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Salivary cortisol: a marker
of the adaptive response
of the organism to
environmental stimuli

Alice Colussi,

The increasing attention to animal well-being has stimulated the study of Animal Scientist
biomarkers of an organism’s adaptive response to the environment, with cor-

. . . ) e ) ) ) Misa Sandri,
tisol emerging as one of the most interesting. Saliva is a biological fluid that

Animal Scientist,

is easy to collect and has the advantage that its cortisol content parallels PhD
that in blood with a 20-30 minutes delay, thus “photographing” the adaptive
response to a past stimulus without interference due to handling while taking

Bruno Stefanon*,
Full professor
the sample. Recent studies have shown that salivary cortisol can be used as Animal Genetics
a biomarker for some diseases and behavioural modifications, as well as in
support of canine activities and sports. The new point-of-care devices for
assaying salivary cortisol concentration in dogs provide practitioners with a
useful method for evaluating the degree of activation of the hypothalamic-

pituitary-adrenal axis in response to central or peripheral stimuli.
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Cortisol is a glucocorticoid (GC) that is often used to
evaluate the activity of the hypothalamic-pituitary-
adrenal (HPA) axis and the adaptive response of the
body at a central level, in reaction to environmental
stimuli to the nervous system, and peripherally, in re-
action to metabolic variations, trauma or immune sy-

Cortisol is a glucocorticoid that is produ-
ced predominantly by the hypothalamic-
pituitary-adrenal axis as part of the

adaptive response to various endoge-
nous and exogenous stimuli.

stem responses of various tissues and organs. Besides
being secreted by the HPA axis, in some cases, the se-
cretion of GC can also be stimulated by higher brain
centres, both in normal conditions (sleep-wake cycle in
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humans) and in unfavourable circumstances (feat, an-
xiety, pain, cold, etc.), thus promoting the recovery of
homeostasis."?

THE PLEIOTROPIC ROLE

OF CORTISOL

The multiple effects of cortisol on metabolism and
the adaptive response require a complex mechanism
of regulation which is not yet completely understood.
Adrenocorticotropic hormone (ACTH) stimulates the
release of cortisol which, once in the circulation, has
a half-life that varies between 70 and 120 minutes in
humans.”*

The main metabolic effects of cortisol are gluconeo-
genesis in the liver, deposition of fat, and regulation in
the brain of the hypothalamic neuropeptides involved
in appetite control. Furthermore, in these tissues, cor-
tisol can be locally inactivated to cortisone through the
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action of isoforms 1 and 2 of 11B-hydroxysteroid de-
hydrogenase or regenerated starting from the same hor-
mone, thereby bypassing secretion of the hormone by
the adrenal glands.®

In circumstances of acute stress (“fight or flight”) high
concentrations of cortisol increase the release of glu-
cose into the blood and the feeling of hunger, thus fa-
cilitating the response to the stress itself. In adipose
tissue, on the other hand, cortisol has an anabolic effect
that can potentially promote the deposition of new tis-
sue in metabolically disadvantaged areas. This feature
has made cortisol a focus of attention in the strive for
better understanding of the endocrine mechanisms re-
lated to obesity.”

The pleiotropic effects of cortisol are fundamental for
the adaptive response of the body and strict regulation,
through negative feedback on the HPA axis, avoids
overexposure of target tissues, thus preventing the ty-
pical negative effects of cortisol, such as glucose into-
lerance, immunosuppression, increased blood pressure,
osteoporosis, insulin resistance, altered growth and tis-

sue repair and even Cushing’s syndrome.’

Cortisol has pleiotropic effects on both metabo-
lism and the body’s adaptive response. Its ac-

tion at a cellular level is mediated by activation
of glucocorticoid receptors.

