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Abstract

Purpose Cannabichromene (CBC) is a phytocannabinoid commonly found in cannabis, yet its acute post-dose pharma-
cokinetics (PK) have not been examined in humans. This is a secondary data analysis from a trial investigating Spectrum
Yellow oil, an oral cannabis product used for medical purposes that contained 20 mg cannabidiol (CBD), 0.9 mg A°-
tetrahydrocannabinol (THC), and 1.1 mg CBC, per 1 mL of oil.

Methods Participants (N=43) were randomized to one of 5 groups: 120 mg CBD, 5.4 mg THC, and 6.6 mg CBC daily;
240 mg CBD, 10.8 mg THC, and 13.2 mg CBC daily; 360 mg CBD, 16.2 mg THC, and 19.8 mg CBC daily; 480 mg CBD,
21.6 mg THC, and 26.4 mg CBC daily; or placebo. Study medication was administered every 12 h for 7 days. Plasma CBC
concentrations were analyzed by a validated two-dimensional high-performance liquid chromatography—tandem mass spec-
trometry assay.

Results After a single dose and after the final dose, the C,,,, of CBC increased by 1.3—1.8-fold for each twofold increase in
dose; the #,,,, range was 1.6—4.3 h. Based on the ratio of administered CBD, THC, and CBC to the plasma concentration, the
dose of CBD was 18 times higher than the dose of CBC, yet the AUC,, , of CBD was only 6.6-9.8-fold higher than the AUC_,
of CBC; the dose of THC was similar to the dose of CBC, yet THC was quantifiable in fewer plasma samples than was CBC.
Conclusions CBC may have preferential absorption over CBD and THC when administered together.

Trial Registration: Australian New Zealand Clinical Trials Registry #ACTRN12619001450101, registered 18 October 2019.
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Introduction

Medical use of cannabis to treat a variety of therapeutic
indications is growing worldwide [1]. Most medical can-
nabis products report the concentration of two of the most
abundant and widely studied phytocannabinoids, A°-
tetrahydrocannabinol (THC) and cannabidiol (CBD). How-
ever, cannabis contains over 120 phytocannabinoids, most
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having unique pharmacological properties. One “minor”
phytocannabinoid, cannabichromene (CBC), is commonly
found in cannabis and ranges in published studies from 0.05
and 0.3% w/w [2-6].

In vitro pharmacological assays have revealed that CBC
has multiple targets, including direct and indirect effects on
the endocannabinoid system (ECS). CBC has low binding
affinity and no appreciable activity at cannabinoid type 1
receptors (CB1), the receptor responsible for the intoxicating
effects of THC [7]. However, CBC is a more efficacious can-
nabinoid type 2 receptor (CB2) agonist than THC, suggest-
ing that CBC may be an effective anti-inflammatory agent
[8]. CBC can inhibit endocannabinoid cellular reuptake
and is a weak inhibitor of monacylglycerol lipase (MAGL),
which may affect endocannabinoid tone [9, 10]. In addi-
tion to its action on the ECS, CBC is a potent activator and
desensitizer of transient receptor potential (TRP) ankyrin
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1-type (TRPA1) channels, indicating that CBC could be an
antinociceptive agent [10, 11].

Preclinical research has identified several avenues of
therapeutic potential that generally corroborate with in vitro
pharmacological data. In vitro functional data show that
CBC increases viability of adult neural progenitor cells and
inhibited their differentiation into astroglia, suggesting that
CBC may be a candidate for treating neuroinflammatory dis-
eases [12]. In rodents, CBC has displayed anti-microbial,
anti-inflammatory, analgesic, and anti-depressant-like activ-
ity [13-21].

Despite evidence from preclinical studies suggesting the
therapeutic potential of CBC, its effects in humans have
largely not been examined. One study detected CBC in
plasma samples from medical cannabis patients who con-
sumed CBD oil [22]. Another study assessing the efficacy
and tolerability of a 1:20 THC:CBD medical cannabis prod-
uct in children with treatment-resistant epileptic encephalop-
athy reported that the product contained 4% CBC by volume
and described steady state trough levels of CBC [23]. How-
ever, acute post-dose pharmacokinetic (PK) data on CBC
are critical to inform dosing schedules in future studies that
evaluate the potential therapeutic effects of CBC in humans,
and to understand how co-administration of multiple phyto-
cannabinoids may impact the PK of each. The present pilot
study examined the PK of CBC in human plasma from a
study of a standardized oral medical cannabis product that
contained 20 mg/mL CBD, 0.9 mg/mL THC, and 1.1 mg/
mL CBC.

