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Simple Summary: Cats are often anxious during travel and veterinary visits which can lead to a lack
of veterinary care. In this study, a novel pregabalin 50 mg/mL oral solution was tested in 209 cats
suffering from anxiety. The cats were given either flavored pregabalin solution or an identical placebo
solution without pregabalin 90 min before transporting them in a car for at least 20 min to a veterinary
clinic. The effect of the treatment during transportation was evaluated by the cat owner and during
clinical examination by the veterinarian. Neither the cat owner nor the veterinarian knew which
treatment the cat had received. Both travel- and veterinary-visit-related anxiety were significantly
decreased in cats that had received pregabalin. Treatment was well tolerated. Only few cats showed
slight incoordination and tiredness for a short time. The owners found a small volume o flavored
oral solution user-friendly. It was also well accepted by the cats. This study showed that a single
oral dosage of the novel pregabalin solution alleviates anxiety and fear related to transportation and
veterinary visits in cats, thus aiding both owners and veterinarians by enabling cat-friendly handling
and improving the welfare of cats in stressful situations.

Abstract: Cats frequently suffer from anxiety related to travel and veterinary visits. One sequela is
avoidance of veterinary visits and lack of adequate veterinary care. The objective of this study was
to test clinical efficacy and safety of a novel formulation of a pregabalin 50 mg/mL oral solution
for alleviation of anxiety and fear in cats during transport and veterinary visits. A total of 209
client-owned cats were given either a flavored pregabalin oral solution at the dosage of 5 mg/kg
(n = 108) or an identical placebo (n = 101) approximately 90 min before placing them into the carrier
and transporting them in a car for at least 20 min to a veterinary clinic. The treatment effect using
a 5-point numerical rating scale was evaluated during transportation by the owner and during
clinical examination by the veterinarian, both blinded to the treatment. In addition, to verify the
owner assessment, an external expert blinded to the treatment and owner assessment evaluated
the transportation video recordings using the same rating scale as the owner. Pregabalin 5 mg/kg
statistically significantly decreased both travel- (p < 0.01) and veterinary-visit- (p < 0.01) related
anxiety compared to the placebo. The external expert’s evaluation was in agreement with the owners’
assessment confirming the treatment effect during transportation (p < 0.01). Treatment was well
tolerated with only a few cats showing transient slight incoordination and tiredness. The flavored
oral solution formulation with a small dosing volume of 0.1 mL/kg was found by the owners to be
user-friendly and was well-accepted by the cats. This study demonstrated that a single oral dosage of
the novel pregabalin oral solution alleviates anxiety and fear related to transportation and veterinary
visits in cats, thus providing practical aid for both owners and veterinarians to enable cat-friendly
handling and improving the welfare of cats in situations they often perceive as very stressful.
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1. Introduction

Anxiety and fear associated with transportation and veterinary visits is a well-known
challenge among cat owners [1–4]. Based on the results of a cat owner survey by Mariti et al.
(2016) [5], most cats show impaired welfare during all stages of a clinic visit: before entering
the waiting room, moving to the examination room, on the examination table, and after
returning home. Distress worsens with every further experience and has a compounded
negative effect on traveling and handling in other situations [5]. As many cats aggressively
resist being placed into a carrier and show signs of distress when transported and during
veterinary visits, many cat owners defer taking their cat to the veterinarian.

According to a veterinary care usage study by Volk et al. (2011) [2], 40% of cats had
not been seen by a veterinarian within the past year, compared to only 15% of dogs. Similar
results are shown in another survey, in which 44.9% of cat owners did not take their cats to a
veterinarian, despite the recommendation of an annual preventive care visit [6]. Therefore,
cats are likely to be more seriously ill before veterinary care is sought.

Pregabalin is a structural analogue of the neurotransmitter gamma-aminobutyric acid
(GABA) and binds to the alpha-2-delta subunit of the voltage-dependent calcium channel
in the central nervous system [7]. It decreases the release of glutamate and monoamine
neurotransmitters involved in the pathophysiology of anxiety [8,9]. At the brain level,
attenuation of fear-related activation of the amygdala and anterior insular cortex contributes
to the anxiolytic effect of pregabalin [10,11]. In rodent models, pregabalin has shown dose-
dependent anxiolytic-like effects [11–13]. In a pilot study in client-owned cats, good
clinical safety and a significant decrease in signs of anxiety and fear associated with car
transportation was reported [14].

Two pharmacokinetic studies of pregabalin in laboratory cats have been published [15,16]
showing good absorption and bioavailability, as well as a linear pharmacokinetic pro-
file. Lamminen et al. (2022) [16] reported the bioavailability of 94%, mean maximum
plasma concentration of 10.1 µg/mL reached between 0.5 and 1 h, area under the curve
of 129 h*µg/mL, and a mean half-life of 14.7 h after administration of the oral solution
formulation used in this clinical study with a dose 5 of mg/kg. No safety concerns were
reported in healthy laboratory cats.

The objective of this study was to confirm clinical efficacy and safety with the newly
developed flavored oral solution formulation in cats showing signs of distress, anxiety,
and/or fear during transportation and veterinary visits.

2. Materials and Methods

The study was a randomized, double-blind, placebo-controlled, parallel-group, mul-
ticenter clinical field study conducted at 22 veterinary clinics in five European countries
(Finland, Germany, Hungary, Ireland, and Portugal) between September 2018 and May
2019. The randomization of the study treatment was made before the study started by an
independent randomization expert using computer software. The investigators, owners,
external expert, and the sponsor representatives were all blinded to the study treatment.
The investigators were licensed veterinarians who were willing to participate and able to
recruit suitable patients from their patient populations to the study. These veterinarians
were trained for the study procedures and their working time used for the study tasks was
financially compensated.

The study was conducted in compliance with Good Clinical Practice (GCP) as defined
by the Veterinary International Conference on Harmonization (VICH) Guideline (GL)
number 9. The GCP is an acknowledged international ethical and scientific quality standard,
and gives assurance about the integrity of the data and animal welfare. The General Data
Protection Regulation was fully followed during the study.

The clinical trial application was approved by the competent regulatory authority
of each country, and the study protocol was written in accordance with animal welfare
standards and requirements. Owner informed consent was obtained in writing from cat
owners prior to enrollment. Owners were informed that cats would randomly be assigned
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to placebo and treatment groups, that all cats would receive physical and laboratory
examinations as part of their participation in the study, and possible risks associated with
the use of sedatives, if required, were explained. The owners were permitted to withdraw
their cat from the study for any reason, at any time. Owners acted as rapporteurs and
assessors of the cats’ behaviors for parts of the study as described below, but no data were
collected on the owners separate from that for the guardianship of the cats. The health,
welfare, treatment, and care of the study animals were ensured by veterinary supervision
at each participating clinic and also monitored by sponsor personnel not affiliated with
the study site, but trained as clinical study monitors, to ensure humane care of the study
animals according to GCP standards.

