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Oxytocin: A Potential Therapeutic for Obesity
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1
3

Oxytocin is a neuropeptide involved in the homeostasis of food consumption and energy; it affects hedonic eating. Studies in obese or binge-eating patients reported the hypophagic effect of oxytocin, which reduced caloric
intake after administration. Several studies have demonstrated the effect of oxytocin’s increasing energy intake,
decreasing food consumption, and contributing to weight loss. Oxytocin’s effects on food intake and metabolism suggest its therapeutic potential for treating obesity and binge eating.
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INTRODUCTION

family.3 Oxytocin is synthesized in the supraoptic nucleus and paraventricular nucleus (PVN) of the hypothalamus.4-6 It regulates eat-

Oxytocin is a hormone produced in the hypothalamus and se-

ing behaviors and the metabolism.1 Magnocellular neuroendocrine

creted by the posterior pituitary gland.1 The hormone is involved

neurons in two nuclei extend axonal connections into the posterior

in childbirth and breastfeeding and affects emotions such as love

pituitary gland. The hormone is secreted into the peripheral blood

and affection, social behavior, and metabolic processes. Several

circulation7 and does not cross back through the blood-brain barri-

studies have demonstrated the effects of oxytocin on increasing en-

er.8-12 Other axonal connections exist between the PVN oxytocin

ergy consumption and decreasing food consumption, leading to

neurons and regions of the brain. The PVN contains parvocellular

weight loss. Oxytocin’s effects on food intake and metabolism sug-

oxytocin neurons, which protrude into the central nervous system

gest its potential for treating obesity and binge-eating.

structures including the brainstem and spinal cord.13 Parvocellular

2

oxytocin neurons in the PVN connect to the nuclear bed of the

PHYSIOLOGICAL PROPERTIES OF
OXYTOCIN

stria terminalis, the ventral tegmental area, and the nucleus accumbens and are involved in reward behavior and eating behavior regulation.14-18 GPCRs bound by oxytocin are expressed throughout

Oxytocin is a peptide comprising nine amino acids produced in

the brain19 in structures such as the olfactory nucleus, hypothala-

the brain and peripheral organs. It binds to the oxytocin receptor,

mus, amygdala, and anterior cingulate cortex limbic system.20 Oxy-

which is a member of the G protein-coupled receptor (GPCR)

tocin interacts with other neurotransmitters, and serotonin has
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been reported to increase oxytocin concentrations.3 Dopamine in-

with autocrine and paracrine effects.30,31 Positive feedback effects

teracts with oxytocin to regulate the activity of the reward circuitry

have been reported from the central or peripheral administration of

in the brain (Fig. 1).

