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AC
ADP
ANOVA
ATP
cAMP
cDNA
BSA
DAG
DNA
DMSO
DPA
DTP
ECso
EDTA
ELISA
Epac2
ER
FBS
GDP
GIP
GLP-1
GLU
GLUT
Go6P
Ham’s F12K
HBSS
HRP
1P;

Kir
LMW
MARTA
mRNA
NMDA
PBS

PC
PCR
2-PEA
PIP,
PKA
PKC
PLC
PMS
PNGase
PVDF
SD
SDA

: adenylate cyclase

: adenosine diphosphate

: analysis of variance

: adenosine triphosphate

: cyclic adenosine monophosphate

: complementary deoxyribonucleic acid
: bovine serum albumin

: diacylglycerol

: deoxyribonucleic acid

: dimethyl sulfoxide

: dopamine partial agonist

: guanosine triphosphate

: half maximal effective concentration

: ethylenediaminetetraacetic acid

: enzyme-linked immuno sorbent assay
: exchange protein directly activated by cAMP 2
: endoplasmic reticulum

: fetal bovine serum

: guanosine diphosphate

: gastric inhibitory polypeptide

: glucagon-like peptide-1

: glucose

: glucose transporter

: glucose-6-phosphate

: Nutrient Mixture F-12 Ham Kaighn’s modification
: Hank’s balanced salts

: horseradish peroxidase

: inositol trisphosphate

: inward-rectifier potassium channel

: low molecular weight

: multi-acting receptor targeted antipsychotics
: messenger ribonucleic acid

: N-methyl-D-aspartate

: Dulbecco’s phosphate buffered saline
: prohormone convertase

: polymerase chain reaction

: 2-pyridylethylamine

: phosphatidylinositol bisphosphate

: protein kinase A

: protein kinase C

: phospholipase C

: N-methyl dibenzopyrazine methylsulfate
: peptide-N-glycosidase

: polyvinylidene difluoride

: standard deviation

: serotonin-dopamine antagonist
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VDCC
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: polyacrylamide gel electrophoresis

- sarco/endoplasmic reticulum Ca”>"-ATPase

: synaptosomal nerve-associated protein 25

: sulfonylurea receptor

: Tris-acetate-EDTA

: Tris buffered saline

: ultraviolet

: voltage-dependent Ca*" channel

: sodium 3’-[ 1(-phenylaminocarbonyl)-3,4-tetrazolium]-bis(4-methoxy-6-nitro) benzene

sulfonic acid hydrate
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Fig. 1. Structure of olanzapine.
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Table 1. Classification of antipsychotic agents.

typical antipsychotic agent atypical antipsychotic agent
phenothiazine derivatives serotonin-dopamine antagonists (SDA)
Chlorpromazine Risperidone
Levomepromazine Perospirone
Perphenazine Blonanserin
Fluphenazine multi-acting receptor targeted antipsychotics
(MARTA)
Prochlorperazine Clozapine
Trifluoperazine Quetiapine
Propericiazine Olanzapine
butyrophenone derivatives Asenapine
Haloperidol dopamine partial agonist
Spiperone Aripiprazole

diphenylbutylpiperadine derivatives

Pimozide

benz amide derivatives
Sulpiride
Tiapride

Nemonapride

iminodibenzyl derivatives
Carpipramine
Clocapramine

Mosapramine

thiepine derivatives

Zotepine

53 DL NEFRBEKO KR EEBRPHE SN THY, @RIRFECEBIRIZEY A 2T Y OERRS
WORTPEE SN EH SN TV D, 4T U FE T K D RBERD TUHECIRE OB N O 5
FRZOWTIE, A OB IE X TR 2 B OMBIHENICE 5T 5 e 2% I H XBKREA4 T
CHEUNERT DI EICHKTEEEZLNTVNDS 29), LNLERERS, AT P EACLY



Table 2. Ki values of olanzapine against monoamine and acetylcholine muscarinic receptors (30).

receptor Ki (nM) receptor Ki (nM)
D, 31 5-HTs 25

D, 11 5-HT, 104

Ds; 16 M 1.9

D, 26 M, 18

Ds 51 M, 25
5-HT1a >1000 M, 13
5-HT4s 1355 Ms 6
5-HT1p 800 O 19
5-HT,a 25 oz 230
5-HTp 11.8 B >10000
5-HT,¢ 28.6 H, 7
5-HT, 57 GABAa >10000
5-HT, >1000 Benzodiazepine >10000
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LR (35, 36), R TOI IV a—A NT v AR—=H =% LTZHIINA~OER D IAZ N LES LD
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Fig. 2. Structure of human insulin.
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M~ 7207 —h L, A AV AIZX VP A b= RAZEVBOWEND (47),
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. ryanodine GDP
Ce? receptor GTP
SERCA 0
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Fig. 3. Mechanism of physiological insulin secretion from pancreatic -cell.
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1. LA X —HERE B MIFER (HIT-T15) MIIICB T 28 ) 7 2 VS BIRDORBENT

1-1. HAY

AMEFE T L7z HIT-T15 #lf@iL. Syrian hamster (Mesocricetus auratus) DOWEZ 7 Vo~ A
5% simian virus 40 TR T VAT 4 — AT HZ EIZX VBN LTcA R ) —< ik TdH 5
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YW ETLET D (56), Z DX D REENS, HIT-TIS MlIZ% < DA A U A3 IERIC AN
LI Tnd

PER-PHE B AR HIT 2E /7 2 UKD REIUZONTIE, WS O00MERH D, Filz
. 7y MERBIZF/NI Y Dy, Dy B LU Dy BEERPFEIL TS Z L (59-61), ~ 7 AKRIZ Dy,
Dy K (61) BE B R b= S-HT, o B EBFEL L TWD T & (62). 7 > b HUCKEE p Hiflatk T
& % INS-1MIEIZ Dy, Dy Z 2K (59, 63) BL ONS-HT,y X BERNEE L TND Z L& (64), ~ 7 AHKE
T B AMAEKE CTd D MING FAEIZ D 2R (61), S-HT g BN FEIHLL TV D Z & (65) NS
TWa, —JF., RBFECHER L7z HIT-T1S MildicBW\WTik, ZhbDE /7 I U2 HEORBIC
BT 2@ E LR, T T, AT ECOTRERERMMNTHHE ) T I U EED mRNA F
LAY HIT-T15 #ifid CHER T 20350 % RT-PCR {ETHER Lo, S HIZ, FRREMZRPUANBATT
SRRV D, BLUER b= S-HT,ZBRICE L TIE, # "7 EDFEILE western blot 14

TEHT L7

1-2. 55
BT T UK T DRI 7T A ~— %G L. RT-PCR T cDNA % g L 72 1%

2%7 1 — AT ) CTEKKB ZAT o7z, TOMR., Dy XA KRB LU 2AZ I H ZAEICHON
THREDO A RPN, ZOMOZFEDOFEIIIMAE TE Rhrole, £ 2T, IR
TR T E 22> 72 Dy, DyZ AR 5-HTap, 5-HTop, 5-HT,c 8 KX OV 5-HT A, Hy Z/IRICH LT
2 B PCR 217572, TOfER, 2 TOZEMEIZ OV T mRNA ORHNHER TE 72 (Fig. 4), &5
2. Dy B RO S-HTow MRS /37 E D% Bl % western blot V5 THEHT L 725 %., ~7'F F-N-Z7 L
a3y —+E€  (PNGase) L% DAKRE R — M TENENDOZFIED /1 BIZHYS T 5K 60 kDa
B E UK 48 kDa (273 R2MifEsd T & 7= (Fig. 5).



Histamine
Dopamine receptor Serotonin receptor receptor

5-HT,s 5-HTss 5-HTse  5-HT;

Fig. 4. mRNA expression of dopamine (D,, D; and D,), serotonin (5-HT,4, 5-HT,g, 5-HT,c and 5-HTy) and
histamine (H; and H,) receptors in HIT-T15 cells. Total RNA extracted from HIT-T15 cells was reverse-

transcribed, and first-strand cDNA was synthesized. Target genes were amplified with a set of specific
primers (shown in Table 5). For expression analysis of dopamine D5 and Dy, all serotonin, and histamine H,
receptors, two-step PCR was performed using nested primers (shown in Table 5). PCR products were
separated by electrophoresis using a 2% agarose gel and stained with ethidium bromide. M, 100-bp ladder

size marker.

A)  PNGase ) B) PNGase © ©)

97 = - 97 -
66 = w— 66 =%
4= 4=
45 = - 45 —
- 31 = "
31 =

Fig. 5. Western blot analysis of dopamine D, (A) and serotonin 5-HT,5 (B) receptor proteins in HIT-T15
cells. Proteins from HIT-T-15 cells were treated with a solution containing PNGase or without PNGase.