2.1. Animals

Client-owned cats were recruited by the investigators from clientele of their partic-
ipating veterinary clinics and through advertisements in social media. Cats of any age
were eligible to participate to the study if they had a history of being stressed, anxious, and
fearful when transported by car and during veterinary visits. They could enter the study
after being assessed by a veterinarian as healthy or with mild systemic disease (American
Society of Anesthesiologists class I or II). Additionally, cats enrolled were required to score
3–5 at the screening in the owner’s assessment of transportation (Table 1) and 3–5 in the
investigator’s assessment of the ability to perform clinical examinations (Table 2). Cats were
excluded from participating if they were being treated with other psychoactive medications,
homeopathic remedies, pheromonal products, supplements, or a special diet to control
anxiety. Other reasons for exclusion were pregnancy, lactation, concurrent participation
to any other clinical study, and any other condition or situation which could disturb the
conduct of the study, for example, owner’s inability to administer the study treatment,
make video recording, or transport the cat in a car.

Table 1. Numerical rating scale for the owner’s assessment of the treatment effect based on the cat’s
stress, anxiety, and/or fear during the transportation in a car. Modified from Lamminen et al. (2021) [14].

Score Description

1 Excellent: Cat was calm and quiet during the whole transportation time, did not
express signs of stress, anxiety, and/or fear.

2
Good: Cat was calm and quiet during most of the transportation time. Transient mild

signs of stress, anxiety, and/or fear (e.g., occasional vocalization, salivation, or
locomotion) up to 25% of the transportation time.

3 Fair: Cat showed moderate signs of stress, anxiety, and/or fear (e.g., vocalization,
salivation, locomotion, or other activity in bouts) up to 50% of the transportation time.

4
Poor: Cat showed strong signs of stress, anxiety, and/or fear (e.g., vocalization,

salivation, locomotion, or other activity almost without interruption or in longer, more
forceful bouts) up to 75% of the transportation time.

5
Very poor: Cat showed extreme signs of stress, anxiety, and/or fear (e.g., vocalization,

salivation, locomotion, or other activity forcefully and without interruption) for
75–100% of the transportation time.

Since these visits either were annual health visits or mimicked them, all cats received a
physical and laboratory examination as part of their participation in the study. All cats were
monitored for clinical safety of the study treatment (active or placebo) that they received,
as pregabalin was not yet approved for this target species.
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Table 2. Numerical rating scale for the investigator’s assessment of the treatment effect based on
the cat’s stress, anxiety, and/or fear during the clinical examination at the clinic. Modified from
Mills et al. (2006) [17] and van Haaften et al. (2017) [18].

Score Description

1 Excellent: Clinical examination could be easily performed without resistance or with insignificant resistance
(no restraint needed). Cat was compliant and not frozen and did not express signs of stress, anxiety, and/or fear.

2
Good: Minor resistance; clinical examination could be performed with the technician minimally restraining the
cat by placing a hand on the head or back. Cat was compliant and not frozen and expressed mild signs of stress,

anxiety, and/or fear.

3
Fair: Moderate resistance or freezing. Cat expressed moderate signs of stress, anxiety, and/or fear. Clinical

examination could be performed with the veterinary technician using physical restraint involving stabilizing the
cat and holding in place. Freezing is defined as a moderately tense body.

4

Poor: Strong resistance or freezing. Cat expressed strong signs of stress, anxiety, and/or fear. Clinical
examination could be performed without sedation with the veterinary technician more tightly restraining the cat

(physically wrapping or scruffing cat). Freezing is defined as a very tense body, e.g., absence of movement
except respiration.

5
Very poor: Extremely strong resistance. Cat expressed extreme signs of stress, anxiety, and/or fear and

responded to the clinical examination with avoidant and/or defensive behaviour to an extent that completing
the examination required sedation.

2.2. Treatments

At screening, cats were given tap water orally with a syringe to mimic study proce-
dures, and baseline assessments were performed. Eligible cats were randomly assigned
in a 1:1 ratio to receive either a single 5 mg/kg dose of flavored pregabalin oral solution
(Bonqat®50 mg/ml, Orion Corporation, Espoo, Finland) or a placebo. To ensure blinding,
the study treatments were identical in color and odor with the same small dosing volume
of 0.1 mL/kg. The study treatments were given at home by the owner who was trained to
administer the study product.

2.3. Assessments

The assessments were done both at screening and treatment visits that were conducted
at the interval of 5–10 days (Figure 1). Study treatment (or water at the screening visit)
was administered 90 ± 15 min before the cats were placed into a carrier and transported
in a car for at least 20 min to the veterinary clinic. A video was recorded during the car
transportation. At the clinic, a standardized clinical examination (Table 3) was performed
by the investigator, who was the participating clinic veterinarian. The clinical examination
was designed to correspond to and coincide with a routine annual health check. To ensure
adequate patient population and reliable results, all procedures and assessments were
performed in a similar manner at both the screening and treatment visits.
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Table 3. Standardized clinical examination performed by the investigator at the veterinary clinic with
specified order of performance in increasing invasiveness.

Order Procedure

1 Cat carrier placed on examination table.

2 Carrier opened, and cat allowed to exit the carrier within approximately 1 min.

3 Cat removed from carrier, if it did not come out on its own, and placed on mat on the table.
Assessment of alertness was done at the treatment visit.

4 Cat stroked dorsally on the table.

5 Heart and lungs auscultated. Heart rate and respiratory rate recorded.

6 Head held, eyes checked visually (primarily without any device).

7 Head held, ears checked visually (primarily without any device).

8 Head held, external neck and salivary glands and lymph nodes examined.

9 Head held, lip lifted – gums checked – capillary refill time (CRT).

10 Head held, mouth opened and checked.

11 Cat’s neck held – prescapular lymph nodes checked, hand ran down cat to check skin, popliteal
lymph nodes checked.

12 While cat is standing belly palpated.

13 Proprioception checked for front and hind limbs.

14 Tail lifted, anus visualised.

15 Rectal temperature measured.

16 Blood sampling.

2.4. Primary Efficacy Variables

The two primary efficacy variables were the owner’s assessment of the treatment effect
during transportation and the investigator’s assessment of the treatment effect during
clinical examination. A 5-point scale was used for both variables (Tables 1 and 2).

