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 in vitro 
L.barbarum

in vitro
L.barbarum doxorubicin

L.barbarum doxorubicin

in silico



CYP3A4
CYP2C9

CYP3A4

in vitro

in vitro
doxorubicin

doxorubicin

RGD
RGD

CYP3A4 CYP2C9

L.barbarum

L.barbarum
CYP2C9 CYP3A4

CYP2C9 CYP3A4.

ADME  
AUC
AUCi
AUC0
AUCR

B:P
CL
Cmax
CYP
EMA
FDA
fm
fu

IC50

Ki
KI 
kinact

MXB
MXP

NYHA
NOAK
P-gp  
Prodrug
rhCYP
t ½
tmax 
Vd
UGT



in vitro
in silico

in silico in 
vitro

in vitro

       

SimCYP



CYP3 4
SimCYP

SimCYP

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine

per os
per os i.v. bolus

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine 

Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH
ADMEWORKS DDI

CYP3A4 SimCYP

in vitro IC50 Ki CYP3A4
RGD
CYP3A4 

      
  L.barbarum (  ) 

L.barbarum

L.barbarum

L.barbarum
CYP3A4 CYP2C9

CYP3A4 CYP2C9

L.barbarum CYP3A4
CYP2C9

L.barbarum

CYP2C9

doxorubicin

doxorubicin
L.barbarum

doxorubicin

in 
silico in vitro in vivo in populo



in silico

in vitro
in vitro

in vivo

in populo

Lycium barbarum

RGD

in vitro CYP3A4 CYP2C9

ADMEWORKS DDI SimCYP

swissADME pkCSM

ADMEWORKS DDI SimCYP

     
 ,     -    

caffeine

CYP3A4
caffeine

ADMEWORKS DDI

CYP3A4
SimCYP

CYP3A4

doxorubicin

doxorubicin.

doxorubicin

doxorubicin

      
-2  RGD 

in vitro
IC50 Ki CYP3A4

Tyr-
Pro-Phe(pF)-Phe-1,2-ethylenediamine Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-
OH

Tyr-Pro-Phe(pF)-
Phe-1,2-ethylenediamine
ADMEWORKS DDI



in vitro

in vitro

doxorubicin

Bliss Chou-Talalay

doxorubicin

Lexicomp® Drug interaction

SimCYP



L.barbarum

Camellia sinesis

RGD,
in vitro in vivo

1.1.   
 

L. barbarum
Paula Fruits Ltd

1.2.       Lycium Barbarum 

L.barbarum

L. barbarum

Lexicomp

PBPK M&S

(“what if” questions



Lopez-Martin C

Gatwood

Joint Commission of Pharmacy Practitioners, JCPP

  

Lexicomp 

Lexicomp

L.barbarum) 

1.2.1.      L.barbarum 

L.barbarum

1.2.2.         
    L.barbarum 



1.2.3.      L.barbarum 

Christ® Alfa 1-4 LD plus

1.3.       -     

1.3.1.        -    
 

 

1.3.2.        -     

 

   (n=248)    

OR

OR CI

Ismail M Murtaza G



AUCR±SD CmaxR±SD 
  

DE + verapamil/norverapamil 
Dabigatran + verapamil/norverapamil

    2  
DE + verapamil/norverapamil 

Dabigatran + verapamil/norverapamil

CmaxR AUCR dabigatran etexilate (DE) dabigatran
verapamil/norverapamil DE

verapamil dabigatran etexilate

AUCR CmaxR dabigatran etexilate
dabigatran verapamil

dabigatran etexilate
Härtter S

 

 

Simcyp

2.6.    -  
        

1.4.    /  

1.4.1.      L.barbarum 

Purpald

  

L.barbarum 

 

1.4.2.      

1.4.2.1.      

Singleton Rossi Folin-Ciocalteu

GAE

  , mg/L 

 ( )  
 

  

L.barbarum 

1.4.2.2.     



AlCl3

1.4.2.3.      

1.4.2.4.     

1.4.3.       
  L.barbarum 

ORAC HORAC

ORAC oxygen radical absorbance capacity

AUC

digoxin
verapamil/norverapamil

verapamil norverapamil
P-gp

P-gp
verapamil

digoxin norverapamil
P-gp

verapamil,
i.v. bolus 

verapamil

dabigatran 
etexilate verapamil

dabigatran 
etexilate verapamil
verapamil dabigatran etexilate

Simcyp dabigatran 
etexilate verapamil/norverapamil 

Dabigatran etexilate

dabigatran Simcyp

Dabigatran etexilate verapamil
DE



CYP2C9*1/*1 CYP2C9

AUCR
CYP2C9*3/*3

AUCR CYP2C9*1/*1

AUCR

Digoxin dabigatran etexilate P-
gp MDR1/ABCB1

P-gp digoxin dabigatran 
etexilate verapamil Simcyp

verapamil
norverapamil P-gp 

Lexicomp verapamil
digoxin dabigatran etexilate

verapamil digoxin

digoxin
verapamil/norverapamil

CmaxR±SD AUCR±SD 
Digoxin Verapamil/Norverapamil

Digoxin + Verapamil/Norverapamil  
Digoxin Verapamil Norverapamil

Digoxin Verapamil Norverapamil

Digoxin Verapamil

Digoxin Verapamil

CmaxR AUCR digoxin
verapamil/norverapamil

blank

HORAC

ORAC

AUC

FLUOstar OPTIMA BMG Labtech

ORAC, mmol TE/L HORAC, mmol GAE/L 

L.barbarum

Fenton

1.4.4.  

