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Anxiety disorders in dogs are ever-growing and represent an important concern in the veterinary behavior field. These disorders
are often disregarded in veterinary clinical practice, negatively impacting the animal’s and owner’s quality of life. Moreover, these
anxiety disorders can potentially result in the abandonment or euthanasia of dogs. Growing evidence shows that the gut
microbiota is a central player in the gut-brain axis. A variety of microorganisms inhabit the intestines of dogs, which are essential
in maintaining intestinal homeostasis. These microbes can impact mental health through several mechanisms, including
metabolic, neural, endocrine, and immune-mediated pathways. The disruption of a balanced composition of resident commensal
communities, or dysbiosis, is implicated in several pathological conditions, including mental disorders such as anxiety. Studies
carried out in rodent models and humans demonstrate that the intestinal microbiota can influence mental health through these
mechanisms, including anxiety disorders. Furthermore, novel therapeutic strategies using prebiotics and probiotics have been
shown to ameliorate anxiety-related symptoms. However, regarding the canine veterinary behavior field, there is still a lack of
insightful research on this topic. In this review, we explore the few but relevant studies performed on canine anxiety disorders. We
agree that innovative bacterial therapeutical approaches for canine anxiety disorders will become a promising field of investigation
and certainly pave the way for new approaches to these behavioral conditions.

1. Introduction

In modern societies, dogs assume important roles, mainly due
to their companionship [1], as they are considered family
members [2]. Apart from dogs’ intrinsic characteristics, their
owners’ lifestyles, socioeconomic conditions, work routines,
and specific personality traits can potentiate canine behavioral
problems. These include anxiety disorders, which represent
a serious concern for animal welfare, and can further impact

every other aspect of human society, including the economy,
public health, and others. The combination of genetic factors,
environment, and experiences in dogs’ lives determines their
behavioral development [1].

Anxiety is defined as a “preparatory response made in
anticipation of threatening stimuli or scenarios” [3]. This
adaptative response is the root cause of many canine behavior
problems [3] and can result in a chronically stressful life for
dogs [4]. An estimated 72.5% of dogs showed anxiety-like
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behaviors to a certain extent [4]. The Lincoln Canine Anxiety
Scale has been validated as a reliable measurement to assess
canine anxiety, which classifies this condition based on the
severity of typical behaviors (Table 1) [3], which, from the most
common to the least, include noise sensitivity (32%), fear
(29%), excessive activity (15%), compulsive behavior (16%),
aggression (14%), and separation-related behaviors (6%) [4].

Dogs with anxiety disorders are reported to be more
vulnerable to other diseases and have shorter lifespans [4].
Additionally, these traits, particularly aggressiveness, might be
of public health importance [5]. Anxiety disorders impact
dogs” and owners’ quality of life and affect their bond [6]. Plus,
it is likely to result in dogs being abandoned or even eu-
thanized [7]. This is a growing concern and requires further
research [6]. To this end, the role of the gut microbiome in the
pathophysiology of these behavioral disorders has recently
started to be investigated.

Although research has addressed the influence of micro-
biota on anxiety disorders in humans and rodent models, there
is a lack of insightful information on canine anxiety disorders.
In this review, we intend to highlight recent data on the role of
the microbiota in the gut-brain axis (GBA) and its impact on
anxiety disorders in human and rodent models and, most
importantly, to emphasize the exploratory yet relevant research
applied to canine anxiety disorders. We also aim to highlight
the positive outcomes that enhanced research in this area will
provide for the future of behavioral veterinary medicine, the
wellbeing of dogs, and the subsequent effect on society.

2. Materials and Methods

In this review, we provide a comprehensive overview of the
gut-brain axis and its impact on anxiety disorders, sum-
marizing the experimental and clinical evidence on the
mechanisms involved and their influence on mental health.
The revision was mostly based on scientific articles published
between 2015 and 2022, as well as a few earlier works. The
research was conducted on the PubMed and Google Scholar
databases after removing duplicate references. The Medical
Subject Headings (MeSH) terms “anxiety,” “gut-brain axis,”
“hormones,” “immune cells,” “microbiota,” “neurotrans-
mitters,” “intestinal permeability,” “zonulin,” prebiotics,”
and “probiotics” were cross-referenced and used in the
search platforms. Experimental or observational studies in
humans, rodents, and dogs were identified and compared.
Relevant clinical and experimental articles written in the
English language have been included.

3. The Canine Microbiome and the
Gut-Brain Axis

3.1. Microbiome. The term microbiome is defined as a “char-
acteristic microbial community occupying a reasonable well-
defined habitat which has distinct physiochemical properties”
[8]. This term not only includes the microbiota, which are the
microorganisms involved, but also encompasses the environ-
mental conditions, microbial structural elements, and metab-
olites. The microbiota encompasses groups of bacteria, fungi,
algae, archaea, and protists inhabiting the gastrointestinal tract
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[8]. This population of microorganisms is essential to support
and promote the host’s health [2, 9], as they participate in a large
variety of physiological processes, including energy demand,
metabolic reactions, immunological responses, and neuro-
behavioral development [10].

In healthy dogs, the gut microbiota is dominated by
members of the phyla Bacteroidetes, Fusobacteria, and Fir-
micutes and, to a lesser extent, of the phyla Actinobacteria and
Proteobacteria [2, 9, 11]. A high abundance of members of the
genera Fusobacterium, Prevotella, and Bacteroides was de-
tected in a metagenomic study that analyzed the feces of six
wolves and 169 dogs from different breeds [9]. Several en-
vironmental factors, such as diet [9], body weight [2], age [12],
and others, can influence the gut microbiota structure and
composition. However, the impact of these factors is mild
compared to the changes potentially induced by diseases [11].

Gut dysbiosis, defined as an altered composition of mi-
crobes [8], can lead to alterations in the microbial tran-
scriptome, proteome, or metabolome [11]. Imbalances in the
gut microbiota population are linked to pathological states,
such as inflammation, obesity, metabolic alterations, and even
mood disorders. Further, gut microbiota affects physiological,
neuronal, and behavioral functions [13]. Therefore, homeo-
stasis in this ecosystem is fundamental for maintaining the
overall health condition [10].

3.2. The Gut-Brain Axis. The gut microbiome communicates
bidirectionally with the host central nervous system through
the GBA, a complex network capable of regulating cognitive
functions and behavior through several different mecha-
nisms, including neural, metabolic, endocrine, and immune-
mediated signaling pathways [14]. The mechanisms involved
in this regulation are summarized in Figure 1.

