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Abstract
Initial studies showed that the anorexigenic peptide oxytocin (OT) regulates gastric motility, responds
to stomach distention and to elevated osmolality, and blocks consumption of toxic foods. Most
recently, it has been proposed to act as a mediator of general and carbohydrate-specific satiety and
regulator of body weight. In the current review, we discuss the function of OT as a homeostatic
inhibitor of consumption, capable of mitigating multiple aspects of ingestive behavior and energy
metabolism.
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Feeding behavior depends on the interplay between peripheral and central signals. In the brain,
neurons governing this behavior form a complex network (Olszewski et al. , 2008) synthesizing
neuropeptides whose general function can be described as orexigens (e.g., ghrelin and
neuropeptide Y; NPY) or anorexigens (e.g., corticotrophin releasing hormone; CRH), but
whose specific roles in consumption initiation or termination vary significantly. Oxytocin
(OT), produced mainly by hypothalamic neurons, belongs to the group of anorexigens. The
uniqueness of OT’s hypophagic action arises from its involvement in facilitating peripheral-
central and intra-CNS “relay” of feeding-related signals as well as from its role in a wide range
of mechanisms, such as those that ensure homeostasis and those that affect reward.

1. General outline on OT and its receptor in the brain
OT and OT-like peptides have been detected in virtually all vertebrates, and the nonapeptide
sequence of OT (CYIQNCPLG) is well conserved, which is in line with the involvement of
this peptide in the most basic mechanisms (such as osmoregulation, reproduction or feeding)
common for organisms regardless of their level of organizational complexity. In fact, OT
precursor protein gene is estimated to date back at least 500 million years (Acher et al. ,
1995). OT-like precursor polypeptides in invertebrate species also display a high level of
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homology to the corresponding vertebrate molecule as documented e.g. in the preproannetocin
sequence analysis of the earthworm, Eisenia foetida. Interestingly, infusion of OT homologues
in invertebrates affects similar processes as those regulated by OT in mammals, e.g., gut
motility and reproductive functions (Oumi et al. , 1994, Ukena et al. , 1995).

OT binds to its receptor, a member of the Rhodopsin-type G protein-coupled receptor family
(Fredriksson et al. , 2003, Kimura et al. , 1992), and the cyclic rather than linear part of the
neuropeptide’s molecule determines binding selectivity (Postina et al. , 1996). It is noteworthy
that the OT receptor is relatively unselective since its affinity for OT is just about 10 times
higher than for vasopressin (VP) (Postina, Kojro, 1996), and a concentration of VP necessary
to induce a response comparable to that elicited by OT is approximately 100 times higher
(Chini et al. , 1996, Postina, Kojro, 1996). VP is regarded as a partial agonist at the OT receptor
and many studies have revealed that the VP receptor agonists have a dual OT-VP receptor
binding profile (Chini, Mouillac, 1996). OT and VP receptors’ affinities for their respective
antagonists do not overlap since antagonists target a different and more sequence-specific
protein fragment than the one recognized by agonists.