2.5. Secondary Efficacy Variables

As secondary efficacy variables, the owners assessed the ability to place the cat into
the carrier using a similar 5-point scale. Additionally, the owners assessed signs of stress,
anxiety, and/or fear (vocalization, abnormal activity, resistance, destructive behavior,
escaping/hiding, withdrawn/crouching, freezing/decreased motor activity, urination,
defecation, vomiting, panting, continuous licking, scaling, salivation, sweating paws).
Each sign was rated for the extent to which it was expressed according to Table 4. Rating
occurred at several time points: during transportation, clinical examination, at home just
after opening the carrier, and 1 and 3 h after coming home. The sum of signs of stress,
anxiety and/or fear was calculated for each individual and timepoint, and the means of
the treatment groups were compared to each other. The owners also assessed the onset and
end of any change or signs of effect in the cat’s behavior. Additionally, they assessed the
usability of the product utilizing a scale of “very easy”, “easy”, “somewhat difficult” and
“very difficult”.

Table 4. Numerical rating scale for the owner’s assessment of the extent of signs of distress, anxiety,
and/or fear. Modified from Lamminen et al. (2021) [14].

Score Description

0 None

1 Only a few times

2 Half of the time

3 Most of the time

4 Continuously
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2.6. External Expert Assessments

An external expert observer, blinded to the study treatment and owner assessment,
evaluated the treatment effect during transportation based on video recordings using the
same 5-point scale as the owner. Additionally, the external observer assessed the signs
of stress, anxiety, and/or fear during transportation according to the frequency and/or
duration, depending on the type of behavior (Table 5).

Table 5. The signs assessed by the external observer in video assessment of cats. Modified from
Lamminen et al. (2021) [14].

Signs Assessed by Frequency Signs Assessed by Duration

Elimination Crouched position

Eyes closed Ears flattened

Lip licking Exploration

Purring events Grooming

Shake off Hiding

Swallowing Locomotion

Vomiting Pupils dilated

Yawning Purring

Panting

Scratching

Salivating

Sleeping

Tail close to body

Vocalization

Withdraw

Other

2.7. Safety Assessments

As safety variables, the investigator assessed the alertness (physical and mental activ-
ity) and potential sedation of the cat at the beginning of clinical examination. Additionally,
the owner scored at home the cat’s activity and ability to stand up and walk when opening
the carrier, and 1 and 3 h after coming home (Table 6). Blood samples were collected
at screening and treatment visits for hematological (e.g., blood cell counts, anaemia pa-
rameters, and white blood cell differential) and clinical chemistry (e.g., kidney and liver
parameters, and electrolyties) analysis, and adverse events were recorded throughout
the study.

Table 6. Numerical rating scale for the owner’s assessment of the cat’s activity, and ability to stand
up and walk. Modified from Korpivaara et al. (2017) [19] and Korpivaara et al. (2022) [20].

Score Description of the Cat’s Ability to Stand up and Walk Description of the Cat’s Activity

1 Normal: Cat is able to stand up and walk normally. Active: e.g., mobile, pacing, trying to evade or hide when
approached, hissing, crying, growling.

2
Calm: e.g., cat is able to stand up, can walk almost normally once

it is moving although it may move more slowly. Walk may
involve occasional mild staggering/incoordination.

Neutral: e.g., attentive, walking, standing, sitting normally, or
normally lying down, behaves as usual.

3 Mild incoordination: e.g., cat can stand when encouraged or
lifted up, mild staggering/incoordination when walking.

Calm: e.g., sitting or lying down, snoozing, may or may not look
at observer, reacts to touch.

4
Moderate incoordination: e.g., cat can stand when encouraged or

lifted up, hesitates to move, walking involves clear
staggering/incoordination, may fall down when walking.

Very calm/sleeping: e.g., lying down or curled up, ignoring
observer, eyes closed, does not react to touch or stimulation

(e.g., when lifted up).

5 Severe incoordination: Cat is unable to stand up and walk.
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2.8. Statistics

Sample size was estimated based on a previously conducted pilot study [14]. The
estimated sample size in each group was 81, with a 5% level Chi-square test having a 90%
power to distinguish between an active treatment group and placebo. It was assumed
that variation would be larger in this study than in the pilot study due to several centers,
countries, and possible dropouts. Thus, at least 90 cats were to be recruited for both the
pregabalin group and the placebo group by the end of the study.

Both primary variables were analyzed with a generalized linear mixed model appro-
priate for a multinomial response variable, with a cumulative logit link function. Treatment
was modeled as a fixed effect, and center and center-by-treatment interaction as random
effects. The baseline score was included as a covariate. As a supportive analysis, both
primary variables were also dichotomized into success/failure variables following the
predefined plan, where “success” was defined as “excellent” or “good” in the 5-point
rating scale. All other scores (“fair”, “poor”, “very poor”) were regarded as “failure”.
Dichotomized variables were analyzed with a logistic regression model. The inter-rater
reliability between owners and external observer assessments of treatment effect during
transportation was assessed with Cohen’s weighted kappa coefficient (κ).

The multinomial secondary variables were analyzed with a similar model as the
primary variables. Change from baseline in owner’s assessment of sum of signs of stress,
anxiety, and/or fear was analyzed with a linear mixed repeated measures analysis of
covariance (RM-ANCOVA) model. Treatment, time and treatment-by-time interaction
were fixed effects and subject, center and center-by-treatment interaction were random
effects. Estimates for individual time points were done using contrasts. External observer
assessment of signs of stress, anxiety, and/or fear were analysed descriptively.

All safety variables were reported descriptively by the treatment group. Differences
were considered to be statistically significant with p < 0.05. All randomized cats (intention
to treat [ITT] population) were included in the safety analysis. As the aim was to study the
anxiolytic effect of pregabalin, a conservative approach was chosen where the cats were
excluded from ITT population in the efficacy analyses if signs of sedation were seen. The
predefined criteria in the study protocol stated that cats showing sedation at the clinic when
evaluated at the beginning of clinical examination, or cats that were very calm/sleeping
and showed moderate or severe incordination at two timepoints after coming home were
excluded from the efficacy analysis.

