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The present study explored the effects of intranasal oxytocin (OT), a naturally 

occurring hormone, on the behavior of pet dogs in an attachment test. Each dog 

participated in two testing sessions. On one visit saline was administered nasally and 

on another OT was administered nasally. Condition order was counterbalanced. 

Following a 30-minute wait period after administration of solutions, dog-owner pairs 

participated in a short attachment test consisting of three two-minute phases: (1) 

Baseline- the owner was present, dogs were able to freely explore the testing room (2) 

Alone- dogs were left alone in the testing room (3) Return- owners re-entered the 

room and were reunited with their dog. In each phase the behavior of the dog was 

evaluated for behaviors associated with different styles of attachment, including 

contact seeking, exploration, and avoidance behaviors. Although OT was expected to 

increase owner-directed proximity and contact seeking behavior, this effect was not 

observed. In fact, in the baseline phase, dogs spent significantly more time seeking 

proximity to their owners when they received saline than when they received OT. No 

other main effects on behavior were found. These results suggest that nasally 

administered OT’s effects on attachment related behavior may be limited. 
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CHAPTER 1-Introduction 
Excerpted from: The role of oxytocin in relationships between dogs and humans and potential 

applications for the treatment of separation anxiety in dogs 

Lauren E. Thielke* and Monique A. R. Udell 

Biological Reviews 

Article first published online: 9 NOV 2015, DOI: 10.1111/brv.12235 

Oxytocin (OT) is a neuromodulator that plays a role in a range of behaviors, although in 

mammals it has most often been considered within the context of social behavior and 

reproduction, including the promotion of affiliative behavior, maternal behavior and pair-

bonding (Insel, 2010). To popular audiences, OT has often been termed the ‘love’ hormone (Stix, 

2014). A growing body of research suggests that OT production (and its supplemental use in 

treatments or therapies) can have a meaningful impact on the behavior, cognition and health of 

both humans and non-human animals. The administration of exogenous OT has been used to 

affect human social cognition (for reviews, see Bartz et al., 2011 and Guastella et al., 2013) and 

as part of treatment plans for various psychological disorders, including post-traumatic stress 

disorder (PTSD) (for a review, see Koch et al., 2014), schizophrenia (Woolley et al., 2014) and 

social anxiety disorder (SAD) (Guastella et al., 2009).  

Over the last few decades increased scientific attention has also been given to the dog–

human relationship; a relationship that has proved important and intriguing for a number of 

theoretical and applied reasons (Udell & Wynne, 2008). Pet domestic dogs (Canis lupus 

familiaris) have demonstrated an acute sensitivity to human behavior such as gestures and 

attentional and emotional states, which may be a product of both evolutionary and lifetime 

factors (Udell, Dorey & Wynne, 2010; Udell & Wynne, 2010). Shared selection pressures, and in 

many cases shared home environments, have made pet dogs an interesting model for the study of 
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social behavior, behavioral disorders and even cognitive decline (Miklosi, Topal & Csanyi, 

2007). Dogs also form close bonds with their human companions, and will often choose social 

responses or follow social cues offered by their owners, even over more reliable or trustworthy 

physical information in their environment (Kundey et al., 2010; Topál et al., 1998). Many human 

dog owners report a strong sense of attachment to their dogs (Kurdek, 2008).  

OT plays an important role in attachments between humans and dogs, as dog–human 

interactions can result in increased OT levels for both species (for a review, see Beetz et al., 

2012). Such findings may be critical to advancing another related and growing area of interest in 

the dog–human interaction literature: the behavioral, cognitive and health benefits (and/or risks) 

that the dog–human relationship might provide to both species. Much like intranasal 

administration of OT, research suggests that dog ownership can lead to improved behavior and 

social interactions in those with social and emotional disorders (Anderson & Olson, 2006) and 

reduction of fear and pain after trauma or injury (Dietz, Davis & Pennings, 2012; Sobo, Eng & 

Kassity-Krich, 2006), in addition to other possible health benefits (Cutt et al., 2007; McCardle et 

al., 2010; Patronek & Glickman, 1993; Raina et al., 1999). While OT may be one common 

mechanism involved in these outcomes (via artificial administration in one case, and human–dog 

interaction-based production in the other) such research has yet to be conducted.  

Even less is currently known about the effects of OT on the behavior of dogs, a critical 

part of the puzzle since dogs may not only serve as a unique and important model for the effects 

of OT across species (while holding consistent environmental/living factors that both humans 

and dogs share), but as partners in the human–dog bond. Understanding the impacts of increased 

OT on dog behavior may not only be important to their individual welfare, but also to the quality 

of the resulting human–dog bond. To date, only six studies have explored the effects of 
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intranasal OT on dog behavior and cognition, three focused primarily on social interactions 

(Hernádi et al., 2015; Nagasawa et al., 2015; Romero et al., 2014), one on play behavior 

(Romero et al., 2015) and two on social cognition (Kis et al., 2015; Oliva et al., 2015). No 

studies have yet been conducted to explore the possible application of intranasal OT in the 

treatment of behavioral problems for pet dogs. Studies on possible parallels between human 

disorders that appear to have a relationship to OT and similar canine syndromes are also lacking. 

Behavioral problems are detrimental to bonds between dogs and their owners; they are a leading 

reason that owners provide for relinquishing their dogs to animal shelters (Miller et al., 1996). 

Given this information, further research on the effects of OT in dogs could provide an important 

addition to current behavior-modification methods for the treatment of behavioral problems in 

dogs, and could improve our understanding of the role that OT may play in the development or 

treatment of behavioral and cognitive syndromes in both dogs and humans. 

This review provides an overview of previous research that has explored the role that OT 

plays in the relationship between dogs and humans and to present possible future directions for 

research in this area. It also contains an overview of studies involving intranasal administration 

of OT and its effects on behavior. 

