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Long-term daily feeding of
cannabidiol is well-tolerated by
healthy dogs

Sophie Bradley, Scott Young, Anne Marie Bakke,
Lucy Holcombe, Daniel Waller, Alysia Hunt, Kathleen Pinfold,
Phillip Watson and Darren W. Logan*

Waltham Petcare Science Institute, Waltham-on-the-Wolds, Melton Mowbray, United Kingdom

Cannabidiol (CBD) containing dog food and treats are widely commercially
available, mirroring the growing popularity of CBD as a supplement for
humans. Despite this, experimental evidence of the safety and efficacy of
long-term oral exposure in dogs is lacking. The purpose of this study was to
address the gap in knowledge around the longer-term suitability and tolerance
of a broad-spectrum CBD (THC-free) distillate in clinically healthy dogs. The
study was a randomized, placebo-controlled, and blinded study where one
group of twenty dogs received daily CBD capsules at a dose of 4 mg/kg of
body weight (BW) for a period of 6 months. The control group of twenty
dogs received placebo capsules. A comprehensive suite of physiological
health measures was performed throughout the study at baseline, and after
2, 4, 10, 18, and 26 weeks of exposure, followed by 4 weeks of washout.
CBD concentrations were measured at the same cadence in plasma, feces
and urine. Health measures included biochemistry, hematology, urinalysis,
in addition to fortnightly veterinary examinations, twice daily well-being
observations, and a daily quality-of-life survey. Biochemistry and hematology
showed no clinically significant alterations apart from a transient elevation
in alkaline phosphatase (ALP) in just over half of the dogs receiving CBD.
This elevation was observed in the absence of concurrent elevations of other
liver parameters, and without any adverse effects on health and wellbeing.
Furthermore, bone alkaline phosphatase (BALP) was simultaneously elevated
with a significant, strong (r > 0.9) positive correlation between the two
measures, suggesting that the elevation of total ALP was at least partly due
to the bone-derived isoform. This study provides evidence that a once-daily
oral dose of 4mg CBD/kg BW is well tolerated in clinically healthy dogs for a
duration of 6-months.
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Introduction

Cannabis sativa/C. indica is an herbaceous plant of Asian origin that has been
cultivated for centuries. Different parts of the plant have been utilized across diverse
applications including for fiber, fuel, nutrition and medicine (1). It is thought to be the
oldest cultivated plant (2, 3) and its extensive list of bioactive compounds is documented
to be unrivaled when compared to other botanicals (4). Specifically, research to date
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has identified it contains over 120 phytocannabinoids alongside
at least 445 other phytochemicals, including terpenoids,
flavonoids, and sterols (5). Tetrahydrocannabinolic acid
(THCA) and cannabidiolic acid (CBDA) are the two primary
phytocannabinoids produced by the plant and are found at
different concentrations dependent upon the species and strain.
These natural products are decarboxylated through the process
of cooking, heating or drying to form tetrahydrocannabinol
(THC), a psychoactive cannabinoid, and cannabidiol (CBD),
a non-psychoactive cannabinoid. Cannabis cultivar products
are commonly differentiated into either marijuana or hemp.
Cultivars that contain appreciable levels of THCA are typically
used to produce THC-rich marijuana. Conversely, hemp
products are from plants characterized as having low levels of
THCA but tend to have high levels of CBDA.

CBD has attracted an abundance of interest over recent years
due to proposed anti-oxidative, anti-inflammatory and anti-
necrotic effects, making it a potential candidate for therapeutic
management of ailments and conditions such as Alzheimer’s
disease (6, 7), Parkinson’s disease (7, 8), epilepsy (9, 10), multiple
sclerosis (7, 11), anxiety disorders (12, 13), Crohn’s disease
(14, 15), glaucoma (16), nausea and vomiting (17) and analgesia
(18). In 2018, the United States Food and Drug Administration
(FDA) approved Epidiolex®, which is the first approved drug
derived from Cannabis and is approved for the treatment of
seizures in patients over 2 years of age suffering from two
forms of drug-resistant epilepsy: Dravet and Lennox-Gastaut
syndromes. In addition, the National Institute for Health and
Care Excellence (NICE) in the UK approved the use of two
cannabis-based medicines, Epidyolex® and Sativex®, for the
treatment of epilepsy and multiple sclerosis, respectively (19).

The potential therapeutic value of CBD in humans has
made it an attractive option for use in animals (20). Moreover,
CBD-supplemented pet food and treats are widely available
for purchase by pet owners (21). However, the experimental
evidence of the long-term safety of daily exposure in companion
animals is currently limited. CBD is a small, lipophilic molecule,
which could facilitate build-up in tissues with long-term feeding.
The tissue-distribution of CBD and its endogenous receptors in
dogs is not fully characterized, therefore there is a potential for
adverse effects across different organs. A European Food Safety
Authority (EFSA) panel recently assessed the available data
pertaining to safety of CBD across a range of animal species. The
panel found consistent evidence of potentially adverse effects
on liver function and reproductive systems, though the specific
measures varied by species and CBD formulation (22). These
studies typically used levels of CBD many times higher than
found in commercially available pet food and treats, however.
Considering these factors, the EFSA panel concluded that a
no observed adverse effect level (NOAEL, a dose at which
there is substantial experimental evidence of no statistically and
biologically significant increases in adverse effects) could not be
established for CBD at this time (22).
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Recent studies in dogs have investigated the short to mid-
term safety of more moderate levels of CBD. Briefly, CBD
concentrations of 2 mg/kg BW daily (23), 2 mg/kg BW twice
daily (24, 25), 12 mg/kg BW daily (26), and up to 20 mg/kg
daily (27), as well as escalating one-time dosing of CBD up
to 62 mg/kg (28), were reportedly well-tolerated when orally
administered to dogs. In these studies, some adverse effects were
reported but classified as mild; these included gastrointestinal
upset, hypersalivation and elevated serum alkaline phosphatase
[ALP; (24-26, 28)].

The pharmacokinetic profile of CBD in dogs has been
widely studied with the primary focus on 24-h pharmacokinetic
analysis following a single dose (23-25). However, gaps in the
knowledge surrounding longer term administration of CBD
to dogs guided the two objectives of this study. First, to
determine whether a 4 mg/kg BW daily oral dose of a broad-
spectrum CBD (THC-free) distillate over a 6-month duration is
tolerated, with a view to collect evidence in support of defining a
NOAEL. Second, to evaluate the fasted plasma, fecal and urinary
concentrations of CBD at regular intervals over the 6-month
study period.

In general, monitoring markers of liver health are deemed
vital for CBD studies due to the predominantly hepatic
metabolism of cannabinoids (29). As such, alanine transaminase
(ALT) was used as a primary measure in this study; ALT is
documented to be the gold-standard marker of hepatocellular
injury due to its high specificity and sensitivity in comparison
to other liver enzymes (30, 31). ALP was also included as
a secondary measure, as elevation can be indicative of liver
injury and raised ALP levels have been previously reported after
feeding of CBD to dogs over shorter periods (24, 26, 28, 32—
34). In addition, a full suite of biochemical and hematological
parameters, urinalysis, twice daily observational health and
well-being checks, and fortnightly veterinary assessments were
performed throughout the study.

