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A B S T R A C T   

Growing evidence suggests that oxytocin (OT) plays an important factor for the control of food intake, body 
weight, and energy metabolism in human and non-human animals. It has reported previously, the down-
regulation in oxytocin receptors (OTRs) expression is linked with the development of obesity, but exogenous OT 
reverse body weight and food intake in obese animal model. It is important to know that, whether intraperitoneal 
administration crosses blood brain barrier. Therefore, in the present experiment, we study the impact of intra-
peritoneal administration of synthetic OT 0.0116 mg/kg and antagonist atosiban (OTA) 1 mg/kg on food intake, 
and body weight of female mice, Mus musculus for different duration i.e. 30, 60, and 90 days. In this study, it was 
observed that there was significant decrease (p<0.001, one-way analysis of variance [ANOVA]) in the body 
weight (BW), food intake, and gonadosmatic indices (GSI) after the intraperitoneal exposure of OT at dose 
0.0116 mg/kg up to 90 days and inhibits via antagonist atosiban. These results indicates that intraperitoneal 
administration of OT can be used for treatment for longer duration without any side effects and maintains ho-
meostasis in physiologic system regulates body weight and gonadal weight in female mice, which represent an 
important therapeutic tool for the obesity and metabolic disorder in female.   

1. Introduction 

Oxytocin (OT) is a hypothalamic peptide synthesized by para-
ventricular (PVN) and supraoptic nuclei (SON) [1] binds with oxytocin 
receptor (OTRs) the member of G-protein coupled receptor (GPCR) and 
regulates different physiological function in central and periphery sys-
tem. The oxytocinergic neurons of PVN and SON release oxytocin 
through dendritic diffusion to different regions of the brain i.e. the 
arcuate nucleus (AN) [2], ventral tegmental area (VTA) [3], nucleus 
accumbens [4], spinal cord [5,6], and nucleus tractus solitarius (NTS) 
[6,7] and play an important role in energy metabolism. Furthermore, 
magnocellular neurons projection to posterior pituitary and tradition-
ally known for various endocrine and neuroendocrine function [8,9]. It 
has also reported previously, OT also released in gastrointestinal tract 
[10] via the activation of OTRs and shows autocrine and paracrine 

function [11,12]. Various evidences suggest that the downregulation in 
OTRs expression is linked with the development of obesity. Along with 
this, haploinsufficiency of single minded 1 (SIM1) gene necessary for the 
formation of PVN, results downregulation in the OTRs in hypothalamus 
and associated with hyperphagic obesity and significant increase in 
susceptibility to diet induced obesity in mice [13–16] and human [17, 
18], but exogenous OT reverses weight gain as well as excessive food 
intake [14]. These studies suggest that the OT signaling plays an 
important role in energy metabolism regulation, and supported by a 
study on mice deficient with either OT [19] or OTRs [20] results in the 
development of obesity in later stage. 

It has also reported in previous research exogenous administration of 
OT by central or peripheral route in mice, monkey, and rat showed 
decrease in body weight, increasing energy expenditure, and enhance 
lipolysis [5,21–26], indicates therapeutic targets for obesity and 

; OT, Oxytocin; OTRs, Oxytocin Receptors; OTA, Antagonist Atosiban; ANOVA, One-Way Analysis of Variance; BW, Body Weight; GSI, Gonadosomatic Indices; 
PVN, Paraventricular Nuclei; SON, Supraoptic Nuclei; GPCR, G-Protein Coupled Receptor; AN, Arcuate Nucleus; VTA, Ventral Tegmental Area; NTS, Nucleus Tractus 
Solitarius; SIM1, Single Minded 1 Gene; BBB, Blood Brain Barrier; CNS, Central Nervous System; ICV, Intracerebroventricular; I.P., Intraperitoneal; SEM, Standard 
Error of Mean; GI, Gastrointestinal; VP, Vasopressin; HPG, Hypothalamic-Pituitary-Gonadal Axis; PCOS, Polycystic Ovary Syndrome. 

* Corresponding author. Senior Research Fellow-ICMR Endocrinology Unit, Department of Bioscience, Barkatullah University, Bhopal, Madhya Pradesh, 462026, 
India. 

