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Abstract

Objectives The aim of this study was to determine the safety and tolerability of escalating doses of orally delivered
cannabis oils predominant in cannabidiol (CBD), tetrahydrocannabinol (THC), or both CBD and THC in healthy cats.
Methods In this placebo-controlled, blinded study, 20 healthy adult cats were randomized to one of five treatment
groups (n=4 per group): two placebo groups (sunflower oil [SF] or medium-chain triglyceride oil [MCT]), or three
plant-derived cannabinoid oil groups (CBD in MCT, THC in MCT or CBD/THC [1.5:1] in SF). Up to 11 escalating
doses of each formulation were delivered orally via syringe to fasted subjects, with at least 3 days separating
doses. Safety and tolerability were determined from clinical observations, complete blood counts (CBCs) and
clinical chemistry. Plasma cannabinoids (CBD, THC) and metabolites (7-COOH-CBD, 11-OH-THC) were assessed.
Results Titration to maximum doses of 30.5mg/kg CBD (CBD oil), 41.5mg/kg THC (THC oil) or 13.0:8.4mg/kg
CBD:THC (CBD/THC oil) was safely achieved in all subjects. All observed adverse events (AEs) were mild, transient
and resolved without medical intervention. Gastrointestinal AEs were more common with formulations containing
MCT. Constitutional (lethargy, hypothermia), neurologic (ataxia) and ocular (protrusion membrana nictitans) AEs
were more common with oils containing THC (CBD/THC and THC oils). There were no clinically significant changes
in CBC or clinical chemistry across treatment groups. Higher plasma levels of the cannabinoids and their metabolites
following administration of the CBD/THC combination product are suggestive of a pharmacokinetic interaction.
Conclusions and relevance This is the first feline study to explore the safety and tolerability of CBD and THC, alone
and in combination, in a controlled research setting. These findings will inform veterinarians of the safety profile of
cannabinoids, particularly when considering the potential therapeutic use of CBD in cats or recognizing clinical
signs associated with accidental exposure to THC-containing products.
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Introduction

There is growing interest in the potential therapeutic
uses of cannabinoids (particularly cannabidiol [CBD]) in
cats. In an online survey, 97.8% of respondents (n = 448)
reported at least one behavioral problem in their cat, and
many were open to considering cannabinoids as a treat-
ment option.! To date, only one publication supports the
safety of CBD (CBD/cannabidiolic acid [CBDA] in fish
oil [4mg/kg/day; q12h PO] for 12 weeks) in cats,? but no
study has explored the tolerability of different doses of
CBD and/or tetrahydrocannabinol (THC) in cats.

There are no published studies on the efficacy of
cannabinoids in cats. In dogs with osteoarthritis, CBD
has been shown to reduce pain and increase mobil-
ity when administered at 1.2mg/kg daily for 4 weeks,?

and to reduce pain and improve quality of life when
administered at 2mg/kg q24h for 12 weeks* or q12h
(1:1 CBD:CBDA) for 4 weeks.5 CBD (2.5mg/kg q12h
for 12 weeks) has also been shown to decrease seizure
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frequency in dogs with intractable idiopathic epilepsy.®
Importantly, canine studies have concluded that effi-
cacy is dependent on the dose administered and/or on
plasma CBD concentration;?¢ higher dose and plasma
concentration was associated with improved efficacy.
Interestingly, dosing recommendations for the Food and
Drug Administration-approved CBD isolate (Epidiolex),
used in human patients aged >2 years for the treatment
of seizures associated with two rare forms of epilepsy,
range from 5 to 20mg/kg/day.” Both canine and human
data therefore suggest that higher doses may be required
for CBD efficacy, depending on disease state. To date, no
feline studies have explored the safety and tolerability of
CBD doses >4mg/kg/day.

The potential for accidental exposure to widely avail-
able human cannabinoid products is another clinically
relevant research gap. While data exist to understand
how dogs manifest exposure to THC (alone or with CBD)
in a controlled research setting or via accidental exposure
to human recreational or medical cannabis,?® data on cats
are sparse, with only two published case reports on acci-
dental cannabis intoxication.!01!

The primary objective of this placebo-controlled study
was to determine the safety and tolerability of escalating
doses of well-defined cannabis formulations predomi-
nant in CBD, THC or CBD plus THC (1.5:1) in healthy
cats in a controlled research setting. As a secondary objec-
tive, this study also explored the plasma concentrations
of CBD, THC and their major metabolites following serial
dosing with CBD, THC or CBD plus THC.

Materials and methods

Study design

This was a randomized, placebo-controlled, blinded, par-
allel study. Following a =10-day acclimation, 20 healthy
cats (10 males, 10 females; age 1-1.2 years; weight 3-6 kg)

were randomized to one of five treatment groups (four
cats per group [two males, two females]): (1) CBD oil
(18.3mg/ml CBD in medium-chain triglyceride [MCT]
oil); (2) THC oil (25.1mg/ml THC in MCT oil); (3) CBD/
THC oil (8.0:5.2mg/ml CBD:THC, 1.5:1, in sunflower
[SF] oil); (4) MCT oil placebo; or (5) SF oil placebo. The
study investigated 11 escalating volumes/doses of pla-
cebo or test formulations with at least 3 days separating
doses. Two placebo oils were tested as the cannabinoid
oils included either MCT or SF oil as carriers. To ascertain
tolerability to increasing volumes of carrier oil at each
escalating dose, the treatment groups were on a staggered
schedule whereby the first two doses were delivered to
placebo group animals prior to the commencement of
cannabinoid oil dosing in the remaining three treatment
groups. The study timeline is shown in Figure 1. The total
study duration, from the first day of acclimation to the
last day of washout, was 71 days.

