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Purpose&
Contents

O In 2010~2011, foot-and-mouth (FMD) disease caused tremendous damage to Korea by
which 3.5 million livestock was killed and US$3 hillion was lost. Since then, preventive
vaccination has been obligated for all the cloven—hoofed livestock and emergency response
system has been rebuilt whereby FMD occurred sporadically without pandemic. At present,
our nation has tried eagerly to restore FMD-free status with vaccination. Since vaccines
are unable to control all the serotypes and subtypes of FMD virus (FMDV) and to show
effect for around 2 weeks after innoculation, so called 'immunity gap’, they have limited in
use for initial countermeasure against FMD outbreak. Therefore, it is necessary to develop
antiviral agents to supplement vaccines during the immunity gap and to prevent virus
dissemination in the early phase of FMD outbreak.

O The aim of this project is to develop and manufacture an effective and fast-acting antiviral
agent which is able to reduce FMDV titer in pigs infected with FMD. We discovered lead
compounds targeting non-structural protein of FMDV and developed experimental products
proved in terms of efficacy and pharmacological properties through the structure
optimization studies. For manufacturing license, we applied a request for licensing review
based on the test results of efficacy, safety and residue analysis.

Results

O Development of clinical candidate

- We synthesized various derivative compounds containing AMTI (Aminothiazole) and
BAMTI (Benzaminothiazole) scaffolds in the course of studies on structure-activity and
structure-property  relationships (SAR/SPR). We examined whether the compounds were
qualified as clinical candidates by assessing physico—chemical properties, metabolic stability,
pharmacokinetics, toxicity & safety, mode of action and efficacy test in cells and mice.

- We also evaluated ribavirin, an antiviral drug used for chronic hepatitis C patients, and
their prodrugs as clinical candidates by analyzing pharmacokinetics, toxicity & safety and
efficacy test in cells, mice and pigs.

O Development of experimental and commercialized product

- We manufactured an experimental product of powdered ribavirin for oral use and
conducted various stability tests.

- We fixed dosage and adjuvant of ribavirin by testing antiviral efficacy in mice and pigs.

- We developed a prototypical injectable product, "RIBA-DOE”, formulated with 1.8 g of
ribavirin and ISA-206 adjuvant in double oil emulsion (DOE) which enable it to be used in
combination with vaccines and established standards of exam.

- We conducted experimental tests to evaluate efficacy, pharmacokinetics, toxicity & safety,
efficacy test and residue in pigs. Based on the data, we applied a request for field test.

Plan for
Practical Use
&
Expected
Contribution

O Plans for commecialization and industrialization
- Domestic demand : To conclude an purchasing and permanent storage agreement
between government and company
- Exportation : To find new market opening for provisional or therapeutic use if the
product met global standard in terms of efficacy or safety.
O Technological expected effect
- Development of broad-spectrum anti-FMDV agent not limited in specific sero— or subtype
- Fast-acting and effective agent supplementing 'immunity gap’ of emergency vaccination
- Improved convenience by injecting once in combination with vaccines
O Social and economical ripple effect
- To minimize damage on stockbreeding farmhouses by controling FMD dissemination and
to reduce social cost spent in disease control, compensation for the loss and mass culling
- To decrease secondary environmental pollution by reducing mass culling
- To proliferate life respect will and to reduce mental distress of farmers

Keywords

Foot—-and-mouth
disease virus Antiviral Ribavirin Injection
(FMDV)

Foot—-and-mouth
disease (FMD)
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O FMDV (FMD virus)® %3 %+ Picornaviridae Aphthovirusel] 23] #u}3. Z}%
RNA wlolg] 224 o]= 7709 €HE = A, O, C, Asial, SAT1, SAT2, SAT3¥
2 R o] 8 FAYPL thA] 809 7HAY ofF o m ol .

O TAY nlolg2as Wi 2 YszAs e o8 BEW 1, 50T o] A 3],
pH 6.0 °]3} &+ ol ZANA, zElal 2% 7HA At 4% At 2 0.2% T
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At 5o aFAle =243 H.

O FAY nto]y =7t A F&Ad AFsto] Hl W2 FAEHE oy ol
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Askel A5AE B A7 AFS AL e wudo] wEeld,

a8 1. FAYnle] H 29 life cycle (Whitton JL et al.
2005, Nat Rev Microbiol)

3B
F'UTR
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Vi il AA A A AN
@ e P1 | 2A | 2B | 2C | 3A ac | 3o fVVWVV
3B (VPg)

| P1 | P2 P3 .'
Y ‘ \
|

Structural proteins Nonstructrual proteins
LabP™®
o et P2-8C p3

VPO (1AB)

VP3 (1CWP1 (1D)
2BC 3A 3BCD
VP4 (1A) VP2 (1B) _
28 2C 3ABC 3D

3AB 3CD

3A 3B 3C 3D

a9 2. FAYnle) Y A& AR 7% polyprotein process (Liu Y et al. 2015,
Vet Res)




Genomic  Protein designation Genus Protein function

region
L Leader Aphthovirus, Erbovirus Papain-like cysteine protease implicated in
virus-host interaction
P1 VP2, VP3, VP1 All Major capsid proteins
VP4 Majority Small capsid protein implicated in virion
uncoating that is present in viruses of most
genera
P2 2A Cardiovirus Aphthovirus Small protein whose synthesis is accompanied
Parechovirus Senecavirus by termination and re-initiation of translation
Erbovirus Teschovirus to separate 2A and 2B proteins
2B All Membrane-anchoring protein for the virus
replication complex
2C All Multifunctional protein with ATPase and

predicted helicase activity implicated in capsid
assembly, virion uncoating, and RNA synthesis

P3 3A Enterovirus and likely all  Membrane-anchoring protein for the virus
replication complex; inhibits ER to Golgi
membrane and secretory traffic

3BVPg All Protein primer for the initiation of
RNA-synthesis

3C All Chymotrypsin-like cysteine protease
mediating most cleavages in polyprotein

3D All RNA-dependent RNA polymerase
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2-1 2 g

O =tu] FMDV T4 A A o] #e A= FAAutelH s It g thF7]o) =
Ade] Yol AR AE b 357 ol AldS ZFa oFe Aujd Ay %
B 2T e FHEHFAAGERY] FAY I A FMDV F24 oA &4 #
s AT ANkS St S H AR ] SIRNA)S o] &3 A58 WAl AT
MRS &uks] Agstal 9. odlE o] U6 TZEES CMV Z2RHE X33}
2B, 3C Aol tigt HAFHAAE AALE = J& ofdlentoly 2E vhEo] FA Gu}
olg] 27} ¥ = A AAE (IBRS-2)d A& A7 gad o= nfo]g o] F2

AA Ao FAAutol =7t FdE Efutgo AEES FHAATE AT

O T3 HAx QJdEHHE IS FEHF= oldmnlolgf~ (Ad-porcine IFN-a),
guanidine-hydrochloride, ribavirin, 6-azauridine & ¢F=9] A9 ddnfoly)~ FIE
A xS EFupg-2o A geldt AnE oA Ao @i vt S (Kim SM et al

2012, Ativiral Res).

2-2 9| ol

O 20049 FF3} o] 2etAo| A SiRNAS| 1% FAGutolel s FHqA ERHE 742 W
¥ A RHFUNFE TFste] FF, ARE FHOE o] Rokd BF A7} A

O ®HA RIH#HE Feje MgFAA dg A= =g FHeE SdstA 2
EFS) I3 I QIEf & (IFN a/y)ol #AelA Al fnfolef 2~

A7 2000 ) 2EE Ruda 9 2012 B
EFQ]l I Qg #E (IFN A3)o] oA A Gufo] g 2

o)

=
2 3C protease, 3D polymerase %5 &4 %Alo] <l
& 7 9@9E B 3l A FE27F P E
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23} 7P A (in silico screening)©] 7}s g

3C protease A3 EZ AN HoplM= dx dHEEd  ZEA 9 Robin
Leatherbarrow 15=7} Fluorescence resonance energy transfer (FRET)S o] &3+ 3}
= AAAE sl &t AGE %Al 5. FMDV 3C protease A3l &2
of A= ot TEH 5517F gt A o FARE 729 HAV, SARS, HRV
©] 3C protease A3A| 7} thstoll A EApR AR I o] of3}3t Fofo A A7t HFEF] %
w31 QS (Jaulent AM et al. 2007, Anal Biochem).

3D polymerase A& &2 [ Folo|A= vl w]Fa] 9 Stefan G. Sarafianos 1L
+7F RNA EA4 349 u&ZAA7]E Juciferase assayE ©]&3to] A= AAHS
a¢retl 3l (Durk RC et al. 2010, PLoS One), "=+ Z =% FHHY Olve
Peerson 14 FMDV$ A3 poliovirus®] 3D polymerase®t PETEZ W3 &3
%A RNAZE o]g&3dto] &3 #H3 AW (Fluorescence polarization)S 7]#3le] # &l
=2 Ao &3 vl A (Mestas SP et al. 2007, Anal Biochem).

o8]

Sakamoto K 5o 95t T-11058+= 3D polymerase A 3]EZ o] in vitrool A 10 pM
o] ECx #ts 7FA™ = AelA FMDV 74 1417 $ 200 mg/kg &F2S=2 64 &<t

S 28] 4 Rokst A3 Qgad A ulg &RAA TAYG ARLI) vholH s F

a 5
237 g5 BYS (Furuta Y et al. 2009, Antiviral Res). o] 228 dE FE5E9
A AF a9t Eofnl 3}sto] FE WS 2007 FHES S SE5 L, v v T
qel A st D s ggEoe] PCT 53655 & 7|&oldS 7Igglal e o=

shet.

Days after virus inoculation

Pharmacokinetics Plasma viral titre Pig No. 3
Plasma concentration (pug/mL)
2 hrs after administration 8 hrs after administration T-1105 administered grou ! <014 <014
group 2 <0.14 <014 ~
Pigs 75.0 364 . 3 <0.14 34891
Sheep 30.9 102 T-1105 non-administered group 4 018 2027
Cattle 7.86 0173 -
Unit: TCIDgp/ul
- Days after virus inoculation
Clinical symptom Pig No.
1 2 3 4 5 6 7 8
- 1
T-1105 administered group 2
- 3 + ++ ++ + ++ ++ ++
T-1105 non-administered group 4 . . - . - .
- normal, +: lameness, ++: astasia i) " .
' _0))) LA TANR
P . 1 EP 2 022 786 B1
. Days after virus inoculation
Nasal excretion Pig No. (12) EUROPEAN PATENT SPECIFICATION
1 3 (45) Dats of publcation & amrm UL L S— —
1105 administera 1 <0.07 <0.07 2610 3011 Bl 201143 e Shapésamam RSt Sopzamen
- administered grou [
group 2 <0.07 <0.07 (21) Apphcation number: 077447853 (86) Intemational apglication niamber:
PCTIIP2007/060851
T-110 dmiini d 3 <0.07 160 . (22) Data of filing: 29.05.2007 67) st poseaton uber
- 5non-administered group 4 <0.07 0.66 B 0 26orr136081 (06.12.2007 Gazotto 2007/45)
Unit TCIDsg/uL of swab solution B e, S 1O T
DISEASE IN ANIMAL BELONGING TO FAMILY SUIDAE OR SHEEP

a7 4. T-1105 3pghzo] iAol 419 npolgfx A 2 A& 73}
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o) e]

— s - -1
@ ks 22,
E 1L ATNES FAY Futolel A A
< 7 o 5 3 3
Interferon inducer Ao TA WA e Z7)
(poly-IC)
HEo|d  ahufo]H A9 type I interferons &3} obdzulo]
sA ¢ zzo] ey | AdSPolFN-a 225 Fofslal 24417t el FAGORTE B
g zje mgz 333 g37F 375U B A
@ otmea AwA Combination of type I | in vitro, in vivooll FMDV &A1& A3 4%%
e o and II interferon o2 oA
oMo ave 1 P
Combination of 9491 e § W Bz wusl oo
o] ] a B 2 2
°of Aot AA | A g5-PolFN-a and s " "
= g = . . . =
AEAA Y B capsid subunit vaccine
Asol 283 Aol EFS S S7HAA AdHdE s =9
CpG ODN S 1247 Fo] Tt 14U F¢F e 3
7t A&
vholel 2 Al Al o] BA FEE =43 FA
Mex  gujo]e~ | Ribavirin o IMP dehydrogenaseE A3t o=x FA o
Al : FMDVe] #] 7 . A .
% gumge Ao 5-Fluorouracil, RNA Z 243 WA Asfste] nfolef 2o
. 5-Azacytidine EdWol =
3oy mpolg] ~o
% 3o] mpolE 29 -~ RdRpE EHAoZ &1 770 FMDV @A o] =
B2AE I 5= & | 2'-C-Methyleytidine - -
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3-3 A4 ZA1f
B Aminothiazoleg &AM TZZ st= M3 NE2A FAH A SO AKX 7t
7F A1 mpelg A~ vl -2eW A 3Dpol (3D polymerase) AdE2 A 2 F
HA 3 A2 23 AMTI/BAMTI 3H8tE wh=
(D) AAA 5 2 =389
(7h) 3Dpol @714 E R 9 aad A
O 2010\ SksolA =AS A wlolz =9 3Dpol 7] MES sHFHEIESE
B Suste] ThE olFe] 3Dpoleh obvlweal A AEA wlwe AT §A0] 97%
o] o o]lE AHE=R HFAlste] (¥ 5) vHglo} e E F2Y 3 affinity
chromatography & ©|-83to] A=A ds AAsA (29 6, 7).

200

ADKSDRGEVLGHS I‘l‘ DVTFLERHFHMDY GTGE YK PVHASKTLEAILSFARRGTIQER LI SVAGLAVHSGPDEYRRLFE PFQGLFEIPSYRSLY LRWVNAVCGDA
=S|

19 5. 3Dpole] FAISutol2f s FH Y E ofn ik D
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seA

A

[3D pol ORF]
GEGTTGATCGTTGACACCAGAGATGTGGAAGAGCGCGTGCACGTCATGCGCAAAACCAAGCTTGC
ACCTACCGTGGCACACGGTGTGTTCAACCCTGAGTACGGCCCCGCTGCCTTGTCCAACAAGGACCC
GCGGCTGAATGAGGGAGTTIGTCCTCGATGAGGTCATCTTCT CCAAACA CAAGGGGGACACAAAGA
TGTCACCGGAAGACAAAGCGCTGTTCCGCCGCTGCGCTECCGACTACGCGTCGCGCCTTCACAGT
GTGETTGGGTACAGCAAATGCCCCATTGAGCATCTACGAGG CCATTAAAGGTGTTGACGGACTCGAC
GCCATGGAACCAGACACAGCGCCTGGCCTTCCCTGEGCACT CCAGGEGAAACGCCGCGETGCGEC
TGATTGACTTCGAGAACGGCACTGTCGGACCCGAAGTCCAGGCTGCCTTGGAACTCATAGAGAAA
AGAGAATACAAGTTTGCCTGTCAGACCTTCCTGAAGGACGAAATTCGCCCGATGGAAAAAGTACG
TGCCGGCAAGACGCGCATCGTCGATGTTTT GCCTGTTGAACACATTCTTTACACCAGGATGATGATT
GGCAGATTTTGTGCTCAAATGCACTCAAACAACGGGCCGCAAATTGGATCAGCGGTCGGTTGTAAC
CCTGATGTTGATTGGCAAAGATTTGGCACACACTTCGCCCAATACAGAAACGTGTGGGATGTGGAC
TATTCGGCCTTTGATGCTAATCACTGTAGTGACGCAATGAACATCATGTTTGAGGAGGTGTTTCGCA
CAGACTTTIGGTTTCCACCCGAATGCTGAGTGGATTCTGAAGACCCTCGTGAA CACGGAACACGCCT
ATCAGAACAAACGCATTACAGTTGAAGGTGEAATGCCGTCCGGCTGTTCCGCAACCAGCATCATC
AACACAATTCTGAACAACATCTACGTGCTCTACGCGCTGCGTAGACACTACGAGGGAGTTGAGCTG
GACACTTACACCATGATCTCCTACGGAGACGACATCGTGETTGCTAGTGACTATCGACTTGGACTITG
AGGCTCTCAAGCCCCACTTTAAATCTCTTGGTCAAACCATTACTCCAGCTGACAAAAGCGACAAAG
GTTTTGTTCTTGGTCACTCCATTACCGATGTCACTTTCCTCAAAAGACACTTCCACATGGATTATGGA
ACTGGGETTTTACAAACCTGTGATGGCTT CGAAGACCCTCGAGGCTATCCTCTCCTTITGCACGCCGTG
GGACCATACAGGAGAAGTTGATCTCCGTGGCAGGGCTCGCCGTCCACTCTGGACCTGACGAGTAC
COGCGTCTCTTCGAGCCCTTCCAGGGCCTCTT T GAGATT CCAAGCTACAGAT CACTTTACCTGCGTT
GGEGTGAACGCCGTGTGCGGTGACGCA

a1 6.

3Dpol W WE Az wAw

3Dpol-6XHis (80 uM)

01 02 04 08 (ul)

f—

* Bead : GE His-binding resin (high performance)

* Culture volume : 500 mL

* Comp. cell : Rosetta 2 DE3 transformed with
pET21a-3Dpol (Ndel/Sall)

* Induction : 3 h at 37 °C using 0.5 mM IPTG

* Pellet suspension : 30 mL Binding buffer

(20 mM Hepes pH 7.4, 350 mM NaCl, 10% glycerol,
40 mM imidazole, 0.1% Tween 20 + protease
inhibitors)

~ 60 kd - - - — - * Sonication : microtip, 20%, 10s pulse, 59s rest, 12

times (50 mL conical tube)

* Lysate clearing : Hight-centrifuge 15000 rpm

» Washing : 5 column volume (2 mL bed volume)

* Elution : 10 mL Elution buffer (Binding buffer
except 500 mM imidazole instead of 40 mM), 1 mL
fraction ---- 4 fractions were valid

* Dialysis : 50 mM Hepes pH7.0, 10% glycerol, 50
mM NaCl for4 h

19 7. 3Dpol-6XHis ©+# 2 A A

(\}) HTS assay 7=

O % AYF X% (Fluorescence polarization assay) : A A& 3Dpol

& 4
qu Ay 2 A FRRA

o}
¥ RNA 7]# (PETE, polymerase elongation template element)] 2

f]iﬁ]—
9 Bu WY PEel b AU o

Envision® 71712 &x& 4 9t} (19 8).

_24_




0&16

*.,'-'-b-.-o-

) -
Fluorescent

Peptide H

(faslef rotation)  Emitted Light
in Same Plane as

TreREY Excitation Light
Depolarized Polarization  Polarized
Excitation Filter Excitation
Light Light
Fluorescent Peptide
bound by Protein
(slower rotation)
- AR . -
A" GGCCGGCCA Depolarized emission
RNA = AGCCGGCCGGUAACGU (~33mP)
i pol . o
GGCCGG Polarized emission
RNA+3DW|+ B {5‘ GGCCGGCCA . Redu::::sgiﬂol:rized
competitor AGCCGGCCGGUAACGU (~52mP)
T T
0 50 100
mP (milli polarization level)
12

a9 8. FFAFe] o224 Ay (A PETE assay? A% (8

6‘1—

O 3Dpol¢} RNA 712 ¢ ZAdl : A AS 3Dpolet RNA 7|2 (Biotin-PETE)2] 2%
3} unlabelled RNA®] 2%t competition &35 SPR (Surface plasmon resonance) 7]

==
<

HE o] &3t A&t
- Ligand immobilization : 100 nM &%9] Biotin-PETEE 30 ul/min %% 300%3F

NLC chipell 150 pl Z2® U
(2" 9).
- Analyte binding :
ule] 3Dpols =3
- Binding inhibition :

=+ A3 °F 20 RUY Z7F=7} immobilization ¥ At}

10 M9 5% S 53 50 pl/min® X2 240% 7F 200
, %"Eoﬂ wpe} Aol F7hshe] Rl (19 10).
3Dpol 1 uMoﬂ 0~3 uM 7}A] Non-labeled competitor RNAZ

0~
% 4 3

50 w/min 52 FeF A3 wEo we Asavz webd Fsket (19 1),
o]Z4 3Dpol?t PETE®] A% 2l 235 sttt
L2 - 21_Ligand-1 o L2AL - Biotin PETE L2 - 26_his-3D (HG)
0 al.z.u-&iufn-ms :m::ﬂ: Eol uh
® L2A3 - Biotin-PETE 200 . ® L2A3 - his-30 0.3 uM
0 L2A4 - Biotin-PETE 5 - - © L2A4-his-30 1 uM
® L24S - Biotin-PETE & Py | ® L2A5-his-30 3 uM
© L2A6 - Biotin-PETE E 00 ) / © L2A6 - his-30 10 uM
- L u_r""_—-lt'_ et Aot e o

]

Time (s)

a9 9. PETE immobilization

00 X0 30 0 S0 80 W
Time (s}

13 10. 3Dpol¥ PETE Zt

ih)
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L2 - 31_his-3D(1uM)+cold RNA

k]

Responsa (RU)

® L2A1
@ L2A2
® L2A3
@ L2A4
® L2a5
o L2a6

his-3D{1uM)

his-3D(1uM) + competitor RNA 3 uM
his-3D(1uM) + competitor RNA 1 uM
his-3D(1uM) + competitor RNA 0.3 uM
his-3D(1uM) + competitor RNA 0.1 uM
his-3D(1uM) = competitor RNA 0.03 uM

<300 -200 100 200 300 400 500 600

Time (s)

=100 o

700

1% 11. competitor RNA®] 2]3l Binding inhibition

HTS adaptation : HZ2 7]d 2 &4 ¥ A7 &% 59 ws 218 FYs9
I (18 12), YA tiE 22 competitor RNAY 93 5% o&Z Aa|gyrs gl
skitk (19 13).
3D-His
350 100D nMd
W500 nM
W50
mizs
mEzs —
piiz | FAM-RNA/3D-His = 1/20
:%;‘ig X ratio® A mPZ} max.
miz | = LIEHE
=it | FAM-RNA : 3D-His
=o.49 2nM @ 30~60nM
m02 50M @ 60~120nM
_ % | 1M :120~250nM
moo3
[ LiLirs
no

Competitor (250X) #2| A
FAM-RNA/3D-His = 1/12
T ratio o|A] Mo E0H7)
S5 e

Zribd (FAM-RNA) Skt (FAM-RNA) 10nhd (FAM-RNA)
a9 12, 714 2 34 vx= HAs3)
350 -
00 - W 100k (FAM-RINA)
250 | W +competitor (Z.5uM)
mZ00
P1sg 4
00 | ¥
o [
0 A T T T T |
1000 nk 500 nM 250 125 no
3D-His
a9 13, A HET competitor RNA 5% 343}

_26_




< HTS SOP >
- PETE 5% : 2 nM
- 3Dpol % : 30 nM

- AlZF @ preincubation 30, mix ¥ H}E reading

- 2% : RT
- A Z* © Competitor RNA 200 nM (100X)

- Assay buffer : 50 mM HEPES pH 7.0, 109 glycerol
- Plate : 384 well Non-binding micro black plates (cat# 781900, Greiner)

- A3 compound dilution 5 ul + polymerase dilution 15 pl mix & 30 &

=
7} preincubation, substrate dilution 20 pl mix ¥ read-out

< Envision® setting >

Label : FP fluorescein dual

— Top mirror : FITC FP

- Excitation Filter : FITC FP 480

- Emission Filter : FITC P-pol 535 (1st), FITC S—pol 535 (2nd)

(th) Functional luciferase assay T3

O 3Dpolell ¢]3%F PolyrA/OligodToll A rUTP incorporatione luminescence® =743+ 7
AN FEIGON (1Y 14), o WHS E2/714 AF A BA B o &x
24 Ad 2A& AAR F doh AF FEA 2497 9L DRC Ao LA

> > Functional luciferase assay

ol
oTaTeToT, .
AAA,

Q

AA

+ rtUTP. Mn2+

l AMP APS
D ol
Tl T T TT,T,U, R+ ppi N o A
AAAAAAAAA ATP sulfurylase

Luciferin + Mg?* &—) Oxyluciferin + AMP + CO; + IiQh?‘v\H

Luciferase

[Durk RC et al. 2010. PLOS one]

19 14. Functinal luciferase assay® 7| &

O AHel 714 % Bh B, AL

.
: , %

ol

o g 2L

JX&"

A3tk (29 15).
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M Poly rA/oligo dT 0 nM
M Poly rA/oligo dT 37 nm

Luminescence

W Poly rA/oligo dT 111 nM
M Poly rA/oligo dT 333 nMm

M Poly rA/oligo dT_1000 nM
Poly rA/oligo dT 3000 nM

UTP_O uM
UTP_S uM
UTP_10uM
UTP_30 uM
UTP_O uM
UTP_5 uM
UTP_30 uM
UTP_O uM
UTP_5 uM
UTP_10uM
UTP_ 30 uM
UTP_O uM
UTP_S uM
UTP_10uM
UTP_30uM

| 3D_2uM

19 15. Functinal luciferase assay®] Whx74d A3 248 Ax}

< Procedure >
- 714 %% : OligodT 0.12 uM, PolyrA 1.2 uM, rUTP 30 pM
- 3Dpol &% : 1 uM
- AIZF: 1 h W&
- 2X 137 T
- Assay buffer : 25 mM Tris-Cl, pH7.8, 25 mM KCIl, 1 mM MnCl,
- Annealing buffer : 25 mM Tris-Cl, pH7.8, 25 mM KCl

- T/P anneling : 98 CollA 4%%} denaturation $ icelA & @3}t random

annealing

- Plate : 384 well micro white plate (cat# 781080, Greiner)

- A¥4< ¢ Assay mixture (containing rUTP and 3D-His) 10 ul +

compound dilution 10 pl + Annealed T/P 5 ul mix % 1A7F ¥k3
PPiLight (LLonza) converting reagent 12 pl ¥ i 30 ¥, PPiLight Detection

reagent 12 ul 211 30 & ¥l%¥ ¥ read-out

~ Envision® setting : Ultra luminescence 384 format

O System inhibition assay : ATP sulfurylase %=+ luciferaseE Ad|st= IS =
< =7l 918ke] PyrophosphateE ©]-83F PPiLight assayE parallelst Al =3 3} ¢
IC50 4t Functional luciferase assay 23 #¥ H|u3d}o] system inhibition®] 23}
fholl d&FES FA=A FA st Heolge] Al=EE gH, ol AWE HU FHF Ay
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i - ISR sEO. = O = 0O o} O
= system inhibition®] G&&S F Aldlolar =& 1= x| ¢Fo Atdgo|t; (1¥ 16).
150 848_luc " 150 851_luc ©
N 4+ System
_ 100 System - 100 - Y
) 2
H 30 System = 30 System
E 50 €50 | 1481 2368 £ 50 TC50 | 0.8502 4691
€ s 1200 -1.552 £ / s 2530  -3.356
= . Std. Error ES std. Error
0 ics0 [ 1411 o0.0a23 0 e e icso | 0.04075  7.087
s 01246 0.09982 s 02653 2.087
o i 10 100 VS. o 1 10 100
[Conc.], uM [Conc.], uM

% 16. System inhibitionS Rol& TE(F) I HolX &= IFFE(F)S DRC <
(2}) Gel-based primer extension assay (GBPE assay) 1=
O Staggered end& Zr= oligomer duplex “JolA 3Dpol® nucleotide incorporation

(extension) &4 S denaturing PAGEE o|&3te AlZt3td 4= Q= Adyoz Hks

231 3 A s obdek 2 (2" 17).

< Procedure >

- 714 % : 5FAM-Oligo(dT) 50 nM, Poly(rA) 1.2 uM, rUTP 60 uM

- 84 %% : 3D-His 05 pM

- Cofactor % : MnCI2 1 mM

- Assay buffer (6X) : 250 mM Tris-Cl pH7.8, 300 mM KCI, 0.05% BSA, 5
mM DTT, 0.5% NP-40

- T/P annealing : 98 TollA 4%3} denaturation $ iceollA = =38}
random annealing

- A%g ¢ G4 «rUTP e« Cofactor7t 3% assay mixture 10 upl +
compound dilution 10 ul mix ¥ 30 %} preincubation, annealed T/P 5 u
] mix ¥ 37 ColA 1A7F ¥+$ 2X formamide gel loading buffer % 1. 90
ToA 487 #2 % Urea-denaturing PAGE A A], LAS4000 7|71 & gel

imaging, Image] softwareZ ©]-83}%] densitometry =33} ICs0 AM=

Gel-based primer extensian assay

D‘Ul
. ’ : TaTaT T, T, T, T U0 VU UUUUUUUU UL L UUUUU A

D t PAGE | éﬁdddddddrrrrrrrrrrrrrr..rrrrrr
snaturing "' AAAAAAAAAAAAAAAAARAAA ,A,A,A,ArAb

- s S

' + rUTP. Mn2*

[ = ]
E a
E &

Do, .
- = @deTuTuTu 4 ) )
AAAA AAAAAAAAAAA((AAAAAAAAA

18 17. GBPE assay9 ¢d
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O Asg Az @ oty 2y¥3} o] 5’ FAM-Oligo(dT)= gel®] ofz] Hio $xslx
divalent cation (Mn*) Z&A] 3}o Poly(rA)ZE template® 3} primer extensiono] <
oy gel®] SIHF-E OS2 mobility shift7} WAgICE o] & AA|sle] gele] of o
primer band”7} W24 & 49 stgtEo] 3Dpol E44E& ATt AA e ET
gel S15-H9] fully extended productZ image] softwareE o]-g&3dlo] A @3l thef
AQl ICs0%e AN o Stk ofg] LHloA = WAoo g FAE 670 33+E<] 3Dpol

oA A4S HAom gl [Cso= HA o= vERy Qlth (719 18).

L
o
\.é:sob\ Qoéh
4”@\6&0 @:’“’@
= 0O W
3 o‘@‘vq,
L EFY 686 830 831 847 849 851
50 100 200 400 50 100 200 400 50 100 200 400 50 100 200 400 50 100 200 400 125 25 50 100 (uM)
94.15 92.99
38.89
- - bl el 1 -
862 854 858 861 870 881 883

125 25 50 100 50 100 200 400 50 100 200 400 50 100 200 400 50 100 200 400 50 100 200 400 50 100 200 400 (uM)

6.612 69.15

=50

T ——— - .
- e e - —— I —

19 18. GBPE assay 43

(vh) Al FAY vl 2~ FA A A HIHE 9% cytopathic effect (CPE) 74

w

O Whs A % 23 44 : IBRS2 AlXE 96well plated] seedd}al 5% o]2F3}gtA,
ol A &k ek wjkAI AT 1x10° TCIDs®) O/SKR/20102 143F &<t 7

AEdS HEa w59 (3125, 6.25 125, 25, 50, 100, 200, 400 puM)=
TS APsATh 5% olqksebA 37T w7l A 48A1%F b wig &
=43 7] 9ste] AFEo] MTS assay A ¢ (Promega jiil)S #12] % microplate
reader (Molecular device jil)E ©]8€3lo] 490 nmolA FE=E FAHAY. 3= 4

[e]
W2 X E GraphPad Prism 5 2ZEo]E o] &3t ECs5nS At=38th CCsrE =A

—
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2 At 9ot

ol
N
Ho
ol
2
jus)
=
o,
i)
[
il
o
fules
>,
N
X
&2
rlo
2
24
=2,
oty
%
o
o
i
rlo
off
=8

O A3t A : ECxp #e wholelzo] thste] AT AE&ES 50% At SFTel

2 uhbd elth ECy @lol Be5% Be SR BgRAME Futoles

7b Eehe olvlolth BCy ghol A& olAA] vk sgEel gutoles mtt
SAL gk A,

(mh) HTS ¥ FE22 4%

O HTS : 5970 3 25 uM =2 A star 40% ol As dFES 13 Fa84
= st (29 19).
e vs. Mindibtion Hit rate : 1% (>40% inhibition)

-
125 & L

ool ‘;ioii'ii n.i; bjikiauibrn A S R i intin
. H]‘l;;mfisi;%!i'ﬂ ll‘L-- »l; qu .}Nif L l#-m..ii, 3 t‘“ IH immwm uhh u‘i, si ..“ v

I ‘.: v . ’ “‘; " ,fhi‘!{"“l“
el e !' .

o

inhibition

.. » Negative : RNA substrate only
100 * Positive : RNA substrate + 3D pol

‘. » Reference : RNA substrate + 3D pol + 100X cold RNA
. » Z factor : 0.78

2500 5000 TS00 10000 12500 15000 17500 20000 22500 25000 27500 30000 32500 35000 37500 40000 42500 45000 47500 50000 52500 55000 57500
Index

& Shibition

19 19. 3Dpol AsEZ HTS Z3 (FP assay)

O Confirmation 2232l : 5307} 3}3¢ES AASIA] 10, 25 uM F+ 7HA| 522 Z+7; A
2lslal 25 pM ol Al 40% o]/ Adlst 3kstE 9o/l E AT (2" 20).
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e va. 1M Sanbatation

10
ot s * Compound
180 flm® ®.
$ -
0 N * Positive
0 3
.
n . . - * Hegative
@ - .
g N N R *  Raf
i . ‘. - *
-; 1] ’ . - . . rs A - .
- .o A P .Y 10uM
. e + L + . 6§
0 . - - L LA 1 .
3 N Y PPt ‘e * oy - ‘.
o e -“ - :*n'.';.‘r :..‘:;. o *_..l..“.. ‘. _-.,
7-: g. "o‘o% M. - >, »
R A Ty Al A S SR AN g; A i T T
R AR S AR N A AP N I A A
. LI -
0 N +
0
.
0
L 1 %o 0 S 00 E} w4 L a
e
. et s, 250l Nirhation
o * * Compound
-
ol . W s .
. . - A, * * Positive
1] . - - . * .
L . - - * .
. . *
M. LI . . + MNegative
10 . . . . N
. . M . .
0 .
0 e e i . . +  Ref
§ .
] - A . . . ‘. . .
+ ¥ ¥
# L - FA FY o . + . .
3w ., .."'.’°_... 3"-: 3., I ez . . ..-- . 25 uM
i N * AL TR . o e s, e
n e ae t dapetes et P TR D -t
. C ) Ny st Aa gl et ¥ - P P
M DY R 4 T LA LA N TN W e
of axt YLNATIE e E I @G Y
10 * * * * o .
. *
a0
a0
.
a0
C 0 275 5 T WE a0 45 4= 4 a

19 20. 3Dpol Asl=2 9574¢) 24 A& 4 23

O Clustering & DRC : 1207] #}3t%&, 8 dose (40, 20, 10, 5, 2.5, 1.3, 0.6, 0.3 uM)

- Confirmation screeningolA AE®E 957 3ES FEZFARE AT 7
cluster (10 single hits)® 1L, ©] clustere] £3&l= n| A2 golB ey 3stE L3
3] & 12070 35S DRC Ad3 & AMS (Assay data management system)Z
&3 ICs A4 A3 497 sFEolA s v &de] v

- o] & 571 cluster?t 570 single hit+ AA B3-S W= =2 (fluorophore) 2 false
positive® I E AL, 270 cluster 571 single hitE X &3t= 137] =S HE
E=dE Ao (29 21).