Allows represent the bands of D, and 5-HT,4 receptors.
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ABFZET, HIT-T15 MaICIE F/32 2 Dy, Dy, Dy BP0 b =2 5-HT)y, 5-HTop, 5-HTy, 5-
HT 2 AR, B A% 2 H B L H,ZAK mRNA ORBNHER SN (Fig. 4, £/, DBI O
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HT,s. 5-HToc ZARD mRNA BB L TWDHZ EE2HELTWD (66), —J7. b MERIZKIT D
b ARSI UZEROFEBUZ O W TUIHRED 2D, Szukiewicz BTk FERE B E: =25
72 RCALET S Z & O BHIIEERIC /ML S BMIIIC Hy S Hy BRI S VR B BLL TV 5
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T URKEOES e FERICB W T RIS S LR EN D,
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ZIVE TOMZEIZ L V. Nutrient Mixture F-12 Ham Kaighn’s modification (Ham’s F12K) T2 L
72 HIT-T15 M7 5 DA o A Y U opihEiE, B 10 mM O 7L a— 22N L7z & 12k
EaTRT 2 ERALNTRSTND (55), LrL, 10 mM 7 /L a2 — R IAFAL T OIAF| O 8 % fife
FLTBID I NT & REBRTIEL HIT-T15 MRz AW oA R Y et R TO 2% 4 %
Wez84 5 7=, Ham’s FI2K 5l 12 10 mM 2 /b =t — X &2 F00 L 7= Stk F CREPE T S % R

SRR TH D ML T X 2 KA HIT-TIS fEaN S DA R U3 E 8 ORREEL S8 5 0% fiE
Mriv=.
2-2. FEH

Ham’s FI2K P b7 2 X RERIM LR, A AV U3iia sy e — o 1.5
RS £ CHEIN L 72 (Fig. 6).
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Fig. 6. Effect of tolbutamide on insulin secretion from HIT-T15 cells. HIT-T15 cells were incubated with
medium containing 1% dimethylsulfoxide (control) or tolbutamide for 1 h at 37°C. Concentrations of insulin
released into the medium were determined using a rat insulin ELISA kit. Amounts of insulin secretion were
normalized to the total protein content of each well. Each value represents mean + SD of four to eight trials.

“P<0.01, "P<0.001 with respect to control.
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W ER L2 Z &R MESNTVND (39,70, —FH. 7 MIBWTA T U E L 3 mgkg D590
BTN a—ZAAMRBREIT) EA VAV U HWITFELLIETLEZ L RESNA TS
(71). In vitro FEBR TIXEH OIMPHEICFYS 2 16.7 mM 7 /L2 — A {FEE T T INS-1 #HIC 10 pM
DFAZ P ERMUIESGE, A VA UAWRITARICHEMN L @GSN TND (72), Z
NODOFE LIAEREDHT L RE LT, 47 0 E OG5 E08R AR 580 R M
IR (64~160 nM) LD bEWZ &R ENEZLND (73), AFEBRTIX, HIT-T15 M50
A RN UHBWNCE KINET AT o DIRERFE 725 B2 T LT,

3-2. 5

FT7 P E % 1~1000 nM O E TR L7256, A v A ) U pibeidar hae—
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Fig. 7. Effect of olanzapine on insulin secretion from HIT-T15 cells. HIT-T15 cells were incubated with
medium containing 1% dimethylsulfoxide (control) or low (A) or high (B) concentrations of olanzapine for 1
h at 37°C. Concentrations of insulin released into the medium were determined using a rat insulin ELISA kit.
Amounts of insulin secretion were normalized to the total protein content of each well. Each value represents

mean + SD of eight trials. ~ P<0.001 with respect to control.
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RV EDEIT IVERMUBROWEMLE, 2F 0, BB MRS ESKBS LT 58T ) T
I VERABEREIE OB R RN Lo, EBRIC, Ty Mv U A, =T MY O B MiRICIE L-F e
ik L-R—= I T 5 TFri e RrXs T —8 (76, 77) X° L- R— 3% R/ AT 5
HERL-T X )BT IR T —F (72,78, 79) 72 EOBEENEIL T D Z ERHE ST
b, Flo, RIS LREBEIC, Ty b~ A, =T RO B MIICIZNY R 77 % 5-b
Ry NI Z 77 NCEHBT A M) 770 Radxy 77— (80, 81, 82) ©5-b FuF
NV T v 77 rEate N2 BB 2 5ER L-7 2 VBT BRI 7 —18 (78, 79) BZHRBLL
TW5b, B, B FOEPMIE T L-E AF Va2 AX I NIEWT D L-t AF VT AR
FT—EBORIADBERINTND 83), ZNHLOWENDL, ME B MIIE NI ke h=
VO BERZIVREDE T IVEGHKL, BfIPICoWT 5 RSN D, Ll RERT
IFTEHIRICE ENDE ) T IVEEZHEL TWRWED, FREE )T IUNA VAT UMW E
ORRERG L TV A DIE R TH D,
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4. HIT-T15 AL DA L A Y U BSWICB LIFT4 57 ¥y 30 HREIIREDE

4-1. HIY
AR 3 OFEBRCHEKRMFEEICHY T4 T P e OHEEBRERIIE B N b DA AT
S EEEEIEIT S Z L AP O Ls, —F . MAKREREN AT e & BT
L7= DA T MBER R SN2 002k LT, FOEMKE L CHER Lzha ICER e @i
%Ebkw<oﬂ@ﬁmﬁﬁ%én1wéa7ummoit\@ﬁkmlomﬁg@iﬁyﬁfy
% 14 H R 5 L2810 v A U O WHRIIH 47 2 & X0 (84), 15~17 H ki 5 L
THA LAY UFUWIFEN Lo Z e 2R LTEREDRHD 85), ZDOZ &b, A7 Y
> DIREIFRIC L > TA v RV U RWIC R DB E G2 D AIRENNH D EE X, SFRET
FLHTAZ ez 9 ARIRE L7256, X—AT7A4 DA AV Y WRNETT5 2 L 2
RLN, EBRCEB @M’ G| & 2 SNER T 2 Bi~1 20 A & S IR O LT
JERD RN TNDZ D, AETIH, A VA BB RIETA T e s 30 HEgE O
B OWTRIT 21T o 712,

4-2. FER

HIT-T15 #fifid 2 100 nM DA 7 Y B> 2 & e Ham's FI2K BT 30 H R L72RER, 47
VHEUEGATO W -ITREE LB E LT, N IS%DHEERA VA 3 WOIK T 2358
W HiL7z (Fig. 8), F£72. 30 HMEHEO A2 L& LMz 01 BEN 1 uyM OF 7 o FE &2
[EEEE L7256, A VAU URWMTAERIKT 27 L2y, 30 HIEA T U e 2 400E L7k
IZBWTCIEA 7 U P E L OBBIRERIZE DA VA Y U WO TIEERD bivie o7,

4-3. B2

FZ7 R & 30 HIFEEER L7z HIT-T1S HifRIZ3 T 54 A Y U0WiEA 7 o9 e o JEgE
BEL D HIEF L7 (Fig 8) TNUHDRERMNDL, AT 0PV OEMREIIA T eI T 5
)T IVEZBFROEEZMEEAIRTIEL2ET, A VA UHWRBER TS ELAIREERE 25
L%, Ohara-Imaizumi © 1%, 5-HT; ZHAEKZIN LicA AU UM AEIRIFIZHINT 5 2 & &2 7R
L., ZOMBE LT B MIICBIT DT ) 7 I U FRREIECEEENZE L LIZ ATRENE 2 1R~ T
W5 (86), AEBRIZBNWTHA T HFELD 30 HHBEEIZL > T, £/ 7 I U B EBROFBBES
BEERZEL L, A RV VM 547 P OERNER Lo riBERE 2 bd, 4
%, TNOOEREMITT L2 LT, ATV ELNCEDA A UM BEOEEEN S 5
HiElC b b LB 26D,
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Fig. 8. Effect of 30-day treatment with olanzapine on insulin secretion from HIT-T15 cells. HIT-T15 cells
were cultured with medium containing 1% dimethylsulfoxide (control) or 100 nM olanzapine for 30 days.
These cells were incubated with medium containing 1% dimethylsulfoxide (control) or various
concentrations of olanzapine for 1 h at 37°C. Concentrations of insulin released into the medium were
determined using a rat insulin ELISA kit. Amounts of insulin secretion were normalized to the total protein
content of each well. Each value represents mean + SD of eight trials.  P<0.01 with respect to control group
without olanzapine. *P<0.01 with respect to olanzapine-treated group without olanzapine. "P<0.05, T"P<0.01

with respect to control group with each concentration of olanzapine.
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5. HIT-T15 HIfRICBIT A4 T U F iz L A EEORESR

5-1. HAY

ZHNETOERT, &7 P L HIT-TIS Mlanb DA A 3z ifl4 5 2 & 41
LT LTe, AT ECL DA A Y WO T RHIIFEICH R T 2 D TRNWD & 46k
BT DD, TP EERRBIT 1 BLO 24 FFHA v F 2X— 3 > Lz HIT-T1S Mg o4&
fr#%Z XTTHRBRCiMiiL7z, =2 hr—/WZid, A7 FEVDEEETH D 1% A F /L ALK
¥ K (DMSO) % v /=,

5-2. S

ARFFETHNZ30 M L0 HEWEETH D 100 pM O AT T 1R (Bal% 5325
DA v F a_X— 3 VR B XU 24 FERIRE L CH MO AFRICH B R ITBE S e
- 7= (Table 3),

Table 3. Effect of olanzapine (100 uM) on HIT-T15 cell viability. Results represent the

mean + SD of five trials.

