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ARTICLE INFO ABSTRACT

Keywords: Recent advances in cannabidiol (CBD) use in canines and felines for anxiety management, pain management, and
Cannabinoids anti-inflammatory effects were reviewed using a literature search conducted with the following keywords: CBD,
CBD

anxiety, inflammation, pain, dogs, cats, and companion animals. For decades, research on CBD has been hindered
due to the status of cannabis (C. sativa L.) as an illicit drug. Limited safety data show that CBD is well-tolerated in
dogs, with insufficient information on the safety profile of CBD in cats. Upon oral supplementation of CBD,
elevation in liver enzymes was observed for both dogs and cats, and pharmacokinetics of CBD are different in the
two species. There is a significant gap in the literature on the therapeutic use of CBD in cats, with no feline data
on anxiety, pain, and inflammation management. There is evidence that chronic osteoarthritic pain in dogs can
be reduced by supplementation with CBD. Furthermore, experiments are required to better understand whether
CBD has an influence on noise-induced fear and anxiolytic response. Preliminary evidence exists to support the
analgesic properties of CBD in treating chronic canine osteoarthritis; however, there are inter- and intra-species
differences in pharmacokinetics, tolerance, dosage, and safety of CBD. Therefore, to validate the anxiety man-
agement, pain management, and anti-inflammatory efficacy of CBD, it is essential to conduct systematic, ran-
domized, and controlled trials. Further, the safety and efficacious dose of CBD in companion animals warrants
investigation.

Dogs and cats
Canines and felines
Natural health products

anxiety (Bonaccorso et al., 2019; Wright et al., 2020), inflammation
(Nichols and Kaplan, 2019; Pellati et al., 2018), pain (Hill et al., 2017;

1. Introduction

Originated in Central Asia and now globally cultivated, cannabis
(C. sativa L.) thrives in temperate and tropical temperatures and can
grow up to five meters tall (Barbagallo et al., 2019). Cannabis, as a
multi-purpose plant, has been documented throughout history in many
cultures, including ancient China (Unschuld, 1986; Zuardi, 2006), India
(Kalant, 2009), medieval Persia (Gorji and Ghadiri, 2002), and later in
Europe (Kalant, 2001) as a source of grain (Li, 1974a), fibre for paper
(Li, 1974b; Temple, 1986), textile (Chang, 1963; Cheng, 1963), rope and
thread (Cheng, 1963), oil (Fleming and Clarke, 1998; Schultes et al.,
1974), narcotics (Fleming and Clarke, 1998; Schultes et al., 1974), and
medicine (Mikuriya, 1969; Unschuld, 1986; Zuardi, 2006). Additionally,
the cannabis plant is reported to have a wide array of therapeutic ben-
efits in many conditions and disorders (Carter, 2020; Rupasinghe et al.,
2020), including epilepsy (Perucca, 2017; Stockings et al., 2018),

Tamba et al., 2020), nausea and vomiting (Limebeer et al., 2012), ner-
vous system disorders (Fagan and Campbell, 2014), multiple sclerosis
(Russo et al., 2015), glaucoma (Alexander, 2016), gastrointestinal dis-
orders (Martinez et al., 2020) and cancer (Pellati et al., 2018; Rupa-
singhe et al., 2020). In the early 20th century, however, due to attitude
change, cannabis was first classified as a restricted drug and eventually
became prohibited as an illegal drug in North America (Carter, 2020).
Although cannabis is recently legalized in Canada in 2018 and eleven
states of the USA as well as the District of Columbia over the years
(Carter, 2020), the use of cannabinoids remains illicit in many countries
due to their psychoactive effects and addictive potential (Landa et al.,
2016). As a result, the medicinal properties of cannabis remain under-
explored.

C. sativa contains more than 100 different active molecules called
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Fig. 1. The endocannabinoid system. Endocannabinoids, AEA and 2-AG, are synthesized on demand, where they travel from post-synaptic neuron to pre-synaptic
neuron and bind to CB, through retrograde signaling. This inhibits the calcium-controlled neurotransmitter release by inhibiting calcium channels. Following CB,
activation, AEA is enzymatically degraded post-synaptically by FAAH, and 2-AG is degraded by MAGL pre-synaptically and by ABHD6 post-synaptically. Adapted
from “Cannabinoids in health and disease: Pharmacological potential in metabolic syndrome and neuroinflammation” by Mastinu et al. (2018) and Murataeva

et al. (2014).

cannabinoids (“phytocannabinoids™), and the two main phytocannabi-
noids are the most abundant 9-A-tetrahydrocannabinol (THC) and the
second most abundant cannabidiol (CBD) (Carter, 2020). THC is
responsible for the psychoactive effects of cannabis, where the con-
sumption of THC induces euphoria and alters sensory perception (Reddy
and Golub, 2016). It is categorized as a recreational/addictive com-
pound that is specially regulated in some countries (Abuhasira et al.,
2018). The transient acute effects of THC vary between individuals
(Freeman et al., 2019) and can include a dose-dependent increase in
heart rate (Martin-Santos et al., 2012), increase appetite, reduce anxiety
at low doses but increase anxiety at high doses (Tambaro and Bortolato,
2012), decrease alertness (Zuurman et al., 2008), and disrupt emotional
processes, executive function and reward function (Bloomfield et al.,
2019; D'Souza et al., 2004; Volkow et al., 2016). On the other hand, CBD
is recognized as a non- or minimally-psychoactive molecule (Shannon
et al., 2019).

CBD research has been hindered for decades due to its legal status. In
recent years, renewed interest prompted an explosion of research
investigating the safety and efficacy of CBD for various conditions in
murine models and human studies. Sold as a herbal supplement, strong
evidence supports the benefit of CBD in controlling refractory seizures,
while acute and chronic CBD exert promising potential for managing
anxiety and schizophrenia, respectively (White, 2019). Other pre-
liminary efficacies of CBD include treatment for various neurological
disorders, pain, depression, and insomnia (Shannon et al., 2019). In the
USA, Epidiolex® (99% CBD; 0.1% THC) is approved for the treatment of
drug-resistant seizures associated with Lennox-Gastaut and Dravet
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Syndrome in patients over two years of age (U.S. Food and Drug
Administration, 2018). In Canada, CBD is classified as a Schedule II
drug, and veterinarians cannot prescribe any medical cannabis or CBD
products for pets due to the potential side effects and unproven effec-
tiveness (Kogan et al., 2019a). However, CBD oils, capsules, and treats
are marketed for dogs and cats.

The purpose of this article is to evaluate the potential of CBD-based
natural health products for companion animals such as dogs and cats by
reviewing recent advances in CBD treatment of anxiety, pain, and
inflammation. The literature search was conducted using four databases,
including Scopus, Web of Science, Google Scholar, and PubMed Central.
The following keywords were used: CBD, anxiety, inflammation, pain,
dogs, cats, and companion animals.

2. The endocannabinoid system and the pharmacodynamics of
THC and CBD

The endocannabinoid system (ECS) is present in almost all animal
species, including vertebrates and invertebrates (Silver, 2019). It is
composed of three components: 1) endogenous ligands called endo-
cannabinoids (eCBs), 2) G-protein coupled receptors called endo-
cannabinoid receptors, and 3) enzymes that degrade and recycle the
endocannabinoids (Silver, 2019) (Fig. 1). The two best-characterized
endogenous endocannabinoids identified to date are anandamide
(AEA) and 2-arachidonoyl glycerol (2-AG), each having different affin-
ities for the receptors (Papagianni and Stevenson, 2019). These are
produced as needed by enzymes in the post-synaptic neuronal
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membranes, where the production is initiated by a rising level of calcium
ions (Hartsel et al., 2019). Delivered by the transport proteins, endo-
cannabinoids bind to either of the G-protein coupled receptors located
on pre-synaptic cell surfaces, such as the most-studied cannabinoid re-
ceptor 1 (CB;) and cannabinoid receptor 2 (CBy) (Silver, 2019). Once the
post-synaptic-released endocannabinoids acted on the pre-synaptic
endocannabinoid receptors, the rapid inhibitory modulation of neuro-
transmitters then prompts for the essential biological processes,
including neuronal plasticity, pain, anxiety, inflammation, neuro-
inflammation, memory, reward processing, immune function, metabolic
regulation, and bone growth (Mackie, 2006). Following the brief ac-
tivity, AEA is degraded by fatty acid hydrolase (FAAH) post-
synaptically, and 2-AG is degraded by monoacylglycerol lipase
(MAGL) pre-synaptically and by serine hydrolase a-f-hydrolase domain
6 (ABHD6) post-synaptically, as a part of endocannabinoid tone regu-
lation (Murataeva et al., 2014; Silver, 2019). The modulatory function of
the endocannabinoid system over other physiological systems has been
recently reviewed (Di Marzo, 2018).

CB; receptors are primarily expressed in the central nervous system
and peripheral nervous system, where they regulate neurotransmitter
release, and to a lesser extent, in the cardiovascular, gastrointestinal,
and reproductive tissues (Howlett et al., 2002). While the structure of
the CB; receptor is similar throughout all mammalian species, the
anatomical sites and density of the receptor differ between and within
species (Hartsel et al., 2019). On the other hand, CB, receptors are
mainly located in the cells of the immune system, specifically in leu-
kocytes, spleen, and tonsils (Pertwee, 2001), where they mediate cyto-
kine release (Howlett et al., 2002). In contrast to the similarity in CB,
receptors across mammalian species, amino acid sequences of CB; re-
ceptors differ in humans, mice, rats, and dogs (Ndong et al., 2011). As
well, canine CB; receptors exhibit 30 times less binding affinity when
compared with human and rat CB, receptors (Ndong et al., 2011). Thus,
these findings caution the direct extrapolation of rodent animal model
outcomes in cannabinoid safety and efficacy, specifically those
involving CB; receptors (Ndong et al., 2011).

The two major phytocannabinoids in cannabis, THC and CBD, are
similar in their pharmacokinetic properties but display different phar-
macodynamic properties (Greb and Puschner, 2018). THC directly in-
teracts with CB; and CB; as a partial receptor agonist (Boggs et al.,
2018). THC can act as both an agonist and antagonist at the CB, receptor
(Freeman et al., 2019) to mediate its psychoactive effects, whereas the
immunological and anti-inflammatory effects are thought to be related
to CBy activation (Pertwee, 2008). On the other hand, CBD shows a
lower affinity for both receptor subtypes and therefore interacts indi-
rectly with the receptors by being a negative allosteric modulator at the
orthosteric site of CB; and altering the potency and efficacy of the
orthosteric ligand without activating the receptor (Freeman et al.,
2019). As well, CBD antagonizes CB;/CB; agonists, which allows for
interaction with the receptors in the brain at low CBD concentrations
(Pertwee, 2008). Apart from CB; and CB; receptors, CBD also exerts its
effects through the interaction with other receptors, such as peroxisome
proliferator-activated receptor-g (PPAR-g; anti-inflammatory; (Esposito
et al.,, 2011)), a-3 glycine receptor (GLRA3; analgesic; (Xiong et al.,
2012)), serotonin 5-HT;p and 5-HT3p receptors (antidepressant and
anxiolytic; (de Mello Schier et al., 2014)), and vanilloid receptors (VR1;
analgesic; (Bisogno et al., 2001; Greb and Puschner, 2018)). Although
the full mechanism of action of CBD pharmacology has yet to be eluci-
dated, it is clear that the non-psychotropic CBD exerts diverse effects on
multiple systems in the body (Hurd, 2020) by demonstrating anti-
epilepsy, anxiolytic, anti-inflammatory, and analgesic potentials via
modulation of the endocannabinoid system (Izzo et al., 2009).

