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ABSTRACT 

Oxytocin is a neurotransmitter and hormone with a well-established role in 

prosocial behaviors in animals and humans. It is currently being tested in clinical trials 

for the treatment of social symptoms associated with autism spectrum disorders. 

However, the behavioral effects of oxytocin treatment in humans have been variable with 

both prosocial (increased empathy) and antisocial (increased competitiveness) behaviors. 

Previous studies in our lab have shown increased anxiety-like behaviors in mice treated 

chronically with oxytocin (12 ug dose per day for 14 consecutive days, data 

unpublished). The current study aims to see the effect of acute oxytocin administration on 

anxiety and social behavior in male and female mice to determine if the schedule of 

oxytocin administration affects behavioral outcomes. Adult C57BL/6J mice will be 

acutely pretreated with saline or oxytocin (12 μg) via intranasal (i.n.) or intraperitoneal 

(i.p.) administration an hour before the behavior tests. Mice completed a battery of 

behavioral tests including the elevated plus maze (EPM), three-chamber sociability task 

(3C), and free dyadic social interaction (FDSI) after drug administration to determine 

changes in social behavior and anxiety-like behavior. Human coders coded anxiety-like 

behaviors, social preference, and social novelty. With acute oxytocin administration, 

sociability increase as measured by the 3C and FDSI tasks while avoiding increases in 

anxiety-like behaviors, as measured by the EPM task, associated with chronic 

administration. Understanding the effects of acute oxytocin administration on anxiety in 

mice might lead to the development of new treatments for anxiety disorders in humans. 
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CHAPTER I  
INTRODUCTION 

 
 

Social interactions significantly influence human behavior, learning, and 

development throughout the lifespan (Ricceri et al., 2007). When social interactions are 

impaired by a lack of social skill, serious behavioral consequences emerge. A common 

characteristic of many neurodevelopmental disorders, such as autism spectrum disorder 

(ASD), is impaired social behavior. According to the American Psychiatric Association 

(APA, 2016), ASD is a spectrum of neurodevelopmental disorders that are characterized 

by deficiencies in social behavior and communication as well as constrained interests and 

repetitive activities. Recent research indicates sex differences in ASD such that males are 

greater than three times more likely to have ASD than females (Halladay et al., 2015). 

Clinical data show that some medicines (such as atypical antipsychotics and selective 

serotonin reuptake inhibitors) may reduce repetitive behavior in ASDs, but these 

treatments have not shown to be beneficial for social deficits and have been linked to 

serious severe side effects (Carrasco et al., 2012; McDougle et al., 2005; McPheeters et 

al., 2011; Stachnik & Nunn-Thompson, 2007).  

 

Oxytocin 

A promising new therapy for neurodevelopmental problems has been proposed: 

oxytocin, a hormone, and neurotransmitter classically associated with prosocial behavior 

(Bartz & Hollander, 2008; Ring et al., 2006; Zhang et al., 2015). However, the outcomes 

in human trials have been conflicting (Tachibana et al., 2013; Neumann & Slattery, 

2016). Studies have revealed that administering oxytocin has little therapeutic impact and 
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may even cause undesirable social behaviors (Shamay-Tsoory & Abu-Akel, 2016; 

Tachibana et al., 2013). In mammals, the neuropeptide oxytocin (OT) causes uterine 

contractions during childbirth and milk ejection during lactation (Gainer et al., 2001; 

Neumann et al., 2000). Oxytocin is mostly recognized for its role in maternal responses, 

but significant evidence shows that oxytocin promotes the development of social 

relationships, sexual behavior, and parental skills (Insel, 2010). When oxytocin is 

released within the brain, it plays the role of neuromodulators. From a variety of locations 

on the neuronal membrane, oxytocin gets released and has the capacity to aim for 

distance targets such as the striatum, hypothalamus, hippocampus, amygdala, striatum, 

and mid- and hindbrain nuclei (Bartz & Hollander, 2008). The administration of oxytocin 

controls social recognition in both mice and humans (Choleris et al., 2009; Kemp & 

Guastella, 2011). Oxytocin has been demonstrated to have similar antidepressant effects 

in animals (Arletti & Bertolini, 1987). It has shown results to make mice more 

approachable and sociable (Lim et al, 2005; Sala et al, 2011; Winslow and Insel, 2002). 