At a cellular level, the effects of cortisol are mediated
by activation of GC receptors (GR), of which there are
five different isoforms with specific functions, not yet
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Adipocytes: FAS, ACC1, SCD, GPAT3, GPAT4
Liver: G6PC, PEPCK

~ Immune system: NFkB, AP-1, CREB, STATS,
GATAS3, IRF3,IL1b
Nervous system (HPA axis): POMC, CRH

Figure 1 - Genomic and non-genomic mechanisms of GC signal transduction

(modified®).

mGR: membrane glucocorticoid receptor; GR: glucocorticoid receptor; GC: glu-
cocorticoid; GRE: glucocorticoid response element; TF: transcription factor.
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completely understood, but probably responsible for
the pleotropic activity of the hormone.® The comple-
xity of the effects also derives from the ability of cor-
tisol to regulate the transduction of signals in various
tissues and systems through binding to both cytosolic
receptors (non-genomic control) and nuclear receptors
(genomic control) (Figure 1).

As far as concerns non-genomic control, GC have an
activating/deactivating role in the cytosol by interac-
ting with the cell membranes in a GR-independent
manner, acting directly on protein kinases (MAPKSs) or
by binding to membrane GR, which can lead to rapid
activation of anti-inflammatory signals.”® Furthermore,
at a central level, GR, together with receptors for mi-
neralocorticoids, play a critical role in coordinating a
rapid adaptive response to stress, with the involvement
of pre-receptors that are still under investigation.”"
With regards to genomic control, on the other hand,
the GR act directly on the nucleus. The GR are initially
present in the cytosol in association with large, multi-
protein complexes with chaperone functions. After bin-
ding to the ligand, the complex breaks down, exposing
nuclear localisation sequences enabling translocation to
the nucleus, where the GR can cause positive tran-
scriptional modifications (transactivation) or negatives
ones (transtepression).’

ASSAYING CORTISOL

IN BIOLOGICAL MATRICES

Cortisol is involved in various metabolic, immune and
nervous system processes and variations in its levels
therefore reflect the adaptive response to the environ-
ment in the broadest sense of the term, taking into ac-
count all the actions in which this hormone is involved.
The cortisol assay is a method that, together with other
diagnostic information, has the advantage of providing
the most objective and complete evaluation of an or-
ganism’s biological response, thus enabling data collec-
ted in different contexts to be compared with reference
values.

Cortisol can be assayed in various biolo-
gical substrates, of which the least inva-

sive to obtain are hair, urine and saliva.

Sampling

Cortisol can be assayed in various biological matrices
including blood, saliva, urine and hair. The potential
applications of cortisol assays have stimulated research
into non-invasive methods of sampling that do not af-
fect the secretion of the hormone, but that accurately
reflect the activation of the HPA axis."

Blood was one of the first reference substrates in
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which cortisol concentrations were evaluated to make
a diagnosis of behavioural problems or diseases and,
subsequently, to determine the efficacy of treatments.
A blood sample provides a snapshot of cortisol levels.
The secretion of cortisol is very sensitive to both in-
ternal and external stimuli, with these latter including
handling during sample collection. Indeed, manipula-
tion for more than 2 minutes can cause significant
changes in blood cortisol concentrations'>'*!'*!* with
the risk of artefacts when evaluating activation of the
HPA axis.

An alternative to blood is hair, which does not provide
information on acute stress, including that occurring
during the sampling. So far, research into the mecha-
nism by which steroids accumulate in growing hair in-
dicates that this occurs through the blood vessels that
supply the follicle and, to a lesser degree, also through
the sebaceous sweat glands and surrounding eccrine
glands which, once the hair has emerged from the scalp,
coat it with sebum and sweat, respectively. However, it
seems that the hair follicle also produces cortisol lo-
cally in response to more widespread systemic stress,
to localised skin irritation or as part of its normal fun-
ction. The relationship between cortisol and the hair
fibre within the follicle is complex and probably invol-
ves both melanin and keratin.'®"” The amount of cor-

The concentration of cortisol in the hair
reflects long-term changes in the levels
of the hormone (chronic response), while

that in the saliva reflects short-term va-
riations (acute response).

tisol in the hair therefore reflects the endocrine
secretion of the hormone over a period of months and
is useful as a sensitive marker of chronic stress, without
detectable changes related to short-lasting events.