L. barbarum

Lycium barbarum polysaccharide, LBPs

kDa kDa



L.barbarum

L.barbarum

ORAC HORAC

1.4.5. HPLC     caffeine, theophylline  theobromine  
    -     

HPLC

1.4.5.1.     

HPLC Thermo Scientific UltiMate 3000
LC UV/ViS Thermo 

Scientific Dionex UltiMate 3000 VWD-3100

Thermo Scientific AQUASIL C18
AQUASIL C18

S-warfarin Sulphaphenazole

S-warfarin

S-warfarin Sulphaphenazole

S-warfarin

S-warfarin Sulphaphenazole

S-warfarin Sulphaphenzole

AUCR 
-  

 
(5-95%) 

AUCR 
-  

 
±SD 

CmaxR 
-

  
±SD 

Sulphaphenazole

Sulphaphenazole

S-warfarin sulphaphenazole

CYP2C9

sulphaphenazole

 fm fe S-warfarin
sulphaphenazole



AUCR AUCR CmaxR 

Fluconazole
Fluconazole
Fluconazole

S-warfarin Fluconazole

Simcyp
AUC S-warfarin

AUC S-warfarin

fluconazole CYP2C9 
 S-warfarin 

sulphaphenalole

fm fe S-warfarin

Lexicomp

Simcyp
sulphaphenazole

S-warfarin
in vitro

CYP2C9
S-warfarin sulphaphenazole

Chromeleon®

Thermo Scientific ®.

1.4.5.2.     

caffeine
theophylline theobromine

1.4.5.3.    

Sartorius RC

1.4.5.4.   

caffeine, 
theophylline, theobromine

HPLC

caffeine, theophylline, theobromine

1.4.5.5.    

HPLC UV
caffeine, theophylline  theobromine

caffeine, theophylline, theobromine
 -   



caffeine theophylline theobromine

-     

HPLC-UV
caffeine

theobromine
theophylline

theophylline

Cmax AUC
CYP2C9

CL S-warfarin

CYP2C9 Simcyp
fluconazole 

sulphaphenazole 
warfarin

fluconazole Fluconazole
AUC S-warfarin

Simcyp

S-warfarin
CYP2C9

S-Warfarin

S-Warfarin Fluconazole

S-Warfarin Fluconazole

S-Warfarin Fluconazole

S-warfarin Fluconazole



    Warfarin Acenocoumarol 

CYP2C9 CYP2C9 

warfarin acenocoumarol

CYP2C9*2
CYP2C9*3

acenocoumarol warfarin gliclazide
phenytoin

CYP2C9
losartan cyclophosphamide

Simcyp

CYP2C9        

CYP2C9 Simcyp

CYP2C9 Simcyp

  (μg/ml) ± RSD*  (%) 

Caffeine 

Theophylline 

Theobromine 

caffeine theophylline theobromine

RSD

1.4.6.       
   -   

1.4.6.1.        

1.4.6.2.     

AlCl3

1.4.6.3.      

1.4.6.4.     



1.4.6.5.      
      

1.4.6.6.  

caffeine

caffeine

Sanchez JM
theobromine theophylline

 

AUC atorvastatin
Cmax AUC simvastatin

Simcyp AUC
simvastatin

nelfinavir

eryhthro
clarithromycin simva-, lova- atorvastatin

AUC simvastatin
clarithromycin 

AUC simvastatin

simvastatin
CYP3A4

simvastatin CYP3A4

CYP3A4
CYP3A4 CmaxR

AUCR simvastatin

Simcyp
S-warfarin

acenocoumarol

CYP2C9



simvastatin
CYP3A4 clarithromycin, ketoconazole, itraconazole, ritonavir  atazanavir

AUCR AUCR CmaxR 

Clarithromycin
Ketoconazole
Ketoconazole
Itraconazole
Atazanavir
Ritonavir

simvastatin
CYP3A4

simvastatin
ketoconazole 

simvastatin itraconazole 

itraconazole
simvastatin

simavastatin simvastatin acid + simvastatin lactone
AUC

Simcyp Cmax AUC simvastatin
itraconazole

atazanavir ritonavir
simvastatin

ritonavir

atorvastatin simvastatin
nelfinavir

RGD

RGD in vitro in vivo

2.1.1.     

Fmoc
Wang- MBHA Rink

DMF Fmoc
DIC HBTU

TLC HPLC
Agilent Technologies HP 1100  Dionex Ultimate® 3000

Beckman Ultrasphere®

K2HPO4

2.1.2.    -2 



2.1.3.    RGD 

RGD
Agb

Agp

AgbGD AgpGD

RGD

2.2.  

in vitro

carvedilol
Carvedilol -gp

digoxin

2.5.      
         

SimCYP  

CYP3A4 2C9 P-gp
Simcyp

P-gp digoxin  dabigatran 
etexilate

CYP3A4 simvastatin
lovastatin atorvastatin simva lovastatin

first-pass
atorvastatin

simva lovastatin
CYP3A4

Simcyp simvastatin

Lexicomp
CYP3A4 clarithromycin, ketoconazole, 

intraconazole, ritonavir, atazanavir

simvastatin first-pass

ketocoanzole
CL



colchicine
digoxin colchicine

P-gp

digoxin
colchicine

telmisartan
P-gp

P-gp
telmisartan

digoxin
digoxin

telmisartan
telmisartan

spironolacton

digoxin

spironolacton
digoxin

digoxin methyldigoxin

RGD in vitro in 
vivo 
RGD

in vitro

CYP3A4 CYP2C9

ADMEWORKS DDI® Symcyp®

1.1.    

Sulphaphenazole, ketoconazole, dimethylsulfoxide DMSO acetonitril
Sigma Aldrich St. Louis, USA



1.2.    

