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Gastrointestinal tract (GIT) and nervous system, both central (CNS) and enteric (ENS),
are involved in two-way extrinsic communication by parasympathetic and sympathetic
nerves, each comprising efferents fibers such as cholinergic and noradrenergic ,
respectively, and afferent sensory fibers required for gut-brain signaling. Afferent
nerves are equipped with numerous sensors at their terminals in the gut related to
visceral mechano- chemo- and noci-receptors, whose excitations may trigger a variety
of visceral reflexes regulating GIT functions, including the appetitive behaviour. Food
intake depends upon various influences from the CNS as well as from the body energy
stores (adipocytes) that express and release the product of Ob gene, leptin, in
proportion to fat stored and acting in long-term regulation of food intake. Leptin acts
through receptors (Ob-R) present in afferent visceral nerves and hypothalamic arcuate
nucleus (ARC), whose neurons are capable of expressing and releasing neuropeptide
Y (NPY) and agouti related protein (AgRP) that activate the ingestive behaviour
through paraventricular nucleus (PVN) (“feeding center”). In addition, to this long-
term regulation, a short-term regulation, on meal-to-meal basis, is secured by several
gut hormones, such as cholecystokinin (CCK), peptides YY (PYY) and oxyntomodulin
(OXM), released from the endocrine intestinal cells and acting via G-protein coupled
receptors (GPCR) either on afferent nerves or directly on ARC neurons, which in turn
inhibit expression and release of food-intake stimulating NPY and AgRP, thereby
inducing satiety through inhibition of PVN. In contrast, during fasting, the GIT,
especially oxyntic mucosa, expresses and releases appetite stimulating (orexigenic)
factors such as ghrelin and orexins (OX) -A and OX-B, and cannabinoid CB1 agonist.
Ghrelin activates growth-hormone secretagogue receptor (GHS-R) in hypothalamic
ARC and stimulates growth hormone (GH) release and in vagal afferents to promote
the expression and release of hypothalamic NPY and AgRP stimulating PVN and
driving ingestive behaviour. The balance and interaction between anorexigenic (CCK,
PYY, OXM) and orexigenic (ghrelin and OX) factors originating from GIT appears to
play an important role in short-term regulation of food intake and growth hormone
(GH) release. An impairment of this balance may result in disorders of feeding
behaviour and weight gain (obesity) or weight loss (cachexia).
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Brain-gut axis and its morphological basis

The gastrointestinal tract (GIT) receives a dual extrinsic innervation by the
autonomic nervous system i.e. by its parasympathetic (cholinergic) division
including vagal and pelvic nerves and sympathetic (noradrenergic) division
comprising splanchnic nerves. The GIT receives both excitatory and inhibitory
innervation, the former is provided mainly by the parasympathetic nerves and
latter - by the sympathetic nerves. Langley (1) was first to postulate the existence
of the third division of autonomic nervous system, consisting of network of
intrinsic to the GIT neurons localized in the myeloectric (Auerbach) plexus
between outer longitudinal and middle circular muscle layer and the submucous
(Meissner) plexus - between middle circular layer and the mucosa. This Langley's
enteric division has been named by Wingate enteric nervous system (ENS) (2).
Unlike relatively small number of extrinsic (preganglionic) parasympathetic
nerves (about 20000 vagal and pelvic afferents), the ENS contains about 100
million of neurons serving as local sensory neurons, interneurons and effector
motor neurons. ENS can be considered as a part of CNS that has been displaced
during development from the brain to the gut but retaining with brain two-way
communication pathways (parasympathetic and sympathetic), each including
efferent and afferent nerves (Fig. 1).

