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In-vivo, in-vitro, ex-vivo & in-situ Assays

Validation Data



Solubility 

Lipophilicity

Permeability assay (PAMPA & CACO-2)

Metabolic stability assay (Hepatic, intestinal microsomes and hepatocytes) 

CYP Inhibition assay ï1A2, 2C9, 2C19, 2D6 & 3A4 (Supersomes and microsomes)

Time Dependent Inhibition assay (Human liver microsomes)

In vivo approach for evaluation of MBI  of CYP3A in rats

MAO Inhibition assay ïMAO-A & MAO-B (Recombinant enzymes ïFlorescent based)

In-Vitro Protein binding studies ïPlasma, Brain & Microsomes (RED / HT Dialysis method)

CYP isoform fingerprinting / Reaction phenotyping studies (rCYPôs and Liver microsomes)

Metabolite identification using LC-MS/MS (Phase I & II)

Reactive metabolite identification using LC-MS/MS

List of validated In-vitro ADME Assays
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Rodent bioavailability studies (Mice, Rat, Guinea pig & Hamster)

Non Rodent bioavailability study (Rabbit & Beagle Dog)

Site specific absorption studies in rats (Single pass In situ intestinal perfusion studies)

Brain penetration studies (Total, discreet brain regions, Steady state brain penetration, 

In situ brain perfusion and CSF penetrations studies)

Free drug estimation in brain using microdialysis

Mouse brain uptake assay (MBUA)

Disposition studies (Bile, Urine and Feces)

In vivo transporter mechanistic studies in rats

In vivo approach for evaluation of MBI  of CYP3A in rats

PK/PD studies (exposure in plasma and brain)/ Allometric Scaling to predict human PK
3

List of validated In-vivo ADME Assay
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Jugular Vein Cannulated Rats, Guinea pigs & Hamsters

Femoral vein Cannulated Rat & Guinea pigs

Portal vein Cannulated Rat and Guinea pigs

Carotid artery Cannulated Rats

Abdominal Aorta Cannulated Rats

Bile Duct Cannulated Rats

Duodenal, Jejunum, Ileum and Colon  Cannulated Rats

Urinary bladder Cannulated Rats

Osmotic pump implantation in Rats for continuation infusion

4

List of Surgical Models 
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Test system :  PBS (pH ï7.4)

Standard curve :  0, 10, 20, 40, 60, 80, 100, 200 µM (ACN)

Test  :  0, 10, 20, 40, 60, 80, 100, 200 µM (PBS)

Replicates :  2

% DMSO :  2 %

Method :  UV spectrometry

Results :  Solubility for test item at pH 7.4

AQUEOUS SOLUBILITY
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LIPOPHILICITY (Log D -7.4)

-0.50

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

Ibuprofen

P
henacetin

V
erapam

il

D
iltiazem

P
ropranolol

M
etoprolol

R
anitidine

C
lozapine

Q
uinidine

A
cetam

inophen

Im
ipram

ine

C
affiene

Labetolol

Testosterone

C
arbam

azepine

L
o

g
 D

 7
.4

"Log D-7.4 (Suven)"

"Log D-7.4 (Literature)

Test system :  n-Octanol / Buffer 

Method :  Shake-flask (miniaturized)

Analysis :  HPLC-UV

Results :  Lipophilicity of test item at pH 7.4
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Test system :  PBS (pH ï7.4 & Ph -4.0)

Test  Concentration :  100 µM in PBS(10 mM in DMSO) depends on solubility

Replicates :  3

% DMSO :  1 %

Incubation time : 5 h

Analysis :  HPLC-UV

Results :  Permeability for test item at pH-7.4 & pH-4.0

PERMEABILITY - PAMPA

y = 0.6761x + 0.915

R2 = 0.9235
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PERMEABILITY (CACO-2)

% Lucifer Yellow Passage and Papp
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 Absorption

Caco-2 Papp 

(10
-6

 cm/sec)

Verapamil 98 63.3

Metoprolol 95 46.99

Propranolol 90 40.39

Ketoconazole 78 41.34

Ranitidine 50 0.28

Atenolol 52 CND
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Microsomal metabolic stability 

(Human Liver microsomes)

