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high performance liquid chromatography
human salivary gland epithelial cell line
internal standard
liquid chromatography/tandem mass spectrometry
N-desmethylclozapine
phosphate-buffered saline
repetitive saliva swallowing test
selected reaction monitoring
half-life

time of maximum concentration



i

20104, JEAEGIBYE XARIE N T3 A, s, Digss. BEIR) 1 DRGA
PR AMA, SRIFERE 552 & ARE L, MR EITERIEOERGHE
b BEERFR L LTESIT b, BMEREDD L D Th DA LTVET
ANADOKILI% DS RET 2HEORVERTHY . BEM»OFFEMILHE L, F
FENBN LD, ZORFAHITFEFICRENZ LML TS Y, #
B FRIE OTBIFRI T IR L & FEIR R IE N AR AT DN D 03, ko
Th. NN DR MEWEN 28 3 2 ORI K IR ITAED &
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Fig. 1 Clinical and basic research program
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27 NFORIEICET DERRMZE]  (BRRMF9EE S © B 016-0141) & LT, 4k
WHE KR B FERRITR R A Z B R OR&RE =T TEM L7z,

F2M RHmEA
AWFFE TITPRIESE DOFHMREE & LT, REEE O HEE 2 39~ % drooling
severity scale (DSS) ¥ & UM 2 7Fifi 3~ % drooling frequency scale (DFS) D& A
=27 T& % drooling severity and frequency scale (DSFS) % T, &K1 & D
FHBAME 2 BRRE L 72,
1) ERFmE A
e IEEREY N-TAATF ALY 7 e E L N-
FHT ) OMAIRE & DSFS OAHEEME
2) ‘IYGEHmIE A
s aF e IEMENE OMER R E & DSFS OFHBEME
- IEMERME 7 A b (repetitive saliva swallowing test; RSST) & DSFS ™
FRBEE
o SRR MESER AR A R B (drug induced extra-pyramidal symptoms
scale; DIEPSS) & DSFS M #H B M
-7 u e ORME L DSFS OFEEEM:
- 7 u O E L RSST 3 L U DIEPSS D HHBIME
-7 aPEUORMEE 7 v e EEAE O M AR O FE B
sy ua e EENE OMER PR E & RSST OFBIM:
s aW e EEEY) ORI & DIEPSS OFHBME



%3 RO & BREUTTE
PRI AR TR s K OMER & Uiz, AWFZEiE7 e ez 1ML B, [F—
D FIEF BTk L CODIERI 255 & LTV D720, IR IREREURE O Sy i i
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JRHEAE O EEAE E M 1 X Crysdale & 23ERK L 72 2% DSSE L UDFSO#&
A7 T HDSFS%E VT I L7z, DSSIZititE D FEhE & & 5B |
DFSIZVIEDSE 2 4B T A a7 kT 5 ARt AOFI TH Y, 1HDOH T
I b PIHESE 0D BEE B 75 i U VIR AE 2 H v | AT 2 Sk L 72,

e TR AR O FEAG

RSSTORFAMILAEAL THME L7z, sPMiHE 1355245 & 3t el 2 x5
OWzEHARE LIS J ORISR < 2T, 30FDMIh v ik UMK 21 N9 5 &
INTHIR L, MrEAZE BT X o THREARE L 23R A O 5245 2 B 2 72 (14K
ZRSSTOfH & L7,

HEARAMEEAEIR O R

DIEPSSIZAMT, EMEREIR, VRUE, Mok, 7 W2 o7, YA R=T,
IRER, AR YT OMEBIERSIHH & S EIEEVHE O29H H I
LT, ZNEN0HAETORERE (0=72L, E%, 1= 8B,
AHEZE, 2=, 3=rPEEE, 4=HF) TFHMmL. ¥ A =7 ZDIEPSS
DL LTz,

6 IH  EBIELORR ERAL

AHFFEDFEHENE, CIS DFERFOERTH Y, 7 m ¥ v LOVEER
B & PRIEE OB A RRGET A Z L Th D, L7aDi - T, PiREiE O B &
FREEELL B IEDARBME Z R TRIRR A 2 RE T D720, M S5 K+ D
R D 2h B & % Ferguson & O¥R4E 04205 SEL., a =7 —% 0.05,
BT —% 02, AfllEEL LT, LEEGIK A 21 il & F L7z,



B 7 LCIMSIMS IZXL %7 m e 722 b NTIEMEREH O & &5 1k
1) kS
HPLC (2% Prominence 20A (Shimadzu), Z &/ 2iE kU 7 /L DU E R
BHEONETH D API 3200™ LC/MS/MS System (AB SCIEX) % FHV 7=,
BIE X ESI IEA 4 U Fr & — K selected reaction monitoring (SRM) (Z
FV1To72, SRMIZBITHE=2Y 74X BLOGHH, Ei
IMTFT D /RNT A —5 —8 L O HESR% Table 1 1IZ/R L7z,

Table 1 SRM parameters for determination of clozapine and metabolites

Transition DP EP CE CEP CXP

Analyte M) V) M M MV
Clozapine 327 50 10 30 10 4
N-Desmethyl clozapine 313 50 10 30 10 4
Clozapine N-oxide 343 50 10 30 10 4
Carbamazepine (1S) 271 50 10 30 10 4

2) FEMEPRIR IS & UMa Eof

I N-TAAF L7, 7y N-AFy RBIOD
MNIEHEY)E (1S) & LCEH L7z v <8 v L Santa Cruz
Biotechnology (Texas, USA) M blig A L7z, A%/ —/v, HilE—F )L,
REET KU U A XERT =17 A% Wako (Tokyo, Japan) X 0 iEA L7,
saPry N-TAAFLZaHr s 7P -N-AFv K, AN
v BRI A X ) — VIR L. 1 mg/mL $A#E % stock solution & L C.
-80°CCTRAF L7z, ARMEIRIRITIERNICH A T o7, 7 rFE VBRI W
IEMEACEHTY) O stock solution 2 A &/ — /LT 20 ug/mL (2R L7=1%., 2 %
B A 8 [Eli 0 IR L, BEERR AR L7z, £z, NWIEEME TH D
HNNR<BENIAY )=V THIRL 1 ug/mL imik & Lz, BEROER
\ZIXEER IR % 77 > 7 13E C 10 AR L 7= AR (7.8125, 15.625,
31.25, 62.5, 125, 250, 500, 1000, 2000 ng/mL) % Hv 7=,