Test article description and administration
Plant-derived cannabinoid distillate and placebo oils
were acquired from Canopy Growth Corporation. The
cannabis plants used to prepare the cannabinoid oils were
grown indoors under tightly controlled environmental
conditions. Within one lot, all plants were genetically
identical. Upon harvest, plant material was trimmed,
dried and extracted via supercritical carbon dioxide. The
extracted resin was diluted with a food-grade oil (MCT
or SF oil) to the target concentration.

An independent laboratory (RPC, Fredericton, NB,
Canada) analyzed the composition of the cannabinoid oil
formulations using validated methods. Solvent extraction
and high performance liquid chromatography with diode
array detection were used for cannabinoid analyses (accu-
racy: 90-113%; precision: 5.6-12.8%). Solvent extraction
and gas chromatography/mass selective detector were
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Figure 1 Diagram of study timeline. Cats were acclimated to study housing conditions for =10 days, during which time they
underwent daily body weight measurement and one veterinary examination. Following randomization to treatment groups,

cats were dosed with 11 escalating doses of placebo oils (P; medium-chain triglyceride or sunflower oils) or cannabinoid oils
(C; cannabidiol [CBD], tetrahydrocannabinol [THC] or CBD/THC) with at least 3 days separating doses. Treatment groups were
on a staggered schedule whereby the first two doses were delivered to placebo group animals prior to the commencement

of cannabinoid oil dosing. Blood was collected (complete blood count [CBC] and serum chemistry) and body weight was
measured 1 day before treatment initiation, twice weekly during the treatment phase, and 1 and 7 days after completion

of the 11-dose treatment phase. Plasma cannabinoids were measured after the ninth, 10th and 11th (final) doses
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Table 1 Select cannabinoid and terpene composition
of cannabis oil formulations

Constituent CBD THC CBD/THC
(in MCT oil) (in MCT oil) (in SF ail)
Cannabinoids (mg/ml)*
CBD 18.3 ND 8.0
Delta-9-THC 0.7 251 5.2
CBDA 0.6 ND ND
Delta-9-THCA  ND ND ND
CBG <RL* 1.3 ND
CBGA ND ND ND
CBN ND 0.9 <RLf
CBC 0.8 0.6 <RLf
Terpenes (%)
Caryophyllene  <RL* 0.05 <RL*
Humulene <RL* 0.02 <RL*
Myrcene <RL* <RL* 0.03
Remaining <RL* <RL* <RL*
terpenes$

*Solvent extraction and high performance liquid chromatography
with diode array detection was used to measure cannabinoids
fCannabinoid reporting limit (RL) 0.5mg/ml

Terpene RL 0.01%

§Twenty-one terpenes were measured in cannabidiol (CBD) and
tetrahydrocannabinol (THC) oils: alpha-pinene, beta-pinene,
myrcene, limonene, terpinolene, linalool, terpineol, caryophyllene,
humulene, 3-carene, cis-ocimene, eucalyptol, trans-ocimene,
fenchol, borneol, valencene, cis-nerolidol, trans-nerolidol, guaiol,
alpha-bisabolol, sabinene. Fifteen terpenes were measured in CBD/
THC oil: alpha-pinene, beta-pinene, myrcene, limonene, terpinolene,
linalool, terpineol, caryophyllene, humulene, 3-carene, cis-ocimene,
eucalyptol, trans-ocimene, fenchol, borneol. All terpenes were
measured by solvent extraction and gas chromatography/mass
selective detector

MCT = medium-chain triglyceride; SF = sunflower; CBDA = cannabidiolic
acid; THCA = tetrahydrocannabinolic acid; ND = not detectable;

CBG = cannabigerol; CBGA = cannabigerolic acid; CBN = cannabinol;
CBC = cannabichromene

used for terpene analyses (accuracy: 74-106%; relative
standard deviation: 3.2-9.4%). Table 1 summarizes the
levels of cannabinoids and terpenes in the formulations.

At the study site (InterVivo Solutions, ON, Canada),
products were stored in a locked controlled drug cabinet
(protected from light at 15.7-24.7°C). Treatments were
administered orally (syringe) to fasted subjects (=12h). The
volume was increased at each escalating dose. The range of
volumes investigated was dependent on body weight and
ranged from 0.5-0.8ml (0.15ml/kg; first dose) to 5.0-9.8 ml
(1.67ml/kg; last dose). CBD and THC doses (mg/kg) are
reported in Table 2. The test articles were administered
with attention to complete delivery and retention. Doses
>5ml in volume were divided into two administrations,
separated by 30 (= 10)mins. For divided doses, dosing
time was considered the completion time of the second
administration. As such, timed blood collection or obser-
vations were based on the time of dosing completion for

a given cat. If an animal was observed vomiting <30mins
after administration, the dose was re-administered. To
disrupt negative association with test article administra-
tion and study procedures, positive reinforcement (treats/
handling) was performed on non-dosing days.

Subject selection

The inclusion criteria for the study were good general
health upon veterinary examination; stable weight (fluc-
tuations <0.3kg) over 10 days during acclimation; weight
of 2-6kg; and age >1 year. Exclusion criteria included
uncooperative disposition and/or receipt of cannabi-
noids within 2 months of the start of the study. Twenty-
four cats were acclimated to study housing conditions
for 10 days, and 20 cats were randomized to a treatment

group.

