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Conceptual Replication of Canine Serum Oxytocin Increase
Following a Positive Dog-human Interaction
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The neurohormone oxytocin is known to exert a special function in the regulation of social relationships
throughout vertebrate taxa. Recently it has been discovered that not only within-species, but in certain
cases, between-species social bonds are also mediated by the same hormone, e.g. in case of the dog–
human relationship. However, despite the exponential growth of findings at the behavioural level, there are
still a lot of controversies on the biochemical assessment of oxytocin in canine samples. Thus, in the current
study we replicate previous findings of canine serum oxytocin increase following a positive dog–human
interaction. We provide a detailed description of both the immunoassay method used as well as the
behavioural protocol (including crucial time-parameters). This will serve as a base for further studies that
both our group as well as others in the field will conduct.
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The neurohormone oxytocin has been proposed to be a
key regulator of the special social bond between dogs and
humans [1]. Such claims are in big part based on data
showing that following different forms of positive social
interactions peripheral (blood or urine) oxytocin levels are
elevated in the dogs [2-4]. While the field has since proven
the interrelatedness of the oxytocin system and dogs’
human-like social behaviour at various levels [5], the
measurement of peripheral oxytocin in dogs, as well as its
relation to pre-measurement social stimuli still remains a
controversial issue. Looking beyond the generalised
findings, raw data on dogs’ baseline blood oxytocin levels
show a huge between-study variation (differences of up to
four magnitudes have be observed; e.g. 0.1 ng/L in
Odendaal and Meintjes, 2003 versus 155.8 pmol/L in
Handlin et al. [2], 2011 respectively). In parallel to this the
commercially available immunoassay methods have been
questioned in terms of reliability. Furthermore recently a
study focusing on null results about the effect of positive
interaction on urinary oxytocin levels has also been
published [6], while previously such results even if
published were not discussed as main results [7].

The importance of replication studies is increasing as
the so called file-drawer bias and publication bias has been
a serious issue in the behavioural sciences in general. This
means that many authors struggle or not even attempt to
publish negative results or those contradicting the field [8,
9]. Similarly, reports about null effects of social interaction
on dog oxytocin levels might be difficult to get published
(see e.g. Marshall et al., 2018 for an unpublished conference
abstract [10]). It is unlikely that the effect of positive social
interaction on dog’s oxytocin level would be untrue, many
studies have shown that such a result exists. However,
differences between studies that might appear minor at
first, including differences in the oxytocin measurement
per se are probably more relevant than the field has initially
considered. To start with peripheral oxytocin
measurements are often pulled together as such, even
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though it has been recently shown that serum
concentration and urine concentration do no necessarily
react in the same way [11]. This together with the fact
that the studies apply different waiting times between
treatment (interaction) and measurement might in it self
be enough to cause differences in results. Furthermore the
interaction protocols of these studies, as well as the
relationship between the dog and the handler (e.g. owner
versus research assistant) vary greatly. Thus there is ample
room for future studies to examine the nuances of the
oxytocin inducing effect of dog-human social interactions.
As a first step for such a grand-scale project, in this paper
we attempt a conceptual replication of the general finding
that dogs’ serum oxytocin level increases following positive
social interaction with the owner involving both eye-
contact, stroking and dog-directed talk.

Exprimental part
Ethical permission

This study was approved by the local ethical committee
under the registration number 882/12.09.2018.

Subjects
Our subjects were N = 6 privately owned pet dogs (3

males, 3 females), all older than 1 year of age (mean±sd
= 6.5±3.9 years).

Oxytocin measurement
Serum samples were obtained by venous blood

harvested in red topped tubes; the samples were allowed
to clot for 2 h at room temperature before centrifugation
for 20 min at 1000×g (3000 rpm). The supernatant was
collected and stored at -20oC before testing.

The oxytocin level was evaluated using a competitive
enzyme immunoassay (EIA): Oxytocin ELISA Kit (LSBio
LifeSpan Bio Sciences, Inc.) following the manufacturer
instructions.
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The 96-wells plate has been pre-coated with a target
specific antigen. Before begining the assay, some
lyophilized components of the kit must be reconstituted
and some others must be diluted in order to obtain work
solutions.

Standard preparation
In order to determine the concentration of oxytocin in

the samples, we used eight standard solutions with well
know oxytocin concentrations to generate a standard
curve. The standard stock solution (SSS) (1000 ìg/mL) was
obtain dissolving standard lyophilized solution in 1 mL of
diluent. Following, the stock solution was incubated at
room temperature for 10 min with gentle shaking, avoiding
foaming. The rest of the standard dilutions (D) were
prepared in accordance with table 1.

Reagent Preparation
The biotinylated detection antibody and the avidin -

horseradish peroxidase conjugate (A-HRP-C) were diluted
using specific diluents in order to obtain the working
solution 1:100. Also, the concentrate wash buffer (25x)
was diluted with distilled water.