3. Results
3.1. Animals

A total of 214 client-owned cats entered the study. Five of them discontinued the study
before treatment administration, thus 209 cats (one from Germany, 18 from Ireland, 23 from
Finland, 57 from Hungary, and 110 from Portugal) were randomly allocated to receive
either pregabalin 5 mg/kg (n = 108) or placebo (n = 101). The mean (SD) actual dose of
pregabalin was 5.6 (5.3) mg/kg, dose volume was 0.5 (0.3) mL per cat, and the median
(range) duration of car transportation was 22 (20–45) min and 22 (20–50) min for 5 mg/kg
and placebo, respectively. The demographic and baseline characteristics were comparable
in the treatment groups (Table 7).

Table 7. Demographic and baseline characteristics.

Variable Pregabalin(n = 108) Placebo(n = 101) Total(n = 209)

Sex, n (%)
Male 51 (47) 36 (36) 87 (42)

Female 57 (53) 65 (64) 122 (58)

Age (years)
Mean (sd) 5.3 (3.8) 5.7 (3.4) 5.5 (3.6)

Median (range) 4.7 (0.4–14.9) 5.5 (0.6–15.6) 4.9 (0.4–15.6)
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Table 7. Cont.

Variable Pregabalin(n = 108) Placebo(n = 101) Total(n = 209)

Weight (kg)
Mean (sd) 4.1 (1.2) 4.3 (1.2) 4.4 (1.2)

Median (range) 4.1 (2.3–7.6) 4.3 (2.1–10.3) 4.2 (2.1–10.3)

Neutered, n (%)
Yes 87 (81) 87 (86) 174 (83)
No 21 (19) 14 (14) 35 (17)

Signs of severe anxiety at baseline (at least 3 signs at least
half of the time), n (%)
During transportation 76 (72) 74 (73) 150 (73)
At the veterinary clinic 76 (72) 68 (67) 144 (70)

3.2. Primary Efficacy Variables

A statistically significant difference favoring pregabalin 5 mg/kg over placebo was
seen in both primary efficacy variables, the owner’s assessment of the treatment effect
during transportation (OR 3.8 [95% CI 1.8–8.1], p < 0.01) and the investigator’s assessment
of the treatment effect during clinical examination (OR 3.4 [95% CI 1.8–6.4], p < 0.01)
(Figure 2).
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Figure 2. Distribution of responses (percentage of cats) for owner’s assessment of the treatment
effect during transportation and investigator’s assessment of the treatment effect during clinical
examination. * Indicates a statistically significant difference between pregabalin 5 mg/kg and
placebo treatments.

Cat owners assessed pregabalin to more often have ”excellent” or ”good” effect during
the transportation in 51% (54/105) of cases compared to in 27% (27/101) of placebo cases
(p < 0.01). The investigators’ assessment revealed more often ”excellent” or ”good” treat-
ment effect during the clinical examination in cats treated with pregabalin, 55% (58/105),
compared to cats receiving placebo, 30% (30/101), (p < 0.01).

3.3. Secondary Efficacy Variables

The treatment effect in the owners’ assessment of the ability to place the cat into
the carrier was statistically significant favoring pregabalin over placebo (OR 6.0 [95% CI
2.0–17.9], p < 0.01). The mean sum of signs of anxiety and/or fear decreased from the
screening visit with both treatments. The difference between pregabalin and placebo in the
mean sum of signs at treatment visit was statistically significant during transportation (−2.9
[95% CI −4.3 to −1.5], p < 0.01), clinical examination (−2.8 [95% CI −4.2 to −1.5], p < 0.01)
and when opening the carrier at home (−1.8 [95% CI −3.3 to −0.4], p = 0.02) favoring
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pregabalin (Figure 3). Based on the owners’ observations, vocalization, panting/intense
breathing, resistance, and abnormal activity were the signs with the greatest numerical
decrease with pregabalin treatment versus placebo. Owners were able to detect the onset
and end of any change or signs of effect in 45% (49/108) of cats receiving pregabalin with
the median duration of changes being 7 h (range of 1.3–28.5). The reported range is wide,
mostly because some owners with the clinic visits taking place during evening hours
evaluated the end of possible changes the next morning.
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The treatment compliance was good as 95% (103/108) of the pregabalin administra-
tions were successful. Approximately 79% (81/103) of cat owners assessed that it was ”very
easy” or ”easy” to administer the flavored pregabalin oral solution.

3.4. External Expert Assessments

The external expert observer’s assessment of the treatment effect during transporta-
tion confirmed the owners’ assessment as pregabalin was statistically significantly better
compared to placebo (OR 3.4 [95% CI 1.8–6.4], p < 0.01). The treatment effect was assessed
”excellent” or ”good” in 54% (54/101) of cats with pregabalin and in 43% (42/97) with
placebo (p < 0.01). The owners’ and external observer’s agreement was moderate (κ = 0.47,
p < 0.01). The external observer found the greatest numerical decrease in pregabalin treat-
ment versus placebo in vocalization, dilation of pupils, flattening of ears, lip licking, and
swallowing. In a total of eight cats, the lack of evaluable video material caused the absence
of external observer assessment of these cats. Challenges with the video material in general
included too dark of an environment during car rides taking place in the evening and
technical problems with the video camera (e.g., running out of battery, missing audio, and
incorrect focusing of the camera in the carrier). To mitigate these challenges observed early
in the study, the owners were advised to use light colored bedding in the carrier, schedule
the clinic visit to occur at daytime, if possible, and to increase attention on the function and
the focusing of the video camera to improve video quality.
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3.5. Safety

The investigators considered the majority of cats in both groups to have normal
alertness. Only one cat in the pregabalin group was considered to show signs of mild
sedation by the veterinarian and was thus excluded from the efficacy analysis. Based
on the owners’ assessment, two additional cats were excluded from the efficacy analysis,
according to the predefined criteria in the study protocol, as they scored to be both very
calm or sleeping and having moderate incoordination at least in two time points after
coming home. In the sensitivity analysis, when the three cats with mild signs of sedation
were included, the efficacy results were similar to the ones in the main analysis.

The owners assessed a few more cats being very calm or sleeping in the pregabalin
group (3%, 3/101) compared to placebo (1%, 1/87) after coming home from the veterinary
clinic at the treatment visit. The ability to stand up and walk was assessed normal in 56%
(57/101), 58% (59/101), and 73% (74/101) of cats in pregabalin group and 90% (78/87), 91%
(79/87), and 95% (83/87) of cats in placebo group at home when opening the carrier and
1 and 3 h after coming home on treatment visit, respectively.

There were few adverse events reported in the study, the most common being mild
transient incoordination (five events in four cats) and tiredness (three events in three cats).
These adverse events had resolved by the next day.

