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Bs—&
= AW L THpnEREL () B L TWRWEREL (H)
ADME Absorption, Distribution, Metabolism and RN, ArAn, A, BRI
Excretion
AUC area under the drug plasma (serum/blood) e (/i) Sy E -ms R bR T
concentration-time curve AR
BA bioavailability WNAFTT XA ZEY T 4
CL clearance (unit: L/h or mL/min/kg) 7IVT7 TR
Cmax maximumplasma (serum/blood) drug B e U (L 97 /42 1 ) SR i
concentration (unit: umol/L or pg/mL)
CYP cytochrome P450 F 7 m— L P450
DHA dihydroartemisinin —

desbutyl-Lmf

desbutyl-lumefantrine

desbutyl =V A7 7 MY~

HPLC

High performance liquid chromatography

Rk v~ 7T 74—

HPLC-ECD high performance liquid chromatography ELSALFR R A LT SRk 7 a~
coupled to electrochemical detection 75T —

HPLC-UV high performance liquid chromatography SR CEE R AR 2 Bt L T- E ik ik 7 o
coupled to ultraviolet absorbance detection < N5 4 —

iv. intravenous FHARN

Ki inhibition constant ME2E T4k

LC-MS liquid chromatography coupled to mass WKk o~ w797 4 —"ERBSITE
spectrometry

LC-MS-MS liquid chromatography coupled to tandem mass WK o~ NI T 74— 257 NEESHT
spectrometry %=

LLOQ lower limit of quantification TE TR

LSC liquid scintillation counter Wik > FL—varhorF—

MDRI1 multidrug resistance 1 ZANMEZR A 1

od omni die 1A 11

PK pharmacokinetics WEhRE (%)

p.o. per os B

QWBA quantitative whole body autoradiography EENEHA— N NTOFTTT 4 —

S12 post-mitochondrial liver fraction obtained from S12 4y
the supernatant at 12'000 X g centrifugal force

T1/2 elimination half life IR

TK toxicokinetics v axxra 7 A

Tmax time to the maximum observed plasma eI AE (MyE/Inik) SR B 2 e )

(serum/blood) concentration
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REOEE—K

i £

AL ORFE  JAN ZHUG L TV D IEFNIAN Z A FKiL, REUGOFESITHRGELRL L L,
7k

BLASEDET BAEDOHA, AT 5%HK%E [ /] TRLTE,
ik Bl) FAFAFAELRAT 7 k) 2 O bE— Arm/Lmf

AL OB E LT OEA] (BEHE) 2OV TIEIE T2 AV,
TIVT AT )V, CGP 56696 : Arm
VAT 57 R, CGP 56695, benflumetol : Lmf

Am/Lmf OF  HEKORFIZ DT Am/Lmf 238 5- SN 72856 1F Amm/Lmf LoRr9, 72720, BLFIZOWTIE
IR FrELCRIL LT,

Coartem®Riamet®, COA566, co-artemether, CGP 56695/CGP 56696 : Arm/Lmf

Am/Lmf O EAAILED T, Arm & Lmfid 1:6 DR TERE LT,

G Arm/Lmf O 5813 Arm % O Lmf O 5- B OFTRT,
TR & IR AR A RS LTI G LG8, o EEDS () NITRT,
#) Arm/Lmf 20 mg/kg (PH]-Arm & LT 2.86 mg/kg) : [PH]-Arm & LT 2.86 mg/kg, FEEE# D
Lmf & LT 17.14 mg/kg, # 20 mg/kg O Arm/Lmf % % 5
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1 FEOH

AFNIAHY E LTT AT AT (Arm) 20mg KOV A7 7> b U > (Lmf) 120mg % &
AT HEEHE (Arm/Lmf 20/120 mg) TH 5, Arm [ ZIEHEHEP O Dihydroartemisinin  (DHA)
R#FtEn s, Am/Lmf WONZ Arm, DHA KO Lmf T v , UHF, A4 X, ROV IZEBITD
WL, 43An, AREREONCHE (ADME) %, in vivo X8 in vitro SRR TR L7z, 1Zi#kd 5%
R, Arm X Lmf 2% 5 L7z ADME KO hF o axx7 7 2 (TK) #ABRIZH T2 H
1% - HED—& & Table 1-112, in vitro #5& % Table 1212787,

AIETIE, AMeEMOLFHE LT Am/Lmf ZHW\W 5, 7275 L, Am/Lmf [T #EE T
Coartem®Riamet®, COA566, co-artemether, CGP 56695/CGP 56696 & ft# i TV, KRED—
HORFETEH LA TRLE L TW5, 723, Lmf X benflumetol & $FEKFL S5,

AAbA W O S B RERER | VL BB & [F)— O @ik & OSRHE & Ve,

Table 1-1 Arm/Lmf @) ADME SRE& % U TK HE&
FBR O FEIE i, o SR o N %5 Behfk  &H5H WEEES
FE Rk F [mg/kg] pailbit it i}
ADME Z vk, # SH-Arm  Arm/Lmf 10 YR BARP BiE 4222-1-
TRAIf—or 20,100,1000 gz 0 E Do PRCCHD
LE/Mol 1997/241,
14C-Arm 42.2.4-1-
DMPK(CH)
1997/534
PK Ty, M Lmf 1 IR FARAN HE 4.2.2.2-6-
BPK(CH)
1996/026
XFINVEEE Ty, Lmf 100 e Latlia &N Hi[A] 42.2.1-14-
Tif:RAIf BPK(CH)
1996/026
ADME v h, K “C-Lmf Arm/Lmf 1 RIR RN B A 42.2.2-4-
Tif-RAIf 20,100,1000 ggmie  en o Do PRCH)
LE/Mol 1997/240
y . 422.4-2-
A X, i C-Lmf  Arm/Lmf 1 [l FURPY HE] DMPK(CH)
E—=Z 20 B RO BAE] 1997/209
ADME A X, 4C-Arm Arm/Lmf 10 R AR HLE 422.2-2-
E‘—‘;/I/ g e ‘,\ Vs DM PK(CH)
20 TRV s B [A] 1997/003
200 42.2.4-1-
DMPK(CH)
1997/534
PK B, I, - Arm/Lmf 350 BT A B[] 42.2.2-5-
G =24 BPK(CH)
P 1996/095
TK, 2 @M#H  Z v b, M Arm/Lmf 0, 20, 200 SRR o 238 4.23.7.7-5-
PEFER 1, od DMPK

HanWistar R0570030
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FBR O FEIA &, P s BEIR EGE* 5 BH5R EH BEEES
E3 Rk F [mg/kg] F % M
TK,$h#EZ7 >y T b, M~ Arm 0,10,30,100 TR IR ®o 208[H 423.5.4-3-
~ 1, od DMPK
Han Wisster R0570013
TK, fikaErE A X, M - Arm/Lmf 1000 IR | 3 HR, 4.23.7.3-2-
=2 A i o 8 H K] DMPK
m 600, 300 i R0510009B
od
TK, ™k A X, - Arm 0,20 IR i 5 HFH, 423.7.3-4-
e E =L BPK(F)
30 HT - 1997/004
od
TK, #fdmtE A X, K N Arm 40 IR i 7HR  423.7.3-5-
E =2 od DMPK
R0410073
TK, ffkamtE A X, N Arm 0, 10,40 VA fhiE 3 [, 4.2.3.7.3-6-
E—2 g Hf  DMPK
R0510001
od
TR ket 4 X, Mg Arm 0,20,40,80 IR e 8 AM  423.73-3-
E— L 1 o o DMPK(F)
0,50,150,600 7B RO od 1908/014
TK, 4 #[5EH  Fv h, M Arm/Lmf 0, 200, 600, e tatlia e 4R 4.23.2-1-
P ER I, 1000 od BPK(CH)
Tif-RAIf 1995/079
TK, 13 ##%E J> b, Arm/Lmf 0, 100, 300, IRVETR #n 1338 4.2.3.2-2-
PEatER T, 1000 od BPK(CH)
Tif:RAIf 1996/020
TK, #4413 vk, M Arm/Lmf 0, 100, 300, IR | 13 4.23.54-1-
HE R 1000 od DMPK(CH)
Tif-RAIf 1997/177
TK, 13 %E F> b, Lmf 0, 100, 300, IRVETR & 13 A 4.2.3.2-7-
‘l\ii‘iﬁ%‘ﬁ 72&’ 1000 od DMPK(CH)
Tif-RAIf 1997/178
TK, 13 HE#73E A X, Mg~ Lmf 0, 60, 200, IRVE IR &N 13 H[H  423.28-
PeakER P 600 od DMPK(CH)
1997/006
TK, fikaErt A X, M - Arm/Lmf 1000 IR IR o 3HM, 423.7.3-2-
=2 g HR  DMPK
od R0O510009A
TK, 4 #H#H A X, Mg Arm/Lmf 0, 60, 200, W7 RO 4[] 4.23.2-3-
PeakEp P 600 od BPK(CH)
1995/080
TK, 138HE 1 X, MK Arm/Lmf 0, 20, 60, BB A 138/ 4.23.2-4-
PeakEp P 200 od BPK(CH)
1996/024
TK, 138HE 1 X, MK Arm/Lmf 0, 20, 60, H7EL A 138/ 4.23.2-4-
PERRER =2 200 od BPK(F)
1996/005
IR - BRESAE S T ok, ‘H-Arm  Arm/Lmf 30 IR | HA[A] 422.3-4-
IR 23R, DMPK(CH)
1997/099

Tif-RAIf
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FBR O FEIA &, P st &EIE RhE &5 &E#R &5 WREEES
3 Rk F [mg/kg] F % [}
& - JRIERAE THF, M Arm/Lmf 0, 210, 700, I B 13 AR 4.23.5.2-4-
BT o R NZW 2100 od BPK(F)
1996/022
- IBREFEE S T ok, “C-Lmf  Arm/Lmf 30 R 3] Hi[A] 4.2.2.3-5-
F%e‘ﬂ?‘ LB M, DMPK(CH)
Tif:RAIf 1997/139
IR - JRIEFREAE S T, M “C-Lmf  Amm/Lmf 175 IR | B[] 4.2.2.3-6-
B4 R ER NZW DMET(EU)
29/1996
< JEMEFA S X #E “C-Lmf  Arm/Lmf 175 RV o B[] 42.2.3-7-
F%ﬁ“é B NZW DMPK(CH)
1997/079
<JRIEFEA U, M “C-Arm Arm/Lmf 175 SRR B HA[a] 422.3-8-
F%ﬁ“é B NZW DMPK(CH)
1997/004
CRIRFRAE TV, M Arm/Lmf 0, 210, 700, I B 13 B 4.2.3.5.2-4-
F%e‘ﬂ?‘ LB NZW 2100 od BPK(CH)
1996/085
& - RlERAE Ui, M Lmf 0, 1000 HEIE I 0 13 B 4.23.52-
WZBE9 2B NZW od 10-
BPK(CH)
1996/084

4.2.2.2-3-BPK(F) 1996/029, 4.2.3.2-4-BPK(F) 1996/005, 4.2.3.2-2- BPK(F) 1996/007, 4.2.3.5.2-4-BPK(F) 1996/022 |33\ F
HIEET = TFEERTRAMTH Y, EYEREZHETE o 72,
*: Arm L O Lmf OF 5 B2 AR LIZREE5ETRT, BAALED T, Am & Lmfif 1:6 DR THEE LT,

Table 1-2 Arm/Lmf @) in vitro $ 5%

B OFEIH W ER S

4.2.2.3-1-DMPK(F) 1998/004

W - MR A A SR N I ER AT
L - R PGSO MR 4.2.2.3-2-BPK(F) 1996/044

MG K O~ 27 1 o & = AR B 4.2.2.4-3-DMPK(CH) 1997/242
4.2.2.4-4-DMPK(CH) 1997/181
JHF S12 4318 2 F v 7o AR 4.2.2.4-6-DMPK(CH) 1997/035

4.2.2.4-7-DMPK(CH) 1997/155

JFX 7\ Y =2 ONT CYP JEBLUR & I 7o R SR o [A)E B OF
T ST M P R R

7 my—2b%H\We CYP OFRBFHE PLERER

4.2.2.4-5-DMPK(CH) 1997/156

4.2.2.4-8-DMPK(CH) 1997/072
4.2.2.4-9-DMPK(CH) 1997/073
FFARIIE 2 N T2 B SR 3 i R 4.2.2.4-10-DMPK R0900123

1.1 I8 4R
HEMEZ > M Amm 2R O&E Lz & & ORI A4 T4 77 4 (BA) 1 19.7%ThH
HEREINTVWD (Lietal 1998) . HEMET »~ M2 Arm/Lmf 28 05 L7z & & Lmf OWIER
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1% 0.9%~19% CToh -7z, HEMEA XIZ Arm/Lmf Z#& 05 L7z & & D Lmf Oty BA 1% 8%~
24% Th o7,

AR OMEM: T »~ M2 Am/Lmf 20 mg/kg (PH]-Arm & L T 2.86 mg/kg, FEFEFRO Lmf & LT
17.14 mg/kg, Arm:Lmf (X 1:6 O TR Lic, LMESRIEOHEO A A 5ik) & HlEfk 0
L7 & & o EED, AUCO-144h (% 59.42 pmol- WL, T1/2 13 50 B T&H Y, Tmax (F
JE) 1% 0.5 FETho7-, Arm/Lmf 20 mg/kg ( [“C]-Lmf & LT 17.14 mg/kg) % H[AFE O 5
L7z & & omiEd e AUCO0-144h X 68.9 pmol- h/L , T1/2 1349 50 BF CT&H > 7=, Arm/Lmf
T v RO XTKEHRE L2 &, Arm &Y DHA O e mid Uiz, ek
A 12 Arm/Lmf 20 mg/kg ([“C]-Arm & LT 2.86 mg/kg) % H[AIRR O#E L7z & & O i
HED AUCO0-168h |E 151.26 umol- h/L T > 7=,

Arm/Lmf 20 mg/kg ([“C]-Lmf & LT 17.14 mg/kg) ZHEFEAOKE Lz & OMfEd Eteo
AUCO0-168h 1%, #EFFT 109 umol- WL, FEHEEKFT 155 pmol WL Th o7z, A XKV T v hD
Lmf ORFEMEIZHON TR, FIERGICHASRKERGRICREES M L7200, —ED/EMI
Lo biiehol,

Fo, HAERMEBZEDTXTOT =20 HET 2L, R LZWTLOBWE TS Am,
DHA & O Lif DR EIZH O 722 TR e B X D,

1.2 v Kl

Arm OIMIFEFEAFESEL, ~U R, Ty b, X, (X, KOH=I 4P ILT, ZhZh
98.3%~98.4%, 97.3%, 97.1%~97.2%, 97.1%~97.3%, KT 96.0%~96.2%TH v, WIEKTFIE
IZRD B> T KB E £ 0323~10 pg/mL) , Lmf OIMEFEAMKARIL, ~ VA, Tv
N, DX, /X, KOH =T A4 HF LT, THLI 99.8%, 99.9%, 99.93%, 99.92%, K ¥
99.94% Td > 7= (Rf&IRE 10 pg/mL)

b MR ORMERICB W T, Amm 1T EIC al-BEMEREEAE (33%) , RICIET7 VT v

(17%) , @&, KEOBKEEY REAE (Z121 12%, 93% KT 12%) iy 7a7 ) v

(0.4%) IZHEE L7z, Arm @ 1% MERICBIT L, 4.6%I3IERHAET Arm Tod o7z, Lmf T
1 pg/mL (1.89 pmol/L) DIRETEICVREAE, FICELE) REAE (99.6%) TG L,
62%03 e MLTET VT 2 T, K 8% MERIZEAT Lz,

[FH]-Arm, ["“C]-Arm, IZ[MC]-Lmf AL TV E /T v M, HERE O &5 O8N B a#H
ARNPE G- L7 & &, Arm, Lmf, KOZOREWITET oM LT, FIRNEE% 5 HyTayic
JRG3Ai L, Arm IR, BN, FURER, KO - TS ORI, Lmf (XA L
IZ W ERE SRR B LTz, OG- TIE, Arm 3L & OWFRLASE, Lmf 1ZEE & OW5
Y 2 SIS~ D AR T FRIRN 5% DR 0 A 32— LFRL L Tz, 67 v Ok
WNIFHRESARIZ T v E /) 7w FEFRILTRY, 27 =80k TH DIRD DA REAS ik
BLIERTEZEND, AT ~OBMEITRS 2 neE &2 5,
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AR 1I3HEDOT v NEOHHIE 17 HEO U FICROBEE L& &, Am KO Lmf & HIZHRIE
~OBATRRO bivlz, 5% 24 FER OB AGRE O BRI H SN RBIC KT 5 1L, 7> b
Arm } O Linf 13 1VZ 40 0.34~0.74 KT8 0.004~0.262, 7 HF TIEZNZFH 0.50~0.99 } X 0.02
~0.03 Tho7, IEIIE Arm, Lmf, K OZEN O ORBWITETE SN TWD Z LRI T,

1.3 K

KFEW L O NI 7 a Y — A& FW 2 in vitro BEBRIZEB W T, Arm K OY Limf O 3= 7224
FIX CYP3A4/5 Tholz, Arm OEREHHIREEIL, 1) Kk, 2) 77 v gias, 3) O-it
ATF AL GEBRIIZIEYED & 2 A3 DHA) EH#EE S 417z, Lmf O F 72 GHHEKIE, 1) N-L~7
F ol CREEAICIEMED & 5 R desbutyl-Lmf) , 2) C-/KEgft, 3) 77 o BRiG &HEE
Sz,

1.4 BEti

Arm ZREA#E Lz L &, Arm KO OREITIR K OFEPITIZIZIE CHIE CHRE S, &5
%ITHETIIZEA LIS, Lmf 2 AHKEG Lol &, REMMAKLE LTK 90% 0315
N &7z, desbutyl-Lmf iZH T ThH Y, &5% 7 HE ClizF et s,

IR T » b R OMER 7 L OFLARCHRENE RS NI Z £ D, Am &K O Lmf & ZOREH
FHHFICBITT B2 5,

1.5 EYRMEEER

Arm X in vitro FRERIZEBVT, CYPIA2 1Tk L CHIWVAEER Zr L7ens, ERRPIICRIE & 72
HIEETIE Ao 7z, Lmf IX CYP2D6 Z#FHE L, Ki fElX 0.997 pmol/L (0.527 ug/mL) TH -7z,
non-immune M EFE TO Lmf Ofem MAEFIRE CEEME) 134 11 pmol/L (5.72 pg/mL, A2401 &
) ThU, KEIZHEXXEETHDLZ NG, REEROB LAY CIXSEYRIFE B AR
B RRE & 72 2 ATREME DS RIE S 7z,

t MAFHRIIE Z T2 in vitro 538X TlX,  Arm, DHA KO Lmf (Z10ZF40 2.5, 7 &V 200 pM D
JEEECHED 1% CYPIA2, CYP2B6, CYP2CS, CYP2C9, CYP2C19 M CYP3A ZiFE L7a/no
2o —7, Arm &} DHA %07 V7 I o= UFEERIE, b MIRITFMAL O Ak
LS174T 28\ C, CYP2B6, CYP3A4 Jx (X MDRI Z#58E 4 2% Z LGS T D,

U bDZ &6, in vitro BTy FHE THiFm A —EH L TV 72212y, Arm &Y DHA @ CYP
FEICOWTIHEETERWNVWEEZ D, LA ->T, CYP3A4 DFHEIZLY, CYP3A4 IZL->T
TR S 42 TN OB REI SN E U D e B 2 b D,
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2 SHTE

2.1 T PEARS
Arm }; T Lmf @ ADME ##% (Table 1-1) TiE, [“C]-Arm, [*H]-Arm, [“C]-Lmf % H\ 7=,
ZNEN DA FHEER A ARRINL & PF CTFigure 2- 11271797,

Figure 2-1 Arm B U Lmf Q1L FEE B URE AL

Arm Lmf
HO

* 1 [MC] X[ PH]-ARRREB AL WC : [4C)-AEFE AL
HPLC-HURRER T £ 0 JIE U 7= b a0 13 L C 98% L ECTh - 7=,

2.2 TS RE DRI TE

i, miE, Mg, K, B, RO e~ NESHORURREIE, @R FLr—2az,
Rk FL—rarBhvrg— (LSC) IZX W EEHE L, BHOBRREREL, FEIX
— R AT L L7284, LSC 12X » THIE L7z, Fses & O OO REIR L1, EB&MNE
YA — T VFH 7T 7 1 — (QWBA) Xl & Ok Z g% ATk L LSC 12k - THIE L
72 [2.6.5.5A-DMPK(CH)1997/241], [2.6.5.5B-DMPK(CH)1997/240], [2.6.5.7A-DMPK(CH)1997/099],
[2.6.5.7D-DMPK(CH)1997/139],

2.3 Arm, DHA XU Lmf DEE

FERRIRRERIC I 1T 5 F 72 Arm, DHA, Lmf, XU desbutyl-Lmf ORI E L% Table 2-112777,
A4 o E Fix HPLC-ECD %, HPLC-UV ik, LC-MS {E&K N LC-MS/MS JEIZ L W iTo 72, NER
FRAEME & L C arteether, artemisinin, 2 7E [R5 Arm[2.6.5.2F-R0500720-01], halofantrine X
XL E RN AR Lmif]2.6.5.2N-R0301253-011&EH L7z, M-Iz Is1T 2 HIE R G E D% E M
%, 7 v bisEF Arm KOV DHA TIlX-75+£10°C T4h 722 < &6 5 » A % T[2.6.5.2D-DMPK
R0500059], - XIMAEH Arm K OY DHA TiX-75£10°C T4 72 < &% 20 i#H E T[2.6.5.2C-DMPK
R0400692], bt FIM4EH Arm KO8 DHA Ti-75°C £10°C TA7a< & 12 # HET (53.1.4-4-



Novartis Confidential

CTD 2.6.4 EMENREHBROBEX

Page 13
COA566

DMPK R0700513) fERINTWVD, A XMAEF Lmf TIE-70°C L FTAHR< & H 23 A E T
[2.6.5.2 -DMPK R0300924C], t Ffi#EH Lmf TIE-70°C LA FTA7< & 21 # HE T (53.14-
9- DMPK R0300924A-02) , t RMIM#EH desbutyl Lmf TiX-70°C LA FTA7< &b 45 » HET
[2.6.5.2H-R0300924BJ#E7E S 41TV 5,

Table 2-1 Arm, DHA, Lmf, RU desbutyl-Lmf O;REEHIE %
HESSRWE B GE OB & TR i ERR W EEF T
Arm, DHA LC-MS/MS b i 5 ng/mL 200 ng/mL BAPK(EU) R0301212,
BAPK(EU) R0301212-
01
LC-MS/MS A X I fE 5 ng/mL 200 ng/mL DMPK R0400692
LC-MS/MS F . hm#E 20 ng/mL 200 ng/mL DMPK R0500059
LC-MS b M 5 ng/mL 200 ng/mL BAPK(F) R00-1840
HPLC-ECD b b 10 ng/mL 200 ng/mL BPK(F) 1996/001
Lmf LC-MS/MS b ki 0.05 pg/mL 20 pg/mL DMPK R0300924A
LC-MS/MS A Xl 0.1 pg/mL 50 pg/mL DMPK R0300924C
HPLC-UV t ki 0.05 pg/mL 50 pg/mL DMPK(F) R00-2105
HPLC-UV b b 35 nmol/L 1554 nmol/L BPK(CH) 1994/038
(18.5 pg/mL)
HPLC-UV [ 1 S(+) enantiomer:  S(+) enantiomer: ~ BPK(CH) 1996/147
— 5B Z v bIfiE R(-) enantiomer: R(-) enantiomer:
0.5 pg/mL 2.37 ng/mL
desbutyl-Lmf  LC-MS/MS b b 0.005 pg/mL 1 pg/mL DMPK R0300924B
Lmf, desbutyl-  HPLC-UV =153 Lmf: 0.05 pg/mL  Lmf: 20 pg/mL BAPK(F) R00-2105-02,

Lmf

desbutyl-Lmf:
5 ng/mL

desbutyl-Lmf:
1 pg/mL

BAPK(F) R00-2105-02-
01

Source : 2.6.5.2A-BAPK(EU) R0301212, 2.6.5.2B-BAPK(EU) R0301212-01, 2.6.5.2C-DMPK R0400692, 2.6.5.2D-DMPK
R0500059, 2.6.5.2E-BAPK(F) R00-1840, 2.6.5.2G-DMPK R0300924A, 2.6.5.2H-DMPK R0300924B, 2.6.5.2 I-DMPK
R0300924C, 2.6.5.2]-DMPK(F) R00-2105, 2.6.5.2K- BAPK(F) R00-2105-02, BAPK(F) R00-2105-02-01, 2.6.5.2 L-
BPK(CH) 1994/038, 2.6.5.2 M-BPK(CH) 1996/147, 5.3.1.4-1-BPK(F) 1996/001

v b, AXKEOE MUEFO Linf 7 IO S- KX R-=F > F4~—"TH 5 CGP 64455 S(+) & U CGP 64456
R(-)%, X TNVBEN T 2% T HPLC-UV THlIE L7z [Table 2.6.5.2 M-iklik 1996/147], S-K R R-=F v F A4~

—® LLOQ IE, Mk 0.5 mL &AW =356, EEi 1.1 LTV 0.5 pg/mL ThH o7z,
a) b MILFEREI A AW TAY F— M LEZRENERE, 7y b, UHF, X, ROV omBEREHI#EA Lz,

2.4 KM DR E R U E T

R ORI, T RER R 2 35658 L 7= HPLC & M=, In vitro REFRABRIZ~ 7 X, T
v FEORe MFI 7Y — AR O e v F K7 m—2A P450 % VT L7z (Table 1-
2) . Mg (7 FROAX) , REOHE (v, Uv¥F, X, KOt ) , v MAHH
D in vivo REW OB Z W5t Uic, #EEREMIGHY & ORFFREF O ik, & 5 W IXHBEZ OB &
AT M ORGSR GG A0 I T ic K 0, AR ORI % [FIE LTz,
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3 IR IR
[H] - #55#%, U [MC] - Bk L7= Am RO Lmf %, %) (5 v b, HF, 4 X, ROHL)
i, BIRA, REO, RCF, USRS L TRE LT,

3.1 BRIBRPNAFTRASE) T«

Arm

HEMEZ » B IZ 10 mg/kg D Arm 2R O35 Lz & & OHEINA T4 )T 4 (BA) 1%
19.7%ThH b EME SN TS (Lietal 1998) .

HHEEEDOHENET » M2 Arm/Lmf 10 mg/kg (PHJ-Arm & U C 1.43 mg/kg) % HEFFARNER G L
7o & X MR HEEED AUCO0-144h 1 68.22 umol- h/L, T1/2 13§ 40 Fff]TdH -7, Arm/Lmf
20 mg/kg ([PH]-Arm & LT 286 mgkg) ZHEIREAKE LL 2D Arm O T HHNED,
AUCO0-144h % 59.42 umol- WL , T1/2 134 50 KfffITH Y, Tmax (FRAE) 1T 0.5 FFETH T
(Figure 3-1) , Arm/Lmf 20 mg/kg ([PH]-Arm & L C 2.86 mg/kg) % 1 H 11[8] 10 HFSER O #
Hl7ee X, PlalEb% 24 REE O M ERE L 0.49 pmol/L, ok 5% 24 WEfHCIX
1.56 umol/L TH Y, BFEHIX 3.2 TH - 72[2.6.5.3A-1997/241],

HEMEA X2 Arm/Lmf 10 mg/kg ([“C]-Arm & LT 1.43 mgkg) ZHFHRNIZG L7-L X, Arm @
M AE A SHRED AUCO0-168h (% 137.8 umol- /L T&H - 72, Arm LT DHA [H#HIZTEA L, &5
% 4 BELIE O R R T E & FRATN (0.034 pmol/L) ToHh-72, Amy/Lmf 20 mg/kg ([“C]-
Arm & LT 286 mgkg) ZHAEOPE L7z & o sEd it AUCO0-168h 1% 151.26 umol-
WL T& - 72[2.6.5.3B— 1997/003],
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Figure 3-1 S v R Arm/Lmf ([PH]-Arm) ZEEEE Lz L E0MES R UMmEE
RS B R - R RS

10 mg/kg, i.v. 20 mg/kg, p.o.

Blood radioactivity 10 Blood radioactivity

Plasma radioactivity Plasma radioactivity

0.1

Concentration (umol/L)

Concentration (umol/L)

0.01 o o o T n T 0.01
0 24 48 72 96 120 144 0 24 48 72 96 120 144

Time (h) Time (h)
Source 4.2.2.2-1— 1997/241-PT- Figure 1
o : MIRPHERE, A MUTHHETRE, 1 pmol/L =298.38 ug Eq/L

Lmf

HEMEZ » BT 20~1000 mg/kg @ Arm/Lmf Z#% 0% 5- L7z & £ D Lmf OWILEHEIL 0.9%~19% T
HY, Hx) BA TR TE o7z, HEMEA XIZ 20 mgkg D Arm/Lmf ZfE 0% 5- Lz & D
Lmf O#x) BA 13 8%~24% T - 72[2.6.5.3D-1997/240],

HEMEZ » M IZ Lmf 1 mg/kg & HIEIFARNER 5- L7- & & D AUC0-24h 13559 40 pmol- /L (21.36 pg
“h/mL) , Mm¥E27 V7 7 AF 08mL/minkg T > 72[2.6.5.3F- 1996/026], T ~ ~iZ
Arm/Lmf 1 mg/kg (["*C]-Lmf & L T 0.86 mg/kg) # Hil[EIFHRNE G- L7 & & D Lmf O M4EH AU
BED AUCO0-144h 1% 59.29 pmol- h/L , T1/2 134 50 Bl T - 7=, HeBKFOMEM T » MZ Arm/Lmf
20 mg/kg ([“CJ-Lmf & LT 17.14 mgkg) Z HEIREO#K G L7 & 20 MEFHERED AUCO-144h
I% 68.9 umol- h/L TV, TI1/2 134 50 BFfE], Tmax X 2 Bl CTH - 7=, FEMREBRFOLEMET v M
Arm/Lmf 20 mg/kg % H[EHR OG- L7z & & O MEHGHED AUC0-48h (X 170 pmol- /L, Tmax
X 2B TH 7=, [2.6.5.3D-1997/240],
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Figure 3-2 HEMS v R [“Cl-Lmf ZH[ERE L1z & QM R PP BETEED
B - RS

1 mgl/kg, i.v. 20 mg/kg, p.o.

100 10
Plasma radioactivity

Plasma radioactivity

—— Blood radioactivity
Blood radioactivity

Concentration (umol/L)
Concentration (umol/L)

001~ T T T T T T T T T o001 ' T T T T T T T T
0 24 48 72 96 120 144 0 24 48 72 96 120 144
Time (h) . . Time (h)

Source: 4.2.2.2-4— 1997/240-PT-Figure 2
o : MK ELERE, A : MEPHEEE, 1 umol/L = 528.95 ug Eq/L

HEMEA X2 Arm/Lmf 1 mg/kg ([“C]-Lmf & LT 0.86 mg/kg) ZHARNKS- L= & &, Lmf Ol
IEH BB RE @ AUCO-168h X 50.8 umol- /L T& - 7=, Arm/Lmf 20 mg/kg ([*C]-Lmf & L T
17.14 mg/kg) ZH[EIRR NG Lz & 20 MEHGIRED AUCO0-168h 1%, #EEKFT 109 pmol h/L,
FEHEAF T 155 umol- WL ThH-72, RELIK (Lmf) © AUCO0-168h 1%, #a&HFT 103 pmol- h/L,
FEHEARFT 115 pmol- /L T - 72 [2.6.5.3D-1997/240], FEHEERED A EE & < 5, HihfgE
S O Limf OB EE &m0 72,

WM = 27 A YT Arm/Lmf 50/300 mg/kg % HLERE O 5- L7 & D Lmf @ AUCO0-120h (X
123.8 ~ 2373 umol - h/L (65.5~1255pug- h/mL) , TI1/2 I¥# 123~398 Bl TdH » 7=
[2.6.5.3E— 1996/095],

3.2 FE2aFRT09RX
T v b ROA XIZBT 5 EMERBR TO Arm, DHA, ¥ NZ Lf O hF v aFxT7 47 A
(TK) #FHiL7=, £72, 7y PR FIcRO®KE Lz & & otmgsaEmati, 7 v
RO AR O NS AN G- LTz & & O EMERER O TR IZ DWW T H ki L7,

Arm
MEREZ ~ B2 Arm/Lmf 20 & O 200 mg/kg/ H % 2 B ER 0BG Uiz, BH5HIH T, R
& HIT 20 KT 200 mg/kg/ H BB O Arm I TNE DHA OBREFE IR 28 2 TN L7- (Table

3-1) o 7o, BEHA L% 14 HOBEEENEAD LIcZ E0vD, Amm LT DHA ORGEH
O HCFHEOREEMENE 2 515 [2.6.5.4A- R0570030],
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MEEZ ~ M2 Arm/Lmf 100, 300 }% O 1000 mg/kg/H % 13 HEKEROKBE L, 3L A
EDMEF Arm & OY DHA JREEI3E & FRRRN (10.0 ng/mL) ToH - 72[2.6.5.4B-BPK(F)1996/007],

MERESH#TZ ~ BT Arm 10, 30 &Y 100 mg/kg/H % 2 R (A% 7~21 HIF) KEKOEE L
7o &%, 10 mgkg HEEOMAEFT Arm & OF DHA BEEIIW T E & FRAN (20.0ng/mL) Th
72, 30 mg/kg/ HRETIIHE G4 1~4 R ORf RO A EEAIRE Tdh > 72, 100 mg/kg/ H#EIE TK H
R 2 BR BT 5 R iBR & 1k L 72[2.6.5.4C-DMPK R0570013],

Table 3-1 Zv k2 BAMSERRICE TS Arm RU DHA O TK /35 A—4
Atm/Imf % 55 5% PRILE  AUCO0-24h (ng h/mL) Cmax (ng/mL) Tmax* (h)
(mg/kg) (H) M F M F M F
Arm 1 104 309 107 130 0.5 0.5
3 203 240 132 174 0.5 1
20 14 30 177 38.5 122 0.5 0.5
(Arm # 5 -
2.86) DHA 1 234 206 194 83.5 0.5 1
3 174 115 87.3 96.7 1 1
14 45 87 57.5 82.3 0.5 1
Arm 1 3417 16990 815 3220 1 1
200 3 700 2982 635 1250 0.5 1
(Arm ¢ 58 14 198 1243 65.2 402 0.5 1
28.6) DHA 1 12103 7160 2630 1390 2 2
3 1080 4384 435 1400 0.5 1
14 365 2038 141 592 1 1

Source : 4.2.3.7.7-5- R0570030, ¥4, * : drodufil, M :KE, F ot

HEEA X2 Arm/Lmf 20, 60 K OF 200 mg/kg/H % 13 B EROKG Lz &, 1ZEAE0M
B Arm JUF DHA J 8 (307E & FERAN (10.0 ng/mL) T - 72[2.6.5.4E-BPK(F)1996/005],

HEMEA X2 Arm 300 mg/kg/H  (#11H O Z Arm 600 mg/kg/ H) X3 Arm/Lmf 1000 mg/kg (Arm &
LT 143 mgkg) # 7 AMERAERLG L, 7 v FOMRE LRI, &5% 3 L 7 HIZKT
HHEMIE L7 Arm &KUY DHA OBREE&EIL, &G540 IZH~TRED L7z (Table 3-2) [2.6.5.4D-
DMPK R0510009B],
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Table 3-2 i XAESHRBRICH (TS Arm RUDHA ) TK /RS A—4

Arm/Lmf 255 %) M E  AUC0-24h (ng: h/mL)Cmax (ng/mL) Tmax (h)
(mg/kg) (H)
Arm
600 Arm 1 22479 3358 2.33
300 3 602 130 1.75
300 7 73 49 0.83
600 DHA 1 13375 2572 1.67
300 3 1389 609 1.67
300 7 186 144 1
Arm/Imf
Arm 1 1294 486 1.17
3 52 29 1.04
1000 (Arm % 5- 7 16 18 0.33
£ 143) DHA 1 2253 1027 1.17
3 363 187 1.25
7 7 9 0.5

Source : 4.2.3.7.3-2-DMPK R0510009B, (Arm#%5-&) , FEHE
A X DOMREEMERER T, HEMEA XIZ Arm 20 mg/kg/H % 4 HEREHANES L &, K
e N & 5B (2.6.5.4E-BPK(F)1996/005) & %701, MEH Am RBEIIEEFRETH 72
(10.0 ng/mL) , Ml b7 7REITEG% S HHE T REA LR, 5% 8 HHUMRKT Lz,
Arm [ZMEAMBAM 2 3@ L, SR Arm 3R EE T METH Arm RE DK 10%AK0E Th -7, 1L
b DHA EEIXE & FIRAM (100ngmL) THY, EE T 7R) o= [2.6.54F-BPK
(F)1997/004] , HEMEA X2 Arm % 8 HIEFHANE G Lz & &, KERGEEH O Arm OIRFE
EIIHEGRIE &K 2 fFI2880 L 72[2.6.5.4G-DMPK R0410073], [2.6.5.4H-DMPK R0510001],
[2.6.5.4 I- 1998/014],
UHXICBIT O - R AT 2B CIL, Am/Lmf 210 (Arm/Lmf 30/180) , 700
(Arm/Lmf 100/600) , 2100 (Arm/Lmf 300/1800) mg/kg % 13 HREIXEROEG Lz & X, R
YO M Arm #251% 2100 mg/kg ¥ 58T, DHA BT 700 mg/kg K T8 2100 mg/kg ¢ 5-5 Tk
ST, BYBRE T A — X 2 HH TX72) 5 72[2.6.5.7.C-BPK(F)1996/022],

Lmf

3~5 BEOMERESE Z ~ M2 Arm/Lmf 100, 300 K O 1000 mg/kg/ H % 13 B MER D # 5 L
7o & &, 5% SHEH O Lf R IXH &L % Flal - 72[2.6.5.4 L-1997/177],

MEEZ >~ H 2 Arm/Lmf 200, 600 K (8 1000 mgkg/ H %2 4 HMNER D&KL L & X,
1000 mg/kg/ H D Ffé e 5-H @ Lmf OUgEEE &Y, #54HIZH_E@h o7 (Table 3-3) [2.6.5.4]-
BPK(CH)1995/079], #kEZ ~ M2 Arm/Lmf 100, 300 &Y 1000 mg/kg/ H % 13 #HFAERE O #e 5
L7z& X, Lmf @ b 7 NTRBRIZIZS OSSN KRE L, HLNRBREMEIIED bhho
72 [2.6.5.4K-BPK(F)1996/020], [2.6.5.4 L-DMPK(CH)1997/177], [2.6.5.4 M-DMPK(CH)1997/178],
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Table 3-3 Sy b4 BBSUHRRICETALMfD) TK/XS A —4
Atm/Imf # 5. & 4y BRILE AUC0-24h (ug: h/mL)Cmax (ug/mL) Tmax (h)
(mg/kg) (H) M F M F M F
200 Lmf 1 535 358 32.9 233 8 8
(Lmf 255 2 171) 28 322 281 15.9 16.0 24 4
600 Lmf 1 423 402 21.1 19.6 24 8
(Lmf 58 : 514) 28 386 449 20.6 24.8 8 0
1000 Lmf 1 279 350 15.8 33.2 24 24
(Lmf 58 : 857) 28 382 630 18.0 37.9 8 4

Source : 4.2.3.2-1- BPK (CH) 1995/079, “E-¥JfE, M I, F

E#EA X2 Lmf 60, 200, 600 mg/kg/ H % 13 BWHER O #E Lo &, SERIZHBIT 5 200 &
O 600 mg/kg/ HFED Lmf @ Cmax [$HF 5410 & HLTHM L2, #54% 71 B BRI 2REE
O &L E L % A5 72[2.6.5.4N-DMPK(CH)1997/006],

A X OFPREENERBR CIE, HEMEA X112 Arm/Lmf (Arm/Lmf 143/857) 1000 mg/kg % 7 HEIE
oG Lz, ¥5% 308 7HICBI% Linf ORERIE, #1 B ST 268 4
5 72[2.6.5.40-DMPK R0510009A],

M 7 A X 12 Arm/Lmf 60, 200, 600mgkg/ H % 4 i M K E & 0O 8 5 5 Bk [2.6.5.4P-
BPK(CH)1995/080], &% T¥ Arm/Lmf 20, 60, 200 mg/mL/H % 13 @ ERE O &5 82[2.6.5.4Q-
BPK(CH)1996/024] & 12, EAMIOIX G2 E A KRE L, Lmf ORFENE, HELGIME, KOMEIC
DONTIE—EDOHEAMBRD N7, LLEnD, LA LOHETRERE D AUCO-
24h 1A H & B AR G- A& H CHIN L 7B D3 % v o 7,

UHXICBIT AW - R AT 2B CIL, Am/Lmf 210 (Arm/Lmf 30/180) , 700
(Arm/Lmf 100/600) , 2100 (Arm/Lmf 300/1800) mgkg/H % 13 HREIKEROEE L1- L %,
Arm/Lmf O HEOEEANZ Y Lf OBREE &30 L 72[2.6.5.7.G-BPK(CH)1996/085],

P boiER, MAMEEZ2ED-T_XTOT—20 0 I+ 25 L, Bl TFhosimiEc
%t Arm, DHA KT Lmf OWRFEEIZH ORI WEEZ D, £, A XKXTT > FD Lmf
DRFEMEIZONTIE, IED 2 RKREL, PRSI _KERGZICRFERSEM L2 OO,
—EDOMATA LD BNRD T2,

4 kil
4.1 In vitro 3 - MEZLQHEESERUVMERADBITHE

Arm
YURA, T b, UPE, A X, ROT=7 AP NLOMEIC [YCl-Arm 2T (B @ 1
X% 10 pg/mL) L, BRAAAEEZ HWTIER AR AR L in vio THFT L7z, £72, & bl
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WRIZ [MCl-Arm Z 7N (Bof&IREE £ 0.323~10 ug/mL) L, #EiELOEEEZ AW CiEhTEARES
F, MFEAKEE, KOMER~OBITHEZHRF L7, [2.6.5.6A-1998/004],

Arm OMERAEEGRIT, v~V A, Ty b, U¥F, 41X, ROI=IAFNLT, ThLEh
98.3%~98.4%, 97.3%, 97.1%~97.2%, 97.1%~97.3%, KT 96.0%~96.2%TH v, WIEKTFIE
ITRO LN o7 R © 0.323~10 ug/mL)

b MBI D Arm OMIEE AFEGHIT 97.9% TH Y, MABEE A EFEIX 954% Th-7=, DHA
DITEER AR EERIT 47%~T76% Th -7, b MR OFRMERICE VT, Arm 1ZFEIC al -
HEE (33%) , WICWET VT Iy (17%) , m, BEAOEELEEY REAE (ZhTi 12%,
93% KT 12%) WNT y 77 U2 (0.4%) ITHEA L7z, Arm @ 1% MERICEITL, 4.6%1%
FHHEET Arm ThH o 7=,

Lmf

~UA, Tyb, UHR, AX, BB =T A FLOMIFIT [“Cl-Lmf ZHIN (BB
10 pg/mL) L, MRANAWEEIC KD MIEERAMEERL in vivo THRET L2, 72, b FOMiRIC
[“Cl-Lmf 23N (RfIREE - 1 XX 10 pgmL) L, #@mOoBEEz2 AV, miEEAMEEE, M
REORBAE, KOMER~OBITIEZ MET L 72[2.6.5.6B-1996/044],

Lmf OMEEAMKERIL, vV A, Ty b, UFF, X, KOHW=IA4¥FLT, ThEh
99.8%, 99.9%, 99.93%, 99.92%, MK UN 99.94% Th o7= (FMEHERE : 10 ug/mlL) . & MIBITD
Lmf O MR B/ GERIL 99.9% TH Y, MEEEAMGRIT 99.7% TH > 72, Lmf IL 1 pg/mL
(1.89 pmol/L) DOEFETEIZY REHE, FFIIEmLEY REAE (99.6%) IS LZ, £ 62%
Me MIET VT T, K 8%MMERIZEAT LTz,

4.2 HBE VRS

Arm

HEtET VY 2 Z > B2 Amm/Lmf 10 mg/kg ( [PH]-Arm & L C 1.43 mg/kg) % H[RIEFRNE S L
Tl EDE 5% 5 4y, 24 K, KO 168 FffE], W NI Arm/Lmf 20 mg/kg ([PH]-Arm & LT
2.86 mg/kg) ZHAFRO&FEE Uiz & & OG54 304y, 24 FE, KON 168 HFH, Oy - MARP it
SRR E 2 fEt L72[2.6.5.5A-DMPK(CH)1997/241], FlRNEG-% 5 55 TRHITILL AL, FIE,
wElEl, FURAR, L OUNM - FHEE ORI B O BHEEDS RO Hivlz, #5% 24 FER LD
168 RFHI 1L, BhE, ®elEl, KORIB T O &) -7 (Table4-1)

7 v MZ Am/Lmf 20 mg/kg ([PHJ-Arm & L C 2.86mg/kg) % 1 H 1[a] 10 HREIKERO#&S- L
fo b, BB 24 BRI OIMIR, M, K OVING T OB AR 1T HEIE 5% 24 RfE & He_C
5 fEmnro7o (Table 42) , #ROEG T, HILE K ORFIRLIS ORRR~D /0 A0 X EFIRN £ -
L7z & & DERE A 732 — o LHERL L T iz (Table 4-2)
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Table 4-1 HWHEFILE/ S5 FZ Arm/Lmf 10 mg/kg ([*H]-Arm &L T
1.43 mg/kg) #HEF#IRAKRES L1-LZ0MREEE - EBNRSTGERE

figies - KL HESTREIR L (nmol/g)

B[R 5-1%

547 24 B 168 K]

N=3 N=3 N=4
k73 2.57 0.65 0.18
JIR3 3.74 0.57 0.06
R i Bk 1.20 0.67 0.31
i it 5.51 1.61 1.04
R AR 7.81 1.76 1.18
BIE 2.75 0.94 0.29
G INIAN i 7.23 3.24 1.72
Jifa i 3.05 1.38 0.99
Jiti 3.41 0.94 0.71
Lol 5.33 2.29 1.22
Kk 5.43 1.64 0.68
JF i 6.87 2.77 1.68
e 5.99 1.52 0.88
0o i 1.58 2.81 2.23
oIl 17.78 4.61 2.76
HAE 1.34 0.50 0.25
R Y >N 2.39 0.98 0.60
B 1.58 0.55 0.30
AT AR 3.12 0.93 0.46
JEE 1.58 0.74 0.29
T M 5.39 15.29 8.51
(e 2.52 0.41 0.16
AL F R 3.75 0.94 0.42
B 1.58 1.40 0.70
g 2.00 0.70 0.33
B e gl 8.02 6.64 5.10
=S — i 3.28 1.82 0.34
/53 1.51 0.19 0.09
/M 8.28 0.41 0.30
KM 7.06 0.43 0.33
Ja1 ] 9.70 0.49 0.34
iR SN 5.94 1.34 0.82
FH 8.65 0.34 0.23
HHERR 1.68 0.64 0.21
i H 3.93 2.23 0.99
N> 4.18 1.25 0.70

Source: 4.2.2.2-1-DMPK(CH) 1997/241-Table 5, 6, Table 15 1 nmol/g =298.38 ng Eq/g
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HEROBEX COA566

Table 4-2 HWHEFILE/ S5 v FZ Arm/Lmf 20 mg/kg ([*H]-Arm &L T
2.86 mg/kg) ZHERIX(IREZOKZELT-L ZOfEE - HBABRHEERE

figies - KL HESTREIR L (nmol/g)

Hi[El ¥ 514 10 H SR 5%

30 %y 24 ¢ ] 168 IR 24 ¢

N=3 N=3 N=3 N=3
IR 3.10 0.67 0.32 3.03
A 4.00 0.49 0.07 1.56
FRIER 2.49 0.91 0.47 —
A i 3.38 0.95 0.72 2.92
DR 3.97 1.14 0.60 4.74
iE 16.95 1.14 0.25 3.68
G INEAN i 4.56 1.42 0.48 5.19
Jifa i 2.43 0.73 0.48 2.41
Jiti 2.87 0.64 0.35 2.34
1Ll 4.17 1.26 1.02 4.05
Kk 3.54 0.90 0.37 225
JHF ik 18.65 3.18 1.67 12.39
sk 3.73 0.89 0.62 2.93
JiEd =4 3.31 1.64 1.39 6.65
LS 6.84 2.00 1.59 7.89
H e 2.79 0.24 0.09 0.69
FEMIEE Y >/ NEHi 3.00 0.59 0.35 2.52
B 1.51 0.39 0.18 1.25
AT AR 2.53 0.46 0.22 —
JEE 5.19 0.62 0.18 2.21
T M 10.38 447 3.14 15.21
015 1.91 0.29 0.19 1.23
Ak 2.01 0.40 0.19 1.57
B 3.28 0.79 0.45 2.66
& 2.13 0.57 0.29 242
e el 8.56 3.92 2.58 12.46
N — i 3.33 0.67 0.18 1.71
iR 1.19 0.18 0.08 0.77
7N 1.16 0.27 0.17 —
K 1.11 0.28 0.20 1.32%
a1 ] 1.21 0.29 0.20 —
i 2N 2.93 0.66 0.44 —
FHb 1.13 0.21 0.17 —
1 IR 108.7 4.80 0.40 7.33
fiRH 39.47 2.98 0.93 6.59
/NG 16.71 1.37 0.48 7.08

Source: 4.2.2.2-1-DMPK(CH) 1997/241-Table 7, Table 8, Table 9, Table 16

*:fli4

1 nmol/g = 298.38 ng Eq/g
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£/, HEMEAEGT v M Am/Lmf 10 mgkg ( [“C]-Arm & LT 1.43 mg/kg) % HEIEHARN T 5-
L7cb & Db 55y, 1RFH, 8IFMH, 24 FFfH, KON 168 RFfE] O BUNRED 2L 7341 2 QWBA 12
KOG LTz, 854 5 0 KO 8 RE[E DA AU RE 434 A Figure 4-112, Ngids - AEARPY BCH BEIR
J£ % Table 4-31277F, RN G5 5 0 CTRHITIAS DML, mWIEFESES b kiL,
FFlg (B , mIBRCE, /Mg, O, W, BEIBERE, KOO Tho7, 5% 8 KHT
X, BREROBENEMOBRRREN <, OO (BEET) , @k, Mg &
B, MEAER, BANETH Y, HBELOM S b REA I S vz,

HET v bOMBANBSHESMIET ALE ) Ty FEFBILTEY, AT7=VE6AMMKTH LR
DO FSREN I R SHER T2 D, AT = ~OFfEITE< e & x5 (Table 4-
3) .

Figure 4-1 Arm/Lmf 10 mg/kg (["“C]-Arm & L T 1.43 mg/kg) Z#HEEES v MIC
HE#HIKRABRE L Z0RE%R 5 2R U 8 BEOMAB RS EESf

BE& 55

Adrenal gland Heart Brain

Preputial gland Intestinal mucosa Liver

&5 8 Feid

8 hours

Intestinal content Gastric mucosa

Source : 4.2.2.2-1-DMPK(CH) 1997/241-Figure 6
[“C] Arm & L T 1.43 mg/kg

A AT REDFEE 7~
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CTD 2.6.4 EMEIREHBRDOMEX COA566
Table 4-3 HEHEE®S v M Arm/Lmf 10 mg/kg ( ['“C]-Arm & L T 1.43 mg/kg) %
HEFIKNRE L= & 200 - BARSTeERE
figas - KRR HESTREIR L (nmol/g)
B[R 5-1%
547 1 FRERE 8 IRFfH 24 B 168 B
N=3 N=3 N=3 N=3 N=3
i * 5.25 2.44 1.53 1.11 0.36
JHF g 14.61 6.69 7.64 4.20 0.99
B i 5.70 6.54 7.66 5.86 2.85
Il 14.74 6.58 4.79 3.64 2.26
I i 5.73 5.52 473 4.01 2.02
i 6.19 2.38 3.20 1.97 0.49
e i 435 1.43 1.54 1.46 1.20
WEE K i 6.01 2.52 2.41 221 1.52
i 471 322 322 1.89 0.85
FHb 12.39 0.90 0.76 0.65 0.69
HERERI 291 2.14 3.44 3.49 0.16
CEREN =] 5.26 8.71 3.45 3.34 2.75
71N 11.21 0.69 0.58 0.64 0.69
K 11.46 0.85 0.66 0.70 0.69
Nk 2.39 28.35 40.50 477 0.43
B 2.13 0.14 0.79 4.65 0.75
B 3.01 0.87 0.84 0.48 0.82
iR 1.77 0.48 0.36 0.22 0.10
Source: 4.2.2.2-1-DMPK(CH) 1997/241-Tabl19 1 nmol/g =298.38 ng Eq/g

* 2R DTEE, # NEWEETe

Lmf

HEMET LV E /) Z w MIZ Arm/Lmf 1 mg/kg ( ['C]-Lmf & LT 0.86 mg/kg) % H[EIEARPB G L7
LEOEE®% 5 4y, 24 Kefl, KO 168 FFfE], i NI Arm/Lmf 20 mg/kg ([“C]-Lmf & L T
17.14 mg/kg) ZH[ERR OG- Lo & & O b% 3R, 24 FFE, KO 168 R Dliids - Ak AL
SRR & MRt L72[2.6.5.5B-DMPK(CH)1997/240], §#lRNEE G4 5 53 TRFIZILL A L, e,
B OIS B O RE SR DTz, 54 24 FER RO 168 MR TILEIE O e E - 72

(Table 4-4) .

PG TIE, HE RO Y o _Ei S OfRE A~ D AT ERIRN G- LT & & OBURE
AN E — 2 EHARL L Tz (Table 4-5)

Z v MZ Arm/Lmf 20 mg/kg ([“C]-Lmf & LT 17.14 mg/kg) % 1 H 118l 10 HEMER D& L
7ol &, REBEG% 24 RERIORRE Y )8, MR, BelEls, welsl, RO R OGS RelR
FE VX E[RIF 5-1% 24 BERE] & BT 1530 By 72 (Table 4-5)
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CTD 2.6.4 EMBEHROBEX COA566
Table 4-4 HWHEFZILE/ S5 FZ Arm/Lmf 1 mg/kg (["“C]-Lmf & LT
0.86 mg/kg) ZHMEFIKNRE L1-& EDMEER - HBAKRSTEERE

figies - KL HESTREIR L (nmol/g)

B[R 5-1%

5% 24 FREH 168 HEE

N=3 N=3 N=3
I1R7:3 10.3 0.18 0.02
JIR3 17.4 0.25 0.02
FR il Bk 222 0.10 0.01
i it 0.55 1.48 0.28
SIRNI 1.42 1.77 0.40
BIE 0.32 0.62 0.10
Wi Y oo 0.60 2.17 0.97
Jifa i 0.25 0.84 0.37
i 5.35 2.97 0.31
Lol 3.85 1.80 0.15
KER 0.44 0.48 0.12
JiF ik 18.4 2.28 0.28
gk 1.73 1.88 0.34
0o i 4.93 4.46 0.38
LS 3.97 16.0 1.06
HAE 0.27 1.04 0.49
FEMIEE Y >/ NEi 0.32 1.79 0.44
B 0.14 0.13 0.08
TSR 0.26 0.70 0.22
JEE 0.29 0.52 0.07
T Mk 1.69 222 0.33
i 0.17 0.72 0.13
AL F R 0.30 0.46 0.27
B 3.03 2.41 0.31
g 0.12 0.49 0.32
ra g 0.99 3.43 1.65
=S — i 0.21 0.57 0.22
iR 0.12 0.16 0.04
/M 0.35 0.04 0.01
K 0.25 0.02 0.01
Ja1 ] 0.29 0.02 0.01
JiE RN 2.43 2.80 0.81
FH 0.40 0.04 0.01
iR S 0.25 0.65 0.08
i H 0.52 0.93 0.13
NG 0.43 0.83 0.10

Source: 4.2.2.2-4- DMPK(CH) 1997/240-Table 10, Table 11, Table 29 1 nmol/g = 528.95 ng Eq/g
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CTD 2.6.4 EMEIREHBRDOMEX COA566
Table 4-5 HWHEFILE /S5 v FIZ Arm/Lmf 20 mg/kg (['“C]-Lmf & LT
17.1 mg/kg) #EEIXIIREEO®RE L& ZOME - HBNBSERE
figies - KL HESTREIR L (nmol/g)
Hi[El ¥ 5-1% 10 H SRR 5%
3 ke 24 IR 168 B[] 24 B
N=3 N=3 N=3 N=3
I1R73 2.14 0.35 NS 2.07
A 3.75 0.44 0.00 2.18
FRIER 0.57 0.19 NS 1.67
VA 0.45 3.01 0.20 33.9
R 1.15 5.80 0.28* 472
BIE 4.85 1.38 0.13* 11.9
G INEAN i 0.66 4.01 0.42 62.1
e fit 0.26 1.82 0.32 31.6
i 3.31 6.65 0.24 57.0
LR 1.82 3.86 0.12 25.8
Kk 0.19% 0.96 0.19% 10.4
JHF ik 24.6 7.02 0.18 47.0
sk 0.73 3.97 0.27 40.6
I i 5.77 9.29 0.31 66.7
LS 14.9 44.6 0.96 251
SR 0.43 2.09 0.36 33.2
IR Y > /i 24.8 6.44 0.46 45.1
KB 0.13 0.39 0.07 5.73
AT AR 0.25 1.23 0.19 17.5
JEE 0.42 1.26 0.08 11.6
B ik 1.39 5.15 0.25 44.1
A 0.11 1.33 0.08 9.49
Ak 0.00 0.78 0.27* 16.11
B 3.03 5.57 0.33 422
& 0.16 1.35 0.18 15.8
CEREN =N 1.61 6.89 1.23 103
N — i 0.14 1.27 0.19 20.2
iR 0.07 0.34 0.03* 3.81
/M 0.04* 0.05 0.00 0.85
K 0.06* 0.03* 0.01* 0.66
a1 ] 0.08 0.11 NS 0.99
R LS 1.22 5.98 0.80 55.7
FH 0.05 0.00%* NS 0.79
1R 44.7 1.78 0.07 10.2
fiRH 8.97 2.17 0.13 16.0
N> 4.60 2.39 0.08 14.1
Source: 4.2.2.2-4- DMPK(CH) 1997/240-Table 12, Table 13, Table 29 1 nmol/g = 528.95 ng Eq/g

*HRAE, NS: EBIRARN 2> O H IR L E O
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£7-, HEMEAEAT » M Am/Lmf 1 mg/kg ( [“C]-Lmf & LT 0.86 mg/kg) % HEIFHIRNERE L
L X OBE% 5y, 8K, 24 B, KON 168 B O MERE D25 /32 QWBA LV ML
7o #hHA% 5 3 KO 8 R Ok S RE 0 A % Figure 4-212, ldas - KRR HETR EE % Table
4-61277 7, FEIRNEE G5 5 0 CTERFITIRS ML, MiRE D bEWBSRENR TR & Lo ki,
g ORI Cholz, Fh% 8 R TIE, FIBOHRERENS S, WO T, ik &,
NG, B, BigCH Y, FHEREORM D b ESES B Sz,

HET >y OB MIET LV E ) Ty FEFERILTEY, AT =06 TH DR
DO FESREN IR R SHRT D2 D, AT =0 ~OFfEIFE< e & x5 (Table 4-
6) .