33.7
36.4

12.50

73.80

29.5

59.3

77.2

23.5

12.8

18.1

1.2

8.9

3.3

45.6

3.16.2

64.8

5.8

44.4

-1.5

29.9

11.3

23.30

28.70

-10

0

10

20

30

40

50

60

70

80

90

E
to

posi
de 

H
alo

per
id

ol

P
ro

pra
nolo

l

V
er

ap
am

il

C
arb

am
aze

pin
e

A
te

nolo
l

A
m

oxi
ci

lli
n

Ter
fin

id
in

e

K
eto

co
naz

ole

E
ry

th
ro

m
yc

in

M
et

opro
lo

l

R
aniti

din
e

Compound

%
 D

ru
g

 M
e
ta

b
o

li
z
e
d

Human - at Suven

Human - Reported

Test system : Liver microsomes

Species                          : Mixed Gender Human (pool of 50) 

Protein content : 0.5 mg/mL

Test compound              : 2.5 µM

NADPH : 1 mM

Measured product : % Metabolised

Positive Control             : Imipramine
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Microsomal metabolic stability 

(Rat Liver Microsomes)

Test system : Liver microsomes

Species                          : Male Sprague Dawley rat (400) 

Protein content : 0.5 mg/mL

Test compound              : 2.5 µM

Incubation time : 0 & 30 min

NADPH : 1 mM

Measured product : % Metabolised

Positive Control             : Imipramine
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Source    : In house Isolated

Species : Male Sprague Dawley rat 

Hepatocytes : 1 million cells/mL

Test compound          : 2.5 µM

Incubation time : 0, 5, 15, 30, 45 and 60 min, 37 C in KH Buffer, pH 7.4

Measured product : % Remaining

Report : Clearance (mL/min/kg)

Hepatocyte metabolic stability 

(Rat Hepatocytes)

Compound 
In Vitro  CL,H 

(mL/min/kg)

In vivo 

Clearance 

(mL/min/kg)

Reported

Propranolol 60.85 70

Metoprolol 54.19 74

Phenacetin 54.95 84

Midazolam 52.31 44

Diclofenac 36.12 14

Diltiazem 60.64 55

Tolbutamide 6.58 0.5
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Species                          :  Mixed Gender Human (pool of 50) 

Protein content :  0.5 mg/mL

UDPGA :  2 mM

Alamethicin :  50 µg//mL

Measured product :  % Remaining

Phase II Microsomal metabolic stability 

(Human Liver Microsomes)

Compound

Half life 

(min)  

Suven

Half life 

(min) 

Reported

Diclofenac 37.73 32

HFC

 (Hydroxy trifluoromethyl coumarin)
30.74 < 5
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Microsomal metabolic stability 

(Human Intestinal Microsomes)

Source    : In house (Suven)

Species                          : Male Sprague Dawley rat 

Protein content : 0.3 mg/mL

Test compound              : 1 µM

Measured product : % remaining

Duplicates : n=2

NADPH : 1mM 

Time points : 0, 30, 60 & 120 min

Analysis : HPLC & LC-MS/MS
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PLASMA STABILITY 

Species                          : Male Sprague Dawley rat and Human

Incubation : 5 µM (n=2) 

Measured product : % Parent remaining

Duplicates : n=2

Time points : 0, 15, 30, 45, and 60 min at 37O C 

Analysis : HPLC-UV
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CYP1A2 : Phenacetin-O-deethylation

CYP2B6 : Bupropion hydroxylation

CYP2C9 : Diclofenac hydroxylation

CYP2C19 : Mephenytoin hydroxylation

CYP2D6 : Dextromethorphan-O-demethylation

CYP2E1 : Chlorzoxazone hydroxylation

CYP3A4 : Midazolam hydroxylation

: Testosterone hydroxylation

Validated Cytochrome P450 (CYP450) Activities

LC-MS-MS Based
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SUMMARY

Protein

 (mg/mL)

Incubation 

time

 (min)

Vmax 

(pmol/min/mg)

Kmax 

(µM)

Substrate 

concentration

 (µM)

Protein

 (mg/mL)

Substrate 

concentration

 (µM)

Dilution 

factor

1A2 Phenacetin deethylation 0.025 18 397 60 50 0.5 350 20

2B6 Bupropion hydroxylation 0.050 20 141 37 40 1.0 400 20

2C9 Diclofenac hydroxylation 0.025 8 885 8 10 0.5 100 20

2C19 Mephenytoin hydroxylation 0.200 40 37 90 75 2 500 10

2D6 Dextromethorphan demethylation 0.025 12 151 4 5 0.5 50 20

2E1 Chlorzoxazone hydroxylation 0.050 20 1340 185 150 1 750 20

Midazoalma hydroxylation 0.025 2 929 2.2 2.5 0.5 25 20

Testosterone hydroxylation 0.025 10 3926 39 40 0.5 400 20

Reversible inhibiton

3A4

Time dependent inhibition

Assay
CYP

 Isoform
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CYP1A2 : Phenacetin-O-deethylation
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Activity assay: (Optimal conditions)

