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Simple Summary: The multiple implications of serotonin in behavior manifestations have shaped
the goal of the present study, which was to evaluate the variation of serum serotonin levels in different
experimental groups of dogs to establish whether serum serotonin levels could serve as indicators of
aggressive behavior, especially when adoption is considered. The experimental groups were divided
into three variants: Variant 1—two groups of medium (n = 6) and small (n = 4) breed shelter dogs;
Variant 2—dogs with owners (n = 15) and dogs without owners but in foster care (n = 10), after
administration of pre-spaying/neutering anesthesia; and Variant 3—dogs in different behavioral
states (n = 8), classified as follows: M1—happy, M2—aggressive, M3—calmed status, post-exposure to
a stressful situation, compared to the reference time referred to as M0. Significant results were found
between M1 and M2 (p ≤ 0.05, decrease of serotonin by 89.61 ng/mL), as well as between M2 and
M3 (p ≤ 0.008, increase by 112.78 ng/mL). Following anesthesia, the average mean serotonin values
were significantly lower (p ≤ 0.003), by 63.85 ng/mL, in stray dogs compared to dogs with owners,
leading to a presumptive conclusion that serotonin levels could serve as indicators for potentially
aggressive behaviors.

Abstract: Serotonin is considered to be the neurotransmitter that controls several types of behavior:
aggressiveness, impulsivity, food selection, stimulation, sexual behavior, reaction to pain, and emo-
tional manifestations. The aim of this study was to determine the serotonin values in 43 dogs, divided
into three different experimental variants: (1) between two groups of medium (n = 6) and small
(n = 4) breed shelter dogs; (2) in dogs with (n = 15) and without (n = 10) owners after administration
of pre-spaying/neutering anesthesia; (3) in different behavioral states (n = 8) classified as follows:
M1—happy, M2—aggressive, M3—calmed status, post-exposure to a stressful situation, compared
to the reference time referred to as M0. There were no significant differences (p ≥ 0.05) regarding
the serotonin values between the two groups of medium and small breed shelter dogs. Following
anesthesia, the average mean serotonin values were significantly lower (p ≤ 0.003), by 63.85 ng/mL,
in stray dogs compared to dogs with owners. No significant differences (p ≥ 0.05) were found when
comparing the reference time M0 to M1, M2, and M3. The differences decreased significantly
(p ≤ 0.05), by 89.61 ng/mL, between M1 and M2 and increased significantly (p ≤ 0.008), by
112.78 ng/mL, between M2 and M3.

Keywords: serotonin level; emotional states; canine

1. Introduction

Dogs and humans have coexisted for at least 15,000 years [1], developing close at-
tachment relationships [2]. The development of behavioral issues, which could prompt
the owner to surrender the dog to a shelter, can occasionally have a negative impact on
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this bond [3]. The most frequent behavioral causes of relinquishment include intra- and
interspecific aggressiveness, phobias, and separation issues [4]. Many factors can contribute
to these issues, including impaired serotoninergic pathway function in the brain, which is
defined by serotonin (5-HT) deficit [5,6].

Aggressiveness is defined as a normal behavior of the dog that is part of the ethogram
(e.g., a mother that protects her puppies, two males that fight for reproduction, or a dog that
defends his own food), but this term is best defined within a given context as appropriate
or inappropriate threat or challenge that is ultimately resolved by combat or deference [7].
Canine aggressiveness has been the subject of many studies because it is the most common
behavior presented as a problem and the only one responsible for human injury or even
death [8–10]. Although aggressiveness is a normal behavioral element in a dog pack, it
is one of the most frequent reasons why dog owners request the help of veterinarians
specializing in behavioral therapy [11,12]. The neurotransmitters that are most frequently
studied in animal aggressiveness are dopamine and serotonin. Serotonin is produced from
tryptophan and is widely believed to be important in the etiology and treatment of most
disorders in dogs.

In the mammal brain, tryptophan is the precursor of serotonin (5-hydroxytryptamine) [13]
and plays the role of modulator in neural information processing [14]. Serotonin is considered
to be the neurotransmitter that controls several types of behavior: aggressiveness, impulsivity,
food selection, stimulation, sexual behavior [15], and reaction to pain. Moreover, serotonin is
also involved in the control of emotional manifestation [16].

Because behavior is the consequence of central nervous activity, it is not surprising
that differences in neurotransmitters are associated with differences in behavior [17–21].
Furthermore, lower serum 5-HT levels have been related to a lower frequency of sociable
behavior toward humans and to one case of repetitive circling in the pen in shelter dogs [22].

There is also evidence supporting the modulatory role of the serotonergic system in
behavioral traits in dogs, because behavioral problems, such as aggressiveness or anxiety,
have been associated with low serum serotonin levels compared with controls [6,7,23].