 

Animal Models of Social Behavior 

 Rodent models are commonly-used models for examining the neural substrates of 

social behavior and behavioral effects of pharmacological substances. Many animals 

have extensive social networks that influence many aspects of their behaviors, from 

parenting to social hierarchy, making them useful models for studying social behaviors 

(Ardesch et al., 2019; Dennis et al., 2020). Mammal social groups have a great degree of 

complexity in both the variety and quantity of social interactions (Choleris et al., 2009). 
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 Humans and animals learn a wide range of social behaviors throughout 

development that enable adaptive functioning aimed at survival and reproduction in 

maturity. The majority of mammalian species, including humans, exhibit social play 

behaviors. Social play is most prevalent between weaning and puberty (Vanderschuren et 

al., 2016). Therefore, in rodents, the period of most social play refers to the juvenile 

phase through mid-adolescence, which corresponds to childhood through early/mid 

adolescence in humans (Vanderschuren et al., 2016). Social play behavior includes 

components of aggressive, predatory, and sexual behavior that are adjusted or 

exaggerated (Pellis & Pellis, 2009). These playful behaviors are anticipated by obvious 

physical, facial, or verbal cues indicating that the behavior's goal is playful. As a result, 

social play behavior is often straightforward to identify and quantify. This is especially 

true for several rodent species, including the rat.  

 Cooperative behavior, a complex executive function, needs a variety of social and 

cognitive abilities from individuals, as well as continuous monitoring of ongoing social 

connections (Tomasello & Vaish, 2013). Rats are sociable creatures with abilities such as 

recognition, communication, and cognitive flexibility (Schuster & Perelberg, 2004). Mice 

and rats have quite different social behaviors, with rats having a larger and more 

complicated repertoire of social behaviors (Jabarin et al., 2022), being less aggressive, 

and being better rewarded by social interactions (Vanderschuren et al., 2016). Due to the 

larger genetic toolbox available for mice, which allows the generation of mouse models 

with genetic alterations mimicking those found in humans, the majority of ongoing 

research that considers hypotheses regarding the etiology and underlying mechanisms of 

NDDs is being conducted on mice (Jabarin et al., 2022). 
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As animals give researchers the ability to regulate the environment, optimize 

genetic identicality, and use invasive procedures, they encourage strong internal validity 

for experimental research designs. Due to their morphological, physiological, and genetic 

closeness to humans, mice have specifically been used as the best species for animal 

models in scientific research. Around 95% of the 30,000 genes present in both mice and 

humans are shared by the two species (Bryda, 2013). Research using animal models for 

the study of the brain and behavior is significantly aided by the fact that mice and humans 

have brains that have been evolutionarily preserved, demonstrating similarity in brain 

structure and connection (Semple, 2013). Animal studies have shown links between 

oxytocin's function in anxiety and social behaviors; for example, when stressed, oxytocin 

makes rats approach and stay near to other rodents they know (Engelmann et al, 1996). 

Invasive techniques are needed to examine neurochemical activity, which might affect 

brain function worldwide and raise the risk of injury to clinical populations. Hence, 

employing animal models to study psychopharmacological dynamics in fundamental 

research is suitable.  

Many studies have been conducted to demonstrate the sophisticated social 

behaviors of mice, who are intelligent, friendly, and curious creatures. They naturally like 

to occupy areas, establish groups, and then develop intricate social structures, including 

dominance hierarchies, inside these groupings (Williamson, 2016). In mice, social 

behavior is still complicated, and strain and species differences in behavior naturally 

occur, allowing for the specialization of models for certain study concerns. For instance, 

the field is able to examine distinctive parenting and mating behaviors at the genetic level 
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because prairie voles display monogamous mating, which is connected to the expression 

of the RS3 334 gene (Ophir et al., 2008). 

Mice also exhibit particular maternal and paternal behaviors that are frequently 

crucial for their offspring's survival and development. The brain network that organizes 

parental behavior has been studied, and the social behavior variations between parental 

mice have been demonstrated (Kohl, 2018). As they are influenced by particular socio-

ecological selection forces that operated during evolution, sex differences are not 

identical across species. For instance, female laboratory rats and mice do better in 

numerous tests than males in terms of activity and anxiety, although this sex difference 

fluctuates depending on the situation, strain, and age (Palanza & Parmigiani, 2017). 

Females are more prone to nervousness than males, yet mice models of anxiety reveal 

inconsistent findings across the sexes. Female also react faster to painful heat stimuli 

(Reddan et al., 2020). 

