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Simple Summary: Cortisol in peripheral samples (e.g., blood, saliva or hair) is commonly used
for the assessment of stress in dogs. It primarily reflects the hypothalamus–pituitary–adrenal
(HPA) axis responses and serves as a marker to indicate the rapid response via the sympathetic
adrenomedullar system (SAM), which has not yet been well studied in dogs. This study aimed to
evaluate chromogranin A (CgA), a known SAM activation marker, in saliva samples from laboratory
dogs when the SAM response was pharmacologically induced. A selective noradrenaline transporter
blocker, atomoxetine, was orally administered without causing any adverse responses in dogs to see
if it increases salivary CgA. Three treatment groups were designed to determine whether CgA was
increased only in the treatment with atomoxetine compared to a placebo or with pre-administration
of dexmedetomidine followed by atomoxetine. Dexmedetomidine was included in the study because
it is a selective alpha-2 adrenoreceptor agonist that inhibits central noradrenaline activity. The results
were found to be consistent with our hypothesis and suggest that salivary CgA correlates with central
noradrenaline activity, indicating that it can be a useful marker to assess SAM activity in dogs.

Abstract: Since salivary chromogranin A (CgA) is one of the known sympathetic adrenomedullar
system (SAM) stress markers in humans and pigs, this study aimed to investigate whether salivary
CgA in dogs reflects SAM activation. Our hypothesis was that salivary CgA would increase when
central noradrenaline was pharmacologically induced. A selective noradrenaline transporter blocker,
atomoxetine, was orally administered without causing any aversive responses in nine laboratory
dogs to see if it would increase salivary CgA. Three treatment groups (i.e., atomoxetine, placebo, and
pre-administration of a selective alpha-2 adrenoreceptor agonist (dexmedetomidine) followed by
atomoxetine) were prepared with a randomized crossover design. Saliva sample collection, heart rate
measurement and behavior observation were performed at Time 0 (baseline) and at 30, 60, 90 and
150 min after each treatment administration. The results demonstrated that salivary CgA significantly
increased at 90 min in the atomoxetine treatment (p < 0.05), whereas it was not observed in the other
two treatments. The present study showed that salivary CgA was increased by atomoxetine-induced
SAM activation. However, this increase was blocked if dexmedetomidine was pre-administered.
Overall, the results indicate that salivary CgA is a potential candidate for SAM-mediated stress
markers in dogs. Further study to determine the dynamics of salivary CgA will be helpful in its
practical use.

Keywords: chromogranin A (CgA); cortisol; dog; hypothalamus–pituitary–adrenal (HPA); salivary
stress marker; sympathetic adrenomedullar system (SAM)
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1. Introduction

When an animal encounters stressors, there are two components to its response: the
rapid response is facilitated by the sympathetic adrenomedullar system (SAM), which
leads to the release of catecholamines from the adrenal medulla (e.g., noradrenaline and
adrenaline), and sympathetic nerves are activated to prepare the body for fight or flight
reactions. The other response is activation of the hypothalamus–pituitary–adrenal (HPA)
axis, which results in an elevation of glucocorticoids. Dog stress levels can be evaluated by
behavioral response, physiological response, hormones, and other analytes [1]. Each stress
indicator has advantages or challenges in the given study design, and the use of multiple
indicators, such as a combination of more than one indicator, is recommended [2–4].
Historically, in stress response studies of dogs, cortisol in peripheral samples, which
primarily reflects HPA responses, has been commonly measured as a stress marker [5–10].
However, since stress responses are complicated and cannot be evaluated based on one
component or one marker, the need to explore other markers, especially to reflect SAM
responses, via noninvasive sample collection, is needed [1].

Chromogranin A (CgA) in peripheral samples is a known SAM activation marker in
humans, dogs and pigs [11–14]. CgA is an acidic protein that is stored in the secretory
granules of endocrine, neuroendocrine and neuronal cells [15,16]. It is a more stable analyte
than catecholamines. Salivary CgA is produced and stored in the submandibular gland in
humans [17], and in the salivary glands in pigs [12] and dogs [18]. Its secretion into saliva
is induced by catecholamines. In studies with pigs [12,19], when pigs were immobilized for
1 min or 3 min with a nose snare, salivary CgA was detected as significantly higher than
the baseline at 15 min post stress. At 30 min post stress, it was continuously higher than the
baseline; however, it was not statistically significant. It was also reported that the longer
immobilization with a nose snare (1 min vs. 10 min) caused longer elevation of salivary
CgA after the stress [12,20]. Lensen et al., 2019 [3] used saliva samples in dogs to measure
CgA and cortisol levels before and 20 min after the stressor (i.e., the strange situation
test (SST)). The study showed that compared to the baseline, cortisol was increased in
some dogs, while the CgA of all dogs decreased in the samples collected 20 min after the
stressor. Thus, the authors speculated that CgA might reach its peak earlier than 20 min
and then decrease at 20 min. Based on these results, it is assumed that CgA could be
another valuable stress marker in dogs, especially for monitoring an acute stress response.
However, it would be more helpful if the relationship between SAM activity and CgA is
further examined under a controllable stressor to support this assumption.

