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L

2t0|Ct. AMPKS| Nt 2 AMA MIE ALH

mjo

Zoidte A2 LMet o

HATOM AMPK Xl B2t 20] OIS E, glutamate S&, A3HA AE

dlaet &2 Chefet M8 =4 87t 22[1 Rat MCAO(SH LY H ) 2=
O|&¢t 25 E7tE &9 ¢ 2t 22 1H100| M==E2=2 Z=2EACH

£ 970AM= Hd==H 1H109| MUWSEf HFAE 9 in vivo rat

II|0}

pharmacokinetics & jn vitro ADME ( CHAF, HiA) IS =2 SHFICH
Rat0] M £0| Al 1H102 &2 MAMLE, #E BtZ7| (t,= 016 hr), 22|12

Lt
=

rio

ETEEH (Vs 013 L/kg)2| EE2 LIEIURACE SZF Al BHE S5 (tha

= 5min)E EOFU2n HNOI8EE 303%= BEE|RUCE M==H 1H102
Caco-2 MZE 0|8t MEZFIE AHAM H2 Py 2 (1.3 x 10° cm/se)S
LIEFLHO] OIM HIRAN Z2 S22 EY A= O|¢E ALt Human, dog,
rat, mouse 2= ZO0AM 1H102 =2 &% T AT E (fu <0.1%) ot B2 CHAL
PHY 2 LIEFLRACE  Liver microsomes2 O|8%H CHAIRHE A  AlE0f A
cytochrome P450 (CYP)-2|EHQl Bt (% remaining: human(52%) >
mouse(33%), > dog(31%) > rat(25%)) It glucuronidation B3 (% remaining:
rat(45%) > dog(25%) > human(13%) > mouse(5%)) 250 Al CHALO| & QHY St

EXS LIEFLYUCE ETH IHI02 10uM =0 A CYP1A2, CYP2C82t CYP3A4(T)
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M= X SE

- AYys

2 TS Y% 1H102 MEBCHStm  AMYmetry

=

ok

W42 EE
K| S UALE Reduced nicotinamide adenine dinucleotide phosphate (NADPH),
uridine  diphosphate glucuronic acid (UDPGA), saccharo-1,4-lactone,
alamethicin, dimethylacetamide (DMAC), dimethylsulfoxide (DMSO, 99.7%
purity), Tween 80, 2-hydroxypropyl-f-cyclodextrin (HPBCD), fetal bovine serum
(FBS), metoprolol, sodium bicarbonate, atenolol, ranitidine, verapamil,
carbamazepine (CBZ), phenacetin, coumarin, bupropion, amodiaquine,
tolbutamide, S-mepheytoin, testosterone, 4-methylumbelliferon (4-MUF),
dextromethorphant Sigma-Aldrich (St. Louis, MO, USA)MA] L SHRALE,
Minimum essential medium (MEM), 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES), Hank's balanced salt solution (HBSS),
non-essential amino acid (NEAA), 0.25% trypsin-EDTA, penicillin-streptomycin
solution, phosphate buffer saline (PBS)& GIBCO (Waltham, Massachusetts,
USA)OA L USHRUCE BHE ZHEWM FIHE (rat jugular vein catheten=
Braintree Scientific Inc. (MA, USA)OA &SERAD, microtainer LHE= Becton
Dickinson (Sunnyvale, CA, USA)0|AM T &ISIRALCE Caco-2 MZE= American Type
Culture Collection (Rockville, Maryland, USA)O|A +&3tRA1, transwells™ (12
mm id., 3.0 ym pore size, Polycarbonate membrane insert, Sterile), Human

liver microsomes, dog liver microsomes, rat liver microsomes, mouse liver



microsomes= Corning (NY, USA)OA F&3IRALL, pooled human plasma,
pooled dog plasma, pooled rat plasma, pooled mouse plasma= Innovative
ResearchOl Al T &SHRACE RED device= Thermo SCIENTIFIC (Waltham, MA,
USA)OIA TSR}, Millipore filter (Millex-HV PVDF, LHZ& 045 pm)=
Milipore (Burlington, Massachusetts, USA)OA] T USIRACE Midazolam

==
s

=
I
L

w ofstrfst Add uWs=2HEH SZRERUCH Ketaminedt Rompun
(xylazine)2 &@BKPharm (1%, CHoHEI=)0AM SR, formic acid (98%
purity)= Honeywell (Charlotte, NC, USA)OA F&StRALCE O|EFZS (Ethanol,
EtOH), H|Et= (Methanol, MeOH), OIMELIEE (Acetonitrile, ACN)It =
(water)2 HPLC gradeZ J. T. Baker (Phillipsburg, NJ, USA)OlA T &SISHCt,
1H10 ¥ WEEFES 242 AT 5= 10 mMZ 32 = DMSOZ 88}5}0]

Al FIA| -80°COf| = 2SHRALY.

