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Background: Cannabidiol is being pursued as a therapeutic treatment fomultiple

conditions, usually by oral delivery. Animal studies sugge oral bioavailability is low, but
literature in humans is not suf cient. The aim of this reviewvas to collate published data
in this area.

Methods: A systematic search of PubMed and EMBASE (including MEDLINEvas
conducted to retrieve all articles reporting pharmacokinic data of CBD in humans.

Results:  Of 792 articles retireved, 24 included pharmacokinetic pameters in
humans. The half-life of cannabidiol was reported between .4 and 10.9h after
oromucosal spray, 2-5 days after chronic oral administrain, 24 h after i.v., and 31h
after smoking. Bioavailability following smoking was 31% dwever no other studies
attempted to report the absolute bioavailability of CBD ftdwing other routes in humans,
despite i.v formulations being available. The area-undeahe-curve and Cpax increase
in dose-dependent manners and are reached quicker followm smoking/inhalation
compared to oral/oromucosal routes. Gnayx is increased during fed states and in lipid
formulations. Tmax is reached between 0 and 4 h.

Conclusions:  This review highlights the paucity in data and some discrepmy in
the pharmacokinetics of cannabidiol, despite its widesprad use in humans. Analysis
and understanding of properties such as bioavailability ahhalf-life is critical to future
therapeutic success, and robust data from a variety of formiations is required.

Keywords: pharmacokinetics, endocannabinoid system, bioav
volume of distribution

ailability, CMAX, TMAX, half life, plasma clearance,

INTRODUCTION

The Cannabis sativaplant contains more than a hundred phytocannabinoid compouynds
including the non-psychotomimetic compound cannabidiol (@B (lzzo et al., 2000
CBD has attracted signi cant interest due to its anti-in amatory, anti-oxidative and
anti-necrotic protective e ects, as well as displaying a favierasafety and tolerability
prole in humans (Bergamaschi et al., 20J)1making it a promising candidate in many
therapeutic avenues including epilepsy, Alzheimer's disedmkinson's disease, and
multiple sclerosis. GW pharmaceuticals have developed an soéltion of pure CBD
(Epidiolex®?) for the treatment of severe, orphan, early-onset, treatnmesistant epilepsy
syndromes, showing signi cant reductions in seizure freqoy compared to placebo in
several trials Qevinsky et al., 2017, 2018a; Thiele et al., POBpidiolex® has recently
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received US Food and Drug Administration (FDA) approvalplotted against CBD dose (mg). Similarly, mean or medigaxl

(GW Pharmaceuticals, 20).8CBD is also being pursued in and range, and mean or median area under the curve (AYC

clinical trials in Parkinson's disease, Crohn's diseasejety and SD were plotted against CBD dose (mg). The source/supplier

anxiety disorder, and schizophreni@i(ppa et al., 2011; Leweke of the CBD was also recorded. No further statistical analysis

et al., 2012; Chagas et al., 2014; Naftali et al.,)2@howing was possible due to sparsity of data and heterogeneity of

promise in these areas. Additionally, CBD is widely used as populations used. All studies were assessed for quality using an

popular food supplement in a variety of formats for a range ofamended version of the National Institute for Health (NIH),

complaints. It is estimated that the CBD market will grow to National Heart, Lung and Blood Institute, Quality Assessinen

$2.1 billion in the US market in consumer sales by 2020rip  Tool for Before-After (Pre-Post) Studies with No Control Gip

Business, 20).7 (National Institute for Health, 2004 A sample size of 10 was
From previous investigations including animal studies, theconsidered poor, between 11 and 19 was considered fair, 20d

oral bioavailability of CBD has been shown to be very lowwas considered goodgungbenro et al., 2006

(13-19%) ilechoulam et al., 20021t undergoes extensive rst

pass metabolism and its metabolites are mostly excreted via

the kidneys Huestis, 200) Plasma and brain concentrations D& nitions of PK Parameters

are dose-dependent in animals, and bioavailability is iaseel Tmax: Time to the maximum measured plasma concentration.

with various lipid formulations Zgair et al., 201% However, Cmax. Maximum measured plasma concentration over the time

despite the breadth of use of CBD in humans, there is littlspan speci ed.

data on its pharmacokinetics (PK). Analysis and understagdi ti=>: Final time taken for the plasma concentration to be reduced

of the PK properties of CBD is critical to its future use by half.

as a therapeutic compound in a wide range of clinicaAUCop ¢: The area under the plasma concentration vs. time curve,

settings, particularly regarding dosing regimens and rsutefrom time zero to “t.”

of administration. Therefore, the aim of this systematicAUCq inr: The area under the plasma concentration vs. time

review was to collate and analyse all available CBD PguUrve from zero to t calculated as AYG plus the extrapolated

data recorded in humans and to highlight gaps in theamountfrom time ttoin nity.

literature. Ke: The rst-order nal elimination rate constant.