Randomization and treatment allocation

Animals were blocked by body weight and stratified by
sex. Randomization was conducted using a random num-
ber generator in Microsoft Excel 2016. Formulations were
randomly assigned a code name using a random number
generator in Microsoft Excel 2016. Personnel collecting
data and/or administering the investigational products
were blinded to the test groups and treatment conditions.
Bottles containing test or placebo formulations were over-
labeled with opaque white labels. Information about
group allocation and treatment conditions were securely
stored in the research facility’s archive room for the dura-
tion of the study.

Animal care
Animal care and experimental procedures were con-
ducted under protocols approved by the research facil-
ity’s (VivoCore) Institutional Animal Care and Use
Committee (protocol ID: VRI150-17219-FS; approval date:
17 January 2018) and the Veterinary Drug Directorate
(Health Canada), in accordance with the principles of the
Animals for Research Act and guidelines of the Canadian
Council on Animal Care.!>13

Animals were individually housed in stainless steel
metabolic cages (height X width X depth =60 X 67 X 74cm)
and cats in the same treatment group were exercised
together daily for at least 1h, except on dosing days
or when an adverse event (AE) was being monitored.
Environmental controls for the animal housing area main-
tained a temperature of 19.5-21.2°C and a 12-h light/dark
cycle. Animals were provided a standard commercial diet
in stainless steel bowls (Purina ProPlan Savor Adult) once
daily; food quantity offered was based on body weight
and condition maintenance. On dosing days, food was
offered 5h following dose administration. Water was
available ad libitum in stainless steel bowls.
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Table 2 Cannabidiol (CBD) and tetrahydrocannabinol (THC) quantities per kilogram body weight delivered to cats
across the cannabinoid treatment groups (n = 4/group)

*CBD was not detected in the cannabinoid analysis (mg/ml) of the THC oil formulation; CBD quantities at higher volumes (>1ml) of the

formulation are unknown
MCT = medium-chain triglyceride; SF = sunflower; BSN = baseline

Measurable outcomes

Animals were monitored 0.5, 1,2, 3,4, 6,9, 12 and 24h
(+15mins) following dosing by experienced veterinary
technicians for clinical signs not expected in healthy cats
and for the occurrence of AEs. Pre-dose and 1, 3, 6 and
24h post-dose, heart rate (stethoscope), respiratory rate
(via observation) and rectal temperature were measured.
If rectal temperature was normal 3h post-dose, subsequent
measurements were not taken. Body weight was measured
daily (calibrated and verified scale) over the acclimation
period, twice weekly during the treatment phase, and 1
and 7 days after completion of dosing.

Adverse events

The Veterinary Cooperative Oncology Group — Common
Terminology Criteria for Adverse Events was used to
define AEs and rate their severity as mild (asymptomatic
or mild clinical signs; intervention not indicated), moderate
(minimal, non-invasive intervention indicated; moderate
limitation of activities of daily living) or severe (medi-
cally significant but not immediately life-threatening).!
Occurrence of a severe AE was a pre-established justifica-
tion for the withdrawal of an animal from further dosing.

Blood collections and analyses
Blood was collected by direct venipuncture from a
cephalic or jugular vein. The volume of blood drawn over
the course of the study ranged from 3.4 ml/kg per month
(largest cat) to 6.4 ml/kg per month (smallest cat).

Blood samples for hematological analysis (complete
blood count [CBC] and clinical chemistry) were collected
during acclimation (7 days before treatment start) and 24 h

and 7 days following the final dose. At each time point,
4ml blood was drawn (2ml placed in evacuated serum
separator tube [SST] and another 2 ml placed in an evacu-
ated potassium oxalate sodium fluoride tube). Blood in
evacuated SSTs was allowed to clot for a minimum of
10mins and centrifuged (1525¢) at 20°C for 10 mins
within 1h of collection. The evacuated SSTs and potas-
sium oxalate sodium fluoride tubes were stored at 2-8°C
and sent for analysis the same day as blood collection
(Antech Diagnostics).

For cannabinoid analysis, blood was drawn immedi-
ately prior to and 1, 2, 3, 4, 6 and 24 h (=15mins) follow-
ing the ninth dose, and 4 and 24h (=15mins) following
the 10th and final (11th) doses, as well as 7 days follow-
ing the final dose. At each time point, 2ml blood was
placed into an evacuated K,EDTA tube and inverted
gently. Within 30mins of collection, tubes were centri-
fuged (1525g) at 2-8°C for 10 mins. Plasma was separated
into two equal aliquots and stored at —80°C until ship-
ment on dry ice to the analytical laboratory (InterVivo
Solutions). CBD, THC, 7-COOH-CBD and 11-OH-THC
were analyzed by liquid chromatography tandem mass
spectrometry (QTRAP 6500 with an Exion LC system;
AB Sciex). Analytical methods have been described pre-
viously.® Calibration standards were prepared in blank
pooled feline plasma (with K,EDTA as anticoagulant).