In this study, we pharmacologically activated central noradrenaline by using atom-
oxetine, a selective noradrenaline transporter blocker. Atomoxetine binds to presynaptic
noradrenaline transporters with minimal affinity for other monoamine transporters or
receptors [21,22]. It is used to treat attention deficit hyperactivity disorder (ADHD) in
children and adults. Although atomoxetine is not clinically used in veterinary medicine,
Mattiuz et al., 2003 [23] studied beagle dogs and showed that the protein binding of atom-
oxetine is high (approximately 97%) and that its bioavailability via oral administration is
high (approximately 74%).

Therefore, we expected that oral administration of atomoxetine would activate the
SAM response in dogs, which is seen by an increase in salivary CgA. To confirm the
SAM activity, we also measured salivary cortisol to see its change following central no-
radrenaline activity. Additionally, the salivary CgA and cortisol response to atomoxetine
was compared with pre-administration of a dexmedetomidine oral transmucosal (OTM)
gel (Sileo®; Zoetis Inc., Kalamazoo, MI, USA). Dexmedetomidine is a selective alpha-2
adrenoreceptor agonist, and Sileo® is an FDA-licensed medication for dogs that inhibits
central noradrenaline activity and its subsequent behavioral signs. Thus, we expected that
the pre-administered dexmedetomidine gel would block CgA and the subsequent cortisol
response to atomoxetine.
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2. Materials and Methods
2.1. Animals

A total of nine laboratory beagles (3 females and 6 males) obtained from two uni-
versities were included in the study. All dogs were intact, and the mean ± SD of the
age and body weight of the three females, which belonged to Purdue University, were
1.4 yrs and 7.6 ± 0.2 kg, while those of the six males, which belonged to Rakuno Gakuen
University, were 7.1 ± 0.8 yrs and 13.5 ± 1.1 kg, respectively. All dogs were individually
housed in each institutional animal laboratory, with visual and vocal contact with each
other. They were considered healthy based on the results of a physical examination and
bloodwork (complete blood count (CBC) and biochemical analysis) performed prior to the
study. The dose of atomoxetine was determined based on the literature and a preliminary
study conducted to evaluate the heart rate and behavioral responses as well as the salivary
CgA concentrations with various doses. A study dose that did not cause severe adverse
effects was chosen as determined by the physical examination and the bloodwork before
and after the administration.

2.2. Study Protocol

The study was conducted with a randomized crossover design, and each dog was
administered each of three treatments at the same time of the day. The dogs’ treatments
were conducted during a window of time between 8:30 and 9:30 AM with an exact interval
of 24 h between treatments: Treatment A (Tx A): atomoxetine (2.3–2.9 mg/kg doses), per os
(PO); Treatment B (Tx B): lactose (2.3–2.9 mg/kg doses), PO as a placebo control treatment;
and Treatment C (Tx C): the combination of pre-administration of a dexmedetomidine OTM
gel (0.05–0.075 mg/kg doses), and atomoxetine (2.3–2.9 mg/kg doses), PO. Dexmedeto-
midine OTM gel was administered 30 min prior to atomoxetine administration at Time
0. The treatment order was determined by using an online randomization application
(https://www.randomizer.org/, accessed on 2 March 2020). In the exam room, before
the saliva samples were collected, the heart rate and behavioral changes due to possible
adverse effects (e.g., tachycardia, hyperactivity) were monitored as a baseline (Time 0;
immediately before the drug administration) and four time points per treatment (at 30, 60,
90 and 150 min after the administration). During the rest of the study time, the dogs were
returned to a home cage, which was located next door to the exam room, with free access
to water but not food, which was located next door to the exam room.

