Pharmacokinetics & Drug Metabolism

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

Validation Data

Discovery Research

@ Suven Life Sciences

SUVEN Serene Chambers, Road-5, Avenue-7, Banjara Hills,
Life Sciences Hyderabad-500034, India.
Contacts: DDDSS@suven.com, nvsrk@suven.com

s




List of validated In-vitro ADME Assays

Solubility

Lipophilicity

Permeability assay (PAMPA & CACO-2)

Metabolic stability assay (Hepatic, intestinal microsomes and hepatocytes)

CYP Inhibition assay i 1A2, 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 i MAO-A & MAO-B (Recombinant enzymes 1 Florescent based)
In-Vitro Protein binding studies i Plasma, Brain & Microsomes (RED / HT Dialysis method)
CYP i soform fingerprinting / Reaction phenot)
Metabolite identification using LC-MS/MS (Phase | & II)

Reactive metabolite identification using LC-MS/MS
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List of validated In-vivo ADME Assay

Rodent bioavailability studies (Mice, Rat, Guinea pig & Hamster)
Non Rodent bioavailability study (Rabbit & Beagle DoqQ)
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
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List of Surgical Models

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, lleum and Colon Cannulated Rats
Urinary bladder Cannulated Rats

Osmotic pump implantation in Rats for continuation infusion
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AQUEOUS SOLUBILITY

Test system : PBS (pH 1 7.4)

Standard curve : 0, 10, 20, 40, 60, 80, 100, 200 uM (ACN)
Test : 0, 10, 20, 40, 60, 80, 100, 200 uM (PBS)
Replicates D2
% DMSO 2%
Method : UV spectrometry
Results . Solubility for test item at pH 7.4

200 - ® Solubility (suven)
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Test system :
Method
Analysis

: Shake-flask (miniaturized)

. HPLC-UV

. Lipophilicity of test item at pH 7.4

Results
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PERMEABILITY - PAMPA

Test system : PBS (pHT 7.4 & Ph -4.0)

Test Concentration : 100 pM in PBS(10 mM in DMSO) depends on solubility
Replicates 3
% DMSO 1%
Incubation time . 5h
Analysis . HPLC-UV
Results : Permeability for test item at pH-7.4 & pH-4.0
12 ~ 16 -
g T ] '
- N~ d
m 10 ¢ 2 g Propranolol
9 8 1 Q. 12 ] /
3 ® 11 {e
c\n 6\ 10 7
e 6 1 (] 9 - ¢
oo & 8 -
g 4 5 79 o
= y =0.6761x + 0.915 o 61 Metoprolol
g 2 R =0.9235 = {0 —
a8 = 3 - Ketoprofen ——
O ' T T T T T T T T T T T T T T T 1 % 2 .
0 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 o 14
_6 0 “I T T T T T T T T T T T T T T T T 1
PR (17 Emisee) @ S 01 2 3 456 7 8 9 1011 12 13 14 15 16 17 18
Papp (10-6 cm/sec) @ pH- 4.0
Low < 0.3 x 10° cmi/sec
Moderate 0.3 - 3 x 10 cm/sec
High >3 x 10 cm/sec
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PERMEABILITY (CACO-2)

Compound % Humgn Cac_:60—2 Papp

Absorption| (10” 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

% Lucifer Yellow Passage and Papp

6.00 - —a— % LY Passage - 50
B Papp (nm/s)
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Microsomal metabolic stability

(Human Liver microsomes)

Test system
Species

: Liver microsomes
: Mixed Gender Human (pool of 50)

Protein content : 0.5 mg/mL
Test compound 1 2.5 uM
NADPH 1 mM
Measured product : % Metabolised
Positive Control . Imipramine
90 - @ Human - at Suven
- = Human - Reported
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70 1 64.8
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60 A 44.4
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Microsomal metabolic stability

(Rat Liver Microsomes)

% Drug Metabolized

Test system
Species

: Liver microsomes
: Male Sprague Dawley rat (400)

Protein content : 0.5 mg/mL
Test compound 1 2.5 uM
Incubation time : 0 & 30 min
I\N/I':al:l)sPuHred product ‘%A)rrl\]/ll\gtabolised
Positive Control . Imipramine
120 A Rat - at Suven
100 - 95.49 95.19
7 7
o é é é é 38.56
2 7 7 v 7
7
201 1 09 Z Z Z 2}77 é 7 8.71 %
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: Compound
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Hepatocyte metabolic stability

(Rat Hepatocytes)

Source . In house Isolated

Species : Male Sprague Dawley rat

Hepatocytes : 1 million cells/mL

Test compound 1 2.5 uM

Incubation time : 0, 5, 15, 30, 45 and 60 min, 37 Cin KH Buffer, pH 7.4
Measured product : % Remaining