- 1378 3tgtEo] i3} cross screening O E A functional luciferase assayS 4=
RNA polymerase?] A a5 A8t MESA, ANAE HHE 5 A+=
=24, 92 ety A S Zte BEEES A9sk e, E3F nonspecific protein
binding< 3} frequent hitter, false positiveS A L|sto 22X Fa &2 Ao AlF

A AT HEA SR Hit 12 S3ES 2542 AAsta 7] =244
At 33 E Z= (AMTDE F93Ath (£ 2).

o2
ol
-

oft
KUY

= &
5 &

0>'
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OH FPh
h.‘AN -N
N
e 1
0 MeO OH
= o]
T)%g
~NH

5 single tones

2. HTS hit 3359 FaE2 A%

A=}
RUN

N\}_.—H
| ¢ R

2 HTS Hit series
% 21 HTS hits (1370) 2] 724 Aol up&

e

o) 84 /% 4 /%015 4

5] & =z = o =T A o
ICs0 4.3 uM
HO,S e e
Oe HESA Bl Frequent hitter
OH E: 40 LlM 53]%]'
>90 % %
a
o ICs0 75 uM
,{: AEZ=4 sl g, 94 T
b ; o) — -
’ KK sheshahH ok 4
90% >4 %= >50%

° Lo 2~
m ICs0 7.8 LlM Se or
Noy™—° Al 3= /= tautomerization

@ " > 50% %% S 3 gy A
ICso0 9.3 utM
HO_ O A .
{ A S &) 3} 27
Le 2
o 3 3
> 90% T%
ICso 9.3 M }
z Hl$-54 7] &Ea 4
Br Y GG Sama
g3 L oo
.- > 50% % S e e
[+] ] IC&SE 930£11>>/[ H]—?—fi@l 7]%%2—1
o i MESY & 5 32 ]
@ & S0 = =
[ele] -y =
N7 TOH S 50% &% o 3FlekA olA A
ICso 2.8 uM )
H] & & A B I A
I b AE=A Qe ]Tﬁ‘-ﬁj]LEﬁ
O e & 3 FEEH
[e e} - =
§ e >500 %k S ke ohAA
1 5 57
O ICso 185 pM SRR R
O N 100 uM A 3254 A 3= A
L NO, 90%6><= %= >50% Lo 3}alA ol A
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. ICso 327 uM _ .
| "0 > 0 327 ) W57 REs
Hit 9 N NO, }\'"44“1 o BAYT LFO LA ol Al
W) 90%> %= &= >50% A S A
ICs0 335 pM o =
H A 71EEA
Hit 10 %/H?@‘ MESA Sl w];;sm] o 1 43
G‘ G, > 50% {EE N = 1O O
o ICso 158 uM G EAS!
| wo._~ om, [ 100 1M A= e serH oy
Hit 11 % 90% % Lo 7)1 4
N _ -
NH & 3 & 3
aH
. Ol G0 6.2 uM FEEANA
Hit 12 AZ=4 RS =
&) >90 % + % AMTI ==3
w ICso 249 uM
Hit 13 ﬁt " AMES S AEEAA P
L) >90 % #%

(2) AMTI 3}§%& 9] hit-to-lead generation
(7h) AMTI &}3&9] A HA g
O AMTI s3tgt&E9 vst fF=A5 47 98 AMTI 3328 As BE 2=
chloroacetyl®} thiourea@® cyclization A|7]+= W 13 isothiocyanate®} amine® %

cyclization Al 7] #H 25 £ E3E = convergent synthesisS 3 Z A1 AT (18 22).

T3 FreAl T = thiourea= 47F4 A& S8 25 5 Uy (2™ 23).

H 2 1

s
B, 7O
B
s
—>
a2

HzN

+
SCN
0

a9 22. AMTI $}3t=2] convergent synthesis
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MNH4SCN,
6N HCI s

Reflux,
©\ ouemlght NJ\NHz
MNHz H
@J\ /@ @\ I
2N NaOH
: i JL JLNHz

Wl
NHg —_— H

L, = L Mo () §
MH; TEA NCS H’JJ\NHz

@ NH in MeQH 5

——

@ CSs, NES T Jj“'NHj
MNH;

BOC.0, TEA H

1% 23. Thiourea® A9H

(L) AMTI®] Fx=-24 a3 A7

O AMTI 3§89 27 7284 FaRAS dolrr] s A7lzere

rno(‘

208 T s T 718 27 {4 TRE e 1119 39

AELIA 0
R

o]5 F3 AMTIC 3Dpol inhibition®] = 273} functional groups &2ttt of ¢

Zol X  ABAZ7F mono- i  di-substituted aliphatic chain©]
di-substituted halogen, amino (NHs), NHAc®} 2 XA E Z2HA &= 4

X
8
@]
E

| &9 7F VeEbubA gkgkoew Y X]3kA| 7} piperazine, acetyl, furanylmethyl o] A$ ut
7R a4 A adrt YEhA] S 1oy S35 FEAQ X 3HA

Qe o] EAH Fx-24 FuuA A7 LFEHAT (2" 24).

»
AP N}——NH
X [N
S Y

X= mono-, di-substituted aliphatic chain Y = piperazine
maono-, di-substituted halogen COCH;
mono substituted NH; / NHAc furanylmethyl

9 24, A7 #}87)eEd By AMTI ARSI S 5 a4A4 8 g 83s

O AMTI®] XA+ 1x44 2= 3Dpol Alay}t g3 AxsAd MAAS

Be] NHAcE t3 AskAz WHas Fo] 25819 BAaAs] A

of %

ERE A
a1 FAEHAG. o] E & 3Dpol AEd Fde A AMTI-19] part Al 9=
catechol (dihydroxyphenyl)< 427273} donor, acceptor® 2}83l™ electron donating
group®]™ 7-F-° wa} oxidation/reduction®] Wzkste] E3ju} WAl o] H ¢ hydroxy=
A ASAY bioisosteres E=ste] EaA s A4S 28 =20 3FE AMTI-8% Part

= o
B

13l
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ox
ftlo
ity
o

il (

AMTI-41S LAk o dolrt part A9 part BE 2FFTo=2A ofg

AMTI #F%A4 28F5 2= & AT (27 25)

A ". N H
A
i B
AMTI
Part & Part B
modification modification
. 5o 9
"gj@)( MeO OH o

o
ol Ry 4T 8 &1t

ﬂ 2HR o 25 HE BE
E3- ]
HAC e —— |

:QE}H@’[ZLH H:D\ﬁ”yﬂ

AMTI-43 AMTI-T4
[-Eo)- -
10- 15 B Bkt

o

1% 25 AMTI-19] 29} 732 43 A

O T3 gt A AxsA Ads T8 XA v = SAdAAAE A s
Ao part Aol halogen, methoxyE F-i *|23l3l part Bell carboxylic acide =<
gozx MxEmAgol glv FEAE =& (19 26)

O HFHoZ pM ©°lde =2 3Dpol AHEI}S 7HAH AEE5AHo2RE AFzEe
AMTI F%4 8F& /MEstgion o] E4dE5L 14/24 ﬂ]l\}oﬂ A& o]7] ujiol Al
R sEAFANA AEA ol THAQ] FEEA TS Xﬂ’ﬂ@}%‘\

. Ry

<CO.H : relatively non-toxic

-CO;Me, -OH: toxic

-NHAc and so on ! relatively non-toxic

-CONH; and -CONHMe : relatively non toxic
but lower efficay

Ry
<0H, -Cl, -F : relatively non-toxic B Y S
-OMe : toxic o

Ry

H, CH; : non-toxic

a9 26 AMTI 249 F2-AMxsyd AJad
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(3) BAMTI 3% 9] hit-to-lead generation
(7}) BAMTIY] &3tE A A ofo]t]o]

O BAMTI 3t=2 AMTI 3&E9 Fx4 5A4AS agste] 4% 4w aromatic
rings AA3t= thiazole?] WA S vl Fo 24 A2 3Dpol inhibitors ¢ A
£ F3 mgE AT BAMTI-1472 AMTI-160.28H +x WHAEAOLH A=Z&

2 ¢l BAMTI (Benzylaminobenzothiazole)E A}83} 1 AMTI 3&=3 H
gato] A+ FdAT (1" 27).

HO HO
| H—nH LN o N‘f
O -

AMTI-147 2.0 uM
BAMTI-1

AMTI-16 10.9 uM Structural imagination

% 27. BAMTI +29 fél
(1}) BAMTI 3t§&9] &4 24 3s

O BAMTI 3}3HE2 benzothiazole®] 2¥ 9] x| benzyl group®] =HEHo] A= +%
/Al =LA 2-halobenzothiazole®} benzylamineS ZA3gWHSS 35l o H
2-aminobenzothiazole®} benzylalcohol®] 4F3}% ZAdHubS-S %3
31 2-aminobenzothiazole?} benzaldehyde2] 3H7 o}7lsinl
ZFAZ Yo o] Wl 2+ % += aminothiazoleo] w7} 3dkA] &2 7 thioureas 7
ek aEsinksS 3 A Y g (29 28).

o

H

e

PlySnCl;, PhySnH |

BlEE 3

H
’Q)‘])‘Hz NH

l \ e

T-Buthyl niirite
wi,  TVESCN or NH,SCH cuar, KaGOy .
O e W e O e LK
R R &l ACN RT,

ACOH, RT, TI]-—@D“C

= vour ™
o = o]

Cul, NaOH, p-xylans
13 oG, 12h

BHE2

19 28 BAMTI 3t§t=9] dwtbs ¢4y
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O BAMTI-19] %7] F+xx43E 93] benzothiazole2] 4%, 51, 69 $ X st X
A S =Yddte]l a7 FHo XA Y-S B Witk Benzyl FHO 254 AFH Y

o] Z7E ol 7] 98] t-butyl, isobutyl, vinylS %<3t linear chain®] branched
chain®t} #& k&S Bt olF &= /IdE f18] 14 ¢32E, 23 43&
FJH o] FEAE F3 {sEE MAsta A& didof| electron donating/withdraw
groupS E=Qdsto 2N ARG} = FAAT AqFE st A3 electron donating,
FAAY T AFAI aAhA FEEgS sk =3 12 =dd XA T

HO

ponese

BAMTI-1

I

= Bx A0l
= &F

13 A s s B.OF,

BCORH,
B-NHAC
ﬂ 2 A=

y — Oy e &Ny
T 00 5 =0

EelE M

N
ﬂmgaa ey =g " ~

A= H, or OH

a7 29, BAMTI-1479] +x# 43} Az 2 {4
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(th) BAMTI-225¢] &4

O BAMTI-225= BAMTI-1472] & Z©o] aromatic system® AZE ZAstax A
7 3gEolth BAMTI-225% AMTI 3t 83 %7] BAMTI 3 g2 3 nls] &4 3
g7 Hojy AxmAdo] Aoy or vre Ed2 FAAQ F2HAI I aTH

o (2" 30).
HO
HO N
oy pny = S
HN— HO N S
%SJQ H
BAMTI-147 BAMTI-225

18 30. BAMTI-147% BAMTI-2259] 3}38}% Tz
O BAMTI-2259] +%Z % 3}

O BAMTI-225% aniline?} benzothiazoleo] ZA3tsle] 2z} olqle] Fe) & =31 Q). o]
3 BAMTI-2259] +%# %32 18] anilinedl 3 7§ %=+ % 709 hydroxyl group<
E9dsld gaAs eIt Al A= A3 E vE o2 catechole] oFE|EAde] FQ gk H
THs XA ool  catechols WAIZ 3+ bioisostereE  EFshE

benzothiazole, benzoxazole, bezimidazoleg A3} 3 T3+ benzothiazole?] ¢

%2l thioureas AAste] ofg]&Ad S wlustazt spivh. =3 X Wedkel vt

28 =gol 7HsdA 3F7] 98 benzothiazoleS thiazole® WA 71 33&ES A

skt
@ BAMTI-2259] x4 34

O BAMTI-2259] fused system= benzothiazole¥} benzoxazole, benzimidazole® % W
otE TS Wl Al A2 EF ortho 91Xo A3 FE=ATF functional luciferase
assay°ll A AsLdE B X XA 7F OH, OMe, FQI 4% FAFSEAY 7148 A
ZFA S e Fused heteroaromatic ringS thiourea® WA A S AF A
2o AeFA 4FS BHA o nonfused aromatic T+FQ! thiazoleZ T+F2E ZAAZ
S W Hoh tggs XA A AAEdE BRAoEA AEKH 72 HAs AU &
TE AT (9™ 31).
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Fused system Thio urea system

HO N R,
BOWAS BeRaY

1. Luciferase assay

2. Functional luciferase assay 2 - :a )(x=_0cI,-IH>:>O|'.IMe. F.Cl

benzothiazole (A = §)
X:0H, OMe, F >>CI
benzoxazole (A = 0) Nonfused system

X:OH, OMe >>F, Cl
HO N
benzimidazole (A = N) N
X : OH, OMe, F >> Cl xD\N *}R
H

1. ortho-directing X

1. ortho-directing X

2. Luciferase assay
R=H, X=0H, OMe, F, Cl>>H
R = Me, X =0OH, OMe, F, Cl >>H

1% 31. BAMTI 2259 %A 2 234 A4#34

(2h) BAMTI 3859 712 &7 tpsst

O HFEA YAAdS Hosl7] $8] 2-aminobenzothiazole (fused), thiourea (ring
opened), 2-thiazole (non-fused)® T3tx X gAo] W& ghAs] Ay BAES
skt (2%l 32). ©] 7l thioureat™ 3Dpol A& o] gl o™ 2-thiazole
w=Ae Ae $5E A FPE BdolE EAo] E:a 3 kg o] o} X3

A shol A wiAlSFI T (3 3).

HO
"0 ol 0,0

Fused system Thio urea system Nonfused system

2% 32. BAMTI 3lgt&E9] i opd= 1 3% 38t =
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¥ 3. Thiourea$} 2-thiazole AE x3}IE2] Fx o8l EA

A &3 3 7k

AN EaAs | AEsy
2z ERY (IBRS-2) npol 2] 2 R
ier (M) (M) o) A & 3} Sy
= 8 ! (CCs0/ECx0)

ECso (uM)

MeQ H H
248 Meo:@r T 1) NA
H H
HO N. N
249 HOJ@/ Y @ 0.37 11.54 NA

MeQ H r!l

957 NA
T

258 "o H‘n’ . 0.43 4948 NA
BORAS ' -

H H
266 H:;@*”gr”@ NA

H H
267 CID/NI!N@
HO
H H
Mel ] ]
268 T @ 10.6
]
HO
H
MeO N N .
269 HO:[@“ \g ") 0.4 137.8 toxic
270 Ho NN 04 400 131.40 3.04
BORY,
H
Cl N N
271 Hon Y, 06 337.45 173.05 1.95
H
MeQ M N
\f»" .
273 BN QM 0.44 603 toxic
HO H\S'N
274 0.27 400 108.15 3.70
BER <
275 F]@H\V’N 0.39 32955 13872 2.38
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H
Cl M ‘J\J

2 T 0.40 195.05 117.70 1.66

| 2ot
(7}) Bioisoterism< 383 %A 3}

O BAMTI ggEA GrAa|dAdo dAAS JFS v x= XA catechol ©|L}
hydrogen bonding donor/acceptorE wWA|g < 9l bioisostereE EYsIS T
Bioisosteretx= TZ%A o 2= Arolstu} AESHH Ao FAE HES nxE XIUE
sk}, o] wf =% bioisosteres ¥ 333 o o]lEdt FRELE catechol?] )38}

A AL A s e 3Dpol Al 2ol vEbbA] ek gt

50 o 0 o
H H
H H
L0 0

1% 33. Bioisotere® =3 FEA 9 3tz
(mh) 3}erA kg A R EEsEy 244 A
O 1Y% ATE E3 =59 BAMTI-2379] &2A43 4, 54 2 AE 3 Futo]
Y gAgHE GRIGF o oA stEe] WAool BRI (19 34), &5 o
H] =/do] =of ol& s Zdst7] At F71e] HAst Ao I A7 875 ATk
% 34. BAMTI-237 9] 724 sh3ts WA
O BAMTI-237 DMSO, 7= stellA 7Frisl] 4abs Ask F4kstr] 7 x84 3h3t= B,
phenolic alcohol®] #2pF A &ikg-S F3) dojxl 3tgt= C, fluoride7}t §lo1X 3heh&
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DE WAL o]g s A4S phenyl groupel X $HE F Qxto] wr&Alo] =o} X3k
HAY 7t |d Aoz G (2™ 35, 36).

HO_ N

:@/ Y\@ degradaion s:© i’@

H
Molecular Weight: 260,29 Ho Ho
BAMTI-237 j@’ F
SR O
N
: Y
HO
H
oY °
D

“1%] 35. BAMTI-237¢] WA o& s3t=o 7%

WSD1 TG, MS File [COCHEMIDWDATALEE/MBANMT-Z3NBAMTIZFT000011.0)  E5-AF, Pos, Scan, Frage 70, Tpositive Soan™

.5{_\\.- Ms = 260.9

| 1600000 o !
- \=> M§= 152.0
I N~ "= Ms = 251.0, 5010
.ﬁ Ms = 243.0 TTee—
e ———————— R —
_ mmmmtmm&mmmrﬁ?ﬁﬂ_ - - w!
o . Y |
- m@ T-@ P,! :i LT
0004 Malecular Weight: 242,30 | I'

= R s

Malacular Walght: 500,57

A \
o B — AN W —— _!

———————
4 . min

T
1

[ WWDI B, Sge360,10 Refeoll tcwrim1wrdﬁm

maLl <

f H
HO__ N ""—‘jg MM
L] I =
&0 { : \g‘@ HO T“@
I Malacular Weight: 258,30

, i BAMTI-225
EI | L B B ___}k__. S S o

olol weh BAMTI-237 shal2e] satd obg 9
g9tk BAMTI 38}3H& <] —TL_7,;-§ obg| At gt o @Al F A

12= A section¥} g% o Z W3ld & 173 B section®. @ FE3FAT 0]
o] B sectione &9} Q%%PJ As A A RE W«

o




o
oft
r
42
AC

A section®] T W7, 53 F 945 AT & g X A9 =9
oFA A

g4 2 ogehy A FEel SHE FAH (2" 37).

A section 1 '. \fl
-pharmacophore " HO J S ' B section
: . o solvent exposure?

a9 37. BAMTI-2379] +x# 43} A Wk

O BAMTI 3}st=9 A section 7-% W3}

O BAMTI-237¢] €uj ] & B2 == 59 Bx19 Bx7F wrgo] ol
ZFe] HkgAo] =7 wiEom FAdHo F UdAAE AT 5 d= FES AAstn

st

O F 9x= g2 =4 9x2l Cl (BAMTI-243)°]v} 22 electron withdrawing L3
¢l carboxylic acid (BAMTI-294), F ¥=}2] Xy 75l ®¥stE 59 phenyle] A}
dro WesE & 3= (BAMTI-300, 301), 18l ¢ IS =3 33tE
(BAMTI-313, 339, 338)& §t43ted 3Dpolel 2& RNA §4 A& &35 single digit
micromolarol| A &Rl oy MEFE Fnfoldd s A g HYAd AFeE
BAMTI-298¢] 79 Hi 211% &= /Ed whg Fou|g A& HolFA Zatad
o (19 38, & 4).

F NN T H
Oy s ot
HO S@ 5@ D/ s@
I HO x
AT, ez e
(BAMTI-237, IC53= 2.55) =-0.9uM) BAMTI-341 (X = NHTS)

oy H (NC)
N. N X NYN BAMTI-340 (X = NHAC)
“F :©/ s@ (16.5/-/5190 UM}
s
HO HO

BAMTI-313 (X = CHa)

BAMTI-300 (0.33/-/56.6 uM)

(5.85/-/35 uM) ~ BAMTI-314 {X = CF3)

(BAMTI-237, 1Cgp= 2.55) (20.2/~/- uM}
BAMTI-339 (X = Et)
(1.35/-/36.7 uM)

BAMTI-338 (X = tBu)
(3.37/-/44.7 uM)

% 38. BAMTI 3+§&29] A section 72 W3lo] w2 FZA9 aihdAEA
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¥ 4. A section X|3+A| 3}t

Bo] s} ofe

| saAs | AEEd AR
o Pz e (IBRS-2) 1;}0% 9 PR
: (uM) (uM) o 7)) & 3} i
ECs (M) (CCx/ECs)
Cl H N
243 T f@ 356 77.84 - -
HO
294 HOJI‘D’ @ 50.38 - - -
BoRvs
H
N.___N
298 T 5.34 209.25 99.35 2.11
AT T
F H M
300 I; f@ 2.96 - - -
HO
F
-
N N
301 ﬁj A 5.85 - - -
H
Me N /N
313 U }’@ 0.33 77.82 4977 156
HO
F.C NN
3
314 g 20.27 - - -
S T@
Et H M
339 j©/ T 1.35 - - -
HO
t+-Bu H N
338 g 3.37 - - -
AT D

@ BAMTI 38%9 B section 7-% W3}

O A3k vpel o] BAMTI 3H$HE 9] B sectione &A-8|7t= ASH ArgjoA] 9 F

=%
=49} ester, amide 23S %l =
AslE X327 E EYFoRA G4HYA 2

AR sk (L™ 39).

BH
/\6] u

A o]} o 43lal benzothiazole?] 5 B9l hydroxy, methoxy 71E %t TOT
FEARE szt et o] W A sectionol Al

obyzt =4 B AN E 7]

Shar
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U@@@J@f@ UQ

BAMTI-315 (X=F Y

BAMTI-306 (X = F) 0.37/-/35 uM BAMTI-323 (X=OH, R;=OMe)
(0.21/-/27.5 EJM} gp,mﬂ 316{)2 =Cl) BAMTI-310 (X=F, Y=Ph) (0.54/-/45.8 uM)
(1.35/-/45.8 uM) (-F-1-) ﬁﬁ”sﬂ'”fd }(X=F. Y=0Me)
BAMTI307 (X=Cl) BAMTI-317 (X = GF3) BAMTI-311 (X=CI, Y=Ph) 5i=/= ul
(5.53/-/42.1 uM) (26.8/~/- uM) (-1-1-) BAMTI-325 (X=Cl, Y=OMe)
BAMTI-318 (X = Me) (18.2/-/- uM}
(0.4/-/43.0 uM) BAMTI-319 (X=F, Y=Ac) BAMTI-326 (X=CF3, Y=0Me)
(0.5/-/76.2 uM) (24.3/~/- uM)
BAMTI-320 (X=CI, Y=Ac) BAMTI-327 (X=CHj, Y=0OMe)
(8.39/-- uM) (5.74/-/- uM)
BAMTi-321 {x=CF, Y=Ac) BAMTI-328 (X=F, Y=0H)
(40.8/-- uM) (0.26/-/7.97 uM)
BAMTI-322 (X=Me, Y=Ac) BAMTI-329 (X=CI, Y=0OH})
(0.39/-/62.4 uM) (0.8/-14.72 uM)

a3 39, A FH section AS EY3F section BY FEA|

O 9 3}gE F benzothiazole?] 5H ¢ F o] amide Z3S z+= BAMTI-3199}
BAMTI-322¢14 0.39-05 uM =2 Eii‘ﬂé oA A & 37} AOM gk §9)e] A7)}
ZolE 243 BAMTI 33dE2S 232 Astget 2elv 953 a4 4o IS
o & wpolef 2o 7FAAIZ] IBRS2 xﬂioﬂﬁf CPE <.>4xﬂ:o;J+7} 75-126 pMol A e
7= o stgE AAY Zdom Qe METZE APEeks Aol dREHAT L
BAMTI-337¢] 4% Aoz =& aaA3MEd (297 uM)S EAAT CPE A&
H7F 75 pMel A vdERYal s gHE A S] ATt HE AU A5 4630] Ho F
HEd=R 183t (£ 5).

¥ 5. Amide 23S 2zt BAMTI 839 231 G543

_‘6_‘._'/;\_;(1 3H /‘ﬂ A==

B‘?\Il\fﬂ TZ =4 (IBT%ST 5) EREES AeA 7o
' (M) (uM) o] A & 7} T S
EC50 (LIM) (CCSO/EC50)
H
Me M. N
333 AT I‘Q . 0.67 152.15 126.95 1.20
Hh—¢
Et
Ma HTJ\I
334 pe @M 151 89.01 74.31 1.20
Me n ]
DR
335 Ho SDJSO— 5.46 92.02 65.17 1.41
Ke “‘f””
336 X D ¢ 1.26 452.55 - -

HM
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a3 | T D) 2.97 35.1 758 463

v

© A Azl o kG A

O 17 34elA Bzl niel o] BAMTI-2379] 42 sbgAde] v o5 stz
G, 25, Atk mE HAES ST BAMTI-2372 =74 &rfoll wzsiA
bAst &L ool qF-E dimer’t A= AL #ESIAE (F 6, 7). Ab=e] w
VFE AHE Ay BAMTI-2372 A3 d7lel EAsislon olzdh =xeA
BAMTI-2379] 7bital B 22k 2P wbgo] 35 = As sy (% 8).

O olg 3 A4S BAMTI-237°] k3t 97145 9= 22} amine®} A4S zF:= phenol
o X gRkg wjEolzt ZFgstel HCl €< Alskstar BAMTI-299&5 Al x&k3At
BAMTI-299¢] &484 < 0.84-1.28 uMolA SA =0 o nfojej~o 7+ ¥ IBRS2
AZo] CPE A& ZHol %= BAMTI-2373% A3 501t (F 9). =3 A2

o o] et Aol B} FAEJ oW B A WY AEo] AEE A &k}

A8

3 6. BAMTI-237 3}3&9] &vljo] m& ®

89.89 % 3.34 %
Acetonitrile 9341 % 6.59 % = = -
Ethyl Acetate 95.57 % 3.46 % - - Yellow
Diethyl ether 100 % 0% - = -
Acetone 9572 % 427 % - - Yellow
DMSO 78.76 % 21.23 % - = -

3 7. BAMTI-237 3}3&E9 &Xo & ¥4

99.98 % 0.02 % 12h Transparent

RT 8775 % 12.24 % - - 12h Transparent
50 °C 56.74 % 40.32 % - - 12h Transparent
100 °C 17.36 % 61.50 % - - 12h Transparent

# 8. BAMTI-237 3}3&2] 4Ato] u& WA
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SA (acetic acid)

HA (1IN HCl)

Neutral (H20)

SB (NaHCO3)

HB (1IN NaOH)

100 % suspension
100 % - - - 12h suspension
100 % - - - 12h suspension
100 % - - - 12h Yellow clean
79 % 20 % - - 12h Red clean

¥ 9. BAMTI-237% & 3}3& (BAMTI-299)¢] &4 9 AX 43 dnfold]~ a3

EZSAE
BAMTI EnAd | AESA A
No TZ koS | (IBRS-2) Hpo] ] ~ i
' (uM) (uM) )] 23 s A
ECs (M) (CCs0/ECs0)
Fe o MN
237 D’ 1’1@ 0.84 1189 19.2 5.3
HO
N
299 f@ 128 168.8 38.29 441
!
@ g FA

O Eg3lstd EA BA PK 84, &% 7 54 =

(o}

B AEE) Askel B F

A scheme®ll +3te] BAMTI-299% o= A5ttt (18 40).

% o

F

HO

HNO;,
AcOH F NOz py.c, Hy F NH;

—_— —_— =

0°C--=RT, HO EA,RT, HO

overnight 4

3h
1
M
cl—
<1 H
]@F T — YYr
ptoluene— @ Dioxane, Oj©/Hm S@
RT, 20 min
sulfonic acid .

THF, 60°C, 4h

a9 40. BAMTI-299 33-&E9 % T4 scheme

AMTI/BAMTI 723 A3 AFE T3 FAE F=A9 d=E &4 3 E

I} EA z29dS Q%3 Fo|d.
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£ 10. 72HAS A7 5 3 FHE AMTI-1 F=A4 29 a%5/84 T23d
Funct ional o . . - Cell
luciferase Permeability Cytotoxicity Metabolic stability [
EREEY assay FP
o | e W | e || | FE2
i | e, | e | G || || Y
pM) | Judge | LogPe (min) (min) I
R e e K No | 7.6 Jon 1 265.8 | 1030 G2a | 5.e2
2 BT W [ s .
[ | «
[
[T o A
o [ [
[
o [ [
o (BT [55 ws
o B % e
o [T T[98 |
o (B o o
o [T 48
16 |GOBC-LI3-01 AL 371 g 10.56
B o A
i [T 52 |
19 [CEBCTLS0 1 ANTL= ) 398, ) 58 36.55
o [ |
o[BI 31|
2 (B[ ]
[T 3 |
x [T %5 s
o [ B[ NEE 3|
[ [ ] e
[ [ [ o
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o [ [
o [P 8
o [P s
s [T | o =
o [P B
o PR o
o [P 5o
s [ [ | o AR
3 | GGBCTLI3-0) AMIL= 3121y 48.24
39 |WGBCTLIST0 AL 31210 7 Bad | 6.8 >60 | <10 No | 51.55
o [P
T T
o [P
b [
[ A R
o [ x
g6 |WOBCTLIS0) AT 312,19 5 53.44
w [
gy |GGBCTLIS0) AMLI= 381 4o Non | 232.8 1.33
g9 |GOBCTLIS0) AT 395 1y 5 47.76
o [P 5 oo
o [ [ e o
52 |WGBCZLI-01 AT 390 )y g Good | 5.9 3060 | <10 44.36
o [P 5 oo .
51 | GCTIE0 [T 305,
55 | GBS0 A= SLL 65 ) 33,1 Jon 1oNe | >120 | 120 Sl 2
56 | GOBLTIIST0T A= 3L g0 41.53
o [P A T
o [P o o
5 [P | 2o "o
o [P s
61 | GBS0 AL 418 6 <10 >100 | 44.58
o [P 3 s
o P o
64 |COBLLIS-OTANTI= 3Ly g >200 | 27.42
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o [P o

6 | COBLLIIS0 A= 322.1 5 8 | 67.0 Jon 1 208 No | 2.46
o s i

o [P 5

69 |COBCTLI3-0| AT 389. )y 3 57.49
70 |GBC-LISOVAMTE= 1330 1 04 | 26.9 | Bad | -6.8 Jon 1one |60 No | 19.70
71 | GBSO A= 3301 5 5 No | 143.7
72 |GOBLLIS0 AT 3281y 4 24.50
o P

74 |GOBLLIS0 AT 3561y 4 Good | -5.7 No | 3.55
o P 5

o PR 5 oo

o T

| | M | e | 2

o [P

o P

o [P 5 o

o [P s

g5 |GOBLTIIS0 A= 3031 40 | 22,6 Jon 1 214.1 No | 1.83
o [ e | B s | [ e |

gg | OUBC-L13-01 AT 3561 ¢ 7 ? Toxic | 53.95 | >60 ST

g | GOBLTLIS0 A= 3541 1y No | 7.2 Jon 1 Ne | 3060 | 30~60 No | 9.48
g | GGBC-LI3-01 AMII= 368. 1 55 37.89
o T

A UCNERE
T

gg | COBLTLIS-0 A= 3101 0.4 | 10 | MO T 6.3 Jon Sl e | >120 | 10-30 GHE ] 8.8
A NCHER
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GGBC-113-0

AMTI-

376.

1001 00568 | 104 | 81 | 17 NC
o [P 2

10g | GGBC-LI3-01 AMIL™ 1 3611y 6 21.36
o [T

o [F R 07 [0
s R
o [ 0
10g | GOBLTIIS0 ML= 42914 0 27 14
o (BT 80 | 1
D= SEHEIEE

111 | GBS0 AMIL= 8L g ) 10 Toxic | 76.58 | <10 | <10 No | 3.76
11g | GGBCTLIS0 AT 3961 7 >60 | >60

M AR

e [ o

o [ P | v

[ B 72 .
o [T

D I

121 | GOBLL1S0 AL 492 g 4 30.10
19 | GGBC7L13-01 AL 14901 45 9 132.2
193 | GBC-LL3-0  AMIL= 1401 g7 ) e | Mo | 75 Jery 1318 | >120 No | 6.19
[

= [ |

= [ |

o [ 7 |

D W

o [ |

B |

o [ |

2

s [T 5 |

o B |
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e [GGBC-113-0] AVTI- | 356.
185 | 00666 | 130 | 46 | C
e | GGBC-113-0 | AVTI- | 424.
186 | “o0-667 | 140 | 45 | NC
GGBC-113-0 | AMTI- | 372.
1371 % 00-668 | 141 | 91 | 126
(GGBC-113-0 | AMTI- | 440
138 | 00660 | 142 | o1 | NC
GGBC-113-0 | AMTI- | 407.
139\ To0-670 | 143 | 36 |
GGBC-113-0 | AMTI- | 475.
140\ Too-671 | 144 | 35| NC
14 | GOBLTALS0) AL 8Ly g ggg 6.0 Toxic | 57.33 | 10~30 19.18
GGBC-113-0 | AMTI- | 354. Excell | - Non on 245.1
14 | GGBC-LIS-0 AT 350106 | ag.7 | Bxcell |55 g | Mo gzs 1 | >0 i g | 2208
GGBC-113-0 | AMTI- | 344. B ; Non
143 |GOBLTIIS0) AL 3321 204 | 58.24 | Good | 5.9 Jon 1 3451
(GGBC-113-0 | AMTI- | 358. Not | _ :
144 |GOBCTLIS0) AT 3981 3.7 agos | MO ) 6.3 Toxic | 62.94
(GGBC-113-0 | AMTI- | 343. -
145 00-696 151 14 N.C Toxic | 65.43
¥ 11, FEFAFATE B9 T HE BAMTI-147 54 g2ES §5/54 T=23<d
Functional Cell
luciferase Permeability Cytotoxicity Metabolic stability based
assay assay FP
No. | GGBC code | Chem | yy PAVPA (}Effgc assay
: code Sys. Cell - Phase | Phase 11 | 1V | (ICs0,
ICs0 | inh.( CCs0 | FPhase T | ol | (s9) dose
. perm. | Judge t1/2 ud)
(uM) | ICso, %) (uM) ) t1/2 t1/2 or
uM) | Judge | LogPe (in) | (min) | By,
nM)
GOBC-113- | BANTI- | 272 | . ) Excell | . . Non | . | 245.7 | ..
1 |Gl | BALI 1 282 0 | 205 [ BRCelT 50 g Non lsis1 | >0 10-30 | 2157 | 42.91
5 | GGBC-113- [ BAVII- | 274 | g,
000-687 | 148 | 31| &
5 | GGBC-113- | BAMII- | 406 |
000-704 | 152 | .32| M
GOBC-113- | BANTI- | 240
41 %000-705 | 153 | .32 | 170
[ GGBC-113- | BAMTI- | 254 ] "o | Non -
5 |GOBLTIIT BAMTIZ 12531 0.4 | 0.38 | No | 7.4 [s2e88 | MO | 2919 | 3060 >120 | No \C
GGBC-113- | BANTI- | 308 Not | _ Non
6 1000-707 | 135 | 32| 77 bad | 61 toxic | 448-2
- | GGBC-113- | BAMII- [ 309 | y ¢
000-708 | 156 | .21| -
GGBC-113- | BANTI- | 312
8 | 000-709 | 157 | .39| 413
o | GGBC-113- | BAMII- | 283 | .
000-710 | 158 | .39 | M-
GOBC-113- | BAMTI- | 284
101 000-711 | 159 | 38| N-C
GGBC-113- | BAVTI- | 284
1 000-712 | 160 | 33| 67
T GGBC-113- | BAMTI- | 150
121 000-713 | 161 | 2 | 86
~ | GGBC-113- | BAMTI- | 164
131 000-714 | 162 | 23| NC
GGBC-113- | BANTI- | 241 Excell | _ Non
W 000715 | 163 | 31| A1 | 984 | Ty | 48 toxic | 482 No
—[GGBC-113- | BAMTI- | 241
151 000-716 | 164 | 31| 25
GOBC-113- | BANTI- | 241
161 "o00-717 | 165 | 31| 494
CGBC-113- | BANTI- | 256 Excell | - Tess
17 |GGBLTIIST BAI= ) 2501 07 | 26z |BXCell] 53 | g8 | 168 11430 550 | NC
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GGBC-113-

BAMTI-

268

less

18 [OOBCTLI" | BAMLIZ V208 ) 14 ] 13.2 | Good | 5.7 Jess ) 1238 NC
19 | 0720 | 68 | o | - toxic | 10408

o [t [0 s o | By 0o |+ [t [
o [ [P

o [ P 5 o
o [Pmr [P

k=

o [ [

o [ R

k= ik e

g8 | GOBLTILS™ I BAIITH 2701 905 | 1.6 | Good | 5.5 | 2.2 | M0 | ase.a | >60 No | 55.62
g | GGBLTIIS= BAMLI= 2901 590 | 369 | Bad | 6.7 | 1012 | N | 1011 No | 53.79
o i B

o e P

o [ R

33 |GGBCmLla BALI 291 55 | 0.ag [Bxcelll 53] 337 | Non ) ys58 o | N
a4 |GOBLTIE BALI 2081 00 | 01 | Mo | 7 |30 | Mmoo 1 N | e
3k 1k A

ak= 36 Sk IR

s B[P

Ok= 1k SEEE

Ok AR

Ok =k kI

g |GEBCZLUS™ BALIT 280 101 | o2 | Mo | 7.3 | 2315 | MmN No | 56.79
g3 | CEBC-LS=  BATL= 2801 0.3 | o33 [Bxcelll 54 | 6.0 | Non 5003 | >60 | >60 | >120 | >100 | N
R o

o [E P

ki

o [FE R

o B o

g |GEBC7LLS=  BALLZ 298 1y 0 | 453 | Bad | 6.8 | o | Nom ) 35006 No | 22.60
o [P

o [ R ]

o [ o
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53 | GOBCTILAT BT 1270 1 ass |1 | NOU | 62 | 10,9 | €SS | agie | s60 | <10 >50 | 21.59
k= ik AEIET

o G [ o [ | w [ 7] 7 || -

56 | GbC-113= | BAMLIZ 1 2801 o a7 | | Bxeelllgig o | Mo ggg.o | 60 No | 409.4
= I AR

o [ [ s

o [ [

o SR B

6L | Goo-ras | ot0 | a7 | ¢ 100

&2 | “Gootor | o | 2| 308 | 2.8 101.1
8 | oorms | 21z | a6 | M

o | SGonrrr | Pois | 20 | 486 >200 | 79.31
6 |Goo-ras | i | 1| T 15.99
0 | G070 | 215 | 99| 180 No