Protein concentration: 0.03 mg/mL

Incubation time: 18 min

Phenacetin (substrate) concentration: 50 µM

Measured: Acetaminophen 

Absolute IC50 (µM)

CYP1A2

1 Alphanaphthoflavone 0.003

2 Furafylline 1.46

3 Fluvoxamine 0.13

4 Paroxetine 2.56

5 Nefazodone 17.34

6 Fluoxetine > 45

S.No. Compound
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CYP1A2: Time dependent Inhibition

No compound

y = -0.0062x + 4.605

R2 = 0.5633

0.625 µM

y = -0.0276x + 4.605

R2 = 0.855

1.25 µM

y = -0.0372x + 4.605

R2 = 0.9494

2.5 µM

y = -0.0956x + 4.605

R2 = 0.9468

5.0 µM

y = -0.1329x + 4.605

R2 = 0.9864

10.0 µM

y = -0.1708x + 4.605

R2 = 0.9836

40.0 µM

y = -0.2556x + 4.605

R2 = 0.8694

20.0 µM

y = -0.2174x + 4.605

R2 = 0.9488
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Preincubation assay-

Protein concentration: 0.6 mg/mL

Test Compound Concentration: 0, 0.625, 1.25, 2.5, 5, 10, 20 & 40 µM 

Preincubation time points: 0, 2.5, 5, 10, 20 and 30 min

Dilution in to activity assay:20 fold

Activity assay:

Incubation time: 18 min

Phenacetin  concentration: 350 µM

Measured: Acetaminophen 

Analysis: LC-MS-MS
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CYP2B6 : Bupropion hydroxylation
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Absolute IC50 (µM)

CYP2B6

1 Citalopram > 45

2 Fluconazole > 45

3 Fluoxetine > 45

4 Fluvoxamine 3.918

5 Ketoconazole 2.762

6 Nefazodine 12.841

7 Orphenadrine > 45

8 Ticlopidine 0.07

S.No. Compound

Activity assay: (Optimal conditions)

Protein concentration: 0.05 mg/mL

Incubation time: 20 min

Bupropion (substrate) concentration: 40 µM (below / ~ at Km)

Measured: Hydroxy bupropion
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CYP2C9 : Diclofenac hydroxylation
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Activity assay: (Optimal conditions)

Protein concentration: 0.025 mg/mL

Incubation time: 8 min

Diclofenac (substrate) concentration: 10 µM (~ below / at Km)

Measured: Hydroxy diclofenac
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CYP2C19 :Mephenytoin hydroxylation
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Activity assay: (Optimal conditions)

Protein concentration: 0.2 mg/mL

Incubation time: 40 min

Mephenytoin (substrate) concentration: 75 µM (~ below / at Km)

Measured: Hydroxy mephenytoin

Analysis: LC-MS-MS
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CYP2C19: Time dependent Inhibition
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Preincubation assay-

Protein concentration: 2.0 mg/mL

Test Compound Concentration: 0, 1.25, 2.5, 5, 10, 20, 40 & 80 µM 

Preincubation time points: 0, 2.5, 5, 10, 20 and 30 min

Dilution in to activity assay: 10 fold

Activity assay:

Incubation time: 40 min

Mephenytoin  concentration: 500 µM

Measured: Hydroxy mephenytoin 

Analysis: LC-MS-MS

No compound

y = -0.003x + 4.605

R2 = -0.5775

y = -0.0064x + 4.605

R2 = -0.5816

y = -0.0112x + 4.605

R2 = 0.5996

y = -0.0177x + 4.605

R2 = 0.6463
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CYP2D6 :Dextromethorphan O-demethylation
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Activity assay: (Optimal conditions)

Protein concentration: 0.025 mg/mL

Incubation time: 12 min

Dextromethorphan (substrate) concentration: 5 µM (below Km)

Measured: Dextrorphan

Analysis: LC-MS-MS
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CYP2D6: Time dependent Inhibition
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Preincubation assay-

Protein concentration: 0.5 mg/mL

Test Compound Concentration: 0, 0.312, 0.625, 1.25, 2.5, 5 &10 µM 

Preincubation time points: 0, 2.5, 5, 10, 20 and 30 min

Dilution in to activity assay:20 fold

Activity assay:

Incubation time: 12 min

Dextromethorphan  concentration: 50 µM (approximately 10 Km)

