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c-MET 8&Al-Bfo] 24l 1413}
o] sz, ABN4O1S c-METe] ola
#H otk figkel Ak E9E A= Ao Jeistal lem dAxf 4 1
e =1 Foll Ak AR dd AFE F3l ABN401°©] ratell A oral
bioavailability (BA)7}F StAl Web= Aol 8l glal wehd & AT
ol M= olg gk ABN4019 22 F5&cl TS HA = A8 8d==
A B 3 53] solubility, permeability ~L2] 3l intestinal metabolism =
Aol A A Zekaral gk
HA 3] g3]¥ ABN401S SD ratol] A9 2 A Folslo]
o of=ZFH I EHE FekdS W, 05 2, 4 mg/kg® &=FH
AE Al E m2s Aoz Yewth o] of A4l Sgojdx
1267 16.3 ml/min/kg, A4l X &4 (V)T 3327 485 L/kgd S &
AN AW 9@ B Fo AR A AUCKS HIZ AXEEE BAE
2247 245 %= vEhon A &AM SAtH R Fon|gk o
£ HolA FUTh
ABN4019] Q1-& Ffor e &%=+ 0.00746 + 0.000337 mg/ml=, <
& Ao A ret 10008 o] o SHA YEFS e W in vivo AolA &
o 2 W A= TheAde el dda = & AdH. e & H

MNZ THE AHE7] 938 in vitro dissolution-precipitation studyE <~

4~ (receptor-tyrosine Kkinase)
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g3k, o]5 EF3f dissolution rate constant(kgss), nucleation rate
constant(ky,e) 18 3L molecularity index(a)E o] =3} St}

Ussing chamber studyE &3 rat &7 A2 ABN401°] permeability
E Ay Ay p,.7F 1057 11.3 em/s x 10°%2 B3 permeabled} 3
om, Ay &F WA &F EA Pup/t HEEA ok i
ol MDR1 A&|#l<el verapamils ABN401¥ &7 FoJ3k oA =
ABN4019] F3tierb fojujstA S7tsts AS &3] rat MDR1ZS] 7



SAES Mo R ded 4 A
Rat intestine homogenatesoll| A ABN401%] metabolic stabilityE 37}
33 = W CLin=>= 0.0190 ml/min®] 1E &3l A4s F,= 0.828¢] ).
ABN4019] 417 njdo]l 1% wvkdo] #13x o= = systemic CL7}
= hepatic CL(G.e. non renal CL)°]gtal 7}A 3 A4S Fre= 0.8179]
o oolE Ea & FhelA e thals ABN4019] W& F5&cl =LA
FIF= MAA Faes & F UATH
Dissolution—precipitation model®} ADAM modelS # &3} in vivo
absorption model& A $-3L o] Aol -3 P, Kaiss, Knue L8131 a5 Y
o] o]=3 F,= 05370|th BAE F, F, 2g F,o #oz g
T A3 B AFE E3 o =3 gto® AAS predicted BAE 36.3 %
o]t} o]i= observed BAQ] oF 16W=2 FHX|} AZFX7F AA Aot
A Fe ASZRYH F5E& dFel AFEE modele]l BILA & skt
A= ¥ A
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1. Introduction

Mesenchymal epithelial transition factor (c-MET)& =& A -tlo] =4l
olAk3} &4 (receptor-tyrosine kinase) ¢ €F S = cell proliferation,
migration, invation “L2]3l angiogenesis 52| o2l 7}x] FQ AME 7|
ol #ogsitt, c-MET hepatocyte growth factor (HGF)-MET
signalingS 2180 2% cell signaling®] ©]Fo] X Al 3t} o] 3k =
3t 7]%5S &= c-METeo] H 79 w=w cancer biologyol = ¢
of Atk Hazh A7 dvk Ak, S, S, ek b
o 2] cancer biopsy sample°]4] c¢c-MET kinase? @& o] #A2F A
H 53] °F 30%9 #HSE skt AA o]k o] A E I o]
7k 2 dAl  ¢c-MET kinase® A= 711 crizotinibol
non-small cell lung cancer®] X ZBAZ & 7pito} SAE A Fo¥

Atk AW crizotinibe 11 nM 9] IC5E 7FA 2L ¢—MET kinaseES <A

2
of M fo

o

il

3t+= & A]°l anaplastic lymphona kinase (ALK) % Recepteur d’Origine
Nantais (RON) % T2 tyrosine kinasek® A3fs= Aoz &4&A
o weEka ol 2 Qlgk o 7]A X3 AR B g Y ZAR s
selectivedtAl c-METg& Adliste= 7119 oF&2 Hado] #|7]% At
ABN4012 o] &t c-METS SolA o2 AAlste= 7|do=m /g 52l
ofEE AA AAY GAY wiFE dAA vEo oA 14= FHlet
A ATk o] =EolA AAIRE oF= 9] ofejetd, 724 ARE Al
= oJHAR V& A ATl wEw ABN40lo] o uetAl c-MET
kinaseE At Aoz WelAd v =9 ASFTo=zs HdH 9
ol &a3&E 7HA= Ao ®E Zdista

shA| R E Aol Ao Add Atel]l wEwW, SD ratell 4] ABN4019]

oral bioavailability(BA)7} A Yetve AL &0 5+ Atk WA

>\1

v



oral BAdl tial] A wH A A 71A Ao o
VA1 ATHZHE 1). &% lumenolA tiHo=
HA, 2 AlEolA A HA il dRE
i
w Z}7Fe] fractione HOE BAES
upeba 2 Aol A= ABN4019