Incubation time (h)

Cell viability

(% of control) 101.2+ 9.1 90926

5-3. &5
RERGMTIIAT P LD ESR TR ONT, 7Ptk bs 4R v
SSWOE T IZAMaEMEICHKET D DO TRV LR TE 72,
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6. HIT-TI5S ML DA VA Y U BUWINTRBIT B R U FERDEE S

6-1. HIY

1~5 FTOFERT, BKIREICHYT 247 P idfilasEmtEasEC 52 & 72 <, HIT-
T15 MNP DA A U aaBEHELET L Z 26N L, FFmtitlick2ic, 7
VR 1T Dy, Dy, Dy S ERRC 5-HToa, 5-HTos, 5-HToc, S-HT A, HiZBE e EDO® ) 7 I0%
BRI L CTEWEBFEZ R, 202 &M, AT 0P E IR B AIRICREET D F3I v%x
REREEHEREST LI ZLICE s TA VR U WEIKR TS ELRREENE Z 65,

ARV WE R EOBEIZOWTIIW S DO E 1N H 5, B 21X, Ustione
DI, ~UARAIDHBELTER Z2 RN VBT LA A D HWNMR T35 2 8235 LT
W5 (6l), F7m. RARIVAHEICE DA A UMK TIZ, b MESS INS-1 M T b [FEE
ICHE SN TWD (61, 87), & BT, @ AIZ RN v 2®RE LIEHE. A4 VAU Wil &
NIZHE S H 2 (88),

= ARV VAR R VURFERYT T 24 7L OBEMIZOWTIE, 7 MERIC D,
SHREFEETCH D7 A R — L EREELTHA VA Y URWNIEB Lan T 533 L
T (60), ~ 7 AT D, 2 FINIEW IR T D L-741626 ZWEEE L2 HA 21T A 2 R U AW i
éﬂé:kﬁﬁ%éﬂTwémDoL#L&ﬁ%\E%%%KI%%@%E%%T%%AD&UF
—IVEIRE LG AIIEA A WU T A2 L AR LR E LD 8T, A LAY Uy
WE Dy R & OBEMEIZ OW IR RS TRy, e, oH 7 % 1 71250 T,
~ U AT Dy AW TH D GR103691 ZIRFET 52 &L TA VR Y UWnTiiET 5 2 &
MHEINTVD (61), ZNHORETIETHSEZ MW TH 5,

PESIFA A bz D B HIRRZT T, A T 0hWEH S o MY~ A
2F D5 EED S b EAL TS, Ty~ hAXF 0T B ARICESEERA LT
AR U WEEBEIELZ LD (8991), A VAV UMW ERZRIRY T X A 7L ORI EME
IS TN LTc GG, AR~ MAZF ORI T 28X/ 7 2 4 7 DR E
LBETOMLENDY | MATIIREEE 70D, TAUE TITEEK B Mz HWT, AR Y o0
(BT D RN UZEEY T 2 A T OG22 RN U&7, AKETIE, HIT-T15
AN D DA A Y 3N T D RN USSR OB G- % fih L7z,

6-2. it L

AN HIT-T15 HifEH DA A il JIET RN VIREEOFE 2T, £ Ofk
R RT3 0.1~100 uM OHEFH TR EARIFIINC A > A Y 53z Bl L7z (Fig. 9), Z DR
I, BB UL7ZERER INS-1 226D A AU T R VIRRIZ L v IflSns & HmED
WL —& LT3 (61, 87),
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Fig. 9. Effect of dopamine on insulin secretion from HIT-T15 cells. HIT-T15 cells were incubated with
medium containing 1% dimethylsulfoxide (control), dopamine for 1 h at 37°C. Concentrations of insulin
released into the medium were determined using a rat insulin ELISA kit. Amounts of insulin secretion were
normalized to the total protein content of each well. Each value represents mean + SD of four to eight trials.

""P<0.001 with respect to control.

WIZ, AT FE L OBRMERE N D), Dy BL N DyZRRICER LT, A AU U UWE
RS U RIRY T X A 7 L OB#EVE A fifghT L=, HIT-T1S filES DA 2 Y 3l 5
D, ZBEROEGIZONWTIHRD 0, DyZBFRIECTH LT ats U 7T b D, A UGEREE
Thir vy R—=LOBEENA AT B RIETREEZR -, ZO/RE, 7axr )
TF NTREARAFHNCA AU W IE L, 100 nM PL EOIRFE Tl >k a—L D) 40%F:
FE Doy % sk LTz (Fig. 10A), —F., ~aXY K= 330 sM LA EOWRETA > A Y U 3ibE A
EZHIN L 7= (Fig. 10B),
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Fig. 10. Effects of dopamine D, receptor agonist and antagonist on insulin secretion from HIT-T15 cells.
HIT-T15 cells were incubated with medium containing 1% dimethylsulfoxide (control), bromocriptine (A,
D, agonist) or haloperidol (B, D, antagonist) for 1 h at 37°C. Concentrations of insulin released into the
medium were determined using a rat insulin ELISA kit. Amounts of insulin secretion were normalized to the
total protein content of each well. Each value represents mean = SD of four to eight trials. P<0.05,

""P<0.001 with respect to control.

WIT, HIT-T15 N6 DA AU VWIS EIT D Dy ZRIROBEGIZ OV THHRS 72D, Ds
SZREAEIETH S 7-v Fr 2 PIPAT & Dy 2B HEK3E CTh 25 NGB2904 DUEFEAA A Y
W B XIETHELZFT, ZORRE, 7-t R PIPATIZS yM L EDORETA 2D 53
WAL (Fig. 11A), NGB2904 (% 0.1 nM LA EDEE TA AU U3 E a2 b —/LdK) 20%
X F S ¥/ (Fig. 11B),
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Fig. 11. Effects of dopamine D; receptor agonist and antagonist on insulin secretion from HIT-T15 cells.
HIT-T15 cells were incubated with medium containing 1% dimethylsulfoxide (control), 7-hydroxy PIPAT
(A, D5 agonist) or NGB2904 (B, D; antagonist) for 1 h at 37°C. Concentrations of insulin released into the
medium were determined using a rat insulin ELISA kit. Amounts of insulin secretion were normalized to the

total protein content of each well. Each value represents mean + SD of four to eight trials. ~ P<0.001 with

respect to control.

Bt HIT-T1S M5 DA A Y U3 UWNZET D Dy HREDB GOV THHIR S 72D, Dy
SRERNNIETH D ABT724 & Dy HEEWE TH DL Y R T T — )VOWRENA A 253k
BRI THEBLHR LT, ZTOME, 4 AU U5UWIE 1 aM LLED ABT724 £721X 10 nM 2L E
DIXET T =L DONTNEIREE LTSS TH, 2 hr—LDOf) 20%(K T L7 (Fig. 12),
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Fig. 12. Effects of dopamine D, receptor agonist and antagonist on insulin secretion from HIT-T15 cells.
HIT-T15 cells were incubated with medium containing 1% dimethylsulfoxide (control), ABT724 (A, Dy
agonist), or sonepiprazole (B, D, antagonist) for 1 h at 37°C. Concentrations of insulin released into the
medium were determined using a rat insulin ELISA kit. Amounts of insulin secretion were normalized to the
total protein content of each well. Each value represents mean + SD of four to eight trials. P<0.05, P<0.01,

""P<0.001 with respect to control.