3.2.1. Metabolic Pathways. The intestinal microbiome and
the host have a complex symbiotic relationship [8]. Gut
bacteria produce metabolites, such as short-chain fatty acids
(SCFAs), from undigested dietary fibers that reach the colon,
obtaining energy for their metabolism. SCFAs, including
acetate, propionate, and butyrate, are essential for intestinal
homeostasis [17], as they represent the primary energy
sources for luminal colon cells [18]. In addition to the
nourishment of intestinal epithelial cells, another important
function is the maintenance of intestinal barrier functions
[17]. Of particular interest, butyrate is reported to have
a major role in supporting intestinal barrier integrity
through the modulation of the expression of tight junction
proteins, which greatly influence intestinal permeability
[19]. SCFAs also possess anti-inflammatory and immuno-
modulatory effects [17], as they can modulate innate and
adaptive immune responses [20]. Furthermore, SCFAs are
also capable of crossing the blood-brain barrier (BBB),
influencing endocrine responses [18, 21], and signaling the
brain through vagus afferent fibers [18]. Propionate was
found to protect the BBB from oxidative stress through
nuclear factor erythroid 2-related factor 2 signaling and to
inhibit pathways linked to microbial infections [21]. Sup-
plementation with butyrate and other SCFAs restored brain
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TaBLE 1: List of the behaviors evaluated in the Lincoln Canine Anxiety Scale (adapted from [3]).

. Scores
Behaviors
0 1 5
Running around Occasional burst of activity Continuously running around
Drooling saliva Damp around mouth Pools of saliva
Hiding (e.g, under furniture and behind Retreats Will not be removed from hiding area
owner)

. . . Extensi t, e.g., holes in th
Destructiveness (e.g., furniture, carpets, .. .) Small items, e.g., pens xtensive amouaaue g~ ioles 1n the
Cowering (e.g., tucks tail and flattens ears) Uneasy Petrified

. Extensive amount fixed route
Restlessness/pacing Small amount .
continuously traced
Aggression (e.g., growling, snapping, or biting) Occasional growl Severe biting attempts made
« . » dically withi .
Freezing to the spot Oceurs sporadically within Most of the time
an event
Barking/whining/howling Small amount Extensive amount
. 0] dically withi .
Panting cours sporadicaly within Most of the time
an event
Vomiting/defecating/urinating/diarrhea Not Small amount Extensive amount
. . Seeks out owner occasionally Will not leave owner in any
Owner-seeking behavior present

Vigilance/scanning of the environment

Bolts

during the event
Occurs sporadically within an
event
Occurs occasionally in
response to certain noises

circumstance
Most of the time

Occurs always in response to
a wide range of sounds

Self-harm

Shaking/trembling

Small amount, e.g., licking feet

Occurs occasionally in response

Extensive amount e.g.,
broken teeth or nails
Occurs always in response to

to certain noises a wide range of sounds

function in rodents, with marked improvements in stress
behaviors and no significant impact on microbial diversity
[22, 23]. Diet and microbiota composition influence the
production of these organic acids [19]. A decrease in
microbiota diversity and reduced ratios of SCFA-producing
bacteria was observed in subjects with generalized anxiety
disorders, suggesting that lower SCFAs production could
affect the intestinal barrier function [24]. Furthermore,
SCFAs have been shown to attenuate cortisol response to
acute stress, suggesting their potential influence on psy-
chobiological processes [18].

3.2.2. Neural Mechanisms. Communication through the
GBA is ensured by the autonomic nervous system. Vagus
nerve neurons can perceive microbiota metabolites at the
mucosa level, such as SCFAs, through its afferent fibers,
which are distributed in the intestinal wall. The gut in-
formation is transmitted to the central nervous system, and
consequently, a response can be generated. Moreover, vagus
nerve fibers integrate a cholinergic anti-inflammatory sys-
tem, which can decrease peripheral inflammation and re-
duce intestinal permeability. Thus, stress stimuli might
inhibit a vagal tone and affect gut microbiota composition
and intestinal health [25].

The gut microbiota can interfere with neural mechanisms by
regulating neurotransmitter levels, including serotonin (5-HT),
dopamine, norepinephrine, and gamma-aminobutyric acid
(GABA). Microbiota can produce and contribute to regulate
their metabolic pathways in intestinal cells, thus influencing
nervous system signaling and, ultimately, mental health [26].

5-HT, synthesized from L-tryptophan, is mainly
produced in the gut’s enterochromaffin cells and neurons
from the enteric nervous system [27], playing a critical
role in eating, arousal, sleep, cognition, social interactions
[28], anxiety, and mood regulation [28-31]. Gut micro-
biota can directly or indirectly influence tryptophan
metabolism pathways, leading to 5-HT production [32].
Its production can be influenced by gut microbiota, in-
cluding Candida, Streptococcus, Escherichia, and Entero-
coccus strains [33].

Dopamine, which is essential for reward and motivation
behaviors [34], is substantially produced and stored in the
intestines [26]. Gut microbiota, including Bacillus strains,
play a significant role in its regulation [33]. Additionally, it is
the precursor of norepinephrine, which modulates the be-
havioral response to stress and anxiety [26, 34, 35]. Examples
of norepinephrine-producing bacteria are Escherichia, Ba-
cillus, and Saccharomyces strains [33].

GABA is an inhibitory neurotransmitter in the
central nervous system and enteric nervous system [36].
Important microbial sources of GABA are lactic acid
bacteria, namely, the Lactobacillus, Enterococcus, Leu-
conostoc, Pediococcus, Propionibacterium, and Weissella
genera [37]. GABA-ergic neurotransmission inhibits the
amygdala and prevents inappropriate emotional and
behavioral responses [38]. Changes in GABA regulation
are linked with stress and anxiety [38], and daily GABA
administration [39] and modulation of GABA-A receptor
signaling [40] has been found to reduce anxiety symp-
toms in stressed rodents.
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FIGURE 1: Mechanisms involved in the GBA. Anxiety disorders may lead to the hyperactivation of the HPA axis, causing the release of
cortisol into the systemic circulation. In an inflammatory environment, characterized by gut dysbiosis and increased intestinal permeability,
microbiota can translocate through the intestinal barrier. Moreover, immune cells may produce proinflammatory cytokines, while the gut
microbiota itself may produce metabolites such as SCFAs and neurotransmitters that can directly impact mental health. Original illustration
based on [15, 16] captioned as shown above: 1-hypothalamus, 2-pituitary gland, 3-adrenal gland, ACTH-adrenocorticotropic hormone,
CRF-corticotropin-releasing factor, and SCFAs-short chain fatty acids.

All these data strongly suggest the interplay between gut
microbiota, neural mechanisms, and behavior; however,
further studies are required to evaluate this link accurately.