3) Y VRS X ORTALER D S5k
FWREOREIX, F1E, F2Hi, FHIHTRHTETHELNY

TNV ERWT, i Lz, Yo AV ORTELIZESS I HE 2 VTR
M L7z, Y2770 180 pL (S PNAEYERSIK 20 L., fREE T B U U AP (100
o/L, pH=11) 400 pL. FEEE=F /L 600 uL 20Nz, 10 oflEE L=, K%
#%. w04 EE (12,000%g, 10 min, 4°C) &4TVN, A REEIEAR 2 B0 L,
40°C, R N CIHREEZE £ LT, % 100 i © 1 mM X7 &
=L AZ ) —VRIE (8:2,vIV) TIEfiE L. ¥R 20 uL % LC/MS/MS
~EALT

4) YT NDOREITIE

ST H 7 & Synergi Polar RP (150 mm x 2 mm, 4 um, Phenomenex).

H—FHZ I PolarRP(Ammx2mm) ZEHA L, 1mM X7 o E=
TANAZ ) —VRIRIZE D77 V= MNati&1T->7- (Table 2),
A7 LI 40°CE L, BEHOFHHIE 0.4 mL/min THIE 217> 7=,
Flo, A F Y —RITBT HEFE T A — X —| curtain gas, 20 psi;
collision gas, 5 psi; ion spray voltage, 5500 V; ion source temperature, 400 °C;
ion source gas 1, 40 psi, ion source gas 2, 70 psi & L7=, HET—# 1%
Analyst software (version 1.5) % T, fi#hr L7,

Table 2 Optimized HPLC elution condition

Time (min) 1 mM Ammonium formate (%) Methanol (%)
0 80 20
1 80 20
10 ) 95
13 5 95
135 80 20
155 80 20




w8 IR HEAEAT
FBAHTITIZA BT <~ > DIRAAFEBIRE Z F\W o, BEEHFERIZRE L, SPSS
Statistics 23 % N TITVY, p<0.05 #HFHFHHEEEH D L HE LT,
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7 3 HI MR R
F1H WHRRBINE

201744 H 5> 520194F3H ORI 7 v W B &R L T % 205% LA E o> 3533
LD H, ALY E T, OEREN S b #F 13284 Th o T,
Z0 5B, M v P ORMAE IR L2244 L REHIREEDS R E
TR TR 1A B BRNTZ R84 ISR SE DX G L 7o 7=,

33 Patients receiving
clozapine therapy

5 Excluded
5 Unstable medical condition
0 Refused to participate
Did not meet inclusion criteria

v

28 Consented

3 Excluded after consent
2 Discontinued clozapine
1 Unstable medical condition

A4

25 analysis completed

Fig. 2 Flowchart of study participants
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JEXTRF 25 4 DAY % Table 312”7, MERI, KE., Fip, 7 ao¥e
> DR ER LOIRMEIE, JtEtREs Lo~y 78 (BZD) %%
RAFENEE D R (7 A7~ Y B IO T B/ XA HREAE) 128 59
RIRVITBO N0 oTe, o, 7P B LIOEERBYOMF, MR
TR e 5 2 D WTREVEDS & DWEAFS (RBE S Na . U T = A U EAR
k) OFECHUR RSO DR OGN A WER RIS B A 5 2 5 hE
PEIR & D DA ) 2RI R BZD 2 A FEE, 7 F LU & Bk
W, 7 FLrF U v a RAREEEEOOFHOA B LTS, FRNOH L
IR VIR LA o T,

Table 3 Demographic and clinical characteristic

Measurement Mean (SD) Range
Age [year] 37 (£105 ) 24-70
Weight [kg] 63 (+x13.1 ) 45-88
BMI [kg/m?] 240 (47 ) 1835
Daily clozapine dose [mg] 381 (+£139.3 ) 125-600
Duration of clozapine treatment [day] 1286 (£922.2 ) 246-2960
Chlorpromazine equivalent value [mg] 840 (£332.9 ) 250-1800
Diazepam equivalent value [mg] 13 (x17.0 ) 0-60
Proportion N Percent
Gender (male) 9 36.0
Smoker 4 17.4
Caffeine drinker 10 43.5
Antipsychotics co-medication 3 12.0
Benzodiazepines 16 64.0
Anticholinergic agents 6 24.0

B blocker 4 16.0
Vasopressor 4 16.0
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B3 s u VP OiRME L WETHRE, SEARIMNEAEIN, FiIEE EE A
O BE
7 oW ORFE L THRE (RSST). HEARIMEEER (DIEPSS) DOFHE

BT ZNZEI rs=-0.031, rs=0.135 TH v, A EZHBARKRITRD Hivzn-o
7- (Fig. 3A,B), £7c. WETREEDH v M A 7l T 5 RSSTL3 Z /R IEHIL7R
<. BHICBWTHE TREEIIEO o7 (Fig. 3A), S HIZ, Z7a¥er
DR & & FEE EEE (DSFS) OAHBEFRENE rs=0.189 TH v . A E 72 AHBINE
RS oTe (Fig.3C), ZHHDFERNG . 7 v ¥ &I OFTUEHHHE T
RO B D HEIRFR L T REERS LOHRAREELZ S SR LiIc<nwZ &
RS AL, £ DR ED HHE FIEE . SRS KRS, FIEE AL O TR A
HTHDLZEBNHLNE oI,
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Fig. 3 Correlation between daily clozapine dose and clinical outcome
Repetitive saliva swallowing test (A), drug induced extra-pyramidal symptoms
scale (B) and drooling severity and frequency scale (C) correlated with daily
clozapine dose. One circle indicates the result per patient. The solid line indicates
correlation coefficient rs. The Spearman rank correlation test was applied to
relate relationship between daily clozapine dose and clinical outcomes.
Significance was set at p < 0.05.
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WAE suVroRMEE 7 oYy iEHAEY O b E o BN

7aHFr s N-FTAAF L7 7P N-AF Folf gk e
7 aYP e ORMEEORICABZRMEERRD b (Fig.4A-C), £/, 7
P rEHERAFICEOTIMPREDIXISSDENRKRELRD I EPREN
7=
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Fig. 4 Clozapine and its metabolites serum concentrations correlated with
daily clozapine dose