Materials and methods

Animals and husbandry

This work was reviewed and approved by the Waltham
Animal Welfare and Ethical Review Body and conducted under
the authority of the Animals (Scientific Procedures) Act 1986.
Forty healthy dogs took part in the study: 17 Labrador Retrievers
(age = 1.4-9.4 y; weight = 19-36kg), 8 Beagles (age = 1.2-6.6
y; weight = 11-18kg), and 15 Norfolk Terriers (age = 1.4-4.4
y; weight = 4-8.5 kg). Study dogs were pair housed in kennels
designed to provide free access to a temperature-controlled
interior and an external pen at ambient temperature; dogs were
provided with sleeping platforms at night. The dogs had access to
environmentally enriched paddocks for group socialization and
received lead walks and off-lead exercise opportunities during
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the day. Water was freely available throughout the trial. All
dogs were trained and habituated to all procedures to minimize
potential stress, and their behavior was monitored before, during
and after each procedure.

Dogs were fed a standard commercial diet (Royal Canin®
Medium Adult Dry) twice daily. Food quantity offered was
based on the individual’s maintenance energy requirements
(MER) and body condition score on a 9-point scale (36).
Due to the duration of the study period and the number of
dogs, two batches of the diet were used. Both batches of diet
underwent nutritional analysis (Eurofins, UK). To ensure full
compliance with the National Research Council (NRC 2006)
essential nutrient requirements across the length of the study;
14 dogs received supplements with some meals (6 in the
CBD group, 8 in the placebo group). The supplements added
were Choline (Choline Chloride; Metabolics®), Selenium (Ionic
selenium; Metabolics®) and Riboflavin (Riboflavin 5 Phosphate;
Metabolics®). All dogs received a daily Greenies™ dental chew
of appropriate size for their breed.

CBD description and dosing

Hemp-derived distillate and placebo oils were acquired
from Canopy Growth Corporation (Ontario, Canada) and
processed by Kazmira LLC (Colorado, USA). The distillate was
diluted with a food-grade sunflower oil and manufactured in
soft gel capsules (bovine origin; RNA Corporation, Illinois,
USA) to the following target concentrations (6, 10, 25, and
50 mg CBD), with each concentration indicated with a different
colored capsule. The capsules were analyzed by a third-party
laboratory for potency (Botanacor Laboratories, Colorado, USA)
and to generate a certificate of analysis (CoA) for each batch
concentration. The THC content of each batch was below the
threshold of analytical detection (0.08%), as confirmed in the
CoA. No other cannabinoids were detected except trace amounts
(0.2mg) of cannabidivarin in the 50mg CBD capsules only.
The placebo soft gel capsules were manufactured to match the
conformity of the CBD-containing soft gel capsules, minus the
CBD, to maintain the blinding of the study. The placebo capsules
were also analyzed by the third-party laboratory to confirm they
were void of detectable CBD. Each dog was provided with the
combination of capsules to achieve as close to the target dose
of 4 mg/kg BW per day as possible. Each capsule was placed
in a Royal Canin® Pill Assist moldable pocket and placed on
the morning meal. Meals were monitored to ensure all dogs
consumed the capsules.

Study design

The study was conducted at Waltham Petcare Science
Institute and was randomized, placebo-controlled, and blinded.
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Dogs were randomized and balanced across two parallel
treatment groups: CBD and placebo. The parameters age, sex,
breed, and housing location were considered when balancing
the groups. The dogs were then separated into four staggers for
logistical ease (10 dogs per stagger; 4-6 dogs in each treatment
group), with a 1 week offset between stagger groups for trial
initiation and collection of samples. To accurately dose CBD,
dogs were weighed weekly. The targeted daily oral dose for each
dog was 4 mg/kg BW with an acceptable range of 3.38-4.44
mg/kg BW.

The long-term study consisted of a baseline period of 8
weeks, during which all reference parameters were collected
(biochemistry, hematology, urinalysis collected in the first
week, twice daily unit observations, fortnightly vet checks).
Subsequently dogs were administered a daily oral dose of either
CBD or placebo as part of their morning food ration for 26
weeks (January to July) with measurements taken throughout
(see Section Measures and analyses for details). Following the
26 weeks of daily administration, all dogs completed a 4-week
washout period.

CBD is metabolized through the cytochrome-450 pathway
and may have additive, synergistic, or antagonistic effects on
other drugs that are metabolized through the same pathways
(35). Due to a current lack of information on drug interactions
between CBD and veterinary medications, a list of common
veterinary drugs was assessed to help eliminate or minimize the
risk of any drug interactions. These drugs were graded according
to the theoretical or known risk of drug/CBD interaction based
on their metabolism pathways as well as an assessment by the
veterinary team on the severity of effect if an interaction should
occur. No dog was denied appropriate veterinary treatment.
When needed, low-risk drugs were provided following standard
veterinary practice but were administered at least 6h after
CBD or placebo supplementation. For the medium and high-
risk drugs, veterinarians formulated plans for treatment, which
included alternative drug use as a first line of consideration,
with the option for emergency unblinding if such a drug was
deemed necessary.

Measures and analyses

Blood-based measurements

At the end of baseline, and after 2, 4, 10, 18, and 26
weeks of intervention and at weeks 2 and 4 of washout,
fasted (>12h) jugular blood samples were collected (max
4.1ml total volume). Lithium-heparin-treated blood was
centrifuged and the resulting plasma used for the determination
of standard biochemistry parameters; total protein, albumin,
inorganic phosphate, alkaline phosphatase (ALP), alanine
(ALT),
(AST), calcium, cholesterol, urea, creatinine, triglycerides,

aminotransaminase aspartate  aminotransferase

sodium, potassium, chloride and glucose, using an AU480
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FIGURE 1
Daily quality of life (QoL) assessment across five domains in dogs dosed with CBD (red) and placebo (blue), where a score of 7 is a maximum and
1is a minimum possible value for each domain. Values represent mean and 95% confidence intervals of 1,001 surveys from the CBD group, and
1,097 surveys from the placebo group.

analyser (Beckman Coulter; USA). EDTA-treated blood
was collected for the measurement of standard hematology
parameters using a 3-part differential automated hematology
analyser (Mythic 18 Vet, Orphée SA). Parameters measured
were total leukocyte count, differentiated leukocyte counts
as a number and percentage (lymphocytes, monocytes,
and granulocytes), total erythrocyte count, hemoglobin
concentration, haematocrit, mean corpuscular volume, mean
corpuscular hemoglobin, mean corpuscular hemoglobin
concentration, erythrocyte distribution width, platelet count,
and mean platelet volume. EDTA-treated blood was also
collected for CBD quantification. Serum clot activated
blood was centrifuged and stored at 4 °C before sending to
IDEXX Laboratories (UK) in a temperature-controlled box
for analysis of total bilirubin, gamma-glutamyl transferase
(GGT) and fasted bile acids using an AU5800 clinical
chemistry analyser (Beckman Coulter; USA). Additionally,
at baseline and 26 weeks, serum clot activated blood
was used to evaluate markers of bone turnover: bone-
specific alkaline phosphatase (BALP) and carboxy-terminal
telopeptide cross-links (CTx) using MicroVue™ BALP
ELISA kit (Quidel®, USA) and Serum CrossLaps CTX-
I ELISA kit (Immunodiagnostic Systems Limited; UK),
respectively. Both assays were performed according to
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the manufacturer’s instructions on a Synergy HT plate
reader (Agilent Technologies, USA) and have sensitivity
limits of 0.7 U/L for BALP and 0.020ng/mL CTX. Where
described, reference ranges refer to those published by IDEXX
Laboratories (UK).

Urinalysis

At the end of baseline, after 4, 10, 18, and 26 weeks
of intervention and at 4-week washout, urine was collected
(min 3ml total volume) using a free-catch method with
a uripet (Fisher Scientific; UK). Urine specific gravity was
measured using a refractometer (J.A.K. Marketing Ltd, UK) and
glucose, bilirubin, ketone, specific gravity, blood, pH, protein,
urobilinogen, nitrite, and leukocytes were analyzed using the
Status Plus Analyser with Multistix® 10SG urine test strips
(Siemens Healthcare Limited; UK). An aliquot of urine was also
processed for CBD quantification.