= SO HAHA 2 8FH| ME 250~280 g2| SDA =% HEZM @At

HIO|2 (=&, CHEHRI=) 0ol PSR 2 ES=2 R~ (ACUC) BEER

08

Ztol=gtelof wh2r Melsty| MK AAFAlEel 2= 22 + 2°C, SO

1 O

o>
|.|-|
rir

b

50 + 10%, ZHA|ZH2 12A]7F (08:00~20:00)S S X[t 1 THHISIAIRR

[
ojo
N

£ AR EFAA 1722 =2tA 7 7o dedo| AMESHRIL S == MS0t
MER SRR (5} S 2021-13-322)2] Q& Ot S=HY



2.2 SEUIIEH (Jugular vein blood collection)

1H109] SHSSEf SEHHS +3ot7| Sfs) UE| SH UK

et

HS 0[83}0
ALMO 2 MAHS TIWSIRALCE [35] 8FHL| ME 2509~280 g2| SDA +=Z A
Z0f ketamine (50 mg/kg)1t xylazine (6.7 mg/kg)= SZ0| F0{5t0 OFF A7

, BEYO| catheterE M USHRALCE 1H10S FYEH (0.5 mg/kg) H SLF0

ot

(1 mg/kg) AE22 FAHSI1, DMAC/Tween 80/20% 2-hydroxypropyl-B-
cyclodextrin (10%/10%/80%)2 &9 & FOSIALCt HdWEOG = 0.083, 0.167,

0.25,05,1, 2 4,6, 8 24A2t, SZF0 £ 0.25 05,075, 1, 2, 4, 6, 8, 24A|ZH0]|

pac
i

o ZEY IFtHEAM ZHS F 400 uLE MYSHALCH AZITIE 2 Ao

—

et
ot

oH2 BD Microtainer PST™ (LH, BD, USA) £ 20| 20} &% (plasma)= £2|5}

2M3E7| M| -20°COA B 2HRCE

-

1

AESSEIAIY HFE HSH7| 9ot HEA YHI= LC (Agilent 1200 series
HPLC system)-MS/MS (API 4000 QTRAP hybrid triple-linear ion trap mass
spectrometry, Turbo V™™ lon spray)E& AFESIQICE 1H10 R LHEEFESE 2| MS
ntetolHE £ &3tstr| sl 2H2E 50% ACNSE XS HZ&E = MS of Tt

1 positive ZEE AFESIRACE O T MS L2f0[HeE LICE 92 2 LC =4S
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1

13515
FRACH (& 1
).



H 1. LC-MS/MS &4 =7

Agilent 1200 series equipped with on-line degasser, binary

HPLC
pump, thermostatted well-plate autosampler and column
system
compartment
LC Column XTerra MS C18 (2.1 x 50mm, 5 um, Waters)
Mobile Linear gradient from 95% A (0.1% Formic acid in water)/
phase 5% B (0.1% Formic acid in ACN) to 5% A/ 95% B
Flow rate | 0.4 mL/min
MS system | 4000 QTRAP LC/MS/MS system
Ion source | Turbo V™™ Ion Spray
MS Polarity Positive
1H10 : m/z 336>174 (Ret. Time: 2.87 min)
MRM

Carbamazepine (IS): m/z 237>194 (Ret. Time: 2.86 min)




4. in vivo pharmacokinetic studies A&

41AE HN2 L 24
2 GTOIME T2 U W MM 20 IFE WHOoR WO WY U IS

—

AMEStRLoH, HH2 =M0H7| HIA] -20°COlA 22 = CH TR (protein

precipitation) & O|&%t0 FANEZ|E +=HSIALCL [36] 2442 EE AlRE 50
uL% 8-well tube strips2 &7 & tHE MAZ 5t7] 28 WREHEZ=EC

carbamazepineO| Z 2=l X}7h2 acetonitrile® 150 uLlE H7tSHALCE 1027F
AOFL, H20M 302 52 22T N2|StCt 3400 rpm, 4°COIlA 20&7¢
UM E2|5I0] 45H 100 uLS 96-well plate (Agilent Technologies, Santa Clara,

CA, USA)Z ZF|ot1 0|24 100 pL H7tot AL Mz S Y M 39| ogE

4.2 40| &M
of= =3t mi2t0|E = Kinetica™n 4.4.1 (Thermo Fisher Scientific Inc., Woburn,
MA, USA) ZZ2 1S 0|23t non-compartmental analysisti| 2|l Z|4HE| ALt

XD BE Crplt MO A7t T2 raw dataOl A ZIE AALCEH 0L 0] A

et
of

ORX| S A|ZE7EK[ o] Y kE & -AlZt 54 of2f A (area under curve, AUQ),
AUCo= linear trapezoidal ruleOl 2[sH AH[AtE|RACH FotCH A|ZHIEX| Q] =2 &
HAE AUCo= CHZ2| WHAS Solf ALt ULCE

AUC. =AUCy + C/Ky

7| AHEEHT (K)2 log & AlZH Z42| terminal phaseO| M E&Fgt =

10



A OrX|E 3~470 X|HO| linear regressionOf 2|5l ZHEl elimination rate
0|k S| (ty)= Ol A0 2fsh AlLhE A2,
t12, Z=0.693/Ky

ZEIHHL (Clpnsma)= CHEA 22 A 4HSHRICE

Clpjasma = Dose/AUCq-c
07| M Doselt AUC= 212} EM F0f 2t 020 FotC A|ZE7HX[S] =M
Of2ff HAO|Ct FAAES 22X EX (V)&=

Vae= Clyasma X AUMCo-eo/ AUCo-c
I Mol Qs ALEIACE 070 AUMCE EE&SZ-A|ZESMOIM A A7t
Otz HMEH Fott] AIZHIHX| =2 & 240|Ct
AUMCq... = AUMCpt + Ct/K? +Ct - tiast/ Kol
OFE 0| M TR A|ZE (Mean residence time, MRT)2 LCtS Al0f 9|8l AHAtE| ALt
MRT = AUMCy../AUCq

AHO|EE (F)2 orefel A (=4 3)= 0|850] A Lt5HRAL.

