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Dogs were the first animals to be domesticated. They have a long history of coexisting with
humans. During that time, dogs have developed human-like communication skills, including the
ability to empathize with humans. It is thought that empathy of pleasant emotions lies behind the
symbiotic and bonding relationship between humans and dogs. Furthermore, if there were a bond
similar to that between human parents and children, then it could be expected that separation
would be a source of stress and reunions would be joyful. Interestingly, dogs are reported to be
extremely happy to see their owners again, but there is only limited research on the behavioral
physiology of this response. In this study, we focused on the contexts where dogs were reunited
with their owners and investigated the behavioral physiological changes in the dog that occurs at
that time.

In Chapter 2, we conducted the experiment where dogs are separated and reunited with their
owners on a daily basis to check whether there are changes in the amount of tear secretion
associated with the change in the dog’s behavior. Given that oxytocin levels increase in dogs in the
contexts involving interactions between them and humans and that oxytocin increases tear
secretion and activates the parasympathetic nervous system, we hypothesized that oxytocin is also
involved in the production of emotional tears and measured the tear volume after administration
of oxytocin eye drops. The results revealed that there was no increase in tear volume during
reunions with strangers, but only during reunions with the dog’s owner. Furthermore, there was
an increase in tear volume due to the administration of oxytocin eye drops. This finding suggests
that dogs secrete oxytocin through contact with their owners when reunited with their owners. It
is thought that this oxytocin acts on oxytocin receptor cells in the lacrimal glands, which increases
tear volume, so we considered it necessary to measure the serum oxytocin levels.

In Chapter 3, we verified the efficacy of rabbit anti-oxytocin polyclonal antibodies newly created
in this laboratory and the reliability of the measurements. The results showed high sensitivity and
specificity against to oxytocin, and there were high degree of correlations in the dilution test and
spike recovery test. We obtained equivalent measurement results compared with the standard

measurement method, indicating the establishing a oxytocin ELISA methods using a newly
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generated oxytocin antibody. However, we did not obtain any correlation with oxytocin in blood,
which has been problematic to date, compared with the conventional RIA technique. This may be
due to unknown molecular characteristics of oxytocin, such as changes to the three-dimensional
structure of oxytocin caused by the extraction method and after extraction because oxytocin in the
blood adheres to binding proteins. Although efforts have been made so far, it was deemed difficult
to ascertain the blood kinetics, so it was decided to measure changes in oxytocin secretion by dogs
that were reunited with their owners (covered in the next chapter) using the conventional RIA
technique.

In Chapter 4, we found that the amount of tear volume increased when dogs were reunited with
their owners, as seen in Chapter 2. The volume was higher than when the dogs encountered a
stranger. However, there was no increase in oxytocin in that experimental settings. The oxytocin
reduces by half within 3 minutes after secretion, so we are awaiting future development of
technology that would enable it to measure the levels of hormones like oxytocin in the blood within
a short time. Further verification of the changes in oxytocin and tear volume is required, either
through fluctuations of oxytocin levels in the central nervous system or detailed sampling of
oxytocin in the blood.

In Chapter 5, we instilled artificial tears in dogs’ eyes, took photographs of the dogs’ faces, and
examined the impression humans had when viewing the photographs of the dogs to investigate the
social effect of dogs shedding tears, focusing on the effect on humans’ feelings. We conducted a
Wilcoxson signed rank-sum test comparing two types of photographs, one taken before the
instillation of artificial tears and the other taken after, both involving the same dog, to determine
if human evaluation differed with the photographs. The results indicated that, of the experiments
conducted with thirteen pairs of photographs, the impression was significantly positive due to the
presence of tears in seven pairs and negative with only one pair, suggesting that the presence of
tears improved the positive impression of dogs.

Dogs had increased tear volume when reunited with their owners after a period of separation.
This suggests that dogs exhibit emotional tears and manifest those tears with positive emotion
(when reunited with their owners). This is the first time the presence of emotional tears in animals
has been demonstrated. Furthermore, dogs showed no increase in tear volume when reunited with
a stranger, and there was a significant increase in tear volume only when they reunited with their
owners after a period of separation. Thus, it was found that the increase in tear volume occurs
when dogs experience dramatic emotional changes such as reuniting with their owners with whom
they have a special relationship after a period of separation. Moreover, oxytocin is an important

hormone for building special relationships, and as tear volume increased with the administration
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of oxytocin eye drops, this suggests that the tear volume might have increased due to the increase
in oxytocin secretion in dogs when reunited with their owners after a period of separation.
Unfortunately, in Chapter 4, we were unable to clarify the correlation between elevated serum
oxytocin levels in dogs reunited with their owners after a period of separation and oxytocin and
tear volume. This research needs to be conducted with a higher level of accuracy. It was also
clarified that changes in eye appearance with the instillation of artificial tears had a positive impact
on humans. Dogs shedding emotional tears need to be further investigated by studies such as ones
that seek to confirm the presence of emotional tears in wolves, but this finding suggests that these
tears may be a function dogs acquired through the process of coexisting with humans, as it worked
to their advantage. Dogs have highly evolved communication skills with humans by using their
eyes, so tears may also perform the function of triggering protective and caring behavior in the
dog’s owners. It might be possible to further unravel the history of symbiosis between dogs and
humans in the future by combining these findings with the development of behavioral genetic
studies. It is also known that the original role of tears in rodents is like a pheromone, and tears
also function like a pheromone in humans. Tears may also function as a pheromone in dogs, so it

will be necessary to clarify the function of dog tears within the same species.
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