 

Purpose of the Present Study 

The present study focuses on the effects social behavior in mice following either 

intranasal (i.n) or intraperitoneal (i.p.) oxytocin administration. Importantly, different 

routes of administration are used between clinical trials examining oxytocin’s therapeutic 

benefit in ASD and the typical pharmacological experiments using mouse models. This 

has caused a dispute within the neuroscience field of which route of administration is best 

in mouse-modeling that shows the greater effects in administration of oxytocin. 

Intraperitoneal injection is technically straightforward and easy and the most popular 

option for systemic administration in mice (Bowen & McGregor, 2014; Teng et al., 
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2013). In human clinic trials, the intranasal route of administration is typically used, as 

oxytocin (a relatively large neuropeptide) does not easily cross the blood-brain barrier 

(Yao & Kendrick, 2022).  

Intranasal route of administration is thought to have higher passage across the 

blood-brain barrier, and it has therefore been used in oxytocin clinical trials to improve 

the bioavailability of oxytocin in the brain (Yao & Kendrick, 2022). Studies have 

demonstrated that both i.n. and i.p. administration crosses the blood-brain barrier in mice, 

although at different levels, such that higher oxytocin levels are noted in the brain 

following i.n. administration (Mittal et al., 2014). However, what remains to be 

demonstrated is whether the difference in absorption rates across the two routes of 

administration are biologically relevant enough to affect behavior. The primary goal of 

the current research was to determine differences in social behavior following i.n. or i.p. 

oxytocin administration. 

Male and female mice were given acute i.p. and i.n. injection of a standardized of 

oxytocin to examine the effects of the method of administration on social behavior. By 

using both male and female mice, we were able to examine any sex differences in social 

behavior following oxytocin administration. Prior to measuring social behavior, mice 

were examined for anxiety-like behaviors by using the elevated plus maze (EPM). EPM 

is one of the assessment techniques used as a standard test of anxiety-like behavior in 

mice (Szelenyi et al., 2021). The effects of oxytocin administered either i.n. or i.p. on 

sociability and desire for social novelty were assessed using the three-chamber sociability 

test (3C) and the free dyadic social interaction task (FDSI). The 3C is a standard test for 

examining a mouse’s desire to interact with another mouse (a social stimulus) by 
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measuring time spent sniffing. However, in the 3C, the social stimulus mouse is 

restrained and unable to freely interact naturally with the experimental mouse. In the 

FDSI task, social approach and social avoidance are measured. Experimental and 

stimulus mice are able to interact freely with each other in a more natural, reciprocal 

social interaction. We aimed to identified differences in anxiety-like behaviors, 

sociability, preference for social novelty, social approach, and social avoidance following 

either i.n. or i.p. oxytocin administration in male and female mice. A factorial design was 

utilized with route of administration (i.n. or i.p.), drug (oxytocin or saline control), and 

sex (male or female) as the three independent variables.  
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CHAPTER II 
THESIS STATEMENT 

 
 

In Dr. Tiffany Rogers’ lab earlier, at Middle Tennessee State University, we 

looked at the effects of chronic oxytocin treatment (one dose per day for 14 days, Social 

and Affective Neuroscience (SAN) Lab) delivered either i.n. or i.p. on anxiety in mice. 

One of the unusual findings that we saw in that data set was that oxytocin, typically 

related to higher sociability and lower anxiety, was producing higher anxiety in mice 

compared to saline administration. We were surprised by the result and started to wonder 

whether this effect is really dependent on oxytocin absorption rates or whether handling 

differences between the two routes of administration could have affected anxiety-like 

behaviors.  

The goal of this study was to examine whether, the anxiety level in mice change 

with the change of oxytocin schedule. We change the schedule that the mice getting the 

oxytocin to acute (one dose an hour before the behavior task), if it is just oxytocin, we 

would see the same result as the previous study which was increase anxiety in oxytocin 

group. But if there is something specific about oxytocin with this chronic handling that’s 

a special combination, then we should see different results from the chronic group.  

Our team addressed the following research questions: 

1. Will increases in anxiety following oxytocin administration be avoided by acute 

oxytocin administration? 