_ AUCPO/DosePO
~  AUCIV/DoselV

x 100 (3)

5. 83l AI¥ (Solubility test)
1H10S 1 mg®¥ &35t 0.1 M QIS W (potassium phosphate buffer, pH 6.5)
201 M QUMASH (pH 7.4 E ALESIO 282f 0.5 mLE &df{otCt. ZH2E buffer

THCE MR20M 158 &2 =20 X2 = vortexer ¥H|E 0|23l 60 ¢t

>
ro
=2
x
>
N
|
o
2t
rm
Mo
A
rio
rHo

MEzZ| = Miilipore (Millex-HV PVDF)

11



045 uymZ EE 2 150 uLE 96-well UV plate (Costar)0 &7 UV plate reader

(INFINITE M200 PRO, TECAN)Z O|238}0 2300|A 280 nm<| ItE7IHX|

ot

g

i
A%

ot ALt

6. Fil= Al™ (Permeability assay)

6.1 Caco-2 M= HiQF 5! Eql: A|H

i

Caco-2 cell2 AEZFE OZFSt= in vitro model2 H2| AFEED UCH
1H109| FotE 3 efflux efficiency Al&E d5t7| 28 Caco-2 MZEE
AESIRILE Caco-2 MZEE polycarbonate membrane transwel™Of| A ~21
S0t HiSHO] A0 AR BICE. [37, 38] Caco-2 MIZ Q| HYOll= 10% FBS, 1%
NEAA, 100 U/mL penicillin, 100 ug/mL streptomycinO| ZgtEl MEM O|&3}1
37°C2| 95% & & =/95% air/5% CO, B 7|0l A Hi ottt £t & 557
i = transwells@| polycarbonate membrane & 7.1 x10° cells/cm?7}

HEE MZE E0FE T Fite 240 HES tight junction integrityE 7T

ol

TS (monolayer) HEIZ E XI2tEZ 20~259 Hi¥SIQICH CHEO0l E
YR YJEXE 212 HIY = EVOM Epithelial Tissue Voltohmmeter (World
Precision Instruments, Sarasota, FL, USA)2} STX2 “chopstick” electrode (World
Precision Instruments, Sarasota, FL, USA)E O|&3l Transepithelial electrical
resistance (TEER) 7242 ZE50 tHS (400~800 Q cm?)2| {&E =QISIRACE.

12-well plateE FH|SI0] A (Apical)—B (Basolateral) @2F0|| (2 S0tz AHOI

A2, basolateral sided| HIYZl 1% DMSOZt ZEgtEl HBSS bufferS 1.5 ml,
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apical side®|= 5 uM2| 1H10S 04 mL £F3t1, B—A &eFY = basolateral
side0l= 5 pMe| 1H102 1.5 mL, apical sideOl= 1% DMSOZ} ZBHEl HBSS

bufferE 0.4 mL 23 %tCt 37°COA| 30 rom2ZE 2A|ZH S0t BESA|ZICE Ht

olo

T 42| A|=2E 8-well tube strips (VWR, Emeryville, CA, USA)O| 100 uLX

A
sk
Ot
&

, WEEZFESHEQl carbamazepineO| ZBHEl X7H2 acetonitrileg 200
uLE H7ISto] B8 ZAAZICL 1027t A01F1, H20|M 308 &2 =3I}

XE|BHCE 3400 rpm, 4°COjIA 2027F |IAMEE

ot

| &S 200 L= 96-well

plate (Agilent Technologies, Santa Clara, CA, USA)E &7 =, M=z 4

o
I

1z
|o

M 39 OIZE EAMWHo2 1HI0S HY T Caco2 ME EitE

i

>
h
%

SIRACE Reference 2tetE (Metoprolol, ranitidine, atenolol)= &¢

o
I
|0

2 ZIWSICH FI= A5 (apparent permeability coefficient, Py

cm/s)= Ofef et ZOf Al 4HSERAL. [39]

dQ/dt 1)

Papp (cm/s) = COxA

dQ/dt: Transport rate A—B
A: insert EHA (1.12 cm?)

CO: donor8| 7| 8% (uM)

LESF (bidirectional) caco-2 permeability assaye A= &9 A—-BIt B—A

%639;9' E‘J_—II'E% éx -6|'7| Tl H -6c}>l :|6— efflux ratio é: Papp(B_A) / Papp(A_
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B)Z LIEFE = QUCt 3I[+E (% recovery)2 FEIT HIO|HE diMst=0|

7 &0t ArE =Lt

Total compound in donor and receiver at end of experiment (nmpl) x 100

% Recovery =
° y Initial compound present (nmol)

6.2 2133} E1T (Parallel artificial membrane permeability assay, PAMPA)

PAMPAE &4t (passive diffusion)®t MZ LW FtE FHS= in vitro
model2A theoh FHEEE ZYSICL [40, 41] 1H10E 25sE 5 uM HES
PBS buffer0f M Z=3IRACt PAMPA plate®| donor £&0| 1H102 300 pL

Z8t1 receiver 220 748t PBS (A=A pH 7.4) buffer2

A

5A|ZH S0t

— —

0

200 uL & H7tet 20N BISAIZALE S = 420 A|ZE

ot

8-well tube strips®il 100 pL® EF5tL, carbamazepineO| ZETHE X7+
acetonitrile2 400 uLE H7I5t0 8t3 ZZA|ZICE 1027 Ao, A 20A