The efferent extrinsic parasympathetic (cholinergic) nerves are pre-ganglionic
fibers ending on cholinergic ENS neurons either of the myenteric plexus to
control motor activity of the gut or in the submucous plexus to regulate secretory
activity of glandular cells or visceral circulation. The efferent extrinsic
sympathetic (mainly noradrenergic) nerves are postganglionic and some of them

CN S Cerebral cortex,
Limbic system
Brain stem & Hypothalamus
Vagal Splanchnic
pathway pathway
Enteric Nervous Fig. 1. Neuronal organization of
System (ENS) Enteric afferents the brain-gut axis showing two-
<4 N —_ way communication between
[ 20 CNS and ENS and the presence
§ § o of sensors and their stimulants
SI\I/IEC(;IT?'IIEITII'IPYN B 2 (% Neurotrasmitters, at the afferent neurons in ENS
s Neur opeptides, H H
BLOOID ELOW g 5’ <4 Oiher chemical and and efferents of ENS Wlth their
Micdemie el motor, secretory and circulatory
effects.




139

terminate on postganglionic cholinergic neurons of ENS to inhibit acetylcholine
release via activation of their o,-presynaptic receptors or directly on intestinal
smooth muscle cells to affect motility of the gut or of vasoactivity of visceral
vessels to influence the visceral circulation (2, 3).

Characteristics and origin of enteric nervous system (ENS)

The unique feature of ENS differing it from extrinsic autonomic nerves is its
complexity (various types of neurons) and plasticity (ability to encode and
transmit sensory informations) but also autonomy with respect to CNS (2). GIT
may function without extrinsic innervation such as after truncal vagotomy or in
experimental studies with intestines bathed in vitro (Magnus experiment) using
oxygen, nutrients and proper concentration of electrolytes required to maintain
the viability of the tested gut. It responds to the changes in the gut lumen with the
initiation of coordinated programs of functions that are appropriate to the altered
conditions e.g. motor and secretory components of the migrating motor
(myoelectric) complex (MMC) initiated in empty stomach probably by motilin
and ghrelin generated in the gastric mucosa and passing along the entire bowel.
Because of this autonomy, the ENS is considered as “gut brain” (3) that exerts its
control activity over the GIT analogous to that of CNS exerting control over
somatic part of the body.

As mentioned earlier, autonomic nervous system, including ENS, originates
from the neural crest from which the cells migrate to the gut during development.
The migrating cells colonize the gut wall to form its intrinsic innervation (ENS).
The migration and maturation of neural crest cells require the expression of c-ret
protooncogene that encodes a receptor tyrosine kinase. The ligand for this
receptor is glial cell-derived neurotrophic factor (GDNF) (4). Another factor
required for neural crest maturation and migration is endothelin-3 (ET-3) and its
G protein-linked receptor, the endothelin-B (EB) (5) as well as Mash-1
transcription factor signaling through the ciliary-derived factor (CDNF) receptor

(6).

Brain-gut signaling

In general, the efferent fibers of the brain-gut signaling system, run in
preganglionic vagal and pelvic nerves, representing major routes regulating the
activity of ENS by CNS during interdigestive (e.g. MMC) and digestive phase (e.g.
exogenous and endogenous secretion, motility patterns and circulation), whereas
postganglionic splanchnic efferent pathways constitute the sympathetic outflow
from the CNS to the gut occurring during stress, adaptation and nocireception (7).

