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Canine aggression directed towards people is the most frequent reason for
referral to behaviour practices. The serotonergic system and the hypothalamic–
pituitary–adrenal (HPA) axis are believed to play an important role in
controlling aggression. The selective serotonin reuptake inhibitor fluoxetine is
the most commonly used drug in canine aggression. The aim of the present
study was to assess the effect of a 30-day-long fluoxetine treatment on the
peripheral serotonergic system and the HPA axis in canine aggression. To this
end, the concentrations of serum serotonin (5-HT) and plasma cortisol and
dehydroepiandrosterone (DHEA) were analysed in a group of aggressive
(n = 22) and nonaggressive dogs (n = 9) during pre- (day 0) and posttreatment
(day 30) conditions. Treatment caused a significant decrease in 5-HT
concentrations (46% in the aggressive group and 32% in the control group).
There was a trend towards a rise of DHEA ⁄ cortisol ratio values after treatment
both in the aggressive and the control group. The determination of blood 5-HT
and the DHEA ⁄ cortisol ratio could have important clinical applications in the
future for deciding which animals might benefit from a given treatment as well
as for monitoring the response. Further large-scale studies with this aim should
be carried out to obtain sound conclusions.
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INTRODUCTION
Canine aggression directed towards humans, and in particular
towards the owners, is the most common diagnosis in referral
behavioural practices (Bamberger & Houpt, 2006; Fatjó et al.,
2007). To date, no drugs have been approved for the treatment of
aggression in dogs. However, most specialists agree that pharmacological support can often facilitate greatly the implementation
of a behavioural modification programme (Luescher & Reisner,
2008). In the absence of a scientific basis, opting for pharmacological therapy ultimately relies on the clinician’s criterion.
Studies across several species including dogs show an inverse
relationship between the serotonergic neurotransmission and
aggression as determined by low 5-hydroxyindolaceatic acid
(5-HIAA) concentrations in the cerebrospinal fluid (CSF) of
aggressive (and impulsive) individuals (Reisner et al., 1996;
Stanley et al., 2000; Soderstrom et al., 2001; Howell et al.,
2007).
The selective serotonin reuptake inhibitor (SSRI) fluoxetine is
the most commonly used drug in canine aggression, although
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conclusive clinical trials are lacking (Luescher & Reisner, 2008).
A crossover study in nine aggressive dogs showed that fluoxetine
was effective in reducing aggression towards the owners
(Dodman et al., 1996). Similarly, several controlled clinical and
experimental trials in humans with a life history of aggression
have shown the anti-aggressive properties of SSRIs (Coccaro &
Kavoussi, 1997; Cherek et al., 2002).
As a whole, serotonin reuptake inhibitors act by blocking
the 5-HT transporter at the presynaptic neurons, which leads
to an increase in 5-HT concentrations in the synaptic cleft
(Horschitz et al., 2001). Interestingly, it has been shown that
serotonergic reuptake inhibitors administered in several psychiatric subpopulations also block the platelet 5-HT uptake site.
Considering the similarities in the dynamics of 5-HT (uptake,
storage and release mechanisms) in serotonergic neurons and
platelets, changes in blood serotonergic parameters have been
proposed as peripheral markers of the effect of these drugs in
the serotonergic neurotransmission (Figueras et al., 1999;
Mück-Seler et al., 2002; Castrogiovanni et al., 2003; Fisar
et al., 2008).
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In humans, SSRIs are the medication of choice for anxiety and
alleviate, among others, clinical signs of anticipatory anxiety
(Grillon et al., 2009). Several animal behaviourists have reported
that a great proportion of dogs displaying aggression also show
signs of stress (Overall, 1997; Bamberger & Houpt, 2006;
Reisner et al., 2007). It is suggested that serotonergic neurotransmission plays an important role in coping with stress by
acting on the hypothalamic–pituitary–adrenal (HPA) axis (Lanfumey et al., 2008). It is expected, therefore, that the clinical
improvement observed after treatment might be also related to
systems other than serotonergic system, such as the HPA axis, as
it seems to occur in depression after successful antidepressant
therapy (Barden, 2004).
Aggressive dogs have been reported to show a lower level of
serum 5-HT than nonaggressive animals (Çakiroglu et al., 2007;
Rosado et al., 2010) but the effect of treatment on peripheral
serotonergic or neuroendocrine parameters has not been
addressed to date. The aim of the present study was to assess
the effect of a 30-day-long fluoxetine treatment on the peripheral
serotonergic system and the HPA axis in canine aggression. To
this end, the concentrations of serum 5-HT and plasma cortisol
and dehydroepiandrosterone (DHEA) were analysed in a group of
aggressive and nonaggressive dogs during pre- (day 0) and
posttreatment (day 30) conditions.