Figure 4-2 Arm/Lmf 1 mg/kg (["“C]-Lmf & LT 0.86 mg/kg) #EHES v FTH
BE#RARE LI ZDRE% 5 3RV 24 BRI OB DRSS

BE## 545 (0.083 BFiE)

Bone marrow Adrenal gland

Blood Heart blood Nasal turbinates

£ 5% 8 Fhd

Bone marrow Adrenal gland Brown fat
£ hours

Source : 4.2.2.2-4-DMPK(CH) 1997/240-Figure 8
[“C]Lmf & L T 0.857 mg/kg

A BT RE DA E 2R
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CTD 2.6.4 EMBERBROPMEX COA566
Table 4-6 Arm/Lmf 1 mg/kg (['“C]-Lmf & L T 0.86 mg/kg) Zi#EEET v kI
HEFIKNRE L= & 200 - BARSTeERE
figas - KRR HESTREIR L (nmol/g)
HiRI & 514
5% 8 MRt 24 I 96 FREfH] 168 ]
I * 6.64 0.54 0.22 0.06 0.03
JHF ik 20.4 7.19 1.82 0.23 0.12
5 Mk 1.43 1.46 1.16 0.24 0.13
Il 8.20 25.4 224 6.37 2.63
I i 437 5.61 2.74 0.43 0.27
i 5.52 2.02 0.91 0.19 0.10
b fi 0.21 0.37 0.53 0.47 0.35
A i 0.47 0.87 0.96 0.38 0.20
B 1.85 2.58 1.25 0.38 0.35
HHE 0.15 0.12 0.06 0.04 0.04
H AR 0.21 0.53 1.09 0.50 0.40
B efE 0.98 1.67 1.76 1.16 1.29
/NI 0.22 0.06 0.05 0.03 0.02
HE 0.14 0.07 0.13 0.05 0.04
N 0.07 232 1.13 0.29 0.40
B 0.13 1.02 0.16 0.03 0.10
KB 0.07 0.12 0.16 0.19 0.22
5! 0.10 0.08 0.15 0.06 0.09
Source: 4.2.2.2-4- DMPK(CH) 1997/240-Tabl 17 1 nmol/g = 528.95 ng Eq/g

N=1, * 2 IEDOEE, # NEMEET

4.3 Re B8 1

Arm

HR 13 HHOZ >~ M2 Arm/Lmf 30 mg/kg ( [PH]-Arm & LT 429 mg/kg) % & B[R O&EE L,
Arm O JEAEEEYE K OFEFRN 046 2 Biat L 72[2.6.5.7A-DMPK(CH)1997/099], #E4E 13 HEDZ v
N Dl « FARRP G REIR B A Table 4-712R7 3,

OG5, MR, SEK, ROMRYEFICHEHRENRTRD B, FARIE A TIEEG% 1 KFH
IR EIZE LT, £ OO DWW T H T XTG4 0.5~8 R R mIREICE LT,
(RGP O BEE B & e, IR TP O BRI MIE 2 R L7228, K R O V8 o e RE T B 1A
VMETdH - 72, Ma VAR T B RE O RHA MK BRI 6T~ 5 Ehid 0.34~0.74 TH Y, JrIEIE
Arm XTZ ORBWIGETR S TWD Z E AR E T,
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CTD 2.6.4 EYMBEHBRDOBEX COA566
Table 4-7 Arm/Lmf 30 mg/kg ( [*H]-Arm & LT 4.29 mg/kg) RS v ~IZE[A
BO/ELI-L Z20OMRE - HBABRSERE

figies - KL HESTREIR L (nmol/g)

B[R 5-1%

0.5 HE 1 ] 4 FREfH] 8 HFfH] 24

N=3 N=3 N=3 N=3 N=3
BiIRY: 3 3.70 3.44 3.59 3.25 1.63
ik 4.44 4.08 3.95 3.14 1.16
WEE i it 3.87 3.58 3.18 2.40 1.24
SIRNI 4.95 3.86 3.52 3.36 1.81
i 3.72 3.31 3.20 2.93 1.55
i U o i 435 3.75 3.01 2.26 1.03
b i 3.02 2.59 2.56 2.04 1.40
il 3.42 3.22 3.09 2.74 1.13
W 4.18 3.92 3.93 3.74 1.86
KENR 3.83 2.46 2.64 2.06 0.82
FEMIEE Y >/ NEi 5.53 4.09 2.90 2.45 0.88
J sk 20.02 14.11 12.60 12.09 5.55
N 4.07 4.04 2.95 243 1.22
I i 4.74 425 522 4.99 3.67
Il 11.56 8.45 7.13 6.21 3.34
HERERI 2.91 3.08 2.20 1.24 0.44
B ik 8.26 7.82 10.81 6.81 4.14
JEE 7.83 5.04 8.62 10.02 1.26
AL E R 3.18 3.00 2.47 1.73 0.64
i 2.14 2.11 2.87 1.49 0.58
B 3.88 491 4.54 3.85 1.80
B 3.04 2.58 2.39 1.87 0.96
CEREN =0 8.26 6.99 4.43 477 2.92
iR 1.45 1.46 1.39 1.08 0.33
N — i 5.69 4.53 321 2.59 1.26
Jibd 1.88 1.56 1.33 1.12 0.51
iR 197.36 86.54 32.02 12.66 6.59
i H 34.19 24.41 11.15 6.48 2.94
NG 26.99 16.36 9.70 9.69 2.94
FLIR 4.59 4.26 2.88 1.88 1.07
Ui 4.06 4.24 3.47 2.70 1.35
T 3.24 3.59 3.65 3.28 1.36
Jif * 3.91 4.87 5.14 4.14 1.99
B/ 1.57 1.95 1.87 1.63 0.35
Ji b * 2.31 2.53 2.49 1.94 0.56
Source: 4.2.2.3-4- DMPK(CH) 1997/099-Tabl 1~Table 5 1 nmol/g =298.38 ng Eq/g

6 TR D FH



Novartis Confidential Page 30
CTD 2.6.4 EMENREAERDBEX COA566

Lmf

R 13 HE O v M2 Arm/Lmf 30 mg/kg ([“C]-Lmf & LT 25.7 mg/kg) % % B[RO #E L,
Lmf O fEaEE M K OWHRRN 2046 2 #ist L72[2.6.5.7D-DMPK(CH)1997/139], ik 13 HED T v
N DNigias « KR RERR JE % Table 4-8127~7,

RO G%, R, K, ROBEFICHEAERENTED b, FARIBNICHETIIEL% 24 FF
IS A B U7, TR VAR P O R OO R I U RB I 69 2 BRI 0.004~0.262 &/ &
WA, BRIRIE Lnf & 5 WX OREMICIRE SN TWD Z LRI Sz,

Table 4-8 Arm/Lmf 30 mg/kg (['“C]-Lmf & LT 25.7 mg/kg) ZIEIRS v FZHE
BOBELELEFDRER - HBNRSTRRE

figies - KL HESTREIR L (nmol/g)

B[R 5-1%

1 IRfH 4 R 8 ¢ 24 TR fE

N=3 N=3 N=3 N=3
IR 2.74 8.67 9.78 3.74
ik 3 451 13.80 15.72 6.44
R IER 1.24 2.97 3.43 1.08
VI 0.00 0.00 0.05 0.08
g h# 0.01* 0.10 0.37 0.98
e 0.65 6.81 13.45 11.20
HrEL 0.71 12.70 29.11 19.54
& 0.18 1.68 3.57 4.86
WEE i it 0.11 1.01 2.20 478
R AR 0.33 3.37 7.83 11.08
b fit 0.12 0.64 1.54 4.11
G INIAN i 0.17 1.48 3.82 7.13
il 0.91 9.75 16.46 12.38
LR 0.49 3.80 7.48 11.77
KENR 0.35 1.66 1.99 2.50
J sk 423 69.07 110 43.71
N 0.21 1.75 3.71 8.58
e ik 1.60 26.58 41.32 30.78
LS 3.00 69.25 178 244
HERERI 0.08 0.42 0.91 2.37
FEMIEE Y >/ NEi 11.35 79.19 49.68 22.54
015 0.04 0.52 0.89 2.11
Ak 0.16 0.94 1.15 2.31
B 0.73 10.57 20.02 14.92
& 0.07 0.56 1.57 327
e fEn 0.41 4.07 7.60 21.49

iR 0.04 0.22 0.58 0.78
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i + HELA HSTREIREE (nmol/g)
HiEl# 514
1 ] 4 FREfH] 8 HFfH] 24 I
N=3 N=3 N=3 N=3
N — 0.21 1.01 0.99 1.71
SR 0.07 0.24 0.33 0.18
71N 0.06 0.26 0.26 0.16
KK 0.05 0.20 0.24 0.14
TR 0.66 3.55 6.49 13.25
SR 0.16 0.46 0.53 0.29
il 1.11 1.03 1.95 2.61
T M 0.45 3.45 7.09 10.54
it 0.08 0.73 1.90 2.79
e iR 172 199 224 12.19
iR 6.04 3.98 10.33 2.82
NG 23.98 34.18 17.73 11.58
FLIR 0.12 1.42 3.11 8.48
Source: 4.2.2.3-5- DMPK(CH) 1997/139-Tabl 1~Table 4 1 nmol/g=528.95 ng Eq/g

*RAE, #: 6 FRIRD I E

iR 17 H H O 7% %12 Arm/Lmf 175 mg/kg ( [*C]-Arm & LT 25 mg/kg, XIX["“C]-Lmf & L T
150 mg/kg) Z HEIRE O£ 5 L, Arm KOV Lmf G888 2L QNS RN 5 A 2 st L 7=
[2.6.5.7B-DMPK(CH)1997/004] } (¥[2.6.5.7E-EMET(EU)29/1996], #5-% 24 BE[EI T, MGHE, FK,
FOWREHIZ, Arm X3 Lmf O SRERTRD H vz, M VLR A B RE O R ik U e %t
T 5L, Arm TiE 0.50~0.99, Lmf TiX 0.02~0.03 TH Y, MEEIE Arm, Lmf, KOZEN 5D
REWITBEBE SN TS Z LR ST,

5 K& (BMEROLE)
51  REMOEE

Arm KON Lmf @ in vitro R#HNZHOWT, ~U X, v b, KOt MFIZ7vr Y —L4A, W~
JA, Tv bk, AXORF SI12 W4y & W TRGES L 72[2.6.510B-DMPK(CH)1997/181], [2.6.510C-
DMPK(CH)1997/156], [2.6.510D-DMPK(CH)1997/035], [2.6.510E-DMPK(CH)1997/155],

PH]-& 5 W [MCHE#R L7- Arm XU Lmf %, 7 v B RO UG L,  in vivo (R 2 FHL
72 [2.6.5.9A-DMPK(CH)1997/241], [2.6.5.9B-DMPK(CH)1997/003], [2.6.5.9C-DMPK(CH)1997/534],
[2.6.5.9D-DMPK(CH)1997/209],

Arm OELREBREEIL, 1) Kk, 2) 77 v @ias, 3) O-il A F b CGEERAICTEE
Do 5 DHA) EHEE STz, In vitro REHEER, FHEWY KOt b o M SOIE o
(P R CHEE ST fREHEBAL % Figure 5-112, DHA O s % Figure 5-2127~7,



Novartis Confidential
CTD 2.6.4 EYFREAER D E X

Page 32
COA566

Figure 5-1 Arm DHETE R BHERGL

Sl IC L DR BREER RIE
(tetrahydrofuran (55 I8) ketal acetate R U
deoxy -3-hydroxy~ DB EE I HEEEIN D)

KBk (3a, 3B)

gnoouggs
o alkEaINS

AZTEE—ILD — 0
SO ADERE /

B&1L BYO-BE AF L 1L

Source: 4.2.2.4-1-DMPK(CH) 1997/534-Figure 9

Figure 5-2 DHA D#EE

Source: 4.2.2.4-4-DMPK(CH)1997/181

Lmf OF 2R, 1) N7 F b GEREASIENED & 2 G desbutyl-Lmf) , 2)
CKEEfk, 3) 77 v U BEaG EHEE ST, In vio RETER, AL e O
(L3E A N P CIRIE U 7o HEE AEHEAL & Figure 5-312, desbutyl-Lmf [ Figure 5-41Z7779,
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Figure 5-3 Lmf O HEE R FER AL
N-B 7 F L R i

N

N
cl C - LNV Bas

O — C-7kE&{t
Cl

[ HO

Source: 4.2.2.4-2 DMPK(CH) 1997/209-Figure 9

Figure 5-4 N- desbutyl-lumefantrine
HO /\/\
N
H
Cl I I| I Cl
Cl

Source4.2.2.4-2 DMPK(CH) 1997/209-PT- Table 7

5.2 In vitro X3t

Arm KO Lnf ORI 595 CYP 0 7fEi%, b MIFI 7 v Y —AKOE b P450 BRI 7
oY — AT K5 T, CYP 4 1 f % [A & L 7= [2.6.5.10C-DMPK(CH)1997/156], [2.6.5.10E-
DMPK(CH)1997/155], Arm MO Lmf 33 & LT CYP3A4/S I L VA& D Z &AVRIB S
(Lefevre and Thomsen 1999),

Z v P REOA XAF S12 HEi45 & W2 in vitro SBROFE R NG, Lmf O F3E 21X N-
desbutyl-Lmf T& % & % % 5 [Table 2.6.5.10D— 1997/035]
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5.3 In vivo X3

5.3.1 Mz S

PH]-Arm XIE[MCl-Arm Z HEET » b R OVEM:A XA H A& G LTz & & o R Z2 bRz O
(I EARHE O % Table 5-112789, WIS MEEFIRELIRDGERD S 7223, DHA [X[FET
ERAY Nl

[“Cl-Lmf Z BT > b R OREME A XICH B G L7z & & o R 2 LRI NS ERE O
AT L TR0, WINOEFETH Lmf ORZEARITHSTEERE D 90%LL | THh -
7= [2.6.5.3D-1997/240],

Table 5-1 HEREE5&ROMEH Arm RUEREYOMBPBSEEICH T HES
féi 7wk 7k A X A X A X
P 1 i3 i3 1 1
Arm/Lmf % 5. & 10 20 10 20 200
E R Y S Lv. p.o. Lv. p-o. p-o.
=R H-Arm ’H-Arm 14C-Arm 14C-Arm 14C-Arm
BRI (97) 5 30 15 120 120
P52.5
. 5.0 5.9 1.5 5.5 4.8
9a-hydroxy-artemether-9-0-glucuronide
P33.0
3~,9~-dihydroxy-deoxyartemisinin-9-0- - - 1.2 4.8 2.9
glucuronide
P56.0 — — 8.2 16.6 16.3
P57.5
3~-hydroxy-deoxyartemisinin— 3~- 34 6.7 10.8 15.9 15.8
hydroxy-deoxyartemether-3-0-
glucuronide
P72.0
3~-hydroxy-deoxyartemether-3-0- - - 5.6 52 5.4
glucuronide
P54.0
. L . 1.9 3.4 — — —
0-glucoside of an artemisinin derivative
RIAEE 3.6 0.3 163 0.4 0.1
W EE 1997-241 1997-003

Source : 4.2.2.2-1-DMPK(CH)1997/241-Table 20, 4.2.2.2-2-DMPK(CH)1997/003-Table 7
BEGREIC X 2 M P RE ORI (%) , —  FETE T

7 v MZ Lmf ® 7% LAY 100 mgkg, Xix R-M O S-=F > F A ~—%4% 50 mgkg & Zi
ZHHRBREOES L Lmf © R-ZKOY S-=F > F A4~ —O M EE %2 & L= [Table 2.6.5.3G-7
BR 1996/147], [Table 2.6.5.2 M-3R 1996/147], F£ 7o, MEHEA X2k 25 13 BEHE TK bR

(200 mg/kg/ H ; [Table 2.6.5.4Q-3kk 1996/024]) 't ~ > A006 #ER TEHEL L 72 R0
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BEZRHE L, = v F A ~—Ic RERENRD LN -T2 LD, Lmf D R-F X S-—
FrTFA~w—DT IV EEZLND,

532 [RepR#Ewm

PH]-Arm E["“Cl-Arm ZHEVE T » b R OHEMEA XICH RIS LT & & OJRPRZE RN
FAGH DI A Table 521077, RHICKREKITIZE AL EERSRT, EREWIT O- 717
B UBERAIRTH o T,

7%, [MCl-Lmf ZHEMET > N ROBEME A XIZHEIFE G LTz & & DR ORZEAERT N FER
H DORBUTIFRFT L TR0,

Table 5-2 HEKREZORS Arm RUEKREVORDBRSTREICH T 5 &

Tl 7 vk 7 vk AN 7wk 7 b A X A X A X
lic E i3 T i e Vi3 i3 i3
Amﬁ%ﬁ& 10 20 1000 100 20 10 20 200
B GRR iv. p.o. p.o. p.o. p.o. iv p.o. p.o
ety 3H-Arm 3H-Arm SH-Arm SH-Arm 14C-Arm 14C-Arm 14C-Arm 14C-Arm
P52.5 2.2 2.5 6.5 3.8 1.6 1.2 2.7 1.4
P33.0 — — — — — 2.7 4.8 3.6
P57.5 1.9 1.8 33 2.3 1.1 7.9 9.1 8.4
P72.0 — — — — 0.7 0.4 0.6
P54.0 2.8 2 3.2 1.9 1.8 — — —
RIALIR 0 0 - - 0.1 0.1 0.1 0.1
e E R 1997-241 1997-003
Source : 4.2.2.2-1-DMPK(CH)1997/241-Table 21~25, 4.2.2.2-2-DMPK(CH)1997/003-Table 8~ 10
HSTRRICKT T 2 IRPBEROEIA (%) , —  FETET

5.3.3 EHRUEAPRHEM

PH]-Arm UE["“Cl-Arm ZHEVET » b R OVEME A XIZ BRI G L Ts & & O3 ORZE LRI
(=R OALAL A Table 5-3127R7F, #EROREAKITD 2L, ERBEMILO-7 V7 v VLG
KTholz,

Fo, HEET v FERAOWTIBFEEREZMRE Lz, BV =2 —ra Y ELET v MT
Arm/Lmf 20 mg/kg Zf&OWNE G Lz & &, Bh 72 FEE% £ TG ED 58.5%23AH 7> 6 [8]IY
S, FOEEXOERMREHWIL P52.5 (9a-hydroxy-artemether-9-0-glucuronided, #¢5-f&D#] 26%)
T 57-[2.6.5.9A-DMPK(CH) 1997/241],
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Table 5-3 HEFEEEDED Arm RUEREYVOEDBHEICHT HFE

fill 7wk 7w b 7y b 7 v b 7 b A X A4 X A X
e E i3 Tt iia e i3 i3 i3
Amﬁgf& 10 20 100 1000 20 10 20 200
B 51 iv. p.o. p.o. p.o. p.o. iv. p.o. p.o.
L& 3H-Arm 3H-Arm SH-Arm SH-Arm 14C-Arm 14C-Arm 14C-Arm 14C-Arm
P52.5 0.9 1.2 1.1 1.2 0.2 0.6 1 0.9
P33.0 — — — — — 0.1 0.5 0.3
P57.5 1 1.4 1.2 1.1 0 0.3 0.9 0.4
P72.0 — — — — — 1.8 2.8 2.3
P54.0 0.6 0.7 0.9 0.4 0.3 — — —
KREAAK 0.3 0.1 - - 0 0.2 0.2 0.2
WEEL S 1997-241 1997-003
Source : 4.2.2.2-1-DMPK(CH)1997/241-Table 21~25, 4.2.2.2-2-DMPK(CH)1997/003-Table 8~10
B SRR T 2 P EEOEIE (%) , — : RETET
6 Bttt
6.1 R, BERUEHAHA~DH
Arm

HEMEZ » b, MEEO T, ROWEMEA X2 Am/Lmf ( [PH]-Arm, XIZ["C]-Arm) % Hi[a|$
b Uz & & o aedRit R 2 Table 6-1127~" 3, BOHREITHEC TR S, H&54% 7 BIZIT&RE
BOIFEAERBIRE N, 7> NOBIKN D OHBIRED BRI G- 80D 2~9% Th > 7=,

AR =a b —va VILEZ L7 7 v MIZ Arm/Lmf 20 mgkg ([“C]-Arm & L T
2.86 mg/kg) HIEARE Lo & &, BH#% 72 M E TOMEN L OIRFPIZENENE G EDR 58%
LUK 28% Rt STz, ZDZ &b, Ty MIBITSH Am KOZEORBFHOPEMIZIE, B
HHPEROF SN KE WV EE 2D [2.6.5.14A-DMPK(CH)1997/241],



Novartis Confidential Page 37

CTD 2.6.4 EMEIREHBRDOMEX COA566
Table 6-1 BESy b, MEYYY, S XS AmLmf ZEBEREL-EED
Arm DS REHE M 3
kh& HEME(% of dose)
B4yl Arm/Lmf E R Y S 173 # At
(GRERTE ) (mg/kg) 0-24 h 0-168 h 0-24 h 0-168 h 0-168 h
J vk 10 iv. 38.0 432 33.7 44.4 87.5
(1997/241) 20 p.o. 41.4 46.3 33.5 419 88.2
100 p.o. 53.7 60.9 34.1 42.0 102.9
1000 p.o. 45.5 65.5 14.3 32.8 98.22
A 175 p.o. 66.5 NA 1.9 NA NA
(1997/004)
S X 10 iv. 42.5 52.9 21.6 33.3 86.1
(1997/003) 20 p.o. 45.1 63.3 26.3 30.8 94.1
200 p.o. 47.8 57.2 29.8 37.3 94.5

Source : 4.2.2.2-1-DMPK(CH)1997/241-Table 10~13, 4.2.2.2-2-DXMPK(CH)1997/003-Table 1~3,
4.2.2.3-8- DXMPK(CH)1997/004-Table 1

NA: #%%7e L, afRHuRFf (0-144h)

Lmf

HEMEZ > b, IR 17 HEHO DY, KOWEMEA X2 Am/Lmf ([“C]-Lmf) ZH[EH&RE L7 L
E O KRS A Table 6-212777,

JHEIC A =ab—a UEE LT2T7 v M2 Am/Lmf 1 mg/kg ([*C]-Lmf & LT 0.86 mg/kg)
ZERNE G- Lo & &, 5% 72 K £ TOMH R ORI ENE G- EDOK) 39% K O 2%
NP Te, LEDZ b, Ty MIBIT DS Lmf KOO O, A8kt o
FHNKEZ W EE 2 H[2.6.5.13C-DMPK(CH)1997/240],

Table 6-2 HESy kb, DY, #ita X Armilmf ZHEERELI-EZ0

Lmf DR STREHE# 3
kG & HEI £ (% of dose)

GuL/pi Arm/Lmf 5 512K SR #* At
(GRER T =) (mg/kg) 0-24 h 0-168 h 0-24 h 0-168 h 0-168h
F vk 1 iv. 1.33 1.95 35.4 71.5 79.5 2

(1997/240) 20 p.o. 0.16 0.24 88.7 94.1 94.3

100* p.o. 0.27 0.38 76.6 91.3 91.7

1000* p.o. 0.26 0.33 58.6 95.5 95.8

A 175% p.o. 03P NA 30¢ NA NA

(29/1996)

S X 1 iv. 1.10 1.87 36.1 75.3 77.2

(1997/240) 20 p.o. 0.26 0.37 88.7 92.9 93.2

20% p.o. 0.41 0.68 72.6 85.8 86.4

Source : 4.2.2.2-4-DMPK(CH)1997/240-Table 18, 20, 24~28, 4.2.2.3-6-DXMPK(CH)29/1996
NA: 7 —# 72 L, *HHEH
aBtGED 15.9% PERAK OEILE D SRS 72, b:n=2, c:n=]
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6.2 FitBT

AR T v N R OMEHRE T H 2 PH R O[*Cl-Arm SUE[MCl-Lmf Z#& N EE Lz & &, 54 24
RF OFLIR T OB REDN EEARE TH - 722 £ D, Arm L O Limf & 240 5 ORGEHIZ LI H1IZ
BATT 535 L5 % 5[2.6.5.7A-DMPK(CH)1997/099], [2.6.5.7B-DMPK(CH)1997/004], [2.6.5.7D-
DMPK(CH)1997/139], [2.6.5.7E-DMET(EU)29/1996],

7 EYRHEEER
7.1 BRAE

t MFI 7Yy —2a%HWT, CYPIA2, CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2EI,
CYP3A4/5 }. (Y CYP4A9/11 12535 Arm M OY Lmf OFLEREIZOW TR L7Z (Table 7-1) . Arm
@ CYPIA2 (264 A EES (KE) X 216 umol/L TH Y, FIWVHENREO Sz, Ll
NG, BB~ Z U 7 BE TOREMETRE CEE) 134 0.623 pmol/L (186 ng/mL, A028
RER) THYERKMIZIEMER N EE 2 Bz [2.6.5.12A- DMPK(CH)1997/072], —J7, Lmf X
CYP2D6 Z#[HEL, KifElX 0.997 umol/L Tk - 7= [2.6.5.12B- DMPK(CH)1997/073], non-immune
DBE TOREMIEPEE CEXME) 1359 11 pmol/L (5.72 pg/mL, A2401 #&ER) TH Y, KEIC
REETH D Z &0 D, IREROPNMEA Y CIEIEMMAR EAER 2N EERAIIRE & 72 2 FTREME
DR Sl

Table 7-1 CYP D&LHFREICHT HIEEFHE

CYPHTHL MR < (o)

Arm Lmf
CYP1A2 7-Ethoxyresorufin O-dealkylase ~216 >2.0
CYP2A6 Coumarin 7-hydroxylase > 100 >2.0
CYP2C9 Tolbutamide methyl-hydroxylase** ~330-470 >2.0
CYP2C19 S-Mephenytoin 4'-hydroxylase 38.4 >2.0
CYP2D6 Dextromethorphan O-demethylase” > 100 0.997
CYP2E1 Chlorzoxazone 6-hydroxylase > 100 >2.0
CYP3A4/5 Testosterone 6p-hydroxylase 48.5 >2.0
CYP4A9/11 Lauric Acid 12-hydroxylase > 100 >2.0

Source: 4.2.2.4-8-DMPK(CH) 1997/072- Table 3, 4.2.2.4-9-DMPK(CH)1997/073-Table 3

Arm J2JE: 0.1, 1.0, 10 2 O¥ 100 wmol/L, *Arm % 0.133, 1.33, 13.3 & TX 100 pmol/L, ** Arm J#=/£: 0.1, 0.53, 10 &
T 100 pmol/L

Lmf 2 E: 0.05, 0.5, 1.0 2O 2.0 umol/L, *Lmf #i2%: 0.067, 0.67, 1.33 & X 2.0 umol/L.

7.2 BRGBE

Arm/Lmf % 7 v b RO XUTKER NG Lz & &, Arm &Y DHA O IfiuJfE i B 1 3R R 12
Wb LicZ &b, HEFEORRMEREZE X LD (321H) . b MFMlaz HW 2 in vitro 385
[DMPK R0900123]Ci%, Arm, DHA &X' Lmf (ZHE40 2.5, 7 L O 200 uM OFEFE THE) 1
CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19 LU} CYP3A #§hEE L7 ~>7-, —Ji, Arm
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NN DHA %07 V7 2= UFF8KE, v MRATMIE L O e MIGM#Iakk LS174T (28T,
CYP2B6, CYP3A4 }¢ (R MDRI1 #7587 5 Z & 03@iE ST % (Burk et al. 2005)

UEDZ ENnDS, Arm @ CYP FEDOFEIZOWT, in vitro AR TSRS —H L T 57,
Arm & ODHA @ CYPFHEIZOWTIEETERNEEZZ D, LEENR-T, RFD CYPIAL DF
BIZKY, CYP3A4 [Tk > TR ESNDFEHR L O L72t, £ OFEFOEYEREICEN AT
LHAREMENR B 2 Hivd,

8 Z Dt DR BREHAER

7L,

9 ERR UG

KFENY) % F T Arm X OV Linf O 3 EhEE A, in vivo iR ) N in vitro FBRIZ W TRFET L 72,
Arm (IPIELEIE 252109 <, EHMISRH S, Lif (3HEREE & IR AR CIREE RN R0,
BREOFENREINT-,

Arm/Lmf %7 v N O XU #EG- Lz L &, Arm KO DHA O (i o B 3R R 1 2 b
L7ze 4 XKOT v h® Limf ORFEMEICOWTIE, FIEIE G S B 505 R g R 3 8 L
2bO0, —EOBMITERD bieolz, R CTHRE LT o fEC© b RERICH
LRIV EEZ XD, Am OMEEARHBERIL, ~ VA, Ty, UHE, 41X, KO
=7 APNLT, TNEN 983%~984%, 97.3%, 97.1%~97.2%, 97.1%~97.3%, KT® 96.0%~
96.2%TH v, RWEKFMEITRRD bNRpoTc, Lnf OMFEAMEGRIT, ~URA, Tv b, U
X, 41X, FOH=7 AP T, ZNLI 99.8%, 99.9%, 99.93%, 99.92%, KN 99.94%T b
STz, b MIUEROFRIMERICB N T, Amm 1ZEIC al-BMEREEAE (33%) , RICMmET L7 3
v (17%) , &, KEOEIKEEY AEAE (FREN 12%, 93% &N 12%) WNZ y 7 e 7Y
v (04%) KB L7z Amm @ 1% MERICEATL, 4.6%I3FEHEER Am Th o7, Lmf (X
1 pg/mL (1.89 pmol/L) DIRFEETEICY REHE, FrICELEY REAE (99.6%) I[HE LT,
9 62%03E MLIET VT R 0T, K 8% MERIZREAT LT,

PH]-Arm, ["“C]-Arm, XIZ["“C]-Lmf ZFEKXKO7 /L E /7 F > M, HERR OGNS HE
RN G- L7 & &, Am, Lmf, XOFOMREWIT2H oM Lz, AET v N OMEEN S
BENAIIT A E ) 7y FEFHLILTERY, A7 =VERMEETH 2R 5 e a5 <
KTDZEMND, AT ~OBFMEITEL 20 EEZ D,

IR > b R OMTHR 7 H FI2B VT, Arm KO Lf OGP 1IN 2 @i UG R A~B1T L7,
FLARC A LI R fE N E R CE =2 D, BT R S Tz,

Arm }2 QY Lmf O E 72T 1L CYP3A4/S THo7-, Arm OEZRRHIREEIL, 1) KEE(L, 2)
7 SRS, 3) O-A Fulk (GEMEREY DHA) T& Y, Lmf OERRHREEIT, 1)
N-fil 7 F At (FEHEAEH desbutyl-Lmf) , 2) C-/KER{L, 3) Zv7 m URfaf & HEE 47,



Novartis Confidential Page 40
CTD 2.6.4 EMENREAERDBEX COA566

Arm ZREOHE L2 L %, Arm K OZ OREPILIR K OFEFIIZIZR CEE CHEk S, &5
% 7THETITIZEA L ESNT., Lmf ZRAFG L2 L&, K 90%NREIETHY, FKp
HIEIN S 7z, ER I desbutyl-Lmf (T T Th VD, 5% 7 HETITIZTPRES T,

Arm [T in vitro FRERIZEBVT, CYPIA2 1Tk L CHIWAEER Zr L7ens, ERRPIICRIE & 72
HFEETIX 722272, Lmfix CYP2D6 ZBAE L, TREIROB ML) CrI IR iFe B4R X R
AR & 72 2 FTREME S R STz,

Arm @ CYP FFEDFIIZHOWT, in vitro iR Tl FHRETHERBS —H L TE 59, Arm KO
DHA @ CYP HEIZOWTIEEETER2NWEE XD, LR ->7T, CYP3A4 OFEIZLY,
CYP3A4 1T & » THE S 40 5 AN O K ENREIZFEEEDAE U D ATREMEDR B 2 B D,

10 SE 3R

[Burk O, Arnold KA, Nussler AK, et al. (2005)] Antimalarial Armemisinin drugs induce cytochrome P450
and MDRI1 expression by activation of xenosensors pregnane X receptor and constitutive androstane
receptor. Mol Pharmacol; 67(6):1954-65.

[Lefévre G and Thomsen MS (1999)] Clinical pharmacokinetics of Armemether and lumefantrine
(Riamet®). Clin Drug Invest; 18(6): 467-80.

[Li QG, Peggins JO, Fleckenstein LL, et al. (1998)] The pharmacokinetics and bioavailability of
Dihydroartemisinin, Arteether, Artemether, Artesunic acid and Artelinic acid in rats. J Pharm Pharmacol;
50(2):173-82.
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BE—K

&5 Bl L TWZRNWEREL () B L TOWZRWEREL (A)

APCI atmospheric pressure chemical ionization KRJEALZEA A AkiE

AUC area under the drug plasma (serum/blood) MAE (M /MiR) Py B - ) Ah A T
concentration-time curve pi

Clh concentration at 1 hour BHA% 1R O E

C2h concentration at 2 hours B 5.1 2 B O

C4h concentration at 4 hours B 5.1 4 B R L

Cgh concentration at 8 hours 5% 8 R DR

CB concentration in blood 37 H i

CL clearance JIVTT A

Cmax maximal drug plasma (serum/blood) concentration 0 (/i) F IR

CP concentration in plasma A P

()% coefficient of variation EEMRE (%)

CYpP cytochrome P450 F k71— P450

DHA dihydroartemisinin —

GC gas chromatography AV a~< NI T7 14—

GC-MS gas chromatography -mass spectrometry WAV~ 7T 7 4 —EESHT

GLP good laboratory practices IR 5 D22 MR BT 2 FERRAR B D S

e

'H-NMR proton nuclear magnetic resonance spectroscopy 7a b UERBR IR AR v

HPLC high performance liquid chromatography BHikKksa~ T T 4 —

HPLC-UV high performance liquid chromatography coupled WG R HH 2R A Bt L@ Rijik 7 v~
to ultraviolet absorbance detection NS 4 —

HSA human serum albumin v hMLET VT I v

Km michaelis constant I Y RAFEH

LC-MS liquid chromatography-mass spectrometry N/ =0l A AP R = A T

LC-MS/MS liquid chromatography coupled with tandem mass &7 v~ /5 7 4 —& U F LNEEHHT
spectrometry

LIMS laboratory information management system —

LLOQ lower limit of quantification TE TR

LOD limit of detection T HH B

LOQ limit of quantification 7E RS

MRM multiple reaction monitoring ZENEE=ZY T

MS mass spectrometry BEOHT

MS/MS tandem mass spectrometry BT BE R

NKa total binding capacity of a protein REAMNARE

NKg total binding capacity of erythrocytes M ERS ARE

PK pharmacokinetics HEWEIRE (F)

QC quality control —

r determination coefficient HERE

SDS sodium dodecyl sulfate INARZAZ T NNV

SPF specific pathogen free —
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5 Blg L TWVRWEREL (5) B L TWRNWREL (H)

T1/2 elimination half life THI

TIS turbo ion spray —

TK toxicokinetics F¥vafxxr 7R

Tmax time to reach the maximum drug plasma eIt (g /ifg) P Sy e 3 2 e R
(serum/blood) concentration following drug
administration

ULOQ upper limit of quantification Ew bR

uv ultraviolet EFAN

Vmax maximum velocity of an enzyme B2 O i KOG R FE

WBAR whole body autoradiography Y- NTOXTTT 4 —
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2.6.51 EPERBHE : —&K

Test System or Admini- Duration  Analyte/ Doses / GLP Testing Report Number Location in
Type of Study Species / Strain stration Dosing Concentrations Compliance Facility Module 4
2.652 TERUNIT—a  HEE
Artemether (Arm)
Analytical methodsand ~ LC-MS/MS - . Arm yes @G (5/rcEUR0301212] 42211
validation reports dihydroartemisinin

(DHA)

Analytical methodsand ~ LC-MS/MS - . Arm, DHA yes @G (5/PK(EU)R0301212- 422122
validation reports 01]
Analytical methodsand ~ LC-MS/MS « - Arm, DHA yes @8 010K R0400692] 42213
validation reports
Analytical methodsand ~ LC-MS/MS . - Arm, DHA yes @G (0)PK RO500059] 422.1-4
validation reports
Analytical methods and LC-MS - - Arm, DHA yes Novartis [BAPK(F) R00-1840] 42.2.1-5
validation reports
Analytical methods and Stable isotope Synthesis - - ["*CD5] Arm not required Novartis [DMPK R0O500720-01 42.2.1-6
validation reports and release analysis (88E 096-1)]
Lumefantrine (Lmf)
Analytical methods and ~— LC-MS/MS - - Lmf yes Novartis [DMPK RO300924A] 422.1-7
validation reports
Analytical methods and ~ LC-MS/MS - - desbutyl lumefantrine  yes Novartis [DMPK R0O300924B] 42.2.1-8
validation reports (N- desbutyl-Lmf)
Analytical methods and LC-MS/MS - - Lmf yes Novartis [DMPK R0O300924C] 42.2.1-9
validation reports
Analytical methods and ~ HPLC-UV - - Lmf not required Novartis [DMPK(F) R0O0-2105] 42.2.1-10
validation reports
Analytical methods and HPLC-UV - - Lmf ves Novartis [BAPK(F) R00-2105- 422.1-11
validation reports N-desbutyl-Lmf 02]

[BAPK(F) R00-2105-
02-01 (Amendment-1)]
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Test System or Admini- Duration  Analyte / Doses / GLP Testing Report Number Location in
Type of Study Species / Strain stration Dosing Concentrations Compliance Facility Module 4
Analytical methods and HPLC, UV detection - - Lmf not required Novartis [BPK(CH) 1994/038] 4.2.2.1-12
validation reports
Analytical methods and HPLC, UV detection, - - Lmf enantiomers not required Novartis [BPK(CH) 1996/147] 4.22.1-13
validation reports enantioselective CGP64455 S(+),
chromatography CGP64456 R(-)

Analytical methods and Stable isotope synthesis - - [Dy] Lmf not required Novartis [PCS(EU) R0301253- 42.2.1-14
validation reports and release analysis 01 (SSE 072-1)]
Others
Analytical methods and HPLC with - - quinine yes Novartis [DMPK(F) R00-1921] 4.2.2.1-15
validation reports fluorenscence detection
2.6.5.3 WX : BEHRE
Arm
Absorption after single Rat:male albino, i.v., p.o. single Arm/Lmf: not required Novartis [DMPK(CH) 1997/241] 4.2.2.2-1
dose Tif:RAIf(SPF) i.v.: 10 mg/kg

p-o.: 20, 100,

1000 mg/kg

containing 1/7of [*H]

or ["*C]-labeled Arm
Absorption after single Dog, Beagle, male iv., p.o. single Arm/Lmf not required Novartis [DMPK(CH) 1997/003] 4.2.2.2-2
dose 10 mg/kg, i.v.;

20 and 200 mg/kg, p.o.

containing 1/7 of

[*C]- Arm
Absorption after single Cynomolgus monkey, p.o. single Arm/Lmf not required Novartis [BPK(F) 1996/029] 4.222-3
dose (Macaca fascicularis), 350 mg/kg containing

female

50 mg/kg Arm
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Test System or Admini- Duration  Analyte / Doses / Testing Report Number Location in
Type of Study Species / Strain stration Dosing Concentrations Facility Module 4
Lmf
Absorption after single Rat:male albino, iv.; p.o. single Arm/Lmf: Novartis [DMPK(CH) 1997/240] 4.2.2.2-4
dose Tif:RAIf(SPF) i.v.: 1 mgkg
Rat: male pigmented, p.0.: 20, 100,
LE/Mol (SPF) 1000 mg/kg
containing 6/7 of '*C-
labeled Lmf
Dog, Beagle, male i.v.; p.o. single Arm/Lmf:
iv.: 1 mg/kg
p-o.: 20 mg/kg
containing 6/7 ["*C]-
Lmf
Absorption after single Cynomolgus monkey p.o., single Arm/Lmf Novartis [BPK(CH) 1996/095] 4.222-5
dose (Macaca fascicularis), capsule 350 mg/kg containing
female 6/7 Lmf
Absorption after single Rat, albino iv. single Lmf Novartis [BPK(CH) 1996/026] 4.2.2.2-6
dose 1 mg/kg
Absorption after single Rat, male p.o. single Rat: 100 mg/kg Lmf Novartis BPK(CH) 1996/147 4.2.2.1-13
dose Dog samples from study  p.o. Day 1 &  racemate or 50 mg/kg
BPK(CH) 1996/024. Dayg9  ©f each enantiomer.
Human samples from Dog: 200 mg/kg
(Clin study Protocol p.o. single Arm/Lmf.
56697 01 006). Human: 560 mg
Arm/Lmf (480 mg
Lmf).
Enantiomers:

CGP64455 S(+)
CGP64456 R(-)
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2654 W : RERE
Arm
Absorption after Rat, IGS Wistar oral, 2 -week Arm yes Novartis [DMPK R0570030] 423.7.7-5
repeated doses Hannover, gavage 0, 20, 200 mg/kg/day
male, female T
Absorption after Rat, male, female p-o. 3-month Arm/Lmf yes Novartis [BPK(F) 1996/007] 4.2.3.2-2
repeated doses 0. 100. 300
1000 mg/kg
Absorption after Rat, juvenile, IGS oral, day-1to Arm yes Novartis [DMPK R0570013] 4.2.3.54-3
repeated doses Wistar Hannover, gavage day-21 0,10,30,100 mg/kg
male, female p-p-
Absorption after Dog, Beagle, male p-o., 3-8 days Arm yes Novartis [DMPK R0510009B] 423.7.3-2
repeated doses gavage 0, 600 300 mg/kg/day
Arm/Lmf
0, 1000 mg/kg
Absorption after Dog, Beagle, male, p-o., 3-month Arm/Lmf yes Novartis [BPK(F) 1996/005] 4.2.3.2-4
repeated doses female capsule 0, 20, 60, 200 mg/kg
Absorption after Dog, Beagle, male im., S-day Arm yes Novartis [BPK(F) 1997/004] 423.7.3-4
repeated doses solution 30 day 0, 20 mg/kg
Absorption after Dog, Beagle, male im., 7-day Arm yes Novartis [DMPK R0410073] 4.2.3.7.3-5
repeated doses solution 40 mg/kg/day
Absorption after Dog, Beagle, male im., 3or8 Arm yes Novartis [DMPK R0510001] 4.2.3.7.3-6
repeated doses solution days 0, 10, 40 mg/kg/day
Absorption after Dog, Beagle, im., 8-day Arm yes Novartis [DMPK(F) 1998/014] 4.2.3.7.3-3
repeated doses male, female solution im: 0,20,40,80 mg/kg
p-o., po:
capsules

0,50,150,600 mg/kg
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Test System or Admini- Duration  Analyte / Doses / GLP Testing Report Number Location in
Type of Study Species / Strain stration Dosing Concentrations Compliance Facility Module 4
Lmf
Absorption after Rat, p-o., 1-month Arm/Lmf yes Novartis [BPK(CH) 1995/079] 4.2.3.2-1
repeated doses male, female gavage 0. 200. 600
1000 mg/kg
Absorption after Rat, p-o., 3-month Arm/Lmf yes Novartis [BPK(CH) 1996/020] 423.2-2
repeated doses male, female gavage 0, 100, 300,
1000 mg/kg
Absorption after Rat, weanling, p-o., 13-week Arm/Lmf yes Novartis [DMPK(CH) 1997/177] 4.2.3.5.4-1
repeated doses male, female gavage 0, 100, 300,
1000 mg/kg
Absorption after Rat, p-o., 13-week Lmf yes Novartis [DMPK(CH) 1997/178] 4.2.3.2-7
repeated doses male, female gavage 0, 100, 300,
1000 mg/kg
Absorption after Dog, Beagle, p-o., 13-week Lmf yes Novartis [DMPK(CH) 1997/006] 4.2.2.2-7
repeated doses male, female capsule 0, 60, 200, 600 mg/kg
Absorption after Dog, Beagle p.o., 3or8 Arm/Lmf yes Novartis [DMPK R0510009A] 4.2.3.7.3-2
repeated doses male gavage days 1000 mg/kg/day
Absorption after Dog, Beagle p-o., 1-month Arm/Lmf yes Novartis [BPK(CH) 1995/080] 4.23.2-3
repeated doses male/female capsule 0, 60, 200, 600 mg/kg
Absorption after Dog, Beagle, p-o., 3-month Arm/Lmf yes Novartis [BPK(CH) 1996/024] 4.2.3.2-4
repeated doses male, female capsule 0, 20, 60, 200 mg/kg
2,655 RARRR O AR
Arm
Organ distribution Rats, male albino, iv., single [*H] or ["*C] Arm not required Novartis DMPK(CH) 1997/241 4.2.22-1
Tif:RAIf(SPF) solution i.v.: 10 mg/kg
Rats, pigmented, p.o., p.o.: 20, 100,
LE/Mol (SPF) gavage 1000 mg/kg
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Type of Study Species / Strain stration Dosing Concentrations Compliance Facility Module 4
Lmf
Organ distribution Rat:male albino, v, single Arm/Lmf: not required Novartis DMPK(CH) 1997/240 4222-4
Tif:RAIf(SPF) solution i.v.: 1 mgkg
Rat: male pigmented, p-o., p.o.: 20, 100,
LE/Mol (SPF) gavage 1000 mg/kg
containing 6/7 ["*C]-
Lmf
2656 BEHERAE
Arm
Plasma protein binding Serum proteins, human in vitro - ['*C]-Arm not required Novartis [DMPK(F) 1998/004] 4.2.2.3-1
erythrocytes, serum Plasema: 1, 10 pg/mL
from mouse, rat, dog, Serum:
rabbit, and cynomolgus 0.323~10 pg/mL
monkey HSA:0.5,1,5,
10 pg/mL
Lmf
Plasma protein binding human serum proteins, in vitro - ["“C]-Lmf not required Novartis [BPK(F) 1996/044] 42232
human erythrocytes, and 1, 10 pg/mL
serum proteins from
mouse, rat, dog, rabbit,
baboon and cynomolgus
monkey
Quinine
Plasma protein binding Ultrafiltration method. ex vivo - quinine not required Novartis [DMPK(CH) 4.2.2.3-3
Ex vivo human plasma 1380 — 4250 ng/mL RO101415]
of healthy subjects
(study 2302)
2.6.5.7 WEIRER LB
Arm
Study in pregnant and Rats, pregnant, p.o., single Arm/Lmf not required Novartis [DMPK(CH) 1997/099] 4.2.2.3-4
nursing animals day 13 of gestation gavage 30 mg/kg containing

1/7 of [’H]-Arm
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Type of Study Species / Strain stration Dosing Concentrations Compliance Facility Module 4
Study in pregnant and Rabbits, pregnant, p.o., single Arm/Lmf not required Novartis [DMPK(CH) 1997/004] 4.2.2.3-8
nursing animals day 17 of gestation gavage 175 mg/kg containing

1/7 of ['*C]-Arm
Study in pregnant and Rabbits, pregnant, p.o., 13-day Arm/Lmf yes Novartis [BPK(F) 1996/022] 4.2.3.5.2-4
nursing animals day 7 to 19 of gestation ~ gavage 0,210, 700,

2100 mg/kg
Lmf
Study in pregnant and Rats, pregnant, p-o., single Arm/Lmf not required Novartis [DMPK(CH) 1997/139]  4.2.2.3-5
nursing animals day 13 of gestation gavage 30 mg/kg containing

6/7 ['*C]-Lmf
Study in pregnant and Rabbit, pregnant, p-o., single Arm/Lmf not required Novartis [DMET(EU) 29/1996] 4.2.2.3-6
nursing animals day 17 of gestation gavage 175 mg/kg containing

6/7 ['*C]-Lmf
Study in pregnant and Rabbit, pregnant, p.o., single Arm/Lmf not required Novartis [DMPK(CH) 1997/079]  4.2.2.3-7
nursing animals day 17 of gestation gavage 175 mg/kg containing

6/7 ['*C] -Lmf
Study in pregnant and Rabbit, pregnant, p.o., 13-day Arm/Lmf yes Novartis [BPK(CH) 1996/085] 4.2.3.5.2-4
nursing animals day 7 to 19 of gestation ~ gavage 0, 210, 700,

2100 mg/kg
Study in pregnant and Rabbit, pregnant p.o., 13-day Lmf yes Novartis [BPK(CH) 1996/084] 4.2.3.5.2-10
nursing animals day 7 to 19 of gestation ~ gavage 0, 1000 mg/kg
2.6.5.8 OO ML
2.6.5.9 R : invivoRBR
Arm
Metabolism in vivo Rats, male albino, iv., single Arm/Lmf: not required Novartis DMPK(CH) 1997/241 42.2.2-1

Tif:RAIf(SPF) solution i.v.: 10 mg/kg
p.o., p.o.: 20, 100,
gavage 1000 mg/kg each dose

containing 1/7 of [*H]-
or ['*C]-Arm
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Metabolism in vivo Dog, Beagle, male iv., single Arm/Lmf: not required Novartis DMPK(CH) 1997/003 4.2.2.2-2
solution i.v.: 10 mg/kg
p-0., p.o.: 20,200 mg/kg
capsule each dose containing
1/7 of ["C]-Arm
Metabolism in vivo Rat, iv., single Arm/Lmf: not required Novartis [DMPK(CH) 1997/534] 4.2.2.4-1
samples from study solution iv.: 10 mg/kg
DMPK(CH) 1997/241  P-0- p.o.: 20, 100,
gavage 1000 mg/kg each dose
containing 1/7 of [*H]
or ['*C]-Arm
Metabolism in vivo Dog, Beagle, male, 1., single Arm/Lmf:
samples from study solution i.v.: 10 mg/kg
DMPK(CH) 1997/003 p-0., p-o.: 20,200 mg/kg
capsule each dose containing
1/7 of [*H] or [C]-
Arm
Lmf
Metabolism in vivo Rat, iv., single Arm/Lmf: not required Novartis [DMPK(CH) 1997/209] 4.2.2.4-2
Samples from study solution iv: 1 mg/kg
DMPK(CH) 1997/240 Ig)a(:/;lge po: 20 and 100 mg/kg
containing each 6/7 of
["“C]-Lmf
Metabolism in vivo Dog, 1., single Arm/Lmf:
Samples from study solution iv: 1 mg/kg
DMPK(CH) 1997/240 p.o., .
(CH) capaule po: 20 mg/kg

containing each 6/7 of
["“C]-Lmf



Novartis

265 EMBEARSER

Confidential

Page 13
COA566

Test System or Admini- Duration  Analyte / Doses / GLP Testing Report Number Location in
Type of Study Species / Strain stration Dosing Concentrations Compliance Facility Module 4
2.6.5.10 8} : inviroRBR
Arm
Metabolism in vitro Rat blood, dog blood in vitro - Arm not required Novartis [DMPK(CH) 1997/242] 4.2.2.4-3
and bovine hemoglobin 302 pmol/L
(90 pg/mL)
Metabolism in vitro Mouse, rat, dog and in vitro - ["*C]-Arm not required Novartis [DMPK(CH) 1997/181] 4.2.2.4-4
human . 1.56 — 50 pmol/L
postmitochondrial liver (0.465-14.9 ng/mL)
fraction S12
Metabolism in vitro Human liver in vitro - [*H]-Arm not required Novartis [DMPK(CH) 1997/156] 4.2.2.4-5
microsqmes, 10-80 pmol/L
recombinant human B- (298 -239 ug/mL)
lympho-blastoid cell
lines (CYP1BI1,
2A6,2B6, 2C9, 2D6,
2El, 3A4,4A11) or
baculovirus infected
insect cell lines (1A1,
1A2,2C8, 2C19, 3A5)
Lmf
Metabolism in vitro Mouse, rat, dog and in vitro - ["C]-Lmf not required Novartis [DMPK(CH) 1997/035] 4.2.2.4-6
human 5 and 20 pmol/L
postmitochondrial liver (2.64 and 10.6 ng/mL)
fraction S12
Metabolism in vitro Human liver in vitro - ["“C]-Lmf not required Novartis ~ [DMPK(CH) 1997/155] 4.2.2.4-7

microsomes,
recombinant human B-
lympho-blastoid cell
line (CYP2D6) or
baculovirus infected
insect cell lines
(CYP2C19, CYP3A4;
CYP3AS)
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2.6.5.11 #EEREER
Arm
Possible metabolic Rat, rabbit, dog, human - - [*H] or [“C]-Arm not required Novartis DMPK(CH) 1997/534 42.2.4-1
pathways
Lmf
Possible metabolic Rat, dog, human . . ["*C]-Lmf not required Novartis DMPK(CH) 1997/209 42242
pathways
2.6.5.12 REEERUERGU
Arm
Induction/Inhibition of Human liver in vifro - Arm not required [DMPK(CH) 1997/072] 4.2.2.4-8
drug-metabolizing MiCTOSOIMES
CILZNINES Marker substrates for: Cambridg
CYPIA2, CYP2AG, & USA
CYP2C9, CYP2C19, Novartis
CYP2D6, CYP2EL, (sponsor)
CYP3A4/5, CYP4A9/11
Lmf
Induction/Inhibition of Human liver in vifro - Lmf not required [DMPK(CH) 1997/073] 4.2.2.4-9
drug-metabolizing MiCTOSOIMES
SIS Marker substrates for: mendg
CYPLA2, CYP2AS, Uss
CYP209, CYP2C19, Novartis
CYP2D6, CYP2EL, (sponsor)
CYP3A4/5, CYP4A9/11
Induction of drug- Cryopreserved human in vifro - Arm, DHA, Lmf not required Novartis [DMPK R0900123] 42.2.4-10
metabolizing enzymes hepatocytes
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2.6.5.13 kit
Arm
Excretion Rats, male albino, iv., single [*H] or ["*C] Arm not required Novartis ~ DMPK(CH) 1997/241 4222-1
Tif:RAIf(SPF) solution i.v.: 10 mg/kg
p-o.,, p.o.: 20, 100,
gavage 1000 mg/kg
Excretion Dog, Beagle, male Lv., single [“C]Arm not required Novartis DMPK(CH) 1997/003 42222
solution i.v.: 10 mg/kg
p-0, p.o.: 20, 200 mg/kg
gavage
Lmf
Excretion Rat:male albino, v, single Arm/Lmf: not required Novartis DMPK(CH) 1997/240 4.2.2.2-4
Tif:RAIf(SPF) solution i.v.: 1 mgkg
ho-gavae p.0.: 20, 100,
1000 mg/kg
containing 6/7 "*C-
labeled Lmf
Excretion Dog:male Beagle iv., single Arm/Lmf: not required Novartis DMPK(CH) 1997/240 4.222-4
solution iv.: 1 mg/kg
p.o., )
gavage p-o.: 20 mg/kg
containing 6/7 "*C-
labeled Lmf
2.6.5.14 B3-St
Arm
Excretion into bile Rats, male albino, iv., single [*H] or ["*C] -Arm not required Novartis ~ DMPK(CH) 1997/241 4222-1
Tif:RAIf(SPF) solution i.v.: 10 mg/kg
p-0-, p.o.: 20, 100,
gavage 1000 mg/kg
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Lmf
Excretion into bile Rats, male albino, iv., single ["C]-Lmf not required Novartis DMPK(CH) 1997/240 42.2.2-4
Tif:RAIf(SPF) solution iv.: 1 mg/kg
p-o., p-o.: 20 mg/kg
gavage

2.6.5.15 EYBHEER 26512 RFEEROEEHEOESR

2.6.5.16 0k BAY IS
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2.6.5.2 EPEEHEE : A E

2.6.5.2A Pharmacokinetics: Analytical methods and validation reports (BAPK(EU) R0301212)

Study title: Quantitative determination of artemether and its metabolite dihydroartemisinin in human Study no.
plasma by LC-MS/MS. Method description and validation. BAPK(EU) R0301212

GLP compliance: Yes

Location in CTD: 4.2.2.1-1

Test article: Arm and DHA

Method: The objective of this study was to transfer and validate an analytical method for the determination of Arm and its metabolite, DHA, in
human plasma and to validate the analytical procedure in terms of recovery (extraction efficiency), intra-batch and inter-batch precision
and accuracy at four different concentration levels, specificity, dilution process, carryover, matrix effect, stability of the extracts in the
automatic injector at room temperature. The development and the validation of the method was done according to a publication
provided by the Novartis Bioanalytical Monitor with the following modifications:
Use of a shorter column and a gradient elution
Use of MS/MS fragmentation of fragment at m/z= 267.2 for Arm and arteether
The method consists of a liquid/liquid extraction with 1-chlorobutane-isooctane (55:45, v:v), followed by reverse phase liquid
chromatography with tandem mass spectrometric detection.