The afferent fibers of the gut-brain signaling route run through afferent vagal
and sympathetic (spinal) nerves transmitting to CNS the signals from a variety of
sensors in the gut that respond to mechanical (distention, contraction) stimuli,
various chemicals including nutrients in the gut lumen, neuro-hormonal stimuli
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such as gut hormones, neurotransmitters and neuromodulators as well as
cytokines and inflammatory mediators produced by microbes in the gut (3, 8).
The excitation of gastrointestinal mechano-, chemo- or noci-receptors in the gut
may be conveyed on short distance within ENS from sensory neurons to
interneurons and then to effector neurons (for intramural motor, secretory or
vascular reflexes) or may take longer pass, reaching either prevertebral ganglia
(for longer reflexes) or the CNS through vagal and spinal afferents via the lumbar,
colonic, hypogastric and pelvic nerves to enter brainstem (for vago-vagal
reflexes) or spinal cord (for spinal reflexes) (2, 3, 6-8)
(Fig. 2). Afferent extrinsic neurons responding to various stimuli arising from the
gastrointestinal mucosa, muscle layer or serosa (nutrients, chemicals, motility,
distention) are involved in gut-brain signaling but some of these visceral afferent
neurons, particularly splanchnic ones, are capable of synthesizing in their cell
bodies various neuropeptides such as calcitonin-gene related peptide (CGRP) or
substance P (SP) and transport them along the peripheral afferent terminals to
release them upon nerve stimulation to affect motor or vasomotor functions (for
axonal reflexes) (7 - 9). Afferent neurons projecting to prevertebral ganglia
trigger longer extramural visceral reflexes operating through these ganglia to
affect various functions of the GIT. Most of afferent vagal fibers pass through
nodose ganglia to terminate on nucleus tracti solitari (NTS) showing viscerotopic
representation with fibers from esophagus and stomach ending at its rostral-
lateral part, from stomach at caudal-medial part and from intestines at central and
rostral parts of NTS. Splanchnic afferent nerves pass intervertebral ganglia and
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Fig. 2. Schematic presentation of the morphological basis of brain-gut-brain signaling systems
involved in the long vago-vagal reflexes (A) and organization of ENS (B) communicating with CNS
and with its own sensory neurons, interneurons, forming integrative centers for intrinsic reflexes.
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dorsal roots to terminate on lamina I and V of the dorsal horn of spinal cord to
tigger the spinal reflexes with intermedio-lateral horn interneurons as integrative
centers controlling autonomic motor and circulatory function of the gut (9, 10).

The vagal afferent neurons with cell bodies in the nodose ganglia enter the brain
stem, which is an important crossroads for information signaled from the gut to CNS
and required to control gut functions via long vago-vagal reflexes. Information
conveyed to the brainstem by afferent vagal nerves terminate in the NTS, which is
adjacent to dorsal motor nucleus of the vagal nerve (DMN) within the dorsal vagal
complex (DVC) area. Connection by interneurons to the bodies of DMN completes
the vago-vagal reflex pathways controlling various functions of the digestive system.
Some signals from the gut are transmitted onward toward higher neural centers via
ascending tract from the NTS up to the hypothalamus and its paraventricular nucleus
(PVN), nucleus arcuatus (ARC), central nucleus to amygdale (CAN) the bed
nucleus of the stria terminalis (BNST) and the ventral thalamus (12) to influence
higher autonomic centers such as involved in appetitive behaviour.

CNS projections initiated by gut-brain signaling run through vagal afferents.
Expression of c-Fos, that serves as a marker for neurons stimulated by vagal
signaling from gut to brain, confirmed an increase in this cFos gene expression in the
area of vagal complex neurons in brain stem e.g. after gastric distention and
activation of mechanoreceptors at the afferent vagal nerves. Similar cFos expression
in the area of NTS was found after administration of CGRP or cholecystokinin
(CCK) (11 - 13). The latter observation seems to be important considering e.g. the
satiety stimulatory effect of CCK. CCK,-receptors (CCK,-R) have been found to be
expressed in vagal afferent nerves (14) along with receptors for leptin , PYY and
mechanoreceptors (GIT distention) (15) providing the basis for the potentiation
between CCK and leptin, PYY and distention in the stimulation of vagal afferents
and subsequently affecting feeding (satiety) centers in hypothalamus (16).

