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Introduction
There is a need in avian medicine to investi-

gate additional drugs for chronic pain management. 
Currently, chronic painful conditions are treated 
with the long-term use of drugs such as opioids and 
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nonsteroidal anti-inflammatory drugs (NSAIDs), which 
can have potential adverse effects. Also, gabapentin 
and amantadine are used but there is little evidence 
yet regarding their efficacy in birds with chronic pain.

Phytocannabinoids, plant-derived cannabi-
noids (CBs), are chemicals that interact with the 

OBJECTIVE
To determine the pharmacokinetics of 8 cannabinoids and 5 metabolites after oral administration of single and 
multiple doses of a cannabidiol (CBD)-cannabidiolic acid (CBDA)–rich hemp extract to orange-winged Amazon 
parrots (Amazona amazonica) as well as to evaluate the extract’s adverse effects.

ANIMALS
12 birds.

PROCEDURES
Based on pilot studies, a single-dose study based on 30/32.5 mg/kg of cannabidiol/cannabidiolic acid of a hemp 
extract was administered orally to 8 fasted parrots, and 10 blood samples were collected over 24 hours after 
administration. After a 4-week washout period, the hemp extract was administered orally to 7 birds at the previ-
ous dose every 12 hours for 7 days, and blood samples were collected at the previous time points. Cannabidiol, 
Δ9-tetrahydrocannabinol, cannabinol, cannabichromene, cannabigerol, cannabidiolic acid, cannabigerolic acid, 
Δ9-tetrahydrocannabinolic acid, and 5 specific metabolites were measured by liquid chromatography-tandem/
mass-spectrometry, and pharmacokinetic parameters were calculated. Adverse effects and changes in the plasma 
biochemistry and lipid panels were evaluated.

RESULTS
Pharmacokinetic parameters for cannabidiol, cannabidiolic acid, Δ9-tetrahydrocannabinol, Δ9-tetrahydrocannabinolic 
acid, and the metabolite 11-hydroxy-9-tetrahydrocannabinol were established. For the multiple-dose study, 
cannabidiol/cannabidiolic acid mean Cmax was 337.4/602.1 ng/mL with a tmax of 30 minutes and a terminal half-life 
of 8.6/6.29 hours, respectively. No adverse effects were detected during the multidose study. The predominant 
metabolite was 11-hydroxy-9-tetrahydrocannabinol.

CLINICAL RELEVANCE
Twice daily oral administration of the hemp extract based on 30 mg/kg/32.5 mg/kg of cannabidiol/cannabidiolic 
acid was well tolerated and maintained plasma concentrations considered to be therapeutic in dogs with osteoar-
thritis. Findings suggest different cannabinoid metabolism from mammals.
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endocannabinoid system (ECS) and are 1 of the active 
compounds of Cannabis sativa plant. There are over 
150 CBs that have been identified from C sativa.1 These 
compounds are analogs of Δ9-tetrahydrocannabinol 
(Δ-THC), cannabidiol (CBD), cannabichromene 
(CBC), cannabigerol (CBG), and cannabinol (CBN), 
among others. The main compound studied in 
veterinary medicine has been CBD, a nonintoxicating 
compound, which shows an affinity for CB1 and CB2 
receptors.2 There are different proposed mechanisms 
of action of cannabinoids. CBD is considered a par-
tial agonist at CB2 and an antagonist at CB1 with low 
binding affinity to the CB1 receptor.3 CBD molecules 
also work on other receptor systems, such as tran-
sient receptor potential vanilloids (TRPVs), 5-HT1A 
(serotonin), and glycine receptors.3,4 CBs have been 
recently studied for multiple therapeutic effects for 
their proposed antinociceptive, antipsychotic, anti-
neoplastic, and anticonvulsant effects, which make 
them an attractive therapeutic alternative.5

The endocannabinoid system (ECS) has been 
identified in multiple animal species. The cannabi-
noid receptors CB1 and CB2 are involved in different 
physiological processes such as neuronal plasticity, 
pain, inflammation, and immune regulation among 
others.2 In birds, CB1 receptor has been identified 
in chickens6 and budgerigars,7 which supports the 
presence of a developed ECS in birds. A recent com-
parative genomic analysis8 revealed that the CB2 
gene is evolutionarily absent in parrots, and based 
on these preliminary findings, it is possible that its 
absence may impact the regulation of neuroinflam-
mation, making them more susceptible to it.

In 2018, in the United States, the Agriculture 
Improvement Act removed hemp from Schedule I 
of the Federal Controlled Substances Act. Hemp is 
a form of C sativa with low levels (≤ 0.3%) of THC.9 
Cannabidiol (CBD), a major phytocannabinoid, is 
found in many commercial products as the main 
component; however, there can be other phyto-
cannabinoids present in significant quantities such 
as CBC, CBG, CBN, THC, and their acid precursors 
cannabidiolic acid (CBDA) and tetrahydrocannabi-
nolic acid (THCA). All these CBs may be responsible 
for some of the plant’s many medicinal properties.3 
Hemp is defined in the 2018 Farm Bill as any part of 
the C sativa plant, including the seeds and all deriva-
tives, extracts, cannabinoids, isomers, acids, salts, 
and other compounds with a THC concentration of 
not more than 0.3%.10 A full-spectrum hemp extract 
includes cannabinoids (such as CBDA, CBD, CBG, 
CBC, and ≤ 0.3% of THC), flavonoids, terpenes, and 
other constituents within the cannabis plant.9

In mammals, CBD is metabolized by the liver 
to its active metabolite 7-hydroxy-cannabidiol 
(7-OH-CBD) and then further metabolized to its 
inactive metabolite 7-carboxy-cannabidiol(7-COOH-
CBD).11 7-OH-CBD has anticonvulsant activity com-
parable to CBD.12 There are other metabolites and the 
metabolic profiles of CBD are considerably different 
among mammal species.13 These metabolite profiles 
have not been evaluated in avian species. Besides 
CBD, it is important to evaluate other CBs, their acid 

precursors, and their metabolites to have a better 
understanding of their absorption and metabolism 
in birds. One example is the acid precursor CBDA, 
which recently has gained research interest. CBDA 
loses its carboxyl group to form CBD when heated. 
CBDA has been shown to be more potent than CBD 
for the treatment of induced nausea and hyperalge-
sia reduction in rat models.14,15 It also has been shown 
that it is a selective inhibitor for cyclooxygenase-2 
(COX-2).16 There is evidence that CBDA is readily 
absorbed in other species.17 Other CBs could have 
different pharmacokinetic (PK) profiles, which sup-
port the importance of describing the PK profile for 
each of them when administered in combination.