Measuring OT in dogs and owners 

Two studies have measured dogs’ OT levels in social contexts. One experiment 

compared OT levels from blood samples from dogs in three different social contexts: a familiar 

experimenter with friendly verbal and physical contact, a familiar experimenter with verbal 

contact only, or a control condition in which the experimenter ignored the dog (Rehn et al., 

2014). Dogs’ OT levels increased across all conditions when the experimenter returned after a 

separation phase, but OT levels remained higher for a longer period of time in dogs that received 
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both verbal and physical contact from the experimenter. These results suggest that simply 

viewing a familiar person who returns after a separation period causes OT levels to increase in 

dogs, while a combination of verbal and physical contact is needed to induce a prolonged 

increase. The authors suggest that the importance of this finding lies in its potential to lead to 

improved interactions between humans and dogs. One potential application could be for shelter 

dogs that are adopted into a new home with an unfamiliar person, as shelter staff could 

recommend that adopters provide extensive physical and verbal contact to induce attachment 

formation between dogs and new owners. Another study examined how intravenous OT injection 

amounts were reflected in measures of urinary OT concentrations at different time points (Mitsui 

et al., 2011). Each dog received four injections of OT. Plasma and urinary samples were taken at 

baseline and several time points after injection. Results demonstrated that plasma OT 

concentration was highest immediately after the final injection (at 15 min) and the highest 

concentration of urinary OT occurred 1 h after the first OT injection, indicating that urinary OT 

is excreted about 1 h after it is administered intravenously. In this experiment, dogs also 

participated in activities that typically have positive associations (feeding, exercising and 

petting), to establish the effect of these experiences on OT production. Urinary OT 

concentrations were significantly higher after taking part in these activities. Drinking water was 

implemented as a control condition, and urinary OT concentrations did not increase after this 

activity. Interestingly, these results demonstrate that OT levels increase in dogs not only after 

positive experiences in social contexts, but also as a result of receiving food and exercise. The 

authors suggest that OT increases may be associated with a positive emotional state, as a 

previous study showed that women in relationships displayed larger increases in OT in response 

to experiencing positive emotion (Turner et al., 1999). Thus, it is possible that eating and 
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exercising, as well as social contact are indicative of a positive emotional state in dogs, and 

therefore result in an increase in OT levels. 

 Some researchers have measured OT levels in humans via blood samples after 

interactions with their dog. One study investigated changes in OT levels in men and women 

before and after they interacted with their dogs immediately upon returning home from work, 

compared to a control condition in which they read (Miller et al., 2009). OT levels increased 

more for women when they interacted with a bonded dog than when they read, but OT levels 

decreased for men in both conditions, suggesting that gender differences exist in terms of OT 

levels and human responses to dogs. However, differences in how men and women interact with 

their dogs may have also contributed to this disparity – a confounding factor that the authors 

acknowledged was not addressed by their study. Another study looked at whether the strength of 

the dog–owner relationship could be predicted by owners’ OT levels (Nagasawa et al., 2009). 

One group of owners who reported better relationships with their dogs (i.e. higher degrees of 

communication and satisfaction) also received gazes from their dogs for a longer period of time 

and had higher urinary OT concentrations after interacting with their dogs for 30 min compared 

to a group that received gazes from their dogs for a shorter length of time and reported a less-

positive relationship. These results indicate that OT likely plays an important role in social 

attachments between dogs and humans.  

Comparison of OT levels in dogs and owners 

Research has been conducted to evaluate OT levels in dogs and owners compared to 

owners’ reports of the positive and negative aspects of relationships with their dogs. One group 

compared owner reports on the Monash Dog Owner Relationship Scale survey with OT levels in 

dogs and owners using blood samples collected at six different points during a 60 min interaction 
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period – at baseline, 1 min, 3 min, 5 min, 15 min, 30 min and 60 min (Handlin et al., 2012). 

Results revealed that OT levels were associated with various aspects of relationships between 

dogs and their owners. Owners who had higher OT levels reported that they kissed their dogs 

more frequently; their dogs also had higher OT levels. Owners who reported little difficulty in 

terms of providing care for their dogs had higher OT levels, and again, dogs belonging to these 

owners had higher OT levels. There was also an association between dogs’ OT levels and owner-

reported strength of bond to their dog. Owners’ OT levels were significantly correlated with the 

OT levels of their dog during the interaction period.  

Another investigation looked at plasma OT levels of both dogs and owners after a 60 min 

period in which the owner could interact with their dog for the first 3 min and then ignored the 

dog for the remaining 57 min (Handlin et al., 2011). Subjects consisted of 10 female owners and 

their 10 male Labrador dogs. The control condition consisted of 10 women who did not own a 

dog sitting in a room without a dog and having their blood drawn at the same time. Results 

indicated that OT levels in owners were significantly higher than baseline after interacting with 

their dogs; this effect was not seen in the controls. Dogs’ OT levels were also significantly 

higher after interaction with their owners compared to baseline. A similar study demonstrated 

that OT levels in dogs and humans increased significantly after a positive interaction compared 

to baseline OT levels (Odendaal & Meintjes, 2003). However, importantly, this study consisted 

of both people with and without dogs (those without dogs were provided with a dog during the 

experiment). It is unknown whether OT levels in dogs increase more after positive interaction 

with a familiar human versus an unfamiliar human, which would be an interesting topic for 

future study. 
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The oxytocin receptor gene in dogs 

One area of growing interest is the comparison of phenotypic behavioral responses and 

genetic data in dogs. While the literature in this area is currently limited, such studies are crucial 

for developing a more thorough understanding of how genes contribute to the expression of a 

given phenotype. For example, there is growing interest in the relationship between social 

behavior and single nucleotide polymorphisms (SNPs) in the regulatory region of the oxytocin 

receptor gene. A study in humans investigated one polymorphism of the oxytocin receptor gene 

(rs53576) in relation to empathy and stress reactivity, which are important aspects of social 

behavior that involve OT (Rodrigues et al., 2009). Results indicated that individuals carrying the 

A allele displayed lower empathy and also demonstrated higher stress reactivity during a startle 

task and a scale that measured anticipation. Therefore, polymorphisms of the oxytocin receptor 

gene play an important role in behavioral phenotypes.  