Vivid® CYP450 CYP2C9  CYP3A4
Antisel® 450 450
BACULOSOMES 

NADP+  NADP+

1.3.     450     
Vivid® P450 

Vivid® P450
Vivid® CYP3A4 Green Vivid® DBOMF

Vivid® CYP2C9 Green Vivid® BOMF

Trubetskoy OV
Marks BD Larson B Cohen LH

Invitrogen Corporation, 
2005

Costar®, Corning Inc, Corning, NY, USA

BioTek Synergy 2®

CYP2C9 CYP3A4 

BOMF = benzyloxy-methyl-fluorescein 
DBOMF = di(benzyloxymethoxy)fluorescein

CYPs

1.4.    Vivid® CYP450   
 

Vivid® CYP450
P450

Vivid® CYP450 BACULOSOMES Plus Reagents CYP450
BACULOSOMES Plus

P450 P450
b5 CYP450 BACULOSOMES® Plus Reagents

CYP450
CYP450 Vivid® 

CYP450

Vivid®

Lexicomp
digoxin

2.4.1.  
 

P-gp

P-gp

P-gp amiodarone
P-gp

digoxin
amiodarone

digoxin

thiamazole methimazole

P-gp
colchicine telmisartan

P-gp
clarithromycin azithromycin erythromycin

Eubacterium lentum



digoxin
methyldigoxin

Amiodarone

moxonidine

Spironolactone

Telmisartan

thiamazole

azithromycin

colchicine
colchicine

Vivid®

Vivid® P450

P450
450 Vivid®

450

NADPH
Vivid®

Km
P450

Vivid®

mix-and-read

1.5.   

1.5.1.   IC50 

sulphaphenazole CYP2C9
M ketoconazole CYP3A4

CYP



Vivid® NADP+

TRIS
acetonitrile

1.5.2.  -   

IC50
Krippendorff et al.

NADP+

1.6.    
 

1.6.1. ADMEWORKS DDI  
 

ADMEWORKS DDI® Fudjitsu Kyushu System 
Limited

Clopidogrel P2Y12

aspirin
clopidogrel

CYP2C19
omeprazole, esomeprazole, 

lansoprazole, pantoprazole  rabeprazole  

CYP2C19 clopidogrel

omeprazole esomeprazole lansoprazole
pantoprazole  rabeprazole

2.3.1.  

Vonbach P Aparsu R

2.4.  -     
  

Digitalis lanata, Plantaginaceae



acenocoumarol
sulfamethoxazole/trimetoprim SMZ/TMP

CYP2C9

INR

fenofibrate amiodarone
CYP2C9

(S)-warfarin (S)-7-
hydroxywarfarin acenocoumarol fenofibrate
amiodarone INR

INR

methimazole
propylthiouracil

dabigatran
Dabigatran etexilate

dabigatran

amiodarone, verapamil  carvedilol

dabigatran 
etexilate amiodarone, verapamil  carvedilol

rivaroxaban  apixaban dabigatran
P-gp CYP3A4

rivaroxaban verapamil 
CYP3A4 P-gp

rivaroxaban CYP3A4 P-
gp

CYP

CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1  3A4

   -   
   

    ADMEWORKS 
DDI® Simulator 

 

Dosage 
MW 

LogP 
F 

FaFg 

Fa 
ka 

CLH, intr (L/h) 
CLr (L/h) 

Vd (L) 
fu,p 
Rb 

fm

Ki
in vitro in vivo

kinact 

  Ki,app 

EC50 
, Emax

max
ADMEWORKS



ADMEWORKS DDI

1.6.2. SimCYP®

in vitro-in vivo in vitro-in vivo extrapolations; IVIVE
SimCYP

in vitro

   In vitro   

in silico
logP 

pKa in silico

fu 
In vitro

In vitro
MDCK, Caco-2 

In vitro in vivo

Vmax Km
in vitro

CYP

fm In vitro  

IC50  in vitro  
CYP kinact, 

KI  in vitro  

Simcyp®

simvastatin lovastatin
atorvastatin verapamil

Cmax AUC
simvastatin verapamil

simvastatin
verapamil

colchicine

colchicine

Colchicine CYP3A4

colchicine

colchicine

fenofibrate
HMG-CoA

acenocoumarol

allopurinol

allopurinol



amlodipine
simvastatin amlodipine

CYP3A4
CYP3A4 atorvastatin

amlodipine

Caduet amlodipine/atorvastatin

Simvastatin + 1,4-DHP-CCB 
 + Colchicin 
 + Fenofibrate 

Rosuvastin + Amiodarone 
 + Verapamil

Acenocoumarol + Allopurinol 
Acenocoumarol + SMZ/TMP 
Acenocoumarol + Fenofibrate 
Acenocoumarol + Amiodarone 
Acenocoumarol +  
Acenocoumarol +  

NOACs

Apixaban + Aspirin 
Apixaban + Clopidogrel 
Dabigatran + Amiodarone 
Dabigatran + Verapamil 
Dabigatran + Carvedilol 
Dabigatran + Aspirin 
Dabigatran + Fluconazole 
Rivaroxaban + Verapamil

Clopidogrel + PPI  
Clopidogrel + Aspirin 
Ticagrelor + Aspirin

Lexicomp

OAT PD PPB
P-gp PPI 1,4-DHP-CCB – 

 SMZ/TMP – 

CYP3A4 simvastatin first-
pass
atorvastatin
simvastatin CYP3A4
atorvastatin atorvastatin

Simcyp® Certara UK Limited

in vitro
in vivo

Prediction toolbox in 
vitro

 
1.7. ,       

        Simcyp 
. 