3. Pharmacokinetics and safety of CBD

Before the Cannabis prohibition due to its psychoactive properties,
the uncontrolled medicinal uses of cannabis date back for centuries
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throughout history, even for thousands of years by the Chinese medicine
(Di Marzo, 2018). However, only until recently, cannabis was recog-
nized as a potential medical treatment or therapy for various conditions
and diseases of humans (Hartsel et al., 2019). Specifically, the idea of
using CBD-infused pet products is increasing in popularity among pet
owners, and the cannabinoid pet treat industry is booming (Greb and
Puschner, 2018) but is underregulated (Wakshlag et al., 2020a). With
the recent countrywide legalization of recreational use of cannabis in
Canada as well as in some states of the USA (Carter, 2020), pet owners
are turning towards the non-traditional therapeutic supplement for their
marketed potential in anxiety, seizures, and pain management (Kogan
et al., 2019a). As such, veterinarians are receiving increased inquiries
about the use of cannabis for the treatment of canine ailments and
mental issues (Kogan et al., 2019b).

In the USA and certain EU countries, even though cannabis-derived
veterinary medicine products cannot be prescribed, approved human
cannabis-derived medicinal products may be allowed for off-label use in
animals (De Briyne et al., 2021). On the other hand, Canadian veteri-
narians remain prohibited from authorizing the use of cannabis products
for pets (De Briyne et al., 2021; Wallace et al., 2020). However, com-
panies are marketing their treats for alleviation of anxiety, arthritis,
pain, inflammation, nausea, epilepsy, etc., and even cancer for com-
panion animals (“Canna-Pet® CBD Treats for Dogs,”, 2021). While
emerging preliminary evidence suggests that CBD supplementation (up
to 4.5 mg/kg body weight (BW)/day) does not alter the daily activity
and even exhibited potential antipruritic in healthy dogs (Morris et al.,
2021) and anti-aggressive effects in shelter dogs (Corsetti et al., 2021),
due to decades of its illegal status, fundamental research on the safety,
efficacy, and pharmacokinetics of CBD in animals has been scarce, and
conclusive clinical studies in companion animals are lacking (Greb and
Puschner, 2018; Hartsel et al., 2019).

Recently, a handful of studies explored CBD pharmacokinetics and
safety in dogs (Bartner et al., 2018; Deabold et al., 2019; Gamble et al.,
2018; McGrath et al.,, 2018; Vaughn et al., 2020; Wakshlag et al.,
2020Db). The effects of CBD on dogs are reported to be dose-proportional
(Bartner et al., 2018), where the higher the dose and plasma concen-
tration, the more efficacious. At the dosage of 2 mg/kg twice daily, oral
CBD has a short half-life (t;2) ranging from 1 to 4.2 h, maximal serum
concentration (Cpax) ranging from 102 to 301 ng/mL, and time to reach
maximal serum concentration (tpmax) ranging from 1.4 to 1.5 h (Deabold
et al., 2019; Gamble et al., 2018). When comparing three forms of de-
livery methods, namely oral microencapsulated oil beads, oral CBD-
infused oil or CBD-infused transdermal cream applied to the pinnae,
the authors reported incomplete transdermal absorption and low plasma
concentration in dogs given the CBD-infused transdermal cream (Bart-
ner et al., 2018). In fact, oral CBD-infused oil exhibited the best phar-
macokinetic profile with the highest Cp.x and systemic exposure
(Bartner et al., 2018). However, low bioavailability of oral CBD
administration has been previously reported (Samara et al., 1988),
potentially due to the first-pass effect (drug metabolized in the liver
before it reaches the systemic circulation).

In terms of safety, CBD supplementation in the canine is generally
well-tolerated with very few mild adverse events (Gamble et al., 2018;
McGrath et al., 2018), where the number and type of adverse events
(gastrointestinal, constitutional, and neurological) are closely matching
that of the placebo (Vaughn et al., 2020). However, elevated alkaline
phosphatase (ALP) associated with CBD supplementation is observed
across many studies (Gamble et al., 2018; McGrath et al., 2019; McGrath
etal., 2018; Vaughn et al., 2020), which may be an indication of hepatic
injury and altered function, including damaged liver cells, obstructed
bile ducts, active bone formation, hyperparathyroidism, vitamin D
deficiency or untreated celiac disease, etc. (Sharma et al., 2014). How-
ever, the observed elevation of ALP after CBD administration could also
be due to hepatic microsomal enzyme induction by CBD and/or THC
without causing actual liver damage. Therefore, in future research, real
liver damages need to be observed.
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While CBD alone did not elicit significant side effects, when
administered in combination with THC, dose-dependent severe adverse
events (Vaughn et al., 2020) and neurological signs (hyperesthesia/
proprioceptive deficits) were observed (Chicoine et al., 2020), suggest-
ing that when administered in synergy, CBD potentiated instead of
antagonized the psychoactive and physiological effects of THC (Vaughn
et al., 2020). The same elevation in ALP observed in CBD supplemen-
tation alone is also reported in CBD and THC synergistic supplementa-
tion (Vaughn et al., 2020). Vaughn and colleagues postulated that the
interaction between CBD and THC might be due to the fact that CBD
modifies the effect of THC through changes in absorption, distribution
(pharmacokinetics), and/or CBD modifies the effect of THC via additive,
synergistic, or antagonistic effects (pharmacodynamic) (Vaughn et al.,
2020).

To date, only two studies reported CBD pharmacokinetics in healthy
cats (Deabold et al., 2019; Kulpa et al., 2021). In the escalating dose
study (2.8 mg/kg — 30.5 mg/kg), Kulpa et al. (2021) reported an average
tmax Of 3.3 h and Cpax of 250 pg/mL at the dose of 25 mg/kg CBD oil. On
the other hand, a single-dose CBD pharmacokinetics study showed a
lower tyax of 2 h and Cpax of 43 ng/mL (Deabold et al., 2019) at a much
lower dose of CBD oil of 2 mg/kg twice daily. With only two feline
studies performed with small sample sizes and different study designs
(single-dose vs escalating doses; type of carrier oil used), feline CBD
pharmacokinetics data remain insufficient. However, both studies re-
ported overall good tolerances of CBD oil in cats, with only mild and rare
adverse effects such as hypersalivation (Kulpa et al., 2021), emesis
(Kulpa et al., 2021), excessive licking and headshaking during admin-
istration (Deabold et al., 2019) and normal liver markers in the majority
of the healthy cats studied (Deabold et al., 2019). Overall, the safety
profile of CBD supplementation in healthy cats is severely inconclusive.
Interestingly, when comparing single-dose CBD pharmacokinetics in
cats and dogs, Deabold et al. (2019) reported a shortt; 5 0of 1.5hand 1 h,
Cmax Of 43 ng/mL and 102 ng/mL and tpax of 2 h and 1.4 h, for cats and
dogs, respectively (Deabold et al., 2019), at the dosage of 2 mg/kg twice
daily. The authors pointed out inter-species differences in pharmacoki-
netics with cats showing lower oral absorption kinetics and longer
retention time, where Cp,ox was 7-times lower in the cats compared to
that of the dogs, suggesting different feline and canine dosing
recommendations.

CBD distributes rapidly in the system due to its lipophilic property
(Samara et al., 1988). In fact, human pharmacokinetics data demon-
strated increased CBD absorption by 4-5 folds when consumed with
food (Millar et al., 2018; Taylor et al., 2018). Moreover, being lipophilic
in nature, long-term CBD accumulation in the tissues and toxicity are
potential concerns (De Briyne et al., 2021). In the healthy animal pop-
ulation, preliminary pharmacokinetic results generally indicate the
safety of CBD use. However, some research has demonstrated that CBD
exerts immunosuppressant effects that are therapeutic for autoimmune
diseases, noting that CBD use is risky in immunocompromised animals
(Greb and Puschner, 2018; Rieder et al., 2010). Oral CBD oil seems to be
the most favorable delivery system, although the first-pass effect may
play a role. It is worth noting that while multiple reports of hepatic
enzymes during short-term CBD oil administration have been made,
there are currently no toxicokinetic data on the chronic use of CBD in
companion animals. This prompts the need for more well-designed,
randomized, controlled trials for the evaluation of pharmacokinetics,
safety, and long-term effects of CBD oil and cream use, specifically in
terms of accumulation in tissues and hepatic toxicity.

4. Anxiety management and calming

Anxiety is defined as an emotional response towards the anticipation
of a potential threat or an impending danger (Papagianni and Stevenson,
2019). Physiologic signs of anxiety can include tachycardia, tachypnea,
vasomotor changes, trembling or paralysis, increased salivation or
sweating, anorexia, and gastrointestinal disturbances, and behavioral
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signs such as immobility, pacing, circling, restlessness can also be dis-
played (Sherman and Mills, 2008). Dogs experience many kinds of
anxieties, with the most common being general fearfulness towards
unfamiliar people, dogs, the environment, separation anxiety, and noise
aversions (e.g., fireworks and thunderstorms) (Tiira et al., 2016).
Currently, several different veterinary drugs used to treat different types
of anxiety in companion animals include benzodiazepines, tricyclic an-
tidepressants, selective serotonin reuptake inhibitors, etc. (Hammerle
et al., 2015). However, due to potential undesirable side effects, com-
panion animal owners prefer to reduce drug use and show interest in the
management of anxiety using natural products (Morris et al., 2020).

The endocannabinoid system plays an intimate role in the regulation
of stress responses. Chronic environmental stress downregulates CB;
receptors, which in turn reduce levels of AEA and increase levels of 2-
AG, where decreased AEA levels are associated with the progression of
stress response and increased anxiety behavior (Morena et al., 2016).
Apart from the cannabinoid receptors, recent lines of evidence point to
the influence of CBD on various other receptors, including the serotonin
5-HT;a receptor and transient receptor potential vanilloid type 1 re-
ceptors (De Gregorio et al., 2019; Papagianni and Stevenson, 2019).
Serotonin (5-HT) is an associated neurotransmitter in pain, depression,
and anxiety (Bardin et al., 2000; Lesch et al., 1996). 5-HTj4 receptors
are widely distributed in the brain, especially in commonly stress- and
anxiety-related structures such as raphé nuclei, hippocampus, prefrontal
cortex, amygdala, and hypothalamus (Chalmers and Watson, 1991). In
murine studies, anxiolytic effects of CBD at doses of 5-60 mg/kg were
found to be mediated through the activation of CB; and CB; receptors
(Fogaca et al., 2018; Hartmann et al., 2019), as well as 5-HTj 5 receptors
(De Gregorio et al., 2019; Hartmann et al., 2019).