Report : Clearance (mL/min/kg)

In vivo
Compound In Vitro CL,H Clearance
£ (mL/min/kg) (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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Phase |l Microsomal metabolic stability

(Human Liver Microsomes)

Species : Mixed Gender Human (pool of 50)
Protein content : 0.5 mg/mL
UDPGA : 2mM
Alamethicin : 50 ug//mL
Measured product : % Remaining
Half life Half life
Compound (min) (min)
Suven Reported
Diclofenac 37.73 32
HFC
30.74 <5

(Hydroxy trifluoromethyl coumarin)
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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 uM
Measured product : % remaining
Duplicates ' n=2
NADPH : 1mM
Time points : 0, 30,60 & 120 min
Analysis : HPLC & LC-MS/MS
O At Suven
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PLASMA STABILITY

Species : Male Sprague Dawley rat and Human
Incubation : 5 uM (n=2)
Measured product : % Parent remaining
Duplicates ' n=2
Time points : 0, 15, 30, 45, and 60 min at 370 C
Analysis : HPLC-UV
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Validated Cytochrome P450 (CYP450) Activities

LC-MS-MS Based

CYP1A2
CYP2B6
CYP2C9
CYP2C19
CYP2D6
CYP2E1
CYP3A4

. Phenacetin-O-deethylation

. Bupropion hydroxylation

. Diclofenac hydroxylation

. Mephenytoin hydroxylation

. Dextromethorphan-O-demethylation
. Chlorzoxazone hydroxylation

. Midazolam hydroxylation

. Testosterone hydroxylation
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SUMMARY

CYP

Reversible inhibiton

Time dependent inhibition

A .
Isoform ssay Protein Incu_batlon Vmax Kmax Substrat(_e Protein Substrat(_e Dilution
(mg/mL) time ‘ concentration (ma/mL) concentration factor
(min) (pmol/min/mg) (UM) (UM) (UM)
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
3A4
Testosterone hydroxylation 0.025 10 3926 39 40 0.5 400 20
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CYP1A2 : Phenacetin-O-deethylation

300 ~
—ll— Phenacetin-7.18 uM

400 -~
—&— Phenacetin -15.6 pM
250 1 —e— Phenacetin-31.25 yM
—»— Phenacetin- 62.5 pM
_ = 300 A
g 200 - —*— Phenacetin-125 uM = @
=t —e— Phenacetin-250 pM E S "
@ o o
§- 150 4 —+— Phenacetin- 500 pM _g g’ 200 -
S; E E Vmax | 396.5
< 100 83 Km | 60.32
£
& 100 - «
50 -
o me—=h . . . . . 0 T T T T 1
o . . 12 1 0 M 0 100 200 300 400 500
o .o . Incubation time (min)
Activity assay: (Optimal condqftlons) Phenacetin (uM)
Protein concentration: 0.03 mg/mL & DMSO
Incubation time: 18 min 120 ~
. _ - = CH3CN
Phenacetin (substrate) concentration: 50 uM e @ MeOH
. ©
Measured: Acetaminophen E* — 1 @ Control
=S 80 - o
Absolute IC5q (LM) g c \
S.No. Compound S 8 \
CYP1A2 = 5 :
1 |Alphanaphthoflavone 0.003 ‘g S 40 -
©
2 |Furafylline 1.46 aC)
3  |Fluvoxamine 0.13 E
4 |Paroxetine 2.56 0 - ! !
5 [Nefazodone 17.34 Control 0.2 0.5 1 2
i Company Confidential % of Organic solvent 17
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CYP1A2: Time dependent Inhibition

Preincubation assay-

Protein concentration: 0.6 mg/mL
Test Compound Concentration: 0,0.625,1.25,2.5,5,10,20 & 40 uM 5.
. . . . . N d
Preincubation time points: 0, 2.5, 5, 10, 20 and 30 min e gy
q a o 0.0 * 2 _
Dilution in to activity assay:20 fold aso ] F ¢ . R’ =0.5633
o . \ 0.625 uM
Activity assay: \ " M ®  =-00276x+4605
Incubation time: 18 min 100 ] : R =08
Phenacetin concentration: 350 uM A\ \ 125 M
Measured: Acetaminophen ol \ YOI Lo
Analysis: LC-MS-MS o N\
E \ 25pM
= ] y =-0.0956x +4.605
é 300 \\ R =0.9468
0.30 2 \ 5.0 uM
g 2.50 \ y =-0.1329x + 4.605
0.25 i \ R?=0.9864
% \ 10.0 M
9 2,00 N\ _
—~  0.20+ z y =-0.1708x + 4.605
F..: § ¢ No compound \ R?=0.9836
S 2
~  0.151 150{ " 062 20.0 M
8 A 125uM y =-0.2174x + 4.605
C o010 Kinact| 0.2896 - R =009488
Kl 6.203 101 o 50m oo
Op
0.05 Clinact: 46.5 li min‘l ® 10uM y =-0.2556x + 4.605
050 = 20um R? = 0.8694
i
0.00 T T T 1 = 40uM
0 10 20 30 40
0.00 T T T T T T \
Furafylline (uVh 8 5 49 45 59 55 39 35
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CYP2B6 : Bupropion hydroxylation

