of the word, serotonin, or its abbreviation, 5-hydroxytryptamine (5-HT), often
provokes thoughts about the functions of 5-HT in the central nervous system (CNS). People
tend to free associate and thus link 5-HT to depression, sleep, appetite, sex or temperature
control. Brain 5-HT gets much more respect, and certainly more press, than the vastly larger
store of 5-HT in the gut. This difference may reflect the awe in which the brain is
appropriately held, but it does not reflect the history of our knowledge of 5-HT. Although at
the time of World War II, 5-HT, the molecule, had not yet been discovered, its presence in
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the bowel had made itself known. Just before the war, Vittorio Erspamer [1], in Italy, had
discovered an intriguing substance in gastrointestinal extracts that they showed came from
enterochromaffin cells. Because Erspamer identified the substance as an amine, he called it
‘enteramine’. Further characterization of ‘enteramine’ awaited the end of the war and
resumed after it [2,3]. By then, however, a long-known serum vasoconstrictor had caught the
attention of Irvine Page and his colleague, Maurice Rapport, who thought the identification
of the responsible molecule might shed light on the problem of hypertension [4,5]. Work on
‘enteramine’ and the serum vasoconstrictor had been independent; however, the research on
the two substances turned out to be interrelated. Rapport made the breakthrough because he
identified the serum vasoconstrictor, called it ‘serotonin’ and proved its structure by
biosynthesis [5]. Erspamer’s earlier name, ‘enteramine’, failed to stick because ‘enteramine’
turned out to be serotonin, which was already a named molecule when the structure of
‘enteramine’ was finally determined [3]. Still, we now know that virtually all the 5-HT in
blood is carried in platelets, which do not make 5-HT [6] but take it up as they circulate
through the gut [7–9]. ‘Enteramine’ thus becomes ‘the serum vasoconstrictor (serotonin)’
after it is secreted in the bowel and acquired by platelets. Unfortunately, after 5-HT was
discovered to be present and synthesized in the CNS [10], peripheral 5-HT, whether
circulating or enteric, became to many–peripheral.

The scientific eclipse of enteric 5-HT was unfortunate. Mundane ‘housekeeping’ functions
of peripheral organs are as important in their own right as mood, learning and thought. Not
only is 95% of the body’s 5-HT located in the gut, but also enteric 5-HT plays vital roles as
a growth factor, a hormone, a paracrine factor and a neurotransmitter [11▪▪,12▪▪,13–18].
Perhaps, because so much more attention was focused on the role of brain 5-HT, much of
what is known about the function of gastrointestinal 5-HT has only recently been
discovered.