Oxytocin is synthesized in such organs as

oxytocin, stimulating auto-receptors in the magnocellular supraop-

the placenta, heart, kidneys, uterus, ovaries, testis, blood vessels,

tic neurons.32,33 Oxytocin receptors are found throughout the cen-

and skin.19,23 Oxytocin receptors are present on myoepithelial cells,

tral nervous system and peripheral regions, providing a clue for the

the pancreas, heart, blood vessels, kidneys, thymus, adipocytes, and

regulation of food consumption and metabolism. In addition to the

macrophages.24,25 Oxytocin receptors are involved in nitric oxide

anterior pituitary gland, oxytocin receptors have been observed in

production, uterine contractions, and lipolysis through G protein

the pancreas, adipocytes, and gastrointestinal tract, and studies have

coupling and C-beta pathway activation.26-29 The production and

reported their association with eating behaviors (Fig. 2).19,30,34-43

21,22

secretion of oxytocin in the gastrointestinal tract7 are associated

REGULATION OF ENERGY BALANCE AND
METABOLISM OF OXYTOCIN
Oxytocin affects appetite by decreasing intake and promoting lipolysis and the oxidation of fats. It also lowers body temperature
and visceral fat while increasing thermoregulation and energy consumption. Furthermore, it plays a role in glucose and metabolic homeostasis, improving insulin sensitivity.1,44 An increase in oxytocin
sends signals to reduce calorie consumption and raise energy intake. Dysfunction in oxytocin signaling can cause weight gain. Variations in the oxytocin receptor gene have been linked to obesity.45
Oxytocin decreases food intake by affecting feeding behavior and
causes satiety signaling in the brain. A positive relationship was
found between oxytocin levels and body mass index,46 and oxytocin levels correlate with visceral fat mass. In addition, a positive association was demonstrated between oxytocin levels and obesity
and metabolic syndrome.47,48 Oxytocin has been shown to decrease
weight and body fat via fat oxidation and lipolysis independent of
its effects on food intake.11,33,49,50 Decreases in visceral fat and liver
Figure 1. Oxytocin production and secretion in the central nervous system. SON,
supraoptic nucleus; PVN, paraventricular nucleus.

fat related to oxytocin49 are particularly noteworthy because they
are metabolically important fat types associated with a higher risk

Figure 2. The effect of oxytocin on eating behavior and metabolism.
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cilitated insulin secretion from β cells of the pancreas through the

of cardiovascular disease and metabolic syndrome.51
Oxytocin receptors bind G protein activated adenylate cyclase to
increase cyclic adenosine monophosphate production, resulting in

turnover of phosphoinositide and the activation of protein kinase
C, and by indirectly affecting vagal cholinergic neurons.69,70

lipolysis.26,28,52 The mechanism of energy expenditure facilitated by
oxytocin has not been established. However, oxytocin generates
thermogenesis by activating brown fat and converting white adi-

STUDIES ON THE ROLE OF OXYTOCIN IN
EATING BEHAVIORS

pose tissue to beige fat.53 Unlike a single dose of oxytocin, chronic
oxytocin exposure has been shown to affect energy consumption.54

Many studies have investigated the impact of oxytocin on the

Oxytocin affects metabolism directly and also down-regulates the

eating habits of rats. Oxytocin suppressed the appetites of mice for

hypothalamic-pituitary-adrenal axis. Oxytocin was reported to de-

sugar and carbohydrates rather than for fat. Oxytocin receptor-

crease adrenocorticotropic hormone and cortisol release from the

knockout mice consumed more sweet solutions, sweetened food,

anterior pituitary gland and adrenal glands through oxytocin recep-

and carbohydrates than wild-type mice71-73 and progressed to late-

tors, mitigating the negative metabolic effects of cortisol.43,55-60

onset obesity.74 Wild-type mice injected with an oxytocin receptor

Oxytocin receptors are also found on pancreatic α and β islet

antagonist consumed more sucrose than fat.75 Oxytocin expression

cells.42 Conflicting responses of oxytocin to insulin and blood glu-

was reduced in rats with long-term exposure to sugar.76 Single-

cose have been reported in human studies. Oxytocin caused differ-

minded 1 gene deletions77 and the loss of hypothalamic oxytocin

ent effects depending upon the dose or route of administration

neurons,78 which control appetite and weight, have been associated

such as whether the injections were intravenous or intranasal and

with obesity. Diet-induced obese mice showed dysfunctions in

whether they were delivered in a bolus or by continuous infusion.

their oxytocin systems.79

One study showed a sharp drop in postprandial 3-hour blood sugar

Injections of oxytocin decreased the feeding and drinking of rats

following the administration of an intravenous bolus of 10 MIU/kg

of both sexes in a dose-dependent manner.80 Oxytocin administra-

oxytocin to postpartum women.61

tion resulted in greater reductions in food intake in obese rats than

In another study, 10 IU of oxytocin was administered to postpar-

in slim rats.81 Intraventricular injections demonstrated better effects

tum women intravenously, but there was no change in blood glucose

on the regulation of food consumption than did intraperitoneal in-

or insulin levels. In men, 6 IU of oxytocin, but not 3 IU, increased

jections.82 However, peripheral oxytocin administration also im-

insulin levels with no change in blood glucose, glucagon, growth

proved obesity by decreasing food consumption and visceral fat.49

hormone, or cortisol levels.63 In another study, healthy men in their

Maejima et al.49 showed that both intraperitoneal and subcutane-

20s were administered oxytocin at 0.2 IU/min over 60 minutes in a

ous (SC) oxytocin injections decreased food consumption and the

continuous intravenous infusion, which caused hyperglycemia; ele-

effects were better in obese mice than in normal-weight mice. Daily

vated insulin, glucagon, and adrenaline levels; and decreased corti-

SC oxytocin injections decreased food intake and body weight.