Feces collection

At the end of baseline, after 4, 10, 18, and 26 weeks of
intervention, and at 4-week washout a single fresh fecal sample
was collected, and CBD levels were quantified.
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FIGURE 2
Plasma activity levels of total alkaline phosphatase (ALP; U/L; mean and 95% confidence intervals) in dogs dosed with CBD (red) and placebo
(blue). Week 0 depicts the baseline measure before daily oral dosing of CBD/placebo. Dotted line depicts upper and lower reference ranges as
specified by IDEXX Laboratories. *Depicts significant differences between the experimental groups (p < 0.001).

CBD extraction and mass spectrometry
analysis

Extraction and analyses of plasma were performed as
previously described (28). Briefly, an Agilent 1,290 liquid
chromatograph (LC) coupled with a 6,460 Triple Quadrupole
(QQQ) mass spectrometer (MS), operated by Masshunter
software (Agilent; USA) was used for analysis. The LC
column used was Kinetex 2.6 um Phenyl-Hexyl 100 A, 50 x
2.1 mm, along with a guard column, X3 SecurityGuard ULTRA
Cartridges UHPLC Phenyl (Phenomenex, Cheshire, UK). The
mobile phase was delivered at a flow rate 0.4 mL/min and
the gradient parameters were as follows (solvent A was 0.1%
formic acid in UHQ water, solvent B was 0.1% formic acid
in acetonitrile): 0 min: 30% B, 5.3 min: 95% B, 6.3 min:
70% B. The scanning conditions were in multiple reaction
monitoring. Cannabidiol (CBD) and Cannabidiol-D3 (CBD-
d3, used as an internal standard) certified reference materials
were obtained from Sigma-Aldrich (Dorset, UK). Methanol,
acetonitrile and acetonitrile with 0.1% formic acid (v/v) were
obtained from Fisher (Loughborough, UK). For urine samples,
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the internal standard (300 pL of 40ng/mL, CBD-d3) was
aliquoted into 100 pwL of canine urine and vortexed for 5s.
Samples were centrifuged (12,000 rpm for 5 mins) and 325 pL
of the supernatant was aliquoted into a labeled glass amber vial
containing 650 L 0.1% formic acid in water. A screw cap was
placed on each vial, which was vortexed again (5 s) and analyzed
as described. For feces samples, the internal standard (750 wL of
300 ng/mL, CBD-d3) was aliquoted onto samples (0.25 £ 0.01 g,
canine feces) and vortexed for 30 min. Samples were centrifuged
(5,000 rpm for 10min) and 390 pL of the supernatant was
aliquoted into a labeled Eppendorf tube containing 780 wL of
0.1% formic acid in water, vortexed (5s) and centrifuged for
a second time (14,000 rpm for 10 min). The supernatant was
aliquoted to a labeled glass amber vial, a screw cap was placed
on each vial and analyzed as described.

Health evaluations

For the duration of the study period, daily food intake
and weekly body weight and body condition scoring (using
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FIGURE 3
Means and 95% confidence intervals of (A) alanine transaminase activity (ALT; U/L), (B) aspartate aminotransferase activity (AST; U/L), (C) Bile acid
concentration (umol/L), (D) bilirubin concentration (umol/L) and (E) gamma-glutamyl transferase activity (GGT; U/L) in dogs dosed with CBD
(red) and placebo- (blue). Week O depicts the baseline measure before daily oral dosing of CBD/placebo. Dotted line depicts upper and lower
reference ranges as specified by IDEXX Laboratories.

a 9-point scale) (36) were recorded and monitored. General
health observations of the dogs were performed twice daily
(AM and PM) by blinded pet caretakers to record and monitor
any observable adverse effects, for example gastrointestinal
(GI) upset, hypersalivation or ataxia. A full veterinary health
assessment was performed fortnightly by a blinded veterinarian.
A general dog Quality of Life (QoL) survey was completed at
the end of every day for every dog (37). This was completed
by a blinded experienced handler who was familiar with the
daily behavior of the dogs, with each dog scored across 5
domains (happy, energetic, mobile, relaxed, and sociable). Blood
data (biochemistry and hematology) for each dog was reviewed
by a blinded veterinarian after each sampling point to assess
general health.

Statistical analysis

All statistical analysis was carried out using the open-source
statistical software R, version 4.1.2 (38). The sample size for this

Frontiersin Veterinary Science

study was determined through a power analysis by simulation.
Adult dog ALT measurements from Waltham Petcare Science
Institutes’ internal database were used to estimate the between
breed, between animal and within animal variance components.
Using these variance components, data sets were simulated in
the study design for a range of dog numbers. For each “number
of dogs,” 1,000 data sets were created, and the primary analysis
as described was applied to each. The power was reported as
the percentage of the 1,000 data sets where equivalence could
be declared at 2-fold limits, given that no difference between
the diet groups or time points had been induced. The sample
size recommended was the number of dogs estimated to achieve
80% power, inflated by ~25% for potential study dropout. The
minimum sample size determined was 32 dogs, with 40 dogs
selected to begin the study.

Primary objective (ALT)
For ALT, a linear mixed model was fitted to the logio
activity level, with treatment group, time point and their

06
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FIGURE 4
Plasma concentrations of albumin (g/L; mean and 95% confidence intervals) in dogs dosed with CBD (red) and placebo (blue). Week 0 depicts
the baseline measure before daily oral dosing of CBD/placebo. Dotted line depicts upper and lower reference ranges as specified by IDEXX
Laboratories. *Depicts significant differences between the experimental groups (p < 0.005).

interaction as categorical fixed effects, and animal nested in
breed as the random structure. The residuals of the model
were visually assessed for normality and homogenous variance.
Within each treatment group, comparisons between baseline
and each subsequent time point were tested, and at each time
point a comparison between treatment groups was also tested.
All comparisons were tested for equivalence at 2-fold limits
using TOST (two one sided tests) at a 5% significance level,
adjusted for family-wise error-rate. Fold changes with 95%
confidence intervals are reported alongside their p-values. Back-
transformed estimates of the mean (raising 10 to the power
of the raw estimates) and 95% confidence intervals are also
provided for each treatment/timepoint.

Secondary parameters (biochemistry,
hematology, urinalysis)

For secondary parameters, a linear mixed model was fitted
with the same fixed and random effect structure as for ALT
with the same planned comparisons performed. Assumptions of
normality were assessed through visual inspection of residuals. If
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this assumption was deemed to be violated, the response variable
was logyo transformed; where this was not possible, the response
variable was ranked transformed as a robust alternative. Relevant
estimates of the differences with 95% confidence intervals
are reported alongside their p-values, using a family-wise
adjusted 5% significance level. Estimates of the means and
95% confidence intervals, or medians and interquartile ranges,
are also provided for each treatment/timepoint. Pearson’s
correlation analysis was performed between ALP and BALP at
26 weeks, to assess whether these parameters are potentially
linked; the associated p-value is reported to assess whether the

correlation is statistically significant.

Quality of life

For each of the five Quality of Life domains, all scores
were calculated on a 1-7 scale as previously described (37).
Score were fit to a linear mixed effects model with diet as the
fixed effect and individual dog as the random effect. The means
and 95% confidence intervals were reported. The difference in
means, confidence intervals and p-values were calculated. Due to
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FIGURE 5
Serum activity levels of bone-specific alkaline phosphatase (BALP; mean and 95% confidence intervals) in dogs dosed with CBD (red) and
placebo (blue) at baseline and 26 weeks. *Depicts significant differences between the experimental groups (p < 0.001).

comparisons being made in 5 domains, a Bonferroni adjustment
to the alpha level was used, resulting in a test level of p < 0.01.