The accumulation of cortisol in hair does, however,
vary in relation to the characteristics of the animal’s
coat, because, in mammals, there are physiological and
biochemical similarities between the production of glu-
cocorticoids and that of hair pigments. Indeed, pig-
ment production is regulated by melanocyte-stimulating
hormone (MSH), which is derived from pro-opiome-
lanocortin, which is also the precursor of ACTH, the
hormone that stimulates the secretion of cortisol. Fur-
thermore, the product of the Agouti genes, one of the
main genes involved in coat colour, has a competitive
antagonistic effect on the melanocortin receptors of
MSH. Thus, genetic characteristics of the coat can also
influence the accumulation of cortisol in the hair. In-
deed, the concentration of cortisol is lower in black
hairs than in non-black hairs, since the former contain
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more pigment that occupies the ‘space’ available for the
GC, while the concentrations are higher in the hair of
animals with lighter coloured coats."

The levels of cortisol in the saliva accurately reflect
those in the blood," with the variations occurting
about 20-30 minutes later.'”* For this reason salivary
cortisol levels are measured to assess the acute response
to stress, being useful in dogs for evaluating the adap-
tive response, such as immediate reactions to threats
and man-animal interactions. The slight delay in the va-
riations avoids spurious values due to handling while
taking the sample. In fact, salivary values simultaneou-
sly reflect the activity of the sympathetic nervous sy-
stem (acute stress) and the HPA axis.?® Furthermore,
salivary sampling is a non-invasive method*** and re-
peating the assay over time enables evaluation of the
adaptive response in the mid- and long-term.

Since the concentration of cortisol in the saliva is about
7-12% that in plasma®"* the assay for the former must
be more sensitive than that used for plasma, and care
must be taken to ensure that materials which interact
with the analyte are not present either in the sampling
phase or during storage of the sample.

Contamination of the blood, haemolysis, pH, excessive
residual food and material used to collect the sample
are all factors that can influence the analysis of cortisol
in the saliva, while plasma proteins, present only in
trace amounts in the saliva, are not a problem.”!

It should be remembered that the secretion of saliva is
under the control of the nervous system and that sym-
pathetic nerve stimulation can cause vasoconstriction
and a decrease in salivary flow, thus reducing the pos-
sibility of collecting a sample sufficient for analysis. For
this reason, it is always useful to stimulate the dog’s sa-
livation, for example by giving it food to sniff for a few
seconds, thus inducing secretion of saliva without cau-
sing stress."”

Factors that influence salivary cortisol levels

in the dog

In studies cattied out in clinically healthy, adult dogs**
it was found that sexual status and gender have signifi-
cant effects on salivary cortisol levels (Graph 1): steri-
lised animals have lower levels than sexually intact ones,
while intact females and males do not have significan-
tly different values Furthermore, there are relationships
between salivary cortisol levels and dogs’ weight, size
and breed***%?" (Graph 2)%.

These findings are consistent with those of another
study”® showing significantly greater activity and im-
pulsiveness in small dogs than in large ones.

Living environment also influences cortisol concen-
trations, with levels of the hormone being higher in
animals living in shelters than in animals living in ken-
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nels or private homes (Graph 3).* In this regard,
G some researchers® showed that admission of dogs
a a into a shelter caused prolonged activation of the HPA
=0 axis. However, although this represented a condition
- of chronic stress, the animals gradually adapted to
their new environment, as reflected by their cortisol

% 30 B b concentrations.
= Furthermore, the dogs living in shelters showed chan-
2.0 ges of cortisol levels during the course of the day,
with a decrease following interactions with humans
Lo (Graph 4).” The samples of saliva taken before and
after interaction with a human were both collected in
. Intact Male  Castrated male Intact Female Neutered female the morning, about 30 minutes apart, to avoid any ef-
fects of circadian rhythm on the levels.””* The results

Graph 1 - Differences in salivary cortisol levels (ng/ml) in relation to sexual status. appear to show that a positive interaction with a

a, b, c: the letters indicate statistically significant differences (P<0.05) between ~ human improves social behaviour and physiological
the means. wellbeing of dogs living in shelters, giving the animals

a greater possibility of adoption.’! Other researchers
also observed variations in cortisol concentrations in

