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Abstract

:

Simple Summary


The use of cannabidiol (CBD)-rich hemp-based nutraceuticals is increasing in dogs and cats for disorders related to anxiety, seizures, cancer and pain. To date, there is little information related to appropriate dosing or long-term effects on serum chemistry or complete blood counts (CBC), and little data on the pharmacokinetics of single- or long-term dosing in dogs and cats. Single-dose pharmacokinetics and preliminary 12-week serum chemistry and complete blood counts are reported here showing short pharmacokinetic half-lives of cannabidiol in dogs and cats, with cats showing far lower oral absorption kinetics or rapid elimination suggesting dosing may differ between the two species. Fortunately, there were no changes in physical examination and few changes in the CBC and serum chemistry parameters suggesting the relative safety of oral supplementation over 12 weeks. One of the eight cats displayed a persistent rise in the serum alanine amino transferase (ALT) enzyme outside of the reference range and cats commonly displayed excessive licking and head shaking with administration of the oil. Based on these and other recent data, CBD-rich hemp nutraceuticals appear to be safe in healthy adult dogs, while more work in cats is needed to fully understand utility and absorption.




Abstract


The use of CBD-rich hemp products is becoming popular among pet owners with no long-term safety data related to consumption in adult dogs and cats. The purpose of this study was to determine the single-dose oral pharmacokinetics of CBD, and to provide a preliminary assessment of safety and adverse effects during 12-week administration using a hemp-based product in healthy dogs and cats. Eight of each species were provided a 2 mg/kg total CBD concentration orally twice daily for 12 weeks with screening of single-dose pharmacokinetics in six of each species. Pharmacokinetics revealed a mean maximum concentration (Cmax) of 301 ng/mL and 43 ng/mL, area under the curve (AUC) of 1297 ng-h/mL and 164 ng-h/mL, and time to maximal concentration (Tmax) of 1.4 h and 2 h, for dogs and cats, respectively. Serum chemistry and CBC results showed no clinically significant alterations, however one cat showed a persistent rise in alanine aminotransferase (ALT) above the reference range for the duration of the trial. In healthy dogs and cats, an oral CBD-rich hemp supplement administered every 12 h was not detrimental based on CBC or biochemistry values. Cats do appear to absorb or eliminate CBD differently than dogs, showing lower serum concentrations and adverse effects of excessive licking and head-shaking during oil administration.
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1. Introduction


Cannabidiol (CBD) use is becoming increasingly popular in both human and veterinary medicine due to federal legislation changes for hemp, making distribution of hemp and hemp-based products legal in the United States, so long as they contain less than 0.3% tetrahydrocannabinol (THC) [1]. Veterinary consensus is that research is needed and many would consider its use, however current food and drug administration recommendations discourage the use of hemp products in pets, and regulatory policy surrounding hemp use is uncertain [2]. The Cannabis sativa and indica plants contain a multitude of chemicals including phytocannabinoids, terpenoids, flavonoids, and sterols [2,3,4,5,6]. The phytocannabinoid of abundance in hemp is CBD and its derived acid, cannabidiolic acid (CBDA) which is rapidly converted to CBD with heat or pH changes; with lesser amounts of THC, cannabigerol, cannabichromene and cannabinol.



THC is the main cannabinoid found in Cannabis marijuana. It is responsible for the psychotropic effects and the toxic effects of THC have been well documented [7,8]. Conversely, CBD is the main cannabioid found in hemp [9]. CBD has been suggested to have a range of pharmacologic actions, such as allosteric inhibitory properties on the CB1 receptor, and is non-psychotropic, highly tolerable, with no known clinical toxicity recorded [2,3,4,5,9]. Mechanistically, CBD appears to be a partial agonist for the CB2 receptor as well as an agonist of the transient receptor potential cation channels (TRPV), 5 hydroxytryptophan 5A receptor, glycine receptors, and an inhibitor of adenosine uptake activity at low micromolar to high nanomolar concentrations. These attributes, as well as the ability to stimulate transcription and translational activity via the peroxisome proliferation receptor, and ability to down-regulate cyclooxygenase expression and activity makes CBD an attractive cannabinoid for therapeutic use in companion animals [9,10]. More interestingly, some evidence points to the potential for whole plant-derived CBD being more effective than synthesized or highly purified CBD, suggesting that other cannabinoids or terpenes may have additive or synergistic effects with CBD [9].