Methods and materials

The parent study was a Phase 1, randomized, double-blind,
placebo-controlled, multiple-dose trial in 43 healthy par-
ticipants to assess the safety, tolerability, PK, and PD of
Spectrum Yellow oil [24]. The study was conducted in
accordance with consensus ethics principles, International
Conference on Harmonization Good Clinical Practice guide-
lines, the Declaration of Helsinki, and local Australian laws
and regulations. The protocol was approved by the Alfred
Hospital Ethics Committee (Melbourne, Victoria, Australia).
Written informed consent was obtained from each partici-
pant before any trial-related procedures were performed.
Spectrum Yellow oil (Tweed Inc., Canopy Growth Cor-
poration, Smiths Falls, ON, Canada) is a cannabis-based
product that is currently commercially available in Canada,
Australia, United Kingdom, and Cayman Islands. Spec-
trum Yellow oil was made with supercritical carbon diox-
ide extracted cannabis resin in medium-chain triglyceride
(MCT) oil. Analytical testing of the clinical batch detected
20 mg/mL CBD and 0.9 mg/mL THC, plus a total terpene
concentration < 0.05%. Analytical testing of the clinical
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batch also detected the presence of CBC at a relatively high
concentration (1.1 mg/mL), thus prompting the present suba-
nalysis of the CBC time-concentration data. Analytical test-
ing revealed that other cannabinoids were either below the
reporting limit (<0.50 ng/mL) or not detected.

Participants were randomly assigned to one of five groups
ina 1:1:1:1:1 ratio: 120 mg CBD, 5.4 mg THC, and 6.6 mg
CBC daily (Treatment A); 240 mg CBD, 10.8 mg THC, and
13.2 mg CBC daily (Treatment B); 360 mg CBD, 16.2 mg
THC, and 19.8 mg CBC daily (Treatment C); 480 mg CBD,
21.6 mg THC, and 26.4 mg CBC daily (Treatment D); or pla-
cebo. Participants were confined to a residential research facil-
ity and received study medication twice daily, approximately
every 12 h, after a standardized meal (e.g., for breakfast, 2 cups
of cereal; 2 slices of toast; 2 servings of butter or margarine; 2
condiments; 250 mL of milk; 1 sugar sachet) for 6 days, plus a
single dose in the morning of day 7. PK blood samples included
in this analysis were collected prior to the morning dose and
1,2,4,6,8, and 12 h after the morning dose on day 1; prior to
the morning dose and 1, 2, 4, 6, 8, 12, and 16 h after the morn-
ing dose on day 7; and 24, 32, 48, 72, 96, and 144 h after the
day 7 morning dose. Immediately following collection, blood
samples were placed on wet ice and centrifuged, and plasma
was immediately frozen at—80 °C until shipment to the bioana-
lytical laboratory (iC42 Clinical Research and Development,
University of Colorado, Aurora, CO, USA) on dry ice. Samples
were stored at the bioanalytical laboratory at—80 °C.

CBC plasma concentrations were analyzed using a two-
dimensional high-performance liquid chromatography—tandem
mass spectrometry assay developed and validated by iC42
Clinical Research and Development [22], and study samples
were analyzed in a CLIA (United States Clinical Laboratory
Improvement Amendments)-certified laboratory environment
accredited by the College of American Pathologists (North-
field, IL, USA). For details of the analytic method, please see
Klawitter et al. [22]. The lower limit of quantification (LLoQ)
of CBC was 0.78 ng/mL [22]; samples with concentrations
below the LLoQ were treated as O in the analysis. Urinary
excretion of CBC was not examined in this pilot study. PK
parameters were calculated using non-compartmental analy-
sis (Phoenix WinNonlin version 8.2., Certara, Princeton, NJ,
USA). Statistical analysis was carried out using SPSS (version
27.0, IBM, Armonk, NY, USA).

Results

Results on participant characteristics, safety and tolerability
of Spectrum Yellow oil, and PK of CBD and THC in Spec-
trum Yellow oil are presented in the parent publication [24].
The overall conclusion was that Spectrum Yellow oil was
safe and well-tolerated.



