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Abstract: This study establishes and optimizes the physiologically based pharmacokinetics (PBPK) model for
dapagliflozin, predicts the drug distribution into relevant tissues, and calculates the inhibitory effect on the sodium-
glucose cotransporters (SGLTS) in the intestine and renal proximal tubule. Based on literature data, a PBPK model
for oral administration in healthy adults was established and the predicted blood concentration-time curve charac-
teristics, the main pharmacokinetic parameters (PK), and drug excretion in urine were compared with the published
data. To verify and optimize the model and verify the accuracy of the tissue distribution and concentration predic-
tions, a pharmacodynamics model (PD) was established. Urine glucose excretion (UGE) was simulated at the corre-
sponding times. The characteristics of the drug-time curve predicted by the model are similar to those of the

Wik H #91: 2022-01-19; &1 H 311: 2022-04-08.

FEEWH : # PA R BRI L T B H (1 & 2022-2Z-4056).
*J L F # Tel: 86-10-85133632, E-mail: aixins0302@126.com
DOI: 10.16438/j.0513-4870.2022-0094



s BT AR IR ZARE) T TIE G F1 34T i R I SGLT & 4 47 1 © 1875 -

measured curve, and the ratio of the main PK parameters to the measured values is within a two-fold range; the
accuracy of the established PBPK model is good. The maximal inhibition obtained with 10 mg of dapagliflozin on
the duodenum and jejunum segment sodium-glucose co-transporter 1 (SGLT1s) was 1.6%-4.7%, and the inhibition
rate of the sodium-glucose co-transporter 2 (SGLT2s) in the proximal tubule of the kidney was as high as 99.9%.
At a dose of 10 mg, dapagliflozin delayed intestinal glucose absorption while occupying most of the sites (99.9%)
of the renal sodium-glucose cotransporter 2 and inhibiting its glucose reabsorption. This physiological-pharmaco-
kinetic model for dapagliflozin in healthy adults can provide meaningful guidance for exploring pharmacological
mechanisms and potential toxicity of gliflozin by simulating drug distribution in different tissues.
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Figure 1  Structural overview of the whole-body physiologically
based pharmacokinetics (PBPK) model developed to describe dis-
position of dapagliflozin following oral administration. Q: Plasma
flow rate to tissue; CL: Clearance; QH: Blood flows in the hepatic
vein; QHa: Blood flows in the hepatic artery; ACAT: Advanced
compartmental absorption and transit; RO: Reproductive organ;
RM: Red marrow
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Table 1
Asian and European. B/P: Blood/plasma concentration ratio; F:

Parameters for the PBPK modeling of dapagliflozin in

The percent of drug that is not bound to plasma proteins; P
Effective permeability coefficient; CL: Clearance; V,_"*: SGLTs
maximum reabsorption rate for healthy subjects; K.: Dapagliflozin
inhibition constant for SGLTs; K_"**: Michaelis constant of glucose
affinity for SGLTs; SGLTs: Sodium glucose co-transporter; ADMET:
Absorption, distribution, metabolism, excretion, toxicity

Parameter Value Source
Asian

M /g-mol™ 408.88 Pubchem

B/P 0.71 Estimated by ADMET
Predictor 9.0

F/% 9 [5]

Solubility/mg-mL™* pH6.8:1.6 [6]

Particle size radius/um 10 [5]

P Jem-s® 3.539x10*  Optimization

CLg/L-h? 12.03 Fitted

CL/L-h? 19.029  Fitted

European

M /g-mol™ 408.88 Pubchem

B/P 0.71 Estimated by ADMET
Predictor 9.0

F./% 9 [9]

Solubility/mg-mL™* pH6.8:1.6 [6]

Particle size radius/um 10 [5]

P, /cm-s™ 2.539x10*  [9]

CLy/L-h? 12.313 Fitted

CL/L-h* 22.217 Fitted

Vv, for SGLT2/mmol-h* 87.07 [7]
V.= for SGLT1/mmol-h* 18.53 [7]

Inhibition
K, for SGLT1/nmol-L* 119.29 [71
K, for SGLT2/nmol-L* 0.1 71
Glucose
Small intestine
K, for SGLT1/mmol-L™* 1.8 [5]
K, for SGLT2/mmol-L™* 4.9 [5]
Kidney
K, for SGLT1/mmol-L™* 0.5 [8]
K, for SGLT2/mmol-L™* 4 [8]
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Figure 2 The time curves of plasma drug concentration (A:

Asian; B: European) were predicted by software in two clinical
studies at different doses
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Table 2  The predicted and observed data and their folding error values of Asian and European. AUC: Area under the plasma concentration

time curve for time zero to the last time; C,_ .. Maximum concentration; t_ : Time correspondingto C

max*

Dose/mg AUC/ng-h-mL™* C,./ng-mL* t_/h
Observed Simulated Ratio Observed Simulated Ratio Observed Simulated Ratio
Asian
10 398.1 444.32 111 124 140.2 1.13 1 0.64 0.64
20 819.7 899.8 1.09 265 258.8 0.98 0.72 0.72 1
European
10 451.4 380 0.84 98.3 92.1 0.93 1.39 0.8 0.57
20 776.2 997 1.2 224 209 0.93 1.08 0.8 0.81
100 4771 4985 1.04 879 1044 1.18 1.375 0.88 0.64




- 1878 - 22224 Acta Pharmaceutica Sinica 2022, 57(6): 1874 -1879

0.4 A 0.8 B
0.6
0.2 0.4
0.2
o a
= 0 35 10 15 20 25 510 15 20 25
N2 4
L C D
&
= 3
<
5
1 2
£
e
2 1
o
g
g 0 0
-2 5 10 15 20 25 0 5 10 15 20 25
= 04 B 08 F
0.6
0.2 0.4
0.2
0 o
5 10 15 20 25 5 10 15 20 25
Time /h

Figure 3 Observed urinary excretion (pink) of dapagliflozin 24 h
after administrate oral (European: A: 10 mg; B: 20 mg; C: 50 mg;
D: 100 mg; Asian: E: 10 mg; F: 20 mg) and the 90" confidence
interval of the virtual population simulation (green shadow)

Table 3  Urine glucose excretion (UGE) prediction error deter-
mined using the predicted/observed data for single oral administra-
tion of 10 mg (a) and 20 mg (b) in Asian and single oral adminis-
tration of 10 mg (a) and 50 mg (b) in European

Time UGE®/g UGE"/g
/h  Observed Predicted Observed Predicted
Asian 6 42.33 42.94 1.01 65.18 60.47 0.92
12 60.52 66.09 1.09 68.68 82.11 119
18  69.62 73.84  1.06 74.63 98.86 1.32
24 83.26 7474  0.89 106.12 103.49 0.97
European 20  40.13 58.2 1.45 41.52 7334 176
40 695 67.11  0.96 86.9 103 1.18
60 76 67.4 0.88  106.9 105.583 0.98
120 79.99 67.89 0.84 121.22 10559 0.87
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Figure 4  Simulation of inhibitory effects on sodium-glucose

cotransporter 1 (SGLT1s) in upper intestine and proximal tubules
after single oral administration of dapagliflozin 2.5 mg, 10 mg, 20 mg
in Asian and 2.5 mg, 10 mg, 20 mg, 50 mg, 100 mg in European.
A: Jejunum | segment in Asian; B: Duodenum in Asian; C: Jejunum
| segment in European; D: Duodenum in European; E: Proximal
tubules in Asian; F: Proximal tubules in European
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