30

A

&0 ZZO M2|SHCt 3400 rpm, 4°COlIAN 2027 |IME2[5t0 o5

200 uL= 96-well plateZ &7 2, = S H@ MM 39| gl ZMEEC=

1H102 8% & ¢

OH

ot BNtz E AESIQICEH Reference 3etE (Metoprolol,
ranitidine, verapamil, carbamazepine)2 UV plate2 150 uL® =74 230~280

nmS| IHSZ microplate reader (INFINITE M200 PRO, TECAN)Z SEEE

A%

ot ALt

o

14



protein bindingg B7I5t7| flet 7tY 22 €T HWEel RED (Rapid
Equilibrium Dialysis) &2 0|83t HAFEMBOZ ZHSIGCt [42] oHF
MH 0= PBS (pH 7.4)2 7t5t1, membraneO| U= CHE 3HF MH = 1H10
(1 uM)O| 7t Zl "% (mouse, rat, dog, human plasma)a & AL} 37°CHIA| 80
rpmE 4A|ZF SO BRSA|ZACE Bhs = MH A S Fot0] FA2| IFFE HE =
LC-MS/MSE 0|23}10] M2 MBIQICt H| AT 2E 28 (fraction unbound,

ot A% CH AStE (% plasma protein binding)2 ChE Ao =2

A LHSHACH=4A 2).

f C free C buffer,chamber

u= C total - , (2)

C plasma,chamber

% plasma protein binding = (1-fu) x 100%

8. % oPdd AME (plasma stability assay)

1H102| dH| A= W FE-dS BIH5H7| 2ol SHEQ AR YU =R E A2

A0 £F s 5 uM SEZ 1H10S "8G 37°COlM 0, 1, 2, 4A|ZF S¢t
H2 A7l & 1H102 LC-MS/MSE 2 M SISt

15



9. CHAF oPHd AI” (Microsomal stability assay)

B AF0ME O, SE, =9 AFZIO ZF microsomesS AFE3I0] CHAL
P84S BIISIHRULCE Phase I B8 2 E cofactorE NADPH AFE3tRAL, Phase
O BtS 22 cofactorE UDPGAE AHESHFLCE 01 M QUAHEEH (potassium
phosphate buffer, pH 7.4)0] DA, SHE, E19F AEIC| ZF microsomes (0.5
mg/mL)I} 1H10(1 uM)2 7tet = 37°COIA 587t pre-incubationA|7| 1L
NADPH (1 mM)Lt UDPGA (1 mM)E H7I5t0] B3 2 A|ZSHRALCE 30& BHS &

carbamazepineO| ZETE K7L  acetonitrile® ®7tsto] ELS FZZAA|ZACH

ANzE 2 % Ad=E2 1P8el dXM2l 2, Mz S L8 MY 39 AdgE
=LY Z F4 = 1H100] Cligt CHAIRHE d= B 7ot Lt

10.CYP X8}l "7} (CYP inhibition assay)

10.1  CYP Xdlil E7t A&

1H109| CYP SCHAIZ 20| 2ot CHAF XotE HIISHRALt B SN2 =T
&5 1 mg/mL human microsomal protein, 0.1 M phosphate buffer (pH 7.4), 1
mM NADPH2} CHESH CYP isoform@| CYP isoform-specific i 7| 29| =&l
(A set: phenacetin, coumarin, S-mephenytoin, dextromethorphan, midazolam;
B set: bupropion, tolbutamide, chlorzoxazone, testosterone)di| 2|sff %|& £
200 pLZ A EQUCE 7| =2 ZH2E9| Michaelis-Menten constant (Kq,) 240l SHA|

Ct

gjo

ot 20| 58 HYSISILE phenacetin 50 uM, coumarin 5 uM, bupropion

50 uM, tolbutamide 100 uM, S-mephenytoin 100 uM, dextromethorphan 5 uM,
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chlorzoxazone 50 uM, midazolam 5 uM, % testosterone 50 uM. 7| & &&°
BHIE K.u2 EO=E HdFSIQUCE [43, 44] ZE A0 AMEE 7|2
acetonitrile®f =0 AYE 3IIMSACE BLS0  AREE 7|HN  EZFE
acetonitrile®| =82 %|FT 1.0% (A set) X 0.5% (B set)0| TI=F HEHSIRULCE.

37°COlM 5&7t2| pre-incubation 2t 20, 255X 1 mM NADPHE 75104

r
olo
mjo

AlII-‘é‘l.

=

9%

o
o g 8o

rio
l_l
o
A
=)
w
~
e
A
om
=
09
N
i
o
o
Ot
L

S AIZACE 200 pL H£IO/O| ice-cold HHE FZEM (LF EFE2EE 40 nM

carbamazepine2 ZE &%t acetonitrile)S 7t5t0] Bt3E2 ZZDICL 2 HHEAS

4°C, 3400 rpmOiM 2027t AMEE(ot CHE, 2 ME U U(A B set)S 96
welld] 1.12 3|MsICE CcYP XNo{e FMIfETLSZ CYP 3A49] MEHFOI

XS 2l ketoconazoleg AHESH0] S YT &

r

0
u
|l

of
Ot
$Q
n

2| &2

= H

rin

=4 =S 0|89t B3 A|Zl =SS LC (Agilent 1200 series
HPLC system)-MS/MS (API 4000 QTRAP hybrid triple-linear ion trap mass

spectrometry, Turbo VTM Ion spray)2 T3 &l 24 A|ARICZ BMEHGICE [45]