There are currently no data available on CBD use in cats for anxiety,
while the only canine study on CBD and anxiety reported that CBD at
1.4 mg/kg BW/day did not exert anxiolytic effects (Morris et al., 2020).
While CBD oil administration in shelter dogs has been shown to reduce
aggressive behavior towards humans (Corsetti et al., 2021), anxiolytic
evidence has not been observed in dogs supplemented with CBD oil
(Corsetti et al., 2021) or CBD-infused treats (Morris et al., 2020).
However, rodent and human studies on the effect of CBD in alleviating
anxiety showed mixed results. Clinical evidence from recent random-
ized, double-blind, and controlled trials has demonstrated that short-
term oral CBD alleviated public speaking-induced anxiety (Appiah-
Kusi et al., 2020; de Faria et al., 2020) and social anxiety (Masataka,
2019). Also, CBD showed promising results in managing anxiety-related
comorbidities in various diseases and conditions, including psychiatric
illnesses, neurofibromatosis type 1 (Hegazy and Platnick, 2019), Dravet
syndrome (Patra et al., 2020), fragile X syndrome (Zieba et al., 2019),
and Crohn's disease (Klier et al., 2020), etc. However, Wildes et al.
(2020) reported opposing findings that as frequencies and or percentage
of CBD oil use increased, anxiety or depression in adults prescribed
opioids for persistent pain worsened in their study. Furthermore, few
mice studies found intraperitoneal injections of CBD at doses ranging
from 5 to 20 mg/kg BW produce limited (Shallcross et al., 2019; Zieba
et al., 2019) to no anxiety-alleviating effects (Kasten et al., 2019), and a
dose of 20 mg/kg BW was even found to be anxiogenic (Schleicher et al.,
2019).

While some pre-clinical and clinical studies have demonstrated the
potential anxiolytic effects of CBD administration (Bitencourt and
Takahashi, 2018), a recent comprehensive review article concluded that
there is not enough evidence that CBD is effective in treating anxiety
(Black et al., 2019). The variability in the study results can be due to the
difference in animals/subjects, sample size, trial length, dosage, and
method of delivery. In addition, while some murine models and human
studies have produced promising results, research has also demonstrated
inter-species differences in cannabinoid receptor number and location
between humans and dogs (Hartsel et al., 2019; Silver, 2019); therefore,
recommendations on CBD use for anxiety treatment cannot be based
solely off on rodent models and human studies. High-quality large-
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scaled, randomized, and placebo-controlled trials for CBD use in com-
panion animals are necessary to be able to correctly analyze the effec-
tiveness, safety, and risks of medical CBD.

5. Pain management

The common types of pain experienced by companion animals
include acute, chronic, cancer, and neuropathic pain (Allweiler, 2020).
Signs of pain can be physical (changes in heart rate, breathing pattern,
movement, posture, or reflexes) or behavioral (anorexia, lethargy, un-
usual restlessness, anxiety, mood or personality changes, irritability and
licking, biting, or rubbing the site of pain) (Allweiler, 2020). Since the
analgesic techniques in animals often follow guidelines developed for
human medicine (Livingston, 2010), the same challenge of undesirable
side effects associated with current pain management drugs exists
(Ferraz et al., 2020). Traditional drugs (Ferraz et al., 2020) such as
nonsteroidal anti-inflammatory drugs (NSAIDS; non-selective and COX-
2 selective inhibitors), acetaminophen, opioids, and corticosteroids can
cause injuries to various organ systems, including renal (Harirforoosh
et al., 2013), cardiovascular (Harirforoosh et al., 2013; Poetker and Reh,
2010), gastrointestinal (Harirforoosh et al., 2013; Poetker and Reh,
2010; Rayar et al., 2017), hepatic (Marcondes-Alves et al., 2019), and
ophthalmic dysfunction or damage (Poetker and Reh, 2010), as well as
psychiatric and morphological changes (Poetker and Reh, 2010).
Moreover, opioids pose a risk of addiction, respiratory depression, and
even death (Benyamin et al.,, 2008). As a result, there is merit in
exploring the potential of CBD for pain management as it is recognized
as non-addictive, non-psychoactive, and well-tolerated in most research.

Endogenous endocannabinoids AEA and 2-AG are one group of the
body's first responders to tissue injury, where these molecules activate
cannabinoid receptors, which regulate neuroimmune interactions and
modulate pain by various methods (Silver, 2019). AEA suppresses pain
by 1) activating CB; for inhibition of pain signals at the synapse, 2)
becoming directly transformed by COX-2 enzyme into pain-relieving
prostamides, and 3) activating CBy and other receptors for the inter-
ference of inflammation (Hill et al., 2017; Silver, 2019). On the other
hand, 2-AG is involved in the descending modulation of pain during
acute stress (Hill et al., 2017). Thus, further understanding the specific
function of AEA and 2-AG will help to understand the efficacy and ap-
plications of phytocannabinoids in the management of pain.

Murine models have reported anti-nociceptive effects of CBD by
various methods of delivery, including subcutaneous (De Gregorio et al.,
2019), intraperitoneal (Genaro et al., 2017), transdermal (Hammell
etal., 2016), and intra-arterial (Philpott et al., 2017). The pain-relieving
action of CBD seemed to be dose-dependent as reported in experimental
models of post-operative pain, arthritis, and osteoarthritis (OA) pain
(Genaro et al.,, 2017, Hammell et al., 2016; Philpott et al., 2017).
However, Britch et al. (2017) produced conflicting results and reported
that intraperitoneal CBD alone had no anti-nociceptive effects in a
model of healthy Sprague-Dawley rats.

To date, there are a total of five studies on CBD supplementation in
managing chronic canine pain (Gamble et al., 2018; Kogan et al., 2020;
Martello et al., 2019; Mejia et al., 2021; Verrico et al., 2020), and none
in feline pain, whether acute or chronic. CBD supplementation is
delivered by oral administration of CBD oil (Gamble et al., 2018),
ingestion of CBD-enriched tablets (Martello et al., 2019), CBD-enriched
hemp oil delivered on food (Kogan et al., 2020) and ingestion of naked
and liposomally-encapsulated CBD (Verrico et al., 2020) at doses of
0.3-4.12 mg/kg body weight alleviated osteoarthritic (OA) pain in
client-owned dogs and improved quality of life. Kogan et al. (2020) even
reported that in dogs on gabapentin, a drug used for treating neuro-
pathic pain, the additional CBD supplementation allowed a third of the
dogs to wean off the drug, and another one-third of the dogs were able to
have their doses reduced. In addition, it was reported that a wide range
of doses (0.3-4.12 mg/kg body weight) was needed to achieve the
analgesic effects in chronic canine OA pain, where some responded to
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small doses of CBD while others required larger doses for the same effect
(Kogan et al., 2020), suggesting different pain tolerance in dogs and
different dosage requirements (Allweiler, 2013). However, in contrast to
the other studies, Mejia et al. (2021) did not observe any OA pain relief
using CBD treatment in their double-blinded, crossover, placebo-
controlled study but noted elevation in liver enzymes and vomiting as
side effects.

With only a handful of randomized, placebo-controlled, and double-
blinded canine studies conducted, there is insufficient information to
make a conclusion on CBD use in pain management for dogs. Even
though most preliminary results suggest that CBD is well-tolerated in
dogs, with the multiple cases of elevated serum ALP during CBD treat-
ment in both healthy dogs and OA dogs, it is crucial that the long-term
safety of CBD in dogs is evaluated, especially regarding hepatotoxicity.
Overall, data on CBD use for pain management in dogs are limited and
weak, and randomized, placebo-controlled trials are needed to deter-
mine dosage, efficacy, and safety of administration of CBD alone or in
combination with other pain medication while taking into consideration
of breed and individual differences.

6. Anti-inflammatory effects

Inflammation is a complex physiological defense mechanism acti-
vated in order to re-establish homeostasis when the body is challenged
by microbial infections, tissue injury, or other harmful conditions
(Nascimento Menezes et al., 2019). It is characterized by the four basic
signs of redness, fever, pain, and swelling (Rayar et al., 2017), mediated
by pro-inflammatory agents such as cytokines, chemokines, etc. (Nas-
cimento Menezes et al., 2019). Although it is mostly a protective
mechanism, chronic inflammation can also lead to the development and
progression of many diseases and conditions (Hartsel et al., 2019).
Among the mediators participating in the inflammation process, pros-
taglandins (PG) remain the major target of anti-inflammatory therapy.
The mechanism of action of NSAIDs lies in the inhibition of PG
biosynthesis. NSAIDs are non-selective or selective inhibitors of cyclo-
oxygenase (COX), the key regulatory enzyme of PG biosynthesis (Ong
et al., 2007). Steroids are inflammatory modulators and increase anti-
inflammatory agents (Rhen and Cidlowski, 2005), which could lead to
some adverse events. As a result, the anti-inflammatory effects of me-
dicinal plant extracts such as CBD are gaining more attention.

CB, receptors are present on the surface of many immune cells, and
various experimental models have demonstrated the immunomodula-
tory effects of the endocannabinoid system (Hartsel et al., 2019). CBD
attenuates inflammation by 1) suppressing pro-inflammatory cytokines
and chemokines such as TNF-a, GM-CSF, IFN-y, IL-10, and IL-6, etc., 2)
limiting immune cell infiltration, 3) inducing T-cell apoptosis, 4)
inhibiting T-effector cell proliferation, and 5) promoting T-regulatory
cell proliferation (Henshaw et al., 2021; Nascimento Menezes et al.,
2019; Silver, 2019). From the recent rodent models reviewed, topical,
intraperitoneal, and intra-arterial CBD attenuated experimentally
induced multiple sclerosis (Giacoppo et al., 2015), arthritis (Hammell
et al., 2016), spinal cord injury (Li et al., 2018), colitis (Pagano et al.,
2016), and OA (Philpott et al., 2017). In an experimental model of
arthritis, topical CBD application reduced joint swelling as well as the
thickening of the synovial membrane in a dose-dependent manner
(Hammell et al., 2016). In a model of colitis, pure CBD administered
through both intraperitoneal injection and oral gavage did not attenuate
colitis, but a high CBD-containing extract reduced inflammation damage
(Pagano et al., 2016). Furthermore, local treatment of intra-arterial CBD
in OA rats was found to alleviate acute transient joint inflammation.

