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Figure S1. Dose-normalized observed cannabidiol (CBD) concentration vs. time profiles following 
(A) intravenous (IV) administration, (B) oromucosal spray administration, and (C) oral 
administration. If profiles of different replicates in the same study were reported, they would be 
noted on the labels. Formulations of oral CBD were also noted on the labels. SEDDS, self-
emulsifying drug delivery systems; first dose, concentration of the first dose when given as repeat 
doses. 



 



 



 

Figure S2. Dose-normalized observed delta-9-tetrahydrocannabinol (THC) concentration profiles 
following (A) IV administration, (B) oromucosal spray administration, (C) inhalation administration, 
and (D) oral administration. If concentration profiles of different subjects, replicates, or THC 
exposure frequency in the same study were reported, they would be noted on the labels. 

  



 

Figure S3. Sensitivity analyses assessing the impact of various PBPK model parameters on the 
area under the concentration-time curve from 0 to 24 h (AUC0-24) for (A) CBD and (B) 7-OH-CBD. 
Oral fa, fraction absorbed from the oral dose; Finh, fraction of drug absorbed from the inhalation;  
Lung ka, first-order lung absorption rate constant; Kp scalar, scalar applied to predicted tissue Kp 
values; fu,plasma, fraction unbound in plasma; CLiv, intravenous clearance.  



 

Figure S4. Sensitivity analyses assessing the impact of various PBPK model parameters on the 
peak concentration (Cmax) of (A) CBD and (B) 7-OH-CBD. Oral fa, fraction absorbed from the oral 
dose; Finh, fraction of drug absorbed from the inhalation;  Lung ka, first-order lung absorption rate 
constant; Kp scalar, scalar applied to predicted tissue Kp values; fu,plasma, fraction unbound in 
plasma; CLiv, intravenous clearance.  



 

Figure S5. Sensitivity analyses assessing the impact of various PBPK model parameters on 
AUC0-24 for (A) THC, (B) 11-OH-THC, and (C) 11-COOH-THC. Oral fa, fraction absorbed from the 
oral dose; oral ka, first-order absorption rate constant; Finh, fraction of drug absorbed from the 
inhalation;  Lung ka, first-order lung absorption rate constant; Km, Michaelis constant; CLint, in vitro 
intrinsic clearance; Vss, volume of distribution at steady state; Vsac, volume of the single adjusting 
compartment; Q, intercompartmental clearance.  



 

Figure S6. Sensitivity analyses assessing the impact of various PBPK model parameters on Cmax 
of (A) THC, (B) 11-OH-THC, and (C) 11-COOH-THC. Oral fa, fraction absorbed from the oral dose; 
oral ka, first-order absorption rate constant; Finh, fraction of drug absorbed from the inhalation;  
Lung ka, first-order lung absorption rate constant; Km, Michaelis constant; CLint, in vitro intrinsic 
clearance; Vss, volume of distribution at steady state; Vsac, volume of the single adjusting 
compartment; Q, intercompartmental clearance. 

  



 

Figure S7. Schematic diagram of the organ compartments used in the whole-body physiologically 
based pharmacokinetic (PBPK) model for CBD and 7-OH-CBD. 7-OH-CBD is metabolized from 
CBD in the liver and enters the systemic circulation.  



 

Figure S8. Schematic diagram of the organ compartments used in the whole-body PBPK model 
for THC and 11-OH-THC. 11-OH-THC is metabolized from THC in the liver and enters the 
systemic circulation.  



 

Figure S9. Schematic diagram of the compartments used in the minimal PBPK model for 11-
COOH-THC. 11-COOH-THC is metabolized from 11-OH-THC in liver. 



 

Figure S10. Observed and PBPK model-predicted CBD plasma concentrations. The red shaded 
areas represent the 5th to 95th percentiles of predicted values. The red lines and blue circles 
represent the mean predicted value and observed concentrations, respectively. 



 
Figure S11. Observed and PBPK model-predicted 7-OH-CBD plasma concentrations. The red 
shaded areas represent the 5th to 95th percentiles of predicted values. The red lines and blue 
circles represent the mean predicted value and observed concentrations, respectively.