74
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Zroll A first pass effectE ¥HA]

S B R R

A H 31 53] solubility, permeability 12| 311 intestinal

= O

[o}Nc) =SSk

Al =

metabolism WA stz skt

Bioavailability

Mitabolisrm
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19 1. Anatomical view of processes affecting bioavailability



2. Materials and Methods
2.1 Chemicals

ABN401&  dojn]& A4 (AE, dsHla)elA ATt
Acetronitrile Fisher scientific (Waltham, MA, USA)Z%H TF+Y3A
o1 formic acid®} ammonium acetatei= Sigma Aldrich (St. Louis,

MO, USA)ellA 4t A T

2.2 Animals

2 Ag = 230-270g FA19 7 Sprague-Dawley rats AF83% S
L dEnO] (A7 =, =)ol A FYetA T = Aol 318
TE AAS Aeditn FEAIEHAYIY AAHS S5
In vivo dose ranging study®l 4]+ 50mg/kg tiletamine HCl/zolazepam
HC1 (Zoletil 50; Virbac Laboratories, France) and 10 mg/kg xylazine
HCl (Rompun; Byer Korea, Korea)& 5 TAZ Fojdlo] vl s}t
Ussing chamber studyel] A+ diethyl ether(Ad+=dad)= S #13
sk At

2.3 In vivo pharmacokinetics in rats

&R Egete] thE wHAR L5 FARSEe] vhE S & dE g ©



M-S polyethylene tube (PE50; Clay Adams, Parsippany, NJ, USA)=
cannulationd} itk  WEsH = dd  FuE  WAE7] 93]
heparinized saline (20 IU/mlD< AYFFAY. T Fod = 3-44]37H
recovery times T3 A 3dS YA T

ABN401-> DMSO, PEG400, DDW (10%:45%:45%, v/v/v)e] o=
St =2 F Folakdinh 05, 2, 4 mg/kge] &F o2 Fojahglon
Aml/kg= A9 Fof, bml/kg= A Folataith. € MEF2 Fo
0.083, 0.25, 05, 1, 2, 4, 8, 16 18] 24A]Zte] 150ul 7}
dof AMEF2 dawd § 50 plo] @S FH& EA7FA -20Te] B

&kt

ot
:>14—’_'4
ek
Q‘L
2
MU

2.4 Equilibrium solubility of ABN401

ABN401°] &3S H7tst7] 9184l Fasted State Simulated Gastric
Fluid (FassGF, 2-&% < pH 1.2), Fasted State Simulated Intestinal
Fluid (FassIF, <137 pH 6.8), HCl solution (pH 1.2) =Z¥il
deionized distilled water (DDW)ell A 2] equilibrium solubilityE =7 s}
Gt FassGF % FassIFE TH57] 98] 223 powder= Biorelevent
(London, United Kingdom)oll A 43ttt FassGF+= 3 mge FassGF
powder, 99.95 mge] NaCl 22]3 0.48 mle] 2N HClo| 50ml ¢] DDW
= 4Yo] A %3}, FassIF= 89.5 mgel FassIF powder, 69.6 mg2]
NaOH, 111 mg® Maleic acid 2z 2005 mg® NaCldl 50 ml¥]
DDWE Yo Alz3stdth HCl solution 0.5 mle]l 2N HClel 20ml9]
DDWE 4ol pH 129 §408 AZxsAdtt AP n=4= PHo
M ZbZbe] media 05 mlol °FE9 AMFo] fotow FHldE uf 7bA

ABN401S #H7Fskich. 18]al 25 T2 shaking incubatorel A 24 A]%F



ABN401°] precipitation rates in vitro°l A

o g&ste] At des WAl 7HA Y FE=E  DMSOel ¢ 3]
=o]la 0.03 mle] DMSO stocks 3 mle] Q& FHo H7tste] st
BHNA MEo] dojy=sE &gl 2F ¥
A EEE fFAFRoH, Y T oF Gl equilibrium
solubility 2] 10~ 50 ] rangedlA] oA 714 BEE AASHT. A
n=3% FPFF o DMSO stocks <& Fdol H7Is & 05, 1, 2
5, 10, 30, 60 ol 04 m¥ A== eAvh 2o ME" Fole vz
filter 3 A g AAS FIFo=N HZH o5 JAE WA A

&kttt

o

oty
ol
2
rD‘.‘,
2
N,
28
a1
-
g
3
1o

2.5.1 Dissolution-precipitation model

71¥€¢] Ruben Alvarez Sanchez et al.(2016)°oA A}& % dissolution—
precipitation modelS A -§3}¢] in vitro dissolution—precipitation study

A%e H4sdrh AL depsil Agsa g 2.