Another study of this type was conducted using pure-bred German Shepherds and Border 

Collies (Kis et al., 2014). Dogs were tested in a series of different situations, such as being 

greeted by a stranger or separated from their owners. From this test, the researchers identified 

four distinct behavioral categories, including proximity-seeking, reaction to separation from 

owner, friendliness and looking at humans. DNA collected from dogs using non-invasive buccal 

swabs, was isolated and SNPs were analysed using polymerase chain reaction methods and 

electrophoresis techniques. The results were then compared to the distinct behavior types that 

were established in the first part of the study. Findings demonstrated that there was an 

association between specific polymorphisms and proximity-seeking and friendliness, but not in 

reaction to separation from the owner and looking at humans. Specifically, the -212AG 

polymorphism was linked with proximity-seeking in both German Shepherds and Border Collies, 
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and carriers of the G allele exhibited less proximity-seeking. The rs8679684 polymorphism was 

connected with friendliness in both breeds, but different trends were found in terms of the effects 

of alleles. German Shepherds that carried the A allele were more friendly, while Border Collies 

who carried the A allele scored lower on the friendliness trait. Similarly, the 19131AG 

polymorphism was associated with different friendliness traits for each breed. German Shepherds 

that carried the G allele were friendlier, while Border Collies that carried the G allele were less 

friendly. One possible explanation for these behavioral differences could be an interaction 

between OT and dopamine. This neurotransmitter has been shown to interact with OT to produce 

differences in maternal behavior in rats (Shahrokh et al., 2010) and influences pair-bond 

formation behavior in female prairie voles (Microtus ochrogaster) (Liu & Wang, 2003). Since 

polymorphisms of the dopamine receptor are present in dogs and are known to vary among 

breeds (Niimi et al., 2001), it is possible that interaction effects between OT and dopamine may 

be relevant to observed breed differences. Further research on this topic is needed, involving 

more breeds and a wider range of social behaviors, but these early findings suggest that such 

investigations in dogs may be important and fruitful. 

Administration of intranasal OT 

Recently, several studies have assessed the role of experimentally increased OT on 

various aspects of dog behavior. One such experiment looked at the effects of intranasally 

administered OT on dogs’ social behavior with both humans and conspecifics (Romero et al., 

2014). Dogs who received intranasal OT in this study showed more affiliative behaviors towards 

their owners and towards other familiar dogs than when they were given intranasal saline. This 

finding suggests that administration of intranasal OT can increase affiliative behaviors in dogs in 

a social context. This finding may be especially valuable in applied behavior contexts, 
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suggesting that – through targeted administration – OT may also be useful in modifying 

behavioral responses. For instance, it is possible that OT could be given to dogs with separation 

anxiety in conjunction with behavior modification to help them form more secure attachments to 

their owners. A follow-up to this study showed that intranasal OT increased the amount of time 

female dogs (but not males) spent gazing at their owners and in turn, urinary OT concentrations 

also increased for the owners of female dogs (Nagasawa et al., 2015). More research is needed to 

understand the root of these sex differences and implications for human–dog bonds. 

Intranasal OT has also been found to increase the amount of play signals that dogs give 

and leads to longer bouts of social play with familiar conspecifics (Romero et al., 2015). 

However, OT does not increase prosocial behavior across all contexts – dogs that received 

intranasal OT and were then approached in a threatening manner by their owner displayed more 

unfriendly behavior than dogs that received saline in the same test (Hernádi et al., 2015). On the 

other hand, dogs that received OT or saline did not differ in their reactions when a stranger 

approached in a threatening manner. The researchers noted that reported baseline levels of 

aggression, based on a questionnaire, were correlated with the dogs’ reaction to the threatening 

approach of an owner or a stranger. Therefore, OT may increase the degree of unfriendly 

behavior dogs display in response to the threatening approach of a familiar person, but individual 

differences in pre-existing tendencies are also relevant. 

Another study examined the effects of intranasal OT on dogs’ performance in an object-

choice task (Oliva et al., 2015). Dogs were given either intranasal OT or intranasal saline (as a 

control) prior to completing a set of object-choice tasks. This study employed a repeated-

measures design in which each dog received OT and saline on separate days and the order of 

treatments was counterbalanced. In this set of experiments, dogs stood on a leash with their 
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owners while facing a human experimenter. The human experimenter stood behind two food 

bowls. In each trial, food was hidden in one of the bowls. The experimenter then provided either 

a pointing cue or gazing cue towards the bowl that had been baited with food. Control trials were 

conducted using the same procedure in which the experimenter did not provide a cue. This was 

done in order to ensure dogs were not simply choosing the correct bowl by smelling the hidden 

food. The findings indicated that when dogs received intranasal OT, they exhibited increased 

performance on finding hidden food using a pointing cue. While dogs never performed above 

chance with the gaze cue, their performance did improve slightly after OT administration (Oliva 

et al., 2015).  

Another recent investigation explored intranasal OT’s effects on cognitive biases in dogs 

(Kis et al., 2015). In this study, dogs participated in pre-training trials in which they learned that 

food was present in a food bowl at a given location (the positive location) and that a food bowl 

was continually empty at a different location (the negative location). Dogs were assigned to a 

condition in which they either received intranasal OT or a placebo and a condition in which they 

took part in the test in either a communicative or non-communicative context. In the 

communicative context, an experimenter was present in the room with the dogs and baited the 

food bowls without the dog seeing before placing the food at either the positive or negative 

location, while in the non-communicative context, the experimenter stood behind a curtain and 

slid the food bowl into either the positive or negative locations. In the testing phase, which 

consisted of three trials, food was placed in the positive and negative locations as well as an 

ambivalent location that was equidistant from both these two. Latencies to approach each 

location were used to create a ‘Positive Expectancy Score’ (Kis et al., 2015, p. 4). The results of 

this study showed that dogs that received OT exhibited a positive expectancy bias in both 
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communicative and non-communicative contexts, although this bias was stronger in the 

communicative context. This suggests that OT induces a positive judgment bias in dogs.  