OT is primarily produced in the hypothalamic paraventricular (PVN) and supraoptic (SON)
nuclei. Magnocellular OT neurons from the SON and PVN project to the posterior pituitary
where OT enters the general circulation. The PVN also contains smaller parvocellular OT
neurons. 40% of them terminate in the pituitary, whereas the rest send axons throughout the
brain (Gimpl and Fahrenholz, 2001, Pelletier, 1991, Swanson and Sawchenko, 1980). The
topography of this central innervation parallels OT’s involvement in food intake. It is estimated
that 10% of OT neurons project to three brainstem sites crucial in the exchange of the CNS-
periphery feeding-related information, including GI tract motility and chemical plasma profile
(Huang et al. , 2000, McCann and Rogers, 1990). Those sites are the nucleus of the solitary
tract (NTS), which serves as a ”relay” station for a number of peripheral signals, including
those related to gut functioning; the dorsal motor nucleus of the vagus (DMNV) which is part
of the efferent and afferent vagal innervation of the stomach; and, finally, the area postrema
(AP) which mediates gastric responses triggered by high osmolality or presence of toxins in
the blood (Huang, Sved, 2000, Sagar et al. , 1995). Importantly, the OT-brainstem innervation
is reciprocal, i.e., brainstem neurons terminate in the proximity of OT perikarya in the
hypothalamus and OT terminals are found in the hindbrain, such as in the case of a powerful
anorexigen glucagon-like peptide-1 (GLP-1) (Shughrue et al. , 1996). However, OT terminals
as well as the OT receptor detected with in situ hybridization or autoradiography are present
also outside this basic brainstem-hypothalamus pathway. Recent evidence shows a relationship
between OT signaling in the ventromedial hypothalamic nucleus and nutritional state (for a
comprehensive review of this and other pathways, refer to (Leng et al. , 2008)). According to
histological analyses, sites that integrate OT signaling include components of the reward
network that mediates the portion of feeding driven by pleasure (e.g., the ventral tegmental
area, nucleus accumbens and bed nucleus of the stria terminalis), areas that alter food intake
under stressful conditions (e.g. the amygdala) as well as those that modify affective functions
and can consequently change various aspects of eating behavior (the dorsal raphe nucleus)
(Ostrowski, 1998, van Leeuwen et al. , 1985, Yoshimura et al. , 1993). In addition, OT fibers
terminate at OT perikarya expressing OT receptors, which suggests a positive feedback loop
as the OT receptor has excitatory properties (Neumann et al. , 1996). This auto-amplification
of OT release plays a role in lactation (Moos et al. , 1989, Neumann et al. , 1993), but it has
not been examined in association with other processes. A schematic representation of the OT
system in the brain in relation to feeding is presented in Figure 1.
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2. OT as a feeding regulator: classical concept
Gold and colleagues found that lesions to the PVN resulted in hyperphagia and significant body
weight gain in rats (Gold et al. , 1977), which was later confirmed by other groups (e.g. (Shor-
Posner et al. , 1985)). Lesions that extended beyond the PVN did not generate a greater effect
on ingestive behavior or obese phenotype (Leibowitz et al. , 1983). Knife cuts leading to the
disruption of the PVN-hindbrain pathways were shown to be crucial in the development of
hyperphagia and obesity (Kirchgessner and Sclafani, 1988, Kirchgessner et al. , 1988). The
search was then undertaken for neuropeptides derived from the PVN whose lack precipitated
this effect. Injection studies provided preliminary evidence linking OT with feeding
termination. Intracerebroventricular (ICV) injections of OT and OT receptor agonists dose-
dependently suppressed chow intake in male and female rats stimulated to eat by scheduled
feeding or by food deprivation (Arletti et al. , 1990, Benelli et al. , 1991, Olson et al. ,
1991a). This effect was reversible by administration of OT receptor antagonists, although OT
receptor antagonism by itself did not increase energy intake. (Olson et al. , 1991b) Peripheral
administration of only high doses of OT generated hypophagia, which strongly suggested that
central OT affects feeding (Arletti, Benelli, 1990, Benelli, Bertolini, 1991). Interestingly, OT
homologue injection experiments in several other species have shown that this feeding
inhibitory function seems to be as well conserved as the OT molecule itself. For example, ICV
infusions of OT in birds caused a dose-dependent decrease in feed intake, feeding time and
pecking frequency (Jonaidi et al. , 2003).

The observed hypophagic outcome of central treatment with OT agents produced little
explanation as to what mechanisms underlie this effect. Subsequent studies that focused on
defining the physiological basis of OT’s effect on feeding generated substantial evidence
indicating that OT acts as a “homeostatic” inhibitor of ingestive behavior. As OT is involved
in gastric motility, it responds to significant stomach distention and to elevated plasma
osmolality that accompanies food intake, and blocks consumption of toxic tastants and
promotes avoidance of such tastants upon subsequent presentations, it was concluded that OT
prevents the animal from maintaining consumption that could potentially jeopardize the
internal milieu (Flanagan et al. , 1992).