0—2" ‘ nucleation
71 y
‘a . ‘
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0 + ‘ particle growth “
1 n n+1
* dissolution u + .
_—
n n=1 1

29 2. A schematic drawing to illustrate the elementary molecular

steps involved in the proposed dissolution—precipiation model

ofEo] MEFH fd¥H= FAHLS  nucleation, particle growth,
dissolution ¥4 A¥= yvedtt (19 2). &= F=9 w55
Cais, HFZo] dojup= HIE V, dissolution rate constantE kg,
particle growth rate constantE Kgrowin, nucleation rate constant= k
HE2EE FE9 4S X, 283 nucleation®] Lojv}r] 98 ZQ
Aol Fat N E onste a2 &EE e = WEES UEhUH
equation (1)3 2t}

5|
-

dcdis
dt

= . J— . . — . . o
- kdis Xpre kgrowth Xpre Cdis 4 knuc Cdis

(1)

23t w529 By AHolA = nucleation #Hgo] AT wiFol oF=
o] solubility ¢! Cee equation (2)o14 ¢} 2] kus®t kgrown®l B ZE UHEF

o
3 49



] — dis
S0
kgrowth (2)

2.6 Ussing chamber study

Ao A9l ABN4019 transport kinetic® %7187l $3] Ussing

chamber studyE 33ttt vt#E A2l SD rate] ileum F91&5 A A3}
o] vt=Z 0/CO, (955) &3 7t2=7F 2% 4 T9 transport media®l
B A3 Y. Peyer's patchE 33 ileum segmentE 2 cm? Adsk &
mesenteric border lineS We} Awsle] luminal side’} w2 o= =ejit
L5 stat. AAME B2 H@Howr HF HAHX tissue X74HE
chamber®] 6 7§¢] pin®|l BHSA G A 7] = serous membranes A
AstA . Donor chamber$} receiver chamberE ZHe * g%
chambere] 0»/CO, (95:5) & 7I~& <A4deti, 37 C=E oA
transport medias ©]83}9] tissue membranes 20 #3} pre-incubation
I} AH <k4gslet At Pre-incubationo] % § %% chamber?]
media® A A3 receiver chamberdl = transport mediaE, donor
chambere &= 1% DMSO= ¢l ABN401S 33t transport medias 2
ml? Atk Incubationo] &= &k 37 T FA 39 oM,
0,/CO; (95:5) &3 7125 A% ¥FaFAr}. FEo] g% transport
medias #2|gt ¥ 30, 60, 90 1 o sl o
W o] % AAY AAS AH F=9

g
FEO FEE 20, 50, 100 PME A@3G oM, 247 n=7= wEstol

)
off S
—
(N
S
M
o
—
o
S
=
=
2
i



FeFs Ay r7] 98 MDR1 SAA|Q] verapamil (500 uM)< ABN401
(20 uM)#+ A A @ sFe] n=4= Ussing chamber studyS 33} t}.
ABN401¢] 9% # F3 % (apparent permeability, P, % &%
dQ/dtE diffusion chamber®] 3EHZA A®} donor chamberel| *i&] 3
ABN4019] %27] 5% Co= Hrof AltstAth (equation 3).

, _de 1
wr = gt T A% C, 3)

2.7 Metabolic stability in rat intestinal homogenate

Rat intestinal homogenates®] /2] ABN4019] tiA} AE=E H7lst7] ¢
3] metabolic stability testE Z&3}A T} Diethyl etherZ v E T3
SD  rat®] &S FHsta  tissued 28] F3 9] Dulbecco’s
phosphate-buffered saline (DPBS)E %] homegenizer (Ultra Turrax
model, T25, IKA Works, Inc, Cincinnati, OH)E ©]-&3}%] rat intestinal
homogenatesE 4|3} th. ABN401-& DMSO° =9 0.5, 1.5, 5, 15, 50
mMo| FHEE 3} 3 rat intestinal homogenates 499 plel| ¢F&E stock
1 pL& 4ol ABN401¢ HF %7} 1, 3, 10, 30, 100 pMe] ¥ =% 3}
act A 37 C incubatorel Al &8t L 0, 15, 30, 60, 120 ol 50
ulL.® A ST o] A= 5 27 vortexstal 4 T, 16100 goll A
d e F e ASds dAE ABE AA obd 299