Instruments:

LC-MS/MS system

LC-MS/MS software

Software interface

Data acquisition
Chromatography:

Column
Column temperature
Mobile phase

API 3000, mass spectrometer, Applied Biosystems
Series 1100 binary pump, Agilent

HTC Pal autosampler, CTC Analytics

Series 1100 degasser, Agilent

Analyst® 1.1

APCI, Applied Biosystems

Watson® LIMS

Reversed-phase HPLC on an Alltima C;g 3 pm (100 x 4.6 mm) column at room temperature using gradient elution (acetic acid solution
0.1% and acetonitrile) at a flow rate of 1.2 mL/min with a total run time of 5 min.

Alltima Cyg, 3 um (100 x 4.6 mm), Alltech.
Room temperature

A: Acetic acid solution 0.1%

B: Acetonitrile
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Study title: Quantitative determination of artemether and its metabolite dihydroartemisinin in human Study no.
plasma by LC-MS/MS. Method description and validation. BAPK(EU) R0301212
Flow rate 1.2 mL/min
Injection volume 30 uL

Autosampler temperature
Retention time(s)

Total run time
Substance analyzed:
Reference compounds:

Arm

DHA

Internal standards:
Arteether

Artemisinin

Sample preparation:

C standard and QC samples preparation:

C standards

QC samples
Matrix:
Detection:

Period 1

Room temperature
Arm: 3.6 min

DHA: 1.2 min
Arteether: 4.1 min
Artemisinin: 2.4 min
5 min

Arm and DHA

Molecular formula: C;4H,cO5
Molecular weight (MW): 298.37 g/mol
Molecular formula: C;5H,4,05
Molecular weight (MW): 284.35 g/mol

Molecular formula: C;7H,g05

Molecular weight (MW): 312.40 g/mol

Molecular formula: C;5H,,05

Molecular weight (MW): 282.33 g/mol

Liquid-liquid extraction with 1-chlorobutane-isooctane

7 concentrations in the range of 5 ng/mL to 200 ng/mL
4 concentrations in the range of 5 ng/mL to 160 ng/mL
Human plasma

MS/MS detection with positive ion APCI

Duration: 3 min

Polarity: Positive

APCI current: 3 pA

Source temperature: 400°C
Nebuliser gas, pressure: N,, 8 AU
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Study title:

Quantitative determination of artemether and its metabolite dihydroartemisinin in human
plasma by LC-MS/MS. Method description and validation.

Study no.
BAPK(EU) R0301212

Period 2

DHA transition

Artemisinin transition

Curtain gas: N,, 8 AU
Collision gas: N,, 4 AU
Auxillary flow: N, 5 bars
Declustering potential: 26 V
Focusing potential: 110 V for DHA
150 V for artemisinin
Entrance potential: -10 V
Collision energy: 15 eV for DHA
11 eV for artemisinin

Collision cell exit potential: 16 V for DHA

14 V for artemisinin
Duration: 2 min
Polarity: Positive
APCI current: 3 pA
Source temperature: 400°C
Nebuliser gas, pressure: N,, 8 AU
Curtain gas: N,, 8 AU
Collision gas: N,, 4 AU
Auxillary flow: N, 5 bars
Declustering potential: 21 V
Focusing potential: 100 V
Entrance potential: -10 V
Collision energy: 13 eV
Collision cell exit potential: 16 V
m/z 267.2 —163.0
Resolution Q1: unit Q3: Unit
Dwell time: 250 ms
m/z 283.1—209.0
Resolution Q1: unit Q3: Unit
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Study title: Quantitative determination of artemether and its metabolite dihydroartemisinin in human Study no.

plasma by LC-MS/MS. Method description and validation. BAPK(EU) R0301212

Arm and arteether transitions

Results-1:
Specificity

Acceptance criteria

Interference from the human plasma
(matrix)

Specificity of each analyte

Calibration curves

Acceptance criteria

Results-2:
Accuracy, Precision, LLOQ

Intra-day accuracy and precision (within
batch)

Inter-day accuracy and precision (inter-
batch)

Acceptance criteria

Dwell time: 100 ms
m/z 267.2 — 163.0
Resolution Q1: unit Q3: Unit
Dwell time: 400 ms

The specificity of the analytical method was investigated by preparing and analyzing blank samples prepared from 6 different
individuals. The specificity was assessed by comparing the apparent signal for Arm, DHA, arteether and artemisinin in blank samples to
the mean signal obtained for samples spiked with a concentration of Arm and at the LLOQ and with arteether and artemisinin at the
working concentration.

Arm and DHA: individual interference < 20% of signal at LLOQ

Arteether and artemisinin: individual interference < 5% of signal at working concentration

No peak in the blank extracts at the retention time of the analytes or the internal standard interfered with the analytes by more than 20%
of the mean at the LLOQ calibration standard peak signals and by more than 5% of the mean internal standard peak signal.

The specificity of each analyte (Arm and DHA) to the other analyte, in the assay, was verified. The expected retention times for each of
the non-spiked analytes were checked to ensure that no peaks were present which represented a peak signal (mean of the 6
determinations) which was greater than 20% of the relevant mean LLOQ calibration standard peak signal and 5% of the mean internal
standard peak signal.

Calibration standards were prepared in duplicate and included the target lower limit of quantification, LLOQ (5 ng/mL) and the target
upper limit of quantification, ULOQ (200 ng/mL). One set of calibration standards was analyzed at the start of the analytical run of

another one at the end. Concentrations were obtained by least weighted linear regression using 1/x weighting factor. The acceptance
criteria for the mean accuracy were met: Mean accuracy: 85% to 115% (80% to 120% at the LLOQ)

Bias within £15% (£20% at the LLOQ) of the nominal values for 70% of the C samples of each series and 6 calibration concentrations
included in the final calibration line.

Accuracy and precision of the method were assessed by analyzing the intra-day and inter-day accuracies and precisions of the QC
samples analyzed together with the C samples on each day.

The intra-day accuracy and precision were calculated as the mean and precision of all individual concentrations of QC samples analyzed
during a single validation day.

The inter-day accuracy and precision were calculated as the mean accuracy and precision of all individual concentrations of QC samples
analyzed during 3 validation days.

Mean accuracy 85% to 115% (80% to 120% at LLOQ)
Precision: < 15% (< 20% at the LLOQ)
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Study title: Quantitative determination of artemether and its metabolite dihydroartemisinin in human Study no.
plasma by LC-MS/MS. Method description and validation. BAPK(EU) R0301212
Arm

Intra-day accuracy and precision

Inter-day accuracy and precision

DHA

Intra-day accuracy and precision

Inter-day accuracy and precision

LLOQ

Dilution

Results-3:
Matrix effect

Acceptance criteria
Arm
DHA

Absolute recovery

Arm

DHA

Arteether

Artemisinin
Stability

At the LLOQ: Mean accuracy 101.8%, precision 2.99%

Above the LLOQ: Mean accuracy within the range 94.38% to 102%, precision 3.88% to 5.88%
At the LLOQ: Mean accuracy 101.6%, precision 12.74%

Above the LLOQ: Mean accuracy within the range 93.38% to 97.3%, precision 4.38% to 9.23%

At the LLOQ: Mean accuracy 105%, precision 6.84%

Above the LLOQ: Mean accuracy within the range 98.13% to 99.75%, precision 1.1% to 10.23%
At the LLOQ: Mean accuracy 97.6%, precision 8.65%

Above the LLOQ: Mean accuracy within the range 96.13% to 100%, precision 4.52% to 7.17%

5 ng/mL using a sample volume of 0.5 mL for both compounds

The dilution procedure (1/10) was verified with samples spiked at 250 ng/mL

The impact of the matrix effect on the LC-MS/MS method was assessed by analyzing 6 different batches of human plasma at the lowest
concentration level (LLOQ) and at the concentration used for the internal standard. These samples were analyzed with calibration
standards and QC samples prepared from a different batch of human plasma. No matrix effect was evidenced.

Mean accuracy 80% to 120%, precision <20%
Mean accuracy between 115.6% and 119.4%, precision between 4.11% and 7.37%
Mean accuracy between 90.2% and 106.8%, precision between 3.54% and 18.2%

The extraction recovery of Arm and DHAwas determined at 3 concentrations: the low, mid, and high QC levels. The extraction
recoveries of the internal standards were determined at the concentrations at which they were used in the assay. Six samples prepared at
the low, mid, and high concentration were extracted along with 18 blank human plasma samples (T0/0) containing neither analyte nor
internal standard. After extraction, the blank human plasma samples were spiked with analyte and internal standard to ensure that
concentrations in the blank extracts were equivalent to those in the low, mid, and high extracted samples. Extraction recovery was
calculated by comparing the peak areas obtained from blank extracts spiked after extraction.

Mean recovery 67% (range 61.32% to 72.9%)

Mean recovery 89.59% (range 81.5% to 99.39%)

Mean recovery 59.4%

Mean recovery 84.6%

The stability of Arm and DHA was investigated by analyzing quality control of human samples and reconstituted extracts, which were
stored under varying conditions together with freshly prepared C standards and QC samples.
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Study title:

Quantitative determination of artemether and its metabolite dihydroartemisinin in human Study no.
plasma by LC-MS/MS. Method description and validation. BAPK(EU) R0301212

Acceptance criteria

Stability in stock solutions

Stability in working solutions

Stability in extracts
Conclusion:

Mean accuracy 85% to 115%

No apparent loss after 9 days in a freezer at +5°C + 5°C.

Stable in working solution after 14 days storage in a freezer room at +5°C + 5°C.
No apparent loss after 21 hours of storage at room temperature.

The method is suitable for the routine analysis of Arm and DHA in human plasma with an anticipated limit of quantification of 5 ng/mL
using 0.5 mL sample.

The method is specific for Arm and DHA within the given criteria for acceptance.

Additional Information: none
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2.6.5.2B Pharmacokinetics: Analytical methods and validation reports (BAPK(EU) R0301212-01)

Study title: Additional development tests for artemether/ dihydroartemisinin assay. Method description ~ Study no.
and validation: additional data. BAPK(EU) R0301212-01

GLP compliance: Yes

Location in CTD: 42212

Test article: Arm and DHA

Method: The objective of this analytical study was to perform additional development work on the LC-MS/MS assay for the determination of
Arm and its metabolite DHA in human plasma, developed and validated previously. To date, for the quantification of DHA, only the
analytical response (peak area) of alpha-DHA 1is used. In order to verify that approach was valid, further tests were necessary to
determine:
If the equilibrium between alpha-DHA and beta-DHA was time and/or temperature dependent.
If the use of the peak area of alpha-DHA only for quantification purposes gave comparable results to an approach using the peak areas
of both alpha- and beta-DHA.

Instruments:

LC-MS/MS system

LC-MS/MS software
Data acquisition
Chromatography:

Autosampler temperature
Column

Column temperature
Mobile phase

Flow rate

Injection volume

API 3000, mass spectrometer, Applied Biosystems
Series 1100 binary pump, Agilent

HTC Pal autosampler, CTC analytics

Series 1100 degasser, Agilent

Analyst®
Watson® LIMS

Reverse phase HPLC on an Alltima C;g 3 pm (100 x 4.6 mm) column at room temperature using gradient elution (acetic acid 0.1% and
acetonitrile) at a flow rate of 1.2 mL/min for a total run of 5 min

Room temperature or approximately +5°C
Alltima C;g, 3 um (100 x 4.6 mm), Alltech
Room temperature

A: 0.1% acetic acid solution

B: Acetonitrile

1.2 mL/min

30 uL
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Study title:

Additional development tests for artemether/ dihydroartemisinin assay. Method description
and validation: additional data.

Study no.
BAPK(EU) R0301212-01

Retention times

Total run time
Substance analyzed:
Reference compounds:

Arm

Internal standards:
Arteether

Sample preparation:
Calibration curves:
Stability samples:

Stability samples in plasma

Stability samples in reconstitution phase

Matrix:
MS/MS Detection:

Arm: 3.6 min

DHA: 1.8 min

Arteether (internal standard of Arm): 4.1 min
Artemisinin (internal standard for DHA): 2.4 min
5 min

Arm

Molecular formula: C;sH,4505
Molecular weight (MW): 298.37 g/mol

Molecular formula: C;7H,g05

Molecular weight (MW): 312.4 g/mol

Liquid-liquid extraction with 1-chlorobutane-isooctane.
No calibration standards or QC samples were prepared.

Stability samples were spiked with DHA at the concentrations described below. After the stability tests, peak areas were compared.

Samples for determining the stability of alpha- and beta-DHA in human plasma and human plasma extracts were prepared as pools by
spiking human plasma with aliquots of working solutions. The following concentrations were used:

2 concentrations: 10 ng/mL and 160 ng/mL

Samples for determining the stability of alpha- and beta-DHA in the reconstitution phase were prepared as pools by spiking

reconstitution phase with working solutions. The following concentrations were used:
2 concentrations: 50 ng/mL and 800 ng/mL

Human plasma with heparin anticoagulant

MS/MS detection with positive ion APCI
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Study title: Additional development tests for artemether/ dihydroartemisinin assay. Method description ~ Study no.
and validation: additional data. BAPK(EU) R0301212-01
Period 1 Duration: 3 min

Polarity: Positive

APCI current: 4 pA

Source temperature: 400°C

Nebuliser gas, pressure: N,, 6 AU

Curtain gas: N,, 8 AU

Collision gas: N,, 4 AU

Declustering potential: 26 V

Focusing potential: 100 V

Entrance potential: -8 V

Collision energy: 17 eV

Collision cell exit potential: 12 V
Period 2 Duration: 2 min

Polarity: Positive

APCI current: 4 pA

Source temperature: 400°C

Nebuliser gas, pressure: N,, 6 AU

Curtain gas: N,, 8 AU

Collision gas: N,, 4 AU

Declustering potential: 21 V

Focusing potential: 100 V

Entrance potential: -10 V

Collision energy: 21 eV

Collision cell exit potential: 10 V
DHA transition m/z 267.3 — 163.1

Resolution Q1: unit Q3: Unit

Dwell time: 250 ms
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Study title:

Additional development tests for artemether/ dihydroartemisinin assay. Method description
and validation: additional data.

Study no.
BAPK(EU) R0301212-01

Artemisinin transition

Arm and arteether transitions

Data processing:

Software for calculation

Software for additional data processing
Development tests:

Influence of temperature/time on alpha-
/beta-DHA equilibrium in plasma samples

Influence of temperature/time on alpha-
/beta-DHA equilibrium in plasma extracts

m/z 283.3 — 209.1
Resolution Q1: unit Q3: Unit
Dwell time: 100 ms
m/z267.4 — 163.1
Resolution Q1: unit Q3: Unit
Dwell time: 400 ms

Watson® LIMS
Microsoft® Excel

The first test was designed to determine the influence of temperature and time on the equilibrium between alpha- and beta-DHA in
human plasma samples spiked with DHA and Arm at 10 ng/mL and 160 ng/mL. Six sets of six samples were prepared at each
concentration. These samples were then treated as follows:

1. Three sets of samples at each concentration were kept at room temperature. One set was extracted and injected at t=0, a second set
was extracted and injected after 6 hours at room temperature, and a third set was extracted and injected after 24 hours at room
temperature.

2. Three sets of samples at each concentration were placed in a refrigerator at +5°C £ 5°C. One set was extracted and injected at t=0,
a second set was extracted and injected after 6 hours in the refrigerator, and a third set was extracted and injected after 24 hours in
the refrigerator.

The second test was designed to determine the influence of temperature and time on the equilibrium between alpha- and beta-DHA in
extract samples obtained from human plasma samples spiked with DHA and Arm at 10 ng/mL and 160 ng/mL. Six sets of six samples
were prepared at each concentration. These samples were then treated as follows, prior to the analysis:

1. Three sets of samples at each concentration were placed in the autosampler at room temperature. One set was injected at t=0, a
second set was injected after 12 hours in the autosampler, and a third set was injected after 24 hours in the autosampler.

2. Three sets of samples at each concentration were placed in the autosampler at +5°C + 5°C. One set was injected at t=0, a second
set was injected after 19 hours in the autosampler, a third set was injected after 22 hours in the autosampler, and a fourth set was
injected after 24 hours in the autosampler.
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Study title:

Additional development tests for artemether/ dihydroartemisinin assay. Method description ~ Study no.
and validation: additional data. BAPK(EU) R0301212-01

Influence of temperature/time on alpha-
/beta-DHA equilibrium in reconstitution
phase

DHA concentration calculations

The third test was designed to determine the influence of temperature and time on the equilibrium between alpha- and beta-DHA in the
reconstitution phase (ethanol/acetic acid [0.1% in water] 50:50, v:v) spiked with DHA and Arm at 50 ng/mL and 800 ng/mL. Six sets of
six samples were prepared at each concentration. These samples were then treated as follows, prior to the analysis:

1. Three sets of samples at each concentration were placed in the autosampler at room temperature. One set was injected at t=0, a
second set was injected after 19 hours in the autosampler, a third set was injected after 19 hours in the autosampler, and a fourth
set was injected after 24 hours in the autosampler.

2. Three sets of samples at each concentration were placed in the autosampler at approximately +5°C. One set was injected at t=0, a
second set was injected after 19 hours in the autosampler, a third set was injected after 22 hours in the autosampler, and a fourth
set was injected after 24 hours in the autosampler.

For the DHA assay, the reference standard used is a mixture of alpha and beta anomers. The exact ratio between the two anomers is not
known, but the alpha anomer is the predominant form. Only the analytical response (peak area) for the alpha-DHA is used for
quantification purposes and the reference material is therefore considered to be 100% alpha-DHA. In order to verify that the use of the
peak area for alpha-DHA only for quantification purposes was valid, calculations comparing this approach with the use of the sum of
peak areas for alpha- and beta-DHA were performed on the analytical batches from earlier studies. The results obtained using the two
approaches were compared.

Results-1: Influence of temperature/time on alpha-/beta-DHA equilibrium in plasma samples

At room temperature
Peak area ratios for alpha-/beta-DHA
Peak areas for alpha-DHA
Peak areas for beta-DHA

At +5°C + 5°C
Peak area ratios for alpha-/beta-DHA
Peak areas for alpha-DHA

Peak areas for beta-DHA

Peak areas for both alpha- and beta-DHA decreased significantly after 24 hours of storage. Under these circumstances, it was not
therefore possible to draw a conclusion on the evolution of the peak area ratios between alpha- and beta-DHA.

The% difference after 6 hours of storage was 22.7% at 10 ng/mL and 13.6% at 160 ng/mL. The% difference after 24 hours storage was
15.7% at 10 ng/mL and 9.3% at 160 ng/mL.

The% difference after 6 hours of storage was -10.6% at 10 ng/mL and -10.0% at 160 ng/mL. The% difference after 24 hours storage
decreased significantly: -64.4% at 10 ng/mL and -59.9% at 160 ng/mL.

The% difference after 6 hours of storage was -17.3% at 10 ng/mL and -20.5% at 160 ng/mL. The% difference after 24 hours storage
decreased significantly: -64.6% at 10 ng/mL and -63.2% at 160 ng/mL.

No significant evolution of peak area ratios and peak areas was observed. The equilibrium between alpha- and beta-DHA was stable
under these conditions.

The% difference after 6 hours of storage was 8.8% at 10 ng/mL and 11.0% at 160 ng/mL. The% difference after 24 hours storage was -
1.0% at 10 ng/mL and 1.5% at 160 ng/mL.

The% difference after 6 hours of storage was -1.2% at 10 ng/mL and 15.4% at 160 ng/mL. The% difference after 24 hours storage was
8.6% at 10 ng/mL and 22.1% at 160 ng/mL.

The% difference after 6 hours of storage was -7.4% at 10 ng/mL and 3.8% at 160 ng/mL. The% difference after 24 hours storage was
10.8% at 10 ng/mL and 20.3% at 160 ng/mL.
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Study title: Additional development tests for artemether/ dihydroartemisinin assay. Method description ~ Study no.
and validation: additional data. BAPK(EU) R0301212-01
Results-2: Influence of temperature/time on alpha-/beta-DHA equilibrium in plasma extracts
At room temperature No significant evolution of peak area ratios and peak areas was observed. The equilibrium between alpha- and beta-DHA was stable
under these conditions.
Peak area ratios for alpha-/beta-DHA The% difference after 19 hours of storage was 9.5% at 10 ng/mL and 8.1% at 160 ng/mL. The% difference after 22 hours storage was
22.5% at 10 ng/mL and 6.0% at 160 ng/mL. The% difference after 24 hours storage was 27.8% at 10 ng/mL and 22.1% at 160 ng/mL.
Peak areas for alpha-DHA The% difference after 19 hours of storage was -9.2% at 10 ng/mL and -0.8% at 160 ng/mL. The% difference after 22 hours storage was
0.3% at 10 ng/mL and -2.7% at 160 ng/mL. The% difference after 24 hours storage was 24.2% at 10 ng/mL and 11.8% at 160 ng/mL.
Peak areas for beta-DHA The% difference after 19 hours of storage was -16.8% at 10 ng/mL and -8.2% at 160 ng/mL. The% difference after 22 hours storage
was -17.1% at 10 ng/mL and -8.1% at 160 ng/mL. The% difference after 24 hours storage was -1.1% at 10 ng/mL and -8.3% at
160 ng/mL.
At approximately +5°C Peak area decreased significantly for beta-DHA under these conditions. However, there was no significant evolution of peak areas for
alpha-DHA. Consequently, the peak area ratios increased significantly.
Peak area ratios for alpha-/beta-DHA The% difference after 12 hours of storage was 38.5% at 10 ng/mL and 34.6% at 160 ng/mL. The% difference after 24 hours storage was
67.5% at 10 ng/mL and 29.4% at 160 ng/mL.
Peak areas for alpha-DHA The% difference after 12 hours of storage was -1.1% at 10 ng/mL and -2.2% at 160 ng/mL. The% difference after 24 hours storage was
3.6% at 10 ng/mL and 2.7% at 160 ng/mL.
Peak areas for beta-DHA The% difference after 12 hours of storage was -28.1% at 10 ng/mL and -27.3% at 160 ng/mL. The% difference after 24 hours storage

was -37.6% at 10 ng/mL and -20.4% at 160 ng/mL.
Results-3: Influence of temperature/time on alpha-/beta-DHA equilibrium in reconstitution phase

At room temperature No significant evolution of peak area ratios and peak areas was observed after 19, 22, and 24 hours of storage under these conditions,
except for the peak area ratio of the samples at 50 ng/mL, which increased to 33.4% after 24 hours. The equilibrium between alpha- and
beta-DHA was stable up to at least 22 hours.

Peak area ratios for alpha-/beta-DHA The% difference after 19 hours of storage was 9.3% at 50 ng/mL and 4.7% at 800 ng/mL. The% difference after 22 hours storage was -
7.1% at 50 ng/mL and 2.8% at 800 ng/mL. The% difference after 24 hours storage was 33.4% at 50 ng/mL and 3.8% at 800 ng/mL.

Peak areas for alpha-DHA The% difference after 19 hours of storage was 6.4% at 50 ng/mL and -3.2% at 800 ng/mL. The% difference after 22 hours storage was -
0.4% at 50 ng/mL and -1.2% at 800 ng/mL. The% difference after 24 hours storage was 15.6% at 50 ng/mL and 14.2% at 800 ng/mL.

Peak areas for beta-DHA The% difference after 19 hours of storage was -3.3% at 50 ng/mL and -7.5% at 800 ng/mL. The% difference after 22 hours storage was
7.8% at 50 ng/mL and -3.8% at 800 ng/mL. The% difference after 24 hours storage was -13.0% at 50 ng/mL and 10.0% at 800 ng/mL.

At approximately +5°C No significant evolution of the peak areas for alpha-DHA was observed. However, the peak areas for beta-DHA decreased significantly.

Consequently, the peak area ratios increased slightly.

Peak area ratios for alpha-/beta-DHA The% difference after 12 hours of storage was 19.3% at 50 ng/mL and 19.1% at 800 ng/mL. The% difference after 24 hours storage was

26.1% at 50 ng/mL and 20.9% at 800 ng/mL.
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Study title:

Additional development tests for artemether/ dihydroartemisinin assay. Method description ~ Study no.
and validation: additional data. BAPK(EU) R0301212-01

Peak areas for alpha-DHA
Peak areas for beta-DHA

DHA concentration calculations

Special issues:

Conclusion:

The% difference after 12 hours of storage was -6.4% at 50 ng/mL and 5.5% at 800 ng/mL. The% difference after 24 hours storage was
4.2% at 50 ng/mL and 2.7% at 800 ng/mL.

The% difference after 12 hours of storage was -22.2% at 50 ng/mL and -11.5% at 800 ng/mL. The% difference after 24 hours storage
was -16.9% at 50 ng/mL and -15.2% at 800 ng/mL.

The results obtained from the peak area calculations showed that for each of the eight batches, the% difference between the two
concentrations obtained, C, (concentration calculated using the sum of peak areas) and C.¢(concentrations using alpha-DHA peak area
only) was between -20% and +20% for at least 2/3 of the samples in each batch.

During the injection of the stability samples corresponding to the tests performed on the plasma extracts and the samples in the
reconstitution phase at room temperature, an instrument problem was encountered. Consequently, samples which should have been
injected after being retained for 12 hours in the autosampler were not injected. Both tests were therefore repeated. For the repeated tests,
an instrument problem was also encountered, which meant that these samples were injected after being retained for 19 hours and 22
hours in the autosampler.

The storage of human plasma samples at room temperature should not exceed 6 hours. This is in agreement with the stability data
obtained and published previously.

Human plasma samples can be stored at +5°C + 5°C for up to 24 hours.

Human plasma extracts can be stored at room temperature up to 24 hours. This is in agreement with the stability data obtained during
validation of the method, which showed that plasma extracts could be stored in the autosampler for up to 21 hours.

When human plasma extracts are stored at +5°C + 5°C for 12 and 24 hours, beta-DHA is not stable.

Samples in reconstitution phase can be stored at room temperature for up to 22 hours

When samples in reconstitution phase are stored at +5°C £ 5°C for 12 and 24 hours, beta-DHA shows some instability.
The two chromatographic approaches used for the quantification of DHA are:

The method used to date, where the only the peak areas for alpha-DHA are used.

The method described in this report, where the sum of the areas of alpha- and beta-DHA is used. Whatever approach is used, the results
obtained are similar. The result justifies the use of the peak area for alpha-DHA only.

Additional Information: none
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2.6.5.2C Pharmacokinetics: Analytical methods and validation reports (DMPK R0400692)

Study title: Quantitative determination of artemether and its metabolite dihydroartemisinin in dog plasma Study no.
by LC-MS/MS. Method description and validation. DMPK R0400692

GLP compliance: Yes

Location in CTD: 422.1-3

Test article: Arm and DHA

Method: The method consists of liquid-liquid extraction with 1-chlorobutane-isooctane (55:45, v:v) followed by reverse phase liquid
chromatography with tandem mass spectrometric detection. The objective of this analytical study was to develop and to validate an
analytical method for the determination of Arm and its metabolite, DHA, in dog plasma. Due to a chromatographic interference that
appeared in extract ex-vivo dog samples from toxicokinetic studies on the multiple reaction monitoring (MRM) transition of artemisinin,
the chromatographic conditions were modified and a partial revalidation was performed.

Instruments:

HPLC System

MS System
Chromatography:
Autosampler temperature
Injection volume
Wash 1 (HTC PAL autosampler)

Wash 2 (HTC PAL autosampler)

Pump: Series 200 micropump, Perkin Elmer

Pump: Series 1100 binary pump, Agilent

Column: Alltima C;g 3 pm (100 x 4.6 mm)

Autosampler: HTC PAL autosampler, CTC analytics
Autosampler: Series 200 autosampler, Perkin Elmer
API3000, Applied Biosystems (API3000-III and API3000-1V)

Room temperature

40 uL

Methanol-H,O (50:50, v:v)
Pre-cleans: 0

Post-cleans: 2

Valve cleans: 1

Methanol

Pre-cleans: 0

Post-cleans: 2

Valve cleans: 1
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Study title: Quantitative determination of artemether and its metabolite dihydroartemisinin in dog plasma Study no.

by LC-MS/MS. Method description and validation. DMPK R0400692

Flush (Series 200 autosampler)

Column
Column temperature
Mobile phase

Flow rate

Retention times (Series 200 micropump)
(approximation)

Retention times (Series 1100 pump,
Agilent) (approximation)
Total run time
Substance analyzed:
Reference compounds:
Arm

DHA

Internal standards:
Arteether

Artemisinin

400 uL

Pre-injection: 3

Post-injection: 3

Alltima C;g, 3 pm 100 x 4.6 mm
Room temperature

A: 0.1% acetic acid solution

B: Acetonitrile

1200 pL/min

Arm: 5.3 min

DHA: 3.5 min

Arteether: 5.8 min

Artemisinin: 4.3 min

Arm: 5.4 min

DHA: 3.7 min

Arteether: 5.8 min

Artemisinin: 4.5 min

Series 200 micropump: 6.5 min
Series 1100 pump, Agilent: 9 min
Arm and DHA

Molecular formula: C4H»O5
Molecular weight (MW): 298.37 g/mol
Molecular formula: C;5H,4,05
Molecular weight (MW): 284.35 g/mol

Molecular formula: C;7H»g05
Molecular weight (MW): 312.4 g/mol
Molecular formula: C;5H,,05
Molecular weight (MW): 282.33 g/mol
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Study title:

Quantitative determination of artemether and its metabolite dihydroartemisinin in dog plasma
by LC-MS/MS. Method description and validation.

Study no.
DMPK R0400692

Sample preparation:
C standard and QC samples preparation:
C Standards
QC Samples
Matrix:
Detection:
MS conditions
Period 1

Period 2

DHA transition

Artemisinin transition

Arm and arteether transitions

Software for data acquisition and peak
integration

Results-1:
Specificity

Liquid-liquid extraction with 1-chlorobutane-isooctane (55:45, v:v)

7 concentrations in the range of 5 ng/mL (LLOQ) to 200 ng/mL, expressed as base
4 concentrations in the range of 5 ng/mL (LLOQ) to 160 ng/mL, expressed as base
Dog plasma

MS/MS positive ion mode

Positive ion mode

Duration 5 min, APCI current: 3 pA (API3000-11I)
Duration 5 min, APCI current: 4 pA (API3000-1V)
Duration 2 min, APCI current: 3 pA (API3000-11I)
Duration 1.5 min, APCI current: 4 pA (API3000-1V)
m/z: 267.1 — 163.1 (API3000-III)

m/z: 267.3 — 163.1 (API3000-1V)

Resolution Q1: Unit Q3: Unit

Dwell time: 250 ms

m/z: 283.1 — 209.1 (API3000-I1I)

m/z: 283.3 — 209.1 (API3000-1V)

Resolution Q1: Unit Q3: Unit

Dwell time: 250 ms

m/z: 267.1 — 163.1 (API3000-I11)

m/z: 267.4 — 163.1 (API3000-1V)

Resolution Q1: Unit Q3: Unit

Dwell time: 400 ms

Analyst®

The specificity of the method was determined by analyzing dog plasma samples prepared and extracted without addition of analytes or
internal standards. Dog plasma from 6 different pools (n=2 for each source of matrix) was tested. This method was specific for dog
plasma for Arm, DHA, arteether, and artemisinin. No interference at the corresponding retention time in the relevant MRM transition.
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Study title:

Quantitative determination of artemether and its metabolite dihydroartemisinin in dog plasma Study no.
by LC-MS/MS. Method description and validation. DMPK R0400692

Acceptance criteria

Interference from the matrix
Results-2:
Calibration curves

Acceptance criteria
Arm
At the LLOQ
Above the LLOQ
DHA
At the LLOQ
Above the LLOQ
Results-3:
Accuracy, Precision, LLOQ

Acceptance criteria

Intra-day (within batch) accuracy and
precision

Inter-day (inter batch) accuracy and
precision

Intra-day accuracy and precision for
Arm

Arm and DHA: Interference < 20% of signal at LLOQ
Arteether and artemisinin: Interference < 5% of signal at working concentration
No peaks in the blank extracts at the retention time of the analyte or the internal standard and in the relevant mass channel were detected.

C standards were prepared in duplicate and included the LLOQ (5.00 ng/mL for both compounds) and the ULOQ (200 ng/mL for both
compounds). Concentrations of Arm and DHA were obtained by least square weighted linear regression (weighting factor 1/x) of the
ratio of response of Arm/internal standard response (arteether) versus the theoretical concentrations and of DHA/internal standard
response (artemisinin) versus the theoretical concentrations.

Deviation +15% (£20% at the LLOQ) for 70% of the C standards for nominal values

Mean bias 2.2%, precision 5.91%
Mean bias within the range -2.9% to 2%, precision within the range 2.48% to 6.17%

Mean bias 4.8%, precision 9.81%
Mean bias within the range -4.2% to 2%, precision within the range 4.48% to 7.09%

Accuracy and precision of the method were assessed by analyzing the intra-day and inter-day accuracies and precisions of the QC
samples analyzed together with the C standards on each day. The deviation (bias) from the nominal value is used to evaluate the
accuracy in this validation report.

Mean bias +15% (+20% at LLOQ) from the nominal values
Precision: < 15% (< 20% at the LLOQ)

The intra-day accuracy and precision were calculated as the mean bias and precision of all individual concentrations of QC samples
analyzed during a single validation day.

The inter-day accuracy and precision were calculated as the mean bias and precision of all individual concentrations of QC samples
analyzed during two toxicokinetic studies (CP045499 and CP045500).

At the LLOQ: Bias -5.2%, precision 8.38%
Above the LLOQ: Bias within the range -7% to 0.88%, precision within the range of 3.53% and 4.47%
Both were within the acceptance criteria over the entire range



Novartis

265 EMBEARSER

Confidential Page 34
COA566

Study title:

Quantitative determination of artemether and its metabolite dihydroartemisinin in dog plasma Study no.
by LC-MS/MS. Method description and validation. DMPK R0400692

Inter-day accuracy and precision for
Arm

Intra-day accuracy and precision for
DHA

Inter-day accuracy and precision for
DHA

LLOQ
Dilution
Matrix effect

Arm

DHA

Results-4:
Absolute recovery

Arm

DHA

Arteether

Artemisinin
Stability

At the LLOQ: Bias -2%, precision 8.47%

Above the LLOQ: Bias within the range -8.25% to -6.88%, precision within the range of 4.96% and 12.53%
Both were within the acceptance criteria over the entire range.

At the LLOQ: Bias 0.8%, precision 7.56%

Above the LLOQ: Bias within the range -3.3% to 3.75%, precision within the range of 3.91% and 7.48%
Both were within the acceptance criteria over the entire range.

At the LLOQ: bias 5.2%, precision 10.59%

Above the LLOQ: bias within the range 1.88% to 2.88%, precision within the range of 8.16% and 12.84%
Both were within the acceptance criteria over the entire range.

5 ng/mL, expressed as base, using 250 pL of dog plasma

Results of dilutions 1/10 and 1/50 with blank dog plasma were within the acceptance criteria.

The impact on the matrix effect on LC-MS/MS method was assessed by analyzing 6 different batches of dog plasma (n=6 for each
animal) spiked before extraction at the lowest concentration level (LLOQ) and at the concentration used for the internal standard. These
samples were analyzed with C standards and QC samples prepared from different batch of dog plasma.

Mean bias between -10% and -0.8%
Precision between 2.86% and 9.12%
Mean bias between 5% and 16%

Precision between 4.7% and 16.25%

The extraction recovery was determined at the three concentrations: the low, mid and high validation QC levels. The recovery of the
internal standard was determined at the concentration at which it was used in this assay.

Mean recovery 59.14% (range 48.87% to 69.8%)
Mean recovery 98.35% (range 95.8% to 102.47%)
Recovery 80.5%

Recovery 85.03%

The stability of Arm and DHA has been investigated by analyzing quality control dog plasma samples and reconstituted samples stored
under varying conditions

The stability of Arm and DHA in reconstituted extracts and quality control in dog plasma samples which were stored under varying
conditions was investigated in 6 replicates together with freshly prepared C standards
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Study title:

Quantitative determination of artemether and its metabolite dihydroartemisinin in dog plasma Study no.
by LC-MS/MS. Method description and validation. DMPK R0400692

Acceptance criteria

Stability in stock solutions
Arm
DHA
Arteether
Artemisinin
Stability in working solutions
Arm
DHA
Stability in extracts
Results-5:
Stability
Stability in QC samples

Special issues:

Conclusion:

Mean bias +15% (£20% at LLOQ) from QC plasma samples and reconstituted samples
Mean difference +5% for stock or diluted solutions when tested in LC-MS/MS

3 months and 4 days in a fridge +5°C + 5°C at and for at least 6 hours at room temperature
15 days in a fridge +5°C £ 5°C and for at least 6 hours at room temperature
2 months and 7 days in ethanol at +5°C + 5°C at approximately 500 ng/uL
2 months and 7 days in ethanol at +5°C + 5°C at approximately 500 ng/uL

For at least 14 days in a fridge +5°C £ 5°C
For at least 14 days in a fridge +5°C + 5°C
At room temperature for 30 and 78.5 hours

Aliquots of QC samples were stored at the intended storage temperature and analyzed after thawing with freshly prepared C standards.
The results were compared to the mean of the concentrations measured at the first determination of stability testing

No apparent loss of dog plasma after 20 weeks of storage at -75°C £ 10°C

For DHA, a loss of -18.33% appeared after 20 weeks of storage at -75°C + 10°C in dog plasma at the 160 ng/mL concentration level. As
no apparent loss appeared under the same conditions at the 10 ng/mL concentration level, no conclusion can be drawn on the stability of
DHA in dog plasma stored at -75°C £ 10°C after 20 weeks of storage

Aliquots of QC samples were left 4.5 hours at room temperature. No apparent loss of after 4.5 hours at room temperature
No apparent after 3 or 5 freeze-thaw cycles, storage at -75°C £+ 10°C

Stability in extracts was determined at two concentrations, low and high (n=6), by storing the extracts in the autosampler for 78.5 hours
instead of 72 hours as initially planned in the analytical study plan.

Stability in dog plasma in freezer -75°C +10°C was determined after 20 weeks (more than 4 months) instead of 3 months as initially
planned in the analytical study plan. The 1-month assessment was performed but not presented in this report because the analytical
conditions were erroneous.

It is concluded from these results that the present LC-MS/MS method for the determination of Arm and DHA is validated for the assay
of dog plasma and therefore suitable for the analysis of samples from toxicokinetic studies.
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2.6.5.2D Pharmacokinetics: Analytical methods and validation reports (DMPK R0500059)
Study title: Quantitative determination of artemether and dihydroartemisinin in rat plasma by LC-MS/MS.  Study no.
Method description and validation. DMPK R0500059
GLP compliance: Yes
Location in CTD: 422.1-4
Test article: Arm and DHA
Method: The method consists of liquid-liquid extraction with 1-chlorobutane-isooctane (55:45, v:v) followed by reverse phase liquid

chromatography with tandem mass spectrometric detection. The objective of this analytical study was to develop and to validate a
sensitive method for the quantitative determination of Arm and DHA in rat plasma.

Instruments:
LC System Pump: Series 1100 binary pump equipped with a series 1100 degasser, Agilent
Autosampler: Series 200, Perkin Elmer
MS System API3000 with an APCI (heated nebuliser), Applied Biosystems
Chromatography:
Autosampler temperature Room temperature
Column Alltima Cyg, 3 pm (100 x 4.6 mm), Alltech
Column temperature Room temperature
Mobile phase A: 0.1% acetic acid solution
B: Acetonitrile
Needle wash Methanol
Injection volume 25 uL
Injector wash cycles Pre-flushes: 3
Post-flushes: 3
Volume of flush: 400 pL
Flow rate 1.2 mL/min
Retention times Arm: 5.4 min

DHA: 3.6 min
Arteether (internal standard of Arm): 5.8 min
Artemisinin (internal standard for DHA): 4.4 min

Total run time 9 min



Novartis

265 EMBEARSER

Confidential Page 37
COA566

Study title: Quantitative determination of artemether and dihydroartemisinin in rat plasma by LC-MS/MS.  Study no.
Method description and validation. DMPK R0500059
Substance analyzed: Arm and DHA

Reference compounds:
Arm

DHA

Internal standards:
Arteether

Artemisinin

Sample preparation:

C standard and QC samples preparation:

C Standards
QC Samples
Matrix:
Detection:
MS conditions
Period 1

Period 2

Molecular formula: CigH»O5
Molecular weight (MW): 298.37 g/mol
Molecular formula: C;5H»4O5
Molecular weight (MW): 284.35 g/mol

Molecular formula: C;7H,g05
Molecular weight (MW): 312.4 g/mol
Molecular formula: C;5H»,O5
Molecular weight (MW): 282.33 g/mol

Liquid-liquid extraction with 1-chlorobutane-isooctane (55:45, v:v) followed by reverse phase liquid chromatography with tandem
mass spectrometric detection

7 concentrations in the range of 20 ng/mL (LLOQ) to 200 ng/mL

4 concentrations in the range of 20 ng/mL (LLOQ) to 160 ng/mL, and 1 concentration (2500 ng/mL) used to test the dilution procedure
Wistar rat plasma (sodium heparin)

MS/MS APCI positive ion mode

Duration 5 min

Polarity: Positive

Corona discharge: 5 pA or 3 pA
Interface temperature: Set at 450°C
Duration 4 min

Polarity: Positive

Corona discharge: 3 A

Interface temperature: Set at 450°C
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Study title:

Quantitative determination of artemether and dihydroartemisinin in rat plasma by LC-MS/MS.  Study no.
Method description and validation. DMPK R0500059

DHA transition

Artemisinin transition

Arm and arteether transitions

Software for data acquisition and peak
integration

Results-1:
Specificity

Acceptance criteria

Interference from the rat plasma (matrix)

Calibration curves

Acceptance criteria

Arm
At the LLOQ
Above the LLOQ
DHA

DHA transition : m/z : 267.1 — 163.1
Resolution Q1 : Unit Q3 : Unit

Dwell time: 250 ms

Artemisinin transition : m/z : 283.1 — 209.1
Resolution Q1 : Unit Q3 : Unit

Dwell time: 250 ms

Arm and arteether transition: m/z: 267.1 — 163.1
Resolution Q1: Unit Q3: Unit

Dwell time: 400 ms

Analyst®

The specificity of the method was investigated by preparing and analyzing blank samples prepared from 6 different individuals (n=2 for
each source of matrix). The specificity was assessed by comparing the apparent signal of Arm and DHA, arteether and artemisinin in
blank samples to the mean signal obtained for C standards spiked with a concentration of Arm and DHA at the LLOQ and with arteether
and artemisinin at the working concentration.

The specificity of the method for each analyte against the other analyte in the assay was evaluated. Each analyte was added to a blank
matrix at the validation QC level without addition of other analyte and internal standards (n=6).

Arm and DHA: Interference < 20% of signal at LLOQ
Arteether and artemisinin: Interference < 5% of signal at working concentration

No peaks in the blank extracts at the retention time of the analyte or the internal standards interfered with the analytes by more that 20%
of the mean of the LLOQ C standard peak signals and by more than 5% of the mean internal standard peak signal.

Calibration standards were prepared in duplicate and included the target lower limit of quantification, LLOQ (20.0 ng/mL) and the
target upper limit of quantification, ULOQ (200 ng/mL). One set of calibration standards was analyzed at the start of the analytical run
and another at the end. Concentrations were obtained by least square weighted linear regression using 1/x weighting factor.

Deviation +15% (£20% at the LLOQ) from nominal values for 70% of each series and 6 calibration concentrations included in the final
calibration line.

Bias 3.5%, precision 7.1%
Bias within the range -3.88% to 1.33%, precision within the range 5.42% to 7.81%
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Study title: Quantitative determination of artemether and dihydroartemisinin in rat plasma by LC-MS/MS.  Study no.
Method description and validation. DMPK R0500059
At the LLOQ Bias 3.5%, precision 8.36%
Above the LLOQ Bias within the range -2.63% to 1.33%, precision within the range 4.82% to 7.02%
Results-2:

Accuracy, precision, LLOQ

Intra-day (within batch) accuracy and
precision

Inter-day (inter- batch) accuracy and
precision

Acceptance criteria

Intra-day accuracy and precision for
Arm

Inter-day accuracy and precision for
Arm

Intra-day accuracy and precision for
DHA

Inter-day accuracy and precision for
DHA

LLOQ

Dilution

Results-3:
Matrix effect

Accuracy and precision of the method were assessed by analyzing the intra-day and inter-day accuracies and precisions of the QC
samples analyzed together with the C standards on each day. The deviation (bias) from the nominal value is used to evaluate the
accuracy in this validation report.

The intra-day accuracy and precision were calculated as the mean bias and precision of all individual concentrations of QC samples
analyzed during a single validation day.

The inter-day accuracy and precision were calculated as the mean bias and precision of all individual concentrations of QC samples
analyzed during the 3 validation days.

Mean bias +15% (£20% at LLOQ) from the nominal values

Precision: < 15% (< 20% at the LLOQ)

At the LLOQ: Bias -7.5%, precision 6.54%

Above the LLOQ: Bias within the range -13.8% to -9.38%, precision within the range of 5.15% to 6.34%
Both were within the acceptance criteria over the entire range.

At the LLOQ: Bias -9%, precision 7.8%

Above the LLOQ: Bias within the range -12.4% to -8%, precision within the range of 4.95% and 8.31%
Both were within the acceptance criteria over the entire range

At the LLOQ: Bias 11.5%, precision 7.8%

Above the LLOQ: Bias within the range 2.6% to 4.75%, precision within the range of 2.04% and 4.64%
Both were within the acceptance criteria over the entire range.

At the LLOQ: Bias -9.5%, precision 11.1%

Above the LLOQ: Bias within the range -5.8% to -1.5%, precision within the range of 10.38% and 11.17%
Both were within the acceptance criteria over the entire range.

20 ng/mL expressed as base using 100 pL of rat plasma

Results of dilutions 1/100 with blank rat plasma were within the acceptance criteria.

The impact on the matrix effect on LC-MS/MS method was assessed by analyzing 6 different batches of matrix (n=6 for each
individual) spiked before extraction at the lowest concentration level (LLOQ) and at the concentration used for the internal standards.
These samples were analyzed with C standards and QC samples prepared from different batch of matrix.
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Study title: Quantitative determination of artemether and dihydroartemisinin in rat plasma by LC-MS/MS.  Study no.
Method description and validation. DMPK R0500059
Arm Mean bias between 1% and 18.5%
Precision between 3.47% and 8.69%
DHA Mean bias between -6.5% and 5.5%

Absolute recovery

Arm
DHA
Arteether
Artemisinin
Results-4:
Stability

Acceptance criteria
Stability in stock solutions
Arm

Precision between 4.82% and 10.15%

The extraction recoveries of Arm and DHA were determined at the 3 concentrations: the low, mid and high validation QC levels. The
extraction recoveries of the internal standards were determined at the concentration at which it was used in this assay. Six samples
prepared at each concentration of analyte (recovery samples) were extracted along with 18 blank matrix samples containing neither
analytes nor internal standards (reference samples). After extraction, the blank matrix samples were spiked with the analytes at the low,
mid and high concentrations (n=6 for each concentration level) and spiked with internal standards. The extraction recovery was
calculated by comparing the peak signals obtained from the recovery samples with the peak signals obtained from the reference
samples.

Mean recovery 80.58% (range 74.35% to 83.85%)
Mean recovery 79.35% (range 75.32% to 84.75%)
Recovery 73.48%
Recovery 86.44%

The stability of Arm stock solutions was checked in previous studies after 3 months and 4 days in a fridge at +5°C + 5°C and after at
least 6 hours of storage at room temperature.

The stability of DHA stock solutions was checked in previous studies after 15 days in a fridge at +5°C + 5°C and after at least 6 hours of
storage at room temperature.

The stability of Arm and DHA working solutions was checked in previous studies after 14 days in a fridge at +5°C + 5°C.

The stability of arteether and artemisinin stock solutions was checked in previous studies after 2 months and 7 days in a fridge at +5°C +
5°C.

During this analytical study, the stability of arteether and artemisinin in working solutions was checked by injection in the LC-MS/MS
system.

The stability of Arm and DHA in reconstituted extracts and quality control in matrix samples, which were stored under varying
conditions, was investigated together with freshly prepared C standards.

The percentage of difference calculated between the fresh and the old working solution should not deviate more that 5%.

No apparent loss after 3 months and 4 days of a storage in a fridge at +5°C + 5°C and no apparent loss after 6 hours at room temperature
for Arm
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Study title: Quantitative determination of artemether and dihydroartemisinin in rat plasma by LC-MS/MS.  Study no.
Method description and validation. DMPK R0500059
DHA No apparent loss after 15 days of a storage in a fridge at +5°C + 5°C and no apparent loss after 6 hours at room temperature for DHA

Arteether and artemisinin
Results-5:
Stability

Stability in working solutions
Arm and DHA
arteether and artemisinin

Stability in rat plasma
Stability in extracts
Stability in QC samples

Conclusion:

No apparent loss after 2 months and 7 days of a storage in a fridge at +5°C + 5°C for arteether and artemisinin

No apparent loss after 14 days of a storage in a fridge at +5°C + 5°C for Arm and DHA (in mixture)
No apparent loss after 9 days of a storage in a fridge at +5°C + 5°C for arteether and artemisinin (in mixture)

No apparent loss after 48 hours of a storage at room temperature in the autosampler for both compounds

No apparent loss after 3 freeze-thaw cycles at -75°C + 10°C (thawing at room temperature) for Arm.

Apparent loss after 2 freeze-thaw cycles at -75°C £+ 10°C (thawing at room temperature) for DHA.

No apparent loss after 3 freeze-thaw cycles at -75°C + 10°C (thawing on ice) for both compounds.

No apparent loss after at least 24 hours of storage at room temperature and after at least 4 hours of storage in an ice bath for Arm.

No apparent loss after at least 4 hours of storage in an ice bath for DHA and apparent loss after at least 4 hours at room temperature for
DHA.

No apparent loss after 22 days of storage at -24°C + 6°C for Arm and apparent loss after 22 days of storage -24°C + 6°C for DHA.
No apparent loss after 5 months at -75°C + 10°C.

The method is suitable for the routine analysis of Arm and DHA in rat plasma with an anticipated limit of quantification of 20 ng/mL
using a sample volume of 100 pL.

The method is specific for Arm and DHA within the given criteria for acceptance (apparent peak area for Arm and DHA in zero sample
<20% of mean peak area at LLOQ) in rat plasma.

It is concluded from these results that the present LC-MS/MS method for the determination of Arm and DHA in rat plasma is validated
except for juvenile rat plasma, and therefore suitable for the analysis of samples from pre-clinical studies.
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Study title:

Quantitative determination of artemether and dihydroartemisinin in rat plasma by LC-MS/MS.  Study no.
Method description and validation. DMPK R0500059

Special issues:

Additional assay using juvenile rats plasma:

As DHA was not stable after storage for 4 hours at room temperature and after 3 freeze-thaw cycles at -75°C + 10°C (thawing at room
temperature), it was decided to perform the stability after 4 hours storage in an ice bath, after 2 freeze-thaw cycles at -75°C £ 10°C
(thawing at room temperature), and after 3 freeze-thaw cycles at -75°C + 10°C (thawing in an ice bath).

As during a pre-clinical study, rat plasma samples were stored at approximately -20°C for 15 days, the stability of Arm and DHA was
checked after 22 days of storage at -24°C + 6°C.

During the analysis of pre-clinical samples, a problem was met with the samples collected from very juvenile rats (7 days). Indeed, for

these samples, a tremendous decrease in the chromatographic response was observed for the 2 internal standards. In agreement with the
study monitor, blank rat plasma collected from juvenile rats was tested and the problem observed with the pre-clinical samples was not
encountered.

The analytical batch number 13 was accepted for Arm although the value for r* (coefficient of determination) was lower than 0.98
(r*=0.978).
Accuracy and Precision:

Accuracy and precision of the method were assessed by analyzing the intra-day and inter-day accuracies and precisions of the QC
samples prepared either with blank juvenile rat plasma (aged 7 days) together with the calibration standards and validation QC samples.
The deviation (bias) from the nominal value is used to evaluate the accuracy.

Acceptance criteria:

Mean bias +15% from the nominal values, precision: < 15%

Arm Results:

In blank juvenile rat plasma: Bias within the range -12% to -6.88%, precision within the range of 3.93% to 5.77%
In blank rat plasma: Bias within the range -11.25% to -9.6%, precision within the range of 3.78% to 5.42%

DHA Results:

In blank juvenile rat plasma: Bias within the range -3.13% to -1.00%, precision within the range of 2.63% to 3.9%
In blank rat plasma: Bias within the range -10.63% to -4.8%, precision within the range of 3.03% to 4.23%

Additional Information

Assessment of Arm and DHA stability of stock solutions refers to the method described in Study BAPK (EU) R0301212.
Assessment of arteether and artemisinin stability of stock solutions refer to the method described in Study DMPK R0400692.
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2.6.5.2E Pharmacokinetics: Analytical methods and validation reports (BAPK(F) R00-1840)
Study title: Quantitative determination of artemether and its dihydroartemisinin metabolite in human Study no.
plasma by liquid chromatography-mass spectrometry method. Method description and BAPK(F) R00-1840
validation.
GLP compliance: Yes
Location in CTD: 4.22.1-5
Test article: Arm and DHA
Method: The method consists of liquid-liquid extraction with subsequent evaporation of the supernatant to dryness followed by the analysis of
the reconstituted sample by liquid chromatography/ mass spectrometry (HPLC/MS) in a single ion monitoring mode using atmospheric
pressure chemical ionization (APCI) as an interface. The method was fully validated on ion 267 and within-day validation was also
performed on ion 221. The objective of this study was to develop to validate a sensitive method for the quantitative determination of
Arm and its metabolite DHA in human plasma.
Instruments:
Pump Hewlett Packard (Agilent), model 1100
Autosampler Hewlett Packard (Agilent), model 1050

Column oven

Detector

Data acquisition
Chromatography:

Pre-column

Column

Column temperature
Mobile phase

Flow rate

Flush

Injection volume
Injector wash
Column pressure

Hewlett Packard (Agilent), model 1100
Thermo-Finnigan, TSQ, API I
Xcalibur

Reverse HPLC on an Alltima Cig, 5 pm (150 x 4.6 mm) at room temperature using isocratic elution (acetonitrile-acetic acid 0.1%,
66:34, v:v) at a flow rate of 1 mL/min for 14 min followed by a flush for 15 min with 100% acetonitrile

Alltima Cyg, 5 um (7.5 x 4.6 mm), Alltech
Alltima Cyg, 5 pm (150 x 4.6 mm), Alltech
Room temperature

Acetonitrile/glacial acetic acid 0.1% (66:34, v:v)
1 mL/min

100% acetonitrile for 15 min at a flow rated of 2 mL/min. The duration of this step is given in a rough guide and may change with
instrument

50 uL
Mobile phase
Around 60 bars
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Study title:

Quantitative determination of artemether and its dihydroartemisinin metabolite in human
plasma by liquid chromatography-mass spectrometry method. Method description and
validation.

Study no.
BAPK(F) R00-1840

Retention time(s)

Total run time
Substance analyzed:
Reference compounds:

Arm

DHA

Internal standards:
Artemisinin

Sample preparation:

C standard and QC samples preparation:

C Standards

QC Samples
Matrix:
Detection:

Source

Tonization

Arm: 10.3 — 11.1 min

DHA: 3.5 - 3.7 min

Artemisinin (internal standard): 5 — 5.5 min
14 minutes followed by 15 min flush step
Arm and DHA

Molecular formula: C4H»O5
Molecular weight (MW): 298.38 g/mol
Molecular formula: C,5H,4,05
Molecular weight (MW): 284.35 g/mol

Molecular formula: C;5H»,O5
Molecular weight (MW): 282.34 g/mol
Liquid-liquid extraction with 1-chlorobutane-isooctane (55:45, v:v)

6 concentrations in the range of 5 ng/mL to 200 ng/mL
4 concentrations in the range of 5 ng/mL to 160 ng/mL
Human plasma

APCI

APCI

Sheath gas N,

Pressure 85 PSI

Capillary temperature 300°C

Vaporizer temperature 400°C

Corona discharge 5 pA

Auxiliary gas flow 15 units
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Study title: Quantitative determination of artemether and its dihydroartemisinin metabolite in human Study no.
plasma by liquid chromatography-mass spectrometry method. Method description and BAPK(F) R00-1840
validation.
MS Manifold temperature 70°C
Single ion monitoring
Positive ion mode
Dynode at 15 kV
Electron multiplier at 1400 V
Mass resolution 0.7 amu
Scan time 1 s for the 3 compounds

Selected masses for Arm
Selected masses for DHA
Selected masses for artemisinin
Data acquisition

Results-1:
Specificity

Acceptance criteria

Interference from the human plasma
(matrix)

Ton 267

m/z 267.1 or 220.9
m/z 267.1 or 220.9
m/z 282.7
Xcalibur

The specificity of the method was investigated by preparing and analyzing blank samples prepared from 6 different batches of human
plasma. The specificity was assessed by comparing the apparent signal of Arm, DHA and artemisinin in blank samples to the signal
obtained for samples spiked with a concentration of Arm and DHA at the LLOQ and with artemisinin at the working concentration.

