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Placebo-controlled double-blind clomipramine trial for the treatment of
anxiety or fear in beagles during ground transport

Diane Frank, Audrey Gauthier, Renée Bergeron

Abstract — The purpose of this explorative study was, first, to document changes in physiological parameters and
behavior observed in dogs following ground transport and, second, to measure the effects on the above variables
of a short-term administration of clomipramine, anecdotally already prescribed in private veterinary practice to
reduce fear, anxiety, or both. Twenty-four beagles were randomly allocated to either clomipramine (2 mg/kg, q12h
for 7 d) or placebo treatment, and then transported 3 times in a truck for 1 hour. Physiological parameters
(cortisol, neutrophil:lymphocyte (N:L) ratio, heart rate) and behavior were recorded and analyzed. Clomipramine
significantly reduced plasma cortisol (P < 0.05) following transport and tended (£ = 0.07) to reduce N:L ratio.
Clomipramine tended to only reduce “moving and panting” and drooling. Short-term administration of clomip-
ramine appears to slightly reduce fear, anxiety, or both during transport. More research is needed to confirm the
efficacy of this treatment and the appropriate dosage.

Résumé — Etude de la clomipramine en double insu contre un placebo pour le traitement de anxiété ou
de la peur chez des beagles au cours de transports terrestres. Le but de cette étude exploratoire était d’abord de
mesurer les variations des parametres physiologiques et comportementaux observés chez les chiens a la suite de
transport terrestre puis de mesurer les effets sur les variables précédentes d’une administration & court terme de
clomipramine, réputée réduire la peur, Panxiété ou les deux et déja utilisée en pratique vétérinaire privée.
Vingt-quatre beagles ont été alloués au hasard soit au groupe clomipramine (2 mg/Kg, q 12 h pendant 7 jours)
soit au groupe placebo puis transportés 3 fois pendant 1 heure dans un camion. Les paramétres physiologiques
(cortisol, rapport neutrophile : lymphocyte (N :L) et fréquence cardiaque) et le comportement ont été mesurés et
analysés. La clomipramine réduit significativement le cortisol sanguin (P < 0,05) a la suite du transport et tend
(P =0,07) a réduire le rapport N :L. La clomipramine tendait uniquement a réduire I'agitation et le haletement
ainsi que 'hypersalivation. Ladministration de clomipramine sur une courte période semble réduire légérement
la peur, 'anxiété ou les deux au cours du transport. D’autres recherches sont nécessaires pour confirmer Uefficacité

du traitement et la posologie appropriée.
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Introduction

T ransport has been shown to be stressful for many domestic
animal species, including cattle, pigs, poultry, sheep (1),
horses (2,3), and dogs (4,5). Moberg (6) reported “because the
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(Traduit par Docteur André Blouin)

term ‘stress’ has been used so broadly in biology, no clear defini-
tion of stress has emerged.” He defines stress as the biological
response elicited when an individual perceives a threat to its
homeostasis. Traditionally, researchers have relied on a variety of
endocrine, behavioral, autonomic nervous system, and immuno-
logical assays to measure stress. Some authors measuring stress
tend to use different assays together (1,2,5,7-15). Stress response
may result from either fear or anxiety (16). Fear is defined as an
emotional response to a potentially harmful stimulus, whereas
anxiety is the emotional response to a stimulus that predicts
a potentially harmful or unpredictable environment (16).
Hence, anxiety is the anticipation of danger, whether real or
imaginary. For companion animals such as dogs and cats, little
research has been published on stress, anxiety, or both during
car travel. Some cats and dogs require sedation for car travel
and, traditionally, veterinarians have prescribed acepromazine,
a phenothiazine derivative. Acepromazine is labelled for use in
dogs, cats, and horses and is used regularly for its tranquilizing
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action. Phenothiazines are not the drugs of choice to treat
fearful or phobic behaviors, because they have poor anxiolytic
activity and produce marked sedation (17). Physiological mea-
sures of stress were unchanged in dogs receiving acepromazine
during air transport (7). Phenothiazine tranquilizers blunt
normal and abnormal behaviors and some dogs become more
reactive to noise (18—20). Effects such as duration and level of
tranquilization may be individually variable and may be breed
dependent (17).