In veterinary medicine, there has been a surge 
in CBs research. The pharmacokinetics of CBs have 
been investigated in multiple species of mammals 
including dogs,17–21 cats,22 cattle,23 rabbits,24 guinea 
pigs,25 and horses.26,27 Only limited studies have 
investigated the pharmacodynamics of cannabinoids 
in animals. For example, a recent study18 investigated 
a 2-mg/kg dose of CBD administration that was 
associated with decreased pain scores and increased 
activity in dogs with osteoarthritis. The Cmax at this 
dose was 102 ng/mL, which is the highest concen-
tration measured associated with a pharmacody-
namic effect. The therapeutic plasma concentrations 
of CBD are not well defined. Based on this informa-
tion and considering the short half-life, it could be 
established that lower plasma concentrations are 
likely therapeutic. Conservatively, it could be spec-
ulated that a target plasma concentration above 
50 ng/mL is likely therapeutic for OA-associated pain 
in dogs. In avian medicine, there is a recent pharma-
cokinetic study28 of CB in Hispaniolan Amazon par-
rot (Amazona ventralis) evaluating the single-dose 
parameters of 2 different oral doses, 60 and 120 mg/
kg of CBD, administered as a sole compound. This 
study was the first to describe cannabinoid pharma-
cokinetics in an avian species, though CBD metabo-
lites, multiple-dose parameters, or adverse effects 
were not investigated. Reported adverse effects of 
hemp extract administration in dogs are similar to 
humans, including elevation of alkaline phosphatase 
(ALP) with long-term CBD administration.18,19 Other 
adverse effects in humans are diarrhea, pyrexia, 
somnolence, decreased appetite, sedation, vomit-
ing, ataxia, and elevated transaminases.29,30

There were 2 main objectives of this study. 
The first objective was to determine the plasma 
concentrations and pharmacokinetic profile of 
8 CBs following oral administration of a full spec-
trum hemp-extract contatining cannabidiol (CBD), 
Δ9-tetrahydrocannabinol (THC), cannabinol (CBN), 
cannabichromene (CBC), and cannabigerol (CBG); 
precursors cannabidiolic acid (CBDA), cannabigero-
lic acid (CBGA), and Δ9-tetrahydrocannabinolic acid 
(THCA); and the 5 metabolites 7-hydroxycannabidiol 
(7-OH-CBD), 7-nor-7-carboxycannabidiol (7-COOH-
CBD), 11-nor-9-carboxy-Δ9-THC (COOH-THC), 
11-hydroxy-Δ9-THC (11-OH-THC), and 11-nor-9-
carboxy-Δ9-THC glucuronide (COOH-THC-Glu) in a 
single and a multiple-dose study in orange-winged 
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Amazon parrots (OWAP). The second objective was 
to evaluate safety parameters after multiple-dose 
administration including neurological (eg, abnor-
mal ambulation, tremors, agitation, and sedation) 
and gastrointestinal adverse effects (eg, vomiting, 
diarrhea) and changes in the plasma biochemistry 
panel and lipid panel. It was hypothesized that a 
commercial hemp (C sativa) extract containing pre-
dominantly almost equal amounts of CBD and CBDA 
as well as smaller amounts of other cannabinoids, 
administered orally to OWAP at a dose based on 
30/32.5 mg/kg of CBD/CBDA, would achieve and 
maintain above target plasma concentrations of CBD 
(50 ng/mL in plasma) and result in a pharmacoki-
netic profile comparable to other species studied 
in a single and a multiple-dose study without sig-
nificant adverse effects. Other minor cannabinoids 
contained in the hemp extract would be absorbed 
and result in detectable plasma concentrations and 
similar pharmacokinetic trends as CBD/CBDA after 
oral administration, and common metabolites across 
species will also be found in OWAP.

Materials and Methods
Animals

The studies were approved by the Institutional 
Animal Care and Use Committee at the University of 
California-Davis (protocol No. 22582). Twelve healthy 
OWAP, 6 females and 6 male adults of ages ranging 
between 20 and 60 years old and maintained as a 
research colony at the University of California-Davis, 
were enrolled in the study. During the study period 
and beginning 14 days prior to the start of the study, 
birds were housed in a single room in individual stain-
less-steel cages (dimensions 91 X 71 X 165 cm) that 
contained 2 perches and hanging toys and allowed 
for visual and audible socialization with each other, 
with a 12-hour day-light cycle. The daily diet offered 
was a commercial pelleted diet (Roudybush low fat 
medium pellets; Roudybush Inc), and water ad libi-
tum was provided via a sipper water line. Parrots were 
deemed healthy to participate in the study based on 
history, physical examination, and complete blood 
count. None of the birds received other medications 
or underwent any anesthetic procedures for at least 
1 month prior to the start of the study.

Hemp extract
A more concentrated version of a commercially 

available hemp extract (Ellevet Sciences) from the 
same lot was used for all the studies, containing a 
total of 100 mg of CBs/mL in a sesame oil base. A 
third-party ISO 17025–certified laboratory for hemp 
testing (Proverde Laboratories, analytical testing 
services) performed the analysis. The sample was 
analyzed for plant-based cannabinoids by liquid 
chromatography (LC) to ensure known concentra-
tions and ratios of the different cannabinoids. The 
analyzed extract contained CBD, 45.2; CBDA, 49; 
THC, 1.86; THCA, 0.59; CBG, 0.69; CBGA, 1.21; 
and CBC, 1.53 mg/mL. The dose of the single- and 
multiple-dose studies was based on CBD/CBDA 

(30/32.5 mg/kg, respectively) and corresponded to 
concentrations in the same volume of 1.23/0.39 mg/
kg of THC/THCA, respectively. For the cannabinoids 
present in smaller quantities in the hemp extract 
the corresponding doses were 0.46 mg/kg CBG, 
0.80 mg/kg CBGA, and 1.01 mg/kg CBC. The extract 
also contained 10 mg/mL of terpenes; these were 
not considered for dosing.