67 | oo-rar | ots | aa | 10

68 | Go0-ran | oty | 39| 349 | L6 50.98
9 | Coo-rmo | 2l | 96| %9

™ | "Gz | "ol | s | LT | L9 No | 57.55
7| Go0ras | 20 | | O

- [GGBC-114- | BAMTI- | 334
21 000-796 | 221 | .33 480
GGBC-114- | BANTI- | 408

1 000-797 | 222 | 43| 613
[ P -
o [
o [ P
77 | GGBC-114- | BAMTI- | 286 | ,,

000-834 228 .35

GGBC-114- | BAMTI- | 286
81 000-835 | 229 | .35| D

GGBC-114- | BAMTI- | 356

™ To00-836 | 230 | 4| N
o [ T [ oo
g1 | GOBCT LT | PO | 258 | 3.4 | 428 >120 SIEL6
@ [ [ o |
o [ R [ s
i 12, FERAA AFE B8 FAE BAMTI-225 F54 2|l2Ee G%/84 T2y
[No, ‘GGBC code{ Chem { My { Functional [ Permeability [ Cytotoxicity [ Metabolic stability { Cell { GBPE ‘
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luciferase based
assay &stfagc -
ul) Judge | LogPe (%) Lt (min) (min) ES}’Z)

1| Soosa0 | P | R | xC
2 |Sooso1 | s | 3| 020 | 187 ey | 6.9 | 120 Sis.4 | 9415
3 |%oostz | s |75 | 161 | 28
1| Soo-sts | " | 7% | 20 | 218 o | 163.6 SI7.1
5 |GGBCoLM" | BRI 12601 0.8 | 466 Jess ) 18,9 | >120 SI=17 | NC
6 | “Coo-sis | 58 | 09| 148 | 2.7
7 |00t | s | o | 042 | 5.7 Toxic | 61.62 SI=6.5 | 92.99
8 |Goo-gs0 | oo | 3 | M3
9 | %001 | on | Zo5 | 0-8 | 46.9 Jess 1095 38.89
10 | Soogt | “oap | 3| 026 | 208 poss | 184.7 SI=2.4 | NC
11 [OGBC-LU= BAMLL ) 276 ) 3056 | 123 Toxic | 77.84
12 | Goo-gos | o | op | 795 | 484 ol | 1172
13| oo-gsr | oas | og | 146 | 528
14| Googss | "o | o | 051 | 198 Jess | 197.6 SI=5.8 | NC
15 | oo-go0 | 24 | oo | 788 | 188 o | 1287
16 | Goo-se0 | oas | ap| M
17| oosel | o | o | 087 | 15 o | 2158 S13.3| <50
18 | 000862 | 20 | o1 | 0-20 | 595 Toxic | 89.72 S1=4.7 | 6.612
19 | ooses | ob1 | 4| 165
20 | “Coo-ans | "ok | 74| 19
21 | Gosss | 3 | 99| 18:5
22 | “Cooass | ot | 59| 22
2 | “Cooser | s | 6a| 15
24 | “Coosss | w6 | 23| 801 | 2.9 vl | 2458
% | “Cooss | o | 90| X
2 | “Goo-sro | "oms | 54| 0-43 | 136 roeie | 4948 9.15
27 | Goosr1 | o | o3| 35
28 | “Coosrs | a0 | o8| X
2 | “Coosrs | w1 || X
20 |“Goooss0 | o | 2|
3 | %Goosst | o | ag | 0-61 | 347 Jon | 208.4 NC
32 | GGBC-114- | BATI- | 255 | 0.64 | 44.4 less | 196.4
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000-882 | 264 | .28 toxic
33 |GEBC-LiA= BA 1 2911 .60 | 28.1 Jess | 190.3 NC
o [Es B
o [
o [ P 2 s
o [ [ |22 o | s AT
[P [P [ [ 0 o oo o
39 |GEBCZLA= BAMLIT 1 2201 .08 | 57.8 Jess | 157.4 173.1
o [E P
qp |GEBCTL | BAILT 1 230 0,44 | 193 Toxic | 60.8
4z | GGBLTLL B 2224 007 | 0.6 Jery | 24.86 108.2
4 | GGBLTLLA BAMLI= 1 2211 6 39 | 73,8 Toxic | 92.88 138.7
aq |GEBCTLIA" BRI 2801 0,40 | 134, Toxic | 96.81 117.7
o [l
o [P B A
Gk 9k I
o [ B 5
o [Fms B
o [
o [ ]
o [t B e
o [ e [
o e P [
o [ B 2 oo v
o [ e o
o [ | 8]
o [ R
o G o R [
o [ B 21
o [ B 2
Sk Sk T
o [ o]
o [ P 7
o [ 2 [ A
o [ B i [ o
67 | GGBC-114- | BAVTI- | 296 | 1.28 | 586.2 less | 168.80 38.29
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000942 | 209 | .74 foxic SET
63 Ggggig%_ BA%I' z;g 2.96 | 53.27
6o | GOBCILA" | BAMIL™ 1 260 1 585 | 45.52
70 | GGBCTIL | BAL 288 309 | 35,04
o P |7
» i M o
B [
74 | GGBCTLAT | BT 2701 5 53 | 27,46 .
75 | GOBLLLA BAILIEH 292 e | 4215
% | “Goo-os1 | s0s | a6 | €
[ e
7 | Go0-06 | "Bl | gy | 1935
o [ o [
g | GGBCZALE~ | BANLL= 14051 37,70
g1 | OGBC-LLA | BANTI= 1 236 10 33 | 56.66 -
P 8 [
g3 | OUBC-LLA= | BANTI= 1 290 10 57 | 35.08 .
ga [GEBCTIAST | BAIN™ | 390 | 135 | 45.87 -
86 |00 or1 | ol | 5o | 0.40 | 43.02 >100
gy | GOBLILI | BAMLLZH 3171 0,50 | 76.28 -
O =ik SR
89 | “Gooori | “sa1 | o | 1081
go | GGBLILA ) BAITL= 1 3131 0.3 | 62.45 -
g | GGBCTLIA- | BALI 13301 054 | 45.88
2 | “Gooogr | so4 | as | 1151
o B [P %
0 ik S
o s P 55 o
o [P [ o |7
g7 | GGBC-LLL- | BAMIL= 1320 1 0 60 | 4.72
gg | GGBLLLA~ | BAMII= 1 3271 0 67 | 35.65
g |GGBCLLL Y BAMLL™ 13011 151 | 4281
100 | 501005 | s | i | 176 | 5457
102 | GGBC-114- | BAMTI- | 389 | 2.97 | 55.60
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000-1003 | 337 | .47
~ | GGBC-114- | BAWTI- | 298 | . -
103 | “o00-1006 | 338 | .4 | 537 | 4475

GGBC-114- | BAMTI- | 270
104 | 0001007 | 339 | Csa | 1.35 | 36.72

GGBC-114- | BAYTI- | 297
105 | ‘000-1008 | 340 | .37 | 16-56 | 5190

GGBC-114- | BAMTI- | 409 NC
000-1009 341 .02

106

GGBC-114- | BANTI- | 333
107 | "o00-1010 | 342 | 43| NC

. AMTI/BAMTI 3§52 Zgststs EAAT
(1) =g3tsts SAAT AEY =
O AZENRE, ALEA, U A F HEel BN SHAT ADEL AA
TEete] P-4 Al (SPR, Structure-property relationship) A7-9F %] -8}
&

wen 549 FAH A7 beEh a9

7h = AxFAAY A5 2 A A9

DO M>xE 53 % o= - PAMPA (Parallel artificial membrane permeability assay)

o

[e]
=

&
Ay

O 7]1#9¢ permeability Z471%¢1 caco-2 2 MDCK W& cellS H%a} 1

of str = AIZtH H]-go] Fo] 507k wHo] 2l ot PAMPA M-S acceptor plate
9} donor platel] lipid solution®. & <lFA A HAXAAH =AHdE= WHoR celldt
e 5ErEY a9E 8T v AT vwd AqHsta wE Az 2 B S

= T
=4 4 do (29 41).

O Millipore % Sigma-aldrichell Al #visl= PAMPA A@dARE o]&ste] AW AW
st o LogPe o] o4& 33ES o] 83l9] assay validations a8 & (19
42), EA AMTI f=Ael tste] PAMPAS Faste] Axu F3es o 5353

o (19 43).
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Figure 1: Individval Donor/Acceptor Well Assembly Before and After

Incubation
N -
3
~ }
_E Arfificial Membrone -
2 on Filter Support Equations
E Log P. can be calculated from the following equation as reported by Faller et aP
& @ @ and Sugano etalt
= Acceplor
[drug]uccsplor VD . VA
log R =log {C®-1n(l-—— )} where C= [——————
0 Hours 2-16 Hours [drug]aqmlibwm VD + VA] Area * time
Table 1: Description of variables used to calculate Log P,
Term Definition Notes
Vo Volume of donor compartment Expressed in cm’, 150 L =0.15cm’
WV Volume of acceptor compartment Expressed in cm’, 300 ZL = 0.30 cm
Area Active surface area of membrane Defined as membrane area x porosity.
For the membrane in MultiScreen
Permeability Filter Plate, area = .24
em® x 100%; or 0.24 cm?
Time Incubation time for the assay Expressed in seconds, 1 hr = 3600 s
[druglaccesor | Concentration of compound in the The absorbance of the sample as
acceptor compartment at the recorded by the SoftMax Pro Software
| completion of the assay
[druglequiibrivm | Concentration of compound at The absorbance of the equilibrium
theoretical equilibrium from step 9 sample as recorded by the SoftMax
| above Pro Software
29 41. PAMPAS 7§12 2 logPe #t A4t
O APAR % AFFE
< Ad Qg >
Hs % A Z A S
1 Lecithin Sigma-aldrich P3556-500MG
2 MultiScreen transport receiver plate Millipore MATRNPS50
3 MultiScreen-IP plate Millipore MAIPNTRI10
4 Dodecane Sigma-aldrich D221104-100 ml
5 Conning 96 well plates, UV-transparent Sigma-—aldrich CLS3635-50EA
< AR FE >
Ho AF H] 31
(10 mg/ml), Sonicate 5 min, Typically it is
necessary to sonicate the lipid mixture
' until the solution approaches the clarity of
Prepare a 1% solution (w/v) of water (using a probe typically used for cell
lecithin  in  dodecane (~500 | lysis takes about 2 minutes). The lecithin
1 ¢ S . . . .
ul/plate) and sonicate the mixture | solution will clarify greatly but will never
to ensure complete dissolution. be completely clear. This solution should
be used immediately. The lecithin will
begin to aggregate and become turbid
again after a few minutes.
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Carefully pipette 5 pl of the
lecithin/dodecane mixture into each
Donor plate (MAIPNTRI0) well,
avoiding pipette tip contact with
the membrane.

Immediately after the application
of the artificial membrane (within
10 minutes maximum), add 150 ul
of drug-containing donor solutions
(drugs dissolved in 5% DMSO,
PBS) to each well of the Donor
plate.

500 uM, 25 ul of 10 mM stock per 475 ul
PBS for triplicate

Add 300 ul of aqueous buffer to
each well of the PTFE Acceptor
plate. (MATRNPS50)

5% DMSO in PBS, pH 74

Prepare solution for theoritical
equilibrium (TE) Absorbance
determination

Make 300 pl of 167 pM solution (5 pl of
10 H)lM compound + 10 pl DMSO + 285 ul
PBS

Slowly and carefully place the
drug-filled Donor plate into the
Acceptor plate, making sure the
underside of the membrane is in
contact with the buffer in all
wells.

Replace the plate lid and incubate
at room temperature for 16 hours.

To avoid evaporation, the plate should be
placed in humidity controlled environment
such as a sealed container with wet paper
towels during incubation.

After incubation, analyze the
acceptor plate for compo ﬂj
concentration using Flexstation
Aliquot and measure 250 ul of
acceptor plate samples and TE
samples in UV-transperable plate.
(Corning, CLS3635)

Generally sample analysis using a 96 well
UV/Vis plate reader is recommended.
Sample quantification techniques such as
scanning over a broad absorbance range
(e.g. 250-500 nm), a single wavelength
(Amax) or a summation of pre-selected
fixed wavelengths are all suitable for
analysis. (Set Endpoint, spectrum (250-500
nM), AUC reduction)
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Methotrexate Propranolol. HCI Warfarin Chloramphenicol Guanabenz

a8 42, LogPe zko] &# R reference 3}3HE o] 83 PAMPA validation

PAMPA

< -5.5 Excellent
-5.5~ -6 Good

-6 ~ -6.5 Not good
-6.5~7 Bad

>7 No

B Tvn Tepe ol Poy. Pon, gy o,
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9 43, thEA 2 AMTI %4 33E9 PAMPA assay 23

I 100

@ My F3% HFEAW - Cell permeability assay

O PAMPA A3t o5 #d # A FaEs AfHoen whgshA] v oA
PAMPA data®t 233k b Atelg &eolwr] 9jste] IBRS-2 AXE &% Cell
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permeability assayS aLeFsto] =333t}

dt
i
o

O Mediadl Holde FFE L AME B3] & lysated &A= (FF%H) 3
S

LC-MSE ©]-&s}

< A >
[Day 1]
a-MEM media®l] A #]%38l= IBRS-2 A2 100n plateo] 1 x 10° cells/plate =4]
[Day 21
A2 a-MEM media®] 10 mM stock 3&dES HF % 20 pM= ¥ a1, z17}9]

plateo] A=A A elste] 244 7F v &
* Q2T o2 DMSOAE MEH, AX gle MES F712 ovlsty 54
[Day 3]
Azuftdiol Holsle stEY Y3, AExWE 73 9
Ak Z47po) A& o
O Cell media (A 3Zul<Fl)
- AlxEuE 300 plel 1 : 1 H]&9] Acetonitrile + MeOH  solution 600 pul
(contained 20uM tolbutamideZ 43¢ voltexing 5% F, H1&EE YA EF 10+
- AFd 500 ulg A FERA &

BN
A
=
o2

o}
L
ot
il
lo
o2
o
B\
ox

ol
o
A

_

O Cell lysate

- mediags A A3}a1, PBS washing 43]

- 5% NP-40 in DW (lysis buffer) 1 mlS % 3l, sonication 534 23]

- YAV HasE 4 TR 10%

- 4Z< 300 plel 1 :1 H-&9 Acetonitrile + MeOH solution 600 pl (contained

20 uM tolbutamideZ 419] voltexing 5% ¥, Hu1&£ % A ET 10&
- AFd 500 ulg A FERA &
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< LC-MS setting>

1 LC Method

1 Chromatography Waters ACQUITY

2. Mass spectrometry  Micromass Quattromicro API

3. Column ACQUITY BEH C18, 1.7um, 50*2.1mm

4, Solvent A : DW(0.1% Formic acid)

B : Acetonitrile(0.1% Formic acid)

5. Elution condition Time Flow rate(ml/min) A B
0.0 0.5 99 1
0.5 0.5 99 1
2.0 0.5 2 70
2.5 0.5 0 100
35 0.5 0 100
4.0 0.5 99 1
5.0 0.5 99 1

6. Injection Vol. 10 ul(Full loop)

7. Column Temp. 40 °C

@ MS Method
1.

Detection ion mode Positive ion([M+H]*)
2. Capillary voltage 35 kv
3. Source Temp. 120 °C
4. Desolvation Temp. 300 °C
5. Software MassLynx
a9 44 AxY FaE AFEHS 993 LC 3 MS method setting =31

(b AE=H 24 29

O WA AAMEF IBRS-2 Aol A SFEe] Sao] AEe AEd WA= JS
olr 7] $I8ke] CCK-8 assayE ol 43te] Z4aAch (19 45).

A T #Ha 200 pMEF-E 1/2 2 84 ske] 871¢] FellA AlXE

I

/\é Al
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3 SOy
Wy, I Qher, OF
:

N, Y N=N

N=N .
o — s D—OCHJ
JOCH; / e
N Y 0N \wsT-8 Formazan

WST-8 H OCH, CH; orange dye
shghtly yellow N QN E
: N
CH CHs 1-Methoxy PMS
/ NADH NADPH
dehydrogenase
NAD NADP

_-/
Cell viability detection mechanism with CCK-8

13 45. CCK-8 assay 9 €4d

< A ‘TT': >
[Day 1]
a-MEM media®l A ¥ &Fsl+= IBRS-2 Al3EE 384 well plateo] 2,500 cells/well <=H]
[Day 2]
k43l @ IBRS-2 Ao MZE a-MEM media®l 10 mM stock &S Hi &
T 200 pMolA 128 g st 8719 FXZ 50 ul A welldl 2 2HA A e sk
37T incubatoroll 4] 24A] 7t vl &F

[Day 3]
a-MEM mediag} CCK-8% 1112 &3tsto] 2+ welloll 10ul® #5:3}o], 37CAA 2
AlZE HES F 470 nmoll A S8 E =4

(th oF= oAk eH84 Al

O ¢fzo] BAF=< AL Aol Soj7bd 437, diE AA 3tz So7HA 4
), ko] AlZ4A 9 microsomee]| A= AFst, 3, VbS] T thSE oA vESE A
A WY HF wiAdET (19 46).

O 9&e] ZE3 1 zolo] & thalE Lol & whgo] #F dojulr|e st XA
B7|E SRR FRHUAS FIl AR SEE =FOEA FE] AU™F AZES
S8 B e AFHES st Aol FR5Hh

O whd AWAN U kgHA AW wde] o Hof A FHHo R Huw
Aepa A WS AAES AAGE Aol Basi,
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Lipophilic
drug

Phase I metabolism
using Pig liver microsome

+ Dealkylation: N, O

* Hydroxylation : Aliphatic, aromatic
» Oxidation : N, S

* Deamination

* Reduction : Azo, nitro

* Hydrolysis : Ester, amide, epoxide

Phase I & glucuronidation

Polar group (OH, using Plg liver microsome

SH, COOH, NH2)

(Reactions listed in phyise I metabolism plus)

+ Conjugation : Glucyronide

' Phase I/Il metabolism
using Pig liver S9 fraction

(Reactions listed in phase [ metabolism plus)
* Oxidation : Alcohol, aldehyde
* Reduction : Aldehyde, ketone
* Conjugation : glucuronide, sulfate,
| glutathione, glycine, methyl, acetyl Hydrophilic metabolites

>

% 46, #1 A liver microsomes ©] &3 Al b AW e
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e

z7 9 MRM A&

@ LC Methed

L Chromatography Waters ACQUITY

2. Mass spectrometry  Micromass Quattromicro API

3 Column ACQUITY BEH C18, 1.7um, 50*2.1mm

4 Solvent A DW(0.1% Formic acid)

B : Acetonitrile(0.1% Formic acid)

5. Elution condition Time Flow rate(ml/min) A B
0.0 0.5 99 1
0.5 05 99 1
20 0.5 2 70
25 0.5 4] 100
35 0.5 4] 100
40 0.5 99 1
5.0 0.5 99 1

6. Injection Vol. 10 ul{Full loop)

7. Column Temp. 40°C

@ Ms Method)

L

Detection ion mode Positive ion([M+H]")
2 Capillary voltage 3.5 kv
3. Source Temp. 120 °C
4 Desolvation Temp. 300 °C
5. Software MassLynx
@ MRM Ms
RT Precusor Product Cone Collision
Standards )
(min) Mass Mass Voltage(CV)  Energy(CID)
Acetaminophen 125 15218[M+H]* 1101[M+H]* 30 14
Verapamil-HCI 194  45541[M+H]"  1652[M+H]* 40 26
Tolbutamide 208  27229[M+H]*  741M+H]" 23 14
MS Chromatogram
3 ) m (M 1 MEn il
e A Acetaminophen
|
* }
i 10 120 w"\-u a1 H R Y T T T T
. 1260 Sm (¥ { nrel
1o Verapamil-HCl N
*
! T Ay T ) e A = T S e s 10
32600 S (dn, 22) § anrelEss
100 . 1E o
' Tolbutamide f ¢
LI {
0 ™7 =T e Time
1.1 120 130 140 150 160 1t 180 180 200 210 12 230 240

2

719 47. Acetaminophen® VerapamilS ©]-&3F 2

3 BAYY fEY AF
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AFAX
@ Standard curve 243
Acetaminophen : 0.025-1.0 uM Verapamil HOl - 00025-1.0 uM Tolbutamide : 0.025~1.0 uM
BTk poak arga Wi e S ) peak area E 3t S pak ared
0nzs B 00z 1708 anzs 7
005 a5 oS 451 005 U]
ol Y 01 siza 01 119
a5 45 LE] 2478 as 245
1 513 1 50037 1 2537
1000 6000 300
¥ = P15 T + Sl ¥ ¥ 4 ¢ 2432 . ¥ = 2440w & 5353
00 R = 00 /// oo R = 0999 /‘x = Bt = 0095 —
£ w0 /// E 20000 - 2 P /
£ - £ -
e = 30000 5w
- 20000 T 100 -~
- . -
20 - 10000 W o
/ g Foad
o o € o
o a2 04 0E o i 12 Q 02 04 L1 o8 1 12 ] 02 04 o6 o8 1 12
Come. (b Concubdy Cone.(ub)
Compound Lingar range(uM] Lmarity(r) Stdl Linear rangsuhi] Linssarity( ) e Lifhdef EagiM) Lkaiity(r)
Acetaminophen 0025-01 s Wieraparral HCI 002501 ass Tolbutamide 0025=01 T

9 48. Acetaminophen, Verapamil, Tolbutamide®| standard curve

@ Phase I metabolism

O Verapamil half life (ti2)7} 10% mwro g thaletg A o] vrom Acetaminophen<
AP A o] w9 =2 sgEE dEA Atk

©)

o
=

Mg assaye] validationg 3 F+ =& oo AgubHe oA Ay

o,

&
3
LC-MS/MSE o] &3}e] AHw A3t} Internal control®+= tolbutamideE AF83F%)

< Agec >
Reagent Stock conc. Final conc. Mdi:flg L

AMEEE 10mmM 10 uM 0.5

Microsome 20 mg/mL 1 mg/mL 25

Mbcture A Tris B (pHT.4) 500 mM 100 mm 100

G-6-P 1M 10 mM 5

G-6-P dehydrogenase 100 U/mL 0.2 U/mL 1
Dw 1185

Mixture B NADPH 50 mg/mL 1 mg,/mlL 10

oW 240

Total vol (ul) 500

- Mixture AE £H3te] 37 ColA 5&3F 7l2] ¥k
x WHE A S fete] 7 gstE @ 2709 1.5 ml tube (03 10/ 30/ 60/ 120
HE 202 =4
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i

- 0% WkS-9] 7§ stop buffer (tolbutamide in acetonitrile) 500 plS WA ¥,
Mixture B 250 ulE &5 10/ 30/ 60/ 120% M =L Mixture BE 250 ul & ¥
37 C oA ¥

- Z}Z}e] Wk Al7ko] Ay 100 pl A MEE FHE A, 100 ple stop bufferE
T
% Stop buffer® ¥ o]% ul:= internal standard (tolbutamide)”} & 4]o]#] o

A A3 ghe] zbo]l7k AAEE vortexing
- wgo] npEgE ® MES 58 7t vortexing o] 10% 7 HU = AR

- 200 plo] Feds A FHO &A 20T B¥ste] 4

O 84 %3 : microsomeo] 2|3 thAarerg Aol deixl
(¢F4) 3} Verapamil(&<9H4)2] Phase I metabolism 23 2
ATt (29 49).

Acetoaminophen(Z ) Verapamil-HCI(H &)

Remaining Amount(%)

Incubation

time (min)
l: : 100.0 100.0 100.0 0.0 % 1o
10 134.5 106.6 120.6 13.9 1o
30 139.8 103.2 1215 18.3
60 137.2 108.8 123.0 14.2
0 100.0 100.0 100.0 0.0
10 26.4 27.2 26.8 0.4
30 4.4 5.0 47 0.3 10 20 30 40 50 &0
60 0.8 0.8 0.8 0.0 Incubation Time (min)

Sample name

H

ST

o
3

»
&

Remaining Amo ui
2
Remaining Amount (%)

5

T
T
o}
o
o

13 49. Acetaminophen, Verapamil® pig liver microsomes ©]-&3%F

Phase I metabolism 23 23}

@ Phase I/Glucuronidation metabolism

O Phase I metabolismol A t120] 60 & o]Ao & <FA4slA vt hydroxyl, carboxyl group
TE2E 7ML de 3=
=%

=

% Phase II metabolism, &3] glucuronidation®l] Z 2}ak
of Z4% 4 Q& assays M

ti3te] Phase I metabolism #} glucuronidations - Al

stol 4 gahsieh.

< Adee >
Reagent Stock conc. | Final conc. Addition vol.
(ut)
AHER 10mM 10 uM 05
Microsome (mini pig) 20 mg/mL 1 mg/mL 25
Tris B (pH7.4) 500 mM 100 mM 100
Mixture A G-6-P 1M 10 mM H]
G-6-P dehydrogenase 100 U/mL 0.2 U/mL 1
Alamethicin 20 ma/mL 25 ug/mi 0.625
oW 118.375
NADPH 50 mg/mL 1 mg/mL 10
Mixture B UDPGA 100 mM 5 mM 25
oW 215
Total vol (uL) 500
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- Mixture AS 4|3t 37 TCollA] 583 18] HkS-
S Y3t Z; st E 9 2709 1.5 ml tube (03} 10/ 30/ 60/ 120

stop buffer (tolbutamide in acetonitrile) 500 pl& WA il
Mixture B 250 pl& & 10/ 30/ 60/ 120% A& Mixture BE 250 pl #
a1 37 T oA Wk

Zy 7z} o] Hbkg- Al7ko]l A v 100 pl A M2 FHEE 27, 100 plel stop bufferZ

Stop bufferE ¥ o]% W+ internal standard (tolbutamide)”} Z 430X o
W Ay ghe] zpol7F AAEE vortexing

- Hkgo] mpRE ®H AMEFL 58 7t vortexing 9] 10% 3F U =

- 200 ple] Feds Al FH| &A 20T Hyste] A

Al
h

(o,

2]

AL

O %E*é HE  AMTI-43 3}3tE9] 7% Phase I metabolismol] thelA = wf-$- o435}
Wk Phase I/glucuronidation o tajA+= uf-$- EotA sttt UDPGAS YA && 4
a7t §A &= Ao g Hol glucuronidationol 23 thAteo] el At (2

-
X )

Phase I + glucuronidation

Phase I Phase I + glucuronidation (w/o UDPGA)

AMTI-43 AMTI-43 AMTI-43
120 120
— 100
80
60
40
20
)
10 20 30 40 50 &0 0 10 20 30 40 530 60 ) 10 20 30 40 50 &80

,_.
=1
=1
[
[ )
o o

oo
(=]
oo
(=}

Remaining Amount(%)
F- )
(=] (=]
Remaining Amount(%)
I
(=]

(=]
(=]

(=]

(=]

Remaining Amount(%)
[=1]
(=]

(=]

(=]
(=]

Incubation Time(min) Incubation Time(min) Incubation Time(min)

a9 50. AMTI-43 3&E 9] Phase I/glucuronidation metabolism assay 2 3}

(® Phase II metabolism

O Glucuronidation €| sulfation, glutathion conjugation, methylation, acetylation &2
phase II metabolism ¢]F& &olH 7] ¢34 pig liver S9 fraction¥} ©}¥3F cofactors
xale] B3} 2ol assay® AW, A88%
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VaN
L
e
>
e
V

Reagent Stock conc. | Final conc. 'M?u r}ol

MEEE 10 mM 10uM 0.5

59 fraction 20 mg,/mL 1 mg/mL 12.5

Tris B (pH7 4) M 200 mM 100
Mixture A G-6-F 1M 10 mM 5
G-6-P dehydrogenase 100 U/mL 0.2 U/mL 1

MgCl2 1M 5 mM 2.5

oW 1285

NADPH 50 mg/mL 1 mg/mL 10
UDPGA 100 mM 5 mM 25
GSH 100 mM 5 mM 25
Mixture B SAM 100 mM 0.2 mM 1
PAPS 5 mM 0.1 mM 10

Acetyl CoA 5 mM 0.1 mM 10

ow 169

Total vol (ul) 500

- Mixture AE TH|3to] 37 TolA b5zt Alg] 7bg
S A5t 4 sgrE 9 2709 1.5 ml tube (0F3F 10/ 30/ 60/ 120
)E 2WTE FH|
7§ stop buffer (tolbutamide in acetonitrile) 500 pl& WA Y31,
Mixture B 250 pl& &5 10/ 30/ 60/ 120 A& Mixture BE 250 ul #
wal 37 T oAl HEg-
- Zkzre] Wk Alzbo] A 100 ul A A= FEE &A, 100 ul®l stop buffers

Stop buffer® ¥ o]= W& internal standard (tolbutamide)”} 2 24Jo]#] ¢k o
o A3} gre]l Aol7F AAEE vortexing
- WSo] mpEE @ MES 58 7k vortexing o] 108 7+ HU =
- 200 plo] AT de A FEO %74 20T H#A3ste] FA
* GSH : Glutathinoe reduced
* PAPS : Adenosine 3'-phosphate 5’ -phosphosulfate lithium salt hydrate
* SAM : S—(5'-Adenosyl)-L-methionine

A
T1

rl

B

A

(2) & BAMTI 3tet=2] Eg3tst4 54 4
(71 85tE o3 % (pKa) ¥ IAZAE (logP) =74
O °"€P H°ﬂ*1 ww =ysted 7

=
o g% A, o B A el o

O BAMTI 3} 71 Z A H‘%Ei H| 328 FEA] o] EAZA iz g7 &)
| 99 FHE TS a9 (2 51), oly3 AAe fIHES =olu FA,
By AA 2 AA S8 Ey ogP7]— 2~3 Aol YEF S 2 druglikenessE WHES}
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Aot (29 52).

3% 13. BAMTI &}§t&E9] ol2slwst IXHdE 54 Ay
zAg =4y N8 =A% comment
BAMTI-147 3.55/10.39 « pKa
pKa T3 BAMTI-160 3.27 =) 9]
(o] &3t %= (pH-metric) BAMTI-225 2.97/10.20 e
BAMTI-299 2.90/9.53 1.8-12.0
BAMTI-147 2.95
logP T3 BAMTI-160 2.89
(XAA =) (pH - metric) BAMTI-225 2.33
BAMTI-299 2.77
g 7__\\ - . Dishib'u,t-ifj_rTo_fEEci_esfor:amljlfa-?.i&.MTIQSS B
. 087 3 .
E 056 - \\\“. §
.% 04 "‘L\‘-. _% ___.:c..__\
® g N @
‘\\ S/
0.0 T e T T T = T . T T
3 7 9 1 5 3 1
pH {Concentration scale) pH (Concentration scale)
19 51. BAMTI-147, BAMTI-2999] o] &3}4a =4
Lipophilicity Profile Lipophilicity Profil
51— e e
a / & N
250 / g 3 \\
£ g 14 \\
’H‘;‘
{ Fi o Bt
3 : 7 9 i 3 : 7 J N
pH (Concentration scale) pH (Concentration scale)
1Y 52. BAMTI-147¢] logP =3
(41}) Kinetic solubility, Equilibrium solubility =%

O 43w AeiY FrEAY A9A SgouA v fHEE AT o ¥ F
TE Adlsta Ae @97 A sEY o] EHe] SRt A ke e o
A& ATtz 7] @A &l rh

O Kinetic solubility+= nephelometryE ©]-&3to] & U 52| gk PR ok Weo] 4t

_72_




gS SASY gA9 S =E Foty, MAGAY] FREA Hutd FostA aHd
t}. Equilibrium solubilitys formulation ©HA|ol A F2 wWo] A}&% 1 crystalline 2 El
sletE o Gufo] 3t & =& shake-flask WH-S AF&3ste] 43t}

O BAMTI $}3H&E-2 kinetic solubility7} 9% < equilibrium solubilityE X<
formulation -7*4Y prodrug o] &7 Ao} BAMTI-225, BAMTI-299¢9} o] &
ANert S7tE SEES dEdoEN S 2 Euld FEsta Ax 2 sEAFEA A

g Ao dAEUT (X 14, 19 53, 54).

- B sgE 1 mM, in 1 mD& &Hfel ¥ o] shakingAl 71tk (n=3, 24 h, 1000

- 3¥ES DMSO° o] UPLCE =A3F & calibration curveE L@t}
~ 24A1ZF ol Al shake-flask®H o2 X3} A7l 3}3ES, syringe filter (0.2 pum)
o] 23217l & UPLCE =743} calibration curveol] tidAA F=E ALbsko)

¥ 14. BAMTI 3}3H& 2] kinetic solubility$} equilibrium solubility &4 4 =}

= A = u A5 =43k comment
BAMTI-147 500 uM
Solubility BAMTI-160 140.8 + 2.0 uM 5% DMSO /
.. Nephelometry
(Kinetic) BAMTI-225 2039 + 1.5 uM WATER
BAMTI-299 500 uM ©]7¢
BAMTI-147 =57}
Solubilit - =87 25T,
ubi y Shake-flask BAMTI-160 4 &7}
(Equilibrium) BAMTI-225 184 + 23.7 uyM Water
BAMTI-299 297 £ 10.8 uyM
50000
4snon i‘
40000 £
/
35000 f
/
30000 +
E 25000 +
= 20000 /
/
15000 I )}
10000 .
s00n h e _‘d—*__'—__!f;
7
o
1.00E-1 100230 1 00E1 1.00E2 1.00E3

CONCENTRATIONS

219 53. BAMTI-1479] kinetic solubility =74 (neophelometric graph)
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Calibration Plot

Calibration Plot

Amourt
Name: GGBC-114-000-820; Equation Y = 8,812+003 X + 1.148+004; Channel PDA Ch1
220nm@1.2nm: R"2:0.999040

44) 54

(t}) Chemical stability (8}34 <t

1200 1.2x10%

] o o
10 — 1.0x108 i

] e
BOA0T| ey 8.0x10%

] e

2 Bod0™ L g 6.0x105] [=r
5 1 - % -

5l =l
400107 4.0x105

] ) g
20:10° 2.0x10% .

- =g

1 - B

| S 00| EF
20405 2.0x10%

—  — — _— - — — e — - - - B
0o 2000 @ 00 000 10000 2000 000 2000 4000  60.00  80.00  100.00 120.00 140.00 160.00  180.00  200.00
Amount
RA2:0.999724; Equation Y = 5.60e+003 X + 4.73e+003;

19 54. BAMTI-147, BAMTI-2999] equilibrium solubility =74 <&

Name: BAMTI299; Fit Type: Linear (1st Order);
Channel PDA Ch1289nm@1.2nm

93} calibration plot

O &Y LS AlFs7] A8 dAHY SFES 2o 590 F TolAx <A
AlZbE 2 UPLCE ©| &3} purity W3S S48t g AdS dAHe 9l BAMTI $+%
B2 Y 2o A WAER & bAgE S g1 (X 15, 11 55)

15. BAMTI 3}3t&9] g5tz ot =4 Ay
== = Al5 ™ A3k comment
BAMTI-147 100 % — 100 9%
o} A A BAMTI-160 100 % — 100 % 37 C, 24hr,
(stability) UPLC
y BAMTI-225 100 % — 100 % water
BAMTI-299 100 %6 — 100 %
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0.535 f

ALl
5

0o ————

0.0

2 10 [

L S— . .