In a study performed by Alberghina et al. [22], results demonstrated that serum
5-HT levels are not significantly influenced by sex, age, or environmental conditions. In a
previous preliminary study, 5-HT levels had been found to be significantly higher in shelter
dogs than in dogs with an owner. This finding was justified by greater social interactions
and by the olfactory presence of conspecifics. In another study focused on serotonin
evaluation in dogs, Alberghina et al. [24] found that higher levels of 5-HT were seen in
the 3–7 years age group, compared to other age groups, but no significant age-related
dissimilarities were found. In the case of dogs, their behavior is influenced by genetics,
epigenetics, and environmental factors [25]. There is strong evidence that breeds differ in
terms of their behavior [26–30].

De Napoli and Dodman [31] observed an improvement in dog behavior by supple-
menting the dog feed with tryptophan—a serotonin precursor. In another study, Gaz-
zano et al. [32] found that carbohydrate-based morning meals lead to significantly higher
TRP/5LNAAs ratios, persistent for at least 6 h. It is possible that the higher bioavailability
of TRP, and the consequent increase of 5-HT in the brain, may have positive effects on dog
behavioral problems related to a 5-HT deficit [33].

The aim of our study was to assess the variation of serotonin levels in dogs from
three experimental variants, under different environmental conditions, in order to improve
the knowledge regarding the use of this hormone as a biomarker during adaptation and
throughout different emotional statuses.

2. Materials and Methods

The study is based on assessing the variation of serotonin values in three experimental
variants.

Variant 1. The shelter dogs group divided into two sub-groups of shelter dogs, namely
small (4–10 kg) n = 6, and medium (10–20 kg) n = 4, mixed breed groups.
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Behavioral history is based on information provided by caretakers. Aggressive dogs
were not included in the study. The aim was to select dogs that could be adopted. The blood
samples were collected from the cephalic vein, in the presence of the caretaker, applying
the required restraint methods.

The dogs were housed in kennels with access to both indoor and outdoor areas,
without exceeding 4 dogs in 6.5 m2. As part of general management and routine tasks,
they were fed commercial dry food twice daily. None of the dogs underwent a complete
behavioral assessment before the trial. Dogs that displayed aggressive behavior towards
humans, or showed signs of physical illnesses or injuries that could affect their behavior in
response to manipulation were removed from the experiment.

Variant 2. Two groups of dogs from a veterinary clinic, namely, dogs with an
owner (n = 10) and dogs without owners that were in foster care at the moment of study
(n = 15), prior to spaying/neutering. The dogs in this experimental variant were brought
to the clinic by the owner or by the foster caregiver. Blood samples were collected in the
veterinary clinic, while the animals were under anesthesia. The difference between the
two groups in Variant 2 was the absence/presence of the owner before the induction of
anesthesia.

Variant 3. A group of dogs in different behavioral states (n = 8). The dogs belonging to
this experimental variant all had an owner. The experiments were conducted on the dog’s
territory, in the presence of the owner. The owners completed a behavioral questionnaire,
thus providing information related to the behavioral history of the dogs. Each of the eight
dogs from this group had a catheter inserted into their cephalic vein, and blood samples
were drawn four times to observe changes in serotonin levels.

In order to see how serotonin levels vary based on the emotional state of the dogs, we
put them in situations where they were calm, relaxed, or, conversely, stressed. Samples
were taken while recording behavioral data. The first blood sample was drawn five minutes
after the catheter was fitted. This moment was referred to as the zero moment (M0). At
moment 1 (M1) blood was collected after putting the dog in a good mood, which was
induced through play with the owner or by giving them their favorite treat. Moment 2 (M2)
was the moment when the dog was put in an agitated, stressed (or uncomfortable) situation,
such as: putting it in the presence of a stranger or that of another dog, or following rough
play with the owner. Depending on their temper, their reactions ranged from irritable to
aggressive. Indicators of distress displayed by agitated dogs include horripilation, staring,
tensed eyebrows, growling, baring their teeth, and biting attempts. The presence of these
signs suggested the perfect timing to draw blood. The final blood-collection moment (M3)
was considered the moment when the dog became less distressed and appeared calm.

A period of ten minutes passed between each blood collection moment. During this
time, the dog was kept in his owner’s proximity.

In this study, there were equal numbers of male and female dogs, between the ages
of 4 and 6 years. The health status of the studied dogs was assessed through physical,
clinical, and paraclinical exams. Blood samples were collected only from healthy dogs.
From a behavioral point of view, the information was obtained in different ways for each
experimental variant. In the variant of shelter dogs, the caregivers provided details related
to the behavior of each individual. In Variant 2, the dog owners who came with their pets for
the surgical procedure filled in a questionnaire including details about their dog’s behavior.
For the dogs without an owner, information was provided by their foster caregivers. For
the dogs belonging to Variant 3, each owner completed a behavioral questionnaire.