Pilot study
Three different doses were investigated in a pilot 

study to determine an appropriate and safe dose of 
the hemp extract as well as to define the appropri-
ate time points for blood sample collection in the fol-
lowing single and multiple-dose studies. Six fasted 
birds (3 females and 3 males) were assigned to 
receive 1 of 3 doses based on 15/16.25 mg/kg 
(n = 2), 30/32.5 mg/kg (2), and 60/65 mg/kg (2) 
of CBD/CBDA each. Food was removed at the end 
of the light cycle to ensure a 12-hour fasting period. 
The hemp extract was administered to fasted birds 
into the crop via metal gavage tube. Blood samples 
were collected from the jugular veins at 0.5, 1, 2, 3, 
4, 6, 12, and 24 hours postadministration for plasma 
concentration measurement of CBD/CBDA. The par-
rots were continuously monitored after oral admin-
istration for 18 hours for neurological (abnormal 
ambulation, tremors, agitation, or sedation) using 
an agitation-sedation score previously described for 
Hispaniolan Amazon parrots (Amazona ventralis)31 
prior to each sample collection and for gastrointesti-
nal (vomiting, diarrhea) adverse effects.

Based on the plasma concentration results and 
adverse effects observed at the highest dose, it was 
elected to use a dose of 30/32.5 mg/kg of CBD/
CBDA for the single- and multiple-dose studies. At 
the end of each study, each bird received support-
ive care that included the administration of 1 dose of 
50 mL/kg of lactated Ringer solution SQ to compen-
sate for intravascular volume loss during the study 
and meloxicam at 1 mg/kg, SQ once for pain man-
agement after multiple phlebotomies.

Single-dose study
Eight fasted birds, balanced for age and sex 

(4 males and 4 females), and randomly assigned to 
this group using statistical software (R, version 4.2.0, 
2022; R Foundation For Statistical Consulting), rang-
ing between the ages of 20 and 60 years old, par-
ticipated in this study after a 4-week washout period 
from the pilot study. Food was removed at the end 
of the light cycle to ensure a 12-hour fasting period. 
Birds received a single dose of hemp extract based 
on 30/32.5 mg/kg of CBD/CBDA via a metal gavage 
tube, with an average volume of 0.26 mL of hemp 
extract (minimum, 0.24; maximum, 0.33). Blood sam-
ples were collected from the jugular veins at 0.5, 1, 2, 
3, 4, 6, 8, 12, and 24 hours postadministration for CBs 
and metabolites plasma concentration measurement.

The parrots were continuously monitored after 
oral administration for 12 hours for neurological 
(abnormal ambulation, tremors, agitation, or seda-
tion) and gastrointestinal (vomiting or diarrhea) 
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adverse effects. An agitation-sedation scoring sys-
tem previously described was used to record the 
level of sedation or agitation at each venipuncture 
time point. Birds were given access to food at 6 hours 
postadministration of the hemp extract.

Multiple-dose study
The same 8 birds used in the single-dose study 

were the treatment group in this phase and an addi-
tional 4 birds were assigned to the control group, 
also balanced for age and sex and randomly assigned 
as described above. After a 4-week washout period 
from the single-dose study, baseline blood samples 
for plasma biochemistry panels and lipid profiles 
were collected. The treatment group received a 
hemp extract dose based on 30/32.5 mg/kg of CBD/
CBDA every 12 hours for 7 days via metal gavage 
tube and the control group received the same doses 
with equivalent volume of water. Prior to the admin-
istration of the final dose on day 8, blood samples 
were collected for plasma biochemistry panels and 
lipid profile at the 0 time point. Blood samples were 
then collected at 0.5, 1, 2, 3, 4, 6, 8, 12, and 24 hours 
postadministration for CBs plasma concentration 
measurement.

For all time points, 0.3 mL of blood was col-
lected from the jugular veins or ulnar veins using 
a 0.5-mL insulin syringe with a 28-gauge needle 
(BD Micro-Fine; BD Lo-Dose). The samples were 
transferred to lithium-heparin tubes (BD micro-
tainer), placed in a cooler with ice packs, and centri-
fuged (3,500 X g for 8 minutes) within 30 minutes of 
collection. Plasma was extracted using a disposable 
transfer pipette, placed into labeled 2-mL polypro-
pylene cryovials, and stored at –80 °C until analysis. 
For the plasma biochemistry and lipid panels, 0.6 mL 
of blood was processed as described above. In total, 
the amount of blood collected did not exceed more 
than 1% of their body weight.

The plasma biochemistry panel was performed at 
the William R. Pritchard Veterinary Medical Teaching 
Hospital, Clinical Diagnostic Laboratories, University 
of California-Davis, and the lipid panel was performed 
in the Department of Molecular Biosciences, School 
of Veterinary Medicine, University of California-Davis. 
For the lipid panel, 1-part plasma and 1-part LDL/
very low-density lipoprotein precipitation buffer 
(abcam) were mixed together and incubated at room 
temperature for 10 minutes. The samples were then 
centrifuged for 10 minutes at 2,000 X g and 4 °C. 
After centrifugation, the supernatant high-density 
lipoprotein (HDL) fraction was removed. The origi-
nal plasma sample and HDL fraction were assayed 
for total cholesterol (TC) and triglyceride (TG) with 
an enzymatic assay (Fisher Diagnostics). The HDL 
values were then subtracted from the total values 
to calculate the non-HDL values for each respective 
assay. Validation of the lipid profile was performed 
during a previous study32 from the same University 
of California-Davis flock of parrots.

During the multiple-dose study birds were moni-
tored for 8 hours on the first and last day of the 
hemp extract administration for sedation, behavior, 

and gastrointestinal effects as described previously 
and were monitored for 30 minutes after each dose 
for the rest of the days. To monitor for gastrointesti-
nal adverse effects throughout the 7 days of dosing, 
birds were weighed once daily and urofeces, regur-
gitation, and evidence of eating (based on the pres-
ence of food particles on the paper) were evaluated 
using a white paper in the bottom on the cage that 
was changed daily during the morning treatments.

