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INTRODUCTION 

Domestic dogs (Canis familiaris) and humans have shared essentially the same ecological 

niche for at least 14,000 years (Clutton-Brock, 1995). These individuals were then subjected 

to artificial selection for traits that humans considered desirable, causing genetic changes that 

resulted in advanced socio-cognitive skills in the modern domestic dog (Hare and Tomasello, 

2005). Dogs ability to form attachment with humans is one of the most widely recognized 

consequences of domestication (for a review see Topál and Gácsi, 2012). Many studies have 

reported that dogs show a great variability in their behaviour in the Strange Situation Test 

(Gácsi et al., 2001). Until now, however, only little (and indirect) data have been available 

about how different genetic and environmental factors influence dogs’ attachment to humans. 

Furthermore there is ample comparative evidence to suggest that dogs’ ability to rely on 

different forms of human directional gestures can be equated with that of shown by 1.5–2-

year-old children (Lakatos et al., 2009). Dogs often use eye gaze cues in a flexible manner; 

they show a tendency to make eye contact with their owner in unsolvable tasks (Gaunet, 

2008; Miklósi et al., 2005) and alternate their gaze between the potential human helper and 

the object of desire (Merola et al., 2012). Dogs also often show infant-like communicative 

receptivity to human ostensive-referential signals (Miklósi and Topál, 2012).In general, dogs 

possess a sensitivity to human communicative cues that parallels with that of human children 

(Topál et al., 2014). Attachment to humans and sensitivity to human ostensive-communicative 

signals could be considered as evolutionary novel skills in the Canis genus providing a typical 

case for convergent social evolution. Many assume, however, that the perception of animacy 

is also fundamental for guiding social interactions and thus dogs, like human (infants), may 

possess such social perceptual skills.  

Dogs resemble humans not only in their human-analogue social behaviours, but also in that 

the oxytocin system is related to their social behaviour. Studies examining the effects of OXT 

on behaviour usually take two forms: researchers may either measure endogenous OXT levels 

directly (or map genotypes related to the oxytocinergic system) or administer OXT in the 

form of a nasal spray. Previous human studies have demonstrated that oxytocin nasal spray 

has significant impacts on social behaviour and cognitive processes in humans in a manner 

that has not previously been observed from the administration of other medications (Bartz et 

al., 2011). However, OXT levels may be manipulated in another way: through intensive social 

stimulation. A number of studies provide evidence that social interactions may elevate the 

level of OXT. For example, Feldman et al. (2010) have found that mothers and fathers who 
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had provided high levels of tactile contact to their infants showed an increase in salivary OXT 

following parent–infant interactions but such an increase was not observed among parents 

who provided low tactile contact. A number of studies have looked at the associations 

between different single nucleotid polymorphisms (SNP) in the oxytocin receptor (OXTR) 

gene and social behaviour in humans. From these studies, a few SNPs have emerged as 

having a prominent role in shaping socio-cognitive skills and social behaviour. However The 

SNPs of the oxytocin receptor gene that may account for the variability in the social 

behaviour of dogs are less well known. Despite the fact that the number of studies on dog 

social cognition are exponentially increasing (Bensky et al., 2013), until the last few years no 

information on the dog OXTR gene polymorphisms was available thus the role of these 

polymorphisms in behaviour regulation was explored in parallel with the present thesis (Kis et 

al., 2014; Oliva et al., 2016; Persson et al., 2017). 

GENERAL AIMS 

The present PhD thesis aims to investigate the neuro-hormonal aspects of social sensitivity in 

dogs and children focusing on the modulatory role of the oxytocin system on social 

behaviours and the oxytocin-mediated effects of social stimulation. 

- In the first part (PART I.) of the ‘Experimental studies’ section, our purpose was to 

investigate whether different social behaviours were in connection with single 

nucleotide polymorphisms of the oxytocin receptor (OXTR) gene. 

- In the second part (PART II.), we studied the effects of intranasal oxytocin 

administration on dogs’ behaviour.  

- Finally (PART III.), we also investigated the effects of social presensitization on 

social sensitivity in children and dogs. 