3.2.3. Endocrine Routes. In addition to the abovementioned
pathways, gut microbiota controls endocrine mechanisms that
integrate the GBA by regulating the hypothalamic-pituitary-

adrenal (HPA) axis. This system is fundamental for basal
homeostasis and controls several body processes in response to
stress factors [41]. In stress situations, corticotropin-releasing
factor (CRF) is secreted from the hypothalamus and induces
adrenocorticotropic hormone (ACTH) discharge in blood
circulation. In turn, glucocorticoids are secreted from the
cortex of the adrenal gland. Stress events can activate the HPA
axis, leading to an increase in cortisol levels [41]. The



Veterinary Medicine International

hyperactivation of the HPA axis has been associated with,
anxiety traits in children with low socioeconomic environ-
ments [42], and stressful circumstances [43]. The complex
feedback mechanism behind the HPA axis might be partially
regulated by the gut microbiota since some bacteria might
induce its overactivity, thus influencing behavior patterns [44].
On the other hand, stressful situations and further activation of
the HPA axis can result in changes in gut microbiota com-
position [41]. Consequently, the intestinal barrier integrity
might be affected, thus influencing intestinal permeability,
which might induce an inflammatory response wherein me-
diators such as cytokines and prostaglandins can activate the
HPA axis [45]. Besides the negative impact on immunologic
states, a persistent hyperactivation of the HPA axis might alter
the hippocampal structure, potentially resulting in altered
neurogenesis, the morphology of neurons, or even cellular
death [44]. In this complex interplay, a role for gut microbiota
in these immune-neuroendocrine  mechanisms  is
suggested [41].

3.2.4. Immune-Mediated Mechanisms. Gut bacteria play
a major role in immune system development and function.
Through the modulation of the gut- and brain-resident im-
mune cells, microbiota influence cognitive function, and be-
havior. Signaling pathways involved in this mechanism
include the regulation of cytokines and chemokines. Fur-
thermore, innate and adaptive immune systems influence gut
microbiota composition, which is fundamental to maintain
the symbiotic relationship with the host [14]. When ho-
meostatic balance is disrupted, the gut microbiota can induce
a proinflammatory state, influencing the production of cy-
tokines and chemokines [45]. Increasing evidence suggests the
role of proinflammatory cytokines in anxiety disorders
[46-51]. Anxiety disorders have been associated with a specific
cytokine patterns in rodents [49] and humans [45, 47, 50-52],
characterized by an increased proinflammatory cytokines,
such as IFN-y [45, 47, 52], Tumor necrosis factor-alpha
(TNF-a) [45, 49, 50], IL-6 [47, 50-52], IL-8 [47, 51], IL-1« [47],
IL-2 [47], IL-1B [51], IL-12p70 [47], as well as reduced anti-
inflammatory cytokines, including IL-10 [45]. Opposite results
have been demonstrated regarding IFN-y and TNF-a, in men
exposed to high psychosocial stress [51].

In the brain, cytokines might influence the metabolism of
neurotransmitters, such as 5-HT, dopamine, and glutamate;
interfere with the function of the HPA axis, thus affecting the
production of the involved hormones; activate the nuclear
factor kappa-light-chain-enhancer of activated B cells, con-
sequently affecting the development of neural tissues; or target
brain neurocircuits that control motivation, reward, anxiety,
arousal, and alarm states [47]. Hence, inflammatory cytokines
can have essential roles in neurodegenerative mood disorders’
onset and development stages [48].

4. Intestinal Permeability

The intestinal barrier is a complex functional structure that
protects the organism from pathogen invasion and toxins,
simultaneously allowing the absorption of nutrients and

electrolyte changes [19]. Tight junctions (Tj) play an im-
portant role in this regulation as they support the barrier’s
integrity. These multiprotein complexes are located at the
IECs, specifically at the apical ends of the lateral membranes.
Tj proteins, including claudin and occludin, support its
structure as they form a selectively permeable barrier in the
paracellular pathways [53]. Several other elements are es-
sential to intestinal barrier homeostasis, such as goblet cells
that secrete mucin, essential to forming the outside mucus
layer, which protects the epithelial surface [19]. Moreover,
Paneth cells produce important antimicrobial peptides in the
small intestine’s crypts. Also, humoral elements, such as
defensins, have a role in this regulation [19].

Inflammatory states emerging from diseases might induce
metabolic, immunologic, and neuroendocrine alterations that
influence the integrity of this barrier, affecting gut perme-
ability [19, 54]. On the other hand, dysbiosis may lead to the
loss of intestinal barrier integrity, resulting in the movement
of luminal content, namely, pathogens, toxins, and antigens,
to the bloodstream [19], which might induce an imbalanced
mucosal immune system as well as an inflammatory state,
with the production of proinflammatory cytokines [53, 55].
Alterations in intestinal permeability can either precede or
appear secondary to an inflammatory status involved in
diseases [15]. Chronic stress situations and sleep deprivation
can lead to alterations in microbiota composition, suggesting
the interplay between both factors [56].

5. Prebiotics and Probiotics

Considering the mechanisms involved in regulating the
GBA, microbiome modulation stands out as a promising
therapeutic solution for anxiety disorders [16].

According to the International Scientific Association for
Probiotics and Prebiotics consensus statement (ISAPP), the
term probiotic was revised to “live microorganisms that,
when administered in adequate amounts, confer a health
benefit on the host” [57]. Probiotics can impact the regu-
lation of the central and enteric nervous systems through
different mechanisms that include attenuation of the HPA
axis, restraining cytokine production, and influence the
neuroendocrine system. The use of probiotics, such as
L. plantarum P-8 [44], various Streptococcus, Bifidobacte-
rium, Lactobacillus, and Lactococcus strains [48, 58], and
Lactobacillus rhamnosus HNOO1 [59], has been shown to
improve stress, anxiety [16, 44, 48, 58], memory, and cog-
nitive potential in humans [16, 44, 48, 59]. Additionally, the
use of probiotics induced beneficial changes in gut micro-
biota, increasing diversity and influencing specific bacterial
species [16]. Alongside, probiotic supplementation also led
to reduced proinflammatory cytokines such as IFN-y and
TNF-« [44], and potentially lowered plasma cortisol [44].
Probiotics might also influence metabolite production, such
as SCFAs, and neurotransmitters, including 5-HT and
GABA. This strongly suggests their multidimensional action
in the GBA [60].