2 10

0.0

gén | ore | oB0 | @80 | 100 110 10 10 140 1m0 1@ 1r0 | dm 180
Minircs
—— GGBC-114-000-827 0Ohr; Channel; PDA Ch1 220nm@1.2nm
- — GGBEC-114-000-227 1hr, Channel: PDA Ch1 220nm@1.2nm
—— GGBG-114-000-827 2hr; Channel; PDA Ch1 220nm@1.2nm
GGBEC-114-000-827 3hr; Channel: PDA Ch1 220nm@1.2nm
—— GGBG-114-000-827 shr; Channel; PDA Ch1 220nm@1.2nm
— GGBC-114-000-827 ohr; Channel: PDA Ch1 220nm@1.2nm
- — GGBC-114-000-827 12hr;, Channel: PDA Ch1 220nm@1.2nm
— GGBC-114-000-827 24hr, Channel: PDA Ch1 220nm@1.2nm

19 55, AlZtel wE BAMTI 8 g&9] s=W3tE BojF= UPLC 5423

(2}) BAMTI-299¢] w&3% o= Ald (PAMPA)

O 71¥9 permeability 747142 caco-2 @ MDCK ®H & cellS vjgste] =4 3ok
StE 2 AJ7HY B]go] Wol] Soj7l= wio] oy PAMPA M & olgxdubs &
AAA FA4%e YHOZE cell 22 55549 2948 54T = AT vy

KeR
=

[e} E‘ 1l
AEsta wE A7t 9 BEyAS AT 4 duh. BAMTI-299= 4 7ko] -4.20
= e}

33 & =& E =2 - =27k comment
b it 490 = 0,048 high: > -4 .07
_ ermeabili -4.20 + 0.
BAl\ggl 2 ¥ PAMPA ] medium:-4.07 ~ -4.87
(2 %) (grade : medium)
low: < -4.87
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(v}) BAMTI-299 thAFebd Al A5 (mouse S9 fraction)

O BAMTI-299¢] mouse % minipig ¢ S9 fractiong ©]-&3F thAler g A Al
#l 56), ¥HE717F 102 olu = wi- F ko (2% 57). BAMTI-2999] 3}3}4
H A =2 vk giA}L g 4ol disiA s ¥&Ad o] =2 fluorine %+ alcohol
Qs Ak b o] shobytka F2w gk,

Reagent Stock conc. Final conc. Mg“‘;] |
BAMTI-299/ Verapamil 10 mMm 10uM 0.5
59 fraction 20 mg/mL 2 mag/mL 25
Tris B (pH7.4) 1M 200 mM 100
Mixture A G-6-P 1M 10 mM 5
G-6-P dehydrogenase 100 U/mL 0.2 U/mL 1
gCl2 1M 5 mM 2.5
DW 116
NADPH 50 mg/mL 1 mg/mL 10
UDPGA 100 mM 5 mM 25
G5H 100 mM 5 mM 25
Mixture B SAM 100 mM 0.2 mM 1
PAPS 5 mM 0.1 mM 10
Acetyl CoA 5 mM 0.1 mM 10
DWW 169
Total vol (uL) 500
Procedures

1. Prepare "Mixture A" on ice and pre-incubate at 37°C for 5 min.
2. Prepare and add "Mixture B" .

*0min incubation2| %2 stop buffer 500ulE MA £0{F1 mixture BE H7H! (ZDH2} 1000] SHO|BEZ.)

3. Incubate at 37°C and withdraw 100 uL after 10, 30, 60, 120 min.

4. Add 500ul/100 uL of acetonitrile containing 20 uM tolbutamide to each fraction and keep on ice.

5. Vortex mix for 5 min and centrifuge at 13,300 rpm. for 10 min.
6 Withdraw and analyze 150 uL supernatant

#(G5H : Glutathione reduced
*PAPS : Adenosine 3'-phosphate 5'-phosphosulfate lithium salt hydrate
*SAM : 5-(5'-Adenosyl)-L-methionine chloride dihydrochloride

I3 56. BAMTI-2999] S9 fraction tiAFSHFAA A& =

$9 Fraction_Minipig 59 Fraction_Minipig
BAMTI-299 | Verapamil 120
0 100 100 o
10 3477 97 50 g
Average 30 3142 86.78 E @
60 30.31 76.38 g2 o
120 2770 66.36 E. o \
0 0 0 g — -
10 6.53 11 < 20 —
STOEW 30 6.10 16 o
60 8.91 2t 0 20 40 6 80 100 120 140
120 7.59 0 Incabation time (min)
S9 Fraction_Mouse
S9 Fraction_Mouse o
BAMTI-299 | Verapamil
0 100 100 g o
10 38.30 93.86 @
Average 30 3332 86.41 2 0
50 31.90 76.37 E. \
120 2747 72.02 7YY . R
0 0 o < -
10 262 84 o
STDEV 30 247 134 s w4 e 80 0 12 140
60 119 126 Incubation time (min)
120 0.36 107

138 57. BAMTI-299¢] S9 fraction tA}erA

4 AR A

= BAMTI-259

=—m=\/erapamil

g BAMTL- 259

—flerapamil

0,
oo ol

oX,

flo

bt




ot AMTI/BAMTI 3}8+&9] 3Dpol A& 717 A+

(1) SPR& &3 stehe-a4 3 2ol Hg &9

L=,

.

O g% o] 3Dpol?} primer/template H3A 714 el A Asish= o] Fo A
71 AYdS dolr ] ¢ste] SPR 7|HE A E3kAt)

O SPRE &AM Vet #-Ax GuzA 54 el el F
NUAT AGAA Mol FHARY. F5Ho) o

A @ele] Ao Aol daisl dojdis 39 Hael olFo] Frhse] o
& 5 o (13 59).

COOH

5 2

T petector

20000
Immobilize & different
targets to the sensor
chip surface 38 unique interactions
generated from a single injection
000

Flow 8 variations of the
same analyte over the
sensor chip surface

13 58. ProteOn XPR36 7]7]9 #% A4

O FP assayoll4] 22¢] PETE RNA 5'%to]| biotin labelingd}lil streptavidin Z® ¥
NLC sensor chip®ll #%3t 3 3Dpole ¢ HUlF9 ZAgto] dojr}al sensogram
o A response’t WEFLY peake]l FAAHE. o Wl ZFES Adlste sFES ol S HE
W5 response’t &0]E50°] peako]l A wropxink (Z1¥ 59).
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5
=

o A
-3

A

=

7}

» PETE RNA immobilization and analyte (3Dpol) running

+ HD:(\‘
— N
— £,
A
86 PETE A GGCCGGCCH o
RNA  U_,CCGGCCGGUAACGU Biotin
Streptavidin
NLC sensor chip
» Sensogram
1200 1200 1200
E b § 800 i 200 i
400 8 g o —
: i i _
0 200 400 600 L 200 400 600 0 200 400 600
Time (s) Time (s) Time (s)
;0 3
o
9 o

A
86 PETE p GGCCGGCOR] -
RNA U cceeeecauancey® Biotin

St reilavidin

a9 59. SPRE ©]&3 PETES 3Dpole] 23 #

30. 3
-
86 PETE A GGCCGGCCR

RNA  Ugcceeecssuaacey® Biotin

Stm:itavidin

Dpol 1 yM # AMTI 3t%%E (GGBC code® #%7]
NS wf A SeEol A 3Dpole] Ajto] okl A =
12 - 19_Analyte-1
® L2A1L
- 0 1282
2 w0 L3
§ o
o L2A5
| i
z U
A0 0 100 20 00 40 500 60
Time (s)
L2- 21_Analyte-3
9 L2A1
~ 0 1242
g 1000 — L3
§ | ¢k
[} 0 L2AS
: o e
[ 0 E—
A0 0 100 20 0 40 500 60
Time (s)
L2 - 24_Analyte-4
0 L2a1
Eim o283
E 0 L2A4
0 1245
2 o L2%6
I I 2 S
A0 0 10 20 W0 40 S 60
Time (s)
a9 60. AMTI 3% 8% <] 3Dpol-PETE 7+ A3t

)
A

A
86 PETE » GGCCGGCCH
RNA  Ugccececscuaacey® Biotin

Sireitavidin

e

A1
o)

100 pM= Aol &8 HUF
= dEsAT (2d 60).

3D(1uM) +DMSO(2%)

3D(LuM)+498(100uM)
3D(LuM}+553(100uM)
3D(1uM)+560(100ul)
3D(LuM)+744(100uM)
3D(1uM)+polyrA(5ul)

3D(1uM) +DMSO(2%)

3D(1uM)+534(100uM)
3D(1uM)+566{100ul)
3D(1uM)+654(100uM)
3D(1uM)+686(100uM)
3D(1uM)+polyrA(Sul)

3] &% W1 (Sensogram)
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- 91 F AgAelA DMSO control®] i RUZ (RUavr)& 71502
Abste] a2z e o et 2 (19 61).

RUavr=

3D-PETE binding

Z

1

4

7+

94

st

120

80

% binding
[=1]
=
|

.
=]
|

20

- 67} 3= 9 Dose responses
AsE dEsAY (17 62, 63).

Response (RU)

% binding

A

L2 - 26_Analyte-7
e L2a1 Control
@ L2A4 553(10uM)
® L2A5 553(20uM)
0 L2A6 553(40uM)

-300

120

100

80

40

20

<200 -100 0

100 200 300 400 500 600 700
Time (s)

3D-PETE binding

I

4 LN
" H
7 I |
o . . I .

I

Control 553(10uM)

¥ 62, AMTI-89 (GGBC-113-000-553) 3}3& <

553(20un)

553(40un)

=

A3} 10~100 M Abolel A E= o=

=
=

9,]

a3

5% Z7kel wE 3Dpol-PETE A3 A 3
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L2 - 30_3D{1uM)_1% DMSO

® L2A1 - ® L2AL - 30{1uM}+ 361
o L2AZ - @ L2AZ - 30{1uM}+561
. LIAT - ® L2A3 - 30{1uM)+561
o L2Ae- ® L2A4 - 3D(1uM)+561
® L2AS -
O L2AG -

120
100
mSO
=
2 60
o
éi!Eiu]
20
0
TEEEEE BTBEEEEE TEEEEE TEEEEE TEEEEE
E 3888 33 E38 3833 - - - E 3833534 - - -]
52888 355323888 s£3888 sg2888 gsLaggs
— 8 2 s & ™ o= =T = =T W e o [T - R Y- I -] Pu P Pm Pm P
[T I I B B | w M m M m nw v W Y O n O W O WO (7 T o T o T o T o
B oW;mon WMo on oW o n N oW oWl wowmoW;nown
a7 63. AMTI stt=E59 % F7F @& 3Dpol-PETE A3 A& &% #la

(2 FARDNL B¢ AF BE oS

o

O Ferrer-Orta C Sl 93] 2004 Journal of Biological Chemistry #de¢] 23
FMDV 3Dpol #A+%E dlgre =2 Ribavirin-TP, UTP < 3Dpol 7t AgF=x7}
Ferrer-Orta C et al. 2007, Proc. Natl. Acad. Sci ¥=%of w5l tt (PDB id : 2E9R,
2E97) (19 64).
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olelgt A=

3} 3Dpol®] amino acid residue®] side chain?: 23

O BAMTI-183¢] 7
3o et

=

65).

ot o

LY
o5
.
5 B0
'M!H t ARG
; :’ . %178
It i R
/ ! o, dha
S Sy =l
P 40 =
e w N
R T B
e X:303 & R
Electrostati T X241
van e Wasls Aam r @
Covalent bond *x:172
‘Wiater
|
o o o
— Il
T T N g
WA/ * ° *° | Ribavirin-TP
o HO "
2E9R
0
:’C/( s | UTP
E
* Green : 2E9Z
2E9Z * Gray : 2E9R
19 64. Ribavirin-TP¢ UTP¢ 3Dpol 43 $1x¢ A3 2&

= E & BAMTI 38 E2 superimpose A

= A=

£ functional group

A %
a9},

rE

3l

49 7F&-dl hinge region® nitrogen©] 3Dpole] D338 #7]¢} =44

benzyl group< K172 Z+7]¢} Pi interactionS ¢ Ao =2 o=t (L

SER304

THR303

GUAS05

URD904

BAMTI_183_0.48uM

PHE244

GLY337
BAMTI_183

Solvent
exposed
region

2E9Z l

+ Green : 2E9R
+ Gray : 2E9Z
+ Magenta : BAMTL 183

a4

O BAMTI-1929]

ASP338
l'r
1297
N v
O S NH
‘ 455
LY5172
- Green dashed arrow : H-bonding
* Blue line : Pi interaction

65. BAMTI-183 3}3% 3} 3Dpol ofv x4t #7] 7F A=

o]

=
=

Zk7] 9}

N

4% 7F2d hinge region®] nitrogen°] % A] 3Dpol9] D338
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A2ATHS A3 benzyl groups K59 #H7]9F Pi interactionS < Ao = o g% St
T3 hydroxy group< T178, K177 7|9} A4S AT Aoz o4 (29

66).

i BAMTI 192
GLY337 R
ASN30T . ; :
ASP338 i g
ALA2AZ
i W ‘\’_ e

H 3.2.1.

Salvent
exposed
region

2E9Z

THR178 = Gray : 2E9Z

BAMTI_192 0.23uM = Green : BAMTI_192

ASP338
!

3 21;

(VL@J

468 LYS]T."
LYS59  THR178

« Green dashed arrow : H-bonding
« Blue line : Pi interaction

19 66. BAMTI-192 3}3% 3 3Dpol o}v] =4t 247] 7F AR e o=

1l

CRianl!

J_:";
A7t &

=

O Eddd Atgd F 33tE = o 4} benzothiazole 2] aromatic ring®l] A *®
0] = KeX o Z
PR R -

AOoE RAFe] AF o LRE 1

o

)
fol
o
rEE
oo
>
=8
rf
=
)
N
<
8
o
.
)}
@
g
Q
-

O EAWNE FEEE oW HYFo AT A W o AUl ojwg wew
Agse, 1A% AAdew e MPAHon AFssA Fo A Fad
JUE AL 5 U= ATRHol

O ¥ 23|+ Functional luciferase assaysS 7]HFo. & 3l @4 FTEE 1AHsa
UTPS 329 =55 WA HS vl oA = Z33kS hyperbolic curve® UWER

ZF vkg AW vk H 1 EE (Vmax)2 Michaelis 45 (Km)S Non-linear regression
S o] g3t FEtar, o]F 9S4 1l Lineweaver-Burk plote & EA|&te] 1= o
g A AT

@)
s
dlo
rlo
l:‘ptt
o
r]I.
oo
>
o,
[3n
Iy
o
q
)
[
oftt
uj
lo
o
1-011
[-'O
r ol
ox
o
f
2
N
rlr
[3n
1>
=8
)
O
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Michaelis—-Menten plotoZ 58 3% Km #%, Vmax
Ad, YAA, 71&717F A=

= =] [e] O = = A=
Agre AfHAs F53 B 5

ATH (L™ 67).

#r3} Lineweaver-Burk plot®] X
EA] stell A9 A W= A #HEE] B sgE9

— Inhibitor

— No inhibitor
1N ,Slope=Km/Vmazx N /
.'J /’
W s
y
X |mercep.t=-1/i(m ///
| - ¥ intercept=1/Vmax y -
' 4 -
/ /’ - 4
18] -
y
Vs 11181
e
— Inhibitor — Inhibitor — Inhibitor d "
— No inhibitor — Mo inhibitor — No inhibitor — Inhibitor
— No inhibitor
r 4
1w 1w , v wo
’/J s //’ // /}/
/ e ,/' // i
S A yd ,/ iy
e e ! /S ~ /s 7
y A e / -
- - s Py
A e , y _ S
e S A
e p p S i
ms1 1S 1S 1118]
/ /
- [s] ~ [s] /
) /
y /
Competitive Uncompetitive Noncompetitive Mixed

Km unaffected
Vmax reduced
Xintercept unaffected

Km imcreased Km reduced

Vmax unaffected Vmax reduced

Xintercept increased Xintercept reduced
Y intercept increased

Allosteric 3], 7| & 250l 29}
daglo] 2ot 7|2 2da4
etu|ZEstnAal Ze Az AT

Y intercept increased
12 E8e =4 (ES
complex)0f 2%t

Y intercept unaffected

712 Botseolof 2est
of 234 A

13 67. Enzyme kinetics aA] ol Al-&%+=

O ofg ¥ 68014 Hojxi= niel o] BAMTI &=

212 F=2 Mixed inhibition W2]S F 3t} & Allosteric inhibition

ol Awglo]l Agtely 7| 2A¢aA BE HATEAL F o= IEHS

S 28 A2 BAMTI-237 stet=olM = stghe A2 Al 71&7]7F ¥ekx] o Xd4
e, YAALS Srksle AE AL uncompetltlve inhibition &S ® <l Aot} (¥
68). H% T3] HolopAAvt sgts AdS fleir = UTP Aol dojrol at+= W
Ao ofEe Asridormrs S8k ‘1’%2‘% A& 7%= (Efficacy) ZHHE %
freste] FF JAFTHELZA 71U E FEA T

waug Ad 73

Al 3=l 3Dpol&

Km increased or reduced
Vmax reduced

X intercept increased or reduced
Y intercept increased
Allosteric Haf, 7| = Zztof
dEglo| 2get 7|2 28

HZ& 54 F 0L #%8 He

¥ Lineweaver-Burk plot o A]

Asf st W
ez 71d Ao
AseA ok

_83_



Noncompetitive

or mixed Uncompetitive Mixed
BAMTI-225 BAMTI-237 BAMTI-249
2019 L LS
o0 pe = 0s
A a 13 (s A
13 - / 25 //
* 50 ////’/ . 50 ‘/;//E/
Sk . %
L ES
S {. 1.8 L] a8 [ 1] 18
151 - "l
28 a8 1.9 ~ - e
7 T Z _
a0 =t : L . [Gar )M

[

Mixed Mixed
BAMTI-250 8C5 (Durk RC et al. 2010.
nee PLOS one)

0210
00 .o v
N " 2s /
.t . 50
! . n/
v 25 v
. 58 /‘w
2]
f Z Y
=. 0008
a8
0018

™

T i

amm

19 68. thE A el BAMTI 33% 9] Lineweaver-Burk plot¥} &4AWFS A&l 7]1d )4

2t AMTI/BAMTI 3}3t&E¢] 9F5 238t (Pharmakokinetics, PK) % AJA|o]&&
(Bioavailability, BA) 2]

(1) BAMTI-147, BAMTI-225 w}-%-2= PK A&

O HEZA9 BAMTI-1479] 258 &4 Brld A vlox AU SgS ol
& CD-1 wp$-2 E7ro] 10 mg/kg &30 =2 3FES Folsdte] A7+ (10 point) =
45 IgE s5E FA4SA Al 3t E2 10% DMSO / 10% CremophorELP
solution ©.& 4] 5}o] %%Oi 10 mg/kgS Fol3kth. WinNonLin ZZ13& ©] &

fEsEH Sy S HE Tk

3l4] non-compartment model & %83}

O A3 4 5 7% male CD-1 mouse & R &, A5 o] Ui &gt Ald
2 AN Bt AANAY. A T AlRE Fo] & 2 A A FFE
X% o] AHAAAL. Aldd MAl= Fo A AT =459 30~35 ¢ 9 mouse
g3t BAMTI QHLUJ 574 Fo &92 10% DMSO / 10% CremophorELP
solution &2 W= £ 10 mi/kg 9= 10 mg/kg = HH o2 FA3AL. Fo &
2t g AZEel heparin A 2] 7F o] Sl+= capillaryE ©]&38he] el dstsivt. Ad
FAe 5000 rpm (1,500 g) 4CelA 5 &3 94 Fgste] @4& AHAs L =efolo}
I 5919+ box oA w& WEAZ & A5 dAA d7bA -80TelA Hytstd

b‘_l
N

— ESZ1 —




t}. 242 Triple Quad 5500 mass spectrometer (AB/SCIEX)E ©]83Fe] MRM mode
2 Z8slA i, LC column & Agilent, Eclipse plus RRHT, C18, 1.8 uym, 2.1x50 mm
o]al, LC-pump += A o 0.1% formic acid, B ° 0.1% formic acid/ACN & 2 A}£3}

o A3 4
- BAMTI-147¢] 10 mg/kg .2 27} Fo & AUCall &= 11,981 hr#ng/ml ©]
7] 19.69 ho =2 Algsistzo] oA AE AL do] wjdoe] 2 o
3 YSS Hol F3 At Cmax & 871 ng/ml |22, Tmax+= 2 h °o|t}. &
7} 033 h 7HA] €5 s=7F A AT BHA 23}7]'5 Aol YeE o
F=9 &=t ”0} B HelA Hdo] | 5 A3 FFHEAs Aol

o (% 17, ¥ 69).

bl
2=

3

ol
O oy T
)

rr
off
32 Ml &2 o

)
O>”
i

- BAMTI-2259] A% AUCall = 1,520 hrsng/ml ©]i, ¥Fz7]+= 3.20 he] i, Cmax &
942 ng/ml ©] i, Tmax ¥ 0.17 h&4 BAMTI-1473} H]w3dle] & ol ) & %
G AuAen Fe wgIlE AAE kgl fEAe] BR WAel FrjHom W
S o=z sty 5 Hawskel old o2& EEAZto] Fol Ha4S HY A
o2 oddHAY (F 17, 19 69).

¥ 17. BAMTI 3}g= 259 vw$2 PK parameter =7 %
Dose Tmax Cmax AUClast T1/2
Route
(mg/kg) (hr) (ng/ml) (hr#ng/ml) (h)

BAMTI-147 | B7% 9] 10 2.00+0.00 871+19 11,981+269 19.69+1.759

BAMTI-225 | &735% ¢ 10 0.17£0.00 942+61 1,520£111 3.20+£0.32
1000 10000 3

i; 100 :é
10 ‘ T T l T T | T T | T T I T T | T T | T T I T T I ! ! ! ‘ ! ! | ! ! | ! ' | ! ! | ! ! | ! ! [ ! ! |

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Time (hr) Time (hr)
BAMTI-147 BAMTI-225
2% 69. BAMTI stst=e 57 Fo & Ha 4 v% 4

O Raw dataZ 7|¥Fo. & ExcelS ©]&3lo] BAMTI-147¢] decay rateE FH3sl7] 93k
%k

non-linear regression curve® 1¥# Ko™ o]E ulgo g A7 (7d) FF Fo




7 32 H dFrT = =z = A} =] A [e3] = E I S
& 9 3 dFss FAXE Ao 22 et (2" 70). olE Fa& 3t
SLEL o 3 e} L T2 O 43 95 E o E 52~ = ALEF 2=
=9 3Dpol Aol &5 += FEE FASY] A% FoAHF @ FASIGFE FAE F
o]
AT
1000
900 ‘
200 \
700 \
800 \
500 + HZ1
400 —ZI (A ZLn
300 \\"
200 = -2157In(x) + 1016.5
100
o T T 1
0 10 20 30
10mpk, ip, 1213] £0, 214] 20 mpk, ip, 1218] S0}, = 14|
hour 008 017 033 067 1 2 4 6 10 24 hour 008 017 033 067 1 2 4 6 10 24
Dayl 08 05 03 06 15 32 27 23 19 12| Dayl 16 11 07 12 3.0 64 53 46 38 25
Day2 20 17 15 18 27 44 38 33 28 19| Day? 40 35 31 35 53 87 75 66 57 338
Day3 27 24 22 24 33 50 44 39 33 23| Day3 53 48 44 49 6.6 100 87 7.8 6.7 45
Day4 30 28 25 28 36 53 47 42 36 24| Dayd 60 55 51 55 7.3 106 93 83 72 48
Day5 31 29 27 29 38 54 47 42 36 24| Days 63 57 53 58 75 108 95 85 73 48
Day6 31 28 27 29 38 54 47 42 36 24| Dayd 63 57 53 58 75 108 95 85 73 48
10 mpk, ip, 2213] 20, 2024 20 mpk, ip, 2813] £0i, 24|
hour 008 017 033 067 1 2 4 6 10 24 ( hour 0.08 017 033 067 1 2 4 6 10 24
Dayl 08 05 03 06 15 32 27 23 19 12| Dayl 16 11 07 12 3.0 64 53 46 38 25
Day2 12 12 12 12 12 12 11 10 09 07| Day2 24 24 24 24 24 23 22 21 19 13
Day3 15 12 10 12 21 38 33 28 24 16| Day3d 29 24 20 25 43 77 65 57 48 3.2
Day4 16 16 15 15 15 15 14 13 12 08| Dayd 31 31 31 31 30 30 28 26 24 16
Day5 16 13 11 13 22 39 33 29 24 16| Days 31 26 22 27 45 79 67 58 49 3.2
Day6 16 16 15 15 15 15 14 13 12 08| Dayd 31 31 31 31 3.0 30 28 26 24 16
Day7 16 13 11 13 22 39 33 29 24 16 Day7 31 26 22 27 45 7.9 67 58 49 32
10 mpk, ip, 3213] £0i, 204 20 mpk, ip, 3213] R0, 24|
hour 008 017 033 067 1 2 4 6 10 24 ( hour (.08 017 033 067 1 2 4 6 10 24
Dayl 08 05 03 06 15 32 27 23 19 12| Dayl 16 11 07 12 3.0 64 53 46 38 25
Day2 12 12 12 12 12 12 11 10 09 07| Day2 24 24 24 24 24 23 22 21 19 13
Day3 07 07 07 07 07 06 06 06 05 03| Day3 13 13 13 13 13 13 12 11 10 07
Day4 11 09 07 09 18 35 3.0 26 21 14| Dayd 23 18 14 18 36 7.1 59 51 43 27
Day5 13 13 13 13 13 13 12 11 10 0.7 Days 27 27 26 26 26 25 24 22 20 13
Day6 07 07 07 07 07 06 06 06 05 03| Dayb 13 13 13 13 13 13 12 11 10 07
Day7 03 03 03 03 03 03 03 03 02 01| Day7 07 07 07 07 07 06 06 06 05 02
I = 5 o 2 =S . =
a3 70. BAMTI-147 PK 2343 T3] 43 regression curve ()<t 28 7]7F 59t
E o E 52~ W H= T =A% (I
Fo 85 9 Fo 3¢ d dF T2 FAHA ()
o _
(2) BAMTI-299 w}-9-2~ PK/BA A§
_ S = 520 O o] = _
O BAMTI-299¢] moused Al A7+ Fo &5&& H7] 93] CD-1 mouse °| 5 mg/kg
E ol = = = ; ; 15 O = A =]
o o] sle] A A|o]-&E (bioavailability)S =43t

2 47 59 4 2 mgke = AW

(7h AL
O TEAY
- 5 7% male CD-1 mouse & W] ¥, 45U o] UHF £3sta ALS Fold 14
TB A mouses AlE A 12 AF &< AAAAGY A T AARE Fo T 1 AIgE
Ao Al FFA L, =2 AFRo]l AHAHGY A A= Fo A Ass SH
3ttt AlE FetEe Fo fd 10% DMSO / 9% CremophorELP ©f solution £
2 WE 1 mlkg FYE 2 mg/ke & g AWow Tl AT Fol &

+
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< 5 ml/kg 9= 5 mg/kg & vt9-28 EUE FASAT Fo & 7 A(E Az
o heparin 2|7} Ho] A= Capillary:‘éL o]-§ste] mElAEd ottt AN FAL
5000 rpm (1,500 g) 4CelA 5 &3t 94 Este] 43 AFHstaL =efolofo] =7}
S0 box A w& WE ’\]?l 5, AlE AAE A7EA -80TelA Hastdth
(3 18).
¥ 18. Mouse BA & A|g Qq¢of
£y 2 BAMTI-299 (NNM11067)
=0 #= T 57
ol 8% 2mag/kg 5mg/kg
(APl Z1E)
£ 74 1ml/kg 5ml/kg
204 (Vehicle) 10% DMS0/9% CremophorELP | 10%DMS0/9% CremophorELP
0 2ol LEy Solution Solution
XA ZH 0.08, 0.17, 0.33, 0.67, 0, 0.33, 0.67, 1,
(10 points) 1,2, 4, 6, 10, 24hr 2,3, 4,6, 10, 24hr
A== (n) 3 3
AE e meE mak Y
EEnk| Sodium heparin Sodium heparin
O 4¥ & A 21
- A9, 3 A 71 T EES &% 23430, AUlFE 40~60%, g 1 4 12 Al
(e TA~2.%F 7TADA wfetditt. =9 F&2 ME X7t 5= AlolAE A
|t om, Abmel 22 A, Amste] " A7A Aol AHAIHTH
O A= Axz U
- Calibration curve & X<+ 7 AlgsgES 22 10, 30, 100, 300, 1000, 3000,
10000, 30000 ng/ml &%= working standard solution & W= ¥ working standard
solution ¥} mouse plasma & 19 (v/v)& &%3slo] 89 w%+= 1, 3, 10, 30,
100, 300, 1000, 3000 ng/ml ©] ¥ Al spike s} t}. Spike ¥ calibration curve € 3%
FA3 AHEE sample = IS (diclofenac) 50 ng/mle] *¥3t® 85% ACN <= 1:19
(vv)Z &3st & 5 & &< vortex 3L, 16,000 rpm (27,000 g)o = 4TCel A 10
=7 A4 2k AF F 80 ul & sk LC/MS/MS MRM mode 2 #
A8t ok
O &4 WY
- o] Al@& Triple Quad 5500 LC/MS/MS (AB/SCIEX)E ©]&3te] MRM mode =
2} LC column < Agilent, Eclipse plus RRHT C18, 1.8 um, 2.1x50 mm ©|
3L, mobile phase &= A 9l 0.1% formic acid, B o 0.1% formic acid/ACN ©.2 A}-&
skt
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O Data Analysis

- At 8% 5 F% data & 0]4‘13}01 WinNonlin software (Pharsight, ver. 6.2)
% noncompartmental analysis FHEH I EHE 31
() 284y
O BAMTI-299 (NNM11067)5 2 mg/kg o2 AW XFo Fo AUCall + 1,28
hrxng/mleol™ W7]= 055 AlZE, HUYTE=EZ=EAES 039 Aol oju TR
16,867 ng/mle|t}t. 5 mg/kg o2 AT Fo F AUCall + 163 hrxng/ml °o|H &
ELEYAZEE 278 AlZFelal o] W FXEE 20 ng/mle 2 Ao g9 33E HEo]
eSS ¢ 7 AT HAFHLE AT Fo giv AWREAY HvE U=

bioavailability &= ¢F 0.3%°]t} (% 19, 219 71).

3E 19. BAMTI-299 mouse BA 39| ke ee2 sejnjyg 2 Az g9F

Dose Ti2 Trnas Crnax AUC, Fy
Compound Route _
(mg/kg) (hr) (hr) (ng/ml) | (hr*ng/ml) (%)
BAMTI-299 v 2 0.55 0.39 16,867 21,285 03
(NNM11067) po 5 NC 2.78 20 163 '
NC : Not Calculable

1E+05

10000
Ll
w
Ho 1000 -
E g -4 iy, 2, BAMTI-299 (NNM11067)
=) ] —&— po, 5, BAMTI-299 (NNM11067)
= 100 —
Z E
= 3
10
1 I 1 I I I 1 I I 1 1 I | I I 1 | I I I l 1 I I ]
0 8 12 16 20 24
Time (hr)
% 71, BAMTI-2999] mouse A 9 A5 Fo & A4 84 5% 341 (log plot)
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ul. AMTI/BAMTI 3+8HE-9] in vivo 4 9 orxA 7}
(1) A+ A= D 9y
=

=
= O
F# o] ICR A% SPF(Specific pathogen free) v}~ 7 30 vz, <% 30 w8
(A4 AELS vlo] @ s g o))

o 44
3

O Fof Alm
- FAYutely s v FRAWAS BAoR  ste ddlolyzAAd FREZ
BAMTI-299 #}3&5 09% NaCl &3 DMSOE 1112 £33 &do] st
AA W, Fol 7 200 p® HEFSFATE DMSO2 A wh$-2el el LDsel 7,920
mg/kg o2, E A g9 wpf-o] HL3 SN 54 YEA 2e Aow Ad

=] At

O Fo &2 44

[e Jre] =270
- AR A Ay H V)E BadE FAF 229 9] A AHE FEste Fo &3
S A3kt (Sidwell RW et al. 2005, Antiviral Res).

4o
>
o
19

o )

>~
ol
e
1z

1
>
2
[\
(@]
—_
—_
-
—_
}o{'
offt
(i
ofo
o

o
2

- A=A Al 300 mg/kgs v H FAAZAUE A G FE], obw
o= 15 ¥WE 375 mg/kg/day, 75 mg/kg/day, 150 mg/kg/dayS 74T+
A G 1Y 13, 7¢ 2 FFeAo 7 a5S 4R FAS Yol 4

W AR e Aol Aol N AT (F 14).