Satiety- and feeding-controlling mechanisms and brain-gut axis

Body weight depends on the balance between caloric intake and energy
expenditure or caloric utilization. Obesity results when the former exceeds the
latter. The mechanisms that serve to maintain body weight within relatively
narrow limits over long period of time in phase of changing the caloric intake and
changing metabolic demands can be divided into short-term (meal-to-meal) and
those with long-term neuro-hormonal control. Older observations showed that
force-fed animals for several weeks gain the weight but then when permitted free
access to food they eat less and their body weight sharply falls to previous level.
Conversely, if they are starved they loose weight but when permitted to eat freely,
spontaneous food intake rises until the lost weight is regained. It is well known
that during recovery after long or heavy illness, the food intake is increased to
catch up fashion until lost weight is regained (17).
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Fig. 3. Major reasons for feeding behaviour and hormonal mechanisms underlying these reasons.

In general, feeding occurs for various reasons, including energy deficiency
following fasting or physical exercise, when the palatable food is presented, stress
following isolation of pain and social reasons (Fig. 3). Each of these reasons is
probably mediated by different signals and normonal mechanisms regulating food
intake (18).

Role of brain-gut axis in the control of food intake

The question that arises is whether these signals and mechanisms originating
in the gut affect the feeding behaviour by the use of gut-brain axis. According to
classic concept, this behaviour remains under the control of two hypothalamic
“centers” with opposite functions, a lateral hypothalamic area named “feeding or
appetite center” and ventromedial hypothalamic area known as “satiety center”
(18, 19). This simplified hypothesis was supported mainly by animal
experiments with hypothalamic lesions performed bilaterally in the ventro-
medial portion of hypothalamus (in satiety centers) causing loss of appetite,
anorexia and caxechia, suggesting that satiety center functions by inhibiting the
feeding center. It has been proposed that feeding center is chronically active and
that its stimulation can be transiently inhibited after ingestion of food. It was
confirmed that simple gastric distention with balloon reducing temporarily the
desire for food due to neural stimulation of satiety centers and inhibition of
feeding centers of hypothalamus (PVN), but ingestion of various nutrients,
especially carbohydrates and fat, reduced hunger more effectively and induced
satiety even before these food products were digested and absorbed from the gut.
Therefore, signals from the upper gastrointestinal tract should be responsible for
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prandial satiety that could explain the short-term control of food intake limiting
the size of individual meals, thereby serving to match meal size with the capacity
of gut for digestion.

Gut peptides in control of appetitive behaviour

Cholecystokinin (CCK). This hormone is produced by I-cells and exists in the
mucosa and circulation in several molecular forms, the major forms in the plasma
are CCK-8, CCK-33 and CCK-39. It is the most likely candidate for the
mediation of this short-term inhibition of food intake (together with distention of
upper GIT). As already mentioned CCK may signal to satiety center of CNS (20
- 22) and this effect can be reduced by vagotomy, lesions of the NTS, vagal
transection or by deactivation of vagal afferents with the neurotoxic dose of
capsaicin (22 - 25). Such evidences support the notion that the prandial satiety
might be attributed predominantly to CCK released in the gut by protein and fat
digests and acting via vago-vagal reflexes rather than directly on the target organs
such as pancreas, gallbladder, liver or satiety center in CNS (Fig. 4). As
mentioned before (13, 14), the presence of CCKl-receptors detected at the
terminal and along of the afferent vagal nerves supports the involvement of CCK.

CCK has several physiologic actions occurring mainly via reflex vagal stimulation.
CCK stimulates the CCK, receptors at the afferent nerve terminals and activates the
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Fig. 4. The effects of cholecystokinin (CCK) on food intake and on various GIT functions mediated
by the long vago-vagal reflexes triggered by activation of CCK-receptors on vagal afferents and
controlling reflexly major GIT functions such as gastric emptying, pancreatic and biliary secretion
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CCK stimulates the discharge of afferent nerves (26, 27) and its action is
potentiated by gastric distention indicating a synergism between CCK,-receptors
(and probably also PYY and OXM receptors) and mechanoreceptors in vagal
afferents (Fig. 5). It is of interest that CCK exhibits also gastroprotective and
pancreatoprotective activities by triggering shorter enterogastric or
enteropancreatic reflexes or by long vago-vagal reflexes (28,29).