PART I. Biological background of dogs’ and infants’ social sensitivity 

Study 1 

It has become obvious that attachment styles are shaped by a combination of genetic factors 

and social experiences (Fonagy 2001). However such results in human infants allow for 

limited conclusions, because of the genetic relatedness of the infants and their parents. The 

domestic dog, however, provides a unique opportunity to investigate this question. 

The main purpose of the present study was to explore environmental and genetic influences 

on dogs’ attachment behaviour. We investigated whether single nucleotide polymorphisms of 

pet dogs’ and their owners’ OXTR genes are associated with components of dog-owner 



4 
 

attachment. Dogs and their owners from two different countries (Austria and Hungary) were 

tested in a modified version of the Ainsworth Strange Situation Test. Furthermore DNA 

samples were collected, and questionnaires were also used to collect information about the 

owner’s personality and attachment style. 

Our study provides the first experimental evidence that both dog and owner genetic 

variations of the OXTR gene, as well as various aspects of dogs' environmental background 

are associated with their attachment to their human caregivers (1. thesis). Based on 

previous and present results we propose that polymorphism in the oxytocin receptor gene is a 

potentially important factor in regulating dog-human relationship.  

Study 2 

Increasing evidence suggests that genetic polymorphisms of the oxytocin receptor gene 

(OXTR) also play a role in modulating behaviour in social interactions, ranging from fearful 

behaviours through emotion processing to prosociality. In the present study investigated 

associations between oxytocin receptor gene polymorphisms and social behaviour in human 

infants and dogs with the aim to unravel potentially differential mechanisms behind their 

responsiveness to human gaze. Human infants and adult Border Collie dogs participated in 

two tasks designed to test (1) their use of gaze-direction as a cue to locate a hidden object, and 

(2) their reactions to an aversive social interaction (using the still face task for children and a 

threatening approach task for dogs). Moreover, we obtained DNA samples to analyze 

associations between single nucleotide polymorphisms (dog and human SNPs) in the OXTR 

and behaviour. We found that OXTR genotype was significantly associated with reactions to 

an aversive social interaction both in dogs and children, confirming the anxiolytic effect of 

oxytocin in both species. In dogs, the genotypes linked to less fearful behavior were 

associated also with a higher willingness to follow gaze whereas in children, OXTR gene 

polymorphisms did not affect gaze following success. Our results supported the idea that the 

oxytocinergic system may play a similar role in shaping dogs' and human infants' reactions 

to their partner's unexpected negative (distressing) behaviours but not to her gaze cue in a 

search task as the latter is potentially a competitive (and thus distressing) context for dogs, 

while it would be a cooperative context for human infants (2. thesis). This raises the 

possibility that, in contrast to former studies proposing human-like cooperativeness in dogs, 

dogs may perceive human gaze in an object-choice task in a more antagonistic manner than 

children. 
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Part II Effect of intranasal oxytocin pre-treatment on social sensitivity 

Study3 

Recent studies have provided substantial insights into the neurohormonal mechanisms 

underlying human sociality (e.g. Skuse and Gallagher, 2009). There is, however, little 

research on the effect of oxytocin on basic mechanisms underlying human sociality, such as 

the perception of biological motion. In the present study our aim was to explore whether dogs 

show spontaneous preference for biological motion versus non-biological control stimuli, and 

how intranasal administration of oxytocin modulates dogsʼ reactions. Heart rate (HR) and 

heart rate variability (HRV) were also measured as physiological responses of intranasal 

oxytocin administration, and subjects were also rated on the personality traits of neuroticism 

and agreeableness by their owners. The present study provides the first evidence that dogs 

show spontaneous preference for biological motion. We expected that oxytocin would 

increase biological motion preference in dogs, however we found an opposite effect. 

Furthermore the effects of oxytocin treatment are in interaction with physiological measures 

such as heart rate and heart rate variability and some aspects of the dog personality 

(neuroticism and agreeableness). 