THE PERISTALTIC REFLEX AND 5-HYDROXYTRYPTAMINE
The modern era of enteric 5-HT research dates from an elegant series of experiments on the
peristaltic reflex carried out in the late 1950s at Oxford in the laboratory of Edith Bülbring
[19–23]. The peristaltic reflex is a fundamental manifestation of propulsive motility,
consisting of oral contraction and aboral relaxation, which occurs in response to elevations
of intraluminal pressure. The peristaltic reflex was first observed in vivo in a dog’s intestine
[24–26] but was later shown to occur also in the guinea pig gut in vitro [27]. The
manifestation of a neural reflex in vitro, in a preparation that contains neither sensory
ganglia nor the CNS, established that the reflex is mediated by intrinsic components of the
bowel wall. Prior work had established that 5-HT release from the gut increases when motor
activity is manifest [28]. Bülbring demonstrated that applications of 5-HT mimic the
peristaltic reflex, that pressure causes 5-HT to be secreted from the intestinal mucosa, that
whenever the peristaltic reflex is stimulated (in vitro and in vivo), 5-HT is released from the
bowel and that 5-HT synthesized endogenously in the mucosa from 5-hydroxytryptophan
stimulates the peristaltic reflex [19–23]. Bülbring suggested that enterochromaffin cells are
pressure sensors that secrete 5-HT into the wall of the gut wherein it stimulates the mucosal
processes of submucosal primary afferent neurons to evoke peristaltic reflexes [21].
Bülbring stipulated, however, that she could not be certain that enterochromaffin cell 5-HT
secretion is essential for peristaltic reflex initiation because she had not succeeded in totally
depleting the gut of 5-HT or in totally blocking its action. In fact, a disconcerting follow-up
study [29] that showed that peristaltic reflexes persisted in rats fed a tryptophan-deficient
diet to deplete 5-HT suggested that 5-HT might not be necessary to evoke peristaltic
reflexes, but only to modulate them.
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The nuances of the discussion over the role that 5-HT plays in peristaltic reflexes were
masked by the general enthusiasm that greeted the observation that drugs that affected 5-HT
receptors were useful in treating irritable bowel syndrome (IBS) [30,31]. IBS is a sometimes
disabling and inadequately treated, female-predominant condition, which affects up to 20%
of the American population [32,33]. Alosetron, a 5-HT3 antagonist, proved to be effective
against IBS with diarrhoea [30], whereas tegaserod, a 5-HT4 agonist, was effective against
IBS with constipation and chronic constipation [31]. The utility of these serotonergic agents
in treating a syndrome that was frustratingly resistant to other forms of therapy dovetailed
nicely with basic observations on the mechanism of the drugs’ effects. 5-HT3 antagonists
block the effects of the 5-HT that enterochromaffin cells release on intrinsic primary afferent
neurons of the myenteric plexus [34–36] and 5-HT4 agonists evoke peristaltic reflexes
[37,38▪▪]. Further evidence implicating 5-HT release from enterochromaffin cells and 5-
HT3 receptors in the activation of sensory nerves provided a reason to believe that
interference with the transmission to the CNS of nociceptive information together with a
dampening of reflex motor activation in the bowel contribute to the ability of 5-HT3
receptors to provide simultaneous relief from diarrhoea and discomfort [30,39–42].
Observations that 5-HT4 receptors are located on nerve terminals [43] and that they
enhanced the release of acetylcholine provided additional reasons to believe that 5-HT4
agonist stimulate a prokinetic counterforce to 5-HT3 antagonismand can be useful in
individuals suffering from constipation [16,38▪▪,44–46]. Unfortunately, the safety of both
alosetron [47] and tegaserod [48,49] came into question for reasons that probably had
nothing at all to do with their respective actions on 5-HT3 and 5-HT4 receptors. The clinical
employment of these compounds has thus been severely curtailed. More recent data,
moreover, have caused the original idea of the action of enterochromaffin cell 5-HT to be
reconsidered.

SEROTONERGIC NEURONS ARE MORE CRITICAL THAN
ENTEROCHROMAFFIN CELLS IN REGULATING CONSTITUTIVE
GASTROINTESTINAL MOTILITY

An important type of experiment that reveals the physiological roles that endocrine glands
and their hormones play is to determine functions that are lost when the glands are removed.
Obviously, sources of 5-HT cannot be surgically removed from the gut, but they can be
removed genetically. The molecules responsible for 5-HT biosynthesis differ in different 5-
HT depots. The largest store of enteric 5-HT is found in enterochromaffin cells and, in rats
and mice, mast cells [50]. Tryptophan hydroxylase 1 (TPH1) is responsible for 5-HT
biosynthesis in this depot [51,52]. In contrast, as in the CNS, TPH2 is the rate-limiting
enzyme in the biosynthesis of enteric neuronal 5-HT [52]. Surprisingly, as Bülbring
cautioned might happen, the deletion of TPH1 (TPH1KO), which eliminates
enterochromaffin cell 5-HT, does not interfere with constitutive gastrointestinal motility
[11▪▪,13,53▪]. It is not yet clear whether or not the peristaltic reflex can be evoked in
TPH1KO mice; nevertheless, a report that the reflex can be evoked, even after removal of
the mucosa, suggests that enterochromaffin cells are not essential for reflex initiation [54]. If
enterochromaffin cells are not required, it follows that their release of 5-HT is similarly
nonessential. The report that the peristaltic reflex can be evoked in preparations that lack a
mucosa, however, has been challenged. Contrary evidence, which cannot easily be
reconciled, suggest that enterochromaffin cell 5-HT is required, necessary and sufficient to
activate peristaltic reflexes [55,56]. Further studies of the reflex with gut from mice in which
TPH1 or TPH2 are separately deleted are needed to settle the controversy on the role of
mucosal 5-HT. Necessary or not, enterochromaffin cell secretion of 5-HT clearly can evoke
peristaltic reflexes and thus would modify intestinal motility under circumstances that cause
it to be secreted. Whatever 5-HT does constitutively, therefore, it may, when released under
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pathological or stressful circumstances, participate in the pathophysiology of IBS and other
disorders of gastrointestinal motility [16,53▪,57–59]. Certainly, there is evidence that
depletion of the enterochromaffin cell store of 5-HT is beneficial in the treatment of
nonconstipating forms of IBS [53▪].