LC-MS/MS ®Ho=

n°"
rlo

i
o,

5 w1t

rjg

Metabolic stability studyE &3l intrinsic clearance (CLi, ml/min)E



AARstazt sk o™ equation (4)9F o] A4bsEAAt.

tissue weight
x
dilution factor (4)

Cline = k

o714 ki 2FE 9 metabolic rate, tissue weight= 2 g o] AF8¥ rat
intestine tissue®] A o]t}

Intestinal availability (Fy)v £3& Filsto] Qg models &3l o=
st AT

Psperm ) QUEHE

qut B PSpel'm+QviE1i (5)
— qut
9 qut+fujgut ’ CLu_int (6)

o] 7] A Qup mucosal blood flow, fyg< 22739429 unbound fraction
S U PSpems 2ol A9 effective permeability (Peg)oll surface

areas ol A Fkolt}.

2.8 Model to predict fraction absorbed (F,)

2ol 2519014 A3 dissolution—precipitation modelS 2834y in
vivo intestinal absorption<S |33 x} 3T stomachol A intestine
THA s Eel Wt ofEo] oy = A EAEE YEWH v
I Z(E 3).

5 - }
"':I'H-_E _'\-I.-_ '|- !I ;-



duodenum jejunumli jejunum? jejunum3 ileum

pre d uo .
dissolution precipitation dissoluti on plempltatlen
Sto mach dissolution precipitation dissolution precipitation dissolution precipitation

kﬂ.stomath
Xdiss,stomach _—> _D _b —_— _. _>
Psduc- I PSJ‘*J‘-" I PSJEJUZ l PSJejuS Psule

19 3. Structure of the physiologically based model used for the

prediction of in vivo absorption

°]8 & models 7IWFOE stomacholA1e] k&9 W slEF(equation 7),

Z} segmentol| A2 A &% &9 W3lk(equation 8), SdlE °oFEo W

st (equation 9)& ol o] F2 o= YEST

ax

dis stomach __ _k

dt — tr stomach ) Xdis’ stomach (7)

dX,,ei_k C

dis i
dt tr'i—l'XpreJi—] ktrl pre i kdis’L"Xpre'i'(]- T )

sol

+ Vi' knuc ) Cdis’ i *

(8)
dX isi __ ¢ isi
= ke i Xais i1 = Ko Xais o + kdis,f'Xp"e,"'(l T )
— Vi Knue- CdiS, i & — PS5 Cdisli 9)

_10_
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A7IA, &slE = FS Xaau (=1,2,345; 1=duodenum, 2=
jejunuml, 3= jejunum2, 4= jejunum3, 5= ileum), AEH FEo U*&
Xpreiy a8 =Y F& X, 2182 AFHY transit rates ky = U
B} W5 Utk Berkeley-Madonna softwareZS o] 83to] Al 7to] w& Zh
segmentoll A SFH FEo U4S o= 4 9l equation 10 E3|

F.& Atsiin.

X

F — Za duo+Xa ieiu1+Xa ieiu2+Xa J'efu3+Xa ile

a ' " Dose-025 ’ (10)

2.9 Analytical condition for ABN401

AZ Fo ABN40l s+ LC-MS/MS=Z #4399t HPLCE
Waters €2695 module (Waters Corporation, Milford, MA, USA)E A}-&
o, AL Luna 3u CN 100A (B0 x 2.0 mm, Agilent
Technologies, Santa Clara, CA, USA)E A}&3slit. olsdozs=
0.1% formic acidE @3 acetonitrile (°]&%d A) % 10 mM
ammonium acetate buffer solution (°]-&7% B)E AF&stth 0705 &
(A:5%, B:95%), 05715 &+ (A:30%, B:70%), 1576 & (A:5%, B:95%)2]
gradient 4] WHO R st om o]EA 52 0.3 mL/minl=
A3k ). Injection volume= 5 ul= A& 3}t HPLCO dZA=H
MS/MS+= AB SCIEX API 3200 QTRAP triple quadrupole mass
spectrometer (Applied Biosystems, Foster City, CA, USA)E A}-&3}3
t}. Electrospray ionization< positive ion modeol A &=, 1 uf
ion spray voltage®} gas temperature™= 27} 5500 V, 450 CT= FA¥H
Atk ABN401-> MRM mode (m.w. 567.2 — 467.2)& 4= At}

