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K4 0 RHE El

BH 3-(1-ERV V= B UURMEEAT AL AT r—L 24 B N
¥ T —F (CH24H) BHEHIOAIHR

EHE NI, 2F0L TN 2%0EEL HDLHITWBELRWVD, ANTHRHEEIC
ALV AT - LEGDEERTHY ., KNI L AT o—LREDR 4 /500 1 3K
WICHETET 5, 2 VAT a— /Lol mEiEMIc L > ThRToNTED
MRIERIE & 135870 5 2 L AT v — VEFE MR OMAHAEZ R LTS, 2R
Tu—/L24 & Raxi 77— (cholesterol 24-hydroxylase: CH24H) L. Z DI&E
HMHEICBE S LTV 2 MR RAVICH BT 2R CTH V. v k7 v L P450 BER
#ED—> (CYP46A1) Th D, CH24H X, 2 VAT 1 —/L D 24 L ZKER{L L |
24S-t R r % 2 L 27 1 —/L (24S-hydroxycholesterol: 24HC) (Z 2 #t3~% (Figure
1), AR U7z 24HC IR MBI - 380 U, BRIEIEER .12 D > THEf DR % 72
E5,

cholesterol
o N ‘j;if\r\’" cholesterol 24-hydroxylase N :{"\, ,S:
24-hydroxylase Pu ;I\H L 4 (cH24H) > Y ,L g

245-hydroxycholesterol Hni‘:bj : Hoj\ i/h'
(24HC) cholesterol 245-hydroxycholesterol (24HC)
Lipoproteins
Liver
bile acids

Figure 1. Brain cholesterol and CH24H.

VT4, CH24H CWRBOBIEMNA SN L R0 D08 D | KRR BLEE & DR
EAVRIE ST D, CH24H OFRBLEIIIEMALT 2 h et hCTiE L, B
PR E E L THMOND I NVZ I VORI iAHZH S 7 V2 I Vg b
7 o AR — 4 — (excitatory amino acid transporter 2: EAAT2) ORERER 24 5| & i
29, 7o, CH24H IZ X o> TEA SN D 24HC X, N-A F/L-D-T AT X P



Z 2K (N-methyl-D-aspartate receptor : NMDAR) DARY T 4 77 0 AT Y v 7 F
Tal—F—Thh, FIVEILVBIZL-> TRl X SNLMENEEICEYS
LTWbeEBEZBND, ZNHDZ LMD, CH2M4H FRERIZ, 7 v¥ I BIE
MY VT MGEE D S, TADPABREDOREI Y b — L2 R ESED
AREMED N B B,

DX DR FEND, CH24H & A ORI ILE T 26 e & AV 73
ML BRED SR D HILD A, ZHUCE T 2B OREBNIT, /M HIZ L~
THESN Y F 7L AZ Yy b (BDHWIE TAK-935) | fBE(Eéhé Mo
AT v —)LOIEF S CH24H DALY & OICHREET 5 720ciE, Y F 7 L
ALy b ERED R D 5770 IRI) 7 CH24H Bﬂ%ﬁﬂ%ﬁﬁjﬁ‘_ LNEEEE
R TH D Z &0 L CH24H LFAIO AR Z By & L CHTE 2 BitA L7,

B-E O, X SIS SEEIT A b LT, BBl CH24H FHFEAIZ %5 L7z,
CH24H & OILFEREEDRRE SILTWDL Y F 7 LAZ » M, ~LE~EHER
T 22 ERMBNTWS (Figure 2a), £/, ~VU v 7 A F FHORREMER 7
> M EA L, Gly369 72 SIEHEF.ONO 7 X/ ik & OKRFEREA S [steroidal
cavity] EFEZND A L AT v — L oF D AT DIEEMER T v N &2 ZhERC
352 L TROHEFEEZRLTWD EELZIND, filch, BEAZ I H3
SRMERIELE L THmOND T AT I PN, ZORIRMEIHEA L LT
CH24H HFEEM 2695 Z L ImE SN TWVD (ICso=430nM), FA~<T I F
X, ZOA XY —)VERF T T CH24H O~LEKIZHEBEENMN T 5 & & HiT
steroidal cavity |& Arg226 OISHZ 5| X IAF  F A0 L 7 HL & KFERES ZTERT
L. LWHYF I VAL b IR D RHERY R Gk EZ R T (Figure 2b),
— 5T, TOMREEMEIZFREICE EEoTWnDEZ G, IEER EEZANE
LC, X #ILHE A S ## AT 2 -\ 72 Structure-Based Drug Demgn (SBDD) 2L %
Bl oyt it L7 (Figure 3),