Analytes: Individual interference < 20% of signal at LLOQ
Internal standards: Individual interference < 5% of signal at working concentration

Mean apparent peak area for Arm in blank samples from 6 batches of human plasma was within the ranges of 0.7% and 10% of the peak
area of Arm in the same batch at the LLOQ

Mean apparent peak area for DHA in blank samples from 6 batches of human plasma was within the ranges of 2% and 13% of the peak
area of DHA in the same batch at the LLOQ

Mean apparent peak area for artemisinin in blank samples from 6 batches of human plasma was within the ranges of 0.1% and 1% of the
peak area of artemisinin in the same batch at the working concentration
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Study title: Quantitative determination of artemether and its dihydroartemisinin metabolite in human Study no.
plasma by liquid chromatography-mass spectrometry method. Method description and BAPK(F) R00-1840
validation.
Results-2:
Ion 221 Mean apparent peak area for Arm in blank samples from 6 subjects in study CCOA566A2301 was within the ranges of 0.5% and 9% of

Tautomeric specificity
Calibration curves

The acceptance criteria

Arm

DHA
Results-3:
Accuracy, Precision, LLOQ

Intra-day (within batch) accuracy and
precision

Inter-day (inter batch) accuracy and
precision

Acceptance criteria

Intra-day accuracy and precision for
Arm

Intra-day accuracy and precision for
DHA

the peak area of Arm at the LLOQ in a pool of 3 batches of plasma

Mean apparent peak area for DHA in blank samples from 6 subjects in study CCOAS566A2301 was within the ranges of 1.5% and 12%
of the peak area of DHA at the LLOQ in a pool of 3 batches of plasma

Mean apparent peak area for artemisinin in blank samples from 6 subjects in study CCOA566A2301 was within the ranges of 0% and
0.2% of the peak area of artemisinin at the working concentration in a pool of 3 batches of plasma

The o and B tautomers of DHA were well separated. During the chromatography, the ratio a versus § remained constant at around 3.
Only the tautomer a was considered for quantification.

Calibration was performed with a first order polynominal within the range of 5 ng/mL to 200 ng/mL for Arm and DHA using 1/x*
weighting. The acceptance criteria for the coefficient of correlation and the mean accuracy were all met.

Coefficient of correlation, r > 0.95

Bias < 15% (20% at the LLOQ) for 2/3 of the C standards
coefficients of correlation, r > 0.995

97% < mean of accuracy < 105%, precision < 10%

99% < mean of accuracy < 105%, precision < 10%

Accuracy and precision of the method were assessed by analyzing the intra-day and inter-day accuracies and precisions of the QC
samples that were analyzed together with the C standards on each day. The accuracy and precision of the method was also assessed
using ion 221 by analyzing intra-day accuracies and precision.

The intra-day accuracy and precision were calculated as the mean and precision of all individual accuracies of QC samples analyzed
during a single validation day.

The inter-day accuracy and precision were calculated as the mean accuracy and precision of all individual accuracies of QC samples
analyzed during 3 validation days.

Mean accuracy 85% to 115% (80% to 120% at LLOQ)

Precision: < 15% (< 20% at the LLOQ)

At the LLOQ: Mean accuracy 90% to 105%, precision 3% to 15%
Above the LLOQ: Mean accuracy 88% to 98%, precision 2% to 11%
At the LLOQ: Mean accuracy 97% to 104%, precision 6% to 14%
Above the LLOQ: Mean accuracy 90% to 104%, precision 3% to 9%
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Study title:

Study no.
BAPK(F) R00-1840

Quantitative determination of artemether and its dihydroartemisinin metabolite in human
plasma by liquid chromatography-mass spectrometry method. Method description and
validation.

Inter-day accuracy and precision for
Arm

Inter-day accuracy and precision for
DHA
Results-4:
LLOQ
Absolute recovery

Arm

DHA

Artemisinin
Stability

Acceptance criteria

Stability in stock solutions
Arm
DHA
Artemisinin

Results-5:
Stability

Stability in QC samples

Stability in frozen QC samples

Stability in actual samples

At the LLOQ: Mean accuracy 97%, precision 13%

Above the LLOQ: Mean accuracy 91% to 96%, precision 5% to 9%
At the LLOQ: Mean accuracy 100%, precision 11%

Above the LLOQ: Mean accuracy 93% to 96%, precision 5% to 9%

5 ng/mL by using a sample volume of 500 pL for both compounds

The absolute recovery was assessed by comparison of the responses obtained from the analysis of reference solutions spiked in the
extract of a blank sample and of extracted human plasma samples. It is given as the ratio of the average peak areas obtained from a
reference solution relative to the average peak areas obtained from the analysis of extracted plasma samples.

Mean recovery 76% (range 72% to 80%)
The recovery of Arm does not depend on its concentration.
Mean recovery 84% (range 67% to 109%)

The recovery of DHA depends on its concentration. For concentrations near the lower limit of quantification, an average recovery of
109% was found. For concentration of 200 ng/mL, an average recovery of 71% was found.

Mean recovery 94%

The stability of Arm was investigated by analyzing quality control of human samples and reconstituted extracts, which were stored
under varying conditions, in triplicate together with freshly prepared C standards and QC samples.

Arm and DHA did not meet the acceptance criteria of stability after 6 hours at room temperature under daylight at 20 ng/mL
concentration.

Mean accuracy 85% to 115% (80% to 120% at the LLOQ)

No apparent loss after 6 hours at room temperature in darkness and 7 weeks between 2 — 8°C for Arm.
No apparent loss after 6 hours at room temperature in darkness and 7 weeks between 2 — 8°C for DHA.
No apparent loss after 6 hours at room temperature in darkness and 6 weeks between 2 — 8°C for artemisinin.

No apparent change after 6 hours of storage under ambient conditions.
No apparent loss after 33 weeks of storage at or below -70°C.
No apparent change after 34 weeks of storage at or below -70°C.
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Study title:

COA566
Quantitative determination of artemether and its dihydroartemisinin metabolite in human Study no.
plasma by liquid chromatography-mass spectrometry method. Method description and BAPK(F) R00-1840
validation.

Effect of freeze-thaw cycles
Stability in extracts

Conclusion:

No apparent loss after 3 freeze-thaw cycles (freeze temperature at or below at -70°C). The samples were thawed at room temperature.

No apparent loss after about 40 hours of storage at room temperature for DHA and Arm at 100 ng/mL concentration. At 8 ng/mL
concentration, no loss for DHA, but Arm does not meet the acceptance criteria of stability (accuracy 83%). Nevertheless, Arm is stable
for at least 14 hours.

The method is suitable for the routine analysis of Arm and DHA with a limit of quantification of 5 ng/mL with a sample volume of
500 pL using either 267 or 221 ion.
The method is specific for Arm and DHA within the given criteria for acceptance in human plasma.

The ion 267 method was applied for the determination of Arm and DHA in an interaction study between Riamet®™ and quinine. The ion
221 method was applied for an interaction study between Riamet®™ and ketoconazole because an interference of an unclear origin in all
the plasma samples of the tested subjects prevented from using the ion 267 method. The acceptance criteria were met for each analytical
run performed.

Additional information: none
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2.6.5.2F Pharmacokinetics: Analytical methods and validation reports (DMPK R0500720-01 (SSE 096-1))
Study title: [*CD5] CGP56696 Synthesis and release analysis. Study No:
DMPK R0500720-01
(SSE 096-1)
GLP compliance: not required
Location in CTD: 422.1-6
Test article: [*CD;] Arm
Type of study: synthesis and analysis
Method: Synthesis: A solution of artemisinin in dichloromethane was treated with di-isobutyl aluminium hydride in tetrahydrofuran at -78°C for 2
hours to give, after work-up, DHA. Subsequent treatment of DHA with *CD;0D and borontrifluoride etherate at room temperature for 24
hours yielded, after work-up and purification, [*CD;]Arm (CGP 56696).
Analysis: The identity of the labeled compound was confirmed by mass spectrometry, nuclear magnetic resonance, and high-performance
liquid chromatography.
Results: Analysis
Test Method Requirements Results Remarks
Identity HPLC Elution time corresponds to Elution time corresponds -
comparison compound
Identity 'H-NMR spectrum Corresponds to comparison Corresponds to comparison -
compound compound
Identity Mass spectrum Corresponds to comparison Corresponds to comparison  Except isotope shift
compound compound
Chemical HPLC-UV >95% 95.9% -
purity
Mass purity MS Must contain less than 1% of the <1% -

molecular ion of the unlabeled
comparison compound
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Study title: [*CD5] CGP 56696 Synthesis and release analysis. Study No:
[DMPK R0500720-01

(SSE 096-1)]

Results: Synthesis

Z0 21

Reaction conditions: i) 1 M DIBALH in THF, CH,Cl,, -78°C, 2 hours. ii) BF;OEt,, 3CD;0D, RT, 24 hours.

Additional information: none
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2.6.5.2G Pharmacokinetics: Analytical methods and validation reports (DMPK R0300924A)
Study title: Quantitative determination of lumefantrine in human plasma by liquid Study no.
chromatography/tandem mass spectrometry. Method description and validation. DMPK R0300924A
GLP compliance: Yes
Location in CTD: 4.22.1-7
Test article: Lmf
Method: Based on previously described HPLC-UV method, the method was transferred to MS/MS detection and validated for the quantitative

Instruments:
HPLC System

MS System
Chromatography:

Pre-column

Column

Column temperature

Mobile phase

Flow rate
Injection volume

Injector wash

Chromatography:
Column pressure
Retention times

Total run time

determination of Lmf in human plasma. The method consists of liquid-liquid extraction and the analysis of the extracts by high
performance liquid chromatography—tandem mass spectrometry (HPLC — MS/MS) in selected reaction monitoring mode using an
electrospray source as an interface.

Pump: Agilent, series 1100

Column oven: Agilent, series 1100 set at about 25°C
Autosampler: CTC Analytics HTS Pal set at about 6°C
API3000, Applied Biosystems

Alltima C18, 5 um particle size, 2.1 mm ID, from Alltech

Alltima C18, 5 pm particle size, 50 mm length, 2.1 mm ID, from Alltech

25°C

Isocratic elution: 96% A — 4% B

A: Methanol

B: pH 3.9 buffer (7.71 g ammonium acetate + 28 mL 100% acetic acid, adjusted at 1000 mL with water)
200 pL/min

10 uL

Syringe: 4 x methanol-water (80:20, v:v), 4 x methanol-acetic acid (99:1, v:v)

Valve: 3 x methanol-water (80:20, v:v), 3 x methanol-acetic acid (99:1, v: v)

Around 25 bars
About 1.8 min (Lmf) and 1.7 min ([Dy] Arm/Lmf)
7 min (including the time necessary for the injector wash)
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Study title:

Quantitative determination of lumefantrine in human plasma by liquid

chromatography/tandem mass spectrometry. Method description and validation.

Study no.
DMPK R0300924A

Substance analyzed:
Reference compound:

Internal standard:

Sample preparation:

C standard and QC samples preparation:
C Standards
QC Samples

Matrix:

Detection:
MS conditions

Scan time
Selected masses Lmf
Selected masses [Dy] Arm/Lmf

Software for data acquisition and peak
integration

Results-1:
Specificity

Acceptance criteria

For human plasma

Lmf

Lmf

Molecular formula: C3yH3,CI3NO
Molecular weight (MW): 528.95 g/mol
Labeled Lmf (name: [Dg] Arm/Lmf)
Molecular formula: C;yH,;CI;NODy
Molecular weight (MW): 538 g/mol
Liquid-liquid extraction at pH 4 in hexane

7 concentrations in the range of 0.05 pg/mL (LLOQ) to 20 pg/mL
4 concentrations in the range of 0.05 pg/mL (LLOQ) to 16 ng/mL
Human plasma

MS/MS TIS positive ion mode

Source TIS (Turbo ion spray) at 450°C

MRM positive ion mode

500 ms

(Precursor) m/z ~ 530, (product) m/z ~ 512

(Precursor) m/z ~ 539, (product) m/z ~ 521

Analyst

The specificity of the analytical method was investigated by preparing and analyzing blank samples prepared from 6 different batches

of human plasma (anticoagulant: heparin).

The specificity was assessed for Lmf and for [Dy; Arm/Lmf by comparing the mean apparent signal obtained for the blank samples to
the mean apparent signal obtained for samples spiked with a concentration of Lmf at LLOQ and [Dg] Arm/Lmf at the working

concentration.

Lmf: Interference < 20% of signal at LLOQ

[Do] Arm/Lmf: Interference < 5% of signal at working concentration
The method is specific in human plasma for Lmf.

Mean apparent peak for Lmf in blank samples from 6 batches of human plasma was within the range of 0% to 0.3% of the peak area



Novartis Confidential Page 53
2.6.5 EYEEHABRBER COA566
Study title: Quantitative determination of lumefantrine in human plasma by liquid Study no.

chromatography/tandem mass spectrometry. Method description and validation. DMPK R0300924A

for Lmf at LLOQ.

With N-desbutylLmf, Arm, and
dihydroartemesinin

Calibration curves

Acceptance criteria

At the LLOQ
Above the LLOQ
Results-2:
Accuracy, Precision, LLOQ

Acceptance criteria

Intra-day (within batch) accuracy and

precision

Inter-day (inter-batch) accuracy and

precision

Intra-day accuracy and precision

Inter-day accuracy and precision

LLOQ
Dilution
Matrix effect

Mean apparent peak for [Dg] Arm/Lmf in blank samples from 6 batches of human plasma was within the range of 0% to 0.001% of the
peak area for [Dg] Arm/Lmf at the working concentration.

No peaks of N-desbutylLmf, Arm, and dihydroartemesinin were observed at the retention time of Lmf and [Dg] Arm/Lmf.

Calibration was performed with linear regression within range of 0.05 pg/mL to 20 pg/mL using 1/x> weighting.
Deviation +15% (& 20% at the LLOQ) for 3/4 of the C standards from nominal values

The acceptance criteria for the mean bias were met: -3.8% < mean bias < 2%

Mean bias -0.6%, precision 3.7%

Mean bias within the range -3.8% and 2%, precision within the range of 1.1% and 8.7%

Accuracy and precision of the method were assessed by analyzing the intra-day and inter-day accuracies and precisions of the QC
samples analyzed together with the C standards on each day. The deviation (bias) from the nominal value is used to evaluate the
accuracy in this validation report.

Mean bias +15% (+20% at LLOQ) from the nominal values
Precision: < 15% (< 20% at the LLOQ)

The intra-day accuracy and precision were calculated as the mean bias and precision of all individual concentrations of QC samples
analyzed during a single validation day.

The inter-day accuracy and precision were calculated as the mean bias and precision of all individual concentrations of QC samples
analyzed during 3 validation days.

At the LLOQ: Bias within the range -3.4% to 4.2%, precision within the range of 3.3% and 4.6%
Above the LLOQ: Bias within the range -11.6% to 10.5%, precision within the range of 1.3% and 4.2%
Both were within the acceptance criteria over the entire range.

At the LLOQ: Bias -0.8%, precision 5.3%

Above the LLOQ: Bias within the range -4.1% to 9%, precision within the range of 2.2% and 6.8%
Both were within the acceptance criteria over the entire range.

0.05 pg/mL using 250 pL of human plasma

Dilution with blank human plasma validated (factors 2 and 5)

The matrix effect is given as the ratio of the average peak areas obtained from analysis of extracted blank samples spiked after
extraction with Lmf and [Dg] Arm/Lmf relative to the average peak areas obtained from reference solutions.
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Study title: Quantitative determination of lumefantrine in human plasma by liquid Study no.
chromatography/tandem mass spectrometry. Method description and validation. DMPK R0300924A
Lmf Mean recovery 98%, range 97% to 100%
[Dgo] Arm/Lmf Mean recovery 93%
Results-3:

Absolute recovery

Lmf
[Do] Arm/Lmf
Stability

Acceptance criteria
Stability in methanol: acetic acid (99.8:0.2
[v:v])

Stability in plasma extracts
Stability in QC samples

Stability in actual samples

Conclusion:

The absolute recovery was given as the ratio of the average peak areas obtained from analysis of extracted spiked matrix samples
relative to the average peak areas obtained from analysis of extracted blank samples spiked after extraction with reference solutions.

Mean recovery 53%, range 47% to 60%

68%

The stability of Lmf in reconstituted extracts and in plasma samples used as quality control, which were stored under varying
conditions, was investigated in triplicate together with the freshly prepared C standards.

Mean bias +15% (£20% at LLOQ)

Lmf:

At least 1 month at 0 — 8°C at 2 and 100 pg/mL and 6 hours at room temperature at 2 and 160 pg/mL.
[Do] Arm/Lmf:

In stock solutions (100 pg/mL): At least 2 months at 0 — 8°C and 22 hours at room temperature.

In working solutions (10 ug/mL): At least 2 weeks at 0 — 8°C and 22 hours at room temperature.
Stable for at least 3 days at about 6°C on the autosampler

Stable for at least 9 months after storage below -70°C in polypropylene tubes.

Stable for at least 24 hours at room temperature and after 3 freeze-thaw cycles (storage below -70°C).
Stable for at least for 10 months after storage below -70°C

The method is suitable for the routine analysis of Lmf in human plasma with an anticipated limit of quantification of 0.05 pg/mL using
a sample volume of 250 pL.

The method is specific for Lmf within the given criteria for acceptance in human plasma.

Care has to be taken to check and suppress carryover of Lmf due to the autosampler system. The washing conditions described in this
report are suitable to suppress carryover down to a negligible level.

Additional information: none
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2.6.5.2H Pharmacokinetics: Analytical methods and validation reports (DMPK R0300924B)

Study title: Quantitative determination of desbutyl lumefantrine in human plasma by liquid Study no.
chromatography/tandem mass spectrometry. Method description and validation. DMPK R0300924B

GLP compliance: Yes

Location in CTD: 4.2.2.1-8

Test article: N-desbutyl-Lmf

Method: N-desbutyl-Lmf is a metabolite of Lmf in human plasma. Based on previously described HPLC-UV method, the method was
transferred to MS/MS detection and validated for the quantitative determination of N-desbutylLmf in human plasma. The method
consists of liquid-liquid extraction and the analysis of the extract by high performance liquid chromatography—tandem mass
spectrometry (HPLC-MS/MS) in selected reaction monitoring mode using an electrospray source (TIS) as interface.

Instruments:

HPLC System

MS System
Chromatography:

Pre-column

Column

Column temperature

Mobile phase

Flow rate
Injection volume
Injector wash

Column pressure

Retention times

Total run time
Substance analyzed:

Pump: Agilent, series 1100

Column oven: Agilent, series 1100 set at about 25°C
Autosampler: CTC Analytics HTS Pal set at about 6°C
API3000, Applied Biosystems

Alltima C18, 5 um particle size, 2.1 mm ID, from Alltech

Alltima C18, 5 pm particle size, 50 mm length, 2.1 mm ID, from Alltech
25°C

Isocratic elution: 96% A — 4% B

A: Methanol

B: pH 3.9 buffer (7.71 g ammonium acetate + 28 mL 100% acetic acid, adjusted at 1000 mL with water)
200 pL/min

10 uL

Syringe: 4 x methanol-water (80:20, v:v), 4 x methanol-acetic acid (99:1, v:v)
Valve: 3 x methanol-water (80:20, v:v), 3 x methanol-acetic acid (99:1, v:v)
Around 25 bars

About 1.4 min (N-desbutyl-Lmf) and 1.3 min (halofantrine)

7 min (including the time necessary for the injector wash)

N-desbutyl-Lmf
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Study title:

Quantitative determination of desbutyl lumefantrine in human plasma by liquid

chromatography/tandem mass spectrometry. Method description and validation.

Study no.
DMPK R0300924B

Reference compound:

Internal standard:

Sample preparation:

C standard and QC samples preparation:
C Standards
QC Samples

Matrix:

Detection:
MS conditions

Scan time
Selected masses N-desbutyl-Lmf
Selected masses halofantrine

Software for data acquisition and peak
integration

Results-1:
Specificity

Acceptance criteria

For human plasma

N-desbutyl-Lmf

Molecular formula: Cy¢H,4CIsNO
Molecular weight (MW): 472.84 g/mol
Halofantrine

Molecular formula: C,sH3oNOF5Cl,
Molecular weight (MW): 500.43 g/mol
Liquid-liquid extraction at pH 7 in hexane

7 concentrations in the range of 0.005 pg/mL (LLOQ) to 1 pg/mL
4 concentrations in the range of 0.005 pg/mL (LLOQ) to 0.8 ng/mL
Human plasma

MS/MS TIS positive ion mode

Source TIS (Turbo iron spray) at 450°C

MRM positive ion mode

500 ms

(Precursor) m/z ~ 472, (product) m/z ~ 456

(Precursor) m/z ~ 502, (product) m/z ~ 142

Analyst

The specificity of the analytical method was investigated by preparing and analyzing blank samples prepared from 6 different batches
of human plasma (anticoagulant: heparin). The specificity was assessed by comparing the mean apparent signal for N-desbutyl-Lmf
and for halofantrine in blank samples to the mean signal obtained for samples spiked with concentration of N-desbutyl-Lmf at LLOQ

and halofantrine at the working concentration.
N-desbutyl-Lmf: Interference < 20% of signal at LLOQ
Halofantrine: Interference < 5% of signal at working concentration

The method is specific in human plasma for N-desbutyl-Lmf and for halofantrine.

Mean apparent peak area for N-desbutyl-Lmf in blank samples from 6 batches of human plasma was within the range of 0% to 1.3%

of the peak area for N-desbutyl-Lmf at LLOQ.

No apparent peak area for halofantrine in blank samples was observed from 6 batches of human plasma.
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Study title:

Quantitative determination of desbutyl lumefantrine in human plasma by liquid Study no.
chromatography/tandem mass spectrometry. Method description and validation. DMPK R0300924B

With Lmf, Arm, and DHA
Calibration curves

Acceptance criteria

At the LLOQ
Results-2:
Accuracy, Precision, LLOQ

Acceptance criteria

Intra-day accuracy and precision

Inter-day accuracy and precision

LLOQ
Dilution
Matrix effect

N-desbutyl-Lmf
Halofantrine

Absolute recovery

N-desbutyl-Lmf
Halofantrine
Results-3:
Stability

No peak of Lmf, Arm, and DHA were observed at the retention time of N-desbutyl-Lmf and halofantrine.
Calibration was performed with linear regression within range of 0.005 pg/mL to 1 pg/mL using 1/x> weighting.
Deviation +15% (£20% at the LLOQ) 3/4 of the C standards from nominal values

The acceptance criteria for the mean bias were met: -2.3% < mean bias < 1.7%

Mean bias 0%, precision 9.1%

Accuracy and precision of the method were assessed by analyzing the intra-day and inter-day accuracies and precisions of the QC
samples analyzed together with the calibration standards on each day. The deviation (bias) from the nominal value is used to evaluate
the accuracy in this validation report.

Mean bias +15% (+20% at LLOQ) from the nominal values

Precision: < 15% (< 20% at the LLOQ)

At the LLOQ: Bias within the range -19.2% to 14.0%, precision within the range of 4.3% and 10.5%
Above the LLOQ: Bias within the range -14.8% to 8.6%, precision within the range of 1.9% and 11.5%
Both were within the acceptance criteria over the entire range.

At the LLOQ: Bias 1.7%, precision 16.9%

Above the LLOQ: Bias within the range -3.5% to 3.2%, precision within the range of 7.6% and 10.6%
Both were within the acceptance criteria over the entire range.

0.005 pg/mL using 250 uL of human plasma

Dilution with blank human plasma validated (factor 2)

The matrix effect is given as the ratio of the average peak areas obtained from analysis of extracted blank matrix samples spiked after
extraction with N-desbutyl-Lmf and halofantrine relative to the average peak areas obtained from reference solutions.

Mean recovery 101%, range 100% to 102%
Mean recovery 101%

The absolute recovery was given as the ratio of the average peak areas obtained from analysis of extracted spiked matrix samples
relative to the average peak areas obtained from analysis of extracted blank samples spiked after extraction with reference solutions.

Mean recovery 51.9%, range 50% to 53.3%
Mean recovery 90.2%

The stability of N-desbutyl-Lmf and halofantrine in reconstituted extracts and in plasma samples used as quality control, which were
stored under varying conditions, was investigated in triplicate together with the freshly prepared C standards.
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Study title: Quantitative determination of desbutyl lumefantrine in human plasma by liquid Study no.
chromatography/tandem mass spectrometry. Method description and validation. DMPK R0300924B
Acceptance criteria Mean bias +15%

Stability in stock solutions

Stability in plasma extracts
Stability in QC samples

Conclusion:

N-desbutyl-Lmf:

At least 1 month at 0-8°C and 6 hours at room temperature at 0.2 ug/mL and 8 pg/mL

Halofantrine:

At least 1 month at 0-8°C and 6 hours at room temperature at 100 pg/mL

At least 3 days at about 6°C on the autosampler

Stable for at least for 4.5 months after storage below -70°C in polypropylene tubes

Stable for at least for 24 hours at room temperature and after 3 freeze-thaw cycles (storage below -70°C)

The method is suitable for the routine analysis of N-desbutyl-Lmf in human plasma with an anticipated limit of quantification of
0.005 pg/mL using a sample volume of 250 pL.

The method is specific for N-desbutyl-Lmf within the given criteria for acceptance in human plasma.

Care has to be taken to check and suppress carryover of N-desbutyl-Lmf due to the autosampler system. The washing conditions
described in this report are suitable to suppress carryover down to a negligible level.

Additional information: none
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2.6.5.21 Pharmacokinetics: Analytical methods and validation reports (DMPK R0300924C)
Study title: Quantitative determination of lumefantrine in dog plasma by liquid chromatography/tandem Study no.
mass spectrometry. Method description and validation. DMPK R0300924C
GLP compliance: Yes
Location in CTD: 42219
Test article Lmf
Method: The method consists of liquid-liquid extraction and the analysis of the extracts by high performance liquid chromatography—tandem

Instruments:
HPLC System

MS System
Chromatography:

Pre-column

Column

Column temperature

Mobile phase

Flow rate
Injection volume
Injector wash

Column pressure

Retention times

Total run time
Substance analyzed:

mass spectrometry (HPLC-MS/MS) in selected reaction monitoring mode using an electrospray source (Turbo Ion Spray [TIS]) as an
interface. The objective of this study was to develop and validate a sensitive method for the quantitative determination of Lmf in dog
plasma.

Pump: Agilent, series 1100

Column oven: Agilent, series 1100 set at about 25°C
Autosampler: CTC Analytics HTS Pal set at about 5°C
API3000, Applied Biosystems

Alltima C18, 5 um particle size, 2.1 mm ID, from Alltech

Alltima C18, 5 um particle size, 50 mm length, 2.1 mm ID, from Alltech
25°C

Isocratic elution: 96% A — 4% B

A: Methanol

B: pH 3.9 buffer (7.71 g ammonium acetate + 28 mL 100% acetic acid, adjusted at 1000 mL with water)
200 pL/min

10 uL

Syringe: 4 x methanol-water (80:20, v:v), 4 x methanol-acetic acid (99:1, v:v)
Valve: 3 x methanol-water (80:20, v:v), 3 x methanol-acetic acid (99:1, v:v)
Around 25 bars

About 1.8 min (Lmf) and 1.7 min ([Dy] Arm/Lmf)

7 min (including the time necessary for the injector wash)

Lmf
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Study title:

Quantitative determination of lumefantrine in dog plasma by liquid chromatography/tandem
mass spectrometry. Method description and validation.

Study no.
DMPK R0300924C

Reference compound:

Internal standard:

Sample preparation:

C standard and QC samples preparation:
C Standards
QC Samples

Matrix:

Detection:
MS conditions

Scan time
Selected masses Lmf
Selected masses [Dg] Arm/Lmf

Software for data acquisition and peak
integration

Results-1:
Specificity

Acceptance criteria

Interference from the matrix

Calibration curves

Lmf

Molecular formula: C3yH3,CI3NO
Molecular weight (MW): 528.95 g/mol
Labeled Lmf (name: [Dy] Arm/Lmf)
Molecular formula: C3yH,3CIsNODg
Molecular weight (MW): 538 g/mol
Liquid-liquid extraction at pH 4 in hexane

7 concentrations in the range of 0.1 pg/mL (LLOQ) to 50 pg/mL
4 concentrations in the range of 0.1 pg/mL (LLOQ) to 40 pg/mL
Dog plasma

MS/MS TIS positive ion mode

Source TIS at 450°C

MRM positive ion mode

500 ms

(Precursor) m/z ~ 530, (product) m/z ~ 512

(Precursor) m/z ~ 539, (product) m/z ~ 521

Analyst

The specificity of the analytical method was investigated by preparing and analyzing blank samples prepared from 6 different batches of
dog plasma (anticoagulant: heparin). The specificity was assessed by comparing the mean apparent signal for Lmf and for [Do]
Arm/Lmf in blank samples to mean signal obtained for samples spiked with concentration of Lmf at LLOQ and [Dg]Arm/Lmf at the

working concentration.
Lmf: interference < 20% of signal at LLOQ
[Do] Arm/Lmf: interference < 5% of signal at working concentration

Mean apparent peak area for Lmf in blank samples from 6 batches of dog plasma was 0% of the peak area for Lmf at LLOQ.

Mean apparent peak area for [Dy] Arm/Lmf in blank samples from 6 batches of dog plasma was 0% of the peak area for [Dg] Arm/Lmf

at the working concentration.

Calibration was performed with linear regression within range of 0.1 pg/mL to 50 pg/mL using 1/x* weighting
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Study title: Quantitative determination of lumefantrine in dog plasma by liquid chromatography/tandem Study no.
mass spectrometry. Method description and validation. DMPK R0300924C
Acceptance criteria Deviation +15% (£20% at the LLOQ) for 3/4 of the C standards from nominal values
At the LLOQ Mean bias 2%
Above the LLOQ Mean bias within the range -7% to 5.6%

Accuracy, Precision, LLOQ

Acceptance criteria

Intra-day (within batch) accuracy and
precision

Intra-day accuracy and precision

LLOQ

Results-2:
Stability

Acceptance criteria

Stability in methanol: acetic acid
(99.8:0.2 [v:v])

Stability in extracts
Stability in QC samples

Accuracy and precision of the method were assessed by analyzing the intra-day accuracies and precisions of the QC samples analyzed
together with the C standards one day. The deviation (bias) from the nominal value is used to evaluate the accuracy in this validation
report.

Mean bias +15% (£20% at LLOQ) from the nominal values
Precision: < 15% (< 20% at the LLOQ)

The intra-day accuracy and precision were calculated as the mean bias and precision of all individual concentrations of QC samples
analyzed during a single validation day.

At the LLOQ: Bias -4.5%, precision 4.2%

Above the LLOQ: Bias within the range -9% to -5.8%, precision within the range of 1.9% to 3.6%
Both were within the acceptance criteria over the entire range.

0.1 pg/mL using 100 pL of dog plasma

The stability of Lmf in reconstituted extracts and in dog plasma samples used as quality control, which were stored under varying
conditions, was investigated in triplicate together with the freshly prepared C standards.

Mean bias +15% (£20% at LLOQ)

Lmf:

At least 1 month at 0-8°C at 2 ug/mL and 100 pg/mL and 6 hours at room temperature at 2 pg/mL and 160 pg/mL.
[Dg] Arm/Lmf:

In stock solutions (100 ug/mL): At least 2 months at 0-8°C and 22 hours at room temperature.

In working solutions (10 ug/mL): At least 2 weeks at 0-8°C and 22 hours at room temperature.

At least 5 days at about 5°C on the autosampler

Stable for at least for 17 hours at room temperature and after 3 freeze-thaw cycles, storage below -70°C. No apparent loss after 23 weeks
of storage below -70°C.
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Study title: Quantitative determination of lumefantrine in dog plasma by liquid chromatography/tandem Study no.

mass spectrometry. Method description and validation. DMPK R0300924C
Conclusion: The method is suitable for the routine analysis of Lmf in dog plasma with an anticipated limit of quantification of 0.1 ng/mL using a

sample volume of 100 pL.
The method is specific for Lmf within the given criteria for acceptance in dog plasma.

Care has to be taken to check and suppress carryover of Lmf due to the autosampler system. The washing conditions described in this
report are suitable to suppress carryover down to a negligible level.

Additional information: none
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2.6.5.2J Pharmacokinetics: Analytical methods and validation reports (DMPK(F) R00-2105)
Study title: Quantitative determination of lumefantrine in human plasma by HPLC method with UV Study no.
detection. Method description and validation. DMPK(F) R00-2105
GLP compliance: not required
Location: 4.2.2.1-10
Method: The method consists of the analysis human plasma by liquid chromatography (HPLC) with UV detection after being deproteinized. The
objective of this study was to develop to validate a sensitive method for the quantitative determination of Lmf in human plasma.
Instruments:
Pump Gilson, model 305 with manometric module, model 805
Autosampler Gilson, Aspec XL equipped with a 200 pL injection loop
Column oven Jones, model 7955
UV detector Jasco, model 975
Data acquisition X-chrom, version 2.10, LabSystemS, UK
Chromatography:
Pre-column Alltima Cyg, 5 pm (7.5 x 4.6 mm), from Alltech
Column Alltima Cyg, 5 um (150 x 4.6 mm), from Alltech.
Column temperature 40°C
Mobile phase Acetonitrile/ammonium acetate 0.1 mol/L adjusted to pH 3.9 with glacial acetic acid (95:5, v:v)
Flow rate 2 mL/min
Injection volume 200 pL
Injector wash Syringe: Methanol: acetic acid, 98:2 (v:v)
Valve: Methanol: acetic acid, 98:2 (v:v)
Column pressure Around 70 bars
Retention time(s) Lmf: In the range 0f 9.9 — 11 min
Halofantrine: In the range of 5.1 — 7.4 min
Total run time 15 min
Substance analyzed: Lmf

Reference compounds:
Lmf Molecular formula: C;,H3;,ONCl;
Molecular weight (MW): 528.95 g/mol
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Study title:

Quantitative determination of lumefantrine in human plasma by HPLC method with UV
detection. Method description and validation.

Study no.
DMPK(F) R00-2105

Internal standards:
Halofantrine

Sample preparation:

C standards and QC Sample preparation:
C Standards
QC Samples

Matrix:

Detection:

Results-1:
Specificity

Acceptance criteria

Interference from the human plasma
(matrix)

Calibration curves

Acceptance criteria

Accuracy, Precision, LLOQ

Intra-day (within batch) accuracy and
precision

Molecular formula: C,sH3oNOF5Cl,
Molecular weight (MW): 500.43 g/mol
Protein precipitation

6 concentrations in the range of 50 ng/mL to 50 pg/mL
4 concentrations in the range of 50 ng/mL to 40 png/mL
Human plasma

UV fixed at 267 nm

The specificity of the analytical method was investigated by preparing and analyzing blank samples prepared from 6 different samples
of human plasma. The specificity was assessed by comparing the apparent signal for Lmf and halofantrine in blank samples to the signal
obtained for samples spiked with a concentration of Lmf at the LLOQ and with halofantrine at the working concentration.

Lmf: Individual interference < 20% of signal at LLOQ
Halofantrine: Individual interference < 5% of signal at the working concentration

Mean apparent peak area of Lmf blank samples from 6 batches of human plasma matrix was within the ranges of 0% to 11% of the peak
area of Lmf in the same batch at the LLOQ.

Mean apparent peak area of halofantrine in blank samples from 6 batches of human plasma matrix was within the range of 0% to 5% of
the peak area of halofantrine in the same batch at the working concentration.

Calibration was performed with a first order polynominal within the range of 50 ng/mL to 50 pg/mL for Lmf using 1/x* weighting. The
acceptance criteria for the coefficient of correlation and the mean accuracy were all met.

Lmf: 96% < mean accuracy < 107%, precision < 7%

Coefficient of correlation, r > 0.95

Bias <15% (20% at the LLOQ) for 2/3 of the C samples

Coefficients of correlation, r > 0.994

Mean accuracy in the range 96% to 107%, all C samples within the range of acceptance

Accuracy and precision of the method were assessed by analyzing the intra-day and inter-day accuracies and precisions of the QC
samples analyzed together with the C samples on each day.

The intra-day accuracy and precision were calculated as the mean accuracy and precision of all individual accuracies of QC samples
analyzed during a single validation day.
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Study title:

Study no.
DMPK(F) R00-2105

Quantitative determination of lumefantrine in human plasma by HPLC method with UV
detection. Method description and validation.

Inter-day (inter-batch) accuracy and
precision

Acceptance criteria

Intra-day accuracy and precision of Lmf

Inter-day accuracy and precision of Lmf

LLOQ
Stability

Acceptance criteria
Effect of freeze-thaw cycles
Stability in extracts

Conclusion:

The inter-day accuracy and precision were calculated as the mean accuracy and precision of all individual accuracies of QC samples
analyzed during 3 validation days.

Mean accuracy 85% to 115% (80% to 120% at LLOQ)

Precision: < 15% (< 20% at the LLOQ)

At the LLOQ: Mean accuracy within the range of 96% to 112%, precision within the range of 7% to 13%
Above the LLOQ: Mean accuracy within the range of 85% to 106%, precision within the range of 2% to 15%
At the LLOQ: Mean accuracy 105%, precision 12%

Above the LLOQ: Mean accuracy within the range of 89% to 100%, precision within the range of 5% to 13%
50 ng/mL using a sample volume of 250 puL

The stability of Lmf was investigated by analyzing quality control human samples and reconstituted extracts, which were stored under
varying conditions, in triplicate together with freshly prepared C standards and QC samples.

Mean accuracy 85% to 115% (80% to 120% at the LLOQ)
No apparent loss after 3 freeze-thaw cycles
No apparent loss after 33 to 34 hours of storage at room temperature

The method is suitable for the routine analysis of Lmf in human plasma with a limit of quantification of 50 ng/mL with a sample volume
of 250 pL.

The method is specific for Lmf within the given criteria for acceptance in human plasma.

The method was applied for the determination of Lmf in an interaction study between Riamet® and quinine. The acceptance criteria
were met for each analytical run performed.
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2.6.5.2K Pharmacokinetics: Analytical methods and validation reports (BAPK(F) R00-2105-02) &
(BAPK(F) R00-2105-02-01 (Amendment 1))

Study title:

Quantitative determination of lumefantrine and its desbutyl metabolite in human plasma by Study no.

HPLC method with UV detection. Method description and validation. (Amendment no.1) BAPK(F) R00-2105-02
BAPK(F) R00-2105-02-01
(Amendment 1)

GLP compliance:
Location in CTD:
Test article:
Method:

Instruments:
Pump
Autosampler
Column oven
UV detector
Data acquisition

Chromatography:
Pre-column
Column
Column temperature
Mobile phase
Flow rate
Injection volume

Injector wash

Column pressure
Retention time(s)

Yes
4.2.2.1-11
Lmf and N-desbutyl-Lmf

The method consists of the analysis of human plasma by liquid chromatography (HPLC) with UV detection. The objective of this
study was to develop and validate a sensitive method for the quantitative determination of Lmf and its N-desbutylmetabolite in human
plasma.

Gilson, model 305 with manometric module, model 805

Gilson, model 234 equipped with 200 puL injection loop and a rack temperature regulator, model 832 set at 5°C
CROCO-CIL

Waters, model 2487

X-Chrom

Alltima Cyg, 5 um (7.5 x 4.6 mm), Alltech

Alltima Cyg, 5 pm (150 x 4.6 mm), Alltech. The column should be equilibrated with mobile phase for 24 hours before use.
40°C

Acetonitrile/ammonium acetate 0.1 mol/L adjusted to pH 3.9 with glacial acetic acid (97:3, v:v)
1.6 mL/min

90 uL

Syringe: methanol: acetic acid, 99:1 (v:v)

Valve: methanol: acetic acid, 99:1 (v:v)

Around 50 bars

Lmf: In the range of 13.2 — 14.3 min

N-desbutyl-Lmf: In the range of 5.8 — 6.7 min

Halofantrine: In the range of 7.5 — 8.1 min
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Study title:

Quantitative determination of lumefantrine and its desbutyl metabolite in human plasma by Study no.

HPLC method with UV detection. Method description and validation. (Amendment no.1) BAPK(F) R00-2105-02
BAPK(F) R00-2105-02-01
(Amendment 1)

Total run time
Substance analyzed:
Reference compounds:

Lmf

N-desbutyl Lmf

Internal standards:
Halofantrine

Sample preparation:

C standard and QC samples preparation:

C Standards

QC Samples
Matrix:
Detection:
Results-1:

Specificity

Acceptance criteria

Interference from the human plasma

(matrix)

16 min
Lmf and N-desbutyl-Lmf

Molecular formula: C;,H3;,ONCl;
Molecular weight (MW): 528.95 g/mol
Molecular formula: C,cH,4,ONCIl;
Molecular weight (MW): 472.85 g/mol

Molecular formula: C,sH;,NOF5Cl,
Molecular weight (MW): 500.43 g/mol
Liquid-liquid extraction with hexane

6 concentrations in the range of 50 ng/mL to 20 pg/mL and 5 ng/mL to 1 pg/mL of Lmf and N-desbutyl-Lmf, respectively.
4 concentrations in the range of 50 ng/mL to 16 ng/mL and 5 ng/mL to 0.8 ng/mL of Lmf and N-desbutyl-Lmf, respectively.
Human plasma

UV fixed at 335 nm

The specificity of the method was investigated by preparing and analyzing blank samples prepared from 6 different samples of human
plasma. The specificity was assessed by comparing the apparent signal for Lmf, N-desbutyl-Lmf and halofantrine in blank samples to
the signal obtained for samples spiked with a concentration of Lmf and N-desbutyl-Lmf at the LLOQ and with halofantrine at the
working concentration.

Analytes: Individual interference < 20% of signal at LLOQ

Internal standards: Individual interference < 5% of signal at working concentration

Mean apparent peak area of Lmf in blank samples from 6 batches of human plasma was within the ranges of 5% to 16% of the peak
area of Lmf in the same batch at the LLOQ.

Mean apparent peak area of N-desbutyl-Lmf in blank samples from 6 batches of human plasma was within the ranges of 1% to 10% of
the peak area of N-desbutyl-Lmf in the same batch at the LLOQ.

Mean apparent peak area of halofantrine in blank samples from 6 batches of human plasma was within the ranges of 2% to 4% of the
peak area of halofantrine in the same batch at the working concentration.
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Study title:

Quantitative determination of lumefantrine and its desbutyl metabolite in human plasma by Study no.

HPLC method with UV detection. Method description and validation. (Amendment no.1) BAPK(F) R00-2105-02
BAPK(F) R00-2105-02-01
(Amendment 1)

Calibration curves

Acceptance criteria

Results-2
Accuracy, Precision, LLOQ

Intra-day (within batch) accuracy and

precision

Inter-day (inter-batch) accuracy and

precision

Acceptance criteria

Intra-day accuracy and precision

Lmf

N-desbutyl Lmf

Inter-day accuracy and precision

Lmf

N-Desbutyl Lmf

Calibration was performed with a first order polynominal within the range of 50 ng/mL to 20 pg/mL and 5 ng/mL to 1 pg/mL for Lmf
and N-desbutyl-Lmf, respectively, using 1/x> weighting. The acceptance criteria for the coefficient of correlation and the mean
accuracy were all met.

Lmf: 96% < mean accuracy < 105%, precision < 15%

N-Desbutyl Lmf: 97% < mean accuracy < 102%, precision < 9%

Coefficient of correlation, r > 0.95

Bias <15% (20% at the LLOQ) for 2/3 of the C samples

Coefficients of correlation, r > 0.997

Mean accuracy in the range 96% to 105%, all C samples within the range of acceptance

Accuracy and precision of the method were assessed by analyzing the intra-day and inter-day accuracies and precisions of the QC
samples analyzed together with the C samples on each day.

The intra-day accuracy and precision were calculated as the mean accuracy and the precision of all individual accuracies of QC
samples analyzed during a single validation day.

The inter-day accuracy and precision were calculated as the mean accuracy and precision of all individual accuracies of QC samples
analyzed during 3 validation days.

Mean accuracy 85% to 115% (80% to 120% at LLOQ)
Precision: < 15% (< 20% at the LLOQ)

At the LLOQ: Mean accuracy 112%, precision 6%

Above the LLOQ: Mean accuracy within the range 98% to 108%, precision 1% to 3%
At the LLOQ: Mean accuracy 102%, precision 12%

Above the LLOQ: Mean accuracy within the range 88% to 115%, precision 1% to 6%

At the LLOQ: Mean accuracy 105%, precision 8%

Above the LLOQ: Mean accuracy within the range 92% to 101%, precision 4% to 7%
At the LLOQ: Mean accuracy 99%, precision 13%

Above the LLOQ: Mean accuracy within the range 89% to 100%, precision 7% to 12%



Novartis Confidential Page 69
265 EMBEAREER COA566
Study title: Quantitative determination of lumefantrine and its desbutyl metabolite in human plasma by Study no.
HPLC method with UV detection. Method description and validation. (Amendment no.1) BAPK(F) R00-2105-02
BAPK(F) R00-2105-02-01
(Amendment 1)
LLOQ 50 ng/mL and 5 ng/mL using a sample volume of 250 pL and 500 pL for Lmf and N-desbutyl-Lmf, respectively

Absolute recovery

Lmf

N-desbutyl-Lmf

Halofantrine (IS)
Stability

Acceptance criteria

Stability in stock solutions
Stability in QC samples
Stability in frozen QC samples
Stability in actual samples
Effect of freeze-thaw cycles
Stability in extracts

Conclusion:

Amendment #1
Reason for amendment

The absolute recovery was assessed by comparison of the responses obtained from the analysis of reference solutions spiked in the
extract of a blank sample and of extracted human plasma samples. It is given as the ratio of the average peak areas obtained from a
reference solution relative to the average peak areas obtained from the analysis of extracted plasma samples.

Mean recovery 75% (range 71% to 78%)

The recovery of Lmf does not depend on its concentration.

Mean recovery 74% (range 67% to 81%)

The recovery of N-desbutyl-Lmf does not depend on its concentration.
Mean recovery 83% (Lmf method) and 99% N-desbutyl-Lmf.

The stability of Lmf was investigated by analyzing quality control of human samples and reconstituted extracts, which were stored
under varying conditions, in triplicate together with freshly prepared C standards and QC samples.

Mean accuracy 85% to 115% (80% to 120% at the LLOQ)

No apparent loss after 6 hours at room temperature and 1 month at 4°C.
No apparent change after 24 hours of storage under ambient conditions.
No apparent loss after 4 weeks of storage at or below -70°C.

No apparent loss after at least 3.5 months of storage at or below -70°C.
No apparent loss after 3 freeze-thaw cycles.

No apparent loss after 33 to 34 hours of storage at +5°C.

The method is suitable for the routine analysis of Lmf in human plasma with a limit of quantification of 50 ng/mL with a sample
volume of 250 pL and its N-desbutyl-Lmf with a limit of quantification of 5 ng/mL with a sample volume of 500 pL.

The method is specific for Lmf and N-desbutyl-Lmf within the given criteria for acceptance in human plasma.

The method was applied for the determination of Lmf in an interaction study between Riamet® and ketoconazole. The acceptance
criteria were met for each analytical run performed.

Cross-validation results for Lmf on actual samples revealed good agreement between this method and the previously described one.
This amendment gives the latest stability data obtained in both human plasma and whole blood samples for Lmf compound.
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Study title:

Quantitative determination of lumefantrine and its desbutyl metabolite in human plasma by Study no.

HPLC method with UV detection. Method description and validation. (Amendment no.1) BAPK(F) R00-2105-02
BAPK(F) R00-2105-02-01
(Amendment 1)

Additions to the original document

Sample preparation in plasma samples

Sample preparation in whole blood samples

Results-3:

The stability of Lmf was investigated by analyzing spiked human plasma samples and whole blood samples after 24 hours of storage at
35°C together with freshly prepared C and QC samples. These additional stability tests were initiated in order to support the studies
conducted in Africa where samples, either plasma or whole blood, could be exposed to temperature around 35°C.

These experiments were performed using the analytical method described in the original validation report without any change
(BAPK(F) R00-2105-02).

The stability of Lmf was assessed at 200 ng/mL and 10000 ng/mL in plasma and at 400 ng/mL and 6000 ng/mL in whole blood.
Analysis was done in the plasma fraction only.

Two sets of aliquots were spiked (1:10) with appropriate working solutions of Lmf (500 pg/ml) to get the intended concentrations.
Three aliquots of each were taken at 0 hours and others were kept at 35°C for 24 hours. Samples were processed with freshly prepared
C and QC samples.

Two pools of human whole blood were spiked with (1:1250 or 1:83) with the stock solution of Lmf (500 ng/mL) to get the intended
concentrations. Each pool of whole blood with Lmf was prepared in triplicate. Immediately after the preparation, 3 aliquots from each
pool (5 mL) were centrifuged at 2500 x g for 10 min, and the resulting plasma samples were stored at below -20°C until analysis. The
remaining whole blood with Lmf samples were kept at 35°C for 24 hours, and then 3 aliquots from each pool of these samples were
centrifuged at 2500 x g for 10 min. These resulting plasma samples were also stored at below -20°C until analysis. For analysis, all
plasma samples were thawed and processed together with freshly prepared C and QC samples.

No apparent loss of Lmf was observed in both human plasma samples and whole blood samples after 24 hours at 35°C.

Additional Information: none
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2.652L Pharmacokinetics: Analytical methods and validation reports (BPK(CH) 1994/038)
Study title: Quantitative determination of benflumetol in plasma by high-performance liquid chromatography Study no.
and UV detection. BPK(CH) 1994/038
GLP compliance: not required
Location in CTD: 4.2.2.1-12
Test article: Lmf
Method: HPLC was performed on a 125 mm x 4 mm i.d. column packed with 100 RP-8 endcapped 5 pm. Detection was performed using

Instrument:

Substance analyzed:
Reference compounds:
Lmf

Internal standards:
Halofantrine

Sample preparation:

ultraviolet detection at 215 nm. The mobile phase contained water, 0.2% SDS, 0.2% acetic acid, and acetonitrile (20/80, v/v), with a
flow rate of 1 mL/min. The retention times of Lmf and its internal standard were 11 and 7 min, respectively.

Hewlett-Packard HPLC system (Model 1090)

Merck-Hitachi D-2500 integrator

Kratos Spectroflow SF 783 variable wavelength ultraviolet detector
Lmf

Molecular formula: C3yH3,ONCl;
Molecular weight (MW): 528.95 g/mol

Molecular formula: C,sH3,NOF;Cl,

Molecular weight (MW): 500.43 g/mol

The plasma samples (0.5 mL) containing Lmf and the internal standard (halofantrine) were deproteinised with 1 mL methanol/acetic
acid (99/1, v/v). Samples were mixed for 5 min on a Vortex and then were centrifuged for 10 min at 3000 rpm. The solvent extract was

then separated and evaporated to dryness under nitrogen stream. The dry residue was dissolved in 200 pL mobile phase. An aliquot
(50 pL) of the mixture was transferred to a micro injection vial which was sealed with a PTFE cap.
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Study title: Quantitative determination of benflumetol in plasma by high-performance liquid chromatography Study no.
and UV detection. BPK(CH) 1994/038

Results:

HPLC assay The chromatograms of extracts of a drug free-human plasma sample (0.5 mL) and of a plasma sample spiked with 27.8 nmol Lmf and
4.95 nmol of internal standard (halofantrine) demonstrated that the two compounds are well separated from plasma constituents.
Seven human plasma samples in the concentration range 35 to 1554 nmol/L were analysed on 2 to 5 different days. The inter-assay CV
ranged from 0.33 to 14.8% and deviations of the mean found values from the given concentrations ranged from -24.19 to -0.39%.
Six spiked human plasma samples (48 to 1549 nmol/L) were analysed 3 times on the same day. The CV ranged from 2.74 to 16.39%
and the deviation from theory from -2.85 to 10.33%.

LOQ 35 nmol/L (18.5 ng/mL)

LOD 5 nmol/L (2.64 ng/mL)

Relative recovery Not measured

Stability Not measured

Additional information: none



Novartis

265 EMBEARSER

Confidential Page 73
COA566

2.6.52M Pharmacokinetics: Analytical methods and validation reports (BPK(CH) 1996/147)

Study title: Development of an HPLC assay and plasma concentrations of the two enantiomers Study no.
CGP 64455 S(+) and CGP 64456 R(-) of racemic benflumetol (CGP 56695) in humans, dogs BPK (CH) 1996/147
and rats.

GLP compliance: not required

Location in CTD: 422.1-13

Test article: racemic Lmf

Method: HPLC assay was performed using a 250 mm x 4 mm i.d. column packed with cellulose 3-chloro-4-methylphenylcarbamate coated on
Silica (Nucleosil 4000 — 10 pm). Detection was performed using a variable wavelength ultraviolet detector at 254 nm.

Instrument: HPLC

Substance analyzed:

Reference compound:

Plasma concentrations

Internal standard:
Sample preparation:

HPLC assay

Results:
HPLC assay

S(+) enantiomer

Kratos Spectroflow 783 variable wavelength ultraviolet detector
CGP 64455 S(+) and CGP 64456 R(-) and the internal standard halofantrine

CGP 64455 S(+) and CGP 64456 R(-)

Human: a single dose of 480 mg Lmf

Dogs:  repeated doses of 200 mg/kg Lmf

Rats: a single dose of 100 mg/kg of Lmf'; and a single dose of either 50 mg/kg S(+) or 50 mg/kg R(-)
Halofantrine C,sH3oNOF;Cl,

0.5 mL plasma samples containing racemate / enantiomers were deproteinised with 1 mL methanol / acetic acid. These samples were
mixed for 5 min on a Vortex and centrifuged for 10 min at 3000 rpm. The solvent extract was then separated / evaporated to dryness
under nitrogen stream at +4°C and dry residue dissolved in 200 L mobile phase. A 20 pL aliquot was then transferred into
microinjection vial sealed with PTFE cap.

The chromatogram of an extract of a drug-free human plasma sample (0.5 mL) spiked with 670 ng of each of the two enantiomers and
the internal standard demonstrated that the two enantiomers are well separated from plasma constituents.

Five human plasma samples in the concentration of 450 and 2060 ng/mL, analyzed on 2 to 5 different days, exhibited inter-assay

coefficient of variations (CVs) ranging from 3.8 to 26.2% and deviations of the mean found values from the given concentrations
ranging from -8.0 to 10.2%.

Four spiked human samples analyzed 3 times on the same day demonstrated CVs ranging from 2.6 to 16.5% and a deviation from
theory ranging from -8.4 to 12.5%.
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Study title:

Development of an HPLC assay and plasma concentrations of the two enantiomers Study no.
CGP 64455 S(+) and CGP 64456 R(-) of racemic benflumetol (CGP 56695) in humans, dogs BPK (CH) 1996/147
and rats.

R(-) enantiomer

Five human plasma samples in the concentration range 480 to 2370 ng/mL analyzed on 4 to 5 different days exhibited inter-assay CVs
ranging from 3.1 to 18.1% and deviations of the mean found values from the given concentrations ranging from -5.2 to 10.2%.

Four spiked human samples analyzed 3 times on the same day demonstrated CVs ranging from 6.7 to 19.4% and a deviation from
theory ranging from -13.3 to 7.4%.

Results: LOQ:

LOD

Relative recovery and stability
Plasma concentrations

S(+) enantiomer : 1.1 ng/mL

R(-) enantiomer: 0.5 pg/mL

S(+) enantiomer:  0.11 pg/mL

R(-) enantiomer:  0.05 pg/mL

Not measured

Humans: After a single dose of 480 mg Lmf, plasma concentrations of S(+) and R(-) were similar at each time period.

Dogs:  After repeated doses of 200 mg/kg Lmf given daily over 89 days, plasma concentrations of S(+) and R(-), in both male and
female dogs, were similar at each time period.

Rats: After a single dose of 100 mg/kg of Lmf, the plasma concentration of the R(-) enantiomer is higher at each time period than
the plasma concentration of the S(+) enantiomer. This difference in plasma concentration at each time period was also seen when a
single dose of 50 mg/kg S(+) enantiomer or of 50 mg/kg R(-) enantiomer was administered.

