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Prediction of the pharmacokinetic drug-drug interaction of pravastatin
and pitavastatin with cyclosporine by a digital
liver model based on metabolism and transporter
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2. Center for Drug Evaluation, State Food and Drug Administration, Beijing 100038, China)

Abstract: Information of metabolic enzymes and transporters, physiological parameters of animals and
demography of Chinese people were integrated to establish a digital liver model (DLM) based on metabolism
and transporter and coded with VBA. Clearance and drug-drug interaction (DDI) of candidate drugs in animal
and human could be predicted based on the pharmacokinetic data obtained from in vitro and in vivo experiments.
Pravastatin and pitavastatin were selected as the samples to examine this model, where their clearance and
their DDI with cyclosporine were predicted. The results showed that the predicted values of median parameters
in same species were within twofold of observed values for 83.3% (5/6). The program’s successful prediction
in DDI tendency might indicate its application in optimizing the dosage regimen and reducing the risk of
clinical trial.
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Figure 1 A schematic depiction of the DLM. CLiynux: The transport clearance of drug across the sinusoidal membrane from hepatic
plasma to hepatocytes; CLcmux: The transport clearance of drug across the sinusoidal membrane from hepatocytes to hepatic plasma;
CLint, met : Intrinsic clearance for metabolism (CLiyt, met=Vmax /Km for first-order conditions). CLiy, sec: The biliary intrinsic clearance of
drug across the canalicular membrane from hepatocytes to bile; fip: The unbound fractions in the plasma; fisin.: The unbound fractions in
the hepatocytes or microsomes; finy,: Fraction of the concomitantly administered drug metabolized by P450 enzymes; MPPGL: The
amount of microsome protein per gram of liver; CMV: Canalicular membrane vesicle
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Table 1
[18]

Physiological parameters for modeling in rat and
a: Calibrated with physiological scaling factor;
—: Predicted by the Monte Carlo method based on age

human

Parameter Rat Human
Vp /mL 19.6 5200
VpL /mL 1.28M1 300°
Vi /mL 10 -
Vg /mL 0.0401%! 0.9
O /mL-min""' 6.25 -
Qp /mL-min”" 0.0156 0.243
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CLint, human = Scaling factor x CLiy animal ®)

Table 2 Absolute protein amount in liver tissues across species (fimol'mg ' protein)

Transporter Human Rat Monkey Dog Mouse
MRP2/ABCC2 0.63 +£0.27 5.45+0.59 1.20 + 0.60 0.76 +0.47 ND
BCRP/ABCG2 0.147 +0.028 0.280 +0.098 0.197 £0.113 0.560 +0.137 1.213 £ 0.033
BSEP/ABCBI1 3.40+1.27 6.56 + 0.81 7.03 £3.03 2.90 +0.53 ND
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Table 3 Kinetic parameters for modeling in rats and human.
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a: Calibrated with physiological scaling factor; b: Designated CLegux
-g! liver based on literature™!, arbitrarily; MID: Multiple indicator dilution method

Parameter Pravastatin Pitavastatin Cyclosporin
Rat Human Rat Human -

CLinftux, mip /mL-min~'-g " liver 9.06 1.66 91.5 31.76* -
CLinflux /mL-min"-g " liver 2.47 0.448 53.3 18.5 -
CLeffux /mL-min g " liver® 0.1 0.1 0.1 0.1 -
CLin, sec /mL-min"-g ™" liver 0.906 0.154 0.865"" 0.2408% -
Vinax /pmol-min~"-mg™" protein 6.87 0 319.4 77.4 0.000 125
Koy /umol-L™! 0.846 - 3233 45.1 0.499
V/L 3.5 61.6% 0.335 32504 9153
S 0.64 0.47 0.0134 0.005 23 0.037
F 0.34 0.8 0.20854
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Table 4 Estimated pharmacokinetic parameters of pitavastatin (Pit) and pravastatin (Pra) by the DLM (n = 10). Expressed as median/
90% CI.  Ryyvino: Using transporter clearances from MID of rat, metabolic enzyme parameters from in vitro data of rat; R, ‘,,-,mb: Using
transporter clearances from MID of rat, metabolic enzyme parameters from in vitro data of human; R;, ,i": The same as R;, v,-,mb, except
the transporter clearances were calibrated with scaling factor in different species; H;, vino: Using transporter clearances calibrated with
physiological scaling factor and metabolic enzyme parameters in vitro in human; R;, ,,,: Predicting pharmacokinetic parameters in vivo in
rat; H;, vivo: Predicting pharmacokinetic parameters in vivo in human; R = Predicted Median / Observed Median x 100 %; CI: Confidence