There are currently no canine or feline data available on CBD use and
treatment of inflammation. While the promising results from the rodent
studies further strengthen the knowledge on the anti-inflammatory ef-
fects of CBD, these results cannot be directly extrapolated, and species-
specific differences in cannabinoid receptors call for the need for canine
and feline-specific studies to understand the anti-inflammatory benefits
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Table 1

The strengths, weaknesses, opportunities, and threats (SWOT) analysis for the
potential use of CBD in companion animals for the management of anxiety, pain,
and inflammation.

Strengths Weaknesses

e The use of CBD for certain human
conditions such as drug-resistant
seizures has been approved by the
US FDA.

Some evidence for potential
application of CBD on companion
animals; for example, chronic canine
osteoarthritis pain.

e Lack of strong scientific evidence for
safety, bioavailability, and specific
efficacious activities of CBD in
companion animals.

Canine side effects include elevated
ALP, diarrhea, and emesis.

Feline side effects include elevated ALP,
excessive licking, head shaking, emesis,
and hypersalivation.

Opportunities Threats

e Non-prescription use of CBD in
humans has been legalized in some
countries.

Off-label use of human cannabis-
derived products in animals by vet-
erinarians is allowed in some
countries.

Consumer demand for natural
health products for companion
animals is increasing. CBD-
incorporated treats are already in
the market of some countries.
Conditions-specific health claims for
CBD can be established in the future
once scientific evidence is
established.

e Reported interspecific variations and
inconsistent data of CBD on
experimental mice models and limited
reports on companion animals.
Government regulatory requirements
are demanding the commercialization
of natural health products, including
CBD-based products in veterinary
applications.

of CBD in companion animals.
7. Conclusion

While the use of medicinal cannabis in both humans and animals
dates back for centuries, scientific evidence of CBD efficacy is scarce due
to its illegal drug status for decades, and cannabis remains a controlled
substance in many parts of the world. The strengths, weaknesses, op-
portunities, and threats (SWOT) analysis for the potential use of CBD in
companion animals are summarized in Table 1. In the few pharmaco-
kinetics and safety trials performed in healthy dogs, short-term CBD use
appeared to be well-tolerated by dogs with minimal side effects. Limited
feline CBD pharmacokinetics data revealed interspecies differences in
pharmacokinetics between dogs and cats, suggesting different feline and
canine dosing recommendations. Information on CBD use in managing
inflammation is not available in both dogs and cats, and limited pre-
liminary data exist for the effect of CBD on the management of canine
anxiety and pain. In human and rodent studies, mixed results were ob-
tained for the CBD efficacy in managing these conditions. Many studies
produced weak evidence, and not enough randomized controlled trials
are carried out. The differences in study designs, including subject/an-
imal selection, sample size, trial length, formulation, dosage, and
method of delivery, contributed to the varied experimental outcomes. A
significant gap in the literature evaluating the long-term effects of CBD
safety and efficacy exist. In the reported studies, several different doses
of CBD have been used; notably, the safety trials have used much higher
doses than the efficacy trials. Therefore, a clear establishment of
appropriate doses for dogs and cats is still required. Until the risks of
chronic CBD use are established, more large-scale, randomized, and
controlled trials are needed in dogs and cats to evaluate the safety, po-
tential efficacy, interaction with other treatments, and health benefits of
CBD supplementation. In recent years, a growing interest has also been
developed in investigating the potential use of other endocannabinoid
system modulators such as synthetic cannabinoids. As our understand-
ing expand on the role of endocannabinoids and phytocannabinoids in
modulatory functions of mammalian physiology, the development of
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efficacious synthetic cannabinoids in the management of anxiety, pain,
and inflammation of companion animals and humans could become an
interesting area of research in the future.

Declarations
The authors declare no competing interests.
Acknowledgments

The authors acknowledge funding from the Industrial Research
Assistance Program (IRAP) of the National Research Council (NRC) of
Canada.

References

Abuhasira, R., Shbiro, L., Landschaft, Y., 2018. Medical use of cannabis and cannabinoids
containing products — regulations in Europe and North America. Eur. J. Internal
Med. Special Issue 49, 2-6. https://doi.org/10.1016/j.€jim.2018.01.001.

Alexander, S.P.H., 2016. Therapeutic potential of cannabis-related drugs. Prog. Neuro-
Psychopharmacol. Biol. Psychiatry 64, 157-166. https://doi.org/10.1016/j.
pnpbp.2015.07.001.

Allweiler, S., 2013. Recognition and Assessment of Pain in Animals - Management and
Nutrition [WWW Document]. Merck Veterinary Manual. https://www.merckvetman
ual.com/management-and-nutrition/pain-assessment-and-management/recogniti
on-and-assessment-of-pain-in-animals (accessed 12.28.20).

Allweiler, S., 2020. Types of Pain - Special Pet Topics [WWW Document]. Merck
Veterinary Manual. https://www.merckvetmanual.com/special-pet-topics/pain-m
anagement/types-of-pain (accessed 12.28.20).

Appiah-Kusi, E., Petros, N., Wilson, R., Colizzi, M., Bossong, M.G., Valmaggia, L.,
Mondelli, V., McGuire, P., Bhattacharyya, S., 2020. Effects of short-term cannabidiol
treatment on response to social stress in subjects at clinical high risk of developing
psychosis. Psychopharmacology. https://doi.org/10.1007/s00213-019-05442-6.

Barbagallo, S., Finocchiaro, S., Ahmadi, M., 2019. Veterinary medical use of cannabis,
cannabinoid receptors and endocannabinoids system in mammals. Lucrari Stiintifice
Medicina Veterinara 52, 5-13.

Bardin, L., Lavarenne, J., Eschalier, A., 2000. Serotonin receptor subtypes involved in the
spinal antinociceptive effect of 5-HT in rats. Pain 86, 11-18. https://doi.org/
10.1016/50304-3959(99)00307-3.

Bartner, L.R., McGrath, S., Rao, S., Hyatt, L.K., Wittenburg, L.A., 2018. Pharmacokinetics
of cannabidiol administered by 3 delivery methods at 2 different dosages to healthy
dogs. Can. J. Vet. Res. 82, 178-183.

Benyamin, R., Trescot, A.M., Datta, S., Buenaventura, R., Adlaka, R., Sehgal, N.,
Glaser, S.E., Vallejo, R., 2008. Opioid complications and side effects. Pain Phys. 11,
$105-5120.

Bisogno, T., Hanus, L., De Petrocellis, L., Tchilibon, S., Ponde, D.E., Brandi, I.,
Moriello, A.S., Davis, J.B., Mechoulam, R., Di Marzo, V., 2001. Molecular targets for
cannabidiol and its synthetic analogues: effect on vanilloid VR1 receptors and on the
cellular uptake and enzymatic hydrolysis of anandamide. Br. J. Pharmacol. 134,
845-852. https://doi.org/10.1038/sj.bjp.0704327.

Bitencourt, R.M., Takahashi, R.N., 2018. Cannabidiol as a therapeutic alternative for
post-traumatic stress disorder: from bench research to confirmation in human trials.
Front. Neurosci. 12 https://doi.org/10.3389/fnins.2018.00502.

Black, N., Stockings, E., Campbell, G., Tran, L.T., Zagic, D., Hall, W.D., Farrell, M.,
Degenhardt, L., 2019. Cannabinoids for the treatment of mental disorders and
symptoms of mental disorders: a systematic review and meta-analysis. Lancet
Psychiatry 6, 995-1010. https://doi.org/10.1016/52215-0366(19)30401-8.

Bloomfield, M.A.P., Hindocha, C., Green, S.F., Wall, M.B., Lees, R., Petrilli, K.,
Costello, H., Ogunbiyi, M.O., Bossong, M.G., Freeman, T.P., 2019. The
neuropsychopharmacology of cannabis: a review of human imaging studies.
Pharmacol. Ther. 195, 132-161. https://doi.org/10.1016/j.
pharmthera.2018.10.006.

Boggs, D.L., Nguyen, J.D., Morgenson, D., Taffe, M.A., Ranganathan, M., 2018. Clinical
and preclinical evidence for functional interactions of Cannabidiol and A9-
tetrahydrocannabinol. Neuropsychopharmacology 43, 142-154. https://doi.org/
10.1038/npp.2017.209.

Bonaccorso, S., Ricciardi, A., Zangani, C., Chiappini, S., Schifano, F., 2019. Cannabidiol
(CBD) use in psychiatric disorders: a systematic review. NeuroToxicology 74,
282-298. https://doi.org/10.1016/j.neuro.2019.08.002.

Britch, S.C., Wiley, J.L., Yu, Z., Clowers, B.H., Craft, R.M., 2017. Cannabidiol-A9-
tetrahydrocannabinol interactions on acute pain and locomotor activity. Drug and
alcohol dependence 175, 187-197. https://doi.org/10.1016/j.
drugalcdep.2017.01.046.

Canna-Pet® CBD Treats for Dogs [WWW Document], 2021. Canna-Pet®. https://canna-
pet.com/products/canna-biscuits-for-dogs/ (accessed 5.16.21).

Carter, A., 2020. A north American history of Cannabis use in the treatment of epilepsy.
J. Clin. Neurophysiol. 37, 35-38. https://doi.org/10.1097/
WNP.0000000000000644.

Chalmers, D.T., Watson, S.J., 1991. Comparative anatomical distribution of 5-HT1A
receptor mRNA and 5-HT1A binding in rat brain — a combined in situ


https://doi.org/10.1016/j.ejim.2018.01.001
https://doi.org/10.1016/j.pnpbp.2015.07.001
https://doi.org/10.1016/j.pnpbp.2015.07.001
https://www.merckvetmanual.com/management-and-nutrition/pain-assessment-and-management/recognition-and-assessment-of-pain-in-animals
https://www.merckvetmanual.com/management-and-nutrition/pain-assessment-and-management/recognition-and-assessment-of-pain-in-animals
https://www.merckvetmanual.com/management-and-nutrition/pain-assessment-and-management/recognition-and-assessment-of-pain-in-animals
https://www.merckvetmanual.com/special-pet-topics/pain-management/types-of-pain
https://www.merckvetmanual.com/special-pet-topics/pain-management/types-of-pain
https://doi.org/10.1007/s00213-019-05442-6
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0030
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0030
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0030
https://doi.org/10.1016/s0304-3959(99)00307-3
https://doi.org/10.1016/s0304-3959(99)00307-3
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0040
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0040
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0040
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0045
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0045
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0045
https://doi.org/10.1038/sj.bjp.0704327
https://doi.org/10.3389/fnins.2018.00502
https://doi.org/10.1016/S2215-0366(19)30401-8
https://doi.org/10.1016/j.pharmthera.2018.10.006
https://doi.org/10.1016/j.pharmthera.2018.10.006
https://doi.org/10.1038/npp.2017.209
https://doi.org/10.1038/npp.2017.209
https://doi.org/10.1016/j.neuro.2019.08.002
https://doi.org/10.1016/j.drugalcdep.2017.01.046
https://doi.org/10.1016/j.drugalcdep.2017.01.046
https://canna-pet.com/products/canna-biscuits-for-dogs/
https://canna-pet.com/products/canna-biscuits-for-dogs/
https://doi.org/10.1097/WNP.0000000000000644
https://doi.org/10.1097/WNP.0000000000000644

C.H.J. Yu and H.P.V. Rupasinghe

hybridisation/in vitro receptor autoradiographic study. Brain Res. 561, 51-60.
https://doi.org/10.1016/0006-8993(91)90748-K.