 

Study 4 

There is growing evidence indicating that the effectiveness of intranasal oxytocin treatment in 

influencing human behaviour can vary greatly. The effects of oxytocin are indeed constrained 

not only by features of situations but also by those of individuals (Bartz et al., 2011). Two 

markedly different breeds, a cooperative worker (Border Collie) and an independent worker 

(Siberian Husky) were selected for the study. After having received intranasal administration 

of oxytocin or placebo, subjects participated in three behavioural tests measuring social 

responsiveness. In the present study evidence was found, for the first time, that the neuro-

hormonal background relating to the oxytocin system has a different impact on dog breeds 

selected for different work purposes (thesis 4). In all three test situations we found a 

combined (interactive) influence of breed and oxytocin treatment on some aspects of human-

directed social behaviour in dogs. 

Part III. Effect of social presensitization 

Study 5 
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Oxytocin levels may be manipulated also through intensive social stimulation. There is 

increasing evidence to suggest that social signals during parent-child interaction effectively 

stimulate the oxytocin system and elevate the level of peripheral OXT. In the present study, 

we set out to test the effects of intensive social stimulation on children’s perception of agency 

and animacy as this ability is fundamental to social cognition as shown by the above 

presented results. Preschoolers (5-6 years of age) were presented with two different kinds of 

animations (biological motion and contingency animation) on an eye-tracker after a 10-min 

long social- or non-social pre-treatment. We have found indication that socially stimulating 

pre-treatment that supposedly influences the oxytocin system (see Kis et al., 2013) can shape 

attention to basic aspects of social behaviour (thesis 5). We propose that priming with social 

cues relating to the oxytocin system might be a valid approach to study mechanisms 

underlying basic social behaviour and cognition in children. 

 

Study 6 

Cross-species studies have found that dog-owner affiliative interaction (gazing, petting, 

talking) increases owner’s urinary oxytocin levels (Nagasawa et al., 2015) and results in an 

increase in plasma OXT levels in both dogs and their owners (Handlin et al., 2011). Therefore 

it is possible that the release of OXT during social interactions depends on the relationship 

between partners. Thus in the present study we investigated whether positive social pre-

treatment by the owner or a stranger (socially relevant and irrelevant partners) would 

differentially influence the dogs’ tendency to follow the human’s counterproductive choice in 

a food choice task. Our study provides the first direct experimental evidence that dogs can 

also be primed with social-communicative stimuli and social priming effect works also 

across contexts/situations (thesis 6). Furthermore we found that dogs, after social pre-

treatment by the human caregiver, showed significantly larger values for Change-in bias 

scores in comparison with ‘nonsocial’ pre-treatments (Ignoring and Separation) and this is not 

true for dogs after social pre-treatment by an unfamiliar human partner. This further supports 

the idea that social interaction with a human partner can increase the OXT level in dogs 

(Handlin et al., 2011), and that elevated oxytocin level not only makes dogs more sensitive to 

the difference between the owner and unfamiliar human partners, but the socially bonded 

partner plays a more important role in oxytocin-mediated changes in dogs’ social behaviour. 

GENERAL CONCLUSION 
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In summary, these studies corroborate the notion that studying the relationship between 

different aspects of social behaviour and the oxytocin system in the dog is a promising new 

research area which may also have translational relevance for understanding the neuro-

hormonal bases of human social cognitive abilities. 

 

PUBLICATIONS 

Publications related to the thesis 

Kovács K., Virányi Zs., Kis A., Turcsán B., Hudecz Á., Marmota MT., Koller D., Rónai Zs., 

Gácsi M., Topál J. Dog-owner attachment is associated with oxytocin receptor gene 

polymorphisms in both parties. A comparative study on Austrian and Hungarian Border 

Collies. Front. Psychol. manuscript under review 

 

Oláh K., Topál J., Kovács K., Kis A., Koller D., Park SJ., Virányi Zs. 2017. Gaze-following 

and reaction to an aversive social interaction have corresponding associations with variation 

in the OXTR gene in dogs but not in human infants. Front. Psychol. 8:2156. doi: 

10.3389/fpsyg.2017.02156 

 

Kovács, K., Kis, A., Kanizsár, O., Hernádi, A., Gácsi, M. and Topál, J., 2016. The effect of 

oxytocin on biological motion perception in dogs (Canis familiaris). Animal Cognition, 19(3): 

513-522. 