MATERIAL AND METHODS
Aggressive animals
The aggressive group consisted of 22 dogs (14 males and 8
females). The mean age was 4.2 years old (ranging from
9 months to 9 years). The group included dogs of different
breeds: English cocker spaniel (4), German shepherd (3), poodle
(3), dachshund (2), Catalan sheepdog (1), Yorkshire terrier (1)
and crosses (1), West Highland white terrier (1), Great Dane (1)
and sharpei (1). The group also included two small-medium
mongrels and two specific crosses: dachshund · Yorkshire
terrier and German shepherd · Catalan sheepdog.
These dogs were submitted to the behavioural services of two
veterinary teaching hospitals (Universities of Zaragoza and
Cardenal Herrera-CEU, Valencia) owing to a problem of aggression towards people. Play-related and predatory forms of
aggression were not considered for the present study, although
the presence of other concomitant behavioural problems did not
constitute an exclusion criterion.
Diagnosis of aggression was based on a detailed standard
questionnaire regarding the dogs’ behaviour and daily routine.
Clinical classification of aggression was established in accordance with three main diagnostic criteria: target, context and
dog’s communicative signals (based on Fatjó et al., 2007). Three
main preestablished diagnostic categories were then considered:
a) Social conflict–related aggression directed towards family
members. This might occur during status-related interactions
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and competitive or conflict situations. The dog might show
offensive and ⁄ or defensive (ambivalent) signals.
b) Defensive aggression towards unfamiliar people. This might
occur when approaching or manipulating the dog. The dog
might show defensive signals.
c) Offensive aggression towards unfamiliar people. This might
occur when approaching or manipulating the dog. The dog
might show offensive signals.
Social conflict–related aggression towards the owners was
diagnosed in nineteen animals, and defensive and offensive
aggression towards unfamiliar people was diagnosed in two and
one animals, respectively. A physical examination, complete
blood count, serum biochemistry and thyroid hormone measurement was carried out at the time of admission in all the
cases. These tests showed that dogs included in the present study
did not present any underlying causative nor contributory
medical condition to the aggression problem.
The prescription of fluoxetine (1 mg ⁄ kg, PO, every 24 h) was
established in all the selected animals according to clinical
criteria. As well as the pharmacological treatment, all the
owners were provided with a series of recommendations in
writing, for guidance on how to correctly and safely interact
with the dog. In the case of dogs suffering any other behavioural
problem, treatment measures for these problems were also
included. Dogs were physically and behaviourally revaluated
after of a period of 30 days of fluoxetine treatment. The
assessment of clinical improvement was based on the absence
or drop in frequency and severity of aggressive episodes
according to the owners’ reports.
Control animals
The control group was made up of nine Beagles (four males
and five females, mean age 3.3 years old, ranging from 1 to
6 years) owned by the University Cardenal Herrera-CEU for
research purposes. All these dogs were healthy and lacked any
history of aggression towards people and ⁄ or other dogs.
A laboratory group of beagles instead of privately nonaggressive owned dogs was chosen as a control group for the present
study considering the following pharmacological intervention.
The beagles group was administered a preestablished fluoxetine
treatment (Fluoxetina Rubio 20 mg) at a dosage of 1 mg ⁄ kg,
PO, every 24 h for 30 days. The care and use of animals
followed the European guidelines (European Union Directive
86 ⁄ 609 ⁄ EEC, 1986).
Sample collection and biochemical analyses
Blood extractions were carried out on day 0 (pretreatment
condition) and on day 30 (posttreatment condition) in the
morning from 09.00 to 11.00 h. Blood samples (6 mL) were
collected from the jugular or cephalic vein into EDTA and
normal plastic tubes and centrifuged at 4500 g at 4 C for
10 min. Aliquots of plasma and serum were frozen and stored at
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)30 C and )80 C, respectively. A part of serum aliquots was
set aside for clinical analysis before freezing.
Serum 5-HT was measured with a commercial EIA technique
(Serotonin-ELISA; DLD Dianostika GMBH, Hamburg, Germany).
The intra and interassay coefficients of variation were 3.9–5.4%
and 6%, respectively. Concentrations were expressed in ng ⁄ mL.
The variation (%) of 5-HT concentration after treatment was
expressed as a ratio between the difference in concentrations
[posttreatment – pretreatment] and the pretreatment concentrations.
Plasma cortisol and DHEA were determined in duplicate using
two home enzyme immunoassay (EIA) techniques (G. Chacón,
2004, dissertation). In the cortisol EIA validation test, the intra
and interassay coefficients of variation were 3.5–6% and 3.9–
9.9%, respectively. Regarding DHEA, the intra and interassay
coefficients of variation were 7.4–8.8% and 8.3–9.05%, respectively. Concentrations were expressed in ng ⁄ mL. The DHEA ⁄
cortisol ratio was calculated.
Statistical analysis
Serotonin, cortisol, DHEA and DHEA ⁄ cortisol ratios were defined
as dependent variables. Two factors were considered for statistical analysis: (i) ‘disease’ (D), which grouped two categories,
namely ‘aggressive’ and ‘control’, and (ii) ‘treatment’ (T), which
included the ‘pretreatment’ and ‘posttreatment’ conditions.
Distribution of 5-HT data was shown by Shapiro–Wilk test to
be normal, whereas distributions of cortisol and DHEA were
nonnormal. Parametric tests were finally used, and the limitations related with this analysis are dealt in the discussion.
A multifactorial multivariate analysis with repeated measures
was used to assess the effect of factors (D) and (T). Interaction
between factors (D · T) was also studied. A logarithmic regression was used to assess the relationship between the variation
(%) of 5-HT concentrations after treatment and the pretreatment
concentrations. Finally, correlations between all parameters
were analysed using the Pearson test.
Calculations were carried out using the statistical program
SPSS 14.0. for Windows (SPSS, Inc, Chicago, IL, USA). We
considered that a P-value of <0.05 denoted statistical significance, and P < 0.10 was treated as a trend.