180 4 —i— Bupropion-10 uM

—e— Bupropion-20 uM
160 upropli M

—e— Bupropion-40 uM
140 4 —— Bupropion-80 pM

e —*— Bupropion-160 uM
—e— Bupropion-320 uM
100 —+— Bupropion-640 uM

80

Hydroxy bupropion ( nM)

60

40 4

0 4 8 12 1
ieubation e (rin)

Activity assay: (Optimal conditions)

Protein concentration:

Incubation time:

Bupropion (substrate) concentration:

Measured:

150 -
125 4 . . .
55 100 - .
Sg
Q'U)
2E 75 -
3
5 S s A Vmax | 140.8
ITs Km 37.02
25 -
y ! 0 T T T T T T T 1
0 % 0 80 160 240 320 400 480 560 640
Bupropion (uUM)
0.05 mg/mL
20 min
40 pM (below / ~ at K,)) =
Hvd b . 2 120 -~ B DMSO
rox upropion IS
ydroxy buprop L ® CH3CN
X O
e = 80 - = MeOH
T 5
23 @ Control
S © 40 -
o o
a s
e
o
=)
m

% of Organic solvent

Absolute 1Csq (UM)
S.No. Compound
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
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CYP2C9 : Diclofenac hydroxylation

0.300 - —i— Diclofenac-1.0 pM 1000 -
—e— Diclofenac -2.0 pM
eson —e— Diclofenac-4.0 uM
—— Diclofenac-8.0 pM 2
s —— Diclofenac-16.0 pM 3 ) 750 4
S 0200 ) S e
g —e— Diclofenac-32.0 uM S g_
% —+— Diclofenac-64.0 uM g o .
£ 0.150 1 yE 500 -
> x £
z °E
T 0100 23
3 TE Vmax | 884.4
NS Y km | 8317
0.050 - '
0.000 mi——"xmo : : : : 3 0 T T T T T T T 1
0 2 4 6 8 10 12 0 8 16 24 32 40 48 56 64
Incubation time (min)
Activity assay: (Optimal conditions) Diclofenac (M)
Protein concentration: 0.025 mg/mL & DMSO
Incubation time: 8 min 160 1 % CH3CN
Diclofenac (substrate) concentration: 10 uM (~ below / at K,)) s B MeOH
o= e
Measured: Hydroxy diclofenac L= '
=~ 120 = ; nJ @ Control
X O
100 - ° = u - ‘ :
) = g u “'m ‘ n
>
2 pr £ o 80 4 - ' \ ws
o 8 5 * *  %Activity I3) ‘6 .I‘.l II\I. l‘l llll
£ 8 ) © | nl . |
S 3 Relative ICgy = 0.427 uM Q i i \ uE
£ 50 = 0. H cC X
3> N o | W i . |
£ % Absolute IC5=0.320 pM o= 40 II\II II\II .\. llll
T2 507 S " o o u
) . i . \ mn
2 a | W ml m |
5 £ u . | uy
<3 | W ml . |
£ 8 259 0 - il . b [ Pl |
c
[}
£
z Control 0.2 0.5 1 2
O [T T TN T T T[T T T TTim 1T
0.0001  0.001 0.01 0.1 1 10 100 % of Organic solvent
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CYP2C19 :Mephenytoin hydroxylation

4-Hydroxy mephenytoin ( nM)

300 -
—l— Mephenytoin-1.0 uM
250 | —e— Mephenytoin -2.0 uM
—e— Mephenytoin-4.0 uM
—<«— Mephenytoin-8.0 uM
2001 —x— Mephenytoin-16.0 uM
—e— Mephenytoin 150 pM

150 4 —— Mephenytoin 300 uM

100 -

50 A

0

50 -
45
=R 40
S £
E E 35 [
(o]
35 30 -
go .
£ % 25 o
SE 20
5% 15 J ¢ Vmax | 37.25
> £ -
T g Km 90.10
4 = 10 4
5 -
0 T T T T T 1
0 100 200 300 400 500 600

é'—é .