Seven cats in the pregabalin group and 14 cats in placebo group required sedation
at the treatment visit approximately 2 h after administration of the study treatment to
complete the standardized clinical examination including blood sampling. The sedatives
used (e.g., alpha-2 agonists medetomidine, dexmedetomidine or xylazine, and opioids
butorphanol or methadone), and their dosages were similar to those used at the screening
visit for the concerned cats, and no safety concerns were reported. There were no notable
changes in the laboratory values between the screening and treatment visits in either the
pregabalin or placebo groups with the exception of one cat in each group. The clinically
relevant findings, leucopenia in one cat in the pregabalin group and thrombocytopenia in
one cat in the placebo group, were reported as adverse events.

4. Discussion

The study results confirm that the novel pregabalin oral solution given at 5 mg/kg is
effective in alleviating acute anxiety and fear associated with transportation and veterinary
visits in cats, as both primary efficacy endpoints, the owner-assessed treatment effect during
transportation and the investigator-assessed treatment effect during clinical examination,
were met. Anxious cats were 3.8 times more likely (p < 0.01) to remain calm and quiet during
transportation after treating with pregabalin approximately 1.5 h before the start of the car
ride compared to the placebo. The veterinarians were 3.4 times more likely (p < 0.01) to
easily perform the clinical examination after pre-visit medication with pregabalin compared
to the placebo.

According to the baseline data, most cats entering the study had been highly distressed
during transportation and clinical examination, as more than 67% of cats showed at least
three severe signs of anxiety (i.e., present at least half of the time) at those timepoints at
screening. A clear and clinically relevant treatment effect was confirmed by decreased signs
of anxiety and fear during transportation and veterinary visit after pregabalin treatment
based on the owners’ and external observer’s assessments. The signs with a numerically
greatest change after pregabalin treatment, vocalization, panting, resistance, abnormal
activity, dilation of pupils, flattening of ears, lip licking, and swallowing, are described in
the literature as typical signs of stress and anxiety in cats [3,4,21–23].

The decrease in the sum of signs of stress, anxiety, and/or fear compared to the baseline
was noted, especially during transportation and clinical examination and to a lesser extent
also when opening the carrier after coming home. Based on earlier studies, it is known that
these timepoints are very stressful for cats [1–5]. The signs of stress, anxiety, and/or fear
were low in both frequency and extent at 1 h and 3 h timepoints after coming home from
screening and treatment visits, most likely because the cats felt safe at home and were able
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to settle down after a stressful experience when in a comfortable and familiar place. This is
contrary to the findings of an earlier study [5]. No statistically significant difference in the
change from baseline of the mean sum of signs was seen between treatment and screening
visits at 1 h and 3 h timepoints. A placebo effect was seen in the mean sum of signs during
transportation, clinical examination, and when opening the carrier after coming home, and
similarly also in the primary efficacy variables at the same timepoints. The placebo effect is
a common phenomenon observed in double blinded placebo controlled studies in dogs
and cats [19,24–26].

The owners and external expert used the same 5-point scale for assessment of the
treatment effect during transportation. The calculated agreement between their assessments
was highly significant. Owners generally may not recognise all the signs of stress in their
cats to the same extent as a trained behavioural expert [4]. In addition, owners and experts
observed the cat from different viewpoints as the owners know their own pet and might
look at the cat subjectively while the external observer evaluates the cats more objectively,
purely rating the cats behaviour.

Pregabalin was well tolerated in cats, with mild and transient incoordination and
tiredness as the most frequently reported adverse events. The owner assessments of the
cats’ activity and ability to stand up and walk after coming home are generally in line with
the safety findings. Allthough the owners noted some cats in the pregabalin group were
very calm or sleeping after coming home, a similar trend could also be seen in cats treated
with the placebo. This may be related to the finding that tiredness is a normal reaction in
cats after stressful events and disruption of their normal daily routines [27].

Sedatives were used at the clinic, a decision made by the cat’s veterinarian to complete
the annual exam, with informed consent and without safety concerns in seven cats after
receiving pregabalin before the visit. This outcome suggests that healthy cats given a
pre-appointment dose of pregabalin may be sedated during the following veterinary visit
with commonly used sedatives, even though the number of cats sedated after a single dose
of pregabalin is small. In this study, the doses of sedatives used at the treatment visit were
similar to the doses used at the screening visit. However, as any central nervous system
depressants may potentiate the effects of pregabalin, an appropriate dose adjustment
should always be considered based on the clinical assessment. In humans, anxiolytic
medicines are used as premedication in day surgery [28], and pregabalin was used safely
to control both preoperative and intraoperative anxiety in patients undergoing anesthesia
and surgery [29]. In cats, reduction of distress by applying a low-stress protocol during
transportation to the veterinary clinic was shown to decrease the time to reach sedation
and to reduce the required dose of an induction agent [30].

Pregabalin is currently approved in the European Union for use in humans for treat-
ment of generalized anxiety, neuropathic pain, and epilepsy [31]. Recently pregabalin has
been approved also in cats for alleviation of acute anxiety and fear related to transportation
and veterinary visits [32] based on the results of this and other studies [14,16]. Currently,
no other anxiolytic medicines are registered for travel- and veterinary-visit-related anxiety
in cats. Gabapentin was studied and used in clinical practice to some extent [18,33–35] and
there is one report of clinical use of trazodone [36]. Compared to gabapentin, pregabalin
is a more potent molecule enabling similar efficacy with a much smaller dose. Pregabalin
was reported to have more favorable pharmacokinetic properties with faster absorption
and linear kinetic profile in humans [37]. Similar findings have also been reported in
cats [15,16,38,39]. As the mode of action of both gabapentinoids is alike, their clinical
efficacy and safety profile seem to be close to each other. However, both efficacy and safety
depend on the used dose, which in cats is accurately studied and selected for pregabalin [40]
but not so closely explored for gabapentin.

Limitations of the present study include the lack of data on pregabalin use in cats with
moderate or severe systemic diseases due to the inclusion criteria. This deficit leads to
scarce information related to interactions with other medicines. Additionally, there was
an absence of invaluable video material in eight cats due to practical challenges related to
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video recording during transportation, which may have complicated the external expert’s
evaluations. Further limitations are that the study does not provide robust data regarding
the duration of effect of pregabalin in anxious cats nor the pharmacokinetic data in pet
cats for evaluation of anxiolytic plasma concentrations. In this study, owners were asked
to record the onset and end of any change or sign of effect, which does not give reliable
information on the duration of the actual anxiolytic effect. In general, owners were able
to detect the onset and end of changes only for less than half of cats receiving pregabalin.
Based on the limited data from the present study, it seems that the duration of effect of
the novel cat-specific pregabalin formulation could be approximately 7 h. This estimate
is supported by the pharmacokinetic parameters of pregabalin reported in cats [15,41],
suggesting that cats have a higher degree of absorption and slower elimination compared
to humans [42] and dogs [43]. More detailed studies are required to verify this finding.

