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Studying stress-associated non-invasive biomarkers in Japanese macaques
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The aim of this body of research was to explore and develop tools for understanding
acute stress in a minimally disruptive way in Japanese macaques (Macaca fuscata). Th
e main goal focused on using saliva to help increase the temporal resolution of studyi
ng the stress response of two primary stress pathways: the hypothalamic-pituitary-adren
al (HPA) axis and the sympathetic-adrenal-medullary (SAM) axis in this species. Stud
ying sympathetic response in a non-invasive manner is particularly difficult due to a |
ack of methodological tools. However, saliva is a useful medium because it contains p
roteins, steroids, and other molecules of interest to measure physiological responses. Fi
rst, a non-invasive method to collect saliva from unrestrained and awake single-housed
Japanese macaques was developed and validated. This method allowed for the measur
ement of stress-related short-term changes of salivary alpha-amylase, a digestive enzym
e that is also associated with autonomic nervous system activity. It was shown that sa
liva collection is possible through cooperative training with Japanese macaques and tha
t this can be used to study the stress response of an understudied system, the SAM a
xis. Next a study using the same captive group of monkeys to understand to what ext
ent a housing relocation increased their stress response was undertaken. These monkey
s were planned to move due to housing renovations and their stress response was opp
ortunistically investigated. Fecal samples were collected to monitor activity of the ster
oid cortisol, a stress-associated hormone that indicates HPA axis activity. No statistical
significance was found over the consecutive days of fecal cortisol monitoring; howev
er, a minimal response was shown on the relocation day, which suggests that the relo
cation itself was mildly stressful. The findings were in line with the reported literature
, 1.e. that the non-application of anesthesia, short movement duration, and consistency
in both environments were all likely contributing factors in stress reduction during hou
sing relocation. In the final study, cooperative saliva collection to a wild living group
of Japanese macaques was expanded to study short-term changes of stress-associated a
nalytes. By utilizing attractants applied to cotton ropes, monkeys were habituated to sa
mpling and characteristics such as their receptivity and chewing duration were recorde
d to modify and improve the method. Salivary alpha-amylase and salivary cortisol lev
els fluctuated in tandem with social behavior, in particular with levels decreasing follo
wing social grooming.
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