METHODS

Search Strategy

The systematic review was carried out in accordance with total, 792 records were retrieved from the database baayc
PRISMA (Preferred Reporting Items for Systematic Reviews ar@#t of which met the eligibility criteria Rigure 1). Table 1
Meta-Analyses) guidelinesvipher et al., 200Q A systematic summarizes each included study. Routes of administration
search of PubMed and EMBASE (including MEDLINE) wasincluded intravenous (i.v.)n(D 1), oromucosal sprayn(D 21),
conducted to retrieve all articles reporting pharmacokioeti oral capsulesn(D 13), oral dropsif D 2), oral solutionsif D 1),
data of CBD in humans. Search terms included: CBDnebuliser i D 1), aerosol f D 1), vaporization D 1),
cannabidiol, Epidiolex, pharmacokinetics, m& plasma and smoking 0 D 8). CBD was administered on its own in 9
concentrations, plasma levels, half-life, peak concenoinati publications, and in combination with THC or within a cannabi
absorption, bioavailability, AUC, ffax, Cmin, and apparent extract in the remainder. One study was conducted in chitdre
volume of distribution. No restrictions were applied to with Dravet syndrome, while the remainder were conducted in
type of study, publication year, or language. The searchémalthy adult volunteersOevinsky et al., 201§bOverall, the
were carried out by 14 March 2018 by two independenincluded studies were of good qualitgpplementary Table 1L

RESULTS

researchers. However, many studies had small sample sizes. Additionally,
o o not all studies included both males and females, and freguen
Eligibility Criteria cannabis smokers were included in a number of studies. Thus,

The titles and abstracts of retrieved studies were exambyed interpretation and extrapolation of these results should bael
two independent researchers, and inappropriate articles wesgith caution.

rejected. Inclusion criteria were as follows: an origirnzeer-

reviewed paper that involved administration of CBD to humans,

and included at least one pharmacokinetic measurementtasllis Crmax, Tmax, and Area Under the Curve

in the search strategy. Within the 25 included studies, Gax was reported on 58
o occasions (for example within di erent volunteer groups or des
Data Acquisition in a single study), thax on 56 occasions and area under the curve

The included articles were analyzed, and the following datéAUCy ) on 45 occasions. These data from plasma/blood are
extracted: sample size, gender, administration route of CBpresented inFigures 2A—C The AUG  and Gnax of CBD is
source of CBD, dose of CBD, and any pharmacokinetic detailslose-dependent, andmkx occurs between 0 and 5h, but does
Where available, plasma mean or mediapa& (ng/mL) were not appear to be dose-dependent.
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FIGURE 1 | Flow chart for study retrieval and selection.
Oromucosal Drops/Spray oromucosal single dose studies reportegacand Tmax values

A number of trials in humans were conducted by Guywithin similar ranges Karschner et al., 2011; Atsmon et al.,
and colleagues to explore administration route e ciency of20175).