Data analysis

Poisson regression models using a logarithmic link func-
tion were fit to evaluate group differences in the number
of AEs, with linear contrasts specified to evaluate differ-
ences across the following groups: MCT vs CBD, MCT vs
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THC, MCT vs SE, SF vs CBD/THC, CBD vs THC, CBD vs
CBD/THC and THC vs CBD/THC. Evaluation of model
fit revealed significant over-dispersion for hypersaliva-
tion AEs. Therefore, a negative binomial model was used
for this outcome instead. Groups with zero conditional
means for specific AEs were excluded from analyses
owing to the instability of standard error estimation.
Pharmacokinetic outcomes, liver enzymes and body
weights were evaluated using generalized estimating
equations (GEEs) clustered within subject that assumed
a Gaussian probability distribution and an unstructured
working correlation structure. For plasma levels of can-
nabinoids and metabolites, linear contrasts evaluated dif-
ferences between treatment groups (CBD, THC and CBD/
THC) at each time point where data were available. Linear
contrasts compared changes in liver enzyme levels across
time points within each group (ie, baseline vs post-study,
baseline vs washout and post-study vs washout). Two
separate models for change in body weight were fit: linear
slope change in body weight from baseline to dose 11,
and change from dose 11 to the washout period. Linear
contrasts compared the linear body weight change across
the following groups: MCT vs CBD; MCT vs THC; MCT
vs SF; SF vs CBD/THC; CBD vs THC; CBD vs CBD/THG;
THC vs CBD/THC. Reported Z-scores indicate number of
standard deviations a result is above (positive) or below
(negative) the mean. All reported P values in all models
were adjusted using Benjamini and Hochberg’s procedure
to control for false discovery rate inflation due to multiple
comparisons between groups for each outcome variable.’
Inferential analyses were calculated using R version
4.0.0 (www.R-project.org). The R Stats Package was used
for Poisson regression modeling, the MASS Package for
negative binomial regression modeling and the geepack
package for GEE analyses.!®!” Measures of central ten-
dency and all figures were generated using GraphPad
Prism version 8.4.2 for macOS (GraphPad Software).

Resulits

Of 24 subjects included in the acclimation period,
four were excluded from study enrollment owing to
incompatibility with metabolic cage housing. The 20
randomized subjects, aged 1.0-1.2 years, had baseline
mean * SD body weights of 4.6 =1.0kg (MCT oil pla-
cebo), 4.3+ 0.7kg (SF oil placebo), 4.8 =0.9kg (CBD
oil), 4.4 +0.8kg (THC oil) and 4.5*=0.7kg (CBD/THC
oil). Baseline body weight did not significantly differ
between treatment groups (P >0.05).

All randomized subjects completed the study. The
placebo and cannabinoid oils were tested in up to 11
escalating doses and all cats received all doses of the
oil to which they were assigned. Across the cannabi-
noid oil groups, titration to 30.5mg/kg CBD (CBD oil),
41.5mg/kg THC (THC oil) or 13.0/8.4mg/kg CBD/
THC (CBD/THC oil) was achieved in individual subjects.
Following dose escalation over a 6- to 7-week period,

mean body weights at the end of the treatment period
were 4.6 * 1.0kg (MCT oil placebo), 4.5+ 0.7kg (SF oil
placebo), 5.0 = 1.0kg (CBD oil), 4.5 = 0.9kg (THC oil) and
4.5+ 0.7kg (CBD/THC oil), representing changes from
baseline of +1.7(70, +5.00/0, +5.10/o, +0.7% and —0.10/0,
respectively. Body weight increase over the treatment
phase was significant for the CBD group compared with
MCT oil placebo (Z=3.20, P =0.005). The CBD/THC oil
group showed a small but significant decrease in body
weight over the treatment phase relative to the SF oil
placebo group (Z=-2.62, P=0.015), as well as the THC
oil group (Z=-2.72, P =0.015) and the CBD oil group
(Z=4.46, P <0.001), whereas the CBD group exhibited
a small increase in body weight relative to the THC oil
group (Z=2.36, P=0.025). Following the completion of
the last dose, the CBD/THC oil group exhibited a gain
in weight relative to the SF placebo oil group (Z=5.21,
P <0.001). All other body weight differences were not
statistically significant.

AEs

All AEs observed in the present study were rated as
mild, and there were no moderate, severe or medically
significant AEs. Overall, the total number of AEs dif-
fered between cannabinoid groups and their respective
placebo, and between MCT and SF oils (all P <0.01), as
well as between CBD and CBD/THC groups (Z =-3.45,
P=0.001) and THC and CBD/THC groups (Z=-2.33,
P =0.022). AEs that occurred within 24 h of dose admin-
istration across 11 escalating doses were classified
as gastrointestinal (27.6%), respiratory (15.4%), neu-
rologic (14.6%) or ocular (8.3%), or as constitutional
signs (29.9%; non-specific clinical signs that can affect
multiple body systems and have several potential
causes) (Figure 2). Cardiovascular AEs (pale mucous
membranes, bradycardia, tachycardia) and respiratory
AEs (primarily tachypnoea), occurred with uniform fre-
quency across all treatment groups (P >0.05 across all
comparisons; Figure 2).

Occurrence of gastrointestinal AEs significantly
differed (Z=23.71, P <0.001) between the two placebo
groups — their occurrence was greater with MCT oil
(n=43) than SF oil (n=1; Figure 2). Moreover, 99% of
emesis and diarrhea occurrences (n=89/90) were with
MCT oil formulations (placebo, CBD oil, THC oil) (Figure 3).

The occurrence of the two most frequently observed
gastrointestinal AEs — hypersalivation and emesis — did
not significantly differ between CBD or THC vs MCT oil
(P >0.05). Emesis was not observed in the CBD/THC or SF
oil treatment groups, but was more frequently observed
with CBD than THC oil (P =0.030). Hypersalivation did
not significantly differ between CBD, THC or CBD/THC
treatment groups (all P >0.05) (Figure 4).