_11_



3. Results

3.1 In vivo pharmacokinetics of ABN401 in rats

Ao Fof 9 A Foste] A2 ABN4019] Azt wE % %
FolEg Y x=Zz Yreha(ay 4) o]lE F3 ¥ pharmacokinetic
parametersS ¥ 1.0 YElAT. WA AW Fo] AyE Amu (.5,
2, 4 mg/kg® Fo] A3} dose-normalized AUCi,7} 22 1.23, 1.06 L]
11 1.34 h-kg/L= YEFETE. Mean systemic clearance(CL)+= 2 dose
range°| A 27} 136, 16.3 1831 12.6 ml/min/kg® rat® hepatic blood
flow (.e. 55.2 ml/min/kg)?] ¢F 1/4 A== YEFYTH Mean volume of
distribution(Vy)< 3.32 ~ 4.85 L/kg®, rate] total body water(ie. 0.7
L/kg)®] 48 ~ 6.9 w2 velyttl. Dose-normalized AUCiy, CL, V4 5
Z}7} 9] parametero] W]l Fo] 8% I} one-way ANOVAE F33st 2
I Fou gk xpolE oA fkom o= F3 05 4 mg/kg &F T
Zrell Al ABN401o] A3 A2 sElE Hol= Aoz oFa 5 ASdTh
e A7 Fo A7E AH R 05 2, 4 mg/kg §FoE Fo A3
dose—normalized AUCy7} Z+2} 0.294, 0.254 1¥]31 0.302 h-kg/L=
B}k o™ one-way ANOVAES a3 Ay} &3 3to] o n|dlk 2fol=
Holx| kdtt. AW Fof B AT Fof Ayr A AUCK® ratios
53l oral bioavailabilityE Al4FsE A3} 224 T 245 %2 YELOTH 9]
w3 one-way ANOVA A3} A 7FA] S5Fo A F2)u|sk 2fo]E Ho|A]
o Sk

_12_



v 0.5 mg/kg 2 mglkg 4 mglkg

AUCnfinite

0616 £ 00616 207 £ 0234 534 + 0647
(h-pg/mL)

Dose normalized

1.23 £ 0123 104 + 0117 134 + 01862
AUGfinire (h-kg/L)
Vs (Likg) 332 £ 0690 339 £0795 4385 £ 0.161
cL 136 + 136 163 £ 1280 126 £ 143
(mL/min 7kg) T T T
PO 0.5 mg'kg 2 mglkg 4 mgfkg

AUCqsinite (h-pg/mL) 0147 + 0091 03507 + 0392 120 £ 0754

Dose normalized
AUGmnie (hrkg/L)

0.294 £ 0182 0234 £ 0,196 0.30 = 0,189

BA (%) 23.9 24.5 22.4

# 1. Pharmacokinetic parameters of ABN401 after intravenous(IV)

and oral administration(PO) at the dose of 0.5, 2, 4 mg/kg in rats

_13_

ol

1_'.]'| 'aﬂr

TU



v

= 0.5mpk
1000 [ ] 2mpk
— 'y
t _— s 4mpk
E 1004 ™ » . :
g L] - - I
S 10- i i
.
1 L L L) L] L]
0 5 10 15 20 25
time (h)
PO
100 1] = 0.5mpk
1 I a 2mpk
E 1 v  4mpk
g o {
g 10 I ;
o
(4]
1= T T T T 1
0 5 10 15 20 25
time{h)

1% 4. Plasma concentration-time profils of ABN401 after
intravenous(IV) and oral administration(PO) at the dose of 0.5, 2, 4

mg/kg in rats
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3.2 Equilibrium solubility study

ABN401¢] &3l =5 <dotrr] i o2 EqolA  ABN4019
equilibrium solubilityS A8t tH(2¥ 5). DDW, HCI solution, &
AN (FassGF) z28]at & o (FassIF)olA 9 &al=E 22 0.00799
+ 0.000140, 835 + 0.887, 114 + 0404 =z=]32 0.00746 + 0.000337
mg/ml= WEFSTH ABN4012 913 A (pH 6.8)o A 2t} 1&g fH 2
HCI solution(pH 1.2)oA4 &3i=7} IR f =A veytom, <y #of
ol 9] &3l== DDWelA 9 &sl=el fojn et 2ol& Holx] Fghh.

ol

Equilibrium solubility test

Concentration (mg/ml)

19 5. The solubility of ABN401 in different vehicles.
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3.3 In vitro dissolution—precipitation study

1] 25104 Aw3 models #-&ste] in vitro dissolution -
precipitation study Z2A¥E fittingstal Kaiss, Knue, 05 S35}t Data
fittingol = Berkeley-madonna softwareE ©|-&3} 3 Z+7+9] predicted
parameter®] mean¥ sd& X 2.9 ATSAY. 1 T EZE 0.2582
mg/mlE 233 nl data fitting 234 = 19 6.9 YERAAT. Ao
BAXH O o|Fojx]7] Ao nucleation ¥}7 o] o]F o] A= latency time
o] ¢ 2 ¥ AEE YEutew I 5 HHo] o] FojAthrt oF 10 ol
equilibrium solubilitye] Z=g3sl= AHS A& 4+ Ao, Zzt
predicted parametere] ™3] one-way ANOVAZ 33 Ay t}Al