 

Figure S12. Observed and PBPK model-predicted THC plasma concentrations. If labeled with 
whole blood, the whole blood concentration was illustrated. The red shaded areas represent the 
5th to 95th percentiles of predicted values. The red lines and blue circles represent the mean 
predicted value and observed concentrations, respectively.



 

Figure S13. Observed and PBPK model-predicted 11-OH-THC plasma concentrations. The red 
shaded areas represent the 5th to 95th percentiles of predicted values. The red lines and blue 
circles represent the mean predicted value and observed concentrations, respectively.



 

Figure S14. Observed and PBPK model-predicted 11-COOH-THC plasma concentrations. The 
red shaded areas represent the 5th to 95th percentiles of predicted values. The red lines and blue 
circles represent the mean predicted value and observed concentrations, respectively.



Table S1. PBPK predicted and observed CBD and 7-OH-CBD exposure in healthy adults. 

Formulation Trial Model/ 
Validationa Dose 

Observed  
AUC0-t  

(h·ng/mL) 

Predicted 
AUC0-t 

(h·ng/mL) 

AUC 
Predicted: 
Observed 

Observed 
Cmax 

(ng/mL) 

Predicted 
Cmax 

(ng/mL) 

Cmax 
Predicted: 
Observed  

CBD 
   

 
     

IV Ohlsson 19861 M 20 mg SD 278.17 295.49 1.06 686.00 967.55 1.41  
Meyer 20182 V 1.6 mg CBD and 1.6 mg THC SD, 

with Tween 80 
13.65 13.39 0.98 22.00 24.90 1.13 

Oromucosal 
spray 

Stott 2013a3 M 10 mg CBD and 10.8 mg THC SD, 
pre-ketoconazole 

1.82 2.80 1.54 0.66 0.72 1.09 
 

 M 10 mg CBD and 10.8 mg THC SD, 
post-ketoconazole 

4.83 5.03 1.04 1.25 1.14 0.91 
 

 M 10 mg CBD and 10.8 mg THC SD, 
pre-omeprazole 

1.83 2.69 1.47 0.63 0.69 1.10 
 

 M 10 mg CBD and 10.8 mg THC SD, 
post-omeprazole 

2.25 3.20 1.42 0.73 0.80 1.08 
 

 V 10 mg CBD and 10.8 mg THC SD, 
pre-rifampicin 

3.23 2.69 0.83 1.03 0.71 0.69 
 

 V 10 mg CBD and 10.8 mg THC SD, 
post-rifampicin 

1.31 1.34 1.02 0.50 0.43 0.86 
 

Stott 2013b4 V 5 mg SD 1.54c 1.34c 0.87 0.39 0.35 0.90  
 V 10 mg SD 5.02c 2.72c 0.54 1.15 0.71 0.62  
 V 20 mg SD 10.37c 5.54c 0.53 2.17 1.45 0.67 

Oral solution Taylor 20185 M 750 mg SDb 1070.00 1071.76 1.00 290.80 275.22 0.95 
(Epidiolex)  M 3000 mg SDb 2669.00 2457.51 0.92 533.00 522.13 0.98  

 M 6000 mg SDb 3696.00 3767.69 1.02 782.00 801.97 1.03  
 V 1500 mg SDb 1517.00 1274.37 0.84 292.40 275.34 0.94  
 V 4500 mg SDb 3216.00 2925.67 0.91 723.10 635.50 0.88 

7-OH-CBD 
   

      
Oral solution Taylor 20185 M 750 mg SDb 699.00 846.84 1.21 123.00 209.19 1.70 
(Epidiolex)  M 3000 mg SDb 1959.00 2068.42 1.06 332.20 436.01 1.31  

 M 6000 mg SDb 3299.00 3209.71 0.97 515.80 674.68 1.31  
 V 1500 mg SDb 1616.00 1050.25 0.65 238.70 220.63 0.92  
 V 4500 mg SDb 2810.00 2284.03 0.81 404.80 480.88 1.19 

The observed area under the concentration-time curve from time zero to time of the last observed concentration (AUC0-t) and the 
maximum concentration (Cmax) was presented as the reported mean value. IV, intravenous; SD, single dose. 
a M, dataset was used for developing model; V, dataset was used for validation. 
b Geometric mean. 
c AUC0-24. 
 