If dogs and cats are in fact stressed during car transport,
perhaps medications other than phenothiazines might be more
effective at reducing fear or anxiety. Some veterinarians in France
anecdotally report using either tricyclic antidepressants, such as
clomipramine, or selective serotonin reuptake inhibitors, such
as fluoxetine or fluvoxamine, for traveling dogs or cats. The
purpose of this explorative study was 2-fold: First, to document
changes in physiological parameters (cortisol, neutrophil: lym-
phocyte ratio, heart rate) and behaviors observed in dogs during
ground transport and, second, to document whether changes in
physiological parameters or behaviors were observable following
short-term administration of clomipramine, since this is a treat-
ment anecdotally already prescribed in private practice.

Materials and methods

Animals

Twenty-four beagles from the colony belonging to the animal care
facility of the veterinary school (Faculté de Médecine Vétérinaire
de I'Université de Montréal) were selected. Twelve entire males,
average age 18 mo (range 16-20 mo), weighing 13.49 kg
(range 11.2-16.6 kg) and 12 entire females, average age 23 mo
(range 16-30 mo), weighing 11.28 kg (range 8.4-13.2 kg),
were included in the study. The beagles were housed singly for
4 d, namely after transport and 3 additional days for a boarding
study. Blood sampling for cortisol measures was done pre- and
post-transport before they were housed singly. Then, the beagles
were group housed again for the “wash-out” week prior to the
next transport. Study inclusion criteria required normal find-
ings on physical examination, as well as complete blood (cell)
counts (CBC) and blood chemical analyses within normal limits.
Exclusion criteria included any physical or blood abnormal-
ity, as well as uncooperative behavior during blood sampling
techniques. Three dogs were excluded (2: blood abnormalities;
1: struggling with minimal restraint) and replaced by qualify-
ing ones. Food was provided at 0800 and water was available
ad libitum. Administration of clomipramine with or without
food is believed not to produce clinically important differences
in efficacy (21).

Treatments

The study protocol followed Canadian Council on Animal
Care (CCAC) guidelines and was approved by the Animal Care
Committee of the Faculty of Veterinary Medicine. Throughout
this placebo-controlled, double blind study, dogs were allocated
to 1 of 8 groups: cither 1 of 4 groups [M1 to M4] of 3 males/
group or 1 of 4 groups [F1 to F4] of 3 females/group. Each
group was transported 3 times, and treatments were alternated
between transport episodes according to a switchback design, in
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Table 1. Treatment and travel design

Dogs travelling together

Week 1 AM 3 F1 placebo 3 F2 clomipramine
PM 3 F3 placebo 3 F4 clomipramine
Week 2 AM 3 M1 placebo 3 M2 clomipramine
PM 3 M3 placebo 3 M4 clomipramine
Week 3 AM 3 F1 clomipramine 3 F2 placebo
PM 3 F3 clomipramine 3 F4 placebo
Week 4 AM 3 M1 clomipramine 3 M2 placebo
PM 3 M3 clomipramine 3 M4 placebo
Week 5 AM 3 F1 placebo 3 F2 clomipramine
PM 3 F3 placebo 3 F4 clomipramine
Week 6 AM 3 M1 placebo 3 M2 clomipramine
PM 3 M3 placebo 3 M4 clomipramine