0 4 8 16 2'4 3'2
Activity assay: (Optimal (':néuﬁaa)ﬁigﬁ(g)n
Protein concentration:
Incubation time:
Mephenytoin (substrate) concentration:
Measured:
Analysis:

40

0.2 mg/mL

40 min

75 UM (~ below / at K,,)
Hydroxy mephenytoin
LC-MS-MS

Mephenytoin (uM)
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CYP2C19: Time dependent Inhibition

Preincubation assay- 5.00 1 SO
Protein concentration: 2.0 mg/mL y= ;-‘jozxs; ;‘5605
Test Compound Concentration: 0, 1.25, 25,5, 10, 20, 40 & 80 uM )

. . . . . y =-0.0064x + 4.605
Preincubation time points: 0, 2.5, 5, 10, 20 and 30 min 4.00 1 R = -0.5816
Dilution in to activity assay: 10 fold

0.5 . y =-0.0112x + 4.605
Activity assay: R = 0.5006
Incubation time: 40 min £ 3.00 1

€ ¢ No compound
. . o] =Sd
Mephenytoin concentration: 500 uM £ r— YOOI 00
- n: '
Measured: Hydroxy mephenytoin z A 25 R 063
Analysis: LC-MS-MS g 200{ o 50uM R=05729
f\_ ¢ 10uM
o
= o y =-0.0438x + 4.605
0.06 S ¢ 200 R =0.7968
g 1004 A 40.0uM
tleag | g - 80.0uM
y =-0.0437x +4.605
0.04 R =0.6498
e

é 0.00 T T T , y =-0.0483x +4.605

o 0.034 10 20 30 40 R =0.6752

Q

v KINACT| 0.05476

X 0.02~

Kl 7.861

-1.00 -

0.01

Cl,aet= 6.95 mM min?
0.00 T T T

0 25 50 75
Ticlopidine (uM)
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CYP2D6 :Dextromethorphan O-demethylation

0.060 200+
—— Dextromethorphan-1.562 pM
—=&— Dextromethorphan-3.125 pM
—a— Dextromethorphan-6.25 uM
Dextromethorphan-12.5 pM — -
0.040 —*— Dextromethorphan-25.0 uM GE) =
= —e— Dextromethorphan-50.0 pM c § 5
? —+— Dextromethorphan-75.0 pM (ci g
g 5E 100
£ £
3]
g2 o E V max = 151.8 pmol/min/mg protein
= Ky = 4.309 M
0.000
0 2 4 8 12 16 0 T T )
L. . Incubalionlirr\eSrrin.) 0 25 50 75
Activity assay: (Optimal conditions)
. . Dextromethorphan (M)
Protein concentration: 0.025 mg/mL
Incubation time: 12 min
Dextromethorphan (substrate) concentration: 5 UM (below K,,,) o DMSO
Measured: Dextrorphan = 120 ~ = CLECN
Analysis: LC-MS-MS o E = MeOH
1 O
120 - *  %Activity g8 T T @ Control
_ Relative ICg, =0.038 pM 5 9 80 '
g Absolute ICsy- 0.028 pM E S
g4 = . S
£& * g =
5 = > 40 1
22 60 S =
>0 a (]
22 £
= 2 [)
O ©
<3 0 -
° 30+
&
Q Control 0.2 0.5 1 2
0 T IIIII|T| T IIIII|T| T TTTIT %Of OrganiC SOlvent
0.0001 0.001 0.01 0.1 10

Ouinidine (uM)
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CYP2D6: Time dependent Inhibition

Preincubation assay-

Protein concentration:

Test Compound Concentration:
Preincubation time points:

Dilution in to activity assay:20 fold

Activity assay:

Incubation time:
Dextromethorphan concentration:
Measured:

Analysis:

0.2+

0.1+

Kobs (mift")

Kl

Clpact= 154
0.0 I I I

KINACT| 0.1736 A 10.0uM
1.129

0.5 mg/mL
0,0.312,0.625, 1.25, 2.5, 5 &10 uM
0, 2.5, 5, 10, 20 and 30 min

5.00

L 2

12 min

50 uM (approximately 10 Km)
Dextrorphan

LC-MS-MS

4.00 A

3.00 -

2.00 A

0.625 pM
e 125uM
1001 o 25pM

Natural Log of % Activity Remaining

® 50uM

0.00 T T N

No compound
y =0.0024x + 4.605
R? = 0.5084

0.312 uyM
y =-0.0365x + 4.605
R? =0.8982

0.625 pM
y =-0.058x + 4.605
R? = 0.904

1.25 uyM
y =-0.0966x + 4.605
R? =0.9196

2.5 M

y =-0.1192x + 4.605
R?=0.8917

5.0 uM

10 20 30

mMt mint

-1.00 -

0 2 4 6

Paroxetine (LM)

