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Figure Legends 
 
 

Figure 1. Major metabolic pathways and metabolic structures of cannabinoids. A, 

Metabolic pathways for THC and CBD. B, Structure of cannabinoids and major THC 

metabolites. 

 

Figure 2. Screening of cannabinoid inhibition of major hepatic CYPs in 

microsomes from CYP450-overexpressing HEK293 cell lines. Probe substrates 

were phenacetin for CYP1A2, bupropion for CYP2B6, amodiaquine for CYP2C8, 

diclofenac for CYP2C9, omeprazole for CYP2C19, dextromethorphan for CYP2B6, 

chlorzoxazone for CYP2E1, and midazolam for CYP3A4. Incubations were performed 

using 1 or 10 µM of cannabinoid, with probe concentrations at or close to their known 

Km for their corresponding enzyme (see Supplementary Table 1). A, THC; B, 11-OH-

THC; C, THC-COOH; D, THC-COO-Gluc; E, CBD; F, CBN. Three individual 

experiments were performed for each probe substrate. Data are expressed as a 

percentage of metabolite formation formed in assays with cannabinoid compared to 

assays without cannabinoids. 

 

Figure 3.  Lineweaver-Burk plots for the inhibition of CYP2B6, CYP2C9 and 

CYP2D6 in microsomes from recombinant CYP450-overexpressing cells by THC 

metabolites. A, inhibition by 11-OH-THC; B, inhibition by THC-COO-Gluc.  
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Supplemental Figure 1. Chromatograms of probe metabolites in assays 

containing microsomes from CYP450-overexpressing cells. The probe metabolite 

examined is described with the mass transition shown in brackets. The traces for D3- or 

D6-labeled OH-bupropion, 4-hydroxydiclofinac, and dextrorphan are shown in red. 

  

Supplementary Figure 2. Lineweaver-Burk plots for the inhibition of CYP450 

activity in microsomes from recombinant CYP450-overexpressing cells by 

cannabinoids. A, inhibition by THC; B, inhibition by CBD; C, inhibition by CBN. 
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Table 1. IC
50 

values of cannabinoids and THC metabolites against major hepatic CYP450 enzymes in microsomes from 

recombinant CYP450-overexpressing cells or HLM. 

a 
Values are the mean + S.D. in µM for four independent experiments with three replicates per group.  

b 
IC50,u values represent IC50 values after correction for unbound fraction (fu,inc) of individual cannabinoids as described in the Methods.  

c
 NA, not analyzed.

Probe substrate 

Microsomal 
protein 

THC 11-OH-THC THC-COO-Gluc CBD CBN 

IC50
a
 IC50,u

a,b
 IC50 IC50,u IC50 IC50,u IC50 IC50,u IC50 IC50,u 

phenacetin 
rCYP1A2 2.7 ± 1.2 0.12 ± 0.052 NA

c
 NA 2.1 ± 0.93 0.13 ± 0.058 NA 

HLM 5.2 ± 2.1 0.27 ± 0.11 NA NA 6.8 ± 1.5 0.67 ± 0.15 NA 

midazolam 
rCYP3A4 NA NA NA 3.0 ± 0.52 0.19 ± 0.032 NA 

HLM NA NA NA 4.6 ± 1.3 0.45 ± 0.13 NA 

bupropion 
rCYP2B6 10 ± 6.4 0.43 ± 0.28 7.1 ± 3.3 0.55 ± 0.26 5.5 ± 1.6 2.5 ± 0.72 2.1 ± 0.61 0.13 ± 0.038 2.1 ± 0.87 0.63 ± 0.26 

HLM 19 ± 2.3 0.97 ± 0.12 8.2 ± 3.7 0.77 ± 0.35 5.3 ± 2.4 2.3 ± 1.0 2.7 ± 2.4 0.26 ± 0.24 1.7 ± 0.59 0.88 ± 0.31 

diclofenac 
rCYP2C9 4.5 ± 3.0  0.19 ± 0.13 3.8 ± 1.1 0.30 ± 0.086 15 ± 4.5 6.8 ± 2.0 3.6 ± 1.6 0.22 ± 0.099 1.4 ± 0.44 0.42 ± 0.13 