Additional information: none
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2.6.5.2N Pharmacokinetics: Analytical methods and validation reports (PCS(EU) R0301253-01 (SSE 072-1))

Study title: [Dg] COAS566 Synthesis and Release Analysis Study No:
PCS(EU) R0301253-01
(SSE 072-1)

GLP compliance: not required

Location in CTD: 422.1-14

Test article [Dg] Lmf

Type of study: synthesis and analysis

Method: Synthesis: The oxirane was ring-opened with [Dy] dibutylamine that was synthesized from commercially available [Dy] bromobutane to
obtain the alcohol base. Base-catalyzed condensation with chloro-benzaldehyde resulted in [Dg] Lmf after final purification.
Analysis: The identity of the labeled compound was confirmed by mass spectrometry, nuclear magnetic resonance, and high-
performance liquid chromatography

Results: Analysis
Test Method Requirements Results Remarks
Identity HPLC Elution time corresponds to  Elution time corresponds -

reference

Identity 'H-NMR spectrum Corresponds to reference Corresponds to reference -
Identity Mass spectrum Corresponds to reference Corresponds to reference Except isotope shift
Chemical HPLC-UV >98% 99.0% -
purity
Mass Mass-spectrometry Must contain less than 1% <1% Mass of unlabelled
purity of molecular ion of the reference not detectable

unlabelled reference
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Study title: [Dy] COAS66 Synthesis and Release Analysis Study No:
PCS(EU) R0301253-01
(SSE 072-1)
Results: Pb b, Reaction conditions: 1) N-butylamine, THF, 0°C/15 min, RT/12h,
2 f o P o D D D 80%; 2) [Dy] bromobutane, NaH, DMPU, RT/12h; 3) NaOH, EtOH,
" F>‘)kNH 2 F>‘)LN DD 3) D purification, 42%; 4)a) NaBH4, EtOH, 0°C/20 min, in situ b)
L — P o D — M AN o NaOMe, MeOH, 82% ; 5) ethanol, 95°C/20h, flash-chromatography,
80%.
A1 A2 A3
cl
o o
4 5)
o T oo
AL PO,
z1 z22

A5 A

Additional information: none
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2.6.5.20 Pharmacokinetics: Analytical methods and validation reports (DMPK(F) R00-1921)
Study title: Quantitative determination of Quinine in human plasma by HPLC method with Study no.
fluorescence detection. Method description and validation. DMPK(F) R00-1921
GLP compliance: Yes
Location in CTD: 4.2.2.1-15
Test article: quinine
Method: The method consists of liquid-liquid extraction with subsequent evaporation of the supernatant to dryness followed by the analysis of

Instruments:
Pump
Autosampler
Column oven
Fluorescence detector
Data acquisition
Chromatography:

Pre-column

Column

Column temperature
Mobile phase

Flow rate

Injection volume
Injector wash

Column pressure
Retention time(s)

Total run time
Substance analyzed:

the reconstituted sample by liquid chromatography (HPLC) with fluorescence detection. The objective of this study was to develop to
validate a sensitive method for the quantitative determination of quinine in human plasma.

Gilson, model 305 with manometric module, model 805

Gilson, model 234 equipped with 200 puL injection loop and a rack temperature regulator, model 832 set at 5°C
CROCO-CIL

Merck-Hitachi, model L-7480

X-Chrom

HPLC on an inert silica Inertsil 5 p (250 x 4.6 mm) column at 24°C using isocratic elution (acetonitrile: methanol containing a 25%
ammonia solution ([92.5:7.5, v:v] 78:22, v:v) at a flow rate of 1 mL/min with a total run time of 12 min. Special care was taken to avoid
carryover in the autosampler by washing the autosampler system multiple times with methanol

Inertsil silice, 5 p particle size (10 x 4.6 mm) from Interchim
Inertsil silice, 5 p particle size 250 x 4.6 mm rom Interchim
24°C

Acetonitrile/methanol containing 25% ammonia solution ([92.5:7.5, v:v] 78:22, v:v)
1 mL/min

70 uL

Syringe: Methanol

Valve: Methanol

Around 35 bars

Quinine: 7.7 — 7.9 min

Hydroquinidine: 10.5 — 10.8 min

12 min

Quinine
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Study title:

Quantitative determination of Quinine in human plasma by HPLC method with Study no.
fluorescence detection. Method description and validation. DMPK(F) R00-1921

Reference compounds:
Quinine

Internal standards:
Hydroquinidine

Sample preparation:

C standard and QC samples preparation:
C Standards
QC Samples

Matrix:

Detection:
Source

Results-1:
Specificity

Acceptance criteria
Interference from the human plasma
(matrix)

Calibration curves

Acceptance criteria

Results

Molecular formula: C,yH»4N,O,
Molecular weight (MW): 324.4 g/mol

Molecular formula: C,yH»¢N,O,
Molecular weight (MW): 326.44 g/mol
Liquid-liquid extraction with dichloromethane

5 concentrations in the range of 20 ng/mL to 10 pg/mL
4 concentrations in the range of 40 ng/mL to 8 pg/mL
Human plasma

Fluorescence detection

uv

Excitation wavelength: 325 nm

Emission wavelength: 375 nm

The specificity of the analytical method was investigated by preparing and analyzing blank samples prepared from 6 different batches of
human plasma. The specificity was assessed by comparing the apparent signal for quinine and hydroquinidine in blank samples to the
mean signal obtained for samples spiked with a concentration of quinine at the LLOQ and with hydroquinidine at the working
concentration.

Quinine: Individual interference < 20% of signal at LLOQ
Hydroquinidine: Individual interference < 5% of signal at working concentration

No quantifiable peak at the 6 blank samples at the retention times of the 2 compounds

Calibration was performed with a first order polynominal within the range of 20 ng/mL to 10000 ng/mL, using 1/x* weighting. The
acceptance criteria for the coefficient of correlation and the mean accuracy were all met.
98% < mean accuracy < 101%, precision < 11%

Coefficient of correlation, r > 0.95
Bias < 15% (20% at the LLOQ) for 2/3 of the C samples

Coefficients of correlation, r > 0.996
Individual accuracy in the range 86% to 111%, all C samples within the range of acceptance
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Study title: Quantitative determination of Quinine in human plasma by HPLC method with Study no.

fluorescence detection. Method description and validation. DMPK(F) R00-1921
Results-2:

Accuracy, Precision, LLOQ

Intra-day (within batch) accuracy and
precision

Inter-day (inter-batch) accuracy and
precision

Acceptance criteria

Intra-day accuracy and precision

Inter-day accuracy and precision

LLOQ
Absolute recovery

Quinine

Hydroquinidine
Results-3: Stability

Acceptance criteria

Stability in stock solutions
Stability in QC samples
Stability in frozen QC samples
Effect of freeze-thaw cycles
Stability in extracts

Accuracy and precision of the method were assessed by analyzing the intra-day and inter-day accuracies and precisions of the QC
samples analyzed together with the C samples on each day.

The intra-day accuracy and precision were calculated as the mean and precision of all individual accuracies of QC samples analyzed
during a single validation day.

The inter-day accuracy and precision were calculated as the mean accuracy and precision of all individual accuracies of QC samples
analyzed during 3 validation days.

Mean accuracy 85% to 115% (80% to 120% at LLOQ)
Precision: < 15% (< 20% at the LLOQ)

At the LLOQ: Mean accuracy within the range of 92% to 109%, precision 8% to 16%
Above the LLOQ: Mean accuracy within the range of 92% to 104%, precision 1% to 12%

At the LLOQ: Inter-day accuracy 100%,0verall precision 14%
Above the LLOQ: Inter-day accuracy within the range 97% to 102%, precision within the range 4% to 8%

20 ng/mL using a sample volume of 500 pL

The absolute recovery was assessed by comparison of the responses obtained from the analysis of reference solutions spiked in the
extract of a blank sample and of extracted human plasma samples. It is given as the ratio of the average peak areas obtained from a
reference solution relative to the average peak areas obtained from the analysis of extracted plasma samples.

Mean recovery 74% (range 72% to 76%)
The recovery of quinine did not depend on its concentration. For concentrations near the lower limit of quantification, an average
recovery of 73% was found. For concentrations of 8000 ng/mL, an average of 72% was found.

Mean recovery 85% at the working concentration

The stability of quinine was investigated by analyzing quality control human samples and reconstituted extracts, which were stored
under varying conditions, in triplicate together with freshly prepared C standards and QC samples.

Mean accuracy 85% to 115% (80% to 120% at the LLOQ)

No apparent loss after 15 days of storage at 4°C

No apparent change after 6 hours of storage under ambient conditions

No apparent loss after 6 weeks of storage at or below -70°C

No apparent loss after 3 freeze-thaw cycles

No apparent loss after about 10 to 11 hours of storage at room temperature



Novartis Confidential Page 80
265 EMBEAREER COA566
Study title: Quantitative determination of Quinine in human plasma by HPLC method with Study no.

fluorescence detection. Method description and validation. DMPK(F) R00-1921
Conclusion: 1. The method is suitable for the routine analysis of quinine in human plasma with a limit of quantification of 20 ng/mL using a sample

volume of 500 pL.

2. The method is specific for quinine within the given criteria for acceptance in human plasma.
3. The method was applied for the determination of quinine in an interaction study with Riamet®.
The acceptance criteria were met for each analytical run performed.

Additional information: none
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2.6.5.3 EYRBRE : BEEBREROEIN
2.6.5.3A Pharmacokinetics: Absorption after single dose (DMPK(CH) 1997/241)
Study title: Disposition studies in rats after administration of Co-artemether (CGP 56 697) containing Study no.
radiolabelled artemether (CGP 56 696) and unlabelled benflumetol. DMPK(CH) 1997/241
GLP compliance: not required
Location in CTD: 4.2.2.2-1

Test article
Species, strain, sex, number of animals:
Feeding condition:

Vehicle / Formulation:

Method/ Route / Duration of administration:

Dose (mg/kg):

Specific activity:

Analyte / Radionuclide:
Assay:

3H or “C-labeled Arm (1 part) and unlabeled benflumetol (6 parts)
male rat albino / Tif: RAIf (SPF) / 3 per group
fed

PEG 400 / N-methyl-2-pyrrolidione (7/3, w/w) for intravenous route
0.5% Klucel + 0.1% Tween 80: for oral route

intravenous bolus / tail vain / once
gavage / oral / once

intravenous dose of 10 once
oral dose of 20, 100, or 1000 once

[*H]-Arm (Batch No. Re-54.9A) of 3022.9 MBg/mmol or  [*H]-Arm (Batch No. Re-54.9E) of 33 KBq/mg
10.05 MBg/mg * [*H]-Arm (Batch No. Re-54.9G )of 273 KBg/mg
[*H]-Arm (Batch No. Re-54.9C) of 3.35 MBg/mg
[*H]-Arm (Batch No. Re-54.9C1) of 3.35 MBg/mg

R a: taken from the Certificate of Analysis sheet of Re-54.9A (typing error in
["H]-Arm (Batch No. Re-54.9D) of 1.39 MBg/mg

report).
radioactivity / *H or '*C

liquid scintillation counting
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Study title:

Disposition studies in rats after administration of Co-artemeter (CGP 56697) containing radiolabelled

artemether (CGP 56696) and unlabelled benflumetol.

DMPK(CH) 1997/241

Absorption results:

Rat

3H mean concentrations pmol/L

Route intravenous single oral (non-fasting)
Dose (mg/kg) 10 (fasted) 20 (fasted) 100 (non-fasted) 1000 (non-fasted)
Number of animals 3 3 3 3
Time (h) blood plasma blood plasma blood plasma blood plasma
0.08 4.07 4.96 0.99 1.19 1.05 ns 1.69 ns
0.25 3.16 4.29 2.35 2.85 6.06 ns 14.42 ns
0.5 2.90 3.97 2.55 3.06 11.00 ns 35.14 ns
1 2.73 3.69 2.25 2.55 11.87 ns 72.47 ns
2 2.28 3.14 1.64 1.76 7.33 ns 62.86 ns
4 1.74 2.29 1.49 1.58 7.61 ns 45.87 ns
8 1.37 1.58 1.51 1.42 6.55 ns 41.95 ns
24 0.73 0.66 0.86 0.64 3.42 ns 36.73 ns
48 0.46 0.38 0.53 0.33 2.09 ns 23.47 ns
72 0.34 0.23 0.37 0.22 2.00 ns 16.70 ns
96 0.27 0.16 0.34 0.16 1.29 ns 14.04 ns
120 0.22 0.11 0.27 0.13 1.58 ns 12.09 ns
144 0.19 0.08 0.26 0.09 1.46 ns 10.89 ns
AUC 0 —24h 3222 38.22 32.17 30.50 141 ne 1016 ne
AUC 0 - 144h 74.22 68.22 81.85 59.42 348 nc 3178 nc

ns= no sampling. nc = not calculated.

Additional Information: none
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2.6.5.3B Pharmacokinetics: Absorption after single dose (DMPK(CH) 1997/003)
Study title: Absorption and disposition of CGP 56696 (artemether) after administration of CGP 56697 (co- Study no.
artemether) containing '“C-labelled CGP 56696 (artemether) to male dogs. DMPK(CH) 1997/003
GLP compliance: not required
Location in CTD: 42222

Test article:

Species, strain, sex, number of animals:
Feeding condition:

Vehicle / Formulation:

Method/ Route / Duration of administration:

Dose (mg/kg):

Specific activity:

Analyte / Radionuclide:
Assay:

'C-labeled Arm (1 part) and unlabeled Lmf(6 parts)
male dog / Beagle / 6, n=2 per group
fed

PEG 400 / in solution with N-methyl-2-pyrrolidone (7/3, w/w) for intravenous route
gelatin capsule for oral route

intravenous bolus / cephalic vein of a foreleg / once

gelatin capsule / oral / once

intravenous dose of 10, once

oral dose of 20 and 200, once

['*C]-Arm (Batch No. Re-84.1C1) of 218 KBg/mg
['“C]-Arm (Batch No. Re-84.1D2) of 98 KBg/mg
['*C]-Arm (Batch No. Re-84.1F) of 10 KBg/mg

radioactivity / '*C

Arm and DHA determination in plasma by HPLC with online radiodetection or with electromechanical detection in reductive mode;

Radioactivity by liquid scintillation counting
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Study title: Absorption and disposition of CGP 56696 (artemether) after administration of CGP 56697 (co- Study no.
artemether) containing '*C-labelled CGP 56696 (artemether) to male dogs. DMPK(CH) 1997/003
Absorption results:
Dog 'C mean concentrations pmol/L
Route intravenous single oral (non-fasting)
Dose (mg/kg) 10 20 200
Number of animals 2 2 2
Time (h) blood plasma Arm in DHA in blood plasma blood plasma
plasma plasma
0.08 3.47 5.90 2.35 0.23 ns ns ns ns
0.25 3.97 7.35 1.09 0.27 0.28 0.52 ns ns
0.5 4.00 6.97 0.44 0.21 2.35 3.96 0.09 0.16
1 3.41 6.00 0.18 0.12 7.47 12.04 3.78 6.11
2 2.55 4.09 0.06 0.04 6.21 10.23 25.29 39.14
4 1.65 2.57 nd nd 2.75 391 31.96 48.21
6 1.22 1.79 nd nd 1.99 3.01 20.18 29.53
8 1.05 1.51 nd nd 1.62 2.10 14.40 20.17
24 0.76 1.00 nd nd 0.87 1.01 10.17 11.35
48 0.61 0.78 nd nd 0.67 0.68 5.82 5.92
72 0.55 0.68 nd nd 0.58 0.62 4.79 4.45
96 0.49 0.62 nd nd 0.52 0.54 4.30 4.05
120 0.44 0.55 nd nd 0.49 0.49 4.12 3.47
144 0.40 0.50 nd nd 0.44 0.49 3.94 3.43
168 0.39 0.46 nd nd 0.43 0.39 3.48 3.06
AUC 0 - 168h 103.7 137.8 0.81 0.30 127.10 151.26 1071.09 1175.90

nd = not detected (below limit of quantification of 0.034 pmol/L). nc = not calculated. ns= no sampling.

Additional Information: none
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2.6.5.3C Pharmacokinetics: Absorption after single dose (BPK(F) 1996/029)
Study title: Artemether and dihydroartemisinin plasma concentrations in female cynomolgus Study no.

monkeys in a pilot pharmacokinetic study with a single Co-artemether oral dose. BPK(F) 1996/029
GLP compliance: not required
Location in CTD: 4222-3

Test article:

Species, strain, sex, number of animals:
Feeding condition:

Vehicle / Formulation:

Method of Administration:

Arm/Lmf as 1 part Arm and 6 parts Lmf

cynomolgus monkey, macaca fascicularis, female, n =3
fed

gelatin capsules

oral gavage

Dose (mg/kg): 350 mg/kg

Sample: plasma

Analyte: Arm and DHA

Assay: HPLC with electrochemical detection operated in the reductive mode

LOQ: Limits of quantification were 10.1 ng/mL for Arm and 10.4 ng/mL for DHA
Results: Arm not detected in any of the plasma samples

DHA measured in only 2 of the plasma samples — 2 h post-dosing in monkey 2000 (14.3 ng/mL) and 4 h post-dosing in monkey 2002

(11.8 ng/mL)

Additional Information: the Cynomolgus monkey was not used as toxicity species.
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2.6.5.3D Pharmacokinetics: Absorption after single dose (DMPK(CH) 1997/240)
Study title: Disposition studies in rats and dogs after administration of Co-artemether (CGP 56697) Study no.
containing '*C-labelled benflumetol (CGP 56695) and unlabelled artemether DMPK(CH) 1997/240
GLP compliance: not required
Location in CTD: 4222-4

Test article:

Species, strain, sex, number of animals:

Feeding condition:
Vehicle / Formulation:

Method/ Route / Duration of administration:

Dose (mg/kg):

Specific activity:

Analyte / Radionuclide:
Assay:

[*C]-labeled Lmf (6 parts) and unlabeled Arm (1 part)
male rat albino/ Tif: RAIf (SPF) / 3 per group
male dog / Beagle / 2 per group
fed
PEG 400 / N-methyl-2-pyrrolidone (7/3, w/w) for solution with at intravenous route
0.5% Klucel + 0.1% Tween 80 for oral route in rats
gelatin capsule for oral route in dogs
rats: intravenous bolus / tail vain / once
gavage / oral / once (20 mg/kg)
gavage / oral / once (100, 1000 mg/kg)

dogs: intravenous bolus / cephalic vein of a foreleg / once
gelatin capsule / oral / once

rats: intravenous dose of 1 (single)
oral dose of 20 (single)
oral dose of 100 (single)
oral dose of 1000 (single)

dogs: intravenous dose of 1 (single)

oral dose of 20 (single)
["C]-Lmf Batch Ko-76.1A2 of 2069 KBq/mg
['*C]-Lmf Batch Ko-76.1B of 64.1 KBq/mg
['*C]-Lmf Batch Ko-76.1C of 10.0 KBq/mg
['*C]-Lmf Batch Ko-76.1D of 960 KBq/mg

radioactivity / "C

14 [*C]-Lmf Batch Ko-76.1F of 159 or 148 KBq/mg

[*C]-Lmf Batch Ko-761G of 1.147 KBg/mg
['*C]-Lmf Batch Ot-5.1 of 385.5 KBq/mg

HPLC with ultraviolet detection; liquid scintillation counting; liquid chromatography-mass spectrometry
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Study title:

Disposition studies in rats and dogs after administration of Co-artemether (CGP 56697)
containing '*C-labelled benflumetol (CGP 56695) and unlabelled artemether

Study no.

DMPK(CH) 1997/240

Absorption results:

Rat

'4C mean concentrations pmol/L

Route intravenous single oral (fasted) single oral (non-fasted)

Dose (mg/kg) 1 20 20 100 1000

Number of animals 3 3 3 3 3

Time (h) blood plasma blood plasma blood plasma blood plasma blood plasma
0.08 8.28 12.75 ns ns ns ns ns ns ns ns
0.25 6.36 10.33 0.00 0.00 0.03 0.09 0.00 0.09 0.00 0.00
0.5 5.5 8.73 0.28 0.47 0.95 1.55 0.26 0.38 0.00 0.00
1 4.4 6.94 1.59 2.58 3.7 6.12 4.12 6.48 2.04 1.78
2 3.2 4.87 2.44 3.83 7.3 11.19 10.57 17.03 9.13 14.07
4 1.96 2.83 241 3.53 7.6 11.01 16.27 23.82 14.79 20.81
8 0.99 1.34 1.98 2.74 5.39 7.45 14.38 20.19 10.71 13.74
24 0.32 0.44 0.37 0.51 1.10 1.45 2.73 3.16 16.49 21.81
48 0.14 0.17 0.14 0.19 0.44 0.48 1.01 0.90 6.20 4.40
72 0.09 0.10 0.10 0.14 ns ns 0.78 0.67 nc nc
96 0.06 0.06 0.08 0.10 ns ns 0.58 0.47 nc nc
120 0.04 0.05 0.05 0.08 ns ns nc nc nc nc
144 0.04 0.04 0.05 0.05 ns ns nc nc nc nc

AUC 0 — 144h 42.63 59.29 48.8 68.9 123 (943 170 (o.48) 327 416 694 764

ns= no sampling. nc = not calculated.
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Study title:

Disposition studies in rats and dogs after administration of Co-artemether (CGP 56697)
containing '*C-labelled benflumetol (CGP 56695) and unlabelled artemether

Study no.
DMPK(CH) 1997/240

Absorption results:

Dog '4C mean concentrations pmol/L

Route intravenous single oral (fasting) single oral (non-fasting)

Dose (mg/kg) 1 20 20

Number of animals 2 2 2

Time (h) blood plasma blood plasma blood plasma
0.00 ne ne 0.00 0.00 0.00 0.00
0.08 4.37 3.74 ns ns ns ns
0.25 1.45 2.10 0.00 0.00 0.00 0.00
0.5 1.60 2.67 0.00 0.00 0.00 0.09
1 2.22 3.71 0.47 0.76 1.36 3.34
2 2.68 4.30 7.63 13.62 7.73 17.29
4 2.12 3.46 8.63 14.98 6.21 13.15
6 1.47 2.72 3.98 7.44 3.57 6.94
8 0.96 1.70 2.11 3.45 1.80 3.75
24 0.14 0.24 0.25 0.30 0.54 1.15
48 0.06 0.10 0.14 0.15 0.28 0.81
72 0.04 0.07 0.06 0.09 0.06 0.20
96 0.03 0.05 0.00 0.04 0.00 0.14
120 0.02 0.04 0.00 0.00 0.00 0.12
144 0.02 0.03 0.00 0.00 0.00 0.11
168 0.02 0.03 0.00 0.00 0.00 0.08

AUC 0 - 168h 29.9 50.8 65.8 109 67.3 155

nc = not calculated. LOQ: 0.17 pmol/L

Additional information: none
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2.6.5.3E Pharmacokinetics: Absorption after single dose (BPK(CH) 1996/095)
Study title: Benflumetol plasma concentrations in female cynomolgus monkeys from a pilot Study no.
pharmacokinetic study with a single co-artemether oral dose. BPK(CH) 1996/095
GLP compliance: not required
Location in CTD: 4.2.2.2-5
Test article: Arm/Lmf: 1 part Arm and 6 parts Lmf
Species, strain, sex, number of animals: cynomolgus monkey, macaca fascicularis, female, n =3
Feeding condition: fed
Vehicle / Formulation: gelatin capsules /
Method of Administration: oral gavage
Dose (mg/kg): 350 mg/kg
Sample: plasma
Analyte: Lmf
Assay: HPLC with ultraviolet detection
PK parameters: Animal 2000 Animal 2002 Animal 2004
Tmax (h) 8 12 12
Cmax (ng/mL) 6002.2 4214.1 5698.3
AUC (ng-h/mL) 114971.8 65463.4 125539.3
T1/2 (h) 12.3 39.8 27.9
(time interval) (48-96) (72-120) (48-120)

Additional Information: the Cynomolgus monkey was not used as toxicity species.
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2.6.5.3F Pharmacokinetics: Absorption after single dose (BPK(CH) 1996/026)
Study title: Plasma concentrations of benflumetol in rats treated with single intravenous doses of Study no.
1 mg/kg. BPK(CH) 1996/026
GLP compliance: not required
Location in CTD: 4.222-6
Test article: Lmf
Species, strain, sex, number of animals: male rat albino / 3 per group
Feeding condition: fasted for 15 h before and 6 h after dose administration; free access to drinking water
Vehicle / Formulation: PEG 400 N-methyl-2-pyrrolidone (7/3, w/w) solution
Method of Administration: intravenous tail vein bolus
Dose (mg/kg): 1 mg/kg
Sample: plasma
Analyte: Lmf
Assay: HPLC with ultraviolet detection
Results:
Tmax (h) not measured
Cmax (ug/mL) not measured
AUCO0-24h (ug-h/mL) 21.36
AUC(f) a (ug-h/mL) 20.8
CL (mL/min-kg™) 0.8

a: AUC(f): AUC calculated using the fitted (2-compartment model) curve (ug-h/mL)

Additional information: none
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2.6.5.3G Pharmacokinetics: Absorption after single dose (BPK(CH) 1996/147)
Study title Development of an HPLC assay and plasma concentrations of the two enantiomers CGP64455 Study no.

S(+) and CGP 64456 R(-) of racemic benflumetol (CGP 56695) in humans, dogs and rats. BPK(CH) 1996/147

GLP compliance:
Location in CTD
Test article

Species, strain, sex, number of animals:

Method:

Instrument:

Substance analyzed:
HPLC assay
Plasma concentrations

Reference compound:
HPLC assay

Plasma concentrations

Internal standard:

Sample preparation:
HPLC assay

not required

4.2.2.1-13

racemic Lmf

rat, male, n=3 per group (VP 1994/034).

dog, Beagle, male & female, n=1 per measurement series (BPK1996/024).
human healthy volunteers, (HPH 9410 Study 006).

HPLC assay was performed using a 250 mm x 4 mm i.d. column packed with cellulose 3-chloro-4-methylphenylcarbamate coated on
Silica (Nucleosil 4000 — 10 um). Detection was performed using a variable wavelength ultraviolet detector at 254 nm.

HPLC: Kratos Spectroflow 783 variable wavelength ultraviolet detector

CGP 64455 S(+) and CGP 64456 R(-) and the internal standard halofantrine
CGP 64455 S(+) and CGP 64456 R(-)

CGP 64455 S(+) and CGP 64456 R(-) and the internal standard halofantrine

Human — a single dose of 480 mg Lmf
Dogs — repeated doses of 200 mg/kg Lmf
Rats — a single dose of 100 mg/kg of Lmf; and a single dose of either 50 mg/kg S(+) or 50 mg/kg R(-)

Halofantrine C,sH3oNOF;Cl,

0.5 mL plasma samples containing racemate / enantiomers were deproteinised with 1 mL methanol / acetic acid. These samples were
mixed for 5 min on a Vortex and centrifuged for 10 min at 3000 rpm. The solvent extract was then separated / evaporated to dryness
under nitrogen stream at +4°C and dry residue dissolved in 200 uL mobile phase. An aliquot (20 uL) was then transferred into
microinjection vial sealed with PTFE cap.




Novartis

Confidential Page 92

265 EMBEAREER COA566
Study title Development of an HPLC assay and plasma concentrations of the two enantiomers CGP64455 Study no.
S(+) and CGP 64456 R(-) of racemic benflumetol (CGP 56695) in rats, dogs and humans. BPK(CH) 1996/147
Results:
HPLC assay The chromatogram of an extract of a drug-free human plasma sample (0.5 mL) spiked with 670 ng of each of the two enantiomers and the

S(+) enantiomer

R(-) enantiomer

internal standard demonstrated that the two enantiomers are well separated from plasma constituents.

Five human plasma samples in the concentration of 450 and 2060 ng/mL, analyzed on 2 to 5 different days, exhibited inter-assay
coefficient of variations (CVs) ranging from 3.8 to 26.2% and deviations of the mean found values from the given concentrations ranging
from -8.0 to 10.2%.

Four spiked human samples analyzed 3 times on the same day demonstrated CVs ranging from 2.6 to 16.5% and a deviation from theory
ranging from -8.4 to 12.5%.

Five human plasma samples in the concentration range 480 to 2370 ng/mL analyzed on 4 to 5 different days exhibited inter-assay CVs
ranging from 3.1 to 18.1% and deviations of the mean found values from the given concentrations ranging from -5.2 to 10.2%.

Four spiked human samples analyzed 3 times on the same day demonstrated CVs ranging from 6.7 to 19.4% and a deviation from theory
ranging from -13.3 to 7.4%.

Results:

LOQ
S(+) enantiomer
R(-) enantiomer
LOD
S(+) enantiomer
R(-) enantiomer
Relative recovery
Stability

1.1 pg/mL
0.5 pg/mL

0.11 pg/mL
0.05 pg/mL
Not measured
Not measured
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Study title Development of an HPLC assay and plasma concentrations of the two enantiomers CGP64455 Study no.
S(+) and CGP 64456 R(-) of racemic benflumetol (CGP 56695) in rats, dogs and humans. BPK(CH) 1996/147

Plasma concentrations:
Species Rat n = 3 at each time point for each dose
Dose (mg/kg) 50 100 50 100
Time (hours) mean plasma concentrations of S(+) in pg/mL mean plasma concentrations of R(-) in pg/mL

0 0.00 0.00 0.00 0.00

1 0.08 0.79 0.66 0.82

2 0.32 0.77 0.96 0.90

4 0.25 1.42 0.56 1.99

8 0.19 1.14 0.54 2.02

24 0.00 0.86 0.04 1.22
Species Dog n =1 per series (sample source as described in Report BPK(CH) 1996/024)
Dose (mg/kg) 200 200

plasma concentrations of S(+) in pg/mL plasma concentrations of R(-) in pg/mL

Gender Male Female Male Female
Time (hours) Day 1 Day 89 Day 1 Day 89 Day 1 Day 89 Day 1 Day 89

0 not detected 5.70 not detected 5.46 not detected 5.62 not detected 5.40

1 not detected 4.27 not detected 5.63 not detected 4.36 not detected 5.79

2 not measured not measured not measured 4.55 not measured not measured not measured 4.54

4 not measured not measured 0.53 3.73 not measured not measured 0.36 4.08

6 not detected 2.34 not measured not measured not detected 2.43 not measured not measured

8 not measured 2.06 not detected 2.32 not measured 1.96 not detected 2.18

24 6.21 1.35 5.57 not detected 5.67 1.43 5.31 not detected
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Study title Development of an HPLC assay and plasma concentrations of the two enantiomers CGP64455 Study no.
S(+) and CGP 64456 R(-) of racemic benflumetol (CGP 56695) in rats, dogs and humans. BPK(CH) 1996/147

Species Human n = 1 at all time points for each of the enantiomers (sample source HPH 9410 Study 006)
Dose (mg) Arm/Lmf 20/120 x 4 tablets Arm/Lmf 20/120 x 4 tablets
Time (hours) plasma concentrations of S(+) in pg/mL plasma concentrations of R(-) in pg/mL

1.5 not detected not detected

2 not detected not detected

3 0.21 0.17

4 0.46 0.39

6 0.39 0.43

8 0.28 0.35

10 0.19 0.29

12 0.24 0.20

15 not detected 0.15

24 not detected not detected

34 not detected not detected

48 not detected not detected

Results and conclusions:

Rats — After a single dose of 100 mg/kg of Lmf, the plasma concentration of the R(-) enantiomer is higher at each time period than the plasma concentration of the S(+) enantiomer. This
difference in plasma concentration at each time period was also seen when a single dose of 50 mg/kg S(+) enantiomer or of 50 mg/kg R(-) enantiomer was administered.

Dogs — After repeated doses of 200 mg/kg Lmf given daily over 89 days, plasma concentrations of S(+) and R(-), in both male and female dogs, were similar at each time period.
Humans — After a single dose of 480 mg Lmf, plasma concentrations of S(+) and R(-) were similar at each time period.

Addditional information: none
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2.6.5.4 EPBHERR  RERSRORIN

2.6.5.4A Pharmacokinetics: Absorption after repeated doses (DMPK R0570030)

Study title: 2-week oral (gavage) toxicokinetic study in rats. Toxicokinetic report: Determination and Study no.
toxicokinetics of artemether and its metabolite in rat plasma DMPK R0570030

GLP compliance: Yes

Location in CTD: 4.2.3.7.7-5

Test article: Arm

Method and objectives The objectives of this study are to determine:
The concentrations of Arm and its metabolite in rat plasma samples from the toxicity study [0570030].
The main pharmacokinetic parameters of Arm and its metabolite DHA in male and female rats after a 2-week repeated oral
administration.

Matrix Rat plasma

Administration form
Route and frequency of administration
Species

Dose groups and no. of animals in TK-
investigation

Sampling schedules

Bioanalytical method

Reference compounds:
Arm

Suspension in 0.5% Klucel with 0.1% Tween-80

Oral administration, once daily for 2 weeks

Male and female IGS Wistar Hannover rats

Control: Group 1: n=10 per sex and per dose group

0 mg/kg/day

Arm: Group 2: n=10 per sex and per dose group

20 mg/kg/day

Arm: Group 3: n=10 per sex and per dose group

200 mg/kg/day

Note: The control group was dosed with the vehicle.

Toxicokinetic blood sampling time:

Blood was obtained from all surviving study animals on study days 1-2, 3-4 and 14-15. Two animals/sex/group were bled at 0.5, 1, 2,
8 and 24 hours post-dose.

According to Analytical Method Report [DMPK R0500059]

Liquid/liquid extraction with 1-chlorobutane-isooctane (55:45; v/v) followed by reversed phase liquid chromatography with tandem
mass spectrometric detection.

Molecular formula: CgH»O5
Molecular weight (MW): 298.37 g/mol
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Study title: 2-week oral (gavage) toxicokinetic study in rats. Toxicokinetic report: Determination and Study no.
toxicokinetics of artemether and its metabolite in rat plasma DMPK R0570030
DHA Molecular formula: C;5H,4,05

Internal standards:
Arteether

Artemisinin
LLOQ
Reporting of concentrations below LLOQ

Results-1:
Stability in matrix

Concentrations in plasma of Arm

Molecular weight (MW): 284.35 g/mol

Molecular formula: C;7H,g05

Molecular weight (MW): 312.40 g/mol

Molecular formula: C;5H,,05

Molecular weight (MW): 282.33 g/mol

20.0 ng/mL expressed as base, using 100 uL of rat plasma
Below the lower limit of quantification (20.0 ng/mL)

Stable after 4 hours of storage in an ice bath, stable after 3 freeze/thaw cycles (freezing at -75°C+10°C and thawing in an ice bath),
stable after 2 months of storage at -75°C+10°C, stable in extracts after 48 hours of storage in the auto sampler at room temperature.

Toxicokinetic parameters of Arm in rat plasma

Gender Treatment Day Cmax Tmax
(ng/mL) (b
Male Low 1 107 0.5
(20 mg/kg/day) 3 132 0.5
14 38.5 0.5
High 1 815 1
(200 mg/kg/day) 3 635 0.5
14 65.2 0.5
Female Low 1 130 0.5
(20 mg/kg/day) 3 174 1
14 122 0.5
High 1 3230 1
(200 mg/kg/day) 3 1250 1
14 402 1

AUCO0-24h

(ng-h/mL)

104
203
30
3417
700
198
309
240
177
16990
2982
1243

Cmax/Dose
(ng/mL)/
(mg/kg/day)
5.35

6.60

1.93

4.08

3.18

0.33

6.50

8.70

6.10

16.15

6.25

2.01

AUCO0-24h/Dose
(ng-h/mL)/
(mg/kg/day)
5.21

10.16

1.48

17.09

3.50

0.99

15.43

12.01

8.83

84.95

14.91

6.22
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Study title: 2-week oral (gavage) toxicokinetic study in rats. Toxicokinetic report: Determination and Study no.
toxicokinetics of artemether and its metabolite in rat plasma DMPK R0570030
Concentrations in plasma of DHA Toxicokinetic parameters of DHA in rat plasma
Gender Treatment Day Cmax Tmax AUCO0-24h Cmax/Dose AUCO0-24h/Dose
(ng/mL) (h) (ng-h/mL) (ng/mL)/ (ng-h/mL)/
(mg/kg/day) (mg/kg/day)
Male Low 1 194 0.5 234 9.70 11.68
(20 mg/kg/day) 3 87.3 1 174 437 8.70
14 57.5 0.5 45 2.88 2.27
High 1 2630 2 12103 13.15 60.51
(200 mg/kg/day) 3 435 0.5 1080 2.18 5.40
14 141 1 365 0.71 1.83
Female Low 1 83.5 1 206 4.18 10.32
(20 mghkg/day) 3 96.7 1 115 4.84 5.73
14 82.3 1 87 4.12 4.36
High 1 1390 2 7160 6.95 35.80
(200 mg/kg/day) 3 1400 1 4384 7.00 21.92
14 592 1 2038 2.96 10.19
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Study title:

2-week oral (gavage) toxicokinetic study in rats. Toxicokinetic report: Determination and Study no.
toxicokinetics of artemether and its metabolite in rat plasma DMPK R0570030

Discussion and Conclusion

Special issues:

In the control group, plasma concentrations of Arm and its metabolite were found below the limit of quantification (20.0 ng/mL) in all
samples collected except for male rat no. 06 on day 1 at 1 h after dosing. For this animal, the plasma concentration of Arm was

43.4 ng/mL while plasma concentration of DHA was below the LLOQ. In all treated male animals on day 1, plasma concentrations of
the metabolite were always higher than plasma concentrations of Arm. This suggests that male rat no. 06 was not exposed to Arm.

Maximal plasma concentrations of Arm were observed between 0.5 and 1 h after dosing whatever the dose, the day and the gender
while C,,., of DHA was observed between 0.5 and 2 h for male rats and between 1 and 2 h for female rats, whatever the dose and the
day.

Based on AUCO0-24h, the exposure to Arm and its metabolite was lower on day 3 or day 14 than on day 1 whatever the dose for male
and female rats except after dosing with 20 mg/kg/day for male rats for which AUCO0-24h of Arm was higher on day 3 compared to
day 1.

Based on AUCO0-24h, it appeared that:

In male rats, the exposure to Arm and its metabolite increased more than dose proportionally on day 1 but less than dose proportionally
on day 3 and day 14. Arm AUCO0-24h increased in a ratio of 33, 3 and 7 on day 1, day 3 and day 14, respectively, for an increase in
dose of 10. DHA AUCO0-24h increased in a ratio of 52, 6 and 8 on day 1, day 3 and day 14, respectively.

In female rats, the exposure to Arm increased more than dose proportionally on day 1 and day 3 but increased less than dose
proportionally on day 14. AUCO0-24h increased in a ratio of 55, 12 and 7 on day 1, day 3 and day 14, respectively for an increase in
dose of 10. By contrast, the exposure to DHA increased more than dose proportionally whatever the day. AUCO0-24h increased in a
ratio of 35, 38 and 23 on day 1, day 3 and day 14 for an increase in dose of 10. AUCO0-24h increased in a ratio of about 2 whatever the
day for an increase in dose of 4.

1. For DHA, the reference standard is a mixture of a and  anomers. The extract ratio between both anomers is not known, the a-
anomer being the predominant form. For this reference standard, only the a-anomer was considered and supposed to be 100% of
this reference standard. So, only an evaluation of the a-anomer metabolite concentration was done in the plasma samples, thus
the metabolite concentrations were reported as indicative levels.

2. In the control group, plasma concentrations of Arm and its metabolite were found below the limit of quantification (20.0 ng/mL)
in all samples collected except for male rat no. 06 on day 1 at 1 h after dosing. For this animal, the plasma concentration of Arm
was 43.4 ng/mL while plasma concentration of DHA was below the LLOQ. In all treated male animals on day 1, plasma
concentrations of the metabolite were always higher than plasma concentrations of Arm. This suggests that male rat no. 06 was
not exposed to Arm.

Additional information: Supplement to the Study no. 0570030. 2-week oral (gavage) toxicokinetic study in rats. No toxicological endpoints were assessed in this study.
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2.6.5.4B Pharmacokinetics: Absorption after repeated doses (BPK(F) 1996/007)

Study title: Artemether and DHA concentrations in male and female rats on days 1 and 91 of a 3-month Study no.
pharmacokinetic study following oral administration of co-artemether daily doses of 100, BPK(F) 1996/007
300 and 1000 mg/kg body weight.

GLP compliance: Yes

Location in CTD: 42322

Species, strain, sex, number of animals: male and female rat albino / Tif: RAIf (SPF) / 6 per group

Feeding condition: fed

Test article: Arm/Lmf as 1 part Arm and 6 parts Lmf

Vehicle / formulation suspension / Polysorbate 80 (Tween 80) suspended in 0.5% w/v aqueous cellulose-2-hydroxypropyl ether (Klucel HF) to a final
concentration of polysorbate 80 of 0.1% w/v.

Method of administration: oral gavage

Duration of dosing: once daily for 3 months

Daily dose (mg/kg) 0 (control), m+f, n=6
100 (group 2), m+f, n=12
300 (group 3),m+f, n=12
1000 (group 4),m+f, n=12

Sample: plasma

Analyte: Arm and DHA

Assay: HPLC with electromechanical detection operated in reductive mode

Results: . In the Control Groups, Arm and DHA were not detected in any plasma samples.

. In Group 2, Arm was detected on Day 1 at 1 hour post dose in 3 samples, and on Day 91 in 1 sample.
. DHA was detected on Day 1 at 1 hour post dose in 5 samples and on Day 91 at 1 hour post dose in 1 sample.

. In Group 3, Arm was detected on Day 1 at 1 hour post dose in 6 samples, at 2 hours post dose in 6 samples, and at 4 hours post dose
in 3 samples; and on Day 91 at 1 hour post dose in 2 samples and at 4 hours post dose in 1 sample.

. DHA was detected on Day 1 at 1 hour post dose in 6 samples, at 2 hours post dose in 5 samples, and at 4 hours post dose in 3
samples; and on Day 91 at 1 hour post dose in 2 samples, at 2 hours post dose in 1 sample, and at 4 hours post dose in 1 sample.

. In addition, one sample on Day 1 at 24 hours post dose demonstrated DHA concentrations.

. Mean C1h was 285 ng/mL for Arm and 227 ng/mL for DHA; whereas, mean C2h was 47 ng/ml for Arm and 31 ng/ml for DHA.
These C2h values represent about 15% of the values for C1h denoting a rapid decrease of both compounds in 1 hour.
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Study title: Artemether and DHA concentrations in male and female rats on days 1 and 91 of a 3-month Study no.

pharmacokinetic study following oral administration of co-artemether daily doses of 100, BPK(F) 1996/007

300 and 1000 mg/kg body weight.

In Group 4, Arm was detected on Day 1 at 1 hour post dose in 6 samples, at 2 hours post dose in 6 samples, at 4 hours post dose in
5 samples, and at 8 hours post dose in 3 samples; and on Day 91 at 1 hour post dose in 3 samples, at 2 hours post dose in 2 samples,
and at 4 hours post dose in 2 samples.

DHA was detected on Day 1 at 1 hour post dose in 6 samples, at 2 hours post dose in 6 samples, and at 4 hours post dose in 6
samples; and on Day 91 at 1 hours post dose in 4 samples, at 2 hours post dose in 1 sample, at 4 hours post dose in 4 samples, and
at 8 hours post dose in 1 sample.

Mean Clh was 838 ng/mL for Arm and 609 ng/mL for DHA; whereas, mean C2h was 574 ng/mL and 330 ng/mL, and mean C4h
was 154 ng/mL and 62 ng/mL for Arm and DHA, respectively. These C2h and C4h values represent about 68% and 18% for Arm
and 54% and 10% for DHA of the values for C1h, which denotes a rapid disappearance of both compounds from the plasma.

This rapid disappearance from the plasma was less notable at 300 mg/kg.

The rapid disappearance of Arm and DHA from plasma on Day 1 after the first dose indicates a high clearance of both compounds.

Additional information: Supplement to toxicity study no. 946153.



Novartis Confidential Page 101
26.5 EYBEABRHER COA566
2.6.5.4C Pharmacokinetics: Absorption after repeated doses (DMPK R0570013)
Study title: An oral (gavage) juvenile development study in rats. Toxicokinetic report: Determination Study no.
and toxicokinetics of artemether and its metabolite in rat plasma. DMPK R0570013
GLP compliance: Yes
Location in CTD: 4.2.3.5.4-3
Test article: Arm
Method and objectives The objectives of this study are to determine:
. The concentrations of Arm and its metabolite in rat plasma samples from toxicity study 0570013.
. The main toxicokinetic parameters of Arm and its metabolite (DHA) in juvenile male and female rats.
Matrix Rat plasma

Administration form

Route and frequency of administration
Main study and recovery animals
Single dose animals:

Species

Dose groups and no. of animals in TK-
investigation

Sampling schedules

Bioanalytical method

Reference compounds:
Arm

Suspension in 0.5% Klucel with 0.1% Tween-80

Oral, single and multiple dosing

Oral, once daily from post partum day 7 to post partum day 21

Oral, once on post partum day 7

IGS Wistar Hannover rats

Main study animals: n=16 per sex and dose group

0, 10, 30, 100 mg/kg

Recovery animals: n=12 per sex and dose group

0, 10, 30, 100 mg/kg

Single dose toxicokinetic group: n=16 per sex and dose group

0, 10, 30, 100 mg/kg

Toxicokinetic blood sampling times:

Main study animals: Plasma samples were obtained on study day 21 at 1, 2, 4 and 24 hours after the final dose (n=3/sex/group).
Single dose animals: Plasma samples were collected on day 7 at 1, 2, 4 and 24 hours after the single dose (n=4/sex/group).

For Main study animals there was no terminal TK collection for Group 4 due to severe mortality.

According to Analytical Method Report DMPK R0500059.

Liquid/liquid extraction with 1-chlorobutane-isooctane (55:45; v/v) followed by reverse phase liquid chromatography with tandem
mass spectrometric detection.

Molecular formula: C;sH,4505
Molecular weight (MW): 298.37 g/mol
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Study title: An oral (gavage) juvenile development study in rats. Toxicokinetic report: Determination Study no.
and toxicokinetics of artemether and its metabolite in rat plasma. DMPK R0570013
DHA Molecular formula: C,5H,4,05

Internal standards:
Arteether

Artemisinin

LLOQ
Reporting of concentrations below LLOQ

Additional test performed using the remaining
plasma samples from the single-dose TK
animals control group

Results-1:

Stability in matrix

Stability for Arm
Stability for DHA

Concentrations in plasma of Arm and DHA

Molecular weight (MW): 284.35 g/mol

Molecular formula: C;;7H»g05
Molecular weight (MW): 312.40 g/mol

Molecular formula: C;5H»,O5
Molecular weight (MW): 282.33 g/mol

20.0 ng/mL expressed as base using 0.1 mL of rat plasma
Below the lower limit of quantification (20.0 ng/mL)

The remaining plasma samples from the Single-Dose TK animals control group were mixed to obtain two different pools. Each pool
was spiked at 160 ng/mL with Arm and DHA and was analyzed with C standards and QC samples prepared in blank rat plasma.

For the two different pools, a tremendous decrease of the chromatographic response was observed for the two internal standards and
for Arm and DHA. This decrease was erratic and not reproducible from one sample to another. Consequently, the bias and the
precision were not acceptable.

Stable after 4 hours of storage in an ice bath, stable after 3 freeze/thaw cycles (freezing at -75°C£10°C and thawing in an ice bath),
stable after 5 months of storage at -75°C+10°C, stable in extracts after 48 hours of storage in the auto sampler at room temperature.

Stable after 22 days of storage at -24°C + 6°C
Apparent loss after 22 days of storage at -24°C + 6°C

Toxicokinetic parameters of Arm and DHA in rat plasma
Group 3 (30 mg/kg/day — Day 21)

Gender Cmax Tmax AUCO0-24h Cmax/Dose AUCO0-24h/Dose
(ng/mL) (h) (ng-h/mL) (ng/mL)/ (ng-h/mL)/
(mg/kg/day) (mg/kg/day)
Arm Male 129 2 231.10 430 7.70
Female 94.7 1 263.00 3.16 8.77
DHA Male 129 2 200.47 4.30 6.68
Female 73.5 1 73.50 2.45 2.45

Due to analytical problems with juvenile plasma samples collected from the Single-Dose TK groups, no results could be given on day
7. Nevertheless, during the first determination, it was observed that the animals of the Single-Dose TK animals control group were not
exposed to the drug as no chromatographic response was detected for Arm and DHA.

Only plasma concentrations obtained in the Main Study animals on day 21 could be used.
In the control group, plasma concentrations of Arm and its metabolite were found below the lower limit of quantification (20.0 ng/mL)
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Study title:

An oral (gavage) juvenile development study in rats. Toxicokinetic report: Determination Study no.
and toxicokinetics of artemether and its metabolite in rat plasma. DMPK R0O570013

Discussion and Conclusion

in all samples collected.

In the low dose group (10 mg/kg/day), plasma concentrations of Arm and its metabolite were found below the lower limit of
quantification in all samples collected in male and female rats.

In the mid dose group (30 mg/kg/day), maximal plasma concentrations of Arm and its metabolite were observed 2 hours after dosing
in male rats and 1 hour after dosing in female rats.

Based on AUC0-24h:

The exposure to Arm was quite comparable in male and female rats;

The exposure to DHA was higher in males compared to females;

The metabolic ratio between DHA and Arm was higher in males (0.9) compared to females (0.3).

Due to severe mortality in the high dose group (100 mg/kg/day), administration was stopped and no terminal TK samples were
collected; consequently, no TK parameters were available.

1.  Group 4 anmimals stopped dosing prior to 13-Apr-2005 due to a severe mortality. All remaining Group 4 animals were sacrificed
on post partum day 22 for cochlear evaluations.

2. For DHA, the reference standard is a mixture of « and [ anomers. The exact ratio between both anomers is not known, the a-
anomer being the predominant form. For this reference standard, only the g-anomer was considered and supposed to be 100% of
this reference standard. Therefore, only an evaluation of the w-anomer metabolite concentration was done in the plasma samples,
thus the metabolite concentrations were reported as indicative levels.

3. The study samples were stored at approximately -20°C for 15 days at the test facility and then they were transferred at
approximately -70°C until the shipment toﬁAs the study samples were not stored immediately after collection at
approximately -70°C, the stability of Arm and DHA in rat plasma at -24°C + 6°C for 22 days was tested during the analytical
method validation (Method Validation Report CP045502 / DMPK R0500059). Arm was stable inrat plasma at -24°C + 6°C for
22 days; nevertheless, apparent loss was observed for DHA (% Difference/Time=0 between -22.66% to -27.85%).

4. During the analysis, a problem was met with the samples collected from the Single-Dose TK animals. It appeared that something
disturbed the determination in the plasma of the very juvenile rat (day 7). Indeed, for these samples, the response of the internal
standards (arteether and artemisinin) was lower than the response measured for Cs, QCs and samples collected from Main Study
animals. Then, during the analytical method validation (Method Validation Report CP045502 / DMPK R0500059), blank rat
plasma collected from juvenile rat aged of 7 days was tested, and the problem observed with the plasma of the Single-Dose TK
animals group was not encountered.

In agreement with the Study Director, the remaining plasma samples from the Single-Dose TK animals control group were used to

perform additional tests. For the two internal standards, but also for Arm and DHA, a tremendous decrease of the chromatographic

response was observed. This decrease was erratic and not reproducible from one sample to another. Something happened in the plasma
of the juvenile rats aged of 7 days from this analytical study, and this phenomenon was not under control. Then, no results were

reported on day 7.

Additional information: Supplement to toxicity study no. 0570013.
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2.6.5.4D Pharmacokinetics: Absorption after repeated doses (DMPK R0510009B)
Studv fitle: Oral neurotoxicity study in dogs. Toxicokinetic report: Determination and toxicokinetics of Study no.

udy titte: artemether and dihydroartemisinin in dog plasma DMPK R0510009B
GLP compliance: Yes
Location in CTD: 4.23.7.3-2

Test article:

Method and objectives

Matrix

Administration form

Route and frequency of administration
Species, strain, sex

Dose groups and no. of animals in TK-
investigation

Sampling schedules

Bioanalytical method

Reference compounds:
Arm

DHA

Arm

The objectives of this study are to determine:

. The concentrations of Arm and its metabolite (DHA) in dog plasma samples from toxicity study [0510009].
. The main toxicokinetic parameters of Arm and its metabolite in male dogs after repeated oral administration.
Dog plasma

Suspension

Oral (gavage), once daily administration, at least 3 or 8 days

Beagle dogs, male

Control: Group 1: n=3, 0 mg/kg/day from toxicity study 0510001.

Arm: Group 2, 3, and 4: n=3 per group, and dose group was 600/300 mg/kg/day

Note: As of day 2, dose was reduced from 600 to 300 mg/kg/day for groups 2, 3, and 4.

Lmf: Group 5, 6, and 7: n=3 per group, and dose group and 857 mg/kg/day Lmf + 143 mg/kg/day Arm

Toxicokinetic blood sampling times:

Toxicokinetic blood sampling time: On day 1, day 3 and day 7, blood was taken at the following time points: 15 min, 30 min, 1, 2, 3, 6
and 24 hours post-dose

Animals of Groups 3 and 4 were grouped together for results and TK analysis, as well as animals of Groups 6 and 7 as they received the
same dose

Animals of Group 2 (151 — 153) and Group 5 (160 — 162) were excluded from TK sampling

210 samples were analyzed

According to Analytical Method Report [DMPK R0500059].
Liquid/liquid extraction with 1-chlorobutane-isooctane (55:45; v/v) followed by reverse phase liquid chromatography with tandem mass
spectrometric detection (Method validation report CP045360).

Molecular formula: CgH»O5
Molecular weight (MW): 298.37 g/mol
Molecular formula: C;5H»4O5
Molecular weight (MW): 284.35 g/mol
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Studv fitle: Oral neurotoxicity study in dogs. Toxicokinetic report: Determination and toxicokinetics of Study no.

udy fitle: artemether and dihydroartemisinin in dog plasma DMPK R0510009B

Internal standards:
Arteether

Artemisinin

LLOQ
Reporting of concentrations below LLOQ

Molecular formula: C;;7H»g05

Molecular weight (MW): 312.40 g/mol

Molecular formula: C,5H,,05

Molecular weight (MW): 282.33 g/mol

5.00 ng/mL (for both compounds) expressed as base, using 250 puL of plasma
0 ng/mL

Results:

Stability in matrix

Concentrations in plasma of Arm

Stable in extracts at room temperature for 78.5 hours, stable for at least 4.5 hours at room temperature and stable after 3 freeze-thaw
cycles (freezing in a freezer at —75°C+10°C) and stable in spiked dog plasma after storage at —75°C+10°C for 4.5 months for Arm
(Method validation report CP045360).

Mean toxicokinetic parameters of Arm in dog plasma

Cmax Tmax AUCO0-24h Cmax/Dose AUCO0-24h/
(ng/mL) (h) (ng-h/mL) (ng/mL)/ Dose
(mg/kg/day) (ng-h/mL)/
(mg/kg/day)

Group 3&4 Arm alone

Day 1 (N=6) Mean 3358 2.33 22479 5.60 37.47

(600 mg/kg/day) SD 1666 0.82 12729 2.78 21.21

Day 3 (N=6) Mean 130 1.75 602 0.44 2.01

(300 mg/kg/day) SD 131 0.61 448 0.44 1.50

Day 7 (N=3) Mean 49 0.83 73 0.16 0.24

(300 mg/kg/day) SD 28 0.29 28 0.09 0.10

Group 6&7 Arm + Lmf

Day 1## (N=6) Mean 486 1.17 1294 3.40 9.05

(143 mg/kg/day) SD 587 0.68 1936 4.10 13.54

Day 3## (N=6) Mean 29 1.04 52 0.20 0.37

(143 mg/kg/day) SD 11 0.78 28 0.08 0.20

Day 7## (N=3) Mean 18 0.33 16 0.13 0.11

(143 mg/kg/day) SD 8 0.14 5 0.06 0.03
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Study title: Oral neurotoxicity study in d(.)g.s.. Tgxicokinetic report: Determination and toxicokinetics of Study no.
artemether and dihydroartemisinin in dog plasma DMPK R0510009B
##Dose of Arm/Lmf = 143 mg/kg/day of Arm + 857 mg/kg/day of Lmf
Concentrations in plasma of DHA Mean toxicokinetic parameters of DHA in dog plasma
Cmax Tmax  AUCO0-24h Cmax/Dose AUCO0-24h/ RAUCO-
(ng/mL) (h) (ng-h/mL) (ng/mL)/ Dose 24h*
(mg/ kg/ day) (ng'h/mL) /
(mg/kg/day)
Group 3&4 Arm alone
Day 1 (N=6) Mean 2572 1.67 13375 4.29 22.29 0.70
(600 mg/kg/day) SD 606 0.52 5570 1.01 9.28 0.25
Day 3 (N=6) Mean 609 1.67 1389 2.03 4.63 2.17
(300 mg/kg/day) SD 624 0.82 1374 2.08 4.58 1.37
Day 7 (N=3) Mean 144 1.00 186 0.48 0.62 2.88
(300 mg/kg/day) SD 44 0.00 48 0.15 0.16 1.33
Group 6&7 Arm + Lmf
Day 1## (N=6) Mean 1027 1.17 2253 7.18 15.75 4.77
(143 mg/kg/day) SD 579 0.68 1848 4.05 12.93 3.52
Day 3## (N=6) Mean 187 1.25 363 1.31 2.54 5.61
(143 mg/kg/day) SD 175 0.61 396 1.22 2.77 3.87
Day 7## (N=3) Mean 9 0.50 7 0.06 0.05 0.52
(143 mg/kg/day) SD 3 0.00 4 0.02 0.03 0.39

##Dose of Arm/Lmf = 143 mg/kg/day of Arm + 857 mg/kg/day of Lmf
*Ratio of AUC0-24h between DHA and Arm

Discussion and Conclusion: Maximal plasma concentrations of Arm and its metabolite (DHA) were observed between 0.25 and 3 h whatever the dose and the day.
Based on dose normalized AUCO0-24h, it appeared that the exposure to Arm and its metabolite was decreased after repeated
administration of Arm alone or in association with Lmf.

Based on dose normalized AUCO0-24h, it appeared that the exposure to Arm and its metabolite was higher when Arm was administered
alone compared to the association with Lmf whatever the dose and the day.