interval; d:n=4;e:n=28

AUC /ng-h-mL™ CL /mL-min""
Route and dose Model
Predicted Observed R /% Predicted Observed R /%
Pit (1 mg-kg ', po) Rin vitroRin vivo 2509 1170° 214.5 13 3.6° 36.1
(2340-2679)  (819.9-1 520) (1.2-1.4) (2.5-4.6)
Pit (1 mg, po) Rin vitro-Hin vivo 67.1 67.5 204.3 73.8
(59.2-75.0) (177.4-231.2)
Rin vitro'~Hin vivo 68.4 68.8 197.9 71.5
(62.0-74.8) 99.4 (178.3-217.4) 276.7
Rin vitro -Hin vivo 81.1 (67.9-130.9) 81.6 165.5 (189.1-364.3) 59.8
(76.0-86.2) (155.0-176.0)
Hiy vitro-Hin vivo 87.1 87.6 158.4 57.2
(75.3-98.9) (135.6-181.1)
Pra (20 mg'kg ', po)  Rinvimo™Rinvivo 80.1 63.0° 127.0 359.6 449.7° 80.0
(72.3-87.8) (34.3-91.7) (326.2-393.0)  (245.0-654.4)
Pra (19.2 mg, po) Rin viro -Hin vivo 40.1 60.6 2 808 170.9
(34.1-46.2) (2 394-3 223)
Rin virro -Hin vivo 429 66.2° 64.8 2 605 1 644° 158.5
(36.8—48.9) (39.4-93.0) (2297-2914) (977.3-2 310)
Hin vitro-Hin vivo 82.1 124.0 1379 83.9
(69.6-94.6) (1 173-1 584)
Pra (5 mgkg !, iv) Rin vitro'Rin vivo 94.0 128.6¢ 73.1 221.6 163.3¢ 135.7
(81.9-106.1) (107.8-149.4) (190.0-253.3)  (134.6-192.0)
Pra (9.9 mg, iv) Rin vitro™Hin vivo 443 25.9 3951 418.1
(36.0-52.7) (3 228-4 674)
R, v,-,,.{,b—H,v,, vivo 46.4 171.2¢ 27.1 3687 945°¢ 390.1
(39.5-53.2) (147.2-195.2) (3165-4209)  (746.4-1 144)
Hin vino-Hin vivo 139.0 81.2 1218 128.9

(121.6-156.4)

(1074-1362)
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Figure 2 Simulation results using in vitro parameters in human
to predict in vivo pharmacokinetic parameters in human for
pravastatin after intravenous administration. Ten groups, each
containing ten subjects, were randomly generated to evaluate the
robustness of the DLM program



FEIFEE TR R AN AR A B TG ety Ty DAy T SRR IS A AR, - 1113 -

2 BEERRNER LR K22 DLM H ST A Z 3 CLingux~ CLemmux A1 CLin, sec
AICRHA] AUCYAUC ILEAEREAT Y, AUC 5 RN, BT8R TN 26 2 KA 1 A8 B3I 0] i S5 A0
AUC F3 531l 25 T3 0 Je RACHAS 4 51 500 £) 24 40 . H 2R P I ) £ (¥ 50 . LLSR 3 R IS 5 0 )
IR E R IA R BT R . DLM PN AR AT 55 flu 3% A, FEAIUARME 3 21 0.33 T AR, TS EI{E
HIEAERI¥) AUC/AUC BTG N 4.22, SCHRPME K Jo 2 B SR A TR AL 24 9 JSE I 1) oty 2R T A, 23031
5, TR A5 RAER . X UL AT DLM [¥] AUC/AUC LA AUCinigiat M1 AUC pange %715, IS LUAE P K
TR SCHRAELZ 000 2,54 4.6, TRINE R, (2 B 25ah ¥ S50 R, HARE R ILIE 3.

RE TR0 245 ) A1 ELAE F A Py 3. AP 2540 1) Simeyp® TP 3A TR, 2048 Clinnuy XTI ST 2507
1) AUC/AUC Tidl{E3424 1, DLM Tl &5 54T JER T M Ze (C-T) 52Mi Ko AT IR CLingux 19
Simcyp®- K, W25 Huk B A% . AUC 98/ i 6+ BT R 43t

H1 12580 % DDI I KB TT A A9 0 5 b CLinfux 3K, 29I EE G . I8 WIS R J8AE . AUC
8~12 N, DABEATSCAE 5 G900 45 R AR GE PER, ) A2z B 3CH, Clingsee MIECAXT MK 254 C-T W
RV R4 10 4, 4] 10 MR %, 1 N, AEXIF 25 C-T WK o CLing se K, TN FFAR

A5 UL 5 1 2 AL AR, JA I (R BR AT, AUC /o CLegue AHXT T
3 HRMSHER CLinftux A1 CLin, see KU I A AU, X1 K K ST 259

X DLM BEAT #6388 i PR K BU o, ot C-T LM, HK 3B.

Plasma A Liver
8
P , P
1]
x1/3 CLinflux  259% 6 \‘ ------ *1/3 CLinflux 100%
x1 CLinflux 100% ] x1 CLinflux  99%
- x3 CLinflx  46% ———- x3 CLipflux 100%
100 150
B
. 6r 6
3 P P
f.n ------ x1/3 Cleux 96% | 4 eeeees *1/3 CLeffux 100%
g 4 —— x1 CLefux 100% 4h %1 CLefflux 100%
8 ——- x3 CLeffux 111% ——=- %3 CLefux 100%
£
5 2 2
Q
f=]
[}
O
0 o 1 1 0 1 A 1
0 50 100 150 0 50 100 150
C
6 r 8 —
P P
x1/3 CLint,sec 111% 6L .'. .‘.l """ x1/3 CLintsec 298%
x1 CLingsec 100% : x1 CLingsec 100%
- %3 CLinsec 96% 4 L l"-. ===-x3 CLipsec 33%
2
-l e 0 L e L] 1]
100 150 0 50 100 150
Time/ min

Figure 3 Effects of changes in transporter activity on time profiles (A—C) against plasma or liver concentrations of pravastatin in
humans (n = 10). The concentration of drug in plasma or liver after intravenous administration (9.9 mg) were simulated using the DLM
with varying hepatic transport activities over a 1/3- to 3-fold range of the initial values shown in Table 3; P = AUCchange / AUCinitial X
100%; where AUCiniia is the area under the concentration-time curve (AUC) of drug simulated by the DLM using the initial values, and
AUC pange 1s the AUC simulated using the 1/3- or 3-fold of initial values
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