In addition, OT has recently been shown to have an impact on dogs’ motion perception 

(Kovács et al., 2016) via an experiment that compared dogs’ responses to a two-dimensional 

projection of a moving human (which the researchers characterized as a “biological stimulus”) 

and to the same video when scrambled and inverted, after OT or saline was administered. Video 

coding of the amount of time dogs spent looking at each video during testing revealed that dogs 

that received OT spent less time looking at the biological stimulus than dogs receiving saline. 

The researchers suggest that this provides evidence of a natural preference for the motion of 

biologically-relevant stimuli, and OT administration decreased this preference. 

Methodological considerations  

It should be noted that there are difficulties in measuring peripheral OT levels in both 

humans and animals and there is debate among researchers about the best method to use 

(McCullough, Churchland & Mendez, 2013). Older techniques involve radioimmunoassay with 

extraction of oxytocin from plasma, while newer techniques involve enzyme immunoassay 

without extraction, which could mean that substances other than OT are tagged during analysis, 

artificially increasing measured OT levels (McCullough et al., 2013). Differences in methods of 

measuring OT may also make across-study comparisons difficult. However, evidence suggests 

that OT plays an important role in the relationships between dogs and their owners, and higher 

OT levels are often associated with a more positive relationship from the perspective of the 

owner. Most projects have used surveys to assess positive and negative aspects of dog–owner 

relationships, although dog owners could potentially misrepresent their relationships with their 

dogs. Future research could use additional methods to assess the quality of dog–owner 
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relationships and OT levels of dogs and owners. For instance, an objective measure of dog 

welfare, such as a standardized behavior test, could be developed. 

Attachment in dog-human relationships 

 Attachment relationships have traditionally been described as relationships between 

parents and offspring. Bowlby developed a theory of attachment based on principles of ethology 

that stated that attachment plays a role in survival and innate mechanisms are present that allow 

attachment relationships to form (1969). Ainsworth evaluated attachment relationships between 

mothers and their infants by developing the Strange Situation Test (SST) (Ainsworth & Bell, 

1970). The SST consists of various reunion and separation episodes that involve an infant, the 

infant’s mother and a stranger. The researchers looked at several different categories of behavior, 

including exploring, searching for the mother during separation, crying, avoiding or seeking 

proximity and maintaining or avoiding contact. Infants demonstrated an increase in the amount 

of searching and crying behaviors when the mother was absent, supporting the idea that the 

mother provided a secure base from which the infant could investigate a novel environment, as 

exploration decreased when the infants were left alone. When mothers and infants were reunited, 

some infants avoided contact and avoided proximity to the mother, while others displayed more 

proximity-seeking and maintained contact with their mothers. Ainsworth’s study of attachment 

relationships led her to describe three categories into which attachments could be classified: 

secure (the infant shows signs of distress when separated from the mother and seeks proximity 

and contact when reunited), insecure-avoidant (the infant does not show much distress and does 

not seek proximity when reunited) and insecure-resistant (the infant is very distressed when the 

mother is absent but is not calmed when the mother returns and resists contact) (Ainsworth, 

Blehar, Waters, & Wall, 1978). 
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 As part of a growing interest in canine behavior and the dog-human bond, researchers 

began evaluating attachments between dogs and humans using the SST (József Topál, Miklósi, 

Csányi, & Dóka, 1998). This initial investigation into applications of the SST for attachments 

between dogs and humans revealed that dogs and humans shared attachment relationships with 

many similarities to parent-child attachments. The researchers looked at the amount of time spent 

playing and exploring when the owner or stranger was present, the amount of time spent in 

contact with the door and the amount of time spent in contact with the human. The researchers 

identified three main factors that accounted for behavior during the SST: anxiety (the amount of 

distress displayed in the unfamiliar environment), attachment (the dog’s response to being 

separated from the owner) and acceptance (how the dog reacted to the stranger) and the 

attachment style of dogs could be categorized along dimensions of each of these factors.   

Some researchers have raised doubts concerning whether a secure base effect is present 

in dog-human relationships and questioned whether the dog-human bond can be considered an 

attachment relationship (Prato-Previde, Custance, Spiezio, & Sabatini, 2003). There has also 

been evidence to indicate that order effects are present when the SST is conducted with dogs 

(Palmer & Custance, 2008; Rehn, McGowan, & Keeling, 2013). When a counterbalanced 

version of the SST was used, a secure base effect was demonstrated when dogs explored, stayed 

passive and engaged in play both individually and with a stranger more in the presence of their 

owner than in the presence of the stranger only or when they were alone (Palmer & Custance, 

2008). Attachment tests continue to be used as a method of evaluating the dog-human 

relationship. 

The primary aim of the study described herein explored how intranasal oxytocin affects 

the attachment behavior of dogs in both the presence and absence of their owners. The secondary 
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aim was to test two administration methods-a nasal spray bottle and a Mucosal Atomization 

Device (MAD) to determine if the methods differ in effectiveness or in the amount of stress-

related behaviors that dogs display upon administration.  
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CHAPTER 2-Materials and Methods 

Subjects 

A total of 40 pet dogs were volunteered by their owners to participate in experiments 1 

and 2. All dogs were required to be over ten months of age, be in good health, not have a history 

of separation anxiety and not be pregnant or lactating, due to oxytocin’s known role in inducing 

labor and lactation. Owners were able to remove their dogs from the study at any time.  

Part 1: Comparison of nasal administration techniques 

This study employed a repeated-measures design and treatments were counterbalanced. 