5. Conclusions

The anxiolytic properties of the novel pregabalin oral solution with a dose of 5 mg/kg
were measurable, statistically significant, and clinically relevant in cats with acute anxiety
and fear associated with transportation and veterinary visits. The dose used was safe
without a significant sedative effect. The owners found the cat-specific formulation with a
small dosing volume easy to administer. The addition of this new product, with proven
safety and efficacy in cats, provides practical aid for both owners and veterinarians for
fear-free handling, and thus it improves the welfare of cats.

Author Contributions: Conceptualization T.L., M.K., J.A., C.P., and K.L.O.; methodology, T.L., M.K.,
J.A., C.P., and K.L.O.; formal analysis, J.A.; investigation, investigator veterinarians and C.P. who
performed the video assessments as an external expert; writing—original draft preparation, T.L.;
writing—review and editing, T.L., M.K., J.A., C.P., and K.L.O.; All authors have read and agreed to
the published version of the manuscript.

Funding: The study was sponsored by Orion Corporation Orion Pharma.

Institutional Review Board Statement: The study was conducted in five European countries (Fin-
land, Germany, Hungary, Ireland, and Portugal), and the clinical trial application was approved by
the competent regulatory authority of each country (Finnish Medicines Agency approval number
Vetkl-nro 05/2018, Regierung von Oberbayern ROB-55.2-2532.Vet_03-18-77, Hungarian Directorate
of Veterinary Medicinal Products 02.2/4170-3/2018, Irish Health Products Regulatory Authority
CT22016/002 and Portuguese National Authority for Animal Health 58/ECVPT/2018). Regulatory
authority review of the study protocol included detailed ethical evaluation. The study was found
to be in accordance with applicable animal welfare standards and requirements. The Directive
2010/63/EU on the protection of animals used for scientific purpose does not apply to veterinary
clinical trials required for the marketing authorization of a veterinary medicinal product. Separate
local Ethical Committee approvals, in addition to the individual country regulatory approvals, were
therefore not sought. The study was conducted according to the principles of GCP as defined by the
VICH GL 9. The health, welfare, treatment, and care of study animals were ensured by veterinary
supervision and also monitored by a person not affiliated with the study site, trained to ensure
humane care of the study animals according to GCP standards.

Informed Consent Statement: Written informed consent from the owner of each animal was obtained
prior to any study-specific procedures.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors thank the participating investigators and cat owners and the
study team.

Conflicts of Interest: The study was sponsored by Orion Corporation Orion Pharma. TL, M.K. and
J.A. are employees of Orion Corporation. C.P. and K.L.O. are paid consultants of Orion Corporation.
K.L.O. is a member of the Editorial Board of Animals. She has no role in managing or reviewing
this manuscript.



Animals 2023, 13, 371 13 of 14

References
1. Quimby, J.M.; Smith, M.L.; Lunn, K.F. Evaluation of the effects of hospital visit stress on physiologic parameters in the cat. J. Feline

Med. Surg. 2011, 13, 733–737. [CrossRef] [PubMed]
2. Volk, J.O.; Felsted, K.E.; Thomas, J.G.; Siren, C.W. Executive summary of the Bayer veterinary care usage study. J. Am. Vet. Med.

Assoc. 2011, 238, 1275–1282. [CrossRef] [PubMed]
3. Nibblett, B.M.; Ketzis, J.K.; Grigg, E.K. Comparison of stress exhibited by cats examined in a clinic versus a home setting.

Appl. Anim. Behav. Sci. 2015, 173, 68–75. [CrossRef]
4. Mariti, C.; Guerrini, F.; Vallini, V.; Bowen, J.E.; Fatjó, J.; Diverio, S.; Sighieri, C.; Gazzano, A. The perception of cat stress by Italian

owners. J. Vet. Behav. 2017, 20, 74–81. [CrossRef]
5. Mariti, C.; Bowen, J.E.; Campa, S.; Grebe, G.; Sighieri, C.; Gazzano, A. Guardians’ Perceptions of Cats’ Welfare and Behavior

Regarding Visiting Veterinary Clinics. J. Appl. Anim. Welf Sci. 2016, 19, 375–384. [CrossRef]
6. Burns, K. Vital statistics. JAVMA News. 16 January 2013. Available online: https://www.avma.org/javma-news/2013-02-01

/vital-statistics (accessed on 16 August 2018).
7. Li, Z.; Taylor, C.P.; Weber, M.; Piechan, J.; Prior, F.; Bian, F.; Cui, M.; Hoffman, D.; Donevan, S. Pregabalin is a potent and selective

ligand for alpha(2)delta-1 and alpha(2)delta-2 calcium channel subunits. Eur. J. Pharmacol. 2011, 667, 80–90. [CrossRef]
8. Mico, J.A.; Prieto, R. Elucidating the mechanism of action of pregabalin: Alpha(2)delta as a therapeutic target in anxiety. CNS

Drugs 2012, 26, 637–648. [CrossRef]
9. Frampton, J.E. Pregabalin: A review of its use in adults with generalized anxiety disorder. CNS Drugs 2014, 28, 835–854. [CrossRef]
10. Aupperle, R.L.; Ravindran, L.; Tankersley, D.; Flagan, T.; Stein, N.R.; Simmons, A.N.; Stein, M.B.; Paulus, M.P. Pregabalin

influences insula and amygdala activation during anticipation of emotional images. Neuropsychopharmacology 2011, 36, 1466–1477.
[CrossRef]

11. Wang, Z.; Pang, R.D.; Hernandez, M.; Ocampo, M.A.; Holschneider, D.P. Anxiolytic-like effect of pregabalin on unconditioned
fear in the rat: An autoradiographic brain perfusion mapping and functional connectivity study. Neuroimage 2012, 59, 4168–4188.
[CrossRef]

12. Field, M.J.; Oles, R.J.; Singh, L. Pregabalin may represent a novel class of anxiolytic agents with a broad spectrum of activity. Br. J.
Pharmacol. 2001, 132, 1–4. [CrossRef] [PubMed]