E-mail address: pratibha000136@gmail.com (P. Thakur).  

Contents lists available at ScienceDirect 

Metabolism Open 

journal homepage: www.sciencedirect.com/journal/metabolism-open 

https://doi.org/10.1016/j.metop.2021.100146 
Received 21 August 2021; Received in revised form 28 October 2021; Accepted 29 October 2021   

mailto:pratibha000136@gmail.com
www.sciencedirect.com/science/journal/25899368
https://www.sciencedirect.com/journal/metabolism-open
https://doi.org/10.1016/j.metop.2021.100146
https://doi.org/10.1016/j.metop.2021.100146
https://doi.org/10.1016/j.metop.2021.100146
http://crossmark.crossref.org/dialog/?doi=10.1016/j.metop.2021.100146&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Metabolism Open 12 (2021) 100146

2

metabolic disorders. But, peripheral administration of OT mimics the 
effects of centrally administered OT [27] and it is important to know 
that how peripheral OT transfer information to the brain to inhibit 
feeding. But, it have also been the matter of debate how OT reaches 
brain area, whether it crosses blood brain barrier (BBB). BBB is a 
semipermeable border composed of an endothelial membrane and 
bound together by tight junctions, astrocytes, pericytes, microglia, and 
distinct basement membranes which separate circulating blood from 
brain and extracellular fluid in the central nervous system (CNS) as well 
as exclude molecules and pathogens from the brain [28,29]. Even 
though, previous research suggests that BBB may be permeable to 
certain peptide [30] and exact mechanism is not understood how pep-
tides crosses the BBB. The half life of circulating OT is very small nearly 
1~2min [31] and only 0.002% peripheral OT reaches to the brain [32]. 
Interestingly, it has been reported intraperitoneal (i.p.) administration 
of OT causes upregulation in c-fos expression in certain areas of hind-
brain including, NTS, and AP binding with OTRs, these areas are known 
for the control of meal size [22,23]. 

However, large body of animal research showed intra-
cerebroventricular (ICV) treatment of OT decreased food intake in many 
species including mice [33], rat [34], birds [35] and reversed by OTRs 
antagonist [21]. But, ICV treatment method is impractical in human 
trail. Therefore, in the present experiment, we study the impact of 
intraperitoneal administration of synthetic OT and antagonist atosiban 
(OTA) on food intake, and body weight of female mice, Mus musculus 
and the findings might be helpful for the future therapeutic targets for 
obesity and metabolic disorder in clinical investigation. 

2. Material & methods 

Animals: Seven to eight week old mature female mice, Mus musculus 
weighing 25 ± 5 g was used in present study. All test animals was housed 
in temperature controlled condition i.e. 25 ± 3⸰C under 12:12h light and 
dark photoperiod. The animals had ad libitum access to water and 
standard chow diet. All the experimental work was done with the 
approval of the university ethical committee i.e. Institutional Animal 
Ethics Committee (IAEC) of CPCSEA, (Ref No.1885/GO/S/16/CPCSEA/ 
IAEC/B.U./19). 

2.1. Drug and dose 

Oxytocin (OT) 0.0116 mg/kg and antagonist atosiban (OTA) 1 mg/ 
kg was prepared separately in 0.89% normal saline as we described 
previously [36]. 

2.2. Experimental Procedure 

Animal were divided into four groups of eighteen each. The group 1st 
i.e. control group received a standard diet, water ad libitum, and normal 
saline (0.89%) for 30, 60, and 90 days, while Group 2nd received a 
standard diet, water ad libitum and was treated daily with OT 0.0116 
mg/kg intraperitoneally (i.p.) for 30, 60, and 90 days. However, group 
3rd also received a standard diet, water ad libitum, and were treated 
daily with OT 0.0116 mg/kg along with OTA 1 mg/kg i.p. for 30, 60, and 
90 days. Apart from this, group 4th received a standard diet, water ad 
libitum, and was treated daily only with OTA 1 mg/kg i.p. for 30, 60, and 
90 days. 