T gl {gofn gk ZfolE HolA| torm webX Z} parameter®] XA
9] mean #< ©|% PBPK modelingo] %83}t

o

Initial conc. Kyice k..c
(mg/ml) (min-") (min-'-(mg/ml)'-9 alpha
(0.0861 0446 £ 0.205 13.2 £ 1.92 232 £ 0974
01721 (.380 £ 0.0453 11.0 £ 0.418 2.39 £ 1.06
0.2582 0179 £ 0117 11.9 + 0.599 1.81 + 1.08
0.3443 0.206 £ 0.0291 12.2 + 0.429 0.550 £ 0.182
(.43 0.2186 £ 0.0199 11.1 £ 0.437 140 + 0.134

3 2. Identified parameters from equation 1 and 2 by fitting in vitro

dissolution - precipitation study data
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0.15

— predicted
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E p.10]
=
E
0
S 0.05-
o
i
ﬂ‘.m I I I I 1
0 10 20 H 40 50
Time (min)
19 6. Representative profile of dissolution - precipitation with

observed and predicted data in initial concentration of 0.2582 mg/ml
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3.4 Ussing chamber study

Rat intestine® 41 €] ABN401¢] apparent permeability(P,,,)E& <oFR 7]
#3820, 50, 100 uMell A Ussing chamber studyE G383ttt A &%
oAlA Pup’F 22 11.3 £ 548, 105 + 372 2183 105 + 264 cm/s x
10° 2 Yepgew(z 3, 2" 7), 438 s%= WHeel wiste] rat
intestinal P,,,7} ¥% &S HolA &ttt a9k x4 <20 MDRI
A& A 2l verapamil 500 pM<S 20 uMe] ABN4013} &7 A& 3k ol A
= ABN4019] F3%7} frojnlatAl Z 718k tH(p<0.001).

Concentration Papp Recovery
(M) (em/s x 10°9) (%)

20 11.3 + 5.48 103 + 4.90

50 10.5 + 3.72 99.1 £ 7.80

100 105 + 2.64 89.7 £ 9.83

25005 :&riﬁiﬂ' 32.3 +5.22 137 + 5.20

# 3. The apparent permeability(P,,,) and recovery of ABN401 in
Ussing chamber study
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Papp (10°cm/s)

%’T

20 M 50 uM 1ﬂﬂluH 20 M + verapamil 500 uM
Concentration (p M)

a9 7. Py of ABN401 in 20, 50, 100 yM and 20 uM treated with

500 pM of verapamil
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3.5 Metabolic stability in rat intestinal homogenate

Rat intestinal homogenateo] A 2] ABN4019] A} A=E H7Is7] ¢
& 1, 3, 10, 30, 100 uM & ©Al T ol A metabolic stability testE !
gatAth(ad 8). 7 FLolA 92 metabolic rate constant (k)]
mean?} sd&= X 4.9 YEFHATE Rate constante] W3dte] one-way
ANOVA % Tukey's multiple comparison test® 38§+ A 100 pM
E AL bl 7HA FRoA #Fongk AolE Holx| 99kil(p>0.05),
olo] 7} A FE0 1 pMolA AoJX rate constantE Fy& ALkl A
L3t 9 279 equation 45 F3| A4S CLiyy2 0.0190 ml/min®] ™
Ussing chamber studyS %3] A4S permeability, 18|11 F&o] w&
Qi 2 intestine surface area #S ©]-83}4 equation 5, 69 W&} F, &

Ak A3 0828 = F8E o AUt

~

(N=3, Mean = SD)

Initial Conc. (pi) k (min)
1 0.00126 £ 0.000378
3 0.00241 + 0.000452
10 000176 + 0.000431
30 000222 + 0.000389
100 000113 £ 0.000679

¥ 4. The metabolic rate constant(k) of ABN401 in rat intestinal

homogenates
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Metabolic Stability in Rat Intestinal Homogenates

_‘;E.-Im —— 1 UM
— = 3 uM
o
g I —~ 10UM
E - 30 um
@ 504 —+ 100 um
=
L=
©
Hd
L

D | ]

0 50 100

Time (min)

1% 8. The metabolic stability profile of ABN401 in rat intestinal

homogenates
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3.6 Prediction of fraction absorbed

¢ 289 models ©]&3lo] A|Fbo] wWE 7} segment U &3SE =
2 AEH =9 FE 1% 90 HEHEH &3E oOFE = FolE
A EHE 4ZE segment?] duodenum jejunum 1914 Sl =
ABN401°] A &% o] equilibrium solubilityd] =g AL 3eld <
Vo I o]F segmentd] A% equilibruim solubility7FA] £37F dof
Ues s & F dsyth

A o2 7} segmentol| Al EF4E ABN4019 %S dHslo] equation
100 wet Alzte] & F.& yetd A3 F,.7} linearstAl <71ste7)
05379 =2etRtsHri(2d 10).
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concentation (mg/ml)

Concentration (mg/mil)