13. Lotarski, S.M.; Donevan, S.; El-Kattan, A.; Osgood, S.; Poe, J.; Taylor, C.P.; Offord, J. Anxiolytic-like activity of pregabalin in the
Vogel conflict test in alpha2delta-1 (R217A) and alpha2delta-2 (R279A) mouse mutants. J. Pharmacol. Exp. Ther. 2011, 338, 615–621.
[CrossRef] [PubMed]

14. Lamminen, T.; Korpivaara, M.; Suokko, M.; Aspegren, J.; Palestrini, C.; Overall, K. Efficacy of a Single Dose of Pregabalin on
Signs of Anxiety in Cats During Transportation-A Pilot Study. Front. Vet. Sci. 2021, 8, 711816. [CrossRef] [PubMed]

15. Esteban, M.A.; Dewey, C.W.; Schwark, W.S.; Rishniw, M.; Boothe, D.M. Pharmacokinetics of Single-Dose Oral Pregabalin
Administration in Normal Cats. Front. Vet. Sci. 2018, 5, 136. [CrossRef] [PubMed]

16. Lamminen, T.; Doedee, A.; Hyttila-Hopponen, M.; Kaskinoro, J. Pharmacokinetics of single and repeated oral doses of pregabalin
oral solution formulation in cats. J. Vet. Pharmacol. Ther. 2022, 45, 385–391. [CrossRef]

17. Mills, D.S.; Ramos, D.; Estelles, M.G.; Hargrave, C. A triple blind placebo-controlled investigation into the assessment of the
effect of Dog Appeasing Pheromone (DAP) on anxiety related behavior of problem dogs in the veterinary clinic. Appl. Anim.
Behav. Sci. 2006, 98, 114–126. [CrossRef]

18. van Haaften, K.A.; Forsythe, L.R.E.; Stelow, E.A.; Bain, M.J. Effects of a single preappointment dose of gabapentin on signs of
stress in cats during transportation and veterinary examination. J. Am. Vet. Med. Assoc. 2017, 251, 1175–1181. [CrossRef]

19. Korpivaara, M.; Laapas, K.; Huhtinen, M.; Schoning, B.; Overall, K. Dexmedetomidine oromucosal gel for noise-associated acute
anxiety and fear in dogs-a randomised, double-blind, placebo-controlled clinical study. Vet. Rec. 2017, 180, 356. [CrossRef]

20. Korpivaara, M.; Huhtinen, M.; Pohjanjousi, P.; Overall, K. Tasipimidine, a novel orally administered alpha-2 adrenoceptor agonist,
alleviates canine acute anxiety associated with owner departure—A pilot study. J. Vet. Behav. 2022, 58, 54–61. [CrossRef]

21. Bennett, V.; Gourkow, N.; Mills, D.S. Facial correlates of emotional behaviour in the domestic cat (Felis catus). Behav. Processes
2017, 141 Pt 3, 342–350. [CrossRef]

22. Moody, C.M.; Picketts, V.A.; Mason, G.J.; Dewey, C.E.; Niel, L. Can you handle it? Validating negative responses to restraint in
cats. Appl. Anim. Behav. Sci. 2018, 204, 94–100. [CrossRef]

23. Hammerle, M.; Horst, C.; Levine, E.; Overall, K.; Radosta, L.; Rafter-Ritchie, M.; Yin, S. 2015 AAHA Canine and Feline Behavior
Management Guidelines. J. Am. Anim. Hosp. Assoc. 2015, 51, 205–221. [CrossRef] [PubMed]

24. Salichs, M.; Badiella, L.; Sarasola, P.; Homedes, J. Efficacy and safety of enflicoxib for treatment of canine osteoarthritis: A 6-week
randomised, controlled, blind, multicentre clinical trial. Vet. Rec. 2022, 191, e949. [CrossRef] [PubMed]

25. Gruen, M.E.; Dorman, D.C.; Lascelles, B.D.X. Caregiver placebo effect in analgesic clinical trials for cats with naturally occurring
degenerative joint disease-associated pain. Vet. Rec. 2017, 180, 473. [CrossRef]

26. Gruen, M.E.; Myers, J.A.E.; Tena, J.S.; Becskei, C.; Cleaver, D.M.; Lascelles, B.D.X. Frunevetmab, a felinized anti-nerve growth
factor monoclonal antibody, for the treatment of pain from osteoarthritis in cats. J. Vet. Intern. Med. 2021, 35, 2752–2762. [CrossRef]

27. Stella, J.; Croney, C.; Buffington, T. Effects of stressors on the behavior and physiology of domestic cats. Appl. Anim. Behav. Sci.
2013, 143, 157–163. [CrossRef]

28. Walker, K.J.; Smith, A.F. Premedication for anxiety in adult day surgery. Cochrane Database Syst. Rev. 2009, 4, CD002192. [CrossRef]

http://doi.org/10.1016/j.jfms.2011.07.003
http://www.ncbi.nlm.nih.gov/pubmed/21839664
http://doi.org/10.2460/javma.238.10.1275
http://www.ncbi.nlm.nih.gov/pubmed/21568772
http://doi.org/10.1016/j.applanim.2014.10.005
http://doi.org/10.1016/j.jveb.2017.04.002
http://doi.org/10.1080/10888705.2016.1173548
https://www.avma.org/javma-news/2013-02-01/vital-statistics
https://www.avma.org/javma-news/2013-02-01/vital-statistics
http://doi.org/10.1016/j.ejphar.2011.05.054
http://doi.org/10.2165/11634510-000000000-00000
http://doi.org/10.1007/s40263-014-0192-0
http://doi.org/10.1038/npp.2011.32
http://doi.org/10.1016/j.neuroimage.2011.11.047
http://doi.org/10.1038/sj.bjp.0703794
http://www.ncbi.nlm.nih.gov/pubmed/11156553
http://doi.org/10.1124/jpet.111.180976
http://www.ncbi.nlm.nih.gov/pubmed/21558437
http://doi.org/10.3389/fvets.2021.711816
http://www.ncbi.nlm.nih.gov/pubmed/34540935
http://doi.org/10.3389/fvets.2018.00136
http://www.ncbi.nlm.nih.gov/pubmed/30079339
http://doi.org/10.1111/jvp.13061
http://doi.org/10.1016/j.applanim.2005.08.012
http://doi.org/10.2460/javma.251.10.1175
http://doi.org/10.1136/vr.104045
http://doi.org/10.1016/j.jveb.2022.11.003
http://doi.org/10.1016/j.beproc.2017.03.011
http://doi.org/10.1016/j.applanim.2018.04.012
http://doi.org/10.5326/JAAHA-MS-6527
http://www.ncbi.nlm.nih.gov/pubmed/26191821
http://doi.org/10.1002/vetr.949
http://www.ncbi.nlm.nih.gov/pubmed/34590318
http://doi.org/10.1136/vr.104168
http://doi.org/10.1111/jvim.16291
http://doi.org/10.1016/j.applanim.2012.10.014
http://doi.org/10.1002/14651858.CD002192.pub2