 
Simcyp®

1.7.1.   
 

Cmax tmax AUC

1.7.2.     
 

1.7.2.1.  

Simcyp



fa
FG

FH

ka fa
in vivo Peff

R

FG
FG

Qgut fu,gut
CLuG, int

FH

QH fuB
CLuint, H

 
1.7.2.2.  

Vss

Roblek

 

2.3.          
     .  

 

HMG-CoA
ADME

OATP1B1
CYP3A4

MDR1

simvastatin



Straubhaar

2.2.    -  
    Lexicomp  

Vss

Pt:p

1.7.2.3.  

CLint

CYPs

 

„well stirred”
fuB

CLint
QH

1.8.      -   
   

swissADME
pkCSM 



1.9.     

IC50
4PL

GraphPad Prism GraphPad Software, USA

ANOVA  Student’s t-test
p<0.05

Excel Microsoft Office, USA   GraphPad Prism
GraphPad Software, USA

L.barbarum CYP3A4 CYP2C9

L.barbarum

CYP3A4 CYP2C9

CYP3A4
L.barbarum

CYP3A4
L. barbarum

NYHA



1.2.    -   

Lexicomp® Drug 
Interactions Wolters Kluwer, Hudson, OH

Stockley's Drug Interactions

Simcyp® 

1.3.    

odds ratio

Excel SigmaPlot

2.1.     

CYP2C9
L.barbarum. 

CYP3A4

CYP3A4

L.barbarum
CYP2C9

CYP2C9 CYP3A4

   
L.barbarum 

IC50  (95% CI)  
CYP3A4 

IC50  (95% CI)  
CYP2C9 

IC50 L.barbarum
CYP3A4 CYP2C9

IC CI

IC50

CYP3A4 CYP2C9

CYP3A4
CYP2C9



2.1.1.        
  L.barbarum       

 

in vitro L.barbarum

CYP3A4 CYP2C9

Liu R in vitro
L.barbarum

L.barbarum

L.barbarum warfarin
Warfarin

S-warfarin
CYP2C9

L.barbarum
warfarin

INR
warfarin

L.barbarum
warfarin

L.barbarum CYP3A4 L.barbarum

CYP3A4 CYP2C9

Ki
Ki,cyp3a4

Ki,cyp2c9

doxorubicin
in vivo

Lexicomp® Drug Interactions

ivabradine

acenocoumarol NOACs
clopidogrel ticagrelor



doxorubicin

L.barbarum
doxorubicin

in vitro in vivo

in vitro
Bliss

Chou-Talalay

     
   

  Bliss 

  Chou-Talalay, 
    

Loewe    
Compusyn  

Windows

in vitro

L. barbarum

doxorubicin in 
vitro doxorubicin

Ig

Ig

L.barbarum

   L.barbarum Ig, mg/mL 
Ki, mg/mL 

 
CYP3A4 CYP2C9 

R1 
 

CYP3A4 CYP2C9 

Ki R1

L.barbarum

FDA   
EMA R

FDA
R

FDA
in vitro

AUC

Ig
R

R1

CYP3A4 CYP2C9
R1



L.barbarum CYP3A4  CYP2C9
R1

CYP3A4 CYP2C9 R1

CYP3A4 CYP2C9

caffeine
CYP3A4  CYP2C9 in 

vitro Vivid® 

HPLC
caffeine

CYP3A4

caffeine
caffeine

CYP2C9 CYP3A4

L.barbarum

doxorubicin

2.4.3.  
 

doxorubicin

doxorubicinol

dexrazoxane, doxorubicin in vivo

in vitro
L. barbarum doxorubicin

L.barbarum



L.barbarum

doxorubicin

cTnI
L.barbarum

2.4.2.      -  
 

 
&

doxorubicin

L.barbarum

L.barbarum

L.barbarum

doxorubicin

L.barbarum

CYP3A4
ANOVA

ketoconazole

CYP3A4

    
 

IC50   95%    (CI)  
CYP3A4 

IC50

-    

IC50
IC50

-    
CYP3A4

ketoconazole
caffeine

caffeine

Misaka S

GTE EGCG
CYP3A4

IC50 GTE CYP3A

EGCG CYP3A CYP3A Satoh T

CYP3A4



EGCG
GCG IC50

CYP3A4 IC50

CYP3A4 IC50

CYP3A4

Donovan JL

CYP3A4 CYP2D6

2.2.1.        
   -       

  

R1 CYP3A4

R1

 
 

 
Ig, mg/mL 

 
Ki, mg/mL 
CYP3A4 

 

R1,  
CYP3A4 

 

1, ,CYP3A4 

FDA 
R

doxorubicin
ANOVA one way test

 
    

(BUN) 
mmol/L 

   
 

μmol/L 

   
 -  

μmol/L 

Doxo

L.barbarum
doxorubicin

doxorubicin
ANOVA one-way test



2.4. -        
L.barbarum    doxorubicin-  -  

   
 

L.barbarum

2.4.1.      -  
 

 

   
(CK), U/L 

  
-  

(CK-MB), U/L 

 
 

(LDH), U/L 

 
 

(ASAT), U/L 

L.barbarum
CK, CK-MB, LDH  ASAT doxorubicin

mean±SD

L.barbarum

L.barbarum
caffeine

2.2.2.         
  ADMEWORKS DDI  

caffeine
ADMEWORKS DDI

caffeine

caffeine ADMEWORKS 
DDI

caffeine
Cmax 

 AUC tmax



 Cmax (mg/L) Tmax (h) AUC (mg/L.h) 
MX 100 mg 
MX 250 mg 
MX 500 mg 

Cmax, tmax  AUC ADMEWORKS DDI

2.2.3.         
  SimCYP  

 

caffeine
SimCYP® caffeine

Cmax, tmax  AUC
SD

SimCYP

 Cmax (mg/L)±SD Tmax (h)±SD AUC (mg/L.h)±SD 
MX 100 mg 
MX 250 mg 
MX 500 mg 

Cmax, tmax  AUC
SimCYP Student‘s t-

test ADMEWORKS DDI SimCYP Cmax  
AUC.*p<0.05, **p<0.01, ***p<0.001.