Table S2. PBPK predicted and observed THC exposure in healthy adults. 

Formulation Trial Model/ 
Validationa Dose 

Observed 
AUC0-t  

(h·ng/mL) 

Predicted 
AUC0-t 

(h·ng/mL) 

AUC 
Predicted: 
Observed 

Observed 
Cmax 

(ng/mL) 

Predicted 
Cmax 

(ng/mL) 

Cmax 
Predicted: 
Observed 

IV Hunt 19806 M 2 mg SD, before chronic THC 30.39b 32.61 1.07 126.05 133.04 1.06  
 M 2 mg SD, after chronic THC 24.96b 32.61 1.31 106.19 133.04 1.25  

Ohlsson 19827 M 5 mg SD, heavy users 86.33 88.89 1.03 60.70 43.73 0.72  
 M 5 mg SD, light users 91.00 88.89 0.98 71.60 43.73 0.61  

Naef 20048 M 0.053 mg/kg SD, with Tween 80 117.13 59.61 0.51 283.90 302.80 1.07  
Ohlsson 19809 V 5 mg SD 72.17 70.54 0.98 220.00 277.37 1.26  

Lindgren 198110 V 5 mg SD, frequent user 71.67 69.89 0.98 288.00 275.91 0.96  
 V 5 mg SD, non-frequent user 100.67 69.89 0.69 302.00 275.91 0.91  

Kelly 199211 V 5 mg SD, frequent user 165.13 97.37 0.59 437.60 728.47 1.66  
 V 5 mg SD, non-frequent user 118.23 97.37 0.82 386.10 728.47 1.89  

Morrison 200912 V 2.5 mg SD 34.12 37.73 1.11 176.68 176.85 1.00  
Morrison 201113 V 1.25 mg SD 21.42b 15.93 0.74 109.00 95.18 0.87  
Barkus 201114 V 2.5 mg SD 29.22 31.46 1.08 152.62 175.98 1.15  
Meyer 20182 V 1.6 mg SD, with 1.6 mg CBD and 

Tween 80 
8.57b 8.82 1.03 30.00 25.43 0.85 

Oromucosal 
spray 

Stott 2013a3 M 10.8 mg THC and 10 mg CBD SD, 
pre-ketoconazole 

8.19 10.12 1.24 2.65 3.08 1.16 
 

 M 10.8 mg THC and 10 mg CBD SD, 
post-ketoconazole 

15.38 28.18 1.83 3.36 6.53 1.94 
 

 M 10.8 mg THC and 10 mg CBD SD, 
pre-omeprazole 

8.76 10.12 1.16 2.50 3.08 1.23 
 

 M 10.8 mg THC and 10 mg CBD SD, 
post-omeprazole 

7.41 10.14 1.37 2.48 3.09 1.25 
 

 V 10.8 mg THC and 10 mg CBD SD, 
pre-rifampicin 

9.10 10.12 1.11 2.94 3.08 1.05 
 

 V 10.8 mg THC and 10 mg CBD SD, 
post-rifampicin 

6.53 5.48 0.84 1.88 2.09 1.11 
 

Stott 2013b4 V 5.4 mg SD 2.99 5.11 1.71 1.48 1.62 1.09  
 V 10.8 mg SD 11.64 10.26 0.88 3.98 3.25 0.82  
 V 21.6 mg SD 22.70 20.67 0.91 5.40 6.42 1.19 

Inhalation Ohlsson 19809 / 13 mg SD 33.00 26.03 0.79 77.00 39.87 0.52  
Lindgren 198110 / 13.4 mg SD, light user 24.00 21.11 0.88 67.00 37.02 0.55  

 / 12.7 mg SD, heavy user, Finh = 0.50 36.00 43.32 1.20 98.00 76.14 0.78  
Barnett 198215 / 8.94 mg SD 16.45 17.44 1.06 45.60 30.19 0.66  
Ohlsson 19827 / 8.9 mg SD, light user 24.00 30.44 1.27 16.00 26.35 1.64  