2. Will acute administration of oxytocin still have social behavior effects as in chronic 

dosing?  
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I hypothesize that acute oxytocin administration will increase sociability while 

avoiding anxiety increases associated with chronic administration. However, a smaller 

effect size with a single dose of oxytocin is expected. Also expected that, as found with 

previous chronic administration, females would exhibit more anxiety and less modulation 

of social behavior, and that intranasal administration will produce fewer anxiety 

behaviors than injections.  
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CHAPTER III 
METHODS 

 
 

Animals  

At the age of nine weeks, sixty-eight C57BL/6J mice (#000664; M = 20, F = 19) 

mouse obtained from Jackson Laboratory, Nashville, TN. All the mice were between 10 

and 14 weeks old when the experiment began. The number of mice to be employed in 

this investigation, according to a priori power assessments, was the minimum required to 

produce an appropriate projected effect size of 0.60 (see Erdfelder et al., 2005).  

 

Housing 

 Two to five mice were kept in each home cages, with sex-matched littermates. A 

12:12 hour light/dark cycle was used to regulate the environment, which was kept at a 

constant 22°C with an average humidity level of 55%. Humidity level were controlled by 

using of humidifier in the winter and dehumidifier in the summer. Food and water were 

always available. Mice bedding and litter were used in the cages for the mice’s comfort 

and changed every week. 

 

Sample Size  

 There were 20 male mice, and 19 female mice used in this trial.  

 

Animal Handling 

As it is well established that the handling of mice in the research (e.g., picking up 

the animal) can cause low levels of distress in mice, a procedure was used to habituate 



 

 11

the animals to human handling. The purpose of the handling practice was to gradually up 

the intensity of the holding method for the drug administration. To adapt individuals to 

the appropriate drug delivery handling practices, a ten-day handling training (as shown in 

Table 1) was performed.  

 

Oxytocin Administration 

Route of administration (intranasal/i.n. or intraperitoneal injection/i.p.) was 

randomly assigned by home cage, such that each mouse in a cage received the same route 

of administration. An hour before measuring each behavior, the mice were put in the 

behavior room and mice were administered either oxytocin, or saline, the control drug, by 

either i.p. or i.n. administration. The resulting groups are shown in Table 2.  Oxytocin 

was administered in doses of 12 μg in 12 ml per intravenous administration and 12 μg 

in 120 ml per intramuscular injection, with identical volumes of saline administered for 

control comparisons.  

 

Behavioral Tests 

Three behavioral tests were used to measure the behavioral effects, of acute 

oxytocin administration. The elevated plus maze (EPM) measured anxiety. The three-

chamber sociability task (3C) measured sociability and preference for social novelty, and 

the free dyadic social interaction (FDSI) test measured social approach and avoidance.  
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Table 1 
Experimental groups of test mice 
 

Group Sex Housing Drug 

1 Male Group Saline 

2 Female Group Oxytocin 

3 Male Group Oxytocin 

4 Female Group Saline 

5 Male Group Saline 

6 Female Group Saline 

7 Male Group Oxytocin 

8 Female Group Oxytocin 

9 Male Group Saline 

10 Female Group Saline 

 
 
 
One task was performed each day across a three-day period. First, mice were 

tested on the EPM task, which is a commonly used test to identify anxiety-like mouse 

behavior. The test is performed in a raised cross-shaped device with four arms (two 

closed arms and two open arms, see Figure 1). Each test mouse had 10 minutes to 

investigate the four arms of the maze. As mice naturally prefer closed spaces for safety 

and yet have a natural propensity to explore novel areas, the EPM tests whether mice’s 

the desire to explore will win out over the desire to stay safe. Increased time in the walled 

arms is a common indication of higher anxiety time (Yang et al., 2011). The behavior of 
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each mouse in the EPM was recorded for the 10-minute testing period, and time spent in 

the closed and open arms of the EPM were recorded.  

On the second day of behavioral testing, sociability and preference for social 

novelty were tested by the 3C task. A three-chambered box with passages between each 

chamber was used for this task, allowing the mouse to pass between each chamber (left, 

center, and right). The arena is 24" x 12" in size, with each chamber measuring 8". The 

task is divided into three ten-minute phases. In first stage, no social indicators (mice) 

were available; instead, two empty wire pencil cups were there on each side of the 

chamber. The second stage of the test served as a time to evaluate the subject mouse's 

friendliness. As a social stimulus, a trained conspecific mouse (a same-sex, same-strain, 

weight-matched mouse) was placed under one of the wired pencil cups. Because mice are 

highly social, it is expected that they will explore the chamber with the social stimulus 

more than the empty chamber. The third stage of the experiment served as a time to 

analyze the subject mouse's propensity for social novelty. A second conspecific mouse 

was introduced to the previously empty chamber under a wire pencil cup, giving the 

subject mouse the option of choosing between the mouse from phase two or the novel 

mouse just introduced. Because mice have a general preference for novelty, typical mice 

are expected to seek out the novel social stimulus rather than the familiar one (Yang et 

al., 2011). 

