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AC : adenylate cyclase 
ADP  : adenosine diphosphate 
ANOVA : analysis of variance 
ATP : adenosine triphosphate 
cAMP : cyclic adenosine monophosphate 
cDNA : complementary deoxyribonucleic acid 
BSA : bovine serum albumin 
DAG : diacylglycerol 
DNA : deoxyribonucleic acid 
DMSO : dimethyl sulfoxide 
DPA : dopamine partial agonist 
DTP : guanosine triphosphate 
EC50 : half maximal effective concentration 
EDTA : ethylenediaminetetraacetic acid 
ELISA : enzyme-linked immuno sorbent assay 
Epac2 : exchange protein directly activated by cAMP 2 
ER : endoplasmic reticulum 
FBS : fetal bovine serum 
GDP : guanosine diphosphate 
GIP : gastric inhibitory polypeptide 
GLP-1 : glucagon-like peptide-1 
GLU : glucose 
GLUT : glucose transporter  
G6P : glucose-6-phosphate 
Ham’s F12K : Nutrient Mixture F-12 Ham Kaighn’s modification 
HBSS : Hank’s balanced salts 
HRP : horseradish peroxidase 
IP3 : inositol trisphosphate 
Kir : inward-rectifier potassium channel 
LMW : low molecular weight 
MARTA : multi-acting receptor targeted antipsychotics 
mRNA : messenger ribonucleic acid 
NMDA : N-methyl-D-aspartate 
PBS : Dulbecco’s phosphate buffered saline 
PC : prohormone convertase 
PCR : polymerase chain reaction 
2-PEA : 2-pyridylethylamine 
PIP2 : phosphatidylinositol bisphosphate 
PKA : protein kinase A 
PKC : protein kinase C 
PLC : phospholipase C 
PMS : N-methyl dibenzopyrazine methylsulfate 
PNGase : peptide-N-glycosidase 
PVDF : polyvinylidene difluoride 
SD : standard deviation 
SDA : serotonin-dopamine antagonist 



 
 

SDS-PAGE : polyacrylamide gel electrophoresis 
SERCA : sarco/endoplasmic reticulum Ca2+-ATPase 
SNAP25 : synaptosomal nerve-associated protein 25 
SUR : sulfonylurea receptor 
TAE : Tris-acetate-EDTA 
TBS : Tris buffered saline 
UV : ultraviolet 
VDCC : voltage-dependent Ca2+ channel 
XTT : 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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H1

 (29)  

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   

 

Table 1. Classification of antipsychotic agents. 
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 (31-33)

H1 Ozasa

β

 (34)

 (35, 36)

 (37, 38)  (39)  

21 A 30

B S-S  (Fig. 2) β

110 24

receptor Ki (nM) receptor Ki (nM) 

D1 31 5-HT6 2.5 

D2 11 5-HT7 104 

D3 16 M1 1.9 

D4 26 M2 18 

D5 51 M3 25 

5-HT1A >1000 M4 13 

5-HT1B 1355 M5 6 

5-HT1D 800 α1 19 

5-HT2A 2.5 α2 230 

5-HT2B 11.8 β >10000 

5-HT2C 28.6 H1 7 

5-HT3 57 GABAA >10000 

5-HT4 >1000 Benzodiazepine >10000 

 

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

Fig. 2. Structure of human insulin. 
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 (PC2 PC3) (40, 41) H (42) 

C

Fig. 3

 (GLUT) 

β  (43-45)

6-  (G6P)  (46)

G6P ATP ATP/ADP

ATP K+ (KATP) KATP

L Ca2+  (L-type voltage-dependent 

Ca2+ channel, L-type VDCC) L-type VDCC Ca2+

Ca2+ Ca2+

 (47)  

 

 

 

 

 

Fig. 3. Mechanism of physiological insulin secretion from pancreatic β-cell.
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 (GLP-1) 

 

(48) β α2

 (49, 50) β2  (51)

M3

 (52) GLP-1  (GIP) 

 (53, 54) β

β

β

β

β HIT-T15 β
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1.  (HIT-T15)  

1-1.  

HIT-T15 Syrian hamster (Mesocricetus auratus) 

simian virus 40

(55) HIT HIT-T15

  (56-

58) HIT-T15 cAMP K+

 (56) HIT-T15

 

β

D2, D3 D4  (59-61) D2, 

D3  (61) 5-HT2C  (62) β

INS-1 D2, D3  (59, 63) 5-HT2B  (64)

β MIN6 D2  (61) 5-HT2B  (65) 

HIT-T15

mRNA

HIT-T15 RT-PCR

D2 5-HT2A western blot

 

 

1-2.  

RT-PCR cDNA

2% D2 H1

D3, D4 5-HT2A, 5-HT2B, 5-HT2C 5-HT6 H2

2 PCR mRNA  (Fig. 4)

D2 5-HT2A western blot -N-

 (PNGase) 60 kDa

48 kDa  (Fig. 5)  
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Fig. 4. mRNA expression of dopamine (D2, D3 and D4), serotonin (5-HT2A, 5-HT2B, 5-HT2C and 5-HT6) and 

histamine (H1 and H2) 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 D3 and D4, all serotonin, and histamine H2 

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. 

 

 

 

 

Fig. 5. Western blot analysis of dopamine D2 (A) and serotonin 5-HT2A (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 D2 and 5-HT2A receptors.  

 

 

A) B) 
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1-3.  

HIT-T15 D2, D3, D4 5-HT2A, 5-HT2B, 5-HT2C, 5-

HT6 H1 H2 mRNA  (Fig. 4) D2

5-HT2A  (Fig. 5)

Rubí D2 D4

mRNA  (59) Bonhaus 5-HT2A 5-

HT2B 5-HT2C mRNA  (66)

Szukiewicz

β H1 H2

 (67) HIT-T15
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2. HIT-T15  

 

2-1.  