It is through these non-canonical receptor actions that hemp-derived CBD has been proposed to have clinical utility in human medicine with the focus of hemp-derived CBD use in seizures, mental disorders, chronic pain and cancer quality of life [2,3,4,9]. There is limited evidence for treating these same disease processes in animals with recent pilot studies investigating seizure management and osteoarthritis pain, showing promising results [11,12]. Currently, the longest pharmacokinetic study in dogs has been 6 weeks using 10 and 20 mg/kg and the longest clinical study using 2.5 mg/kg whole plant-derived CBD twice daily for 12 weeks; with both of these studies showing elevations in alkaline phosphatase enzyme and large inter-individual variability in serum CBD concentrations [11,13].



Recent work suggests that CBD can be absorbed most efficiently in an oil base and undergoes rapid first-pass metabolism with oxidation, carboxylation, and glucuronidation leading to a variety of metabolites [13,14,15]. The metabolites formed and the metabolic pathways utilized appear to vary between species [16,17]. Oil-based products delivering between 2–10 mg/kg of CBD show average maximal serum concentrations reaching 100–600 ng/mL within two hours of treatment and half- elimination rates of approximately 4 h in dogs [12,18].



The purpose of this study was to determine the pharmacokinetics and preliminary safety of an oral canine whole-plant CBD-infused soft chew and oral feline CBD-infused fish oil. It was hypothesized that there would be no significant changes in complete blood count (CBC) or serum biochemistry values and that the only adverse effects observed would be associated with oral administration of the product, particularly in cats.




2. Materials and Methods


The protocols used in these studies were reviewed and approved prior to study initiation by the Summit Ridge Farms’ Institutional Animal Care and Use Committee and were in compliance with the Animal Welfare Act. Animals were housed in the proper facilities and cared for in accordance to the Animal Welfare Act (United States Department of Agriculture Registration, No. 23-R-0126).



2.1. Dogs


Eight fasted, healthy, purpose-bred research Beagle dogs with a mean age of 3.2 years ranging from 11 months to 5 years of age, weighing an average of 9.7 kg (7.4 to 12.0 kg), were included in the study. The dogs were offered ElleVet Mobility Chews (ElleVet Sciences; Portland, ME, USA) at a dose of 2 mg/kg twice daily for 84 days. Small chews contained 10 mg of CBD as a 50% mix of CBD (5 mg per chew) and CBDA (CBDA—5 mg per chew). Large soft chews containing approximately 15 mg of CBD (equal mix of CBD/CBDA) were also used in the study. When necessary, a combination of large and small chews were used or partitioned in half to reach the appropriate dose for 84 days. All dogs had been fasted from the prior day and were not fed until 8 h after the initial dosing.



Prior to the start of and every 4 weeks over the course of the study, 5 mm of blood was collected via jugular venipuncture in sterile syringes. Samples were split into two tubes, a red top coagulation tube and an ethylenediaminetetraacetic acid tube. Red top tubes were spun in a refrigerated centrifuge for 15 min at 1512× g after being allowed to clot for 10 min. Blood samples were packaged and sent priority-overnight for analysis to ANTECH Diagnostics (Fountain Valley, CA, USA). A white blood cell count (WBC), red blood cell (RBC) count, hemoglobin (Hb), hematocrit (HCT), Mean corpuscle volume (MCV), mean corpuscle hemoglobin concentration (MCHC), mean corpuscle hemoglobin (MCH), and platelet count along with a complete differential was performed. A serum chemistry screen was performed consisting of, albumin, alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), calcium, chloride, cholesterol, creatinine, creatine kinase (CK), gamma glutamyl transferase (GGT), glucose, globulin, magnesium, phosphorus, potassium, sodium, total bilirubin, total protein, triglycerides, and urea nitrogen (BUN).




2.2. Cats


Eight fasted, healthy, purpose-bred domestic shorthair research cats with a mean age of 4.5 years ranging from 2–6.3 years of age, weighing an average of 4.2 kg (3.3 to 5.2 kg) were included in the study. The cats were dosed with CBD-infused fish oil (50/50% mix of CBD and CBDA; ElleVet Sciences; Portland, ME, USA) at 2 mg/kg. The total dose per 24 h period was 4 mg/kg, for 84 days. The initial pharmacokinetic dosing was done with capsules to ensure consumption and all cats were fasted from the previous day and were not fed until 6 h after initial dosing.