The FDSI task involves the monitoring of social behavior and anxiety in a freely 

explorable setting (see Figure 4). A novel, sex, age, and weight matched stimulus mouse 

was put in a 12"x12" white, acrylic, open field apparatus with each test mouse. Ten 

minutes of behavioral interaction were captured on tape. We analyze the frequency with 
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which the experimental mouse turned towards the stimulus mouse was defined as social 

approach, while the frequency with which the test mice turned away from the stimulus 

mouse was classified as social avoidance.  

A Hero Silver 7 GoPro was used to capture behavioral data at 30 and 60 frames 

per second (see Yang et al., 2011). 

 

Data Coding 

All the behavior tasks were recorded, and data were code by hand coding. Coders 

evaluate and record data such as mouse spending time in the open/closed arm, time spend 

in each chamber, and the amount of time spent sniffing each stimulus mouse. For FDSI, 

coders code the frequency of avoidance and approach for test mice to the stimulus mice. 

Finally, data analysis was conducted through SPSS.  
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CHAPTER IV 
RESULTS 

 
 

Elevated Plus Maze 

Table 2 displays descriptive statistics for all groups. For all analyses, a familywise 

alpha of 0.05 was employed. The GLM technique in SAS Studio (version 3.80) was used 

to examine the effects of medication (saline and OT), mode of administration (i.n. and 

i.p.), and sex (male and female) on the following dependent variables: (1) total number of 

arm crossings and (2) time spent investigating the open arms. 

The results of the factorial ANOVA conducted on the open arm time data from 

the Elevated Plus Maze show that there were no main effects for sex, drug, or route (F (1, 

27) = 1.615, p = 0.22), drug (F (1, 27) = 0.433, p = 0.52), or route (F (1, 27) = 2.641, p = 

0.12). There were also no significant two-way interaction effects between sex and drug, 

sex and route, or drug and route (F (1, 27) = 0.65, p = 0.43); sex by route (F (1, 27) = 

0.08, p = 0.78); drug by route (F (1, 27) = 0.274, p = 0.61). However, there was a 

significant three-way interaction effect (F (1, 27) = 7.009, p = 0.01, partial eta squared 

which informs us the magnitude of the influence of the independent variable(s) on the 

dependent variable = 0.21), indicating that the relationship between the three factors (sex, 

drug, and route) was not additive. Pairwise comparisons were used to analyze this three-

way interaction, and the results indicated that the majority of groups were not different. 

However, there were significant differences between male/saline/IN and female/saline/IN 

(p = 0.03), and two comparisons that were near significance: male/OT/IN and 

male/OT/IP (p = 0.08) and female/sal/IN and female/sal/IP (p = 0.08). The descriptive 

statistics for each group showed that the mean open-arm time was highest for male/OT/IP 
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(177), followed by male/sal/IN (141.4), male/sal/IP (122.5), female/sal/IP (181.8), 

female/sal/IN (59.8), male/O/IP (94), female/O/IN (100.75), and female/O/IP (70.6). 

These results suggest that the three factors (sex, drug, and route) interacted in a complex 

way to influence open arm time in the Elevated Plus Maze task. Further research may be 

needed to elucidate the nature of these interactions. 

 
 

Table 2  
All group descriptive 
 

Sex Drug Route Mean SEM (sec) 

m O IN 94 27.36 

m O IP 177 38.7 

m S IN 141.4 29.97 

m S IP 122.5 47.39 

f O IN 100.75 33.51 

f O IP 70.6 29.97 

f S IN 59.8 29.97 

f S IP 181.8 29.97 
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Figure 1  
Time spent in open arms vs closed arms Elevated Plus Maze graph 

 

Graph depicting time in seconds of open arm and closed arm exploration during the 10-
minute elevated plus maze. Each group spent significantly more time in the closed arms 
as compared to the open arms. 

 

Figure 2  
Sex or drug differences in Elevated Plus Maze (EPM) 
A       B 

  
 
A. Graph depicting time in seconds of open arm and closed arm exploration during the 
10-minute elevated plus maze. No significant differences for sex or drug were found. B. 
Graph depicting time in seconds of open arm and closed arm exploration during the 10-
minute elevated plus maze. No significant differences for sex or drug were found. 
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Three-Chamber Sociability Test 

Figures 3 and 4 exhibit descriptive statistics for chamber exploration time and 

social sniffing time, respectively. Four factorial ANOVAs were used to compare time 

spent in the social/novel stimulus chamber and time spent sniffing the social/novel 

stimulus in phases 2 and 3 with independent variables of drug (saline, OT), and sex 

(female, male). 