CBD concentration

To assess CBD concentration in the plasma, feces and urine,
line-plots are produced for each dog and arranged by treatment
group. Additionally, for plasma the observations are plotted
by group/timepoint, with means and 95% confidence intervals
plotted for the CBD cohort at timepoints 2, 4, 10, 18, and
26 weeks. Analysis of these figures is reported descriptively.
Pearson’s correlation analysis was performed between CBD
plasma concentration and ALP levels to assess whether these
parameters are linked. The associated p-value is reported to
assess whether the correlation is statistically significant.

Results

All 40 dogs completed the study with no CBD or placebo
capsule refusals. Dogs were fed to maintain a healthy body
weight and BCS and no deviations were noted (data not
shown). CBD was fed to a target of 4 mg/kg BW/day with the
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dosing range throughout the study being 3.38-4.44 mg/kg/BW
and the average concentration being 3.99 mg/kg/BW/day.
No adverse effects were detected during the twice daily
observational health and well-being checks or fortnightly
veterinary examinations. A daily QoL survey completed by
the dog’s care providers (37) found no significant differences
between the CBD and placebo groups in any of the five domains
assessed (all p > 0.05, Figure 1), indicating that the general
well-being of healthy dogs was not negatively impacted by
CBD administration.

Hematology and biochemistry

All mean hematology values across both the CBD and
placebo groups were within reference ranges at all times
measured (see Supplementary Data S1). For some hematology
measures, significant differences were observed during
CBD/placebo administration when compared to baseline within
the treatment group (effect of time, p < 0.05). However, there
were no significant differences detected between the CBD and

placebo groups (p > 0.05).
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FIGURE 6
Scatter plot to depict the strong positive correlation between total activity levels of bone-specific alkaline phosphatase (BALP; U/L) and alkaline
phosphatase (ALP; U/L) in dogs dosed with CBD at the 26-week time point (r = 0.9).

Mean values for serum biochemistry parameters alkaline
phosphatase (ALP), protein and calcium were outside of
reference ranges at different timepoints during the study.
Although unlikely to be clinically relevant due to a lack of
concomitant clinical signs, mean calcium levels were below
the reference range by 0.04 mmol/L at one timepoint (week
18) in CBD-treated dogs (see Supplementary Data S2a). Mean
protein levels in CBD treated dogs fell below the reference
range by 0.8, 1.15, 1.23, 2.19, and 1.1 g/L at 2, 4, 10, 18,
and 26 weeks, respectively (see Supplementary Data S2b). ALP
activity levels were above the reference range at 4, 10, 18,
and 26 weeks by 8.5, 15.1, 4.7, and 6.1 U/L, respectively,
in CBD-treated dogs (Figure2). Furthermore, mean ALP
activity levels were significantly higher in CBD-treated dogs
in comparison to placebo-treated dogs at 4, 10, 18, and
26 weeks (treatment by time interaction, p < 0.001), with
mean activities returning to that of placebo-treated dogs
4 weeks after ceasing CBD administration (washout +4).
Eleven of the 20 dogs receiving CBD (but 0/20 receiving
placebo) showed ALP activity levels that were elevated
above the clinical reference range (see Supplementary Data S3).
One Labrador in particular (Labrador 17) showed a 5-fold
increase from baseline at week 10. Importantly, this was
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not accompanied by any other elevated clinical parameters
and dropped to a 3-fold increase at the next sample point
(week 18). All dogs that showed elevated ALP during
CBD administration returned to baseline values after the
4-week washout.

All of
aminotransferase (ALT), aspartate aminotransferase (AST),

other  measures liver function; alanine
gamma-glutamyl transferase (GGT), total bilirubin and fasted
bile acids, showed no significant difference between CBD- and
placebo-treated dogs at any time point (all p >0.05, Figure 3).
Although within physiological reference range, there was a
significant difference between treatment groups for albumin at
weeks 18 and 26, with mean concentrations around 2 g/L lower
in CBD-treated dogs (Figure 4; treatment by time interaction
p <0.001). For the remaining plasma biochemical parameters,
there were no significant differences between treatment groups

(see Supplementary Data S4).

BALP and CTX

To gain a better understanding of the tissue source of
ALP, BALP activity, the bone specific isoform of ALP, and
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Plasma CBD concentrations (ng/ml; mean and 95% confidence intervals) in dogs dosed with CBD (red) and placebo (blue) at each study time
point. Week 0O depicts the baseline. Solid red line shows the mean concentration across the time points in CBD-dosed dogs.

CTX were measured at baseline and at the end of the 26-
week administration period. No differences were observed in
CTX, either within or between groups (all p > 0.05, data not
shown). However, significantly increased BALP activities were
observed after 26 weeks in CBD dosed dogs in comparison to
placebo dogs (Figure 5; treatment by time interaction p < 0.001).
Furthermore, there was a strong, significant positive correlation
between ALP and BALP activity at 26 weeks in CBD dosed dogs
(r > 0.9, p < 0.001; Figure 6).

Plasma, urine and fecal CBD
concentrations

Mean fasted plasma CBD levels showed a steady increase
over time during CBD exposure, whilst a sharp decline following
the 2- and 4-weeks washout was observed (Figure 7). Comparing
across CBD fed dogs there was a wide variation in CBD
concentration range at each time point (2-weeks: 28-165 ng/ml;
4-weeks: 33-157ng/ml; 10 weeks: 31-167 ng/ml; 18-weeks:
23-234 ng/ml; 26-weeks: 28-188 ng/ml). Individually, Norfolk
terriers tended to have lower plasma CBD concentrations than
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Labradors (see Supplementary Data S5); however the study was
not powered to statistically confirm a breed difference. As
ALP was elevated in dogs that received CBD, the data was
plotted to determine if there was any correlation between
the two parameters. There was a weak albeit significant,
positive correlation between CBD plasma concentration and
ALP levels (Figure 8; r = 0.469, p < 0.001). Similar to the
plasma concentrations, CBD excretion in the feces was widely
variable between the dogs. Concentrations in the urine were
notably lower and only detectable in 12 of the 20 dogs (see
Supplementary Data S6).

Urinalysis

For urinalysis, no significant differences were identified
between treatment groups for urine-specific gravity and pH (all p
> 0.05, Table 1). Additional urinary parameters measured by the
test strips (glucose, bilirubin, ketones, blood, protein, uroliths,
nitrogen, leukocyte), were reviewed by a qualified, blinded,
veterinarian after each time point and no clinical concerns were
highlighted (data not shown).
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FIGURE 8
Scatter plot to depict a weak positive correlation between plasma CBD concentration (ng/ml) and alkaline phosphatase (ALP; U/L) in CBD-dosed
dogs when all time points are combined (r = 0.469).

Discussion

The aim of this current study was two-fold. First to
demonstrate tolerance of a once-daily oral dose of a broad-
spectrum CBD (THC-free) distillate provided at 4 mg/kg BW
over a 6-month period to healthy adult dogs. Second to quantify
the level of CBD in the fasted plasma, urine, and feces over the
same period. The study demonstrated that a daily oral dose of
CBD at this concentration and duration was well-tolerated by
clinically healthy adult dogs.