The blood samples were collected in 6 mL vacutainers without anticoagulant, from the
cephalic vein, using a 19G needle. The blood samples were kept at room temperature for
two hours. After that, they were centrifuged for five-minutes at 1380 g. The resulting serum
was collected using Pasteur pipettes and was placed in Eppendorf tubes, to be frozen at
−40 ◦C. The samples were kept in storage for a maximum of six months before examination.
The serum serotonin was determined with the help of a MikroWin 2010 device, Version 5,
type Crocodile, producer Titer Tek- Berthold Germany, open system. The utilized kit was a
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Serotonin ELISA Enzyme Immunoassay for the Quantitative Determination of Serotonin
in Serum, Plasma, and Urine from DLD Diagnostika, a company located in Hamburg,
Germany. The analyses were performed in the Metabolic Studies Laboratory from the
Horea Cernescu Laboratory Complex, part of BUASVM Timişoara. In order to test the
significance of the recorded variations, we used the 7 Statistic program and the Mann–
Whitney U test, which is a non-parameter test, to evaluate the differences between small
groups. The result was considered significant if p ≤ 0.05.

This study was approved by the Bioethics Board from Timisoara, no. 57, from
13 July 2021.

3. Results
3.1. Variant 1

The dynamics of individual values obtained in dogs from the first variant are shown
in Table 1 and Figure 1. In the case of shelter dogs, the mean serotonin value was
397.62 ± 167.72 ng/mL in the medium breed group and 343.73 ± ng/mL in the small
breed group. The 53.89 ng/mL difference between the two dog groups was insignificant
(p ≥ 0.39).

Table 1. Serotonin values in dogs depending on their size (ng/mL).

Medium Size (10–20 kg) Group Small Size (4–10 kg) Group Difference

n X ± SD CV% n X ± SD CV% (ng/mL)
6 397.62 ± 167.72 42.18 4 343.73 ± 52.45 15.26 53.89 ns

ns—insignificant (p ≥ 0.39). CV—coefficient of variability.
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3.2. Variant 2

In the second variant, shown in Table 2 and Figure 2, dogs without owners had lower
individual serotonin values than dogs with owners in 75% of cases.

Table 2. Serotonin levels in dogs without or with owner (ng/mL).

Without Owner With Owner Difference

n X ± SD CV % n X ± SD CV % (ng/mL)
10 229.04 ± 40.28 17.59 15 292.89 ± 50.29 17.17 63.85 **

** significant (p ≤ 0.003). CV—coefficient of variability.
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Figure 2. Serotonin dynamics in dogs with or without owner.

Dogs without owners did not display aggressive behavior prior to anesthesia. The
mean serotonin values were 229.04 ng/mL. In the case of dogs that had an owner, the mean
serotonin values were 292.89 ng/mL, the 63.85 ng/mL difference being distinctly significant
(p ≤ 0.003). The groups showed the same homogeneity, with a CV value close to 17%.

3.3. Variant 3

The results of the statistical data processing for the third variant are shown in Table 3
and Figure 3.

Table 3. The results of the serotonin value depending on the degree of individual involvement.

States
Results

n X ± SD CV % %

M0 8 240.41 ± 114.92 47.80 100
M1 (happy) 8 264.32 ± 102.77 38.88 109.95

M2 (aggressive) 8 174.71 ± 60.91 34.86 72.67
M3 (calmed by owner) 8 287.49 ± 83.15 28.92 119.59
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M0, represented a reference moment for each individual-the average registered sero-
tonin value was 240.41 ng/mL with a high variation limit of 113.35 ng/mL to 483.02 ng/mL.
The variability coefficient was high, 47.8%.

M1, a state of joy—the average serotonin value increases to 264.32 ng/mL and the limit
values range from 149.74 ng/mL to 452.42 ng/mL. Although variability is lower compared
to the prior moment, it remains high, at 38.88%. We observed a decrease in serotonin levels
in three subjects compared to M0 (Dogs 3, 5, and 6), while the other five subjects showed
an increase in serotonin levels (Dogs 1, 2, 4, 7, and 8).

M2, aggressiveness—the average serotonin value decreases to 174.71 ng/mL, with
values ranging from 111.73 ng/mL to 298.17 ng/mL. The variability coefficient of 34.86%
is lower than that recorded for M0 and M1, but it remains high. The aggressiveness thus
triggers only a slight homogeneity increase within the group. The dogs react differently,
because they are different individuals. All eight dogs present lower serotonin levels than
those recorded for M1.

Behavioral display—depending on their environment, the dogs present signs of rest-
lessness, such as horripilation, staring, tensed eyebrows, growling, teeth baring, and biting
attempts. Firstly, the owners completed a behavioral questionnaire to provide information
related to the behavioral history of each dog. During the experiments, the dogs were filmed
and photographed, and the resulted data were subsequently analyzed individually, result-
ing in the interpretation of the body language of each dog. Thus, the resulted inventory
contained the behaviors of each individual.