T 1
8 10

4' y =-0.1419x + 4.605

R? = 0.9026

10.0 uM
y =-0.1558x + 4.605
R? = 0.9461
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CYP2E1L : Chlorzoxazone hydroxylation

1400.00
—ll— Chlorzoxazone- 15.675 pM 1500
1200.00 1 —&— Chlorzoxazone-31.25 pM
—&— Chlorzoxazone-62.5 pM
[}
S 1000.00 - —— Chlorzoxazone-125 uM 5T
< N
72' —— Chlorzoxazone-250 M < % 1000
<] o
5 800.00 —e— Chlorzoxazone-500 M ’g % .
g —+— Chlorzoxazone-1000 pM 8 E
§ 600.00 g % s - Vmax | 1340
5 S § Km 185.4
£ 40000 T
200.00 - / 0
T T T 1
000 e : : : ' ' 0 250 500 750 1000
0 4 8 12 16 20 24 Chlorzoxazone (uM)
Incubation time (min)
Activity assay: (Optimal conditions) o DMSO
- -
Protein concentration: 0.025 mg/mL = - GREEN
. . . S = & MeOH
Incubation time: 2 min > 2
] ] = @ Control
Midazolam (substrate) concentration: 2.5 pM (below / @ K,,)) 5 8 80 A I
> b
Measured: 1-Hydroxy midazolam < o | ;
2 | |
o \ \
N = 40 A \ \
x = \ \
N 3 | |
o
= | N & N
0 |
O
Control 0.2 0.5 1 2
% of Organic solvent
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CYP3A4 : Midazolam 1 - hydroxylation

0.100 —l— Midazolam-0.25 pM
—8— Midazolam-0.5 pM
—e— Midazolam-1.0 yM 1000+
—%— Midazolam-2.0 uM
% —»— Midazolam-5.0 M =
= —8— Midazolam-10.0 pM . "
% —+— Midazolam-25.0 uM £ %
2 © o
g8
S o D
s T E 500+
=< VMAX | 928.5
I £
O = KM 2.186
4 g
e
0.000 T T T \
0 1 2 3 4
Incubation time (min) 0
Activity assay: (Optimal conditions) . : e 15 . 7
Protein concentration: 0.025 mg/mL Midazolam (uM)
Incubation time: 2 min
Midazolam concentration: 2.5 pM (below / @ K, O DMSO
Measured: 1-Hydroxy midazolam 120 - % CH3CN
[
.g = MeOH
100+ C_U
= »  %Activity > f_g @ Control
a Relative ICg = 0.0164 uM -3 = 80 A
o® 754 Absolute ICg- 0.012 uM S <
E @ > o
T3 = ©
£ 3 —
& '§ 50 - % 2
£ 5 & 40 -
g5 o
a\og 254 '_9
= =
0 IIIII|T|'| IIIII|T|'| TTTIT 0 -
0.0001 0.001 0.01 0.1 1 10 100

Control 0.2 0.5 1 2

Ketoconazole (pM)

% of Organic solvent
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CYP3A4: Time dependent Inhibition

Preincubation assay-

Test compound: Troleandomycin 500 -

Protein concentration: 0.5 mg/mL : X S oo s ety
Test Compound Concentration: 0, 0.312, 0.625, 1.25, 2.5, 5, 10 pM e ¥ =060
Preincubation time points: 0, 2.5, 5, 10, 20 and 30 min 100 N\ =00t 461

Dilution in to activity assay: 20 fold k\\ R =0.9303
0.625 M

ACtiVity assay. 2001 y =-0.0895x +4.61
. . . 1 R =0.9388
Incubation time: 2 min i N
1.00 1 \ 1.25uM

Midazolam concentration: 25 UM (approximately 10 times Km) \\ y=-Listdcsagt
=0.9385

Natural Log of % Activity Remaining

Measured: 1-OH midazolam 0.00 . . . S : .
. 5 10 15 szo\\ 5 30 35 25
Analysis: LC-MS-MS AN J =-0208 + 461
A0 \ \ R =0.9152
4 No compound \
50312
0.3+ -2.00 4 A 0.625uM \\ 5.0 uM
: %gsh y =-0.2301x + 4.61
° souM RZ=0.882
200 4 A 10.0uM
10.0 uM
—~ 0.2 y =-0.253x +4.61
= 4001 R’ =0.9137
= KINACT] 0.2880
1) -5.00 -
8 Kl 1.169
4 0.1 ‘
Clyaet = 246 mMt mint
0.0 I T T T T 1
0 2 4 6 8 10
Troleandomycin (M)
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CYP3AA4: Testosterone 6-hydroxylation