All hematology and urinalysis measures remained within the
reference range for both placebo and CBD groups at all sample
points with no significant differences seen between the groups.
Biochemistry values were also generally unremarkable with only
transient changes seen in calcium and protein measures with
no associated clinical signs. We do not deem these to be of
concern, especially when evaluated in a broader clinical context
(30). However, changes were observed in ALP levels where the
CBD group had a significant elevation, with the levels returning
to baseline after the 4-week washout period. This finding is
not unexpected, as elevated ALP activity has been previously
observed in CBD studies with dogs (24, 26, 28, 32-34). In past
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publications, increases in ALP observed with CBD exposure
was considered to be due to induction of cytochrome p450-
mediated oxidative metabolism in the liver, as suggested after
long-term exposure to cannabis (39, 40). Increased ALP activity
is a reasonably sensitive indicator of hepatobiliary changes in
dogs but still has the lowest organ specificity of the routinely
used liver enzymes (41). Although the transient elevation of ALP
could be suggestive of impaired liver function, it is clinically
uninformative when interpreted in isolation of other liver
parameters. As such, a comprehensive panel of liver markers in
the blood were analyzed simultaneously throughout the study
(ALT, AST, ALP, GGT, bilirubin, fasted bile acid, albumin, and
cholesterol). No significant differences were observed between
the CBD- and placebo-fed dogs at any time point for ALT,
AST, GTT, bilirubin, fasted bile acid, or cholesterol. Significant
differences in albumin levels were observed between the two
groups at 18 and 26 weeks, however the mean values were within
the reference range, so this observation is unlikely to be clinically
relevant. Taken together, alongside the return to baseline after
cessation of CBD feeding, the ALP increase observed was not
assumed to be a clinically relevant biomarker for impaired liver
health in these dogs.
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TABLE 1 Mean and 95% confidence intervals of urine pH measured by
dipstick, and urine specific gravity measured by refractometer, in dogs
dosed with CBD and placebo.

Time Treatment Urine Urine specific
point group pH gravity
(mean + CI) (mean = CI)
Week 0 CBD 6.357 £ 1.11 1.025 £ 0.01
Placebo 5.97 £ 1.10 1.032 £ 0.01
Week 4 CBD 6.717 £ 1.11 1.033 £ 0.01
Placebo 6.392 £ 1.11 1.034 £ 0.01
Week 10 CBD 6.642 £ 1.11 1.032 £ 0.01
Placebo 6.911 £ 1.11 1.035 £ 0.01
Week 18 CBD 6.555 + 1.11 1.033 £ 0.01
Placebo 6.72 £ 1.10 1.03 £ 0.01
Week 26 CBD 6.545 + 1.10 1.033 £ 0.01
Placebo 6.658 + 1.10 1.033 £ 0.01
Washout +4 CBD 6.158 +1.10 1.0314+0.01
Placebo 6.108 £ 1.10 1.034 £ 0.01

Week 0 depicts the baseline measure before daily oral dosing of CBD/placebo.

Although ALP is commonly associated with liver health,
other ALP isoenzymes are expressed in bone, kidney, placenta
and intestines. The serum half-life of placental, kidney and
intestinal ALP is < 6min (42) and therefore sustained total
ALP activity levels in the blood likely originates from either
the liver, bone or as a result of corticosteroid induction (30).
This study identified a significant elevation in bone-specific ALP
after 26 weeks of daily CBD exposure. The same dogs that
had the largest increase in ALP also had the largest increase
in BALP. The strong positive correlation between elevations
in total ALP and BALP suggests that the rise in total ALP
could be, at least partly, a consequence of increased osteoblastic
activity, though further research will be required to confirm this
directly. Non-specific cross reactivity with other isoenzymes of
ALP has been reported when using immunoassays for evaluation
of BALP (43, 44). However, the methodology used in the current
study has been validated for use in canines (45) and tested for
specificity to canine BALP (46, 47). In contrast, a marker of
osteoclastic activity (CTX) did not display a significant increase
in the CBD group over the same period. Taken together these
data may indicate a possible role for CBD in supporting bone
health in dogs, as has been reported in other species. In rats, CBD
was shown to improve fracture healing (48) and bone mineral
density (49). Furthermore, CBD induced differentiation in two
kinds of human osteoblast-like cell lines, demonstrating its
potential to promote bone formation (50), as well as promoting
osteogenic differentiation in bone marrow mesenchymal stem
cells (51).

A full pharmacokinetic assessment of CBD in dogs was
not evaluated in this study as this has been characterized
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elsewhere (23-26). However, there is currently limited data
illustrating changes in the concentration of CBD in the
plasma with repeated long-term daily administration. This
study shows that mean CBD levels steadily increased in
plasma during the 26-week feeding period, which could
be indicative of a mild accumulation, before decreasing to
negligible levels 4 weeks after the final dose. The range
of CBD levels in plasma during the feeding period (~25-
275ng/ml) was comparable to the maximum levels recorded
in a pharmacokinetic analysis after feeding four Beagles 4
mg/kg per day CBD for 4-weeks (106-249 ng/ml) (26). It was,
however, lower than has been observed across a 12-week study
of dogs dosed at 5 mg/kg per day (~130-940ng/ml). This
may reflect differences in CBD bioavailability or in the blood
sampling schedule, though the latter study involved dogs with
idiopathic epilepsy that were also provided anti-convulsant
drugs (52).

Given the large variation in the plasma concentration
between individual dogs, further work using a greater number
of dogs will be required to establish the dynamics of CBD
over a long period of feeding. Variability across dogs has
been documented in previous studies (27, 28) and may be
indicative of individual and/or breed-specific differences in
cannabinoid metabolism or absorption rates. Indeed, in this
study the larger dogs (the Labrador retrievers) tended to have
higher CBD plasma concentrations than the smaller Norfolk
terriers, with the largest difference being over 200 ng/ml after
18 weeks. Consequently, future studies into the efficacy of
CBD in dogs may benefit from individualized dosing to
achieve more comparable plasma concentrations. One study
demonstrated this in osteoarthritic dogs by reviewing CBD
levels every 2 weeks throughout a 90-day study and adjusting
the dose as needed to achieve a beneficial effect (53). The
dogs requiring the highest doses were Cavalier King Charles
spaniels, supporting the hypothesis that dog breeds may
metabolize CBD in a different manner. Combined genetic and
metabolomic studies will be required to test this hypothesis
further, but other instances of dog breed-specific differences
in the cytochrome-450 pathway have been reported. For
example, non-coding genetic variants that reduce expression
of the CYP2BI11 gene is the likely mechanism responsible
for the slow clearance that Greyhounds display for some
anesthetics (54).

This is the first long-term study in dogs to investigate
the elimination routes of CBD in urine and feces. Similar to
plasma, concentrations varied between the dogs. In general,
significantly greater amounts of CBD were eliminated with the
feces than the urine; this is unsurprising due to incomplete
absorption of the cannabinoid after oral administration. This is
also broadly consistent with data from humans, where 33 and
16% of the total dose of CBD was calculated to be excreted
in the feces and urine, respectively (55). Short-term studies
conducted in dogs have shown that not all dogs receiving CBD
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have detectable levels of CBD excreted in their urine (56, 57).
This was also observed in the current study, where only 60%
of dogs had detectable levels of CBD in urine, after 26 weeks
of daily feeding. The variation observed in both urine and
fecal samples may be partly due to the longer time window
in which they were collected (due to a reliance on natural
voiding). In addition, metabolites of CBD, which are expected
to be found in urine in higher concentrations than CBD itself,
were not investigated. Consequently, a complete picture of
how dogs eliminate CBD during long-term feeding remains to
be determined.

In addition to the broadly comparable clinical pathology and
biochemical measures already discussed, each dog was evaluated
with a fortnightly physical examination performed by a blinded
veterinarian, twice daily welfare checks by blinded caretakers,
and daily quality of life surveys. Collectively, these assessments
revealed no differences between the health and well-being of
CBD and placebo dosed dogs.