2.3. Saliva Sample Collection

Saliva samples were collected using SalivaBio Children’s Swab (Salimetrics, LLC,
State College, PA, USA). Saliva flow was stimulated by presenting the smell of treats, and
each saliva collection was performed within 2 min. The samples were frozen at −80 ◦C
until assay.

2.4. CgA and Cortisol Assay

Salivary CgA and cortisol concentrations were measured using commercially available
enzyme immunoassay (EIA) kits: CgA (Yanaihara Institute, Shizuoka, Japan) and cortisol
(Salimetrics, State College, PA, USA), respectively. According to the literature, the kit in
this study used antibodies directed against certain epitopes of CgA, which has a high
cross-reactivity between humans and dogs [13]. Some clinical studies used the same kit to
measure salivary CgA in dogs [3,18]. Nevertheless, salivary CgA is a relatively new marker
in dogs, and a measurement protocol for CgA has not yet been established. Therefore,
a preliminary study comparing saliva samples with no dilution and four-, eight-, and
sixteen-fold dilutions was run, and the CgA concentrations were found to be consistent at
different dilutions. We chose an eightfold dilution for this study protocol, as it was also
used in the previous literature [3].

https://www.randomizer.org/
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2.5. Statistical Analysis

Treatment effect differences in saliva samples (CgA and cortisol) were analyzed by
two-way ANOVA, and the time and treatment effects were evaluated. When a significant
difference was found, Tukey’s post hoc test was used to compare the baseline mean with
the mean at a particular time point and to compare the mean values between treatments
at each time point. All analyses were performed using SAS software (version 9.4, SAS
Institute Inc, Cary, NC, USA) as two-tailed tests, and the level of significance was set at
p < 0.05. Results in the figures are shown as the mean ± SEM.

3. Results
3.1. Salivary CgA

The salivary CgA profiles of the three treatments (Tx A, B, and C) and changes over
time are shown in Figure 1. After 30 min (Time 30), the CgA concentration was found
to be greater in both Tx A (atomoxetine) and Tx C (dexmedetomidine and atomoxetine)
than in the placebo Tx B (lactose). Importantly, the CgA concentrations at 60 and 90 min
were found to be much higher in Tx A than the CgA concentrations found in Tx C at
the corresponding time points (Figure 1), although the difference was not statistically
significant. In Tx A, the CgA concentration at Time 90 was significantly higher than the
CgA concentration at Time 30 (t = −3.75; p = 0.021). Time 90 in Tx A was significantly
higher than that in Tx B (p = 0.014) but not that in Tx C (p = 0.3614).

1 
 

 
Figure 1. Salivary CgA response to three treatments. Error bars reflect SEM. Asterisk indicate. p < 0.05.

3.2. Salivary Cortisol

The salivary cortisol results of the three treatments (Tx A, B, and C) are shown in
Figure 2. The cortisol concentrations were not significantly different from baseline to any
time point in any of the three treatments (F = 1.15; p = 0.338).

3.3. Heart Rate and Behavior Responses

Controlling for sex/location, the heart rate did not significantly differ over time
(F = 1.56; p = 0.190), nor was there an interaction between time and treatment group
(F = 0.42; p = 0.907). Compared to the baseline (time 0), the overall heart rate per minute
was changed in a range of −32 to 30% in Tx A, −33 to 22% in Tx B, and −50 to 0% in
Tx C. All observed heart rates were in the clinically healthy heart rate range. Addition-
ally, no aversive responses in behaviors were observed at each time point in any of the
three treatments.
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Figure 2. Salivary cortisol response to three treatments. Error bars reflect SEM.

4. Discussion

The main finding of this study was that salivary CgA increased primarily with phar-
macologically induced sympathetic activation by orally administering the noradrenaline
transporter blocker atomoxetine (Tx A) and to a much lesser extent in the presence of
the antagonist dexmedetomidine (Tx C). Although it was not statistically significant, the
increase in CgA in Tx C after pre-administration of dexmedetomidine (before atomoxe-
tine administration) was lower than that in Tx A (atomoxetine only). Salivary CgA has
recently attracted attention as a possible marker for measuring SAM activity in pigs and
dogs [3,12,19]; however, the published literature that supports this underlying idea is
limited, especially in dogs. There are several advantages to using CgA in dogs. Since it can
be measured in saliva samples, it does not require the specific skill set for sample collection
compared to blood collection. Generally speaking, saliva collection is less invasive, less
costly, and is safer to collect, making it more applicable for clinical studies, especially when
study animals do not live in a laboratory setting. However, there are not many saliva
markers that are explored in dogs for evaluating a stress response. Cortisol is one of the
stress markers that is most commonly used; however, it primarily reflects the HPA axis.
Since the HPA axis responds slower than the autonomic nervous system (ANS), if only a
cortisol level is used, a study design needs to be carefully interpreted as the intensity of
the stressor and the timing of sample collection affect the outcome [24]. It is important to
keep in mind that cortisol alone does not sufficiently reflect the complexity of all stress
responses [25,26] and the use of multiple markers of various stress responses can cover all
responses in animals [27].