Chang, K., 1963. The Archaeology of Ancient China. Yale University Press, New Haven
and London.

Cheng, T.-K., 1963. Archaeology in China, vol. 3. Chou China. W. Heffer and Sons
Limited, Cambridge, UK.

Chicoine, A., Illing, K., Vuong, S., Pinto, K.R., Alcorn, J., Cosford, K., 2020.
Pharmacokinetic and safety evaluation of various oral doses of a novel 1:20 THC:
CBD Cannabis herbal extract in dogs. Front. Vet. Sci. 7 https://doi.org/10.3389/
fvets.2020.583404.

Corsetti, S., Borruso, S., Malandrucco, L., Spallucci, V., Maragliano, L., Perino, R.,
D’Agostino, P., Natoli, E., 2021. Cannabis sativa L. may reduce aggressive behaviour
towards humans in shelter dogs. Sci. Rep. 11, 2773. https://doi.org/10.1038/
s41598-021-82439-2.

De Briyne, N., Holmes, D., Sandler, L., Stiles, E., Szymanski, D., Moody, S., Neumann, S.,
Anadén, A., 2021. Cannabis, Cannabidiol oils and tetrahydrocannabinol—what do
veterinarians need to know? Animals 11, 892. https://doi.org/10.3390/
anil1030892.

de Faria, S.M., de Morais Fabricio, D., Tumas, V., Castro, P.C., Ponti, M.A., Hallak, J.E.,
Zuardi, A.W., Crippa, J.A.S., Chagas, M.H.N., 2020. Effects of acute cannabidiol
administration on anxiety and tremors induced by a Simulated Public Speaking Test
in patients with Parkinson’s disease. J. Psychopharmacol. https://doi.org/10.1177/
0269881119895536, 0269881119895536.

De Gregorio, D., McLaughlin, R.J., Posa, L., Ochoa-Sanchez, R., Enns, J., Lopez-

Canul, M., Aboud, M., Maione, S., Comali, S., Gobbi, G., 2019. Cannabidiol modulates
serotonergic transmission and reverses both allodynia and anxiety-like behavior in a
model of neuropathic pain. Pain 160, 136-150. https://doi.org/10.1097/j.
pain.0000000000001386.

de Mello Schier, A.R., de Oliveira Ribeiro, N.P., Coutinho, D.S., Machado, S., Arias-
Carrién, O., Crippa, J.A., Zuardi, A.W., Nardi, A.E., Silva, A.C., 2014.
Antidepressant-like and anxiolytic-like effects of cannabidiol: a chemical compound
of Cannabis sativa. CNS Neurol. Disord. Drug Targets 13, 953-960. https://doi.org/
10.2174/1871527313666140612114838.

Deabold, K.A., Schwark, W.S., Wolf, L., Wakshlag, J.J., 2019. Single-dose
pharmacokinetics and preliminary safety assessment with use of CBD-rich hemp
nutraceutical in healthy dogs and cats. Animals 9, 832. https://doi.org/10.3390/
ani9100832, 2076-2615.

Di Marzo, V., 2018. New approaches and challenges to targeting the endocannabinoid
system. Nat. Rev. Drug Discov. 17, 623-639. https://doi.org/10.1038/
nrd.2018.115.

D’Souza, D.C., Perry, E., MacDougall, L., Ammerman, Y., Cooper, T., Wy, Y., Braley, G.,
Gueorguieva, R., Krystal, J.H., 2004. The psychotomimetic effects of Intravenous
Delta-9-tetrahydrocannabinol in healthy individuals: implications for psychosis.
Neuropsychopharmacology 29, 1558-1572. https://doi.org/10.1038/sj.
npp.1300496.

Esposito, G., Scuderi, C., Valenza, M., Togna, G.I., Latina, V., De Filippis, D.,

Cipriano, M., Carrati, M.R., Iuvone, T., Steardo, L., 2011. Cannabidiol reduces Ap-
induced neuroinflammation and promotes hippocampal neurogenesis through
PPARy involvement. PLoS One 6. https://doi.org/10.1371/journal.pone.0028668.

Fagan, S.G., Campbell, V.A., 2014. The influence of cannabinoids on generic traits of
neurodegeneration. Br. J. Pharmacol. 171, 1347-1360. https://doi.org/10.1111/
bph.12492.

Ferraz, C.R., Carvalho, T.T., Manchope, M.F., Artero, N.A., Rasquel-Oliveira, F.S.,
Fattori, V., Casagrande, R., Verri, W.A., 2020. Therapeutic potential of flavonoids in
pain and inflammation: mechanisms of action, pre-clinical and clinical data, and
pharmaceutical development. Molecules 25. https://doi.org/10.3390/
molecules25030762.

Fleming, M., Clarke, R., 1998. Physical evidence for the antiquity of Cannabis sativa L.
J. Int. Hemp. Assoc. 5.

Fogaca, M.V., Campos, A.C., Coelho, L.D., Duman, R.S., Guimaraes, F.S., 2018. The
anxiolytic effects of cannabidiol in chronically stressed mice are mediated by the
endocannabinoid system: role of neurogenesis and dendritic remodeling.
Neuropharmacology 135, 22-33. https://doi.org/10.1016/j.
neuropharm.2018.03.001.

Freeman, A.M., Petrilli, K., Lees, R., Hindocha, C., Mokrysz, C., Curran, H.V.,
Saunders, R., Freeman, T.P., 2019. How does cannabidiol (CBD) influence the acute
effects of delta-9-tetrahydrocannabinol (THC) in humans? A systematic review.
Neurosci. Biobehav. Rev. 107, 696-712. https://doi.org/10.1016/j.
neubiorev.2019.09.036.

Gamble, L.-J., Boesch, J.M., Frye, C.W., Schwark, W.S., Mann, S., Wolfe, L., Brown, H.,
Berthelsen, E.S., Wakshlag, J.J., 2018. Pharmacokinetics, safety, and clinical efficacy
of Cannabidiol treatment in osteoarthritic dogs. Front. Vet. Sci. 5, 165. https://doi.
org/10.3389/fvets.2018.00165.

Genaro, K., Fabris, D., Arantes, A.L.F., Zuardi, A.W., Crippa, J.A.S., Prado, W.A., 2017.
Cannabidiol is a potential therapeutic for the affective-motivational dimension of
incision pain in rats. Front. Pharmacol. 8 https://doi.org/10.3389/
fphar.2017.00391.

Giacoppo, S., Galuppo, M., Pollastro, F., Grassi, G., Bramanti, P., Mazzon, E., 2015.

A new formulation of cannabidiol in cream shows therapeutic effects in a mouse
model of experimental autoimmune encephalomyelitis. Daru 23. https://doi.org/
10.1186/s40199-015-0131-8.

Gorji, A., Ghadiri, K.M., 2002. History of headache in medieval Persian medicine. Lancet
Neurol. 1, 510-515. https://doi.org/10.1016/s1474-4422(02)00226-0.

Greb, A., Puschner, B., 2018. Cannabinoid treats as adjunctive therapy for pets: gaps in
our knowledge. Toxicol. Commun. 2, 10-14. https://doi.org/10.1080/
24734306.2018.1434470.

44

Research in Veterinary Science 140 (2021) 38-46

Hammell, D.C., Zhang, L.P., Ma, F., Abshire, S.M., Mcllwrath, S.L., Stinchcomb, A.L.,
Westlund, K.N., 2016. Transdermal cannabidiol reduces inflammation and pain-
related behaviours in a rat model of arthritis. Eur. J. Pain 20, 936-948. https://doi.
org/10.1002/ejp.818.

Hammerle, M., Horst, C., Levine, E., Overall, K., Radosta, L., Rafter-Ritchie, M., Yin, S.,
2015. 2015 AAHA canine and feline behavior management guidelines*. J. Am.
Anim. Hosp. Assoc. 51, 205-221. https://doi.org/10.5326/JAAHA-MS-6527.

Harirforoosh, S., Asghar, W., Jamali, F., 2013. Adverse effects of nonsteroidal
antiinflammatory drugs: an update of gastrointestinal, cardiovascular and renal
complications. J. Pharm. Pharm. Sci. 16, 821-847. https://doi.org/10.18433/
j3vw2f.

Hartmann, A., Lisboa, S.F., Sonego, A.B., Coutinho, D., Gomes, F.V., Guimaraes, F.S.,
2019. Cannabidiol attenuates aggressive behavior induced by social isolation in
mice: involvement of 5-HT1A and CB1 receptors. Prog. Neuro-Psychopharmacol.
Biol. Psychiatry 94, 109637. https://doi.org/10.1016/j.pnpbp.2019.109637.

Hartsel, J.A., Boyar, K., Pham, A., Silver, R.J., Makriyannis, A., 2019. Cannabis in
veterinary medicine: Cannabinoid therapies for animals. In: Gupta, R.C.,
Srivastava, A., Lall, R. (Eds.), Nutraceuticals in Veterinary Medicine. Springer
International Publishing, Cham, pp. 121-155. https://doi.org/10.1007/978-3-030-
04624-8_10.

Hegazy, O., Platnick, H., 2019. Cannabidiol (CBD) for treatment of neurofibromatosis-
related pain and concomitant mood disorder: a case report. Cureus 11, e6312.
https://doi.org/10.7759/cureus.6312.

Henshaw, F.R., Dewsbury, L.S., Lim, C.K., Steiner, G.Z., 2021. The effects of
cannabinoids on pro- and anti-inflammatory cytokines: a systematic review of in vivo
studies. Cannabis Cannabinoid Res. https://doi.org/10.1089/can.2020.0105
can.2020.0105.

Hill, K.P., Palastro, M.D., Johnson, B., Ditre, J.W., 2017. Cannabis and pain: a clinical
review. Cannabis Cannabinoid Res. 2, 96-104. https://doi.org/10.1089/
can.2017.0017.

Howlett, A.C., Barth, F., Bonner, T.I., Cabral, G., Casellas, P., Devane, W.A., Felder, C.C.,
Herkenham, M., Mackie, K., Martin, B.R., Mechoulam, R., Pertwee, R.G., 2002.
International Union of Pharmacology. XXVII. Classification of cannabinoid
receptors. Pharmacol. Rev. 54, 161-202. https://doi.org/10.1124/pr.54.2.161.