While the occurrence of constitutional signs did
not significantly differ between the two placebo
groups (P =0.782), constitutional signs occurred more
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Figure 3 Proportion and profile of post-dose adverse events (AEs) attributed to dose escalation of each oil in up to 11 doses

(n =4 per treatment). (a) Gastrointestinal, (b) constitutional, (c) neurologic and (d) ocular AEs were observed within 24 h of oil

administration. ‘Other’ gastrointestinal AEs include abnormal excreta, bloody stool, retching and dehydration. MCT = medium-
chain triglyceride oil; CBD = cannabidiol; THC = tetrahydrocannabinol; SF = sunflower oil

frequently with CBD oil (Z=3.08, P=0.003) and THC
oil (Z=4.25, P <0.001) than MCT oil, and more fre-
quently with CBD/THC oil (Z=6.02, P <0.001) than SF
oil. Moreover, constitutional signs were more frequently
observed with the CBD/THC combination product than
with either CBD (Z =4.79, P <0.001) or THC (Z =3.36,
P=0.001) (Figure 2). The most prominent constitu-
tional signs were lethargy and hypothermia (Figure 3).
While the occurrence of lethargy did not significantly

differ between the two placebo groups (P =0.341), leth-
argy occurred more frequently with CBD oil (Z=2.87,
P=0.010) and THC oil (Z=3.74, P=0.001) than MCT
oil, and more frequently with CBD/THC oil (Z=23.59,
P =0.001) than SF oil. Moreover, lethargy was observed
more frequently with THC-containing oils than CBD, but
this relationship was only significant when comparing
CBD/THC and CBD (Z=2.61, P=0.016) (Figure 4). On
average, across all doses, lethargy began sooner after
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Figure 4 Cumulative occurrence of frequently observed adverse events (AEs) across 11 escalating doses of the oil
formulations (n= 4 per treatment). (a) Hypersalivation, (b) emesis, (c) lethargy, (d) hypothermia, (e) ataxia and (f) protrusion
membrana nictitans were observed within 24 h of dose administration. *Significant difference (P <0.05) between the indicated
cannabinoid oil group and its placebo (cannabidiol [CBD] vs medium-chain triglyceride [MCT] oil, tetrahydrocannabinol [THC]
vs MCT or CBD/THC vs sunflower [SF] oil). tSignificant difference (P <0.05) between the indicated cannabinoid oil groups

(generalized estimating equation with alpha level set at P <0.05,

two-tailed and false discovery rate adjustments made for

multiple comparisons). *Statistical analysis between the indicated cannabinoid oil and its placebo was not performed owing

to insufficient variability (zero occurrences) in the placebo group

dose administration of CBD (~2.8h) than administration
of THC (~4.2h) or CBD/THC (~4.3h), and was of shorter
duration with CBD (~1.2h) than with THC (~8.0h) or
CBD/THC (~5.7h) (Figure 5). Hypothermia did not differ
between CBD and MCT oil (P =0.706) or THC and MCT
oil (P=0.361) but was observed more frequently in the

CBD/THC group vs the SF oil placebo group (Z =3.741,
P <0.001), CBD oil (Z=3.741, P <0.001) and THC oil
group (Z =3.225, P=0.003) (Figure 4).

Neurologic AEs, which were infrequently observed
in the placebo groups, occurred more frequently with
THC oil and CBD/THC oil than with CBD oil (both
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Figure 5 Start and end times (open and closed symbols, respectively) of (a—c) ataxia and (d—-f) lethargy observed over
24h following the administration of cannabinoid oil formulations. Within each plot, symbols (circle, square, triangle or
diamond) are used to represent an individual cat across each dose when ataxia or lethargy were observed. Vertical dotted
lines represent overall average start (S) and end (E) times across all observations during the study. CBD = cannabidiol;

THC = tetrahydrocannabinol

P <0.001) but did not differ between THC and CBD/THC
groups (P =0.292) (Figure 2). Ataxia occurred predomi-
nantly following the administration of THC-containing
oils (Figure 3) and its frequency was eight-fold (n =24;
P=0.002; THC oil) and 11-fold (n=33; P <0.001; CBD/
THC oil) greater than with CBD oil (n=3) but did not
differ between THC and CBD/THC treatment groups
(P=0.294) (Figure 4). Ataxia was observed in the CBD/
THC and THC oil groups at each of the 11 doses (Figure 4),
with every animal in these groups experiencing ataxia at
least once (see Table 1 in the supplementary material). On
the contrary, in the CBD oil group, ataxia did not occur
until the ninth (24.9mg/kg CBD + 0.94mg/kg THC, one

cat) and 10th (27.7mg/kg CBD + 1mg/kg THC, two cats)
administered doses, and ataxia did not significantly dif-
fer between CBD and MCT oil placebo groups (P = 0.341)
(Figure 4). Assessment of ataxia duration at cannabinoid
doses comparable for THC quantity (eg, first dose of
THC oil vs fifth dose of CBD/THC oil [3.8mg/kg THC]
or second dose of THC oil vs 10th dose of CBD/THC oil
[7.6mg/kg THC]) revealed an approximately seven-fold
increased duration of this AE with the combination prod-
uct (Figure 5).

Ocular AEs, which were not observed following the
administration of placebo oils, occurred more frequently
with THC oil (Z=3.31, P=10.003) and CBD/THC oil
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(Z=2.95, P =0.004) than CBD oil but did not significantly
differ between THC and CBD/THC groups (P =0.436)
(Figure 2). The most frequently observed ocular AE was
protrusion membrana nictitans (n = 23) (Figure 3), which
occurred exclusively in the THC (n =7 across three cats)
and CBD/THC (n = 16 across four cats) treatment groups
but did not significantly differ between these two groups
(P=0.068) (Figure 4).