sol levels. The same results were seen in insulin-induced hypogly-

Chronic oxytocin injections delivered via a pump decreased food

cemia. This suggests that oxytocin affects glucose homeostasis

consumption, total body weight, and visceral fat. There was no re-

but does not consistently raise or lower blood glucose. Oxytocin

bound weight recovery. Chronic oxytocin infusions promoted fat

improved pancreatic β cell responsiveness and insulin sensitivity to

usage and improved glucose tolerance.49 However, discrepant re-

a glucose challenge.65

sults of oxytocin effects have been reported.

62

64

Diabetic patients showed high blood glucose, insulin, and glyco-

A meta-analysis by Leslie et al.83 reported different results ac-

sylated hemoglobin levels and a high homeostatic model assess-

cording to sex and the oxytocin administration period. Oxytocin

ment of insulin resistance with low levels of oxytocin.

Oxytocin

decreased food consumption more in male rats than in female rats,

administration increased the expression of glucose transporter type

with food intake decreasing over time. A short-term oxytocin treat-

4, an insulin-dependent glucose transporter. Oxytocin directly fa-

ment delivered as a single dose either by a central or peripheral

66,67

68
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route reduced food consumption, whereas chronic, long-term ad-

was not decreased after oxytocin was administered in 20 men, but

ministration did not. Altirriba et al. reported the dose-depen-

chocolate cookie consumption was reduced by 25%.89 In another

dent effects of oxytocin on 1-week reductions in weight and food

study, the administration of oxytocin in normal-weight men (20 men)

consumption in obese, diabetic mice. Oxytocin had a smaller effect

and obese men (18 men) reduced snack consumption. However,

in thin rats. After 2 weeks, weight gain in the oxytocin-administered

the total amount of food consumed was reduced only in obese

group and the saline-administered group was similar. In the higher

men.90

83

39

oxytocin receptor specificity group, the short-term administration

Single-dose administration of oxytocin showed calorie and

of oxytocin produced a small weight gain without any change in

weight loss effects, and some studies analyzed the results of chronic

food consumption. This suggests that the effect of oxytocin on

oxytocin administration. In a study where 24 IU of oxytocin was

weight loss was due to decreased food intake as well as increased fat

administered intranasally four times a day for eight weeks, the par-

metabolism.

ticipants lost an average of 4.6 kg after four weeks and an average of

39

The mechanism by which oxytocin reduces food intake has not

8.9 kg after eight weeks. More weight was lost by the more obese

been established. However, one hypothesized mechanism of the

participants.91 A meta-analysis83 reported greater decreases in food

effects of oxytocin on caloric intake involves the action of oxytocin

consumption because of oxytocin in males compared to females, in

on homeostatic, reward, and impulse control brain circuitry, which

the satiated state compared to the fasting state, and in more obese

could reduce calorie consumption, particularly of more appetizing

subjects compared to less.83

foods in response to peripheral signals indicating energy availability.1
Several studies on oxytocin and obesity in humans have been
conducted. An association between variants of the oxytocin recep-

THERAPEUTIC POTENTIAL OF OXYTOCIN
IN TREATING OBESITY

tor gene, which encodes GPCRs, and childhood obesity was reported.45 Single-minded 1 gene variants are also associated with

In previous studies,54,89 intranasal treatment with oxytocin re-

obesity in humans.84,85 Reduced numbers and sizes of PVN oxyto-

duced the intake of tasty food such as those high in fats and carbo-

cin neurons have been reported in Prader-Willi syndrome pa-

hydrates, resulting in weight loss. Oxytocin decreased food intake

tients.