M3, dogs calmed down by their owners—the average serotonin level increases to
273.27 ng/mL, with values ranging from 170.43 ng/mL to 404.30 ng/mL. The variability
coefficient is at its lowest, −28.92%, compared to the other three states; however, the group
is still not homogenous. All eight dogs present higher serotonin levels than during M2.

Statistically significant results were found between M2 and M3 when serotonin values
increased by 112.78 ng/mL. There was a significant serotonin decrease between M1 and
M2 of 89.61 ng/mL, and an insignificant increase of 23.17 ng/mL compared to M3. Even
though it was not statistically significant, we found an increase in serotonin level, by
23.92 ng/mL, between M0 and M1, followed by another statistically insignificant increase
of 65.69 ng/ ml, compared to M2. In comparison to M3, there was an insignificant increase
of 47.08 ng/mL (Table 4).

Table 4. The statistical significance of differences between various degrees of individual involvement.

Different States M0 M1 M2 M3

M0 - +23.92 ns −65.69 ns +47.08 ns
M1 +23.92 ns - −89.61 * +23.17 ns
M2 −65.69 ns −89.61 * - +112.78 **
M3 +47.08 ns +23.17 ns +112.78 ** -

ns—insignificant (p ≥ 0.05); * significant (p ≤ 0.05); ** significant (p ≤ 0.008). M0—reference moment; M1—happy;
M2—aggressive; M3—calmed by owner.

In terms of typical behavior manifestations, we observed an immediate lack of reac-
tion to stimuli that should induce aggressiveness, exaggerated aggressiveness towards
foreigners, timidity, and territorial aggressiveness.

If the dogs were to undergo the adoption preparation process, they would first have
to be taken away from the common enclosure and grouped at least according to size and
primary behavior manifestation (aggressive/nonaggressive), so as to continue the process
of adapting to a human afterwards. Only after this stage could it be established whether
any dog under study could adapt to the requirements of becoming part of a future family.

4. Discussion
4.1. Variant 1

The average serotonin value in medium breed shelter dogs was 397.62 ng/mL, similar
to the results obtained by Alberghina et al. [24], who determined average serotonin values
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of 400 ng/mL. Riggio et al. [34] observed no association between serum TRP and 5-HT
levels in their sample of shelter dogs. Because it is widely accepted that TRP and 5-HT
concentrations are correlated in the brain, negative findings may be at least partially
explained by the role of the blood–brain barrier, regulating the passage of TRP from
peripheral to central circulation and that of 5-HT in the opposite direction. On this topic,
there is a continuous tendency to try to establish a link between behavior, the peripheral
level of serotonin, and tryptophan. Only future studies will be able to give an explanation
about the mechanisms underlying the action of serotonin on behavior. Currently, only
assumptions can be made.

The results of this pilot study should be interpreted with caution considering the
limited number of tested dogs. In order to draw a solid conclusion, further studies are rec-
ommended, involving a higher number of animals. A higher serotonin value of 400 ng/mL
was determined in four dogs from the medium breed group, and in two of them the
determined values were close to 200 ng/mL. In this category, the CV% (coefficient of
variability) was 42.18%, indicating a non-homogeneous group, with an unstable group
hierarchy, leading to aggressiveness.

The small breed group presented a better homogeneity, a fact mirrored by the CV%
value of 15.26%. No individual showed values above 400 ng/mL; however the recorded
values, exceeding 300 ng/mL, indicate a mild group instability, represented by insufficiently
consolidated relationships (which should induce a state of tranquility). Due to the shelter
management, the dogs were not housed according to their sex, age, or health status, and
there were constant changes, making it impossible to establish a stable hierarchical structure.
When talking about the current shelter, one may mention a continual struggle for hierarchy
establishment, because there is neither a social structure originating from a maternal
line, as in a pack, nor a family type structure, where the human–animal relationship is
more stable.

4.2. Variant 2

The lower serotonin level in the group of dogs without owners can be influenced by
emotional instability triggered by contact with a new environment prior to anesthesia, and
the lack of a stability factor represented by the owner’s presence. The fact that dog number
10 displayed an aggressive behavior towards the accompanying person after undergoing
surgery might be explained by the partial metabolization of the anesthetic. No other incidents
were recorded. The higher serotonin level recorded in the dogs accompanied by their owner
can be related to the fact that they were used to socializing and, thus, were prepared to
deal with novel situations. Socially integrated dogs (dogs with owners) displayed a value
of 292.89 ng/mL, even during stressful moments, as compared to the non-integrated ones,
whose serotonin level tended towards 400 ng/mL, according to Alberghina et al. [24].