Regarding behavioral observations, the greatest occur-
rence of vocalization was in the CBD/THC oil group
(Figure 6) wherein all four cats vocalized at least once
throughout dose escalation, beginning, on average, 4.2h
after dose administration (range 1.5-9h post-dose) and
lasting on average 5.6 h (range 0.5-21h) (see Table 1 in the
supplementary material).

Clinical chemistry and CBC

Liver markers (alkaline phosphatase [ALP], alanine ami-
notransferase [ALT], aspartate aminotransferase [AST],
total bilirubin and gamma-glutamyl transpeptidase
[GGTP]) remained within the normal reference inter-
vals (RIs) at all measured time points (Table 3), with the
exception of one cat receiving MCT placebo with ele-
vated ALT (above the RI) 24h following the final dose
that normalized within 1 week.

Relative to baseline values, concentrations at 24 h fol-
lowing the final dose showed increased AST (Z=3.82,
P =0.002), decreased ALP (Z=7.35, P<0.001) and
increased bilirubin (Z =3.21, P =0.005) in the MCT oil

MCT
CcBD
THC

I Vocalization

Il Restlessness/Apprehension
Il Quiet behavior

I Active behavior

SF
CBD/THC

0 20 40 60

% of Post-Dose Behavioral Observations

Figure 6 Proportion and profile of behavioral observations
attributed to dose escalation of cannabis or placebo

oils (n =4 per treatment) that were observed within

24 h of oil administration across 11 escalating doses.
Restlessness/apprehension includes observations of
fractious behavior, pacing, agitation and/or nervousness.
MCT = medium-chain triglyceride oil; CBD = cannabidiol;
THC = tetrahydrocannabinol; SF = sunflower oil

group, increased ALT (Z=5.77, P <0.001) in the CBD/
THC group, and increased ALP (Z=2.67, P =0.016) in
the SF group. Following a 7-day washout, liver enzyme
changes returned to baseline level with the exception of
increased bilirubin (Z =2.69, P =0.022) in the CBD oil
group and increased ALP (Z =4.06, P <0.001) in the SF
group, which were significantly different from baseline

Table 3 Clinical chemistry plasma parameters indicative of liver function as measured in healthy cats administered
cannabinoid or placebo oils (n =4 per treatment group)

Data are mean = SD

*Significant difference within a group for a specific parameter between 24 h post-final dose (FD) or 7 days post-FD and baseline (BSN;
generalized estimating equation with alpha level set at P <0.05 [two-tailed] and false discovery rate adjustments made for multiple comparisons)
tOne subject receiving medium-chain triglyceride (MCT) oil placebo had elevated alanine aminotransferase (ALT) (153 U/I; above the reference
interval [RI]) 24 h following the final dose. ALT normalized within 1 week of dosing cessation (54 U/l at 7 days post-FD)

+Statistics were not conducted on gamma-glutamy! transpeptidase (GGTP) owing to insufficient variability

CBD = cannabidiol; THC = tetrahydrocannabinol; SF = sunflower; ALP = alkaline phosphatase; AST = aspartate aminotransferase
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in the washout period. Other observed fluctuations in
CBC or clinical chemistry parameters following the last
administered dose were not considered to be clinically
significant by the attending veterinarian, and there were
no observable trends relating to treatment group alloca-
tion (data not shown).

Plasma cannabinoids and metabolites

CBD, THC and their metabolites (7-COOH-CBD, 11-
OH-THC) were measured in the plasma prior to and 1, 2,
3,4, 6 and 24h after the ninth administered dose of CBD
oil (24.9/0.94mg/kg CBD/THC), THC oil (34.0mg/kg
THC) or CBD/THC oil (10.6/6.9mg/kg CBD/THC)
(Figure 7). Following CBD oil administration, CBD and
7-COOH-CBD reached peak mean = SD plasma levels
of 236.0 =193.0ng/ml (3h) and 49.0 = 21.1ng/ml (6h),
respectively. At all measured time points following the
ninth dose of CBD oil, both CBD and 7-COOH-CBD
plasma levels were higher than pre-dose levels (P <0.05).
Following THC oil administration, THC and 11-OH-THC
reached peak mean plasma levels of 518.0 =428.0ng/
ml (4h) and 6.8 £5.0ng/ml (4h), respectively. Plasma
levels of THC and 11-OH-THC were significantly higher
than those pre-dose (P <0.05) at all time points, with
the exception of 1h (THC and 11-OH-THC) and 24h
(11-OH-THC). Following CBD/THC oil administra-
tion, CBD reached peak mean plasma levels of 483.0 =
281.0ng/ml (4h), and 7-COOH-CBD reached peak mean
plasma levels of 123.0 £79.9ng/ml (6h). While plasma
CBD did not differ significantly from pre-dose levels at
any of the measured time points, plasma 7-COOH-CBD
was significantly higher 4, 6 and 24h following dos-
ing (P <0.05). THC reached peak mean plasma levels of
715.0 £301.0ng/ml (4h), and 11-OH-THC reached peak
mean plasma levels of 17.0 £12.1ng/ml (6h). Plasma
levels of THC and 11-OH-THC were significantly higher

than those pre-dose (P <0.05) at all time points with the
exception of 1h (THC) and 24 h (11-OH-THC)