Lycium barbarum
MCF-7 MDA-

MB-231

MCF-7

MCF-7 

IC50

doxorubicin

doxorubicin
 L.barbarum

doxorubicin  MCF-7 
CI CalcuSyn®

doxorubicin
 L.barbarum 

IC50
doxorubicin

MDA-MB-231

MCF-7
doxorubicin IC50

MDA-MB-231
doxorubicin   
L.barbarum 

doxorubicin

doxorubicin
 L.barbarum 

 doxorubicin LBE
IC50 doxorubicin

MDA-MB-231

LBE
doxorubicin

doxorubicin



CalcuSyn® doxorubicin
L.barbarum

MDA-MB-231 

2.3.1.  
 

L. barbarum 

Lycium barbarum LBPs

Lycium barbarum

Lycium barbarum
MCF-7

2-OHE1 
16 - 1

3 

MCF-7
Lycium barbarum

L.barbarum MCF-
10A MCF-7

MDA-MB- 231

caffeine
Cmax AUC

Camelia sinensis L.

(-)- epicatechin (EC), (-)-epicatechin 
gallate (ECG), EGC, and (-)-epigallocatechin gallate (EGCG)
caffeine, theophylline L-theanine

caffeine

caffeine

Ki CYP3A4 in vitro
ADMEWORKS DDI SimCYP

caffeine
in vivo

Cmax AUC

ADMEWORKS DDI

SimCYP



SimCYP

2.2.4.       
  -     CYP3A4    

ADMEWORKS DDI  

CYP3A4
in vitro,  

in vivo midazolam 

midazolam ADMEWORKS DDI

CYP3A4

IC50
Ki IC50

Ki caffeine

Ki CYP3A4

midazolam
ketoconazole

Cmax AUC

midazolam

MXP ketoconazole

CalcuSyn® doxorubicin
L.barbarum MCF-7

MDA-MB-231

CalcuSyn®

MDA-MB-231 doxorubicin

L.barbarum

  
doxorubicin ( M) 

LBE  
( g/ml) CI LBE  

( g/ml) CI 

MDA-MB-231
doxorubicin

 L.barbarum 



SD

L. barbarum LBE MCF-7  
MDA-MB-231

Doxorubicin

LBE

MCF-7
doxo + LBE

doxorubicin
Bliss

doxorubicin LBE

MCF-7 doxorubicin
L.barbarum

CalcuSyn®

  doxorubicin ( M) LBE  ( g/mL) CI 

MCF-7
doxorubicin

 L.barbarum

    
 -   ketoconazole 

Cmax  midazolam 
 /midazolam  

 

AUCR 
midazolam  /midazolam 

  
MXP
MXP
MXP

Ketoconazole

Cmax AUC midazolam

ketoconazole ADMEWORKS DDI

MXP midazolam

ketoconazole

FDA EMA AUCR
drug-drug interactions, 

DDI
AUCR

ADMEWORKS DDI
herb fraction-

drug interactions, HfDI

midazolam ketoconazole

2.2.5.       
  -     CYP3A4    

SimCYP  
 

ADMEWORKS DDI®
SimCYP®

CYP3A4
caffeine

AUC AUCR



  
 

  -   
ketoconazole 

Cmax  
midazolam  

/midazolam  
  

 

AUCR 
midazolam  

/midazolam  
  

 

AUCR 
midazolam  

/midazolam  
  

 
MXP
MXP
MXP

Ketoconazole

Cmax AUCR AUC
midazolam

ketoconazole SimCYP

AUCR
SimCYP

AUCR

CYP3A4

CYP3A4

midazolam

Cmax AUC AUCR

SimCYP ketocoanazole 
workspace

in vitro

CYP3A4 CYPs

Lycium barbarum, MCF-10A MCF-7  MDA-MB-231

MCF-7

MCF-7

MCF-7
Lycium 

barbarum

Bliss,

MCF-7 



Lycium barbarum MCF-10A MCF-7 MDA-MB-231

IC50 IC50

  
IC50  ( g/mL) ±  

 (SD) 
MTT-   24 h 

IC50  ( g/mL) ±  
 (SD) 

MTT-   72 h 
MCF-10A 

MCF-7 
MDA-MB-231 

IC50

Lycium barbarum MCF-10 MCF-7  
MDA-MB-231

MCF-7 
 MDA-MB-231 IC5

MCF-10A
IC50

Lycium 
barbarum

MDA-MB-231 MCF-10A
MCF-7

CYP3A4

ADMEWORKS DDI

SimCYP

in vivo

RGD CYP3A4 CYP2C9 

Tyr-Pro-Phe(pF)-
Phe-1,2-ethylenediamine Tyr-Pro-Phe-Phe-1,2-ethylenediamine
Deoxycholic-Tyr-Pro-Phe(pF)-Phe-OH Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-
OH CYP3A4  CYP2C9

μ
μ

CYP3A4
CYP2C9

CYP3A4

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine
Tyr-Pro-Phe-Phe-1,2-ethylenediamine
Deoxycholic-Tyr-Pro-Phe(pF)-Phe-OH
Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH



ketoconazole μ

IC50

CYP3A4

CYP3A4

-2  IC50   95%   
 

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine 
Tyr-Pro-Phe-Phe-1,2-ethylenediamine 
Deoxycholic-Tyr-Pro-Phe(pF)-Phe-OH 
Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH 