RESULTS
Following treatment, all the owners reported to have noticed an
improvement of the situation, which was reflected in the
absence ⁄ decrease in the number and ⁄ or severity of aggressive
episodes.
Multifactorial multivariate analysis of variance showed a
significant effect of the factors D (P = 0.002) and T (P = 0.001).
A nonsignificant interaction was detected between both factors
(D · T). Pre- and posttreatment mean concentrations of all
biochemical variables are described in Table 1. Treatment
caused a significant decrease in 5-HT concentrations (46% in
the aggressive group and 32% in the control group). A negative
correlation was found between the variation (%) of serum 5-HT
after treatment and the concentration on day 0 (R2 = 0.51;
P < 0.001). The relation between both parameters is shown in
Fig. 1.
Positive correlations were detected between pre- and posttreatment cortisol and pre- and posttreatment DHEA both in the
aggressive (r = 0.502; P = 0.02 and r = 0.675; P = 0.001,
respectively) and in the control groups (r = 0.741; P = 0.022
and r = 0.845; P = 0.004, respectively). In the aggressive
group, negative correlations were found between pretreatment
cortisol and the DHEA ⁄ cortisol ratio (r = )0.571; P = 0.026)
and between posttreatment cortisol and the DHEA ⁄ cortisol ratio
(r = )0.429; P = 0.046).

DISCUSSION
All the owners reported an improvement of the problem after the
30-day-long fluoxetine treatment, albeit different degree. Recommendations to the owners on how to correctly and safely
interact with the dogs could also have had a beneficial effect on
clinical outcome. Literature in canine psychopharmacology is
scarce although studies to date have shown that a 3-week
fluoxetine treatment was effective in reducing aggression
(Dodman et al., 1996), whereas a 6-week Clomipramine and
4-week Amytriptilyne administration had no effect compared
with placebo and behavioural modification therapy alone,
respectively (White et al., 1999; Virga et al., 2001). In humans,

Table 1. Pre and posttreatment mean (standard error) concentrations of biochemical variables in aggressive and control dogs

Variable
Serotonin (ng ⁄ mL)
Cortisol (ng ⁄ mL)
DHEA (ng ⁄ mL)
DHEA ⁄ cortisol ratio

Group
Aggressive
Control
Aggressive
Control
Aggressive
Control
Aggressive
Control

Pretreatment

Posttreatment

Mean (SE)

Mean (SE)

293.7
287.3
18.1
6.7
67.2
168.1
7.6
41.2

(32.7)
(28.2)
(3.2)
(2.3)
(11.9)
(66.1)
(1.8)
(16.5)

122.9
178.5
16.8
6.4
65.6
224.7
11.1
95.8

(12.3)
(30.2)
(3.7)
(2.4)
(9.2)
(79.1)
(17.0)
(47.8)