Based on AUCO0-24h, it appeared that the metabolic ratio between DHA and Arm increased after repeated administration of Arm alone
(from 0.70 on day 1 to 2.88 on days 7). After administration of the association Arm/Lmf, the metabolic ratio was higher on day 3
compared to day 1 (5.61 vs 4.77) and was lower on day 7 (0.52) compared to day 3 (5.61) and day 1 (4.77).

Of note is the higher inter-animal variability observed on AUCO0-24h for Arm and its metabolite whatever the dose and the day.
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Study title: Oral neurotoxicity study in dogs. Toxicokinetic report: Determination and toxicokinetics of Study no.

Y ’ artemether and dihydroartemisinin in dog plasma DMPK R0510009B
Special issues: For DHA, the reference standard was a mixture of o and  anomers. The exact ratio between both anomers was not known, the a-anomer

being the predominant form. For this reference standard, only the a-anomer was assumed to be 100% of this reference standard. So, only
an evaluation of the -anomer metabolite concentration was done in the plasma samples, thus the metabolite concentrations were reported
as indicative levels.

At the request of the Sponsor, the animals of Groups 3 and 4 were grouped together as they received the same dose. Moreover, animals
of Groups 6 and 7 were also grouped together. As this process could not be performed by Watson® LIMS, the concentrations and
pharmacokinetic tables were transferred into Microsoft” Excel. Then the animals were grouped together and the descriptive statistics
were calculated on the two new groups (Groups 10 and 40) using Microsoft® Excel.

Due to analytical problems, some samples were extracted and analyzed again.

No stability data are available for DHA to storage in dog plasma at —75°C + 10°C.

Additional information: Supplement to toxicity study no. 0510009.
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2.6.5.4E Pharmacokinetics: Absorption after repeated doses (BPK(F) 1996/005)
Study title: Artemether and dihydroartemisinin concentrations in male and female dogs on days 1 and 89  Study no.

of a 3-month toxicity study following oral administration of Co-artemether at daily doses of =~ BPK(F) 1996/005
20, 60 and 200 mg/kg body weight.

GLP compliance: Yes

Location in CTD: 4.2.3.2-4

Test article: Arm/Lmf as 1 part Arm and 6 parts Lmf
Species, strain, sex, number animals dog, Beagle, M/ 12; F / 12

Feeding condition: fed

Vehicle / formulation gelatin capsules

Method of administration: oral

Duration of dosing: once daily for 3 months

Daily dose (mg/kg) 0 (control)

20 (group 2)
60 (group 3)
200 (group 4)

Sample: plasma

Analyte: Arm and DHA

Assay: HPLC with electromechanical detection operated in reductive mode

Results: In the Control Groups, Arm and DHA were not detected in any plasma samples.

In Group 2, Arm and DHA were not detected in any plasma samples or were below the limit of quantification.
In Group 3, Arm and DHA were not detected in any plasma samples or were below the limit of quantification.
In Group 4, Arm was detected on Day 1 at 1 hour post dose in 1 female. DHA was detected on Day 1 at 2 hours post dose in 1 male.

Otherwise, neither Arm nor DHA were detected in any of the other samples.

Additional information: Supplement to toxicity study no. 946155
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2.6.5.4F Pharmacokinetics: Absorption after repeated doses (BPK(F) 1997/004)
Study title: Artemether and dihydroartemisinin plasma and cerebrospinal fluid concentrations in male Study no.
dogs in a 5 days (interim) or 30 days (main) neurotoxicity study following i.m. BPK(F) 1997/004
administration of artemether daily doses of 20 mg/kg body weight.
GLP compliance: Yes
Location in CTD: 42.3.7.3-4
Species, strain, sex, number animals: dog, Beagle, M / 8
Test article: Arm
Feeding condition: fed
Vehicle / formulation injectable solution of Arm dissolved in peanut oil (80 mg/mL).
Method of administration: intramuscular
Duration of dosing: once daily

4 dogs (1, 3, 4, 5) for 30 days (Dog 5 was sacrificed at Day 28 and was treated for 26 days)
4 dogs (2, 6, 7, 8) for 5 days

Daily dose (mg/kg) 0 (control); 20 (group 2)

Sample: plasma and cerebrospinal fluid

Analyte: Arm and DHA

Assay: HPLC with electrochemical detection operated in reductive mode

Results: Arm plasma trough levels increased in all animals between Day 2 (mean = 29 ng/mL, n = 6) and Day 5 (mean = 143 ng/mL, n = 6).

Then a decrease was observed in almost all animals on Days 8, 15, 22, 29 and 30. Low variability of Arm plasma levels between dogs
was noted on Day 4, as assessed by the coefficient of variation of the mean value at each sampling time (range 9 to 21%). In Dogs 3 and
4, Arm concentrations at most sampling times were lower on Day 29 when compared with Day 4.

DHA was not detected in plasma before dosing on any day, and plasma concentrations were <10% of Arm.
The distribution of Arm in cerebrospinal fluid was <10% of that in plasma, while DHA was undetected in any sample.

None of the animals in the control group had measurable concentrations of Arm or DHA. Dog 1 had high concentrations of Arm in
cerebrospinal fluid despite the absence of any measurable concentrations in the plasma. This was probably the result of interference or
artifact.

Additional information: Supplement to toxicity study no. 966141.
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2.6.5.4G Pharmacokinetics: Absorption after repeated doses (DMPK R0410073)

Study title: 8-day exploratory neurotoxicity study in dogs. Toxicokinetic report: Determination and Study no.
toxicokinetics of artemether and dihydroartemisinin in dog plasma DMPK R0410073

GLP compliance: Yes

Location in CTD: 4.2.3.7.3-5

Test article
Method and objectives

Matrix

Administration form

Route and frequency of administration
Species, strain, gender

Dose groups and no. of animals in TK-
investigation

Sampling schedules

Bioanalytical method

Reference compounds:
Arm

DHA

Internal standards:
Arteether

Artemisinin

Arm
The objectives of this study are to determine:

. The concentrations of Arm and its metabolite (DHA) in dog plasma samples collected from the animal phase of the study
referenced 0410073.

. The main pharmacokinetic parameters of Arm and its metabolite in male dogs.
Dog plasma

Intramuscular

Intramuscular, once daily, seven days a week

Dog, Beagle, male

Arm: n=2 and dose was 40 mg/kg

Toxicokinetic blood sampling times:

After the first administration, on day 3 and toward the end of the dosing period (day 7), blood was taken from the 2 study animals at the
following time points: 5 and 30 min, and 1, 2, 3, 6 (except for day 3) and 24 hours post-dose.

According to Analytical Method Report DMPK R0500059.

Liquid-liquid extraction with 1-chlorobutane-iso-octane (55:45, v/v) followed by reversed phase liquid chromatography with tandem
mass spectrometric detection.

Molecular formula: CgH»O5
Molecular weight (MW): 298.37 g/mol

Molecular formula: C;5H,4,05
Molecular weight (MW): 284.35 g/mol

Molecular formula: C;;7H»g05
Molecular weight (MW): 312.40 g/mol

Molecular formula: C;5H,,05
Molecular weight (MW): 282.33 g/mol
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Study title: 8-day exploratory neurotoxicity study in dogs. Toxicokinetic report: Determination and Study no.

toxicokinetics of artemether and dihydroartemisinin in dog plasma DMPK R0410073
LLOQ 5.00 ng/mL expressed as base using 250 uL of dog plasma

Reporting of concentrations below LLOQ

0 ng/mL

Results-1:

Stability in dog plasma

Concentrations in plasma of Arm

Concentrations in plasma of DHA

Discussion and Conclusion

Stability to long-term storage at —75°C+10°C, stability to 3 freeze/thaw cycles, and stability at room temperature for 4.5 hours were
demonstrated (Method Validation Report CP045360).

Toxicokinetic parameters of Arm in dog plasma

Animal Day Cmax Tmax AUCO0-24h
(ng/mL) (h) (ng-h/mL)
349 1 868 0.50 6780
3 1040 0.50 12051
7 1060 2.00 10651
350 1 471 2.00 3639
3 457 0.50 5777
7 416 1.00 5097
Toxicokinetic parameters of DHA in dog plasma
Animal Day Cmax Tmax AUCO0-24h
(ng/mL) (h) (ng-h/mL)
349 1 131 0.50 753
3 33.0 0.50 481
7 33.1 1.00 480
350 1 159 1.00 980
3 33.4 0.50 432
7 24.0 3.00 378
For Arm

Maximal Arm plasma concentrations were observed between 30 min and 2 h after dosing whatever the day and the dog.
Based on AUCO0-24h, the exposure to Arm was about 2 times higher in dog no. 349 compared to dog no. 350 whatever the day.

Based on AUCO0-24h, the exposure to Arm was higher on day 3 and 7 compared to day 1 for both dogs. The ratios AUCD3/D1 and
AUCD7/D1 were 1.8 and 1.6 for dog no. 349 and were 1.6 and 1.4 for dog no. 350.
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Study title: 8-day exploratory neurotoxicity study in dogs. Toxicokinetic report: Determination and Study no.

toxicokinetics of artemether and dihydroartemisinin in dog plasma DMPK R0410073

Special issues:

For DHA
Maximal DHA plasma concentrations were observed between 30 min and 3 h after dosing whatever the day and the dog.

Based on AUCO0-24h, the ratio Arm/DHA was higher on days 3 and 7 compared to day 1 for both dogs. The ratios Arm/DHA were 9, 25
and 22, respectively on day 1, 3 and 7 for dog no. 349 and 4, 13 and 13, respectively on day 1, 3 and 7 for dog no. 350.

The quantification of Arm and DHA in dog plasma was performed with HPLC gradient used in the validated method for the
determination of these analytes in human plasma instead of using gradient conditions mentioned in the dog plasma method. As the
calibration curves and the QC samples were within acceptance criteria, the bioanalytical runs performed under these modified conditions
were validated.

This modification was considered not to have compromised the integrity or validity of this analytical part of the study.

Additional information: Supplement to toxicity study no. 0410073.
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2.6.5.4H Pharmacokinetics: Absorption after repeated doses (DMPK R0510001)

Study title: Intramuscular neurotoxicity study in dogs. Toxicokinetic report: Determination and Study no.

toxicokinetics of artemether and its dihydroartemisinin in dog plasma DMPK R0510001

GLP compliance: Yes

Location in CTD: 4.2.3.7.3-6

Test article Arm

Method and objectives

Matrix

Administration form

Route and frequency of administration
Species, strain, gender

Dose groups and no. of animals in TK-
investigation

Sampling schedules

Bioanalytical method

Reference compounds:
Arm

DHA

The objectives of this study are to determine:

. The concentrations of Arm and its metabolite (DHA) in dog plasma samples collected from the animal phase of the study
referenced [0510001]

. The main pharmacokinetic parameters of Arm and its metabolite in male dogs after repeated intramuscular administration

Dog plasma

Intramuscular

Once daily administration, at least 3 or 8 days

Beagle dogs, male

Control: Group 1: n=3 , 0 mg/kg/day

Arm: Group 2, 3, and 4: n=3 per group and dose group was 10 mg/kg/day

Arm: Group 5, 6, and 7: n=3 per group and dose group was 40 mg/kg/day

Note: The control group was dosed with the vehicle.

Toxicokinetic blood sampling time:

On day 1, 3 and 7, blood was taken at the following time points: 5, 30 min, 1, 2, 3, 6 and 24 hours post-dose.

Animals of Groups 3 and 4 were grouped together for results and TK analysis, as well as animals of Groups 6 and 7 as they received the
same dose.

Animals of Group 2 (54-56) and Group 5 (63-65) were excluded from the TK sampling.

228 samples were analyzed.

According to Analytical Method Report [DMPK R0500059].
Liquid/liquid extraction with 1-chlorobutane-isooctane (55:45; v/v) followed by reverse phase liquid chromatography with tandem mass
spectrometric detection (Method validation report CP045360).

Molecular formula: C4H»O5
Molecular weight (MW): 298.37 g/mol
Molecular formula: C;5H»405
Molecular weight (MW): 284.35 g/mol



Novartis

265 EMBEARSER

Confidential

Page 114
COA566

Study title:

Intramuscular neurotoxicity study in dogs. Toxicokinetic report: Determination and
toxicokinetics of artemether and its dihydroartemisinin in dog plasma

Study no.

DMPK R0510001

Internal standards:
Arteether

Artemisinin

LLOQ
Reporting of concentrations below LLOQ

Molecular formula: C;;7H»g05

Molecular weight (MW): 312.40 g/mol

Molecular formula: C,5H,,05

Molecular weight (MW): 282.33 g/mol

5.00 ng/mL (for both compounds) expressed as base, using 250 puL of plasma

0 ng/mL

Results-1:

Stability in matrix

Concentrations in plasma of Arm

Stable in extracts at room temperature for 78.5 hours, stable for at least 4.5 hours at room temperature and stable after 3 freeze-thaw
cycles (freezing in a freezer at —75°C + 10°C) and stable in spiked dog plasma after storage at —75°C+10°C for 4.5 months for Arm
(Method validation report CP045360).

Mean toxicokinetic parameters of Arm in dog plasma

Cmax Tmax AUCO0-24h Cmax/Dose AUCO0-24h/Dose
(ng/mL) (h) (ng-h/mL) (ng/mL)/ (ng-h/mL)/
(mg/kg/day) (mg/kg/day)
Group 3 & 4 (10 mg/kg/day)
Day 1 (N=6) Mean 82.1 1.0 949 8.21 94.85
SD 43.0 0.5 349 4.30 3491
Day 3 (N=6) Mean 182.0 0.8 1610 18.20 160.99
SD 49.2 0.6 396 4.92 39.62
Day 7 (N=3) Mean 209.0 0.5 1833 20.90 183.28
SD 94.0 0.0 662 9.40 66.25
Group 6 & 7 (40 mg/kg/day)
Day 1 (N=6) Mean 441.8 1.8 5126 11.05 128.15
SD 101.0 0.4 876 2.52 21.91
Day 3 (N=6) Mean 770.3 1.1 10247 19.26 256.18
SD 253.3 0.5 2163 6.33 54.07
Day 7 (N=3) Mean 689.3 1.5 7992 17.24 199.81
SD 191.9 1.3 1150 4.80 28.74
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Study title: Intramuscular neurotoxicity study in dogs. Toxicokinetic report: Determination and Study no.
toxicokinetics of artemether and its dihydroartemisinin in dog plasma DMPK R0510001
Concentrations in plasma of DHA Mean toxicokinetic parameters of DHA in dog plasma
Cmax Tmax AUCO0-24h Cmax/Dose AUCO0-24h/Dose
(ng/mL) (h) (ng-h/mL) (ng/mL)/ (ng-h/mL)/
(mg/kg/day) (mg/kg/day)
Group 3 & 4 (10 mg/kg/day)
Day 1 (N=6) Mean 47.2 1.0 377 4.72 37.72
SD 18.8 0.0 82 1.88 8.19
Day 3 (N=6) Mean 25.8 1.1 271 2.58 27.05
SD 8.4 0.7 60 0.84 6.02
Day 7 (N=3) Mean 30.1 0.7 262 3.01 26.24
SD 13.5 0.3 131 1.35 13.10
Group 6 & 7 (40 mg/kg/day)
Day 1 (N=6) Mean 171.8 0.8 948 4.30 23.69
SD 106.1 0.3 317 2.65 7.91
Day 3 (N=6) Mean 34.0 0.8 573 0.85 14.33
SD 9.8 0.6 111 0.25 2.78
Day 7 (N=3) Mean 33.0 0.7 469 0.83 11.73
SD 0.7 0.3 114 0.02 2.84

*Ratio of AUCO0-24h between DHA and Arm
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Study title:

Intramuscular neurotoxicity study in dogs. Toxicokinetic report: Determination and Study no.
toxicokinetics of artemether and its dihydroartemisinin in dog plasma DMPK R0510001

Discussion and Conclusion

Special issues:

In the control group, plasma concentrations of Arm and its metabolite were found below the lower limit of quantification (5.00 ng/mL)
in all samples collected whatever the day.

Maximal plasma concentrations were observed between 0.5 and 3 h after dosing for Arm and between 0.5 and 2 h after dosing for DHA
whatever the group and the day.

Based on AUCO0-24h, the exposure to Arm was higher on Day 3 or Day 7 than on Day 1 after repeated administration of 10 and
40 mg/kg/day of Arm. By contrast, the exposure to DHA was lower on Day 3 or Day 7 than on Day 1.

Based on AUCO0-24h, the exposure to Arm increased quite dose proportionally when dose increased. AUC0-24h increased in a ratio of
about 5 on Day 1, 6 on Day 3 and 4 on Day 7 for an increase in dose of 4.

Based on AUCO0-24h, the exposure to DHA increased when dose increased, but lower than dose proportionally. AUCO0-24 increased in a
ratio of about 2 whatever the day for an increase in dose of 4.

For DHA, the reference standard is a mixture of a and § anomers. The exact ratio between both anomers is not known, the a-anomer
being the predominant form. For this reference standard, only the a-anomer was assumed to be 100% of this reference standard. So, only
an evaluation of the a-anomer metabolite concentration was done in the plasma samples, thus the metabolite concentrations were
reported as indicative levels.

Due to analytical problems, some samples were extracted and analyzed again.
Only sampling times 1 hour and 2 hours were analyzed for control group animals.
No stability data are available for DHA to storage in dog plasma at —75°C+10°C.

At the request of the Sponsor, the animals of Groups 3 and 4 were grouped together as they received the same dose. Moreover, animals
of Groups 6 and 7 were also grouped together. As this process could not be performed by Watson® LIMS, the concentrations and
pharmacokinetic tables were transferred into Microsoft® Excel. Then the animals were grouped together and the descriptive statistics
were calculated on the two new groups (Groups 10 and 40) using Microsoft® Excel.

228 samples were analyzed instead of 315 as specified in the analytical and toxicokinetic working document. This was deemed to have
no impact on the integrity of the study for the following reasons:

There was an error on the sample accountability, 273 should have been written and not 315 samples.
Only the samples time points corresponding to Cmax were analyzed for the control group according to the toxicokinetic protocol.

Additional information: Supplement to toxicity study no. 0510001.



Novartis Confidential Page 117
26.5 ZYBEABRBER COA566
2.6.541 Pharmacokinetics: Absorption after repeated doses (DMPK(F) 1998/014)
Study title: Artemether and dihydroartemisinin plasma concentrations in dogs in a 8 days neurotoxicity =~ Study no.
study following i.m. and oral administrations of daily doses (intermediate results). DMPK(F) 1998/014
GLP compliance: No
Location in CTD: 4.2.3.7.3-3
Test article: Arm

Species, strain, sex, number of animals:

Feeding condition:
Vehicle / formulation

Method of administration:

Duration of dosing:
Daily dose (mg/kg)

Sample:
Analyte:
Assay:

dog, Beagle, M / 32
dog, Beagle, F /32

fed
im.: injectable solution of Arm dissolved in peanut oil (80 mg/mL)
oral: gelatin capsules

intramuscular : into the gluteal or infraspinous muscle alternating both hindlegs and forelegs
oral

once daily for 8 days

intramuscular route

0 (control)
20 (group 2)
40 (group 3)
80 (group 4)
oral route
0 (control)
50 (group 2)
150 (group 3)
600 (group 4)
plasma and cerebrospinal fluid (CSF)
Arm and DHA

not noted in report
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Study title: Artemether and dihydroartemisinin plasma concentrations in dogs in a 8 days neurotoxicity = Study no.
study following i.m. and oral administrations of daily doses (intermediate results). DMPK(F) 1998/014
Results:
Arm intramuscular route oral route
PK parameters: (Day 1 / Day last) 20 mg/kg 40 mg/kg 80 mg/kg 50 mg/kg 150 mg/kg 600 mg/kg
Tmax (h) median 2/5 2/5 2/5 incalculable incalculable 3/1.5
Cmax (ng/mL) 219/294 461/ 825 985/1180 incalculable incalculable 208 /27.8
AUCO-t (ng-h/mL) 2050 /5350 5630/ 12800 11000 /20800 incalculable incalculable 1730/ 250
AUC (ng-h/mL) 2290/9340 6540/ 18200 12700 /3900 incalculable incalculable not reported
T1/2 (h) 6.8/18.7 8.9/13.6 8.1/20.7 incalculable incalculable not reported
CSF concentration (ng/mL) 252°% 60° 71.1° not detected not detected not detected
DHA intramuscular route oral route
PK parameters: (Day 1 / Day last) 20 mg/kg 40 mg/kg 80 mg/kg 50 mg/kg 150 mg/kg 600 mg/kg
Tmax (h) median 2/10 2/5 2/8 incalculable incalculable 3/3.5
Cmax (ng/mL) 40.3/19.0 41.4/20.4 85/33.7 incalculable incalculable 795/19.2 (n=2)
AUCO-t (ng-h/mL) 314 /307 370/335 937 /456 incalculable incalculable 6600/ 125 (n=2)
AUC (ng-h/mL) 775 (Day 1) 842 (Day 1) 790 (Day 1) incalculable incalculable not reported
n=3 n=2
T1/2(h) 14.4 (Day 1) 19.7 (Day 1) 9.4 (Day 1) incalculable incalculable not reported
n=3 n=2
CSF concentration (ng/mL) BLQ BLQ BLQ not detected not detected not detected

BLQ = below the limit of quantification (10 ng/mL). a: mean values.

Special issues:

After 50 and 150 mg/kg repeated oral dosing, concentrations at the limit of quantification were found for both Arm and DHA.

Additional information: Supplement to toxicity study no. 970024.
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2.6.5.4J Pharmacokinetics: Absorption after repeated doses (BPK(CH) 1995/079)
Study title: Plasma concentrations of CGP 56 695 (benflumetol) in rats after repeated daily Study no.

administration of 200, 600 and 1000 mg/kg of CGP 56 697 (co-artemether) during a 1-month ~ BPK(CH) 1995/079
oral toxicity study.

GLP compliance: Yes
Location in CTD: 4.2.3.2-1

rat, Tif: RAIf (SPF) / M / 21
rat, Tif: RAIf (SPF)/ F / 21

Species, strain, sex, number

Test article: Arm/Lmf containing 1 part Arm and 6 parts Lmf
Feeding condition: fed

Vehicle / formulation 0.5% Klucel + 0.1% Tween 80

Method of administration: oral gavage

Duration of dosing: once daily for 1 month

Daily dose (mg/kg) 0 (control),
200 (group 2 a/b),
600 (group 3 a/b)
1000 (group 4 a/b)
Sample: plasma
Analyte: Lmf
Assay: HPLC with ultraviolet detection
Results:
PK parameters
(Day 1/ Day last): 200 mg/kg 600 mg/kg 1000 mg/kg
Tmax (h) M8/24 M?24/8 M24/8
F8/4 F8/0 F24/4
Cmax (pg/mL) M 32.87/15.85 M 21.09/20.61 M 15.77/18.00
F 23.25/15.98 F 19.57/24.82 F 33.22/37.93
AUC 0-24h (ug-h/mL) M 535/322 M 423 /386 M279/382
F 358/281 F 402 / 449 F350/630
Trough concentration M 15.27/15.85 M 21.09/9.35 M 15.77/15.42
(ng/mL) F7.72/5.39 F 18.00/13.60 F 33.22/25.71

None of the animals in the control group had measurable concentrations of Lmf in plasma.
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Study title: Plasma concentrations of CGP 56 695 (benflumetol) in rats after repeated daily Study no.

administration of 200, 600 and 1000 mg/kg of CGP 56 697 (co-artemether) during a 1-month ~ BPK(CH) 1995/079
oral toxicity study.

Conclusions: All rats having received the suspension formulation of Arm/Lmf were exposed to Lmf
The onset of absorption of Lmf was fast (< 1 h); absorption continued over an exended period of time.
AUC:s and trough values of Lmf showed high variability no clear relationship to the dose. No accumulation was found.
There were no obvious differences in sexes.

Additional information: Supplement to toxicity study no. 946152.
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2.6.5.4K Pharmacokinetics: Absorption after repeated doses (BPK(CH) 1996/020)
Study title: Plasma concentrations of CGP 56695 (benflumetol) in rats after repeated daily administration ~ Study no.

of 100, 300 and 1000 mg/kg CGP 56697 (co-artemether) during a 3-month oral toxicity study.  BPK(CH) 1996/020
GLP compliance: Yes
Location in CTD: 42322

Test article:

Species, strain, sex, number of animals:

Feeding condition:
Vehicle / formulation
Method of administration:

Duration of dosing:

Arm/Lmf containing 1 part Arm and 6 parts Lmf
rat, albino, Tif: RAIf (SPF) / Male: 21; Female: 21

fed

0.5% Klucel + 0.1% Tween 80
oral gavage

once daily for 3 months

Daily dose (mg/kg) 0 (control)
100 (group 2 a/b, Lmf: 85.7)
300 (group 3 a/b, Lmf: 257.1)
1000 (group 4 a/b, Lmf: 857.1)
Sample: plasma
Analyte: Lmf
Assay: HPLC with ultraviolet detection
Results:
PK parameters 100 mg/kg 300 mg/kg 1000 mg/kg
(Day 1/ Day 91):
Tmax (h) M2/8 M8/8 M24/4
F8/4 F8/4 F 24/2
Cmax (pg/mL) M 15.67/12.68 M 18.04 /24.00 M 13.93/18.90

AUC0-24h (ug-h/mL)

Trough concentration
(hg/mL)

F 19.55/14.20

M228/174
F293/262

M279/1.21
F 6.68/8.58

F 18.08 /29.46

M 271/434
F 298 /591

M3.11/10.92
F5.87/18.24

None of the animals in the control group had measurable concentrations of Lmf in plasma.

F 13.69/35.79

M 227 /337
F 210/ 645

M 13.93/11.68
F 13.69/19.71
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Study title: Plasma concentrations of CGP 56695 (benflumetol) in rats after repeated daily administration ~ Study no.

of 100, 300 and 1000 mg/kg CGP 56697 (co-artemether) during a 3-month oral toxicity study.  BPK(CH) 1996/020

Conclusions: All rats having received the suspension formulation of Arm/Lmfwere exposed to Lmf
The onset of absorption of Lmf was fast (< 1 h); absorption continued over an exended period of time.
AUC:s and trough values of Lmf showed high variability no clear relationship to the dose. No accumulation was found.
AUC values of Lmf were higher in female than in male rats after repeated administration of 300 and 1000 mg/kg

Additional information: Supplement to toxicity study no. 94-7913
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2.6.54L Pharmacokinetics: Absorption after repeated doses (DMPK(CH) 1997/177)
Study title: Plasma concentrations of CGP 56695 (benflumetol) in weanling rats after repeated daily Study no.

administration of 100, 300 and 1000 mg/kg CGP 56697 (co-artemether) during a 13-week DMPK(CH) 1997/177

oral toxicity study.
GLP compliance: yes
Location in CTD: 4.2.3.5.4-1

Test article

Species, strain, sex, number of animals:

Feeding condition:
Vehicle / formulation

Method of administration:

Duration of dosing:

Arm/Lmf containing 1 part Arm and 6 parts Lmf

weanling albino rats, Tif: RAIf (SPF) M /24, F / 24

initial age at dosing: 3-5 weeks

fed

0.5% Klucel + 0.1% Tween 80 / Arm/Lmf as 1 part Arm and 6 parts Lmf
oral gavage

91 days

Daily dose (mg/kg) 0 (control)
100 (group 2, Lmf: 85.7)
300 (group 3, Lmf: 257.1)
1000 (group 4, Lmf: 857.1)
Sample: plasma
Analyte: Lmf
Assay: HPLC with ultraviolet detection
Results: PK parameters: Day 1 Day 91
Dose (mg/kg): 100 300 1000 100 300 1000
Number of animals: M/3 F/3 M/3 F/3 M/3 F/3 M/3 F/3 M/3 F/3 M/3 F/3
Mean C8h (nug/mL)
Male 16.75 31.82 31.74 11.01 19.29 19.00
Female 13.22 38.20 26.77 14.11 31.36 30.75

Control group:

None of the animals in the control group had measurable concentrations of Lmf in plasma

Additional information:

Supplement to toxicity study no: 956088
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2.6.54M Pharmacokinetics: Absorption after repeated doses (DMPK(CH) 1997/178)

Study title: Plasma concentrations of CGP 56695 (benflumetol) in rats after repeated daily administration ~ Study no.
of 100, 300 and 1000 mg/kg CGP 56695 during a 13-week oral toxicity study. DMPK(CH) 1997/178
GLP compliance: yes
Location in CTD: 4.2.3.2-7
Test article: Lmf

Species, strain, sex, number of animals:

Feeding condition:
Vehicle / formulation
Method of administration:

Duration of dosing:

rat, albino, Tif: RAIf (SPF) M /21
rat, albino, Tif: RAIf (SPF) F /21

fed

0.5% Klucel + 0.1% Tween 80
oral gavage

once daily for 13 weeks

Daily dose (mg/kg) 0 (control)
100 (group 2 a/b, Lmf: 85.7)
300 (group 3 a/b, Lmf: 257.1)
1000 (group 4 a/b, Lmf: 857.1)
Sample: plasma
Analyte: Lmf
Assay: HPLC with ultraviolet detection
Results:
PK parameters (Day 1/ Day 87): 100 mg/kg 300 mg/kg 1000 mg/kg
Tmax (h) M8/2 M4/0 M8/24
F8/8 F4/4 F8/8
Cmax (pg/mL) M17.93/11.15 M25.43/14.39 M 28.55/26.02

AUCO0-24h (pg-h/mL)

Conclusions:

F 18.45/24.72

M 281.75/179.75
F 284.78 / 444.70

F 26.69 /25.07

M 482.92/263.04
F 425.00/491.14

F 42.54/38.56

M 475.06 / 384.66
F 747.21/768.44

None of the animals in the control group had measurable concentrations of Lmf in plasma, while the samples of all treated rats
contained Lmf. With one exception, none of the predose samples on Day 1 contained Lmf. The reason for this quite small

concentration of Lmf in the plasma of one of the animals could not be determined.

. All rats which received the suspension formulation were exposed to the drug.

Additional information: Supplement to toxicity study no. 95-6026.
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2.6.5.4N Pharmacokinetics: Absorption after repeated doses (DMPK(CH) 1997/006)
Study title: Plasma concentrations of CGP 56695 in a 13-week oral (capsule) toxicity study in dogs. Study no.
DMPK(CH) 1997/006
GLP compliance: Yes
Location in CTD: 4.2.22-7
Test article: Lmf
Species, strain, sex, number of animals: Beagle dog, M / 18;
Beagle dog, F/ 18
Feeding condition: fed
Vehicle / formulation gelatin capsules
Method of administration: oral
Duration of dosing: once daily for 13 weeks
Daily dose (mg/kg) 0 (control)

60 (group 2, Lmf: 51.4)
200 (group 3, Lmf: 171.4)
600 (group 4, Lmf: 514)

Sample: plasma
Analyte: Lmf
Assay: HPLC with ultraviolet detection
PK parameters (Day 1/ Day 71): 60 mg/kg 200 mg/kg 600 mg/kg
Tmax (h) not measured not measured not measured
Cmax (ng/mL) M 9020.1 / 6607.8 M 160.7/17219.8 M 12052.3 /21559.8
F 6677.4/5231.8 F0/12281.3 F 389.2 /25459.5
AUCO0-24h (ng-h/mL) M 97065.7 (Day 71) M 224293.0 (Day 71) M 224187.8 (Day 71)
F 48649.3 (Day 71) F 136285.3 (Day 71) F270011.2 (Day 71)
Conclusions: . After single dosing, Lmf was hardly detected in dog plasma at all dose levels.

. Absorption appeared to be delayed.
. Accumulation was observed after multiple dosing.
. There was no gender difference in exposure to Lmf

Additional information: Supplement to toxicity study no. 956025.
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2.6.5.40 Pharmacokinetics: Absorption after repeated doses (DMPK R0510009A)

Study title: Oral neurotoxicity study in dogs. Toxicokinetic report: Determination and toxicokinetics of Study no.
Lmf in plasma. DMPK R0O510009A

GLP compliance: Yes

Location in CTD: 4.23.7.3-2

Test article: Arm/Lmf - fixed dose combination (1:6) of Arm and Lmf

Method and objective The objective of this study is to describe the measurement of Lmf in dog plasma from toxicity study [0510009]and provide
toxicokinetic interpretation of the resulting plasma concentrations

Matrix Dog plasma

Administration form
Route and frequency of administration
Species, strain, sex

Dose groups and no. of animals in TK-
investigation

Sampling schedules
Bioanalytical method

Reference compound:
Lmf

Internal standard:
[Dg] Arm/Imf

LLOQ
Reporting of concentrations below LLOQ

Suspension in 0.1% Tween 80 dissolved in aqueous Klucel HF (0.5%)

Arm or Arm/Lmf by oral gavage to male dogs up to 8 days

Dog, Beagle, male

Two groups were retained for the Toxicokinetics (TK) evaluation (same administered dose):

Group 6: 3 animals, 1000 mg/kg/day for 3 days

Group 7: 3 animals, 1000 mg/kg/day for 8 days

On days 1, 3 and 7 (day 7: only for group 7), blood was taken at the following time points: 0.25, 0.50, 1, 2, 3, 6 and 24 hours post-dose.
According to Analytical Method Report [R00-1840]

Liquid-liquid extraction of plasma samples followed by evaporation of the extract to dryness and analysis of the reconstituted samples
by HPLC-MS/MS using Turbo lon Spray source

Molecular formula: C;,H3,CI;NO
Molecular weight (MW): 528.95 g/mol

Molecular formula: C3yH,3CIsNODg
Molecular weight (MW): 538 g/mol
0.100 pg/mL using 100 puL of plasma
0 pg/mL
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Study title: Oral neurotoxicity study in dogs. Toxicokinetic report: Determination and toxicokinetics of Study no.
Lmfin plasma. DMPK R0O510009A
Results:

Pharmacokinetic parameters:

Mean toxicokinetic parameters (SD) of Lmf in dog plasma
Lmf: 857 mg/kg/day

Parameter Units Day 1 (n=16) Day 3 (n=16) Day 7 (n=3)
Tmax (h) 15 (10) 6 (0) 18 (10)

Cmax (png/mL) 9.38 (2.86) 14.4 (3.1) 18.6 (4.3)
Cmax / dose (ng/mL) / (mg/kg/day) 0.0110 (0.0034) 0.0168 (0.0036) 0.0217 (0.0050)
AUCO0-24h (ug-h/mL) 156 (61) 264 (90) 337 (38)
AUCO0-24 h / dose (ng-h/mL) / (mg/kg/day) 0.182 (0.071) 0.308 (0.105) 0.393 (0.044)

Discussion and Conclusion

All dogs were exposed to Lmf.
Cmax was observed between 6 and 24 hours.

Based on AUCO0-24h/dose and Cmax/dose values, the exposure to Lmf was similar on days 3 and 7, taking into account the inter-animal
variability.

Additional information: Supplement to toxicity study no. 0510009.
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2.6.5.4P Pharmacokinetics: Absorption after repeated doses (BPK(CH) 1995/080)

Study title: Plasma concentrations of CGP 56 695 (benflumetol) in dogs after repeated daily Study no.
administration of 60, 200 and 600 mg/kg of CGP 56 697 (co-artemether) during a 1-month BPK(CH) 1995/080
oral toxicity study.

GLP compliance: Yes

Location in CTD: 4.23.2-3

Test article:

Species, strain, sex, number of animals:

Feeding condition:
Vehicle / formulation
Method of administration:
Duration of dosing:

Arm/Lmf containing 1 part Arm and 6 parts Lmf

Beagle dogs, M / 15,
Beagle dogs, F/ 15
fed

gelatin capsule

oral

once daily for 1 month

Daily dose (mg/kg) 0 (control)
60 (group 2, Lmf: 51.4)
200 (group 3, Lmf: 171.4)
600 (group 4, Lmf: 514)
Sample: plasma
Analyte / Assay: Lmf/ HPLC with ultraviolet detection
Results:PK parameters: (Day 1/ Day 25): 60 mg/kg 200 mg/kg 600 mg/kg
Tmax (h) M3 M 24 M 24
F24 F24 F 16
Cmax (pg/mL) M9.77 M 14.22 M 8.08
F 4.48 F6.2 F 14.86
AUCO0-24h (ug-h/mL) M 134/ 152.67 M 234.33/463 M 108.67 / 168.67
F69.33/115 F 65.33/105.67 F 252/235

a: median value

None of the animals in the control group had measurable concentrations of Lmf in plasma.
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Study title: Plasma concentrations of CGP 56 695 (benflumetol) in dogs after repeated daily Study no.

administration of 60, 200 and 600 mg/kg of CGP 56 697 (co-artemether) during a 1-month BPK(CH) 1995/080
oral toxicity study.

Conclusions: . All dogs were exposed to Lmf
. The absorption of Lmf was highly variable with respect to onset and extent.
. AUC values and trough concentration values of Lmf showed high variability and no clear relationship to dose or gender.

. No accumulation of Lmf was observed despite the slow elimination of the drug from plasma (T1/2Az= 31 h)

Additional information: Supplement to toxicity study no. 94-6154.
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2.6.5.4Q Pharmacokinetics: Absorption after repeated doses (BPK(CH) 1996/024)

Study title: Plasma concentrations of CGP 56695 (benflumetol) in dogs after repeated daily Study no.

administration of 20, 60 and 200 mg/kg of CGP 56697 (co-artemether) during a 3-month oral

toxicity study.

BPK(CH) 1996/024

GLP compliance:
Location in CTD:
Test article:

Species, strain, sex, number of animals:

Feeding condition:
Vehicle / formulation
Method of administration:
Duration of dosing:

Yes
42.3.2-4

Arm/Lmf as 1 part Arm and 6 parts Lmf

Beagle dogs, M / 12,
Beagle dogs, F/ 12

fed

gelatin capsules

oral

once daily for 3 months

Daily dose (mg/kg) 0 (control),

20 (group 2, Lmf:17.1),

60 (group 3, Lmf: 51.4)

200 (group 4, Lmf: 171.4)
Sample: plasma
Analyte: Lmf
Assay: HPLC with ultraviolet detection
Results:

PK parameters

(Day 1/ Day 89):
Tmax* (h)
Cmax (pg/mL)
AUCO0-24h (pg-h/mL)

*: median value

20 mg/kg

M24/1
F8/4

M2/6.15
F2.86/6.03

M 19.67/86.33
F 39.67/94.67

60 mg/kg

M24/2
F8/8

M7.71/12.49
F 6.65/18.35

M 100 /233
F112.33/333.67

200 mg/kg

M24/0
F8/8

M7.82/15.84
F9.51/15.65

M 98.33/230.33
F 136 /286

Three of the animal in the control group had measurable concentrations of Lmf in plasma on Day 89. No reason for this could be found.
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Study title: Plasma concentrations of CGP 56695 (benflumetol) in dogs after repeated daily Study no.

administration of 20, 60 and 200 mg/kg of CGP 56697 (co-artemether) during a 3-month oral BPK(CH) 1996/024
toxicity study.

Conclusions: . All dogs having received the capsule formulation of Arm/Lmf were exposed to Lmf
. The onset of absorption of Lmf was slow; absorption continued over an extended period of time

. Plasma concentration-time profiles, AUC values and trough values of Lmf showed high variability and no clear relationship to the
dose

. There was no obvious gender difference.

Additional information: Supplement to toxicity study no. 94-6155.
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2.6.5.5 EVHERR : H%

2.6.5.5A Pharmacokinetics: Organ distribution (DMPK(CH) 1997/241)
Study title: Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled benflumetol. DMPK(CH) 1997/241
GLP compliance: not required
Location in CTD: 4.2.2.2-1
Test article: 3H or *C-labeled Arm and unlabeled Lmf
Species, strain, sex, number of animals: male albino rat / Tif: RAIf (SPF) / n=3 per group
male pigmented rat / LE/Mol (SPF) / n=3 per group
Feeding condition: fasted
Vehicle / Formulation: PEG 400 / N-methyl-2-pyrrolidone (7/3, w/w) for intravenous route
0.5% Klucel + 0.1% or 1%Tween 80 for oral route
Method/ Route / Duration of administration: intravenous bolus / tail vain / once

gavage / oral / once or for 10 days
Dose (mg/kg): intravenous dose of 10 once
oral dose of 20, 100, or 1000 once

oral dose of 20 once for 10 days
3

Specific activity: [*H]-Arm (Batch No. Re-54.9A) of 3022.9 MBg/mmol ["H]-Arm (Batch No. Re-54.9E) of 33 KBq/mg
or 10.05 MBg/mg * [*H]-Arm (Batch No. Re-54.9G )of 273 KBg/mg
[*H]-Arm (Batch No. Re-54.9C) of 3.35 MBg/mg ['“C]-Arm (Batch No. Re-84.1A1) of 1.67 MBq/mg (WBAR, i.v.)

*H]-Arm (Batch No. Re-54.9C1) of 3.35 MBg/mg ['*C]-Arm (Batch No. Re-84.1C2) of 218 KBg/mg (WBAR, p.0.)

[’H

3

["H]-Arm (Batch No. Re-54.9D) of 1.39 MBq/mg a: taken from the Certificate of Analysis sheet of Re-54.9A (typing error
in report).

Analyte / Radionuclide: radioactivity / *H or '*C

Assay: whole body autoradiography with a semi-automatic cryostat microtome; liquid scintillation counting
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Study title: Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled benflumetol. DMPK(CH) 1997/241

whole body autoradiography (5 min, 1 h and 8h; 33 days film exposure): [“C]-Arm
Radioactivity is seen as white areas.

Adrenal gland Heoart Brain

Bone marrow Kidney  Spleen Lung

Testis Intestine Salivary gland

8 hours

Intestinal content Gastric mucosa
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Study title: Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled benflumetol. DMPK(CH) 1997/241

Distribution results:
Rat [*H] mean concentrations (nmol/g)
Route intravenous intravenous intravenous single oral single oral single oral single oral single oral repeated oral
(time post dose) (5 min) (24 h) (168 h) (30 min) (24 h) (168 h) (144 h) (144 h) (10 days) (24 h)
Dose (mg/kg) 10 10 10 20 20 20 100 1000 20
Number of animals 3 3 4 3 3 3 3 3 3
Sample

Blood 2.57 0.65 0.18 3.10 0.67 0.32 1.68 9.98 3.03

Plasma 3.74 0.57 0.06 4.00 0.49 0.07 0.40 2.81 1.56

Erythrocytes 1.20 0.67 0.31 2.49 0.91 0.47 ns ns ns

Liver 6.87 2.77 1.68 18.65 3.18 1.67 9.10 47.54 12.39

Spleen 1.58 2.81 2.23 3.31 1.64 1.39 6.56 40.23 6.65

Adrenals 17.78 4.61 2.76 6.84 2.00 1.59 8.42 48.75 7.89

Bone marrow 1.58 1.40 0.70 3.28 0.79 0.45 3.62 27.62 2.66

Pituitary gland 5.94 1.34 0.82 2.93 0.66 0.44 ns ns ns

Thyroid 7.81 1.76 1.18 3.97 1.14 0.60 3.05 13.60 4.74

ns = no sampling.

Additional information: none
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2.6.5.5B Pharmacokinetics: Organ distribution (DMPK(CH) 1997/240)
Study title: Disposition studies in rats and dogs after administration of co-artemether (CGP 56697) Study no.
containing '*C-labelled benflumetol (CGP 56695) and unlabelled artemether DMPK(CH) 1997/240
GLP compliance: not required
Location in CTD: 422.2-4

Test article:

Species, strain, sex, number of animals:

Feeding condition:
Vehicle / Formulation:

Method/ Route / Duration of administration:

Dose (mg/kg):

Specific activity:

Analyte / Radionuclide:
Assay:

!C-labeled Lmf (6 parts) and unlabeled Arm (1 part)

male albino rat / Tif: RAIf (SPF), n=3 per group

male pigmented rat / LE/Mol (SPF, n=1 per time point, n=>5 time points
fed

PEG 400 / N-methyl-2-pyrrolidone (7/3, w/w) for intravenous route
0.5% Klucel + 0.1% Tween 80 for oral route

rats: intravenous bolus / tail vain / once

gavage / oral / once daily for 10 days (20 mg/kg)
gavage / oral / once (100, 1000 mg/kg)

rats: intravenous dose of 1 once
oral dose of 20 for 10 days
oral dose of 100 once
oral dose of 1000 once

[ *C]-Lmf (Batch No. Ko-76.1A-2) of 2069 KBq/mg
["*C]-Lmf (Batch No. Ko-76.1B) of 64.1 KBg/mg
["*C]-Lmf (Batch No. Ko-76.1C) of 10.0 KBg/mg
[“C]-Lmf (Batch No. Ko-76.1D) of 960 KBq/mg

radioactivity / C

14 [“C]-Lmf (Batch No. Ko-76.1F) of 159 or 148 KBq/mg

["*C]-Lmf (Batch No. Ko-76.1G) of 1.147 KBg/mg
["*C]-Lmf (Batch No. Ot-5.1) of 385.5 KBg/mg

liquid scintillation counting, whole body autoradiography with a semi-automatic cryostat microtome
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Study title: Disposition studies in rats and dogs after administration of co-artemether (CGP 56697) Study no.

containing '*C-labelled benflumetol (CGP 56695) and unlabelled artemether DMPK(CH) 1997/240

whole body autoradiography (5 min, 8 h and 24h; 38 days film exposure): [*C]-Lmf

Radioactivity is seen as white areas.

Adrenal gland

Bone mamaw

Spleen Brown fat

Lymph nodes.
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Study title:

Disposition studies in rats and dogs after administration of co-artemether (CGP 56697)

containing '*C-labelled benflumetol (CGP 56695) and unlabelled artemether

Study no.

DMPK(CH) 1997/240

Distribution results:

Rat [*C] mean concentrations (nmol/g)

Route intravenous intravenous intravenous single oral single oral single oral repeated oral

(time post dose) (5 min) (24 h) (168 h) (Bh)atT.x (24h) (168 h) (10 days)

Dose (mg/kg) 1 1 1 20 20 100 1000 20 100 1000 20

Number of animals 3 3 3 3 3 3 3 3 3 3 3

Sample
Blood 10.3 0.18 0.02 2.14 0.35 2.82 25.5 ns 0.12* ns 2.07
Plasma 17.4 0.25 0.02 3.75 0.44 3.34 40.9 0.00 0.27* 0.00 2.18
Erythrocytes 2.22 0.10 0.01 0.57 0.19 1.69 10.7 ns 0.21* ns 1.67
Liver 18.4 2.28 0.28 24.6 7.02 58.71 409 0.18 3.84 11.71 47.0
Spleen 4.93 4.46 0.38 5.77 9.29 58 207 0.31 6.44 17.74 66.7
Adrenals 3.97 16.0 1.06 14.9 44.6 302 775 0.96 16.0 52.36 251
Bone marrow 3.03 241 0.31 3.03 5.57 33.7 129 0.33 5.30 20.15 422
Pituitary gland 2.43 2.80 0.81 1.22 5.98 42.7 93.6 0.80 12.7 37.69 55.7
Thyroid 1.42 1.77 0.40 1.15 5.80 32.1 99.7 0.28* 6.32 20.97 47.2

ns = not significant, *:Median

Additional information: none
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2.6.5.6 EPBEHEE  EOKS

2.6.5.6A Pharmacokinetics: Plasma protein binding (DMPK(F) 1998/004)
Study title: In vitro binding of artemether to human serum proteins, human erythrocytes, and serum Study No:
proteins from dog, rabbit, rat, mouse, and cynomolgus monkey DMPK(F) 1998/004
GLP compliance: not required
Location in CTD: 4.2.2.3-1
Test article: ["C]Arm
Study system: Mouse, rat, rabbit, dog and cynomolgus monkey serum

human serum proteins and blood from healthy volunteers; protein solutions from 3 batches of human serum albumin (HSA), o;-acid
glycoprotein, high density lipoproteins (HDL), low density lipoproteins (LDL), and very low density lipoproteins (VLDL)
Radionuclide: 4

Specific activity: 1.67 MBq/mg
Method: ultrafiltration with micropartition system with YMT membrane; erythrocyte partitioning
Analyte / Assay: radioactivity / liquid scintillation counting
Ultrafiltration
Protein medium: Concentration tested % Bound
(ng/mL)
Human serum 0.323 98.6
0.646 98.6
1 98.6
3.23 98.2
6.46 97.9

10 98.1
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Study title: In vitro binding of artemether to human serum proteins, human erythrocytes, and serum Study No:
proteins from dog, rabbit, rat, mouse, and cynomolgus monkey DMPK(F) 1998/004
Ultrafiltration Erythrocyte partitioning

Protein medium: Concentration % Bound Protein medium nKa (L/mol) NKa NKg r % Bound

tested (ng/mL)

Human protein solutions plasma ND 20.6 3.98 0.985 95.4
HSA-S1 1 91.4 HSA 6.2x10° 3.73 4.15 0.991 78.3
HAS-S2 0.5 87.6 a;-acid glycoprotein 32x10° 7.22 4.27 0.987 87.8

1 87.6 gamma globulins 1.3x 10° 0.087 3.33 0.635 8.0
5 87.8 high density 2.1x10° 2.69 3.24 0.983 72.9
lipoproteins
10 87.6 low density 1.7x10° 2.01 3.62 0.983 66.8
lipoproteins
HSA -S3 1 83.2 very low density 2.0x 107 2.53 3.23 0.989 71.7
lipoproteins
a;-acid glycoprotein 1 90.3
10 51.6 ND = not determined
gamma globulins 1 64.1 nKa = binding capacity of protein
10 64.1 NKa= total binding capacity
) ' NKE = total binding capacity of erythrocyte
Animal serum r = correlation coefficient of the regression lines
mouse 1 98.3 % bound = calculated as CB/CP
10 98.4 CB = concentration of bound drug to plasma proteins
’ CP = total concentrations of Arm in plasma or protein solution
rat 1 97.3 The main protein involved in the binding was found to be a,-acid glycoprotein, considering
10 97.3 binding capacity and physiological concentration of this protein. A similar observation was
rabbit 1 97.2 made with arteether, another malarial drug. a;-acid glycoprotein concentration is markedly
' increased during malarial infection; therefore, alteration in plasma protein binding might be
10 97.1 clinically important.
dog 1 97.1 The variability of NKg, determined by the coefficient of variation of the mean (3.7) from 8
10 973 experiments, was 11%. Arm concentration in erythrocytes was expected to be 3.7 times higher
' than free Arm concentrations, and this distribution resulted in a similar ratio of 3 (11/3.7).
cynomolgus monkey 1 96.2
10 96.0

Additional information: none
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2.6.5.6B Pharmacokinetics: Plasma protein binding (BPK(F) 1996/044)
Study title: In vitro binding of benflumetol to human serum proteins, human erythrocytes, and serum Study No:

proteins from mouse, rat, dog, rabbit, baboon, and cynomolgus monkey BPK(F) 1996/044

GLP compliance:
Location in CTD:
Test article:
Study system:

Radionuclide:
Specific activity:

not required

42232

["C]-Lmf

Mouse, rat, rabbit, dog and cynomolgus monkey, baboon serum

human serum (or plasma) proteins and blood from healthy volunteers; protein solutions from 1 batch of human serum albumin (HSA),
a;-acid glycoprotein, high density lipoproteins (HDL), low density lipoproteins (LDL), and very low density lipoproteins (VLDL)

140
911 KBg/mg

Method: ultrafiltration with micropartition system with YMT membrane; erythrocyte partitioning
Analyte / Assay: radioactivity / liquid scintillation counting
Results
Ultrafiltration Erythrocyte partitioning
Protein medium: Concentration tested % Bound Protein medium nK, (L/umol) NK, NKg r % Bound
(ng/mL)
Human serum (plasma) plasma ND 379 48.6 0.997 99.7
C1h (150 uL) 1 100* HSA 0.0028 1.68 9.14 0.963 62.8
10 100* a;-acid glycoprotein 0.0088 0.20 23.9 0.976 16.8
C2h (350 pL) 10 99.93 high density lipoproteins 27.5 275 91.4 0.993 99.6
low density lipoproteins 26.0 26.0 45.2 0.972 96.3
very low density lipoproteins 235 23.5 443 0.987 95.9

Human serum albumin solutions
HSA
C1h (400 pL) 10
C2h (400 pL) 10

C1h = concentration at 1 hour
C2h = concentration at 2 hour
ND = not determined

99.93 nKa = binding capacity of protein
NKa= total binding capacity

99.97
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Study title: In vitro binding of benflumetol to human serum proteins, human erythrocytes, and serum Study No:
proteins from mouse, rat, dog, rabbit, baboon, and cynomolgus monkey BPK(F) 1996/044
Animal serum NKE = total binding capacity of erythrocyte
r = correlation coefficient of the regression lines
mouse 10 99.82 % bound = calculated as CB/CP
rat 10 99.90 CB = concentration of bound drug to plasma proteins
rabbit 10 99.93 CP = total concentrations of Arm in plasma or protein solution
dog 10 99.92 The binding capacity of lipoproteins was high, in particular very low density lipoproteins. However,
considering the respective physiological concentration, high density lipoproteins contributed mainly to the
cynomolgus monkey 10 99.94 binding.
baboon 10 99.95 The variability of NKg was evaluated by the standard deviation of the mean value of NKg determined by 6

experiments was 28. The mean value of NKg (44) was close to the value obtained in plasma (49), showing
that Lmf concentration in erythrocytes was 44 — 49 times higher than free drug concentration.

* poor reliability due to very low values in the ultrafiltrate

Additional information: none
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2.6.5.6C Pharmacokinetics: Plasma protein binding (DMPK(CH) R0101415)

Study title: Ex vivo plasma protein binding of quinine in healthy subjects given quinine alone or in Study No:
combination with COA566 (study trial 2302) DMPK(CH) R0101415

GLP compliance: not required

Location in CTD: 4223-3

Test article: quinine

Objectives: To investigate the extent of protein binding of quinine in plasma of healthy subjects given quinine (2-hr 7.v. infusion of 10 mg/kg) alone
or in combination with Arm/Lmf. For details on the study design, please refer to protocol No. CCOA566 2302 (A randomized, double-
blind, parallel-group study to evaluate the cardiac effects and pharmacokinetic interaction of the combined [sequential] administration of
oral Arm/Lmf and i.v. quinine in healthy subjects), dated 08-Sep-2000. The subjects selected for the present binding evaluation were
those who received quinine alone (n=14) or the combined administration (n=14). In order to have enough plasma volume for the assay,
2 plasma pools were prepared for each subject after both treatments with the following selected timepoints:
62.5, 63, 64, and 65 hours post first dose of Arm/Lmf (or placebo) were pooled for each subject
66, 68, 72, and 86 hours post first dose of Arm/Lmf (or placebo) were pooled for each subject

Compound: Quinine

Matrix Human volunteers/plasma

Assay Method:

Ultrafiltration technique

Analytical method:
Sample preparation:
Instrumental conditions:
Chromatography

Detection

The free fraction of quinine was determined by ultrafiltration. After incubation for 30 min at 37°C, the plasma samples were centrifuged
at 2000 g for 10 min in the pre-warmed Centrifree devices (Amicon Inc., Beverly, MA, USA, molecular cutoff of 30 kD). The
concentration of quinine was determined in the sample introduced into the reservoir before ultrafiltration, and in the ultrafiltrate after
ultrafiltration.

Determination of quinine by a liquid-liquid extraction procedure and analysis of the extract by liquid chromatography/fluorescence
detection

Liquid-liquid extraction according to the analytical method described in DMPK(F) R00-1921. The same method was used for plasma
and ultrafiltration samples. LLOQ was set to 20 ng/mL in both fluids.

Reverse phase HPLC on an Inertsil silice 5 p (4.6 x 250 mm), column temperature 24°C, isocratic elution (acetonitrile-methanol
containing 25% ammonia solution, [92.5:7.5, v:v], 78:22, v:v) flow rate 1.0 mL/min, injection volume 70 puL

Fluorescence detection set at 325 and 375 nm for excitation and emission waves, respectively
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Study title: Ex vivo plasma protein binding of quinine in healthy subjects given quinine alone or in Study No:

combination with COA566 (study trial 2302) DMPK(CH) R0101415
Data processing Software for data acquisition, X-chrom Version 2.10, LabSystems, UK

Within-study validation
Sample preparation:

Bound fraction to plasma proteins

Free fraction
Bound fraction
Reference compound:

Quinine

Internal standards:
Hydroquindine

Software for calibration, X-chrom Version 2.10, LabSystems, UK
Software for additional data processing, Microsoft Excel, Version 97 SR-2
Different stock solutions of quinine were used for the preparation of calibration (C) and quality control (QC) samples.