More recently, the ISAPP has also updated the definition
of prebiotics to “a substrate that is selectively utilized by host
microorganisms conferring a health benefit” [61]. These



nondigestible compounds act as nutrient sources, promoting
the growth of beneficial bacteria (probiotics) in the colon [60].
Prebiotics more widely accepted for their clinical evidence are
fructooligosaccharides (FOS) and galactooligosaccharides
(GOS). Others include mannan oligosaccharides (MOS),
xylooligosaccharides (XOS), human milk oligosaccharides,
inulin, conjugated linoleic acid, polyunsaturated fatty acids,
phenolics, and phytochemicals [62]. Prebiotic administration,
including lactoferrin [63], FOS [63-65], GOS [63, 64, 66, 67],
and polydextrose [63], has been found to improve anxiety
symptoms in both humans [65-67] and rodents [63, 64]. It has
also resulted in changes in the gut microbiota, specifically
increases in Lactobacillus spp. [63] and Bifidobacteria [65].
Counterintuitively, some results have shown a decrease in
Bifidobacterium and Lactobacillus spp., which could be
explained by the enhancement of indigenous commensals
through prebiotic administration, reducing the relative
abundance of these added probiotics [64]. Prebiotic supple-
mentation also showed a reduction in proinflammatory cy-
tokines, such as TNF-« [64], increased acetate and propionate,
but decreased isobutyrate levels [64]. Additionally, it appeared
to reduce hyperactivation of the HPA [64, 67] and lower
tryptophan levels, possibly due to increased bacterial uptake or
the production of 5-HT [64]. Additionally, the combined
administration of Lactobacillus casei and inulin significantly
improved anxiety symptoms in rodents more effectively than
either treatment alone, impacting their endocrine and neu-
rochemical systems [62]. The term “psychobiotic” has been
attributed to probiotics that offer health benefits to individuals
with psychiatric conditions. These microorganisms produce
neuroactive substances that influence the GBA and hold
potential in alleviating symptoms of disorders such as de-
pression and anxiety [68]. This definition also encompasses
prebiotics, which contribute to the proliferation of beneficial
gut bacteria [69].

This novel concept is well known for its anti-inflammatory,
antidepressant, and antianxiety effects [60]. The strength of
these formulations is that they lack cognitive side effects, nor are
they addictive, like other drugs usually prescribed to treat
anxiety disorders [70]. Thus, psychobiotics appear as a novel
alternative for the treatment of anxiety disturbances [16, 60, 70].

6. Recent Advances in the Veterinary
Behavioral Medicine

In veterinary practice, there have been remarkable advances
in neurodevelopment research associated with the canine
gut microbiome.

Canine aging and cognitive performance have been
associated with dysbiosis. In a study involving 29 mixed
breed dogs, behavioral tests were conducted to assess cog-
nitive performance. The results showed a lower proportion
of Fusobacteria in older dogs and fewer Actinobacteria in
dogs with higher memory faculties [71]. Canine aggres-
siveness, a type of anxiety-like behavior, was evaluated in
a group of 31 American Pit Bull Terriers [72]. Whereas,
aggressive dogs showed a higher proportion of Firmicutes,
particularly members of the Lactobacillus genus; dogs
lacking this behavior demonstrated a higher abundance of

Veterinary Medicine International

Proteobacteria and Fusobacteria strains. It is relevant to
highlight that dogs exhibiting non-aggressive behavior
showed a higher abundance of Bacteroides and Dorea strains
from the Bacteroidetes and Firmicutes phyla, respectively,
compared to aggressive dogs. These results led to the fol-
lowing question: are the detected alterations in microbiota
composition a predisposing factor or a consequence of
canine aggressiveness? A third option also considered the
possibility of unexplored variants intrinsic to dogs with
aggressive behavior that could influence their microbiota
[72]. A preliminary study established a correlation between
behavior phenotypes and specific gut microbiota structures
in a sample of 42 dogs of various breeds [73]. The authors
suggested that a chronic stress scenario might influence the
gut’s internal environment by interacting with neuroactive
metabolites secreted by commensal bacteria, thereby
influencing host behavior. A behavioral specialist grouped
dogs as aggressive, phobic, and healthy, and those with
aggressive behavior had a lower abundance of Bacteroidetes.
This group of dogs exhibited a lower abundance of members
of the Oscillospira, Peptostreptococcus, Bacteroides, Sutter-
ella, and Coprobacillus genera. Furthermore, an increase of
typically low-prevalence bacteria was detected in aggressive
dogs, including Dorea, Blautia, Collinsella, and Slackia, with
an even higher prevalence of strains of Catenicabacterium
and Megamonas [73]. Concerning dogs with phobic dis-
orders, no substantial alterations were detected at the
phylum level. Surprisingly, canine phobic behavioral dis-
orders were associated with a higher proportion of Lacto-
bacillus, a genus usually found predominantly in probiotic
formulations. The authors also analyzed fecal cortisol and
testosterone levels, showing no significant correlation be-
tween these and aggressive or phobic disorders. Although
the population cohort in this study was not sufficient to draw
significant conclusions, this investigation undoubtedly
paved the way for further large-scale studies [73].
Regarding neuroendocrine mechanisms, a recent study
investigated the relationship between 5-HT and tryptophan
and dogs’ behavioral response to stress stimuli [74]. A
mixed-breed group of 39 healthy shelter dogs was classified
according to their behavioral response to medical exami-
nation and blood collection procedures. Serum 5-HT and
tryptophan concentrations were analyzed, and no correla-
tion was established. This could be because none of the dogs
in this study displayed intense behavioral disorders. Another
possible explanation suggested by the authors is the opposite
way of circulation of 5-HT and tryptophan in the BBB, which
regulates the passage between central and peripheral cir-
culation [74]. Likewise, a 107 mixed-breed group of dogs
with different levels of aggressive, fearful, and impulsive
behaviors, defined accordingly to the owner-answered
questionnaires, did not show significant alterations in
serum 5-HT and cortisol levels after being restrained
when exposed to a novel environment [75]. It is possible
that the exposition to a new environment could not
be sufficiently distressful to cause alterations in
these markers’ concentrations or that the methods of
behavioral evaluation performed were not accurate
enough. Another possible explanation was the lack of
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a relationship between these markers and canine be-
havioral tendencies [75].

Regarding probiotic therapeutic use, a fourteen-day
supplementation of Lactiplantibacillus plantarum PS128
seemed to stabilize aggression and separation anxiety be-
haviors in dogs. Moreover, plasma 5-HT turnover ratio
decreased after supplementation, specifically in dogs with
separation anxiety. This implicates 5-HT as a potential factor
in the GBA, indicating a slower breakdown of 5-HT into its
metabolites, and consequently a higher availability of this
neurotransmitter in the system [76].