which the 2 groups of the same sex received treatments (placebo
or clomipramine) in the opposite order (Table 1). Treatment
allocation was done to ensure that each truckload contained an
equal number of animals (3) per treatment order. The dogs were
transported in a truck in which 6 kennels measuring 0.58 m long
by 0.40 m wide by 0.47 m high could be secured. Groups M1,
M2, F1, F2 always traveled in the morning and groups (M3,
M4, F3, F4) always traveled in the afternoon (Table 1). Females
traveled on the same day (morning or afternoon), and alternated
weekly with transportation of the males. All animals had prior
experience of ground travel, although duration of transportation
may have differed from one dog to another. Space allocation in
the truck was assigned “randomly.” Each group traveled every
other week for an hour. The driver (veterinary student) and
the travel circuit were the same for all 6 days. Clomipramine
(Clomicalm®; Novartis Animal Health, Basel, Switzerland)
in Canada is labelled for use in the dog at a dosage of
1-2 mg/kg body weight (BW) twice daily for the treatment of
separation anxiety and obsessive-compulsive disorders. Drug
or placebo dose was set at 2 mg/kg BW, q12h. Actual dose for
females ranged from 1.8 to 2.3 mg/kg BW and 1.8 to 2.2 mg/kg
BW for males. Tablet administration was done daily at 0800
and 2000 for a week: 3 d prior to truck travel, on the day of
travel, and for 3 d post-travel (boarding study). The aim in this
particular study was to reach a steady state of the medication
by the time dogs were scheduled to travel by truck. Published
pharmacokinetic studies of clomipramine in the dog indicate
that steady state is reached within 4 d (22) or less. Travel day,
therefore, corresponded to the 4th day on medication or pla-
cebo. A dose of 2 mg/kg BW, q12h daily was also selected for
initial pharmacological treatment of storm phobia in dogs (23).
Following transportation, dogs were boarded in individual cages
for 3 days, during which they continued to receive either placebo
or medication. Medication was discontinued without a weaning
process. Plasma half-life of clomipramine in dogs after a single
dose (1 mg/kg BW, q24h; 2 mg/kg BW, q24h; 4 mg/kg BW,
q24h) is reported to be 1.9 h (range 1.0-3.8 h) and 2.8 h (range
1.6-5.0 h) after repeated dose administration (22). Hewson
et al (24), on the other hand, reported that the half-life of clo-
mipramine in dogs after a single oral dose (3 mg/kg BW, q24h)
ranged from 1.2 h to 16 h. Following multiple oral doses, the
half-life ranged from 1.5 h to 9 h. The half-life for desmethylclo-

mipramine in dogs following a single oral dose of clomipramine
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Table 2. Treatment effect on plasma cortisol concentration and neutrophil:
lymphocyte (N:L) ratio of dogs before and after ground transport

Placebo Clomipramine
Standard Standard
Variables Mean Deviation Mean Deviation P-value
Plasma cortisol 36.19 19.38 41.7 20.09 NS
W Departure (nmol/L)
| Plasma cortisol 239.64 90.37 224.55 109.97 0.05
© Return (nmol/L)
= Departure-return difference 203.42 95.29 182.84 119.4 0.03
< N:L Ratio — Departure 3.36 1.42 3.19 1.3 NS
N:L Ratio — Return 6.32 3.39 5.13 2.47 0.07T
Departure-return difference 2.95 2.92 2.34 3.19 NS

(3 mg/kg BW, q24h) ranged from 0.66 h to 2.3 h, whereas fol-
lowing multiple oral doses it ranged from 1.4 h to 4.3 h (24).
To avoid differences in clinical effects of the medication between
the 1st and subsequent trips, a 7-day washout period (25) was
used between trips. Usually a departure for morning travel took
place between 0945 and 1030 and for afternoon travel between
1415 and 1500. One week preceding the 1st truck ride, the skin
over both cephalic veins was shaved for venipuncture and blood
samples were taken for the initial CBC and biochemical analyses.
Hair on the left and right sides of the thorax was also clipped
in preparation for future heart rate monitoring. Subsequently,
hair was clipped as needed over the thorax and veins during the
week preceding the next truck ride.

Physiological measures

Blood sampling was done prior to and following truck trans-
portation to measure plasma cortisol levels and white blood cell
counts to assess N:L ratios. Starting on average 50 min before
transportation, dogs were placed on a table where they either
sat down or stood. They were restrained minimally while blood
was collected in 3-mL EDTA tubes and in 3-mL tubes with a
blood collection set (23G3/4, Vacutainer®; Becton Dickinson,
Franklin Lakes, New Jersey, USA). The same student took all of
the blood samples and was successful on 1st attempt for 71 of
the 72 samples, only on 1 occasion requiring a 2nd venipunc-
ture. White blood cell counts were done on the same day as
collection. All blood samples for cortisol assays were centrifuged
within 1 h following collection and the plasma was frozen at
-70°C until being analyzed. All samples were analyzed on the
same day, 1 mo following the end of the study. Plasma cortisol
determinations were obtained by radioimmunoassay, using a
commercial kit (“Coat-A-Count”; Diagnostic Products, Los
Angeles, California, USA). Sensitivity of the method and coef-
ficient of variation reported by the supplier were 5.5 nmol/L
and 6.3%, respectively.