In conclusion, the CBD (THC-free) distillate used in
this study is well-tolerated by dogs, which should contribute
data toward the future establishment of a NOAEL (22)
this, should be
generalizing the conclusion from this long-term study to

Notwithstanding caution exercised in
CBD-containing products more broadly. Many factors affect
the constitution of cannabinoids and terpenes in cannabis
plant distillates, ranging from cultivar to temperature, and
soil type to extraction process (58-61). Furthermore, this
study was conducted on clinically healthy adult dogs, in a
controlled environment, and was designed to minimize the risk
of any drug interactions. Additional studies will be required to
understand any risks associated with the interaction of CBD
and commonly prescribed veterinary medications, as well as
to understand how disease processes would affect the tolerance
of CBD.
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SUPPLEMENTARY TABLE (S1)

Full suite of hematology parameters measured at each time point for
both CBD- and placebo- fed dogs. Bold reflects significance within the
treatment group at that time point and b indicates significance between
the treatment groups at that time-point.

SUPPLEMENTARY FIGURE 1 (S2)

Plasma concentrations (mean and 95% confidence intervals) of calcium
[(A); mmol/L] and protein [(B); g/L] in dogs dosed with CBD (red) and
placebo (blue). Week 0 depicts the baseline measure before daily oral
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dosing of CBD/placebo. Dotted line depicts upper and lower reference
ranges as specified by IDEXX Laboratories.

SUPPLEMENTARY FIGURE 2 (S3)

Plasma activity levels of total alkaline phosphatase (ALP; U/L) at each
study time-point, in each of 20 individual dogs receiving CBD. Breed of
each dog is detailed above each individual graph. Dotted line depicts
upper and lower reference ranges as specified by IDEXX Laboratories.

SUPPLEMENTARY TABLE 2 (54)
Full suite of biochemical parameters measured in the plasma at each
time point for both CBD- and placebo- fed dogs. Bold reflects

References

1. Bonini SA, Premoli M, Tambaro S, Kumar A, Maccarinelli G, Memo
M, et al. Cannabis sativa: a comprehensive ethnopharmacological review of
a medicinal plant with a long history. J Ethnopharmacol. (2018) 227:300-
15. doi: 10.1016/j.jep.2018.09.004

2. Piluzza G, Delogu G, Cabras A, Marceddu S, Bullitta S. Differentiation
between fiber and drug types of hemp (Cannabis sativa L.) from a collection
of wild and domesticated accessions. Genet Res Crop Evol. (2013) 60:2331-
42. doi: 10.1007/s10722-013-0001-5

3. Li H-L. An archaeological and historical account of cannabis in China. Econ
Bot. (1974) 28:437-48. doi: 10.1007/BF02862859

4. Russo EB. History of cannabis and its preparations in saga, science, and
sobriquet. Chem Biodivers. (2007) 4:1614-48. doi: 10.1002/cbdv.200790144

5. Peng H, Shahidi F. Cannabis and cannabis edibles: a review. ] Agric Food Chem.
(2021) 69:1751-74. doi: 10.1021/acs.jafc.0c07472

6. Watt G, Karl T. In vivo evidence for therapeutic properties of
cannabidiol (CBD) for Alzheimer’s disease. Front Pharmacol. (2017)
8:20. doi: 10.3389/fphar.2017.00020

7. Iuvone T, Esposito G, De Filippis D, Scuderi C, Steardo L. Cannabidiol:
a promising drug for neurodegenerative disorders? CNS Neurosci Ther. (2009)
15:65-75. doi: 10.1111/j.1755-5949.2008.00065.x

8. Chagas MHN, Zuardi AW, Tumas V, Pena-Pereira MA, Sobreira ET,
Bergamaschi MM, et al. Effects of cannabidiol in the treatment of patients with
Parkinson’s disease: an exploratory double-blind trial. J Psychopharmacol. (2014)
28:1088-98. doi: 10.1177/0269881114550355

9. Devinsky O, Marsh E, Friedman D, Thiele E, Laux L, Sullivan

J, et al. Cannabidiol in patients with treatment-resistant epilepsy:
an open-label interventional trial. Lancet Neurol. (2016) 15:270-
8. doi: 10.1016/51474-4422(15)00379-8

10. Szaflarski JP, Bebin EM. Cannabis, cannabidiol, and epilepsy—

from receptors to clinical response. (2014) 41:277-

82. doi: 10.1016/j.yebeh.2014.08.135

11. Syed YY, McKeage K, Scott L]. Delta-9-tetrahydrocannabinol/cannabidiol
(Sativex®): a review of its use in patients with moderate to severe spasticity due
to multiple sclerosis. Drugs. (2014) 74:563-78. doi: 10.1007/s40265-014-0197-5

Epilepsy  Behav.

12. Blessing EM, Steenkamp MM, Manzanares J, Marmar CR. Cannabidiol as
a potential treatment for anxiety disorders. Neurotherapeutics. (2015) 12:825-
36. doi: 10.1007/s13311-015-0387-1

13. Jurkus R, Day HL, Guimarées FS, Lee JL, Bertoglio L], Stevenson CW.
Cannabidiol regulation of learned fear: implications for treating anxiety-related
disorders. Front Pharmacol. (2016) 7:454. doi: 10.3389/fphar.2016.00454

14. Naftali T, Schleider LB-L, Dotan I, Lansky EP, Benjaminov FS, Konikoff
FM. Cannabis induces a clinical response in patients with Crohn’s disease: a
prospective placebo-controlled study. Clin Gastroenterol Hepatol. (2013) 11:1276-
80. el. doi: 10.1016/j.cgh.2013.04.034

15. Esposito G, Filippis DD, Cirillo C, Iuvone T, Capoccia E, Scuderi C, et al.
Cannabidiol in inflammatory bowel diseases: a brief overview. Phytother Res.
(2013) 27:633-6. doi: 10.1002/ptr.4781

16. Tomida I, Pertwee RG, Azuara-Blanco A. Cannabinoids and glaucoma. Br J
Ophthalmol. (2004) 88:708-13. doi: 10.1136/bj0.2003.032250

17. Rock EM, Bolognini D, Limebeer CL, Cascio MG, Anavi-Goffer §,
Fletcher PJ, et al. Cannabidiol, a non-psychotropic component of cannabis,
attenuates vomiting and nausea-like behaviour via indirect agonism of 5-HT1A

Frontiersin Veterinary Science

14

10.3389/fvets.2022.977457

significance within the treatment group at that time point and b
indicates significance between the treatment groups at that time-point.

SUPPLEMENTARY FIGURE 3 (S5)

Plasma levels of CBD (ng/ml) at each study time-point, in each individual
dog receiving CBD. Breed of each dog is detailed in the legend above
each graph. Week 0 depicts the baseline.