Prior to the start of and every 4 weeks throughout the course of the study, 5 mL of blood was collected via jugular venipuncture in sterile syringes. Samples were split into two tubes, processed as described above, and sent priority-overnight for CBC and serum chemistries to ANTECH Diagnostics (Fountain Valley, CA, USA). The same parameters as described previously were measured.



On the first day of dosing, 3 mL of blood was collected for a pharmacokinetic (PK) analysis from only 6 of the 8 dogs and cats in the study at each time point. Only the most cooperative dogs and cats were selected for the PK analysis. Blood was collected at 0, 1, 4, 8 and 24 h for cats and 0, 0.5, 1, 2, 4, 8 and 24 h for dogs to assess PK after treatment. Samples were placed into a redtop clotting tube. Serum was harvested by centrifuging the tubes at 1512× g for 15 min. The harvested serum was placed in cyrovials stored at −70 degrees Celsius. Samples were shipped overnight on dry ice to Proteomics and Metabolomics Facility at Colorado State University (Fort Collins, CO, USA).




2.3. Serum Cannabidiol (CBD) Extraction and Mass Spectrometry Analysis


CBD was extracted from canine and feline serum using a combination of protein precipitation and liquid–liquid extraction using n-hexane as previously described [19], with minor modifications for microflow ultra-high pressure liquid chromatography (UHPLC). Briefly, 0.05 mL of canine and feline serum was subjected to protein precipitation in the presence of ice-cold acetonitrile (200 μL; 80% final concentration in distilled water), spiked with deuterated CBD as the internal standard (0.06 mg/mL, CBD-d3 Cerilliant, Round Rock, TX, USA). 0.2 mL of water was added to each sample prior to the addition of 1 mL of hexane to enhance liquid–liquid phase separation. Hexane extract was removed and dried under laboratory nitrogen. Prior to liquid chromatography–mass spectrometry (LC–MS) analysis, samples were resuspended in 0.06 mL of 100% acetonitrile. A standard curve using the CBD analytical standard was prepared in canine and feline serum non-exposed to CBD and extracted as above. Cannabidiol concentration in serum was quantified using a chromatographically coupled triple-quadrupole mass spectrometer (UHPLC–QQQ-MS) using similar methods as previously described [20].




2.4. CBD Serum Concentration Data Analysis


From the UHPLC–QQQ-MS data, peak areas were extracted for CBD detected in biological samples and normalized to the peak area of the internal standard CBD-d3, in each sample using Skyline [21] as well as an in-house R Script (www.r-project.org). CBD concentrations were calculated to nanograms per mL of serum as determined by the line of regression of the standard curve (r2 = 0.9994, 0–1000 ng/mL). For this assay, the limits of detection (LOD) and limits of quantification (LOQ) represent the lower limits of detection and quantification for each compound in the matrix of this study [22,23].




2.5. Physical Examination


Physical evaluations were performed prior to the start of the study by the staff veterinarian and weekly thereafter for the duration of the trial. Qualified trained animal attendants performed adverse event observations twice daily for the duration of the study for signs of vomiting, loose stool, pain, or distress.




2.6. Data Analysis


Single-dose pharmacokinetics data is reported as area under the curve (AUC), maximum concentration (Cmax), time to maximal concentration (Tmax), elimination half-life (T ½), and mean retention time (MRT) (PK Solutions V.2, Montrose, CO, USA). Statistical analysis was performed with a commercially available software package (JMP 12.0, Cary, NC, USA). All continuous data were assessed utilizing a Shapiro–Wilk test for normality. Considering a majority of our blood and serum data were normally distributed a one-way analysis of variance was used to analyze these outcomes with Dunn’s post hoc testing for differences between baseline treatment and the other time points. A p-value 0.05 or less was deemed significant.