The research carried out by Leon et al. [5] revealed that aggressive dogs presented
the lowest serotonin levels, 209.6 ng/mL, while for non-aggressive dogs, the recorded
value was of 282.5 ng/mL. The lowest serotonin values were determined in dogs that
manifested defensive aggressiveness. During the same stress conditions determined by
spaying/neutering, the serotonin value was significantly higher in dogs with owners,
exceeding that of dogs without an owner by 27.88 %.

We may thus conclude that, generally, the owner’s presence before anesthesia triggered
an increase in serotonin levels.

Different results were obtained by Rosado et al. [23], who classified dogs in
four categories, depending on the manifested aggressiveness and the recorded serum
serotonin levels: dogs manifesting aggressiveness towards family members (SCA), show-
ing a serotonin level of 277.7 ng/mL; defensive aggressiveness towards foreigners (DA),
235.8 ng/mL serotonin level; offensive aggressiveness towards unknown persons (OA),
330.8 ng/mL serotonin level; other forms of aggressiveness, showing a 345.1 ng/mL sero-
tonin level; control group, with a 387.4 ng/mL serotonin level.
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4.3. Variant 3

At reference moment M0, the average serotonin level was 240.41 ng/mL. The reason
for the high variability coefficient, of 47.8%, is that each dog responded differently to
handling and blood sampling.

From a behavioral perspective, it was noticed that the dogs did not exhibit indicators
of discomfort during M1 when they were happy; their eyes were lively, they were looking
at their owners, and their ears were in an upright, but not erect, position.

The results obtained by us during the last experiment point out the fact that during
the state of aggressiveness displayed at M2, the average serotonin level was 174.71 ng/mL,
significantly lower than the one obtained by Rosado et al. [23].

When the owners calmed their dogs during M3, the average level of serotonin in-
creased, as expected, to 273.27 ng/ml. The dogs that displayed significant variations in their
serotonin levels during the four moments were anxious individuals that, due to temporary
discomfort, altered their behavior, with a visible impact on their serotonin levels.

The environment, the owner’s personality, and the handling manner of each dog
were factors that directly influenced each individual behavior, albeit in a different manner.
Some authors have reported behavioral similarities between owners and their dogs when
analyzing aggressive behavior [35–37].

Amat et al. [6] compared serum serotonin levels in aggressive English Cocker Spaniels
with those of aggressive dogs of a variety of other breeds and found that serotonin lev-
els were significantly lower in the Cocker. In another scientific paper, published by
Leon M. et al. [5], different methods for determining peripheral serotonin were compared,
and correlations were made between the serotonergic system and dog aggressiveness.

Serotonin values observed in aggressive dogs were lower than in non-aggressive dogs,
suggesting an inverted correlation between the serotonergic system and aggressiveness. In
our study, during experimental Variant 3, which represented the moment of aggressiveness
display, a decreasing tendency was observed in serotonin values, compared to the other
moments. These observations are in accordance with the studies of other researchers.
The serotonergic system and the hypothalamic-pituitary-adrenal axis are considered key
players in controlling aggressiveness.

What is a good temperament for a guard dog is not necessarily a good temperament for
a pet dog. In fact, most of the commonly used temperament tests rely on the dog’s reaction
to foreign people and dogs, and do not measure the reaction of the dogs to challenges
posed by the owner [38].

In the research conducted by Karpiński, M. et al. [39], it was found that the plasma
noradrenaline, cortisol, and serotonin levels were lower in female dogs than in males.
Additionally, the plasma noradrenaline and serotonin levels were higher in the right-pawed
dogs than in the left-pawed dogs. The results confirm the assumption that right-pawed
dogs adapt to stressful conditions more readily, even if some authors suggest that males
are more frequently referred to animal behaviorists due to aggression problems than
do females [9,10]

Blood prolactin, serotonin, and oxytocin may represent biomarkers to assess workload
and chronic stress-related responses in assistance dogs and eventually improve their selec-
tion and training. In addition, using neurohormonal profiling to evaluate their emotional
responses to the workload and challenging situations they face during their training may
help assess their welfare. This may conduct to an improvement of the educational programs
and, hopefully, in the longer term, to establish guidelines about the training of assistance
dogs [40]. The recorded serum serotonin levels in the three experimental variants of the
present study add data to the current knowledge, suggesting that the obtained values can
be used to better identify dogs with an aggressive potential, especially in the case of shelter
dogs and dogs with owners, with frequently occurring behavioral problems.

In addition to breed-related variation, environmental input and individual learning
have been shown to have a substantial effect on aggressive [41], impulsive [42], and
fearful [43] behavior in dogs. Furthermore, environmental factors such as exposure to
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toxins [44] and enriched versus impoverished living conditions [45] have been linked to
changes in the serotonergic system in mammals. Given the variety of environments that pet
dogs originate from, it is likely that at least some of these factors will affect either behavior
or serum serotonin levels as much or more than any inherent covariation that may exist
between them [46]. Previously conducted investigations demonstrated that there are many
external and internal contributing factors (e.g., breed, size, circumstance, health condition)
that greatly influence canine behavior and, subsequently, their serum serotonin level at a
given moment.