2.1. Osmolality
Increases in plasma osmolality signify dehydration, improper fluid homeostasis or ingestion
of highly osmotic foods. Changes in the osmotic status activate OT neurons projecting within
the CNS and to the pituitary. Hyperosmolality resulting from water deprivation induced
expression of an immediate-early gene, c-Fos, in magnocellular OT neurons in the SON and
PVN (Fenelon et al. , 1993, Rinaman et al. , 1997, Stricker and Verbalis, 1996). Van Tol
reported that prolonged osmotic stimulation through long-term exposure to 2% NaCl instead
of drinking water, increased OT mRNA levels of OT-immunoreactive neurons in these sites
(Van Tol et al. , 1987). Consequently, intraperitoneal (IP) injections of NaCl solutions as well
as hypovolemia due to dehydration produced an elevated plasma OT profile (Ludwig et al. ,
1994).

Importantly, dehydration by itself suppresses food intake: mice deprived of both food and water
ingested less chow during a 60-minute re-feeding period than animals deprived of only food
(Rinaman et al. , 2005). Conversely, administration of hypertonic NaCl inhibited food intake
and stimulated concurrent OT release (Chen et al. , 2004, Flynn et al. , 1995, Rinaman, Vollmer,
2005). Puryear and colleagues found that in OT knockout (KO) mice, the hypophagic effect
of water restriction was attenuated (Puryear et al. , 2001). The same group of investigators
showed that animals deficient in OT displayed an increased consumption of NaCl compared
to wild-type controls. Furthermore, genetic deletion of the OT receptor decreased salt appetite
(Puryear, Rigatto, 2001, Rigatto et al. , 2003). It is noteworthy that stimulatory effects of
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intravenous (IV) infusions of NaCl on plasma OT levels were blunted in rats with lesions of
the AP, which suggested that AP neurons facilitate OT responses to osmotic challenge. It
should be noted, however, that once an IV infusion of 0.5M NaCl was combined with that of
1M mannitol in AP-lesioned animals, plasma OT levels increased normally (Curtis et al. ,
1999, Huang, Sved, 2000). Moreover, no effect of AP lesions on the increases of plasma OT
levels after plasma volume deficits was observed, indicating that the AP is important only for
secretion of OT in response to hypernatremia (Huang, Sved, 2000).

Interestingly, some authors argued that the involvement of OT in the regulation of osmotic
balance does not serve as a proof of this peptide’s involvement in the control of consummatory
behavior, but rather links OT merely to an improper water balance. Nevertheless, it was later
noted that the role of OT as an osmotic regulator in some species (e.g., in sheep) is taken over
by VP; in these animals, OT retains its anorexigenic properties (Svennersten-Sjaunja and
Olsson, 2005).

2.2. Taste aversion
OT has been proposed to inhibit food intake in order to prevent the organism from ingestion
of toxic substances. This notion is supported by conditioned taste aversion (CTA) studies. In
natural conditions, aversion develops upon ingestion of food that causes unpleasant
gastrointestinal sensation (sickness, malaise and/or nausea) driven by toxicity. The set of
behavioral responses follows and it includes termination of consummatory behavior and
subsequent avoidance of tastants of a similar flavor recognized as “tainted”. In the laboratory
setting, a CTA, as an associative phenomenon, is generated in a paradigm in which presentation
of a novel food is paired with an injection of a toxin (Thiele et al. , 1996, Yamamoto et al. ,
1992, Yamamoto et al. , 1994). Consumption of this tastant upon subsequent presentations is
significantly reduced.