HLM 7.2 ± 2.6 0.37 ± 0.13 4.8 ± 2.6 0.45 ± 0.24 18 ± 2.5 7.7 ± 1.1 4.9 ± 1.6 0.48 ± 0.16 2.9 ± 0.51 1.51 ± 0.27 

omeprazole 
rCYP2C19 3.6 ± 0.70 0.15 ± 0.030 NA NA 2.5 ± .50 0.16 ± 0.031 NA 

HLM 4.2 ± 1.1 0.21 ± 0.056 NA NA 3.7 ± 1.5 0.36 ± 0.15 NA 

dextromethorphan 
rCYP2D6 11 ± 1.8 0.47 ± 0.077 4.3 ± 1.5 0.34 ± 0.12 7.8 ± 1.6 3.5 ± 0.72 3.1 ± 0.64 0.19 ± 0.040 NA 

HLM 15 ± 5.3 0.77 ± 0.27 6.5 ± 3.4 0.61 ± 0.32 13 ± 3.6 5.6 ± 1.5 5.3 ± 1.0 0.52 ± 0.10 NA 

chlorzoxazone 
rCYP2E1 NA NA NA 0.59 ± 0.13 0.037 ± 0.0081 0.92 ± 0.10 0.28 ± 0.030 

HLM NA NA NA 1.4 ± 0.25 0.14 ± 0.025 1.1 ± 0.72 0.57 ± 0.37 
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Table 2. Effect of preincubation on inhibition of CYP activity by cannabinoids and THC metabolites in microsomes from  
CYP450-overexpressing cell lines. 

a

 (-), IC50 + S.D. (µM) value of three experiments with 30 min preincubation of test cannabinoid with enzyme without NADPH. 
b

 (+), IC50 + S.D. (µM) value of three experiments with 30 min preincubation of test cannabinoid with enzyme and NADPH. 
c Shift = (IC

50
 “minus NADPH”/IC

50
 “plus NADPH”) + S.D. of three experiments. 

d NA, not analyzed. 
  

  THC 11-OH-THC THC-COO-Gluc CBD CBN 
Enzyme (-)

a
 (+)

b
 shift

c
 (-) (+) shift (-) (+) shift (-) (+) shift (-) (+) shift 

CYP1A2 2.7 ± 1.0 1.8 ± 0.55 1.4 ± 0.12 NA
d
 NA 2.1 ± 0.25 1.8 ± 0.31 1.2 ± 0.20 NA 

CYP3A4 NA NA NA 3.1 ± 1.2 2.0 ± 1.1 1.1 ± 0.077 NA 

CYP2B6 19 ± 5.1 18 ± 5.0 1.1 ± 0.049 7.3 ± 1.0 6.1 ± 1.0 1.2 ± 0.094 5.1 ± 1.6 4.1 ± 1.0 1.4 ± 0.16 1.9 ± 0.66 1.3 ± 0.45 1.3 ± 0.048 2.1 ± 0.83 2.0 ± 0.70 1.1 ± 0.061 

CYP2C9 3.4 ± 2.3 2.3 ± 1.7 1.4 ± 0.17 3.2 ± 0.61 2.2 ± 0.59 1.4 ± 0.18 15 ± 2.4 15 ± 2.7 1.0 ± 0.044 2.2 ± 1.2 1.8 ± 0.85 1.2 ± 0.12 3.0 ± 2.2 2.7 ± 2.1 1.1 ± 0.11 

CYP2C19 3.2 ± 2.5 2.5 ± 1.8 1.3 ± 0.13 NA NA 2.5 ± 1.5 2.3 ± 1.3 1.1 ± 0.074 NA 

CYP2D6 13 ± 0.67 10 ± 0.92 1.3 ± 0.068 2.9 ± 0.86 2.1 ± 0.49 1.3 ± 0.14 8.1 ± 1.1 6.4 ± 2.5 1.4 ± 0.51 2.9 ± 1.1 2.0 ± 0.76 1.5 ± 0.33 NA 