5. Conclusions

The results of our study demonstrated the presence of statistically significant differ-
ences between: (i) the decrease in serotonin levels of dogs without owners compared to
dogs that had an owner, as well as between various situations such as passing from the state
of joy to the state of aggressiveness; and (ii) increases of serotonin during passage from the
state of aggression to the owner-induced state of calmness. However, no correlations were
recorded between the (i) average serotonin level of medium breed shelter dogs and small
breed dogs, nor between (ii) serotonin values recorded during the states of joy, aggressive-
ness, and calmness induced by the owner. Likewise, the serotonin values determined by
dog size and behavioral state presented a strong individual influence. The obtained results
offer useful insights in reducing the difficulties met during the adoption process. However,
further studies are still necessary, involving a considerably greater number of animals, in
order to clarify the extent to which serotonin could be successfully used as a biomarker
during the adoption process and to predict the emotional statuses of these dogs in addition
to their behavioral assessments.

Author Contributions: I.Ţ. conceived and designed the experiments; T.A.B. performed the experi-
ments; O.S.V., K.I. and J.D. analyzed the data; C.V. and S.M. contributed reagents/materials/analysis
tools and supervised the project; T.F. translated the scientific work; C.P. supervision, data validation.
All authors have read and agreed to the published version of the manuscript.

Funding: This research paper is supported by the project “ Increasing the impact of excellence research on
the capacity for innovation and technology transfer within USAMVB Timis, oara”, code 6PFE, submitted
in the competition Program 1-Development of the national system of research-development, Subprogram
1.2—Institutional performance, Institutional development projects—Development projects of excellence
in RDI.

Institutional Review Board Statement: The research was carried out with the approval of the
Bioethics Commission within the Faculty of Veterinary Medicine in Timisoara (no. 57 of 13 July 2021).

Informed Consent Statement: Informed consent was obtained from all animal owners involved in
the study.

Data Availability Statement: The data presented in this study are available in the manuscript.

Acknowledgments: We have been able to carry out this research with the support of Horia Cernescu
Research Unit (Metabolic Studies Lab.), founded by infrastructure project POSCCE SMIS 2669,
belonging to Banat University of Agricultural Sciences and Veterinary Medicine “King Michael
I of Romania” from Timisoara. We thank those directly and indirectly involved in conducting
this research.

Conflicts of Interest: The authors declare that they have no competing interests. The funders had no
role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of
the manuscript; or in the decision to publish the results.



Vet. Sci. 2022, 9, 523 10 of 11

References
1. Savolainen, P.; Zhang, Y.P.; Luo, J.; Lundeberg, J.; Leitner, T. Genetic evidence for an East Asian origin of domestic dogs. Science

2002, 298, 1610–1613. [CrossRef]
2. Mariti, C.; Ricci, E.; Carlone, B.; Moore, J.L.; Sighieri, C.; Gazzano, A. Dog attachment to man: A comparison between pet and

working dog. J. Vet. Behav. Clin. Appl. Res. 2012, 8, 135–145. [CrossRef]
3. Sachs, B.D.; Ni, J.R.; Caron, M.G. Brain 5-HT deficiency increases stress vulnerability and impairs antidepressant responses

following psychosocial stress. Proc. Natl. Acad. Sci. USA 2015, 112, 2557–2562. [CrossRef] [PubMed]
4. Patronek, G.J.; Glickman, L.T.; Beck, A.M.; McCabe, G.P.; Ecker, C. Risk factors for relinquishment of dogs to an animal shelter.

J. Am. Vet. Med. Assoc. 1996, 209, 572–581. [PubMed]
5. Leon, M.; Rosado, B.; Garcia, S. Assessment of serotonin in serum, plasma and platelets of aggressive dogs. J. Vet. Behav. Clin.

Appl. Res. 2012, 7, 348–352. [CrossRef]
6. Amat, M.; Le Brech, S.; Camps, T.; Torrente, C.; Mariotti, V.M.; José, L.; Ruiz, J.L.; Manteca, X. Differences in serotonin levels

between aggressive English cocker spaniels and aggressive dogs of other breeds. J. Vet. Behav. Clin. Appl. Res. 2013, 8, 19–25.
[CrossRef]

7. Overall, K.L. Manual of Clinical Behavioural Medicine for Dogs and Cats; Elsevier: Amsterdam, The Netherlands, 2013.
8. Bollen, K.S.; Horowitz, J. Behavioral evaluation and demographic information in the assessment of aggressiveness in shelter dogs.