P-value
D
0.47

T

D·T

<0.001**

0.26

0.03*

0.76

0.86

0.01*

0.08

0.06

0.001**

0.08

0.13

D, Disease; T, Treatment; DHEA, dehydroepiandrosterone. *P < 0.05, **P < 0.01.
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Fig. 1. Regression plot of the relationship between the variation of
serotonin concentrations after treatment (%) and pretreatment serotonin
concentration in aggressive and control dogs.

a decrease in aggressiveness, impulsiveness, hostility and
irritability following SSRIs administration has been reported
(Coccaro & Kavoussi, 1997; Cherek et al., 2002; Kamarck et al.,
2009).
Pretreatment concentration of serum 5-HT was similar in the
aggressive and control groups. This finding contrasts with a
previous one by the authors (Rosado et al., 2010) and other
published results where aggressive dogs were characterized by
lower 5-HT concentrations in serum (Çakiroglu et al., 2007) as
well as lower 5-HIAA concentrations in CSF (Reisner et al.,
1996). One possible reason to account for the difference with the
previous results by the authors may be the different population
used as control group. The control population in the previous
studies was made up of a heterogeneous population of household
dogs who lived with their owners, whereas in the current study,
it was made of a homogeneous group of beagles living under
experimental conditions. An experimental population of dogs,
however, is required for pharmacological intervention according
to ethical research criteria.
Overall, fluoxetine treatment markedly reduced serum 5-HT in
the aggressive and control dogs. Similarly, previous studies on
depression have shown a significant decrease in platelet 5-HT
content following SSRIs administration (Alvarez et al., 1999a;
Figueras et al., 1999; Mück-Seler et al., 2002; Maurer-Spurej
et al., 2004). In particular, changes on serum 5-HT after
treatment seemed to occur in a nonlinear manner: those animals
with very low and high concentrations on day 0 tended to show
the higher variation (%) of 5-HT concentrations on day 30. This
finding may be explained as a regulation phenomenon of
peripheral 5-HT turnover after blocking the platelet 5-HT uptake
place by fluoxetine.
The strong correlation found between the variation of 5-HT
level on day 30 and that of day 0 may suggest that the effect of
treatment on serum 5-HT was largely (50%) conditioned by the
pretreatment condition. This finding might in turn suggest a
predictor value of pretreatment 5-HT levels for posttreatment
levels. However, such pretreatment levels cannot be used as a
 2010 Blackwell Publishing Ltd