RGD
Agb S-2-amino-3-guanidino-butyric acid AgbGD Agp S-

2-amino-3-guanidino-propionic acid AgpGD

RGD
CYP3A4,  CYP2C9

μ
CYP3A4

CYP3A4 RGD

RGD
CYP3A4

HPLC
caffeine

caffeine, theophylline, pentoxyphylline
cyclosporine 

theophylline 

cisplatin
theophylline 

cisplatin
GRF

theophylline

2.3.         
Lycium barbarum (  )  doxorubicin    

     

Lycium barbarum
MDA-MB-231 MCF-7 MCF-10A



doxorubicin

doxorubicin  

doxorubicin

doxorubicin

2.2.4.  
 

caffeine

1 3
caffeine

caffeine ephedrin

CYP3A4

CYP3A4

in vitro CYP
μ

IC50

CYP

CYP
CYP

CYP3A4

CYP
CYP

CYP

CYP3A4

DCA CYP3A4 1 -hydroxy-DCA 3-
dehydro-DCA .



RGD
CYP3A4

 
2.3.1.      -2    

      ADMEWORKS DDI 
 

 

ADME ADMEWORKS DDI®

swissADME  pkCSM

CYP2C9
CYP3A4

swissADME  

BOILED-Egg 
iLOGP LogP

Bioavailability Radar 

  

  

  

P-gp
CYP1A2
CYP2C19
CYP2C9
CYP2D6
CYP3A4

Tyr-Pro-Phe(pF)-Phe-1,2-
ethylenediamine swissADME

doxorubicin

2.2.3.      -  
 

 

doxorubicin

doxorubicin

doxorubicin



MXB
MXB

ANOVA one-way test

 
    

(BUN) 
mmol/L 

   
 

μmol/L 

   
 -  

μmol/L 

doxorubicin

MXB
MXB doxorubicin

ANOVA test

doxorubicin,

LIPO
SIZE POLAR

INSOLU LogS ESOL INSATU
FLEX

  

  

  

P-gp
CYP1A2
CYP2C19
CYP2C9
CYP2D6
CYP3A4

Tyr-Pro-Phe-Phe-1,2-
ethylenediamine swissADME

swissADME

BSC

Tyr-Pro-
Phe(pF)-Phe-1,2-ethylenediamine Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH
CYP3A4

CYP2C9

in vitro
P-gp



  

  

  

P-gp
CYP1A2
CYP2C19
CYP2C9
CYP2D6
CYP3A4

Deoxycholic-Tyr-Pro-Phe(pF)-
Phe-OH swissADME

  

-   

  

P-gp
CYP1A2
CYP2C19
CYP2C9
CYP2D6
CYP3A4

Deoxycholic-Tyr-Pro-Phe(pCl)-
Phe-OH swissADME

pkCSM 

SimCYP Animal 
 

Cmax, mg/L tmax, h AUC (mg.h/L) 

Cmax, tmax  AUC
SimCYP 

Animal 

2.2.2.      -  
 

 

MXB

   
(CK), U/L 

  
-  

(CK-MB), U/L 

 
 

(LDH),U/L 

 
 

(ASAT), U/L 

CK, CK-MB, LDH  ASAT doxorubicin



doxorubicin
MDA-MB-231

Hertz

doxorubicin
MCF-7 

2.2. -      
    (MXB)   doxorubicin-

 -     
 

in vitro
in vivo

doxorubicin

2.2.1.      
    

 
SimCYP Animal

caffeine
caffeine

Tyr-Pro-Phe(pF)-Phe-1,2-
ethylenediamine   ( ) 

 

Caco2
P-gp

 

fu

 

CYP1A2
CYP2C19
CYP2C9
CYP2D6

CYP2D6
CYP3A4

CYP3A4

 
CLtot

OCT2

Tyr-Pro-Phe(pF)-Phe-1,2-
ethylenediamine pkCSM

Tyr-Pro-Phe-Phe-1,2-ethylenediamine   

Caco2
P-gp

fu

CYP1A2
CYP2C19
CYP2C9
CYP2D6

CYP2D6
CYP3A4

CYP3A4

CLtot

OCT2

Tyr-Pro-Phe-Phe-1,2-
ethylenediamine pkCSM



Deoxycholic-Tyr-Pro-Phe(pF)-Phe-OH   

Caco2
P-gp

fu

CYP1A2
CYP2C19
CYP2C9
CYP2D6

CYP2D6
CYP3A4

CYP3A4

CLtot

OCT2

Deoxycholic-Tyr-Pro-Phe(pF)-
Phe-OH pkCSM

Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH   

 

Caco-2
P-gp

 

fu

 
CYP1A2
CYP2C19
CYP2C9
CYP2D6

CYP2D6
CYP3A4

CYP3A4

 
CLtot

OCT2

Deoxycholic-Tyr-Pro-Phe(pCl)-
Phe-OH pkCSM

pkCSM
CYP3A4

IC50
in vitro CYP3A4

swissADME  pkCSM 

BJ HT-29 MCF-10A MCF-7 MDA-MB-231

Paullinia cupana caffeine
theobromine

MAPK Mitogen-Activated Protein Kinase mTOR 
(mammalian Target Of Rapamycin)

oxaliplatin MDA-MB-231 -29 

caffeine 6-selenocaffeine oxaliplatin
MCF-7

doxorubicin
oxaliplatin

HT-29

p53 Bax/Bcl-2

MCF-7 MDA-MB-231 doxorubicin
doxorubicin

Hill
caffeine caffeine



  
doxorubicin ( M) 