ICOIZ, ~U v 27 A F THOREWRT v M ZREEEdEECHAE T2 2
EEMFI LI, FANTIND 5 BRA IXY = E~OBEHILEATIE, A
ENES, WUNICHAETHZERNEELZ XN, £2T6 BREUY DV V%
NN E—E LUTEEIRL, ~U v 7 A F FHORREERT Yy & HAL D
HIEEE LT AT o=V B DUMELRE LI, WIZ, U VUE 3 b
WY 7e ) o —% LTy LT G AR E TR, my%kﬁﬁ%%%%mf
XHEB2, VU I—%RE L, ZOBE, FAULVTHEETZ, LV&E
M OmWIERIRFICEES A S 2 & T, X0 MERKESE L MR L
oo £lo, FAXTI DX ﬂ'*? LGRS ClI3, AU LT HEENR Y 7 a
NFYUBEROT X UTANICH Y | BEE L TF AU LT REE R PrivEh s o 7ol

2



EIZ72->TW5D, 1L, ZO&) &I x v —mMICAfTHD, 2
T, BREGSELTEEN TR S T-EE L EN WS 7 o e R BRIT
VAL Oy

a
soticlestat
|C50 =4.5nM
b
.:" S.‘:' B * N P Pocket

.‘il....\‘ unde(\

NN e _ . e elix F
H H Ph [ 1 A" 5 :
N g K " .,
[ — ' 2 N :

thioperamide
IC50 = 430 nM

Figure 2. X-ray crystal structures of CH24H in complex with (a) soticlestat (PDB:
7LRL) and (b) thioperamide (PDB: 3MDM).

Replace with Fill the pocket

oxygen atom,__ under helix F
o]
CLE L o
HXN — H
/ <A =
Replace with oy | N
WONX
cyclopropyl group -~ Replace with
thioperamide ~PYnidine ring 1-4

Figure 3. Design of compounds 1-4 based on thioperamide by structure-based drug
design approach.



Vo —ENAZTF AT I ROFSHBETHLH4- ) V=V ELE AL
A1 (ICso=950 nM) (X, FEEE DCH24HFLE 27~k L7~ (Table 1), & 5
WU U —E R LR, 3-(1-8 ) Y=Y Vo2 AT b A4
(ICso = 8.1 nM) 73, # /)7 CH24HPAFTEM 4~ LT, (B4 & CH24H E D4t
FEREGE AT L2 2 A, HIFRED 1) ~LAS~OEHENENL, 2) ~Y v
AF FHRREMER 7 > M &2 58 LTCBUKMEFEEAEH. 3) Arg226 & O KFERER .
MBI & 47z (Figure 4),

INHOFRRENS, ElROSFREFTOZLEN RSN L & bIT, 817
EILME A AT 2 HCH4HMLER 2 R ICE - 7=,

Table 1. CH24H inhibitory activities of 3-substituted-4-phenylpyridine derivatives

CH24H
ID Linker
IC - (nM)
thioperamide 430
1 \{j\ 950
2 \{}N 52




Phe80

Gly369

—‘ g prOp(iona_tg;
Figure 4. X-ray crystal structure of CH24H in complex with compound 4 (PDB:

7N3L).

F-mTRWEINTALEY 4 1%, 787170 CH24H BRFEIGEMEZ R Loy, &
B 7R AR B DRGSR T D CYP3A4 1256 LT H iRV P ETEM: 27~ L7z (83%
FHEE at 10 uM), L&Y 4 1TFEEIRAI7R CYP BLEVEME 2 A 3 2 ATREMED RIS S
Ni=Z &b, 53Tl CH24H BR A 722 [ ER 2 R LTz,

CYP3A4 OIEMEHLNE CH24H 12T Y w7 A F BFEL, ~A8k EFIZIX
KD B < BRIEMEICE AT V=TI ENTZRRH 5 Z ERMLTND
— 5T, CH24H 1%, {HHEFLORT v FOBIRPKE K ED B W HIE 22 tE
LD ENRBINTWDS, ZNHDIZ Enb, 51Oy 2L & (IR
ZEAN Ly T E2EROIRREZ FIF 728 5, CH24H & ORI B/ER %2 18159
HZENTENL, CYP3AL & DOBIIENHE LN LD TIERVWNEE X T,

{baa4 D7 == NE%E 2-v°) UOVHITEWR L7AEE 13 (ICso = 160 nM) |
NLNRA UHE =D DU E YY) IV UCER LT LAY 14 (ICso = 44 nM)

T, WiFfrm 0 | IREPME DRI ToH 5 FEH| LogD (pH=7.4) fEAA SNV | CYP 3A4
PR MEI308E5 L= (Table 2), —J5C CH24H FHEIRMEGLIEES L=, KIZ, 4-
7::WEJiVV%%%%%m’ 72 FMUEERRLIZE A, B MY