In contrast to enterochromaffin cells, serotonergic neurons appear to be essential for normal
gastrointestinal motility. The 5-HT content of the enteric nervous system (ENS) is
vanishingly small in comparison to that of enterochromaffin cells [16]; however, small does
not mean unimportant. Deletion of TPH2, which in the gut is restricted to serotonergic
neurons [60,61], slows total gastrointestinal transit time, small intestinal propulsion and
colonic motility, while accelerating gastric emptying [11▪▪]. The effect on gastric emptying
appears to reflect a role of 5-HT in vagal relaxation of the stomach [62], a 5-HT4-mediated
component of gastric accommodation [63▪]. The deletion of TPH2, moreover, exerts the
same effect on gastrointestinal motility as the double deletion of TPH1 and TPH2 [11▪▪].
This reinforces the idea that neuronal 5-HT is more important for constitutive
gastrointestinal motility than is that of enterochromaffin cells.

5-HYDROXYTRYPTAMINE IS AN ENTERIC NERVOUS SYSTEM GROWTH
FACTOR

Unfortunately, although 5-HT is an enteric neurotransmitter [16,61], the effects of TPH2
deletion do not unambiguously establish that the associated loss of serotonergic
neurotransmission explains the abnormal motility of the TPH2-deficient bowel. That is
because neuronal 5-HT is not only a neurotransmitter in the adult ENS but also an essential
growth factor for ENS development. During foetal life, enteric neurons are born in a specific
phenotype-associated order [64,65]. Serotonergic neurons are among the first to arise and
they conclude their birthdays while the precursors of other neurons, such as those that will
express calcitonin gene related peptide, gamma amino butyric acid and dopamine, are still
dividing. The coexistence of early-born neurons with still-dividing precursors makes it
possible for the activity of early-born neurons to influence the fates of the precursors fated to
give rise to late-born cells. Indeed, 5-HT was found to promote the development of neurons
from isolated neural crest-derived precursors through an action on 5-HT2B receptors [66].
More recently, 5-HT was observed to be able to stimulate stem cells to divide and give rise
to new neurons, even in adult animals [14]. This action of 5-HT appears to be essential for
the postnatal growth and maintenance of the ENS because the postnatal accretion of neurons
that normally persists in postnatal mice through 4 months of age is deficient in animals in
which 5-HT4 receptors are deleted. The idea that neuronal 5-HT is essential for the normal
development of the ENS was confirmed when it was found that the total number of enteric
neurons in mice that lack TPH2 is significantly lower than that of wild-type littermates
[11▪▪]. Consistent with the hypothesis that serotonergic neurons selectively affect late-born
enteric neuronal phenotypes, these neurons are selectively deficient in mice that lack TPH2.
Because mice that lack TPH2 are deficient not only in 5-HT but also in neurons, it is unclear
whether the motility defect in TPH2KO mice is the result of the loss of serotonergic
neurotransmission within the ENS – the neuronal deficit, or both.