sprays, an aerosol, and a nebuliser containing CBD or CBD Minimal evidence of plasma accumulation has been reported
and THC (CBD dose 10 or 20mg)G(y and Flint, 2004; by chronic dosing studies over 5-9 dayse(ers et al., 2013;
Guy and Robson, 20043,b0romucosal spray, either buccal, Stott et al., 2013aCnax appears to be dose-dependent. A dose
sublingual, or oropharyngeal administration, resulted irram of 20 mg/day resulted in a meanyfax of 1.5ng/mL and mean
Cmax between 2.5 and 3.3 ng/mL and meapgk between 1.64 AUCy ; of 6.1h ng/mL while 60 mg/day equated to a mean
and 4.2h. Sublingual drops resulted in similap4 of 2.05 Cpax of 4.8ng/mL and AUG ; was 38.9h ng/mL (Sellers
and 2.58 ng/mL and fax of 2.17 and 1.67 h, respectively. Otheret al., 2018 In another study, Gax increased dose-dependently
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5 2 from 0.4 to 1.2 and 2.2ng/mL following 5, 10, and 20 mg
R s single doses, respectively, and from 0.5 to 1.1 and 3.2ng/mL,
S| g ° respectively following chronic dosing over 9 consecutive days
= E (Stott et al., 2013aThere was a signi cant increase in time-
g _ g dependent exposure during the chronic treatment. Mean AUC
g3 g for the single doses were 0.8, 4.5, 9.9, and 2.5, 6.7, ando20.3 f
g g 9 the chronic dosing schedule, respectivelyafdoes not appear
3 < to be dose-dependent, nor a ected by acute or chronic dosing
. z schedules.
§ < E § § Stott et al. reported an increase in CBD bioavailability unde
ES Py E fed vs. fasted states in 12 men after a single 10 mg dose of CBD
S @ ST § administered through an oromucosal spray which also containe
g THC (Stott et al., 2013a)bMean AUC and Gax Were 5- and 3-
Sc g 5 = fold higher during fed conditions compared to fasted (AY&
é ,;l 2 ;O; ; 23.1vs.4.5; Gax 3.7 vs. 1.2 ng/mL). flax Was also delayed under
2] 30 ° g o the fed state (4.0 vs. 1.4 h).
k3 = 2 In children, Devinsky et al. reported mean AUC as 70, 241,
¥ o a Y e £ 722, and 963h ng/mL in groups receiving 2.5, 5, 10, and 20
«sg § qE"i %% § S § mg/Kg/day of CBD in oral solution@evinsky et al., 2018b
g <~ 5
i o s © g s Oral Intake
(_‘)58% S ; %2 g Y Qg % Cmax and AUC following oral administration also appears to
28 = @ § yggaoar o e be dose dependent. A dose of 10mg CBD resulted in mean
E <= ~ 8 Cmax Of 2.47ng/mL at 1.27h, and a dose of 400 or 800 mg
£ o o @ § co-ad_mlnllstered with i.v. fgntanyl (a highly potent opioid) t
g5 4 o g examine its safety resulted in a meag4eof 181 ng/mL (at 3.0 h)
Vé; § 3 g and 114 ng/mL (at 1.5 h) for 400 mg, and 221 ng/mL (at 3.0 h) and
5a o < 157 ng/mL (at 4.0 h) for 800 mg, in 2 sessions, respectivaly (
o s g é and Robson, 2004b; Manini et al., 201A dose of 800 mg oral
: 5; g E f—: CBD inda study invoIvinfg 8 maIe/and fe;nale cannabi? sm(t)]kers,
Loy 4 < T2 reported a mean fax of 77.9ng/mL and mean fax of 3.0
€ 8 - § 5 g (Haney et al., 20)6Although, an increase in dose corresponds
- 737 i @ with an increase in Gax, .the Gnax betyveen the hig'her doses of
° 2 g E % R % S CBD does not greatly di er, suggesting a saturation e ect (e.g
g g 9 N E 22 £ g between 400 and 800 mg).
a v oSS 8% One hour after oral capsule administration containing 5.4 mg
© 8 Y CBD in males and females, meann4& was reported as
3 £ § 0.93 ng/mL (higher for female participants than malegulski
. g s ,?_f % et al., 2005a A subset i D 12) consumed a standard breakfast
o = EZ I = 9 meal 1h after the capsules, which slightly increased mean
<,3) e re . é % Cmax to 1.13ng/mL. CBD remained detectable for 3—4 h after
.« E§ £ administration (Nadulski et al., 2009b
%6‘ 5L2% oy Cherniakov et al. examined the pharmacokinetic di erences
§ 3 E Ig % ?13 § 85 between an oromucosal spray and an oral capsule with piperine
g g5 2 SE23 2 ) pro-nanolipospheres (PNL) (both 10mg CBD) in 9 men. The
Ié’ £ 3 § 5 % R g ?), piperine-PNL oral formulation had a 4-fold increase inn&
el 602 0n&s 0 g g (2.1ng/mL vs. 0.5ng/mL), and a 2.2-fold increase in AUC
ES (6.9 vs. 3.1h ng/mL), while Tnax was decreased (1.0 vs. 3.0h)
- S compared to the oromucosal spragfierniakov et al., 201ya
g 2 E i This group further developed self-emulsifying formulatsoand
- r—i s % % § repqrted again an increased bioavailability and increasggy C
g 2 ] S 0 g W|th||n2% ls?o)réer time compared to a reference sprays(mon
£ . R etal., a
o e z 23 Intravenous Administration
= £ £ = The highest plasma concentrations of CBD were reported
gl =SS s 3% by Ohlsson et al. following i.v. administration of 20mg of
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FIGURE 2 | (A) Mean or median Tmax (h) and range against CBD dose
(mg)(B) mean or median area under the curve (AUCO-t) (h ng/mL) and
SD against CBD dose (mg) andC) plasma mean or median concentration
max (Cmax; ng/mL) against CBD dose (mg). It was not possible to
present error bars for Cmax as SD and SEM were both reported ithe
data. IV, intravenous; SD, standard deviation; SEM, standdrerror of the
mean.