Hurd, Y.L., 2020. Leading the next CBD wave—safety and efficacy. JAMA Psychiatry 77,
341-342. https://doi.org/10.1001/jamapsychiatry.2019.4157.

1zzo, A.A., Borrelli, F., Capasso, R., Di Marzo, V., Mechoulam, R., 2009. Non-
psychotropic plant cannabinoids: new therapeutic opportunities from an ancient
herb. Trends Pharmacol. Sci. 30, 515-527. https://doi.org/10.1016/j.
tips.2009.07.006.

Kalant, H., 2001. Medicinal use of Cannabis: history and current status. Pain Res. Manag.
6, 80-91. https://doi.org/10.1155/2001/469629.

Kalant, O.J., 2009. Report of the Indian hemp drugs commission, 1893-94: a critical
review. Int. J. Addict. https://doi.org/10.3109/10826087209026763.

Kasten, C.R., Zhang, Y., Boehm, S.L., 2019. Acute cannabinoids produce robust anxiety-
like and locomotor effects in mice, but long-term consequences are age- and sex-
dependent. Front. Behav. Neurosci. 13 https://doi.org/10.3389/fnbeh.2019.00032.

Klier, C.M., de Gier, C., Felnhofer, A., Laczkovics, C., Amminger, P.G., 2020. A case
report of Cannabidiol treatment of a Crohn’s disease patient with anxiety disorder.
J. Clin. Psychopharmacol. 40, 90-92. https://doi.org/10.1097/
JCP.0000000000001152.

Kogan, L.R., Hellyer, P.W., Silcox, S., Schoenfeld-Tacher, R., 2019a. Canadian dog
owners’ use and perceptions of cannabis products. Can. Vet. J. 60, 749-755.

Kogan, L.R., Schoenfeld-Tacher, R., Hellyer, P., Rishniw, M., 2019b. US Veterinarians’
knowledge, experience, and perception regarding the use of Cannabidiol for canine
medical conditions. Front. Vet. Sci. 5 https://doi.org/10.3389/fvets.2018.00338.

Kogan, L., Hellyer, P., Downing, R., 2020. The use of Cannabidiol-rich hemp oil extract to
treat canine osteoarthritis-related pain: a pilot study. J. Am. Holistic Vet. Med.
Assoc. 58, 11.

Kulpa, J.E., Paulionis, L.J., Eglit, G.M., Vaughn, D.M., 2021. Safety and tolerability of
escalating cannabinoid doses in healthy cats. J. Feline Med. Surg. https://doi.org/
10.1177/1098612X211004215, 1098612X211004215.

Landa, L., Sulcova, A., Gbelec, P., 2016. The use of cannabinoids in animals and
therapeutic implications for veterinary medicine: a review. Vet. Med. 61, 111-122.
https://doi.org/10.17221/8762-VETMED.

Lesch, K.-P., Bengel, D., Heils, A., Sabol, S.Z., Greenberg, B.D., Petri, S., Benjamin, J.,
Miiller, C.R., Hamer, D.H., Murphy, D.L., 1996. Association of Anxiety-Related Traits
with a polymorphism in the serotonin transporter gene regulatory region. Science
274, 1527-1531. https://doi.org/10.1126/science.274.5292.1527.

Li, H.-L., 1974a. The origin and use of Cannabis in eastern Asia linguistic-cultural
implications. Econ. Bot. 28, 293-301.

Li, H.-L., 1974b. An archaeological and historical account of Cannabis in China. Econ.
Bot. 28, 437-448.

Li, H., Kong, W., Chambers, C.R., Yu, D., Ganea, D., Tuma, R.F., Ward, S.J., 2018. The
non-psychoactive phytocannabinoid cannabidiol (CBD) attenuates pro-inflammatory
mediators, T cell infiltration, and thermal sensitivity following spinal cord injury in
mice. Cell. Immunol. 329, 1-9. https://doi.org/10.1016/j.cellimm.2018.02.016.

Limebeer, C.L., Rock, E.M., Mechoulam, R., Parker, L.A., 2012. The anti-nausea effects of
CB1 agonists are mediated by an action at the visceral insular cortex. Br. J.
Pharmacol. 167, 1126-1136. https://doi.org/10.1111/j.1476-5381.2012.02066.x.

Livingston, A., 2010. Pain and analgesia in domestic animals. In: Cunningham, F.,
Elliott, J., Lees, P. (Eds.), Comparative and Veterinary Pharmacology, Handbook of
Experimental Pharmacology. Springer, Berlin, Heidelberg, pp. 159-189. https://doi.
org/10.1007/978-3-642-10324-7_7.


https://doi.org/10.1016/0006-8993(91)90748-K
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0095
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0095
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0100
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0100
https://doi.org/10.3389/fvets.2020.583404
https://doi.org/10.3389/fvets.2020.583404
https://doi.org/10.1038/s41598-021-82439-2
https://doi.org/10.1038/s41598-021-82439-2
https://doi.org/10.3390/ani11030892
https://doi.org/10.3390/ani11030892
https://doi.org/10.1177/0269881119895536
https://doi.org/10.1177/0269881119895536
https://doi.org/10.1097/j.pain.0000000000001386
https://doi.org/10.1097/j.pain.0000000000001386
https://doi.org/10.2174/1871527313666140612114838
https://doi.org/10.2174/1871527313666140612114838
https://doi.org/10.3390/ani9100832
https://doi.org/10.3390/ani9100832
https://doi.org/10.1038/nrd.2018.115
https://doi.org/10.1038/nrd.2018.115
https://doi.org/10.1038/sj.npp.1300496
https://doi.org/10.1038/sj.npp.1300496
https://doi.org/10.1371/journal.pone.0028668
https://doi.org/10.1111/bph.12492
https://doi.org/10.1111/bph.12492
https://doi.org/10.3390/molecules25030762
https://doi.org/10.3390/molecules25030762
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0165
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0165
https://doi.org/10.1016/j.neuropharm.2018.03.001
https://doi.org/10.1016/j.neuropharm.2018.03.001
https://doi.org/10.1016/j.neubiorev.2019.09.036
https://doi.org/10.1016/j.neubiorev.2019.09.036
https://doi.org/10.3389/fvets.2018.00165
https://doi.org/10.3389/fvets.2018.00165
https://doi.org/10.3389/fphar.2017.00391
https://doi.org/10.3389/fphar.2017.00391
https://doi.org/10.1186/s40199-015-0131-8
https://doi.org/10.1186/s40199-015-0131-8
https://doi.org/10.1016/s1474-4422(02)00226-0
https://doi.org/10.1080/24734306.2018.1434470
https://doi.org/10.1080/24734306.2018.1434470
https://doi.org/10.1002/ejp.818
https://doi.org/10.1002/ejp.818
https://doi.org/10.5326/JAAHA-MS-6527
https://doi.org/10.18433/j3vw2f
https://doi.org/10.18433/j3vw2f
https://doi.org/10.1016/j.pnpbp.2019.109637
https://doi.org/10.1007/978-3-030-04624-8_10
https://doi.org/10.1007/978-3-030-04624-8_10
https://doi.org/10.7759/cureus.6312
https://doi.org/10.1089/can.2020.0105
https://doi.org/10.1089/can.2017.0017
https://doi.org/10.1089/can.2017.0017
https://doi.org/10.1124/pr.54.2.161
https://doi.org/10.1001/jamapsychiatry.2019.4157
https://doi.org/10.1016/j.tips.2009.07.006
https://doi.org/10.1016/j.tips.2009.07.006
https://doi.org/10.1155/2001/469629
https://doi.org/10.3109/10826087209026763
https://doi.org/10.3389/fnbeh.2019.00032
https://doi.org/10.1097/JCP.0000000000001152
https://doi.org/10.1097/JCP.0000000000001152
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0280
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0280
https://doi.org/10.3389/fvets.2018.00338
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0290
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0290
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0290
https://doi.org/10.1177/1098612X211004215
https://doi.org/10.1177/1098612X211004215
https://doi.org/10.17221/8762-VETMED
https://doi.org/10.1126/science.274.5292.1527
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0310
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0310
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0315
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0315
https://doi.org/10.1016/j.cellimm.2018.02.016
https://doi.org/10.1111/j.1476-5381.2012.02066.x
https://doi.org/10.1007/978-3-642-10324-7_7
https://doi.org/10.1007/978-3-642-10324-7_7

C.H.J. Yu and H.P.V. Rupasinghe

Mackie, K., 2006. Cannabinoid receptors as therapeutic targets. Annu. Rev. Pharmacol.
Toxicol. 46, 101-122. https://doi.org/10.1146/annurev.
pharmtox.46.120604.141254.

Marcondes-Alves, L., Fattori, V., Borghi, S.M., Lourenco-Gonzalez, Y., Bussmann, A.J.C.,
Hirooka, E.Y., Casagrande, R., Verri, W.A., Arakawa, N.S., 2019. Kaurenoic acid
extracted from Sphagneticola trilobata reduces acetaminophen-induced
hepatotoxicity through inhibition of oxidative stress and pro-inflammatory cytokine
production in mice. Nat. Prod. Res. 33, 921-924. https://doi.org/10.1080/
14786419.2017.1416372.

Martello, E., Bigliati, M., Bisanzio, D., Biasibetti, E., Dosio, F., Pastorino, D., De-

Nardi, M., Bruni, N., 2019. Effects on pain and mobility of a new diet supplement in
dogs with osteoarthritis: a pilot study. Ann. Clin. Lab. Res. 7.

Martinez, V., Iriondo De-Hond, A., Borrelli, F., Capasso, R., del Castillo, M.D., Abalo, R.,
2020. Cannabidiol and other non-psychoactive cannabinoids for prevention and
treatment of gastrointestinal disorders: useful nutraceuticals? Int. J. Mol. Sci. 21,
3067. https://doi.org/10.3390/ijms21093067.

Martin-Santos, R., Crippa, A.J., Batalla, A., Bhattacharyya, S., Atakan, Z., Borgwardt, S.,
Allen, P., Seal, M., Langohr, K., Farre, M., Zuardi, A.W., McGuire, P.K., 2012. Acute
effects of a single, Oral dose of d9-tetrahydrocannabinol (THC) and Cannabidiol
(CBD) Administration in Healthy Volunteers. Curr. Pharm. Des. 18, 4966-4979.
https://doi.org/10.2174,/138161212802884780.

Masataka, N., 2019. Anxiolytic effects of repeated cannabidiol treatment in teenagers
with social anxiety disorders. Front. Psychol. 10. https://doi.org/10.3389/
fpsyg.2019.02466.

Mastinu, A., Premoli, M., Ferrari-Toninelli, G., Tambaro, S., Maccarinelli, G., Memo, M.,
Bonini, S.A., 2018. Horm. Mol. Biol. Clin. Invest. 36 (2) https://doi.org/10.1515/
hmbci-2018-0013.