Furthermore, Purina® researchers have highlighted the
potential benefits of Bifidobacterium longum (BL999) in dogs
with anxiety behaviors in a study supporting a new product
(https://www.purinaproplanvets.com/media/521317/086602_
vet1900-0918cc_abstract.pdf). Involving 24 anxious Labra-
dor Retrievers, the study assessed the effects of BL999 on
behavior and physiological markers like heart rate and sali-
vary cortisol. Over a 12-week period, with a midway washout,
dogs alternated between BL999 and a placebo. Significant
improvements were noted in anxious behaviors and physi-
ological markers in the BL999 group. These preliminary
findings are promising, and releasing comprehensive study
details for peer review would greatly benefit the scientific
community, enabling further evaluation and expansion upon
these results. A double-blind, placebo-controlled clinical trial
probed the effects of a novel nutraceutical supplement in
canine stress-related behaviors and its relationship with the
fecal microbiome [77]. Relaxigen Pet dog® contains a mixture
of prebiotics (FOS), probiotics (Lactobacillus reuteri), post-
biotics (butyric acid), 5-hydroxytryptophan (5-HTP), a 5-TH
precursor, L-theanine, derived from glutamine, a precursor of
GABA, and other natural inflammatory compounds, in-
cluding conjugated linoleic acid, a neuroprotective supple-
ment with anti-inflammatory properties, and Krill, an
Omega-3 rich oil. Forty dogs enrolled in this study were
classified by a veterinary behaviorist according to their stress
behavior level. Anxious dogs treated with Relaxigen Pet dog®
had lower levels of Bacteroides, Prevotella, Porphyromonas,
Bifidobacterium, Lactobacillus, and Enterobacteriaceae strains.
This group also demonstrated less anxiety-like behaviors [77].
This innovative study showed promising results, which will
bring new insights into veterinary behavioral medicine and
pave the way for future research. To our knowledge, no other
research has been conducted on the utilization of probiotics
for the treatment of canine anxiety disorders.

Despite recent significant progress in veterinary be-
havioral medicine, the link between canine anxiety disorders
and the gut microbiome, as well as the potential benefits of
probiotics in this condition, remains to be further elucidated
and tested on a larger scale.

7. Conclusions

Canine anxiety disorders present a significant issue in vet-
erinary behavior today, posing medical challenges and af-
fecting both pet and owner quality of life.

The influence of microbiota on mental and behavioral
disorders, including anxiety, is well-documented in human

and rodent models, considering the metabolic, neuroen-

docrine and immune-mediated mechanisms involved.

However, there is a significant gap in understanding these

relationships in the context of canine veterinary behavior.
In this study, several conclusions have been drawn:

(1) The limited number of studies included on canine
anxiety disorders and GBA reflects the scarcity of
research on this topic. Current studies are broad and
focus on a few specific markers only. In addition, most
clinical trials relied solely on behavioral patterns to
assess anxiety. Future studies should incorporate
more biomarkers such as specific cytokines, metab-
olites, hormones, neurotransmitters, and others to
accurately evaluate canine anxiety levels.

(2) Extensive research in human and rodent models has
elucidated the role of microbiota in behavioral dis-
orders. The authors propose that leveraging this
knowledge could be pivotal in advancing canine
research and enhancing veterinary practices.

(3) Despite microbiota differences among humans, ro-
dents, and dogs, one further step in the investigation
on this topic could be the assessment of specific
microbiota in dogs, which have been previously
associated with anxiety symptoms in humans and
rodents.

(4) Regarding prebiotic and probiotic therapies, to our
knowledge, there have only been two peer-reviewed
studies conducted on dogs [76, 77]. Although
promising, it is not enough to draw firm conclusions,
indicating the need for further research.

Continuous efforts in this area are likely to shed light on
the impact of GBA on canine anxiety disorders, as well as on
its treatment, potentially improving both dog’s and owner’s
quality of life. Additionally, this would represent a signifi-
cant milestone in the field of veterinary behavioral medicine.

Abbreviations

ACTH: Adrenocorticotropic hormone
BBB:  Blood-brain barrier

CRF:  Corticotropin-releasing factor
EC: Enterochromaffin cells

FOS:  Fructooligosaccharides
GABA: Gamma-aminobutyric acid
GBA:  Gut-brain axis

GI: Gastrointestinal

GOS:  Galactooligosaccharides
HPA: Hypothalamic-pituitary-adrenal
IFN-y: Interferon-gamma

IL: Interleukin

ISAPP: International Scientific Association for Probiotics
and Prebiotics consensus statement

MOS: Mannanoligosaccharide

SCFAs: Short-chain fatty acids

Tj: Tight junctions

TNF-a: Tumor necrosis factor-alpha

XO0OS:  Xylooligosaccharide


https://www.purinaproplanvets.com/media/521317/086602_vet1900&tnqh_x2013;0918cc_abstract.pdf
https://www.purinaproplanvets.com/media/521317/086602_vet1900&tnqh_x2013;0918cc_abstract.pdf

5-HT: Serotonin
5-HTP: 5-hydroxytryptophan.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments

We acknowledge Portuguese “Foundation for Science and
Technology” (FCT) through projects PTDC/MED-NEU/3644/
2020, UIDB/04539/2020, UIDP/04539/2020, and LA/P/0058/
2020. This article was funded by Vasco da Gama Research
Center (CIVG)/Vasco da Gama University School (EUVG),
Coimbra, Portugal.

References

[1] R. Col, C. Day, and C. J. C. Phillips, “An epidemiological
analysis of dog behavior problems presented to an Australian
behavior clinic, with associated risk factors,” Journal of
Veterinary Behavior, vol. 15, pp. 1-11, 2016.

[2] J. L. Chun, S.Y.Ji, S. D. Lee, Y. K. Lee, B. Kim, and K. H. Kim,
“Difference of gut microbiota composition based on the body
condition scores in dogs,” Journal Of Animal Science And
Technology, vol. 62, no. 2, pp. 239-246, 2020.

[3] D. S. Mills, H. W. Mueller, K. McPeake, and O. Engel,
“Development and psychometric validation of the Lincoln
canine anxiety scale,” Frontiers in Veterinary Science, vol. 7,
p.- 171, 2020.

[4] M. Salonen, S. Sulkama, S. Mikkola et al., “Prevalence,
comorbidity, and breed differences in canine anxiety in 13,700
Finnish pet dogs,” Scientific Reports, vol. 10, no. 1, p. 2962,
2020.

[5] K. Tiira and H. Lohi, “Early life experiences and exercise
associate with canine anxieties,” PLoS One, vol. 10, no. 11,
Article ID 0141907, 2015.

[6] T. Kurachi, M. Irimajiri, Y. Mizuta, and T. Satoh, “Dogs
predisposed to anxiety disorders and related factors in Japan,”
Applied Animal Behaviour Science, vol. 196, pp. 69-75, 2017.