One circle indicates the result per patient. The solid line indicates correlation
coefficient rs. The Spearman rank correlation test was applied to relate
relationship between clozapine (A), N-desmethylclozapine (B), clozapine N-
oxide (C) serum concentrations and daily clozapine dose. Significance was set at
p < 0.05.
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PLUESE EAESE (DSFS) & Wk FHERE (RSST). #EMARSMESAEL (DIEPSS) o B
PEAERRFET 572010, KAl R E & DSFS OARBINEZ et Lz, T OfEE,
DSFS & RSST 45 & Of DIEPSS OFABIFREUTZ N rs=-0.168, rs=0160 T&H
D, BEZRMEBEBRIZED b o7z (Fig.5A,B), LLEOFERMNG, o
FURS R CHRRR SN ATIEED U 2 7 K1 T 2 W T FEE U b
1L, CISD U A7 K+ & 1372 bRV ATREMED R STz,

) . ®)
77 15=-0.168 2 1s=0.160
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Fig. 5 Correlation between DSFS and RSST or DIEPSS

Repetitive saliva swallowing test (A), drug induced extra-pyramidal symptoms
scale (B) correlated with drooling severity and frequency scale.

One circle indicates the result per patient. The solid line indicates correlation
coefficient rs. The Spearman rank correlation test was applied to relate
relationship between drooling severity and frequency scale and RSST or DIEPSS.
Significance was set at p < 0.05.
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FeIH urr JEMEEH O M PR & e T RERE 0 B

7aHFr s N-FTAAF L7 7P N-AF Folf gk e
RSST OFHEAREITZ L E 4L rs=-0.069, rs=0.051, rs=0.047 TH v, HE/eFHE
BAFRIZERD B2~ 7= (Fig. 6A-C),
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Fig. 6 Clozapine and its metabolites serum concentrations correlated with
RSST

One circle indicates the result per patient. The solid line indicates correlation
coefficient rs. The Spearman rank correlation test was applied to relate
relationship between clozapine (A), N-desmethylclozapine (B), clozapine N-
oxide (C) serum concentrations and RSST. Significance was set at p < 0.05.
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BTH suer, EEREYO M RE & $ERINEER O BEE M

suPrr N-FTAAF L7 aFEr 7Py N-AFo Rof ik
DIEPSS OFHBILRENLE N Z 4 rs=-0.072, rs=0.004, rs=0.187 TH Y . HE/2HH
BIBAMRITRE O b dr > 7= (Fig. TA-C),
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Fig. 7 Clozapine and its metabolites serum concentrations correlated with
DIEPSS

One circle indicates the result per patient. The solid line indicates correlation
coefficient rs. The Spearman rank correlation test was applied to relate
relationship between clozapine (A), N-desmethylclozapine (B), clozapine N-
oxide (C) serum concentrations and DIEPSS. Significance was set at p < 0.05.
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F8H vu¥rr, IEMEMREYO MR & FREE EAE o B E M

7P ECrBLOZ o B N-AF KoM FRE & DSFS OFHREREITZ
ALE I rs=0.272, rs=0.065 TH v . AERFHABITIRD bivieir>7- (Fig. 8A,
C)e —Ji. N-TARXAF )L DM & DSFS OFHBFRE T rs=0.453
ThHY, AELHEBENED LN (Fig. 8B),

(A) B),
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Fig. 8 Clozapine and its metabolites serum concentrations correlated with
DSFS

One circle indicates the result per patient. The solid line indicates correlation
coefficient rs. The Spearman rank correlation test was applied to relate
relationship between clozapine (A), N-desmethylclozapine (B), clozapine N-
oxide (C) serum concentrations and DSFS. Significance was set at p < 0.05.
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FOE ZuWr s IR O MR IR & ST EE o B

7P ErBIO7 oy N-AF S FOMEETHE & DSFS OFE BFREIE
ZHE 4 rs=0.260, rs=0.018 TH V. HELFHEEAITRD b7 (Fig. 9A,
C)e —H. N-FRAF LT a Y OEERTHEE & DSFS OF BRI
rs=0.340 TH V. AERABBMRNRD bz (Fig. 9B),
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Fig. 9 Clozapine and its metabolites saliva concentrations correlated with
DSFS

One circle indicates the result per patient. The solid line indicates correlation
coefficient rs. The Spearman rank correlation test was applied to relate
relationship between clozapine (A), N-desmethylclozapine (B), clozapine N-
oxide (C) saliva concentrations and DSFS. Significance was set at p < 0.05.
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AR B

AR TILCIS DY R 7 RF-E2FAET 272, FIEEOFERETH S
DSFS # FaHiisa H & LT, &FEE 1 & O EMEZMGE L=, ZDORER, 71
P DOARME, W MERE, HEARARIER, 7 ¥ Bl ey N-F
X RO - MER PR L DSFS & TG Z RS T N-TAATF LT 1
PO - MEE PR E O ZA DSFS LA AR RS2 BB E
72o72 (Fig.3,5,8,9), ZILHLDREEND N-T A AT )L o )5 CIS D
RWECThHHAREMED RSz, Lo LRt AT e e oRH
B L7 o e B X OVEEREY O bR I B HBERR 2 R LT
N, Z7aPEroRAESC7 ey, 7 e N-AF 2 RofARET
DSFS & FHBABAMR Z 7R L TV 2 (Fig. 4), ZO—RKE LT, Z7 e EroiRA
B FPREOHBESHEIEFE L TR TT 52 ENET 5D (Fig. 4).
FRIN-TAAF 7 n e omPiREL, 79 v mAERIFEICE
T, ZOELDENRRKRENVT LRI NTND (Fig. 4), 7 v B BIONE
PR O MR EL B2 2/ L LT, 7P rroiRfl&E, il
RE, i, BEB XN 7 =4 OBECEIE, CYPLA2, 3A5, 2D6 72 5 TNC
ABC [ 7 v AR—Z —DBIFZHENHRESNTEBY . 7Pk

PERI, ARl K OMEO AL, 7 v ey oM PR E OB ER DK
50%% 5. 580 D 50%ITFEMNHER. KT U AR—F —DBIEHZIR G

(COFHROENEEL 525 L0RELHD 7B, LIERN-T, N-7 A A
TN aF R CIS DRRME CTH- 7256, N-T AAF L7 oo
FIRENSEE RAKNFEZMAET 5 Z & T, CIS O THIKNFZFETE 568
WERDH D, %L ZNOORFIZELTY CIS & DOREEMAREEL TV <4
ERNbhbHEBEZ D,