N ox
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(2) A1 A

O 4=
- oW Ay aF9 oW AR HA Fo AS &F w4 opvdEE whg &
el o4, 5§57 i 879 oy, AFTAH 5o IATHS HEA %k
=3
O AF
- T4, ol A, FoAEY Foegd nE AY IFA] TR 52 BAMTI-299 F
AR Q% FoAQl AFs FArsE AFT 5 T (& 22~24, 17 72~75).
g Hsd:ICR (CD-19) ,
2007 Cage fioor space: 14175 in*
- Cage density. 20
45
40
35
E 30
g
E 25
>
; 20
15
0 hsdqn_
5
o
o 3 4 -1 [ 7 B 9 10 1 12
|+Males N=20 130 245 96 329 BT w6 /3 403 4.2 M8
—m—Femaies | N=20| 137 205 244 26.0 27A 301 302 38 330 M1
Age (weeks) Growth data to be used as a guideline only.
et e o PR P it el b bt i
a2 72. ICR A% w929 A& 24 (Harlan it A&)
- FA-AT RAE
% 22, 9ASAAE AT Fo 159 A Wst
24-7AF-4A F-BTF-FTA O z-4A g z-+A
Day 1 13.6 12.8 134 12.6
Day 8 22 20.6 17.1 17.2
Day 15 235 22.8 20.5 22.3
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25

15

Day 15

Day B

Day 1

oA

O™ 73 JAASAAE AT Fol a5 AT wEk o

126

17.2
22.3

%S

o

Nd

134

17.1

20.5

12.42
16.46

23.5

13.56
16.32
19.86

Day 1

Day 4

Day 8

25

15

Day 8

Day 4

Day 1
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24. ol FASAHANE Fol &FHE AT W)

150me/ke | 10mg/kg | mgkg | Dmgkg | 3iomeke | 3iomekg | g o) %
OE 7 3 7 g 7 L 7
Day 1 13.68 12.14 134 12.7 13.48 12.66 13.4 126
Day 4 16.42 16.14 15.16 16.24 16.04 16.8 17.1 17.2
Day 8 20.66 21.3 18.92 21.6 20.16 22.46 20.5 22.3
Day 11 24.8 25.8 23.6 25 22.8 274 23.7 26.1
Day 15 25 27.6 24.2 276 25 284 24.7 27.9
Day 18 25.6 29.2 25.2 28.8 25.6 29.8 255 29.3
Day 21 26.3 30.36 25.88 29 26.08 30.52 26.1 29.9

35

30

25

20

15

10

5

0

Day 1 Day 4 Day & Day 11 Day 15 Day 18 Day 21
—150mE kg DT —150mg kg =T —T5mg kg 2

75mg/kg =71 =37 5mg/kg 2] em—37 5mg kg 3221

— T T2

I 75, obmAEAEAE Fo & AT W

7

[H
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(300mg/kg

Z-+3

150mg_/kg)

A

AL
T

ot 8

300mg/kg)
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231 (37.5mg/kg)

o7 (37.5mg/kg)

(3) 2+

d=% BAMTI-299% 300

_q]

’

mg/kg &% 07 ICR vf$-20] ©3 Fo

B

0
i
70
o

o)
sl

il

‘ﬂ‘

|

ki3

)
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ol
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g A R mAl dEd £ QeS AASILE, o2 A% A AF 2, Jlg 94F
ol BATAE e Ao vEouol A o SN Azd YL zterim
94 e 9

O olgFA AldelA = 375 mg/keg, 75 mg/kg, 150 mg/kg A7 Fol IF EFolA HA
2 AT HS #EE = Udd FAALA 2 AT 9A R 2 duky ICR vk~
o] g-¢f AtolE Holx| gdr}

591 o, 31EE BAMTI-209% mh$-2o] A o] 4ol
2 71d #8o] B4 9

32 W

vl AMTI/BAMTI 3+3HE9] in vitro/in vivo 24 37}
(1) AMTI/BAMTI A=EA] AZW Az A

O 3Dpol inhibitorZ4] &vlo]H 2A ME=&EdS ~32|dst7] Aste] =HA ALAE R
9 IBRS-2 Aol #F2S Aestn FMDV, O/SKR2002 #2 #dAZl & MTS
assayS ©| &3l CCso, ECso, selectivity index (SIS 3%t} Ribavirin® T-1105%
TAFutel e 2~ A G e FHoem dHF sgERE g EEAE AMEsdT 1

Ay dF BN E AEX7F BF gdyFHE d4S o fFAGutolg A JA a9 s
#HAs ¢ gldloy gyE Hole= ywx EZe SIE Hlwgk A3 BAMTI-147,
BAMTI-237 3}3t=0] vlaa =& s YeRdSdT (F 25).
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¥ 25. FMDV, O/SKR/20029] th3dt AMTI, BAMTI 3}&&¢] oA a3}

Agent® CCso (UM ECs (uM)° Selethy Jae
Ribavirin 20070.0 + 31254 1367.0 £ 169 21.2
T-1105 5002 + 17.47 34695 + 1566 14
BAMTI 147 2457 * 6.65 15.2 + 4.8 16.1
BAMTI 237 102.7 + 2.3 19.2 + 0.3 5.3
BAMTI 250 2677 + 32 1069 = 51 25
AMTT 59 %51 + 16.1 651 + 85 15
AMTI 113 733 + 145 332 + 5.2 22
AMTI 41 191.2 + 45 1531 + 180 1.2
AMTT 108 1782 + 16.1 50.7 = 0.2 35
AMTT 110 %2 + 63 %5 + 0.6 36
BAMTI 225 1639 = 37.1 679 = 72 24
BAMTI 239 288.1 + 30 169.2 + 624 17
BAMTI 246 2366 + 2.7 1496 + 167 16

“ IBRS-2 Al3Ee 100 TCIDso 2] FMDV, O/SKR/2002& 1A17F 5eF A7)
shal k=& Akt

> control value® 7|#F0 2 BAAET} 50%7}F HE AEE=A

¢ control value® 7|£2 2 CPE7} 50%7} ¥ F8& 5%

CHolEE Hugk £ TFAA (SD)E eI

4a
jus)
==
(7
12
o
2
N

off

s
a

(2) AMTI/BAMTI A=&ZH o] FAAntolef~ dAY H g3} AY
(7} CPE &4 % SI A4t
¥ BAMTI-147, BAMTI-237¢] tj&}

EHE HZ2E 3tk of7)d=
t},

1:

O FMDV, O/SKR/2002 strainel w3 &371 =
of FAFe 77HA dHPF Y thFt straino] gk
2010 A 521 O/Andong/SKR/2010 straing X 3$HA]

)
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=

26. BAMTI-147, BAMTI-237 9] 77}A] @338 FAdufolg 2= gt A &3

Agent ° Strains of FMDV CCs (uM)® ECso (uM) Seﬁfitei;ity
(CCs0/ECsp)
O/Andong/SKR/2010 2457 + 6.6° 306 = 0.6 3.0
A22/IRQ 24/64 51 15 47.8
Asia 1/ MOG/05 132 + 2.6 18.6
BAMTI-147 C3/Resende 119.2 £ 20.2 2.1
SAT1/BOT 1/68 1916 + 0.5 1.3
SAT2/ZIM 5/81 116 + 49 21.1
SAT3/ZIM 4/81 106.6 + 3.2 2.3
O/Andong/SKR/2010 102.6 + 2.3 235 = 14 4.4
A22/IRQ 24/64 32 03 32.2
Asia 1/ MOG/05 54 + 0.04 19.1
BAMTI-237 C3/Resende 235 £ 6.7 4.4
SAT1/BOT 1/68 396 = 4.1 2.6
SAT2/ZIM 5/81 242 + 1.7 4.2
SAT3/ZIM 4/81 293 £ 1.7 3.5

2 IBRS-2 A3 100 TCIDsy ¢ FMDV, O/SKR/2002< 1A17F ¢ 74aAA 7 5 wjdkaHS A A
shal =S A2 skslth
" CCsox= 77HA EHE e FAGulolg] 2 ol AH&dd IBRS-2 Al ZolAH =45 At

O BAMTI-1472 BAMTI-237 R 77b4 @4 el oAl 29E =3tk a8y A
& I—E ApolE W] ofrJol A GoA Fr B FHIPA O, A, Asial FA =
& SIZ verdla O, A, Asial 89 thE strain 5 A22/IRQ 24/64° thak &7} 7}
%é—a}g}u}. ey BAMTI-147S A 23k AEZojA = SA 20 g JAaxd= $
shA e ﬁ% A elskal C, SATI1, SAT2, SAT3 FolA & O, A, Asial FAAH

A gre SIZ yUehdlth 27b4 okES HwEtgS ul BAMTI-237¢] ] we s
T HEZE % el i, JdAZRE el 8 555 o 9 S 2

SLoAx o HF ol
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(1}) Real-time PCR #4]

O control
Bl BAMTI-147
71 3 BAMTI-237

Copy numbers of viral RNA/ml(Log)

2 & ] > S
\"9\ “5\9 \‘& é\§ \\b \6:\% ‘\5‘\%
e AN T S I
& \f'\,@ A P &'\.‘\’ o
N v B
»

FMDV serotypes

a9 77. 50 uM o] BAMTI-1473 BAMTI-237¢] A9 77kA @A Gl &3} vl

O IBRS-2 M™% 100 TCIDsy o FAlGnfolH =5 1A7F &9k A7 H v S
9 NA F=3 real-time

A A 8faL QJE%E Aeletdty. 48 AIRE 5 HH Fe 7S] R
]_

PCRE 2 Al8}9ith. Error bares +#

O 77HA d4 @A e BAMTI-147 ¥ BAMTI-237 50 tM X0l A& G4 < nfo] g ~
of & F4 oA AEZS Real-time PCRE #4138 ZA3l BAMTI-147 =& ol A
SAT3Z %30 & i xﬂﬂ& RE dHFGo|A e A T/ g ot (P<0.05,

| gk A &Ea7F BlaA Hold Ao R UEETh AL

AFIE ol F o] = wro & At BT AOF

A AT 271A Ok“—% st BAMTI-237914 93 5% (50 uM) A& Al

BAMTI-147 Bt} FA|Sutole 2~ A 2347F o 53 Ao =2 Yeylth o312 &

26°1 4 BAMTI-237¢11 /2] ECso7} Jthd oz vre Axtete dA et (29 77).

OFXL o & %] & S 1 \Rs
(th) oF=9 dd9 das 243
3 Control
@l BAMTI-147
B3 BAMTI237
~ 7
en * * %
) * %
g s
2
2 5
Rt
b
S 3
= 7
© 14 et — - L1 L L L
S )
N o to&‘ & Ay 5‘\%
& & ¢ & & &
£ '\§ \(\‘ (‘:’ \S, ,(\S\} &":(‘)
@ S S

FMDV serotypes

2% 78100 pM BAMTI-1473 BAMTI-237 ¢ A1 7714 @4 @l A9 o3 &3 v
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O IBRS-2 Al s3tES A2 star 18413 & wialS A A, 100TCIDs2] A < v}o]
HAE AL &9 ZAA AT wiAE Zold T 4ARAIZF EF AX A7) aL g S 5
A3ste] RNA &3 real-time PCRS 2 Alstth. Error bares %2+ (SD)E E}
A=

O BAMTI-147 ¥ BAMTI-237S 18A17F Aol Ao WA 83 5 A gnlo]g]x
HEEd A FEo 25 20 £JoE B4 FAgntolgl s HE 1AL F 4

&3 Ao oA a37F AA vepds gl (L9 78). Ribavirinely T-1105
o] A% nucleoside AY dmlolE] AR AE Yol twA &auSo o

Ll

triphosphorylation ¥ oki—% 35k a, o2 A WM3lE FEjE thA] AlxZ wrow §3&
HA ok AlxE ol dA F=7F FAEH. 22y BAMTI A9 ¢ ste=2 Al
So7te A o AE g 24 BILHE FASHA Ak w g A
Al AIE <rel W BAMTI 33dE2 A 52 f291 FFAUNE §A6A Hol
FHE HEE = oldtz IAHER Fgrt YEuA g2 Aoz dWd 5 9l

(3) AMTI/BAMTI A==4e] Zfvh-¢2 A Z AE

(7hH 2d U

O dE=&EHe] Xfrpg-2oAe] FA Wo] &5 9 A4 55 dAst7] HAsteo] 7¢

S
=
W X fub9-229) ribavirin, T-1105, BAMTI-147 3}%+= % vehicle (PBS)S 0.1 mg &
8% 3 #
5

Atk 6A1ZF F A uke] ¥ 2~ 125LDs (O/SKR/2002)E H7Z4HE skt
= d Fol s Fo A= 13 Fofstdint. ERvbe-ae 5 T AEES
YHE stk (2™ T9A).

O 0.025, 0.05 0.1, =+ 0.2 mg®e BAMTI-147% vehicle (PBS)<
H FASukel 8 2~ 125LD5 (O/SKR/2002)E H7HE stk o
FAE

HE 49 7F wjd
BAMTI-147S 52 HxHFTH 59 <& Fostx 54 7 AEES ZUHY 3}

Atk (2™ 79B).

O 0.05 mg® BAMTI-147, BAMTI-237, BAMTI-2503 tx%F& ribavirin, T-1105 %
vehicle (PBS)S 573 Estkal 6A1F 5 Al Svto]8) 2 125LD5 (O/SKR/2002)& =74
A% a3t 30 ¥ AxAEY £ o 15 Folan 59 ¢ AEEE mUHY
SATHZE 790).

O 0.0056 mge BAMTI-147, BAMTI-237% tx%= ribavirin, T-1105 % vehicle

(PBS)= HAHEFstL 643 5 FAute] {2 125LDs (O/SKR/2002)8 H4HE &
Atk 3¢ F 005mg o kES 13 Fofsta 5 3 AEeS EUHAE SATHH

- 100 -




79D).

(W 2 2

33" T8 8 8 8 3
0 dpi 1 dpi 2 dpi 3 dpi 0 dpi 1 dpi 2 dpi 3 dpi 4 dpi
u IP injection of compounds (0.1 mg/dose) G[P injection of compounds (0.025-0.2 mg/deose)
‘ Inoculating 125 LDy, of O/SKR/2002 ‘[ncculating 125 LDg of OFSKR/2002
o e S H b e
= - = .
804 ﬁ.] ........ . a0 ' 4
204 : : - B0y
P i £ S
£ e i g 50
[ grovanee i S ™ o 02mgol BAMTI4T(n=12)
= ' - B
g WO Rebavitin (n=12) i g 41 o 0.1 mgof BAMTI-147(n=12) S
@ W o 1105 (n=11) | : @ 304 .a 0.05mgol BAMTI-147(n=11)
209 -A BAMTI-147 (n=12) ; 20{ = 0.025mgof B.TMTI-H? n=12) :
10 - PBS Control (n=12) S 1] ™ PBS Control (n=12) P SO—
1] -'I)_ T T T T ‘.u_
H 2 3 H 5 1 2 3 4 5
Days post infection Days post infection
-6 h G6h
-6h oh 6h 3 i‘ 3
U’ ‘ U’ 0 dpi 1 dpi 2 dpi 3 dpi
0 dpi 1dpi 2 dpi 3 dpi
P IP injection of compounds
3[!‘-‘ injection of compounds (0.05 mg/dose) {0.005 mg/dose at 0 dpi, 0.05 mg/dose at 3 dpi)
‘ Incculating 125 LDs, of O/SKR/2002 ‘ Inoculating 125 LDy, of O/SKR/2002
100 b = - *
%0 % g
a0 L
- » = A
g £ |
@ o-ooooc--: 2 .
|- By : <
§ s O Rbminpeid) : T ¥ .o Ribavinn (0=12)
£ w :Z- ;;;03‘?:;2’ 12 ; 404 .o T-1105(n=11)
2 achigiond @ | & BAMTI147(n=12) L :
™ mﬁgﬁﬂ-li{ ] - BAMTIZS7 (n=12) ) S—
. - ! -
wd = control (n=12) ; 1] = PBS Contral (n=11) P !
0 r . . . [} v r . T S
1 2 3 4 5 0 1 2 3 4 5

Days post infection Days post infection

29 79. AMTI/BAMTI A E=EA 9] L-frkg-2 A ay Ay A3

O A FAHE 6/ A (A Folol wiEld 0.1 mge BAMTI-147 Folit&
PBS control I Xt FAE AEES BHAY (29 1. P<0.05 log rank test). &
TAY TAHE 3EA L 4dA ] AEES ¥ FS o, BAMTI-147 15& ¥
%< T-1105 B th+ =31 Ribavirin e oA @& AEE (Adpi @ 50%)S HS
(L%l 79A).

SR oo

BAMTI—147°ﬂ st A gy 9 548 dolry] 98 sz HE: AdS AAg
2 HF 49A5H 54S e PBS control EE} o AEg
o <

i}
N
N,
o)
e o

< 394 7HA= vkl 0.05 mg Folatol X
e AEES BEE F AT vhe-s Ao HE W wevt ST eR 1)
of =4 T3 o] TrtetE Alom KHH (I T9B).
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O 37kA @vtoly 24 TR EFA gk v AHE v 0.05 mg JF 232 AA]
stk 1 Ay o] FxolME BAMTI-147 Fow9 HEE (67%)°] 7Hd =9kx
Ribavirin (33%) 2t & AFE&S 2k webA Be Ao BAMTI-147¢]
Aol tha EAYY Aoz dAEdut. 2 9] BAMTI-250 ¢ &3: tha &A1
gelx At (1™ 790).

—_

O Efvkgrt NS Jee FFhE ofE s AaBol RFstel oA By
VRSl s, FAutele s edel eld AAA opAl HA4e] oF A
TRl BEE A$sh vk wEkAl 100LDsy &%) Asial/Shamir 7-#] & nke] 2] 2ol 7}
4% el AT 733 C5TBL6 Al vhEE ol gstel oAY EE BbE A
SERER L]

O BAMTI-299+= BAMTI-237% &8tz = o) dxad ez A xste] 8382 oF
AAAS FFAI7 kA o]t}

O 7% wh$2o BAMTI-1478F BAMTI-2092 H 23 42 3 mg & B24% 32
6A)17F ¥ 100LDsy Asial/Shamir FA|Suloly 25 B HET 5 Z
e 7o R 1243 1A 39 1 Y ¥S Fosta 5Y 1 AEES EUHA SS9
(

o} (19 80A).

O 7% vl$29o BAMTI-2995 1, 15, 3, 6 mg A B4HE 33t 6A1F 5 749
Hlol 2] 2~ 100LDsy Asial/Shamir 7-A| S ule]el2~E 7 E st A

+ oA AHF A
e VIEe® 2d % F 53 Y e Folsta 5Y 1 AEES ZUHA Sy

(¥ 80B).

(h 43¢ 2z
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A B

-6h 0Oh -6h Oh
0 dpi 1 dpi 2 dpi 3 dpi 0 dpi 1 dpi 2 dpi
& IP injection of compounds (3 mg/dose) 3 IP injection of compounds (1~6 mg/dose)
l’ Inoculating 100 LDs, of Asial/Shamir l, Inoculating 100 LDs, of Asial/Shamir
£+ Gmg of BAMTI 299
«Or 3mg of BAMTI 299
‘O 3mg of T105 “&+ 1.5 mg of BAMTI 209
o 3mg of AMTI 147 -+ 1mg of BAMTI 299
4~ 3mg of BAMTI 209 # PBS control
100 = -+ PBS control 100 e geeennans Q
%0 "‘. 50 "; '-_‘
_. B S B — — G "\Q\ “ ke
£ n % 70 '\t\‘. AN
£ w 5 ~a £ = W et—a
B 5 Y i E s \\.\-, "H_.‘_ ‘.\‘x.
S w & E w 3, T,
8 \ N
2 u = 3 w \UE S
1 @ \ LR N
10 i Y 10 VS N\
o , S . IV . W
0 1 2 F] 4 5 0 1 H 3 ] []
Days post infection Days post infection

2% 80. BAMTI-299 3}eh=2] A vhf-2oll A nlolex A gy d4d A3

4% 6A1 A (4 Fod)ol nlgld 3 mgs FASE S o, 44 A 717
BAMTI-299 Fo#+< & 1% % PBS control ZHFHET AEEo =gt 18y
Ao 2 Hol BAMTI-2997} A4S thal sujoldix &

o FAFZL 6AI A (AHA Folol]l vtEld 6 mgs FAFAES

2 Folg aFRT v AEFo] Ehth 3dpiot 4dpiE Wl sk S W, BAMTI-
= AES AFAZIAI N 1pdiet 2dpi Aol (A EE ¢ 7

Z)oll mhg-29] HALZE dojube Ao R Kol 7] FAY dupolE s v de A

o2 AoErt (19 80B).

(5) BAMTI-337 &}3t=2] A vlg-20 A vlolej~ A g3 A3

O BAMTI-337& BAMTI—2379] steba Qb IS Hls

AA &7F o, SI o]l AdlH oz Fol M HAo] H
1y, & E%‘U}E J~3y 5kt

Oh 4%

O 7% wkg2o] BAMTI-3372 3 mg A HZHET stk 6A1%F 5 50LDsy

Asial/Shamir -4 SulolH =& HAHE Atk vlolg)x HF &2 sist=9 a7
S Z =y sy fEl G Aol wlE vt r Y. HE: &30 oz Fof
% PBS control ZZgolA 39 whe] A HAlslE Aoz Hol AFF r]d FESE vl
olHAYAS & F AY AHS gFgE HAF AE VsoR2 12243 114 3Y 7F =Y
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o2
ftlo
i
£
Q‘L
R
)
=
o
[>
rir
]
4
e
o2,
rN
o
ftlo

wUH g 9 (28 81).

+
11t
o
i)
i

-6h Oh
0 dpi 1 dpi 2 dpi 3 dpi

aIP injection of compounds (3 mg/dose)
;Inoculating 50 LDs; of Asial/Shamir

100+ r 110
]
— 1 b |
2 .
g % ' L100 £ = BAMTI 337
% ». u; -&- PBS contorl
= lag o I BAMTI 337 (challeged)
S 40 8 BAMTI 337 (non-challenge)
- L]
> 3 1 PBS control (challeged)
g 20 8 £ I PBS control (non-challeged)
0 70

4 0 1 2 3 4 5 6 1 8
Days post infection

% 81. BAMTI-337 &}3t=2] A vpg-220 A wlo]g 2~ AAlay} A3 2

B

O TAY FAHE & 3~4U# 714 PBS control Z15& AXR

IE 60% 7HA AEEES FAARoY 5o
Atk AEF vhe2aE 100% A H o
AR T REFS BEsA 2aan (19 81,

6) <

0%,

TR Z2d2A4 BAMTI Ag]= 3H3t&E 9 34

¥ 27. BAMTI-2999} BAMTI-337¢] ¢FEA4 A%

BAMTI-299 - pKa : 2.90/9.53 = Treatment : C57BL/6,
—ICgu =0.5uM = LogP : 277 CE: 03% * Mouse 120 mpk, twice per day
on 3Dpol » Sk : 500 uM < «t1/2 = 0.5h acute (300 for 3d

F 4 + -ICgp =46 uM (148 ug/ml) .« Metabolic mpk) = Infection : Asial/Shamir,

:@I 3‘@ on Lucif = Seq : 297 uM stability o0hiTED 100LDsp

o HEl - O/SKR/2002 (88 ug/ml) (s9 fraction) : 4oL « Result : W= x|, 3dpi
ECsp=19uM  -PAMPA:-420 t/2<10min (95 mpyy  (80%) cf. cotrol 0% at 3
-CCsp = 120uM - Stable — Nontoxic  dpi. £0 STF Al HAL A
SI=53 (37°C, 24h, H;0) EX=A =1t 0jO|

BAMTI-227 e - - - Treatment : C57BL/6.
1Csp =2.9uM 120 mpk, twice per day -y
on 3Dpol for3d . .

Wﬁ”@ -ICsp =55uM on = Infection : Asial/Shamir,

w10 Lucif 100LDsp

L 0O/SKR/2002 * Result : & X|H, 3dpi
-ECyp = 7.6 uM (60%) cf. cotrol 0% at 3
-CCsp = 35.1uM dpi, T ST Al HAL X
SI= 4.6 EX=M =3} 0o
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O BAMTI-299%= BAMTI-2379] 44t ez 3}shs bAAM S
3]

=2 SFEEA 05 p

M9 &4 A S ztom O/SKR/2002 & wnlolelzeo] tis] 19 uMe] CPE A &
d¥ 539 SIE zZteth Atx, AR, &3l SHoA FEo B ssistd ddo] f

gsty AHE FaAd R sk
3573

ool A% olFAEA AWM FF SHS YERIA gl

=& 300 mg/kg & 2FE FAHEA, 150 mg/kg ol

PSR RAR

2 YA, 23 mouse E minipig 7+ (liver)e] S9 fractions ©]-&3F 24 tjAF¢HA
A Aol A w71 7F 1038 o= Fal, AT Fo § ofEo] Aoz wkdEHE M &

¢l WA o] 8 E (bioavailability)e] 0.3% = wl-¢ wrom Auwkzkz] 7 30

H A==
T Feor #

of okE=R NIt SHAZE HATE 53] Asial/Shamir A Sulole 2o 7FEH

C57BL/6 A A v}9-2~0l 150 mg/kg, 3 %<t 23|14 B7} Folsle] np$-

FAT A} gt el 27) el aupt Wold 39 1 ohE ol
FUaE vlolel s S %A Rl 5UA A Are: AGANE

=
2o AEES
F ofE Folg
A9t

O BAMTI-337< B section®] amide A%< zZt+= 3t =24 Ao =2 3Dpol A3l&
3} (IC50229 M) = ko v SI= BAMTI-299¢ +AFg a1 CPE <A &3} (EC5():76 11

M= 238 Z=of SEOA 23S AFsgt). Asial/Shamir A4 & nlo]#] 2o 7

H A2 E g ® nfoly s JE S o R Fo] 9o sdst A% WUyo

o920l MESS BFT A3 BAMTI-299¢] A3 Al fAlstA ofE Fo 3
& Al o) Futelgl 2 a3 E UERWA Kate] 59A AL HAbete AdE A
t}.

O BAMTI Alg|= FolA HF ded F stgt= BAMTI-299¢F BAMTI-337¢] -4 <
Folef 2~ A E mhg-29 AEES FV/MAZE F AEAE st FE/E o
st A5 Tt MY s S BRlstd o, vtelg 2 S JAE Hs Al
FESsEE 23] AT F glo] 7dase] A=saHE YEd A Rabe A A
gz ZJnt ol 3FFE AAE MW PK ZE23d e fAH A4, S Akt
717F &L FRA R 2% tiAtE A Agol o ALuide] mEA = FHo
71915 Ao o dHn. o3 Axd PK ZEadd = &3t AW FEsEE
FA87] Yol e AEAA = Tﬂ-—g ok dlu, ol FIolA &olxE AEF
FAHAE BoluA HEE FErt 2 o]£]¢] vt %o BAMTI =% F%5-
=4-PK-¢tA o Wd~g # ‘;%% & 3ol fllem® BAMTIC tigh &}
ol A e Fusv|E At dHoRE a8 d Hote PK Z2ad o
ME Fo7I13F Fele= FAY 2d nhg20 AEES =olal Futolg s FIE UE
Wthe HolA &FF Ay AT, A7 FE A 5 FIA PK ZAE AEZTE = 9
OA A Fduto]l Y A 2 A o] Jhed ZoR oA
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B RibavirinR 25 E RTE A4FESE A AIME e

7} Ribavirin, ribavirin A7+ & (prodrug) /& % JA&E 5

o,

7}
(1) Ribavirin¥ 6-azauridine®] ¢F= A= (drug repurposing) %l =F

O Ribavirin (1-b-D-ribofuranosyl-1,2,4-triazole-3-carboxamide)< 1970 t] HCV A &
AZA FdE Folwedl AR ot (19 83). ZtE RNA, DNA Hpol 2| 2o tjste] 3
Ak o]y~ AHE 7HH AL o dEaoRE AAE TIgsly] of@oh 1
du e obF F W A5 A SVRE 30~40% 7HEF S 237 9
199840 Q1B # & Skle} Mol (1000~1200 mg/day) £ 0% CH 7] A 8A] 2A
ol & 71 o

O Ribavirin®] A% W= Eo°|7}'H ribavirin monophosphate (RMP), ribavirin
diphosphate (RDP), ribavirin triphosphate (RTP)Z <=x}A<l 4r3tat4S A A
e 2o A7 AEs 8 oaE I3 "ok (LE 82).

i) Ribavirin> Th2 (A4 H)ZHEH Thi(MEAY W)e=z 13y H3s F=
of AIHHAE FH| ¢ A58 HANES Ao

ii) RMP+= inosine monophosphate dehydrogenase (IMPDH)E A 3fslo] AW GTP
= AT

i) QIEFE A Ao Hds =g

iv) RNA-dependent RNA polymerase (RdRp)ell 2] RTP<2| misincorporation
sto] wpolel = EAE A gt

v) 23 7ol 503k RTPell 9&f utole] Ao EdWolE Fitsto] nlojg) 2~ A

&S AstAZih

}

ol

o
do
k1
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@)

©)

Defectiye HCV
Ribavirin - _ 4. Immune clearance particles

_
IFN-y, TNF-a.
— |

Hepatocyte

e_ Transporter

Ribavirin <> Ribavirin MP <—> Ribavirin DP <—> F{lbawrln TP

e

IMP —r GMP :
[ 1. Inhibition of IMPDH | ¥ - TSN

GTP _— RdRp RNA
HCV RNA
HCV RNA W\f\ mutagen m

Replication W VWA
ISGs AVAYAVAN

| 2. Inhibition of HCV RdRp | | 3. RNA mutagen |

[i5: Upregulatlng ISGs |

1% 82, Ribavirin®] @wlolel~ 2 714 (Thomas E. 2013. Antivir Chem Chemother)

ol@ Al thFet 87| WS 2zt ribavirin®] AR Abgol] F7)7F BFEEO = Al7bel B
AE&e 2Us7IE I gEAQ BEE Atde 884 Wdoln U’%E‘r/ﬂ AA A&
Al A Agkol gl dAbel= AFES wA8kaL Ytk Ribavirin AHAl= A2z 4E

FEA (CNT == ENDE &l AFEA Ax deits Sdd 5+ A, ditstd

ribavirin (53] RTP)2 AlX ¥ro w2 U2 4 gt 53] FaAA X HFAES &9
Abst g 47 FE8te] RTP7F A& o 45 A o] Ao §38o] dojya Higoe]

Qg

Ribavirin ¥ dA7go A 20124 #3EeE =+ (SM Kim et al. 2012, Antiviral Res)
of A% uke} o] A< ‘j}o] g 2o tist CPE JA1&4 (ECs)©] 27.3 uM=Z YE}

won Sl 36525 Ho %55 UEE JS e s Bxele] 7170 =
Frpolei Az dE A A E%—%O] BT Fold ool dFAoR 12 HE (A0
1

EF . 64%)2 AL 5o okmg] o 582 Jyd glon, LA =4 gﬂy}oﬂ
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(2)

NH2 o}

o}
HM
N |
N AN
o N e} o N
HO'  OH o o
Ribavirin G-azauridine

19 83. Ribavirin®} 6-azauridine® 3}st+x

O 6-azauridine (18 83)> 1950~60del] IFF &4 E4=Z AFHUL o|F A FAL
o8 #AASF (fungoid mycosis)o]l EFAolgt &y x <Qil, Chikungunya virus,
Semliki Forest virus, human coronavirus RNA Hlolgl 29 EAZ oA st A
T BuEHAY AT Fo] Al 2% oA 6-azauracil2 WstE o] FFAAA 54 A
ozivtal A A Jvh 2 AFEHe dAAT A, A vlo]e ol gk 3uto] Y &
2742 ribavirin® 90 ¥ o]Xdelm oFEe A 544 wiVI7F 6~8AFe® fElehal,

' SAWEE A vk 53 Fo Al 11 g/kg, N AT A 34 g/kg®] LDsE 7F
=

of

ot 4

Arg SAo] vt #ukE o] ribavirin® 87 A=EAZE 11839

O oo F g3tE2 AXFToAe] FAY wlolyx F2 A a5 HFHUL,
AA Q1A 48 HE Fgn }Olﬂiéﬂli AbS e Ay EHA oy ofF s&E 53 A
Aol Ad 7tFol] A8 AEle R vl gl oEbd 2 AF"HeS T oEES
'drug repurposing’ % tHA} ZHLDZ‘ A Ao ZEAsEA] FAGA A E35H7] 9%k

A7 A9,

¥ 28. Ribavirin®} 6-azauridined] A X1 FA|Gulole] s AADA, Eg 3ty EA, oFEs L
=4 T2

| Ribaviin _______________________ |6Awmuidne _____

In vitro EC50 : 27.3 uM, CC50 : 960 uM (SI, 35) EC50 : 0.3 uM, CC50 :11.2 uM (SI, 35)
PhyChem White crystalline powder Crystals from ether, ethanol

Mp. 174-176 °C m.p. 158 deg C

142 mg/mL S:82.8 mg/L

Slightly soluble in alcohol log Kow = -2.14

logP : -1.85 pKa = 6.63

log Kow = -1.85 (pKa: 6.7 /Triacetyl deriv.)
DMPK cl=26 L/h, F = 64% (human) Tmax: 2to4 hr, T1/2: 6to 8 hr
Toxicity LD50 Rat oral 5.3 g/kg LD50 Cat ip 2.4 g/kg

LD50 Mouse oral 2 g/kg LD50 Dog ip 3.4 g/kg

LD50 Mouse ip 0.9-1.3 g/kg LD50 Mouse ip 11 g/kg

LD50 Rat ip 2 g/kg LD50 Rat ip 9.4 g/kg

LD50 Mouse oral 7.8 g/kg /6-AZAURIDINE TRIACETYL
LD50 Rat oral 12.0 g/kg /6-AZAURIDINE TRIACETYL

Price 19/20,000% 19/25,000%
Manuf. Synthesis: Acid-catalyzed fusion of methyl 1,2 4-triazole-3-carboxylate and 1,2,3,5- BIOSYMNTHESIS BY E COLL IN PRESENCE OF 6-

tetra-O-acetyl--d-ribofuranose or 1-O-acetyl-2 3 5-1ri-O-benzayl- -d-ribofuranose
yields blocked methyl ester nucleosides. Ribavirin is obtained after treatment of AZAURACIL.
the blocked nucleoside with methanalic NH3

Ther. Uses Antimetabolites; Antiviral Agents Rabies virus (in vitro/vivo)
Paramyxovirus

2
k1
il
X
2
o
o
do
o
2
)
re
-4

- 108 -




O <4 FupojfzAe] FA19 Az v A+

O Ribavirin®} 6-azauridinee &4+ &4 A & =!

A (SI=35), =743 (LDsy, 2~3 g/kg)® =2 3}8t4 57do] druglikenessell 3%+

Holl A 3] FAMd S vErdlnh 2 A" T

golsty] Yol F 3gtE 2o AR e AR FEQl T-1105 A %% adenovirus
Sol gk FAgutely s FAJA &3S C57BL/6 A A vh¢-AE ggoer HAES
o] HlulEkel T

O Ad ¥y ¢ AA

d
=
o
>
=2
—_
e
DN
w
e
offt
rO

ribaviring H| %3k oFAlE ZF7; 3
mg/200 ul HAHEZLE stk AS FAVE FoHi 6A1kF Fol  100LDs®
Asial/Shamir A gulold 25 BFHF vt ¥4 dxzToezA 5X10°TCIDy
A 2%t adenovirus Ad-3siRNA, Ad-IFN-ayS FA9gntold] = HE 3F o Z5%F
& 3ta Day 0l 50LDsp®] Asial/Shamir Al Snfele]~5 HAHF sttt BE vt

[}
T2 10 3 AEES EYEE S

O A3 Ay : 1097HA4] LSS ZYUHE 3 A3, Azauridine® T-1105% negative
control L& {FAFSHAl 39 whol] 57 #HAbete] 2 &F tE ofAlo] H]&f wl¢-
2 BaoA FAlY W] gy7t §l&S g1ttt Adenovirus & Ad-IFNay & #
F3gS v AEEL 40%, Ad-3siRNA+= 80%= R ¢th. Ribaviring 3 mg A 1Y 2
3] 0dellA 397bA] TR s AF, BE vbe27F AESAT (1 84A).

ks

A B
100 %
g 80 ®w w0 o085 0 5 ) gé‘
o @
® 604 ® £
e —
= s
= ¥ ¥ = -Q
3 s
3 4 =
@ X a8 :
.
0 T T 8% 0 T T i : T T 1
01 2 3 4 5 6 7 8 9 10 01 2 3 4 5 & 7 8 9 10
Days postinfection Days post infection
-4 Ribavirin -5 Ad-siRNA 0- 0,24 h -+ 0,24,48,72h
—— Azauridine —= Ad-IFNary == 0,24,48h -+ 0,8,24,30,48,56h
= T1105 - Negative control A= 0,8,24,30h -= Negative control

7 84, 2 Fupole Ao A AAlmt vial Ag A3 (A) R ribavirin®] Fo Sl

=

@ Ribavirin ¢ 34 d AES vl A
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O A WHl oAl e 2F o2 YT 15 mgo ribaviring FAAAIHS e ste] A
Aupg-2o] BEARE Atk A HAl 2FS 0, 24 A7, 7 HA 2FS 0, 24, 48
T2 0, 8 24, 30 Algkell, vl WAl Z1ES 0, 24, 48, 72 Aol oiAl

Az, Al HA 1
Ha 188 0, 8 24, 30, 48, 56 A7t B HE 9dvh. Negative controlS X33k
BE O5& AL ribavirin®] T EH 1L 6A17F Fo 100LDs5pe Asial/Shamir -] & v}

e g |
ol =E EAHT stk vhe2E 109 7 AEES RUHE AT

O A3 Ay} @ Fe st HEF:e 15 (0,24 h/ 0, 24, 48 h/ 0, 24, 48, 72 hhE<2 1Y
ANA 4 Afolof] wpg-o] MEGO] FASIA HAadte] 5~6do BT HAS AU 1Y
23] ribavirin 8% 1% (0, 8, 24, 30 h/ 0, 8, 24, 30, 48, 56 h)S HF AEE9] 80%7}
HZE A Ribavirin 7o AlZbs gEste] A mbg-2o FEg A3 1Y 23] 2d
ol HEdoF 80% oo AEES Bt olet £ A= uFo] woly 2~ Y
710l ribaviring HF Foldte] wlole| o] FAE AJA|stolof A A=} 9
S ¢ F At (19 84B).

do [ 9

O T-1105 7§&AF50] 2008d EU-FMD st3lol A &xe zgd] w=w T-11052 1o
E= O/JPN/2000 wlolg| o+ &7 Hojd wbH, olRT ®YdAde] E=&
O/Taiwan/97 u}o]e] =0 A= 'partial protection’ st Ao WE=x g} (19
85). ¥ AFde] AFATNME T-1105% FevtetolA w@o] T 3= 0F vt
ol 2 (O/SKR/2002, O/Andong/SKR/2010)° thst M3 Ao x AHe| &nlolejx &
5 YRl A ek (2 29, dnA@A). BRE ofye} Asial ¥ wpol
(Asial/Shamir/89)el diste] A9 Wolgzs YelA Eshddh (19 84A). Wi
ribavirin® A, O, Asial @ 5 S-gvetelA Wo] WSt Sle FAIHntolef~ HH
gl sk oujAg A3} EC5-20~60 uM, SI=30~90 A== 15 S35 YeEY I, 4
H s dod A a37F Holu 3 mg/day 3¢ 7+ BHAFA=Z 100% Hol7F 7hsstatt
(L9 84A). o3 AFAHNE HtE O E ribavirin® oFEA F4E AT FA
AT °%F= (prodrug)s st FAS Frtoly 24|24 A &3t7] 93 A5 213
s
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Surmnrnary of clinical signs in Surnrnary of clinical signs in

O/IPN/2000 infection O/Taiwan/97 infaction
) Days post infection ) Days post infection
Pig No. I 2 345 6 7 8 9 Pig No. 1234 5 6 7 8 9
1 =-—= = = = = = = 2 — o+ ko — = —
T-1105 2 - - - - - - - - = T-1105 3 Lamaness ] No Difficulty in standin
No Lameness / No Difficulty in standi
Admin. 3 - - - - = - - = = Admin. 4 - - - - - = = =
4 - - - = = = = = = 5 — % o+ ok o - = —
Non—admin. 5 — = 4 A+ A A+ Non—admin. + + + o
6 — — — 4 A4+ o+ E 6 + R o R = T o o =
+ Creation of vesicular legion + Creation of vesicular legion
++ Rupture of vesicle ++ Rupture of vesicle

LamenessyDifiiculginstanding|

% 85. T-11059] 7 7FA A 93 vlolefzof gt x| e] wo]a
(Sakamoto K 5 2008 EU-FMD 3}3] WA}z o] 23)

(3) Ribavirin A7+ ¢F=9] 7|ut

O Ribaviring wp-$2~ A 7419 vlolg] 29 dulolg]~ Ao FelxElony 15 7t
Fol F 25 o AEES ¥EI A9 Forl FRHEE 7Y ofFE AEEo] Hadt
= @Ado] LA EY. ol ribavirin®] RETIS} FE, AAolEES TVHA FE
o) el YU FANE S A%sug A7 ke MAGD FAIAT

2
=

NH
o NH; o {Hz o NHg o NHz (o] z
N
j 7N :S‘\ N 4
N./ JJ prodrug N N‘/ Jl N\/ | N'N l
N o N N 0 N (o]
o — A(j o HO
HD/\Q AcO \_/ BzO AcO /
HG  OH HO  ©OH HG  OH AcO OAc %(B
Ribavirin RibaPro-1 RibaPro-2 RibaPro-3 RibaFro-4

1% 86. Ribavirin®} ribavirin A7 33% (RibaPro)e +%

O Ribavirin® IAZAE=Z YE}E logPat2 -1.8524 AFART FAo] & E 7o
Q

o A5 okEel SR U Be FHee ATrRe dvs:

Q

(@]

(@)

=

o

.