[7] I. R. Dinwoodie, B. Dwyer, V. Zottola, D. Gleason, and
N. H. Dodman, “Demographics and comorbidity of behavior
problems in dogs,” Journal of Veterinary Behavior, vol. 32,
pp. 62-71, 2019.

[8] G. Berg, D. Rybakova, D. Fischer et al., “Microbiome defi-
nition re-visited: old concepts and new challenges,” Micro-
biome, vol. 8, no. 1, pp. 103-119, 2020.

[9] G. Alessandri, C. Milani, L. Mancabelli et al., “Metagenomic
dissection of the canine gut microbiota: insights into taxo-
nomic, metabolic and nutritional features,” Environmental
Microbiology, vol. 21, no. 4, pp. 1331-1343, 2019.

[10] E. Mondo, G. Marliani, P. A. Accorsi, M. Cocchi, and A. Di
Leone, “Role of gut microbiota in dog and cat’s health and
diseases,” Open Veterinary Journal, vol. 9, no. 3, pp. 253-258,
2019.

[11] R. Pilla and J. S. Suchodolski, “The role of the canine gut
microbiome and metabolome in health and gastrointestinal
disease,” Frontiers in Veterinary Science, vol. 6, p. 498, 2019.

[12] H. Masuoka, K. Shimada, T. Kiyosue-Yasuda et al., “Tran-
sition of the intestinal microbiota of dogs with age,” Bioscience
of Microbiota, Food and Health, vol. 36, no. 1, pp. 27-31, 2017.

[13] R. Huo, B. Zeng, L. Zeng et al., “Microbiota modulate anx-
iety-like behavior and endocrine abnormalities in

Veterinary Medicine International

hypothalamic-pituitary-adrenal axis,” Frontiers in Cellular
and Infection Microbiology, vol. 7, p. 489, 2017.

[14] E. Salvo-Romero, P. Stokes, and M. G. Gareau, “Micro-
biota-immune interactions: from gut to brain,” LymphoSign
Journal, vol. 7, no. 1, pp. 1-23, 2020.

[15] A. Miranda, M. Ennamorati, and G. Serena, “Exploiting the
zonulin mouse model to establish the role of primary im-
paired gut barrier function on microbiota composition and
immune profiles,” Frontiers in Immunology, vol. 10, no. 1,
pp. 2233-2314, 2019.

[16] T. Ma, H. Jin, L. Kwok, Z. Sun, M. Liong, and H. Zhang,
“Probiotic consumption relieved human stress and anxiety
symptoms possibly via modulating the neuroactive potential
of the gut microbiota,” Neurobiology of Stress, vol. 14,
pp. 100294-100310, 2021.

[17] D. Parada Venegas, M. K. de La Fuente, G. Landskron et al.,
“Short chain fatty acids (SCFAs)-Mediated gut epithelial and
immune regulation and its relevance for inflammatory bowel
diseases,” Frontiers in Immunology, vol. 10, no. 277, p. 277,
2019.

[18] B. Dalile, B. Vervliet, G. Bergonzelli, K. Verbeke, and
L. Van Oudenhove, “Colon-delivered short-chain fatty acids
attenuate the cortisol response to psychosocial stress in
healthy men: a randomized, placebo-controlled trial,” Neu-
ropsychopharmacology, vol. 45, no. 13, pp. 2257-2266, 2020.

[19] S. C. Bischoff, G. Barbara, W. Buurman et al., “Intestinal
permeability — a new target for disease prevention and
therapy,” BMC Gastroenterology, vol. 14, no. 1, p. 189, 2014.

[20] R. Correa-Oliveira, J. L. Fachi, A. Vieira, F. T. Sato, and
M. A. R. Vinolo, “Regulation of immune cell function by
short-chain fatty acids,” Clinical & Translational Immunol-
ogy, vol. 5, no. 4, pp. 1-8, 2016.

[21] L. Hoyles, T. Snelling, U. Umlai et al., “Microbiome-host
systems interactions: protective effects of propionate upon the
blood-brain barrier,” Microbiome, vol. 6, no. 1, p. 55, 2018.

[22] 1. A. C. Arnoldussen, M. Wiesmann, C. E. Pelgrim et al,
“Butyrate restores HFD-induced adaptations in brain func-
tion and metabolism in mid-adult obese mice,” International
Journal of Obesity, vol. 41, no. 6, pp. 935-944, 2017.

[23] M. van de Wouw, M. Boehme, J. M. Lyte et al., “Short-chain
fatty acids: microbial metabolites that alleviate stress-induced
brain-gut axis alterations,” The Journal of Physiology, vol. 596,
no. 20, pp. 4923-4944, 2018.

[24] H. Jiang, X. Zhang, Z. H. Yu et al,, “Altered gut microbiota
profile in patients with generalized anxiety disorder,” Journal
of Psychiatric Research, vol. 104, pp. 130-136, 2018.

[25] B. Bonaz, T. Bazin, and S. Pellissier, “The vagus nerve at the
interface of the microbiota-gut-brain Axis,” Frontiers in
Neuroscience, vol. 12, no. 49, pp. 49-19, 2018.

[26] S. Gongalves, D. Nunes—Costa, S. M. Cardoso, N. Empadinhas,
and J. D. Marugg, “Enzyme promiscuity in serotonin bio-
synthesis, from bacteria to plants and humans,” Frontiers in
Microbiology, vol. 13, Article ID 873555, 2022.

[27] P. A. Shah, C. J. Park, M. P. Shaughnessy, and R. A. Cowles,
“Serotonin as a mitogen in the gastrointestinal tract: revisiting
a familiar molecule in a new role,” Cellular and Molecular
Gastroenterology and Hepatology, vol. 12, no. 3, pp. 1093-1104,
2021.

[28] J. Bacque-Cazenave, R. Bharatiya, G. Barriéere et al., “Sero-
tonin in animal cognition and behavior,” International
Journal of Molecular Sciences, vol. 21, no. 5, pp. 1649-1723,
2020.

[29] T. R. Morrison, L. A. Ricci, and A. S. Puckett, “Serotonin
type-3 receptors diferentially modulate anxiety and



Veterinary Medicine International

(30]

(31]

(32]

(33]

(34]

(35]

(36

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

aggression during withdrawal from adolescent anabolic ste-
roid exposure,” Hormones and Behavior, vol. 168, 2020.

A. R. Abela, C. J. Browne, D. Sargin et al., “Median raphe
serotonin neurons promote anxiety-like behavior via inputs to
the dorsal hippocampus,” Neuropharmacology, vol. 168, Ar-
ticle ID 107985, 2020.