Subjects were randomly assigned to four conditions: Nasal spray bottle + OT first, Nasal spray 

bottle + saline (as a control) first, MAD + OT first, and MAD + saline first. Fifty µg (24 IU) of 

OT were diluted in 0.5 ml of a 0.65% saline solution. Dogs receiving the saline solution received 

0.5 ml of the 0.65% saline solution. Two different administration methods of OT were tested (n 

= 20 per method, with half of each group receiving OT at their first visit and half of each group 

receiving saline at their first visit). The two methods of administration included a nasal spray 

bottle and a MAD. This part of the study tested the hypothesis that dogs will exhibit fewer stress-

related behaviors and a shorter latency to administration when solutions were administered using 

a MAD compared to a nasal spray bottle. 

For each type of administration, food was placed in a container so that the dogs could 

smell it but not access it in order to ensure that they were sniffing while the administration 

occurs. After administration, a 30-minute wait period occurred during which owners had the 

option of taking their dogs for a walk or waiting at the testing facility to allow time for OT to 

take effect.  Past work has demonstrated that behavioral effects of intranasal OT can be seen 

after this time interval (Woolley et al., 2014). Administration was filmed and videos were coded 
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for stress-related behaviors (Table 1). Thirty percent of the videos were coded by a second 

independent observer, blind to the treatment each dog received on each day, to assess inter-rater 

reliability. Total duration of administration was measured. 

Table 1 
Stress-related behaviors (Adapted from Deldalle & Gaunet, 2014) 
Behavior Description 
Lip licking (frequency) Dog licks lips 
Yawning (frequency) Dog opens mouth and yawns 
Shivering (frequency) Dog trembles 
Whining (frequency) Dog makes high pitched noise 
Head shaking (frequency) Dog moves head from side to side 
 

Part 2: Effects of OT on attachment behavior in dogs 

Thirty minutes after administration, dogs and owners  participated in a modified 

attachment test. This time period was chosen as previous work has shown that effects of OT can 

be seen after this time period (Woolley et al., 2014)). Testing consisted of three phases, each 

lasting two minutes. Testing occurred within a room approximately 3.6 m by 4.2 m in size. The 

room contained a chair with a circle 1.8 m in circumference and 1 m in radius taped around the 

chair. Three dog toys were placed on the testing room floor during each testing session. 

Table 2 summarizes instructions that owners received for each phase of the attachment 

test. In phase one (baseline), the owner received instructions to sit neutrally in a chair in an 

unfamiliar testing room. Owners were able to reciprocate affection if the dog approached and 

entered the circle by petting the dog twice without restraining it by the collar if the dog 

approached or initiated contact. Dogs were able to freely explore the room. In phase two, the 

owner exited the testing room so that the dog was left alone. In phase three, the owner re-entered 

the testing room. Owners were asked to sit neutrally, as in baseline, during this phase and were 

able to reciprocate affection by petting the dog twice without restraining it by the collar if the 
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dog approached or initiated contact. Videos of phase two of testing sessions were coded for 

separation anxiety behaviors (Table 3). Videos of phase three of testing sessions were coded for 

attachment behaviors (Table 4). An independent observer, blind to the treatment each dog 

received on each day, coded the videos for the baseline, a. A second independent observer coded 

30% of the videos to ensure inter-rater-reliability. The following hypotheses were tested in this 

experiment: 

1.) If OT increases feelings of security in attachment relationships, dogs that receive OT will 

display fewer stress-related behaviors when left alone than dogs receiving saline and will also 

return to baseline behavior when their owner re-enters (secure base effect).  

2.) If OT increases affiliative behavior in dogs, time spent in contact with, and in proximity to, 

their owners will increase when dogs receive OT vs. saline. 

Table 2 

Owner instructions for attachment test 

Phase Description 
Phase 1 (Baseline) 
2 minutes 

Owners were instructed to sit in chair in testing 
room and pet the dog twice each time it entered 
the circle.  

Phase 2 (Alone) 
2 minutes 

Owner and experimenter exited the room and 
the dog was left alone. 

Phase 3 (Return) 
2 minutes 

Owner and experimenter quietly re-entered the 
room without greeting the dog. Owners were 
instructed to  sit in chair in testing room and 
pet the dog twice each time it entered the 
circle. (Identical to baseline.) 
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Table 3 
Alone phase focal behaviors 
Behavior Description 
Vocalizing (frequency) Whining or barking 
Touching or scratching at testing room 
door 
(frequency and duration) 

Using any part of body to make contact with door 

Elimination (frequency) Urinating or defecating 
Destruction (duration) Destroying/chewing non-toy objects in testing 

room 
Excessive motor activity (duration) Pacing or other repetitive movements 
Hypersalivation (frequency) Excessive drooling or salivation 
Exploring (duration) Walking around room 
Looking at door (frequency and duration) Gazing in direction of door without making 

contact with door 
Playing (duration) Picking up/making contact with toys 
 
Table 4 
Attachment behaviors 
Behavior Description 
Inside circle (duration) Laying, sitting or standing inside of the blue 

circle taped around the owner’s chair 
Outside circle (duration) Laying, sitting or standing outside of the blue 

circle taped around the owner’s chair 
Exploring (duration) Moving around the room or walking in a non-

repetitive manner (i.e. not pacing) 
Contact with owner (frequency and 
duration) 

Physical contact with owner (or owner making 
contact with dog) with any part of body 

Playing (duration) Picking up/making contact with toys 
Avoiding (duration) Sitting, standing or laying out of reach outside 

circle 
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CHAPTER 3-Results 

All statistical analysis was conducted using R. 

Administration 

 The frequency of each of the following stress-related behaviors was recorded during OT 

and saline administration for each testing session: lip licking, head shaking, shivering, whining, 

and yawning.  The total amount of time that administration took was also recorded for each 

session. No instances of yawning were observed during administration for any dog in this study, 

so yawning was excluded from the analysis. The stress-related behaviors were coded as being 

mutually exclusive, and were summed to create an overall score of stress during administration. 