Cannabinoid and metabolite  
plasma concentration

Plasma concentration of the cannabinoids and 
metabolites analysis was performed using an explor-
atory (fit-for-purpose) method for fast measure-
ment of 13 cannabinoids and their metabolites at 
the Toxicology Research Laboratory, University of 
Illinois at Chicago. The reference standards for CBD 
and CBDA were obtained from Restek Corporation; 
all other reference and internal standards were 
obtained from Cerilliant Corporation. The concentra-
tion in parrot plasma of cannabinoids (CBD, CBDA, 
THC, THCA, CBN, CBC, CBG, and CBGA) and their 
metabolites (11-OH-THC, 7-OH-CBD, 7-COOH-CBD, 
COOH-THC, and COOH-THC-Glu) was determined 
using high-performance liquid chromatography with 
tandem mass spectrometry (LC-MS/MS) (Nexera X2 
and LCMS 8050; Shimadzu Corp).

Parrot plasma (30 µL) was mixed with 15 µL  
of internal standards (100 ng/mL of CBD-d3, 
THC-d3, THCA-d3, 7-COOH-CBD-d3, 7-OH-CBD-d5, 
11-OH-THC-d3, COOH-THC-d9, and COOH-THC-
Glu-d3 in 50% methanol) in a 96-well plate. Proteins 
were precipitated and compounds were extracted by 
adding 75 µL of ice-cold acetonitrile to the samples 
and then vortexing for 1 to 2 minute and centrifuging 
at 4,000 rpm for 30 minutes at 4 °C. Supernatants 
(60 µL) were mixed with 60 µL of water in a different 
96-well plate and centrifuged again (for 10 minutes). 
The processed samples (10 µL) were injected 
into Waters Atlantis T3 HPLC column (3 µm, 2.1 X 
50 mm) with a guard cartridge (Waters VanGuard 
Atlantis T3) coupled to LC-MS/MS. The column was 
equilibrated with mobile phase A (0.1% formic acid 
in water) and mobile phase B (acetonitrile) at 50% B. 
The compounds were eluted by a linear gradient from 
50% B to 95% B over 6 minutes and then held at 95% B 
for 1 minute. Subsequently, the column was reequili-
brated at initial composition for 1 minute. Flow rate 
was 0.3 mL/min. The autosampler and column tem-
perature were set a 4 and 30 °C, respectively. The 
compounds were detected in electrospray ioniza-
tion positive and/or negative mode as described in 
Supplemental Table S1. Interface voltage was 4 kV 
and −3 kV, respectively. Interface, desolvation line, 
and heat block temperature were 300, 200, and 
400 °C, respectively. Nebulizing, heating, and drying 
gas flow were 2.7, 5, and 5 L/min, respectively.

Concentrations of cannabinoids were calcu-
lated by LabSolutions software (Shimadzu Corp) 
using a quadratic calibration curve with 1/c2 weigh-
ing based on relative response (peak area of can-
nabinoids/peak area of internal standards). The 
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calibration curve range in parrot plasma is shown in 
Supplemental Table S1.

Pharmacokinetic analysis
Maximum plasma drug concentrations (Cmax) 

and the time of maximum concentration (tmax) 
were obtained directly from a review of the con-
centration-time data. Calculated pharmacokinetic 
parameters were obtained using noncompartmental 
analysis with a commercially available software pro-
gram (Phoenix Winnonlin v 8.3; Certara). Multiple 
dosing parameters were estimated at steady state. 
Pharmacokinetic parameters included the terminal-
phase rate constant (λz), terminal-phase half-life  
(λz HL), the area under the curve from time 0 to infin-
ity (AUC0→∞), and the extrapolated percentage of the 
area under the curve (AUC %). The λz HL was calcu-
lated using the t1/2 = 0.693/λz equation and AUC was 
calculated using the log-linear trapezoidal method. 
The accumulation index was calculated using the for-
mula: 1/[1-e−(λz X tau)], where tau represents the dos-
ing interval.

Statistical analysis
Differences in plasma biochemical parameters 

between treatment and time were assessed using 
linear mixed models with treatment, time, and treat-
ment X time interaction as fixed effects and individual 
birds as the random effect. Assumptions of linearity, 
homoscedasticity, and normality of the residuals as 
well as the presence of outliers were assessed on 
residual and quantile plots. When the interaction 
term was significant, post hoc comparisons were 
made with a Tukey adjustment. A statistical software 
(R, version 4.2.0, 2022, R Foundation for Statistical 
Computing) was used for statistical analysis using 
the R-package ggplot2 for statistical graphing.33 An 
alpha of 0.05 was used for statistical significance.

Results
Pilot study

One adult bird in the lowest dose treatment 
group (15/16.25 mg/kg CBD/CBDA) experienced 
a seizure-like episode at 4 hours postadministra-
tion, which lasted approximately 2 minutes. This 
bird recovered without further complications within 
the following 30 minutes. In the treatment group 
receiving hemp extract based on 30/32.5 mg/kg 
CBD/CBDA, target plasma concentrations above 
50 ng/mL for CBD and CBDA were achieved, and no 
adverse effects were appreciated. Both birds in the 
high-dose treatment group, receiving 60/65 mg/kg 
CBD/CBDA, experienced marked sedation. These 
birds were observed at the bottom of their cage, 
mildly sedated at 4 hours postadministration, and 
had a quiet mentation at 12 hours. These birds were 
unable to hold their head up, had wide stance, had 
wing drop, and were only responsive to loud audi-
tive stimuli. One of them was in ventral recumbency. 
These 2 birds regained a normal posture at 18 hours 
postadministration and were deemed fully recovered 
at 24 hours postadministration.

Single-dose study
The 8 OWAP used for this study remained bright 

and alert throughout with no noted adverse effects 
over a 24-hour period. Of the 8 CBs measured, CBG, 
CBC, and CBN remained below quantitation levels at 
all time points and only low plasma concentrations 
of CBGA were detected in 3 parrots during the initial 
4 hours postadministration. Therefore, pharmacoki-
netic parameters were not calculated for these CBs. 
For the metabolites, only 11-OH-THC had quantifiable 
plasma concentrations. 7-COOH-CBD, 7-OH-CBD, 
COOH-THC, and COOH-THC-Glu measurements were 
below the limits of quantitation. The plasma concen-
tration-versus-time curves of CBD, CBDA, THC, THCA, 
and 11-OH-THC are shown in Figure 1, and their phar-
macokinetic parameters are summarized in Table 1.

Multiple-dose study
All birds maintained their body weight with less 

than 10% fluctuation, none of the birds had signs of 
appetite, sedation/agitation, or behavior changes, 
and none, except for 1 bird in the treatment group 
that developed intermittent diarrhea, had changes in 
urofeces as subjectively assessed.