Central mechanisms responsible for the development and maintenance of aversion-based
hypophagia are complex. The brainstem sites: the NTS, AP, DMNV and parabrachial nucleus
(PBN), take part in the recognition and integration of peripheral aversive signals, including the
presence of toxins in the circulation and changes in the gastrointestinal (GI) tract motility
parameters. Among these sites, the AP seems to play a particularly crucial role as its lesions
prevent animals from acquiring an aversive response. This was shown by Curtis et al. who
reported that while sham-operated and non-operated control animals developed a CTA to the
novel tastant whose initial presentation was paired with a single LiCl injection, animals with
AP lesions failed to show any signs of aversion (Curtis et al. , 1994). In line with those findings,
AP as well as the NTS and PBN display an increased Fos immunoreactivity following CTA
inducing treatments, such as LiCl or copper sulfate injections (Olszewski et al. , 2000, Sakai
and Yamamoto, 1997, Thiele, Roitman, 1996). This signifies the importance of not only the
hypothalamic OT system, but also the relay sites that allow the OT neurons to act at central
target sites and, in the case of aversion which involves also the pituitary OT release, at
peripheral tissues. The CTA-dependent activity of OT neurons most likely diminishes a drive
to consume a tastant associated with sickness and favors an abrupt inhibition of consumption
that has already been undertaken. One should note however that there is a significant
magnocellular (thus, pituitary/peripheral) component of the OT system’s response to aversive
stimulation. Since peripheral OT generally does not inhibit consummatory behavior, the role
of OT in the periphery in aversion is likely unrelated to consumption, but it may rather be
associated with facilitation of mechanism preparing peripheral tissues and organs for
consequences of toxicity. In fact, involvement of circulating OT in cardiovascular or natriuretic
responses supports this hypothesis (Forsling et al. , 1994, Houshmand et al. , 2009, Loichot et
al. , 2002, Ondrejcakova et al. , 2009, Petersson and Uvnas-Moberg, 2008).
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OT signaling is observed regardless of the nature of agents that induces sickness; those include
chemicals, such as LiCl or copper sulfate, as well as natural or synthetic ligands of central
receptors, e.g., high doeses of CCK and naloxone (Flanagan et al. , 1988, Olszewski, Shi,
2000, Olszewski et al. , 2001, Rinaman et al. , 1995). It indicates that OT is the final component
of many pathways involved in the mediation of CTAs rather than being limited to treatment-
selective mechanisms that activate a specific group of receptors and engage specific
mechanisms. Although OT is thought to be the final component of neural circuitry supporting
CTA responsiveness, it is not a sole or necessary one: OT administration has not been shown
to elicit aversive consequences, whereas LiCl-treated animals, incapable of developing CTAs
due to the AP lesion, still display a surge in OT release (Curtis, Sved, 1994). It seems
particularly interesting however that, while intraperitoneal LiCl given in rats with AP lesions
does not induce a CTA, it produces anorexia accompanied by increased OT levels (Curtis,
Sved, 1994). Therefore, OT may play an auxiliary role in the CTA process, being one of the
factors ensuring inhibition of consummatory behavior.

One should note that agents that mediate satiation (such as the aforementioned CCK and
naloxone), within a certain range of doses, terminate feeding without aversive consequences.
However, once injected at higher doses, they precipitate a CTA. This brings about an interesting
hypothesis that perhaps extremely robust, uncontrollable eating that could potentially disturb
homeostasis has such a profound effect on feeding-related peptide plasma and central profiles
that it is eventually curbed by activated aversive feeding termination mechanisms that
encompass OT neurons. This could explain temporary avoidance of foods that had been greatly
overconsumed during a single meal. Aversion-like eating restrictive behaviors have been
observed in humans who interspace binge eating episodes with periods of avoidance of diets
that were part of a binging event (Neumark-Sztainer et al. , 2004, Sierra Baigrie and Lemos
Giraldez, 2008).

2.4. Changes in feeding during pregnancy and lactation
OT controls parturition and maternal behavior. It is released after dilation of the cervix during
labor; in lactating animals, it stimulates milk ejection (Crowley et al. , 1992, Soloff et al. ,
1980). Food intake, body weight and adiposity increase during pregnancy and persist
throughout lactation to provide for the metabolic demands of the fetus and sustain milk
production. At this time mechanisms responsible for the regulation of energy balance require
intricate adjustments. It has been suggested that these adjustments are based, at least partially,
on a modified responsiveness of the OT system to feeding (Douglas et al. , 2007). For example,
meal-induced activity of OT neurons is decreased and central release of OT associated with
feeding termination diminishes, which leads to general hyperphagia and results in elevated salt
appetite in rats (Brunton et al. , 2008). Concurrent reduced OT responses to high plasma
osmolality have been observed (Brunton, Arunachalam, 2008, Koehler et al. , 1994).