 

Kovács, K., Kis, A., Pogány, Á., Koller, D. and Topál, J., 2016. Differential effects of 

oxytocin on social sensitivity in two distinct breeds of dogs (Canis familiaris). 

Psychoneuroendocrinology, 74: 212-220. 
 

Kovács, K., Oláh, K., Lakatos, K., and Topál, J., Socially stimulating pre-treatment modulates 

attention to biological motion and contingent reactivity in children. 

Front Psychol. manuscript under review 

 

 

Other publications 

Tauzin, T., Kovács, K. and Topál, J., 2016. Dogs Identify Agents in Third-Party Interactions 

on the Basis of the Observed Degree of Contingency. Psychological Science, 

p.0956797616647518. 

 

Fodor, A., Kovács, K.B., Balázsfi, D., Klausz, B., Pintér, O., Demeter, K., Daviu, N., Rabasa, 

C., Rotllant, D., Nadal, R. and Zelena, D., 2016. Depressive-and anxiety-like behaviors and 

stress-related neuronal activation in vasopressin-deficient female Brattleboro rats. Physiology 

& Behavior, 158, pp.100-111. 

  



8 
 

Tauzin, T., Csík, A., Kis, A., Kovács, K. and Topál, J., 2015. The order of ostensive and 

referential signals affects dogs’ responsiveness when interacting with a human. Animal 

Cognition, 18(4), pp.975-979. 

  

Balázsfi, D., Pintér, O., Klausz, B., Kovács, K.B., Fodor, A., Török, B., Engelmann, M. and 

Zelena, D., 2015. Restoration of peripheral V2 receptor vasopressin signaling fails to correct 

behavioral changes in Brattleboro rats. Psychoneuroendocrinology, 51, pp.11-23. 

 

Fodor, A., Klausz, B., Pintér, O., Daviu, N., Rabasa, C., Rotllant, D., Balazsfi, D., Kovacs, 

K.B., Nadal, R. and Zelena, D., 2012. Maternal neglect with reduced depressive-like behavior 

and blunted c-fos activation in Brattleboro mothers, the role of central vasopressin. Hormones 

and Behavior, 62(4), pp.539-551. 

 

REFERENCES 

Bartz, J. A., Zaki, J., Bolger, N., and Ochsner, K. N. (2011). Social effects of oxytocin in 

humans: Context and person matter. Trends Cogn. Sci. 15, 301–309. 

doi:10.1016/j.tics.2011.05.002. 

Bensky, M. K., Gosling, S. D., and Sinn, D. L. (2013). The world from a dog’s point of view: 

A review and synthesis of dog cognition research. Adv. Study Behav. 45, 209–406. 

doi:10.1016/B978-0-12-407186-5.00005-7. 

Clutton-Brock, J. (1995). “Domestication and Evolution. Origins of the dog: Domestication 

and early history,” in The Domestic Dog: Its Evolution, Behaviour and Interactions with 

People, 7–50. doi:10.1016/S0140-6736(00)02054-7. 

Feldman, R., Gordon, I., Schneiderman, I., Weisman, O., and Zagoory-Sharon, O. (2010). 

Natural variations in maternal and paternal care are associated with systematic changes 

in oxytocin following parent-infant contact. Psychoneuroendocrinology 35, 1133–1141. 

doi:10.1016/j.psyneuen.2010.01.013. 

Fonagy, P. (2001). The human genome and the representational world: The role of early 

mother-infant interaction in creating an interpersonal interpretive mechanism. in Bulletin 

of the Menninger Clinic, 427–448. doi:10.1521/bumc.65.3.427.19844. 

Gácsi, M., Topál, J., Miklósi,  a, Dóka,  a, and Csányi, V. (2001). Attachment behavior of 

adult dogs (Canis familiaris) living at rescue centers: forming new bonds. J. Comp. 

Psychol. 115, 423–431. doi:10.1037/0735-7036.115.4.423. 

Gaunet, F. (2008). How do guide dogs of blind owners and pet dogs of sighted owners (Canis 

familiaris) ask their owners for food? Anim. Cogn. 11, 475–483. doi:10.1007/s10071-

008-0138-3. 