Of the 8 birds in the treatment group, 2 were 
excluded from the pharmacokinetic analysis. One 
was due to a metacarpal injury on the fifth day of the 
study, and the other one was considered an outlier, 
based on disproportionally high plasma concentra-
tions. On retrospective evaluation, this bird had a 
moderate amount of blood on the metal gavage tube 
at the time of the last drug administration.

The plasma concentration-versus-time curves of 
CBD, CBDA, THC THCA, and 11-OH-THC are shown 
in Figure 2, and their pharmacokinetic parameters 
are summarized in Table 2. The mean accumulation 

Figure 1—Mean ± SD plasma concentrations of 
cannabidiol (CBD), cannabidiolic acid (CBDA), 
Δ9-tetrahydrocannabinol (THC), tetrahydrocannabinolic 
acid (THCA), and 11-hydroxy-Δ9-tetrahydrocannabinol 
(11-OH-THC) in 8 orange-winged Amazon parrots 
(Amazona amazonica) after oral administration of a 
single-dose of hemp extract based on 30/32.5 mg/kg 
of CBD/CBDA. Time 0 was the time of hemp extract 
administration for the single-dose phase. The y-axis is 
logarithmically scaled.
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index values for all CBs and metabolite show evi-
dence of weak accumulation after multiple-dose 
administration, given that accumulation index ≥ 1.2 
but < 2.34

The results from the plasma biochemistry and 
lipid panels are summarized in Table 3. There was 
no significant effect of time or treatment on the lipid 
panel (TC, HDL-cholesterol [C], non-HDL-C, and total 
TG) and on chlorides, bicarbonates, phosphorus, 
total calcium, ALP, GLDH, and uric acid. Although 
not statistically significant 2 out of 6 birds in the 
treatment group had elevated ALP at 531 IU/L and 
137 IU/L, respectively (reference interval, 17.5 to 
119.6 IU/L).35

Plasma glucose, potassium, and total proteins 
(TP) were significantly higher after treatment by 
10%, 80%, and 4%, respectively (P = .008, P < .001, and  
P = .027, respectively). AST was significantly higher 
after treatment (38%, P < .001) in the control group. 
None of these elevations were clinically significant. 
For sodium, there was a significant treatment-time 
interaction effect (P = .0119). Within the control 
treatment, there was a significant decrease in sodium 
by 2% (P = .011) while no decrease was seen in the 
CBD treatment over time (P = .31).

Table 1—Mean ± SD values of pharmacokinetic parameters of cannabidiol (CBD), cannabidiolic acid (CBDA),  
Δ9-tetrahydrocannabinol (THC), tetrahydrocannabinolic acid (THCA), and 11-hydroxy-Δ9-tetrahydrocannabinol 
(11-OH-THC) in orange-winged Amazon parrots (Amazona amazonica) after oral administration of a single-dose of 
hemp extract based on 30/32.5 mg/kg of CBD/CBDA to 8 parrots.
Parameters CBD CBDA THC THCA 11-OH-THC

tmax (h) (range) 2.5 ± 1.6 (1–6) 1 ± 0.59 (0.5–2) 2.5 ± 0.93 (1–4) 3 ± 2.13 (1–8) 4.87 ± 2.64 (2–8)
Cmax (ng/mL) 105 ± 103.8 602.1 ± 761.7 11.6 ± 6.33 15.8 ± 11.9 38.93 ± 17.83
t1/2λ (h) 2.92 ± 1.08 1.72 ± 41.5 4.58 ± 8.43 4.24 ± 3.25 3.04 ± 1.42
λz (1/h) 0.23 ± 0.07 0.18 ± 0.35 0.10 ± 0.13 0.14 ± 0.09 0.22 ± 0.11
AUC0-∞ (h·ng/mL) 601 ± 442.1 3,915.8 ± 1,1141.1 118.2 ± 47.0 154.2 ± 40.2 376.56 ± 142.47
AUCextrap (%) 7.64 ± 3.34 4.73 ± 38.7 34.4 ± 28.0 19.5 ± 18.55 19.79 ± 12.06

Median and range are included for tmax. Hemp extract composition was 100 mg of total CBs/m, which corresponded to CBD, 
45.2; CBDA, 49; THC, 1.86; THCA, 0.59; CBG, 0.69; CBGA, 1.21; and CBC, 1.53 mg/mL. The doses were CBD, 30; CBDA, 32.5; THC, 
1.23; THCA, 0.39; CBG, 0.46; CBGA, 0.80; and CBC 1.01 mg/kg. All values were generated using noncompartmental analysis.

λz = Terminal slope. AUC0-∞ = Area under the plasma-concentration curve from time 0 to infinity. AUCextrap = Percentage of 
area under the concentration-versus-time curve (AUC) extrapolated. Cmax = Maximum concentration. t1/2λ = Terminal half-life.  
tmax = Time to maximum concentration.

Figure 2—Mean ± SD plasma concentrations of 
cannabidiol (CBD), cannabidiolic acid (CBDA), 
Δ9-tetrahydrocannabinol (THC), tetrahydrocannabinolic 
acid (THCA), and 11-hydroxy- Δ9-tetrahydrocannabinol 
(11-OH-THC) in 6 orange-winged Amazon parrots 
(Amazona amazonica) after oral administration after 
7 day twice daily oral administration of hemp extract 
based on 30/32.5 mg/kg of CBD/CBDA. Time 0 was the 
time of hemp extract administration on day 8 for the 
multiple-dose phase of the study. The y-axis is logarith-
mically scaled.