Q.

@)

i
A
rlot

Oft

i
38
2o
I

QE mlo
o0

J
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o a o

Ah, St s iy

TEA, MC >< 4 TFAH0=9:1 o BH
=N =N 4 50°C, 4h RT, 6h
= o 0.0 o) RIBA-1
N. 4 - ~ N. =
no ™~ " Xy ow T G, —
I R’
5% g o
Ho O PTSA, Acetone Pt @J'L N
75°C, 6h f N. ,).\(
! RBA4 ool AQ’ NH —— Ag
TFAH;0=9:1
pyridine, MC 2
50°C, 6h >< RT, 6h
RIBA-2
o o
—N —N
o Nﬂ:l //\\(o )LOJK o N': P
Hom’ W, — = &0

(\}) Ribavirin A+ 3}3t&E©

pyridine
60°C, 6h

HO  OH

NHz

RIBA-3

ShAI U

l]a]j 87 Ribavirin ?j_:[L 91]:% H 0 o1

AZY vlolel 2 A EI AlE

h=i}

O A% W : Ribavirin ¥ AT &9 Axd vlolel~ A AFS 95t
FMDV ( O/SKR/2002) & 100TCIDsy &S = 1A17F 52t 7FE A1zl IBRS2 Ao
shtES A glste]l 48413 Fo MTS assays Sl CPEE 433tk Al Eel A
stt=ol ek ECsoEs SAet HadAxzd® stg=& Azt CCorsE 58S o
&, SIE T3St

¥ 29. FMDV, O/SKR/20029l th3at =] &3}

Agent’ CCso (UM ECs) (uM)° Selperuy dade
Ribavirin 189850 + 299.11¢ 28.09 + 3.03 67.59
RibaPro-1 6148.00 + 301.23 128.10 + 28.00 47.99
RibaPro-2 682.00 + 4.95 22.37 + 1.96 30.49
RibaPro-3 18190.00 + 2701.15 173050 + 160.51 1051
RibaPro—4 15105.00 + 91.92 2237 + 1.96 675.39
Azauridine 1893.00 +154.15 343.70 + 16.12 551

T-1105 341.05 + 126.50 68.65 + 2.64 4.97

* IBRS-2 Al 100 TCIDso ¢ FMDV (O/SKR/2002) F& 1A17H5¢r 7 7 5F A4S HS A

At ekl A ek

P control valueE 7)|F0 2 AAAET} 50%7F HE AXEAY 5%
¢ control value® 7|+2% CPE7} 50%7F 5= & 3%

dolH e gk £ £FEAF (SD)E Ve
O A% A : ECspix RibaPro-29F 47} 22 pM AE=Z 714 =4 JElsta, SIE
RibaPro-47} 7F4 #=9kt}. RibaPro-3+= ECs7F 1730 pMZ tE prodrugel vl & A
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Al =S 7|23 = L o= ribaviring Al 719 hydroxyl 1ES

= ester 71E 7RIS esterase 47 AE Yol AdiFow A A E¥EFH
o functional3t ribavirin® Z2] o] A dojiu} Yyeld dAow BT AX
FE2l T-1105+= ECs5=68 uM, SI=5 @ E== ribavirin %@ A 3}gHE] H|3te] o3
=

__(')__

?]5::'1

3o sty HEA X5E Rt A Asial/shamir HFo]E]AE o] &3 AlA]
np9- FAHE Ae Al FAMSHA T-1105% ribavirin 2 1 prodrug .t} in vitro

AN 2k FAIGutol el e tigh A EART AAE] "WoA = e B £ Uvt
(% 29)

A oldgt AEAY AARrt AT =9 E5S H9e] et ®Brle oyt
kst A+ k= Jhd A JRAl W diAbE A AstsiRkgE Wrolol AAl BIE
et &= =2 WSE7] did AxXrvds g5 des & 253717 0 &
Al HelHE Hojx: & Utk WA o] 3 AP TES YR 3 aedU)
AFE F3 ribavirin? A+ =S EIE FASE EUATH
oOlAE B 22 (Ribavirin @ A ¢FE)9] nf9-x~ FAHE HAE

Ag v o ok dlolEH oA ribavirin 3 mg= 1Y 23], 3Y I B} Fo & 7Y 3H
AEE 100%E FA = oleld a3/ A+ FoAdAE A H= A gelstr] 9
ko] ribavirin®t A SH3HE 4TS 7% vh¢2ol 3 mg A FUE ol&ate] A F
o] 3t 2 Fo 6AI7F § FAYGnlo]# 2 50LDs £ 29 Asial/Shamir A & v}o]
g BEAHE AT AS oA JE AIE VIR 1243 14 7Y 7 Y &
o

AT T 109 7 AESS 2UHY 34

O A% A3} : RibaPro-12 7dpiol 20%, RibaPro-3+ 40%°] AE&S B ow, &dpiol

10dpi7ZhA] AE&0] 20% 2 A% AT}t RibaPro-39 7dpio] AE&o] 40%= B&E 5
Ao 7 HOo} ribavirin® .t} E5°] =5 AoR odAFE At} B3 ribavirin 3 mg 2
FAEF stRe wel= 7dpi7hAl 100% ABE=sk o, SHE 4759 s 45
o= 4dpiol R #HARSEA T (17 88A). BEAHEH AT WHY A F Abol
of oJaf °fAle] &yt Gl YEtHthal o Aol A A A ]& o] 64%= =4
Holoy wpgzolM = tiAbEe] Eol olET U FAR L= = S
mg/dose £H 02 EHE o] &3 Foji= vHlolz A oAE 93 To| TddlA

Egttn F4 €k

rulo r1r o

o &

tov o °
off r_'ﬂ
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A B

3 ma/dose of ribavirin or ribavirin prodrugs 15 ma/day of ribavirin or ribaviin prodrugs
Administration time: twice per day from day 0 to day 6 Administration time: once a day from day 0 to day 6
-6h Oh 6h -6h Oh 6h
— monitoring u a _3 J} U U !! - monitoring
Odpi 1dpi 2dpi 3dpi 4dpi S5dpi  6dpi Odpi 1dpi 2dpi 3dpi 4dpi Sdpi  6dpi
3 Oral gavage of chemicals U Chemical-soaked food supply

‘Inocmaﬁng 50 LDsp of Asia/Shamir ‘inocu[ating 50 LDsg of Asial/Shamir

- Ribavirin-prodrug 1
-5 Ribavirin-prodrug 1 -&- Ribavirin-prodrug 2
e Ribavirin-prodrug 2 ~+ Ribavirin-prodrug 3
~#- Ribavirin-prodrug 3 -»- Ribavirin-prodrug 4
- Ribawrin-prodrug 4 & Ribavirin
& Ribawirin .
=& PBS contorl & PBS contorl
Sonde Feeding
1004 —8— 8
=z BN
g o \
.E g 601 ':IF.\Q\ }‘
= T i \
e z -.:L\:.\ \
z 5 L y .
a @ 2 Q\.&—Q oo
w n_ h \. ‘. -8
1 2 3 4 5 6 71 8 98 10 01 2 3 4 5 8 7 8 9 10
Days post infection Days postinfection
1% 88. Ribavirin?} Ribavirin A+ &2 A Fol W d 749 JAaxt vju 49 23}

@ Atz FH T AT AFFA (ad libitum) o]

O 43 W ! Ribaviring Abgtel A& Al 5243 7 AHstE F5&0] Follvs=
Byl 9gloermg (Wade JR et al. 2006, Br J Clin Pharmacol) ¥ A3 = Alg =
Ao ribavrings A5t AHAH FS AFFHESE A 7H w20l ribavirin
D 4F 7Y ribavirin AT SFES STl 16mg® AR A 79 T AFASEE
SEAT A S FAE AFsta 6A17F F 50LDsy Asial/Shamir 74 Sulo]lHq 28 E7F4

stAth vh-2e 109 (1 AEES ZUHE St

PN
rp

O A3 A} : RibaPro-1& 3dpi o|3 & AEEo] 7HAHo] 6dpii-Bl 20%9 AEE o]
#FZH A} Ribavirin?}t RibaPro-3% 109 1+ 100%2] A& o] #Z 5 3At) RibaPro-2
¢} RibaPro-4%= PBS control 1% 3 {Atste] wtolejz~ A&7} yepbA] okt
(19 88B). Agst Fo &HM= EUE Fo3= 4% RibaPro-3°] ribavirin Xt}
B Feta, AbsS 3 Ak A 7 osEEol fARE E23E UE T
(L9 88).

@ Ribavirin®} ribavirin-TA%] F¢o =2 2 & ¥ FAS A a3 v
O RibaPro-3 3gt=9] #4194 ntolg] 2~ oA &so] A mhg-2oA HFHIJOERE

ribavirin-TA  (2',3',5'-Tri-O-acetyl-1-B-D-ribofuranosyl-1,2,4-triazole-3-carbozamide)
2 AYEn APFREAR A4stel F7 ATE FAsA
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>
w

= s

o = 1e

o 108 Fa
‘__“; m‘;’
£ = 25 1w
% £ & E 2 -~ RV By 1P route
=g -‘2 5 0 I -a. FDavInn by 1M nouse
SE w mHE 7 & NeqEmNe comtral
5f Bg 1
JE = £ = -
@ £ —a.—e,—l 25

5 TE

s co 12 & &+ 65 8 7 & 8 1 L e e T

) B e 1 2z 3 4 65 &8 7T 5 B W

Days postinfection Days post infection

(]
o

100 EF e

g | .
= g g 1
% £ ” : E g\ K RbairnEmgida
@ o ! o RbadrinEmgiday)
2w | = I )
EQ * ! Uﬁ = — RBasinn(10mgiday )
E ¢§ a0 : ti . & RBbAINA(15mgaay )
Fo ! g = -4+ Negetve control
£
] i a
B ! g =

a ' a8

@ R T T
® 1 z : 4 E & 7 & B 10 9 1 2 % 4 & &8 7T £ 8 10
Days post infection Days postinfection

am
-

] —_
,_*-'lo # o
£ 5 = a7
w c @ 1 RibavirnfEmgiday)
£ @ @ emy
B e 8 B - Rbavinn{10mgaay )
= o= - -
] é . £5 Ribavinn{15mgaday )
= 2 o5 = Negethe comtrol
S0 4l 2o
(o ]
= )
a2 el et E
s
¢ 1 & % 4 & &8 T & ®B 0 @ P S S S
Days post infection Days postinfection
168 —_
— g : é ] 1o
o o 1
£ = H ;'J'lg 100
& = 2
g = E i b ¢ FIDaAMN-TAEmg/day)
=5 ! ER _» FDIANR-TA[IOMgday)
2 g 224 , EWQJ . = Z:anﬂ-rT.qgal-n-;uar,-:
z i = —a MegEihe cortnol
= . ! P 2o
o } = ! ;|u_ o
! o=
AT —s 58 4
501 0z 2 4 & &8 T E B A0 M 5 1 s 2+ 87 i
Days post infection Days postinfection
% 00 o "6?5 110
EE2 =y né"d'* oo — RIS IN-TA(EM3/aay)
= 5z
£ o g £2 & -5~ RIbawrIn-TA{ 10mgiday)
== EE - Ribavi In-TA{ 1Smg/day)
=2 E 40 gg 80 -« Megative control
" — g —
a2 m g™
= B =
o o ma 8t—T T 7T T T T 1T T T 1
o1 % & 4 E € 7 & B 10 @122 4E 8T EBAD
Days postinfection D ays postinfection

18 89. Ribavirin@ ribavirin-TA2] Fo] A= @ &2 ¥ a9 A a7 vw 28 Az

i

@D Ribavirin® F¢o ZA=Zo] W &3 vl A8 (E7 vs &)

O A% Wy 3Fo 10 mg9 ribaviring day 0 to 37HA] B7% = Z8HE 3
=

AL AE FAEI 6A17F Foll BE 1Eo] 50LDse Asial/Shamir A &vlo] g~
AHE sl9th EE vt E 109 3F =59 AW} AEES RYHEEY o

O A3 A3 @ B4, 25385 W 5 100%9] b2 AEES Bk (27 89A).
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e whgse AF WEES Husge W, BERE 45 5790 AFWE
NEA vhebstom, 2
AHow BPHFEe] 2RHAFTR 7

Aoz st (2 89B).

W Ribavirin, ribavirin-TA®] 4 F5Fo Wy 2 Fof &5 8 gy vl 2y (Fd vs AR

23

O 23 W : 3F9 6, 10, 15 mgel ribavirin ¥+ ribavirin-TAE 0L A 64714
A

FAGAL AkE FEAL ARE A el x}%%é}s}w.
al

O Ay Az
- =WE ol&a AU AE AtECl HA F AT SlE W A vpeolgls o
AEHR7E JdeA APs Ay, &5 F7HETHE vhero AEELE A Fsho
sl 15 mg2] rlbavmnO THE A5 g A5 109 F 60%, Ab=9F A A
2 39S u 109 F 100%° =S Bt &

A 9 A EdE o] &3 APFoRTG L7 =2 AESES YERUL (27 89C,
89E). et AA w2 AT W EUE o] &3AS W A vlolg Z*% -
1~4del AFHs7E A HstH JAA R ALg e} §A A7 atlS wel= & AF
WstE Holx] erkrh (1% 89D, 89F).

— Ribavirin-TA X3t dubd o g XN fFo] Z71E842 nf9xo] AEZo] Z7)sls=
ZA3FS Bt 57 15mge ribaviring £ E AF5Fo 3 A9 109 F 80%, At
A ATFo a9S wW 109 F 100%9 AEES et (23 89G, 89D).

w59 7

wek AA v AT WEE v wshd 15 mg? ribavirin-TAS A9} A4 A+F
o s Wl EUE ol &gt AT Hlaste] A wiolg Ao HEFHAE
Z AlF Wk gl (¥ 89H, 89)).

O FAHETY 45 3 mg/day &9 ribavirin® 2% A% Wo] 55 K
Fool A= 15 mg/day °©14E FAsHs Wl AA w2
W 749 3ol 238 & 5 UY Ribavirine 534S, 25HF, 73

B A utel g 2 E wol & ¢ AT FAEF ] A4

Bup AS A 5 FAEo] Ao FAY mpolE A ool
of o] BF Abmet 9 HAFHst=E sk A =dE
Holl A 2]t t}h Ribavirin-TAE Fo] Z=2¢ &%
= HERR A

i

=

© TAGHAL HE Fold FupolH Al Wojgat (A + AR, AEE FH H
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Hlole] A~ A& FA)

O Ribavirin?} ribavirin-TA 7} A9 wlele] = F2 wojo 371 e AL &2
stttk A WMAS HEskaL T UHA =S AbEe HAste AT FoEM
AA A T Aol WA Futolg AlE = 3 -
£ o|&sto] AlEdolds] Hokh WAl WE Fo

oW ribavirindl 9l8] YEYE HA T =)

et E 6, 10 mg®] ribavirinoll MAlE A AF&ste] WolEadrt 2438 e

Al grolr gkrt. ob& 2] dayOel 1Ak wpel#] = HFol| o] daylOel 23 HFOo=

ol e A ol YR gt EAE AT SAHOE H4 oFE dd

RaL, g3 Wl vlolel = RNA s AEsto] AA vtolf s F2 oA oF-& g<elst

o

3 1207
~ sV v
5 2
2 801 Z 1004
@ ]
. = o R
T g ¥~ 6mg Ribavirin+vaccine
E 204 ‘S 804 —= 10mg Ribavirin+vaccine
s:. . = o -4 6mg Ribavirin-TA+vaccine
o 207 e FFEe oo %- \;: -¥. 10mg Ribavirin-T A+vaccine
- -T-V-F-T-¥-¥-¥-¥ b4 -5~ Negative control
0T 0 m 0rr—TTrTrrrrrrrT T T T T T
012345678 93101112131415 012345678 9101112131415
Days postinfection Days postinfection
5.07
- B
s =
z - 4.5 [ 10mg Ribavirin+vaccine
s = 3 6mg Ribavirintvaccine
E E 10mg Ribavirin-TA+vaccine
= g 4.0 mm 6mg Ribavirin-TA+vaccine
= mm Megative control
-
== as
S £
-
3.0

Day0 Day2 Day4 Day6 Day38

Days post infection

a8 90. FAY WA HL Eoly Ribavirin® ribavirin-TAY T4 AA gz vjw 28 Az

O Ag WW 7% whgzo] FAY WAHFS st sFel 6 mg EE 10 mg«l
ribavirin £+ ribavirin-TAE Al SFAA 69 5ok Fostit. WAl ekEo] &
2E A g7 AlFE A 6417 3ol 50LDspe] Asial/Shamir A 9 vlo] 8] A= %ﬂ@
3t o] dayl0°] 50LDspe] #S wio]l#l ~E re-challenge 3ttt w92+ 15
F 2R AFusiel MESS TUHY 39t Day0, 2, 4, 6, 8o A &
MagNa pure LC 96 System (Roche, Switzerland)E ©]-&3}o] RNAS F&31 A A
A2 A (Real-time RT-PCR)S. 2 nlo]g A2 A &3}

ol

A b e ofN
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@)

Ay A

- kA Ao A ribavirin = ribavirin-TAE A vpg-20] AFFo] & 49 AES
°] 100%7} == kel &7F (6, 10 mg)e] 17 WAES A HEFsAE Day0dl
MAS HESL AR FZFHAIZ] 10 mge ribaviring 6Y E<¢F AFFo] 39S o
-2 100%9 AES (P<0.0001, = 5A)S RYoH, wgxo FAHET & AT

WMl S E 5% o2 {2t AolE HolA YTt 6 mg/day? ribavirin, 6 mg/day
9] ribavirin—-TA, ¥+ 10 mg/day® ribavirin-TAZS A8 9} &84 A5 39S o
of WA JEFg TFoIAE AEEo] HAY BT lf'ﬂ/‘%} At Dayl0el 22 &3]
TA S wpole] <& wp-2of 23} challenge 3 A3, AEL = W) AAT AT
At AASAY as ot S7kehs S B9 E} (2% 90A, 90B).

- Ribavirin =% ribavirin-TAE 47593 I1#2 day20l =4 tlxv3 v =sAY

Ao A vholezst dEHoM, 4dAdE BE FNA ool Fol sl
weshe] wholelz ko] ALk (1 900).

© 2 10 mg/day®] ribavirin
= FAEAE 2 AR
2 A AFEste], oFA
7

<] %’i"ii A8 T

2~
[¢] — o
FA ol A% vhgzol WAlel o3 FAVE dGHNEE ThE

A W Fatol Y 2AVE HAE Alse £9FS 2 gt S A Y& 6
o 7k F9sta, wpolzi~ HEF 0, 10, 169 39 PrioCHECK FMDV NSP (Prionics
AG, Schliern-Zurich, Switzerland)E ©]&3%F ELISA W o2 FA|uloleg]x H]Fx

o d (Non-structural protein, NSP)oll t3F A& &3t

Ay ovlo)lg A HE 10Y FTolE 15 mg/day 9 ribavirn-TAE A F+53 1
2 = 10, 15 mg/day?] ribaviring 47 T3t Z1F oA nlolg 2ol U
A7 AARHA TS At qAE A HAoE AL ol A 7F Hio]
25 9AEtA] Xste] wiolel o] whuldo] @Wo] wrEolHThE omolB R A 3§
= 2 A A Aok WA A HESE 6 mg ribavirin 15 ol A
ol AL %49 ribavirin® 2% WA} St AFESHH A
Zg o2 vfol~gE GHA R AT F dvke S AIETE W ribavirn-TA
mg 7o ZFolA A xRy v 2kl 10dpt ol doll BF #HAMe= A

Ho] A& ko] ribavirn-TAE Hlolg]x Al 5o "WojdS & 4 A} (F 30).

o X
i)

>,
—
(@)

i
o
=

me reo ooy rff ox oo mu
i)
1
)
lo
o, kol
I




=
;3

¥ 30. Ribavirin ¥+ Ribavirin-TAE A+ ¥

o gk kel Al A

i

Al A

Positivity to structural protein antibody
Anti-FMDV agents (doses)
0 DPI* 10 DPI 16 DPI
Ribavirin (10 mg) -b - +¢
Ribavirin (15 mg) - - +
Ribavirin-TA (15 mg) - + +
Ribavirin with vaccine (6 mg) - - -
Ribavirin-TA with vaccine (6 mg) - N.A‘ N.A.
Ribavirin-TA with vaccine (10 mg) - N.A. N.A.
Negative control - N.A N.A
@ 74945 AA} DPI, Days post infection
> 54 (FMDV type Asia 1 ELISA), PI < 50%
¢ kA (FMDV type Asia 1 ELISA), PI > 50%
¢ uhe-2s wAbE Azt 9 BN A
® WA} o]e] adjuvantS ¥ 3 ribavirin Al A 2] ufol# s 3 (FFA + 57 13
HE + 9
O WAl o] HYPA = adjuvant= A3ske] wlAl gglo] EAFE AUA AFA ]
Solun HAWAS ZAAA WA &5 ol A AR, ribaviin X
ribavirin-TA$} FFA7F &7 AEHo] & a5S A=A 55 st
A sle Ed 18 FAREA ool shgol FAY wolsk A GRE @
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p ]
w

_"r W i £ - 15mgRIEIrh
== ; -y By - 15g DA 1 1SA 201
= . 'g - 15mgRIBEArh In ATOHS
E & ! 5 = % 1SMQRIDEANN FESADT +yECEng
= 1 ¥ -x- 15mgRioz- In AlDHEReccie
Ee s = - Vacohe
[ 2
U‘:_.', =0 %‘ = - Negeihe control
o A 2 =
1 i 4 5 85 7T £ 8 10 @

@ 1 2 % 4 6 & TE 810
Days post infection Days post infection

[ g
o

b T —_
1 |
== o 1 § -+ 15my RERAM-TA
[ | ] & - 15MyRIEVITh-TA 11 1S4 201
g = | T S, 5 & 15mg RERANN-TA I AIOHS
= v s . 15MgRIoE-TA N ISAZ01HEcche
P Vo '_g - ¥ 15mgRmETA h AICHENEstNE
: oo 3 -+ Vanoe
3= LaEh ; - NegEmhe cominol
: )
[ . ! & ——
o 1 2 3 4 & &8 T & ® 10 @ 1 2 2 4 & 8 7T 8 8 W
Days post infection DOays post infection

g
Te—

» »
§ ¥ -+ 13mgRDA
E‘E‘ = E‘ - 15mg REavinn i 1S4 201
= & & 15mg A N A
% e o -+ 15mg FRVI NI SAZ0 1Hacene
= 5 o 15mg AR N AOHEHETnE
z 4 ] -+ Yaooe
£ z -« hegathe sl
@ = ¥
@
ot + [

1 2 2 4 & 8 7T &8 & 10

2 2 & 6 8 7T & 8 0 Days post infection

Days post infection

v H H}_ J

-

@

10
MR gm o 15mg REAT-TA
Fw boogd B & 15mg RESFR-TA 11ISA 201
= i @ = 15mg REER-TA I AISHS
g T 4 15mgRi.-TA Il SA201 pasche
= £ - 15MgRID.-TA In A[OHE wactne
.g o T = - aiche
s 2 o -+ NegEibe corirol
3 )
& el
1 2 2 &5 &8 7 2 810
1 2 3 4 B & 7T &8 @ 10 Days post infection
Days post infection

[ 15mg Risavirin EE 15mg Rl N ATOHIHEsche [ 15mg RIEvrn-TA 1 15my R -TA In ALOHS

[ Limg Rinninia BALN g vacciee 1 15mz Ribevirin TA inI5 A 201 Hacche
o = 15mg Rizavirn i AIDHS gy e gEthe corfrl o 3 15mg RimvirkTA In AIDHS O vasche
S ER 13mg R 0 SAZD +vEceine 2 ez 15mg RiD.TA h ISAZ01AEccne mm Negetve control
= s g e
B =
Z s Z s

& Z E
E B
7 o4 g
o s
E E
2 ¥ g 3
& 2 z 27
A SR

Daye post infac tion Days post infaction

23 91, MAF o8 adjuvantE E3F ribavirin A A Q] FAY Ay Hw A Ay}

= =

O A3 W  EIA = Montanide ISA201 VG (SEPPIC, Paris) %+ Aluminum
Hydroxide (AI(OH)3)= AF&3FAth 15 mgol ribavirin =+ ribavirin-TAE F3 A ¢}
Hol 13] HEskar 6A1%F o 50LDso®l Asial/Shamir A <ufol] 25 HAHE o
Ak olet L e T g ol oAl HEF F 6AF ¥ % ofye} day3el
T &7 niolel~E 23 HE Atk vhe2e 10 1 AlsRset AEsEE By

PN
F_l_,

0O,

B sttt =3 wold s HE 0, 2, 3¢ F Adsto] dAEUT v, oA AW
Wel o3 RNA F% F real-time PCRS o] &3] wioly =5 Attt
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O dd 2+
AT @5 HF sde wWole 4 dExadd 2 Aol gl #HAES EAY
(P>05). Ribavirin® H&A¢l ISA-201 %+ aluminum Hydroxide @& 4ol H=F3}
Ak WARE G5 HFE SRS dde 54 txadtd Aol glevy (P>05),
ribavirin® @A, F@A e} A A FFsR S Wol= 54 txadrng 458
o] F7FstATh (P<0.01). B3, A npoly 27t AA| whg-2o g | (day0) HE
HAE W7t F ¥ (day0, dayd) HEHAE WEoh A vpe-29] AEE] ¥ =7
U AR AeS Bt BE HE 250lA Ribavirin-TAE ribavirin®t A8 W
oS HoAFAT (1§ 91A~H).

- AA b2 A WY FAY mleld A S
© Y el o]l 4 "x
ribavirin-TA®} F& A L& FFA 9 WS 3
TohA] ¥ IFET A Gutolel s <Fo] wE A FHAE)

91].

WAl = AR B U= ribavirin B+ ribavirin-TAES 53 A9} H7
NE
==

£
AbEEH whE] P15 mg, 18] HEWOoRE FAAulol Y AR N E whg
9 a

of s
HAEES ¥ vholef ~9o] 4k mwEA AagS Rl o= AV
ribavirin ¥ ribavirin-TA &5 AFA7I= E23EF 7HAH HA AL o] ¢ &
7 AT FAY WA Al g B8 Folsto] AFEH o] FoE L
WAl Ty Abgof o3 WIS gyt or Hd 4 Qe TR FAY oAl
Hol & =+ AS& AAEH

(2h) Ribavirin % 7" k&9 SPF vU=j A g &5 H7}
@ Ribavirin-TA ¢ %o & ol U 75 2 gnjo]gl~ g3} 3ol

O EAFENA ribavirin-TA7} A< ulo]g] ~
o], 94 SPF wU=A o] ribavirin-TAE Folstal A& #Este] e A9 &

s ol Forl=A Ldotr

O w20 Al FAY nlolH 2 A GH7F 53 Aoz ElH ribavirin-TA°| thal<]
SPF vlysf =] ta]edo] th3t ghnlo]e]x
Bolil B A= i 13 kgo|th kA= 12471

O 1x10°TCID59 FMDV (O/Jincheon/2014) 5% donor SPF mUsxo] HE = &
SPF vy Ao HE=7A AlAT}. 370 1.5g9 ribavirin-TAES 57 AEHE Adpizk

=
A ofAlE TStk Fol PHe THFA EE AtEsH 4 4 W dagd
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A3 el ribavirin-TA7} Fol <l

=7 gelsly] 9)ste] IBSR-2 AXe] 1x10° TCIDs
O/SKR/2002 FAl¥ntole =& 1A &<t HE Al $ SPF #HAY 84S At
t}. 3d & CPEE ##elo] 3% ol 27/ ribavirin-TA % &% @& oFHE F2ls)
Ak (¥ 92).
~r ”\W”” @ Serum sampling g [nfect 102TCID;,
et ‘mc 1‘112“3@5,“*‘,” FMDV O/SKR/2002
@ Administrate rug administration 14 18RS2 cells for 1 h
100 mpk per
= day during ’ & ® Dilute serum 1/2
@ Contact -1~4 dpi / in cell culture media
infection .
) '\Qﬁ\e / >
@ Infect with 105 TCIDs, . w
FMDV O/ Jincheon/2014 ' QJ‘J { /
\_;i G—\e 9 / ' . \ <
To- | —— ed‘m :ho '8 = 9
Q'JT). {{/ &J /
Donor ﬁr\{j \?j /
SPF minipi Y
P9 LDy N
Acceptor @ Check CPE
SPF minipigs during 3 days
% 92. Ribavirin-TA®] Fof 5 dof f 7 9 &3 S 91 49 =7
3% 31. Ribavirin-TA®9] Fof Wio] & P o] dfufol~ a3 2l
Dilution * Route 12 b 9 h°
e -/ =/ =/~ /=)= -
1/2 Feeding' VAR VARV -/ =/ -/~
Control® +/ 4+ + /) +
IBRS 2 Ao 100 TCIDso ¢ FMDV, O/SKR/2002<& 1AI7Hg¢t AN 5 A5aS AAs
i SPF #H1# xS 1/2& 3|4 ate] gkt
A5 9FAE SPF = A Folgk £ 12A17F —?01] =k o=
¢ A FAlE SPF s Ao Fofst & 96A17F F-of] A PstiTt
4 intramuscular A&
¢ Z} JAE CPE A o] %
-: control valueZ 7122 CPE7} 50% o]9A] (vlo]g] A~ Z2] 9A)
+: control value® 7|22 CPE7} 50% w9kl A] (vlo]d = 524 v A)
' 2}&= ¢} Ribavirin prodrug3& 7o) A&
“rpolels e AZ o A Fof B4 R IF
O Ribavirin-TAEZ Fo3lal 12413 Fol= 8503 aFoA AW &3 o] ZHF5 o




FFAE &3 FEo] A7 (Feeding) Ett Al
Aoz digdr. of&d

ribavirin- =
Ao A = %“é o] l:—t—lo: ribavirin &
g FEHsE doyk e Q1 ribavirin-TA %<
ofeid 5 FTFo] B W CPE7} #+#¥A] &&= o= Hol 97

A3t tiARA = e o iﬂ‘ﬂ% wghsty, o] &
= AT 5 A (£ 3

Ulo

o] 9+ ribavrin ==

3
Fobolel 2~ mibE viehy
@ Ribavirin-TA®] SPF "YU %] A &ulo]le]~ g3}

O 3701¥® SPF VY= A & ribavirin-TAES AFAS 25 HFsA %2
Za)o w2 Yt Ribavirin-TAE 35 750mg 2 0dpiol A 4dp177}7<]
TF3tt 0dpiol 1x10°TCIDsS] Asial/Shamir T-A|SHlelH 22 HE

s A= 8¢ 1+ iy, 74, A4, B 5o AT

o] 7]l wet RYUE Y sttt (ZLE 93). 9 T2 1 329 dAT

Aste] A4E w7l 2z R GER AT

750 mag/day of ribavirin-TA

Administrationtime: twice a day fromday 0 to day 4 (for 5 days)
-6h Ohgh

Wi isild 4

Odpi ldpi 2dpi 3dpi 4dpi Sdpi 6dpi 7dpi 8dpi

,‘ Inoculating 10° TCID., of Asial/Shamir

l, Clinical sign (control group)

J} Chow feeding with ribavirin prodrug3 (375mg/dose)
‘ Euthanasia

1% 93. Ribavirin-TAE Abxsol] H7bste] Fo A] SPF wYs=] x| A] G4 ufo] ]~

e AEE ZHL AT 4P 27

Aol
A A8 of] A

& 2w 1247 B¢ AWES =k A
Al (RMP, RDP, RTP)& & 4ol ¢]

(9641 ZEA ) ol
Well A 24
8 A

s A7T

% 32, A FAA AN Sl e AFAF Fr R
=AY E SH4z Score H| 31
40.0C 1
)& 405C 2
41.0C 3
2 &7 1
AL & A =
FeAF AEAHAX or AHEEA 2
i 3} 3§ 1
X 3)
FA kS 2
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4
B

el e Rl el N

8-
[ Ribavirin-TA_1
3 Ribavirin-TA_2
Hl Control_1
61 M Control_2
2
19
2
54
a9 942Ribgvirin-TA o] § SP
@)
2

Day 0 Day 1 Day 2 Day 3 Day 4 Day S Day 6 Day 7 Day 8
Days post infection

2 dpi (control)

> hed

4 dpi (control)

3 dpi (Ribavirin prodrug 3) 5 dpi (Ribavirin prodrug 3)
A

1% 95. ribavirin-TA $9] % SPF uUsjx|o] A A9 A4 Z4F 744

k]

il

ot

O FAlduteld & FAHT 6413 A (g4 Fof)oll v 375 mge
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At 28y ribavirin-TAE Alae} A A3k
& o]l A AE o] Sdpiel g whal, 8dpiol Ww A gk mpE] v} dhsgel] ¢

(29 94, 95). o] AF}ZFHE ribavirin-TA7} dnpo] g 24 24 4]
dEdsdEs Ad 2 F5FE 245 Ugddr B F Ao 24y oA Fo S8 &
dol UEtyr] AlFtsteE Ao w Kol 9 HA3S Foto] AR v 9 Fo W
:

3TF Ribavirin-TAE A=< 7 AHFHSHA &2 24 dixatd A= 2dpidl A3
e B

12

L} Ribavirin % ribavirin 21+ &9 PK, 54 <HdA +4

(1) Ribavirin 9AFT R &2 2] Mouse PK A&

O Ribavirin& A A o]
T

£ (bioavailability, BA)o] o} AwlFo] thu] 7% 9
of Fou A, B =

& o
ATt o] s HAALS ribavirin®] A AFENCl ribavirin triphosphaste’} 2 & Ftol]
of & Wl &9 60v] ol o= o]z <laf AHdge] ATP AR wE 3
ol7]5o]l Azt o A= &d(hemolysis)s Fst7] wi-olth (De Franceschi L et
al. 2000, Hepatology).