Measured: Dextrorphan 

Analysis: LC-MS-MS

No compound

y = 0.0024x + 4.605

R2 = 0.5084

10.0 µM

y = -0.1558x + 4.605

R2 = 0.9461

5.0 µM

y = -0.1419x + 4.605

R2 = 0.9026

0.312 µM

y = -0.0365x + 4.605

R2 = 0.8982

1.25 µM

y = -0.0966x + 4.605

R2 = 0.9196

0.625 µM

y = -0.058x + 4.605

R2 = 0.904

2.5 µM

y = -0.1192x + 4.605

R2 = 0.8917
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CYP2E1 : Chlorzoxazone hydroxylation
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Activity assay: (Optimal conditions)

Protein concentration: 0.025 mg/mL

Incubation time: 2 min

Midazolam (substrate) concentration: 2.5 µM (below / @ Km)

Measured: 1-Hydroxy midazolam
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CYP3A4 : Midazolam 1 - hydroxylation
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Activity assay: (Optimal conditions)

Protein concentration: 0.025 mg/mL

Incubation time: 2 min

Midazolam concentration: 2.5 µM (below / @ Km

Measured: 1-Hydroxy midazolam 

0

40

80

120

Control 0.2 0.5 1 2

% of Organic solvent

M
id

a
zo

la
m

 h
y

d
ro

x
y

la
ti

o
n

 (
%

 o
f 

c
o

n
tr

o
l)

DMSO

CH3CN

MeOH

Control

26Company Confidential                                                                    
Copyright © 2011 Suven Life Sciences Limited



CYP3A4: Time dependent Inhibition
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Preincubation assay-

Test compound: Troleandomycin

Protein concentration: 0.5 mg/mL

Test Compound Concentration: 0, 0.312, 0.625, 1.25, 2.5, 5, 10 µM 

Preincubation time points: 0, 2.5, 5, 10, 20 and 30 min

Dilution in to activity assay: 20 fold

Activity assay:

Incubation time: 2 min

Midazolam  concentration: 25 µM (approximately 10 times Km)

Measured: 1-OH midazolam 

Analysis: LC-MS-MS

No compound

y = -0.009x + 4.61

R2 = 0.6928

0.312 µM

y = -0.0497x + 4.61

R2 = 0.9303

0.625 µM

y = -0.0895x + 4.61

R2 = 0.9388

1.25 µM

y = -0.1614x + 4.61

R2 = 0.9385

2.5 µM

y = -0.206x + 4.61

R2 = 0.9152

5.0 µM

y = -0.2301x + 4.61

R2 = 0.882

10.0 µM

y = -0.253x + 4.61

R2 = 0.9137
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CYP3A4: Testosterone 6-hydroxylation

0.000

0.200

0.400

0.600

0.800

1.000

1.200

0 2 4 6 8 10 12

Incubation time (min)

6
-H

y
d
ro

x
y
 T

e
s
to

s
te

ro
n
e
  
( 

µ
M

)

Testosterone-10.0 µM

Testosterone -20 µM

Testosterone-40 µM

Testosterone-80 µM

Testosterone-160 µM

Testosterone-320 µM

Testosterone-640 µM

 

0 80 160 240 320 400 480 560 640

0

1000

2000

3000

4000

     VMAX

     KM

3926

38.84

Testosterone (µM)

6
-O

H
 t

e
s
to

s
te

ro
n

e

(p
m

o
l/
m

in
/m

g
 p

ro
te

in
)

0.0001 0.001 0.01 0.1 1 10 100

0

25

50

75

100

%Activity

Relative IC50 = 0.044 µM

Absolute IC50 = 0.038 µM

Ketoconazole (µM)

%
 A

c
ti

v
it

y
 R

e
m

a
in

in
g

(M
id

a
z
o

la
m

-1
-h

y
d

ro
x
la

s
e
  
a
s
s
a
y
)

Activity assay: (Optimal conditions)

Protein concentration: 0.025 mg/mL

Incubation time: 10 min

Testosterone concentration: 40 µM (below / @ Km)

Measured: 6-Hydroxy testosterone
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FLUORESCENT BASED CYP INHBITION ASSAYS 

(CYP2C9, CYP2C19,CYP1A2, CYP2D6 & CYP3A4) 

USING HTS Kits 
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Matrix :  Recombinant Human CYP1A2

Test  Concentration : 45 µM

Substrate : cyano ethoxy coumarin

Incubation time : 30  min

Metabolite : cyano hydroxy coumarin

Method of Detection : Fluorescence

Results : IC50 (µM) 

CYP1A2 INHIBITION
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Matrix :  Recombinant Human CYP2C9

Test  Concentration : 45 µM

Substrate : MFC

Incubation time : 45  min

Metabolite : CFC

Method of Detection : Fluorescence

Results : IC50 (µM) 