MXB  
( g/mL) CI MXB  

( g/mL) CI 

MDA-MB-231
doxorubicin MXB

CalcuSyn® doxorubicin
MXB MXB

doxorubicin MXB

2.1.1.  

caffeine

caffeine

doxorubicin mitoxanthron topotecan
camptotecin

 Tyr-Pro-Phe(pF)-Phe-1,2-
ethylenediamine 

Deoxycholic-
Tyr-Pro-

Phe(pCl)-Phe-
OH 

/  

MW ChemDraw 
LogP swissADME

Fa pkCSM

ka

CLH, intr

pkCSM

CLr
pkCSM

Vd1

pkCSM
Tyr-Pro-Phe(pF)-Phe-1,2-

ethylenediamine

fu,p pkCSM

Rb

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine  Deoxycholic-Tyr-
Pro-Phe(pCl)-Phe-OH  ADMEWORKS DDI

Wu CY Benet LZ
ADMEWORKS DDI

Vdss Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine 

ADMEWORKS DDI
Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine

Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH 



Tyr-Pro-
Phe(pF)-Phe-1,2-ethylenediamine  Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH

ADMEWORKS DDI 

,  Cmax (μg/L) Tmax (h) AUC (μg*h/L) 
Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine, 1 mg 

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine, 10 mg 
Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH, 

1 mg 
Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH, 

10 mg 

Cmax, tmax  AUC ADMEWORKS DDI

 

Tyr-Pro-Phe(pF)-Phe-
1,2-ethylenediamine Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH,  

 
. in vitro in silico

swissADME pkCSM
ADMEWORKS DDI in 

vivo CYP3A4 
midazolam ketoconazole 

midazolam

ketoconazole
ADMEWORKS DDI

MDA-MB-231 doxorubicin Doxo

MXP

doxorubicin

doxorubicin MXB

MDA-MB-231 doxorubicin 

doxorubicin + MXB CalcuSyn® Compusyn  

Chou-Talalay



MCF-7 doxorubicin Doxo

MXB

MCF-7 doxorubicin Doxo

MXP

doxorubicin
MXB

doxorubicin
MXB

doxorubicin
MXP

doxorubicin
MDA-MB-

231 MDA-MB-231
doxorubicin 

IC50
doxorubicin

IC50

-2       
ketoconazole 

Cmax ratio 
p.o. 

AUCR 
p.o. 

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine
Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine

Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH
Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH

Ketoconazole

Cmax AUCR AUC
midazolam

ketoconazole ADMEWORKS 
DDI

2.3.1.1.  

swissADME pkCSM

P-gp CYP CYP1A2, 
CYP2C19, CYP2C9, CYP2D6  CYP3A4
support vector machine, SVM

P-gp
CYP

pkCSM, 

ADMET

CYP1A2, CYP2C19, CYP2C9, 
CYP2D6  CYP3A4 P-gp

admetSAR SwissADME
Tyr-Pro-Phe(pF)-Phe-1,2-

ethylenediamine CYP3A4

CYP3A4
SwissADME

Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH
Deoxycholic-Tyr-Pro-Phe(pF)-Phe-OH pkCSM

CYP3A4



CYP3A4
in vitro

CYP3A4
CYP3A4

ADMEWORKS DDI
AUCi AUCo AUCR

CYP3A4

ADMEWORKS DDI

-2  RH,CYP3A4 
(Ki,in vitro; I=Imax,u) 

RG,CYP3A4 
(Ki,in vitro; Ig = /250 ml 

Tyr-Pro-Phe(pF)-Phe-1,2-
ethylenediamine 10 mg 

Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-
OH 10 mg 

AUC AUCR CYP3A4

ADMEWORKS DDI

swissADME

ADMEWORKS DDI

SimCYP

 
2.3.2.         

  -2     SimCYP 
 

ADMEWORKS DDI SimCYP

swissADME pkCSM

MDA-MB-231
Oxaliplatin

MTT

Bliss

doxorubicin MCF-7
IC50

doxorubicin

MCF-7 
  

MDA-MB-231 
  

Doxorubicin

IC50

MCF-7 MDA-MB-231

MCF-7 doxorubicin
IC50

IC50

IC50
MCF-7



2.1.         
     

        

  
IC50 μg/mL ±   (SD), 

MXP 
MTT-   72  

IC50 μg/mL ±   
(SD), MXB 

MTT-   72  
BJ 

HT-29 
MCF-10A 

MCF-7 
MDA-MB-231 

IC50

MTT

oxaliplatin 
-29

MDA-MB-231 Oxaliplatin

MDA-MB-231 HT-29

HT-29
Oxaliplatin MTT

 Tyr-Pro-Phe(pF)-Phe-1,2-
ethylenediamine 

Deoxycholic-
Tyr-Pro-

Phe(pCl)-Phe-
OH 

/  

MW ChemDraw 
LogP swissADME

pKa

Fa SimCYP

ka SimCYP

CLH, intr

pkCSM

CLr
pkCSM

Vdss
SimCYP

fu,p SimCYP

Rb

rhCYP3A4

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine  Deoxycholic-Tyr-Pro-
Phe(pCl)-Phe-OH  SimCYP

SimCYP

Tyr-Pro-Phe(pF)-Phe-1,2-
ethylenediamine  Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH

SimCYP 



,  Cmax (μg/L)  
min PBPK/full PBPK 

Tmax (h) 
min PBPK/full PBPK 

AUC (μg*h/L) 
min PBPK/full PBPK 

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine, 1 
mg 

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine, 10 
mg 

Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH, 1 mg 
Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH, 10 mg 

 
Cmax, tmax  AUC SimCYP

Student‘s t-test
ADMEWORKS DDI SimCYP AUC

 

SimCYP
ADMEWORKS DDI AUC

SimCYP

Cmax AUC

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine  
Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH

SimCYP Cmax AUC

 

CYP3A4
SimCYP

Tyr-
Pro-Phe(pF)-Phe-1,2-ethylenediamine.  