For analysis, data from each dog’s first testing session was used so that for half of the dogs (n = 

20), administration was performed with an MAD, and for half of the dogs (n = 20), 

administration was performed using a nasal spray bottle. Type of solution (OT or saline) was 

distributed equally between groups as well. Table 5 displays percent agreement values for inter-

rater reliability for administration coding. 

Table 5 
Inter-rater reliability: administration 
Behavior Percent Agreement 
Administration Latency 79.2% 
Overall stress score 75% 
 

 The average amount of time (i.e. latency) taken to administer solutions using the MAD 

versus the nasal spray bottle method were compared using a t-test. The average number of stress-

related behaviors for each administration type were also compared using a t-test. The distribution 

of data for latency scores was heavily right skewed, and after a log transformation the data for 

both the MAD and the nasal spray bottle latencies was distributed more normally, so a log 

transformation of latency was used in the analysis. Results indicate that there was a trend of 
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shorter latency to administration in the MAD group compared to the nasal spray bottle group, 

t(38) = -1.8019, p = 0.0795 (Figure 1). A t-test was used to compare overall stress-related 

behaviors for each administration type.  A histogram was used to assess normality. No 

significant differences were observed t(27.679) = -1.2303, p = 0.2289 (Figure 2). 

 

Figure 1. Log of latency to administration by type of administration. 
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Figure 2. Total number of stress-related behaviors by type of administration. 

 

Baseline Phase 

The variables measured for the baseline phase of testing include proportion of time spent 

engaging in the following activities: avoiding, exploring, inside the circle (a measure of 

proximity seeking), playing and contact with the owner, as well as the latency to enter the circle 

and the latency to make contact with the owner, and the number of times per session each dog 

made contact with its owner. A paired t-test was used to compare proportion of time spent inside 

the circle when dogs were given OT versus when they were given saline. A histogram was used 

to assess normality. Dogs that received saline spent more time inside the circle compared to dogs 

that received OT, t(39) = 2.1146, p = 0.04091 (Figure 3). No other measure differed significantly 

when dogs received OT compared to when they received saline. We also expected that the 

proportion of time dogs spent in contact to their owners would significantly differ when they 
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were given OT versus saline, but this was not observed. A paired t-test was used to test for 

differences in time spent in contact with the owner when given OT compared to saline, t(39) = 

0.35065, p= 0.7277. A binomial test was used for the number of dogs that showed an increase in 

proximity seeking when given OT compared to saline. A total of 17 dogs showed an increase in 

proximity seeking after OT administration compared to saline, out of 40 total trials in which OT 

was administered, p = 0.4296. Table 6 displays percent agreement values for the baseline phase. 

 

 

Figure 3. Proportion of time spent inside circle (i.e. in proximity to owner) during baseline when 

dogs were given OT compared to when dogs were given saline. 
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Table 6 
Inter-rater reliability: baseline 
Behavior Percent Agreement 
Inside circle (duration) 96.4% 
Exploring (duration) 78.6% 
Contact with owner 
(frequency) 

92.9% 

Contact with owner 
(duration) 

96.4% 

Playing (duration) 89.3% 
Avoiding (duration) 92.9% 
 

Alone Phase 

 The variables measured for the alone phase of the attachment test include proportion of 

time spent engaging in the following activities: being out of sight, looking at the door, playing, 

touching the door. The number of times each dog engaged in hypersalivation, elimination, 

repetitive movement, vocalizing, and destruction, touching the door, and looking at the door 

during the alone phase was measured as well. No instances of hypersalivation, elimination, 

repetitive movement, or destruction were observed during the alone phase of the attachment test, 

so these behaviors were excluded from all analyses of the alone phase. Table 7 indicates percent 

agreement values for inter-rater reliability for the alone phase. 
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Table 7 
Inter-rater reliability: alone 
Behavior Percent Agreement 
Vocalizing (frequency) 37.5% 
Touching or scratching at 
testing room door 
(frequency) 

83.3% 

Touching or scratching at 
testing room door 
(duration) 

91.7% 

Elimination (frequency) 100% 
Destruction (duration) 100% 
Excessive motor activity 
(duration) 

100% 

Hypersalivation (frequency) 100% 
Exploring (duration) 75% 
Looking at door (frequency) 62.5% 
Looking at door (duration) 37.5% 
Playing (duration) 95.8% 
 

 Within-subjects comparisons were analyzed using a paired t-test to determine whether 

any differences were present when dogs were given OT versus when they were given saline with 

respect to the variables measured during the alone phase of the attachment test. No statistically 

significant differences were observed with respect to any of the variables of interest. However, 

there was a trend of dogs vocalizing more during the alone condition when OT was administered 

compared to when saline was administered t(39) = -1.8666, p= 0.06949 (Figure 4). 

 To investigate whether the type of treatment has an impact on dogs’ behavior in the alone 

phase that differs according to sex, we compared the behavior of males and females when given 

OT or saline with a 2x2 Mixed Design ANOVA. The Shapiro-Wilk test was used to assess 

normality of residuals for both treatment type (the within-subjects variable) and sex (the 

between-subjects variable) for each behavioral measure of interest. The assumption of normality 

was violated for the proportion of time dogs spent out of sight, exploring, playing, and touching 

the door, the frequency at which dogs touched the door and the frequency at which dogs 
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vocalized for both treatment and sex. The Mixed Design ANOVA is robust to violations of 

normality with large sample sizes, and although the sample size here is somewhat small, the test 

may be sufficiently robust. At present, no better alternatives have been identified.  The normality 

assumption was not violated for the frequency at which dogs looked at the door or the proportion 

of time dogs spent looking at the door for either treatment type or sex.  No significant effects of 

treatment, sex or treatment by sex interaction were found with respect to any of the behavioral 

variables of interest. A trend was seen with respect to treatment on the frequency at which dogs 