McGrath, S., Bartner, L.R., Rao, S., Kogan, L.R., Hellyer, P.W., 2018. A report of adverse
effects associated with the administration of Cannabidiol in healthy dogs. J. Am.
Holistic Vet. Med. Assoc. 52, 34-38.

McGrath, S., Bartner, L.R., Rao, S., Packer, R.A., Gustafson, D.L., 2019. 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. J. Am. Vet. Med. Assoc. 254, 1301-1308. https://
doi.org/10.2460/javma.254.11.1301.

Mejia, S., Duerr, F.M., Griffenhagen, G., McGrath, S., 2021. Evaluation of the effect of
Cannabidiol on naturally occurring osteoarthritis-associated pain: a pilot study in
dogs. J. Am. Anim. Hosp. Assoc. 57, 81-90. https://doi.org/10.5326/JAAHA-MS-
7119.

Mikuriya, T.H., 1969. Marijuana in medicine: past, present and future. Calif. Med. 110,
34-40.

Millar, S.A., Stone, N.L., Yates, A.S., O’Sullivan, S.E., 2018. A systematic review on the
pharmacokinetics of Cannabidiol in humans. Front. Pharmacol. 9 https://doi.org/
10.3389/fphar.2018.01365.

Morena, M., Patel, S., Bains, J.S., Hill, M.N., 2016. Neurobiological interactions between
stress and the endocannabinoid system. Neuropsychopharmacol 41, 80-102. https://
doi.org/10.1038/npp.2015.166.

Morris, E.M., Kitts-Morgan, S.E., Spangler, D.M., McLeod, K.R., Costa, J.H.C., Harmon, D.
L., 2020. The impact of feeding Cannabidiol (CBD) containing treats on canine
response to a noise-induced fear response test. Front. Vet. Sci. 7 https://doi.org/
10.3389/fvets.2020.569565.

Morris, E.M., Kitts-Morgan, S.E., Spangler, D.M., Gebert, J., Vanzant, E.S., McLeod, K.R.,
Harmon, D.L., 2021. Feeding Cannabidiol (CBD)-containing treats did not affect
canine daily voluntary activity. Front. Vet. Sci. 8, 645667. https://doi.org/10.3389/
fvets.2021.645667.

Murataeva, N., Straiker, A., Mackie, K., 2014. Parsing the players: 2-arachidonoylgly-
cerol synthesis and degradation in the CNS. Br. J. Pharmacol. 171, 1379-1391.
https://doi.org/10.1111/bph.12411.

Nascimento Menezes, P.M., Valenca Pereira, E.C., Gomes da Cruz Silva, M.E., da Silva, B.
A.O., de Souza Duarte Filho, L.A.M., de Lima Aratjo, T.C., Bezerra Lima, K.S.,
Silva, F.S., Rolim, L.A., 2019. Cannabis and cannabinoids on treatment of
inflammation: a patent review. Recent Patents Biotechnol. 13, 256-267. https://doi.
org/10.2174/1872208313666190618124345.

Ndong, C., O’Donnell, D., Ahmad, S., Groblewski, T., 2011. Cloning and pharmacological
characterization of the dog cannabinoid CB2 receptor. Eur. J. Pharmacol. 669,
24-31. https://doi.org/10.1016/j.ejphar.2011.08.002.

Nichols, J.M., Kaplan, B.L.F., 2019. Immune responses regulated by Cannabidiol.
Cannabis Cannabinoid Res. 5, 12-31. https://doi.org/10.1089/can.2018.0073.

Ong, C.K.S., Lirk, P., Tan, C.H., Seymour, R.A., 2007. An evidence-based update on
nonsteroidal anti-inflammatory drugs. Clin. Med. Res. 5, 19-34. https://doi.org/
10.3121/cmr.2007.698.

Pagano, E., Capasso, R., Piscitelli, F., Romano, B., Parisi, O.A., Finizio, S., Lauritano, A.,
Marzo, V.D., Izzo, A.A., Borrelli, F., 2016. An orally active cannabis extract with high
content in cannabidiol attenuates chemically-induced intestinal inflammation and
hypermotility in the mouse. Front. Pharmacol. 7. https://doi.org/10.3389/
fphar.2016.00341.

Papagianni, E.P., Stevenson, C.W., 2019. Cannabinoid regulation of fear and anxiety: an
update. Curr. Psychiatry Rep. 21 https://doi.org/10.1007/511920-019-1026-z.

Patra, P.H., Serafeimidou-Pouliou, E., Bazelot, M., Whalley, B.J., Williams, C.M.,
McNeish, A.J., 2020. Cannabidiol improves survival and behavioural co-morbidities
of Dravet syndrome in mice. Br. J. Pharmacol. 177, 2779-2792. https://doi.org/
10.1111/bph.15003.

Pellati, F., Borgonetti, V., Brighenti, V., Biagi, M., Benvenuti, S., Corsi, L., 2018. Cannabis
sativa L. and nonpsychoactive cannabinoids: their chemistry and role against
oxidative stress, inflammation, and cancer. Biomed. Res. Int. 2018, 1691428.
https://doi.org/10.1155/2018/1691428.

45

Research in Veterinary Science 140 (2021) 38-46

Pertwee, R.G., 2001. Cannabinoid receptors and pain. Prog. Neurobiol. 63, 569-611.
https://doi.org/10.1016/50301-0082(00)00031-9.

Pertwee, R.G., 2008. The diverse CB1 and CB2 receptor pharmacology of three plant
cannabinoids: A9-tetrahydrocannabinol, cannabidiol and A9-
tetrahydrocannabivarin. Br. J. Pharmacol. 153, 199-215. https://doi.org/10.1038/
5j.bjp.0707442.

Perucca, E., 2017. Cannabinoids in the treatment of epilepsy: hard evidence at last?

J. Epilepsy Res. 7, 61-76. https://doi.org/10.14581/jer.17012.

Philpott, H.T., O’Brien, M., McDougall, J.J., 2017. Attenuation of early phase
inflammation by cannabidiol prevents pain and nerve damage in rat osteoarthritis.
Pain 158, 2442-2451. https://doi.org/10.1097/j.pain.0000000000001052.

Poetker, D.M., Reh, D.D., 2010. A comprehensive review of the adverse effects of
systemic corticosteroids. In: Otolaryngologic Clinics of North America,
Complications in Sinus and Skull Base Surgery, 43, pp. 753-768. https://doi.org/
10.1016/j.0tc.2010.04.003.

Rayar, A.-M., Lagarde, N., Ferroud, C., Zagury, J.-F., Montes, M., Sylla, M., 2017. Update
on COX-2 selective inhibitors: chemical classification, side effects and their use in
cancers and neuronal diseases. Curr. Top. Med. Chem. 17 https://doi.org/10.2174/
1568026617666170821124947.

Reddy, D.S., Golub, V.M., 2016. The pharmacological basis of Cannabis therapy for
epilepsy. J. Pharmacol. Exp. Ther. 357, 45-55. https://doi.org/10.1124/
jpet.115.230151.

Rhen, T., Cidlowski, J.A., 2005. Antiinflammatory action of glucocorticoids — new
mechanisms for old drugs. N. Engl. J. Med. 353, 1711-1723. https://doi.org/
10.1056/NEJMra050541.

Rieder, S.A., Chauhan, A., Singh, U., Nagarkatti, M., Nagarkatti, P., 2010. Cannabinoid-
induced apoptosis in immune cells as a pathway to immunosuppression.
Immunobiol. Special Issue 215, 598-605. https://doi.org/10.1016/j.
imbio.2009.04.001.

Rupasinghe, H.P.V., Davis, A., Kumar, S.K., Murray, B., Zheljazkov, V.D., 2020.
Industrial hemp (Cannabis sativa subsp. sativa) as an emerging source for value-
added functional food ingredients and nutraceuticals. Molecules 25, 4078. https://
doi.org/10.3390/molecules25184078.

Russo, M., Calabro, R.S., Naro, A., Sessa, E., Rifici, C., D’Aleo, G., Leo, A., De Luca, R.,
Quartarone, A., Bramanti, P., 2015. Sativex in the management of multiple sclerosis-
related spasticity: role of the corticospinal modulation. Neural Plast. 2015, 1-6.
https://doi.org/10.1155/2015/656582.

Samara, E., Bialer, M., Mechoulam, R., 1988. Pharmacokinetics of cannabidiol in dogs.
Drug Metab. Dispos. 16, 469-472.

Schleicher, E.M., Ott, F.W., Miiller, M., Silcher, B., Sichler, M.E., Low, M.J., Wagner, J.
M., Bouter, Y., 2019. Prolonged cannabidiol treatment lacks on detrimental effects
on memory, motor performance and anxiety in C57BL/6J mice. Front. Behav.
Neurosci. 13 https://doi.org/10.3389/fnbeh.2019.00094.

Schultes, R.E., Klein, W.M., Plowman, T., Lockwood, T.E., 1974. Cannabis: an example of
taxonomic neglect. Harvard Univ. Herbaria 23, 337-367 (https://doi.org/null).

Shallcross, J., Hamor, P., Bechard, A.R., Romano, M., Knackstedt, L., Schwendt, M.,
2019. The divergent effects of cdppb and cannabidiol on fear extinction and anxiety
in a predator scent stress model of ptsd in rats. Front. Behav. Neurosci. 13 https://
doi.org/10.3389/fnbeh.2019.00091.

Shannon, S., Lewis, N., Lee, H., Hughes, S., 2019. Cannabidiol in anxiety and sleep: a
large case series. Perm J. 23 https://doi.org/10.7812/TPP/18-041.

Sharma, U., Pal, D., Prasad, R., 2014. Alkaline phosphatase: an overview. Indian J. Clin.
Biochem. 29, 269-278. https://doi.org/10.1007/512291-013-0408-y.

Sherman, B.L., Mills, D.S., 2008. Canine anxieties and phobias: an update on separation
anxiety and noise aversions. Vet. Clin. N. Am. 38, 1081-1106. https://doi.org/
10.1016/j.cvsm.2008.04.012.

Silver, R.J., 2019. The endocannabinoid system of animals. Animals 9, 686. https://doi.
org/10.3390/ani9090686.

Stockings, E., Zagic, D., Campbell, G., Weier, M., Hall, W.D., Nielsen, S., Herkes, G.K.,
Farrell, M., Degenhardt, L., 2018. Evidence for cannabis and cannabinoids for
epilepsy: a systematic review of controlled and observational evidence. J. Neurol.
Neurosurg. Psychiatry 89, 741-753. https://doi.org/10.1136/jnnp-2017-317168.

Tamba, B.I., Stanciu, G.D., Uritu, C.M., Rezus, E., Stefanescu, R., Mihai, C.T., Luca, A.,
Rusu-Zota, G., Leon-Constantin, M.-M., Cojocaru, E., Gafton, B., Alexa-Stratulat, T.,
2020. Challenges and opportunities in preclinical research of synthetic cannabinoids
for pain therapy. Medicina 56, 24. https://doi.org/10.3390/medicina56010024.