SUPPLEMENTARY FIGURE 4 (S6)
CBD concentrations in feces [(A); ng/g]l and urine [(B); ng/ml] for each
CBD-dosed dog at each study time-point. Week 0 depicts the baseline.

somatodendritic autoreceptors in the dorsal raphe nucleus. Br J Pharmacol. (2012)
165:2620-34. doi: 10.1111/j.1476-5381.2011.01621.x

18. Philpott HT, O’Brien M, McDougall JJ. Attenuation of early phase
inflammation by cannabidiol prevents pain and nerve damage in rat osteoarthritis.
Pain. (2017) 158:2442. doi: 10.1097/j.pain.0000000000001052

19. Novotna A, Mares J, Ratcliffe S, Novakova I, Vachova M, Zapletalova O,
et al. A randomized, double-blind, placebo-controlled, parallel-group, enriched-
design study of nabiximols* (Sativex®), as add-on therapy, in subjects with
refractory spasticity caused by multiple sclerosis. Eur J Neurol. (2011) 18:1122-
31. doi: 10.1111/§.1468-1331.2010.03328.x

20. Coelho MPRC, de O. P. Leme F, Moreira FA, Branco SEMT, Melo MM, de
Melo EG. Current review of hemp-based medicines in dogs. ] Vet Pharmacol Ther.
(2021) 44:870-82. doi: 10.1111/jvp.13016

21. Greb A, Puschner B. Cannabinoid treats as
therapy for pets: gaps in our knowledge. Toxicol Commun.
2:10-4. doi: 10.1080/24734306.2018.1434470

22. EFSA Panelon Nutrition NE Allergens E, Turck D, Bohn T, Castenmiller
J, De Henauw S, et al. Statement on safety of cannabidiol as a novel food:
data gaps and uncertainties. EFSA J. (2022) 20:e07322. doi: 10.2903/j.efsa.2022.
7322

23. Wakshlag JJ, Schwark WS, Deabold KA, Talsma BN, Cital S,
Lyubimov A, et al. Pharmacokinetics of cannabidiol, cannabidiolic acid, A9-
tetrahydrocannabinol, tetrahydrocannabinolic acid and related metabolites in
canine serum after dosing with three oral forms of hemp extract. Front Vet Sci.
(2020) 7:505. doi: 10.3389/fvets.2020.00505

24. Gamble L-J, Boesch JM, Frye CW, Schwark WS, Mann S, Wolfe L,
et al. Pharmacokinetics, safety, and clinical efficacy of cannabidiol treatment in
osteoarthritic dogs. Front Vet Sci. (2018) 5:165. doi: 10.3389/fvets.2018.00165

25. Deabold KA, Schwark WS, Wolf L, Wakshlag JJ. Single-dose
pharmacokinetics and preliminary safety assessment with use of CBD-
rich hemp nutraceutical in healthy dogs and cats. Animals. (2019)
9:832. doi: 10.3390/ani9100832

26. Vaughn DM, Paulionis LJ, Kulpa JE. Randomized, placebo-
controlled, 28-day safety and pharmacokinetics evaluation of repeated
oral cannabidiol administration in healthy dogs. Am ] Vet Res. (2021)
82:405-16. doi: 10.2460/ajvr.82.5.405

27. Bartner LR, McGrath S, Rao S, Hyatt LK, Wittenburg LA. Pharmacokinetics
of cannabidiol administered by 3 delivery methods at 2 different dosages to healthy
dogs. Can ] Vet Res. (2018) 82:178-83.

adjunctive
(2018)

28. Vaughn D, Kulpa J, Paulionis L. Preliminary investigation of the
safety of escalating cannabinoid doses in healthy dogs. Front Vet Sci. (2020)
7:51. doi: 10.3389/fvets.2020.00051

29. Remmer H. The role of the liver in drug metabolism. Am J Med. (1970)
49:617-29. doi: 10.1016/S0002-9343(70)80129-2

30. Lawrence YA, Steiner JM. Laboratory evaluation of the liver. Vet Clin North
Am Small Anim Pract. (2017) 47:539-53. doi: 10.1016/j.cvsm.2016.11.005

31. Ozer ], Ratner M, Shaw M, Bailey W, Schomaker S. The current
state of serum biomarkers of hepatotoxicity. Toxicology. (2008) 245:194-
205. doi: 10.1016/j.tox.2007.11.021

32. Mejia S, Duerr FM, Griffenhagen G, McGrath S. Evaluation of the effect
of cannabidiol on naturally occurring osteoarthritis-associated pain: a pilot study

in dogs. ] Am Anim Hosp Assoc. (2021) 57:81-90. doi: 10.5326/JAAHA-MS-
7119

frontiersin.org


https://doi.org/10.3389/fvets.2022.977457
https://doi.org/10.1016/j.jep.2018.09.004
https://doi.org/10.1007/s10722-013-0001-5
https://doi.org/10.1007/BF02862859
https://doi.org/10.1002/cbdv.200790144
https://doi.org/10.1021/acs.jafc.0c07472
https://doi.org/10.3389/fphar.2017.00020
https://doi.org/10.1111/j.1755-5949.2008.00065.x
https://doi.org/10.1177/0269881114550355
https://doi.org/10.1016/S1474-4422(15)00379-8
https://doi.org/10.1016/j.yebeh.2014.08.135
https://doi.org/10.1007/s40265-014-0197-5
https://doi.org/10.1007/s13311-015-0387-1
https://doi.org/10.3389/fphar.2016.00454
https://doi.org/10.1016/j.cgh.2013.04.034
https://doi.org/10.1002/ptr.4781
https://doi.org/10.1136/bjo.2003.032250
https://doi.org/10.1111/j.1476-5381.2011.01621.x
https://doi.org/10.1097/j.pain.0000000000001052
https://doi.org/10.1111/j.1468-1331.2010.03328.x
https://doi.org/10.1111/jvp.13016
https://doi.org/10.1080/24734306.2018.1434470
https://doi.org/10.2903/j.efsa.2022.7322
https://doi.org/10.3389/fvets.2020.00505
https://doi.org/10.3389/fvets.2018.00165
https://doi.org/10.3390/ani9100832
https://doi.org/10.2460/ajvr.82.5.405
https://doi.org/10.3389/fvets.2020.00051
https://doi.org/10.1016/S0002-9343(70)80129-2
https://doi.org/10.1016/j.cvsm.2016.11.005
https://doi.org/10.1016/j.tox.2007.11.021
https://doi.org/10.5326/JAAHA-MS-7119
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Bradley et al.

33. Doran CE, McGrath S, Bartner LR, Thomas B, Cribb AE, Gustafson DL.
Drug-drug interaction between cannabidiol and phenobarbital in healthy dogs. Am
J Vet Res. (2022) 83:86-94. doi: 10.2460/ajvr.21.08.0120

34. McGrath S, Bartner LR, Rao S, Kogan LR, Hellyer PW. A report of adverse
effects associated with the administration of cannabidiol in healthy dogs. Vet Med.
(2018) 1:6-8.

35. Alsherbiny MA Li CG. Medicinal cannabis—potential drug interactions.
Medicines. (2019) 6:3. doi: 10.3390/medicines6010003

36. Laflamme D. Development and validation of a body condition score system
for dogs. Canine Pract. (1997) 22:10-5.

37. Schmutz A, Spofford N, Burghardt W, De Meyer G. Development
and initial validation of a dog quality of life instrument. Sci Rep. (2022)
12:12225. doi: 10.1038/s41598-022-16315-y

38. Team RC. R: A Language and Environment for Statistical Computing. Vienna:
R Foundation for Statistical Computing (2012).

39. Bornheim LM, Correia MA. Effect of
cytochrome  P-450 isozymes. Biochem  Pharmacol.
94. doi: 10.1016/0006-2952(89)90432-2

40. Jiang R, Yamaori S, Takeda S, Yamamoto I, Watanabe K. Identification
of cytochrome P450 enzymes responsible for metabolism of cannabidiol by
human liver microsomes. Life Sci. (2011) 89:165-70. doi: 10.1016/j.1fs.2011.0
5.018

cannabidiol  on
(1989)  38:2789-

41. Center SA. Interpretation of liver enzymes. Vet Clin North Am Small Anim
Pract. (2007) 37:297-333. doi: 10.1016/j.cvsm.2006.11.009

42. Hoffmann WE, Dorner JL. Disappearance rates of intravenously injected
canine alkaline phosphatase isoenzymes. Am ] Vet Res. (1977) 38:1553-6.