Additionally, CBD, THC, 7-COOH-CBD and 11-OH-
THC were measured 4 and 24 h following the ninth, 10th
and 11th (final) doses, and 7 days following the final dose,
to compare cannabinoid /metabolite levels through con-
secutive increasing doses and after discontinuation of
each cannabis oil (Figure 8). While the amount of CBD
administered with CBD/THC oil was ~57% lower at each
of doses 9, 10 and 11 than CBD oil, plasma levels of CBD
trended to be higher 4 h following the administration of
CBD and CBD/THC oils and plasma 7-COOH-CBD was
significantly higher (dose 9 at 4 h; doses 9, 10, 11 at 24h
[all P <0.05]) with the combination product. Similarly,
while ~80% less THC was administered at each dose with
the CBD/THC combination product than with THC oil,
plasma levels of THC (dose 11 at 4h) and 11-OH-THC
(doses 9, 10 and 11 at 4h) were significantly higher with
the combination product (P <0.05). Twenty-four hours
after the ninth dose, both THC and 11-OH-THC were
lower with the combination product (P =0.015 and
P =10.032, respectively). While plasma levels of CBD,
7-COOH-CBD and THC were still detectable 7 days fol-
lowing completion of the dosing phase, their levels did
not differ between CBD oil or THC oil and the CBD/THC
combination product.

Discussion

In this study, dose escalation of cannabis oils, including a
CBD-predominant oil (2.8-30.5mg/kg CBD +0.1-1.1mg/kg
THC), a THC-predominant oil (3.8-41.5mg/kg THC) and
a CBD/THC-predominant oil (1.2-13mg/kg CBD + 0.8
8.4mg/kg THC) was generally well tolerated by healthy
cats, leading only to mild AEs. Importantly, over the
6- to 7-week dose escalation period, no clinically signifi-
cant changes were observed in CBC or clinical chemistry
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Figure 7 Mean = SEM (n = 4/treatment) plasma levels of cannabidiol (CBD), tetrahydrocannabinol (THC) and their primary
metabolites (7-COOH-CBD, 11-OH-THC) immediately prior to and 1, 2, 3, 4, 6 and 24 h following the ninth dose of (a) CBD oil
(24.9/0.94mg/kg CBD/THC), (b) THC oil (34.0mg/kg THC) or (c) CBD/THC oil (10.6/6.9mg/kg CBD/THC). The lower level of
quantitation was 1ng/ml. Data were not plotted for 11-OH-THC (following CBD) or CBD and 7-COOH-CBD (following THC),

as their levels were not detected
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Figure 8 Mean = SEM (n = 4/treatment) plasma levels of cannabinoids and primary metabolites 4 and 24 h after the ninth, 10th
and 11th doses, and 7 days after the final dose of cannabinoid oils. (a) Cannabidiol (CBD) and (b) its metabolite 7-COOH-CBD
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parameters, including liver enzymes (ALP, ALT, AST, bili-
rubin and GGTP).

Comparison of gastrointestinal AE occurrence between
the two placebo oils suggests that SF oil is better tolerated
by healthy cats than MCT oil. Emesis and diarrhea sec-
ondary to CBD or THC oil administration may therefore
be explained by intolerability to the MCT carrier oil rather
than the cannabinoids themselves. To this end, emesis
and diarrhea were not observed with CBD/THC oil
administration (SF oil carrier). Notably, all three cannabi-
noid formulations led to a greater incidence of hypersali-
vation than either placebo — a trend also observed by our
group in a similar canine dose escalation study.® Others
have reported excessive licking and head shaking with
cannabinoid administration (CBD:CBDA in fish oil),? sug-
gesting an immediate aversion to the taste and/or smell
of cannabinoid oils or gastrointestinal aversion following
dosing (nausea, manifested as hypersalivation) in cats.

The similar incidence of respiratory AEs (tachypnoea)
across all groups, irrespective of treatment, likely resulted
from stress secondary to handling and dosing procedures.
In cats, physiologic parameters (eg, respiratory rate) can
be affected by stress,'81° particularly in less familiar envi-
ronments.’8 While they had undergone an acclimation
period to adjust to housing conditions in the present
study, the cats were naive to experimental procedures,
including oral dosing, which may explain observations

of tachypnoea across all groups at or around the time of
dose administration.

Occurrence of constitutional (lethargy, hypothermia),
neurologic (ataxia) and ocular (protrusion membrana nic-
titans) AEs was a clear differentiator of dose escalation of
THC-containing oils (CBD/THC oil, THC oil) vs CBD oil.
The CBD/THC combination oil (1.5:1) yielded the highest
number of these AEs and behavioral observations (vocali-
zation) despite delivering lower THC and CBD levels at
each dose than THC oil or CBD oil, respectively. In a pre-
vious canine study from our group,® a combination CBD/
THC (1.5:1) oil also resulted in a higher number and more
severe AEs than THC oil or CBD oil, despite lower levels
of THC or CBD in the combination oil. It thus appears
that both cats and dogs experience a potentiation of the
effect of THC when it is co-administered with CBD. The
ability of CBD to act as a functional antagonist of THC
has been widely popularized, but evidence from rodent
and human studies indicates that CBD can also poten-
tiate the psychoactive and physiologic effects of THC
(eg, locomotor activity suppression, hypothermia and
hypoactivity).20-2> Whether this interaction is pharmaco-
kinetic (changes in cannabinoid absorption, distribution
or elimination) or pharmacodynamic (changes to receptor
interaction) may depend on whether the cannabinoids
are administered simultaneously or in series,?2%?” and
on the dose ratio of CBD:THC.?”?8 In published reports,
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when CBD/THC was simultaneously co-administered at
amean *+ SD dose ratio of 8.1 = 11.1, antagonistic effects of
CBD on THC were seen (via a pharmacodynamic interac-
tion), whereas at a ratio of 1.8 = 1.4, CBD potentiated the
effects of THC (via a pharmacokinetic interaction).?”28 In
the present study, the CBD/THC dose ratio in the combi-
nation product was 1.5. It therefore follows that the effects
of THC may have been potentiated by CBD via a pharma-
cokinetic interaction.