Activity of the OT system is elicited by administration of anorexigenic peptides and it reflects
a general increase in activation of circuitry that mediates satiation. However, an elevated
response of OT cells has been shown also upon injection of powerful orexigens, such as NPY
and ghrelin, in both males and females (Brunton et al. , 2006, Olszewski et al. , 2007). It has
been speculated that, under basic physiological conditions, activation of the OT system by
orexigenic factors, serves as the feedback mechanism that does not allow dangerously
excessive food intake to occur. OT neurons in pregnant rats are less sensitive to both orexigenic
and anorexigenic peptides. In female virgin rats, OT is released after stimulation with the
appetite suppressant, CCK, and stimulant, NPY, and it lessens general hunger and salt craving.
In late pregnant rats, no changes in central OT release after CCK or NPY stimulation have
been reported and NPY showed no stimulatory effect on OT neurons (Brunton, Bales, 2006).
Therefore, not only the apparent diminished output of the satiety related CCK-OT pathway
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contributes to overfeeding in pregnancy; the lack of NPY’s stimulatory effect on OT neurons
also generates hyperphagia as the response of the feedback mechanism is blunted.

3. OT and feeding: novel concepts
Although a general consensus on the role of OT in feeding control as a homeostatic regulator
was reached, as the new data were generated - including those derived from molecular studies
- it soon became apparent that the function of this peptide in shaping feeding responses that
allow homeostasis to be maintained is very complex.

A gene dubbed Single-minded 1 or SIM1 encodes a transcription factor essential, among others,
in the development of the PVN. Therefore, generation of mice heterozygous for SIM1 (animals
with a complete gene deletion of the gene are not viable) was expected to produce an obese
and hyperphagic phenotype similar to that generated by lesioning the PVN (Leibowitz et al. ,
1981). Indeed, heterozygous mice developed early-onset obesity and increased linear growth
with energy expenditure levels unchanged compared to wild-type controls (Michaud et al. ,
2001). As the entire PVN was found to be hypocellular (Kublaoui et al. , 2006a, Michaud,
Boucher, 2001), it was therefore anticipated that all neuronal populations within this site were
uniformly affected by SIM1 haplosufficiency. In a very well designed set of studies, Kublaoui
et al. determined, however, that the impaired development and low activity of the OT system
was likely the main culprit behind the observed obese phenotype in this strain. OT mRNA in
the PVN was downregulated by 80%, far more than expression of any other satiety-related
gene studied, including TRH, CRH, VP and somastotatin (decrease by only 20–40%). Central
supplementation of OT reversed hyperphagia and abnormal weight gain precipitated by the
heterozygous status (Kublaoui et al. , 2008). These data are of particular interest as they show
that OT can single-handedly alleviate consumption-related and obesogenic phenotypic features
caused by developmental “silencing” of the PVN. Most likely, feeding and weight gain affected
by OT replacement were at least partially unrelated to homeostatic rescue. In support of this
assumption, overexpression of human Sim1 in transgenic mice results in resistance to diet-
induced obesity (Kublaoui et al. , 2006b); no information on the level of OT mRNA in these
animals is available yet.

Studies on the interactions between OT and other feeding-related peptides have provided
evidence that the role of the OT system in feeding control appears to be related to the induction
of satiety responses. Activation of the melanocortin-4 receptor, whose involvement in the
etiology of obesity and satiation has been shown both in humans as well as has been confirmed
in animal models, by direct alpha-melanocyte stimulating hormone (alpha-MSH) injections in
the PVN reduced feeding stimulated by a variety of factors and causes a concurrent increase
in the percentage of c-Fos IR OT neurons (Olszewski, Wirth, 2001). Importantly, this PVN
treatment with alpha-MSH did not cause any aversive consequences. In contrast, GLP1 induced
satiety and, at higher doses, also a CTA: increase in activity of OT cells was observed in both
cases (Larsen et al. , 1997). In addition, other satiety mediators, such as cocaine-amphetamine-
regulated transcript (Vrang et al. , 2000) and CCK (Hashimoto et al. , 2005) caused upon
injection an increase in OT neuronal activity in the PVN and SON and/or the release of the
peptide. It should be emphasized that antagonism of the OT receptor in the brain led to
elimination of hypophagia induced by one of the most potent satiety factors known thus far,
CRH (Olson et al. , 1991c) and attenuated the hypophagic effect of the adipocyte hormone
leptin on consumption (Blevins et al. , 2004). Initial injection studies showed that that the OT
receptor antagonist prevented feeding termination by CCK (Olson, Drutarosky, 1991b).
Subsequent experiments utilizing peripheral administration of CCK along with OT antagonist
infusions to the fourth ventricle showed a diminished anorexigenic response to CCK by 22–
23% upon OT receptor blockade (Blevins et al. , 2003). Recent evidence obtained in OT KO
mice suggests that activity of the OT-CCK pathway is auxiliary but not mandatory in inducing
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meal termination by CCK (Mantella et al. , 2003). Finally, an increased activity level of OT
neurons coincides with the end of a meal (Olszewski and Levine, 2007), which suggests that
these cells are part of the mechanism that supports satiation.