3. Results


3.1. Pharmacokinetics


All 6 dogs were dosed with soft chews at a dose of 2 mg/kg CBD/CBDA at 6 am in the morning. In all but one dog the entire dose was consumed, where it was realized the dog did not consume a portion of the dose at time 0 and was thus dropped form the experimental pharmacokinetic data set. Pharmacokinetics in dogs demonstrated that CBD T ½ life mean was 1 h for the 2 mg/kg dose (Table 1). Cmax of CBD was 301 ng/mL with a Tmax of 1.4 h MRT was 1.4 h and the mean AUC was 1297 ng-h/mL.



All 8 cats were fasted overnight and dosed with fish oil filled capsules at 6:00 a.m. Two cats were observed to salivate heavily after administration and the study staff was not confident that two of the participants received the entire dose due to capsule rupture and were dropped from the pharmacokinetic study portion. Pharmacokinetics in the six compliant cats demonstrated the CBD T ½ life mean was 1.5 h for the 2 mg/kg dose (Table 2). The Cmax of CBD was 43 ng/mL with a Tmax of 2 h. MRT was only 3.5 h and the mean AUC was 164 ng-h/mL Mean and standard error of the mean (standard error of the mean (SEM)) concentrations from 0–8 h for dogs and cats are in Figure 1.




3.2. Complete Blood Counts (CBC) and Chemistry


CBC or serum biochemistry values outside of the reference ranges at any time point were not observed during the 12-week trail. (Table 3 and Table 4). CBC results for dogs show no alterations other than a small decrease in mean corpuscle volume with no changes in RBC morphology on examination at any time point.



On serum chemistry evaluations there were no statistically significant differences across the entire spectrum of chemistry values. ALP or ALT levels did not exceed the normal reference range during the study for any dog.



CBC results for the cats at all four time points are in Table 5. Cats exhibited no significant changes in mean cell counts over time, except for small significant decrease in eosinophil counts (p = 0.02).



Serum biochemistry values were not observed to be outside of the normal ranges at any time point for the cats other than a single cat with elevated ALT level during treatment (Table 6; Figure 2). On serum chemistry evaluation there was a significant decrease in BUN over time, which was different from baseline values at week 8 and week 12 (p < 0.01). Serum triglycerides were also found to be decreased from baseline at week 8 and 12 (p = 0.02). Serum CK activity decreased over time being lower than baseline values at week 4, 8 and 12 (p < 0.01).




3.3. Physical Examination and Treatment Acceptance


Dogs were observed for signs of adverse events twice a day for the 12-week study. Out of 1344 total observation periods, 53 adverse events were reported. Loose stool was the most common adverse event noted among the eight dogs and occurred 44 times (3.3% of the time). Vomiting was recorded as either food or bile emesis. Vomiting was only recorded 6 times (0.45% of the time). For the duration of the study there was a high rate of acceptance of the CBD-infused chews, with an average acceptance rate of 96.7%. Five of the eight dogs had a 100% acceptance rate, on rare occasion 3 of the 8 dogs required manual treatment administration. Food consumption and body weight remained consistent during the 12 weeks. Physical examinations revealed no abnormalities or changes in behavior in the dogs throughout the study. The mean average weight change for the dogs during the 12 weeks of the study was −0.04 kg (−0.43%) which was not significant over the 12-week trial.



Cats were observed for signs of adverse events twice a day for the 12-week study for a total of 1344 observation periods. The main adverse effects noted included licking and head shaking, which were observed 476 (35.4%) and 339 (25.2%) times, respectively. Other adverse events noted were pacing (n = 150, 11.1%), chomping/chewing (n = 88, 6.5%), gagging (n = 29, 2.1%), vomiting food, bile, or hairballs (n = 15, 1.1%), salivating, drooling, or foaming (n = 16, 1.2%), jumping (n = 6, 0.45%), being uncooperative (n = 5, 0.4%), and grimacing (n = 5, 0.4%). Loose stool was not observed in any of the cats during the study. Food consumption and body weight of the cats remained consistent during the 12 weeks. Physical examinations revealed no abnormalities or changes in behavior in the cats throughout the study. The mean average weight change for the cats during the 12 weeks of the study was +0.06 kg (+1.04%).