Our recent study on rats with large gastric fistula to drain the stomach to
measure the amounts of eaten food and pancreatic fistulas to determine the
pancreatic secretion, we found that liquid protein meal strongly stimulates
pancreatic protein secretion probably due to marked increment in plasma
immunoreactive CCK levels that was also accompanied by a marked rise in plasma
levels of PYY. Blockade of CCK-receptors with devazepide (L-364), profoundly
inhibited pancreatic secretion, while restoring the food intake and increasing plasma
levels of PYY and CCK. Both capsaicin deactivation of sensory afferents and
vagotomy reduced food intake and plasma levels of PYY and CCK. Addition of
exogenous CCK to vagotomized animals restored in part the pancreatic secretion,
while markedly reducing food intake. The experimental results performed on
conscious fully conditioned rats could be interpreted to mean that there is an
interaction between CCK and PYY in regulation of food intake and pancreatic
secretion. Both CCK and PYY interact to inhibit food intake while their effect on
pancreatic secretion appears to be opposite, CCK is involved in the stimulation of
pancreatic enzyme secretion mediated by specific receptors located on vagal
afferent, while PYY exerts the inhibitory on secretion by some unknown pathway

(Fig. 6)
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Fig. 6. Effect of peripheral administration of CCK (5 nmol/kg i.p.) alone or in combination with its
receptor antagonist (L-364) (10 mg/kg, capsaicin (125 mg injected s.c. 2 weeks before experiments)
induced deactivation of sensory afferent nerves, subdiaphragmatic vagotomy and the administration
of CCK in vagotomized rats on pancreatic protein output from chronic pancreatic fistula, liquid
(milk) food intake and plasma PYY levels measured by RIA in plasma of conscious fully
conditioned rats (unpublished data).

PYY. Another candidate for short-term satiety induced by signals from the gut
could be 36 amino acid peptide YY obtained initially from the colon mucosa (30)
but then found to be expressed by L-cells in the mucosa of the small and large
bowel including rectum (31) and released into circulation as PYY or PYY3-36
(31). Plasma levels of this peptide starts to increase almost immediately after
feeding suggesting its neural regulation (32) but reaches its daily peaks after
breakfast, lunch and dinner (33). It is of interest that obese people show increased
PYY late after large evening meal and, in general, reduced increment in PYY in
these subjects could explain deficient control of food intake and increased caloric
intake. The involvement of PYY especially in its PYY 3-36 form is supported by
the finding that exogenous administration of this peptides decreases appetite (34,
35). PYY 3-36 appears to act through Y2 receptors (Fig. 7), and as expected, this
peptide fails to affect the food intake in the Y2 receptor knockout mouse but
inhibits feeding in wide-type litter mates. PY'Y probably counterregulates ghrelin
release, a potent orexigenic peptide present in oxyntic mucosa and in
hypothalamus (36) acting via with specific receptors (growth hormone
secretagogue receptor - GHS-R) expressed in vagus nerves (37) as well as in
hypothalamus (ARC), this could be due to the fact that PYY-ghrelin negative
interaction occurs both at the level of vagal afferents, nodose ganglion and
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Fig. 7. The interaction between anorexigenic and orexigenic hormones acting on GPCR in afferent
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hypothalamus, particularly at its ARC. Indeed, circulating PYY penetrates to
hypothalamus through semipermeable capillaries in the median eminence area of
hypothalamus (37) and acts on vagal nerves mainly via Y2 receptors (38) that,
like other GPCR of afferent nerves originate from the cell body and are
transported retrogradualy along these nerves to periphery. Interestingly, obese
people show lower PYY level compared to lean control, suggesting the impaired
inhibition of hunger signals by PYY from the gut which may function in these
obese people as a positive feedback loop promoting further weight gain (38 - 40).
Further studies are needed to determine the mechanism of PYY and ghrelin
interaction and possible implication in explaining increased food intake based on
this hormonal interaction in obese people.