Controlled Smoking and Inhalation

After smoking a cigarette containing 19.2mg of deuterium-
labeled CBD, highest plasma concentrations were reported as
110 ng/mL, 3min post dose, which dropped to 10.2ng/ml 1h
later Ohlsson et al., 1986Average bioavailability by the smoked
route was 31%@hlsson et al., 1996A nebuliser resulted in

a Gnax Of 9.49 ng/mL which occurred at 0.6 h, whereas aerosol
administration produced Gax (2.6 ng/mL) at 2.35hGuy and
Flint, 2003. In 10 male and female usual, infrequent cannabis
smokers, Gax was 2.0 ng/mL at 0.25 h after smoking a cigarette
containing 2mg of CBD $chwope et al.,, 20.1CBD was
detected in 60% of whole blood samples and in 80% of plasma
samples at observed.fax, and no longer detected after 1.0 h.

A study in 14 male and female cannabis smokers reported
15.4% detection in frequent smokers with no CBD detected in
occasional smokers in whole blood analydisg¢rosiers et al.,
2019. In plasma however, there was a 53.8 and 9.1% detection
in the frequent and occasional groups, with corresponding,C

of 1.1 ng/mL in the frequent group, and below limits of deteati

in the occasional group.

Half-Life

The mean half-life @) of CBD was reported as 1.1 and 2.4 h
following nebuliser and aerosol administration (20 m@).{y and
Flint, 2004, 1.09 and 1.97 h following single oral administration
(20 and 20 mg) Guy and Flint, 2004; Guy and Robson, 20)4b
2.95 and 3.21h following 10mg oral lipid capsulégsmon
etal., 2017a)pbetween 1.44 and 10.86 h after oromucosal spray
administration (5—-20 mg)@uy and Robson, 2004b; Sellers et al.,
2013; Stott et al., 2013a,b; Atsmon et al., 2D1Z%h after i.v.
infusion, 31 h after smokingdhlsson et al., 1996and 2-5 days
after chronic oral administration@onsroe et al., 1991

Elimination Rate

Mean elimination rate constant @{[1/h]) has been reported as
0.148 in fasted state, and 0.155 in fed state after 10 mg CBD wa
administered in an oromucosal spray also containing THE@(t

et al., 2013a)b After single doses of 5 and 20mg CBD, mean
Kel (1/h) was reported as 0.173 and 0.12Z3q(t et al., 2013a
Following 20 mg CBD administration through a nebuliser and
pressurized aerosol, meany,Kvas reported as 0.98 and 0.43,
respectively, while 20 mg CBD administered as sublingual drops
was reported as 0.3G(ly and Flint, 2001

Plasma Clearance

Plasma apparent clearance, CL/F (L/h) has been reported terang
from 2,546 to 4,741 in a fasted stated following 10 mg CBD
administered via oromucosal spragtftt et al., 2013g),cThis
value decreases to 533 following the same concentrationdd a f
state Gtott et al., 2013b A plasma apparent clearance of 3,252
and 3,783 was reported following 5 and 20 mg single doses of

deuterium-labeled CBD. Mean plasma CBD concentration€BD via oromucosal sprays(ott et al., 2013aOhlsson et al.
were reported at 686 ng/mL (3 min post-administration), whichreported plasma apparent clearance as 74.4 L/h following i.v.

dropped to 48 ng/mL at 1 h.