AHER (IbE% 14-17) Tid LogD AFHY 72 CYP3A4 BRETEMEDO LA
?ﬁmj>(H%H@$ﬁf IERE R o, —FHT, VAFALT I

REFEAR 18 1T BAF /2B M E 2 7R L7 (CH24H: ICso= 16 nM, CYP3A4: 28%PH 5%
at 10 uM) , > TR OIRRMEZ KR S B2’ 6, @Y e iE I E LA E AT
% Z & 75 CH24H & O AR ARNZE & | BIRMUCEIZ SR -7 &5
bbb,



Table 2. CH24H and CYP3A4 inhibitory activities and LogD value for
3-(1-piperidinyl)pyridine/pyrimidine derivatives

R1\ ‘/Y
N
RZ)KQ\‘ >
|
\N)
1 2 CH24H CYP3A4 LogD
ID X Y R R IC_ (nM) % inhibition (measured)
50 (at 10 uM)
4 CH CH cPr H 8.1 83 25
13 CH N cPr H 160 29 13
14 N CH cPr H 44 50 1.8
15 N CH Me H 72 31 14
6 N CH Et H 58 42 1.8
17 N CH Ph H 28 84 2
18 N CH Me Me 16 28 1.7
19 N CH Et Me 14 35 2.1

Bl a7 7 ANV GTHEMIBNRANEEN-2 b, &b 5E
TV — A 2 RGT L7z (Table 3), B & CYP3A4RHTE & OFHEI S BIHI =1
722 &G, mElbOFEREEIZ I ligand-lipophilicity efficiency (LLE) fE% Hv 7,
LLEfEIZLLE = pICso (or pKi)—LogD (or CLogP) Citilk &b KT v 7T A 7 %
A (ELLX) ZiHMET 2EO—2THY . BMETH DI ERRBEEICEHS T
ICIEMEZRELL TWDH 2 &2 BRT 5, AL R H{EAWI8IILLE = 6.1 & K®
i,

v U aEE k21 (ICso =68 nM, LLE = 6.0) 0B 7 ' —/LifE K22 (ICso = 48
nM, LLE =6.1) (ZCH24HHFETEMEILES L7 b DD, LLEEZ MR Lo,
BEREAR LTZEZ A, 4-AFN-1-¥' TV VNI EHET HEEW23N B4 72
BIRIME (CH24H: ICso = 8.5 nM, CYP3A4: 21%FH5# at 10 uM) %7~ L7, LLEfHIZX
65THYN . mbAEETHSTZI LD, X VEEMICERILZRET L 72 (Table 4),
ZORER, TuEEEHET HILEW26 (ICso=9.5n1M) 2MbE#23 & RO THR
EMEZ R LTz, —F CLLEfEITZS 9L IRMEIC E Yo7, 7 rll ({LEW2S).



U Znde AFE ((BEW2T). v a7 a ek (bEm28) ~DEHIZ
BWTHLLEEIXA E LR o72 2 &b AbEW23D4- A FL-1-¥° 57 > U L5
PACH24HIZAR < ik STV D Z L AVRIB &7, b LLEEN &b E 923
BRI DN —RAOREFEEME L THRE LT,

HEIRAYCH24H ML ER 2 3% 3t D BRICIILLEME 2 FE 1045 Z ENEITH D
AIREMEN R ST L & B IT, RFEICK Y MI-DOCYP3A4ITx L CTERM%
A9 HCHA4HLEA23% R 29 2 N T& 7z,

Table 3. CH24H and CYP3A4 inhibitory activities, CLogP, LogD and LLE values for
4-aryl 3-(1-piperidinyl)pyridine/pyrimidine derivatives

(0]
\TJ\@ ¥
N\f\x
|
NS
N)

CH24H CYP3A4

LogD a
ID X Ar CLogP
IC_ (nm) % inhibition 9 (measurea)  LLE
20 (at 10 uM)
18 N @ 16 28 1.2 17 6.1
_______________ e
20 N © 7.3 37 1.4 1.9 6.2
‘ X
21 CH _N 68 11 0.7 1.2 6.0
L
22 CH N 48 1 0.4 1.1 6.1
23 CH Z?N 8.5 21 0.6 1.6 6.5
|
24 cH U 1,100 5 0.6 1.5 4.5

4LLE = plCso — LogD.