Table 2—Mean ± SD values of pharmacokinetic parameters of CBD, CBDA, THC, THCA, and 11-OH-THC in orange-
winged Amazon parrots (Amazona amazonica) after 7 day twice daily oral administration of hemp extract based on 
30/32.5 mg/kg of CBD/CBDA to 6 parrots.
Parameter CBD CBDA THC THCA 11-OH-THC

tmax (h) (range) 1 ± 2.63 (1-4) 2 ± 1.29(1-4) 1 ± 2.57 (1-3) 1 ± 1.86 (1-6) 3 ± 0.9 (2-4)
Cmax (ng/mL) 216.3 ± 283.5 337.4 ± 281.1 13.6 ± 10.5 18.1 ± 9.9 44.9 ± 32.53
t1/2λ (h) 8.6 ± 2.3 6.29 ± 2.65 6.5 ± 4.2 2.61 ± 1.63 2.57 ± 1.68
λz (1/h) 0.081 ± 0.024 0.110 ± 0.055 0.106 ± 0.066 0.266 ± 0.110 0.270 ± 0.109
Cmin (ng/mL) 18.7 ± 12.8 8.06 ± 6.02 1.55 ± 0.50 1.32 ± 1.29 6.48 ± 1.09
Cavg (ng/mL) 63.2 ± 48.9 83.3 ± 60.4 4.31 ± 2.14 7.72 ± 3.93 17.46 ± 9.08
AUCτ (h·ng/mL) 758.4 ± 586.3 999.2 ± 724.3 51.7 ± 25.6 92.6 ± 47.1 209.6 ± 109.0
AUC0-∞ (h·ng/mL) 1,045.9 ± 866.1 1,202.3 ± 753.7 68.7 ± 35.2 100.3 ± 51.4 222.7 ± 113.6
AUCextrap (%) 11.2 ± 4.6 4.2 ± 5.73 18.0 ± 10.3 3 ± 2.2 11.4 ± 10.7
Accumulation index 1.63 ± 0.25 1.40 ± 0.27 1.45 ± 0.46 1.08 ± 0.13 1.08 ± 0.13

AUCτ = Area under the curve to the end of the dosing period. Cavg = Mean plasma concentration. Cmin = Minimum blood plasma 
concentration.

See Table 1 for the remainder of the key.
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Discussion
One of the main goals of the present study was 

to evaluate the plasma concentrations and establish 
the pharmacokinetic parameters of different can-
nabinoids and their metabolites in OWAP. These 
parameters were established for CBD, CBDA, THC, 
THCA, and the metabolite 11-OH-THC in a single 
and in a multiple-dose studies, being the first studies 
to evaluate multiple cannabinoids and metabolites 
in a full spectrum hemp extract in birds. The phar-
macokinetic parameters of CBG, CBC, CBN, and the 
metabolites 7-COOH-CBD, COOH-THC, COOH-THC-
Glu, and 7-OH-CBD were not able to be determined 
because the plasma concentrations were below the 
limit of quantitation at most time points at the doses 
evaluated. As initially hypothesized, the findings 
suggest that twice daily administration of the evalu-
ated hemp extract is well tolerated in healthy OWAP 
and results in plasma concentrations above 50 ng/
mL at a dose of hemp extract based on 30/32.5 mg/
kg of CBD/CBDA for at least 6 hours (252.1 and 
78.3 ng/mL, respectively) following the administra-
tion, without significant adverse effects. In contrast 
to the initial hypothesis, minor cannabinoids CBC, 
CBG, and CBGA did not generate pharmacokinetic 
data due to concentrations below the level of quan-
titation at most time points. The dose was selected 
based on the pilot studies, in which both birds that 
received the highest dose of hemp extract based on 

60/65 mg/kg of CBD/CBDA showed marked seda-
tion during several hours postadministration, while a 
single dose of hemp extract based on 30/32.5 mg/
kg of CBD/CBDA resulted in no adverse effects.

There were major differences in the plasma 
concentrations and pharmacokinetic parameters 
between CBs and their acid precursors. The higher 
concentrations of CBDA observed in the single-dose 
study suggest that it is better absorbed than CBD, 
demonstrated by its approximately 6 times greater 
Cmax following administrations of almost equal 
doses. The t1/2 of CBDA was shorter than CBD, 1.72 
and 2.92 hours, respectively, indicating that CBDA is 
also metabolized or cleared faster. These differences 
in absorption and elimination of CBD and CBDA 
have been observed after single-dose pharmacoki-
netics in dogs17 and rabbits.24 At the 24-hour time 
point postadministration, from all the compounds 
measured, there were only detectable plasma con-
centrations of CBD. For the multiple-dose study, the 
difference in Cmax between CBD and CBDA was not 
as marked as in the single-dose study; however, both 
t1/2 were almost three times longer than those found 
in the single-dose study. This is also consistent with 
research performed in dogs evaluating three differ-
ent forms of hemp extract after 2 weeks of twice 
daily administration where the serum concentrations 
of CBD and CBDA were nearly equal, suggesting 
absorption and retention.17 A possible mechanism 
for this is that CBD is probably retained in tissues 

Table 3—Mean ± SD serum biochemical analyses and lipid profile results pre- and postadministration of treatment 
group based on 30/32.5 mg/kg of CBD/CBDA, PO every 12 hours for 7 days and control group receiving equivalent 
volume of water.

Pretreatment Posttreatment

Analyte
Reference 
interval35

Treatment 
group (n = 8)

Control group 
(n = 8)

Treatment 
group (n = 6)

Control group 
(n = 4)

Anion gap (mmol/L) 17.9–39.4 27 ± 6 31 ± 7 28 ± 2 27 ± 2
Sodium (mmol/L) 146.2–154.2 152 ± 3 155 ± 5 153 ± 2 152 ± 4
Potassium (mmol/L) 1.29–5.04 2 ± 0 2 ± 0 4 ± 1* 3 ± 1
Chloride (mmol/L) 105.4–114.2 112 ± 3 111 ± 3 114 ± 2 111 ± 2
Bicarbonate (mmol/L) 6.6–21.8 14 ± 3 14 ± 4 14 ± 1 18 ± 2
Phosphorus (mg/dL) 1.16–5.00 3 ± 1 4 ± 1 4 ± 1 4 ± 1
Calcium (mg/dL) 7.74–10.36 10 ± 1 10 ± 1 9 ± 1 10 ± 1
Bun (mg/dL) 0–2 1 1 2 ± 1 1
Glucose (mg/dL) 213–371 253 ± 21 253 ± 21 281 ± 15* 287 ± 28
TP (g/dL) 3.44–4.91 4 4 ± 0 4* 4
Albumin (g/dL) 2 2 ± 0 2 2
Globulin (g/dL) 2 2 ± 0 2 2
AST (U/L) 125–375 213 ± 32 234 ± 88 289 ± 45 369 ± 114*
Creatine kinase (U/L) 182–1459 310 ± 82 602 ± 368 706 ± 376 1431 ± 664
ALP (U/L) 17.5–119.6 79 ± 42 64 ± 31 136 ± 194 55 ± 16
Cholesterol (mg/dL) 110.4–363.0 249 ± 68 230 ± 60 275 ± 59 247 ± 42
GLDH (U/L) 0–3.6 1 ± 1 1 ± 1 1 1
Uric acid (mg/dL) 1.86–12.66 5 ± 2 6 ± 2 4 ± 2 5 ± 1
TC (mg/dL) 109–386 257 ± 73 233 ± 58 241 ± 62 244 ± 41
HDL-C (mg/dL) 53–219 184 ± 55 158 ± 46 171 ± 48 160 ± 40
Non-HDL-C (mg/dL) 72 ± 20 74 ± 24 69 ± 26 85 ± 25
TG (mg/dL) 69–234 62 ± 7 79 ± 9 60 ± 14 74 ± 14
HDL-TG (mg/dL) 49 ± 9 62 ± 9 40 ± 6 49 ± 7
Non-HDL-TG (mg/dL) 13 ± 7 17 ± 9 20 ± 12 24 ± 14