6.0 dogs in relation to the sex of the person with which
the animals interacted, with there being lower con-
centrations of cortisol in the saliva following interac-

5.0

ng/ml
2

a
b tions with a female person.”
4.0
C bc
: Concentrations of cortisol in canine sa-
liva are influenced by the sex, size and li-
20 ving environment of the animal.
1.0
In another study, a significant increase in salivary cor-
0.0

- . ) tisol concentration was found in dogs following their
i SR S fll admission to hospital, with there being a statistically si-

nificant correlation between high concentrations and
Graph 2 - Differences in salivary cortisol levels (ng/ml) in relation to size. 8 8

: , . . o
a, b, c: the letters indicate statistically significant differences (P<0.05) between a_nomalous behavlours such as panting and lip-lic-
the means. king.** In a previous study,® salivary cortisol concen-

trations increased from baseline values of between 2.16
and 4.68 ng/ml to a mean value of 6.01 ng/mlin dogs

60 exposed to external stimuli. Similar results were obtai-

ned comparing dogs of the same breed subjected for 6

50 n weeks to segregated housing in spaces more restricted

b than those to which they were accustomed. The sali-

o vary cortisol concentrations corresponded with the ma-

E nifestation of abnormal behaviours, with subsequent

B - 2 development of depressed responsiveness of the HPA
51 to acute stimuli.?!!

In conclusion, the ease and non-invasiveness of sali-

10 vary sampling make it possible for an owner to collect

a sample at a particular time and in different circum-

0o stances from the canonical ones such as the veterinary

Owner Kennel Shelter clinic (Figures 2, 3, 4, 5). Furthermore, the delay of

about 20-30 minutes in the increase of cortisol levels in

Graph 3 - Differences in salivary cortisol levels (ng/ml) in relation to living en- the saliva compared to those in the blood means that

vironment. the val in the saliva followi £i
a, b, c: the letters indicate statistically significant differences (P<0.05) between ¢ values 1n the saltva tollowing an event ot interest are
the means. not affected by handling the animal to collect the sam-

4
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Potential applications

of salivary cortisol assays

The studies reported show the usefulness
of assaying salivary cortisol levels in dogs
in order to determine the state of activa-
tion of the HPA axis in relation to physio-
logical conditions and various types of
environmental stimuli. The interest in this
information and its diagnostic utility are de-
monstrated by the growing number of
scientific publications on salivary cortisol
in the dog over the last 3-5 years. In the
first place, cortisol assays are useful for
HTO=T1mT2 supporting a diagnosis of behavioural di-
sorders, but the pleiotropic role of GC, and
Graph 4 - Differences in salivary cortisol levels (ng/ml) in relation to environment  cortisol in particular, lends them to nume-

Owner Kennel Shelter

and time of day. . , o o , rous other uses, as already occurs in human
TO: sample taken in the morning during the first interaction with a human, just bi dici d animal li k sci

before a meal (6:00-8:00 a.m.). lomedicine and animal livestock sciences.
T1: sample taken 30 minutes after the first interaction with the human in the

morning. Canine exercise and activities

T2: sample taken in the evening, 30 minutes after the last interaction with a human. Th has b iderable ;
a, b, c: the letters indicate statistically significant differences (P<0.05) between cere ) as been ?OHSI .era ¢ 1nteres.t re-
the means. cently in the relationship between salivary

ple. In practice, in the case of a suspected behavioural
problem related to a particular environmental situation,
the sample of saliva can be collected 20-30 minutes
after the dog has manifested the abnormal behaviour,
in order to compare the concentration of cortisol with
that found in a period of no stress.

Figure 2 - Stimulation of salivation in the dog. Stimulating saliva- Figure 3 - Sampling saliva in a dog. Placing the swab in the dog’s mouth; to en-
tion in the dog by presenting the animal with food, but not allo- sure that the swab becomes thoroughly imbibed with saliva, it should be put in
wing the dog to eat it before having taken the saliva sample. the mouth two or three times and left in place for 15-20 seconds.
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Figure 5 - Closing the test-tube with its cap.

cortisol and exercise in humans, both with regards to
the response to intensity of the activity and the body’s
recovery capacity,*>
cacy of various functional supplements during physical
activity.”’