The results of the factorial ANOVA for time in social chamber during phase 2 

indicated that there were no significant main effects of drug (F (1, 29) = 0.219, p = 0.64), 

and sex (F (1, 29) = 0.114, p = 0.74), and no significant interaction (F (1, 29) = 1.28, p = 

0.27). The factorial ANOVA for time spent sniffing the social during phase 2, indicated 

no significant main effect of drug (F (1, 29) = 0.367, p = 0.55), but a significant main 

effect of sex (F (1, 29) = 5.995, p = 0.02), and no significant interaction (F (1, 29) = 

2.278, p = 0.142). For time spent in the novel chamber during phase 3, there were no 

significant main effects of drug (F (1, 29) = 1.147, p = 0.29), and sex (F (1, 29) = 2.045, 

p = 0.16), and no significant interaction (F (1, 29) = 2.628, p = 0.12). Finally, the results 

of the factorial ANOVA for time spent sniffing the novel social stimulus during Phase 3 

indicated that there was no significant main effect of drug (F (1, 29) = 0.056, p = 0.81), 

but a significant main effect of sex (F (1, 29) = 6.12, p = 0.019), and no significant 

interaction (F (1, 29) = 1.127, p = 0.30). Importantly, despite having no significant 

interactions, pairwise comparisons of sniffing time during phase 3 indicated that while 

males did not demonstrate drug effect, females did show differences between saline and 

oxytocin groups. This suggests that oxytocin is having a subtle effect that may be sex-

specific during phase 3. 
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Figure 3 
Three-Chamber phase two data 
 
A           B 
 

 

A. Graph depicting time spent in the chamber containing the social stimulus in phase 2 of 
the three-chamber sociability task. No significant differences. B. Graph depicting time 
spent sniffing the social stimulus in phase 2 of the three-chamber sociability task. Males 
and Females differed within the Saline administration groups (p < 0.05). 
 
 
Figure 4 
Three-Chamber phase three data 

A             B 

 

A. Graph depicting time spent in the chamber containing the novel social stimulus in 
phase 3 of the three-chamber sociability task. Males and females differed within the 
oxytocin administration groups (p < 0.05). B. Graph depicting time spent sniffing the 
novel social stimulus in phase 3 of the three-chamber sociability task. Males and females 
differed within the saline administration groups (p < 0.05), and oxytocin and saline 
groups differed within the female mice (p < 0.05).  
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Free Dyadic Social Interaction (FDSI) 

 The ANOVA results revealed significant main effects for drug (F(1, 24) = 13.68, 

p = 0.001), route (F(1, 24) = 6.31, p = 0.019), and sex (F(1, 24) = 7.41, p = 0.012), 

indicating that oxytocin and IP administration, as well as being male, increased social 

approach behavior. Furthermore, there was a significant drug-sex interaction (F(1, 24) = 

10.96, p = 0.003), indicating that the influence of oxytocin on social approach behavior 

varied between men and females, with larger oxytocin-induced behavioral changes 

occurring in males (male/saline: M = 12.20, SEM = 2.67, male/oxytocin: M = 28.87, 

SEM = 2.33) compared to females (female/saline: M = 13.60, SEM = 2.33; 

female/oxytocin: M = 14.53, SEM = 2.14). 
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Figure 5 
Free Dyadic Social Interaction (FDSI) data 
 
A      B 
 

  
 
C      D 
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E 
 

 

A. Graph depicting difference between saline and oxytocin group for FDSI. There is a 
significate difference between these two groups (p = 0.001) with increased social 
approach following oxytocin administration compared to saline. B. Graph depicting 
significant difference between i.p. and i.n. administration for FDSI. There is a significant 
difference between these two groups (p = 0.019) with more social approach following i.p. 
compared to i.n. C. Graph depicting sex difference in social approach. There is a 
significate difference between male and female (p = 0.012) with male mice showing more 
social approach than female. D. Graph depicting the significant interaction between sex 
and drug (p = 0.003) with oxytocin significantly increasing social approach in males but 
not in females. E. Graph depicting social approach frequency for each experimental 
group and pairwise comparisons. While males and females did not differ in saline groups, 
males were significantly higher in social approach in all oxytocin groups compared to 
females (p< 0.05). Within males, i.p. oxytocin injections produced significantly more 
social approach than i.n. administration of social approach (p < 0.05), and oxytocin 
elicited more social approach compared to saline given by the same route of 
administration (p < 0.05). 
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CHAPTER V 
DISCUSSION 

 
 

The purpose of this study was to determine if anxiety-like behavior found during 

chronic administration of oxytocin would be replicated with the acute administration. 