Bound fraction in plasma

Range 84% to 90% in human volunteers at total quinine plasma concentrations from 1380 to 4250 ng/mL
Free(%) = Conc. in ultrafiltration / Conc. in plasma x 100%

Bound = 100% - Free

Molecular formula: C,yH»4N,O,
Molecular weight (MW): 324.4 g/mol

Molecular formula: C,yH»N,O,
Molecular weight (MW): 326.44 g/mol

Results-1:

Bound Fraction to plasma proteins

Bound fraction in plasma:

e 86+ 3% (mean value, n=14) after quinine alone administration for pool A (timepoints 62.5, 63, 64, and 65 hr; mean total plasma
concentration = 2776 ng/mL)

e 89+ 2% (mean value, n=14) after quinine alone administration for pool B (timepoints 66, 68, 72, and 86 hr; mean total plasma
concentration = 1951 ng/mL)

® 90 + 1% (mean value, n=14) after combined administration of quinine and Arm/Lmf for pool A (timepoints 62.5, 63, 64, and 65 hr;
mean total plasma concentration = 3060 ng/mL)

® 90 + 3% (mean value, n=14) after combined administration of quinine and Arm/Lmf for pool B (timepoints 66, 68, 72, and 86 hr;
mean total plasma concentration = 2019 ng/mL)
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Study title: Ex vivo plasma protein binding of quinine in healthy subjects given quinine alone or in Study No:

combination with COA566 (study trial 2302) DMPK(CH) R0101415

Discussion and Conclusions:

Special issues

e The extent of protein binding of quinine was around 90% at total plasma concentrations from 1380 to 4250 ng/mL, as expected from
literature data (Silamut K, White NJ, Looareesuwan S, Warrell DA. Binding of quinine to plasma proteins in falciparum malaria.
Am. J. Trop. Med. Hyg.. 1985; 34: 681-6 ; and Karbwang J, Davies TME, Looareesuwan S, Molunto P, Bunnag D, White NJ. A
comparison of the pharmacokinetic and pharmacodynamic properties of quinine and quinidine in healthy Thai males. J. Clin.
Pharmacol. 1993; 35: 265-71.)

o The extent of protein binding was similar after quinine alone administration and when combined with Arm/Lmf.
¢ The inter-subject variability of the quinine protein binding was low (CVs in the range 1-3%).

e The combined administration of quinine and Arm/Lmf did not modify the extent of quinine protein binding.

No major deviation from protocol affecting the conclusions

Additional information: none
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2.6.5.7 EVERBHER : EEMYICETSEHR

2.6.5.7A Pharmacokinetics: Study in pregnant and nursing animals (DMPK(CH) 1997/099)
Study title: Transfer to the embryo-fetal compartment of pregnant rats after peroral administration of Study No:
30 mg/kg of CGP 56697 (co-artemether) containing *H-labeled CGP 56696 (artemether) DMPK(CH) 1997/099
GLP compliance: not required
Location in CTD: 4.2.23-4

Test article:

Species / strain:

Gestation day / number of animals:
Vehicle / formulation:

Method/ route / duration of administration:

Arm/Lmf: containing 1 part '*C-labeled Arm and 6 parts unlabeled Lmf
rat / Tif: RAIf (SPF)

Day 13/ 15; n=3 per time point

0.5% Klucel + 1.0% Tween 80

gavage / oral / once

Dose (mg/kg): 30 (4.29 Arm, 25.7 Lmf)
Radionuclide: *H
Specific activity: 435 KBg/mg

Analyte/assay (unit):

radioactivity / radiometry by liquid scintillation counting (counts per minutes)

Mean [*H] concentrations (nmol/g)

Time (hr): 0.5 1 4 8 24
Dam
Blood 3.70 3.44 3.59 3.25 1.63
Plasma 4.44 4.08 3.95 3.14 1.16
Liver 20.02 14.11 12.60 12.09 5.55
Spleen 4.74 425 5.22 4.99 3.67
Adrenals 11.56 8.45 7.13 6.21 3.34
Thyroid 4.95 3.86 3.52 3.36 1.81
Mammary glands 4.59 4.26 2.88 1.88 1.07
Fetus 2.31 2.53 2.49 1.94 0.56
Placenta 391 4.87 5.14 4.14 1.99
Amniotic fluid 1.57 1.95 1.87 1.63 0.35

Cfetus / Cblood of dam

2.31/3.70=0.6243 2.53/3.44=0.7355 2.49/3.59=0.6936 1.94/3.25=10.5969

0.56/1.63 =0.3436

Additional information: none
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2.6.5.7B Pharmacokinetics: Study in pregnant and nursing animals (DMPK(CH) 1997/004)

Study title: Transfer of radioactive substance(s) to the embryo-fetal compartment of rabbits after peroral Study No:
administration of CGP 56697 (co-artemether) containing '*C-labeled CGP 56696 (artemether) DMPK(CH) 1997/004

GLP compliance: not required

Location in CTD: 4.2.23-8

Test article:

Species / strain:

Gestation day / number of animals:
Vehicle / formulation:

Method/ route / duration of administration:

Dose (mg/kg):
Radionuclide:
Specific activity:
Analyte/assay (unit):

Arm/Lmf containing 1 part '*C -labeled Arm and 6 parts unlabeled Lmf

pregnant rabbits / New Zealand, albino

Day 17/2

0.5% Klucel + Tween 80

gavage / oral / once

175 (25 Arm, 150 Lmf)

l4c

43 KBg/mg

radioactivity / radiometry by liquid scintillation counting (counts per min)

unchanged Arm and DHA in plasma/ HPLC with electromechanical detection in reductive mode

Results: [*C] concentrations (nmol/g)
Time (hr): 24
Rabbit 1 Rabbit 2
Dam
Blood 2.06 2.41
Plasma 2.72 2.72
Liver 34.13 46.92
Kidney 19.15 13.69
Mammary glands 0.86 0.84
Fetus 1.03 2.38
Liver 4.10 11.33
Placenta 3.95 7.46
Amniotic fluid 1.64 1.70
Cfetus / Cblood of dam 1.03/2.06=0.5 2.38/2.41=0.9875
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Study title:

Transfer of radioactive substance(s) to the embryo-fetal compartment of rabbits after peroral Study No:
administration of CGP 56697 (co-artemether) containing '*C-labeled CGP 56696 (artemether) DMPK(CH) 1997/004

Kinetics of '*C in blood and plasma:

Excretion in urine and feces:

Metabolites in urine:

AUC values for radioactivity at 24 hours post dose were 157 and 184 pmol-h/L in blood and 244 and 260 pmol-h/L in plasma for Rabbit
1 and Rabbit 2, respectively.

AUC values for Arm were not calculated, but those for DHA, detectable up to 2 hours after dosing, were 0.14 and 0.40 pmol-h/L for
Rabbit 1 and Rabbit 2, respectively.

By 24 hours post dose the total recovery of '*C in excreta was 68.44%, with 66.51% recovered in urine and 1.93% recovered in feces.
Radioactivity was detected in 37 metabolite peaks in the urine, 21 of which accounted for 56.6% of the dose plus 16 trace peaks
accounting for another 9.9%, giving a total of 66.5% analysed.

Additional information: none
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2.6.5.7C Pharmacokinetics: Study in pregnant and nursing animals (BPK(F) 1996/022)
Study title: Artemether and dihydroartemisinin plasma concentrations in female rabbits in a follow-up Study No:

dose-range finding study evaluating effects of Co-artemether on embryo and fetal BPK(F) 1996/022

development.
GLP compliance: Yes
Location in CTD: 4.2.3.5.2-4

Test article:

Species, strain, sex, number of animals:
Feeding condition:

Vehicle / formulation

Method of administration:

Duration of dosing:

Arm/Lmf containing 1 part Arm and 6 part Lmf

pregnant rabbit, New Zealand, F / 32

fed

0.5% Klucel

oral gavage

once daily for 13 days

study performed on pregnant rabbits. Samples were drawn on Day 13 of dosing to Day 19 of gestation.

Daily dose (mg/kg) 0 (control 1)
210 (group 2)
700 (group 3)
2100 (group 4)
Sample: plasma
Analyte: Arm and DHA
Assay: HPLC with electrochemical detection operated in reductive mode
Results: . In the Control Groups, Arm and DHA were not detected in any of the samples.

. In Group 2, no detectable concentrations of Arm or DHA were found.

. In Group 3, no detectable concentrations of Arm were found, while concentrations of DHA were detected at 1 and 2 hours post
dose. The means were 25.7 (n=4) and 17.1 (n=2) ng/mL for C;;, and Cy,, respectively. At 4, 8, and 24 hours post dose,
concentrations of DHA were measurable in only 1 sample.

. In Group 4, Arm was found in 4 of 20 samples at 1, 2, 4, 8, and 24 hours post dose. DHA was detected at 1 and 2 hours post dose.
The means were 123 (n=4) and 54.2 (n=4) ng/mL for C;;, and C,, respectively. At 4, 8 and 24 hours post dose, concentrations of
DHA were measurable in only 2 samples.

. The rapid disappearance of DHA from plasma after administration of 700 and 2100 mg/kg of Arm/Lmf indicates a high clearance
of this metabolite.

Additional information: Supplement to Toxicity study no. 95-4049.
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2.6.5.7D Pharmacokinetics: Study in pregnant or nursing animals (DMPK(CH) 1997/139)

Study title:

Transfer of radioactive substance(s) to the embryo-foetal compartment of rats after peroral

administration of 30 mg/kg CGP 56697 (co-artemether) containing [*C]CGP 56695
([**C]benflumetol) and unlabeled CGP 56696 (artemether)

Study No:
DMPK(CH) 1997/139

GLP compliance:

Location in CTD:

Test article:

Species / strain:

Gestation day / number of animals:
Vehicle / formulation:

Method/ route / duration of administration:

not required

422.3-5

Arm/Lmf containing 1 part unlabeled Arm and 6 parts '*C-labeled Lmf
rat / Tif: RAIf (SPF)

Day 13/ 12 with 8 reserve; n = 3 per time point

0.5% Klucel / 1.0% Tween 80

gavage / oral / once

Dose (mg/kg): 30
Radionuclide: 4
Specific activity: 148 KBg/mg
Analyte/assay (unit): radioactivity / radiometry by liquid scintillation counting (counts per minutes)
Mean '“C concentrations (nmol/g)
Time (hr): 1 4 8 24
Dam
Blood 2.74 8.67 9.78 3.74
Plasma 4.51 13.80 15.72 6.44
Liver 4.23 69.07 110 43.71
Spleen 1.60 26.58 41.32 30.78
Adrenals 3.00 69.25 178 244
Thyroid 0.33 3.37 7.83 11.08
Mammary glands 0.12 1.42 3.11 8.48
Fetus 0.01 (median) 0.10 0.37 0.98
Placenta 0.65 6.81 13.45 11.20
Amniotic fluid 0.00 0.00 0.05 0.08

Cfetus / Cblood of dam

0.01/2.74=0.0036 0.10/8.67=0.0115 0.37/9.78=0.0378

0.98/3.74 =0.2620

Additional information: none
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2.6.5.7E Pharmacokinetics: Study in pregnant and nursing animals (DMET(EU) 29/1996)
Study title: Transfer of radioactive substance(s) to the embryo-foetal compartment of rabbits after Study No:
peroral administration of CGP 56697 (co-artemether) containing '*C-labeled CGP 56695 DMET(EU) 29/1996

(benflumetol)

GLP compliance:

Location in CTD:

Test article:

Species / strain:

Gestation day / number of animals:
Vehicle / formulation:

Method/ route / duration of administration:

not required

422.3-6

Arn/Lmf as 1 part unlabeled Arm and 6 parts '*C-labeled Lmf
rabbit / New Zealand albino

Day 17/2

0.5% Klucel + Tween 80

gavage / oral / once

Dose (mg/kg): 175
Radionuclide: 4
Specific activity: 9 KBq/mg
Analyte/assay (unit): radioactivity / radiometry by liquid scintillation counting (counts per min)
Results Mean '“C concentrations (nmol/g)
Time (hr): 24
Rabbit 95354 Rabbit 95442
Dam
Blood 9.44 4.23
Plasma 12.7 6.37
Liver 212 91.6
Kidney 21.5 10.0
Mammary glands 9.37 2.88
Fetus 0.19 0.12
Liver 0.51 below the limit of detection
Placenta 55.2 26.6
Amniotic fluid 0.18 below the limit of detection

Cfetus / C blood of dam

0.19/9.44 =0.0201 0.12/4.23 =0.0284
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Study title: Transfer of radioactive substance(s) to the embryo-foetal compartment of rabbits after Study No:
peroral administration of CGP 56697 (co-artemether) containing '*C-labeled CGP 56695 DMET(EU) 29/1996
(benflumetol)

Kinetics of '*C in blood and plasma:

Excretion in urine and feces:

AUC of radioactivity values at 24 hours post dose were 157 and 78 pmol-h/L in blood and 266 and 121 pmol-h/L in plasma for Rabbit
95354 and Rabbit 95442, respectively.

Both rabbits excreted very small volumes of urine and feces in the 24 hours post dose. Urine (about 10 mL each rabbit) contained
about 0.3% of the radioactive dose. Rabbit 95354 excreted 30% of radioactive dose in about 100 g feces, and Rabbit 95442 did not
excrete feces within 24 hours post dose.

Additional information: none
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2.6.5.7F Pharmacokinetics: Study in pregnant and nursing animals (DMPK(CH) 1997/079)

Study title: Plasma concentrations of benflumetol in pregnant rabbits after peroral administration of Study No:

CGP 56697 (co-artemether) containing '*C-labelled CGP 56695 (benflumetol) and
unlabelled CGP 56696 (artemether).

DMPK(CH) 1997/079

GLP compliance:

Location in CTD:

Test article:

Species, strain, sex, number of animals:
Feeding condition:

Vehicle / Formulation:

Method of Administration:

not required

42237

Arm/Lmf: containing 1 part Arm and 6 parts “C-labelled Lmf
pregnant rabbits, New Zealand, F / 2

fed

0.5% Klucel + 0.1% Tween 80

oral gavage; the animals were dosed on Day 17 of gestation

Dose (mg/kg): 175 mg/kg

Sample: plasma

Analyte: Lmf

Assay: HPLC with ultraviolet detection, method according to Report BPK(CH)1994/038

PK parameters: Rabbit 95354 Rabbit 95442
Tmax (h) 24 24
Cmax (ug/mL) 7.3 3.7
AUCO0-24h (ng-h/mL) 145.1 56.4

Additional information: Study DMPK(CH) 1997/079 was performed on pregnant rabbits on Day 17 of gestation as part of study DMET(EU) 29/1996.
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2.6.5.7G Pharmacokinetics: Study in pregnant and nursing animals (BPK(CH) 1996/085)
Study title: Plasma concentrations of CGP 56695 (benflumetol) in female rabbits after repeated daily ~ Study No:

administration of 210, 700 and 2100 mg/kg of CGP 56697 (co-artemether) on day 19 of BPK(CH) 1996/085
gestation during a 13-day oral toxicity study.

GLP compliance: Yes

Location in CTD: 4.2.3.5.2-4

Test article: Arm/Lmf: containing 1 part Arm and 6 parts Lmf
Species, strain, sex, number of animals: pregnant rabbits, New Zealand, F / 32

Feeding condition: fed

Vehicle / formulation 0.5% Klucel

Method of administration: oral gavage

the study was performed on pregnant rabbits. Samples were drawn on Day 13 of dosing, Day 19 of gestation.
Duration of dosing: once daily for 13 days

Daily dose (mg/kg) 0 (control 1)
210 (group 2)
700 (group 3)

2100 (group 4)
Sample: plasma
Analyte: Lmf
Assay: HPLC with ultraviolet detection, method according to Report BPK(CH)1994/038
Results: 210 mg/kg 700 mg/kg 2100 mg/kg
PK parameters: (180 mg/kg Lmf") (600 mg/kg Lmf) (1800 mg/kg Lmf')
Tmax (h) 8 (Day 13) 8 (Day 13) 4 (Day 13)
Cmax (pg/mL) 22.8 (Day 13) 47.5 (Day 13) 47.9 (Day 13)
AUCO0-24h (ug-h/mL) 310 (Day 13) 841 (Day 13) 870 (Day 13)
Trough concentration (ug/mL) 7.4 /2.4 (Day 13/14) 16.1/30.9 (Day 13/14) 31.3/35.0 (Day 13/14)

None of the animals in the control group had measurable concentrations of Lmf in plasma.

Additional information: Supplement to toxicity study no. 95-4092.
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2.6.5.7TH Pharmacokinetics: Study in pregnant or nursing animals (BPK(CH) 1996/084)
Study title: Plasma concentrations of CGP 56695 (benflumetol) in female rabbits after repeated daily Study No:

administration of 1000 mg/kg CGP 56695 on day 19 of gestation during a 13-day oral toxicity =~ BPK(CH) 1996/084
study.

GLP compliance:

Location in CTD:

Test article:

Species, strain, sex, number of animals:
Feeding condition:

Vehicle / formulation

Method of administration:

Duration of dosing:

Daily dose (mg/kg)

Yes

4.2.3.5.2-10

Lmf

pregnant rabbits, New Zealand, F / 11

fed

0.5% Klucel

oral gavage

once daily for 13 days

Study was performed on pregnant rabbits. Samples were drawn on Day 13 of dosing, Day 19 of gestation.

0 (control)
1000 (group 2)

Sample: plasma
Analyte: Lmf
Assay: HPLC with ultraviolet detection, method according to Report BPK(CH)1994/038
PK parameters (Day 1 / Day last): 1000 mg/kg
Tmax (h) 10 (Day 13)
Cmax (ug/mL) 37.9 (Day 13)

AUCO0-24h (ug-h/mL)
Trough concentration (ug/mL)

Special issues:

592 (Day 13)
15.3/14.6
(Day 13/14)

None of the animals of the control group had measurable concentrations of Lmf in plasma, while the plasma sample of the treated rabbits
all contained Lmf .

Additional information: Supplement to toxicity study no. 95071.
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2.6.5.9 EYBIREEER : in vivo [ZH 1T
2.6.5.9A Pharmacokinetics: Metabolism in vivo (DMPK(CH) 1997/241)
Study title: Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled benflumetol. DMPK(CH) 1997/241
GLP compliance: not required
Location in CTD: 4.2.2.2-1
Test article Arm/Lmf as 1 part °H or '*C-labeled Arm and 6 parts unlabeled Lmf

Species, strain, sex, number of animals:
Feeding condition:
Vehicle / Formulation:

Method/ Route / Duration of administration:

Dose (mg/kg):

Specific activity:

Analyte / Radionuclide:
Assay:

male rat albino / Tif: RAIf (SPF) / n=3 or n=4 per group

Fed and Fasted

PEG 400 / N-methyl-2-pyrrolidone (7/3, w/w) for intravenous route
0.5% Klucel + 0.1% or 1% Tween 80 / for oral route

intravenous bolus / tail vain / once
gavage / oral / once or for 10 days

intravenous dose of 10 once
oral dose of 20, 100, or 1000 once
oral dose of 20 once for 10 days

[*H]-Arm (Batch No. Re-54.9A) of 3022.9 MBg/mmol or [*H]-Arm (Batch No. Re-54.9E) of 33 KBg/mg

10.05 MBg/mg * [*H]-Arm (Batch No. Re-54.9G )of 273 KBg/mg

[*H]-Arm (Batch No. Re-54.9C) of 3.35 MBg/mg [*C]-Arm (Batch No. Re-84.1A1) of 1.67 MBg/mg (WBAR, i.v.)
[*H]-Arm (Batch No. Re-54.9C1) of 3.35 MBq/mg ["*C]-Arm (Batch No. Re-84.1C2) of 218 KBq/mg (WBAR, p.o.)
3

["H]-Arm (Batch No. Re-54.9D) of 1.39 MBq/mg a: taken from the Certificate of Analysis sheet of Re-54.9A (typing error in
report).

radioactivity / *H or '*C

HPLC with ultraviolet and radiodetection; liquid scintillation counting

a: value from Certificate of analysis, typing error in report.
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Study title: Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled Lmf . DMPK(CH) 1997/241

Metabolites Proportions of metabolites in rat urine and feces after 10 mg/kg Arm/Lmf with [*H] Arm given i.v.(n = 4)
Peak HPLC Retention Feces Urine Total
Time (minutes) Peak Number % of dose % of dose % of dose
4.0 2 0.7 0.8 1.6
6.5 3 0.1 1.0 1.0
8.0 4 0.1 2.8 2.9
10.0 5 0.6 0.6 1.2
19.5 9 0.5 0.5 1.0
22.5 10 0.6 0.8 1.4
25.5 11 0.6 1.0 1.6
28.0 12 0.8 2.2 3.0
31.0 13 0.4 0.9 1.3
32.5 14 0.7 1.1 1.7
345 15 0.7 0.9 1.6
36.0 16 0.4 1.2 1.6
38.0 17 0.6 1.3 1.9
39.5 18 0.7 1.8 2.5
42.5 19 0.4 0.8 1.3
44.0 20 0.5 0.9 1.4
45.5 21 0.2 1.4 1.6
47.5 22 0.9 2.1 3.0
49.5 23 0.6 1.0 1.6
51.0 24 0.2 0.8 1.1
52.5 25 0.9 2.2 3.1
54.0 26 0.6 2.8 3.4
57.5 28 1.0 1.9 2.9

59.5 29 0.4 0.7 1.1
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Study title: Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled Lmf . DMPK(CH) 1997/241
61.0 30 0.9 1.7 2.5
63.5 32 0.7 0.6 1.3
64.5 33 0.6 0.7 1.3
71.5 37 0.6 0.4 1.0
76.5 39 1.1 0.2 1.3
79.0 40 1.5 0.3 1.9
80.5 41 0.8 0.3 1.1
82.0 42 0.8 2.3 3.1
85.0 43 (Arm) 0.3 0.0 0.3
total of above 33 peaks (% dose) 20.4 38.1 58.5
total of trace 15 peaks (% dose) 3.8 3.9 7.7
total analyzed (% dose) 24.2 41.9 66.2
mean extraction recovery (%) 57.2
not extracted from feces (%) 18.2
total [°H] excreted (% dose) 42.4 41.9 84.3
Proportions of metabolites in rat plasma after single doses of Arm/Lmf with [’H] Arm given i.v. and orally
Dose / Route 10 mg/kg intravenous n =3 20 mg/kg oral n=3
Time point 5 minutes 24 hours 0.5 hours 24 hours
Total [*H] concentration (imol/L) 3.74 0.57 4.00 0.49
Recovery from
processing (%) 51.9 15.8 91.8 18.2
HPLC (%) 91.7 100 96.1 100
Total recovery
(%) 47.6 15.8 88.2 18.2
Effectively analyzed (umol/L) 1.78 0.09 3.53 0.09

[*H] concentration
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Study title: Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled Lmf . DMPK(CH) 1997/241

Peak HPLC retention time Peak number Proportion (%) of total analyzed plasma
(minutes) [*H] in metabolite peak / zone
22.5 10 0.4 0.8 3.1 1.5
28.0 12 0.7 3.5 7.5 2.4
31.0 13 0.5 0.5 1.5 1.3
39.5 18 0.5 2.1 3.8 5.6
42.5 19 0.9 2.0 3.6 33
44.0 20 0.5 3.1 1.2 2.6
47.5 22 4.8 2.3 33 2.2
49.5 23 1.7 2.1 2.4 3.9
52.5 25 5.0 1.7 59 8.0
54.0 26 1.9 0.9 34 1.5
57.5 28 3.4 2.0 6.7 2.7
59.5 29 4.4 0.9 1.9 1.9
61.0 30 2.0 24 4.0 3.5
62.0 31 29 7.1 9.1 12.1
63.5 32 3.1 0.7 2.0 1.0
66.5 34 1.2 0.5 3.6 23
73.5 38 8.4 59 1.9 0.9
79.0 40 15.1 4.3 1.5 2.0
80.5 41 7.7 2.0 0.7 1.4
82.0 42 10.8 3.7 0.6 1.4
85.0 43 (Arm) 3.6 10.4 0.3 4.4
86.5 44 2.3 10.6 0.1 2.2
89.0 45 1.3 32 0.0 1.9
91.0 46 1.3 3.1 0.1 1.4

total of 24 major peaks (%) 84.4 75.9 68.3 71.4
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Study title: Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled Lmf . DMPK(CH) 1997/241

sum of 24 trace peaks 15.6 24.1 31.7 28.6

(<3% each) (%)

total analyzed [*H] (%) 100.0 100.0 100.0 100.0

Proportions of metabolites in rat urine and feces after 20 mg/kg Arm/Lmf with [°’H] Arm given orally (n=3)

Peak HPLC Retention Feces Urine Total

Time (minutes) Peak Number % of dose % of dose % of dose

4.0 2 1.4 0.7 2.1

8.0 4 0.1 2.2 2.3

10.0 5 0.7 0.5 1.2

17.0 8 0.4 0.6 1.0

19.5 9 0.6 1.0 1.6

22.5 10 1.0 0.7 1.7

25.5 11 0.8 1.3 2.1

28.0 12 1.1 2.5 3.6

31.0 13 0.5 1.0 1.5

32.5 14 0.9 1.3 2.3

345 15 0.9 1.6 2.5

36.0 16 0.4 1.7 2.1

38.0 17 0.9 2.3 32

39.5 18 0.9 2.0 2.9

42.5 19 0.7 1.1 1.8

44.0 20 0.7 1.8 2.5

45.5 21 0.5 1.5 2.1

47.5 22 1.0 1.6 2.6

49.5 23 0.6 1.8 2.4

51.0 24 0.6 1.4 2.0

52.5 25 1.2 2.5 3.6
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Study title: Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled Lmf . DMPK(CH) 1997/241
54.0 26 0.7 2.0 2.8
55.5 27 0.6 0.5 1.1
57.5 28 1.4 1.8 32
59.5 29 0.3 0.9 1.2
61.0 30 1.0 1.6 2.6
62.0 31 1.2 0.3 1.5
63.5 32 0.5 0.5 1.0
79.0 40 1.0 0.2 1.1
82.0 42 0.5 2.9 33
85.0 43 (Arm) 0.1 0.0 0.1
total of above 31 peaks (% dose) 23.3 41.7 65.0
total of trace 17 peaks (% dose) 4.6 3.5 8.1
total analyzed (% dose) 27.9 453 73.1
mean extraction recovery (%) 68.3
not extracted from feces (%) 12.9
total [*H] excreted (% dose) 40.8 453 86.1
Proportions of metabolites in rat urine and feces after 100 mg/kg Arm/Lmf with [°H] Arm given orally (n=3)
Peak HPLC Retention Feces Urine Total
Time (minutes) Peak Number % of dose % of dose % of dose
4.0 2 0.4 0.8 1.2
6.5 3 0.3 0.9 1.2
8.0 4 0.3 2.3 2.6
10.0 5 0.3 0.7 1.0
17.0 8 0.5 1.4 1.9
19.5 9 1.1 1.4 2.6
22.5 10 0.8 1.7 2.5

25.5 11 1.0 23 33
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Study title:

Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled Lmf . DMPK(CH) 1997/241
28.0 12 0.9 3.8 4.7
31.0 13 0.5 1.7 22
32.5 14 1.3 1.7 3.0
34.5 15 0.8 1.8 2.6
36.0 16 0.8 22 3.0
38.0 17 0.7 2.5 32
39.5 18 1.0 2.7 3.7
42.5 19 0.6 0.8 1.4
44.0 20 0.7 22 2.9
455 21 0.4 0.9 1.3
47.5 22 0.9 33 4.2
49.5 23 0.7 2.5 3.1
51.0 24 0.8 1.9 2.7
52.5 25 1.1 3.8 4.9
54.0 26 0.9 1.9 2.9
55.5 27 0.6 1.4 1.9
57.5 28 1.2 2.3 3.6
59.5 29 0.4 1.0 1.4
61.0 30 1.0 1.9 2.9
62.0 31 1.1 0.7 1.7
63.5 32 1.1 1.2 2.3
76.5 39 1.4 0.1 1.4
82.0 42 0.2 2.9 3.1
total of above 31 peaks (% dose) 23.8 56.6 80.4
total of trace 17 peaks (% dose) 4.7 3.0 7.7
total analyzed (% dose) 28.5 59.6 88.2
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Study title: Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled Lmf . DMPK(CH) 1997/241

mean extraction recovery (%) 69.7

not extracted from feces (%) 12.4

total [’H] excreted (% dose) 40.9 59.6 100.6

Proportions of metabolites in rat urine and feces after 1000 mg/kg Arm/Lmf with [°H] Arm given orally (n = 3)

Peak HPLC Retention Urine Feces Total

Time (minutes) Peak Number % of dose % of dose % of dose

4.0 2 0.7 0.3 1.0

6.5 3 0.8 0.3 1.1

8.0 4 4.0 1.0 5.0

10.0 5 0.8 0.4 1.2

17.0 8 1.4 0.4 1.7

19.5 9 1.5 0.6 2.1

22.5 10 0.9 0.4 1.3

25.5 11 1.4 0.9 24

28.0 12 4.6 0.6 5.3

31.0 13 1.7 0.3 2.1

32.5 14 2.2 0.8 3.0

34.5 15 2.9 0.6 3.5

36.0 16 1.5 0.5 2.0

38.0 17 1.7 0.6 2.3

39.5 18 2.5 0.6 3.0

42.5 19 1.0 0.5 1.5

44.0 20 3.5 0.4 3.9

45.5 21 0.8 0.4 1.2

47.5 22 2.2 0.4 2.6

49.5 23 3.0 0.5 3.6

51.0 24 1.0 0.4 1.5
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Study title: Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled Lmf . DMPK(CH) 1997/241
52.5 25 6.5 1.2 7.7
54.0 26 32 0.4 3.6
55.5 27 1.2 0.3 1.5
57.5 28 33 1.1 4.4
59.5 29 1.5 0.4 1.9
61.0 30 2.3 0.5 2.9
62.0 31 0.7 0.8 1.6
63.5 32 1.0 0.6 1.7
64.5 33 0.9 0.3 1.2
68.5 35 0.6 0.5 1.1
total of above 31 peaks (% dose) 61.7 17.1 78.8
total of trace 17 peaks (% dose) 2.8 3.5 6.4
total analyzed (% dose) 64.6 20.6 85.1
mean extraction recovery (%) 65.2
not extracted from feces (%) 11.0 11.0
total [*H] excreted (% dose) 64.6 31.6 96.1
Proportions of metabolites in rat urine, bile, and feces after 20 mg/kg Arm/Lmf with ['*C] Arm given orally
Peak HPLC Retention Urine Bile Feces Total
Time (minutes) Peak Number % of dose % of dose % of dose % of dose
8.0 4 1.4 0.0 0.1 1.5
25.5 11 0.8 1.5 0.1 2.3
28.0 12 2.3 0.0 0.0 2.3
325 14 0.6 1.6 0.1 2.3
36.0 16 0.7 0.4 0.1 1.2
38.0 17 0.7 0.6 0.1 1.4
39.5 18 0.8 2.0 0.1 2.9
44.0 20 1.0 0.0 0.1 1.1
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Study title:

Disposition studies in rats after administration of co-artemether (CGP 56697) containing
radiolabelled artemether (CGP 56696) and unlabelled Lmf .

Study no.

DMPK(CH) 1997/241

47.5 22 0.6 1.3 0.1 2.0
49.5 23 1.2 1.7 0.2 3.0
51.0 24 0.6 0.4 0.1 1.1
52.5 25 1.6 26.0 0.2 27.9
53.5 25a 0.7 0.0 0.0 0.7
54.0 26 1.8 1.8 0.3 3.8
55.5 27 0.2 2.5 0.1 2.8
57.5 28 1.1 0.9 0.0 2.0
59.5 29 1.0 0.7 0.0 1.8
64.5 33 0.8 3.1 0.0 3.9
68.5 35 0.9 3.8 0.0 4.7
73.5 38 0.4 5.9 0.1 6.4
80.5 41 0.1 1.1 0.2 1.4
82.0 42 0.9 0.2 0.1 1.2
85.0 43 (Arm) 0.1 0.8 0.0 0.9
total of above 23 peaks (% dose) 20.2 56.2 2.1 78.6
total of trace 24 peaks (% dose) 7.7 2.2 1.0 10.9
total analyzed (% dose) 27.9 58.5 3.1 89.5
mean extraction recovery (%) 40.4

not extracted from feces (%) 4.5 4.5
total ['*C] excreted (% dose) 27.9 58.5 7.6 94.0

Additional information: none
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2.6.5.9B Pharmacokinetics: Metabolism in vivo (DMPK(CH) 1997/003)
Study title: Absorption and disposition of CGP 56696 (artemether) after administration of CGP 56697 Study no.
(co-artemether) containing '*C-labelled CGP 56696 (artemether) to male dogs. DMPK(CH) 1997/003
GLP compliance: not required
Location in CTD: 42222
Test article ["“CJArm (1 part) and non-radiolabeled Lmf (6 parts)
Species, strain, sex, number of animals: male dog / Beagle / 6
Feeding condition: fasted
Vehicle / Formulation: intravenous route: PEG 400
oral route: gelatin capsule
Method/ Route / Duration of administration: intravenous bolus / cephalic vein of a foreleg / once
gelatin capsule / oral / once
Dose (mg/kg): intravenous dose of 10 once
oral dose of 20 and 200 once
Specific activity: ['*C] -Arm (Batch No.Re-84.1C1) of 218 KBg/mg
['*C] -Arm (Batch No.-84.1D2) of 98 KBg/mg
['*C] -Arm (Batch No.Re-84.1F) of 10 KBg/mg
Analyte / Radionuclide: radioactivity / '*C
Assay: HPLC with online radiodetection or with electromechanical detection in reductive mode; liquid scintillation counting
Metabolites
Proportions of metabolites in plasma after single intravenous and oral doses
Dose / Route 10 mg/kg intravenous 20 mg/kg oral 200 mg/kg oral
n=2 n=2 n=2
Time point (hours) 0.25 4 2 8 2 8
Total ['*C] concentration ~ (umol/L) 7.35 2.57 10.23 2.10 39.14 20.17
(mean of 2)
Recovery (%)
processing 54 55 88 49 87 64
HPLC 100 97 99 100 99 100
total 54 53 87 49 86 64




Novartis Confidential Page 167

265 EMBEARSER COA566
Study title: Absorption and disposition of CGP 56696 (artemether) after administration of CGP 56697 Study no.
(co-artemether) containing '*C-labelled CGP 56696 (artemether) to male dogs. DMPK(CH) 1997/003
Effectively analyzed (umol/L) ["C] 3.97 1.37 8.90 1.03 33.66 12.91
concentration (mean of 2)
Peak HPLC
Retention Time Peak
(minutes) Number Proportion (%) of total analyzed plasma '*C in metabolite peak/zone
8.5 4 0.4 4.1 5.7 1.2 10.4 2.5
33.0 13 1.2 3.0 4.8 5.6 2.9 5.4
40.0 16 0.6 1.8 2.6 2.2 34 2.1
49.0 20 1.9 2.3 3.8 34 33 3.5
52.5 22 1.5 1.8 5.5 4.7 4.8 2.3
54.5 23 1.3 3.1 2.1 2.6 2.7 4.7
56.0 24 8.2 15.1 16.6 17.7 16.3 18.7
57.5 25 10.8 9.6 15.9 10.1 15.8 9.4
59.0 26 3.0 1.8 3.0 3.1 33 33
61.5 27 1.7 1.9 3.6 35 2.9 33
63.5 28 2.3 2.3 3.5 3.5 32 4.1
69.5 30 7.9 1.4 1.2 1.7 4.1 34
70.0 31 1.7 2.0 4.0 1.3 2.3 1.4
72.0 32 5.6 4.4 5.2 2.0 5.4 2.7
73.5 33 7.5 1.6 1.7 0.6 1.9 0.3
76.5 35 6.0 1.2 1.7 1.0 1.7 0.7
80.5 37 6.8 3.7 0.4 1.4 0.3 0.6
83.0 38 1.7 53 0.3 1.7 0.2 0.7
85.0 39 (Arm) 16.3 8.1 0.4 1.5 0.1 0.6
total of 19 main peaks (%) 86.5 74.7 82.0 68.7 85.0 69.8
sum of 25 trace peaks
(<3% each) (%) 13.5 253 18.0 313 15.0 30.2

total analyzed ['*C] (%) 100.0 100.0 100.0 100.0 100.0 100.0
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Study title:

Absorption and disposition of CGP 56696 (artemether) after administration of CGP 56697
(co-artemether) containing '*C-labelled CGP 56696 (artemether) to male dogs.

Study no.

DMPK(CH) 1997/003

Proportions of metabolites in urine and feces after 10 mg/kg given intravenously (n=2)

Peak HPLC Retention Peak Number Feces Urine Total
Time (minutes) % of dose % of dose % of dose
8.5 0.0 2.0 2.1
22.0 0.1 0.7 0.8
25.5 10 0.1 0.6 0.7
28.0 11 0.3 0.6 0.9
31.0 12 0.1 0.8 0.9
33.0 13 0.1 2.7 2.8
36.0 14 0.1 1.2 1.3
38.0 15 0.3 1.0 1.3
40.0 16 0.3 1.1 1.3
425 17 0.2 1.3 1.5
44.0 18 0.2 0.9 1.0
46.5 19 0.3 1.7 2.0
49.0 20 0.2 1.8 2.0
51.5 21 0.2 0.9 1.0
52.5 22 0.6 1.2 1.8
54.5 23 0.1 2.1 2.3
56.0 24 0.4 8.9 9.2
57.5 25 0.3 7.9 8.2
59.0 26 0.3 1.3 1.6
61.5 27 0.4 1.4 1.7
63.5 28 0.6 2.1 2.7
66.5 29 0.3 0.8 1.1
69.5 30 0.3 0.9 1.3
70.0 31 0.4 1.1 1.5
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Study title: Absorption and disposition of CGP 56696 (artemether) after administration of CGP 56697 Study no.
(co-artemether) containing '*C-labelled CGP 56696 (artemether) to male dogs. DMPK(CH) 1997/003

72.0 32 1.8 0.7 2.6
79.0 36 0.7 0.4 1.1
80.5 37 0.4 0.4 0.8
83.0 38 0.3 0.2 0.4
85.0 39 (Arm) 0.2 0.1 0.2
total of above 29 peaks (% dose) 9.5 46.7 56.1
total of 15 trace peaks (% dose) 1.6 43 5.9
total analyzed (% dose) 11.0 51.0 62.0
mean extraction recovery (%) 37
total ['*C] excreted (% dose) 30.0 51.0 81.1
Proportions of metabolites in urine and feces after 20 mg/kg given orally (n = 2)
Peak HPLC Retention Feces Urine Total
Time (minutes) Peak Number % of dose % of dose % of dose
8.5 4 0.1 2.0 2.1
22.0 9 0.4 1.3 1.7
25.5 10 0.4 0.9 1.3
28.0 11 0.6 1.5 2.1
31.0 12 0.2 1.5 1.7
33.0 13 0.5 4.8 5.2
36.0 14 0.3 1.4 1.7
38.0 15 0.5 2.1 2.5
40.0 16 0.4 1.9 2.3
425 17 0.3 1.5 1.8
44.0 18 0.3 1.2 1.5
46.5 19 0.5 1.3 1.8
49.0 20 0.4 1.9 2.3

51.5 21 0.3 1.5 1.8
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Study title: Absorption and disposition of CGP 56696 (artemether) after administration of CGP 56697 Study no.
(co-artemether) containing '*C-labelled CGP 56696 (artemether) to male dogs. DMPK(CH) 1997/003

52.5 22 1.0 2.7 3.6
54.5 23 0.4 2.2 2.6
56.0 24 0.9 10.9 11.8
57.5 25 0.9 9.1 10.0
59.0 26 0.5 1.6 2.1
61.5 27 0.5 1.5 2.1
63.5 28 1.0 1.5 2.5
66.5 29 0.7 0.8 1.5
69.5 30 0.5 0.9 1.5
70.0 31 0.4 0.6 1.0
72.0 32 2.8 0.4 3.2
79.0 36 1.0 0.1 1.1
80.5 37 0.9 0.2 1.1
83.0 38 0.2 0.2 0.4
85.0 39 (Arm) 0.2 0.1 0.3
total of above 29 peaks (% dose) 17.3 57.5 74.8
total of 15 trace peaks (% dose) 2.7 4.8 7.5
total analyzed (% dose) 20.0 62.3 82.3
mean extraction recovery (%) 68
total ['*C] excreted (% dose) 29.4 62.2 91.6
Proportions of metabolites in urine and feces after 200 mg/kg given orally (n=2)
Peak HPLC Retention Feces Urine Total
Time (minutes) Peak Number % of dose % of dose % of dose
8.5 4 0.2 1.8 2.0
22.0 9 0.4 0.7 1.1
25.5 10 0.2 0.9 1.2

28.0 11 0.4 1.2 1.6
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Study title: Absorption and disposition of CGP 56696 (artemether) after administration of CGP 56697 Study no.
(co-artemether) containing '*C-labelled CGP 56696 (artemether) to male dogs. DMPK(CH) 1997/003
31.0 12 0.2 0.8 1.1
33.0 13 0.3 3.6 3.9
36.0 14 0.3 1.1 1.4
38.0 15 0.3 1.3 1.7
40.0 16 0.4 1.4 1.8
42.5 17 0.5 1.5 2.0
44.0 18 0.3 1.0 1.3
46.5 19 0.7 1.3 2.0
49.0 20 0.4 2.2 2.6
51.5 21 0.3 0.9 1.3
52.5 22 0.9 1.4 2.3
54.5 23 0.4 3.1 3.6
56.0 24 0.5 10.3 10.8
57.5 25 0.4 8.4 8.9
59.0 26 0.7 1.5 2.2
61.5 27 0.6 1.7 2.4
63.5 28 0.9 1.1 2.0
66.5 29 0.6 0.7 1.2
69.5 30 0.7 1.2 1.9
70.0 31 0.6 0.6 1.2
72.0 32 2.3 0.6 3.0
79.0 36 2.8 0.1 29
80.5 37 1.0 0.2 1.1
83.0 38 42 0.1 4.3
85.0 39 (Arm) 0.2 0.1 0.3

total of above 29 peaks (% dose) 21.6 51.3 72.9
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Study title: Absorption and disposition of CGP 56696 (artemether) after administration of CGP 56697 Study no.
(co-artemether) containing '*C-labelled CGP 56696 (artemether) to male dogs. DMPK(CH) 1997/003

total of 15 trace peaks (% dose) 2.6 4.6 7.2

total analyzed (% dose) 242 55.9 80.1

mean extraction recovery (%) 67

total ['*C] excreted (% dose) 35.9 56.0 92.0

Additional information: none



Novartis

265 EMBEARSER

Confidential

Page 173
COA566

2.6.5.9C Pharmacokinetics: Metabolism in vivo (DMPK(CH) 1997/534)
Study title: Characterization of metabolites of artemether (CGP 56696) formed in rats and dogs Study No:
after single oral doses of co-artemether containing radio-labeled artemether DMPK(CH) 1997/534
GLP compliance: not required
Location in CTD: 422.4-1

Test article
Gender(M/F) / Number of animals:

Feeding condition:
Vehicle / Formulation:

Method of Administration:

Dose (mg/kg):

Radionuclide:

Specific activity / radiochemical purity:

Analyte/Assay (unit):

3H or '*C-radiolabelled Arm (1 part) and non-radiolabeled Lmf (6 parts)
rat: M /2

dog: M/1

fasted

rat: 0.5% Klucel + Tween 80
dog: gelatin capsule

rat: oral by gavage

dog: oral

rat: 20 and 1000

dog: 200

rat: °H or *C

dog: e

rat: 1390-3350 KBq/mg / >98.5% (DMPK(CH) 1997/241)

dog: 10 KBg/mg/>98.5% (DMPK(CH) 1997/003)

radioactivity / HPLC with ultraviolet detection; liquid scintillation counting; and liquid chromatography-mass spectrometry;

nuclear magnetic resonance spectroscopy
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Study title: Characterization of metabolites of artemether (CGP 56696) formed in rats and dogs after Study No:
single oral doses of co-artemether containing radio-labeled Arm DMPK(CH) 1997/534
Results:
Species Sample Dose (mg/kg) Time (hours) Radiolabel Metabolite name Metabolite structure
rat bile 20 0-8 4c P52.5 9a-hydroxy-artemether-9-O-glucuronide
rat urine 1000 8—-24 SH P39.5 accounted for <3% of dose; none of the isolated metabolites
20 4 was sufficiently pure in adequate amounts for clear structure
P54.0 component 1, 2 determination; some structural features could be inferred: O-
demethylation, hemiacetal oxidation, hydroxylations, and
P61.0 conjugation with glucuronic acid or with glucose.
P63.5 or P64.5
dog urine 200 0-24 4 P33.0

3B,9B-dihydroxy-deoxyartemisinin-9-O-glucuronide
HO
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Study title: Characterization of metabolites of artemether (CGP 56696) formed in rats and dogs after Study No:
single oral doses of co-artemether containing radio-labeled artemether DMPK(CH) 1997/534
Species Sample Dose (mg/kg) Time (hours) Radiolabel Metabolite name Metabolite structure
dog urine 200 0-24 ¢ P57.5 3B-hydroxy-deoxyartemisinin-3-O-glucuronide

OH OH

P72.0

OH

Additional information: samples were from studies DMPK(CH) 1997/241 and DMPK(CH) 1997/003.



Novartis

265 EMBEARSER

Confidential

Page 176
COA566

2.6.5.9D Pharmacokinetics: Metabolism in vivo (DMPK(CH) 1997/209)

Study title: Characterization of radioactive substances in disposition studies with '*C-labelled Study no.
benflumetol (CGP 56695) after administration of co-artemether (CGP 56697) in rats and DMPK(CH) 1997/209
dogs.

GLP compliance: not required

Location in CTD: 4.2.2.4-2

Test article:

Species, strain, sex, number of animals:
Feeding condition:

Vehicle / Formulation:

Method/ Route / Duration of administration:

Dose (mg/kg):

Specific activity:

Analyte / Radionuclide:
Assay:

['*C] -Lmf (6 parts) and unlabeled Arm (1 part)

rat, Tif: RAIf (SPF), male, n= 12 / dog, Beagle, male, n=4

fed

PEG 400 / N-methyl-2-pyrrolidone (7/3, w/w) solution for intravenous route
0.5% Klucel + 0.1% Tween 80 for oral route in rats

gelatin capsule for oral route in dogs

rats: intravenous bolus / tail vain / once
gavage / oral / once (20 mg/kg)
gavage / oral / once (100 mg/kg)

dogs: intravenous bolus / cephalic vein of a foreleg / once
gelatin capsule / oral / once

rats: intravenous dose of 1 mg/kg
oral dose of 20 mg/kg once
oral dose of 100 mg/kg once

dogs: intravenous dose of 1 mg/kg
oral dose of 20 mg/kg once

["C]-Lmf Batch Ko-76.1B of 64.1 KBg/mg
[*C]-Lmf Batch Ko-76.1C of 10.0 KBg/mg
['*C]-Lmf Batch Ko-76.1D of 960 KBq/mg
[*C]-Lmf Batch Ko-76.1F of 159 KBg/mg

radioactivity / '*C

14

HPLC with ultraviolet detection; liquid scintillation counting; liquid chromatography-mass spectrometry
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Study title: Characterization of radioactive substances in disposition studies with 4C-labelled Study no.
benflumetol (CGP 56695) after administration of co-artemether (CGP 56697) in rats and DMPK(CH) 1997/209
dogs.
Results: HPLC analysis
Rat feces
Number Route  Dose (mg/kg) Time Radioactivity in chromatographic peak
(hours) [% of dose]
Arm/Lmf  ["C]-Lmf P3 P2 group P1 Lmf P6 In feces fraction In extract for
6 min 9-15 min 18.5min 23 min 24 min % of dose HPLC
% of dose
12 iv 1 0.86 0-72 2.0 11.1 15.7 15.1 1.5 61.0 47.7
13 v 1 0.86 0-72 1.9 17.1 16.6 12.0 1.2 67.7 49.1
14 iv 1 0.86 0-72 1.7 11.5 15.2 20.8 1.2 63.9 51.0
Arm/Lmf  ["C]-Lmf P3 P2 group P1 Lmf P6 In feces fraction In extract for
5 min 10-15 min 18.5min 23 min 24 min % of dose HPLC
% of dose
27 po 20 17.14 0-24 nd nd 0.5 63.2 nd 92.3 63.7
28 po 20 17.14 0-24 nd nd 0.7 75.5 nd 91.3 76.2
42 po 100 85.7 0-24 nd nd 1.5 63.4 nd 79.1 64.9
43 po 100 85.7 0-24 nd nd 0.8 60.8 nd 73.8 61.6
44 po 100 85.7 0-24 nd nd 0.6 63.7 nd 77.0 64.3
Rat bile
Number Route  Dose (mg/kg) Time Radioactivity in chromatographic peak
(hours) [% of dose]
Arm/Lmf  ["C]-Lmf P4/P5 P3 P2 group PI Lmf P6 In bile fraction
<5 min 6 min 10-13 min 18.5 min 23 min 24 min % of dose
21 v 1 0.86 0-2 68.4 7.9 12.4 1.7 9.5 nd 1.35
2-4 68.2 13.2 9.9 0.4 8.2 nd 2.82
4-6 60.6 17.3 11.7 1.8 8.6 nd 2.79
6-8 58.7 19.9 10.6 1.0 8.4 1.5 2.60
8-12 56.7 22.3 9.2 1.5 8.3 2.0 4.75
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Study title: Characterization of radioactive substances in disposition studies with '*C-labelled Study no.
benflumetol (CGP 56695) after administration of co-artemether (CGP 56697) in rats and DMPK(CH) 1997/209
dogs.
12-24 57.5 22.6 12.8 2.5 4.6 nd 10.73
22 iv 1 0.86 0-24 52.6 29.8 12.7 0.9 3.9 nd 14.7
23 iv 1 0.86 0-72 51.3 315 7.9 1.7 4.1 3.4 36.4
24 iv 1 0.86 0-24 63.1 20.3 8.7 0.7 6.1 nd 242
Dog feces
Number Route  Dose (mg/kg) Time Radioactivity in chromatographic peak
(hours) [% of dose]
Arn/Lmf ["C]-Lmf P4/P5 P8 P7 Pl Lmf In feces In extract for
<5 min 7.5 min 9.5 min 18.5 min 23 min fraction HPLC
% of dose % of dose
1032 iv 1 0.86 0-48 nd 8.2 14.7 nd 11.5 54.7 40.2
1040 iv 1 0.86 0-48 4.9 8.7 12.1 nd 8.4 61.5 35.2
1032 po 20 17.1 0-24 nd nd 2.7 nd 64.0 87.2 66.7
1040 po 20 17.1 0-24 nd nd nd nd 73.6 90.3 73.6

nd = not detected; iv = intravenous; po = oral
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Study title: Characterization of radioactive substances in disposition studies with '*C-labelled Study no.
benflumetol (CGP 56695) after administration of co-artemether (CGP 56697) in rats and DMPK(CH) 1997/209
dogs.

Results: LC-MS analysis

Pre-purified rat bile

Retention Molecular masses Proposed structures
times Mr[Da]

22.8 min 591 — —
HO

Dy
cl | cl
* O
cl

— Gluc: glucuronic acid
24.4 min 663 — HO —

29.8 min 663 ’\t/\
Cl l I I Cl — OH
* O —— glucuronide
Cl

probably two isomers
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Study title: Characterization of radioactive substances in disposition studies with '*C-labelled Study no.

benflumetol (CGP 56695) after administration of co-artemether (CGP 56697) in rats and DMPK(CH) 1997/209

dogs.

Pre-purified rat bile

Retention Molecular masses Proposed structures

times Mr[Da]

29.4 min 647 —

30.0 min 647 HO

Cl I| Cl —— glucuronide
I Cl

probably two isomers

28.6 min 513 no structure proposed
40.2 min 513

33.5 min 573 no structure proposed

35.1 min 497 no structure proposed
35.2 min 497
45.6 min 497

41.0 min 511 no structure proposed
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Study title: Characterization of radioactive substances in disposition studies with '*C-labelled Study no.

benflumetol (CGP 56695) after administration of co-artemether (CGP 56697) in rats and DMPK(CH) 1997/209

dogs.

Enzymatically hydorolyzed and pre-purified rat bile

Retention Molecular masses Proposed structures

times Mr[Da]

9.1 min 647 —

— glucuronide

12.5 min 703 —

Cl l I I Cl — glucuronide
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Study title: Characterization of radioactive substances in disposition studies with '*C-labelled Study no.

benflumetol (CGP 56695) after administration of co-artemether (CGP 56697) in rats and DMPK(CH) 1997/209

dogs.

Enzymatically and pre-purified rat bile

Retention Molecular masses Proposed structures

times Mr[Da]

18.1 min 471 HO

Cl I| Cl
| Cl

Corresponds to reference compound
TA 2133 K (N-desbutyl-Lmf")
22.2 min 543 — HO —

) OO L
I Cl

24.6 min 527 Lmf
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Study title: Characterization of radioactive substances in disposition studies with '*C-labelled Study no.

benflumetol (CGP 56695) after administration of co-artemether (CGP 56697) in rats and DMPK(CH) 1997/209

dogs.

Pre-purified dog feces

Retention Molecular masses Proposed structures

times Mr[Da]

12.2 min 703 — HO —
/\/\

Cl I| Cl —— glucuronide
I Cl

Gluc = glucuronic acid rest (C4HoOg = 177 Da)

Comment: in the report the relative position of the 4-chloro-benzylidene and the N-dibutylamino groups are not correct
(typing error).
Additional information:

HPLC analysis of rat and dog feces extracts: After intravenous administration of 1 mg/kg Arm/Lmf (0.86 mg/kg '*C -labeled Lmf) to rats and dogs, both species demonstrated different
patterns of 14C-labeled metabolites in fecal extracts. In rat feces, 1 main metabolite P1 was found, and 2 minor metabolites, P3 and P6 were detected. In dog feces, 2 different metabolite
peaks, P7 and P8, were detected. After oral administration of Arm/Lmf (MC -labeled Lmf) to rats and dogs, unchanged 14C -labeled Lmf was found in almost all of the fecal extracts, with
less than 3% of the dose detected as metabolites.

LC-MS analysis of rat bile and dog feces extract: Prior to hydrolysis of rat bile, the structures of 5 putative glucuronide metabolites were partially identified as isomers of desbutylLmf
glucuronide, as 2 glucuronides of desbutyl-Lmf probably containing an additional oxygen atom, and as a glucuronide of di- desbutyl-Lmf . From 7 further metabolites, the molecular
masses were obtained but without structures being proposed. After the enzymatic hydrolysis of rat bile, minor amounts of glucuronides were still detected. The main metabolite after
enzymatic hydrolysis in rat bile was identified as desbutyl-Lmf by comparison (MS and chromatographic retention time) with an authentic reference compound. On the basis of LC-MS
analysis of dog feces extracts, the main metabolite was tentatively identified as a glucuronide of ['*C]-Lmf. However, the precise structure of the glucuronide remains unknown.
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2.6.5.10 ZFEYBIREERER : in vitro ITHITHRH

2.6.5.10A Pharmacokinetics: Metabolism in vitro (DMPK(CH) 1997/242)

Study title: Identification of in vitro metabolites of artemether (CGP 56696) in incubations with rat blood,
dog blood, and bovine hemoglobin by GC-MS analysis

Study No:
DMPK(CH) 1997/242

GLP compliance: not required
Location in CTD: 4.2.2.4-3

Test article: Arm

Study system: bovine hemoglobin

blood of 2 male albino rats / Tif: RAIf(SPF)
blood of 1 male Beagle dog

Initial concentration: stock solution I: CGP 56696 (Arm) 11.79 mg/g; stock solution II: Lmf 11.80 mg/g
Assay: derivatization and capillary GC-MS
Results:

The incubation of Arm with bovine hemoglobin or blood obtained from rats or dogs resulted, time-dependently, in the formation of two

major degradation products:
metabolite III = furano acetate derivative

metabolite [V = tentatively characterized as 3-hydroxydeoxy-DHA, which is probably the demethylated derivative of 3a-hydroxydeoxy-f3-

Arm.

The mechanism which yielded IV is unknown. Neither DHA nor hydroxydeoxyArm were detected in the present study.

Metabolite V was formed with higher amounts of bovine hemoglobin (150 g/mL).