M. M. Gabish, A. A. Alzahrani, M. A. Hakeem, B. Qaud, and
A. A. Qaud, “Role selective serotonin reuptake inhibitors in
anxiety disorder,” International Journal of Medicine in De-
veloping Countries, vol. 4, no. 2, pp. 522-525, 2020.

A. Agus, J. Planchais, and H. Sokol, “Gut microbiota regu-
lation of tryptophan metabolism in health and disease,” Cell
Host & Microbe, vol. 23, no. 6, pp. 716-724, 2018.

T. G. Dinan, R. M. Stilling, C. Stanton, and J. F. Cryan,
“Collective unconscious: how gut microbes shape human
behavior,” Journal of Psychiatric Research, vol. 63, no. 6,
pp. 1-9, 2015.

M. O. Klein, D. S. Battagello, A. R. Cardoso, D. N. Hauser,
J. C. Bittencourt, and R. G. Correa, “Dopamine: functions,
signaling, and association with neurological diseases,” Cel-
lular and Molecular Neurobiology, vol. 39, no. 1, pp. 31-59,
2019.

E. M. Purvis, A. K. Klein, and A. Ettenberg, “Lateral habenular
norepinephrine contributes to states of arousal and anxiety in
male rats,” Behavioural Brain Research, vol. 347, pp. 108-115,
2018.

P. Hepsomali, J. A. Groeger, J. Nishihira, and A. Scholey,
“Effects of oral gamma-aminobutyric acid (GABA) admin-
istration on stress and sleep in humans: a systematic review,”
Frontiers in Neuroscience, vol. 14, p. 923, 2020.

Y. Cui, K. Miao, S. Niyaphorn, and X. Qu, “Production of
gamma-aminobutyric acid from lactic acid bacteria: a sys-
tematic review,” International Journal of Molecular Sciences,
vol. 21, no. 3, pp. 995-1021, 2020.

F. Jie, G. Yin, W. Yang et al.,, “Stress in regulation of GABA
amygdala system and relevance to neuropsychiatric diseases,”
Frontiers in Neuroscience, vol. 12, no. 562, pp. 562-569, 2018.
Y. He, J. Ouyang, Z. Hu et al,, “Intervention mechanism of
repeated oral GABA administration on anxiety-like behaviors
induced by emotional stress in rats,” Psychiatry Research,
vol. 271, pp. 649-657, 2019.

E. C. Sarro, R. M. Sullivan, and G. Barr, “Unpredictable
neonatal stress enhances adult anxiety and alters amygdala
gene expression related to serotonin and GABA,” Neurosci-
ence, vol. 258, pp. 147-161, 2014.

A. Farzi, E. E. Frohlich, and P. Holzer, “Gut microbiota and
the neuroendocrine system,” Neurotherapeutics, vol. 15, no. 1,
pp. 5-22, 2018.

Y. Zhu, X. Chen, H. Zhao et al., “Socioeconomic status dis-
parities affect children’s anxiety and stress-sensitive cortisol
awakening response through parental anxiety,” Psychoneur-
oendocrinology, vol. 103, pp. 96-103, 2019.

A. Fields, C. Harmon, Z. Lee, J. Y. Louie, and N. Tottenham,
“Parent’s anxiety links household stress and young children’s
behavioral dysregulation,” Developmental Psychobiology,
vol. 63, no. 1, pp. 16-30, 2021.

L. Lew, Y. Hor, N. A. A. Yusoff et al., “Probiotic Lactobacillus
plantarum P8 alleviated stress and anxiety while enhancing
memory and cognition in stressed adults: a randomised,
double-blind, placebo-controlled study,” Clinical Nutrition,
vol. 38, no. 5, pp- 2053-2064, 2019.

R. Hou, M. Garner, C. Holmes et al., “Peripheral in-
flammatory cytokines and immune balance in Generalised

(46]

(47]

(48]

(49]

(50

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

Anxiety Disorder: case-controlled study,” Brain, Behaviot,
and Immunity, vol. 62, pp. 212-218, 2017.

H. Costello, R. L. Gould, E. Abrol, and R. Howard, “Systematic
review and meta-analysis of the association between pe-
ripheral infammatory cytokines and generalised anxiety
disorder,” BMJ Open, vol. 9, no. 7, Article ID 279255, 2019.
Z. Tang, G. Ye, X. Chen et al., “Peripheral proinflammatory
cytokines in Chinese patients with generalised anxiety dis-
order,” Journal of Affective Disorders, vol. 225, pp. 593-598,
2018.

P. Gualtieri, M. Marchetti, and G. Cioccolonil, “Psychobiotics
regulate the anxiety symptoms in carriers of allele A of IL-18
gene: a randomized, placebo-controlled clinical trial,” Me-
diators of Infammation, vol. 2020, Article ID 2346126,
12 pages, 2020.

M. A. Alshammari, M. R. Khan, H. Majid Mahmood et al.,
“Systemic TNF-a blockade attenuates anxiety and depressive-
like behaviors in db/db mice through downregulation of
inflammatory signaling in peripheral immune cells,” Saudi
Pharmaceutical Journal, vol. 28, no. 5, pp. 621-629, 2020.

F. Santoft, E. Hedman-Lagerlof, S. Salomonsson et al., “In-
flammatory cytokines in patients with common mental dis-
orders treated with cognitive behavior therapy,” Brain,
Behavior, & Immunity-Health, vol. 3, pp. 100045-100048,
2020.

C. Linninge, P. Jonsson, H. Bolinsson et al., “Effects of acute
stress provocation on cortisol levels, zonulin and inflammatory
markers in low- and high-stressed men,” Biological Psychology,
vol. 138, pp. 48-55, 2018.

Z. Zou, B. Zhou, Y. Huang, J. Wang, W. Min, and T. Li,
“Diferences in cytokines between patients with generalized
anxiety disorder and panic disorder,” Journal of Psychoso-
matic Research, vol. 133, pp. 1-7, 2020.

S. H. Lee, “Intestinal permeability regulation by tight junction:
implication on inflammatory bowel diseases,” Intestinal Re-
search, vol. 13, no. 1, pp. 11-18, 2015.

C. Sacoor, L. Barros, and L. Montezinho, “What are the
potential biomarkers that should be considered in diagnosing
and managing canine chronic infammatory enteropathies?”
Open Veterinary Journal, vol. 10, no. 4, pp. 412-430, 2021.
A. R. Esteves, M. F. Munoz-Pinto, D. Nunes-Costa et al.,
“Footprints of a microbial toxin from the gut microbiome to
mesencephalic mitochondria,” Gut, vol. 72, no. 1, pp. 73-89,
2021.