6-3. B52

REBFERN D, K332 D BR Dy ZARORREIIIE B M6 DA 2 R Y 53U % 1
D DTk LT, Dy ZBRITA AV Wz RitET 2 Z EP LR ->7-, b MLSEF O
RS VORI 6.50M EHEINTND Z ENnD (92) . ABFFETHENT Lz R/3 ORE (0.1
~100 uM) 1T, AFMRRE LV bEWEB I HLD,

D, AR OFERIE HIT-T15 MaN S OA 2 AU b4l L, Dy BB OMERTEA > A Y
VAW AR L7z (Fig. 10), ZOfEFIE. 0.5~500nM D7 a7 U 7FF N2 KD D, FIEORIIL
23 INS-1 ffAN S DA AU 3w aIHE L2 &0 5 &R (93), D, B EOHENE M)
HOA LAY M ERESETL VO HRE L LTS 87), £z, DyZ%RHEE /) v 7T U
R L7z INS-1 fila Tk, RS U ZIRER LA LN A AU WO Ikl 3 #8ls2
RNENIHELHD (63), AFEOER L 2 DOWENDL, B HIIICKIT HEENR D%
FIROFNZA > AV W aEIHITHEEZXLND, 5T, vTAIC 25 mgkg DHETT 0
BV TFUoaRELESGEG. A XY W omil 2o 2 EO LR ARSI A THD
(93), ZOWEIT Dy ZEERORRKIC L DA > AV VWD T in vitro 120 TIX72 < | in vivo |2
BONTHROONDHZEEZTTHDOTHD,

D, R L 1TV | Dy ZREEORNRIEA AV o3 AARE L7z DIlZxt LT, Dy /D

WEWHEA A Y W Lz (Fig. 1), —J7. Dy AT T 2 FIEEOMEBE3IT & b i

20



A AN LTz (Fig. 12), ABFZECTH = Dy 2 FIAHEEE ABT724 O D, ZBKICK 5
ECsffii% 124 nM EHIESNTEY (94). ZDEIT D, ZHEKRICHTT 5 ECsoff (310 uM) & bl L

THI1000 530D 1 Th D, £iz, DyZHFEHEWEE Y 27T — Lo DyZRRICHRT 5 KifilE 10
M THLDIZK L, ZOMDE /) 7 I 2B T 2 KifllZ>2 M THDH (95), Lo
T, REBRSGMHIZB O CTHIEANT Dy ZRRFEROIMERA L2 B X b5, Dy FIROFREIE L
WS & HITA A Y VW EIE LB & LT, D, ZREERE Dy ZFEERORBEOENEE
TOHHREMENEZ BbND, PCRIEIZE D /NI 2K mRNA OFEBUEMT OF5 R, HIT-T15

FZEBT 5 Dy ZBROFBTE T O—BfE PCR THER TX 72012k LT, Dy ZBIERORBEIT
B¥P PCR TO LR TE 7= (Fig. 4), Z OFER 6, HIT-T15 ffiZ BT 5 Dy %A mRNA D%
BRI DyFEL D DR WAEEMENE X BivD, LIc > T, Dy R EER L7256, RN
IVE D BED DyRAERERB L., REEDOZ U Dy EEORIMIC L 24 A Y R
NEICBR S L HfEREND,

FRSHIIC BN T, DX Dy B RORRKIT Gi & > X7 BoiEH bz LT, g cAMP
DFELEZMET D, BN cAMP £OJMNT7T v 7 A4 &% F—18 A (PKA) OIEMEZ I 2
(96), PKA %5 O HBS# 2 o R 7 D—Fi T 5 SNAP2S OIEMELICEE G535 (47), £7-. PKA
% Epac2 2/ L CO/NMEK ED Y 7 ) DU RIREEE L, MIRENO CaBEAINSES =
£ (97). Ca¥F ¥ DU VL EREE L, Ca¥ DM A Z R ST ERZHA LTV 5,
L7725 T, DX Dy BROFIBLIL cAMP OFEAZ A LT-MIlAN Ca®' JRED ERZ2MH4 2 2 &
T A AV AT 5 ARMENEZ DD, —J. Dy ZBERORIE S D, R Dy ZHED
FIP4 & FEEIC cAMP-PKA B A7 — REN Loy 7P VREE BT 5 2 ENmb T 5D, AHF
FET Dy XBARDRFH DDA AV 3 WA Wl L 72 B BEAH Th 2, T4F, Dy AR
W U7 H A — ROMIZ Gy I LTz AR U 23—F € (PLC) OIEME(LIC X 0 My Ca> s %
FREEDZH AT ROFELHAOLNICENTWD, ZOIZENE, DX DyZERORKEFICIX
Dy ZHR L BT D cAMP-PKA B A — RUSND B A5 — RTA U A Y iz AR e 3 2% mlhetk:
W%, BEBMBUZIRIT D RN ZFEEORNENED LI IR Ar—REHLTA LAY 5
WERESETVDDNTHONTIE, 4%, S OICFFEMRIEIT 21T 5 WENH D,
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7. HIT-TI5 IR DA VA VBB 5 e b= U ZBEOEE

7-1. HHY
7?}&%®%B%@%T@éMﬂ%%@%?yFE%@%B%@%T%%H@J%%\?y
A AV 7 —<H¥k RINmSF fild, b MESIZEe b=V 2RELIZHE. 1AV VWit

T2 2 ENMESNTWD (65, 87, 98, 99), —J7. 2 BUBEIRPEE OIEE 2 W T i s
T, B h=U3A A U WaETLHET HZ L b SN TWD (75), Flo, A RV 53k
L b= ZREY T H AT L OBEMIZOWTIE, 5-HToy ZREHNEHES B FESN S OA
VAN U ETLET D Z R0 (75), 5-HTp S B AEHIEEE (65) 36 L O 5-HTac SE AR (62) 728
MIN6 HfAN B DA AV 3WaIElT 2 Z & 5-HTye TR S < 7 APERB DDA 2 A
Vo hwa TS D (62) 2 ENHESINTWD, ZIUDOMFEHRETIE B Miars DA LAY v
TR = U FERYT AA TREETH L BRI T LD THDL, LLARRL, Th
5 OFZETH O DI ER OB, Eu b= BEHEKORFER 22 & O TG 18 R
2o TND I &, 5-HToe ZREAHIE L R T L IS, VAV RN L TWDH Z L &
OIMMN D, B B MEKRIZK T A A AV Wb ta =0 KT 2 A 77 L OBRE ML
MIZ > TELT, M~ LIEEREHETFTTA R ikt r h= 0 ZR/ES T 247 & DB
BYEZ T T D2 LERH D, I HIZ, B MERBIZBWT 5-HT SFBROFBBNHE N TN DR
(82). A AV V3MWE 5-HT¢ ZRIR E OBEMIIRATH 5, ARETIE, HIT-TIS g5 DA
YAV WIS DR N = UZERY T 2 A T DG E T LT,

7-2. i R

HIT-T15 A/ H DA A U3 KIETEr b= OFBEEZ|IER, Er b=
1% 0.1~1000 uM DHiPH THEERFANTA A Y V43 Z 40 L= (Fig. 13), Z OfE %, Cataldo
5 (65) *° Simpson 5 (87) 23R L=k b= IRFEN MING HIIIot FEER DB DA A Y 435
AIHT L LV oG L B LTS, RIS, AT T L OBFED Y 5-HTas, 5-HTas, 5-
HTyc, 5-HT ZARICHER LC, HIT-TIS Milano oA oA Y o ta h=r /K7 24
7L OB A AT LTz, S-HTon IBEWHFMIE TH D TCB2 (1~1000 nM) & ZHRHERZETH 5
MDL11939 (0.1~100 nM) DIEFRIT & HITA > AV NI B %A 5 2 72 > 7= (Fig. 14), 5-HT,s
SRR TH 5 BWT723C86 (L 1000 nM DRJE TIREE L 72 5B DI, DT NIIA AU 53k
NS 7o (Fig. 15A), —7F . 5-HTp ZAEEWIECTH D SB204741 1IN THOREICE N TS
A VA UGN B R 5 2 Ip o 72 (Fig. 15B), & 512, &1 b=V 5-HT,c AR EHLEE TH 5
R060-0175 /X 10000 nM OJRFETIREE L TH A > AU WL 5 2 72 x > 7273 (Fig. 16A), 5-
HToc ZARIERISETod 5 SB242084 X 1 nM LA EDRETHOTINIA VAV U a R T SE 7
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(Fig. 16B), 5-HT¢ ZAKRDORPLIK TH D WAY181187 (10~10000 nM) & ERTITH 25 SB399885

(0.1~100 nM) DEREFRIZ L HITA > AU 43U
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WA 5.2 e o Tz (Fig. 17),

Fig. 13. Effect of serotonin on insulin secretion from HIT-T15 cells. HIT-T15 cells were incubated with

medium containing 1% dimethylsulfoxide (control), serotonin for 1 h at 37°C. Concentrations of insulin

released into the medium were determined using a rat insulin ELISA kit. Amounts of insulin secretion were

normalized to the total protein content of each well. Each value represents mean = SD of eight trials.