Table 4. CH24H and CYP3A4 inhibitory activities, CLogP, LogD and LLE values for
4-aryl 3-(1-piperidinyl)pyridine derivatives
0

SN Ar
| fj
|
N
CH24H CYP3A4
ID Ar CLogp 09D || Ea
IC_(my % inhibition (mGEsUITEL)
50 (at 10 uM)
23 hw 8.5 21 0.6 1.6 6.5
Cl
25 Z?N 24 19 11 2.0 5.6
Br.
26 / N,\N 9.5 31 1.3 2.1 5.9
|
F
F F
27 I, 65 47 13 21 5.1
»
|
28 %N 12 56 11 2.1 5.8
.
29 SN 12 32 1.0 2.0 5.9
Y

4LLE = plCso — logD.

FoETIE, FoEmTRWESNTALEY 23 DRI E D) 72 Y — b d
WTo B 0% invitro & invivo DBLE D BRRGE L 72, invitro 3R & LT, X3k
i e IS AT 2 FV 72 CH24H & OREERL 55 X TV CYP3A4 LISk CYP KR
WX DR EIEMEE MR Lz, 720 in vivo R E LT, ~ U RICEBITHEY
HHE & N 24HC K FAERH 2384 L 72,

X BRI ST ORE IR, (LB 23 1HMLEW 4 LRIERIZ. 1) ~A8k~D
BEEEREIAL, 2) ~Y v 7 XA F FHRREMER 7 v MZBIT 28K EAER. 3)



Arg226 L DKRFEREG. ZHALTEBY, YF I L AZy Nl BLOHES
RO 72 % CH24H [HEAICTH D Z LR &z (Figure 5)., {E&# 23 1%
KuEI LT Alad74 L HAKFR/EAFR Y NT—27 2K L TEY ., ZhniE LLE 12
FHHLTWD RN E 2 b,

Hellx

—— Steroidal //
cawty Pocket

' Alaa74

e Heme
propionate

/3 2 ‘
gy TN
Flgure 5. X-ray crystal structures of CH24H in complex with (a) compound 23 (PDB
7N3M) and (b) soticlestat (PDB: 7LRL).

L&Y 23 1. CYP3A4 & FHRICARFEMRE CYP BEZ TH H CYP2CS X°
2C9. 2D6 IZxf L CH EmVEIRMEA R L7 (Table 5), ZOFEERNL ., (LAWY 23 1%
FoEx D CYPIZx L CGERMED S 5 CH24H FLEXRITH D Z &R SN,

Table 5. CYP selectivity of compound 23

CH24H CYPs % inhibition (at 10 uM)
ID

ICso (nM) 3A4 2C8 2C9 2D6
23 8.5 21 2 19 3

LW 23 13~ 7 A~OROEE (30 mgkg) 1BV T, RO & Bif
HARBITIE R R LT (&5 1 BRI IZHB VT, Cplasma = 0.179 pM, Chrain = 0.102
uM) . £70, &5 8 FEffi# b IMN TORE O bivlz, [FH ;@fﬁum 24HC D
KTFEHEZMR LI 2 A, AERMN 24HC DK T Q6%IKT) 2 bl

(Figure 6) ,

{bE% 23 13 CH24H DOIEMEF NI HE ST 2 987172018 RAY CH24H FHEHITH
0.~ 7 RZBWTIHA 24HC DR TIERZ R T8 — k& & L THER
a7y A NERLI,
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Figure 6. 24HC lowering effects of 23 in the brain following 3-day repetitive treatments

in mice (30 mg/kg, once daily orally). Data are mean + SEM. *p<0.05 vs Control

(Student’s t-test).

SREFITIYF I VAL v N EREEORR D | LRI CH24H FHEA| O
Al Z BHAYE L CTERMIE LTV, LT DR a 1572, 77205, 1) CH24H ©
X MRt it A 5 L7 SBDD 7 e —FI2 Lo T, {bEMW 4 #8FD
WME3 5. 87 CH24H (HEEMZH T2 3-(1-B XY Y=/ Y DU aFaR
DR SN2 &, 2) LLE EEfEIE & 3 2B Wi b 5 & 233470 CH24H
HEFIAIHO T 7a—F L7 952 L. 3) v~ 7 AROFE LIV TN 24HC
EABEICKTEE S, #1001 IRAY CH24H FLEHA] 23 (CH24H: ICso = 8.5 nM,
CYP3A4: 21%FH5E at 10 pM) 23 3-(1-E°X U P =)L) B U P UFERN S R &
b, Thd, 5. CH2M4H [HEIC L 2EMEARIEB L, ML AT
72—V OEFHREO T D DY — kG & L TRET L Z B END,
X BT, R I BN ) — XD CH24H &R PET bk L—H—DB%
DME SN TWD, WA SIX, CH24H OA A—2 2 7 —)L & L C['¥F]T-008
ZAE LBITERRIR TR CTh H Z & %, Haider HiX, & MIBITFHMAN= L
AT = RBPOMEEREEZFTHMEL TS, S%ORBEEZER LTV,
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