J. P. Karl, L. M. Margolis, E. H. Madslien et al., “Changes in
intestinal microbiota composition and metabolism coincide
with increased intestinal permeability in young adults under
prolonged physiological stress,” American Journal of Physi-
ology- Gastrointestinal and Liver Physiology, vol. 312, no. 6,
pp. G559-G571, 2017.

C. Hill, F. Guarner, G. Reid et al., “Expert consensus docu-
ment: the International Scientifc Association for Probiotics
and Prebiotics consensus statement on the scope and ap-
propriate use of the term probiotic,” Nature Reviews Gas-
troenterology & Hepatology, vol. 11, no. 8, pp. 506-514, 2014.
C. Colica, E. Avolio, P. Bollero et al., “Evidences of a new
psychobiotic formulation on body composition and anxiety,”
Mediators of Inflammation, vol. 2017, Article ID 5650627,
10 pages, 2017.

R. F. Slykerman, F. Hood, K. Wickens et al., “Effect of Lac-
tobacillus rhamnosus HNOO1 in pregnancy on postpartum
symptoms of depression and anxiety: a randomised double-
blind placebo-controlled trial,” EBioMedicine, vol. 24,
pp. 159-165, 2017.



10

(60]

(61]

(62]

(63]

(64]

(65]

(66]

(67

(68]

[69]

(70]

(71]

(72]

(73]

F. Ansari, H. Pourjafar, A. Tabrizi, and A. Homayouni, “The
effects of probiotics and prebiotics on mental disorders:
a review on depression, anxiety, alzheimer, and autism
spectrum disorders,” Current Pharmaceutical Biotechnology,
vol. 21, no. 7, pp. 555-565, 2020.

G. R. Gibson, R. Hutkins, M. E. Sanders et al., “Expert
consensus document: the International Scientific Association
for Probiotics and Prebiotics (ISAPP) consensus statement on
the definition and scope of prebiotics,” Nature Reviews
Gastroenterology & Hepatology, vol. 14, no. 8, pp. 491-502,
2017.

C. Barrera-Buguefio, O. Realini, J. Escobar-Luna et al.,
“Anxiogenic effects of a Lactobacillus, inulin and the synbiotic
on healthy juvenile rats,” Neuroscience, vol. 359, pp. 18-29,
2017.

A. Mika, H. E. W. Day, A. Martinez et al., “Early life diets with
prebiotics and bioactive milk fractions attenuate the impact of
stress on learned helplessness behaviours and alter gene ex-
pression within neural circuits important for stress re-
sistance,” European Journal of Neuroscience, vol. 45, no. 3,
pp. 342-357, 2017.

A. Burokas, S. Arboleya, R. D. Moloney et al., “Targeting the
microbiota-gut-brain Axis: prebiotics have anxiolytic and
antidepressant-like effects and reverse the impact of chronic
stress in mice,” Biological Psychiatry, vol. 82, no. 7, pp. 472-487,
2017.

F. Azpiroz, C. Dubray, A. Bernalier-Donadille et al., “Effects of
scFOS on the composition of fecal microbiota and anxiety in
patients with irritable bowel syndrome: a randomized, double
blind, placebo controlled study,” Neuro-Gastroenterology and
Motility, vol. 29, no. 2, pp. 1-8, 2017.

N. Johnstone, C. Milesi, O. Burn et al., “Anxiolytic effects of
a galacto-oligosaccharides prebiotic in healthy females
(18-25years) with corresponding changes in gut bacterial
composition,” Scientific Reports, vol. 11, no. 1, pp. 8302-8311,
2021.

K. Schmidt, P.J. Cowen, C. J. Harmer, G. Tzortzis, S. Errington,
and P. W. J. Burnet, “Prebiotic intake reduces the waking
cortisol response and alters emotional bias in healthy volun-
teers,” Psychopharmacology, vol. 232, no. 10, pp. 1793-1801,
2015.

T. G. Dinan, C. Stanton, and J. F. Cryan, “Psychobiotics:
a novel class of psychotropic,” Biological Psychiatry, vol. 74,
no. 10, pp. 720-726, 2013.

A. Sarkar, S. M. Lehto, S. Harty, T. G. Dinan, J. F. Cryan, and
P. W. J. Burnet, “Psychobiotics and the manipulation of
bacteria—gut-brain signals,” Trends in Neurosciences, vol. 39,
no. 11, pp. 763-781, 2016.

R. T. Liu, R. F. L. Walsh, and A. E. Sheehan, “Prebiotics and
probiotics for depression and anxiety: a systematic review and
meta-analysis of controlled clinical trials,” Neuroscience &
Biobehavioral Reviews, vol. 102, pp. 13-23, 2019.

E. Kubinyi, S. B. Rhali, S. Sandor, A. Szab o, and T. Felf”oldi,
“Gut microbiome composition is associated with age and
memory performance in pet dogs,” Animals, vol. 10, no. 9,
pp. 1-10, 2020.

N. S. Kirchoftf, M. A. R. Udell, and T. J. Sharpton, “The gut
microbiome correlates with conspecific aggression in a small
population of rescued dogs(Canis familiaris),” Peer], vol. 7,
p. 6103, 2019.

E. Mondo, M. Barone, M. Soverini et al., “Gut microbiome
structure and adrenocortical activity in dogs with aggressive
and phobic behavioral disorders,” Heliyon, vol. 6, no. 1,
Article ID e03311, 2020.

(74]

(75]

(76]

(77]

Veterinary Medicine International

G. Riggio, C. Mariti, V. Sergi, S. Diverio, and A. Gazzano,
“Serotonin and tryptophan serum concentrations in shelter
dogs showing different behavioural responses to a potentially
stressful procedure,” Veterinary Sciences, vol. 8, no. 1, pp. 1-10,
2020.

D. J. Rayment, R. A. Peters, L. C. Marston, and B. de Groef,
“Relationships between serum serotonin, plasma cortisol, and
behavioral factors in a mixed-breed, —sex, and —age group of
pet dogs,” Journal of Veterinary Behavior, vol. 38, pp. 96-102,
2020.

Y. Yeh, X. Lye, and H. Lin, “Efects of Lactiplantibacillus
plantarum PS128 on alleviating canine aggression and sep-
aration anxiety,” Applied Animal Behaviour Science, vol. 247,
Article ID 105569, 2022.

S. Cannas, B. Tonini, B. Bela et al., “Effect of a novel
nutraceutical supplement (Relaxigen Pet dog) on the fecal
microbiome and stress-related behaviors in dogs: a pilot
study,” Journal of Veterinary Behavior, vol. 42, pp. 37-47,
2021.