AWFZENITN < O DHIFEIRFPAFAET D, SEk D@ v | CIS DIETLIT]
hx RBERPEMEICES L CO SRR S D . 2D O AR 513G K
T ERVFDLNR, AR X D /MBI E TIE TN b DB L RN 52 &
TTERY, LIedo T, HEE 7 O RN TN FTHE & 72 2 KIRALZRBFFEIT &
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O, 7w P D AR MR AR BRI R 2 5 I SRR & S L T
V. 7Y e ORISR L —E LT ew, AR TRIE S
N7 aderofiRE s 7 o e O HEOHBEMIIBEERIZEE L Tk
y 2029300 RRFGED DM O RRIRATIE & 35 L < 72 5 ARV 2 LT
MENDH, DEORBMERRTHL EEZEXBND, TDDH, KUFFETIE
S OWFTERR 2B £ 2. BRIRIITE TR O NIZHMANEDER TH 5 Diri K
AET D720, Bk L8 4 O ELHERIREEY & FEHE L 72,
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FHHI £Lw

FEFIFHFENEVEUERE D U A 7 KT d> 5 W N RECHEAR O BRI | L PRIESE O 8
EEIIIEEY 2T, /e roiEERES ch i N-TAAF L n Y
> O IfL R FE SR UENE O TEAEFE & ARBAME 2 RS 2 LS B b Ao dn, LT
ST, N-TAAF LT aF M CIS OFRRNYE CTHh D AalREMED R S iz,
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cvr, X X X
Y - " ¥
Clozapine N-oxide Extrapyramidal
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* No regular schedule of blood sampling
+ Study with a small number of patients

Fig.9 Conclusion of the clinical research and research limitations
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23 CISETAEME AW CIS VA2 RTORE
HL1H WS

FELIZEICBWT, N-FZAF L7 a P CIS OJFREEWE Td 5 aTREMED
RENT, Lo, ARG CHEME L 72 ERIF I TEE O IR RN TFET D
7O, ABRFICIEERIHE A CIS O U 27 N OiEE FEiid 25 2 &
T, BERIFZE CRE ST Y 2 27 [’ 0250 % 36 L 7=,

MR BRI LA AR - BIZSEAR IR D " H Rl A2 T TR Y | AR TH D
DAT Y CZFERST R TV BRI T RRRET 5D 2 & THER W
OERFHERINDN, TDITE A EDPRAIRNEISTH D, LI -> T, EERE)
W2 RN TR DBFFETFIE D IRN-T, R NI F6 W TR OO MER 73 WA B &
FHiT A DOTHD Y, LorLanb, EK TR HLd CIS OFRBLTER
HTHY D BEFOWRTIEL IR 5 ECTHGEEIT O NERH D, Bl
Ty RRY T AR EDITFoWEHICK LTy u e a2 E L, REEDOREE
T DR NS £ TICHEEEE STV B 30 [RE LT A i
BT, MEE M Z GO oA 1372 <. CIS BT VEWPMERL S 7Bl 72

2720, & 2T, AWFFETITERIR & K L7z CIS &7 VE OIER & 35—
W, RSB T VB A VT, CIS OJRK K F- 4 FEE L7z,
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7w h~OROEGIZHWS 7 v ¥ v BRI Novartis (Tokyo, Japan) £ ¥
EALTZZ7 aF U ACHLHHE LT,
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H2IE MY

Z v N OMER EO R EIZIE Matsumae Surgical Dressing (Aichi, Japan) THEA L
7= Benitsuru A. C. F. ##EK No. 3 (EL£& 3.0 mm) & Vv /=, MEFRELELAT ORER
X, 7 AU kA& (Osaka, Japan) CHEA L7247 AJfH (14 mL, No.1) Tk
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3 fEMEY
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B, HOKSHZ, 2B, KRBT 22 ToEWERIT TENRFVENLE
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HAE 7 uV oIk ESHERIEORET A
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4)

VA=A O SERTS

BehHIN D7 a v OHEIFEER R EN- e MEHEIC
F3%, 25mg/kg. 50 mg/kg. 100 mg/kg (ZF%E L7z, 5T n ¥
V100 mg $E4 ZKBE/K 1 mL CREE L 72 b D % ZREE/K TR 1 BEREATIR
Licboz v, 2k, fBIEIARR KRS Lz, 7 v FoSERS
IR N & L, BHEEN ImLkg E725 Loy T a2 AT, #&
b Ul 7y FOEREITFEKEZKG T DEANIAE Lz, TRERET ORISR
2> B4 5 BRARRF RN T MEHR 0 b B\ C R E IR B2 RIE S 7T E R B &
Tpolzo, PR G-BAAREZE 2022 e & L. Al H OB & Al — RIS
B x21T o7,
7 uHer OHERE

FROF G131 B LEATV, SRR G- EA% . 5% 6 FFfR], 12 e,
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7 v e OERRIER G

RO EIT L A LEL, G 7 BFE TV, MEEEORIEIT 7 v v B
PG IFIC i b R W BN o T e 5% 24 Wit & L, 7 HFHSE0E L
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W B O E 7 1

AT 2 MERITEERNO T 7 ZHUC AL, RFFICE D FFE LR, HER
W SE T, MEROMARFRILI0E L, E5 - F L 0ZE, LD
BRSO 30 AT 245 10 L 1A 72 b LIEOMRER TR~ 72,
WEJR 2 W BRI L 7o /BRI N, 7 AMICEI AL, BE LT, MER Y
WERITRITE O BAED AN BRI LT,
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5) PRI, MARERET Tk
Rl AR (7 HH) 85 L7z 24 BF[EIRIZ T v M AR L, DigER ik
TKI 2 mL DR ZERE L7z, BRE L 72 Mg X E HICE o~ ) |k
U aERL, =O0HE (1,500xg, 5 min, 4°C) . EBiEZEEL, HlE
MYy r7né Ui, o DRI TRIME, oIS TR & 4k 2 i H
L. KB OAEFLEIEAK T 2 BES Lo b D&Mk 7 v e L, 7eds,
o2 TOY 7 IVITHIE £ T-80°C THRE L7z,