 / 8.9 mg SD heavy user 41.00 30.39 0.74 32.00 26.35 0.82  
Perez-Reyes 

198216 
/ 9.7 mg SD, Finh = 0.70 68.72 61.52 0.90 94.30 78.93 0.84 

 
 / 12.8 mg SD, Finh = 0.70 77.45 81.20 1.05 107.40 101.90 0.95  
 / 16 mg SD, Finh = 0.70 101.08 101.51 1.00 155.10 127.38 0.82  

McBurney 
198617 

/ 0.15 mg/kg SD 67.00 68.88 1.03 85.00 72.78 0.86 
 

Johansson 
198818 

/ 15 mg SD 36.00 54.15 1.51 10.00 11.09 1.11 
 

Huestis 199219 / 15.8 mg SD, Finh = 0.35 79.00 82.47 1.04 84.00 77.18 0.92 



Formulation Trial Model/ 
Validationa Dose 

Observed 
AUC0-t  

(h·ng/mL) 

Predicted 
AUC0-t 

(h·ng/mL) 

AUC 
Predicted: 
Observed 

Observed 
Cmax 

(ng/mL) 

Predicted 
Cmax 

(ng/mL) 

Cmax 
Predicted: 
Observed 

Inhalation Huestis 199219 / 33.8 mg SD, Finh = 0.35 152.00 176.51 1.16 162.00 165.15 1.02  
Mattes 199420 / 2.57 mg SD, Finh = 1 24.50 21.86 0.89 9.09 8.57 0.94  

Naef 20048 / 0.053 mg/kg SD, Finh = 0.5 20.50 20.21 0.99 19.27 24.75 1.28  
Kauert 200721 / 0.25 mg/kg SD 23.00 33.71 1.47 48.00 28.73 0.60  

 / 0.5 mg/kg SD 40.00 67.45 1.69 79.00 57.48 0.73  
Toennes 200822 / 0.5 mg/kg SD, chronic user 86.00 94.53 1.10 120.90 115.06 0.95  

 / 0.5 mg/kg SD, occasional user, Finh 
=  0.10 

35.00 42.60 1.22 49.10 51.80 1.05 
 

Hunault 200823 / 29.3 mg SD 76.00 72.00 0.95 135.00 84.05 0.62  
 / 49.1 mg SD 113.00 120.43 1.07 203.00 140.77 0.69  
 / 69.4 mg SD 150.00 170.29 1.14 231.00 199.01 0.86  

Toennes 201124 / 0.4 mg/kg SD, chronic user 88.00 64.74 0.74 112.00 91.84 0.82  
Hunault 201425 / 29.3 mg SD 69.00 73.30 1.06 124.00 85.26 0.69  

 / 49.1 mg SD 102.00 122.67 1.20 168.00 142.74 0.85  
 / 69.4 mg SD 135.00 173.45 1.28 190.00 201.79 1.06  

Desrosiers 
201426 

/ 54 mg SD, frequent user 178.00 159.73 0.90 47.70 55.13 1.16 
 

 / 54 mg SD, occasional user, Finh = 
0.05 

29.10 37.02 1.28 16.70 12.77 0.76 
 

Hartman 201527 / 14.5 mg SD 44.60 35.57 0.80 46.50 45.72 0.98  
 / 33.5 mg SD 56.20 82.23 1.46 62.10 100.6 1.62  

Newmeyer 
201728 

/ 50.6 mg SD, whole blood 
concentration, occasional user, Finh 

= 0.08 

/ / / 44.00 39.95 0.91 

 
 / 50.6 mg SD, whole blood 

concentration, frequent user 
/ / / 117.00 104.71 0.89 

 
Meyer 20182 / 1.6 mg SD, with 1.6mg CBD, Finh = 

0.35 
1.68b 3.16 1.88 10.00 7.73 0.77 

 
Matheson 

202029 
/ 73.3 mg SD, female, Finh = 0.025 11.97 18.66 1.56 21.91 26.54 1.21 

 
 / 86 mg SD, male, Finh = 0.025 27.48 22.05 0.80 42.05 26.47 0.63 

Oral Parikh 201630 M 4.25 mg SD, replicate 1 3.44 4.21 1.22 1.81 1.25 0.69  
 M 4.25 mg SD, replicate 2 3.62 4.21 1.16 2.08 1.25 0.60  