261

European Journal of Clinical Pharmacology (2022) 78:259-265

Arep DgD Sw 97 pue DHL SW 9°[7 ‘D Sw (8 :( Jusuweai], pue ‘A[rep DgD
Sw g'6] pue DHL SW 79[ ‘AgD Sw 09¢ :D udwedl], ‘A[rep gD Sw g'¢] pue ‘DQHL Sw g0 ‘9D Sw o g wauwgear], ‘Arep DgD Sw 99 pue DHL SW $°G ‘gD SW OT[ v juduedl],,
UOTJBIAQD PIBPURIS (7§ ‘UONBLIBA JO JUIIOLFA0D AD “Tw/3u §/°( ST (DFD) SuswoIydiqeuued jo uonedynuenb jo jrwif 1omoj fuon
-eoyniuenb Jo JIWI] MO[eq JOTY ‘Taquunu U "SISA[eUR I0J 0I9Z St PauSIsse a1om uoneoynuenb Jo JTWI JoMO[ ) MO[2q SIM T} SUOIIBIIUIOUO)) "3SOp SUTUIOW ) 0} UOTJR[aI UT a1e syurodow],

00 eI
‘€' 1) 00'T ®s 0o (®8 0o (88 0o WL qzI
(89°8S1 (L9'1
‘69'0) LT @®s ‘60'T) 8L°0 @®s 0o (88 0o WL yg
F8¥LI (86911 (9¢98C
‘95°6) 81°¢ ®+ ‘98'1) 65°1 ® ‘€9'0) TT0 ®L 0o WL g9
FL'€6 6T1¥ (80°0L
‘61°9) L'y @1 ‘99'T) 20t (®0 TLD YT ®7c 0o WL qy
(6£0°'16 6141 (88°¢t1 (67592
‘LYY) 16'F ®c ‘0€'Y) €0°€ ® ‘TF'S)9L'E ®¢ ‘TO'T) 8€°0 w9 yz
(8801 (€€¢8C (26'60T (18'9L1
‘TTD 0T ®¢ ‘T0'1) 9€°0 QL ‘LT 1ET ®9 TTT) 690 ws L
9L'L81 (z8'18¢
T6°0) 61°0 ®9 79'0) TT'O ®L 0o (®8 o WL asopaid
L Keq
(59'¥8T
‘L0°€) 60°T ®L 0o ®8 0o (®8 0o ®8 qyzI
(00082 (8'18C
86°0) S€°0 ®L 79'0) TT0 Q)L 0o (®8 0o (8)8 us
1291 00¥61 (68'88C
YT YT @®s 6'1) 00°T ®9 ‘8L°0) LTO ®L 0o (®8 q9
rTor (cozL (€€7291 (S¥'10T
‘S6'T) £€°€ ®c ‘90'7) 98°C ® ¢ ‘LEDO'T @®¢ ‘6€'T) 69°0 (®9 yy
o111 L1 (Le'Tel (8%°'18C
‘Pr'v) 00 (€)R7 ‘LOD) VT @®¢ ‘8¥°€) €8°C @®c ‘9L°0) LT'0 ® L uz
(€8°st1
‘06T 1S°T ®+ 0o (88 o (88 0o (88 g
0o (88 0o (88 0o (88 0o (®8 asopald
I Aeq
([%] ([%] AD ([%] AD ([%] AD
AD ‘ds) uedy (u) Oo1g u ‘as) uedaN (u) Oo1g u ‘as) ueay (u) Oo1g u ‘as) uesN - (u) 9o1g U
(§=1u) ,(q yusuneary, (g=1u) ;D usunealy, (g=1u) g usuneaiy, (§=u) ,v yuauneaiy, yurodow],

dnoi3 juounjean £q (Tw/3u) suonenuaduod (D)) dudworydiqeuurd ewseld jo Arewwng | 3jqel

pringer

a's



262

European Journal of Clinical Pharmacology (2022) 78:259-265

The majority of plasma samples on both days 1 and
7 had quantifiable concentrations of CBC except for
Treatment A, where most samples were below the LLoQ
(Table 1). Within each treatment group, there was nota-
ble variability between participants with respect to mean
concentrations of CBC at each timepoint (Table 1). At
an individual level, there appeared to be three different
plasma concentration—time profiles of measured can-
nabinoids. Supplementary Material displays these three
different profiles for participants in Treatment D on day
7: there was either low absorption of CBD and no absorp-
tion of either THC or CBC (Supplementary Material A),
moderate absorption of CBD and CBC and no absorption
of THC (Supplementary Material B), or high absorption
of CBD, THC, and CBC (Supplementary Material C).