predictor of the clinical outcome. In this regard, several studies
on human platelets suggest that a high pretreatment platelet
5-HT content is associated with a later poor therapeutic outcome
to antidepressants (Figueras et al., 1999; Mück-Seler et al.,
2002; Castrogiovanni et al., 2003). In addition, some authors
suggest that plasma 5-HT levels after 1 day of fluoxetine
treatment may predict the antidepressant response, as responders showed significantly lower concentrations than nonresponders (Alvarez et al., 1999b). Whether these findings are true for
fluoxetine-treated aggressive dogs was not addressed in the
present study but it might represent an interesting question to
assess in future studies. Anecdotally, it is worth mentioning that
the three aggressive animals with the highest 5-HT pretreatment
concentrations showed a poorer improvement of the problem
than did other cases.
Regarding neuroendocrine parameters, pretreatment concentration of plasma cortisol was found to be significantly higher in
the aggressive group than in the control group, suggesting some
degree of stress in the former. This result is in agreement with
previous results by the authors (Rosado et al., 2010) and studies
on humans (Soderstrom et al., 2004; van Bokhoven et al.,
2005), where high concentrations of glucocorticoids have been
related to affective forms of aggression. It moreover reflects the
clinical finding that a great proportion of aggressive dogs also
show anxiety and other signs of stress (Overall, 1997; Bamberger & Houpt, 2006; Reisner et al., 2007).
Pretreatment concentration of plasma DHEA and the
DHEA ⁄ cortisol ratio value, on the other hand, appeared to be
significantly higher in the control group than in the aggressive
group. In humans, a high level of the sulphated form of DHEA
(DHEAS) has been related to aggression in boys with conduct
disorder (van Goozen et al., 1998; Dmitrieva et al., 2001;
Golubchik et al., 2009), although DHEA was not related to
aggression according to the latter study (Golubchik et al., 2009).
This finding stresses the need for an assessment of the role of
both the sulphated and nonsulphated forms of DHEA in
aggression. In this regard, it is considered that DHEAS is a
GABAA antagonist (Baulieu & Robel, 1998; Park-Chung et al.,
1999), whereas DHEA metabolites display GABAA agonistic
properties (van Broekhoven & Verkes, 2003). Therefore, disequilibrium between both forms could alter aggressive behaviour, as
it has been experimentally observed in mice (Nicolas et al.,
2001).
The treatment did not induce any significant change on
cortisol concentrations in any of the groups studied. Correlations
between pre- and posttreatment cortisol values in both groups
suggest that posttreatment levels largely depend on the starting
conditions. It has been suggested that the normalization of the
hyperactive HPA system occurs during successful antidepressant
pharmacotherapy of depressive illness (Barden, 2004). Regarding the present results, it is possible that the regulatory role of
the serotonergic system on cortisol secretion, which seems to be
mediated by the 5-HT1A y 5-HT2C receptors (Lanfumey et al.,
2008), may have required a more extended period of treatment.
On the other hand, treatment induced an upward trend on
plasma DHEA concentrations only in the control group. Again,
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the correlation between pre- and posttreatment DHEA values in
both groups suggests that starting levels are important for the
outcome. Interestingly, there was a trend towards a rise of
DHEA ⁄ cortisol ratio values after treatment both in the aggressive
and in the control group. Cortisol and DHEA co-regulate each
other and hence co-elevations or imbalances determine net effect
on tissues. Considering this, it has been suggested that it may be
important to consider the ratio of both steroids in addition to
their absolute concentrations (Maninger et al., 2009). In the
present study, the ratio DHEA ⁄ cortisol, rather than concentrations of either hormone alone, more accurately discriminated
changes in HPA axis after treatment in both groups.
Considering the antiglucocorticoid properties of DHEA(S), it
has been suggested that a high circulating DHEA(S) ⁄ cortisol
ratio may indicate the degree to which an individual counteracts
the centrally mediated, negative effects of stress (Morgan et al.,
2004). It may be hypothesized that fluoxetine, a drug with both
anxiolytic and anti-aggressive properties, induced an improvement of well-being of the dogs studied, as indicated by an
increased ratio value. Several studies in depressed patients have
shown that concentrations of the neurosteroid allopregnanolone, a positive allosteric modulator of the GABAA receptors,
increased following effective SSRIs treatment (Uzunova et al.,
1998; Ströhle et al., 2000). To the authors’ best knowledge,
there are no published studies focusing on the effect of
serotonergic drugs on DHEA concentrations.
Finally, the increase in DHEA concentration (control group)
and DHEA ⁄ cortisol ratio value (control and aggressive group)
following treatment could coincide to a certain extent with the
results of studies that show DHEA administration to improve
signs of depression and anxiety, mood, sense of well-being,
activity and energy in several human subpopulations (Wolkowitz et al., 1999; Johnson et al., 2002; Strous et al., 2003;
Schmidt et al., 2005; Rabkin et al., 2006). Apart from the
antiglucocorticoid properties, it has been suggested that the
beneficial effect of DHEA administration might result from its
sigma 1 receptor-mediated enhancement of noradrenaline and
5-HT neurotransmission (van Broekhoven & Verkes, 2003). To
date, there is no scientific evidence for intervention in dogs in
this sense.
One limitation to the present work is the use of parametric
tests for variables showing a nonnormal distribution (i.e. cortisol
and DHEA). This may limit the generalization of the results on
these variables. However, the authors found the multivariable
multifactorial analysis more robust than univariable unifactorial
analyses. Further studies considering larger and more homogenous groups would allow a better assessment of individual
differences.
In conclusion, this is the first study that assesses the effect of
a 30-day-long fluoxetine treatment on several peripheral
biochemical parameters in control and aggressive dogs. Treatment caused a drop in serum 5-HT concentrations in both
groups, supporting the hypothesis that the peripheral serotonergic system in canine species is sensitive to drugs that work
upon the central serotonergic system. If a clear correlation
between blood and brain 5-HT is confirmed, the determination

of serum 5-HT could have important clinical applications in
the future. For example, it could be used for deciding which
animals might benefit from a given pharmacological treatment
as well as for monitoring the response. In addition, a trend was
found towards an increase in DHEA concentrations (control
group) and in DHEA ⁄ cortisol ratio values (control and aggressive group) following fluoxetine treatment. The role of DHEA in
mediating canine aggression has yet to be fully determined
but this finding gives a new insight into the management of
stress-related canine behaviour problems. Further large-scale
studies with this aim should be carried out to obtain sound
conclusions.
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