injection (Ohlsson et al., 1996
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Volume of Distribution successful in animal studieSiacoppo et al., 2015; Hammell
Mean apparent volume of distribution (V/F [L]) was reported et al., 201) Interestingly, intraperitoneal (i.p.) injection of
as 2,520L following i.v. administratiorDfilsson et al., 1996 CBD corresponded to higher plasma and brain concentrations
Following single acute doses through oromucosal sprathan oral administration in mice, however in rats, similar
administration, apparent volume of distribution was repori@sl concentrations were observed for both administration esjt
26,298, 31,994, and 28,31 Aidtt et al., 2013a and brain concentrations were in fact higher following oral
compared to i.p. route[jeiana et al., 20)2No published data
exists on the tissue distribution of CBD in humans. Although
DISCUSSION plasma levels of CBD do not show accumulation with repeated
dosing, it is possible that there may be tissue accumulation.
The aim of this study was to review and analyse all available Only one study in this review was conducted in children
PK data on CBD in humans. Only 8 publications reported(n D 34) (Devinsky et al., 2018§bChildren (4—10 years) with
PK parameters after administering CBD on its own, and theDravet syndrome were administered an oral solution of CBD an
others were in combination with THC/cannabis. Only 1 studyAUC was reported to increase dose-dependently. It is important
reported the bioavailability of CBD in humans (31% followingto emphasize the statement that children are not small adults,
smoking). From the analysis of these papers, the followingnd there are many di erences in their pharmacokinetic and
observations were made; peak plasma concentrations and ang@armacodynamic pro les. Absorption, excretion, metabolism,
under the curve (AUC) are dose-dependent and show minimaand plasma protein binding are generally reduced in children
accumulation; Gaxis increased and reached faster following i.v.compared to adults, and apparent volume of distribution is
smoking or inhalation; Gax is increased and reached faster aftergenerally increased-¢rnandez et al., 20).1These parameters
oral administration in a fed state or in a pro-nanoliposphereneed to be explored fully for CBD in order to understand and
formulation; Tnax does not appear to be dose-dependent; anddvise dose adjustments.
half-life depends on dose and route of administration. Ollera  Within the adult studies, inter- and intra-subject varittyi
considerable variation was observed between studieguglth was observed in studies, and it remains to be seen whether
they were very heterogeneous, and further work is warranted i.v. and other routes of administration that by-pass initial
Human studies administering CBD showed that the AAJC metabolism will alleviate this issue. Interestingly, altgb each
and Gpax are dose-dependent, andmndx mostly occurred of the subjects weight was taken into account, none of the
between 1 and 4h. Animal studies in piglets, mice, and ratstudies addressed subject fat content as a factor in thelugion
also all demonstrate a dose-dependent relationship bet@&En  criteria; as muscle can weigh more than the same proportion
and both plasma and brain concentrationsofig et al., 2012; of fat. It is well-known that cannabinoids are highly lipoghil
Hammell et al., 2016; Garberg et al., 2p)18uggesting that compounds and accumulate in fatty tissue which can then be
human brain concentrations will also be dose-dependent. Tereleased graduallyGunasekaran et al., 2009t may be of
publications in this review reported the half-life of CBD which benet in future study to either put in place more stringent
ranged from 1h to 5 days and varies depending on the dosexclusion criteria and measure subject fat content or asses
and route of administration. Very limited data was avai@bdr  the possible accumulation of CBD in fatty tissue. Di erences
detailed analysis on the elimination rate, apparent clesgamc in metabolism, distribution and accumulation in fat, and in
distribution of CBD in humans. biliary and renal elimination may be responsible for prolodge
Plasma levels of CBD were increased when CBD wadimination half-life and variable pharmacokinetic outcosne
administered with food or in a fed state, or when a meal iSCBD use is widespread and has been recommended for use
consumed post-administration. Oral capsules with piperine proby the FDA in childhood-onset epilepsy. CBD also displays
nanolipospheres also increased AUC anga% This is also therapeutic promise in other disorders such as schizophrenia
demonstrated in animal studies; co-administration of lipidith  and post-traumatic stress disorder. If we are to understarel th
oral CBD increased systemic availability by almost 3-fald i actions of CBD in those disorders and increase the success
rats (Zgair et al., 201)6and a pro-nanoliposphere formulation rate for treatment, these groups of patients and their distinct
increased oral bioavailability by about 6-foldl{erniakov et al., characteristics must be assessed as they may not be congparabl
2017H. As CBD is a highly lipophilic molecule, it is logical to a healthy volunteer population.
that CBD may dissolve in the fat content of food, increasing A systematic review in 2014 concluded that CBD generally
its solubility, and absorption and therefore bioavaildpilas has a low risk of clinically signi cant drug-interaction$i{out
demonstrated by numerous pharmacological drugstteretal., and Cimino, 201 A few studies in the current review
2013. Thus, it may be advisable to administer CBD orally in a fedncluded examination of drug-drug interactions with CBD.
state to allow for optimal absorption. GW Pharmaceuticals performed a clinical trial investigating
Only one study used intravenous administration of CBDpharmacokinetic interaction between CBD/THC spray (satjvex
and reported PK details, which could be a bene cial routeand rifampicin (cytochrome P450 inducer), ketoconazoled an
of administration in some acute indications. Results fromomeprazole (cytochrome P450 inhibitors}tptt et al., 2013c
other routes such as rectal, transdermal, or intraperitonealuthors concluded overall that CBD in combination with the
have also not been published in humans, although transdermarugs were well-tolerated, but consideration should be dote
CBD gel and topical creams have been demonstrated to hehen co-administering with other drugs using the CYP3A4
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pathway. Caution is also advised with concomitant use of CBDeliability and validity of the ndings. However, the reviewas