"P<0.05, "P<0.01 with respect to control.
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Fig. 14. Effects of serotonin 5-HT,, receptor agonist and antagonist on insulin secretion from HIT-T15 cells.

HIT-T15 cells were incubated with medium containing 1% dimethylsulfoxide (control), TCB2 (A, 5-HTa

agonist), MDL11939 (B, 5-HT,, antagonist) for 1 h at 37°C. Concentrations of insulin released into the

medium were determined using a rat insulin ELISA kit. Amounts of insulin secretion were normalized to the

total protein content of each well. Each value represents mean = SD of eight trials.
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Fig. 15. Effects of serotonin 5-HT,p receptor agonist and antagonist on insulin secretion from HIT-T15 cells.
HIT-T15 cells were incubated with medium containing 1% dimethylsulfoxide (control), BW723C86 (A, 5-
HT,p agonist), SB204741 (B, 5-HT,p antagonist) for 1 h at 37°C. Concentrations of insulin released into the
medium were determined using a rat insulin ELISA kit. Amounts of insulin secretion were normalized to the

total protein content of each well. Each value represents mean = SD of eight trials.  P<0.001 with respect to

control.
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Fig. 16. Effects of serotonin 5-HT,c receptor agonist and antagonist on insulin secretion from HIT-T15 cells.
HIT-T15 cells were incubated with medium containing 1% dimethylsulfoxide (control), Ro60-0175 (A, 5-
HT,c agonist), SB242084 (B, 5-HT,¢ antagonist) for 1 h at 37°C. Concentrations of insulin released into the
medium were determined using a rat insulin ELISA kit. Amounts of insulin secretion were normalized to the

total protein content of each well. Each value represents mean + SD of eight trials. P<0.05,  P<0.001 with

respect to control.
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Fig. 17. Effects of serotonin 5-HT receptor agonist and antagonist on insulin secretion from HIT-T15 cells.
HIT-T15 cells were incubated with medium containing 1% dimethylsulfoxide (control), WAY 181187 (A, 5-
HT¢ agonist), SB399885 (B, 5-HT; antagonist) for 1 h at 37°C. Concentrations of insulin released into the
medium were determined using a rat insulin ELISA kit. Amounts of insulin secretion were normalized to the

total protein content of each well. Each value represents mean = SD of eight trials.

7-3. B

e k=2 (1~1000 uM) (& HIT-T15 HifE2 6 DA > AU 3% DT 02 872 (Fig.
13), ZOFEFRIE. 30~500 uM D& 1 k=1 A% MING fE<> INS-1 #ifid, RINmSF filfiain o oA v
A oA I L7c B oA & —E L TWD (67, 95, 100), A AU 53Uk JIX T NEM:
e b= OEENZOWTUIHEN RS, Br =02 KX U ERBRICHEE B Mg b A v A
U VMRFIZ WIS nbd Z e, ta b= b4 VAU U WEORFEIZE G LT\ 5 & H#EL
ENb (62), AHFFETIE, Etu b= DEEZ 01~100 pM & L7z . & bMisEFO®r b=
B 0.6 pM EHREINTNDZ Enb, AFMARRELY L& (101) . L7eR-> T, 41k,
AFREDOT ) T I EHWTA VAU UM BIT ANRMET 2 7 2 v DREI AR D 0
DD,

AR T, Er h=VZR/ESTZAL T DI 5-HTpw THFEE 5-HTe TREITIT 5 5%
BLOERIIOT G A R Y Ui E B SR o7 (Figs. 14 and 17), ZHETIZ, b MK
BB DA LAY 43U E 10 uM @ TCB2 (5-HTop 52 RARAINGER) ZIRfET 25 2 & CTuES .,
uM @® EMD281014 (5-HTys Z AWK ZIRE T2 2 LTl ans Z & AHE s Tn 5
(75), RIEROD & 51T, BERICITNE B MfR7Z 1 T <, i o MAE S F7E L, EMD281014 (X7 /v =

YWETLHET D Z EMME SN TWD (75), L7h o> T, 5-HTys AR MERIRE R TR O
NleA 2 O WOART T Bl ~DEAZRRAER TIE2 <, affilal v sz s i3
(X DR A R ) O OR R TH 5 LRI D,
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5-HTop X BAARIEHE TH 5 BWT723C86 DIRFRIZA X U W a O 0 TedE L7z (Fig.
15), ZOfEHI%, Bennet HOWME Lz~ 7 2Pt b D BHIEIZIIT D 5-HTap 2 B ORI AN/ N
R ED P 2B ERERIL L. MIN Ca” DBEEZBINSE 5 Z L TV a—RRIFHEA A Y V5300
EHMEEDL EVWIHREL —HLTWD (64), Fi=. S-HT, ZH/EKE /v 77 7 hL7= INS-1 #
JaClk, 7 a—2RMEEA 2D U Il S LD 2 &R0 (64). S-HTyp T AEBOMIEER 2%
BT BB FERL O N—Y TV T 4 EEOBE TITEELFF-20 e FEHRTA
VAV GMHBMERNZ E D (102), AWFIEDORER DR T K I S-HTp X HEDORITRIEA A Y o~
DWERESED EEZOND, AT, S-HT o ZAKERHECTH 5 SB242084 (X1 > A U >4y
WA BISME L7z (Fig. 16), ZHE TS, ~ U APER % 5-HTop/S-HToc 5 2 (SR A% 5R
mCPP CTHIM L7=5E TR, v a— R RAENEA R ) Uom i il S 402 23, SB242084 - g
LTHA LAY UUWIEENL LN 2 ERHRE S TWND (103), BEORR & ARWFFEOR T —
BLWHEEE LT, MEORE TIIMTIEERN NN TNDL ZENEZOND, £z, K
FIEDFER, v r = BEROEEN R RI VU E2RE LIZEA L T/RE <, 5-HTy X 5-
HTyc ZABRORIEE LOERIZ L D4 VAU U WREOEENT RS V2 A RBEE A IR L7
BE L ThT N ThoTe, LIzh- T, HIT-TIS M@0 A4 A U wmicBiF 5 m
N = URFROBEZEN R FHIIRNEEZ BN D,
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8. HIT-TIS ML DA VA Y U BIITBIT B A ¥ 2 UBEOEE

8-1. HEY
GG PN L BIMPEE RO A D =R D—2 L LT, AT FEUBRMNO H, ZHKE
% BRSSPI 2T 52 ERMbNTWD (24), £7-. BRROES 1 < HIT-T15 fEic

I H ZAERS y ZBARDPHEE L TWADLZ LN L, LLRRL, lEOIIZE N
T, B MIENEDA LAY Wb B AX I URREY T Z A 7L O EME A R TG IXIT 8
Ao EIR, ARIETIX, HIT-T1S filENHOA AV U3MWICEIT D e 2% I VZRIROE 2o
UNTHERT L T2,

8-2. fE
HIT-T15 FifEN S DA L AV UBWMIIB RIET e AX I VOB E PR, e AZ I
1% 1~100 nM OFPH TEEERIFHN A > A U 43U & i L 7= (Fig. 18),
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Fig. 18. Effect of histamine on insulin secretion from HIT-T15 cells. HIT-T15 cells were incubated with
medium containing 1% dimethylsulfoxide (control), histamine for 1 h at 37°C. Concentrations of insulin
released into the medium were determined using a rat insulin ELISA kit. Amounts of insulin secretion were
normalized to the total protein content of each well. Each value represents mean = SD of eight trials.

""P<0.001 with respect to control.

RIZ HIT-T15 M2 DA 2 AV W D Hy X BRDBGIZHOW TR D720, H %
BERHIETH D 2-PEA & H ZEEEMIETHD NI A- M) P ) PUDRENA R
DN B IIETHELR -, TOME, 2-PEA X 100 yM PL EDOEECTa Y hr—/L D 1.5~2.0
FEREOHERA AV 3o ER %2R LT (Fig. 19A), —JF, 10~100 nM O ks Z > A- kU 7
7Y Yy OREEITA A aWE A EIZHEI L7 (Fig. 19B),
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Fig. 19. Effects of histamine H; receptor agonist and antagonist on insulin secretion from HIT-T15 cells.
HIT-T15 cells were incubated with medium containing 1% dimethylsulfoxide (control), 2-pyridylethylamine
(A, H; agonist), or trans-triptolidine (B, H; antagonist) for 1 h at 37°C. Concentrations of insulin released
into the medium were determined using a rat insulin ELISA kit. Amounts of insulin secretion were
normalized to the total protein content of each well. Each value represents mean = SD of eight trials.