Prior to and following each trip and blood sampling, rectal
body temperature was taken. Because travel took place during
summer months when daily temperatures can reach 30°C or
higher, temperature and relative humidity within the vehicle
cabin were measured at departure and return times for each
truck ride. Temperatures ranged from 22.2°C to 35°C (mean
28.6, s = 3.7) and humidity from 42% to 84% (mean 59,
s = 11%). The dogs were fitted with a heart rate monitor (Polar
Xtrainer Plus; Polar, Richard Browne & Co., North York,
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Ontario), which stored data at 5-s intervals. The transmitting
belt was covered with an elastic bandage (Vetrap; 3M Company,
Montreal, Quebec) to keep it in place. A cotton jacket was
placed on the dogs to protect the monitor. Dogs were then
transferred to the travel kennel.

Behavioral measures
A battery-powered camera (BCD 468; Vidamax Canada, Laval,
Quebec) was mounted on the outside of each kennel to record
behavior. Two groups of 3 cameras were each connected to a
sequential switcher (SDR4; Vidamax Canada) and a battery-
operated video recorder (AG-1070; Panasonic, Secaucus, New
Jersey, USA). A scan sampling technique was used for the
recording, whereby each dog in a group of 3 was filmed for 20 s.
Cameras were activated as soon as the dog was placed in the ken-
nel. The video recorder was turned on just prior to departure.
Behaviors were recorded in terms of frequency or duration
of occurrence by a different observer unfamiliar with the study
protocol. Postures (lying, sitting, standing) and activities (pant-
ing, moving, moving and panting, immobile, vomiting, biting
the vest, biting or tearing the paper, biting the cage, circling)
recorded as “state” were reported as percentage of observation
time, and “events” (licking lips, wagging tail, yawning, vocal-
izing, licking the cage, and drooling) were reported in terms of
frequency of occurrence.

Statistical analysis

Treatment effects were analyzed by using the general linear
model (GLM) procedure of a statistical analysis system (SAS)
(26), according to a switchback design (27). When data were
not normal, transformations were done. A repeated measure
analysis was performed on physiological data with the GLM
procedure of the SAS (26), to compare pre- and post-transport
values.

Results

Physiological measures

Plasma cortisol levels

Ground transport caused an increase in cortisol regardless of
treatment received (Table 2). However, the increase was signifi-
cantly lower (P < 0.05) in animals treated with clomipramine
than in animals receiving placebo. Cortisol levels pre-transport
were higher in dogs receiving clomipramine than in dogs receiv-
ing placebo, but this difference was not significant (Table 2).

CVJ/VOL 47 / NOVEMBER 2006



Table 3. Treatment effect on canine behavior during ground transport

Placebo Clomipramine
Standard Standard
Variables Mean deviation Mean deviation P-value
States (% Observation time)
Lying down 12.95 18.97 21.97 27.99 NS
Sitting 81.44 20.22 74.81 26.82 NS
Standing 5.59 7.93 3.26 3.83 NS
Panting 42.46 27.13 36.28 26.95 NS
Moving 24.76 17.97 22.17 10.58 NS
Moving, panting 8.30 8.48 5.74 7.41 0.10T
Immobile 18.23 19.64 28.87 23.1 NS
Events (Occurrences per 20 min)
Licking lips 82.78 57.16 69.45 44.31 NS
Tail wagging 0.25 0.7 0.33 0.73 NS
Yawning 2.39 2.07 2.48 2.65 NS
Vocalisation 31.60 79.76 11.44 35.99 NS
Licking cage 0.17 0.94 0.07 0.38 NS
Drooling 10.75 10.16 9.29 10.41 0.06T

T = tendency
NS = Not significant

Neutrophil:lymphocyte ratios

Dogs receiving clomipramine tended (2 = 0.07) to show lower
neutrophil:lymphocyte ratios after transport when compared
with dogs receiving placebo. The pre-transport N:L ratio and
the increase following transport (post-transport minus pre-
transport) were lower in dogs receiving clomipramine compared
with control dogs, but the difference between groups was not
significant (Table 2).