Deletion of the gene encoding OT or OT receptor in mice shed more light on feeding-related
mechanisms regulated by the OT system. Nishimori et al. raised mice deficient in the OT
receptor gene and found that despite similar food intake as seen in wild-type controls, the KO
animals started developing obesity in week 12 after birth (Nishimori et al. , 2008). They had
a much higher mass of the white and brown fat. The impairment of the adrenergic receptor
system in these animals may also contribute to the elevated adipose tissue weight. Takayanagi
and colleagues provided further characterization of the OT receptor −/− obese phenotype
(Takayanagi et al. , 2008). They reported an increase in the mass of abdominal fat pads and
elevated triglycerides in the blood in the KO strain. This high adiposity was not associated
with an altered feeding or locomotor activity profiles, though thermogenesis was impaired in
these mice.

Data pertaining to obesity in OT-deficient mice are somewhat conflicting with some authors
reporting no body weight differences between KO and wild type animals, whereas others have
shown an increase in adiposity whose onset occurs as late as at 4–6 months of age. Camerino
found that OT KO mice develop hyperleptinemia, a decreased insulin sensitivity and glucose
intolerance as well as lower adrenaline levels (Camerino, 2009), which led to the hypothesis
that the metabolic changes accompanying OT deficiency stem from a decreased sympathetic
nervous tone. They exhibit altered macronutrient preference profiles and eating patterns. For
example, OT KO mice display enhanced preference for carbohydrates, particularly sweet ones
(Sclafani et al. , 2007); another study showed that OT may be very effective in reducing intake
of sucrose (Amico et al. , 2005). Yet another experiment showed that OT was not involved in
the regulation of fat intake, but its main role was limited to inhibiting consumption of
carbohydrates (Miedlar et al. , 2007). In line with the KO data, recent real-time PCR studies
in wild-type rats showed the effect of scheduled volume-unrestricted consumption of high-
sugar versus regular diet on OT gene expression levels in the hypothalamus (Olszewski et al. ,
2009).

That feeding inhibitory action of OT appears to be macronutrient-specific does not necessarily
mean that it diminishes a rewarding value of food containing this macronutrient. In fact,
Lokrantz et al. showed that intracranial injections of OT reduce the intake of the 12.5% glucose
solution only in rats deprived of food for 20 hours. No effect was observed in sated animals
allowed access to glucose (Lokrantz et al. , 1997). These data support the notion of OT's
involvement in satiation (which can be also geared toward a specific macronutrient), but not
in reduction of feeding reward. The satiation hypothesis is corroborated by our recent findings
showing that rats ingesting daily equal amounts of either high-sugar or high-cornstarch diet
display a different level of activity of the OT system at the end of a meal: chronic intake of
sucrose without overeating it is associated with a lower percentage of Fos-positive OT neurons
in the PVN (Mitra et al. , 2010).

4. OT system in human pathological conditions related to body weight control
Prader-Willi syndrome (PWS), a condition resulting from a loss of paternal genes in region
q11–13 on chromosome 15, is characterized by hypotonia, developmental disability,
hypogonadism and, importantly, gross obesity and insatiable hunger. Hypophagia during
infancy, likely caused by hypotonia, gradually recedes and, around the age of 2 years,
individuals start displaying extreme hyperphagia leading to morbid obesity (Fong and De
Vries, 2003). Excessive appetite in PWS patients is thought to develop mainly due to impaired
perception of satiety. Malfunctioning gut-brain feedback mechanisms related to satiety
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signaling are speculated to be the underlying cause. PWS has been associated with many
abnormalities related to the synthesis and release of peptides at the central and peripheral level;
the OT system seems to be affected as well. Martin et al. reported that PWS is associated with
altered baseline OT profile in the cerebrospinal fluid in males and females (Martin et al. ,
1998). Swaab et al. showed that PWS patients have a reduced number of OT neurons (42%
decrease) and smaller OT cell volumes (Swaab et al. , 1995). An undersized OT population
seems a developmental rather than transient functional issue, because hypothalamic
abnormalities, such as improper cardiovascular parameters, are observed already in the fetus
(L'Hermine et al. , 2003). This is supported by SIM1 knock out model data described above in
which mice heterozygous for the SIM1 gene had an obese phenotype and showed a lowered
number of cells synthesizing OT and insufficiently developed PVN (Kublaoui, Holder,
2006a, Michaud, Boucher, 2001).