CYP2E1 NA NA NA 1.1 ± 0.66 0.9 ± 0.40 1.2 ± 0.20 0.87 ± 0.15 0.73 ± 0.21 1.2 ± 0.16 
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Table 3. Summary of Ki values and inhibition type for major cannabinoids and THC metabolites against hepatic CYP450 enzymes.* 

a, b

 Values are expressed as µM; shown are the mean + SD for 3 independent experiments performed for the inhibition of each CYP450 enzyme by each cannabinoid. 
b

 T, type of inhibition. C, competitive inhibition; M, mixed inhibition. 
c

 The probe substrate used were phenacetin, midazolam, bupropion, diclofenac, omeprazole, dextromethorphan and chlorzoxazone for CYP1A2, CYP3A4, CYP2B6, CYP2C9, 
CYP2C19, CYP2D6, and CYP2E1, respectively. 
d
 NA, not analyzed. 

Microsomal 
Protein 

THC 11-OH-THC THC-COO-Gluc CBD CBN 

Ki
a 

Ki,u
a 

T
b
 Ki Ki,u T Ki Ki,u T Ki Ki,u T Ki Ki,u T 

rCYP1A2
c 

2.1 ± 0.62 0.090 ± 0.027 C
 

NA
d
 NA 

1.9 ±1.2 0.12 ± 0.074 M 
NA 

HLM 2.0 ± 1.1 0.10 ± 0.056 C 2.1 ± 1.1 0.21 ± 0.11 M 

rCYP3A4 
NA NA NA 

1.5 ± 0.59 0.093 ± 0.037 C 
NA 

HLM 2.2 ± 0.45 0.22 ± 0.044 C 

rCYP2B6 5.7 ± 1.0 0.25 ± 0.043 C 1.1 ± 0.85 0.086 ± 0.066 C 2.0 ± 1.2 0.90 ± 0.54 C 1.1 ± 0.24 0.068 ± 0.015 C 0.62 ± 0.19 0.19 ± 0.057 C 

HLM 7.5 ± 0.56 0.38 ± 0.029 C 2.8 ± 0.44 0.26 ± 0.041 C 2.6 ± 1.1 1.1 ± 0.47 C 2.2 ± 0.53 0.22 ± 0.052 C 1.7 ± 0.42 0.88 ± 0.22 C 

rCYP2C9 1.7 ± 0.53 0.073 ± 0.023 C 0.73 ± 0.56 0.057 ± 0.044 C 4.7 ± 1.8 2.1 ± 0.81 C 1.5 ± 0.57 0.093 ± 0.035 C 1.0 ± 0.19 0.30 ± 0.057 C 

HLM 3.4 ± 0.91 0.17 ± 0.046 M 2.2 ± 0.34 0.21 ± 0.032 C 7.8 ± 0.65 3.4 ± 0.28 M 1.9 ± 0.15 0.19 ± 0.015 C 1.9 ± 1.3 0.99 ± 0.68 C 

rCYP2C19 1.3 ± 0.42 0.056 ± 0.018 M 
NA NA 

0.81 ± 0.092 0.050 ± 0.0057 C 
NA 

HLM 4.1 ± 1.6 0.21 ± 0.082 M 0.94 ± 0.063 0.092 ± 0.0062 M 

rCYP2D6 2.5 ± 0.35 0.11 ± 0.015 C 1.9 ± 0.86 0.15 ± 0.067 C 5.0 ± 1.2 2.3 ± 0.54 C 1.2 ± 0.77 0.074 ± 0.048 C 
NA 

HLM 5.4 ± 0.58 0.28 ± 0.030 C 3.4 ± 2.5   0.32 ± 0.24 C 6.2 ± 1.7 2.7 ± 0.73 C    3.2 ± 1.4 0.31 ± 0.14 C 

rCYP2E1 
NA NA NA 

0.34 ± 0.098 0.021 ± 0.0061 C 0.21 ± 0.097 0.063 ± 0.029 C 

HLM 0.59 ± 0.23 0.058 ± 0.023 C 0.33 ± 0.091 0.17 ± 0.047 C 
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 Table 4. Prediction of CYP mediated clinical drug interaction potential after oral or inhaled dose of THC or CBD.a  

a The AUCRhep and AUCRsys were calculated for THC, 11-OH-THC and THC-COO-Gluc based on oral or inhaled dosing of THC; the AUCRhep 
and AUCRsys were calculated for CBD based on oral or inhaled dosing of CBD as described in the Materials and Methods. 
b NA, not analyzed. 