The ability of serotonergic neurons to sculpt the ENS potentially enables environmental
stimuli that alter the activity of serotonergic neurons to produce long-lasting changes in the
structure and function of the ENS. IBS, for example, may begin in childhood [67]; adults
with IBS often have a memory of childhood pain, colic or frank IBS [68]. Children with
IBS, moreover, have evidence of serotonergic dysfunction in the bowel [57]. In animals,
irritating the developing colon [69] or subjecting newborns to psychological stress [70,71]
induces, after maturity, changes similar to those seen in IBS. These observations support a
hypothesis that epigenetic alterations during enteric neurogenesis, which extend into

Gershon Page 4

Curr Opin Endocrinol Diabetes Obes. Author manuscript; available in PMC 2013 July 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



postnatal life, cause subtle but lasting changes in the ENS [72]. Psychosocial trauma, stress
and inflammation alter serotonergic neuronal activity, and if that activity affects the
subsequent generation of neurons, the serotonergic neuronal regulation of neuronal
development might provide a common pathway for events that may be psychological or
infectious/inflammatory to influence the ultimate nature of the ENS.

SEROTONERGIC PROMOTION OF INTESTINAL MUCOSAL GROWTH
Enteric neuronal 5-HT affects growth/maintenance of the intestinal mucosa as well as the
ENS [73▪▪]. Growth of the mucosa and proliferation of mucosal cells are significantly
greater in mice that lack the plasmalemmal 5-HT reuptake transporter (SERT; SERTKO
mice), which is responsible for the inactivation of 5-HT, than in wild-type mice. Similar
changes are induced in mice, given selective serotonin reuptake inhibitors (SSRIs). Effects
of SERTKO are diminished by the deletion of TPH2 but not TPH1. Ketanserin, a 5-HT2A
blocker, and the acetylcholine (muscarinic) antagonist, scopolamine, each prevent the ability
of SERTKO or SSRIs to increase mucosal growth and proliferation. Neuronal 5-HT, but not
that from enterochromaffin cells, thus promotes growth and turnover of the intestinal
mucosal epithelium. Serotonergic neurons are myenteric [74,75], but they evidently project
to 5-HT2A receptors, which are expressed on submucosal cholinergic neurons [73▪▪]. These
cells provide a muscarinic innervation to epithelial effectors and appear to be the final
driving force in promoting the proliferation of transit amplifying or stem cells of the
mucosa.

ENTEROCHROMAFFIN CELL DERIVED 5-HYDROXYTRYPTAMINE AND
INTESTINAL INFLAMMATION

The first indication that an enteric source of 5-HT plays a role in driving intestinal
inflammation was the observation that the deletion of SERT, which prolongs and enhances
the action of 5-HT secreted in the mucosa, increases the severity of 2,4,6-
trinitrobenzenesulfonic acid (TNBS)-induced colitis [15] as well as that associated with the
deletion of interleukin (IL)-10 [76]. Because enterocytes normally express SERT [77], it is
not surprising that the effects of 5-HT released from enterochromaffin cells are amplified in
animals that lack SERT. That enhancing the effects of 5-HT also enhances inflammation
suggests unmistakably that 5-HT is proinflammatory. Later experiments not only confirmed
the proinflammatory effect of 5-HT but also showed that it is dependent on
enterochromaffin cell secreted 5-HT; thus, the deletion of TPH1 protects the gut from
inflammation [18]. Studies suggest that this 5-HT stimulates 5-HT7 receptors on dendritic
cells to launch the innate immune mechanisms [78▪] that eventually bring adaptive
immunity to bear and mediate the full force of inflammation on the bowel. In addition to
dendritic cells, many immunoeffectors of the lymphoid system express 5-HT receptors and
are 5-HT-responsive [79▪]. In contrast to TPH1 deletion, the knockout of TPH2 increases
the severity of inflammation (Margolis and Gershon, personal observation), suggesting that
neuronal 5-HT opposes enterochromaffin cell 5-HT and is anti-inflammatory. The
neuroprotective effect of TPH2-derived 5-HT [14] is likely to protect the ENS from the
neurotoxic effects of inflammation [80]. 5-HT can thus act simultaneously as a ‘sword and
shield’ of the gut.