Ay 9] extravascular hemolysisE A 7] =

O ole] wat A npolg el AZEI}E BRI ribavirin®] A of

A =& AAstn F
st4  wevlgE XStz skt Ribavirin®] A fEe ¥, 2z 49
gastrointestinal (GI) track oA AA oz HA 7M4-EalH = ester gEE AA
Holow, wer2s dFdom A gAET H7F Aol MF Fgd
ribavirin-TA®] PK % AJA| o] & &5 A5t JAFEREH AP AFE FlstA

o},

Oh AF Az 2L Py

O sz 4

ki)

O Ribavirin®} ATt ¢FE<l ribavirin-TA¢ v}~ A o] &EF % ribavirin-TA

P2
T A% = ribaviring % $2E 4317 98 5573 male CD-1 mouseE A&
EA=
O CD-1 mouset Wl 5, A5 ol WF +3tetar 75" A3 A 1243 &<t
AAAZAY Y F RS Fol F LAAYE 0 FEe9, B Afe] A
ANATE AQ AAE ol A A ST
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O Fo €92 10% DMSO / 9% cremophor &4 o =2 |23 & HAWMEoE= 2 mg/ke,
BT 10 mg/ke §F o= Folgi

O Fol ¥ 7t AR Azl heparin A7k Hol 2 capillaryE ol§3ke] melAY 3
Hat, RE AANE GHOR ol BE L YHFY BdIRE nARYY

¥ 33. Mouse PK & 213 HWhH gok

Fol=4d Ribavirin & Ribavirin-TA
FAR= 747 (PO) e g (IV)
Fo8%F (API 715) 10 mg/kg 2 mg/kg
Fo 5 10 ml/kg 2.5 ml/kg
&1l (Vehicle) 10% DMSO / 9% Cremophore

Fol & e Solution

AP A2 0, 20, 40, 60, 90 min, 0, 5, 10, 20, 40, 60, 90 min
(11 points/IV, 9 points/PO) | 2, 4, 6, 8 h 2, 4,6, 8 h

N A (n) 3

Ay nEqd S
gF-S- 1A Sodium heparin

O A EH9l ribavirin¥ ribavirin-TAE powder M EIE AF&3IRon Alg H7bA|
20Tl A BpseTh

o

up-$-2~ 5o A Ribavirin® ribavirin-TAE U #A &S AE3ste] HQvksE A5}
o] DMSO9 6 mg/ml 5%7} ¥ EE stock solutionS A %3} 3L, Calibration curve$
¥ 9L stock solutions acetonitriledl] 3]24ste] Z+ZF 3.0, 9.1, 27.4, 82.3, 247, 741,
2222, 6667, 20000 ng/ml X% working standard solution® %S %, working
standard solution® mouse plasmas 5 nl : 45 pl H| &2 EF3sle] ¥+ w27}
0.3, 0.91, 2.74, 8.23, 24.7, 74.1, 222.2, 666.7, 2000 ng/ml°] = Al spiked} %]
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@ g AE AAg F oy &4
O Spike¥ calibration curved& E+H¥ 2 sample Internal standard (IS
Diclofenac) 100 ng/mle] *¥3F¥ acetonitrileS 5 pl @ 100 pl v 2 T3 F A0 A4
Els 16,000 rpm (27,000 g)o. 2 4T A 108 3+ A &=
stttk A= F 80 plE B8] 5C autosamplere] X #3e] LC MRM mode® &
AstAnh A5 A e BAHE 45 e ofol~d QoA Qi

3
10% =<l vigorous vortex3d %

O QTRAP 4000 LC/MS/MS (AB/SCIEX)®] MRM modeE ©]-&3to] A& et Wl
S A JgEgon, AR dF F TE dataE o] €3le] WinNonlin
software (Pharsight, ver. 6.2)& ©]&3} noncompartmental analysis® ©¢F&E-5 g2 3}

g HE ekl

(h 2@

10000

1000

- 51,0V, 2
—-— (52, po, 10

Mean (ngfml) + SE

100

10

Time (hr)
29 96, mp9-2o] Ribavirin ¥ & d# U ribavirin % ¥H3} 4
(Ribavirin iv 2 mg/kg & po 10 mg/kg)

1000
%
H
g —— iy, 2
g
E -

=1
-
=)
[}
e
un
o —

Time (hr)

% 97, up$-29f Ribavirin-TA %9 ¥ &% W ribavirin % ¥H3}

1
o
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¥ 34. Ribavirin ¥ ribavirin—-TAe°| W3l n}-9-~ PK A& Ay} QoF

. 7ol way ga | 7O l;:i Half-life Tmax Cmax AUC 0-8h Aifei’cf‘lh -
ANdE=d A= (ng/ke) (hr) (hr) (ng/ml) (hr*ng/ml) (hrng/ml) %)
Gl A A iv 2 4.54+0.296 0.08+0.00 1,007+87 767+38 991+46 -
G2 A A po 10 4.36+0.963 0.44+0.11 2,506+1570 3,142+531 4,173+855 84
P P iv 2 NA NA NA NA NA -
a3 P A iv 2 5.51+1.423 0.08+0.00 34029 385+9 541+43 -
P P po 10 NA NA NA NA NA -
G P A po 10 3.11£0.048 0.67£0.00 458458 1,520+149 1,836£191 | 68
* A @ Ribavirin,

P : Ribavirin-TA

O AlE &4 Fo T EE JfACdA ol de B AN TS AFHA Fgon,

Ribavirin ¢} % &% W ribavirin %% 29 96°] F AR ribavirin-TA F¢]
= @4 U ribavirin ¥+ ¥ 979 Z AR T Ribavirin-TAE 5o d=¢ F3
A Fo] & FF oA kEo] HEWA F%en, Ribavirin Fo] wh9-2olx 9] BA
= 84% =2 UEtth AAAHQ Al Ay E 340 foFeith

O Ribavirin-TA®= 47, A% Fo A 4 W &S s ST 5 A ol
olfr= AA 1) UAIEEYE e} ribavirinl 2 H43] A3 A, 11) Ao 7 4479
ks ASE 5 & du a8y B A EoA ribavirin-TA ¢ ¥ ribavirino] &
F oA #EF AEH+= A0 R Hol ribavirin-TA”} ribavirinC & A3 EHE AS H
F3 = At Ribavirin®] AAo]EEo] 84%<21 Aol H|&| ribavirin-TAE 68%
(ribavirin &% 7|5)=2 ’\LEHZ*QE v s Helow WHil7] = ribavirin (4.54]7F)
I FAEAITE EA-AIZEY] HuFEE 48T 5 Cmax”’F 340 ng/mlE ribavirin (1007
ng/mhXEtt d A3 okt

O %7] npolel = A A A1 vtol 29 A& i LE =9 ribavirin]
L7HY, ribavirin-TA2] @& Cmaxs UA TAY WHojagsol &dd B3A 7}
13] FAHE e A Estrlel AdshA skt 28y 543 @4 s% STl
hE w4 54 2 FAES e F due FHe] VdEHE R FF o] RiES HT

(2) Ribavirin 93% R 522 A PK, 54, kx4 H7}

O Ribavirin® ¥% oJ&4 =Ao] Qo] AFFo Al o8 HAZdA Alset &4 <F
A3t FS HHAA Ak st AoFo] wrETh gy Atse) A TS
T FAYHEE A T AR AH G dHAF AD o] FopEFH Al
T 2l

=00l U 4 lthe wHlo] Uk 2% FAE Qo] Frbz FHtis Bl
o, AAE nE Folzh sbssha vEe] WA YRR A 8rbser] vl
s £400 488 4 vk olol We} ribavirine] AT L& Felo] W ok
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Table 1: Conversion of Animal Doses to Human Equivalent Doses
Based on Body Surface Area
To Convert To Convert Animal Dose in mg/kg
Animal Dose in to HED® in mg/ke, Either:
Species mg/kg to Dose in Divide Multiply
mg/m’, Multiply | Animal Dose By|Animal Dose By
by ki
Human 37 -- -
Child (20 kg)® 25
Mouse 3 12.3 0.08
Hamster 5 7.4 0.13
Rat 6 6.2 0.16
Ferret 7 5.3 0.19
Guinea pig 8 4.6 0.22
Rabbit 12 31 0.32
Dog 20 1.8 0.54
Primates:
Monkeys® 12 3.1 0.32
Marmoset 6 6.2 0.16
Squirrel monkey 7 5.3 0.19
Baboon 20 1.8 0.54
Micro-pig 27 1.4 0.73
Mini-pig 35 1.1 0.95

* Assumes 60 kg human. For species not listed or for weights outside the standard ranges,
HED can be calculated from the following formula:

HED = animal dose in mg/kg x (animal weight m kg/human weight mn kg)
® This k,, value 1s provided for reference only since healthy children will rarely be volunteers
for phase 1 trials.
© For example. cynomolgus, rthesus, and stumptail.

a9 98. AZEHAES o] &3t = A& &FS Al A AL W (23 ¢ Guidance for
Industry Estimating the Maximum Safe Starting Dose in Initial Clinical Trials for Therapeutics
in Adult Healthy Volunteers —"= FDA &3 7418 A5)

0.33

O Y Be BEAA A8 §F2 A HAET 5 de Yo BAtE AN
of el 71sol ek olF Garstel Aol ddHoR AYsE 3L A
e AES ANSAT

O %ol §% AR o] AAl FH FEE AW F; B glol Al AN
g5t %S A4 A8 F AXF BASRE AN (17 9% FE Fol
98 FuEdel 2Askel MRkt (1Y 100)
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Formula for Dose Translation Based on BSA

HED (mg/kg) = Animal dose (mg/kg) multiplied by L Lo B
Human Km

a9 99, & Hed &S oA Fake= W (Reagan-Shaw S et al. 2007, FASEB J)

Table 1. Administration volumes considered good practice (and possible maximal dose volumes)*

Species Route and volumes (ml kg
QOral S.C. i.p. i.m. i.v. (bolus) i.v. (slow inj.}

Maouse 10 (50) 10 (40} 20 (80) 0.05% (0.1)® 5 {25)

Rat 10 (40) & (100 10 (20} 0.1® (0.2)® 5 (20)

Rabbit 10 {15) 112} & (20} 0.25 (0.5} 2 {10)

Dog 5 (15) 11{2) 1 (20) 0.256 {0.B) 25 L]

Macaque 5 (15) 2 (8} © {10 0.25 (0.5} 2 e

Marmoset 10 {15) 2 (5) © {20 0.25 (0.5} 25 {10)

Minipig 10 {15} 112} 1 (20} 0.25 {0.5) 25 1]

*For non-agqueous injectates, consideration must be given to time of abserption before re-desing. No more than two intramuscular
sites should be used per day. Subcutaneous sites should be limited to two or three sites per day. The subcutaneous site does
not include Freund’s adjuvant administration.

"Walues in millilitres per site.

*Data not available.

28 100. oA FoJg = d= o &% (Diehl K et al. 2001, J Appl Toxicol)
O 4+ F4

O AtgolAlA AEH= &7 ¢ WHO a8 Fo=F 7o st 54 EA A e o
Ao A, T4 8E 49 FH fol 7] starting dose= 30 mg/kg/day = H4
HAlo] A&d &1 kg 71+) 2143 mg/kg

Bt HA FA 15 kg

oA &% 1 32145 mg

Fof " 1 10 ml Phosphate Buffered Saline(PBS)oll 321.45 mg9| ribaviring 3] 4] 3}
of FALZIE o] &ato] s A oA H

ot

O O O O

@ =% FA4

O #A 2~ Y% o] (Rhesus monkey)e] Lassa fever protection model®] X8 Az & 2ko]
50 mg/kgeoltt. o] & ilsto] Aol A AT &S ST

O Ao Hg=d &F(kg 7|5) : 17.14 mg/kg

O Hwt HA FA ¢ 15 kg

O o &% 1 257.1 mg

O ol R : 3 ml PBSl ribaviring 34 gk § o] (7] slFEe] Hak el A
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35. Ribavirin9

A

-
EEa

O A= =4

~N

484

1k

N

3641

24771

T

N

16A]

8413t

N

44

e

24

e

408 14

20+

10

39.7°C
39.8°C

39.4°C
39.6°C

39.6°C
39.7°C
39.7°C
39.5°C

39.2°C
39.6°C
39.5°C
39.4°C

39.5°C
39.6°C
39.6°C
39.6°C

39.6°C
39.4°C
39.6°C
39.7°C
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19 101. Ribaviring &5 FAFSE =%] 2vfg] o] A F4 g =
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402 /\
TN
398
/ \\ /N\\_ /\/ —C}X|3
396 V4 N V—f —=fx|a
394
39.2
39 T T T T T T T T T T 1
102 02 02 AT 2NT AT BAZE  16MZH 28AZH  36AIT 48AIT
7 102. Ribaviring A+ FJ3 %] 2vg]e] A2 F24 =
@ ¥4
O AF F AT VAL BB 7E AFTYolA RALL JEA gl Alw
2 S7E Ao R 93 8 THE HolA LUt & FAS 1FolA
5o #F Ay 4z, ¥y, BE e HE FHE8Es #FEE 5 gl (o™
104)

a9 103, WAL 2% FAEF 1A F AE P9 AR

44
1%

103,
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@

3 36. Ribavirin o5

A wE Ax

25 Ul FAF = AT A
i A4 B9
1A1ZE 2A12F 4X7F 8A1ZF  16A1%F 2441%F 36A1%F 48A1 7+
RBC 57 8 (10x12/L) 4.36 5.98 6.9 59 6.19 6.48 5.28 512
HGB 10.7 ~ 16.7 (g/dL) 8.4 12.7 13.2 10.7 11.7 11.7 104 10
HCT 32 7 50 (%) 26.13 35.2 40.33  32.11 354 35.23 35.2 33.8
MCV 50 T 68 (fL) 60 59 58 54 57 54 66.7 66
MCH 77 21 (pg) 19.3 21.2 19.1 18.2 18.9 18 19.7 195
MCHC 30 T 34 (g/dL) 32.2 36 32.7 334 33.1 33.1 295 29.6
* RBC : Red Blood Cell (AE)
HGB : Hemoglobin (B2 Z=R])
HCT : Hematocrit (JEREATE)
MCV : Mean corpuscular volume
MCH : Mean corpuscular hemoglobin
MCHC : Mean corpuscular hemoglobin concentration
¥ 37. Ribavirin 4 o $ 9d HA}
BT Fo & A Al
3} & R
1A1ZF 2A17F  4A1ZF 8AIZE  16A1ZF 2447F  36A17F 4847
RBC 57 8 (10x12/L) 6.46 451 7.92 6.25 6.58 6.89 6.26 597
HGB 10.7 = 16.7 (g/dL) 124 8.6 14.8 11.6 11.7 12.3 10.9 10.6
HCT 32 7 50 (%) 35.12 247 43.03 33.58 35.23 36.82 379 37.1
MCV 50 ~ 68 (fL) 54 55 54 53 54 53 60.5 62.1
MCH 17 = 21 (pg) 19.1 19.1 187 185 17.8 17.8 174 178
MCHC 30 T 34 (g/dL) 35.2 349 34.4 34.6 33.3 33.3 28.8 28.6
FEhH 77t
O Ribaviring =X dl &3] A5+ 2 5 Fof & AR Ao APste] s %
WES ol §3te] BAFOZM 5 FA o] T Fol YA EES FAsI] st
of A5kt
O Alg A3 T8 FALY AS FHashod =gste= Algko] 0.17A7te 2 A Fol4
ARG @gton T=gdEE® 17700 ng/mlez2 4+ Fo9 79 (8740 ng/ml) Rt}
wokth EQ wgbv)e FolFRe Rushl of UNtoR BUSAL, T& A )
H A Fojo] thsgt AA|o]&ES AUC INF prediction 7|F O 2 77.6%0°l o] 27t}
(29 105, & 3%).
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20000

Mean (ngiml) + SE

Pig PK (Ribavirin im & po 1 mpk)

X 38. WA A ribavirin® &5

4
2

)
B

AT ol A o}

Parameters <5FAF (IM) BT5Fo (PO)
Dosage (mg/head) 257.1 321.45
Crmax (ng/ml) 17700 8740
Trax (hr) 0.17 4.00
AUCy (hr#*ng/ml)_predicted 284655 220556
AUCa (hr#ng/ml) 216867 168393
ti2 (hr) 23.64 23.64

=

O FoAd=z ¥ 54 9 PK 23S dolr 7] Yal, =l Aol ribaviring 47159 &
TEFAL ST AT F e 25 FAME vlasty] flE] AbEE Yol Algdhe AR
SES 7o ® HAY HEsArh tE &3S FAsAS A, ATFFAY 25T
AV B %27] BAES YEA = 2T

O oF&sty Hrlhs A 5o 1t} ribavirin®] SFAE i X oA v a3 AS B F
AT S dFNA HA T FAGe] FAEHE YeExoz Ag EEA st 2 A83t
HEZ Bolt} oy FAS HY Ag, o]y aAE Eo EA S5FH It she e
T x| A 32 ¢l ribavirin &2 7)Us7])= o] @)l

O FAMAIZA ARG ofgF "o}, WAy W8 Fo 1y, A Fo= 54 O
o 7HAa, Bty $5A 5 AHo] worng 28 Fol FaALR o] Hx LAY g
A B o= o fEd oz gl
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t}. Ribavirin A A% Ad A5 2L o-AA Hu}

A

(1) AbE H7Hg A 2 S A7EE Al A1F A

ot

O &A, A4 (Sizdsw), 52, FFE4EETS 749 PFnfolgs FrEH9
5 A7HE A GEel FEAR AT =d 2 g4, dd =24 dE 54
A8 A V=S gEsd (31 39)

FE 39 AFRFHZMAl BEA A8 A A3 9 Ve 4F

AnT =2 %]
(Fa 7S AE B Sk EE:
84 45)
Moisture 6.8 gFE 10% ©] st
8% Cellulose 43.8
Ash 12.8
%3 30 mesh on 359
50-80 mesh on 58.6 _
HEEEN 80-100 mesh on 49 0EAA 9% o1& T3
100 mesh pass 0.7
CaO 53.4
Fe203 0.6
3% MgO 1.9 a9 BAANS &<
Si02 1.7
Al203 0.45
N8 Aw 30 mesh on 27.5
30-60 mesh on 39.3
UE=FE¥% | 60-150 mesh on 21.0
150-325 mesh on 29.5
325 mesh pass 3.7
Az 0.1 3.0% o|3t
THS 0.0 3 ppm °]3}
Ao 3] 0.006 0.1% o]}
drEHF 0.8 1.5% o] s}
FRAQEE
g pH 5.7 45-6.5
Azg= 0.08 1.0% o] s}
a5 0.0 4 ppm ©°]3}
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O 2% 1067 28 107904
At F8A B ZFoA w)

VWD1 A, Wavelength=207 nm (DADATAKANG MIN HEEWRIBAVIRINRIBAVIRIN 2016-05-18 10-27-101004-0401.0) WD
z
500 8
& 500
00
400
300 <
200
100 100
0
2 4 ] 8

:1639.2 mAU Area :

W1 A, Wavelength=207 nim (D'\DATAKANG MIN HEEWRIBAVIRINIRIBAVIRIN 2015-05-18 10-27-101002-0201.0)

3,620~ Rivaviri

2 a 6 8

1623.2 mAU Area :

Area :

=g ¥

19 106, B84 At

VD1 A, Wavelength=207 nm (D:\DATAKANG MIN HEE\RIBAVIRINIRIBAVIRIN 2015-06-01 10-28-41\004-0401.0) W1
mAU £
-4
500 %
@ 500
400 400
300 300
200 200
00 100
o 0
2 4 6 8

Area @ 1667.7 mAU Area

Bate] FHE ERF F EF 871 Uel 42
AN AAG AB dstel LC BAL A8

/avelength=207 nm

ribavirin A% &

HEEWRIBAVIRINRIBAVIRIN 2015-05-18 10-27-10003-0301.0)

2 4 6 8

1644.1 mAU

(D:\DATAKANG MIN HEEWRIBAVIRINWRIBAVIRIN 2015-05-18 10-27-101005-0501.0)

1638.8 mAU

S|
Qi

A, Wavelength=207 nm (D:DATAKANG MIN HEEWRIBAVIRINRIBAVIRIN 2015-06-01 10-26-411003-0301.0)

3522~ Ribavirin

2 4 6 8

1637.2 mAU
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D)

RIN 2015-06-01 10-28-411001-0

IRINRIBAVI

n (DADATAWANG MIN

th=207 nm

WD1 A, Wavel

10-26-411002-0201.0)

0601

IRIN 2015-

07 nm (DADATAKANG MIN HEE\RIBAVIRINIRIBAVI

LINSGRS ~815°E

ULINEGRY - 025'€

1668.5 mAU

Area :

0 1648.2 mAU

Area

s

ribavirin

<
T

a9 107. #EA Bok &9
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@ A9 A

3E 4L AAEHTEE ARAY] 7HE B 7S b A1E raw data
EXER L T2 0F3 | 1FR | 2% | 43 | 6FA | 8FH
Area(mAU) | 1665.852 | 1658.608 1650.781 1625.388 1665.937 1660.433
A
Percentage 99.6% 99.1% 97.6% 100.0% 99.7%
28
Area(mAU) 1689.25 | 1682.963 1600.714 1671.137 1652.033 1652.253
B
Percentage 99.6% 94.8% 98.9% 97.8% 97.8%
Area(mAU) 1661.98 1673.382 1610.323 1604.954 1602.693
A
Percentage 98.4% 99.1% 95.3% 95.0%% 94.9%
=
Area(mAU) 1694.675 1686.739 1668.852 1649.97 1654.163
B
Percentage 100.3% 99.9% 98.8% 97.7% 97.9%
Area(mAU) 1641.113 1640.418 1681.668 1666.588 1635.492
A
Percentage 97.2% 97.1% 99.6% 98.7% 96.8%
71
Area(mAU) 1666.7 1656.395 1660.258 1659.909 1658.652
B
Percentage 98.7% 98.1% 98.3% 98.3% 98.2%
2000
1900
1800
1700
1600 T g T
1500
1400
1300
1200
1100
1000
0K 1343 2R} a4z} 64} BEX
g A 2 ) g L 2 ThE g FHEE  —g—TE N 7t=B
T3 108 AEEZHE A THE 2 LS g AlE Ast
O At: H7F& AFAl A& 9 ribavirin AlAle] thaf] ALx2d 2 7HE 7FS oA kA
e ZANAES W, BE DFIA AT 249 8FA BA Aol w95
A fASE AL HASY b R AAEEA BFA R34 BE LSS 499
Aol wuaA A GEkoy, REA AT ALRS A9 FAAA fel4e
HAE A eTh (3 41, 19 108).
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=
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D FH9 100 g (100 ml) 2 ribavirin 16.8 go]
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E 42, AR ATLE A HE AP A3
Ela=s e ] HkE 2 HkE 3
SAHEE 25T
L3 = 15.3 18.2 16.8
Y g% 16.8 (g/100g)
b E RS 271 b8 U 5 H7EE A AP 9] ribavirin Al A el o 3
2=z 2 7t 7FE 7oA ribavirin®] FAAAE FASE S W, BE IFolA
F 24U 877kA BAe Aol wg S5 fAHE AL FAAG (
43, 719 109)
E 43 95 A7E A4 JkE 2 kS 434 AP raw data
zA T 0=} 15=2F 27 2F 4= 6%} =}
Area(mAU) | 168052 | 1673.612 | 1653.181 | 1635528 | 1645921 | 1630.522
e
Percentage 99.59% 98.37% 97.32% 97.94% 97.02%
Area(mAU) 1641.468 | 1683522 | 1660.783 | 1634.554 1642.93
=
Percentage 97.68% 100.18% 98.83% 97.26% 97.76%
Area(mAU) 1631.734 | 1620.148 | 1631.645 | 1663.554 | 1635.332
=
Percentage 97.10% 96.41% 97.09% 98.99% 97.31%
1500
1800
1700 . —
1600 o
1500
1400
1300
1200
1100
1000
0EX 125} 277} FES S CES!
a3 109, SFH7HE AAY TS H 7ES PP AlE AR
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B Ribavirin A/MZ MAF 2 HI}
7}. Ribavirin A A2 SPF vlYys| R|o A FAS oA a5 A7}

(1) Ribavirin® adjuvant €% A& A4

O wl$-2 Ao A= ISA-201 adjuvantE AFE-31Y] ribavirin® +#419 A4 235 &
detAT (29 91). Adjuvants AHWHS S7HAA FupolE s BHRE Eolal
ribavirin® AW F5E AAAA PK Z2updoly} bHAS FHAZL Aoz ot
2ttt Ribavirin A A& #AZ37] A ribavirin®] FAFEE 93 A oA g}
5 Fol7] $15te 33t adjuvantE A A8 $15F] ISA-2013 ISA-206 & 7}

l|:4
A adjuvantell thste] SPF WU A& o] &3 A9 oAl a5d7HE A8

O Ad W L [SA-201 T ISA-206 adjuvantE 1.8 g9 ribavirin® &3%3te] 3719
SPF "y s x]o] <5 1?04 5t T}, 1X10°TCIDs Asial/Shamir A ¢lvfo]e] ~E Hin}
ol JFstaurh 8¢ 1+ FAGe el et dASASs dEeta 1 329 7]l
uet AeE A 7= 5} At

1.8gribavirin+ISA201_1
1.8gribavirin+ISA201_2
1.8qg ribavirin+ISA206_1

1.8q ribavirin+ISA206_2

control_1

Clinical score

0 1 2 3 4 5 6 7 8
Days post infection

1% 111. Ribavirin®} adjuvant <3 A8 A4S ¢3 SPF v|U#H X 2537 A3

i
O

O A3 A3 Y 49 ribaviring T35t o4 ISA-206 AP o] [SA-201 =3~
ol vt o e FAY AdAHTE Hole AR Hol [SA-206°] ISA-2019] H]
ato] adjuvant=4 & &35 YEUT & & Aok (2" 111, webA] Al A EFS
[SA-206% ©] &3t A= 7= AA3AT

o

(2) Ribavirin A A& &% H7}

O AAFE ribavirin Al A= (RIBA-DOE)S o] &3] A9 A 25FHE AAA
o} Az ] TAS A A3ES 71AEY] ribavirin A AE @5 Fojol WAyl W g F o
ouiL

Al
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p-

Q (1
. - =] . - =3
10 1.8g ribavirin+|SA206 & :g 104 1.8 ribavinn+|SA206 5 2
= =
o 5 5 B Cinslsoore 28 5 E -
= = = 248 o = # Ciinical score_248
g 4 5 TV UM g 45 & senumoes
= - ¥ .= Swsb_248 & “ -
E oo . - 5 3 = 3 S - Sash 48
N - 2 )
= 2= = 2B
& 2] [
13 13
o 0 Z 0 2
o 1 2 3 4 5 & T & o 1 2 3 4 5 & T =
Days postinfection Days postinfection &
& - &
0. 1.80ribaviin+ISAZ06+vac o 3 o, 1BOrLAVINN+HSA206+vac 3
2 g
- & F5 ELT B Cinicslsmors 252 8 5 5 @ Clinical score_263
'é L4 & -+ Serum 382 'é' |4 & —= Seum 263
= g4 2 . Swsb 252 & 7 - Sesb_253
o Fa = - o Fa =
2 < =] LN =
B 4 g B 4 S z
5 - F2 g, 6 Iy -\-'. F2 @
. | Y ; .
2 T o= A y 1 2
o ", | ",
o T —— ———% o '5 O . ————n ] 5
o 1 2 3 4 5 & T & o 1 2 3 4 5 & T &
Days postinfection Days postinfection
o 2
i N egative control
10 Negative control s g 1t (=1 & %
2 £
5 5 i 5 §
» 2 B Cincalsoore_Z44 - = B Clinical score_245
g 4 S -+ Serum 244 g 4 8
3 b = ! o~ Serum 245
= g g Susbad 3 g 2 % Gumb 248
E & = £
= 2 = = 2 m=
[ &
. g 2] 13
o Z o 0 Z
o 1 2 3 4 5 & T o o 1 2 3 4 5 & T o
frizh Qe

Days postinfection

Days postinfection

g THIWS: Yums,
o W7V I BEL RHAL0R I (H0]22 BF)
HIB0AML HESE FAALHL Y

- TEEY

S5dpi (Ribavirin+ISA 206+vaccine)

Sdpi (control)

19 113. Ribavirin AJA|52] SPEF plysi Aol A 219 oA a587F 43 23 (kD)
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O A3 Wwy @ SPF "YHAE o]&ste Z+ 2% & 2% 4 RIBA-DOE (18 ¢
ribavirin + ISA-206) ¥ (25 1)¥ RIBA-DOE$} WAl HEF: o (IF 2), &2 (1
F 3o Ui, oFA &% Fo] ¥ 1X10°TCIDs Asial/Shamir 74| Gufole] ~E b
wieboll HEFsle] 7Y b dATAS AEEAT AT HES ® 3200 oA AFFEA
ok gl ) A3} v 3G 29 MESEHE vlo]gAE ®Edal real-time RT PCRE
o] &-3lo wlol# 2 Y& A

O Ad Ay @ a7 1dAE IdAF7F Ha 39 who]l Ha 58704 FAFHAoH, v
ol dF 3 wlolg| 2 HjEo] 39 i 4dAo] HuXE YEhfaL, vlolg s Fe
%ol HE/AEHAt. 2F 204 ¥ 1199 Ao A H
5 ATl HE Rolx gorm, dol 1 nlo]

AZH A gt 2~32 v 1X10°7%9] vl A ke oko] ulo]g ~vylo] H|E
g]AE

%] 7F A s==2 Ay, fdE 80 A8 Yes 757¢
F ook 4 xR aF 39 45 o 1X10°9] w$ =& Fe] wolg At wjEH
As #Rlste]l FAlgntolel s S0 e dojua des & F U (2™

¥ 44. Ribavirin ¢ W49

Az UBEI YITAI PHARMACEUTICAL CO., LTD. (F=)
TA o EAJEHAE (enl=)

TFd=4 Ribavirin

Al ZH F (Batch number) 150201

TFUF 50kg

A

O 99 22 ygo= 20154 129, wHSFAHAGERA YA E AEstA e, A
ZAFQl HUBEI YITAI PHARMACEUTICAL CO., LTD.Z4%H <
(150201)l th3F CoA (Certification of analysis)E Ag@wi &

AE 9 B F £9¢ AYaAd (1F 114,
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(W) 959 = (purity) &<l

O HUBEI YITAI PHARMACEUTICAL CO., LTD.2] CoAcll el3tH, HelA S
E¢l Ald " Thin-layer chromatography® ¥413t1<S W, 99.3%¢ ==& 3<¢ld}

ATt

i

O 1 98 Fhol&F=(pH) Ay, T3, 55 T§F 5 A F&HA AE A3t
FH44S ddsArt
O 9¢} & Ygoz 2016 19, ribavirin 50kg?] o] &5FHJoH, AAF A=

oA 4 HUBEI YITAI PHARMACEUTICAL CO., LTD.o] CoA¢t FAFSE 3&E5of
st 2 EAS AAIsE, CoAel W&ol H&shs glstdtt (Data not shown).

=
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HB@YiTai Add:Tianmen,Hubei,431700,China

PHARMACEUTICAL LTD. Tel:+86-728-5332627 / Fax:+86-728-5335936
— W d = B H b — market@yitaipharmacy.com / www.yitaipharmacy.com
i R AW AR ARIRIEIRE
B FH®

HUBEI YITAI PHARMACEUTICAL CO., LTD.
ANALYSIS CERTIFICATE FOR RIBAVIRIN

# & H # Ok w5
MEG. DATE A1 ANATYSIS REGISTERGL %] % &
ft S k& H # |
150201 2015.02.15
BATCH NO. ANATLYSIS DATE
Ed 2 1000KG " OE R USP36
QUANTITY QUALITY STANDARD
# % m B o M E g R
Analysis Items Standard Results
e
B -33.5° ~-37.0° -36.0°

Specific tests
[%5]] Identification

LA shtiE EA A A PORCRT N EAR L - 8 ST
IR The infrared absorption spectrum of Sample compare with the e
RS exhibits similar intensities of absorption at the same wave Conform
numbers.
2 BEGE
=R RSB RN RE SIS AN R~ | oo
TLC FFEHE
The Rf value of the pricipal spot obtained from the test Conform
solution corresponds to that obtained from the sandard solution
pH 4.0-6.5 58
- e
ﬁ%%ﬁ sl ;}:Bﬁ: . . =0.25% 0.1%
Impurities Any individual impurity
AR
=1.09 0.1%
Total impurities 104 ’
ThRE <05% 0.1%
Loss on drying
Petals = 0.20%
Ekﬁﬁé L =0.25% ¢
Residue on ignition
EzRE FeHE
=
10ug/e Conform

Heavy metals

BT &, FREFHH (CHENOs) 98.9%~ 101.0%
[4&] Assay Calculated on the dried basis, contains 99.3%
98.9%~ 101.0%o0f (CgH;3N,Os)

# it AEEHEERE FE O WFE B 201702813 8
Result: Conform to the requirements of standard Expiry date: 2017.02.13
THE DIRECTOR
OF THE QUALITY = % % I
LAB SECTION _ B4l EXAMINER [ ANALYST _ 5K

2% 115. Hubei-Yitai AFellA A &3 F2H S5

HEol that oA &
o}, ot AT} 5}31H

=~ =
& BAZ BASA Rskes), BEo| 27 29 4
3
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ASS o]

= o = =

Geb §oglont, Aol gesol Sao] W BEel Fe
A

H =
Al FE Y ribavirin Al AlES N2 A

O w29t H XA FFo] &2H Ribavirin-TA Al A% T3 FAMA] HEg = THE
g% 9 [ H7ME Ttz oy, ol A TR F FF AFE S A
gsl7] = st

(W) F-3EAe A4
O H3A AAHS st tgdst FAA A AE ofdler 22 7ol o&] HESHST
i) Ribavirin®] 252 =4 + 9 3 g

= =
T AN AEFEHE Fosls

release) S UEE A
i) #7F4e A W ¥b3-& f %3k immunoadjuvant 7] 5< 7HE A
iii) F7F4Q1 Algdoe] Qe Fes APAoe=m ojn 2ola = FHPAY A

O fl¢ #o] HEZ A3 % SPF HYHAE o] &3 &3/t 4345 Ed=E Zgx
Seppic 79l ISA-206< ribavirin FAFAl Al AE2] FA A2 AASAT. Seppic it 2
A5 s=FE GAA AA HHe] FPA ABA Merial jit:o]
Ao WA Azze] o 7]F 2ol om bHAN AEAPES GEET Double oil
emersion (DOE)2] Oil-Water-Oil Ejo] HdA=A, 945 EZ

| B93 Aow Iy Jr} (Bartett PV et al. 1996, Vaccine). A

rete] ARESHAl 2 Aoy, WAy U FHAE ARES7] vl
Aoz freldtrhal ddetitt. FAE U= ribavirint

3l o)A e A} ISA-201, alumium hydroxide & % t&

AE AHERE Aol vls] A A ol E a7t vk A Rlo] AU

f
2
‘_):[_l“
o,
H
]
wn
R‘D oL
(@)
[@))
rlo

r

¢
I
18
>~

3
2 £
N

S ST A S
n =
oo
4z
oflt
2
2
o
o
Ao o

ot md ol

(th) Ribavirin F&8% 9 AJAF AxWHe 24

O Seppic jite] ZZEZ| wg} RibavirintISA-206 &S U

dose® A|x£3}o] A=A A miolH A FAHFE An| LY

o2
o

229 ribavirin

< AAstdoen (data
not shown), I A¥%E EUZE A= 15 9 ribavirin®] $t&F 2 A2y 58 AAT
Atk AAE AAFY Az ool Zrh AlAEFe WW2 “RIBA-DOE

(Ribavirin + Double oil emersion)” = 2474 3} t}.
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3 45. RIBA-DOE®S] d& ok 3 2% (105 - 50 mD)
g2 &

Ribavirin 18 g

PBS 22 ml

Montanide ISA-206 38 ml

O RIBA-DOE #Alz%¥ (19 116~118)

=
S ke
© U AR A 7 ARe] dgw Zrbsh A4S TSt

719 116. Overhead stirrerZ AF&3F Ribavirin®} [SA-2069] A %9}, &3¢
Riba-DOE ¥ =

7 117. Riba-DOE ¥ =9 &% 2 Capping Machines ©] &3+ A& 9] Capping

- 150 -




0O )\1-7]%5]— /K-l‘:‘ g2

RIBA-DOEE A4t

() HA7I=] &H

O RIBA- DOEJ ldJOJ Alg 4 S
B3 4 e AA7IFY o] oo, ofe} e

RIBA-DOE®] &

- O

4ee AN
(h AdHel FF 2 )
D 544

O RIBA-DOE°l tjsle] Mz FHE (TH%),

=

oK

=
[}

T, Bk Al

=

M

k=¥l Riba-DOE HF AlA#F

Hell osf 3uix (7 30, 30, 40%; ¥ F 50 ml, 10FE)°]
ow, 8537, PK 24, 54 % &7 37 #4475 &4 <

F7HQ A Slskel AT

o2

3

=

&, o], &= HdEe HARIL

=), 9
RIBA-DOEE 25T “Jefjoll A o}z &&= digt HALS A Ao
DAY == 1,000 Lux o]Ake] w39l ofgjo| A RIBA-DOES] AMEE

SEEXL:
B,
- o BAY AR
- o HAY  wE o
- ¥4 : RIBA-DOE
SEEREES

+ 1,000 Lux o]/de] WAlgel ofgfjol A Hto =2 #zgir}
AME Eopt

Hx Ax duk #43F 2do =4S Ao 54, °|

gol glojof g
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O A& <]
o 7ME
c}.