0.15
0.10
0.016+

0.008

0.000

Dissolved drug concentration

100 150
Time (min)

200

— Cdis,duo

- Cdis,jeju

Cdis jeju2

— Cdis, jeju3
— Cdis

250

Precipitated drug concentration

100 150
Time {min)

200

250

Cpre,duo

- Cpre jejul

—_—

Cpre jeju2
Cpre jejul
Cpre,ile

29 9. Simulated concentration profile of dissolved and precipitated

ABN401 in 5 segments of rat intestine obtained by in vivo absorption

model

_23_



Fraction aborbed

| |
0 50 100 150 200 250
Time (min)

19 10. Simulated profile of fraction absorbed(F,) as a function of

time in rat intestine obtained by in vivo absorption model
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4. Discussion and Conclusion

bioavailability (BA)©= A1<F 7 A oA FQ st 18 Algto =z 28
stth, 9f&Eo] 92 oral BAE Holv HJo=ZE ¢FE9 solubilitiy,
permeability, efflux mechanism S°] AomW, {UNS 3 o5 =

7] #gE dEe FAske A2 AeF AT HAA wie Tad ol
ki & 5 vk

AA ATAAZA ABNAOL A 14 AlEs FH < selective
c-Met AAA =, HStH} fF A8l H&TS A= Aoz W F
Ql o= olt}. SFA W ratoll A 05, 2, 4 mg/kge] &HFo 2 Fodlo] Y
5l A3} oral BA7} ¢F 23% = X35 4S

o] rat 2ol Fo B 2UES A¥RI 53 F.5 AA

o
gt
r o
pe)
o
S
=2
>
oy
Z.
N
S
[y

Q48 8 4 9+ solubility®} permeability —18] it
© 849 intestinal metabolism WA A8tz o}
WA kR & E AR 7] 98] X8t equilibrium solubility test
A3E AHRH DDWel et ABN401¢] &3+ °F 8 pg/ml=Z vl =
°okd (USP)oll w2} ‘practically insoluble’ol] 3f@3Fc}, <13 9] Aol A 2
SAEE =A e oy 1E FoA = &7t AdF YA HT}
10008 ©] © @A vEldeE RS B, 8ol FHokde ABN4019]
Aoz gojrhwHA Aol dojyuls bl sl AasAl H3dd
e oA FEo] AEH= HAY kinetice F Ut A¥HR7] 9]

in vitro dissolution—precipitation studyE 33t oS F3 ks,

Kme, @ 9] parameterE =2 o AT O oA AL 77
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parameterd] W& one way ANOVAZS <33t Ay Fowu|dt o=
Holx] ¢grom welas] HA 2 mean valueE 349 W% parameter=
H 3 o]F PBPK modeling®l] ©]& #-&3}]t}.

ABN4019] rat A2FolA 9 permeabilityE LolE 7] 98] 3§k
Ussing chamber study 23}, P,,7} 1057 11.3 cm/s x 10° 2 W] F
permeablest ow, A3 &F WA= &F T4 P/t dEEHA
orortl, A<l MDR1 A 3iA|¢l verapamilS ABN4013 SH7A| Fof 3t
wol = ABN4O19] F3=7k #FeousiAl S7tshs 2le 53 ABN401
¥ rat MDR1 Apolol] A5 zbgo] EAgth= Aol thak HH 4 7
2 A4E = sk

Rat intestine® A ABN401¢] metabolic stabilityE H7}& w, tpAl
FTEo A 9L rate constantd] Wdte] one-way ANOVAE 383t Z
I 7MY =2 =E A Ul A sRolA FYmgh xpo]E Kol A
gt A HyeAow by e sLoA A& rate constantE A
83t equation 5 Z 69 wt ALk F,= 0828 oAt ol& T3l
ABN4019] intestinal first pass’} 0.2 A== FIAXA] fom <& I
BAdl F¥ &S A= A= ofd Aor A = dATh

Oral BAe°| 938S v x+= X & 292192 hepatic first passES &olH
71§18 in vivo dose-ranging study 234E T3 L2 clearance(CL)E
o]-&3stth & A4 Hd A5 F3] ABN401Y A1 wido] 1%
H Rk 2 minorstthe= Aol WE A A7 wWZoll in vivo FAE F3l
AL systemic CL7} # hepatic CL (i.e. non renal CL)°e]g}al 7}A3s}ar
FoZs A 12 A3 A4rE Fpe 0.817%, hepatic first pass”} 0.2
AER AX gomn o Ed ABN4019 @& F5&o FH TS v
A= AR old Aoz AzEE 4

A F7A o] AFRE o] g3, in vivo T EdRE @o] 2ol ADAM

i
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modeld ¢ 2.89] dissolution—precipitation modelS 4 -&3te] F.& o=

st} kAT Ussing chamber studyS 53| 3%+ permeability 2t in

vitro precipitation - dissolution studyE E& =3 Kkges, Knue, 0=
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Abstract