""P<0.001 with respect to control.

b A4 I A HIT-T15 ffE OGO A A Y o5z A EICEH L7zolok U, Hy A5
HThD 2-PEA 1TA VAV W EFREICTUE L., ZHOORENS, H BRSO 24
JURBRY T EATHA LAY WO LT b eI, 22T, AR
VOPUANZEIT D Hy ZBEER OB HICOW TN 237 7=, HIT-T15 M@ D DA > AU V55U,
H, X RERHEECH DT & 2 ORERIFIICE T L7z (Fig. 20A), —J7. H, ZFEWTEECTH
LFAFVNF 01 oM DIA AN 3z DTN T S22, MORE TIZA AU 9
W% B 2 72 7)o 7= (Fig. 20B),
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Fig. 20. Effects of histamine H, receptor agonist and antagonist on insulin secretion from HIT-T15 cells.
HIT-T15 cells were incubated with medium containing 1% dimethylsulfoxide (control), amthamine (A, H,
agonist) or tiotidine (B, H, antagonist) for 1 h at 37°C. Concentrations of insulin released into the medium
were determined using a rat insulin ELISA kit. Amounts of insulin secretion were normalized to the total
protein content of each well. Each value represents mean + SD of eight trials. P<0.05, P<0.01 with respect

to control.

8-3. B

HIT-T15 fflc & A% X U 2R L72AER. 1~100 nM D & AKX I A3 A 2 A Y 255Uk % i)
L7- (Fig. 18), —Ji. H| Z&BMEHILI TH D 2-PEA 1314 AV ez T Li-oizxt LT, H,
SZREWICTHD N T AN 7Y DdA A Y U EIR LT (Fig. 19), 2 Ok
RiE, B A2 I VHIC E DA A ) o ifilE Hy RBEORE CITHRH TE RN & &R
LTW5, £ZT, AR LTNOE R Z I VZ/EY T2 A4 T ThD BRI ER L, Hy
ZREEA LAY sl OREMEZ AT LT, £ ORE. 10 naM BLEDT > & I ORIEIC &
DA AV 3 WNETIHI STz (Fig. 20A), —J5, 0.1 aM OF A F T UKD Hy AR OB E
A VA W EABICIE LS, oORE TOREREIIRD b7 (Fig 20B), =
NHDORERNS, B AZ I VHRIZ L DA VAU L WOIENS Hy ZREROFEA B 53 5
ZEDRBENTZ, L LR, A VAV URINCEBT D H RO HIHRV EHER SR
Do U, < U AR MING MEIC Hy XBFEBFEHL TWVD Z ERRESATVD (100), F
T2, Hy ZBREHIEIRTH DA AF v MIA RV U aWafl L, Hy SAREERIETH D INI-
5207852 1FA AV VW ETUET 2 Z E LN STV D (100), Zhb DHEIL, B A
IVHBIC K DA R WO TTIC Hy RBRORIENEET 22 L2/ T 550 TH 5,
414, HIT-T15 MICHT 5 Hy AR DFREBIRA A Y 00 & OBJEMEIZOWT, fijfr 217 9
WERD D,

29



H, 2B KRORNEKIL Gq # > 737 E %/ LT PLC L3k, o7y 7 Uku—bA v b
— IV E Y VOB ERET D, A Y b= =) VERIT/NAR O 1P ZERERE TS Z & T
RN Ca® BIEA EREEL 2D, KB AT — KB H ZBRORPIC L DA R 53 Wn
JLEIZB G L CW D AEM N B 2 bid, —J7, Wy BROFKIX Gs # v /37 BoiEMALE I L
THIKEN Ca? A LR EED ZENMBNTND (104), ABFFEORE R, Hy ZRARORITA >
AV WEMFI L2 E0nh, ZOBIGHIIE cAMP-PKA 5 A7 — RLUANOREE B 595 AlHE
PERE 2 B b,
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9. HIT-T15 #fIZ BT B EEF / 7 2 U AEEEIKIC & 2 Mz orEsR

9-1. HEY
RKEBICHWT-SE ) 7 I U RRBLEIEOMEZEN HIT-T15 MaOMIaEFRICEEy 5 2
NZ BRI A0, 5 ERBEIC XTT Bk TR O ETFR 2 514 L 7=,

9-2. fiti
XTTREROFER, &E /7 I A ARBE 513 24 Wi £ CTICA B EFRORT
%A L 72 v o 72 (Table 4),

9-3. &5

HIT-T15 ffQIZ & ) 7 2 U RARBEIE ARG LI AN DA VAU iDL )
. MEREEORE R TIER S, EZBE~OEZENRZECL b0 ThHL EEZ LN,
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Table 4. Effects of chemicals on HIT-T15 cell viability.

Results represent the mean & SD of five trials.

Chemicals

Cell viability (% of control)

Bromocriptine
Haloperidol
7-hydroxy PIPAT
NGB2904
ABT724
Sonepiprazole
TCB2
MDL11939
BW723C86
SB204741
Ro60-0175
SB242084
WAY 181187
SB399885
2-PEA
Trans-triprolidine
Amthamine

Tiotidine

104.0+6.4

103.1£2.9

96.5+2.8

104.0+2.2

102.9£2.0

99.8+5.0

100.5+4.4

113.2+14.8

97.4+£3.8

102.2+7.5

92.3+£3.7

990.8+3.4

97.946.1

106.5+4.2

102.5+£3.5

101.3+1.7
89.1+£21.2

93.56+17.2
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o =
o A

FT U NIEA DT )T I UEERICK L THEPERE R T 2D, AT VR
BE B MIRRICIIT DE ) T I U BIROERER 2N T5 2 & TA R Y Uawa sl L, gIfER
Th 5 EIMBEEREZFZETHAFREENB AN, LrLanb, B Mmoo XY g
MBI DT LTV U ZREUSNDE ) 7 2 U ZREROBEFIZOWTIEAL N TR, A%
Tld, NAAX—HSERE pHIIIE TH D HIT-TIS Mz AW T, B B RN DDA AU o3k
WZBITDH IRV, Bu b= B A I UZREKOBRE5 2325 2 &2 B E L TRRAT
BT o7, ZTOREER, LFOMR AR/,

1. HIT-T15MfdiZ F/32 2 Dy, Dy, Dy BARSCE 1 b =2 5-HTas, 5-HTop, 5-HTac, 5-HT Z A,
EXZ I H BEU H, XA mRNA FBL TWL Z ol Lz, £72, Dy BXD 5-
HToy ZRRICONWTIE X VR BEORB LR LT,

2. HIT-T15 Ml DDA AV U53W0E, RN 2 Dy B RO Dy ZAERORITRIZ K0 0] S 4,
D; DRKIZ L VRSN D

3. HIT-TI5 fij@» S DA AV U3wiE, Bu b= 5-HT,p SREOFIKIC L W IEESh D

A RN GRS DM BEROFGIIE, —T7, 5-HTw XA, 5-HTye ZAKIS
K OVS-HT S BARDRNITITA A Y U RE L720 ,

4. HIT-TIS HIEN DDA AV U43E, B AKX 22 H) ZREOFKC X vt Sh, H, 28
ORI L v mHlEns .

5. ATk, BREIM R T HIT-T1S Ml D OA 2V o5k i+ 5,

AWFEOFRERIT, 4T P2 B HIIRIZIEBLT D Dy BARSC 5-HTyp, H) SR % MW7
HTETA VA W EBEENICIHT2REER DD ZLE2TTHLOTH DL, AIFRETHDL
T2 R 23, MARTA (2 X 2w MUBEREIR O TRAEOBRFLEmMHER 2 & - ShnwEe /7T I vz
BAREWIEDOBHFRE A AT O BROF AR MR L 72 5 Z L 2 ]I 5,

33



PR

OV ICHEA, RFEEZZITL, FANmLEeELDDTHIZY, B ITBERD TS, i
BEAG Y £ LIDRBRPHBEEARD 2 W% Bdzx iU, Rl SZH 8% JRRRF R
ERBUEAFUR BOREE AR HEBUR. JRRBRTFHRBEEAES B M A SEICEA TR OEE
FLET,

R SLOMERIZHTZ 0 . A2 DH S 20 £ LIZIRERFPRZRERBER &)1 1l
I OHdE, AR G HdR, &B oA BdR. KT R WEdRICER N LET

KRBFFEEATOICER L, 872 2HBIS 210 £ Lo mEm G KRB R R EA hE
BIRIEH N2 L E T,

RIFFROFETIZHT Y, BHERCARY £ L hH BWE Ph, =@ &X2F 2L BRI XK
i KA T, JRERFPRFEGEE R AR FBEEAI AR EE Ok, FRFEEAREAE D
B IR B R FIRBEREAE O BARIZE LR L B £,