This study had three aims. Because there are known expression variations in oxytocin 

receptors between the sexes, we aimed to assess sex differences following acute 

administration of oxytocin between male and female mice by including trials with female 

mice (Bredewold & Veenema, 2018). The second goal was to pharmacologically 

influence the mouse's social behavior, demonstrating that acute oxytocin will still have an 

effect even if less pronounced than chronic administration. The final aim was to 

determine behavioral differences following i.n and i.p administration of oxytocin to 

determine if the handling methods of each route may also influence social and/or anxiety-

like behaviors. 

The use of mice in this study provides an important model for understanding the 

effects of oxytocin on social behaviors. Prior research has proven that mice are a viable 

model for studying the effects of various therapies on social behaviors (Bryda, 2013), and 

the findings of this study back up that assumption. The EPM and 3C tests, in particular, 

were frequently employed in the literature to measure anxiety and social behaviors in 

mice. Additionally, the use of mice as a model for investigating oxytocin's effects on 

social behaviors has major translational importance, as the same brain circuits that govern 

social behaviors in mice are also present in people (Ko, 2017). Such similarities indicate 

that the findings of the present study can be applicable to human populations, although 

further research is needed to assess the degree of the translational applicability of these 



 

 24

findings. Overall, the study's use of mice provides a great model for investigating the 

effects of oxytocin on social behaviors and has substantial translational value for human 

populations. 

In mice, both intranasal (i.n.) and intraperitoneal (i.p.) injection of oxytocin (OT) 

had relatively little impacts on social behaviors. Given that we employed a single acute 

dosage of OT, these findings were predicted. It is crucial to note, however, that the 

effects of OT on social behaviors may vary depending on the dose regimen employed. 

Some studies, for example, revealed greater effects of OT on social conduct after chronic 

administration (e.g., daily for many days), but others found no changes between acute 

and chronic administration. Numerous studies have found that persistent OT treatment 

can promote social interaction and decrease anxiety-like behaviors in rats (e.g., Olff et al., 

2013; Sabihi et al., 2014). Acute treatment of OT, on the other hand, has been found to 

have varying effects on social behaviors in mice, with some research showing no effects 

(e.g., Winslow et al., 1993) and others reporting enhanced (e.g., Gabor et al., 2012) or 

decreased social contact (e.g., Yang et al., 2007). These findings imply that the time and 

dose of OT administration may be important in determining its effects on social 

behaviors. As a result, future research may benefit from exploring the impact of different 

OT dosage regimens on social behaviors in mice. 

Numerous earlier research has found gender variations in the effects of oxytocin 

on mouse behaviors. One study, for example, discovered that acute oxytocin therapy 

boosted sociability in male mice but had no impact on female mice (Yao & Kendrick, 

2022). Another study found that prolonged oxytocin injection improved female mice's 

social behaviors but had no impact on male mice (Chen et al., 2018). Our findings of a 
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strong main effect of sex on sniffing time in the social chamber are consistent with earlier 

findings and highlight the importance of including sex as a factor in oxytocin studies. 

Earlier investigations on the effects of oxytocin on anxiety in rats and humans 

yielded conflicting results. Several studies have shown that oxytocin may have anxiolytic 

benefits, whereas others have reported no impact or even an increase in anxiety after 

oxytocin delivery (Walter et al., 2021). Nonetheless, the findings of this study are 

consistent with prior research that revealed no indication that oxytocin enhances anxiety 

in mice. For example, one study discovered that oxytocin decreased anxiety-like 

behaviors in mice during a maze test (McGregor & Bowen, 2012) but another discovered 

that oxytocin had no effect on anxiety-like behaviors in the elevated plus maze (Chen et 

al., 2011). Overall, the findings of the present study add to the growing body of data 

showing acute oxytocin delivery does not raise anxiety in mice. 