Plasma cannabinoid data following the ninth, 10th
and 11th doses of each formulation support a pharma-
cokinetic interaction between CBD and THC in this
study. Despite delivery at an 80% lower THC and 57%
lower CBD concentration at each dose, the plasma levels
of both CBD and THC 4h after treatment with the CBD/
THC combination product were approximately two-
fold (CBD) and 1.3-2.9-fold (THC) higher. Similarly, the
plasma levels of metabolites were elevated by approxi-
mately 1.7-2.0-fold (7-COOH-CBD) and approximately
2.3-4.2-fold (11-OH-THC) with the combination prod-
uct. While minor cannabinoid and most terpene levels
in the CBD/THC oil fell below the reporting limit, their
interaction with CBD and THC cannot be precluded.
Similarly, the effect of carrier oil (MCT vs SF) on can-
nabinoid absorption and bioavailability warrants further
exploration.

Fasted cats receiving the ninth dose of CBD (25mg/kg)
or THC (34mg/kg) had a T, between 2 and 4h (mean
3.3h) but had achieved near-maximal cannabinoid
plasma levels by 1h post-dose and maintained this level
for at least 6h, trending downwards by 24h post-dose.
Others have noted a T, for CBD at 2h in single-dose
pharmacokinetics, with individual cat T ,,, ranging from
1 to 4h.2 While there are no existing feline oral THC phar-
macokinetic studies, in fasted dogs the median THC T,
has been reported at 1.25h following the administration
of 1.5mg/kg THC,? and at 1h after administration of
approximately 37 mg/kg THC.® The higher CBD C_,,
achieved in the present study (250 = 97ng/ml) than what
has been previously reported in cats following a 2mg/kg
total CBD + CBDA dose (43 = 9ng/ml)? is likely a reflec-
tion of higher CBD levels administered prior to pharma-
cokinetic analysis, as well as accumulation in plasma with
dose escalation over time, but may also be related to test
article matrix (MCT vs fish oil) and to the presence of
THC in the CBD oil used in the present study.

Research conducted in the 1970s and 1980s in cats
and rodents identified differentiating effects of THC (or
cannabis extracts) vs CBD on intraocular pressure and
ocular toxicity.30-32 While the adverse ocular effects of
THC and a cannabis extract were similar (conjunctival
erythema, chemosis, corneal opacification), CBD was
devoid of ocular toxicity.3*3! An interesting hypothesis
for THC-induced ocular effects is the involvement of
the sympathetic nervous system, specifically the action

of catecholamines (norepinephrine, epinephrine) trans-
ported to the eye via systemic circulation.

Unlike the THC oils (particularly CBD/THC oil),
which led to vocalization, there were no occurrences of
vocalization in any of the cats receiving the CBD oil over
the dose escalation period. Cats have been described as
having a complex vocal repertoire.®* As the vocalizations
in our study were not qualified, whether they were an
expression of positive or negative emotional states is
unknown.

This preliminary study used a small homogenous
group of healthy cats, which may not be representative
of client-owned animals, or of cats with pre-existing
disease. In addition to the small sample size, alpha rate
adjustments to control false discovery rate inflation due
to multiple comparisons were required. Consequently,
statistical tests were likely underpowered, and, as such,
lack of statistical significance should not be interpreted as
evidence for no difference between groups. Replication
in a larger sample is therefore recommended. As the can-
nabinoid oils used in this study are proprietary formula-
tions, with relatively high concentrations of CBD and/or
THC and low concentrations of other cannabinoids and
terpenes, the findings described here may not be appli-
cable to the safety of other marketed formulations with
different cannabinoid profiles and non-cannabinoid (eg,
terpenes) constituents, and those delivered in a different
matrix (different carrier oil or formulated as a solid chew).

To date, the safety and tolerability of CBD has been
reviewed in rodents and humans,?6-343 with a handful
of recent studies addressing CBD safety in companion
animal species, including dogs and cats.>35683 QOverall,
the findings support the safety and tolerability of CBD in
these species. The present placebo-controlled escalating
dose study, which delivered up to 30.5mg/kg CBD in an
MCT oil matrix, showed oral administration of CBD to
be generally well tolerated by cats with no detrimental
changes in CBC and clinical chemistry. Importantly, as
compared with formulations containing THC, CBD oil
was associated with the fewest number of constitutional,
neurologic and ocular AEs and the fewest number of
behavioral changes.

Conclusions

This study separates the relative safety and tolerability
profiles of cannabis oil formulations predominant in
CBD, THC or both CBD and THC (1.5:1) in cats. THC-
containing oils (CBD/THC oil, THC oil) more frequently
led to lethargy, ataxia, hypothermia, protrusion membrana
nictitans and vocalization. Compared with THC oil or
CBD/THC oil, CBD (=<30.5mg/kg) in MCT oil was asso-
ciated with fewer constitutional, neurologic and ocular
AEs, and fewer behavioral changes. Higher plasma can-
nabinoid and metabolite levels following administration
of a CBD/THC combination product vs oils predominant
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in either CBD or THC are suggestive of a pharmacokinetic
interaction between CBD and THC. Our findings support
continuing research on the potential therapeutic uses of
orally delivered CBD in cats, and for its consideration as
a safe treatment option in veterinary medicine.
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