 

  THC 11-OH-THC THC-COO-Gluc CBD 

 

oral inhaled oral inhaled oral inhaled oral inhaled 

enzyme AUCRhep AUCRsys AUCRsys AUCRhep AUCRsys AUCRsys AUCRhep AUCRsys AUCRsys AUCRhep AUCRsys AUCRsys 

CYP1A2 1.25 1.02 1.08 NAb NA 7.38 1.20 1.09 

CYP3A4 NA NA NA 9.24 1.26 1.11 

CYP2B6 1.09 1.01 1.03 1.32 1.03 1.02 1.08 1.03 1.03 12.26 1.35 1.15 

CYP2C9 1.31 1.03 1.10 1.44 1.04 1.03 1.05 1.02 1.02 9.24 1.26 1.11 

CYP2C19 1.40 1.03 1.13 NA NA 16.32 1.48 1.21 

CYP2D6 1.20 1.02 1.07 1.17 1.02 1.02 1.08 1.03 1.03 11.94 1.34 1.15 

CYP2E1 NA NA NA 37.47 2.14 1.49 
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Supplemental Figure 1. Chromatograms of probe metabolites in assays containing 
microsomes from CYP450-overexpressing cells. The probe metabolite examined is 
described with the mass transition shown in brackets. The traces for D3- or D6-labeled OH-
bupropion, 4-hydroxydiclofinac, and dextrorphan are shown in red.

Supplementary Figure 2. Lineweaver-Burk plots for the inhibition of CYP450 activity 
in microsomes from recombinant CYP450-overexpressing cells by cannabinoids. A, 
inhibition by THC; B, inhibition by CBD; C, inhibition by CBN.

Supplemental Figure Legends 
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Supplemental Figure 2



CYP probe substrate metabolite probe inhibitor [substrate] ( M) incubation time (min)
CYP1A2 phenacetin acetaminophen furafylline 10 15
CYP2B6 bupropion

efavirenz
hydroxybupropion
8-hydroxyefavirenz

clopidogrel 100
8

15
15

CYP2C8 amodiaquine desethylamodiaquine montelukast 2 15
CYP2C9 diclofenac

S-warfarin
4’-hydroxydiclofenac

7-hydroxywarfarin
sulfaphenazole 10

10
15
15

CYP2C19 omeprazole 5-hydroxyomeprazole tranylcypromine 1.0 30
CYP2D6 dextromethorphan 

bufuralol
dextrorphan

1-hydroxybufuralol
quinidine 5

10
15
20

CYP2E1 chlorzoxazone 6 hydroxychlorzoxazone chlormethiazole 100 15
CYP3A4 midazolam 1-hydroxymidazolam ketoconazole 5 8

Supplemental Table 1. Conditions used for inhibition assays.



probe 
substrate

microsoma
l protein

THC 11-OH-THC THC-COO-Gluc CBD CBN
IC50 IC50,u IC50 IC50,u IC50 IC50,u IC50 IC50,u IC50 IC50,u

efavirenz rCYP2B6 2.8 ± 0.81 0.14 ± 0.0405 5.1 ± 0.52 0.255 ± 0.026 3.2 ± .92 0.16 ± 0.046 3.2 ± 0.58 0.384 ± 0.070 2.8 ± 0.12 0.14 ± 0.0060

bufuralol rCYP2D6 5.2 ± 0.85 0.26 ± 0.0425 3.1 ± 0.53 0.155 ± 0.026 7.0 ± 1.1 0.35 ± 0.055 1.5 ± 0.28 0.18 ± 0.034 NAa

S-warfarin rCYP2C9 3.1 ± 0.48 0.15 ± 0.024 2.8 ± .35 0.14 ± 0.018 7.2 ± .42 0.36 ± 0.021 1.8 ± .21 0.216 ± 0.025 1.4 ± 0.20 0.07 ± 0.010

Supplemental Table 2. Inhibition of cannabinoids and THC metabolites against additional probe substrates for CYP2B6, 
CYP2D6, and CYP2C9 using microsomes from recombinant CYP450-overexpressing cells.

a NA, not analyzed.