1.200 -

—l— Testosterone-10.0 pM 4000
1.000 A —e— Testosterone -20 pM
_ —&— Testosterone-40 uM —_
§3 —»— Testosterone-80 uM g g 30007
o 0.800 S
§ —»— Testosterone-160 pM S a
2 —e— Testosterone-320 pM g g’
7 0.600 D= 2000+
o —+— Testosterone-640 pM § g VMAX 3926
g = KM 38.84
: 0.400 A © g 1000+
0.200
0 T T T T T T T 1
0 80 160 240 320 400 480 560 640
0.000 B
0 2 4 6 8 10 12
Incubation time (min) Testosterone (UM)
Activity assay: (Optimal conditions)
Protein concentration: 0.025 mg/mL
Incubation time: 10 mi 0 DMSO
ncubation time: min < 120 - & CH3CN
Testosterone concentration: 40 pM (below / @ K,;) 5 = MeOH
Measured: 6-Hydroxy testosterone g — @ Control
2 2 80 A
-D -
100~ _é‘ S
= » ®  %Activity [} .:'_)
a Relative ICsy=0.044 uM S ©
o f 75 Absolute ICsy- 0.038 M o = 40 A
£8 2
=S +—
Q = 2]
g:%‘ 50 |q_)
é % 0 1 1
£g Control 0.2 0.5 1 2
= % of Organic solvent
0 ||||||'|T| ||||||'|T| TTTIT
0.0001 0001  0.01 0.1 1 10 100
Ketoconazole (uM) Company Confidential 28
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FLUORESCENT BASED CYP INHBITION ASSAYS
(CYP2C9, CYP2C19,CYP1A2, CYP2D6 & CYP3A4)
USING HTS Kits
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CYP1AZ2 INHIBITION

Matrix : Recombinant Human CYP1A2
Test Concentration : 45 uM
Substrate : cyano ethoxy coumarin
Incubation time : 30 min
Metabolite : cyano hydroxy coumarin
Method of Detection : Fluorescence
Results 1 1Cso (UM)
100 - & %Activity
ICsp= 4.333 UM
o 754
=
c
S
S
&)
x 50
=
>
g
< 25—
0 T T T T T T T T oo
0.01 0.1 1 10 100 1000

Furafylline (uM)
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CYP2C9 INHIBITION

Matrix : Recombinant Human CYP2C9
Test Concentration : 45 uM
Substrate : MFC
Incubation time 145 min
Metabolite : CFC
Method of Detection : Fluorescence
Results 1Cs, (M)
100 — & %Activity
ICg = 0.705 pM
(o)) 75 -
[
c
‘T
e
()
04 50 -
2
>
g
< 25—
*
0 T T T T T T 1 T Trrm
0.001 0.01 0.1 1 10

Sulfaphenazole (uM)

Company Confidential 31
Copyright © 2011 Suven Life Sciences Limited



CYP2C19 INHIBITION

Matrix . Recombinant Human CYP2C19
Test Concentration : 45 uM
Substrate : CEC
Incubation time 30 min
Metabolite : CHC
Method of Detection : Fluorescence
Results 1 1Cs, (M)
100 + < O/OACtiVity
ICgy= 2.607 uM
o 75 -
c
=
T
IS
()
o 50
2
>
g
o\o 25—'
L 4
0 T T T T T Ty 1 oo
0.01 0.1 1 10 100

Tranylcypromine (uM)

Company Confidential
Copyright © 2011 Suven Life Sciences Limited

32




CYP2D6 INHIBITION

Matrix : Recombinant Human CYP2D6
Test Concentration : 45 uM
Substrate : AMMC
Incubation time 30 min
Metabolite : AHMC
Method of Detection : Fluorescence
Results 1 1Cs, (M)
100 — * ¢ Y%Activity
ICgo = 0.009 uM
o 75+
[
c
'@
e
(D)
4 50 -
2
>
g
< 25—
0 T TTTI T TTIm T T I T TTITm T T TTTI
0.0001 0.001 0.01 0.1 1 10

Ouinidinae (M)
I )
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CYP3A4 INHIBITION

Matrix : Recombinant Human CYP3A4
Test Concentration : 45 uM
Substrate : BFC
Incubation time 30 min
Metabolite : HFC
Method of Detection : Fluorescence
Results 1Cs, (M)
*  %Activity
100
ICgo = 0.086 uM
o 75 -
c
c
B
e
()
04 50 —
>
>
g
< 25—
0 T TTTT T T T O T T
0.001 0.01 0.1 1 10

Ketoconazole (uM)