Similar symptoms as in PWS were described in the case study of a 9-year-old male with a
duplication of chromosome 3p25.3p26.2. This region of chromosome 3 includes genes
associated with obesity: ghrelin and peroxisome proliferator-activated receptor gamma
(PPARG). Importantly, it also contains the gene for the OT receptor. Quantitative RT-PCR
analysis of genomic DNA of this subject revealed that the OT receptor gene expression was
two-threefold increased compared to healthy controls (Bittel et al. , 2006).

Patients with anorexia nervosa (AN), among many other psychological and physiological
symptoms, display abnormally low threshold for reaching satiety, preoccupation with the
adverse consequences of food intake and avoidance of subjectively “dangerous” (high in
calories) foods. Therefore, OT was studied as one of the candidate systems whose
malfunctioning could underlie eating-related aspects of AN. Initial findings indicate that OT
may indeed be involved in AN etiology. Chiodera et. al. found that, in underweight AN patients,
estrogen- or insulin-induced hypoglycemia results in an impaired response in plasma OT
(Chiodera et al. , 1991). In recovered AN patients, plasma OT responses to stimuli provoking
hypoglycemia normalized after weight restoration (Frank et al. , 2000) but OT plasma
concentration was reduced in underweight anorectics. It is still unclear however whether the
OT system’s malfunctioning could be interpreted as the cause or consequence of an acute phase
of AN.

5. Conclusions and perspectives
OT responds to alterations in plasma osmolality, stomach distension and presence of toxins in
the circulation. OT acts as a mediator of general and macronutrient-specific satiety and, thus,
an important factor in the prevention of hyperphagia and obesity (see Fig. 2 for the summary
of functional data). Under some circumstances, activity of OT neurons is geared toward
protecting the organism from overconsumption of sugar, other carbohydrates and sweet non-
carbohydrate tastants. This calls for conducting pharmacological studies to elucidate how to
decrease intake of sweet carbohydrates with OT receptor ligands. It is important in light of
obesity “epidemic” accelerated by availability and overconsumption of sugars, but also because
appetite for dessert (sweet) foods which are often devoid of many essential nutrients,
contributes to the paradox of nutritional deficiencies in obesity (Kaidar-Person et al. ,
2008a,b).
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Fig. 1. Topography of central OT pathways involved in food intake regulation with special emphasis
on functional significance of the circuits
OT neurons project from parvocellular PVN neurons in the hypothalamus to brainstem sites
known to regulate feeding (NTS, AP, DMNV) and to the pituitary, where OT is released to the
general circulation. While the brainstem-hypothalamus pathways have been extensively
studied in relation to OT’s involvement in anorexigenic responses stemming from peripheral
parameters, such as GI tract distension, osmolality of the blood, etc., many other feeding-related
sites that contain OT terminals or OT receptors have not been comprehensively evaluated in
relation to anorexigenic action of OT. These include areas involved in reward (ventral
tegmental area, VTA; nucleus accumbens, NAc; bed nucleus of the stria terminalis, BST),
affect (dorsal raphe nucleus, DR), energy homeostasis (ventromedial hypothalamic nucleus,
VMH) and stress (amygdala, Amy; and parabrachial nucleus; PB) (Buijs et al. , 1983, De Vries
and Buijs, 1983, Kirchgessner, Sclafani, 1988, Olson et al. , 1993).
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Fig. 2. A schematic representation of functional relationship between OT neuronal activity/release
and feeding-related behaviors, processes and physiological conditions
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