Animals 2023, 13, 371 14 of 14

29. Torres-González, M.I.; Manzano-Moreno, F.J.; Vallecillo-Capilla, M.F.; Olmedo-Gaya, M.V. Preoperative oral pregabalin for anxiety
control: A systematic review. Clin. Oral Investig. 2020, 24, 2219–2228. [CrossRef]

30. Argüelles, J.; Echaniz, M.; Bowen, J.; Fatjó, J. The impact of a stress-reducing protocol on the quality of pre-anaesthesia in cats.
Vet. Rec. 2021, 188, e138. [CrossRef]

31. EMA. Lyrica Hard Capsules Summary of Product Characteristics. 2021. Available online: https://www.ema.europa.eu/en/
documents/product-information/lyrica-epar-product-information_en.pdf (accessed on 1 December 2022).

32. EMA. Bonqat 50 mg/mL Oral Solution for Cats Summary of Product Characteristics. 2021. Available online: https://ec.europa.
eu/health/documents/community-register/2021/20210713152000/anx_152000_en.pdf (accessed on 1 December 2022).

33. Kruszka, M.; Graff, E.; Medam, T.; Masson, S. Clinical evaluation of the effects of a single oral dose of gabapentin on fear-based
aggressive behaviors in cats during veterinary examinations. J. Am. Vet. Med. Assoc. 2021, 259, 1285–1291. [CrossRef]

34. Hudec, C.P.; Griffin, C.E. Changes in the stress markers cortisol and glucose before and during intradermal testing in cats after
single administration of pre-appointment gabapentin. J. Feline Med. Surg. 2020, 22, 138–145. [CrossRef] [PubMed]

35. Gurney, M.; Gower, L. Randomised clinical trial evaluating the effect of a single preappointment dose of gabapentin on signs of
stress in hyperthyroid cats. J. Feline Med. Surg. 2022, 24, e85–e89. [CrossRef] [PubMed]

36. Stevens, B.J.; Frantz, E.M.; Orlando, J.M.; Griffith, E.; Harden, L.B.; Gruen, M.E.; Sherman, B.L. Efficacy of a single dose of
trazodone hydrochloride given to cats prior to veterinary visits to reduce signs of transport- and examination-related anxiety.
J. Am. Vet. Med. Assoc. 2016, 249, 202–207. [CrossRef] [PubMed]

37. Bockbrader, H.N.; Wesche, D.; Miller, R.; Chapel, S.; Janiczek, N.; Burger, P. A comparison of the pharmacokinetics and
pharmacodynamics of pregabalin and gabapentin. Clin. Pharmacokinet. 2010, 49, 661–669. [CrossRef] [PubMed]

38. Adrian, D.; Papich, M.G.; Baynes, R.; Stafford, E.; Lascelles, B.D.X. The pharmacokinetics of gabapentin in cats. J. Vet. Intern. Med.
2018, 32, 1996–2002. [CrossRef]

39. Siao, K.T.; Pypendop, B.H.; Ilkiw, J.E. Pharmacokinetics of gabapentin in cats. Am. J. Vet. Res. 2010, 71, 817–821. [CrossRef]
40. CVMP Assessment Report for Bonqat. 2021. Available online: https://www.ema.europa.eu/documents/assessment-report/

bonqat-epar-public-assessment-report_en.pdf (accessed on 1 December 2022).
41. Orion Corporation. Bonqat Summary of Product Characteristics. 2021. Available online: https://www.ema.europa.eu/en/

medicines/veterinary/EPAR/bonqat (accessed on 10 August 2022).
42. Bockbrader, H.N.; Radulovic, L.L.; Posvar, E.L.; Strand, J.C.; Alvey, C.W.; Busch, J.A.; Randinitis, E.J.; Corrigan, B.W.; Haig, G.M.;

Boyd, R.A.; et al. Clinical pharmacokinetics of pregabalin in healthy volunteers. J. Clin. Pharmacol. 2010, 50, 941–950. [CrossRef]
43. Salazar, V.; Dewey, C.W.; Schwark, W.; Badgley, B.L.; Gleed, R.D.; Horne, W.; Ludders, J.W. Pharmacokinetics of single-dose oral

pregabalin administration in normal dogs. Vet. Anaesth. Analg. 2009, 36, 574–580. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s00784-020-03352-y
http://doi.org/10.1002/vetr.138
https://www.ema.europa.eu/en/documents/product-information/lyrica-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lyrica-epar-product-information_en.pdf
https://ec.europa.eu/health/documents/community-register/2021/20210713152000/anx_152000_en.pdf
https://ec.europa.eu/health/documents/community-register/2021/20210713152000/anx_152000_en.pdf
http://doi.org/10.2460/javma.20.06.0307
http://doi.org/10.1177/1098612X19830501
http://www.ncbi.nlm.nih.gov/pubmed/30982420
http://doi.org/10.1177/1098612X221091736
http://www.ncbi.nlm.nih.gov/pubmed/35481442
http://doi.org/10.2460/javma.249.2.202
http://www.ncbi.nlm.nih.gov/pubmed/27379596
http://doi.org/10.2165/11536200-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20818832
http://doi.org/10.1111/jvim.15313
http://doi.org/10.2460/ajvr.71.7.817
https://www.ema.europa.eu/documents/assessment-report/bonqat-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/documents/assessment-report/bonqat-epar-public-assessment-report_en.pdf
https://www.ema.europa.eu/en/medicines/veterinary/EPAR/bonqat
https://www.ema.europa.eu/en/medicines/veterinary/EPAR/bonqat
http://doi.org/10.1177/0091270009352087
http://doi.org/10.1111/j.1467-2995.2009.00486.x

	Introduction 
	Materials and Methods 
	Animals 
	Treatments 
	Assessments 
	Primary Efficacy Variables 
	Secondary Efficacy Variables 
	External Expert Assessments 
	Safety Assessments 
	Statistics 

	Results 
	Animals 
	Primary Efficacy Variables 
	Secondary Efficacy Variables 
	External Expert Assessments 
	Safety 

	Discussion 
	Conclusions 
	References