Company Confidential 34
Copyright © 2011 Suven Life Sciences Limited



Poster Presentation at ISSX-2009

CYP2D6 and CYP3A4 Inhibitory Potential of Marketed CNS Compounds from

LC-MS/MS and Fuorescent Based

Vishwottam Kandikere, Raghavachaudary Palacharla, Ranjithkumar Ponnamaneni,
Arunkumar Manoharan, Gopinadh Bhyrapuneni, Koteshwara Mudigonda and Ramakrishna Nirogi

Assays (4 SUVEN

Life Sciences
www.suven.com

Discovery Research, Suven Life Sciences Lid, Serene Chambers, Road - 5, Avenue - 7, Banjara Hills, Hyderabad - 500034, India. E-mail: nvsrki@suven.com; jasisuven.com

Abstract
Drug-drug interactions are a poential cause of severs side effects and can result in sarly
aof torrestricted usa ofdrugsand thers is a need to svaluate the ikeihood

aof such interacBions as eary as possible in the process of drug development  CYP srzymes are
involved in many of the drug-drug interactions and the affact of new chamical antities on CYP
enzymes is of major concem (Wilkinson, 2001). Inhibitory potential of NCE's is most often
assessed by human liver microsomes using LC-MSMS analysis or recombinant CYP's using
fluorescent probe substrates. The current study was initisted mainly o evaluate the CYP2DE and
CYP3A4 inhibilory potential of some of the marketed central nervous system drugs and also o
compars the inhibiory potentisl betwesn the two assays mostly used for svaluafion of the CYP
inhibifion. A panel of xenobictics covering a wide varisty of structural classes has been sxamined
for CYP2D6 and CYP3A4 inhibilory potential. Drugs included are cholinesterase inhibitors,
serotonin reuptake inhibitors, benzodiazepines, anticonvulsants, antidepressants,
anfiparkinsonism agents, anfipsychotics and antimigraines. Compounds were scresned for their
inhibifion in human liver microsomes and analysis was parformad by LC-MS/MS. The inhibitory
potential of compounds in rCYF's was determinad by microfiler plate assay using fluorsscent
substrate probes. Quinidine and Ketboonazole were usad as positive controls for CYP2D6 and
CYP3A4 respectively. 1C,, valuss were determinad by plotiing inhibfior concentraion versus
percentage of remaining acfivity, The compounds were riskassessed based upon theirIC,, values.
{< 1 uM —Highrisk; 1— 10 medium risk;and > 10 M low risk). The results ofinhibitory potential of
the marketed CNS compounds and the difference in comelations betwean the LC-MSMS and
fluorogenic assays will ba discussed.

Methods

LC-MS/MS based assay

Conditions under which the assay was nun for each CYP Isoform were given in table 2. Briefly
reacfion mixtures( 180 pl) containing micr osmal protsin, substrate andi wers d o
a raaction plate. Human ver microsomes (pool of 50} were procured from Xanoech, USA. After
pre-{incubafion at37 *C for 5min, 20 yL of NADPH (10mM) was added io each well of the reaction
plate to initiste the reaction. After the defined fime period the reactions were srminated by the
addition of 120 L of Samples to the filiration piate containing 240 pL of inlemal standand (1.5}
Samplesware then fillered fhrough the fitrafion plate in to another 96 wall receiver plate containing

360 UL of 0.1 % formic acid in water, using & vacuum manifokd. 10— 15 pLof sample was injected
for LCMSMS analysis. Percent aciivity sining valuss wens when compared
confral and fitted with sigmok ansa variable skope (GraphPad prsm 4.0).

Fluorescentbased assay
‘Specific aspects of the incubation conditions for each assay were dafinedin table 3. HTS kits wers
procursd from BD Biosciences. 6 pl of inhibitor / test compound was added o 144 L of the
cofactor/aceionitrle mix and sedially diluted fo wells containing 100 pL of cofactor /acetonitrile mix.
The plate was preincubated at 37 ° C for 10 min and reactions were initiated by adding 100 pL of
Enzymesubstrate mix followed by i ion for 30 min, ions were inated by the
addition of 75 plL of stop reagent to all wells and the plats ad using fiu i
reader at suitable wawelength for a given enzyme as given in the table below. IC,, values wers
calculated by plotting parcant adivity versus concentration and fitting data with sgmoidal dose
respanss variabls slope modal / four paramster logisticequations.

Tahle 2: Substrates, positive controls and incubafion conditions for LC-MS/MS hasad assays.