Nadulski 200531 V 10 mg SD 5.96 9.92 1.66 3.19 2.94 0.92  
Menetrey 200532 V 16.5 mg SD, whole blood 

concentration 
16.25 11.46 0.71 3.72 3.41 0.92 

 
 V 20 mg SD, whole blood 

concentration 
17.52 13.93 0.80 2.78 3.79 1.36 

 
 V 45.7 mg SD, whole blood 

concentration 
43.61 31.95 0.73 8.39 9.52 1.13 

AUC0-t and Cmax were presented as the reported mean value unless labeled. IV, intravenous; SD, single dose; /, not applied; Finh, 
fraction of drug absorbed from the inhalation, the default Finh is 0.22. 
a M: dataset was used for developing the model; V: dataset was used for validation. 
b AUC0-t was calculated using the trapezoidal method. 



Table S3. PBPK predicted and observed 11-OH-THC and 11-COOH-THC exposure in healthy adults. 

Formulation Trial Model/ 
Validationa Dose 

Observed 
AUC0-t  

(h·ng/mL) 

Predicted 
AUC0-t 

(h·ng/mL) 

AUC 
Predicted: 
Observed 

Observed 
Cmax 

(ng/mL) 

Predicted 
Cmax 

(ng/mL) 

Cmax 
Predicted: 
Observed 

11-OH-THC 
         

IV Naef 20048 M 0.053 mg/kg IV Single dose 13.70b 7.35 0.54 9.18 7.17 0.78  
Meyer 20182 V 1.6 mg SD, with 1.6 mg CBD and 

Tween 80 
4.50b 2.32 0.52 5.00 3.25 0.65 

Oromucosal 
spray 

Stott 2013a3 M 10.8 mg THC and 10 mg CBD SD, 
pre-ketoconazole 

21.78 15.90 0.73 3.59 2.97 0.83 

  M 10.8 mg THC and 10 mg CBD SD, 
post-ketoconazole 

84.34 82.53 0.98 10.92 11.93 1.09 

  M 10.8 mg THC and 10 mg CBD SD, 
pre-omeprazole 

21.52 15.90 0.74 3.48 2.97 0.85 

  M 10.8 mg THC and 10 mg CBD SD, 
post-omeprazole 

17.69 16.19 0.92 2.84 2.97 1.05 

  V 10.8 mg THC and 10 mg CBD SD, 
pre-rifampicin 

18.61 15.90 0.85 3.38 2.97 0.88 

  V 10.8 mg THC and 10 mg CBD SD, 
post-rifampicin 

1.84 2.82 1.53 0.45 0.69 1.53 

 Stott 2013b4 V 5.4 mg SD 10.25 6.65 0.65 2.28 1.37 0.6 
  V 10.8 mg SD 28.72 14.67 0.51 4.67 2.97 0.61 
  V 21.6 mg SD 60.70 37.49 0.62 8.28 5.82 0.70 

Inhalation Huestis 199219 / 15.8 mg SD, Finh = 0.35 8.80 15.71 1.79 5.73 6.90 1.20 
  / 33.8 mg SD, Finh = 0.35 17.05 33.82 1.98 7.23 14.93 2.06 
 Naef 20048 / 0.053 mg/kg SD, Finh = 0.5 4.54b 3.64 0.80 1.36 2.36 1.74 
 Kauert 200721 / 0.25 mg/kg SD 4.60 7.22 1.57 2.50 4.07 1.63 
  / 0.5 mg/kg SD 8.00 14.50 1.81 3.60 8.21 2.28 
 Toennes 200822 / 0.5 mg/kg SD, chronic user 31.00 18.00 0.58 12.30 11.04 0.90 
  / 0.5 mg/kg SD, occasional user 14.00 8.76 0.63 6.70 5.47 0.82 
 Hunault 200823 / 29.3 mg SD 24.20 13.01 0.54 9.20 7.87 0.86 
  / 49.1 mg SD 36.70 21.93 0.60 16.40 13.3 0.81 
  / 69.4 mg SD 40.40 31.10 0.77 15.80 18.9 1.20 
 Desrosiers 