WIZIT, FAEEZ XX T ES o F i, KANTLE Y E#HN - LET,

2020 4% 3 H
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KBRT 1k

1 EHE B L OF v b
Olanzapine

Dopamine hydrochloride

Serotonin

Histamine

2-Bromo-a-ergocryptine methanesulfate salt (bromocriptine)

Haloperidol

7-Hydroxy-PIPAT maleate
NGB2904

ABT724 trihydrochloride
Sonepiprazole

TCB2

MDL11939

BW723C86 hydrochloride
SB204741

R060-0175

SB242084

WAY181187 oxalate

SB399885 hydrochloride
2-Prydylethylamine dihydrochloride
trans-Triprolidine hydrochloride
Amthamine dihydrobromide

Tiotidine

Nutrient mixture F-12 Ham Kaighn’s modification (Ham’s F12K)

Fetal bovine serum (FBS)

Penicillin (10,000 IU/mL)-Streptomycin (10 mg/mL) solution
0.25% Trypsin-EDTA solution

Dulbecco’s phosphate buffered saline (PBS) (-)

Hank’s balanced salts (HBSS)

Bovine serum albumin (BSA)

Dimethyl sulfoxide (DMSO)

XTT sodium salt

Fy MM AV AHEFR Y B

1-Methoxy-5-methylphenazium methylsulfate

35

Tl T2
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
FEHIEE T2
Tocris Bioscience
Tocris Bioscience
Tocris Bioscience
Tocris Bioscience
Tocris Bioscience
Tocris Bioscience
Tocris Bioscience
Tocris Bioscience
Tocris Bioscience
Toront Research
Chemicals, Inc.
Tocris Bioscience
Tocris Bioscience
Tocris Bioscience
Tocris Bioscience
Tocris Bioscience
Tocris Bioscience
Sigma-Aldrich
HyClone
Sigma-Aldrich
Sigma-Aldrich

H 7K SR
Sigma-Aldrich
Sigma-Aldrich
THTAT AT
Sigma-Aldrich
AROK AR TERT
[FY AL SRR



RNeasy Plus Mini kit
ReverTra Ace qPCR RT kit
KOD -plus-

T = A

6xLoading buffer

100 bp Ladder

a7 7T —EBHELR D 7T (—BH)

57§ &~— 71— (Low Range)

Western lighting ECL pro

QIAGEN
TOYOBO
TOYOBO
TaKaRa
TaKaRa
TaKaRa
THhHTAT AT
THTAT AT

Perkin Elmer

Z O OFAINI TR 2 W e, 7T A4 ~—F LOHURIZS IR OE TR,

2 AR E - B
29 R4,
100 mm dish
24-well plate
96-well plate
LEF Y EF v b
CO M UVF aX—H—
SR
TAE L —H—

Tt gy R

AEYA DA —

~Afr7uFL—h)—F—

SRV AT O EE G
PCR %#(&
DNA VK E)%E &
BHAEE UV

£ A= DT F T A P

Rin

150466

142475

167008

SCV-1303ECIIA

MCO-175

CK2

DAP-15

T =7~y Tl

A U= A7 anHE O
AR = VR
Multiskan GO

MTP-310

iCycler

Mupid-2plus

AE-9020 E-Shot 11
PowerStation 1000VC/AE-8450
myPower500/AE-8150

FEH A« I =R T TELUKENE
/AE-6500

TRANS-BLOT"SD SEMI-DRY

TRANSFER CELL
LAS4000 mini

36

=tk

Thermo SCIENTIFIC
Thermo SCIENTIFIC
Thermo SCIENTIFIC
HITACHI

SANYO
OLYMPUS
ULVAC
KUBOTA
KUBOTA
Erma TOKYO
Thermo Fisher Scientific
CORONA
Bio-Rad
Adbance
ATTO

ATTO

ATTO

ATTO

Bio-Rad

GE healthcare



ERUKEET Y 7 F =T Image Quant TL GE healthcare
AU ke T18 ULTRA-TURRAX IKA

3. FH A A
HIT-T15 ffific DS 7 7 —< A F AT 4 H)L

4. FHfRRG R

HIT-T15 ffEE 10% 7 AR Mm%, 2.5 pg/mL NaHCOs, 100 TU/mL <=3V > B LT 100
pgmL A ML h~A &ML 10 mM 7V a— X E4 Ham’s FI2K 5514 VN, 37°C 5%
CO, DERIETHFR L=, MO/ I, 0.25% trypsin-EDTA solution % FV > CHlfa 2 FIEfE L. Ham’s
FI12K B L 7= %, ME(CH & LC 100 mm dish |2 2.5%10° cells/dish & 722 X 5 IR L 7=, 72
B, HEHIARHIT 2 B Z LT o7, M Lol passage (3 80~100 & L7z,

5.RT-PCR

HIT-T15 % 100 mm dish {2 2.5x10° cells/dish THEFE L. 24 BEEEsE L7z, K L7z PBS(-)
5mL T 2 [\ L, 0.25% trypsin-EDTA solution 2 mL CHflfa 2 FIEE L 7=, MAQREIKIZ Ham’s
FI2K 55# 8 mL Z /12 C 50 mL F = — 7 2RI L 724, 1,000 rppm C 5 53[0 0B L 7=, 05
HEtz, BIEZWSIBRET 22 & THlaXLY Yy &7, 50 7cMia~1r > F2 5 RNeasy Plus
Mini Kit Z IV T, 42 RNA Z i U7z, filiH L7242 RNA 1% 260 nm CTOWEZ ) & ISR E 27k
iE L. ReverTra Ace qRNA RT Kit ZH T ¢cDNA Z#{ER L7=, 1O OEEIIEFY FDO~v==
TIAZHES T T T2, WIT, YERL L 72 ¢cDNA LV Kod -plus-% H T iCycler |2 T PCR 17> 7=,
PCR DJiitE, PLFIZRT AT 35 U A 7 VAT o 72 FIAEZEM: 94°C (2 4)). BN 94°C (30
), 7==U 7 B0®), MERIL 68C (147), HZBERRT T ~—, 7=—1 »JIRE
BLOTHSNDEDOY A X% Table 512777, EHIT, Dy, Dy, BH b= B IO H ZERIC
DWTIER AT 4 v RF T A ~— (Table 5) # T 2 Bt PCR 217> 72, 703 PCR DSAFIE 1 B
BEE &Rk T - 72,

6. 7 H v — AERIKE

TAE $EERIZ 2% (wiv) 70 —RA%Z N2 T, MEER LI-%, =F Vv a7a~vA RElx
T, 7He—AWREER LT, FPAERAT L — MIT A e —AREEEE, KR TELT S
FCHHE L7, 4CTS bICEb S 7z, KEMEIC TAE BE &7z L, 7V 2 kB EIcE v
N LT, 6xLoading Buffer Z 1/6 {52 /M Z 72 DNAGEL 5 uL 2V = VT 7 T4 Lic, &~ —
J1—I%, 100 bp Ladder (TaKaRa) % FH\ 7=, &E 100V CEXIKEI 21T > 7214, 312 nm ® UV Fg}
IZE Y DNA DAY REfH LT,
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7. Western blot T
7-1. & X7 B O

HIT-T15 #lifE % 100 mm dish {2 2.5X10° cells/dish THEFE L. 7 B L7, K ETHH#ZBR
E L7tk K L7- PBS(-) SmL T 2 B L7z, 7 r7r 7 —EBHER D 7 7% 1%RML
lysis buffer (50 mM Tris-HCI, 0.1% TrironX-100, 150 mM NaCl, 1 mM EDTA) 250 uL #/llZ.C, A7
LA R—THIBZFBEL 15mL F=— 7 2AU L7z, K&ATF. AY ka2 5,000 rppm T 2 43 EARE
T A XLk, 4°C, 12,000 rpm T 20 SO BEE L7, S ol B 22 N7 ERERE L
T2 oI H R EREHT BSA AW & LT Lowry {BIC KD Z Xy BEWIE LT-, i
Lo & o3 7 gakBhE, % % T-80°C CRfFE L7,

7-2. SDS-PAGE

BUNTEHARE XY TNy Ty —IRAE L, 10% KD T 27 VT I R7VIC I lane &
720 10ug 27774 L, o f&~—W—I|ZiZ LMW Marker Kit for SDS Electrophoresis % fu>
Too VKBTSV 1 BCY T2 D IR VISR W CEEDR 20 mA, 087 VERTIZ B8V CEBDTE 40
mA TIT o7z,