CYP Isoform 2D6 3A4
Substrate D xtrome thorphan Midazolam
Meta bolite: Dextrorphan 1= Hydrmoxy Midazolam
Incubation time (min) 7
Protein (mg/ml ) 0.15 0.1
Inhibitor / Postive control Quinidine K et ole
Internal standard (1.3} Prop ranalol Hydroxy tiazolam
Table 3: Specificaspectsofthe i i it or i based assays.
Enzyme CYPZD6 CYP3A4
Substrate (M) AMMC (1.5) BFC (50)
Metabolite AHMC EHC
Incubation time (min) 30 30
Excitation (nm) aso 409
Emission (nm) 460 530
Positive control Quinidine Ketoconazole

Abbreviations: AMMC — (N, N-disthyl-N-methylamino) ethyl]-7-methoxy-4-methylcoumarin;
AHMC — (N, N-disthylamino) ethyl]-7-hydroxy-4-methylcoumarin hydrochloride;
BFC — (T-Banaykoxy rifluor + in); HFC- (T-hydroxytrfiusromethylcoumarin)

Figure 1: Corralation of IC,, values ganarated fram LC-MS/MS and fluorescantibased assays
forCYP2DE
100

@
*

Flomacunt based - IC,, (M)
&
[
-

2

HIGH RISK OF DD | MEDRUMASSK OF ODI | LOW RIS OF DDI

o o - an ann
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Assessment of CYP Inhibition In Early Discovery

Screening data

Level 2 Assays

DDI risk
assessment
tools

[Time-dependent\
Single point @
CYP3A SAR

Inhibition
\ HUMAN MICS )

Projected Human PK ( fu _plasma, )
fu microsomes

CYP3A
Definitive
HUMAN MICS
K|, kinact

- J

MIC Formation
MIC or other
mechanism: covalent
may relate to
idiosyncratic tox

Change AUC*
X MAXHpeak
X H5X =moderate
xp- T
strong
CYP3A inhibitors
*FDA Guidance
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CYP3A TIME DEPENDENT INHIBITION
(SINGLE POINT SCREEN)

Matrix

Test Concentration
Protein concentration
Incubation time
Substrate

Incubation time
Metabolite

Method of Detection
Positive control

Results

: Pooled Human Liver Microsomes (Mixed Gender)
: range spanning 10 fold to IC5, uM
: 0.5 mg/ mL — 0.25 mg/mL

: 10 & 30 min  NADPH
: Midazolam

22 min

: 1-OH Midazolam

: LC-MS/MS

: Troleandomycin and Erythromycin
: % TDI @ 30 min

TDI (%) - Normal CYP3A Vs High activity CYP3A

100 ~

High activity CYP3A- TDI (%)

40 60 80 100

Drug Normal High activity
CYP3A 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
IC., shift

Matrix : Pooled Human Liver Microsomes (Mixed Gender)
Test Concentration : range spanning 10 fold to IC5, uM

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

% Activity (+ NADPH) 10 Min

Method of Detection : LC-MS/MS O %Activity (-NADPH) 10 Min
Positive control : Verapamil O VOAEITIEY (bR U LT
. O %Activity (-NADPH) 30 Min
Results . 1C5, shift (fold change) A k
120+
g
S 80
c
o
O
©
& 40
[&]
3]
o
0 T T T 1
0.001 0.01 0.1 1 10
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CYP3A4: Time dependent Inhibition

Inactivation kinetics

Preincubation assay-
Test compound:
Protein concentration:

Test Compound Concentration:

Troleandomycin
0.5 mg/mL

0, 0.312, 0.625, 1.25, 2.5, 5, 10 pM

No compound
y =-0.009x +4.61
R? =0.6928

0 0 0 0 o 0.312 uM
Preincubation time points: 0, 2.5, 5, 10, 20 and 30 min y:_0.0497‘;+4_61
Dilution in to activity assay: 20 fold R =00%03

3 . 0.625 UM
Activity assay: o y =-0.0895x + 461

. . . . = R’ =0.9388
Incubation time: 2 min g
. a q . o 1.25 uM
Midazolam concentration: 25 UM (approximately 10 times Km¥ \ \ y:.o,lelfx+4_61
. 3 R? =0.9385
Measured: 1-OH midazolam § o , , , D < , , ,
Analysis: LC-MS-MS 8 50 W \\§ I
5 \ y =-0.206x +4.61
g 100 \\ R?=0.9152
0.3 © # No compound \\
= 8 0312
8 2.0 1 A 0.625uM \\ 5.0 uM
o 1'25*\% y =-0.2301x +4.61
* 25y
® 50uM \ R?=0.882
-3.00 A 10.0uM
—~ 0.2
e 10.0 M

i= y =-0.253x +4.61

=~ KINACT| 0.2880 204 R = 09137

< KI 1.169

X 0.1 ] 5,00 -

Cliact = 246 MM min
0.0 | I I I 1
0 2 4 6 8 10
Troleandomycin (UM)
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Mono Amine Oxidase (MAQO) 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 : 40uM for MAO-A and 23uM for MAO-B
Incubation time : 20 min
Analysis : Fluorescence
Measured : 4-OH quinoline formation
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