Oxyntomodulin (OXM). Another anorexigenic gut peptide that has been
recently suggested to contribute to physiological short-term suppression of food
intake is oxyntomodulin (OXM), a 37 amino acid peptide released after a meal
from endocrine cells of distal portion of the small bowel (39) (see Fig. 7). In
humans, i.v. administration of OXM was found to cause immediate decrease in
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hunger score and food intake as well as the suppression of plasma levels of
ghrelin (40, 41). The mechanism of anorexigenic action of OXM is not clear, but
like PYY, it may act directly on hypothalamic centers as intracerebroventricular
application of OXM in rodents inhibited food intake or on terminal of vagal
afferents as has been shown for ghrelin (38, 39). It should be noticed that OXM
does not affect PY'Y or leptin release because the plasma levels of these peptides
were not affected by OXM administration. There is evidence that OXM may play
some role under pathological conditions such as after jejuno-ileal bypass surgery
for morbid obesity (41 - 43). OXM may contribute to the loss of appetite and
weight loss observed under these conditions.

Ghrelin. As mentioned before, the deficiency of energy during fasting or
starving is one of the reasons stimulating feeding behaviour (18) . Since the
discovery of ghrelin, an endogenous ligand for GHS-R (44), and the observation
that this peptide is expressed in oxyntic mucosal cells (A/X cells) of empty
stomach and sharply rises before meal, while falling within one hour after a meal
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Fig. 9. Mechanism of the effect of alcohol on food intake as well as on gastric integrity, secretion
and motility mediated by gut-brain axis and ghrelin release.

(44-46), a great attention has been paid regarding the possible role of this peptide
in stimulating food intake (Fig. 8).

Ghrelin is 28 amino acid peptide, primarily secreted by X/A-like endocrine
cells in oxyntic mucosa of the stomach. Its release into the circulation reaches the
higher level in fasting state, peaking before the meal or when the subject is
expecting or requesting a meal suggesting that the actions of ghrelin on initiation
of food intake are under neural control. We found (47) that sham-feeding in dogs
(without entering of food into the stomach) was also accompanied by increased
plasma levels of this peptide but food ingestion in dogs as well as in rats (48, 49)
caused almost immediate fall in plasma ghrelin level suggesting that central
reflex vagal nerve activation as documented by the increase in gastric and
pancreatic secretion and gastric or pancreatic protection against injury (50). A
plausible exception appears to the food desire combined with an increase in
gastric acid secretion after intake of small amounts of alcohol (“coctail”), which
appears to enhance the overexpression of ghrelin in the oxyntic mucosa (50) and
increase plasma levels of this peptide, gastric motility and gastric acid secretion
(Fig. 9). Thus, ghrelin seems to play a major role in the initiation of food intake
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and stimulation in motilin-like fashion of gastrointestinal motility (MMC) (51)
and increased plasma levels of this hormone as confirmed by the finding that
administration of a dose of exogenous ghrelin given either peripherally to raise
plasma hormone level comparable to that observed in fasted animals or
intracerebroventricularly strongly stimulates ingestive behaviour.

In humans, the appetite may also be stimulated by ghrelin and inhibited by
leptin, PYY3-36 and OXM, all at physiological doses (44). Exogenous ghrelin
infusion resulted in about 30% increase of intake of free buffet meal without the
typical postprandial satiety so continuous ghrelin administration resulted in an
increase of accumulative food intake for the infusion period. In contrast,
exogenous PYY3-33 infusion during the same time period, decreased food intake
by about 40% without a decrease of subjective hunger or accumulation of injected
food during the infusion period. Thus, PYY seems to play a counterregulatory
role to ghrelin in both short- and long-term control of food intake (44). From the
practical point of view, ghrelin treatment could be useful in raising the weight loss
and improving appetite in patients with severe weight loss (e.g. cancer cahexia).