9 
 

Handlin, L., Hydbring-Sandberg, E., Nilsson, A., Ejdebäck, M., Jansson, A., and Uvnäs-

Moberg, K. (2011). Short-term interaction between dogs and their owners: Effects on 

oxytocin, cortisol, insulin and heart rate-an exploratory study. Anthrozoos 24, 301–315. 

doi:10.2752/175303711X13045914865385. 

Hare, B., and Tomasello, M. (2005). Human-like social skills in dogs? Trends Cogn. Sci. 9, 

439–444. doi:10.1016/j.tics.2005.07.003. 

Kis, A., Bence, M., Lakatos, G., Pergel, E., Turcsán, B., Pluijmakers, J., et al. (2014). 

Oxytocin receptor gene polymorphisms are associated with human directed social 

behavior in dogs (Canis familiaris). PLoS One 9, e83993. 

doi:10.1371/journal.pone.0083993. 

Kis, A., Kemerle, K., Hernádi, A., and Topál, J. (2013). Oxytocin and social pretreatment 

have similar effects on processing of negative emotional faces in healthy adult males. 

Front. Psychol. 4, 1–9. doi:10.3389/fpsyg.2013.00532. 

Lakatos, G., Soproni, K., Dóka, A., and Miklósi, Á. (2009). A comparative approach to dogs’ 

(Canis familiaris) and human infants' comprehension of various forms of pointing 

gestures. Anim. Cogn. 12, 621–631. doi:10.1007/s10071-009-0221-4. 

Merola, I., Prato-Previde, E., and Marshall-Pescini, S. (2012). Dogs’ Social Referencing 

towards Owners and Strangers. PLoS One 7. doi:10.1371/journal.pone.0047653. 

Miklósi, Á., Kubinyi, E., Topál, J., Gácsi, M., Virányi, Z., and Csányi, V. (2003). A Simple 

Reason for a Big Difference: Wolves Do Not Look Back at Humans, But Dogs Do. Curr. 

Biol. 13, 763–766. doi:10.1016/S. 

Miklósi, Á., and Topál, J. (2012). “The Evolution of Canine Cognition,” in The Oxford 

Handbook of Comparative Evolutionary Psychology 

doi:10.1093/oxfordhb/9780199738182.013.0011. 

Nagasawa, M., Mitsui, S., En, S., Ohatani, N., Ohta, M., Sakuma, Y., Onaka, T., Mogi, K. & 

Kikusui, T. (2015). Oxytocin-gaze positive loop and the coevolution of human-dog 

bonds. Science (80-. ). 348, 333–336. 

Oliva, J. L., Wong, Y. T., Rault, J.-L., Appleton, B., and Lill, A. (2016). The oxytocin 

receptor gene, an integral piece of the evolution of Canis familaris from Canis lupus. Pet 

Behav. Sci. 2, 1–15. doi:10.21071/pbs.v0i2.4000. 

Persson, M. E., Trottier, A. J., Bélteky, J., Roth, L. S. V, and Jensen, P. (2017). Intranasal 

oxytocin and a polymorphism in the oxytocin receptor gene are associated with human-

directed social behavior in golden retriever dogs. Horm. Behav. 95, 85–93. 

doi:10.1016/j.yhbeh.2017.07.016. 



10 
 

Skuse, D. H., and Gallagher, L. (2009). Dopaminergic-neuropeptide interactions in the social 

brain. Trends Cogn. Sci. 13, 27–35. doi:10.1016/j.tics.2008.09.007. 

Topál, J., and Gácsi, M. (2012). Lessons we should learn from our relationship with dogs: an 

ethological approach. Crossing boundaries Investig. human-animal relationships, 161–

188. 

Topál, J., Kis, A., and Oláh, K. (2014). “Dogs’ Sensitivity to Human Ostensive Cues: A 

Unique Adaptation? A Unique Adaptation?,” in The Social Dog: Behavior and 

Cognition, 319–346. doi:10.1016/B978-0-12-407818-5.00011-5. 

 

 