Identification of the major
factor(s) governing the oral
absorption of ABN401, an
experimental anticancer agent,

in rats

Jungmin Yeo
Department of Pharmaceutics, College of Pharmacy

The Graduate School

Seoul National University

c-MET 1is one of receptor tyrosine kinases and ABN401 has a
specific inhibitory effect on ¢c-MET. ABN401 i1s expected to have
anticancer effect on lung cancer and stomach cancer, and is currently
on the stage of preclinical studies. However, previous studies have
shown that ABN401 has low oral bioavailability(BA) in rats.
Therefore, the objective of this study is to determine major factors
governing the oral absorption of ABN401 in rats especially in aspect

of solubility, permeability and intestinal metabolism.
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ABN401 was dissolved clearly in a dosing solution and administrated
intravenously / orally to male Sprague-Dawley rats at the doses of
05 2 and 4 mg/kg for the characterization of the systemic
pharmacokinetics. The dose—normalized AUC,; values for the
compound were found to be linear in the dose range studied: The
oral BA was found to be approximately 22.4 to 24.5%.

The solubility of ABN401 in simulated gastric fluid and intestinal
fluis was determined and the solubility was found to be 114 and
0.00746 mg/ml, respectively. This results suggest that the
precipitation of ABN401 may occur during the absorption process. To
evaluate the impact of the precipitation/dissolution on the intestinal
absorption of ABN401, in vitro precipitation study was carried out at
ABN401 concentrations ranging from 0.0861 to 0.430 mg/ml in
simulated intestinal fluid. The rate constant for the precipitation was
estimated to be 0.209° 0.606 min' depending on the initial
concentration in simulated intestinal fluid. To characterize the kinetics
of ABN401 transport in the rat intestinal epithelium, Ussing chamber
study was carried out. The effective permeability ranged from 10.5 to
113 x 10%m/s in 20, 50 or 100 uM of ABN40l1 in 1% DMSO
transport media. In a group of ABN401 treated with verapamil, a
representative  MDRI1 inhibitor, the permeability of ABN401 1is
significantly increased, suggesting that ABN401 might interact with
rat MDR1. Metabolic stability of ABN401 in rat intestinal homogenate
was measured to evaluate the contribution of metabolic elimination by
rat intestine. The estimated intrinsic clearance was 0.0190 ml/min and
accordingly, calculated F, was 0.817. Since the urinary excretion was
minor for ABN401 (e, less than 1% of the dose) in rats, Fy, as
predicted from the systemic clearance, may be close to 0.817.

The in vivo absorption model 1s established and the fraction
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absorbed(F,) is predicted to be 0.537 using previously obtained
parameters. The bioavailability calculated as the product of predicted
F., F, and F, was 36.3% which is approximately 1.6 fold of the

observed bioavailability.

keywords : ABN401, oral bioavailability, F.F¢Fy, solubility
Student Number : 2017-29702

_33_



	1. Introduction  
	2. Materials and Methods  
	2.1 Chemicals 
	2.2 Animals 
	2.3 In vivo pharmacokinetics in rats 
	2.4 Equilibrium solubility of ABN401 
	2.5 In vitro dissolution-precipitation study  
	2.5.1 Disssolution-precipitation model  

	2.6 Ussing chamber study  
	2.7 Metabolic stability in rat intestinal homogenate  
	2.8 Model to predict fraction absorbed  
	2.9 Analytical condition for ABN401  

	3. Results 
	3.1 In vivo pharmacokinetics of ABN401 in rats 
	3.2 Equilibrium solubility of ABN401 
	3.3 In vitro dissolution-precipitation study 
	3.4 Ussing chamber study  
	3.5 Metabolic stability in rat intestinal homogenate  
	3.6 Prediction of fraction absorbed  

	4. Discussion and Conclusion  
	5. References 
	Abstract  


<startpage>9
1. Introduction   1
2. Materials and Methods   3
 2.1 Chemicals  3
 2.2 Animals  3
 2.3 In vivo pharmacokinetics in rats  3
 2.4 Equilibrium solubility of ABN401  4
 2.5 In vitro dissolution-precipitation study   5
  2.5.1 Disssolution-precipitation model   5
 2.6 Ussing chamber study   7
 2.7 Metabolic stability in rat intestinal homogenate   8
 2.8 Model to predict fraction absorbed   9
 2.9 Analytical condition for ABN401   11
3. Results  12
 3.1 In vivo pharmacokinetics of ABN401 in rats  12
 3.2 Equilibrium solubility of ABN401  15
 3.3 In vitro dissolution-precipitation study  16
 3.4 Ussing chamber study   18
 3.5 Metabolic stability in rat intestinal homogenate   20
 3.6 Prediction of fraction absorbed   22
4. Discussion and Conclusion   25
5. References  28
Abstract   31
</body>