201426 
/ 54 mg SD, frequent user 22.90 33.84 1.48 10.80 9.15 0.85 

  / 54 mg SD, occational user,  
Finh = 0.05 

11.40 8.99 0.79 5.30 3.84 0.72 

 Hartman 201527 / 14.5 mg SD 5.80 7.04 1.21 4.10 4.51 1.10 
  / 33.5 mg SD 9.80 16.34 1.67 7.00 10.01 1.43 
 Newmeyer 

201728 
/ 50.6 mg SD, blood concentration, 

Finh = 0.08, occasional user 
/ / / 1.90 3.79 1.99 

  / 50.6 mg SD, blood concentration 
frequent user 

/ / / 7.20 9.41 1.31 

 Meyer 20182 / 1.6 mg SD, with CBD, Finh = 0.35 0.40b 0.64 1.60 1.00 0.76 0.76  
Matheson 

202029 
/ 73.3 mg SD, Female 3.14 5.34 1.70 2.36 3.34 1.42 

  / 86 mg SD, Male 6.40 5.71 0.89 3.94 2.99 0.76 



Formulation Trial Model/ 
Validationa Dose 

Observed 
AUC0-t  

(h·ng/mL) 

Predicted 
AUC0-t 

(h·ng/mL) 

AUC 
Predicted: 
Observed 

Observed 
Cmax 

(ng/mL) 

Predicted 
Cmax 

(ng/mL) 

Cmax 
Predicted: 
Observed 

11-COOH-THC 
         

IV Naef 20048 M 0.053 mg/kg SD 210.18 219.08 1.04 37.41 35.64 0.95 
 Meyer 20182 V 1.6 mg SD, with 1.6 mg CBD and 

Tween 80 
104.22b 49.96 0.48 34.00 15.90 0.47 

Inhalation Perez-Reyes 
198216 

/ 9.7 mg SD, Finh = 0.70 103.90 117.57 1.13 31.50 38.67 1.23 

  / 12.8 mg SD, Finh = 0.70 130.07 154.46 1.19 43.10 50.68 1.18 
  / 16 mg SD, Finh = 0.70 145.46 192.21 1.32 45.30 62.91 1.38 
 Huestis 199219 / 15.8 mg SD, Finh = 0.35 446.76 237.17 0.53 20.67 35.77 1.73 
  / 33.8 mg SD, Finh = 0.35 1190.47 500.23 0.42 50.60 74.55 1.47 
 Mattes 199420 / 2.57 mg SD, Finh = 1 103.24b 53.78 0.52 18.93 13.49 0.71 
 Naef 20048 / 0.053 mg/kg SD, Finh = 0.5 61.43b 46.51 0.76 9.80 12.53 1.28 
 Hunault 200823 / 29.3 mg SD 90.20 164.90 1.83 30.40 41.75 1.37 
  / 49.1 mg SD 149.70 273.41 1.83 46.20 69.67 1.51 
  / 69.4 mg SD 160.90 382.48 2.37 90.20 92.82 1.03 
 Desrosiers 

201426 
/ 54 mg SD, frequent user 691.00 519.71 0.75 96.50 82.48 0.85 

  / 54 mg SD, occational user,  
Finh = 0.05 

140.00 143.99 1.16 18.60 21.84 1.17 

 Hartman 201527 / 14.5 mg SD 97.30 83.85 0.86 25.30 22.54 0.89 
  / 33.5 mg SD 134.00 191.51 1.43 38.10 51.09 1.34 
 Meyer 20182 / 1.6 mg SD, with 1.6 mg CBD,  

Finh =  0.35 
17.66b 9.37 0.53 6.00 4.07 0.68 

 Matheson 
202029 

/ 73.3 mg SD, Female 38.85 58.75 1.51 11.70 17.87 1.53 

  / 86 mg SD, Male 86.05 69.97 0.81 25.47 18.95 0.74 
AUC0-t and Cmax were presented as the reported mean value unless labeled. IV, intravenous; SD, single dose; /, not applied;  Finh, 
fraction of drug absorbed from the inhalation, the default Finh is 0.22. 
a M: dataset was used for developing the model; V: dataset was used for validation. 
b AUC0-t was calculated using the trapezoidal method.
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