7-3. Western blot

SDS-PAGE %D 7NV ANy 7 7 —HTH 15 P b L7ctk, 7 ey 7 0 o 74E % M
W25 VOEELET 1, = heta—R (Bio Trace™ N, Pall Corporation) |25 L 7=,
5% (W/V) A A V7 G4 TBS-0.1% Tween 20 (TBST)C 1 BEfi] 7 1 v &> 7 L7-1%. TBST T3 [H]
PR LT, YEVR#2(2 TBST T 800 1547k L 7= D2DR (B-10) (SC-5303, Santa Cruz Biotechnology)
ZIRML T, 4CTWiA > Fa~—hL7, BOSK TR, = bhrtlm—XfE% TBST T 2 [BE
L7z, TBSTIZ X % 10 oM ORE ez 1Bl 5 0 MOREES % 2 [EAT 572, 5-HTn A
OHHIZIE, = ek o—2EOR P DI PVDF fE (Immobilon-P membrane, Merck) % i ffl L
7o #5514 D PVDF EIZ 7 10w % 7%, TBST T 500 {51277 L 7= Anti SHT2A receptor antibody
(ab140824, Abcam) Z i/ L T, 4CT—WeA > Fa2~— k L7z, SSH TH#IZ PVDF BZ Peig L7-
#%. TBST T 20,000 {54 L 7= Donkey Anti Goat IgG H&L (HRP) (ab97110, Abcam) & H T, =i
(2T 1 BRREYE L7, Yhi L7240 12 western lighting ECL pro Z 77T, 1 2RSS S -1,
LAS-4000 (2 X 0 EoD IgE Pk L fEA LTz ¥ o7 E i L=, EfgHTi2i%. Image Quant
TL ¥ 7 K =7 (GE healthcare) % 7=,
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Table 5. Primer sequences, annealing temperatures, and product sizes.

gene primer sequence annealing product size
temperature (bp)
Q)

dopamine D, forward: 5'-TCGCCATTTGTCTGGGTCCTG-3 65 261
reverse: 5'-TGCCCTTTGAGGGGGGTCTTC-3'

dopamine Dj

(1" PCR) forward: 5'- 62 119
GTCTGGAATTTCAGCCGCATTTGCTGTGA -3'
reverse: 5'-
ATGACCACTGCTGTGTACCTGTCTATGCTG-3'

(2nd PCR) forward: 5'-CAGCCGCATTTGCTGTGATG-3 62 94
reverse: 5'-GTACCTGTCTATGCTGATGGCA-3'

dopamine D,

(1% PCR) forward: 5'-GTCCGCTCATGCTACTGCT-3' 60 344
reverse: 5'-GACTCTCATTGCCTTGCGCTC-3'

(2" PCR) forward: 5'-GCTACTGCTTTACTGGGCCAC-3' 60 329
reverse: 5'-TCATTGCCTTGCGCTCCCTT-3'

serotonin 5-HToa

(1% PCR) forward: 5'- 67 291
CTGGTCATCATGGCAGTGTCCCTAGAGAA-3'
reverse: 5'-
GGTTCTGGAGTTGAAGCGGCTATGGTGGA-3'

(2nd PCR) forward: 5'-TGATGTCACTTGCCATAGCTG-3' 55 105
reverse: 5'-AGAGCTTGCTGGGCAAAG-3'

serotonin 5-HT g

(1% PCR) forward: 5'-~ATGCCGATTGCCCTCTTGAC-3' 67 185
reverse: 5'-CGGGAGTTGCACTGATTGG-3'

(2nd PCR) forward: 5'-GCCGATTGCCCTCTTGACA-3' 62 182
reverse: 5'-GGGAGTTGCACTGATTGGC-3’

serotonin 5-HT ¢

(1" PCR) forward: 5'- 65 273
GGGTCCTTCGTGGCATTCTTCATCCCG-3'
reverse: 5'-
CTTTTCGTTGTTGATAGCTTGCATGGTGCC-3'

(2nd PCR) forward: 5'-GTGGCATTCTTCATCCCGTTG-3' 62 254
reverse: 5'-TTGATAGCTTGCATGGTGCT-3'

serotonin 5-HTg

(‘lSt PCR) forward: 5'-ATGCTGAACGCGCTGTATGG-3' 60 140
reverse: 5'-GAGAGGATGAGCAGGTAGCG-3'

(2" PCR) forward: 5'-GTATGGGCGCTGGGTGCTA-3' 60 112
reverse: 5'-GTAGCGGTCCAGGCTGATG-3'

histamine H; forward: 5'-ACTTGAACCGAGAGCGGAAG-3' 60 178
reverse: 5'-GGGTTCAGCGTGGAGTTGAT-3'

histamine H,

(1St PCR) forward: 5'-CCAGCTCCTGTGACTCCAGA-3 60 353
reverse: 5'-GGGTTTGGGAAGGTCTGATG-3'

(2" PCR) forward: 5-GATCCCTTGCACAAACCCAAC-3' 60 97

reverse: 5'-TCCTGGTCTGTAGTGTGCGT-3'
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8. A LAY U FEER
8-1. HA[m]hg SR

HIT-T15 i % 24-well plate (2 1.0x10° cells/well THERE L, 72 Bifiih58E Uiz, BaRE L
%, 1% ¥ AF IV ALK F T K (DMSO) & H Ham’s FI2K 551 C 30 07 LA > F a_X— 3 L
Teth, MZ 47 oW E AT AR F 72 13w 3R (Table 6) 2572 10 mM 7 /L 22— X
&4 Ham’s FI2K B5#1C 1 B A % 2 _—3 3 > Lz, = b — L2l 1% DMSO O &% il 2
7z Ham’s FI2K 55t 2 o, BEic sz v AV U &IZ7 v b VAU CREF v MZ
FVMEL, Lowry IBIC K VIIE LK Y = VD2 /87 &THIIE LTz, 73, FEBITHA 3
[El# 0 3R LATV, FARELME 2 iRl L7z,

Table 6. Agonists and antagonists specific for dopamine, serotonin, or histamine receptors used in this study.

Receptor Agonist Antagonist
dopamine D, bromocriptine haloperidol
dopamine D3 7-hydroxy PIPAT NGB2904
dopamine Dy ABT724 sonepiprazole
serotonin 5-HTp TCB2 MDL11939
serotonin 5-HT .5 BW723C86 SB204741
serotonin 5-HT ¢ Ro60-0175 SB242084
serotonin 5-HTg WAY 181187 SB399885
histamine H 2-pyridylethylamine trans-triprolidine
histamine H, amthamine tiotidine

8-2. 47 W 30 A IR TEFER

HIT-T15 #f % 100 mm dish 1 2.5%10° cells/dish THEFE L. 24 ByfEs# L7, iz REL-
#%. 100 nM 47 P E &2 5T 0.1% DMSO &4 Ham’s FI2K E5H 10 mL (ZH5# 2 254 L=, LA
e, 2 HZ &I T P E UG A TR A ATV, 7 A Z LISk Z 30 IR L7z, 27 H
W28 24T - 72 M 2 24-well plate |2 1.0x10° cells/well THERE L. 72 FFHE#% L7, 1% DMSO &
A Ham’s FI2K §5H1C 30 0l 7 LA v FaX—Ta v L, MlzSBEOLT P28
72 10 mM 7 /b2 — XG4 Ham’s FI2K BT 1 BFfEA o F a_—v a3 Lz, ar he—/Llik
1% DMSO O Z% il %2 7= Ham’s FI12K Bz 7=, B5irhic iS4 v AU v &ElZ 7 v b
VAV HEF Y MZEVPIE L, Lowry JRICEVIE LIS Y = L ORZ 87 B CHIEL
7o 7o¥5. FEBRIIA 3EHEV R LTV, FELEZ R L7,
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9. XTT 7kl

HIT-T15 il % 96-well plate (2 1.5x10* cells/well THEFE L. 24 FREE#E L7z, a2 RELR
%, A7 U E IS ARSI E 7R A 5T 10 mM 7V 2 — X5 Ham’s F12K
B¢ 37°C, 1 Bl A v Fa_X—a > Lz, 22 he—/Lilid 1% DMSO OA % iz 7= Ham’s
FI2K 55tha H e, A U F a—T 3 VRRICEIIZFRE L, 225 uM XTT 35 L TV 48 uM 1-methoxy
PMS % Il 2 7= 200 pL Hank’s Balanced Salt Solution %47 = /UIZ{IN L7, 37°CT 44 ¥ =
N— L7k, 450 nmBELR650 nm O EA~ A /a7 L—h) —Z—ZHWCTHIE LT,

10. #EaHARAT

HRERBROT — 213, FHE + FHERAE (SD) TR L7z, #atPid Kruskal-Wallis F 7213
ANOVA test Z WV CTEEO ZZFHM L, i T 2 BEM L Student’s t-test, 2% E LKL post
hoc Tukey test, Dunnett’s test 33 & U' Bonferroni test 21T 72, P<0.05 ##atl A EZH O & Al L
7o
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