AH
O

Ml

5 uLE TSI 04 mL/mine| §£ 92 Atlantis dC18 Z & (2.1 x 50 mm,

3 um, Waters)2} SecuityGuardTM C18 (2.0x4.0 mm i.d., Phenomenex, Torrance,

-

CA) 7tE ZEZ2 0|85l Z2[SIRULE O|ls82E 0.1% formic acid’7t 42

ZLShE| EHO|

0 —

rto

2= (0| =4 A)Q} acetonitrile (0] 54 B)S 0|3ISICt & 0|5

0z
rio

linear gradientE 0|83t 0.1&7HXA| 100% A= [X[ot & 427K 50%=
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S7tAZ7|2 01272t FX[SHRALCE ME2] 242 positive MRM modeE 0| & (&

N
Ot
L
X
X
ogt
0x
rm
=
>
>t
e}
=
Sl
Hl
HM
Mo

29| peak HO|E &3 AHLHSHRALE.
Analyst™ 2~ZEQ| 0] (version 1.5.2, Applied Biosystems, Foster

City, CAE Sd MZIotACE XMoiAof 2<lgh Cypol 2ofgt 242 =2

- =2 O

HEE2 2SI BE Zits B+ EEHA(Mean+ SD)= LEFLY UL,
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H 2. CYP inhibition

HIIE |3t LC-MS/MS A =

HPLC Agilent 1200 series equipped with on-line degasser, binary pump,
system thermostatted well-plate autosampler and column compartment
Column Waters Atlantis dC18 (2.1 x 50 mm, 3 um)
LC
Mobile Linear gradient from 100% A (0.1% formic acid/99.9% water)/ 0% B
phase (0.1% formic acid/99.9% acetonitrile) to 5% A/ 95% B
Flow rate | 0.4 ml/min
Ion source | Turbo V™ Ion Spray
Polarity Positive
Acetaminophen: m/z 152>110 (Ret. Time: 2.88 min)
7-Hydroxycoumarin: m/z 163>107 (Ret. Time: 3.12 min)
Hydroxybupropion : m/z 256>238 (Ret. Time: 2.99 min)
N-desethylamodiaquine : m/z 328>283 (Ret. Time: 2.89 min)
MS
4-Hydroxytolbutamide : m/z 287>89 (Ret. Time: 3.19 min)
MRM

4'-Hydroxymepheytoin : m/z 235>150 (Ret. Time: 3.08 min)

Dextrorphan : m/z 258>157 (Ret. Time: 2.98 min)

1-Hydroxymidazolam : m/z 342>324 (Ret. Time: 3.11 min)

6B-Hydroxytestosterone : m/z 305>269 (Ret. Time: 3.28 min)

Carbamazepine (IS): m/z 237>194 (Ret. Time: 3.42 min)
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a
23 3 03

1. In vivo PK
0.5 mg/kg | 1H10 S HH (5, 10, 15, 30, 1, 2,4, 6, 8, A2[1 24 A|ZhH S 1
mg/kg 2 1H10 € &Z (5 15 30 &, 1, 2, 4, 6, 8, J2[11 24 A|7hH B =

Mot dAoM ZFLHS| 1H10 & YEOIACL 4SSN XEE= 1H10 2

I
of
Of
|.|'|
Jp
rx
|
oo
=
mjo
HM
L
Hu
rx
M
Ot
:Q
o
oA
2
4m
e
ot
w
o
i
>
=]
i
X

ooz HELJAL O|=0= HEEXA FACHAZ 1. AUC = 218
ng.hr/ml 2 = ZHEEAD, O|ZFE ot BN FAIZI2 0.05hr O|ACE

ZE/0 A (CL+= 250 Vhrkg B R

rlo
mju
]
A=
rl‘U
|>
i

HRACEH SET] (half-life,
tip)= % 016 hr 2 Oj 2 BtZ7|S 2O0IFQUCE Steady state O|AQ
BEEEN (V)2 013 Lkg 22 AMEAJCHE 3). 2ZF0 A, 5o =

8 AIZIIHR| EEOIM dE e Old22 LIEIRSH, 24 AlZtME HEX

e

IACHAE 5). AUC = 105 pghr/ml 2 ZEZQD O|ZEEH ot HA
HMFAIZE (MRT)2 499 hr C2 ZZFEZ|ACE KL X0 HE: s = Al

(Tma)= F0 £ 5222 | WEH S5 A2 2ELUD, MU =2

ot

T &% (Cmad= 37.27 ng/ml 2 ZHEEACH AHO|EE (Bioavailability,

BA)= 30.28%Z moderate 3 =& & EULCHE 3).
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10007
® ip.,1mgkg

E 100% ® iv.,0.5mglkg
o)
£ 1
S 1®
S ?ii
c 10__ \i S
(O] ] A 9T @ ___
e Lt f ----------------------------------- jL
O S —
0 \\
g l\
(_c@ 1 [
o

0.1 T T T T " T ' ' ' ' ' I

0 4 8 12 16 20 24

O3 1. 1H109| §HEO] Bl SZ TR0 2 A0 2 dE 52| He}
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H 3. RatOf| A 1H102| MY F0] 8l 2ZE = = GsHH nt2tolH
V.
PK Parameter
mean SD mean SD
Dose (mg/kg) 0.5 1
tmax (hr) NA 0.08 0.00
Crnax (ng/mL) NA 37.27 4.03
AUC, st (ng.hr/mL) 218.12 95.97 105.89 11.73
AUC;¢ (ng.hr/mL) 220.34 95.38 133.46 11.67
CL (L/hr/kg) 2.50 1.08 NA
Vss (L/kg) 0.13 0.09 NA
V, (L/kg) 0.61 0.38 NA
ti2 (hr) 0.16 0.03 5.24 141
MRTint (hr) 0.05 0.01 4.99 1.09
F (%) NA 30.28 2.65
Notes:

1. Pharmacokinetic parameters were obtained by non-compartmental analysis of the
plasma concentration-time profiles using KineticaTM 4.4.1 (Thermo Fisher Scientific,

Inc., Woburn, MA, USA).
2. NA: not applicable

3. F was calculated using AUGC;ys.
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2. 88l A™ (Solubility test)

1H102| dl=& 0.1 M QLHbEF M (potassium phosphate buffer) pH 6.52t pH

Hu
Mo

of & =

rir

740|M 22t SHSIQUCHE 4 & O 2). 1H102 [HEHN o

T

83l ZutE HO[X|= AUSH, 1H102| 2 mg/mlof CHPH Ediz= p

6.501 A1 2.56 + 0.69 ug/mL 12|22 pH 7401 A 472 + 1.06 ug/mLZ pH 7.40{ A

10

P2odl 8= F2 8ol=S ERL pHO| mat Ssi=0f X017t USS

ok

QISIRILCE &2l pH(pH 6.5 12{si = M, 1H102 AFEOIAM maximum

absorbable dose(MAD)& 5.18 mgl 2 Of| & | ACHE 5).
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H 4. 1H109| 83 =

Solubility (ug/mL)

tH10 pH 6.5 pH 7.4
230 nm 277 4.55
240 nm 3.02 511
250 nm 3.35 6.25
260 nm 275 5.25
270 nm 1.95 391
280 nm 1.53 3.24

Mean + SD 2.56 + 0.69 472 + 1.06

Lower limit of quantification (LLOQ): 0.39 ug/mL

*Solid samples (~1 mg) of test substances were placed in Whatman Syringeless filter
device (PVDF membrane, 0.45 um pore size) and mixed with 0.5 mL of aqueous
phosphate buffer (pH 6.5 and 7.4). The mixtures were sonicated for 15 min followed
by 1 hr vortex mixing at room temperature. The equlibrated mixtures were then

filtered and the filtrate was analyzed by multi-wavelength UV plate reader.
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Calibration curves of 1H10 (pH 6.5)

0.25+ ® 230 0m
A 240 nm

~ 0207 o 250nm
?5 O 260nm
é 0.151 A 270 nm
_§ vV 280 nm
o
_éﬁ 0.10
>
- 0.05+

0.00._ T T T T 1

0.0 2.5 5.0 7.5 10.0 12.5
Concentration (ug/mL)

B.
Calibration curves of 1H10 (pH 7.4)
0.257 ® 230 nm
A 240 nm
—_ 0.20_ Y 250 nm
)
< O 260nm
é 0157 A 270nm
_§ vV 280 nm
o
_§ 0.10+
5
0.05+

0.00. T T T T 1
0.0 2.5 5.0 7.5 10.0 12.5

Concentration (ug/mL)

% 2. 1H102| 0.1 M QIAHEES O [pH 6.5(A), pH 7.4(B)]0IA thermodynamic

aqueous solubility (2Y&™ =8/ 88 x)
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# 5. AFZ0| Al maximum absorbable dose (MAD) 0=

Compound Solubility Ka SN SITT MAD
P {ug/mL) min ") (mL) (min) (mg)
TH10 2.56 0.03 250 270 5.18

MAD (maximum absorbable dose) = Solubility x Ka x SIWV x SITT
Solubility: thermodynamic solubility at pH 6.5

Ka: intestinal absorption rate constant

SIWV: small intestinal water volume (~250 mL)

SITT: small intestinal transit time (~270 min)
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3. BEIlE AE

3.1. Caco-2 M= Eil=

1H109| FOA Q] EItE (AP-t0-BL)E Papp a2 1.3 x 10° cm/sec2 2 H ARl
Ct Ol W2 ENEO| X|EZ AtEE atenolol (0.4 x10® cm/sec) 1t ranitidine
O Papp 8f (1.2 x 10° cm/seq)@t, &2 Fut= 2| X[HZ ALE &l metoprolol2] Py,
2 (25.1 x 10 cm/sec) P 2F0f| ZLOIX[2H H=2 Tt 2| X[ & Q| Ranitidine2)

P.op 241F HISH 248 20|22, 1H109| oMol BNt W aFoz2 o

ra

| ACHE 6). Efflux ratio?t 0.82 =S4t (passive diffusion)2 2 FHEILE 2

=8 (% recovery)O| &S| X2B2 O|l= =7t EX| EAHLE AlFIE S0

EotAE AHMEDNC| non-specificStHl ZeSHLE Caco-2 MZEOf| o|5t CHA}
2 QISIX| AULE FHEICE Cell lysated| 1H100| S HEO| TX| AU 2
cell monolayerOfl A|R2H0| ZHE|UZ 7582 0 =Lt
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H 6. Caco-2 cell 0 A12| 1H10 2| £t

Permeability [Papp x 10 {cmis ec)] Recovery (%)
Testconc.