In addition to important role in initiation of food intake and thus in control of
energy homeostasis, exogenous ghrelin decreases the release and action of leptin
and vice-versa, exogenous leptin at a dose causing about 5% of weight loss,
reduces the plasma levels of ghrelin (44). It has been proposed that leptin exerts
a negative regulatory influence on the release of ghrelin and that increments in
ghrelin induced by weight loss arise because of the diminished inhibitory input
from leptin and possibly from PYY (45). This might imply that the weight-
reducing effects of leptin are mediated not only via direct central action the
peptide but also through its peripheral inhibitory effect on the release and action
of orexigenic hormone such as, ghrelin.

According to our experience in 24 h fasted rats (46), plasma ghrelin is highly
elevated, while leptin barely detectable. After feeding, a marked (by about 70%)
fall in plasma ghrelin can be observed and this is accompanied by significant rise
(by about 18%) of plasma leptin. Exogenous ghrelin administered
intraperitoneally at a dose (1pg/kg), that raised plasma ghrelin to the level
comparable with that observed in fasted animals, significantly attenuated plasma
leptin to the fasting level, while markedly increasing food intake. Pretreatment
with IgG anti-leptin antibody that immunoneutralized plasma leptin caused
marked increase in plasma ghrelin and increased food intake. As expected,
exogenous ghrelin almost tripled food intake and suppressed (by about 30%) the
postprandial increment in plasma leptin and both these effects were completely
abolished by immunoneutralization of plasma ghrelin using specific IgG ghrelin
specific antibodies. These results clearly confirm the hypothesis that ghrelin
negatively controls the plasma release of leptin and vice-versa, leptin has
counterregulatory influence on ghrelin, though the former effect is much stronger
than the latter. It remains to establish whether the negative interaction between
ghrelin and leptin (“ghrelin-leptin tango™) (45, 46) (Fig. 10) not only initiates
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food intake, mainly by stimulating NPY and AgRP expression in arcuate nucleus
of hypothalamus, but appears to exerts remarkably numerous effects, some in the
stomach (mucosal protection and stimulation of gastrin release and HCl secretion
(50, 51) in the pancreas (inhibition of pancreatic secretion and protection against
caerulein pancreatitis) (52), control of gastrointestinal motility (motilin-like
action) (53), cardiovascular action and most important - stimulation of release of
growth hormone in synergism with GHRH (54).

In addition to ghrelin, an orexigenic effects are also displayed by two orexins
(OX)-A and -B that originate from common precursor (54 - 56). Like ghrelin
(57), they are expressed in the gut and increase in plasma after fasting period to
act via receptors OX-R1 localized in vagal afferent nerves. OX inhibit food intake
by stimulating OX-R1 on vagal afferents and reduced CCK-induced discharge of
gut afferent fibers that otherwise inhibits food intake. Thus, both ghrelin and OX
provide inhibitory action to restrain stimulation of vagal afferent discharge that
would otherwise lead to inappropriate inhibition of food intake.

In summary, numerous neuropeptides affect the food intake by either
stimulating (ghrelin, OX) or inhibiting (CCK, leptin, OXM) the expression and
release in the arcuate nucleus of hypothalamus of NPY and AgRP, which are the
central (hypothalamic centers) orexigenic substances responsible for ingestive
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behaviour in animals and humans. Using ghrelin antagonists (60) it may be
possible to control food intake in obese people without gastric or intestinal bypass
surgery which were reported to attenuate circulating ghrelin and PYY release.

This issue of Journal of Physiology and Pharmacology contains several
original papers presented at the Brain-Gut Axis symposium, Cracow November
15, 2003. The review papers appeared as supplement 3 of 2003 issue J Physiol
Pharmacol. The control of food intake was not separately presented at this
symposium, therefore, the present article was designed to emphasize the
importance of brain-gut axis and gut hormones in feeding behaviour. We
greatfully acknowledge the editorial help and English correction by Dr. med John
Czarnecki from Harrisburg, Pt, USA.
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