FSIE I, B AR KON IR IR EE ORI E R

AR T VIRRIE BTN SR R L E&ER . KM OABRHEK T 25
WiV %IZHIR LTz, ZD%, KW TIZTHAY I EZHWT, +oIc/itl Lz,
HEW AT T A —% TR L, &/058E (12,000xg, 15 47, 4°C) %, 1%
b BEEHERY 7 e Uiz, &0 7 VNERREORIEIL, 6 1%
W28 T TR A & RE TN LT,

%6 HERHEMT

FEBRAE B L TP HE U Z= (mean+S.D.) Trx L7z, HEHENTIZ Dunnett’s
test, Tukey’stest ® 9 Hii L7=H D& AW TIT o7, FatFa7aMEiL. SPSS
Statistics 23 Zffi ] L. p<0.05 Z#FHFHIAEEZH D LHE LT,
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9 3HT FEBRRER
F1HE 7 uW e HERGIC X DR W D2

7 a e 25, 50, 100 mg/kg O H[E % G- B [ XMERK 53 b & O D538 5
. 7 e 50 mg/kg HLAIE G REOMERR Sy R IR IRRE & B LT, BRI
b Uiz (Fig. 10A), HAEIE: 5 6 R #27> & IXMEIR 53 Wh R O R IR A7 72
DRdd biv, Hh 24 K BICHER S EN IR E 72>, L)L, WTEho
B GHES T IRRE & B L T, MERE O A ERIINTEED b do Tz (Fig.
10B-E),
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Fig. 10 Effects of a single administration of clozapine on salivary secretion in
rats

Whole saliva was measured every 6 hours after a single oral administration of
vehicle or several clozapine dose (25, 50, 100 mg/kg): (A) 0 hour; (B) 6 hours;
(C) 12 hours; (D) 18 hours; (E) 24 hours. Each columns show the mass of saliva
was calculated from the change in the weight (g) of cotton balls for 30 seconds.
Each column represents the mean with SD of five determinations. * p<0.05;

significantly different from the control.
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F2mH ru¥r U KEREICIDEREOE,

7P DOEREGIZE - T, HEERENRREINEORD 7B b
7= (Fig. 11A), FEIIMEORDOER E LT, 7 ool K728
FHERDT v FOBREELZRED SEEERB X 6D, L, HlEBIH

.

7 uH 25, 50, 100 mg/kg SKAEH G-HED FAREIL, R & bl LT

BERZEE RS- 1= (Fig. 11B-D),
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Fig. 11 Body weight change by a repeated administration of clozapine
Rats were administered daily for 7 days with vehicle or clozapine. Delta body
weight (A) and body weight changes were compared between clozapine
administration groups; (B) 25 mg/kg; (C) 50 mg/kg; (D) 100 mg/kg (closed
circles) or control group (open circles). Each column represents the mean
with SD of five determinations.
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7 e 100 mg/kg SAEBGRETIX, 5 3 H B DRRREE S i L T,
A EIRMER W EDHINAFE O v, £ORME 7 B H £ THE L7z (Fig.
12C-G), £7-. 7 ¥ 100 mg/kg %= 7 HREHE G LIBHCB VTR,
OFHRE L R LT, AERMER S WEDOIINEZ RS- (Fig. 12G), ZiubH D
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Fig. 12 Effects of a repeated administration of clozapine on salivary secretion
in rats

Rats were administered daily for 7 days with vehicle or clozapine (25, 50, 100
mg/kg). Whole saliva was measured every 24 hours after oral administration of
vehicle or several clozapine dose: (A) 1 day; (B) 2 days; (C) 3 days; (D) 4 days;
(E) 5 days; (F) 6 days; (G) 7days after administration. Each column represents the
mean with SD of five determinations. * p<0.05 versus the control; T p<0.05
versus clozapine at 25 mg/kg; I p<0.05 versus clozapine at 50 mg/kg.
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FAE sV UHEL 7 ARKER S %O R

ARR ORFTCIER S 7z CIS EF /VEM) (7 v 2 100 mglkg 7 H <18
BROhE) OFFEEMBEEZREL, & bEOMBAMERIET S Z & T, K
FEROZEMEZFME Lz, 7 a3 e 100 mglkg HialH 5\ 7 HEKER O
Pe 5. 24 BE#% O M APIREZRIE L & 2 A, HEEE 24 Bt Tld7 e e
B IOWEEREYOMTRECAEREZTROONT, WTNbIKETH-
7= (Fig. 13A-C), —77. 7 HHIIEE G 24 R Clx, 7o ¥ & N-7 A A
Fr v B O MRS A 24 B S i LT, ARICEETH
o7, Flo. 7T HIRKERGHNTHIER LI ZA N-TAATF L7y
OMFPEEZ7 oy, Z7ad ey N-AFY ROoMmpEE Lk LT, AF
IZEfETH -7 (Fig. 13D), X512, CISET/LVEMW) (7 v & 100 mg/kg 7
H FIRESC AR 15 5-1E) O34 i R BE LR IR IR L L L Tunye 4399,
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Fig. 13 Serum concentrations of clozapine and metabolites after a single or
repeated for 7 days administration of clozapine

Serum concentrations of clozapine (A), N-desmethylclozapine (B), and
clozapine N-oxide (C) were measured 24 hours after a single or seventh oral
administration of clozapine 100 mg/kg. Serum concentrations of clozapine and
its metabolites were measured on day 7 after repeated administration of
clozapine 100 mg/kg (D). Each column represents the mean with SD of three
determinations. * p<0.05; significantly different from a single oral
administration group. T p<0.05; significantly different from clozapine and
clozapine N-oxide serum concentrations.
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B s WU HRE, 7 HRERKIEE S %O T IRNERE

7 Y 100 mg/kg BB S 5 NE 7 HFRERS 05 24 B ICEREL L 72
HFIROFEYIREZRE LT L 2 A, HEHE 24 K T vk &
ONEPERH O FRRNIREICHE R ZTRO bNT, WIhbIKETH - 72
(Fig. 14A-C), £7-. 7 HBIE®RE 24 % ICB W T, 7 a¥ e & N-F
AAF N7 o ORENHEE G 24 Rk L R LT, ARICEETH
ol 6T, 7T HREIKEHEGHNTHIR L2 Z A, N-TAAF LT aHE
VOB TFIMANREX, 7 e r by r P E Y N-AF o RE LT,
BREIZAEETH T (Fig. 14D),
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Fig. 14 Submandibular gland concentrations of clozapine and metabolites
after a single or repeated for 7 days administration of clozapine
Submandibular gland concentrations of clozapine (A), N-desmethylclozapine (B),
and clozapine N-oxide (C) were measured 24 hours after a single or seventh oral
administration of clozapine 100 mg/kg. Submandibular gland concentrations of
clozapine and its metabolites were measured on day 7 after repeated
administration of clozapine 100 mg/kg (D). Each column represents the mean
with SD of three determinations. * p<0.05; significantly different from a single
oral administration group. 1 p<0.05; significantly different from clozapine and
clozapine N-oxide serum concentrations.
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FH6H suW v UHRE, 7 HMKERS%OMNEE