Appl. Anim. Behav. Sci. 2008, 112, 120–135. [CrossRef]
9. Bamberger, M.; Houpt, K.A. Signalment factors, comorbidity, and trends in behavior diagnoses in dogs: 1644 cases (1991–2001).

J. Am. Vet. Med. Assoc. 2006, 229, 1591–1601. [CrossRef]
10. Fatjó, J.; Amat, M.; Mariotti, V.; Ruiz de la Torre, J.L.; Manteca, X. Analysis of 1040 cases of canine aggression in a referral practice

in Spain. J. Vet. Behav. 2007, 2, 158–165. [CrossRef]
11. Mikkelsen, J.; Lund, J.D. Euthanasia of dogs due to behavioural problems: An epidemiological study of euthanasia of dogs in

Denmark, with a special focus on problems of aggression. Eur. J. Comp. Anim. Pract. 1999, 10, 143–150.
12. Nelson, R.J. Biology of Aggression; Oxford University Press: Oxford, UK, 2006; pp. 250–265.
13. Ruddick, J.; Evans, A.; Nutt, D.; Lightman, S.; Rook, G.; Lowry, C. Tryptophan metabolism in the central nervous system: Medical

implications. Expert Rev. Mol. Med. 2006, 8, 1–27. [CrossRef] [PubMed]
14. Cakiroglu, D.; Meral, Y.; Sanca, A.A.; Cifti, G. Relationship between the serum concentrations of serotonin and lipids and

aggression in dogs. Vet. Record 2007, 161, 59–61. [CrossRef] [PubMed]
15. Berger, M.; Gray, J.; Roth, B. The expanded biology of serotonin. Annu. Rev. Med. 2009, 60, 355–366. [CrossRef] [PubMed]
16. Lentz, S. Serotonin and 5-hydroxyindolacetic acid in cerebrospinal fluid, serum and plama in dominat-aggresive and normal

dogs. In Proceedings of the American College of Veterinary Internal Medicine Meeting, Washington, DC, USA; 2000; pp. 101–105.
17. Ferrari, P.F.; Palanza, P.; Parmigiani, S.; de Almeida, R.M.M.; Miczek, K.A. Serotonin and aggressive behavior in rodents and

nonhuman primates: Predispositions and plasticity. Eur. J. Pharmacol. 2005, 526, 259–273. [CrossRef]
18. Howell, S.; Westergaard, G.; Hoos, B.; Chavanne, T.J.; Shoaf, S.E.; Clevelan, A. Serotonergic influences on life-history outcomes in

free-ranging mal rhesus macaques. Am. J. Primatol. 2007, 69, 851–865. [CrossRef] [PubMed]
19. Mehlman, P.T.; Higley, J.D.; Fauscher, I.; Lilly, A.A.; Taub, D.M.; Vickers, J. Low CSF 5-HIAA concentrations and severe aggression

and impaired impulse control in nonhuman primates. Am. J. Psychiatry 1994, 151, 1485–1491.
20. Stanley, B.; Molcho, A.; Stanley, M.; Winchel, R.; Gameroff, M.J.; Parsons, B.; Mann, J.J. Association of aggressive behavior with

altered serotonergic function in patients who are not suicidal. Am. J. Psychiatry 2000, 157, 609–614. [CrossRef]
21. Sih, A.; Bell, A.; Johnson, J.C. Behavioral syndromes: An ecological and evolutionary overview. Trends Ecol. Evol. 2004, 19,

372–378. [CrossRef]
22. Alberghina, D.M.; Rizzo, G.; Piccione, C.; Giannetto, M.P. An exploratory study about the association between serum serotonin

concentrations and canine-human social interactions in shelter dogs (Canis familiaris). J. Vet. Behav. Clin. Appl. Res. 2017, 18,
96–101. [CrossRef]

23. Rosado, B.; Garcia-Belenguer, S.; Leon, M.; Chacon, G. Blood concentrations of serotonin, cortisol and dehydroepiandrosterone in
aggressive dogs. Appl. Anim. Behav. Sci. 2010, 123, 124–130. [CrossRef]

24. Alberghina, D.; Rizzo, M.; Piccione, G.; Giannetto, C.; Panzera, M. Serum serotonin (5-HT) in dogs (Canis familiaris): Preanalytical
factors and analytical procedure for use of reference values in behavioral medicine. J. Vet. Behav. Clin. Appl. Res. 2019, 32, 72–75.
[CrossRef]

25. Arhant, C.; Bubna-Littitz, H.; Bartels, A.; Futschik, A.; Troxler, J. Behaviour of smaller and larger dogs: Effects of training methods,
inconsistency of owner behaviour and level of engagement in activities with the dog. Appl. Anim. Behav. Sci. 2010, 123, 131–142.
[CrossRef]

26. Takeuchi, Y.; Houpt, K.A. Behavior genetics. Clin. Tech. Small Anim. Pract. 2004, 19, 194–204. [CrossRef]
27. Scott, J.P.; Fuller, J.L. The critical period. In Genetics and the Social Behavior of the Dog; The Classic Study; The University of Chicago

Press: Chicago, IL, USA, 1965; pp. 117–182.
28. Hart, B.L.; Hart, L.A. Selecting pet dogs on the basis of cluster analysis of breed behavior profiles and gender. J. Am. Vet. Med.