Heart rate

Average heart rate beats/min (bpm) during ground transport was
significantly (P < 0.005) lower in dogs receiving clomipramine
(117.3 bpm) compared with dogs receiving placebo (125.6 bpm).
Peaks of 189 bpm were observed during transport.

Behavioral measures

No significant differences were noted for the postures stand-
ing, lying, or sitting. The dogs spent most of their time (75%
to 80%) sitting. Even though there was no significant differ-
ence, time spent lying down by dogs receiving clomipramine
was double that in dogs receiving placebo. Time spent moving
and panting tended to be less for dogs receiving clomipramine
(P = 0.10). No significant difference was noted in terms of
activities between the 2 treatment groups, despite apparently
large differences between treatment means for some variables
(time immobile). Activities recorded in terms of frequencies
revealed that dogs on clomipramine tended (2 = 0.06) not to
drool as frequently as dogs on placebo (Table 3). Otherwise,
results were not significantly different.

Discussion

Even though we were not always able to show statistical signifi-
cance with all parameters, there was a general tendency for a
decrease in physiological responses associated with stress, as well
as a decrease in the frequency or duration of some of the behav-
iors compatible with anxiety in dogs on clomipramine compared
with dogs on placebo. Our study showed a tendency toward
increased N:L ratio following ground transport, whereas the
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study by Beerda et al (5) showed a significant N:L ratio increase
in dogs following car transport compared with baseline prior to
travel. We observed increased plasma cortisol levels following
transportation for both treatment and placebo, similarly to
Kuhn et al (4), although our post-transport average values were
higher than in Kuhn et al’s study. We can therefore conclude
that dogs transported are “stressed.” In our study, temperature
and humidity inside the truck were relatively high (mean 28.6,
s = 3.7). In Kuhn'’s study, temperatures within the truck varied
between 17°C and 23°C and dogs were transported for 9.5 h. In
the Beerda et al (5) study, car transportation lasted 50 min, but
information on environmental temperature and humidity are
lacking. Transport can bring together different stressors, such as
unusual experience, unfamiliar environment, high temperatures,
noise, and vibrations. Additionally, some animals may suffer
from motion sickness and vomit.

Restraint and venipuncture may cause sufficient stress to
increase baseline cortisol levels when sampling is not performed
promptly following restraint or if restraint is excessive (14).
Knol et al (28) actually compared effects of methods used for
blood collection on plasma concentrations of luteinising hor-
mone, testosterone, and cortisol in trained male experimental
dogs. They reported that whether blood samples were drawn in
a treatment room (unfamiliar environment) or in the kennel
(familiar environment) from the cephalic vein or through an
indwelling catheter in the jugular (control), plasma levels of
the 3 hormones were unaffected. Their conclusion was that the
method of blood collection used did not influence the validity
of results obtained under their experimental conditions. Normal
plasma cortisol levels in dogs vary from 13.79 to 165.54 nmol/L
(29). Cortisol is secreted episodically, with bursts of secretion
occurring throughout the day, thus creating a myriad of peaks
and valleys in the plasma cortisol concentrations. These fluctua-
tions account for the wide reference range for plasma cortisol
concentration in dogs (29). According to Thun et al (30), secre-
tion of cortisol and testosterone in intact male dogs occurs with-
out any evidence of circadian rhythmicity or seasonal variation.
Kemppainen and Sartin (31) also stated that there was a lack
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of circadian rhythmicity for cortisol plasma levels in anoestrous
female and intact male crossbred dogs. Our cortisol baseline
values compared favorably with baseline values measured in dogs
fitted with catheters (28) and with values published elsewhere
in the literature (9,14,15), suggesting that our blood sampling
technique did not interfere with cortisol secretion.