ENDOCRINE FUNCTIONS OF THE 5-HYDROXYTRYPTAMINE IN
ENTEROCHROMAFFIN CELLS

Enterochromaffin cells are a type of enteroendocrine cell; therefore, the observation that
their paracrine secretion of 5-HT is not as critical as once thought for constitutive motility
raises a question as to whether the large amount of 5-HT they pour into the bloodstream acts
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as an endocrine hormone. Because this circulating 5-HT would seem to be locked within the
dense granules of platelets, it is not obvious how 5-HT could be delivered to distant targets
in the absence of clot formation and platelet activation. That problem has yet to be solved;
nevertheless, albeit controversial, recent evidence implies that 5-HT is indeed a hormone.
Evidence favouring such a role for enterochromaffin cell derived 5-HT comes from studies
of the mechanism of action of the low-density lipoprotein receptor-related protein 5 (LRP5)
on bone formation [81]. LRP5 is expressed in both osteoblasts and enterochromaffin cells
and is a Wnt coreceptor. LRP5 inhibits the expression of TPH1 in enterochromaffin cells.
This reduces their secretion of 5-HT and thus lowers the level of 5-HT in blood and
platelets. Osteoblasts respond directly to the 5-HT that reaches them from the circulation
because they express 5-HT1B receptors, which, via cAMP response element-binding protein,
inhibit osteoblast proliferation. The net result of diminishing 5-HT biosynthesis in
enterochromaffin cells (secondary to LRP5 inhibition of TPH1 expression), therefore, is to
enhance osteoblast proliferation and to increase bone mass. If LRP5 is deficient or
selectively inactivated in the gut, blood levels of 5-HT are elevated and bone mass is
reduced; this effect can be reversed if blood 5-HT levels are normalized. In contrast,
osteoblast-selective inactivation of LRP5 or beta-catenin does not affect the bone mass.

The demonstration that enteric inhibition of TPH1 increases bone mass suggests that
administration of a peripheral TPH inhibitor that does not cross the blood–brain barrier
might be a useful therapeutic tool to use to address conditions, such as osteoporosis, in
which increasing bone mass is desirable. In fact, administration of a peripheral TPH
inhibitor has been found to enhance bone formation in ovariectomized mice and rats, as well
as in LRP5-deficient mice [13]. Peripheral TPH inhibitors can safely be used to affect bone
mass because they do not interfere with constitutive gastrointestinal motility [13] or alter the
biosynthesis of 5-HT in the brain. Interestingly, brain 5-HT exerts an effect on bone
formation that is the opposite of that of peripheral 5-HT [82]. TPH2 deletion leads to an
increase in the activity of sympathetic nerves, which inhibit bone mass accrual. The action
of CNS 5-HT on bone thus is indirect and related to the ability of central 5-HT to diminish
sympathetic outflow.