*Significance.
See Table 1 for the remainder of the key.
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as a lipophilic molecule and/or CBDA may inhibit 
CBD metabolism allowing for better retention.36,37 
Similarly, nonlinear pharmacokinetics of CBD and 
THC have been observed in dogs, attributed to satu-
ration of P450 leading to increased bioavailability.38 
In a mice model that compared the pharmacokinetic 
parameters of different cannabinoids administered 
as a full-spectrum versus as a single compound, it 
was found that CBDA concentrations were 14 times 
higher when administered as a full-spectrum hemp 
extract than when administered as a single com-
pound at an equal dose.37 The conclusion of this 
study also suggested that CBDA might have more 
contribution to the pharmacological effects of the 
commercially available full-spectrum hemp extracts 
than previously assumed since the peak plasma con-
centrations of the other cannabinoids THC and THCA 
were considerably lower following administration of 
the full-spectrum extract to when administered as a 
single compound.37

Similar pharmacokinetic trends were observed 
with THC and THCA, where THCA reached higher 
plasma concentrations than THC but was metabo-
lized or cleared faster; however, these 2 CBs were 
not administered at almost equal dosing, receiving 
1.23/0.39 mg/kg of THC/THCA, respectively. THC 
and THCA had longer half-life than CBD and CBDA. 
This may be of relevance when evaluating the phar-
macodynamic effects of CBs and could explain why 
during the pilot study, in the birds that experienced 
marked sedation, the effects lasted up to 18 hours 
postadministration. The accumulation index value 
for all CBs ranged between 0.95 and 1.88 after the 
multiple-dose study. An accumulation index of ≥ 1.2 
but < 2 is considered weak,34 suggesting minimal 
drug accumulation for all cannabinoids measured.

There were differences in the CBs metabolic 
pathways between OWAP and the species of mam-
mals studied.39,40 Of the 5 metabolites that were 
measured, the only metabolite that was consistently 
quantifiable was 11-OH-THC, which is considered 
the psychoactive metabolite of THC. Interestingly, in 
a recent study,17 performed in dogs following admin-
istration of a similar hemp extract and at comparable 
doses of THC from the present study, 11-OH-THC 
was below the limit of quantitation at most time 
points precluding pharmacokinetic analysis. In a dif-
ferent canine study,38 higher doses of THC of approx-
imately 37 mg/kg resulted in 11-OH-THC maximum 
concentrations of 5.9 ± 2.7 ng/mL 2 hours postad-
ministration. In the present study, a dose of THC of 
1.22 mg/kg and THCA of 0.36 mg/kg resulted in a 
mean Cmax of 44.9 ± 32.53 ng/mL of 11-OH-THC. 
This marked difference could suggest that birds have 
a different THC metabolism. In contrast, the CBD 
metabolite 7-COOH-CBD has been readily measured 
in dogs17,21 at a dose of 2 mg/kg combined CBD/
CBDA and horses27 2 mg/kg, PO and 0.1 mg/kg, IV 
of CBD. The pharmacokinetic profiles of 7-COOH-
CBD have been generated for these species. In the 
present study the CBD metabolites 7-COOH-CBD 
and 7-OH-CBD, were below the limit of quantitation 
at most time points despite of similar-to-higher CBD 

concentrations when compared to canine17, 21 and 
equine27 studies, and pharmacokinetic analysis was 
not possible for these metabolites.

There were also marked differences between 
the results of the present study, and a recent study28 
published describing the pharmacokinetics of CBD 
alone in Hispaniolan Amazon parrots (Amazona ven-
tralis) following administration of a single dose of 
60 and 120 mg/kg orally. The Cmax after a 60 mg/
kg dose of CBD was 213 ng/mL, while in the present 
study a dose of hemp extract based on 30/32.5 mg/
kg of CBD/CBDA resulted in a CBD mean Cmax of 
105 ng/mL in the single-dose study and 216 ng/
mL in the multiple-dose study. The t1/2 could not be 
determined at 60 mg/kg of CBD in the Hispaniolan 
Amazon parrots because the terminal portion of 
the curve did not have 3 points. However, at a dose 
of 120 mg/kg in the Hispaniolan Amazon parrots, 
the tmax of 0.5 hours was significantly shorter than 
in the one described in the OWAP of 2.5 hours fol-
lowing administration of the hemp extract based 
on 30/35 mg/kg of CBD/CBDA. In the Hispaniolan 
Amazon parrot study,28 the plasma concentrations 
of different individuals were combined to obtain a 
plasma concentration versus time curve in an incom-
plete block study design. In the same study, the vari-
ability was not measured; however, interindividual 
pharmacokinetic differences were speculated. This 
variability could also be explained by the incomplete 
block study design used which did not account for 
all the birds in the study at each time point but also 
for the absorption and metabolism of CBD in the 
species studied. Also, the birds’ crops were empty 
during administration without control over food con-
sumption, which could have affected the absorp-
tion. Interindividual variability in the metabolism and 
pharmacokinetic parameters has been described in 
dogs and humans.20,41 In the present study, despite 
having ensured a fasting period of 12 hours and 
being able to collect samples from all birds at all time 
points, there were also wide ranges in pharmacoki-
netic parameters.

