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Understanding the bond between man and beast: Sexually dimorphic 
responses to vasopressin and oxytocin 

 
 Dogs are a powerful tool; playing a vital and sustaining role in the lives of 

many people with disabilities and affording them independence that they would not 
otherwise be le to attain. Many dogs work alongside their human handlers in the 
police and military, protecting and serving their community and country (Wilsson and 
Sundgren 1997). For countless others, Fido is a member of the family, a true friend 
and companion. Understanding the mechanisms that forge this interspecific bond will 
allow us to better take advantage of our unique relationship with dogs.  

One potential ways to elicit a behavioral response in mammals is through 
exogenous hormones such as vasopressin (AVP) and oxytocin (OT). The 
hypothalamus synthesizes these two highly similar neuropeptides (Li et al. 2008). OT 
encourages feelings of attachment and affiliation in many mammals and is an 
important component in social bonding (Feldman 2012; Romero et al. 2014). 
Conversely, the hormone AVP incites aggression (Young et al. 2011). These studies 
show behaviors manipulation within a species using these two hormones. Could they 
also manipulate interspecific, dog-to-human behaviors? These hormones sometimes 
elicit sexually dimorphic responses (Baribeau and Anagnostou 2015). Though many 
studies do not evaluate potential sex differences, it is important to consider that male 
and female dogs may differ in their responses to exogenous hormones. I hypothesize 
that sexual dimorphism causes different expressions of affiliative and aggressive 
behaviors in response to exogenous OT and AVP. Understanding these sexually 
dimorphic responses will lead to innovations in service- and working-dog-training 
programs, allowing better bonding and affiliative responses when handlers release 
dogs to new owners. Better understanding might allow trainers to signal police or 
military dog to show aggression or affiliation using these hormones. Finally, this 
research may act as a model for how the human brain functions, helping us to 
understand a potential spectrum of differences in not just the way biological males 
and females respond, but also those with behavioral and social-developmental 
disorders, respond to OT and AVP differently. 
 
Background: 

AVP is structurally very similar to OT with a difference of only two amino acids 
(Li et al. 2008). In most mammals, the hypothalamus synthesizes both OT and AVP 
in the paraventricular and supraoptic nuclei and transports it to the posterior pituitary 
gland before secretion into the bloodstream (Young 1999; Baribeau and Anagnostou 
2015). The close similarity between these two hormones can cause them to 



	

	

preferentially bind to the other hormone’s receptor in some species (Baribeau and 
Anagnostou 2015). 

OT and AVP have been shown to elicit behavioral responses a trait conserved in a 
variety of species, but the specific behaviors that it mediates are not as highly 
conserved and can vary species to species (Young 1999). Young (1999) also notes that 
OT seems to mediate behavior more in females and AVP more in males. OT is a 
hormone shown to have affiliative properties, while AVP causes aggression 
(Gobrogge et al. 2009; Feldman 2012; Romero et al. 2014; Young et al. 2011).  

Though there is much information on OT, AVP, and the intraspecific behavioral 
patterns associated with these hormones, there is a lack of research into the 
interspecific effects, especially in reguard to their sexually dimorphic responses. 
Nagasawa et al. (2015) showed periods of gazing between dogs and owners correlate 
with spikes in both the dogs’ and owners’ urinary OT levels. In further experiments 
researches gave exogenous OT to dogs before interactions in order to see if this 
increased affiliative behavior, like gazing. The OT did increase gazing behavior toward 
owners, but only in female dogs. Nagasawa et al. (2015) suppose that this may be due 
to female dogs being more sensitve to OT, or male dogs preferntially binding OT to 
AVP receptors, though they did not address mechanisms to test this.  

In other experiments monogamous prairie voles were used to test aggression in 
relation to exogenous AVP injected into the brain (Gobrogge et al. 2009). 
Monogamous prairie voles bond for life; once male voles have mated, they will 
preferentially choose the same female over a new female, as well as show aggression 
to any new female. Experimenters wanted to show that AVP induces aggression in 
male voles that had not yet mated. They took these naïve male voles, injected AVP 
into the hypothalamus, and recorded the number of attacks on the female vole when 
compared with the control. Naïve male voles are not normally aggressive to new 
females because they have yet to choose a mate. The voles given exogenous AVP 
showed a significant increase in the number of attacks on novel females. This suggests 
that AVP induces aggression in male voles. What this study did not address is whether 
AVP has the same impact on female voles.  

There are multiple questions left to answer about how the OT and AVP systems 
function in the interactions of dogs and humans. Do male and female dogs respond 
to exogenous OT and AVP differently? Could OT and AVP be preferentially binding 
to other receptors? If so, do they act as an agonist or antagonist to the receptors? 
What behavioral changes do OT and AVP induce in dogs, and are there significant 
sex differences in these patterns? My proposed research will attempt to answer some 
of questions and will serve as a stepping-stone to answering those remaining.  
 