New discoveries are often challenged. It is not surprising, therefore, that a contrary report
has appeared disputing the idea that LRP5 influences bone mass because it inhibits TPH1
expression and thus 5-HT biosynthesis in enterochromaffin cells [83▪▪]. This report presents
results obtained with mice carrying osteocyte-specific inducible mutations in Lrp5, which
are associated with high or low bone mass in humans. Bone properties in these mice were
reported to be comparable to those of mice with inherited Lrp5 mutations; moreover,
restriction of Lrp5 mutations to cells that form the skeleton of the limbs but not that of axial
structures was reported to give rise to skeletal abnormalities of the limbs and not the spine.
Bone density was reported to be undisturbed in mice with a global knockout of TPH1
despite very low levels of intestinal and blood 5-HT. These data would appear to contradict
the earlier observations that the gut-selective knockout of TPH1 increases bone mass
because it prevents enterochromaffin cell 5-HT biosynthesis and circulation to bone [81].
The conclusion was thus that LRP5 affects bone formation through a local effect on bone
[83▪▪]. At this time, it is difficult to reconcile conflicting reports that appear to be
irreconcilable. It is possible that the gut-selective deletion of 5-HT reveals an effect that is
masked when TPH1 is deleted globally or, alternatively, is age related. Those possibilities
would require a compensating action of TPH1 in another tissue, such as bone, or age-
dependent differences in the effects of TPH1 deletion. An increase in bone mass has been
confirmed in mice that lack TPH1 globally, but only until the animals reach 4 months of
age; bone mass returns to normal as mice continue to mature [84▪▪]. Osteoclast precursors,
moreover, express TPH1 when they are exposed in vitro to receptor activator of nuclear
factor kappa-B ligand; moreover, 5-HT promotes osteoclastogenesis, both through 5-HT1B
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and 5-HT2A receptors, suggesting that 5-HT is produced in bone and that bone-derived 5-
HT is a component of a local paracrine/autocrine network that regulates bone resorption
[84▪▪]. Mice that lack TPH1 globally, therefore, are deficient in osteoclastogenesis.
Although the role(s) that 5-HT plays in regulating bone formation and resorption is/are
complex and controversial, the observations that 5-HT in both the gut (directly) and the
brain (indirectly) affect bone mass have prompted the effects on bone of some of the large
number of widely prescribed drugs that alter the actions of 5-HT to be studied. The SSRIs,
for example, which would be expected to amplify actions of 5-HT, have recently been
shown to increase the risk of osteoporetic fractures [85▪▪]. Clearly, enteric 5-HT cannot be
considered any longer to be a factor that acts only in the gut, nor is the gut the only
peripheral site of 5-HT biosynthesis, which can affect the bone. Serotonergic regulation of
bone formation and resorption is a subject in need of further research.

ENTEROCHROMAFFIN CELL-DERIVED 5-HYDROXYTRYPTAMINE
PROMOTES LIVER REGENERATION

A second distant target, in addition to bone, which has recently been found to be influenced
by the TPH1-dependent hormonal action of the 5-HT that EC cells secrete into the
circulation is the liver. In this organ, as in the developing ENS, 5-HT acts as a growth factor
and fosters regeneration after partial hepatectomy [9]. The regenerative capacity of the liver
is directly related to numbers of 5-HT-laden platelets [86]; moreover, 5-HT activates 5-HT2
receptors, which hepatocytes express [87], which promote proliferation and DNA synthesis
[88] in hepatocytes. Deficient liver regeneration in mice that lack TPH1 confirms the
essential nature of the role that enterochromaffin cell derived 5-HT plays in that process.
The relative normality of liver regeneration in mice that lack SERT suggests that the low
level of 5-HT in the plasma of these animals might be able to act adequately on regenerating
liver when platelet uptake of 5-HT is absent [89].

CONCLUSION
The functions of enteric 5-HT have turned out to be extensive and far more complicated than
originally supposed. Understanding of this multifaceted signalling molecule has been
revolutionized by the utilization of genetic tools that permit gain or loss-of-function
investigations to be carried out. The selective deletion of specific isoforms of TPH has
enabled enterochromaffin cell 5-HT to be distinguished from that of neurons. It is now clear
that 5-HT may act as a paracrine factor, an endocrine hormone or a growth factor. It is
important in gastrointestinal motility, enteric neurogenesis, mucosal growth/maintenance,
intestinal inflammation, osteogenesis and hepatic regeneration.
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KEY POINTS

• 5-HT secretion from gastrointestinal enterochromaffin cells has been thought to
initiate peristaltic reflexes; nevertheless, normal gastrointestinal transit in
enterochromaffin 5-HT-deficient tryptophan hydroxylase 1 knockout mice
(TPH1KO) suggests that enterochromaffin cell 5-HT is unnecessary for
constitutive gastrointestinal motility.

• Slow gastrointestinal transit in TPH2KO mice, which lack neuronal 5-HT,
suggests that gastrointestinal motility depends on neuronal 5-HT.

• Enterochromaffin cell derived 5-HT contributes to the severity of intestinal
inflammation.

• Enterochromaffin cell derived 5-HT is an endocrine hormone, which promotes
hepatic regeneration and lower bone mass by inhibiting osteoblast proliferation.

• Enteric 5-HT thus plays multiple roles acting as a paracrine factor, endocrine
hormone, neurotransmitter and growth factor.
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