Assay Procedure
a. 50 µL of standard dilutions (D1-D7), zero standard

and samples were added in wells.
b. 50 µL of biotinylated detection antibody were added

to each well, the plate was covered with a plate sealer,
gently mixed and incubated for 45 min at 37°C (microplate
incubator and shaker Stat Fax 2200 Awareness Technology
Inc.). The free oxytocin (in the standards or samples) and
antigens bound to the plate compete to bind to the detection
antibody.

c. The liquid was aspirated fand each well was washed
three times with 350 µL of wash buffer using an automated
washer (Stat Fax 2600 Awareness Technology Inc.). All
but the bound biotinylated detection antibody was washed
away.

d.100µL of A-HRP-C working solution was added to each
well and the plate were incubated for 30 min at 37°C. This
conjugate bound to the biotin complex.

e. The liquid was aspirated and each well and washed
three times as outlined in step c. Unbound A-HRP-C is
washed away.

f. 90µL of 3,3',5,5'-Tetramethylbenzidine (TMB) substrate
was added to each well and the plate was incubated for
15 minutes at 37°C, protected from light. If the previous
reagent interacted, the HRP enzyme will react with the
substrate and a blue color develop.

g. 50 µL of stop solution (sulphuric acid) were added to
each well and the blue color changed to yellow
immediately.

h. The optical density (OD value) of each well was
determined immediately using a microplate reader (Stat
Fax 3200 Awareness Technology Inc.) set to 450 nm.

The OD of the serum sample were compared to the OD
standard curve generated. In competition assay the greater
the amount of antigen in the sample, the lower the color
development and optical density reading. The conversion
of the OD values in pg/mL was accomplished using a
formula according to the Excel.

Social interaction
Following blood sample collection for the baseline

oxytocin measure, subjects participated in a 10min long
positive social interaction with their owner. The owner was
instructed to talk to the dog as she/he naturally would
(using dog-directed speech), petting the dog and looking
into its eyes as much as possible.

Results and discussions
Dogs’ serum oxytocin concentration was significantly

higher after the interaction compared to baseline (paired
samples t-test; t(5) = 4.846, p = 0.005) (fig. 1).

Table 1
STANDARD DILUTIONS PREPARATION

Thus, the present study has carried out a conceptual
replication of previous findings showing an elevated
peripheral oxytocin level in the dog following a positive
dog-human social interaction. While such early results
have been for quite some time the basis of big claims about
the dog-human bond, recent failures to replicate those
findings along with the arising methodological concerns
about peripheral oxytocin measurements in general make
it necessary to carry out replication studies.

Our study used a small sample size, as early reports of
positive social stimuli on peripheral oxytocin increase have
reported a strong result on similarly low samples suggesting
a big effect size (e.g. N = 5 male and N = 4 female dogs
were tested in Mitsui et al., (2011) [3]. Present results seem
to confirm these findings, as despite considerable individual
variation, a consistent and statistically significant increase
in blood-oxytocin levels was observed in N = 6 dogs. The

Fig. 1. Serum oxytocin concentration
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experiment by Romero et al. (2014) [8], where no effect
of social interaction was found on oxytocin levels, used a
30-minute-long interaction, that is considerably longer than
those used in both previous studies and our present
research. It is plausible to assume that the length of the
interaction might be an important factor, as petting of the
dog for such a prolonged period might be an unnatural
situation for both the subject and the handler. Powell et al.
(2019) [7]  propose that their null results in terms of oxytocin
level increase might be due to studying urine instead of
blood samples, and indeed their timing of sample collection
(approximately 30 min after interaction) might have been
too early [3, 11]. This also suggests that while collecting
urine or saliva samples for hormonal analysis might be
preferable for the non-invasive nature of these methods,
blood samples are generally more reliable.

Several studies suggest that the oxytocin system has a
sex-specific effect, and some have even found that the
increase of peripheral oxytocin after a positive interaction
is specific to female dogs [12]. Our subjects were both
males and females and no apparent difference could be
observed between the two sexes. It is also important to
note that male and female humans are known to interact
differently with dogs, and dogs, in turn, differentiate
between the two sexes [13-15]. All our subjects
participated with a male owner, thus we did not induce
variation to our sample in this respect.

Conclusions
The present results have a two-fold message for future

research. First, the social interaction protocol used in our
study have proven to be successful in inducing oxytocin
increase, and can thus be used in future studies to explore
the effect of such interactions in different dog populations
and/or using post-interaction behavioural measures.
Second, our immunoassay measurement (with the used
kit, and applying the used timing) proved to be reliable for
detecting serum oxytocin concentrations in the dog, and
thus can be used in future studies for tracking individual
oxytocin level changes.
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