Clomipramine has been reported to significantly decrease
heart rate at a dose of 20 mg/kg BW, PO, q24h, with peak effect
achieved approximately 12 h after dosing. No significant effects
on heart rate were noted when clomipramine was administered
at 4 mg/kg BW and 12 mg/kg BW q24h (25). Additionally,
Pouchelon et al (25) concluded that the cardiovascular effects
did not correlate directly with plasma concentrations of clomi-
pramine or desmethylclomipramine. They felt that their results
were consistent with an indirect or centrally mediated mecha-
nism of action. Most of the anti-anxiety actions of clomipramine
are assumed to be the consequence of inhibition of neuronal
reuptake of serotonin, and these authors hypothesized that the
heart rate lowering effects were achieved via a similar mecha-
nism. Because of the low dose used (2 mg/kg BW, q12h) and
the reported lack of correlation between plasma concentration
and cardiovascular effects, we could therefore hypothesize that
dogs on clomipramine in the present study were less anxious,
less stressed, or both, than dogs on placebo.

Fearful animals can become immobile (freeze), run (flee),
or fight. The specific appearance of a fearful or anxious animal
will vary, but in general the tail is down or tucked, the ears are
pinned back against the head, and the eyes are wide with dilated
pupils. The animal may yawn or lick its lips repeatedly, may
tremble, or may exhibit piloerection (32). When confined, an
increase or decrease in the motor activity of a given animal in
itself is insufficient to conclude that this animal is stressed or
not. Body posture tends to lower with fear, anxiety, or submis-
sion. There is a common stress response resulting from either
fear or anxiety (16). Beerda et al (5) reported increased perfor-
mance of tongue out; snout licking; paw lifting; body shaking,
along with a lowered body posture; and increased heart rate and
saliva cortisol in 1 dog subjected to 95 dB noise. They concluded
that these behaviors could be indicative of stress. In another
study, Beerda et al (9) found that dogs that were subjected to
different types of stimuli (pushing dog down by pressing on the
neck and back; pulling head of dog down to ground via a rope/
bar system; opening an umbrella; bag filled with paper dropped
from the ceiling; noise; electric shock) performed more body
shaking, crouching, oral behaviors (tongue out, tip of tongue
briefly extended, snout licking, swallowing, smacking), yawn-
ing, and restlessness, and presented a low posture. It is unclear
if tongue out in that study indicated panting or not. Mouth
licking, front paw lifting, ears pulled back, and lowered stand-
ing or sitting postures have also been reported as indications of
stress in dogs subjected to harsh training methods (33). Dogs
trained harshly (physical corrections) also vocalized, whereas
dogs trained with rewards did not. Vocalization can occur for
various reasons, such as excitement, play, communication,
attention seeking, threat, pain, or defence (18). Hetts et al (34)
found that dogs housed in the greatest degree of social isolation
spent the most time moving, exhibited the greatest number of
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abnormal movements, and vocalized the most. Vocalization
can also occur as a consequence of fear or anxiety (18,35). The
nature of the bark usually changes depending on the context in
which it is used. The video equipment used in the present study
did not record sound, so the nature of the bark could not be
qualified. The determination of barking was made on the basis
of the behaviors observed.