4. Discussions


The serum pharmacokinetics of oral CBD-rich hemp nutraceuticals in dogs has been limited, with no data available in cats [11,12]. In dogs and cats respectively, the present pharmacokinetic study showed a mean Cmax of 301 ng/mL and 43 ng/mL, AUC of 1297 ng-h/mL and 36 164 ng-h/mL, and Tmax of 1.4 h and 2.0 h. Recent studies in dogs have shown that delivery of between 2–20 mg/kg of CBD in an oil base appears to be the preferred method of delivery for absorption, whereby oil beadlets and transdermal approaches are also effective, but not as effective as infused oils [11]. One aim of this study was to examine an infused soft chew treat made with a glycerol/starch/fiber base which should be easily digestible and appears to deliver approximately two and a half times the concentration as previously observed using an oil base [12], however the retention and half-life times appear to be shorter: between 1–2 h. The reasons for these differences are unclear. The prior study used small volumes of oil which might slowly transcend the esophagus into the stomach possibly prolonging the absorption; while the current delivery of a soft chew is more likely to create a food bolus that could be delivered to the stomach rapidly, thus allowing for quicker digestion and absorption. The fact that CBDA makes up half of the total CBD concentration in the chew may also be influencing this rapid and enhanced absorption since serum CBD concentrations tend to be higher when human participants are provided CBDA when compared to an equal amount of CBD [24].



Human data suggests that the oral absorption of CBD in fasting individuals is less than 10% of the dose. Recent pharmacokinetics in humans show that giving 1500 mg of CBD with food increases absorption 4–5 fold [25,26]. This appears to be true for other cannabinoids since primates given a THC-laden oatmeal cookie versus a sesame oil base in gelatin capsules display three-fold better absorption rates and five-fold higher Cmax concentrations [27]. In our opinion oral dosing with CBD in an oil base may enhance absorption, and may have been enhanced further in this study by inclusion in a food matrix. We have no explanation for our finding that elimination of CBD in the present work was significantly faster than in our previous study.



This brings into question the potential for therapeutic uses at our current dosing of 2 mg/kg twice a day (4 mg per day) and whether this may be enough to achieve therapeutic concentrations of CBD. The most current information from a canine seizure study suggests that therapeutic dosing might be approximately 2.5 mg/kg of CBD, and our positive clinical study in canine osteoarthritis using a whole plant extract showed benefits at 2 mg/kg [12,18]. This is in contrast to the current human dosing for children with specific forms of epilepsy which stands at 5–10 mg/kg twice daily of purified CBD [26,28,29]. In children with intractable epilepsy, when using a CBD-rich whole plant extract the effective dose can be lowered to approximately 2–3 mg/kg twice daily [29]. Further meta-analysis of whole-plant CBD-rich extract vs. synthetic CBD also indicates that lower doses are needed when using whole-plant extract [30]. When looking more closely at serum concentrations in the canine seizure study the effective serum concentrations of CBD are likely between 200–800 ng/mL, [11] however the methods for administering the product (i.e., with or without food) were not reported and might be the reason for the large variation in serum concentrations observed. Further work is needed to better understand how food influences serum absorption and steady-state pharmacokinetics of CBD which may help explain some of the variations in clinical studies. The differences in CBD serum concentrations in our pharmacokinetics and prior initial pilot study observations suggest there may be a role for clinically monitoring serum concentrations of CBD; if it were to be used by veterinarians [12,18].



In this uncontrolled preliminary study dosing of 2 mg/kg twice daily as an even mixture of CBD and CBDA showed no abnormalities in weekly physical examinations, nor any evidence of organ dysfunction as assessed by blood parameters. The canine CBD-infused chews showed no ALP elevations, with no ALP values falling outside the reference range (5–131 U/L) for any dog in the study. In a recent study, significant elevations in ALP values were noted when larger doses (10 and 20 mg/kg) were used in a 6-week trial [13]. When a clinical population of dogs was evaluated while utilizing a CBD-oil for the treatment of osteoarthritis pain at 2 mg/kg twice daily in dogs, 9 dogs exhibited rises in ALP with some being outside of the reference range in this primarily geriatric population [12]. Similarly, in a study using a different extract than the one used in this study at 2.5 mg/kg there were significant rises in ALP in many of the dogs’ undergoing seizure management [11]. The increases in ALP seen with CBD treatment are likely due to induction of cytochrome p450 mediated oxidative metabolism of the liver previously reported with prolonged exposure to cannabis [14,15]; however, in these clinical populations of dogs there were concomitant non-steroidal or seizure medications being given. The discrepancy between ALP rises in dogs with clinical diseases versus these healthy dogs receiving a similar dose is concerning and further studies are needed to better understand the hepatic response to cannabinoids.