Assoc. 1985, 186, 1181–1185. [PubMed]
29. Svartberg, K. Breed-typical behavior in dogs—Fistorical remnants or recent constructs? Appl. Anim. Behav. Sci. 2006, 96, 293–313.

[CrossRef]

http://doi.org/10.1126/science.1073906
http://doi.org/10.1016/j.jveb.2012.05.006
http://doi.org/10.1073/pnas.1416866112
http://www.ncbi.nlm.nih.gov/pubmed/25675490
http://www.ncbi.nlm.nih.gov/pubmed/8755975
http://doi.org/10.1016/j.jveb.2012.01.005
http://doi.org/10.1016/j.jveb.2012.04.003
http://doi.org/10.1016/j.applanim.2007.07.007
http://doi.org/10.2460/javma.229.10.1591
http://doi.org/10.1016/j.jveb.2007.07.008
http://doi.org/10.1017/S1462399406000068
http://www.ncbi.nlm.nih.gov/pubmed/16942634
http://doi.org/10.1136/vr.161.2.59
http://www.ncbi.nlm.nih.gov/pubmed/17630419
http://doi.org/10.1146/annurev.med.60.042307.110802
http://www.ncbi.nlm.nih.gov/pubmed/19630576
http://doi.org/10.1016/j.ejphar.2005.10.002
http://doi.org/10.1002/ajp.20369
http://www.ncbi.nlm.nih.gov/pubmed/17330868
http://doi.org/10.1176/appi.ajp.157.4.609
http://doi.org/10.1016/j.tree.2004.04.009
http://doi.org/10.1016/j.jveb.2016.09.006
http://doi.org/10.1016/j.applanim.2010.01.009
http://doi.org/10.1016/j.jveb.2019.04.005
http://doi.org/10.1016/j.applanim.2010.01.003
http://doi.org/10.1053/j.ctsap.2004.10.001
http://www.ncbi.nlm.nih.gov/pubmed/4008297
http://doi.org/10.1016/j.applanim.2005.06.014


Vet. Sci. 2022, 9, 523 11 of 11

30. Duffy, D.L.; Hsu, H.; Serpell, J. Breed differences in canine aggression. Appl. Anim. Behav. Sci. 2008, 114, 441–460. [CrossRef]
31. De Napoli, J.; Dodman, N. Effect of dietary protein content and tryptophan supplementation on dominance aggression, territorial

aggression, and hyperactivity in dogs. J. Am. Vet. Med. Assoc. 2000, 217, 102–105.
32. Gazzano, A.; Ogi, A.; Torracca, B.; Mariti, C.; Casini, L. Plasma Tryptophan/Large Neutral Amino Acids Ratio in Domestic Dogs

Is Affected by a Single Meal with High Carbohydrates Level. Animals. 2018, 8, 63. [CrossRef] [PubMed]
33. Sechi, S.; Di Cerbo, A.; Canello, S.; Guidetti, G.; Chiavolelli, F.; Fiore, F.; Cocco, R. Effects in dogs with behavioural disorders of a

commercial nutraceutical diet on stress and neuroendocrine parameters. Vet. Rec. 2017, 180, 18. [CrossRef]
34. Riggio, G.; Mariti, C.; Sergi, V.; Diverio, S.; Gazzano, A. Serotonin and Tryptophan Serum Concentrations in Shelter Dogs Showing

Different Behavioural Responses to a Potentially Stressful Procedur. Vet. Sci. 2021, 8, 1.
35. Overall, K.L. Clinical Behavioral Medicine for Small Animals, 1st ed.; Mosby: Mosby, MO, USA, 1997; pp. 88–137.
36. Sacks, J.J.; Sinclair, L.; Gilchrist, J.; Golab, G.C.; Lockwood, R. Breed of dogs involved in fatal human attacks in The United States

between 1979 and 1998. J. Am. Vet. Assoc. 2000, 217, 836–840. [CrossRef] [PubMed]
37. Reisner, I. An overview of aggression. In Manual of Canine and Feline Behavioural Medicine; British Small Animal Veterinary

Association: Waterwells, UK, 2002; pp. 181–194.
38. Houpt, K.A. Genetics of Canine Behavior. Acta Vet. Brno 2007, 76, 431–444. [CrossRef]
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