Evidence regarding the association of a phar-
macodynamic effect for pain management or oth-
ers and plasma concentrations of CBD is limited 
and that evidence is even scarcer for the rest of the 
cannabinoids and their acid precursors. The thera-
peutic concentrations for pain management will dif-
fer based on the specific conditions being treated, 
endocannabinoid tone (overall functioning of the 
ECS), and metabolic status (P450, membrane trans-
porters). In canine models, CBD administration was 
associated with decreased pain scores in dogs with 
osteoarthritis. A Cmax of 102 ng/mL and 591 ng/mL 
following administration of 2 mg/kg and 8 mg/kg, 
respectively, resulted in plasma concentrations close 
to 102 ng/mL (eg, 50 ng/mL, which would be 
obtained after 1 half-life in that study)18 target con-
centrations for OA-associated pain in dogs. In a dif-
ferent study,19 looking at the anticonvulsive effects 
of CBD, a dose of 2.5 mg/kg twice a day showed a 
reduction in the frequency of seizures in dogs with 
idiopathic epilepsy; however there was a negative 
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association with the 450.1 ng/mL CBD plasma con-
centration in the dogs in the treatment group and 
seizure reduction. Although it is unknown if this is a 
therapeutic plasma concentration for birds for pain 
management, we elected to use a target plasma 
concentration of 50 ng/mL of CBD alone. Plasma 
concentrations of CBD and CBDA that were 500 and 
1,711 ng/mL, respectively were associated with 
marked sedation in both birds at the highest dose 
evaluated in the pilot study. In contrast, CBD admin-
istered as a single compound in Hispaniolan Amazon 
parrots, a Cmax of 562 ng/mL was not associated with 
sedation effects.28 The sedative effects observed at 
the highest doses could be associated with the com-
bined effect of CBD and CBDA and/or proportionally 
higher concentrations of other cannabinoids such 
as THC and THCA and their metabolite 11-OH-THC. 
Dose-dependent sedation has been reported as an 
adverse effect of CBD. In canine studies, at the doses 
evaluated, sedation has not been an adverse effect. 
Escalating doses as high as 62 mg/kg did not result 
in sedation in 1 study,42 and in a different study21 
doses up to 12 mg/kg did not result in sedation after 
28 days of administration. In the present study, there 
was no sedation observed following a single dose or 
multiple doses over 7 days.

The birds in this study received hemp extract 
without food administration. CBD and THC are 
highly lipophilic substances;43 therefore, coadminis-
tration of a high-lipid meal could enhance their solu-
bility and absorption.41 Evidence in the rodent model 
suggests that the bioavailability of CBD and THC was 
3 times higher when administered with a lipid vehicle 
than when administered with a lipid-free vehicle.44 
In contrast, a study24 in rabbits that compared CBD/
CBDA bioavailability with and without food adminis-
tration showed that administration of a commercial 
hay-based food slurry immediately after the admin-
istration of the hemp oil decreased absorption of 
CBD/CBDA. This shows that the feeding status may 
affect absorption differently depending on the spe-
cies and feeding strategies. It is of particular inter-
est because differences in absorption could affect 
the therapeutic effect and increase the toxicity of 
these products. Therefore, further research investi-
gating the absorption of a hemp extract with food 
administration is warranted. In a similar manner, 
caution also must be taken given when using differ-
ent formulations for CBD or full hemp extracts in the 
market and each presentation and vehicle may affect 
the absorption and bioavailability. For example, in a 
canine pharmacokinetic study,45 hemp was deliv-
ered in a powder form inside a gelatin capsule and 
resulted in no absorption in three of the dogs.

The reported adverse effects of long-term 
administration of hemp extract in mammals include 
elevation of liver enzymes, specifically ALP after 4 to 
12 weeks of administration in dogs18,19, 21 and AST,42 
which have been associated with cytochrome p450 
mediated oxidative hepatic metabolism.46 A recent 
study47 performed in dogs found concurrent eleva-
tion of ALP and ALP bone-derived isoform that is 
suspected a consequence of increased osteoblastic 

activity. Although in the study presented here there 
was no significant difference between ALP pre- and 
posttreatment, 2 out of 6 birds in the treatment group 
had elevated ALP posttreatment, with 1 having a 
marked elevation and 1 having a mild elevation. The 
elevations in ALP were observed after 4 to 12 weeks 
of hemp extract administration in canine studies, 
which could suggest that longer administration in 
the OWAP could have induced these elevations, but 
a different metabolism between avian species and 
mammals is also possible. Conversely, AST was sig-
nificantly elevated in the control group at the end of 
the treatment, and while there is no clear explanation 
for this, in most cases AST was concurrently elevated 
with CK, which could be associated with nonspecific 
muscle activity during restraint. Also, the oil-based 
hemp extract used during this study did not induce 
dyslipidemia in OWAP after 7 days of administration, 
but it could be possible that longer term administra-
tion could induce it.

The limitations of the present study need to be 
considered. The parameters presented are specific 
to the hemp extract formulation used, and there are 
several commercial products available and differ-
ent vehicles that may affect the absorption of the 
cannabinoids.17 The parameters presented here are 
also specific for OWAP, and significant differences 
might occur with other species of birds. In addition, 
these parameters are specific for fasted birds, which 
needs to be taken into consideration when adminis-
tered to a companion parrot since the plasma con-
centrations may change depending on the bird’s 
fasting status. This also represents safety parame-
ters for 7-day administration only, the safety beyond 
that period will need to be further assessed.

In conclusion, twice daily for 7 days administration 
of a full spectrum hemp extract with known CBs con-
centrations was well tolerated in healthy OWAP and 
resulted in target plasma concentrations in dogs with-
out adverse effects at a dose based on 30/32.5 mg/
kg of CBD/CBDA. Although there are similarities with 
mammal pharmacokinetic parameters, this study 
suggests that avian species could have differences in 
the cannabinoid metabolic pathway than mammals. 
Future studies in orange-winged Amazon parrots and 
other avian species evaluating the effect of feeding in 
the pharmacokinetics of CBs and pharmacodynamic 
studies to determine the association with plasma con-
centrations and effect in inflammatory mediators are 
warranted. As non-FDA products are available for use 
with CBD and CBDA, veterinarians should adhere to 
compounding regulations and be aware that pharma-
cokinetic properties may differ between compounded 
and FDA-approved products.
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