During this preliminary investigation, 97% acceptance of the soft chew was observed. The only side effects noted were occasional episodes of loose stool and vomiting observed in the dogs (3.3% of total observations). This is well within the typical occurrence at this specific contract laboratory where the incidence of diarrhea is approximately 3%.



To date, the absorption of CBD in cats from an oral preparation has not been studied. On initiation of the CBD-infused fish oil product two of the cats given the dose in the encapsulated form showed salivation and head shaking due to broken capsules during administration, therefore only 6 of the 8 cats had pharmacokinetic testing. Overall, the absorption kinetics showed maximal serum concentration are approximately one-fifth of what was observed in the dogs (mean Cmax of 43 ng/mL) with a longer retention time at 3.5 h and a half-life of 2.4 h. It is entirely possible that we missed the peak Cmax since a 2 h time point was not collected in this cohort due to blood collection times being limited by the physical size of cats, but if absorption is similar to dogs the serum concentrations would have been similar at 2 h [11,13]. These findings suggest that the absorption of CBD in the fish oil base is less than in dogs using plant oil bases, hence larger doses may be necessary for pharmacological effects. This information is important for feline practitioners that are considering the use of CBD products in cats for anxiety, arthritis, house soiling, seizure activity, or neoplasia, which are all reported as maladies where owners are using CBD products [1].



When examining the complete blood count and the serum chemistry results, there were some changes in a few parameters for cats. The feline CBD-infused fish oil did not alter ALT in all but one cat. One cat showed maintained elevated ALT changes above the upper reference-range limits throughout the study after initiation of treatment. No clinical signs were observed that could be directly linked to the increased ALT. This rise could be due to hepatocellular injury because of an unknown disease process in the one cat or due to the CBD-infused oil. In addition, there were small decreases in triglyceride, creatine kinase and blood urea nitrogen, which may be attributed to the CBD or the fish-oil treatment. The lack of controls during this study does not allow for speculation regarding the effects of fish oil or CBD, as both have been associated with alterations in triglyceride and creatine kinase [31,32,33,34]. Further long-term dose escalations studies are warranted examining the serum chemistry changes with particular attention paid to the hepatic enzymes.



During the study, some of the cats were observed to have negative effects associated with oil administration. Considering the lack of a control group receiving fish oil alone we cannot say whether this reaction was due to fish oil or the hemp-volatile molecules. For these reasons, other delivery methods examining pharmacokinetics and toxicity should be considered, such as transdermal or transfollicular administration.



Besides the lack of a control group as a major limitation discussed above, other limitations must be recognized. This was a small homogenous population of dogs and cats being utilized in a contract research facility which may not reflect the companion animal dog or cat living in a common household. Additionally, it does not reflect what is occurring in dogs or cats with comorbidities that are being treated with other pharmaceuticals in an aged population. The use of this particular product cannot be used to determine the global safety of all products since many of these hemp products are not pure CBD products and have other cannabinoids and terpenes in smaller quantities that may affect cats and dogs differently [35]. Lastly, due to logistics regarding sample collection and shipping, we did not get steady-state concentrations after 12 weeks of administration, therefore we cannot comment on serum concentrations after chronic exposure in either species. Overall, the lack of negative CBC and serum chemistry findings in a modest duration toxicity/tolerance trial of this nature are encouraging regarding the safe use of this specific dose and this specific CBD-rich hemp product.



In conclusion, hemp-based CBD appears to be relatively safe in healthy populations of dogs and cats, and dogs appear to absorb CBD better than cats. The lack of serum chemistry alterations in both species is comforting as it relates to preliminary toxicity findings; however, use of CBD-rich hemp products requires monitoring of liver enzyme values. Continued clinical follow up is essential in those patients undergoing long-term use with naturally occurring disease who may be on other treatments for their ailments. Further studies are warranted to determine safety in dogs and cats. Studies should also examine drug interactions in patients on multiple medications, especially in those that are highly metabolized by the hepatic cytochrome p450 system.
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