CYP3A4 midazolam 

1.7.2. Chou-Talalay   
 

Chou-Talalay

CalcuSyn® Biosoft, 
Cambridge, UK

  (CI)  /  

CI
CI

CI

IC50

Graph Pad Prism 8.01 GraphPad Software, USA

ANOVA



- ASAT
LHD

Leica DM 1000 LED
Leica MC120 HD

1.7.1.   Bliss 
 

Bliss 

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine 

Midazolam
Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine

Midazolam

Midazolam Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine
Midazolam Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine

Midazolam Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine
Midazolam Ketoconazole

midazolam
Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine

ketoconazole
SimCYP

Tyr-Pro-Phe(pF)-Phe-1,2-
ethylenediamine    

  ketoconazole 

CmaxR/AUCR 
 

p.o. 

CmaxR/AUCR 
 

i.v. bolus 

AUCR 
 

p.o. 
Tyr-Pro-Phe(pF)-Phe-1,2-

ethylenediamine 1 mg 
Tyr-Pro-Phe(pF)-Phe-1,2-
ethylenediamine 10 mg 

Tyr-Pro-Phe(pF)-Phe-1,2-
ethylenediamine 100 mg 

Ketoconazole 200 mg 

Cmax AUCR AUC
midazolam Tyr-Pro-Phe(pF)-

Phe-1,2-ethylenediamine ketoconazole
SimCYP Student‘s t-test

AUCR AUCR

AUCR Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine
SimCYP

i.v. bolus



Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH. 

midazolam

Midazolam
Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH

Midazolam
Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH
Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH
Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH
Ketoconazole

midazolam
Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH

ketoconazole
SimCYP

Deoxycholic-Tyr-Pro-Phe(pCl)-
Phe-OH    

  ketoconazole 

CmaxR/AUCR 
 

p.o. 

CmaxR/AUCR 
 

i.v. 

AUCR 
 

p.o. 
Deoxycholic-Tyr-Pro-Phe(pCl)-

Phe-OH 1 mg 
Deoxycholic-Tyr-Pro-Phe(pCl)-

Phe-OH 10 mg 
Deoxycholic-Tyr-Pro-Phe(pCl)-

Phe-OH 100 mg 
Ketoconazole 200 mg 

Cmax AUCR AUC
midazolam Deoxycholic-Tyr-Pro-

Phe(pCl)-Phe-OH ketoconazole
SimCYP Student‘s t-test

AUCR

AUCR Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH
SimCYP

i.v. bolus

1.4.1.       
   

SimCYP® Animal

caffeine 

1.4.2.   -      
  doxorubicin 

 

L.barbarum

  

doxorubicin

DOXO
doxorubicin

   L.barbarum

L.barbarum

L.barbarum doxorubicin

DOXO
doxorubicin

DOXO
doxorubicin

L.barbarum doxorubicin



DMEM

CO2
DMSO

ELISA TECAN, Sunrise®, 
Grodig/Sazburg, Austria

1.2.2.    
 

DMEM

TECAN, 
Sunrise®, Groedig/Salzburg

Wistar 

European Communities Council Directives 86/609/EEC

2.3.2.1.  

AUCR Tyr-Pro-Phe(pF)-Phe-
1,2-ethylenediamine

Deoxycholic-Tyr-Pro-Phe(pCl)-
Phe-OH 

Tyr-Pro-Phe(pF)-Phe-1,2-
ethylenediamine SimCYP

CYP3A4  
midazolam

Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH 

Tyr-Pro-Phe(pF)-Phe-1,2-ethylenediamine

AUCR per os i.v. 
bolus Deoxycholic-Tyr-Pro-Phe(pCl)-Phe-OH 

AUCR
CYP3A4

2.3.3.      – ADMEWORKS DDI  
SimCYP 
 

ADMEWORKS DDI SimCYP

in vivo in vitro

ADMEWORKS DDI

FDA 1A2, 
2C8, 2C9, 2C19, 2D6, 3A4



 
   

SimCYP® 

bottom-up
up-down

ADMEWORKS DDI® SimCYP

ADMEWORKS DDI

ADMEWORKS DDI

SimCYP

SimCYP

HER2

 

MDA-MB-231
ER-, PR-, HER2-

 

DMEM Dulbecco Modified Eagle’s medium
RPMI Roswell Park Memorial Institute

CO2
FlowLab®, Australia

Greiner®, Germany

log

1.2.1. -  
 

MTT

CO2

CO2



in silico ADME
in vivo

CYP2C9  CYP3A4

CYP1A2, CYP2B6, CYP2C8, 
CYP2C19  CYP2D6 UGT1A1  UBT2B7

P-gp, BCRP, OATP1B1, OATP1B3, OAT1, OAT3, 
OCT2, MATE1, MATE2-K

 

doxorubicin in 
vitro

doxorubicin

doxorubicin

BJ  

HT-29

 

MCF-10A  

MCF-7
ER PR

in vitro in vivo ADME

PK/PD

SimCYP

SimCYP

SimCYP

SimCYP SimCYP

L.barbarum

CYP2C9

CYP3A4

-
Tyr-Pro-

Phe(pF)-Phe-1,2-ethylenediamine

CYP3A4