Table 2 presents the summary plasma PK parameters for
CBC. After a single dose on day 1, the maximum observed
plasma concentration (C,,,,) for CBC increased by 1.3- and
1.8-fold with each twofold increase in dose between Treat-
ments A and B, and Treatments B and D; the median time

to peak plasma concentration (z,,,,) ranged 2.3—4.3 h across

Table 2 Plasma pharmacokinetic parameters for cannabichromene (CBC)

treatments. On days 2—7, almost all pre-dose concentrations
of CBC were below the LLoQ in Treatments A, B, and C. On
days 2—7, 3 of 8 participants in Treatment D had some quanti-
fiable concentrations of CBC, but these were sporadic. Thus,
steady-state concentration of CBC could not be calculated.
Moderate accumulation was noted on day 7 after a
week of twice-daily dosing of Spectrum Yellow oil, with
the C,,,, increasing by 1.4- and 1.7-fold, and the area
under the curve from time O to 12 h (AUC,_,,) increasing
by 1.6- and 3.3-fold with each twofold increase in dose of
CBC between Treatments A and B, and Treatments B and
D. On day 7, the median ¢_,, of CBC ranged 1.6-4.3 h
across treatments. The CL/F of CBC was only calculable
for Treatments C and D, and ranged 0.12-0.22 L/h. On
Days 1 and 7, while the dose of CBD was 18 times higher
than that of CBC, the area under the curve from time O to
last measurable concentration (AUC,,_,) of CBD was only
6.6-9.8 fold higher than that of CBC (in Treatment D,
where CBC was quantifiable in most samples); the dose
of THC was similar to the dose of CBC, yet THC was
quantifiable in fewer plasma samples than CBC.

Pharmacokinetic ~ Treatment A* (n=238)

Treatment B* (n=38)

Treatment C* (n=38) Treatment D* (n=28)

parameter (unit)

Day 1 Day 7 Day 1 Day 7 Day 1 Day 7 Day 1 Day 7
Coo (ngmL)® 24436  2.8(6.6)F° 3.6 (60.)"  4.0(56.3)¢  4.8(20.9) 42(43.1) 6.6 (31.9)" 6.7 (42.6)¢
fa (D) 32(0.0-4.3)% 1.6(1.3-20° 2.3 (2.0-45) 23 (2.043)2 4342-44) 43(23-43) 3402-123)" 23(23-83)
AUC, , (ng*h/ 22 (75.2)! 23(35.0° 56839 597412  9.041.4) 99(473) 176 (374"  26.8(31.6)
mL)®
AUC, ,, (hW*ng/ - 5.7 (3.4)° - 9.0 (46.3)2 - 13.6 (34.5) - 29.5 (26.5)¢
mL)°
AUC, ,(h*ng/  NE NE NE NE NE 44.2 (6.9 NE 107.8 (-)
mL)®
% extrapolated NE NE NE NE NE 18.22% NE 26.6% (-y
(AUC,, /AUC (5.91%)°
b
0-c0)
CL/F (L/h)® - NE - NE - 022 (17.4)°¢ - 0.12 (-)

Concentrations that were below the lower limit of quantification were assigned as zero for analysis. AUC, ;, area under the plasma concentra-
tion—time curve from 0- to 12-h time point, AUC,,_, area under the plasma concentration—time curve from O to the last quantifiable concentration,
AUC, ;, area under the plasma concentration—time curve from 0 to infinity, CL/F oral clearance of drug from plasma, C,,,,, maximum observed

plasma concentration, NE not estimable, ¢,,,. time to reach C,,,.