O vjxA :

A AGe REANN ARG P 2Pel oshe]
A WEEl LFHAY £%AZL WP AW 2=

v A= nutrient ¥} A2} A thioglycolate Bl A
Hj A o] AFHo A 30% ol/fo] BAMoZ Wk A2 ALESHo A

=
=

=K
28 AASEE Mol Ty,
O A= : 37 o)A+ RIBA-DOE®] thale] s ¢} o] wjeksitt
% 46, FHAE w21
Hj =] wjeFEE | WA A v g o
Nutrient agar + _
95 ml 04 ml 474 Z+ 0.1 ml - 47)
Nutrient broth 4 ml 470 7+ 1 ml - 470
10 ml
Thioglycollate broth B
10 mml 4 ml 474 ZF 1 ml - 47§
O WY HE F M AFERE FEsk 3BT H 25TA 2+ 7 3F i
ok Al Ee Fo]l o wso] oAd wf e AA oste] HiA|7F &
5 gestin 949 vt Az WA oldste] AT & Ak
O &4 AP A ojug Aol ASE AAHHAA = <b

AF&-stt). A thioglycolate
e Fgete] 4
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O Faol2F% (pH)Y 4 @ Faholdsk FA7|7IE ol&sto FHsth 7]7]
validation % calibrations G3§3t%] 371 ol e 7|7]& AF&3slo]of 3t} pH X5
o) 2 RIBA-DOE®] 2%+t B%F 37CE dAAZ §F =HS A3

O ¥4 : RIBA-DOE®9] pHE= 65~8.09 W Wol ajdste]of gk

@ Ribavirin $F=A] g

o 71A

TE
curve®E 41l o]l E3

9] ribavirin®] W3k UV spectrum integration
w2 FE

\=] [e)
AEE AFEAS A4

gt

ez HE AojZl calibration

&

O Ribavirin 5% {34 24 @ F589024 0.1, 05, 1, 2, 5, 10 uM2] ribavirin
NS ZFgro FAEte] A %3 Liquid chromatography (LC)E A A3t ribavirin®l
et TEFAE AT LC AlY 212 ofd xeF 2

3t 47. Ribavirin &% A8S 9gk LC AlE =7

Chemical formula CsHi12N405

Molecular weight 244.2

Column 46 mm x 25 cm column; 5 pm packing L1
Detector UV 207 nm

Buffer Sodium dihydrogen phosphate (pH5.0)
Solvent 30% Acetonitrile solution in water

Flow rate 1 ml/min

Run time 10 min

Injection volume 20 ul
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Conc((;rll\‘slr)ation AUC (mAU) s
- e B R =
5 7124 100
2 3621 =
1 2520 w0
05 2019.5
0.1 1639.3 .

O RIBA-DOE 4]

e AEE 1LC

=

=

ribavirin®. =

2

6

12

3T
ar

A

1% 120. Ribavirin %3 AUC 3 <} X

== 31
QLS |

=z == >~

Ribavirin &+ : RIBA-DOEE Z&F50] 107 34 &te] 10°0] 3
BAo] A&t LC A3, 3.6~3.7 min W W9lel A YEbE peak
Ay, 3 peake] AUC (Area under curve) #<S E3dto] T F=r

2k

i =]

=
e

el tiiste] ribavirin®] %= (UM @9)E A& (2" 120).

2 &

O A : ribavirin 54 3HEH 95~105% HYel Aol 1.40~155 uMe] A¥zts 3§
53 A% gAo=2 dutsi,
() BRaokgAd Al 4 Alg 4y
O H#ekgAd AlgHe] A4
O AAke 38§ 2] RIBA-DOE AlAlEo] tis] 3709 @9 (A AE A2 & 071, 37/0€,
6719)e] BANMGAA AldS, 7| REAY, 7FEAEe 7 7] 27 shell ARSI T
ZF ANz B 2% 2 FE 7|5 oty ¥k 2 (vHSAEGER 1] <F
EgookES oA AlEAF> HE
48, HAHHA Al =k 2 FE 7|F
Bz = w5
A7) BEA]E 5C 10%
A 25T 60%
O SHAAAT F3 A= A3t AA7|FS Z8ste] BTA7He wrE RIBA-DOEQ
orgA S HUtER L, AT hHA HUE A3E FEFAHAEE U] <sE&o ok
T A AR > ALt AAFEe] FaEavIbE AA AT
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@ F7NEEANT A3

o714 30 6714
Hlj 2] 1 RSkt 2 5} 23
v %] 2 &} = g} =) &}
Hl| %] 3 = &} = &} 2 5
£ 50. FoAE A
071 374 6714
vl x| 1 = &} Fai 2 &)
vl X] 2 = &} = &t = &)
v %] 3 ) o 2 &) =z &}
F 51 FaolE =AY A
0714 3704 6714
Wjx]1 | pH68 /70/67 | A% | pH69 /71 /67 | A% | pH68 /70 /68 | A%
Hi=]2 | pH70 /67 /69 | A% | pH70/69/68 | A% | pH69 /69 /68 | A%
Hix3 | pH72/65/66 | A% | pH71/65/65 | A% | pH 70 /67 /67 | A3
¥ 52. Ribavirin &g Ay}
071 ¢ 34 6714
AUC | s=uM) | &4 | AUC | ¥=@M) | #4 | AUC | s=uM) | &4
Hj X1 | 3059.13 1.45 A3 | 3050.12 1.44 A% | 3030.34 1.42 = gk
Hj %2 | 3118.15 1.51 A3 | 3115.23 1.50 A%+ | 3092.10 1.48 3t
v} X3 | 3079.70 1.47 A3t | 3045.66 1.44 28k | 3054.39 145 25
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O 7}&AIE AveE & 53~560] Vel whel )
£ 53. 5448 A
o< 34 6714
v %] 1 = &} 2 &t = &}
v X2 2 & = g} = &}
v %] 3 2 &+ = 3} = &}
3E 54, FAAE A
078 < 3704 6714
L A A gt
) %)2 g 2 g
Hlj %13 = g} 2 gk 2 B}
3 55, FaolEEAY A
0714 3704 6714
Wjx1 | pH70/69 /67 | A% | pH71/70/70 | A% | pH72/70/71 | A%
W2 | pH7.0/71/68 | A% | pH69/69/67 | A% | pH67/70/69 | A
HiX3 | pH66 /71 /69 | A% | pH70/69/69 | A% | pH71/68/71 | 4%
¥ 56. Ribavirin $t&A] g Ay}
0744 3704 6714
AUC | s=uM) | #48 | AUC | s=uM) | #4 | AUC | ¥=uM) | &4
Hi X1 | 3039.45 1.43 23 | 3015.03 141 A3 | 3013.38 141 = gk
Hj X2 | 3083.62 1.48 #5t | 3082.43 1.47 A3t | 3101.74 1.49 = 3}
Hj 2|3 | 3079.72 1.47 28k | 3080.77 1.47 A3t | 3087.16 1.48 2 g}
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O AlAE @ A H4sE 25H7F Al 53 23&5 H<2l RIBA-DOE FAA]|
(1) A3y

7h dde= (dds=ae9e3d JdSHs: JACUC KU 16108)

fug A

T 4uteg] A 4 aFoR HAE YA 2F 1 (DOE 1%)<S ribavirin 1.8 g/dose2}
[SA-206< 4ol DOE dej2 "= FARAl (RIBA-DOE)E +5%F9] 9o, 1% 2
(gel 71&)E  ribavirin® aluminum hydroxide gel2 412 dEjo] FAMA] (RIBA-Gel) =
o5 Folgtalrh. 153 (PBS 1§) 2 control 1w 2% PBSE &% stslon, 1F
4 (0il )+ 534 ISA-2060)E dxo=2 554 st

O oF 15 kgel 579 HA 1672 o §atel ribavirin FAAS S HAseich 1F

O APEd Fof 7|3F 52t ZF AdsEd diste] HAa 1Y 13 o] #zste] o]zl
AASAS FEEe] 7IEST VEAIG SR s S HEA7] 2 A&V|HS xEey
oS 29 d5E T8 dEYFoR ¥, ddTES A st

X 57. S #E I
AUt ZhE A4S 2 Aol &7 19 23] &¢&
A =4 19 13 54
s =4 Odpi, 1dpi, 2dpi, 4dpi, 8dpi, 12dpi, 16dpi o =A
2Aut 9] 9k (General appearance) 19 13 o=
571 4 &3] #Ut 19 13] ##
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|5 weak-old pigs, About body weight15kg | Heart, Kidney, Lung, Liver, Spleen HPLC

Brain, Injection site

Sacrifice one pigs per group

Sacrifice Sacrifice

Sacrifice

Clinical examination & rectal temperature were recorded daily.

Body weight
Blood collection: Whole blood and Serum

[CBC analysis and PK analysis]

719 121. Ribavirin A A& A A PK, =4, kA, &7 A7 A9 2AE
3% 58. A stE Ant 9ok
Scoring system of general appearance in weaned pigs
Classification Clinical observations Score
Alert, active, eating and drinking well, coat normal,
Normal 0
well-hydrated
Mildly depressed Eats and drinks but does not move as quickly as 1
normal, coat may be rough
Able to stand but inactive, head down, gaunt but still
M | L ’ ’ 2
oderately depressed drinking, may be dehydrated
Severely depressed Reluctant to stand, not eating or drinking, gaunt, 3
dehydrated
Moribund Unable to stand, not eating or drinking 4

(t}) CBC #HA

O FAF 5, 1Y, 8¢, 16¥, 28

A £OR IF F W ke HAF bk R Rystel, 4
g, 9, 2, 0, A, M, B 2

52 AAsck

(7h) eFE A A}

O Ribavirin®] °f&e2 F7el 24 W 75 27 98, 4 A, A F 30+, 14170,

Zt
15AIZY, 2A1%F, 3AIZE, 4A1ZE, BAIZE 6A1%F, 8AIZE, 1241%F, 14, 29, 49, 8, 12¢, 164,
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209, 24%, 28l AES AR
(vh) A= HAAF

O #A=42Ql ribavirin " ZFAES Ab&ste] FQaFRtE S35t DMSO & 9o 30
mg/ml F%=7} ¥ %% stock solution & THEAt}. Calibration curve & X992 stock
solution & acetonitrile ©| 3|4 3}o] Z+z} 741, 2222, 6667, 20000, 60000, 200000, 500000
ng/ml ‘F%2 working standard solution & %Y= % working standard solution 2}
pig plasma = 5 pyl : 45 pl W& 2 &3] HFEN FE=7F 741, 222, 667, 2000,
6000, 20000, 50000 ng/mle] = Al spiked}$ith. Spike ¥ calibration curve & %<3}
A E sample 2 IS (verapamil) 50 ng/ml ©] ¥ 90% acetonitrile = 5 ul : 1200
ul vl 2 &gt dh, oA 5 & F<F vortex 3t 15000 rpm (22,000 g) o2 4Tl
A 58 7F A Bt A= F 200 ul & 8 ¥ 5C autosampler o X 373}
LC/MS/MS MRM mode = #4138ttt Als A BeE RG-S I8 T ofo]~
o QoA X E ok

T B AL ¥ 19 #F 29 29FHo] 9o, LC method+: plasma % blood #4

O At & 84 Y F% dataZ ©]83}e] WinNonlin software (Pharsight, ver. 6.2)

2 non-compartmental analysis = °¢FEXEjst# nleln| g S 39l o).
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LC method (plasma, blood)
LC model Agilent 1200
Colurmn Agilent HILIC
2.1 % 100 mm, 3.5 um
Buffer A 50% Acetonitrile/0.1% Formic acid
Buffer B 90% Acetonitrile/0.1% Formic acid
Column Temp 40 °C
Injection Vol 2 ul
Autosampler Temp 7°C
LC Gradient
Time (min) Flow rate %A %B
(uL/min)
0.00 500 0 100
1.00 500 100 0
Analyst Rivavirin (NNM11601) IS (Diclofenac) 3.00 500 100 0
Mass-spectrometry 3.01 700 0 100
MS Type Triple Quadrupole 5.00 700 0 100
Model Triple Quad 5500 LC method (tissue)
Manufacturer AB/Sciex LC model Agilent 1200
MS Methed N Agilent Eclipse plus Phenyl-hexyl
lon source ES| Column 3 x 150 mm, 3.5 um
Source type Turbo Spray
TEM 650 °C Buffer A 0.1% Formic acid
CUR 0 Buffer B Acetonitrile/0.1% Formic acid
s 5500 V Column Temp 40 °C
G5 50 Injection Vol 4ul
G52 50 Autosampler Temp 7°C
CAD s LC Gradient
MRM parameters 2452 > 1129 4556 > 165.1 Time (min) Flow rate %A %8
DP 36 296 (ul/min)
P 10 10 0.00 900 95 5
CE 17 5 1.00 900 95 5
oxp s 12 1.01 1000 0 100
1.50 1000 0 100
1.51 1000 95 5
3.00 1000 95 5

3 122, oFEEhA

b |

AAel 8% Mass—spec % LC parameters

(2) 24

b A 2 A=

O FAZFe] 745, DOE group< 8dpi, 12dpiollX So]# <l average daily weight gain
(ADG) #27F BolH, gel group®l A+ 2dpi, 4dpi, 8dpipA E°]% <l ADG #A7F HS
tl dA A o2 PBSY A7 =02 FolH control L& Bl ADGZF g e

FAe Bt 28 rbavirin HF $, 2¥ 717 FoF Ale BASIHoR Fo3 W
3} Are AAEE A ekokt) (1’ 123, 124).
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.
n

41.5

S

Mean body temperature (°C)

40.5

—H—H #
—

395

»—o—o—g
HffL—H
)
H—H—
\
|
»—HIP—H

385

w
o

375

w
~

Day post injection

—DOE Gel PBS ISA-206

1% 123. Ribavirin Al A% 2 thx 245 T3 H A A& W3} 4

il

Bl RBV-DOE
[] RBV-GEL
= @ PBs
=3 [ 1SA 206
=
s
[=7)
=
f=2
[++]
s
=
=]
[#]
m
-2-
N N9 > 0 a9 o

Day post injection

19 124, Ribavirin A AlF 2 dlx &24S& FoAF Ao SAFE W}

=
(b 94 B

O Ribaviring F43 RE 282 HZ & 5971%] 35 22 (dyspnea), 21L& 37
(anorexia), 4]9F (weakness), -2 (depression) %
A A HE & 1297404 Aok &, A4S
ribaviring Eoldx @o 2o =W
ribaviring Fog 1F 3 control 159 YA AolE YEME ARdela, 19 1262

AFeH HJrte X gste] YERIT
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Ribavirin-treated group Control group

General clinical score

B DOE mGel mPBS mISA 206

| \\M 1

2 3 4 5 6 7 8 9 1011 12

Day post injection

Mean cIinicaI score

& Aok BE FelA A, A,
] B ROl %%LE]X] gt HE F9E HESA

= 8% (hematoma)e] #ZH 7}
16dpi o] $&FH &= SobF (granuloma) %EH«] HE 59 F28o] ##EHAT (29 127).
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1dpi DOE group _ 8dpi DOE group

(2} CBC #AA

O Ribavirin® F& Hzrgcol &84 HgdS
£ golsy

F AT 529 A HJ

opy Lk
r o

gh

)

o

:0{:,"

i)

of\

=
Al control 1#3 Hlulste] SolF <l HAE BT Gel 152 5, 12 24, 48, 9% Al Poﬂ
A control LF 3} Bl Ele] EolX el ZHAS HYT I RIFEH X, DOE 153 gel
gl HE T 5 12, 24, 48, 96, 192 Algtel| s|Ea=Hle] Sol4 IAE HAT (1
2 128).

(A) (B)

~—REV-DOE = REvGd FBs A8 ——RBV-DOE —RBV.Gal PBS ISA 206

RBC (x106)

0 24 48 72 96 120 144 168 192 216 240 264 288 312 335 360 384 0 24 48 77 96 170 144 6B 197 216 740 764 788 1P 336 360 364

Hours post injection Hours post infection

1Y 128, ARt WE AdT FA B oRaEy £
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O FHi % (Cuax)el

15000

15000

Dat= AR DOE 153 gel LwolA BF HJF 5 oF IAZF F
Hu Fro 23t Hu §E9 FXE DOE ZHFEUY gel ZH°l © vk
AUCSH WH3H7]= DOE ol gel iR Th g sotrh o]= DOE J o] FAHAle] 7

-, ribavirin®] F4A &= DOE yield7} @& 7S HAFST (29 129, 3% 59).

9
H 10000
E
w £
n _ S 5000
j‘__L 10000 2 _________‘__‘__E_w
g i — )
j=)] 0 2 4 & 8 10 12 14 16 18 20 22 24
= Time (hr)
S 5000 —— DOE
@ —=— GEL
= —— Oil adjuvant
—— PBS
0 T 1 m 1 T E 1 1 [_H_ 1 1 E T T $
14 21 28
Day
¥ 129, "HA AFHELY &% FAF & H 9 w2 34
¥ 59. DOE 2&% gel &9 ribavirinol 3k of== gty
Parameters RIBA-DOE (Mean=SD) RIBA-Gel (Mean+SD)
Cimax (ng/ml) 8393+1047 14550+1710
Trax (hr) 1.00+0.29 1.13+£0.31
AUCin¢ preahr#ng/ml) 144865+33424 190961+40277
AUCy (hr#*ng/ml) 139340+37357 185910+43186
tie (hr) 33.79£10.114 41.09£12.400
CL/F (ml/hr/g) 12234.35+4013.024 9155.434+2399.25
() 24 0 257
O Ribavirin F¢ % 16 94 %224 Y #F IF&E9 v 5 o7 Adoe=z =2
DOE % gel ZZwolA FAFSHA =2 Holda 53] A% U s%7F b2 A7) nls)
Eokoy B5F LLOQ (HAaAg#stA) B e Hda Fo £ 28 A= g5 @
o}A:= AeFoldrh. whekA ribavirin Fol ¥ 289 Aw A3} ol FA, Fo ) 7

- 164 -




F oxwEst g
]

(clearance) o] dojr}

e
o
9
kD
I~ ‘W

=]
%S,
o
filo
fll

F 60. AlAstgEe] o FAF § 24 Wl A k2 F% (ng/g tissue)

Day | Formulation | Liver Heart Brain Kidney Spleen Muscle Lung
DOE-4 91 27 34 269 56 0 93
Day GEL-4 144 1 13 242 54 41 97
16 PBS-4 0 15 0 3 38 0 90
OIL-4 28 0 0 1 2 8 74
DOE-4 8 20 0 21 90 266 97
Day GEL-4 0 9 0 32 0 84
28 PBS-4 36 0 11 3 73
OIL-4 0 13 0 90 12 73
(3) A4+

O =4 2 ordA H7}
Ao A8 7hset ribaviring ISA-2062] &35AH4 (RIBA-DOE) % Alumium
hydrox1de gel T4 (RIBA-Gel)E = Ao T3S ] velhps =4 2 1Ag

JJr?LO} ) Toqg‘%k\_ ribavirin®] TA|Gufolg] A5 Woshi= £ 1.8 g/dose

< %5 u, rbaviring Folgh 2FolA E3E FEA F

g HAE st S ribavirin £ 159

H, A A AAA Bole S Felsith A7 5

KA, DOE Iwolis EF 2 Sobgo] dAHUTY HE

%)

= €]

SA S % ribavirind= FHE Aoz Helty I deiy
L
H

‘ Ol[
b M T
rgn o ﬁ@
. O
o 2
= o e
ﬂ h E
N
52

flo
)
©)
5
1o
_>‘i
2

> e oo rHoge MI
tommjzrj:rﬁ&_&

‘1”1 Y oF oF
-li —Vi rE
_&
‘{

o
me
2
)
D)
a2
ey
ﬁJ
&11’/
i
fl
fru
r]I
1o

iRy N

7912& ribaviring A < v} =

Uelf= A el 2 AqelA vErd =4
ribavirin A&l tjgh F%

vieldoll t3F H7l= HQ

Orl_m

o,
ﬂll

- DOE % gel F3AE &£33%t ribavirinel thgt st Ald = Tmax/F + A
5 OIANZF AR YEREa ribaviring PBSol| 4o FAEF A$- Tmax: 0.17 A7F
olm® (19 105 3 34) € Wl Hiwskd duEs S FIAE MS 456
il A =i B o5 doh 18 Fo] &2Fo] 7 SISl E =78kl Cmax
e dhto g "olA OkDO] Qﬂii Eo7he X7 @438 Aadles & F 3

75] =]

= AR
T W7 () oF 24X 2 DOE (°F 34
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A7H) 2 gel (¢F 41A17F) B3 A AFE A zHz)

42%, 70% A=

7F Sk A

b I | g | ]
o2 yerytt ueld DOE 2 gel HF A= ribavirin® AW &3 (prolonged drug
release) & Lot T & 4 QAT
¥ 61. Ribavirin®} RIBA-DOE<®] ¢f5 =g ¥4 Az} Hlw
Parameters Ribavirin RIBA-DOE
Dosage (mg/head) 257 1800
Crmax (ng/ml) 17700 8393+£1047
Tmax (hr) 0.17 1.00+0.29
AUCiy (hr#ng/ml)_predicted 234655 144865+33424
AUC, (hr*ng/ml) 216867 139340+37357
tiz (hr) 23.64 33.79+£10.114
o Wi At
- 6dl F7] 2 FEFHFAY ribavirin FREFS A A3 289 A Ay S &
AMS x3tste] 24 U FRFE A AE=Z 8]E (clearance)©] ©] Fo] AL Q&
of sk olgd ApdE wWFo] A wAe]l tFd NFLH o zA
rbaviing A8 A9 Ax 19 JEe] Fobrlge]l RaFS & 4 Aok
3-4 Ald 3 Mo 2 of & AXN
7F AR sk A3
35 AR A 3
AFE AR ,
v = oY ThEA) F
FF 37 % 75 o9 o4
) e
e o
A& T @A e -
Ahe1 5} o AEAE
S5 ==Y = : 0
Eal 5 3d7 S “%i Lo
A AR A2 AE AMAANG BAH &9 -
A4
=% 34§ AlFE AA AR =9 29
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%% ‘PFE}\{)] 5%1 Zjl%% '(I?I'E TC = H}_O]E-]/\ HH;Z ;I]_El\ﬁg 30 100%
7} g o= Ll e om0l
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= AAE] o
AAE A A g e - AAFEY] A= A8 PK AH
4 PK /\]@H }‘\—] QZ];Q_‘——_,EL PK _Im'ﬂ:;ﬁ' 20 100%
AAZE A=

gebA | JHE e A A48 | aze AE 4g @

CAlE | E L SRR ey | ) g s A 20 | 1008

_a]_) = U '17]' géﬂ_ %}g

- 95 O A 9E 2 59
pan=,
g | - N Ak EAREE
;o}ﬂﬂtqz Aol O?Hovm AA 30 80%
e ° - AE R AA
- FEGE FES7F AEH
A A 2 AE

4-2. ZHEFO0F 7|{

O dAl AMAANSRE FoekF FofolA AAORE QT H 550 AL = Fvlol
2] 2~A=  feline interferon-omega”’} FY&tar, 2 ¢ A&EE Fhujol AA|=
idoxuridine, trifluoridine, trifluoridine, zidovudine®. 2 <Je|¢FES = A&t ALE
stal = A Folth. Aw7hA] o ste Al gufol e 24 ARES Ty 22 o] f =2 N
2 A}g-o] A gy A
- M2 & e 285+ g v§ (53], s ES 45
- Z17be]l & & 9 vloly X Fo FekEE SHAAE
- Aol AL FHS Avtolel A9 e ofH &

- wA A A, AA 5 A Agsta A& AaS S wE Folrt e
olE FIWHT 4 9l HPv|Ee FA|

O Iy H 5o s=odAe drtolg Aol A5 F JEol %“jéﬁﬂxﬂ A=, ol+=
Abgke] wlol g 29} FALSE EAS 7R EEHlolgAE ol &l FEAES &4 (4
E B9, AlH9 hepatitis C virus®] 7% bovine viral diarrhea v1rus7} Human
immunodeficiency virus® 7-% Feline immunodeficiency virus), W& s& 9 57]=9 11
=3}, 283 7FEAEE Gabs 9] ek AHE gAow WAt E AAlEAe] HAS
wE ) #Ado] ok AAR FAGe] TS AS, Aol A wloly s 5AE b
3 AR Q2 A5 FES AAHESHA Hed, ol A A As FrFRA
A, AR A 2 A k] AAEA D 3 edo= Qg gl A= st

O 9 22 F9o o]y A AF7NE FAGAA, 2 JA= FAY NAS Beste] -
A dAy Al Kol I wWAlZ & Folsto] oF 25 o] WHAFW 7|7F Ftb H A
A Al oA olar A&SHA FAFutold A~ FAS AAFOEZN, HolH X HES F




U

O AMTI/BAMTI $tt=9] x5
F2xol i As) 2 Sels)
AL, =efstebd A, ofeHe, 54 2 HdA
A Zs B7F 58 Fdsto] Aol Hojua Ao A2 A4 R AAFOR
NEastazr stk 28y dAFREAR AYEAd 3FE vk PK T2 3o
o FEtt Axste] (BA=0.3%, t1.=05 h), AIZ B AEEoA FAGutole = oA

f
i
i)

hu|

R
= wstdey As FAE vuste] AT A &R (Go or No go)& ddd 45}
of fie. A= MdsidtE Aoy gRE 2dy drtelgs g 4l
7€ =d T Axe LsEoA FASG A BIIF £ ribaviring AdEste] FEHAT

£ JPsA H A

O Ribavirin 1970958 HCV zFdol] ok C3 1199 A= &5 ARSI s HE
ol Az, FAFutel el oAl G3rp 2 A Aol ofs) Bad mF a(Kim
SM et al. 2012, Antiviral Res), BAF7H7F AfetR 2 7t vz 483
Aol o], ribaviring Wl o2 3 ¢FE AFZEF (Drug repurposing) =S A
TE st Ribavirin A @0 2w o] &34 NEdS dotivgs F
oA ®Bad vk glom g5 YetyA sthr] skl s Folsjor g

gormg AAolgE L S48 MAHE AF FE (prodrug)S FAdsta H7)

Ev)

o rlr X B 3o
ofo
)
~
>

O #4E AT E F ribavirin-TAE AA U 7H5Es 28] 98 ribavirine @ 3
T g E HISHA ot ATE 2 EHTES doRE 3 A9 dAlgs HItelA
ribavirin® FAFS X8 E3E2 B PK TE9d SN % ribavirin®t Haéete] =LA

MAEA = et 22y & 71 wodA B HE 5o T 4 o Hi %<2 Cmax7t

ribavirin®. o} Yol @4 o X A3 WEE A (slow release) &2 =5 ribavirin®] &

Agt 4% & Aol oz FAE 8 mA4S AT ¢ ds AR UgEHEE,

A=
ribavirin—-TA®l| o3+ A Foll thste] 34 A7t F st}

o
N
i
g
EL
N

O AN & HA T 43 =395 vgoz nx M dA7IA JAYsHA] HE3h
AMTI/BAMTI %= % ribavirin-TA®} #2 ribavirin A 7+E82d2 35 A5 T3
TAY == #AA vlolH = iy AGH dist 54 MR olodA & QV|E 7Y

o},

O RIBA-DOE¥ SPF "Us A& o] &
S JASt FAGeZ Qg AAFA

t}. Ribavirin® DOE A& oz =] A

_—
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24 ¢m7F 9lvh. RIBA-DOE+= -4 24 ”ﬁoﬂfﬂ = =] o 1§11 TFAHR S o2 WAy o
Al AFS e g dlistal gk wEA wholH A 4 H o wjES oAlsH, v
g G gdel AEgo] 7hed wiolA Hx= idE FAY el Az diolA i
g A el T-1106%F Hlulste] 453 ae& Ad AFS 7Agdssdv=
o ou7t 2w &5 A o of Aol AA 7lold Aew JtEnh

o
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5. d743e] F8AF

| ELE \ D-07
O AMTI/BAMTI stg=e] @4 5 a4 A8l 24 37k =4, 54 % 44, ke
S AlE B Aew WY B 97 ARe FF e vhold s gl did AsA A
Tl Ted 2EVIR &8d 5 glvh A7 A4S EdE 21 A 5529 2 5
=, 19 SClL = A 59 das ZEstsit. &% AMTYBAMTI 829 7419
afelel s oAl B wolvl HAS Anshstal, AAETLE SHET] 9k FAQA 2

O ¥ AGE T3 Ribavirin® adujuvant$! ISA-206< double oil emulsion (DOE) ¥ E] =

= FAY &wlole| 2 FARAl "RIBA-DOE’E 7fWtstict. o= A1 wAl

Hetste] 7419 A Al = Aol 75 WAy B8 Fojste] AW 7E Sk A

Aol A A&stA vlol g 2~ FAS AAFO=A, vlolH 2~ wiES FHAststal A 7t
o)

%3 kel TAlGe] BAHA YEE st “TAS A JAATY FER AL
o] oFES WA A 15 Felw &9E e Ao JuEn, 07 434 AL
dal #o BRo AEH7 AR B we A3 Adel avAth FF AT AT
o _
(e}

=
A WA EFE 9 AMZ el bsste] AFHIYS wrk AN & 9
1 A%E gz 5829 14 (Ad F), SCl =F 2
L EHEA T Ro1/199 G E Al 2.5 Folshel 7] %ol

=)

O Aw 4% Al 4717 ribavirin =AM £ 5 &8 7419 ks gAd 5+ Ao
ATE Sall W3 nkelk Zo] ribavirin FARA = Al WMES doA FA BT
G

(=R
owmg TR A AmEAowE fZo] Erisaith uhebA

ribavirin®} fFAFsE S5 S HolXTh A H oA FWHolA FIlT Ao o FH=
Ribavirin® A+ °FE Ribavirin-TAS] &% % SA/<HdA H7be) tish 71 A47F &
TET S JFE 7 el Y FES T g FAES 71U 4 duh

O & AFE T3 /e RIBA-DOEE TAY #AXAY 71F] Foste] 349 Fibs
AAE = Qom olE Fd FAbETEY IsE HASety WY, ISRy, AAE &
AV Elo] wE AL A H]8-S AR ¢ Qdu o AAE HAaE Ak, EY T 23k
gAed TS AN F Y, AHEEST oS AT U5 AAY 15
AAZD 4 At}
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6. ATIAGoANN TR ARt

| F=WE \ D-08

O AJAIE 7B Al ribavirin® &§35Fe] AFEE adjuvant FHEE o8 FFH7F Ao

Alumium hydroxide gel, ISA-201, ISA-206, ISA-207, IMS-1313, ED (Emulsigen-D)%
dEste] w2~ FAFT APS HAAS AT [SA-2017 ISA-206¢] 7H €2 294&
ettt (data not shown). SPF mlUs| x| ol A Adtel 5 adjuvantol] thste] 23 3)
A3 ISA-2069 &37F o syl wimel] HITAH SR [SA-2069 HdE st
RIBA-DOE AJA|#& 7REstAl = qth e Al H o #sjx = ISA-201°0] o 5
sttt A2V v HauEdn, 2 A"l E 20149 ISA-2012 Alxd WAl
I[SA-206 WMA1S Hlwd AFZANES Vaccine Ao WE3 v Qom AxsS wHY
ISA-201°] SA] Hla--9lol AATE (Park ME et al. 2014, Vaccine)

A

10 - Unvaccinated Control 10 | Montanide 206 ~930
# ~ca06 9 -C934
8 ~C102 8 €950
& —C391 7 —C859
ks & —C862
as 5 -CEE3
24 4
£
o? 3

2 2

1 S\

] o A

0 1 2 3 4 5 & 7 8 3 10 0 1 2 3 4 5 6 7 8B 9 10
o

" Montanide 201 00

2 =C914

L «C979

71 912
£ 908

s |
& -~C957
B4
E 3
G, |

14 e —

0

0 1 2 3 4 5 6§ 7 8 9 10 001 2 3 4 5 & 7 8 9 10

Days post-infection Days post-infection

Table 1. The FMD clinical incidence after challenge,

Groups Pig No & clinical incidence
206 (1/1) 3051 o) 3056 =) 3057 o 3076 =) 3098 )
206 (1/3) 4] =) 3074 (5] 3047 ) 3075 =) 3077 )
206 (1/9) 3072 (=) 3060 (+) 3063 =) 3065 (+) 3083 -}
201 (1) 3058 =) 3059 (5] 4477 ) 3079 =) 0ga )
201 (1/3) 3097 =) 3073 =) 3094 =) 3082 =) 3043 )
201 (1/9) 3064 ) 3092 g | 3081 -) 3070 L) 3069 -)
PBS (1/1) 3055 ) 3067 [ ] 3093 ) 3084 +) 3089 +)
PBS (1/3) 3054 ) 3061 () 3095 ) 3068 =) 3088 +)
PES (1/9) 3044 (5] 3090 [54] 3087 ) 3085 ) 3096 )
Contral 3099 =) 1040 =) 1439 (53] 3080 (+) 3071 +)

Note: (+) means FMD clinic sighs appeared.

C

Table-5: Summary for the previous results of the onset and duration of immunity in vaccinated calves with inactivated
trivalent FMD vaccine with different cil adjuvants against serotypes (O, A and SAT2).

Type of vaccine Onset SNT antibody ELISA antibody Peak SNT antibody ELISA antibody Duration of

at titer titer at titer titer immunity
week "5 a sat2 0 A sat2™ 0 A sat2 o A _sam2
Montanide 1SA 201 2@ 1.62 1.59 1.71 1.8 1.836 1.96 12 31 3 3.09 332 3276 3.34 34
il vaccine
Montanide 15 206 27 1.5 1.56 1.5 1.54 1818 1.81 14" 2.70 2.73 2.70 3.026 2966 3.03
il vaccine
Montanide ISA 61 3¢ 159153 15 1.9 183 1.84 14" 3.21 3.24 3.27 3.472 3.488 3.53 36
oil vaccine
Montanide ISA 50 3¢ 159 168 1.65 1.8 1916 1.9 16" 3.26 3.21 3.24 3.506 3.446 3.49 38
oil vaccine

FMD=Foo.t and mouth disease, SNT=Serum neutralization test, ELISA=Enzyme linked immune sorﬁent assay

19 130. A ®MAlo A ISA-201 adjuvant ¢ FAS =93 AT A=
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- 29 130A°] A+ AHdE B [SA-201, ISA-206, GAHOLZ W& 749 Wals
ZoAl HEFst FAY vlolH 2E FEAIZIH ISA-2012 " WAl Fo] TIFof A
AASA FAYG AFFTEel MAHE As FAdE F Ant Dar P et al. 2013,
Vaccine)

- 29 130Be] AT At#EldlA = ISA-20137 ISA-2060.2 ®RHE FAY WAlS = 2] o A
HEe 23 ISA-201 WA HF ZFolMes 749 S4& Heole # A7 <
A FSS g2l 4 Ay (Li D et al. 2013, J Biosci Med).

- 1% 130Ce] Abdlell A= ISA-50, IS-61, ISA-201, ISA-206S THE WAlS
I YA NG Hejo] Huxr FAE IR, Hel A&7 Y
< gk A3 4] [SA-2010] AdiAo® -9 A (Ibrahim
World).

==

ol o] AyE FeHH FAY WM FHE FEoly] fdME ISA-2010] $-AFtaL
J_'erﬂfﬂ AFLATANA ribavirin®] THE Fo|7] 9= ISA-2060] T 5o ==, 601E
adjuvant 2 A Fol dlgk F714Q0 AFE F3] WA RIBA-DOE &% AA| 55 &
gk T A Jido]l g 4E T

il -{ov r}m
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