In this study, we pharmacologically induced norepinephrine responses and the study
protocol was strictly planned to be consistent, including the time of the treatment adminis-
tration in each condition. It is known that for CgA in humans, saliva levels demonstrate a
circadian rhythm in the saliva, in which CgA levels in saliva reach a peak upon waking,
decrease within 1 h, and then remain at a low level throughout the day [28]. In dogs,
however, when salivary levels of CgA levels in the saliva were measured every 4 h, no
circadian variation was detected [18], which can be another advantage for using this marker
in dogs.

To our knowledge, this is the first study to show the correlation between salivary CgA
and central noradrenaline activity in dogs.

According to a previous study, the time of maximal plasma concentration (Tmax) of
orally administered (2 mg/kg) atomoxetine is 1.3 ± 0.3 h (Mean ± SEM) [23]. The time
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course of the salivary CgA in our study corresponded to the above value. We compared
the CgA response after atomoxetine administration (Tx A) with placebo (Tx B) as well
as the pre-administration of dexmedetomidine OTM gel (Tx C). According to the Sileo®

package insert [29], Tmax is approximately 0.6 h, and the drug can be redosed with at least
a two-hour interval between dosages up to five doses during one stressful (e.g., noise)
event. Thus, when atomoxetine was administered in Tx C, it was considered that the pre-
administration of dexmedetomidine OTM gel was effective and could inhibit the release
of noradrenaline from noradrenergic neurons. Accordingly, the CgA concentrations in Tx
C were lower than the CgA concentrations in Tx A from Times 30 to 150. This result also
supports the study hypothesis that salivary CgA reflects central noradrenaline activity,
which was therefore blocked by dexmedetomidine OTM gel in Tx C.

On the other hand, salivary cortisol gradually increased after atomoxetine adminis-
tration in Tx A. However, this cortisol level did not significantly differ among the three
treatments. This nonsignificant result might be related to the dose of atomoxetine used in
this study. In human studies where atomoxetine was used to activate central noradrenaline,
a dose of 40 mg [30] or 60 mg [31] per adult was used. However, we chose this study
dose with caution based on the Animal Poison Control Center (APCC; American Society
for the Prevention of Cruelty to Animals (ASPCA), New York City, NY, USA) toxicology
database report, where Stern and Schell reported that 2.2 mg/kg oral administration in
dogs could cause stimulatory signs such as hyperactivity or tachycardia [32]. Thus, after
the preliminary study, we chose a dose range of 2.3–2.9 mg/kg, which did not cause any
adverse effects observed through heart rate monitoring and behavior observation. To
determine the sufficient dose of atomoxetine that can trigger the HPA axis response in
dogs, separate studies are needed.

The present study had some limitations. We used laboratory beagle dogs, which may
not have adequately represented the population of pet dogs. The study did not include
other variables that reflect noradrenaline responses (e.g., blood pressure and blood glucose
concentrations). In addition, the study design was not blinded, which may at least have
impacted the judgment of behavior. Despite these limitations, the saliva sample analysis of
CgA supported our hypothesis, and this study suggested that salivary CgA can be a useful
SAM activity marker in dogs. The findings of this study should lead to further studies such
as evaluating the duration of salivary CgA elevation after stressful stimuli. Considering
the multiple reports indicating that the prevalence of fear- and anxiety-related problems in
dogs is 20−50% [33–36], addressing their welfare based on an accurate evaluation of stress
levels is needed. Overall, future investigation of salivary CgA dynamics as a stress response
will enable us to determine the sensitivity and accuracy of CgA as a suitable marker.

5. Conclusions

In the present study, the results indicated that salivary CgA reflects central nora-
drenaline activity in dogs. Although further studies using common stressors for pet dogs,
such as loud noises, are needed to validate the clinical application, salivary CgA could be
used as a potential marker of acute stress in dogs.
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