CYP2C9 INHIBITION
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Matrix :  Recombinant Human CYP2C19

Test  Concentration : 45 µM

Substrate : CEC

Incubation time : 30  min

Metabolite : CHC

Method of Detection : Fluorescence

Results : IC50 (µM) 

CYP2C19 INHIBITION
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Matrix :  Recombinant Human CYP2D6

Test  Concentration : 45 µM

Substrate : AMMC

Incubation time : 30  min

Metabolite : AHMC

Method of Detection : Fluorescence

Results : IC50 (µM) 

CYP2D6 INHIBITION
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Matrix :  Recombinant Human CYP3A4

Test  Concentration : 45 µM

Substrate : BFC

Incubation time : 30  min

Metabolite : HFC

Method of Detection : Fluorescence

Results : IC50 (µM) 

CYP3A4 INHIBITION
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Assessment of CYP Inhibition In Early Discovery

Time-dependent

Single point 

CYP3A 

Inhibition
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fu plasma, 
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MIC Formation
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CYP3A TIME DEPENDENT INHIBITION

(SINGLE POINT SCREEN)

TDI (%) - Normal CYP3A Vs High activity CYP3A
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Matrix : Pooled Human Liver Microsomes (Mixed Gender)

Test  Concentration : range spanning 10 fold to IC50 µM

Protein concentration : 0.5 mg/ mL        0.25 mg/mL

Incubation time : 10 & 30 min NADPH

Substrate : Midazolam

Incubation time : 2  min

Metabolite : 1-OH Midazolam

Method of Detection : LC-MS/MS

Positive control : Troleandomycin and Erythromycin

Results : % TDI @ 30 min

Drug
Normal 

CYP3A

High activity 

CYP3A 

Indinavir 0 0

Ketoconazole 0 0

Fluconazole 0 0

Zolpidem 5.5 2.54

Fluoxetine 14.24 0

Terfenadine 8.15 0

Nifedipine 16.58 0

Atomoxetine 0 0

Paroxetine 0 6.42

Risperidone 0 8.99

Clozapine 0 7.4

Duloxetine 0 14.49

Fluvoxamine 9.66 15.5

Erythromycin 44.04 47.67

Diltiazem 44.9 46.93

Domperidone 45.84 41.74

Dasatinib 33.94 49.64

Saquinavir 49.7 54.74

Troglitazone 50.95 55.29

Troleandomycin 65.21 67.89

Mibefradil 89 89

Verapamil 81.42 84.33

Nefazodone 91.79 93.07
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CYP3A TIME DEPENDENT INHIBITION 

IC50 shift

Matrix :  Pooled Human Liver Microsomes (Mixed Gender)

Test  Concentration : range spanning 10 fold to IC50 µM

Protein concentration : 1.0 mg/ mL        0.1 mg/mL

Incubation time : 10 & 30 min NADPH

Substrate : Midazolam

Incubation time : 5  min

Metabolite : 1-OH Midazolam

Method of Detection : LC-MS/MS

Positive control : Verapamil

Results : IC50 shift (fold change)
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CYP3A4: Time dependent Inhibition 

Inactivation kinetics
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Preincubation assay-

Test compound: Troleandomycin

Protein concentration: 0.5 mg/mL

Test Compound Concentration: 0, 0.312, 0.625, 1.25, 2.5, 5, 10 µM 

Preincubation time points: 0, 2.5, 5, 10, 20 and 30 min

Dilution in to activity assay: 20 fold

Activity assay:

Incubation time: 2 min

Midazolam  concentration: 25 µM (approximately 10 times Km)

Measured: 1-OH midazolam 

Analysis: LC-MS-MS

No compound

y = -0.009x + 4.61

R2 = 0.6928

0.312 µM

y = -0.0497x + 4.61

R2 = 0.9303

0.625 µM

y = -0.0895x + 4.61

R2 = 0.9388

1.25 µM

y = -0.1614x + 4.61

R2 = 0.9385

2.5 µM

y = -0.206x + 4.61

R2 = 0.9152

5.0 µM

y = -0.2301x + 4.61

R2 = 0.882

10.0 µM

y = -0.253x + 4.61

R2 = 0.9137
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Mono Amine Oxidase (MAO) A & B inhibition

Test system : Recombinant MAO-A & MAO-B

Source    : BD Gentest

Protein content : 0.006 mg/mL and 0.015 mg/mL for MAO-A and MAO-B

Substrate            : Kynuramine

Substrate concentration : 40µM for MAO-A and 23µM for  MAO-B

Incubation time : 20 min

Analysis : Fluorescence

Measured : 4-OH quinoline formation
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