7 m W 100 mg/kg HEH AU 7 HBIER Q&5 24 B ICERE L 72
PR OIEMIRE 2 WE Lc & 2 A, BiEH S 24 WRE# CIRi PR, B AR
IR L [AERIC 7 B ¥ E v 3 KONEHEREP O MR E I B2 ZITR O b i
T, WIN LM TH 7= (Fig. 15A-C), F£7-. 7 BEEEE 24 FEfZIZH
WTh | AR S FRRIC 7 P & N-T A XA TF L7 o B DR Hilal i
H 24 Bt E R L C, ARICEME CThH o7z, L LAans, 7 AMKERE
FENOHIZHE W T, KB KO TR TRO 6N N-TAAF L7 v
e u v ORBRIBEZIIEM TITRRD v -7z (Fig. 15 D),
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Fig. 15 Brain concentrations of clozapine and metabolites after a single or
repeated for 7 days administration of clozapine

Serum concentrations of clozapine (A), N-desmethylclozapine (B), and clozapine
N-oxide (C) were measured 24 hours after a single or seventh oral administration
of clozapine 100 mg/kg. Brain concentrations of clozapine and its metabolites
were measured on day 7 after repeated administration of clozapine 100 mg/kg
(D).Each column represents the mean with SD of three determinations. * p<0.05;
significantly different from a single oral administration group.

38



AR B

ABFFE CIEEGRBFIE T D LTS RO G E A Gl 5 7200, BRI 2 4
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FEfIH2 0 7 B Y B X ONEERE O M F, TR, MREE TR
KIETH -7 (Fig. 13, 14, 15A-C), TN HDFENG, 7 oW e OHERE O
Bh1L = U AFEEE S| F i 2 RN EOMER WSS R S IR E B B )
Lipol,

7 m WY ER ARG T, &5 REEUKAFRI MR W B O3 ZED 6
AL, 7 100 mglkg 7 H IRAES 512V TIXHRREZ & o 7o 2% 53
il LT A E MR W OBEINAEED H vz (Fig. 10A-E), X512, 7
Y7 HMEERGEZOMP . A TRN. ARV TR, WTino
M CTH N-T A A F N7 v ORENEETH 72 (Fig. 13, 14, 15A-C),
ZNHOREND, 7 o P ORAER A G ITEREIE MO MER 73U OG % 5| &
BT ERHLNERY | BN N-T A XFL T m i © RN &
TholeZ &b, EBREWZ AWV EMEORFHIIR W T BRI & FEE
WZN-TZARAF )7 a P CIS OJRERWE Th 2 wREMEN R SN,

BEPE |, CISORBUTERMICEO b Z EnE< D, @mEoa ) e
TR N RS, 7P IIEAERNSHIA L., T OHELRRIC
179 2D LEICHTLINTWA D, 7ot ofEIcid—EDHIR
YL, ZOW, BIK TR HILHCISOI BN HEH 5 W IEARA IS
AT 2 OME, ik LI FERBEOSIR SHLIIR#EETH D, L LR
5. BARIFFE T o ORI & & JREE O BEREE B Lo 7o 2 &
5. IRAIBALED & O W & CISORBUZEE RN F Th 5 v REMENR B 2 b
%, ARFTCEREIYICEED Sy oYY U RER DS X D @R O
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HEHETHY ., ZOHETHERSNZTT VEIMIICISOREFEE % fKm LT
LAREMENREWEE X BILD, — T, CISEZ LVEMWIDON-7 A AF )L 7 aH
BT o PR L LT, HELLEETHY, raPr
YEN-TAAF N a P OMARELITERKR S IRERroTnd, =
OFm & LT, MY QYK R FHIRHEDOE WD ET Hivd, CISE
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TEMTHDL =T, N-F A RAF /L7 o B8 TR PRI S 7S I PN i 2 | kL
LTHEETH Y. MHEBATIEOENRRO bz, b, 7P e ICYP
Nz, 70 v rBREREER G 78 & Ok x iR &2 LT RE & 52107 %
B3 N-TAAF LT aF L OERBUIE _MIETH Y . ZoOREHER
TR ZZ T T WV, AFZETEBREM E L THWET v b OFEY AR i
BRI LTIV e U BIRADOFGNPREN ENMLN TS 4 7o
P ENIUDP-7 V7 v U RinBEESE (UGT) IALZ X U & L-EEFEOUGT
ICEBRHEZTHDICK LT, N-TAAF LT a e oREHIEE53 5
UGTIZUGTIAAD A ThH 1 . RIET 2SN D720 T » MZEBWTIEIN-T
AAF N7 a P ORFEE ML TR LT <, FHROIIERIZ X 5
WEEL R ZTAREENEZZ BN D, LIRS T, AAD Y U FRITR LT
T 2BERHEZRT 527 0P EN-TARATF L7 v F & ombREL
M. T ORRYBREFLH) 725 X > CTHNEET 5 2 & CHER /W& ORI
RENBTLEND EHEIND, LLARNG, W TIR, MER WIS
BE R 2 KT RMERE CTh DMERIRIZ 32 7 v B e LOTEHMEAGH
YV OEZEAENOFEZREECTE TR 57 I O WERR /3 S~ D % b-
A TH S, £ T, WICEEMIEZ AV zin vitroD R et 2 940 L, & FE3E
Wy O W AR 5 2 VR & ARE L 72,
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S7pV—07, RAEBGITEREME OWER SRS 2R 2 ERH BN E R o T,
Tz, Ty M7 aY e 100mgkg % 7 BIMERO#KST5 2 LT, K
WHeZ XML L7z CIS BT VEMNERITE S 2 &, CISET LEND N-T & A
FAZ P OMPEENRZ a P BLO7 oy N-A X2 RiE i
BELEK LT, AEICEGETOHLZEDNHALNERST, ZTRLHDORERND
FEERENY & T IR SR VT b L BRRAFZEORE R & [FIFRIC N-7 2 2 F L
7PN CIS DIRKME TH D Z LR S,
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administration Ry )

Oral D =20, /
administration
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% P 1 L=\ * N-Dsmethylclozapme : low conc.