2.3. Body weight and food intake study 

The initial body weight of all animals i.e. Mus musculus were taken 
with the help of laboratory weighing balance on day first i.e. 0 days of 
experiment and final body weight was observed after the completion of 
different intervals i.e. 30, 60, and 90 days treatment of all the animals 
and then sacrificed. Abdominal cavity was opened and ovary were 
carefully removed and weighed for the assay of gonadosomatic indices. 

Food intake was determined by placing preweighed standard food pel-
lets in cages and weighing the remained food after 24 h in individual 
cages. 

2.4. Statistical analysis 

Data are expressed as the mean and standard error of mean (SEM) of 
different groups. Statistical analysis was measured using a one way 
analysis of variance (ANOVA) followed by Tukey’s test [37]. P value of 
<0.001 and < 0.05 were considered statistically highly significant and 
significant respectively. 

3. Results 

Intraperitoneal administration of oxytocin (OT) (0.0116 mg/kg) in 
30, days treated group showed significant decrease (p<0.05, one way 
analysis of variance [ANOVA]) in final BW as compared to initial body 
weight (BW). But, the animal treated with OT for 60, and 90 days 
showed highly significant (p<0.001, one way analysis of variance 
[ANOVA]) decrease in BW as compared to initial BW. Furthermore, 
when antagonist atosiban (OTA) (1 mg/kg) was administered with OT 
and OTA alone for 30, 60, and 90 days there were also decrease in body 
weight as compared to initial BW (Fig. 1). 

Along with this, OT administration for different duration i.e. 30, 60, 
and 90 days showed significant decrease (p<0.001, one way analysis of 
variance [ANOVA]) in food intake in female animal as compared to 
control group. But significant increase in food intake was observed when 
OTA administered along with OT for 30, 60 and 90 days group (Fig. 2). 

Apart from this, OT administration for different duration i.e. 30, 60, 
and 90 days showed significant decrease (p<0.001, one way analysis of 
variance [ANOVA]) in GSI in female animal as compared to control 
group. But significant recovery was observed when OTA administered 
along with OT for 60 and 90 days, and no significant in 30 days group. 
Apart from this, the animals treated with OTA only for 30, 60, and 90 
days showed no significant alteration in gonadosomatic indices (GSI) 
when compared to control group (Fig. 3). 

4. Discussion 

Limbic system plays an important role in behavioral organization in 
mammalian brain which is essential for survival of the organism like, 
feeding, drinking, defense or attack behavior etc. Hypothalamus is the 
important part of the limbic system responsible for integrating infor-
mation to maintain homeostasis in physiological system including, 
blood pressure, fluid balance, thermal regulation, and body weight (BW) 
[38,39]. Research indicates oxytocin receptors (OTRs) present in hy-
pothalamic nuclei [40] are responsible for regulation of food intake and 
energy expenditure in human [41–43] as well as in nonhuman primates 
[44–46]. In the present study intraperitoneal (i.p.) administration of 
oxytocin (OT) in female mice showed significantly decrease in final BW 
as compared to initial BW in 30, 60, and 90 days of treatment and agrees 
with the finding of Maejima and co-authors [47] who observed reduc-
tion in BW after peripheral administration in female mice as compared 
to initial BW. This reduction has been linked to degradation of visceral 
and subcutaneous fat mass. It is known that OTRs are present in adi-
pocytes [48], and preclinical study indicates activation of these receptor 
induce lipolysis and oxidation of fat which reduced BW and body fat [25, 
49]. Therefore, OT has drawn attention of scientist towards its thera-
peutic potential for the treatment of obesity, hyperphagia, and autism. 
Furthermore, [50] reported that i.p. treatment of OT results upregula-
tion in c-fos expression in certain areas of hindbrain including, nucleus 
tractus solitarius (NTS), and area postrema (AP), these areas are known 
for the control of meal size. Interestingly, NTS, and AP are the areas of 
hindbrain where blood-brain-barrier (BBB) is leaky and OTRs are highly 
expressed [51]. Therefore, it is acceptable long duration exposure of OT 
at high dose could directly reduce food intake and BW and increasing 
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sensitivity to satiety signals by acting on NTS, and AP [52,53]. 
Nevertheless, OTRs are also present in gastrointestinal (GI) tract 

[10], and responsible for autocrine and paracrine effects of OT [11,12, 
54]. OT action in peripheral system has also been implicated as modu-
lator of appetitive behaviours [49]. Systemic infusion of OT accelerated 
gastric empting time and increased colonic peristalsis in healthy female 
[55,56], however OTRs antagonist atosiban (OTA) delays gastric 
emptying time [57], researcher considered that these effects may be due 
to the action of vasopressin (VP) receptor with atosiban due to close 
chemical homology of OTR and VP receptor [58,59] and causes hyper-
glycemia, nausea, anxiety, and weight loss in female [60]. 