and substrates of UDP-glucuronosyltransferases UGT1A9 arhrried out by two independent reviewers, and searches geater

UGT2B7, and other drugs metabolized by the CYP2C19 enzynweere analyzed separately and then compared.

(Al Saabi et al., 2013; Jiang et al., 20MManini et al. co- In conclusion, this review demonstrates the lack of research

administered CBD with i.v. fentanyl (a high potency opioid)in this area, particularly in routes of administration oth#éran

which was reported as safe and well-toleratéthiini et al., oral. An absence of studies has led to failure in addressiag th

2019. In a number of trials with CBD in children with severe bioavailability of CBD despite intravenous formulationsirige

epilepsy, clobazam concentrations increased when CBD was @vailable. This is of critical importance due to the popularity

administered and dosage of clobazam had to be reduced in soroé CBD products and will help interpret other PK values.

patients in one study@e rey et al., 2015; Devinsky et al., 20).8b Standardized and robust formulations of CBD and their PKadat

Gaston and colleagues performed a safety study in adults amde required for both genders, with consideration of othetéas

children in which CBD was administered with commonly-usedsuch as adiposity, genetic factors that might in uence apton

anti-epileptic drugs (AEDs)%aston et al., 20)7/Most changesin and metabolism, and the e ects of disease states.

AED concentrations were within acceptable ranges but abmabrm

liver function tests were reported in those taking valproatd a AUTHOR CONTRIBUTIONS

authors emphasized the importance of continued monitoring of

AED concentrations and liver function during treatment wit SM, SO, and AY: substantial contributions to the conception

CBD. or design of the work. SM: writing of the manuscript. SM and
Limitations of this review should be acknowledged. Di erentNS: database searching and data extraction. All authoes: th

population types including healthy and patient populations andanalysis and interpretation of data for the work; drafting the

cannabis naive or not were all grouped together which mayork or revising it critically for important intellectual cgent;

impede generalizability. The proportions of men and women innal approval of the version to be published; agreement to be

each study were also not uniform, and it is still being ela¢&@l  accountable for all aspects of the work in ensuring that qoast

whether men and women have distinct pharmacokinetic pro lesrelated to the accuracy or integrity of any part of the work are

with regards to cannabinoids~attore and Fratta, 20)00ne  appropriately investigated and resolved.

study suggested that the PK of CBD was dierent in their

female volunteersNadulski et al., 200%alt should also be FUNDING

mentioned that CBD is currently not an approved product with

a pharmacopeia entry so using di erent sources of CBD that ar@his work was supported by the Biotechnology and Biological

subject to di erent polymeric forms, di erent particle sizesydh  Sciences Research Council [Grant number BB/M008770/1].

di erent purities may also a ect the PK pro les observed. It is

important for future work that researchers record the soucie  SUPPLEMENTARY MATERIAL

the CBD material used so that results have the highest chafnce

being replicated. Despite a thorough search of the two datsbasThe Supplementary Material for this article can be found

chosen, the addition of more databases may have widened tlaline at: https://www.frontiersin.org/articles/10.38&phar.

search to increase the number of results and hence improve t#918.01365/full#supplementary-material
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