In control incubations with saline after two hours at 37° C, only traces of metabolites 11l and IV were detected.
Similar results were obtained after incubation with bovine hemoglobin at low concentration (5 g/mL).
The time-dependent decrease of Arm was more marked in the presence of bovine hemoglobin or rat blood than in the presence of dog

blood.
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Study title:

Identification of in vitro metabolites of artemether (CGP 56696) in incubations with rat blood,  Study No:
dog blood, and bovine hemoglobin by GC-MS analysis

DMPK(CH) 1997/242

Metabolites identified in incubations

Arm furanoacetate metabolite

3-hydroxydeoxy-DHA metabolite

deoxy-DHA metabolite

Additional information: none
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2.6.5.10B Pharmacokinetics: Metabolism in vitro (DMPK(CH) 1997/181)
Study title: In vitro biotransformation of CGP 56696; comparison of three animal species and man. Study No:
DMPK(CH) 1997/181
GLP compliance: not required
Location in CTD: 4.22.4-4
Test article: ["*C]-Arm
Study system: liver samples from male and female human and animals for the preparation of each species' respective S12 liver fraction
mouse: Tif: MAGT (SPF), pool of 12 males each weighing 30 g
rat: Tif: RAIf (SPF), pool of 2 males each weighing 200 to 220 g
dog: Beagle pedigree, single male animal weighing 11.6 kg
human: livers from 3 male and 3 female human kidney donors.
Initial concentration: 50 umol/L
Specific activity: [“C]-Arm (Batch No. Re-84.1A) of 499 MBg/mmol or 1.67 MBg/mg
Analyte / Radionuclide: radioactivity / '*C
Assay: HPLC coupled to UV and on-line radiodetection / liquid chromatography - mass spectrometry
Results
Radioactive compounds in incubations of ['*C] Arm using mouse liver fraction S12
Peak [*C] concentration (umol/L)
Number TR Incubation time Control 1 Control 2
(minutes) 0 min 15 min 30 min 60 min 120 min 120 min 120 min
Pl 3.1 nd 0.3 0.9 1.0 2.1 nd nd
P2 5.4 nd nd 0.6 1.7 4.1 nd nd
P3 7.8 nd nd nd 0.9 23 nd nd
P4 9.3 nd nd 0.1 0.7 2.0 nd nd
P5 11.1 nd 1.1 1.9 29 4.4 nd nd
P6 12.0 nd 1.0 1.5 2.6 3.1 nd nd
P7 14.1 nd 0.4 0.6 1.0 0.9 nd nd
P8 15.3 nd 3.8 6.7 9.5 10.2 nd nd
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Study title: In vitro biotransformation of CGP 56696; comparison of three animal species and man. Study No:
DMPK(CH) 1997/181

P9 16.1 nd 1.8 2.4 3.3 3.6 nd nd
P10 17.2 nd 1.0 1.8 2.5 3.4 nd nd
P11 18.0 nd 1.1 2.1 2.7 3.2 nd nd
P12 19.3 nd 0.6 1.0 1.2 1.0 nd nd
P13 20.7 nd 0.3 0.5 1.0 1.2 nd nd
P14 233 nd nd nd nd 0.6 nd nd
P15 242 nd 0.5 0.5 0.5 0.2 nd 0.5
P16 28.4 nd 0.3 0.3 0.5 0.2 nd nd
Arm 30.3 48.4 35.5 26.0 15.7 5.2 48.9 472
Total of peaks 48.4 47.8 47.1 47.7 47.7 48.9 47.6

TR = average chromatographic retention time of the respective peak

Control 1 = 120 min control incubation with liver fraction S12 in the absence of NADPH-regenerating system

Control 2 = 120 min control incubation with heat inactivated (100° C 10 min) liver fraction S12 and an NADPH-regenerating system added
nd = not detected

Radioactive compounds in incubations of ['*C] Arm using rat liver fraction $12

Peak [*C] concentration (umol/L)
Number TR Incubation time Control 1 Control 2
(minutes) 0 min 15 min 30 min 60 min 120 min 120 min 120 min

Pl 3.1 nd 0.1 0.4 0.9 2.7 nd nd

P2 5.4 nd nd 0.7 1.6 3.8 nd nd

P3 7.8 nd nd nd 1.3 3.0 nd nd

P4 9.3 nd nd nd 0.2 1.4 nd nd

PS5 11.1 nd nd 0.9 1.8 2.4 nd nd

P6 12.0 nd 1.8 2.7 4.6 7.2 nd nd

P7 14.1 nd 0.6 1.0 1.7 1.7 nd nd

P8 153 nd 0.5 0.9 1.7 2.3 nd nd

P9 16.1 nd 1.8 2.8 4.2 4.6 0.4 0.2
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Study title: In vitro biotransformation of CGP 56696; comparison of three animal species and man. Study No:
DMPK(CH) 1997/181

P10 17.2 nd 1.8 33 4.7 4.8 nd nd
P11 18.0 nd 1.1 2.0 24 29 nd nd
P12 19.3 nd nd 1.4 1.7 1.9 nd nd
P13 20.7 nd 1.4 1.3 1.5 1.3 nd nd
P14 23.3 nd nd nd 0.7 0.9 nd nd
P15 242 nd 0.9 1.5 1.6 1.0 0.1 0.4
P16 28.4 nd nd nd nd 0.1 nd nd
Arm 30.3 48.3 36.0 28.6 17.4 6.0 47.0 46.2
Total of peaks 48.3 46.0 473 47.9 48.1 47.5 46.9

TR = average chromatographic retention time of the respective peak

Control 1 = 120 min control incubation with liver fraction S12 in the absence of NADPH-regenerating system

Control 2 = 120 min control incubation with heat inactivated (100° C 10 min) liver fraction S12 and an NADPH-regenerating system added
nd = not detected

Radioactive compounds in incubations of ['*C] Arm using dog liver fraction S12

Peak [*C] concentration (umol/L)
Number TR Incubation time Control 1 Control 2
(minutes) 0 min 15 min 30 min 60 min 120 min 120 min 120 min

P1 3.1 nd 0.5 1.1 1.9 4.7 0.2 nd

P2 5.4 nd 0.3 1.1 2.8 5.7 nd nd

P3 7.8 nd 0.1 1.2 2.3 43 nd nd

P4 9.3 nd nd 1.0 2.1 3.1 nd nd

P5 11.1 nd 1.1 1.2 1.8 2.4 nd nd

P6 12.0 nd 1.4 2.2 34 43 nd nd

P7 14.1 nd 0.5 0.8 0.6 0.9 nd nd

P8 153 nd 2.3 34 43 3.9 nd nd

P9 16.1 nd 0.9 1.4 1.6 1.4 nd 0.3

P10 17.2 nd 6.5 9.7 11.7 7.8 6.2% nd
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Study title: In vitro biotransformation of CGP 56696; comparison of three animal species and man. Study No:
DMPK(CH) 1997/181

P11 18.0 nd 2.0 2.5 2.8 2.3 nd nd
P12 19.3 nd 2.4 4.4 4.5 2.3 nd nd
P13 20.7 nd 2.8 3.0 3.7 22 nd nd
P14 233 nd 0.3 0.6 0.6 0.7 nd nd
P15 242 nd 0.6 0.4 nd nd 0.2 0.6
P16 28.4 nd nd 0.1 nd 0.3 nd nd
Arm 30.3 46.3 24.2 14.3 3.9 22 40.4 45.6
Total of peaks 46.3 459 48.3 47.9 48.4 47.0 46.5

TR = average chromatographic retention time of the respective peak

Control 1 = 120 min control incubation with liver fraction S12 in the absence of NADPH-regenerating system

Control 2 = 120 min control incubation with heat inactivated (100° C 10 min) liver fraction S12 and an NADPH-regenerating system added
nd = not detected

* = broad peak from 16 to 18 min (TR = 17.0 min), includes P9 and P10

Radioactive compounds in incubations of ['*C] Arm using human liver fraction S12

Peak [*C] concentration (umol/L)
Number TR Incubation time Control 1 Control 2
(minutes) 0 min 15 min 30 min 60 min 120 min 120 min 120 min

Pl 3.1 nd 0.5 0.9 22 4.7 0.2 nd

P2 5.4 nd 0.9 1.6 3.7 6.8 nd nd

P3 7.8 nd nd 0.8 22 4.7 nd nd

P4 9.3 nd nd 0.8 1.5 3.0 nd nd

PS5 11.1 nd 0.4 nd 0.5 0.3 nd nd

P6 12.0 nd 2.1 3.1 3.9 4.2 nd nd

P7 14.1 nd 1.4 2.0 2.3 2.0 nd nd

P8 153 nd 5.4 8.3 9.6 7.6 nd nd

P9 16.1 0.1 2.2 3.0 3.7 3.0 1.5 0.5

P10 17.2 nd 2.0 3.5 5.0 5.0 nd nd
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Study title: In vitro biotransformation of CGP 56696; comparison of three animal species and man. Study No:
DMPK(CH) 1997/181

P11 18.0 nd 1.9 2.8 4.0 3.0 nd nd

P12 19.3 nd 1.1 1.4 1.6 1.7 nd nd

P13 20.7 nd 0.8 1.3 1.7 1.2 nd nd

P14 233 nd nd nd 0.7 0.5 nd nd

P15 242 nd 0.4 0.6 0.2 nd 0.3 0.5

P16 28.4 nd 0.3 0.4 0.1 nd nd nd

Arm 30.3 47.6 28.7 18.1 6.1 1.0 45.0 46.2

Total of peaks 47.7 48.1 48.6 49.0 48.8 47.0 472

TR = average chromatographic retention time of the respective peak

Control 1 = 120 min control incubation with liver fraction S12 in the absence of NADPH-regenerating system

Control 2 = 120 min control incubation with heat inactivated (100° C 10 min) liver fraction S12 and an NADPH-regenerating system added
nd = not detected

Proposed chemical structures of metabolites

identified in incubates from rat and human S12

fraction

Hydroxylated DHA metabolite

Rt: 9.3 min: human hydroxylated furanoacetate metabolite

Rt: 10.4 and 10.7 min; rat and human
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Study title: In vitro biotransformation of CGP 56696; comparison of three animal species and man. Study No:
DMPK(CH) 1997/181
epimer of DHA Rt: 22 min; human
Rt: 17 min; rat and human
Conclusion The overall biotransformation of ['*C]-Arm by the liver fractions S12 of mouse, rat, dog and human, measured as the disappearance of

14C-labeled Arm, roughly followed Michaelis-Menten kinetics.

Similar enzyme kinetic parameters were found for mouse and rat (Km: 7-10 pmol/L; Vmax: approximately 1.2 nmol/min-mg) and for
dog and human (Km: 14-17 pmol/L; Vmax: approx. 2.1-2.5 nmol/min-mg).

After precipitating the protein from the incubations of the 4 species investigated, a small but distinct amount of radioactivity was tightly
associated with the pellet. At 50 pmol/L initial ['*C]-Arm concentration and after 120 min incubation time, a maximum of 3.6 nmol
C/mg protein was precipitated in the dog. The proportion of precipitated radioactivity was dependent on the amount of protein used,
the species (dog = human > rat > mouse), the incubation time, and the substrate concentration. The nature of the radioactivity associated
with the precipitated proteins was not investigated.

Using LC-MS analysis and in comparison with an authentic reference compound, DHA was identified as one of the main in vitro
metabolites of Arm using rat and human liver fraction S12. On the basis of the LC-MS data, structures for 3 additional metabolites
were proposed.

Using the HPLC method with radiodetection, a metabolite peak corresponding to DHA was also found in incubations with mouse and
dog liver fractions S12.

Additional information: none
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2.6.5.10C Pharmacokinetics: Metabolism ix vitro (DMPK(CH) 1997/156)

Study title: In vitro biotransformation: Identification of the human cytochrome P 450 isoenzyme(s) Study No:
involved in the biotransformation of artemether. DMPK(CH) 1997/156
GLP compliance: not required
Location in CTD: 4.2.2.4-5
Test article: [*H]Arm
Radionuclide: radioactivity / °H
Specific radioactivity: Batch No.Re-54.9A of 2.28 MBg/mg; Re-54.9C of 3.35 MBg/mg; Re-54.9C1 of 1.47 MBg/mg
Type of study: in vitro biotransformation of *H-labeled Arm by human cytochrome P450 isozymes
Method: 512 liver fractions for metabolic activation: Human liver microsomes, prepared from pieces of the livers of 8 kidney donors, placed in

DDI CYP3A4 inhibitors

buffer solution and homogenized at 800 rpm and then centrifiged at 12000 g for 15 minutes. The supernatant was centrifiged at

27000 g for 15 minutes and the resulting supernatant was then fractionated into microsomes and c¢ytosol by ultracentrifugation at
105'000 g for 1 hour at 4° C. The cytosol was removed, and the remaining microsomes were rehomogenized in the buffer solution and
centrifuged at 105'000 g for 1 hour. The resulting pellet was rehomogenized in buffer solution and diluted to an equivalent
corresponding to 2 g wet liver tissue/mL. The protein content was determined by the method of Bradford, the amount of cytochrome
P450 was determined according to the method of Omura and Sato, and the enzyme activity was characterized by the 7-ethoxycoumarin-
O-deethylase test of Ullrich and Weber. The preparations were stored frozen in liquid nitrogen.

Pooled liver microsomes as comparator: A pool or the complete set of human liver microsomes from the Reaction Phenotyping Kit
(version 4.0) _, which contained the identified cytochrome P450 isozyme-specific markers CYP2C9, CYP2C19,
CYP2D6, CYP2A6, CYPLAZ, CYP2B6, CYP2C8, CYP2EL, CYP3A4, CYP3A4/5 and CYP4A9/11, was used as a comparator.
Recombinant human microesomes in culture: Microsomes prepared from human B-lymphoblastoid cell lines or baculovirus infected
insect cell lines heterologously expressing particular human P450s.

Quinine and ketoconazole to evaluate CYP3A4 inhibition: Cultures of human S12 activated liver microsomes (pooled and individual)
with quimne (0 to 50 pmol/L) or ketoconazole (0 to 2 umol/L) added

Assay

HPLC analysis with online radiodetection
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Study title: In vitro biotransformation: Identification of the human cytochrome P450 isoenzyme(s) Study No:
involved in the biotransformation of artemether. DMPK(CH) 1997/156
Results-1
Sample Activity® CYP3A4 CYP3A4/5 CYP2B6 CYP2A6 CYP2C8 CYP2C9
mean SD mean activity in pmoles / min X mg protein
Pool 1835 60 160 5179 227 1325 180 138
2 3137 87 199 12032 98 129 98.8 172
7 1093 83 65 2748 690 46.6 134
11 2781 148 267 7895 381 1033 205.3 54
13 1732 16 89 3658 80 205 43.9 89
14 753 106 42 1775 114 500 73.6 48
15 1265 39 65 2730 93 1140 57.3 173
16 3970 95 434 8677 692 2080 341.1 230
17 3279 166 260 9132 248 2785 263.0 203
18 504 20 81 3407 169 109 68.9 122
19 1142 59 71 2899 156 70 80.6 129
20 667 138 44 1622 54 728 92.1 147
21 1144 127 105 4380 295 1136 128.2 43
22 976 116 59 4827 56 1023 237.9 136
23 1600 24 135 5746 91 1612 395.1 154
24 440 87 20 1077 73 132 42.5 83
25 2487 97 175 7442 112 1094 229.1 99
t(N-2): 103" g™ 3.2M 2.8 2.8 22
correlation coefficient R: 0.94 0.90 0.65 0.59 0.58 0.49

*pmoles Arm metabolized per min per mg protein
*P<0.01
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Study title: In vitro biotransformation: Identification of the human cytochrome P 450 isoenzyme(s) Study No:
involved in the biotransformation of artemether. DMPK(CH) 1997/156
Results-1
Sample Activity® CYP2C19 CYP2D6 CYP2EI CYP4A9/11 CYP1A2
mean SD

Pool 1835 60 139 244 1865 1168 48.1

2 3137 87 8.6 106 4940 535 40.5

7 1093 83 123.8 57 1670 901 39.4

11 2781 148 26.4 255 1397 757 114.9

13 1732 16 30.1 182 1727 861 28.1

14 753 106 47.1 524 1049 761 514

15 1265 39 56.2 37 1656 1244 21.3

16 3970 95 253.2 365 1641 1295 353

17 3279 166 199.4 272 2852 1190 441

18 504 20 141.3 188 2543 1043 71.8

19 1142 59 39.5 133 1205 1066 57.9

20 667 138 34.9 40 3741 820 20.1

21 1144 127 221.8 121 2024 1693 107.7

22 976 116 13.5 275 2411 1441 21.8

23 1600 24 123.3 225 1886 1775 32.8

24 440 87 13.2 115 2202 659 29

25 2487 97 22.5 104 1770 1317 15.9
t(N-2): 1.3 0.9 0.6 0.20 0.20
correlation coefficient R: 0.32 0.23 0.16 0.04 0.04

“pmoles Arm metabolized per min per mg protein
~P<0.01
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Study title:

In vitro biotransformation: Identification of the human cytochrome P 450 isoenzyme(s) Study No:
involved in the biotransformation of artemether. DMPK(CH) 1997/156

Results-2:

The in vitro biotransformation of Arm was catalyzed by human liver microsomes. The metabolite patterns were similar to those
obtained upon incubation with human liver S12 fractions.

In the concentration range of Arm tested (10-80 umol/L), the reaction exhibited apparent Michaelis-Menten type kinetics with a K, of
approximately 160 umol/L.

When examined at an Arm concentration of 20 umol/L, the rate varied roughly 9-fold in liver microsomes obtained from 16 human
individuals.

In a set of 16 human individual liver microsomes, the Arm biotransformation activity at 20 umol/L was highly correlated to
testosterone 6p-hydroxylation and dextromethorphan N-demethylation, marker activities of CYP3A4/5. Arm biotransformation was
catalyzed by recombinant microsomes containing CYP3A4 or CYP3AS confirming the involvement of these isoforms.

Metabolite patterns produced by CYP3A4 recombinant. microsomes were similar to those obtained with human liver microsomes.

Finally, Arm biotransformation by a human liver microsomal pool was greatly reduced at ketoconazole concentrations which inhibit
specifically CYP3A4/5.

The results suggest that CYP3A4/5 play a predominant role in the in vitro biotransformation of Arm.

Conclusions:

Arm biotransformation by a human liver microsomal pool was greatly reduced at ketoconazole concentrations that specifically inhibit
CYP3A4/5; whereas, quinine, known to be metabolized by CYP3A4/5, induces a concentration-dependent inhibition of Arm
biotransformation in vitro.

Additional information: none
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2.6.5.10D Pharmacokinetics: Metabolism in vitro (DMPK(CH) 1997/035)
Study title: In vitro biotransformation of CGP 56695; comparison of three animal species and man. Study No:
DMPK(CH) 1997/035
GLP compliance: not required
Location in CTD: 4.2.2.4-6
Test article: ["C]-Lmf
Study system: liver samples from male, human and animals for the preparation of each species' respective S12 liver fraction
mouse: Tif: MAGTf (SPF), pool of 12 males each weighing 30 g
rat: Tif: RAIf (SPF), pool of 12 males each weighing 200 to 220 g
dog: Beagle pedigree, single male animal weighing 11.6 kg
human: liver from 1 male human kidney donor
Initial concentration: 5 pmol/L or 20 pmol/L
Results-1: HPLC with online radiodetection
Mouse Radioactivity in chromatographic peak (% of total eluted)
Sampling time (min): 0 30 60 180 180 (control)
Substrate conc. (umol/L): 20 20 20 20 20
Lmf (retention time 24 minutes) 99 98.2 98.3 97.7 100
P1 (retention time 19 minutes) 0.4 1.2 1.3 2.3 not detected
P2 (retention time 13 minutes) not detected not detected not detected not detected not detected
Substrate conc: (umol/L) 5 5 5 5 5
Lmf (retention time 24 minutes) 100 100 97.2 94.1 100
P1 (retention time 19 minutes) not detected not detected 2.8 5.9 not detected
P2 (retention time 13 minutes) not detected not detected not detected not detected not detected
Rat Radioactivity in chromatographic peak (% of total eluted)
Sampling time (min): 0 30 60 180 180 (control)
Substrate conc. (umol/L): 20 20 20 20 20
Lmf (retention time 24 minutes) 100 99.2 98.8 96.7 100
P1 (retention time 19 minutes) not detected 0.8 1.2 2.6 not detected
P2 (retention time 13 minutes) not detected not detected not detected 0.7 not detected
Substrate conc. (umol/L): 5 5 5 5 5
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Study title: In vitro biotransformation of CGP 56695; comparison of three animal species and man. Study No:
DMPK(CH) 1997/035

Lmf (retention time 24 minutes) 100 100 96.5 90.3 100

P1 (retention time 19 minutes) not detected not detected 2.9 8.4 not detected

P2 (retention time 13 minutes) not detected not detected not detected 1.3 not detected
Dog Radioactivity in chromatographic peak (% of total eluted)
Sampling time (min): 0 30 60 180 180 (control)
Substrate conc. (umol/L): 20 20 20 20 20

Lmf (retention time 24 minutes) 99.6 100 99.7 99.5 100

P1 (retention time 19 minutes) 0.4 not detected 0.3 0.5 not detected

P2 (retention time 13 minutes) not detected not detected not detected not detected not detected
Substrate conc. (umol/L): 5 5 5 5 5

Lmf (retention time 24 minutes) 100 100 100 100 100

P1 (retention time 19 minutes) not detected not detected not detected not detected not detected

P2 (retention time 13 minutes) not detected not detected not detected not detected not detected
Human Radioactivity in chromatographic peak (% of total eluted)
Sampling time (min): 0 30 60 180 180 (control)
Substrate conc. (umol/L): 20 20 20 20 20

Lmf (retention time 24 minutes) 100 99.2 98.4 96.3 100

P1 (retention time 19 minutes) not detected 0.8 1.6 3.7 not detected

P2 (retention time 13 minutes) not detected not detected not detected not detected not detected
Substrate conc. (umol/L): 5 5 5 5 5

Lmf (retention time 24 minutes) 100 100 95.1 86.5 100

P1 (retention time 19 minutes) not detected not detected 4.9 13.5 not detected

P2 (retention time 13 minutes) not detected not detected not detected not detected not detected
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Study title: In vitro biotransformation of CGP 56695; comparison of three animal species and man. Study No:

DMPK(CH) 1997/035
Results-2: HPLC with offline radiodetection
Mouse Radioactivity in chromatographic peak (% of total eluted)

Sampling time (min):

Substrate conc. (umol/L):
Lmf (collection 23-25 minutes)
P1 (collection 19-20 minutes)
P2 (collection 13-14 minutes)

Rat

Sampling time (min):

Substrate conc. (umol/L):
Lmf (collection 23-25 minutes)
P1 (collection 19-20 minutes)
P2 (collection 13-14 minutes)

Dog

Sampling time (min):

Substrate conc. (umol/L):
Lmf (collection 23-25 minutes)
P1 (collection 19-20 minutes)
P2 (collection 13-14 minutes)

Human

Sampling time (min):

Substrate conc. (umol/L):
Lmf (collection 23-25 minutes)
P1 (collection 19-20 minutes)
P2 (collection 13-14 minutes)

180 Control

5 5

89.6 93.7

4.4 1.9

0.4 0.2

Radioactivity in chromatographic peak (% of total eluted)

180 180 Control

5 5 5

77.6 82.0 97.1

8.9 7.5 0.6

43 3.6 0.1

Radioactivity in chromatographic peak (% of total eluted)

180 180 Control Control
5 5 5 5
90.5 90.6 96.9 94.3
3.9 2.9 0.9 1.2
0.5 0.5 0.1 0.2
Radioactivity in chromatographic peak (% of total eluted)

180 Control no NADPH

5 5 5

88.6 94.1 94.6

7.0 1.2 1.1

0.4 0.1 0.2
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Study title: In vitro biotransformation of CGP 56695; comparison of three animal species and man. Study No:

DMPK(CH) 1997/035
Results-3 The patterns of metabolite peaks in the incubation supernatants were comparable at the two substrate concentrations investigated,

i.e. 5 pmol/L and 20 pmol/L ["*C]-Lmf. Metabolite peak P1 was formed by the liver fractions S12 of the four species. At

20 pumol/L [14C]-me after 3 h incubation, P1 accounted for 3.7%, 2.6%, 2.3%, and 0.5% of the radioactivity in the chromatograms
obtained from incubation supernatants of liver fraction S12 from human, rat, mouse, and dog, respectively.

At 5 pmol/L ["*C]-Lmf, P1 accounted for approximately 7%, 8%, 4% and 3-4% of the radioactivity in the chromatograms obtained
from incubation supernatants of liver fraction S12 from human, rat, mouse, and dog, respectively.

The metabolite peak P2 (4% of the radioactivity in the chromatogram) was only detected in the supernatant of incubations with rat
liver fraction S12.

Metabolites identified:

On the basis of its chromatographic retention time, which was identical to that of the reference compound TA 2133 K (N-desbutyl-
Lmf), the main metabolite peak P1 was tentatively assigned as the N-desbutylderivative of Lmf.

No experiments were performed to elucidate the structure of the minor metabolite peak P2.

Conclusions:

The extent of the overall in vitro biotransformation of ['*C]-Lmf by the post-mitochondrial liver fraction S12 was comparable low
with that of rat and human, lower with that of mouse, and lowest with that of dog.

Chemical structure of Lmf and N-desbutyl Lmf
(TA 2133K)

HO HO
Cl Cl Cl | Cl

Cl Cl
Lmf * ='4C isotope N-desbutyl-Lmf

Additional information: none

Comment: in the report the relative position of the 4-chloro-benzylidene and the N-dibutylamino groups are not correct (typing
error).
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2.6.5.10E

Pharmacokinetics: Metabolism ix vitro (DMPK(CH) 1997/155)

Study title:

In vitro biotransformation: Identification of the human c¢ytochrome P 450 isoenzyme(s) Study No:
involved in the N-dealkylation of benflumetol. DMPK({CH) 1997/155

GLP compliance:
Location in CTD:

Test article:
Type of study:
Method:

Analyte / Assay

not required

42247

[“C]-Lmf

in vitro biotransformation of [ *C]-Limf by human cytochrome P450 isozymes

S12 liver fractions for metabolic activation: Human liver microsomes, prepared from pieces of the livers of 8 kidney donors, were
placed in buffer solution and homogenized and then centrifiuged at 12000 g for 15 minutes. The supernatant was centrifuged at 27000 g
for 15 minutes and the resulting supernatant was then fractionated into microsomes and cytosol by ultracentrifugation at 105000 g for 1
hour. The cytosol was removed, and the remaining microsomes were rehomogenized in the buffer solution and centrifuged at 105000 g
for 1 hour. The resulting pellet was rehomogenized in buffer solution and diluted to an equivalent corresponding to 2 g wet liver
tissue/mL. The protein content was determined by the method of Bradford, the amount of cytochrome P450 was determined according
to the method of Omura and Sato, and the enzyme activity was characterized by the 7-ethoxycoumarin-O-deethylase test of Ullrich and
Weber. The preparations were stored frozen in liquid nitrogen.

Pooled liver microsomes as comparator: A pool or the complete set of human liver microsomes from the Reaction Phenotyping Kit
(version 4.0) _, which contained the identified cytochrome P450 isozyme-specific markers CYP2C9, CYP2C19,
CYP2De, CYP2A6, CYPLIA2, CYP2B6, CYP2CE, CYP2EL, CYP3A4, CYP3A4/5 and CYP4A9/11, was used as a comparator.
Recombinant human microsomes in culture: Microsomes prepared from human B-lymphoblastoid cell lines or baculovirus infected
insect cell lines heterologously expressing particular human P450s.

Quinine and halofantrine to evaluate CYP3A4 inhibition: Cultures of human S12 activated liver microsomes (pooled and individual)
with quinine (0 to 200 umol/L), ketoconazole (0 to 1 pmol/L), or halofantrine (0 to 10 pmol/L) added.

radioactivity / HPLC analysis with online radiodetection
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Study title: In vitro biotransformation: Identification of the human cytochrome P 450 isoenzyme(s) Study No:
involved in the N-dealkylation of lumefantrin. DMPK(CH) 1997/155
Results:
Sample Activity® CYP3A4 CYP3A4/5 CYP2B6 CYP2A6 CYP2C8 CYP2C9
mean SD mean activity in pmoles / min X mg protein

Pool 0.137 0.113 160 5179 227 1325 180.0 138
2 0.486 0.007 199 12032 98 129 98.8 172
7 0.152 0.092 65 2748 nd 690 46.6 134
11 0.360 0.256 267 7895 381 1033 205.3 54
13 0.137 0.097 89 3658 80 205 43.9 89
14 0.080 0.055 42 1775 114 500 73.6 48
15 0.042 0.034 65 2730 93 1140 57.3 173
16 0.201 0.080 434 8677 692 2080 341.1 230
17 0.591 0.256 260 9132 248 2785 263.0 203
18 0.130 0.118 81 3407 169 109 68.9 122
19 0.067 0.116 71 2899 156 70 80.6 129
20 0.070 0.122 44 1622 54 728 92.1 147
21 0.159 0.114 105 4380 295 1136 128.2 43
22 0.075 0.066 59 4827 56 1023 237.9 136
23 0.306 0.209 135 5746 91 1612 395.1 154
24 0.023 0.039 20 1077 73 132 42.5 83
25 0.172 0.142 175 7442 112 1094 229.1 99

t(N-2): 3.0 6.0 1.0 2.2 2.0 1.4

correlation coefficient R: 0.61" 0.84" 0.25 0.49 0.45 0.33

*pmoles N-desbutyl Lmf formed per min per mg protein
nd = not detected

" P<0.01
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Study title: In vitro biotransformation: Identification of the human cytochrome P 450 isoenzyme(s) Study No:
involved in the N-dealkylation of lumefantrin. DMPK(CH) 1997/155
Results:
Sample Activity® CYP2C19 CYP2D6 CYP2E1 CYP4A9/11 CYP1A2
mean SD

Pool 0.137 0.113 139 244 1865 1168 48.1

2 0.486 0.007 8.6 106 4940 535 40.5

7 0.152 0.092 123.8 57 1670 901 39.4

11 0.360 0.256 26.4 255 1397 757 114.9

13 0.137 0.097 30.1 182 1727 861 28.1

14 0.080 0.055 47.1 524 1049 761 514

15 0.042 0.034 56.2 37 1656 1244 21.3

16 0.201 0.080 253.2 365 1641 1295 353

17 0.591 0.256 199.4 272 2852 1190 44.1

18 0.130 0.118 141.3 188 2543 1043 71.8

19 0.067 0.116 39.5 133 1205 1066 57.9

20 0.070 0.122 349 40 3741 820 20.1

21 0.159 0.114 221.8 121 2024 1693 107.7

22 0.075 0.066 13.5 275 2411 1441 21.8

23 0.306 0.209 123.3 225 1886 1775 32.8

24 0.023 0.039 13.2 115 2202 659 29

25 0.172 0.142 22.5 104 1770 1317 15.9
t(N-2): 1.0 0.5 1.9 0.10 0.88
correlation coefficient R: 0.25 0.13 0.43 0.02 0.22

*pmoles N-desbutyl Lmf formed per min per mg protein
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Study title: In vitro biotransformation: Identification of the human cytochrome P 450 isoenzyme(s) Study No:
involved in the N-dealkylation of lumefantrin. DMPK(CH) 1997/155
Conclusions:

Results suggest that CYP3 A4 plays a predominant role in the in vitro N-debutylation of Lmf. Lmf N-debutylation by the two human
liver microsomal pools investigated was greatly reduced at ketoconazole concentrations which specifically inhibit CYP3A4/5. In

addition, therapeutic concentrations of quinine and halofantrine, two antimalaria drugs known to be metabolised by CYP3A4/5, are
likely as well to inhibit the N-debutylation of Lmf in vivo.

Biotransformation pathway of N-debutylation
of Lmf

HO

HO
@ — v
Cl . Cl CYP3A4 Cl . Cl
| S |
Cl Cl

Additional information: none

Comment: in the report the relative position of the 4-chloro-benzylidene and the N-dibutylamino groups are not correct (typing error).
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2.6.5.11 RYBIREHRER : #E RBIER
2.6.5.11A Pharmacokinetics: Possible metabolic pathways (DMPK(CH) 1997/534)
Study title: Characterization of metabolites of artemether (CGP 56696) formed in rats and dogs Study No:
after single oral doses of co-artemether containing radio-labeled artemether Study DMPK(CH) 1997/534
GLP compliance: not required
Location in CTD: 4.2.2.4-1
Proposed biotransformation pathways in mammals,
. including rats, rabbits, dogs, and human
Fe-catalysed cleavage => deoxygenation
(rearrangement to tetrahydrofuran (5-ring) ketal
acetate, and presumably to deoxy-3-hydroxy)
additional pathways
] hydroxylations at positions. 2, 13, and 14
Hydroxylation (33, 3f) 14 Hydroxylation . O-conjugation with glucose
\ , H i (9¢x, 9B)
=§ : / Extensive O-conjugation pathways occur in various combinations
with glucuronic acid various diastereomers (o/B-epimers)
Hydroxylation several pathways occur in all species; species
differences in single pathways, stereochemistry and
quantities.
_ , O
Oxidation of hemiacetal / -
to lactone

Oxidative O-demethylation
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2.6.5.11B Pharmacokinetics: Possible metabolic pathways (DMPK(CH) 1997/209)

Study title: Characterization of radioactive substances in disposition studies with '*C-labelled benflumetol ~ Study No:

(CGP 56695) after administration of co-artemether (CGP 56697) in rats and dogs. DMPK(CH) 1997/209
GLP compliance: not required
Location in CTD: 4.2.2.4-2

Proposed main biotransformation pathways of Lmf in rats, dogs, and human

N-dealkylations (rat, dog, human)

A HO —
N/\/\
Cl ] I| l Cl —— glucuronidation (rat, dog)
* —— C-hydroxylation (rat)
Cl
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2.6.5.12 EYEIBHR  ENKHBROFEE THH

2.6.5.12A

Pharmacokinetics: Induction/Inhibition of drug-metabolizing enzymes (DMPK(CH) 1997/072)

Study title:

Evaluation of a new chemical entity, CGP 56696, as an inhibitor of human P 450 enzymes. Study No:
DMPK(CH) 1997/072

GLP compliance:
Location in CTD:

Test article:
Type of study:

Method:

not required
4.2.2.4-8
Arm

In vitro evaluation of the reversible and mechanism-based inhibitions by Arm of the major P450 cytochrome enzymes found in the
human liver microsomes CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A4/5, and CYP4A9/11

Reversible inhibition: Concentrations of Arm at 0, 0.1, 1.0, 10, and 100 uM were added to human liver microsomal samples from a pool
of 7 individuals together with the marker substrate at concentrations of Km/2, Km, and 4Km. Reactions were initiated in duplicate with
NADPH. The kinetic constants were pre-determined, and the substrate concentrations were selected on the basis of these kinetic
constants. Controls, with no Arm, contained the organic solvent used to dissolve Arm and the effect of this additional amount of solvent
in the incubation was also determined. The data were analyzed using Dixon plots (Version 1.5 of Enzyme Kinetics from Trinity
Software) to determine the type of inhibition (competitive or non-competitive) and the inhibitory constant (K;).

Mechanism-based inhibition: Human liver microsomes from a pool of 7 individuals were pre-incubated for 10 minutes in triplicate
samples containing Arm and NADPH. An aliquot of microsomes was removed and added to an incubation containing the marker
substrate, and to another incubation to measure the residual marker P450 activity. Arm was therefore diluted by a factor of 10-20 for the
final incubation with the marker substrate, which minimized any reversible inhibition effects. The concentration of Arm was determined
by the results of the reversible inhibition experiments. The highest concentration of Arm that caused less than 20% inhibition was
multiplied by the dilution factor to give the concentration of Arm for pre-incubation. After the 10-minute pre-incubation period, an
aliquot was diluted 10 fold to measure residual P450 activity.
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Study title: Evaluation of a new chemical entity, CGP 56696, as an inhibitor of human P 450 enzymes. Study No:
DMPK(CH) 1997/072

Results: concentrations Arm of 0.1, 1.0, 10, and 100 pM
enzyme P450 activity Reversible inhibition Mechanism-based inhibition

K {(uM) I (fractional inhibition)
CYP1A2 7-ethoxyresorufin O-dealkylase ~216% 46x107 yes
CYP2A6 coumarin 7—hvdroxylase b na no
CYP2C9 tolbutamide methyl-hydroxylase® ~330-470% 3.0x10° no
CYP2C19 S-mephenytoin 4"-hydroxylase 38.4° 0.025 no
CYP2D6 dextromethorphan O-demethylase® b na no
CYP2EL chlorzoxazone 6-hydroxylase b na no
CYP3A4/5 testerone 6B-hydroxylase 48.5% 0.020 no
CYP4A9/11 lauric acid 12-hydroxylase b na no
* = competitive inhibition
b= the K, value is >100 uM (the highest concentration evaluated), therefore, Arm did not inhibit this enzyme
¢ = concentrations of 0.1, 0.53, 10, and 100 uM
4 = concentrations of 0.133, 1.33, 13.3, and 100 uM
na = not applicable
Conclusions: Based on the available data at pharmacologically relevant doses, Arm would not be expected to inhibit the metabolism of drugs by the

major human P450 enzymes, including CYP2A6, CYP2C9, CYP2C19, CYP3A4/5, CYP2D6, CYP2Eland CYP4A9/11.
The only exception to this is CYP1 A2, which was inhibited by Arm in a mechanism-based manner.

Additional information: Study performed a_U SA (Novartis, sponsor)
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2.6.5.12B Pharmacokinetics: Induction/Inhibition of drug-metabolizing enzymes (DMPK(CH) 1997/073)
Study title: Evaluation of a new chemical entity, CGP 56695, as an inhibitor of human P 450 enzymes. Study No:
DMPK(CH) 1997/073
GLP compliance: not required
Location in CTD: 4.2.2.4-9
Test article: Lmf
Type of study: In vitro evaluation of the reversible and mechanism-based inhibitions by Lmf of the major P450 cytochrome enzymes found in the
human liver microsomes CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A4/5, and CYP4A9/11
Method: Reversible inhibition: Concentrations of Lmf at 0, 0.05, 0.5, 1.0, and 2.0 uM were added to human liver microsomal samples from a

pool of 7 individuals together with the marker substrate at concentrations of Km/2, Km, and 4Km. Reactions were initiated in duplicate
with NADPH. The kinetic constants were pre-determined, and the substrate concentrations were selected on the basis of these kinetic
constants. Controls, with no Lmf, contained the organic solvent used to dissolve Lmf. The effect of this additional amount of solvent in
the incubation was also determined. The data were analyzed using Dixon plots (Version 1.5 of Enzyme Kinetics from Trinity Software)
to determine the type of inhibition (competitive or non-competitive) and the inhibitory constant (Kj).

Mechanism-based inhibition: Human liver microsomes from a pool of 7 individuals were pre-incubated for 10 minutes in triplicate
samples containing Lmf and NADPH. An aliquot of microsomes was removed and added to an incubation containing the marker
substrate, and to another incubation to measure the residual marker P450 activity. Lmf was therefore diluted by a factor of 10-20 for the
final incubation with the marker substrate, which minimized any reversible inhibition effects. The concentration of Lmf was determined
by the results of the reversible inhibition experiments. The highest concentration of Lmf that caused less than 20% inhibition was
multiplied by the dilution factor to give the concentration of Lmf for pre-incubation. After the 10-minute pre-incubation period, an
aliquot was diluted 10 fold to measure residual P450 activity.
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Study title: Evaluation of a new chemical entity, CGP 566935, as an inhibitor of human P 450 enzymes. Study No:
DMPK(CH) 1997/073
Results: concentrations Lmfof 0.05, 0.5, 1.0, and 2.0 uM
enzyme P450 activity Reversible inhibition Mechanism-based inhibition
Kl "' 'iCOIT
(uM) (fractional inhibition) {corrected fractional inhibition)
CYPILA2 7-ethoxyresorufin O-dealkylase b na na no
CYP2AG coumarin 7-hydroxylase b na na no
CYP2C9 tolbutamide methyl-hydroxylase b na na no
CYP2C19 S-mephenytoin 4° -hydroxylase # na na no
CYP2D6 dextramethorphan O-demethylase® 0.997° 0.98 0.50 no
CYP2EL chlorzoxazone 6-hydroxylase b na na no
CYP3A4/5 testerone 6B-hydroxylase b na na no
CYP4A9/11 lauric acid 12-hydroxylase : na na no
* = competitive inhibition
b= the K, value is »2.0 uM (the highest concentration evaluated), therefore, Lmf did not inhibit this enzyme
¢ = concentrations of 0.067, 0.67, 1.33, and 2.0 uM
na = not applicable
Conclusions: Lmf has little or no capacity to function as a reversible or mechanism-based inhibitor of CYP1A2, CYP2A6, CYP2C9, CYP2CI19,

CYP2E1, CYP3A4/5, and CYP4A9/11.
CYP2D6 was competitively inhibited by Limf with a K; of 0.997 pM

At the anticipated C, of free Lmf in plasma of humans (< 2 pmol/L), the inhibition is sufficiently large to suggest that Limf is likely to

inhibit the metabolism of those drugs that are metabolized by CYP2D6.

Additional information: Study performed a_ USA (Novartis, sponsor)
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2.6.5.12C

Pharmacokinetics: Induction/Inhibition of drug-metabolizing enzymes (DMPK R0900123)

Study title:

Evaluation of artemether, dihydroartemisinin, and Lmf as inducers of drug metabolizing Study No:
enzymes and metabolism of oral contraceptives in human hepatocytes DMPK R0900123

GLP compliance:
Location in CTD:

Test article:
Type of study:
Method:

Conclusions:

not required

42.2.4-10

Arm, DHA, and Lmf

In vitro CYP450 induction experiment

The induction potential of Arm was tested at concentrations of 0.025, 0.25, and 2.5 uM, which exceed human plasma concentrations by
a factor of more than 10, and which allow assessment of the concentration dependency of induction in a concentration range relevant to
the clinical situation. Likewise, DHA was assessed at concentrations of 0.07, 0.7, and 7 uM, and Lmf was tested at concentrations of 2,
20, and 200 pM.

The effects of up to 48 h of treatment with Arm, DHA, and Lmf were tested in primary human hepatocytes of at least three individual
donors. Evaluation of changes in CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, and CYP3A activity were assessed by measuring
metabolism of CYP-selective probe substrates using quantitative LC/MS/MS analysis after the induction period in the livers. Changes of
relative mRNA levels of CYP1A1, CYP1A2, CYP2B6, CYP2CS8, CYP2C9, CYP2C19, CYP3A4, and CYP3AS were determined by
real-time PCR (RT-PCR).

Rifampicin (RIF), evaluated at 0.1, 1, and 20 uM, was used as a positive control for pregnane X receptor (PXR) and/or constitutive
androstane receptor (CAR) activation (CYP2B/2C/3 A induction). Phenobarbital (PB) at a concentration of 1 mM, was also included as a
well-known positive control for CYP2B/2C/3 A induction. -napthoflavone (BNF) was used at a concentration of 10 uM as a positive
control for activation of aryl hydrocarbon receptor (AhR) leading to induction of CYP1A enzymes.

In this study, incubation concentrations of 1 nM ethinyl estradiol and 20 nM levonorgestrel were used to mimick the therapeutic
situation.

The three test substances were determined not to be inducers of CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, or CYP3A enzyme
activity in hepatocytes. In addition, the test substances did not induce CYP1A1, CYP1A2, CYP2B6, CYP2CS8, CYP2C9, CYP2C19,
CYP3A4, or CYP3AS5 mRNA. Metabolism of ethinyl estradiol and levonorgestrel was determined not to be induced by Arm, DHA, and
Lmf.

These conclusions were based upon the levels of mRNA or activity at least less than 2-fold, with respect to the vehicle control, and/or
less than 40% of the maximal positive control induction response, indicative of a non-inducer in vitro.
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2.6.5.13 EUEIREHER : HEitt

2.6.5.13A Pharmacokinetics: Excretion (DMPK(CH) 1997/241)

Study title:

Disposition studies in rats after administration of co-artemether (CGP 56697) containing  Study no.
radiolabelled artemether (CGP 56696) and unlabelled benflumetol DMPK(CH) 1997/241

GLP compliance:
Location in CTD:

Test article

Number of animals:
Feeding condition:
Vehicle / Formulation:

Method/ Route / Duration of administration:

Dose (mg/kg):

Specific activity:

Analyte / Radionuclide:
Assay:

not required

422.2-1

[*H]- or ["*C]-Arm (1part) and unlabeled Lmf (6 parts)

male rat albino/ Tif: RAIf (SPF) / 3 per group

fed

PEG 400 / N-methyl-2-pyrrolidone (7/3, w/w): in solution for intravenous route
0.5% Klucel + 0.1% Tween 80: oral route in rats

intravenous bolus / tail vain / once

gavage / oral / once

intravenous dose of 10 once
oral dose of 20, 100, or 1000 once

[*H]-Arm (Batch No. Re-54.9A) of [*H]-Arm (Batch No. Re-54.9E) of 33 KBg/mg

3022.9 MBg/mmol or 10.05 MBg/mg * [*H]-Arm (Batch No. Re-54.9G )of 273 KBg/mg

[*H]-Arm (Batch No. Re-54.9C) of 3.35 MBg/mg ["*C]-Arm (Batch No. Re-84.1A1) of 1.67 MBg/mg (WBAR, i.v.)
[*H]-Arm (Batch No. Re-54.9C1) of 3.35 MBg/mg ["*C]-Arm (Batch No. Re-84.1C2) of 218 KBg/mg (WBAR, p.o.)
3

["H]-Arm (Batch No. Re-54.9D) of 1.39 MBg/mg a: taken from the Certificate of Analysis sheet of Re-54.9A (typing error in

report).

radioactivity / *H or "C

liquid scintillation counting
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Study title:

Disposition studies in rats after administration of co-artemether (CGP 56697) containing

radiolabelled artemether (CGP 56696) and unlabelled lumefantrin.

Study no.
DMPK(CH) 1997/241

Excretion results:

Rat Excretion mean (% of administered radioactivity)

Route intravenous single oral

Dose (mg/kg) 10 20 100 1000

Number of animals 4 3 3 3

Sample urine feces urine feces urine feces urine feces

Time interval (h)
0—8* 18.19 ns 17.98 ns 25.25 ns 15.67 ns
8-24 19.77 33.74 23.43 33.53 28.48 34.14 29.82 14.34
2448 2.76 5.83 291 5.69 491 5.57 17.24 14.61
48-72 0.88 1.96 0.84 1.09 1.16 1.23 1.82 2.62
72 -96 0.53 1.08 0.40 0.54 0.55 0.52 0.50 0.66
96 - 120 0.40 0.73 0.33 0.55 0.31 0.33 0.26 0.26
120 — 144 0.36 0.56 0.23 0.27 0.19 0.22 0.15 0.27
144 — 168 0.29 0.46 0.14 0.22 ns ns ns ns
0-168 43.17 44.35 46.26 41.89 60.860.144) 42.02(.144) 65.470.144) 32.76().144)

Rat carcass

Route intravenous single oral

Dose (mg/kg) 10 20

Number of animals 4 3

*H in mean% of administered dose 7.44 1.85

" Faces sample collected between 0 and 24 hours post dose. ns=no sampling
Additional information: none
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2.6.5.13B Pharmacokinetics: Excretion (DMPK(CH) 1997/003)

Study title: Absorption and disposition of CGP 56696 (artemether) after administration of CGP 56697 (co-  Study no.
artemether) containing '*C-labelled CGP 56696 (artemether) to male dogs. DMPK(CH) 1997/003
GLP compliance: not required
Location in CTD: 42222
Test article: ["C]-Arm (1 part) and unlabeled Lmf (6 parts)
Species, strain, sex, number of animals: male dog / Beagle / 6
Feeding condition: fasted

Vehicle / Formulation:

Method/ Route / Duration of administration:

Dose (mg/kg):

Specific activity:

Analyte / Radionuclide:
Assay:

PEG 400 / in solution with N-methyl-2-pyrrolidone for intravenous route
gelatin capsule for oral route in dogs

intravenous bolus / cephalic vein of a foreleg / once
gelatin capsule / oral / once

intravenous dose of 10 once
oral dose of 20 and 200 once

['*C]-Arm Batch Re-84.1C1 of 218 KBq/mg
['*C]-Arm Batch Re-84.1D2 of 98 KBq/mg
['*C]-Arm Batch Re-84.1F of 10 KBq/mg

radioactivity / '*C
liquid scintillation counting
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Study title: Absorption and disposition of CGP 56696 (artemether) after administration of CGP 56697 (co-  Study no.
artemether) containing "*C-labelled CGP 56696 (artemether) to male dogs. DMPK(CH) 1997/003

Excretion results:
Dog Excretion mean (% of administered radioactivity)

Route intravenous single oral

Dose (mg/kg) 10 20 200

Number of animals 2 2 2

Sample urine feces urine feces urine feces

Time interval (h)

0-24 42.49 21.64 45.14 26.26 47.84 29.77
2448 6.96 5.64 17.07 3.16 8.19 6.16
48-72 1.57 275 0.72 0.75 0.70 0.84
72 - 96 0.88 1.50 0.17 027 0.26 0.24
96 — 120 035 1.02 0.08 0.13 0.11 0.12
120 — 144 037 0.39 0.10 0.13 0.07 0.08
144 — 168 0.23 0.34 0.04 0.08 0.05 0.04
0-168 52.85 33.29 63.32 30.79 57.22 37.25

Additional information: none
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2.6.5.13C Pharmacokinetics: Excretion (DMPK(CH) 1997/240)
Study title: Disposition studies in rats and dogs after administration of co-artemether (CGP 56697) Study no.
containing '*C-labelled benflumetol (CGP 56695) and unlabelled artemether. DMPK(CH) 1997/240
GLP compliance: not required
Location in CTD: 422.2-4

Test article:
Species, strain, sex, number of animals:

Feeding condition:
Vehicle / Formulation:

Method/ Route / Duration of administration:

Dose (mg/kg):

Specific activity:

Analyte / Radionuclide:
Assay:

["C]Lmf(6 parts) / 1 part unlabeled Arm
male, rat / Tif: RAIf (SPF) /12

male, dog / Beagle / 4

fasted

PEG 400 / N-methyl-2-pyrrolidone (7:3, w/w): for intravenous route
0.5% Klucel + 0.1% Tween 80: oral route in rats
gelatin capsule: oral route in dogs

rats: intravenous bolus / tail vain / once
gavage / oral / once (20 mg/kg)
gavage / oral / once (100 mg/kg)
gavage / oral / once / (1000 mg/kg)
dogs: intravenous bolus / cephalic vein of a foreleg / once
gelatin capsule / oral / once

rats: intravenous dose of 1 mg/kg
oral dose of 20 mg/kg once
oral dose of 100 mg/kg once
oral dose of 1000 mg/kg once

dogs: intravenous dose of 1 mg/kg
oral dose of 20 mg/kg once

14C Lmf Batch Ko-76.1A-2 of 2069 KBq/mg
C Lmf Batch Ko-76.1B of 64.1 KBg/mg
14C Lmf Batch Ko-76.1C of 10.0 KBg/mg
14C Lmf Batch Ko-76.1D of 960 KBq/mg
14C Lmf Batch Ko-76.1F of 159 KBq/mg

radioactivity / C

liquid scintillation counting
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Study title: Disposition studies in rats and dogs after administration of co-artemether (CGP 56697) Study no.
containing '*C-labelled benflumetol (CGP 56695) and unlabelled artemether. DMPK(CH) 1997/240

Excretion results:
Rat Excretion mean (% of administered radioactivity)

Route intravenous (fasting) single oral (fasting) single oral (non-fasting)

Dose (mg/kg) 1 20 100 1000

Number of animals 3 3 3 3

Sample urine feces urine feces urine feces urine feces

Time interval (h)

0-—8* 0.82 ns 0.08 ns 0.12 ns 0.11 ns
8-24 0.51 35.36 0.08 88.69 0.15 76.64 0.15 58.56
24 — 48 0.19 18.44 0.04 4.12 0.04 10.54 0.05 34.06
48 - 72 0.12 10.39 0.02 0.54 0.02 1.81 0.01 2.17
72 -96 0.09 5.37 0.01 0.30 0.02 0.91 0.01 0.31
96— 120 0.07 3.49 0.00 0.15 0.01 0.56 0.00 0.19
120 — 144 0.08 242 0.00 0.13 0.01 0.40 0.00 0.11
144 — 168 0.06 2.07 0.00 0.15 0.01 0.44 0.00 0.09
0-168 1.95 77.54 0.24 94.08 0.38 91.30 0.33 95.49

" Feces sample collected between 0 and 24 hours post dose. ns = not sampled
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Study title: Disposition studies in rats and dogs after administration of co-artemether (CGP 56697) Study no.
containing '*C-labelled benflumetol (CGP 56695) and unlabelled artemether. DMPK(CH) 1997/240

Rat carcass

Route intravenous single oral (fasting) single oral (non-fasting)

Dose (mg/kg) 1 20 100 1000

Number of animals 3 4* 3 4* 3 3

"C in mean% of 15.89 42.05 0.38 0.40 1.47 0.33

administered dose

# = bile-duct cannulated

Dog Excretion (% of administered radioactivity)
Route intravenous (fasting) single oral (fasting) single oral (non-fasting)
Dose (mg/kg) 1 20 20
Number of animals 2 2 2
Sample urine feces urine feces® urine feces®

Time interval (h)

0-8 0.00 ns 0.00 ns 0.00 ns
8-24 1.10 36.09 0.26 88.73 0.41 72.57
24 - 48 0.32 21.99 0.05 2.09 0.15 6.05
48 - 72 0.17 8.15 0.02 0.91 0.06 4.18
72 -96 0.11 3.18 0.01 0.42 0.02 1.73
96 — 120 0.07 2.81 0.01 0.37 0.02 0.42
120 — 144 0.06 1.78 0.00 0.20 0.01 0.51
144 — 168 0.04 1.31 0.00 0.14 0.01 0.29
0-168 1.87 75.31 0.37 92.86 0.68 85.75

* = one sample collected between 0 and 24 hours post dose

Additional information: none. ns = not sampled
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2.6.5.14 FEWMBIEHER : BBt

2.6.5.14A Pharmacokinetics: Excretion into bile (DMPK(CH) 1997/241)

Study title: Disposition studies in rats after administration of co-artemether (CGP 56697) containing Study no.
radiolabelled artemether (CGP 56696) and unlabelled benflumetol. DMPK(CH) 1997/241

GLP compliance: not required

Location in CTD: 4.2.2.2-1

Test article

Species, strain, sex, number of animals:
Feeding condition:

Vehicle / Formulation:

Method/ Route / Duration of administration:

Dose (mg/kg):
Specific activity:

Analyte / Radionuclide:
Assay:

3H-labeled Arm (1 part) / unlabeled Lmf (6 parts)
male rat albino/ Tif: RAIf (SPF) / 3 per group
fed

0.5% Klucel + 0.1% Tween 80

gavage / oral / once

oral dose of 20 mg/kg

[*H]-Arm Re-54.9A of 3022.9 MBg/mmol or 10.05 MBg/mg *
[*H]-Arm Re-54.9C of 3.35 MBg/mg

[’H]-Arm Re-54.9C1 of 3.35 MBg/mg

[*H]-Arm Re-54.9D of 1.39 MBg/mg.

a: value from the Certificate of analysis, typing error in the
report.

radioactivity / *H

liquid scintillation counting

[*H]-Arm Re-54.9E of 33 KBq/mg
[*H]-Arm Re-54.9G of 273 KBg/mg
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Study title:

Disposition studies in rats after administration of co-artemether (CGP 56697) containing

radiolabelled artemether (CGP 56696) and unlabelled benflumetol.

Study no.
DMPK(CH) 1997/241

Excretion results (including bile):

Rat Excretion mean (% of administered radioactivity)

Route single oral

Dose (mg/kg) 20

Number of animals 3

Samples urine feces® bile total

Time intervals (h)
0-38 15.23 ns 47.54 62.77
8-24 10.91 4.14 9.53 24.58
2448 1.37 2.62 1.04 5.03
48— 72 0.42 0.82 0.36 1.06
0-72 27.93 7.59 58.46 93.98

* = one sample collected between 0 and 24 hours post dose. ns = not sampled

Additional information: none
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2.6.5.14B Pharmacokinetics: Excretion into bile (DMPK(CH) 1997/240)
Study title: Disposition studies in rats and dogs after administration of co-artemether (CGP 56697) Study no.

containing '*C-labelled benflumetol (CGP 56695) and unlabelled artemether DMPK(CH) 1997/240
GLP compliance: not required
Location in CTD: 4222-4

Test article:
Species, strain, sex, number of animals:

Feeding condition:
Vehicle / Formulation:

Method/ Route / Duration of administration:

Dose (mg/kg):

Specific activity:

Analyte / Radionuclide:
Assay:

["C]Lmf(6 part) / unlabeled Arm (1 part)
male, rat / Tif: RAIf (SPF), n=3 per group

fasted
PEG 400 / N-methyl-2-pyrrolidone (7/3, w/w) for intravenous route
0.5% Klucel + 0.1% Tween 80: oral route in rats

rats: intravenous bolus / tail vain / once (1 mg/kg)
gavage / oral / once (20 mg/kg)

rats: intravenous dose of 1 mg/kg
oral dose of 20 mg/kg

'4C Lmf Batch Ko-76.1B of 64.1 KBq/mg
'4C Lmf Batch Ko-76.1C of 10.0 KBq/mg
'4C Lmf Batch Ko-76.1D of 960 KBq/mg
'4C Lmf Batch Ko-76.1F of 159 KBg/mg

radioactivity / '*C

liquid scintillation counting
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Study title:

Disposition studies in rats and dogs after administration of co-artemether (CGP 56697)
containing '*C-labelled benflumetol (CGP 56695) and unlabelled artemether

Study no.
DMPK(CH) 1997/240

Excretion results (including bile):

Rat Excretion mean (% of administered radioactivity)
Route intravenous single oral single oral single oral
(without bile replacement) (with bile replacement) method A (with bile replacement) method B
Dose (mg/kg) 1 20 20 20
Number of animals 4 4 3 4
Samples urine® feces bile urine® feces® bile urine® feces® bile urine® feces® bile
Time intervals (h)
0-2 1.00 0.01 0.04 0.10
2-4 2.28 0.02 0.04 0.35
4-6 2.64 0.02 0.04 0.38
6-8 0.91 2.41 0.09 0.03 0.50 0.04 0.54 0.34
812 4.12 0.05 0.06 0.44
12-24 0.47 1.01 10.46 0.08 76.67 0.09 0.39 50.00 0.09 0.39 18.08 0.99
24-32 4.77 0.04 0.05 0.25
32-48 0.22 1.81 6.69 0.02 15.15 0.04 0.16 30.33 0.06 0.20 48.29 0.61
48 —-172 0.41 1.35 4.72 0.01 2.69 nc
0-72 2.01 4.17 39.08 0.20 94.50 0.32 1.050.48 80.33045  0.43(.4 1.130.48 6637048  3.150.43
Residuals:

Carcass+Intestinet+Bone

Residuals + Excreta

42.05 +3.28 + 0.05 =45.38

83.76

04+0.77+0.0=1.17
96.19

not measured

not determined

not measured

not determined

* = samples collected at 3 or 4 time intervals (0 — 8, 8 — 24, 24 — 48, or 48 — 72 hours post dose)
® = samples collected at 2 or 3 time intervals ( 0 — 24, 24 — 48 or 48 — 72 hours post dose). nc= not calculated.
Additional information: none
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