Compound (1M) AtoB B-to-A Efflux AtoB B-to-A Comments

mean SD mean SD ratio mean SD mean  SD
1H10 b t.3 0.3 14 03 08 462 34 78.6 i
Metoprolol 10 251 0.0 926 19 High permeability standard
Atenolol 20 04 0.06 826 15 Low permeability standard
Ranitidine 20 12 0.08 952 05 Low permeability standard

Notes:

1. Papp values were determined in A-to-B and B-to-A directions in HBSS supplemented with 10 mM HEPES (pH 7.4). Assays were conducted

in triplicate.

2. Efflux ratio (ER) = P,pp (B-t0-A) / Papp (A-to-B)
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3.2. 2139 TRtk (Parallel artificial membrane permeability assay, PAMPA)
A

1H102| permeability coefficients(Pe)= 0.68 + 0.172 MEO| Z0| ALEE low
permeability marker2 & 2%l ranitidinelt FAISIFSH, Ol 2 %2
permeability coefficients (Pe) w2 EOFQICE O|2M 1HI02 H=2
permeabilityE &= 4==2 THHHEQJCHE 7). =7 15 nm/s O] & Al =&

of £TE7} FriD BET +

30
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H 7. 1H109| 215 Eto el FEatE

Test conc.

Compound M) P (nm/s) (:Z) Comments
Metoprolol 200 39.01 £ 16.20 1.13+0.85 High
Ranitidine 200 0.16 £ 0.27 -1.16 + 1.47 Low
Verapamil 200 122.16 + 9.51 12.09+0.27 High
Carbamazepine 200 221.35 £ 56.55 -3.98 + 0.91 High
1H10 5 0.68 +0.17 4947 +0.13
Notes:

1. R : Mass Retention

2. Permeability < 15 nm/s — Low Permeability

> 15 nm/s — High Permeability
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4. HE Cchu 2B A|H

1H109 B3 EH 2322 5| 9oto] BHENMOR BT Cryz

mjo

2tQISH Z 1}, humandt ratOf| A1 2] unbound fraction2 0.008%, dog2t mouse

rir

unbound fraction2 0.004%2 & Fuwe EO0|, 1H102| YZ} CHEl ZHTHL0|

MES =2 4oz ZOISIGCHE 8). 1H102 Fb (%)7F humanOA 999 +

0.002, dogOHH 100.0 + 0.001, dogOHH 99.9 + 0.004, ratOlA] 99.8 + 0.11,
mouseO|A 100.0 + 0.0020|{ T unbound fraction2 ZX} ¢10| 1% O|sS}SILC}.
[[t2kA 1H102 plasma protein binding0| &2 =0 &5t= A2 EHEHEY

Ct.
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H 8. 1H109| €%t Ciel Atz

ol Specics F . &) F, (%) Recovery (%)
Mean +S5D N Mean +5D N Mean 5D N
Human 0008 + 0002 3 9999+ 0002 3 grj9+922 3
Dog 0004 + 001 3 10000 £ 0001 3 82.30 £ 258 3
hE Rat 0008 0004 2 9900+ 0004 3 BI1SE581 3
Mouse 0004 + 0002 32 10000 £ 0002 3 8223+ 256 3
Notes:

1. Fup (%): fraction unboud (%)
2. Protein binding was determined by equilibrium dialysis using RED device. 1H10 (5
uM) in PBS was dialyzed for 4 hr at 37°C. Samples were analyzed by LC-MS/MS in

positive MRM modes.
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[e]
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CtSH B9| liver microsomes (Human, dog, rat, mouse)0ilAl Phase I 829
cofactor® NADPHO|| 2|t 1H102| ChAL =& 2HRISHRALE HSAIZH 3020
human 2 48%, dog2t mouse= & 65% Ol 2|11 rat2 2 75% CHAZF &

Al

oot

&9l ¢t oto[=2

rir

Ol WCHE 9 & 12! 4). NADPH £Xf A| 30& HI2 30
Z50|M 91% O| MO Z CHHSIFCHE 9). Phase I CHAIEHSO| A|ARIMHOoZ &

TSI A=K 2Q157| QI3 positive control?! buspironeS A2 SIS CH
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H 9. ZF OtO|3 2 &0 M 1H102| Phase I 2H82| CiAteHE-d E7t

Liver

% remaining after 30 min incubation

microsomes’ Cofactor
1H10 Buspirone*
+NADPH 51.86 £4.19 4.78 £ 0.80
Human
-NADPH 92.57 £ 2.53 95.29+1.35
+NADPH 31.34 £ 0.93 6.93+0.42
Dog
-NADPH 91.90 £ 2.70 94.74 £ 2.26
+NADPH 25.11+£0.48 0.30 £ 0.25
Rat
-NADPH 91.63 £ 3.91 96.87 + 1.86
+NADPH 32.87 £0.70 0.20+£0.18
Mouse
-NADPH 96.97 £ 2.27 9452 £2.75
Notes:

1. Microsomal stability was determined in various species liver microsomes (0.5 mg
protein/ml) at 37°C for 30 min in the absence and presence of NADPH (1 mM) using 1

UM 1H10 (n=3).