vocalized, F (1)=3.433, p=0.0717. There was a trend of an interaction between treatment and sex 

for the frequency at which dogs looked at the door, F (1)=3.763, p=0.0598. Post-hoc 

comparisons were made using t-tests with a Tukey-Kramer adjustment for all pairwise 

comparisons. When saline was administered, there was trend of males looking at the door more 

than females t(30.129) = -2.0002, p= 0.05457 (Figure 5). In the saline condition, females spent 

significantly more time touching the door than males, t(21.263) = 2.2823, p= 0.03286. The data 

for this variable were right skewed; however, a test of log transformed data could not be 

performed as some dogs did not spend any time touching the door.  
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Figure 4. Frequency of vocalizations emitted during alone phase when OT was administered to 

dogs compared to when saline was administered to dogs. 
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Figure 5. Proportion of time spent looking at door during alone phase when OT was administered 

to dogs compared to when saline was administered to dogs, grouped by sex. 

Return Phase 

The variables measured for the return phase of testing include proportion of time spent 

engaging in the following activities: avoiding, exploring, inside the circle (a measure of 

proximity seeking), playing and in contact with the owner, as well as the latency to enter the 

circle and the latency to make contact with the owner, and the number of times per session each 

dog made contact with its owner. No significant differences were found with respect to these 

variables when within-subjects comparisons were made. Table 8 displays percent agreement 

values for inter-rater reliability for the return phase. There were no significant differences with 
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respect to the proportion of time dogs spent in proximity to their owners, paired t-test, t(39) = 

0.62649, p = 0.5346. There were also no significant differences with respect to the proportion of 

time dogs spent in contact with their owners in the return phase, paired t-test, t(39) = 0.59442, p 

= 0.5557. 

 To investigate whether the type of treatment has an impact on dogs’ behavior in the 

return phase that differs according to sex, we compared the behavior of males and females when 

given OT or saline with a 2x2 Mixed Design ANOVA. The Shapiro-Wilk test was used to assess 

normality of residuals for both treatment type (the within-subjects variable) and sex (the 

between-subjects variable) for each behavioral measure of interest. The assumption of normality 

was violated for the proportion of time dogs spent avoiding, exploring, in proximity to their 

owners, playing, in contact with their owners, the latency to make contact with their owners and 

the latency to seek proximity to their owners. The normality assumption was not violated for the 

frequency at which dogs made contact with their owners. The Mixed Design ANOVA is robust 

to violations of normality with large sample sizes, and although the sample size here is somewhat 

small, the test may be sufficiently robust. At present, no appropriate alternatives have been 

identified.  There was a trend of an effect of sex on latency to make contact with their owners, 

F(1) = 2.909, p = 0.0963. Post-hoc comparisons were made using a t-test with a Tukey-Kramer 

adjustment for all pairwise comparisons. A trend was present in which females had a shorter 

latency to engage in contact with their owners than males in saline condition, t(38) =1.7522,  p = 

0.0878.  A trend was seen with respect to playing, as there was a tendency for males to spend a 

greater proportion of time engaging in play than females after OT administration, t(26.284) = -

1.7505, p = 0.0917 (Figure 6). No other trends or significant differences were found with respect 

to sex for the return phase. 
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Table 8 
Inter-rater reliability: return 
Behavior Percent Agreeement 
Inside circle (duration) 91.7% 
Exploring (duration) 91.7% 
Contact with owner 
(frequency) 

83.3% 

Contact with owner 
(duration) 

75% 

Playing (duration) 87.5% 
Avoiding (duration) 87.5% 
 

 

Figure 6. Proportion of time spent engaging in play after OT administration in return phase for 

males compared to females. 
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CHAPTER 4-Discussion 

Administration 

 No significant differences were found in terms of either amount of time taken to 

administer the solution during each dog’s first testing session, nor with respect to overall stress-

related behaviors when solutions were administered using an MAD versus a nasal spray bottle. 

Although it was expected that there would be differences in latency to administration or stress-

related behaviors with one type of administration versus another, the fact that differences were 

not observed suggests that the type of administration does not play a role in amount of stress 

experienced by dogs or amount of time taken to administer the solutions. As current methods of 

administering OT nasally vary among researchers, it is important to know that these different 

methods do not have a significant impact on stress-related behaviors. 

Baseline Phase 

The results of the baseline phase are unexpected, as previous literature has shown that OT 

results in increased affiliative behavior and proximity seeking . Other research has suggested sex 

differences may be present when examining the effects of OT on the behavior of male and 

female dogs . Specifically, previous literature has suggested that female dogs may be more 

sensitive to the prosocial effects of OT and males may exhibit increased vigilance after 

administration of OT, particularly if OT binds to receptors for vasopressin, a structurally similar 

molecule (Nagasawa et al., 2015). As Figure 7 indicates, male dogs tended to spend less time in 

the circle when given OT, while females do not differ with respect to the proportion of time 

spent inside the circle when given OT or saline. Thus, it is possible that OT resulted in increased 

vigilance in males that led them to spend less time in proximity to their owners. 



 

 

31 

 The effect size of time spent inside the circle with saline vs. OT is very small. Given that 

no other significant differences were found between saline and OT conditions with respect to the 

social behaviors measured, there does not appear to be a widespread effect of OT on these 

behaviors within the general pet population. The added fact that no differences were observed 

with respect to time spent in contact with owners may also reflect this. Additionally, several 

studies have found fairly small effect sizes of nasally administered OT in dogs in relation to 

social play (Romero et al., 2015b), the ability to use a pointing gesture to find hidden food in an 

object-choice task (Oliva et al., 2015) and responses to the threatening approach of owners 

(Hernádi et al., 2015) that are significant only at the p < 0.05 level. Another study that found 

greater effect sizes reports that dogs initiated affiliation towards their owners more when they 

received OT compared to when they received saline (p = 0.001), but in this same study they 

found that the effect size for affiliation with familiar conspecifics was much smaller (p = 0.026) 

(Romero et al., 2014). Therefore, although OT administration had a l effect on one measure of 

owner-directed affiliation, it did not have as strong of an impact on affiliative behavior with 

familiar conspecifics.  