Tambaro, S., Bortolato, M., 2012. Cannabinoid-related agents in the treatment of anxiety
disorders: current knowledge and future perspectives. Recent Pat. CNS Drug Discov.
7, 25-40.

Taylor, L., Gidal, B., Blakey, G., Tayo, B., Morrison, G., 2018. A phase I, randomized,
double-blind, placebo-controlled, single ascending dose, multiple dose, and food
effect trial of the safety, tolerability and pharmacokinetics of highly purified
Cannabidiol in healthy subjects. CNS Drugs 32, 1053-1067. https://doi.org/
10.1007/s40263-018-0578-5.

Temple, R.K., 1986. China: Land of Discovery and Invention. Patrick Stevens Limited,
Wellingborough, UK.

Tiira, K., Sulkama, S., Lohi, H., 2016. Prevalence, comorbidity, and behavioral variation
in canine anxiety. J. Vet. Behav. 16, 36-44. https://doi.org/10.1016/j.
jveb.2016.06.008.

U.S. Food and Drug Administration, 2018. Epidiolex (cannabidiol) Oral Solution
(Reference ID: 4282447).

Unschuld, P.U., 1986. Medicine in China: A History of Pharmaceutics. University of
California Press.

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


https://doi.org/10.1146/annurev.pharmtox.46.120604.141254
https://doi.org/10.1146/annurev.pharmtox.46.120604.141254
https://doi.org/10.1080/14786419.2017.1416372
https://doi.org/10.1080/14786419.2017.1416372
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0345
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0345
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0345
https://doi.org/10.3390/ijms21093067
https://doi.org/10.2174/138161212802884780
https://doi.org/10.3389/fpsyg.2019.02466
https://doi.org/10.3389/fpsyg.2019.02466
https://doi.org/10.1515/hmbci-2018-0013
https://doi.org/10.1515/hmbci-2018-0013
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0370
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0370
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0370
https://doi.org/10.2460/javma.254.11.1301
https://doi.org/10.2460/javma.254.11.1301
https://doi.org/10.5326/JAAHA-MS-7119
https://doi.org/10.5326/JAAHA-MS-7119
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0385
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0385
https://doi.org/10.3389/fphar.2018.01365
https://doi.org/10.3389/fphar.2018.01365
https://doi.org/10.1038/npp.2015.166
https://doi.org/10.1038/npp.2015.166
https://doi.org/10.3389/fvets.2020.569565
https://doi.org/10.3389/fvets.2020.569565
https://doi.org/10.3389/fvets.2021.645667
https://doi.org/10.3389/fvets.2021.645667
https://doi.org/10.1111/bph.12411
https://doi.org/10.2174/1872208313666190618124345
https://doi.org/10.2174/1872208313666190618124345
https://doi.org/10.1016/j.ejphar.2011.08.002
https://doi.org/10.1089/can.2018.0073
https://doi.org/10.3121/cmr.2007.698
https://doi.org/10.3121/cmr.2007.698
https://doi.org/10.3389/fphar.2016.00341
https://doi.org/10.3389/fphar.2016.00341
https://doi.org/10.1007/s11920-019-1026-z
https://doi.org/10.1111/bph.15003
https://doi.org/10.1111/bph.15003
https://doi.org/10.1155/2018/1691428
https://doi.org/10.1016/S0301-0082(00)00031-9
https://doi.org/10.1038/sj.bjp.0707442
https://doi.org/10.1038/sj.bjp.0707442
https://doi.org/10.14581/jer.17012
https://doi.org/10.1097/j.pain.0000000000001052
https://doi.org/10.1016/j.otc.2010.04.003
https://doi.org/10.1016/j.otc.2010.04.003
https://doi.org/10.2174/1568026617666170821124947
https://doi.org/10.2174/1568026617666170821124947
https://doi.org/10.1124/jpet.115.230151
https://doi.org/10.1124/jpet.115.230151
https://doi.org/10.1056/NEJMra050541
https://doi.org/10.1056/NEJMra050541
https://doi.org/10.1016/j.imbio.2009.04.001
https://doi.org/10.1016/j.imbio.2009.04.001
https://doi.org/10.3390/molecules25184078
https://doi.org/10.3390/molecules25184078
https://doi.org/10.1155/2015/656582
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0510
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0510
https://doi.org/10.3389/fnbeh.2019.00094
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0520
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0520
https://doi.org/10.3389/fnbeh.2019.00091
https://doi.org/10.3389/fnbeh.2019.00091
https://doi.org/10.7812/TPP/18-041
https://doi.org/10.1007/s12291-013-0408-y
https://doi.org/10.1016/j.cvsm.2008.04.012
https://doi.org/10.1016/j.cvsm.2008.04.012
https://doi.org/10.3390/ani9090686
https://doi.org/10.3390/ani9090686
https://doi.org/10.1136/jnnp-2017-317168
https://doi.org/10.3390/medicina56010024
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0560
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0560
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0560
https://doi.org/10.1007/s40263-018-0578-5
https://doi.org/10.1007/s40263-018-0578-5
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0570
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0570
https://doi.org/10.1016/j.jveb.2016.06.008
https://doi.org/10.1016/j.jveb.2016.06.008
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0580
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0580
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0585
http://refhub.elsevier.com/S0034-5288(21)00253-8/rf0585
https://doi.org/10.3389/fvets.2020.00051
https://doi.org/10.3389/fvets.2020.00051

C.H.J. Yu and H.P.V. Rupasinghe

Verrico, C.D., Wesson, S., Konduri, V., Hofferek, C.J., Vazquez-Perez, J., Blair, E.,
Dunner, K.J., Salimpour, P., Decker, W.K., Halpert, M.M., 2020. A randomized,
double-blind, placebo-controlled study of daily cannabidiol for the treatment of
canine osteoarthritis pain. PAIN 161, 2191-2202. https://doi.org/10.1097/j.
pain.0000000000001896.

Volkow, N.D., Swanson, J.M., Evins, A.E., DeLisi, L.E., Meier, M.H., Gonzalez, R.,
Bloomfield, M.A.P., Curran, H.V., Baler, R., 2016. Effects of Cannabis use on human
behavior, including cognition, motivation, and psychosis: a review. JAMA Psychiatry
73, 292-297. https://doi.org/10.1001/jamapsychiatry.2015.3278.

Wakshlag, J.J., Cital, S., Eaton, S.J., Prussin, R., Hudalla, C., 2020a. Cannabinoid,
terpene, and heavy metal analysis of 29 over-the-counter commercial veterinary
hemp supplements. Vet. Med. (Auckl) 11, 45-55. https://doi.org/10.2147/VMRR.
S$248712.

Wakshlag, J.J., Schwark, W.S., Deabold, K.A., Talsma, B.N., Cital, S., Lyubimov, A.,
Igbal, A., Zakharov, A., 2020b. 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. 7
https://doi.org/10.3389/fvets.2020.00505.

Wallace, J.E., Kogan, L.R., Carr, E.C.J., Hellyer, P.W., 2020. Motivations and
expectations for using cannabis products to treat pain in humans and dogs: a mixed
methods study. J. Cannabis Res. 2, 36. https://doi.org/10.1186/542238-020-00045-
X.

46

Research in Veterinary Science 140 (2021) 38-46

White, C.M., 2019. A review of human studies assessing Cannabidiol’s (CBD) therapeutic
actions and potential. J. Clin. Pharmacol. 59, 923-934. https://doi.org/10.1002/
jeph.1387.

Wildes, M., Bigand, T.L., Layton, M.E., Wilson, M., 2020. Cannabis use and cognition in
adults prescribed opioids for persistent pain. Pain Management Nursing 21 (1),
94-99, https://doi.org/10.1016/j.pmn.2019.06.014.

Wright, M., Di Ciano, P., Brands, B., 2020. Use of cannabidiol for the treatment of
anxiety: a short synthesis of pre-clinical and clinical evidence. Cannabis Cannabinoid
Res. https://doi.org/10.1089/can.2019.0052.

Xiong, W., Cui, T., Cheng, K., Yang, F., Chen, S.-R., Willenbring, D., Guan, Y., Pan, H.-L.,
Ren, K., Xu, Y., Zhang, L., 2012. Cannabinoids suppress inflammatory and
neuropathic pain by targeting a3 glycine receptors. J. Exp. Med. 209, 1121-1134.
https://doi.org/10.1084/jem.20120242.

Zieba, J., Sinclair, D., Sebree, T., Bonn-Miller, M., Gutterman, D., Siegel, S., Karl, T.,
2019. Cannabidiol (CBD) reduces anxiety-related behavior in mice via an FMRP-
independent mechanism. Pharmacol. Biochem. Behav. 181, 93-100. https://doi.
0rg/10.1016/j.pbb.2019.05.002.

Zuardi, A., 2006. History of cannabis as a medicine: a review. Revista Brasileira de
Psiquiatria (Sao Paulo, Brazil : 1999) 28, 153-157. https://doi.org/10.1590/51516-
44462006000200015.

Zuurman, L., Roy, C., Schoemaker, R.C., Hazekamp, A., den Hartigh, J., Bender, J.,
Verpoorte, R., Pinquier, J.L., Cohen, A.F., van Gerven, J., 2008. Effect of
intrapulmonary tetrahydrocannabinol administration in humans.

J. Psychopharmacol. https://doi.org/10.1177/0269881108089581.


https://doi.org/10.1097/j.pain.0000000000001896
https://doi.org/10.1097/j.pain.0000000000001896
https://doi.org/10.1001/jamapsychiatry.2015.3278
https://doi.org/10.2147/VMRR.S248712
https://doi.org/10.2147/VMRR.S248712
https://doi.org/10.3389/fvets.2020.00505
https://doi.org/10.1186/s42238-020-00045-x
https://doi.org/10.1186/s42238-020-00045-x
https://doi.org/10.1002/jcph.1387
https://doi.org/10.1002/jcph.1387
https://doi.org/10.1016/j.pmn.2019.06.014
https://doi.org/10.1089/can.2019.0052
https://doi.org/10.1084/jem.20120242
https://doi.org/10.1016/j.pbb.2019.05.002
https://doi.org/10.1016/j.pbb.2019.05.002
https://doi.org/10.1590/S1516-44462006000200015
https://doi.org/10.1590/S1516-44462006000200015
https://doi.org/10.1177/0269881108089581

	Cannabidiol-based natural health products for companion animals: Recent advances in the management of anxiety, pain, and in ...
	1 Introduction
	2 The endocannabinoid system and the pharmacodynamics of THC and CBD
	3 Pharmacokinetics and safety of CBD
	4 Anxiety management and calming
	5 Pain management
	6 Anti-inflammatory effects
	7 Conclusion
	Declarations
	Acknowledgments
	References