2.* Positive control (n=3)
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CtSt B9| liver microsomes (Human, dog, rat, mouse)0ilAl Phase I #82]
cofactor® UDPGAO| 2ot 1H102| CHA HEE = QISR BESAIZE 30=0
human 2 87%, doge 75%, rat2 & 55% 12|11 mouse= & 95% O| 4 CHA}

7t YO GCHE 10 & 12! 5). UDPGA X A| 302 BtE Z0= A

oo
OR
10
N
=

O|A2HO0A 82% O[22 QHYSIYUCHE 10). Phase I CHAMEHS S A|AHIN
O F FFEAEX] &2I5H7| 3t positive control®! 4-MUF2 AHESHSILE,

UDPGAZ} E7IEl EI20M = MHE 2 1H102 NADPHZ} H7tEl HHS HLCH

rir

CHAL HtS0| HIEH LGOS E3B| mouse liver microsomesdA 30&2
incubationA| 1H102| Lot L2 5% =2 CHE ZELH LA BHSO| WHEA
OlGICh ZOfM o2 1H102 ZHO|M el CHAF Bh30f| U0 CYP450 2AECLE UGT

g0 ot CHAF BHS 0 2280 =2 HO L.
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® 10. ZF OFO|AZ &0 A 1H102| Phase I EH29| CHAOH

MY B

% remaining after 30 min incubation

mic:_ol\s/gnes Cofactor
1H10 4-MUF*
+UDPGA 5.28 +0.32 0.00 + 0.00
Mouse
-UDPGA 92.58 + 1.80 93.03 £ 3.29
+UDPGA 4519 +£1.73 0.00 £ 0.00
Rat
-UDPGA 92.65 + 3.51 93.05 + 0.55
+UDPGA 25.10 £ 0.87 0.00 £ 0.00
Dog
-UDPGA 90.90 + 0.95 92.28 + 2.39
+UDPGA 12.89 + 0.69 0.00 + 0.00
Human
-UDPGA 82.57 £2.85 93.32 £ 1.04
Notes:

1. Microsomal stability was determined in various species liver microsomes (0.5 mg
protein/ml) at 37°C for 30 min in the absence and presence of UDPGA (1 mM) using 1
UM 1H10 (n=3).

2.* Positive control (n=3)
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7. CYP inhibition

AR k= CHAMO BEO| 2HOISEL QAT YK U= CYP isoform 85 (CYP1A2,
CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP3A4(M), CYP3A4(T))
off CHSH 1H109| A=A S EE (drug-drug interaction, DDI)2 2HQI5}7| /3510
CYP inhibition A|&S +&SIRALE 1 A1t CYP1A20|A E0|H2 =2 16% X 7t
2020, CYP2C82t CYP3A4(T)= 30% Olet AX7F LOIRCHE 11). Lt K|
CYP isoform?| B SZt0[AHLE A7t FA YO %Lt CYP inhibition A2 | CH
2 FSE/U=XE &QIst7| I3t positive control2 CYP3A4 potent inhibitor@!
ketoconazole® ArESIGCE a2k 1H102| drug-drug interaction potential2

CYPIA2E WM QlotH St 22 W2 =2 THERALCE
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 11. CYP isoform 8&0f Ciet 1H102| CYP X3l &7}

% of Control Control 1H10 Ketoconazole*
CYP1A2 100 + 1.3 16.0 = 0.5 101.7 + 3.3
CYP2A6 100 + 1.1 1021 £ 1.2 1024 + 1.6
CYP2B6 100 + 5.4 943+ 72 9.4 + 6.4
CYP2C8 100 + 4.1 375 £ 0.9 99.1 + 3.2
CYP2C9 100 + 9.8 470 + 54 1014 + 8.6
CYP2C19 100 + 2.7 811+19 96.6 £ 9.5
CYP2D6 100 + 1.5 648 £ 2.4 1013 £ 1.7

CYP3A4(M) 100 + 2.6 1014 + 4.3 55+03

CYP3A4(T) 100 + 7.0 30.0 £ 0.7 40+ 0.2

*Positive control (n=3)
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Abstract

With the aging of the population around the world, the prevalence of senile
neurological diseases is increasing, but there is no fundamental treatment, so
it is necessary to develop new drugs. Excessive activity of AMPK is known to
cause neuronal apoptosis. In previous studies of AMPK inhibitory assessment,
along with various neurotoxic assessments such as zinc excitation, glutamate
excitation, oxidative stress, and efficacy assessment using Rat MCAO (middle
cerebral artery occlusion) model, 1H10 was discovered as a lead compound. In
this study, /in vivo rat PK (pharmacokinetics) and in vitro ADME (absorption,
distribution, metabolism, excretion) assays were performed for PK study of the
lead compound 1H10. When 1H10 was injected intravenously to rat, it showed
a low systemic exposure, fast half-life (t;, = 0.16 hr), and low distribution
volume (Vi = 0.13 L/kg). Rapid absorption (tmax = 5min) was shown during
intraperitoneal injection, and the bioavailability was observed to be 30.3%. The
lead compound 1H10 was expected to show a relatively low absorption rate in
the intestine as it showed a low apparent permeability (P.p,) value (1.3 x 10°®
cm/sec) in the permeability test using Caco-2 cells. In Human, dog, rat, mouse,
1H10 showed high plasma protein binding (fu <0.1%) and low metabolic
stability. In the microsomal stability assay using Liver microsomes, for
cytochrome P450 (CYP)-dependent reactions, % remaining of 1H10 was

human (52%) > mouse (33%), > dog (31%) > rat (25%) and for glucuronation

52



reactions, % remaining was rat (45%) > dog (25%) > mouse (13%). In addition,
1H10 was observed to inhibit 16%, 37%, and 30% of CYP1A2, CYP2C8 and
CYP3A4(Testosterone) at 10uM concentration, respectively. The above results
suggest that although the lead compound 1H10 shows excellent efficacy, it
has a low absorption, high metabolic rate, and CYP inhibitory properties.
Therefore, it is necessary to understand the structural characteristics of this

lead compound for the future.
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