by controlling compensatory hedonic eating.92 Oxytocin’s inhibi-

86

One study observed changes on functional magnetic resonance
imaging after intranasal administration of 24 IU of oxytocin in 15

tion of reward-related food motivation1 was associated with satiety
signals and inhibited activity of the food-related reward pathway.15

normal-weight men. Activity in the ventrolateral prefrontal corti-

More research is needed before oxytocin can be used to treat

ces, ventromedial prefrontal cortex, anterior cingulate, and supple-

obesity. Studies investigating the side effects of oxytocin in humans

mentary motor area increased when the subjects were viewed food

reported that intranasal oxytocin administration (1) resulted in no

images after oxytocin administration.

detectable subjective changes in the recipients, (2) caused no con-

87

A randomized controlled trial was performed in Korean women

sistent side effects, and (3) was not associated with adverse out-

by treating anorexia nervosa, bulimia nervosa, and control groups

comes when given short term in doses of 18–40 IU in controlled

with 40 IU of intranasal oxytocin. The administration of oxytocin

research settings.93 Oxytocin can modify the heart rate and cause

reduced 24-hour caloric intake in patients with bulimia nervosa.

cardiovascular effects,94,95 and people with heart and cardiovascular

However, intake by women in the anorexia nervosa or control

conditions may be more vulnerable to these effects. Susceptible

groups was not changed. Studies have also looked at the central

subjects should be selected with consideration of dose and route,

oxytocin effect produced by the administration of 24 IU of intrana-

treatment effects, and side effects. Nonetheless, we found that oxy-

sal oxytocin in men. In one study, total calorie and fat consumption

tocin had beneficial effects, inducing early satiation, reducing re-

but not carbohydrates or protein were decreased when oxytocin

ward-driven food intake,89 and improving glucose homeostasis.

was administered to 25 men.54 In another study, total caloric intake

Pharmacological studies should be conducted to develop strategies

88

88
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for using oxytocin as a new obesity treatment. Integrated behavioral

2. Ferguson JN, Young LJ, Hearn EF, Matzuk MM, Insel TR,

and metabolic approaches to treating obesity should also be devel-

Winslow JT. Social amnesia in mice lacking the oxytocin gene.

oped.

Nat Genet 2000;25:284-8.
3. Jørgensen H, Knigge U, Kjaer A, Warberg J. Serotonergic in-

CONCLUSION

volvement in stress-induced vasopressin and oxytocin secretion. Eur J Endocrinol 2002;147:815-24.

Several studies have shown that oxytocin reduced food con-

4. Tribollet E, Barberis C, Dubois-Dauphin M, Dreifuss JJ. Lo-

sumption, increased energy consumption, and caused weight loss

calization and characterization of binding sites for vasopressin

in animals and humans. Oxytocin reduced the consumption of ap-

and oxytocin in the brain of the guinea pig. Brain Res 1992;

petizing foods such as fats and carbohydrates, resulting in weight

589:15-23.

loss. Oxytocin was also shown to affect the metabolism of glucose

5. Sabatier N, Rowe I, Leng G. Central release of oxytocin and

and lipids in humans. These effects can result in weight loss

the ventromedial hypothalamus. Biochem Soc Trans 2007;

through homeostatic pathways, reward processing, and cognitive

35(Pt 5):1247-51.

control, especially in obese patients. The administration of oxyto-

6. Veening JG, de Jong T, Barendregt HP. Oxytocin-messages

cin had a positive effect on excessive appetite by producing satiety

via the cerebrospinal fluid: behavioral effects: a review. Physi-

and reducing visceral fat. Thus, we suggest that oxytocin may be a

ol Behav 2010;101:193-210.

96

beneficial new treatment option for obesity.

7. Ohlsson B, Truedsson M, Djerf P, Sundler F. Oxytocin is expressed throughout the human gastrointestinal tract. Regul
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