43. Allen LCV, Allen M]J, Breur GJ, Hoffmann WE, Richardson DC.
A comparison of two techniques for the determination of serum bone-
specific alkaline phosphatase activity in dogs. Res Vet Sci. (2000) 68:231-
5. doi: 10.1053/rvsc.1999.0369

44. Jackson B, Eastell R, Russell RG, Lanyon LE, Price JS. Measurement
of bone specific alkaline phosphatase in the horse: a comparison of two
techniques. Res Vet Sci. (1996) 61:160-4. doi: 10.1016/S0034-5288(96)900
93-4

45. Holmes KE, Thompson V, Piskun CM, Kohnken RA, Huelsmeyer MK, Fan
TM, et al. Canine osteosarcoma cell lines from patients with differing serum

alkaline phosphatase concentrations display no behavioural differences in vitro. Vet
Comp Oncol. (2015) 13:166-75. doi: 10.1111/vc0.12031

46. Morris PJ, Salt C, Raila J, Brenten T, Kohn B, Schweigert FJ, et al.
Safety evaluation of vitamin A in growing dogs. Br J Nutr. (2012) 108:1800-
9. doi: 10.1017/S0007114512000128

47. Bradley S, Alexander ], Haydock R, Bakke AM, Watson P.
Energy requirements for growth in the norfolk terrier. Animals. (2021)
11:1380. doi: 10.3390/ani11051380

48. Kogan NM, Melamed E, Wasserman E, Raphael B, Breuer A, Stok KS, et al.
Cannabidiol, a major non-psychotropic cannabis constituent enhances fracture

Frontiersin Veterinary Science

15

10.3389/fvets.2022.977457

healing and stimulates lysyl hydroxylase activity in osteoblasts. ] Bone Miner Res.
(2015) 30:1905-13. doi: 10.1002/jbmr.2513

49. Li D, Lin Z, Meng Q, Wang K, Wu J, Yan H. Cannabidiol administration
reduces sublesional cancellous bone loss in rats with severe spinal cord injury. Eur
J Pharmacol. (2017) 809:13-9. doi: 10.1016/j.¢jphar.2017.05.011

50. Kang MA, Lee J, Park SH. Cannabidiol induces osteoblast
differentiation via angiopoietinl and p38 MAPK. Environ Toxicol. (2020)
35:1318-25. doi: 10.1002/t0x.22996

51. Li L, Feng J, Sun L, Xuan Y-w, Wen L, Li Y-x, et al. Cannabidiol
promotes osteogenic differentiation of bone marrow mesenchymal stem cells in
the inflammatory microenvironment via the CB2-dependent p38 MAPK signaling
pathway. Int J Stem Cells. (2022) doi: 10.15283/ijsc21152

52. McGrath S, Bartner LR, Rao S, Packer RA, Gustafson DL. Randomized
blinded controlled clinical trial to assess the effect of oral cannabidiol
administration in addition to conventional antiepileptic treatment on seizure
frequency in dogs with intractable idiopathic epilepsy. ] Am Vet Med Assoc. (2019)
254:1301-8. doi: 10.2460/javma.254.11.1301

53. Kogan L, Hellyer P, Downing R. The use of cannabidiol-rich hemp oil extract
to treat canine osteoarthritis-related pain: a pilot study. AHVMA J. (2020) 58:1-10.

54. Martinez SE, Andresen MC, Zhu Z, Papageorgiou I, Court MH.
Pharmacogenomics of poor drug metabolism in Greyhounds: Cytochrome P450
(CYP) 2B11 genetic variation, breed distribution, and functional characterization.
Sci Rep. (2020) 10:69. doi: 10.1038/s41598-019-56660-2z

55. Samara E, Bialer M, Harvey DJ. Pharmacokinetics of urinary
metabolites of cannabidiol in the dog. Biopharm Drug Dispos. (1990)
11:785-95. doi: 10.1002/bdd.2510110906

56. Harvey D, Samara E, Mechoulam R. Comparative metabolism of
cannabidiol in dog, rat and man. Pharmacol Biochem Behav. (1991) 40:523-
32. doi: 10.1016/0091-3057(91)90358-9

57. Fitzgerald AH, Zhang Y, Fritz S, Whitehouse WH, Brabson T, Pohlman
L, et al. Detecting and quantifying marijuana metabolites in serum and urine
of 19 dogs affected by marijuana toxicity. J Vet Diagnos Invest. (2021) 33:1002-
7. doi: 10.1177/10406387211027227

58. Aizpurua-Olaizola O, Soydaner U, Oztiirk E, Schibano D, Simsir Y, Navarro
P, et al. Evolution of the cannabinoid and terpene content during the growth
of cannabis sativa plants from different chemotypes. ] Nat Prod. (2016) 79:324-
31. doi: 10.1021/acs.jnatprod.5b00949

59. Namdar D, Mazuz M, Ion A, Koltai H. Variation in the compositions
of cannabinoid and terpenoids in Cannabis sativa derived from inflorescence
position along the stem and extraction methods. Ind Crops Prod. (2018) 113:376-
82. doi: 10.1016/j.indcrop.2018.01.060

60. Coffman CB, Gentner WA. Cannabinoid Profile and Elemental Uptake of
Cannabis sativa L. as Influenced by Soil Characteristics'. Agron J. (1975) 67:491-
7. doi: 10.2134/agronj1975.00021962006700040010x

61. Danziger N, Bernstein N. Light matters: effect of light spectra on cannabinoid
profile and plant development of medical cannabis (Cannabis sativa L.). Ind Crops
Prod. (2021) 164:113351. doi: 10.1016/j.indcrop.2021.113351

frontiersin.org


https://doi.org/10.3389/fvets.2022.977457
https://doi.org/10.2460/ajvr.21.08.0120
https://doi.org/10.3390/medicines6010003
https://doi.org/10.1038/s41598-022-16315-y
https://doi.org/10.1016/0006-2952(89)90432-2
https://doi.org/10.1016/j.lfs.2011.05.018
https://doi.org/10.1016/j.cvsm.2006.11.009
https://doi.org/10.1053/rvsc.1999.0369
https://doi.org/10.1016/S0034-5288(96)90093-4
https://doi.org/10.1111/vco.12031
https://doi.org/10.1017/S0007114512000128
https://doi.org/10.3390/ani11051380
https://doi.org/10.1002/jbmr.2513
https://doi.org/10.1016/j.ejphar.2017.05.011
https://doi.org/10.1002/tox.22996
https://doi.org/10.15283/ijsc21152
https://doi.org/10.2460/javma.254.11.1301
https://doi.org/10.1038/s41598-019-56660-z
https://doi.org/10.1002/bdd.2510110906
https://doi.org/10.1016/0091-3057(91)90358-9
https://doi.org/10.1177/10406387211027227
https://doi.org/10.1021/acs.jnatprod.5b00949
https://doi.org/10.1016/j.indcrop.2018.01.060
https://doi.org/10.2134/agronj1975.00021962006700040010x
https://doi.org/10.1016/j.indcrop.2021.113351~
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Long-term daily feeding of cannabidiol is well-tolerated by healthy dogs
	Introduction
	Materials and methods
	Animals and husbandry
	CBD description and dosing
	Study design
	Measures and analyses
	Blood-based measurements
	Urinalysis
	Feces collection

	CBD extraction and mass spectrometry analysis
	Health evaluations
	Statistical analysis
	Primary objective (ALT)
	Secondary parameters (biochemistry, hematology, urinalysis)
	Quality of life
	CBD concentration


	Results
	Hematology and biochemistry
	BALP and CTX
	Plasma, urine and fecal CBD concentrations
	Urinalysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