Similarly, in canine activities, during which a dog is sub-
jected to a variety of physical and psychological stimuli,
variations in cortisol levels enable comparisons of the

as well as to determine the effi-

level of fitness between individuals during a working

Vol 30, Issue 3, June 2016

session and within the same animal during an exercise
and training programme. The literature about changes in
cortisol levels in dogs undergoing physical activity is still
very limited. One study™ evaluated the level of stress
caused by agility competitions in purebred dogs (Border
collie, Australian kelpie, Boxer, Belgian shepherd dog,
German shepherd dog, Pit bull, Pinscher, Poodles) and
mixed breed animals. The results showed an increase in
the concentrations of cortisol following the competi-
tion, as well as some stress-referable behaviours.

Salivary cortisol levels may be a good
marker for evaluating the effects of phy-
sical and/or mental exertion, such as

training, canine activities and animal-as-
sisted activities.

With regards to the effects of different workloads on
cortisol concentrations, some researchers have investi-
gated the effects of low and high intensity exercise on
dogs. The animals were made to exercise on a treadmill
at different speeds for about 90 minutes.” Blood cot-
tisol concentrations increased during the exercise, at a
rate reflecting the intensity of the exercise. The release
of cortisol appeared to be related to both the duration
and the intensity of the physical activity.

In another preliminary study® changes in salivary cot-
tisol levels were measured during Pointing Hunting
(English Setter), Blood Tracking (Bavarian mountain
hound and Hannoverian scenthound) and Tracking for
Ungulate Hunting (Istrian short-haired hound, Griffon
nivernais, [talian short-haired hound). The duration and
intensity of the mental and physical energy expended
differed depending on the type of hunting in which the
animals were engaged. There were significant increases
in the concentrations of cortisol, which were particu-
larly evident in the pointers, undergoing more intense
physical effort (P<0.05). The changes in salivary cot-
tisol levels were, however, modest in the dogs emplo-
yed in Blood Tracking and Tracking for Ungulate
Hunting, confirming previous observations in German
shepherd dogs involved in a track contest during an
IPO competition, i.e., less activation of the HPA axis
during activities in which greater mental concentration
is required.*

Apnimal-assisted activities

Mental exertion in suitably trained animals does not,
therefore, seem to lead to stress phenomena such as to
alter homeostasis substantially. This appears to con-
firm findings in dogs involved in Animal-Assisted Ac-
tivities (AAA), in which salivary cortisol levels did not
change significantly following interaction with the pa-
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tients.*! Similar results were obtained in a preliminary
study® in which salivary cortisol levels in dogs involved
in AAA were significantly (P<0.05) lower 20 minutes
after completion of the session (1.47+0.15 ng/ml)
compared to the levels before starting the activity
(2.07+0.16 ng/ml). Furthermore, it should be noted
that the AAA took place between 10:00 a.m. and 11:45
a.m., a period of the day in which an increase in sali-
vary cortisol could be expected as a result of circadian
thythm.*?’ Measuring the concentration of cortisol in
saliva could therefore offer a way of identifying ani-
mals less well adapted to AAA, through the detection
of high levels of cortisol, and also a way of monitoring
an animal’s acceptance of such activities over time and
picking up any changes early.

Genetics and breeding

The data available on changes in salivary cortisol levels
in relation to AAA, training, educational programmes
and psychomotor rehabilitation as well as activities to
improve physical condition or coordination more ge-
nerally, are still limited, but do offer a starting point for
some important considerations not only from a phy-
siological point of view, but also regarding ethology
and breeding programmes.

In humans, the CORNET (CORtisol NETwork) con-
sortium has recently published a genome-wide asso-
ciation study showing that there is a significant genetic
component in plasma cortisol concentrations, related
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to mutations in genes involving the binding of cortisol
to corticosteroid-binding globulin and alphal-antitryp-
sin.* Mutations in DNA associated with plasma corti-
sol concentrations have also been identified in pigs.*
According to CORNET, the hereditability of plasma
cortisol in humans varies between 30 and 60%.