The present study, taken in context with previous research exploring the effects of 

nasally-administered OT on social behavior in pet dogs, suggests that effects of OT may be 

limited. One factor that may contribute to the relatively small effect size observed in the present 

study is that the sample size is fairly small with 40 subjects. One aim of this study is to provide a 

foundation for future studies exploring whether OT could potentially serve as an aid for 

traditional behavior modification techniques for common behavioral problems in dogs, such as 

separation anxiety. Applied studies often employ fairly small sample sizes. For instance, one 

study comparing the efficacy of a dog appeasing pheromone to clomipramine (an antidepressant 
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medication) for the treatment of separation anxiety in 57 dogs measured improvement on several 

different behaviors before and after either treatment intervention (Gaultier, Bonnafous, Bougrat, 

Lafont, & Pageat, 2005). The smallest improvement seen was 65% of dogs vocalized less or did 

not vocalize at all in the absence of their owners after treatment. Therefore, an improvement in 

separation anxiety symptoms was seen for the majority of dogs in the study, regardless of 

treatment type. Given the small effect sizes that have been observed on various aspects of social 

behavior in dogs after nasal OT administration, it appears that OT would not be an improvement 

over current behavioral interventions and treatments for separation anxiety. However, it is 

important to note that the current study was conducted with pet dogs without known anxiety 

disorders, and although some effects of OT have been found on the social behavior of this 

population in the past, more substantial effects may still be found in specific social populations, 

for example in dogs with separation anxiety. More research is needed in this area. 

 

 

Figure 7. Proportion of time spent inside circle in the baseline phase by treatment and sex. 
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Alone Phase 

 We hypothesized that when given OT, dogs would engage in fewer stress-related 

behaviors than when given saline during a brief separation period from their owners, but the 

results do not support this hypothesis. There was a trend of dogs vocalizing more frequently 

when they had received OT compared to when they received saline. As vocalizing may indicate 

stress, it is possible that administration of OT may increase stress when dogs experience a short 

separation period from their owners. However, this effect is minimal, at least among the pet dogs 

tested in this study, although if OT results in increased stress for dogs with behavior problems, 

such as separation anxiety (which is currently being explored in a follow-up study), caution 

should be taken before recommending the use of OT in an applied setting. There was a trend of 

males spending a greater proportion of time looking at the door of the testing room in their 

owner’s absence in the saline condition, but this effect was not seen with OT. This may suggest 

that there are sex differences owner-directed search-related behaviors in the absence of their 

owners, and OT may decrease these differences.  

Return Phase 

The results of the return phase also demonstrate that effects of OT administration on 

attachment behavior in pet dogs without a history of separation anxiety are limited. Although we 

hypothesized that OT administration would result in an increase in proximity seeking and 

attachment when dogs were reunited with their owners after a short separation period, this effect 

was not seen here. One possibility is that OT administration with either an MAD or nasal spray 

bottle, at the dosage we used, does not have observable effects on behavior in an attachment test. 

It should also be noted that all dogs included in this study did not have a history of separation 

anxiety, and therefore it is possible that many of the dogs that participated in this study have 
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secure attachments to their owners. Additionally, dogs and owners were free to either wait at the 

testing center, go outside for a walk, or a combination of these activities during the 30-minute 

wait period, and it is possible that not restricting their activities during this time could have 

affected the results of the study. It is interesting that there is a trend towards a greater proportion 

of time spent engaging in play for males, but not females, when OT is administered. Play is often 

thought to be an indicator of welfare (Held & Špinka, 2011), so a trend towards an increase in 

time spent engaging in play could suggest that OT may have some impacts on welfare. However, 

the relationship between the increase in play behavior and OT administration for males was not 

statistically significant, and there are likely more viable alternatives for improving animal 

welfare, such as naturalistic interactions involving play and petting. 
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CHAPTER 5-Conclusion 

 Findings from the baseline and return phases of the attachment test indicate that OT has 

little to no effect on owner-directed contact and proximity seeking in pet dogs that do not have a 

history of separation anxiety. In the baseline phase, we observed that dogs spent less time in 

proximity to their owners when given OT than when saline was administered, and this effect 

appears to be driven by the behavior of males. It is important to note, however, that this effect 

size is small. Interestingly, other studies reporting significant effects of OT on various aspects of 

social behavior in pet dogs have found small effect sizes as well (Hernádi et al., 2015; Oliva et 

al., 2015; Romero et al., 2015b) There were no significant effects on contact and proximity 

seeking in the return condition. No significant effects were found when comparisons were made 

in the alone phase. Therefore, intranasal OT did not have a significant impact on attachment 

behavior, at least for the group of dogs that participated in this study. As a result, applications of 

OT in applied contexts, such as being used as a behavior modification aid, may be limited, 

however more research on subpopulations experiencing these behavior problems or disorders is 

needed as the effect may be larger in these populations compared to the general population. 

 Ainsworth’s SST demonstrated that three main types of attachment styles are present in 

mother-infant attachment relationships in humans: secure, insecure-avoidant and insecure-

ambivalent (Ainsworth & Bell, 1970). A study that adapted the SST to assess attachment 

relationships between dogs and their owners demonstrated that dogs also demonstrate these 

different attachment styles (Topál et al., 1998). One possibility for the limited effects of OT 

observed in the present study could be that all of the dogs have secure attachments to their 

owners, and OT might have limited effects on attachment-related behaviors for dogs that have 

secure attachments to their owners. However, a preliminary analysis of the attachment styles of 
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the dogs included in this study shows that dogs that participated in the study demonstrated 

variation in attachment style- secure, insecure-avoidant and insecure-ambivalent, and therefore, 

it is unlikely that OT’s limited effects are related to the attachment style of the dogs. 
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