* Clozapine N-oxide : low conc.

D~ \i -~
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i i £ “/
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* Clozapine : moderate conc.
* N-Dsmethylclozapine : high conc.
* Clozapine N-oxide : low conc.

Fig.16 Conclusion of the in vivo research
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Niz, fekoi@y, 7o e b N-FAAF L7 a P38 5 8RER
FOFEFHIMHEZA L TV ZENRESNTEY PO KL Ah Y o
BARSOF T D EH D IEIE DFBUZH 5 L TV D ATREMER B Z bivd, L
MLUIRIN G, BER WD FE RS @ ORI EHRE Ch DRI 2 5 28
ZRRRE LTAFFRIZR 72172 < 0 7 m B g6 L ONEMEARGEA) OO MR 53 WA S hts~
DEFGIIARATH %,

MR 70> B DR 53 WAL B AR (SRS & B AR IEphiR) oD —E SRl & %
FTHRY ., MR D D WVITRIBEM AR N O Sz FLF U o7
TF Y 0 EOMBRREYE NS E AR ORSZ AR Lok, A
fN D Ca?' R EE FA- 2353 L, SFEEEHERSA 40 F ¥ XV Z2iEH S 5
ZLTHIEFRIEND, EDH, HEFRIRHROREEME A VT, Mkl o
Ca? IR DAL AT 92 2 & T, W DOMERE 73 W~ B 5 % R I RE S
DT ENFREE D, LIehio T, MERIMIG A2 W ARG CTlk, BRARBFZE
72 BN BRI 2 AV TN L 72 BB 78 T3 D Vi RO Z U MEA 572 5
AR CHREET 5 2 LA B & LTz,
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%281 FEEBPENS X OV FEER L
%1 RERERY, R

27 1 ¥ 1% LKT Laboratories (Minnesota, USA), N-7 A X F /L7 o H &%
Santa Cruz Biotechnology (Texas, USA), 7 a# E°> N-A4 % R|X Enzo Life
Science (New York, USA) 72BlEA LTz, A&/ —)v, HEfb~ 2 77 o UKF,
ToNa—)v T haty X=vUr AL A T 0d Wako (Tokyo,
Japan), A4/ ~-A >, DMEM (& Sigma-Aldrich (Tokyo, Japan) T A L7z,
FBS (7 5 )2 i) (% Biosera (Nuaille, France). EGTA (% Nacalai Tesque (Kyoto,
Japan), Fura-2 % - k|3 Dojindo (Kumamoto, Japan) THEA L 7=,

23 fEHMN

A TORGFHIE NHER IR I HSY (human salivary gland epithelial
cell line) #fua HVTIT o7z, 7245, HSY MIAIXALIEE EFERTF o7k
Bt SEBRBEORH FEER N ORIV - b O EH LT,

% 3ITH AHIuREEE O

HSY Mifld D52 IL, 37°C. 5% CO2 & F DA v F 2 _X—Z —NTITV, FE
i1k L 7= 10% FBS, 100 IU/mL ~<X=3/U >-100 uyg/mL A h L7 b~ v & &te
DMEM %5538k & Uiz, #lZ 100mm 5 ¢ v = (TPP) TH:#& L. #fE#%
4-5 A BIZHER 24T o 7=, MM 2 35054 PBS (137 mM NaCl, 2.68 mM KClI,
8.1 mM NazHPO4, 1.47 mM KH2PO4) TUEH#. 0.25% V) 7' 23 KU 0.02%
EDTA #5Te PBSIC L W MlaET ¢ v v 2 bRIFE S TIT o 72,

43



54T ABREPN Ca?tiR B O lE ik

1)

2)

AFEDOFH Y

Fura 2-AM DMSO %1% 1% Fura-2 AM 50 pg {2 DMSO 50 puL Z#Rn L .
WIVT w7 ZATE Sy L, S L7z, loading buffer | 2xrecording
medium (20 mM HEPES, 115 mM NacCl, 5.4 mM KCI, 0.8 mM MgCl,
1.8 mM, CaCly, 13.8 mM glucose, pH 7.4) 5 mL (Z Fura 2-AM DMSO & i
50 uL, SifniE A pluronic F-127 (F A& 2 0.04 % (w/v) ). probenecid (5%
IR 1.25 mM) ZIRIN L, ZRBE7K TR 10 mL ICAR% ., 8Os
L. IRE LT
Ca®*7 vt A

Ha OFEER % 1 well 720 40,000 cells/ 100 uL T 96 /X7 7 v 7 7R b
L7 L— 1k (Nunc) ICHEFEL ., CO2A > F 2 _X— X — T ks L7,
Bri & pRE%, 37°CoO PBS T 2 [BI%E L. 100 pLiwell 372 37°C D loading
buffer Z /%, 37°CC 20 43fA > % =~_X— K L7z, loading buffer % [
FE%. 37°CD PBS T 1 [B[¥EH L. 37°C? recording medium % 100
uLiwell IR L 7=, ZRxa—v 7 haebvy, 7a¥FeEr | N-7 A A
FrrzuaPry Z7aPey N-FF 2 NFIREZRIN L%, st~ A
/17 L— kI —4&— (Infinite Pro M200) % I\ T, Table 4 |[Z/~595%
ECHICREL OB EZF R LI, Z20%, A4/ ~v14 20 (&
FEPREE 1 uM), EGTA kU ZHEFERREIR (Ft&IREE 5 mM), 1aFIE O
MNnCL ¥l & TN ENIIN L, 3-8 54 O SOE R EE b D2k & Table 5
CRTRRETHIL, ¥¥ V7 b—va v a2Ehm L, CaREIX
Table 6 |4 RIHAICHHEEEZRATHZ & T, ZOREHEERR
L7,
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Table 4 A fluorescence microplate reader setting

Mode Top

Kinetic Cycle / Use kinetic interval 41 cycles

Kinetic condition Handling for cycle 6

Injection Injects 20 puL with speed 100uL/sec.
Furarescence Intensity (1) Ex.340 nm/Em.510 nm, gain 100
Furarescence Intensity (2) Ex.380 nm/Em.510 nm, gain 100