The results of the EPM test in our present study suggested that route of 

administration of oxytocin may have sex-specific effects. This is a significant result since 

prior research has revealed that intranasal delivery may have stronger central nervous 

system effects than peripheral administration. It is crucial to emphasize, however, that 

our study only looked at the acute effects of a single dosage of oxytocin. Future research 

should examine whether at if there are any differences in the effects of various methods 

of administration over longer time periods or with chronic dosage. 

The sex-by-drug interaction found in the 3C is essential for explaining the diverse 

results with OT shown in clinical investigations. There is mounting evidence that gender 

variations may contribute to the heterogeneity of OT effects on human behaviors and 

physiology. Some research, for example, showed that OT enhances social cognition and 
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emotion control in females but not in males, while others found the reverse tendency 

(Chen et al., 2018). Moreover, there is evidence that individual variations in OT and other 

neurotransmitter baseline levels may modify the effects of exogenous OT. A recent study, 

for example, discovered that subjects with low baseline OT levels improved more in 

social cognition after intranasal OT treatment than those with high baseline OT levels 

(Horta et al., 2020). 

The present research focused on how oxytocin affected social behavior and 

anxiety in mice using two distinct administration methods (intraperitoneal and 

intranasal). Our FDSI findings revealed that oxytocin increased social approach behavior 

when averaging across all oxytocin and saline groups. We also found sex effects such 

that males receiving displayed higher social approach than females at baseline (in saline 

control groups). Furthermore, we discovered a strong drug-sex interaction, demonstrating 

that oxytocin improved social approach in males more than females. This agrees with 

previous research showing sex variations in the effects of oxytocin on social behavior in 

mice (e.g., Dumais and Veenema, 2016; Bowen et al., 2017). Surprisingly, we discovered 

that the route of administration had a substantial influence on social approach behavior, 

with intraperitoneal treatment resulting in higher social approach than intranasal 

administration. This data implies that when examining the effects of oxytocin on social 

behavior, the route of delivery is an essential factor to consider.  

The present study has two potential applications. First, as researchers select routes 

of administration (i.n. or i.p.) and schedules of administration (chronic or acute), these 

new data will help to identify potential behavioral impacts of these methods. The 

availability of this information will also help consumers of oxytocin research in mouse 
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models understand the influences of each methodological choice. Second, the data 

contribute to a larger effort to identify the sources of variability of oxytocin treatment for 

developmental disorders such as ASD. Ultimately, the data may contribute to the 

identification of novel therapeutic treatments for ASD and disorders with similar social 

symptoms.  

In conclusion, our research contributes to the expanding body of knowledge about 

the effects of oxytocin on social behavior and anxiety and emphasizes the need of 

considering both route of administration and sex effects when examining the effects of 

oxytocin in mice. Our results might contribute to the ongoing efforts to develop new 

treatments for the social deficits associated with a variety of psychological disorders and 

for anxiety disorders.  
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APPENDIX A: ANIMAL HANDLING PROCEDURE 

 
 
Table 3 
Animal handling procedure 
 
A 

 
 
B 

 

A. Depicts ten-day animal handling training procedure. B. The animal handling we used 
for present study. 
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APPENDIX B: ELEVATED PLUS MAZE TASK. 

 
Figure 6 
Elevated plus maze task 
 

 
 
The blue highlighted arms symbolize the maze's open arms, while the green highlighted 
maze represents the maze's closed arms. 
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APPENDIX C: THREE-CHAMBER SOCIAL TASK 

Figure 7 
Three-chamber social task 
 

 
 
Three-chamber social task (reprinted from Meadows et al, in preparation). The following 
diagram represents the three stages of the task: Habituation consists of two empty 
chambers, Sociability consists of one empty chamber and one room with stimulus mice, 
and Social Novelty consists of the familiar mouse chamber and a new stimulus mouse 
chamber. 
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APPENDIX D: FREE DYADIC SOCIAL INTERACTION TASK 

 
 
Figure 8 
Free Dyadic Social Interaction (FDSI) task 
 

 

Test in the open field. Mice are put on opposite chamber sides at the start of the trial. The 
test mouse is indicated in blue, whereas the stimulus mouse is marked in green. 
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APPENDIX E: IACUC PROTOCOL APPROVAL 

Figure 9 

IACUC protocol approval 
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Appendix E: IACUC protocol approval 

Figure 9 (cont.) 

IACUC protocol approval 
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Appendix E: IACUC protocol approval 

Figure 9 (cont.) 

IACUC protocol approval 

 