 
 
 



	

	

Proposed research:  
I hypothesize sexual dimorphism in the response to exogenous OT and AVP 

cause differentiated expression of affiliative or aggressive behaviors of dogs towards 
humans. 

In order to test this hypothesis, methods will be adapted from Nagasawa et al. 
(2015) in an attempt to better control variables and add to the validity of the results. 
Test subjects will be recruited from veterinary clinics; dog parks, training classes, and 
pet supply stores. A large sample size is preferable in order to represent the 
population as accurately as possible. Sex of owner is not a recruitment category, 
though numbers of male and female owners should be comparable. Subject selection 
requirements include: neutered/spayed, mixed breed only, 1-6 years of age, dog in 
owner’s care for a period of at least 6 months with no severe behavior disorders (e.g. 
overly aggressive or anxious), and no history of abuse or neglect.  

Owners will be asked to give the dog intranasal saline once a day for a week 
leading up to the first experiments, in order to acclimate the dogs to the intranasal 
application process. Two will be conducted to determining a quantitative scoring 
system of behavioral responses for both affiliative and aggressive behaviors similar to 
that of the Nagasawa et al. (2015) experiments. Then, using those determined 
behaviors, changes after exogenous OT, AVP, saline, or concurrent OT/AVP dosage 
will be analyzed. Each canine test subject will participate in every experimental 
variable with appropriate resting time between each. Protective equipment such as 
glass barriers, dummy limbs, or protective clothing will be used during potentially 
dangerous encounters, like those experiments testing aggression.  

Experiment one: Determining quantifiable behavioral responses 
i) Dogs and owners must wait a minimum of 3 days in between aggression 

and affiliation testing. 
ii) Dog’s urinary OT and AVP levels will be checked to create a baseline level 

prior to the experiment. 
iii) Aggression indicators: 

(a) Strangers will elicit an aggressive response from the dogs by approach 
quickly from behind dog and by taking food away from the dog (Klausz 
et al. 2014). 

(b) Dog’s urinary AVP levels will be checked to determine which displays of 
aggression correlate with an increase in AVP. 

(c) Aggressive patterns of response will be recorded and used as indicators 
in experiment two. 

iv) Affiliation indicators: 
(a) Owners will elicit an affiliative response from their dogs by interacting 

and playing with dogs. 
(b) Dog’s urinary OT levels will be checked to determine which displays of 

affection correlate with an increase in OT. 



	

	

(c) Affectionate and affiliate patterns of response will be recorded and used 
as indicators in experiment two (Nagasawa et al. 2015). 

Experiment two: Exogenous OT, AVP, saline, or concurrent OT/AVP 
i) Protocol: 

(a) Subjects will wait a minimum of seven days in between each of the tests 
in experiment two. 

(b) Each of the dogs will be given OT, AVP, saline, or concurrent OT/AVP 
intranasally in random treatment order. The dogs will then enter a room 
with their owner and a stranger as shown in Figure 1. 

(c) Owners and strangers are not allowed to initiate interactions with the 
dog by speaking to, motioning to, or touching the dog, though it is 
acceptable if the dog initiates contact. 

(d) Owners and strangers shall not interact with each other in the presence 
of the dog. 

(e) Video cameras will record the actions and behaviors of the dogs and 
whom they were directed toward. 

(f) Video footage of the interactions will be evaluated by a third party that 
will know the significant behaviors, using the data from experiment one 
to categorize and quantify behaviors, but will not know the intension of 
the experiment. 

ii) Predictions (Table 1): 
(a) Male dogs show a preferential response to AVP.  
(b) Female dogs show a preferential response to OT. 



	

	

 
 
Figure 1. After Nagasawa et al. (2015): After being given one of four intranasal sprays 
(Table 1), dog enters a room with owner and a stranger seated on opposite corners of 
the back wall facing the entry door. Owner and stranger alternate sides with each test 
subject. Video cameras are placed as shown, not to interfere with test subjects’ 
interactions. Video footage will be analyzed for quantifiable behaviors determined in 
experiment one.  
 
 
 
Table 1. When given concurrent OT/AVP, male dogs will have a response similar to 
when given only AVP, suggesting a preferential response to AVP. When given 
concurrent OT/AVP, female dogs will have a response similar to when given only 
OT, suggesting a preferential response to OT.  
 

Experiment	2	
Predictions	 Oxytocin	 Vasopressin	 Oxytocin	&	

vasopressin	 Saline	

Male	Dogs	 No	
response	

Stranger	
Aggressive	

Stranger	
Aggressive	

No	
response	

Female	Dogs	 Owner	
Affiliative	 No	response	 Owner	

Affiliative	
No	

response	
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