Table 5 A fluorescence microplate reader setting for calibration

Mode Top

Kinetic Cycle / Use kinetic interval 41 cycles

Kinetic condition Handling for cycle 6

Injection Injects 10 puL with speed 100uL/sec.
Furarescence Intensity (1) Ex.340 nm/Em.510 nm, gain 100
Furarescence Intensity (2) Ex.380 nm/Em.510 nm, gain 100

Table 6 Calculation formula of intracellular calcium concentration

[C&2+]i:Kd X (R-Rmin )/ (Rmax-R) % (Fmin (380) / Fmax (380))

[Ca®*)i : HEfEPN Ca?*i i

Kd : fEEEES (224 nM)

R: R OEEHE L (F (340) / F (380))

Fmin : Ca" JETFAE T (EGTA F U RIEFEAREHRIRINGE) s G i e

Frax : 1B Ca**1FE F (lonomycin #shNig) o iRE

Rmin : Ca** FEAFAE T O#FREELL  (Fmin (340) / Fmin (380))

Rmax : 8% Ca?* 1F1E F O E R (Fmax (340) / Fmax (380))

Foank : A5 (MNClL I RIRINE) OHOGIRE (B TOEEN D Fran & 22 LHI <)
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FEERFE BT+ HERRSE (meantS.E) TR L7, 72, My “HEMOAE
FiE 1T Student’s t-test (2 &V FEfii L7z, HLFHFERIZ2ME 1 E SPSS Statistics 23 % il
L. p<0.05 ZMiFHEEEL Y LHE L,
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9 3HT FEBRRER
F1WE HaanNa—)L T ha el X MaN CaZ iR E &L

HSY HIRLOD N AT U S AR EBN I 2 B E & Bl D720, LA D
U VS RARVEEN K CH D B L 32— /L % positive control & LT, Ca* i & 3F
L7z, B/ 32— L 100 uM ZZLEE U714, HSY M O Ca2 i 2 T L
7o A, AL e L CHEZ Ca B0 EF3Z80 Sz (Fig. 16A),
T/, DAD ) URFEEREHTHLT Fe 1 uM ZRTLE L%, v
Na—/L 100 UM ZALE L= & Z A, DT — ) LOMBIZ L5 CaiEED |k
FIJSIERBO o7z (Fig. 16B), Zh 6 DOFEFRI 5, HSY o 2 A H
U VB RREA LTz Ca B MED R S T,

(A) (B)
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(Atropine pretreatment )

Fig. 16 Effects of carbachol and atropine on [Ca?*]; in HSY cells

(A) Carbachol (100uM) -induced Ca?* response in HSY cells and (B) the effect
of pretreatment with atropine (1uM) on the carbachol-induced increase in [Ca2"];.
Each column represents means with S.D. of 3 determinations. Significance was
setat *; p <0.05.
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F2HE rud¥rr IEEREIC X DM CaRE D& L

HSY Mifldlzxf LT, 7 e B I ONEEREY (N-T A A F L7 v e
V. Z7aPE s N-AF 2 R) % 100 uM TRUER L 7= I W Ca2Hii i 21 &
L. #EY ORI T SER 2 L7z, 7Bl e
¥ N-AF & RALPRBE CITALERAT# O Ca? R EA LI L7 & 2 A, AER
IO bR o Tz (Fig. 17A,C), — . N-T A AT L7 o P B ILEEET
IE. ALERET & bRl U CRIRRIN Ca?iRIEE DA B e EA RO b/ (Fig. 17B),

(A) (B)
500 - 500 - *
400 A 400
b
% 300 - 3 300 -
= = T
g 200 A T Q 200
100 - 100
0 0
pre post pre post
CLZ treatment NDMC treatment
(€)
500 -
400 A
S
2 300 -
Q 200 A ) T
100 -
0

pre post
CNO treatment
Fig. 17 Effects of clozapine and its metabolites on [Ca?*]i in HSY cells
(A) Clozapine (100uM), (B) N-desmethylclozapine (100uM), (C) clozapine N-

oxide (100uM) -induced Ca?* response in HSY cells. Each column represents
means with S.D. of 3 determinations. Significance was set at *; p < 0.05.
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55 3TH MERARHIIRIC KT D N-7 A AT L7 v v o &K e ER

HOBFITRD BN N-T A AT NI v BN X DN CacE o &
(EAEME 2 FET D720, HSY #IMIZ N-F 2 A F L7 o ¥ 1,10, 100 pM O
JVER 2 SEftE L7z, 2 OFEF. 10, 100 uM ALEETFRD B L7z Ca2 iR FE D EH-23,
1uM LB TIEFE D Hivze - 72 (Fig. 18A-C),
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Fig. 18 Dose-dependent effect of N-desmethylclozapine on [Ca?*]i in HSY cells
N-Desmethylclozapine (A; 1 uM, B; 10 uM, C; 100 pM) -induced Ca?* dose-
dependent response in HSY cells. Each column represents means with S.D. of 3
determinations. Significance was set at *; p < 0.05.
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BAEH N-TAAF LT o P EUFEHME CIGEICHT 57 hr B ofEA

FORFHZ L o TREINTE, N-T A A F /Lo v ¥ B OMER AL O Ca?*
RE EAERIHT 2 AN ) URBEROBE G ZBGET 2720, AADY %
PARERHETHDT b ORBERF Lz, 7 e v IpMORFTLER 21T
STHIZ, N-TAAF L7 aHFE 100 MOMLEEZ Efii L7z & Z A, N-T A X
FNr a A LA A ERCaRED ERIG (Fig. 19A) X780 Hiv7e
/o T- (Fig. 19B),
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Fig. 19 Effects of N-desmethylclozapine and atropine on [Ca?*]i in HSY cells
(A) N-Desmethylclozapine (100uM) -induced Ca?* response in HSY cells and
(B) the effect of pretreatment with atropine (1uM) on the NDMC-induced

increase in [Ca?*]i. Each column represents means with S.D. of 3 determinations.
Significance was set at *; p < 0.05.
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CISOFERMETHDLEEZHND N-TAAF LI a P NRLRA Y 25
Ik UCTEENE 2R U B ISR DI ER S D —D> T 5 Ca & & 7l
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ELTWKBERDD, ZOXIIZ, ARFELNIHRZEIC, CIS OFFEMR
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Fig. 21 Conclusion of the in vitro research and research limitation
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