Besides being a diagnostic aid, salivary cortisol
levels could also have an interesting use in bree-

ding, for example to select for adaptive re-
sponse characteristics.

As far as concerns the species Canis lupus familiaris, no
association studies or estimates of hereditability ate yet
available, but analogies with other mammals™* suggest
that there is a strong genetic basis to the adaptive re-
sponse to the environment. This could be used for
breeding purposes, exploiting differences in tempera-
ment and aptitude between breeds and enabling the
identification of blood lines better adapted to the typi-
cal activities of the breed. In this case, the level of cor-
tisol, an accurate marker of an individual’s physiological
condition, could be a phenotype for selective breeding,
once the assay protocol has been standardised.

Diseases
Analysis of cortisol in the saliva is also useful in all
those situations of suspected hypercortisolism or di-

Table 1 - Applications of salivary cortisol measurements in exercise and training, education,
relational responses, pathophysiology and psychological disorders.

Exercise and training
¢ |ndividual predisposition to canine activities
e Level of fitness during exercise and training

and competitions

* Monitoring stress control in dogs working for voluntary
civilian services, the military and police

e Monitoring stress during periods of intense canine activities | e

e Evaluation of efficacy of functional and ergogenic compounds |

Pathophysiology

e Cushing’s syndrome, hypercortisolism
e Addison’s disease, hypocortisolism
Diabetes mellitus

¢ Metabolic syndrome and obesity
Cardiovascular diseases

e Myocardial infarction

e Chronic inflammatory bowel disease and
irritable bowel syndrome

Education and Relational response

e Monitoring stages of puppy socialisation

e Animal assisted activities and therapies (AAA, AAT)
e Quality of life in kennels and shelters

e Emotional response to education and re-education
programmes

¢ Adaptation to adoption

e Adaptation to new environments

Psychopathology

e Anxiety

e Obsessive-compulsive disorders/phobias
e Depression

e Hyperactivity/increased excitation and state of
hypersensitivity-hyperactivity (HS-HA)

e Post-traumatic stress
e Anorexia nervosa

e Food-related compulsive behaviours
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sordered function of the adrenal glands, including se-
condary dysfunction.” In human medicine, measure-
ment of salivary cortisol is a diagnostic aid that is being
increasingly used in a number of disorders, including
non-alcoholic fatty liver disease, metabolic syndrome,

4546 a5 well as irrita-

obesity and cardiovascular diseases,
ble bowel syndrome and inflammatory bowel disease.*’
Table 1 reports some of the potential applications of
salivary cortisol assays in the dog, on the basis of pre-
sent knowledge and prospective uses, borrowing on

current practice in humans.**

CONCLUSIONS

The evaluation of cortisol concentrations in saliva can
be considered a resource given the non-invasiveness
of the sampling technique and the good parallelism

KEY POINTS
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between changes in this biological matrix and those
in blood.

Furthermore, the possibility of determining the corti-
sol concentration immediately, with the now available
point-of-care kits is valuable for both veterinarians,
who can gain a full picture of the state of an animal’s
health, and for other professional figures such as dog-
trainers and educators, providing them with a more
complete assessment of the quality of psycho-educa-
tional and training programmes and the dog’s response
to such activities. As far as concerns genetics, measu-
ring salivary cortisol concentrations, in predetermined
conditions and using a standardised protocol, could be-
come a useful instrument for breeders to assess the
character and aptitude of a breed, which could be of
value for the purpose of selective breeding.

The pleiotropic effects of cortisol are fundamental for the organism’s adaptive response and
are mediated at the cellular level by the capacity of the hormone to regulate transduction si-
gnals through binding to both cytosolic and nuclear receptors.

The growing interest in salivary cortisol level in dogs derives from the numerous practical
applications of its assay, already exploited in human biomedicine and animal livestock
sciences.

Although there are still no gene association studies or estimates of hereditability, the analo-
gies with other species indicate that it would be possible to use salivary cortisol level as a
phenotype for selective breeding.

Assaying salivary cortisol levels with a point-of-care kit could be a valid, non-invasive test,
useful for various professional figures including veterinarians, trainers, educators and

breeders.
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