*Treatment A: 120 mg CBD, 5.4 mg THC, and 6.6 mg CBC daily; Treatment B: 240 mg CBD, 10.8 mg THC, and 13.2 mg CBC daily; Treat-
ment C: 360 mg CBD, 16.2 mg THC, and 19.8 mg CBC daily; and Treatment D: 480 mg CBD, 21.6 mg THC, and 26.4 mg CBC daily

bGeometric mean (geometric CV%)
“Median (range)
=4

=
Il
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Fig. 1 Geometric mean
(+standard deviation) plasma
concentration—time profiles

for cannabichromene (CBC)

in Spectrum Yellow oil on day

1 and day 7 for Treatment A:
120 mg CBD, 5.4 mg THC, and
6.6 mg CBC daily; Treatment
B: 240 mg CBD, 10.8 mg THC,
and 13.2 mg CBC daily; Treat-
ment C: 360 mg CBD, 16.2 mg
THC, and 19.8 mg CBC daily;
and Treatment D: 480 mg CBD,
21.6 mg THC, and 26.4 mg
CBC daily. Concentrations

that were below the lower limit
of quantification (0.78 ng/

mL) were assigned as zero for
analysis
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Figure 1 shows the plasma concentration—time curves
for CBC on days 1 and 7. These data suggested a dose-
dependent increase in CBC plasma concentrations,
although considerable variability was observed.

Discussion

After a single dose, as well as a week of twice-daily dos-
ing, of an oral cannabis product containing CBD, THC, and
1.1 mg/mL CBC, the C,,, of CBC increased by 1.3—1.7-fold

max

for each twofold increase in dose. Further, the observed CBC
t.ax Fanged between 1.6 and 4.3 h, with between-participant

variability in plasma concentrations of CBC.

A major finding of the parent study was that Spectrum
Yellow oil was well-tolerated in healthy participants at daily
doses up to 480 mg CBD and 20 mg THC [24]. Because
Spectrum Yellow oil also contained 1.1 mg/mL CBC, it
can thus be inferred that, in the presence of CBD and THC,
CBC is well-tolerated up to daily doses of 26.4 mg. How-
ever, the present investigation was prompted by the obser-
vation that CBC was present in the clinical batch, and the
studied doses (6.6-26.4 mg CBC daily) were not a priori
based on doses found to be effective in published preclinical
studies [13-21]. Future research evaluating the therapeutic
potential of CBC may wish to study higher doses, and may
need to collect data on safety at such doses.

@ Springer
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Plasma concentrations of CBC were generally higher
and more consistently quantifiable than those of CBD and
THC at the same lower limit of quantification [24], rela-
tive to the dose administered. More specifically, while the
dose of CBD was 18 times higher than the dose of CBC,
the AUC,_, of CBD was only 6.6-9.8 fold higher than the
AUC,,_, of CBC (in Treatment D, where CBC was quantifi-
able in most samples); while the dose of THC was similar
to the dose of CBC, THC was quantifiable in fewer plasma
samples than CBC [24]. These data suggest that CBC
may have preferential absorption over CBD or THC when
administered together in Spectrum Yellow oil. It is inter-
esting to note that clinical studies reported in the literature
have produced conflicting findings on the interaction of
different phytocannabinoids on each other’s pharmacoki-
netics. For example, in one study CBD delayed the time
to reach peak plasma concentrations of THC [25], while
other studies have shown that combining CBD with THC
may lead to an increased peak concentration of plasma
THC [26, 27], and others have shown no significant effect
of CBD on the pharmacokinetics of THC [28]. These con-
flicting findings may partially be attributed to differences
in cannabinoids and other compounds contained in the
tested formulations.

As the presence of CBC appears common at low lev-
els in CBD oils [22], it is important for future studies to
compare the individual PK of CBD as well as CBC when
administered as isolates to humans, to that of a product
containing both CBD and CBC. Future studies should also
investigate the effects of CBC on drug metabolism path-
ways, and should elucidate potential mechanisms under-
lying any interaction of multiple phytocannabinoids on
pharmacokinetics, including rate and extent of absorption,
competition for plasma protein binding, and inhibition/
induction of cytochrome P450s that impact metabolism
as well as of active drug transporters. Because this was a
pilot study, a full pharmacokinetic study of CBC, includ-
ing urinary excretion of CBC, is warranted.

Conclusions

To our knowledge, these are the first data on the acute
post-dose pharmacokinetics of the phytocannabinoid
cannabichromene (CBC) in humans. At daily doses up to
26.4 mg, CBC in the presence of CBD and THC appears to
be well-tolerated and is quantifiable in plasma in humans.
Based on the ratio of administered phytocannabinoids to
the amount measured in plasma, CBC may have prefer-
ential absorption over CBD and THC when administered
together. CBC appears to be a viable target for further
pharmacokinetic and therapeutic investigation.
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Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00228-021-03232-8.
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