Our study indicated that dogs spent most of their time sitting
in their kennel regardless of treatment. Because of large indi-
vidual differences, no significant differences could be detected
between treatments for most behavioral data. Even though no
firm conclusion can be drawn from these results, it is interesting
to note that dogs receiving clomipramine appeared to be calmer
than control dogs. Simply looking at the means, they were, in
general, less active and they did not pant, lick their lips, drool,
or vocalize as frequently as dogs on placebo. Dogs being less
active could be a consequence of sedation, which is reported
as a side effect of clomipramine. However, none of the dogs
prior to the truck ride or following the truck ride showed any
signs of sedation. Panting can be associated with increased body
temperature, fever, anxiety, or fear. All dogs were subjected to
the same environmental conditions, yet those on the medica-
tion did not pant as frequently. Drooling and licking lips can
be associated with nausea, as well as anxiety or fear. Dogs on
clomipramine did not vocalize as frequently. Clomipramine is
labelled for use in dogs for the treatment of separation anxiety.
One of the clinical manifestations of separation anxiety is
vocalization during owner absence, and clomipramine has been
shown to be very effective in decreasing vocalization in patients
suffering from this disorder (36). The signs previously described
(increased movement or activity, panting, drooling, licking lips,
vocalizing) are nonspecific. However, one could hypothesize
that taken together in this context, these signs are the con-
sequence of anxiety/fear and that the dogs on clomipramine
were therefore somewhat less anxious. A larger scale study is
needed to confirm this hypothesis. As mentioned earlier, our
physiological results also suggest that dogs on clomipramine
were less stressed and, therefore, possibly less anxious or fearful.
Plasma cortisol levels after transport and mean heart rate per
minute during transport were lower in dogs on clomipramine
compared with control dogs. Interestingly, results published
on the physiology and behavior of dogs during air transport
showed that tranquilization with acepromazine at the dosage and
timing used did not affect physiological and behavioral stress
responses (7). The exact mechanism of action of acepromazine
is not fully understood, but the phenothiazines in general block
post-synaptic dopamine receptors in the central nervous system
(CNS) and may also inhibit the release, as well as increase the
rate of turnover, of dopamine (37). In dogs, acepromazine’s
effects include a decrease in blood pressure, as well as bradycar-
dia. Phenothiazines, also called neuroleptics or antipsychotics,
have been used nonspecifically to manage behavior problems
in animals, such as noise phobia or aggression, by reducing the
animal’s general attendance to environmental stimuli and by
producing sedation (38). They do not decrease anxiety. On the
other hand, psychotropic medications that block the reuptake
of serotonin may have significant antianxiety effects in humans
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(39) and clomipramine has been shown to be effective in at least
1 uncontrolled study. Clomipramine is a tricyclic antidepressant
but differs from other tricyclic antidepressants. It is believed
that the most significant effects of clomipramine result from
its action in preventing the reuptake of norepinephrine and
serotonin at the neuronal membrane (40). Clomipramine is
a selective inhibitor of serotonin reuptake, whereas its inter-
mediate metabolite desmethylclomipramine is an inhibitor of
norepinephrine reuptake. Tricyclic antidepressants (TCAs),
such as clomipramine, and selective serotonin reuptake inhibi-
tors (SSRIs), such as fluoxetine, fluvoxamine, and paroxetine,
are used to treat different human psychiatric conditions. For
instance, they can be used to treat depression, generalized anxi-
ety disorder, panic disorder, and obsessive-compulsive disorder
(39,41). Recent studies have suggested that a possible mecha-
nism by which antidepressants exert their effect is through direct
modulation of the glucocorticoid receptor (42). These same
psychotropic medications are also used to treat various behav-
ioral conditions in different species (19,38,43-46), including
anxiety-related disorders.

One question raised by this study is whether clomipramine
should be recommended as an alternative to acepromazine for
treating dog transport anxiety/fear/stress. Measuring welfare
during transport requires that we consider the animal’s ability
to cope with the environmental stresses and the amount of
effort required to cope. Physiological and behavioral responses
to transport can be used to assess the amount of effort animals
must make to cope (47). But caution is urged (48), since,
for example, the extent of cortisol rise may not be sufficient
to rate the degree of unpleasantness of a given experience.
Stress is complex and individual specific (49). During periods
of adaptation, there is little question that animals are under
some degree of stress. Stress is, in fact, an essential stimulus
for learning and adapting to new situations. Stress responses
have evolved to deal with or adapt to particular stressors,
which means that the type of behavior shown will probably
be context specific (50). Stress behaviors should, therefore, be
interpreted in combination with physiological data and within
their context of occurrence (51). The decision for a veterinarian
to medicate a given dog during car transport should be based
on that animal’s behaviors, as well as its inability to adapt to
car transport (the dog is not improving or is getting worse with
each additional car travel). Clomipramine is currently labelled
for use in dogs in Canada for the treatment of separation anxiety
and obsessive-compulsive disorders. Although not labelled for
car travel, it could potentially be an appropriate drug choice
for this use, since it did show a tendency to decrease behavioral
signs compatible with anxiety/fear and physiological measures
compatible with stress. Additional studies, using various dif-
ferent dosages of clomipramine, as well as comparing truly
punctual versus regular daily use of the medication, would be
useful.
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