OTA is a synthetic peptide antagonist, rationally designed to 
compete with OTRs at myometrial and clinically proved effective toco-
lytic agent [61]. In addition, OTRs are G-protein coupled receptor 
(GPCR) and formed by different subunits [31,62] and each subunit can 
activate different signaling pathway independently [62,63]. Recent data 
showed that, atosiban a biased agonist activate OTR-Gi signaling and 
inhibit OTR-Gq [64,65]. Indeed, OTA crosses BBB by intraperitoneal 
administration [66] and showed central effect on dorsal vagal complex 

which is involved in regulation of metabolism [67]. In present study, the 
animal treated with OTA along with OT and OTA alone for 30, 60, and 
90 days, showed reduction in final BW as compared to initial BW and 
could be possible due to biased activity of OTA by activating OTRs 
signaling in dorsal vagal complex results reduction in BW and meal 
seize. 

In addition to OT involvement in activation of different pathway in 
central nervous system (CNS), OT plays crucial role in reproduction and 
acts as a neurotransmitter in the CNS and hormone in peripheral system. 
Furthermore, reproduction is coordinated by the hypothalamic- 
pituitary-gonadal (HPG) axis in all vertebrates. Gonads are the main 
sex steroid producing organs in the body and gonadosomatic indices 
(GSI) is a tool for analyzing the degree of sexual maturity of animals in 
co-relation with ovarian development. Number of studies worldwide has 
reported polycystic ovary syndrome (PCOS) among women and the 
principle cause of PCOS are endocrine disruption and hormonal imbal-
ance in female due to number of factors such as hyperandrogenemia, 
insulin resistance, lipid related abnormalities, metabolic syndrome, and 
obesity showed larger ovarian volume and infertility [68–71]. In our 

Fig. 1. Comparison of Body weight (BW) (g) after different duration i.e. 30, 60, and 90 days treatment of Oxytocin (OT), Oxytocin (OT)+Oxytocin antagonist 
Atosiban (OTA), Oxytocin Antagonist Atosiban (OTA) alone and Control female animal Mus musculus. Data represent mean ± SEM values (n = 6 per group), *p<
0.05, ***p< 0.001, NS = non significant from the control vs. treated by one way ANOVA. 

Fig. 2. Comparison of Food Intake (grams) after different duration i.e. 30, 60, and 90 days treatment of Oxytocin (OT), Oxytocin (OT)+Oxytocin antagonist Atosiban 
(OTA), Oxytocin Antagonist Atosiban (OTA) alone and Control female animal Mus musculus. Data represent mean ± SEM values (n = 6 per group), *p< 0.05, ***p<
0.001, NS = non significant from the control vs. treated by one way ANOVA. 
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investigation it has been shown that the GSI values of the OT treated 
female after 30, 60, and 90 days were significantly lower as compared to 
control group and inhibited via OTA. Which may be due to the reason 
that OT control metabolism and body weight by increasing energy 
expenditure, lipolysis and its effects on multiple homeostatic and neu-
robehavioral pathway [72]. In consistent with this study, [73] have 
reported that OT level was lower in the PCOS group in comparison to 
control and systemic administration of OT results ovary volume reduc-
tion, BW reduction and balance hormonal profile in women affected by 
PCOS. Therefore, it is evident that there had been decrease in the 
gonadal weight in the female treated with OT up to 90 days. 

5. Conclusion 

Overall, the present investigation reaches its conclusion, that our 
finding extends previous evidence and suggests that intraperitoneal 
administration of OT can be used for treatment for longer duration 
without any side effects and maintains homeostasis in physiologic sys-
tem regulates body weight and gonadal weight in female mice, which 
represent an important therapeutic tool for the obesity and metabolic 
disorder in female. 
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