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

HIT-T15 10 mM

 (55) 10 mM 

HIT-T15

Ham’s F12K  10 mM 

HIT-T15

 

 

2-2.  

Ham’s F12K 1.5

 (Fig. 6)  

 

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. 

 

2-3.  

10 mM

HIT-T15  
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3. HIT-T15  

 

3-1.  

ICR C57BL6  (5 mg/kg) 

2  (68, 69)

2.5 10 mg/kg 6

 (39, 70)  3 mg/kg 90

 

(71) In vitro 16.7 mM INS-1 10 μM

 (72)

64 160 nM  (73) HIT-T15

 

 

3-2.  

1 1000 nM

20%  (Fig. 7A) 64 160 

nM  (73) β

 (10 μM 30 μM) 

1.2  (Fig. 7B)  

 

3-3.  

25% 20%

 (74) 20%

β

 

Nagata 2.5 10 mg/kg

 (39) 15

1.26 8.84 μM HIT-T15 10 μM 30 

μM 1.2  (Fig. 

7) Nagata
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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. 

 

β

 

Bennet Zhang  (62, 75) 

β

β L-

L-  (76, 77) L-

L-  (72, 78, 79) 

β 5-

 (80, 81, 82) 5-

L-  (78, 79) 

β L- L-

 (83) β

 

  

A) B) 
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4. HIT-T15 30  

 

4-1.  

3 β

 (17, 19-22) 10 mg/kg

14  (84) 15 17

 (85)

9

2 1

30  

 

 

4-2.  

HIT-T15 100 nM Ham’s F12K 30

15%

 (Fig. 8) 30 0.1 1 μM

30

 

 

4-3.  

30 HIT-T15

 (Fig. 8)

Ohara-Imaizumi 5-HT3

β

 (86) 30
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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, ††P<0.01 

with respect to control group with each concentration of olanzapine. 
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5. HIT-T15  

 

5-1.  

HIT-T15

1 24 HIT-T15

XTT 1% 

 (DMSO)  

 

5-2.  

30 μM 100 μM 1  (

) 24 

 (Table 3)  

 

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

mean ± SD of five trials. 

 

 

 

 

 

 

 

5-3.  

 

 

  

 Incubation time (h) 

1 24 

Cell viability 
(% of control) 101.2 ± 9.1 90.9 ± 2.6 
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6. HIT-T15  

 

6-1.  

1 5 HIT-

T15

D2, D3, D4 5-HT2A, 5-HT2B, 5-HT2C, 5-HT6 H1

β

 

Ustione

 

 (61) INS-1

 (61, 87)

 (88)  

D2

 (60) D2 L-741626

 (61) D2

 (87)

D2

D3 GR103691

 (61)  

β α

δ β

 (89-91)

β

HIT-T15

 

 

6-2.  

HIT-T15

0.1 100 μM  (Fig. 9)

INS-1

 (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. 

 

D2, D3 D4

HIT-T15

D2 D2 D2

100 nM 40%

 (Fig. 10A) 30 nM

 (Fig. 10B)  
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Fig. 10. Effects of dopamine D2 receptor agonist and antagonist on insulin secretion from HIT-T15 cells. 

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

D2 agonist) or haloperidol (B, D2 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. 

 

HIT-T15 D3 D3

7- PIPAT D3 NGB2904

7- PIPAT 5 μM

 (Fig. 11A) NGB2904 0.1 nM 20%

 (Fig. 11B)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A) B) 



19 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Effects of dopamine D3 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, D3 agonist) or NGB2904 (B, D3 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. 

 

HIT-T15 D4 D4

ABT724 D4

1 nM ABT724 10 nM

20%  (Fig. 12)  

 

 

 

 

 

A) B) 
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Fig. 12. Effects of dopamine D4 receptor agonist and antagonist on insulin secretion from HIT-T15 cells. 

HIT-T15 cells were incubated with medium containing 1% dimethylsulfoxide (control), ABT724 (A, D4 

agonist), or sonepiprazole (B, D4 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.  

D2 D4

D3

6.5 nM  (92) 0.1

100 μM  

D2 HIT-T15 D2

 (Fig. 10) 0.5 500 nM D2

INS-1  (93) D2

 (87) D2

INS-1

 (63) β D2

25 mg/kg

 

(93) D2 in vitro in vivo

 

D2 D3 D3

 (Fig. 11) D4

A) B) 
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 (Fig. 12) D4 ABT724 D4

EC50 12.4 nM  (94) D2 EC50  (>10 μM) 

1000 1 D4 D4 Ki 10 

nM Ki >2 μM  (95)

D4 D4

D2 D3

PCR mRNA HIT-T15

D2 PCR D3

PCR  (Fig. 4) HIT-T15 D3 mRNA

D2 D4

D2 D3 D2

 

D2 D4 Gi cAMP

cAMP A (PKA) 

(96) PKA SNAP25  (47) PKA

Epac2 Ca2+

 (97) Ca2+ Ca2+

D2 D4 cAMP Ca2+

D3 D2 D4

cAMP-PKA

D3 D2

Gβɤ C  (PLC) Ca2+

D2 D4

D3 cAMP-PKA

β
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7. HIT-T15  

 

7-1.  

β MIN6 β INS-1

RINm5F

 (65, 87, 98, 99) 2

 (75)

5-HT2A

 (75) 5-HT2B  (65) 5-HT2C  (62) 

MIN6 5-HT2C

 (62) β

5-HT2C

β

5-HT6  

(82) 5-HT6 HIT-T15

 

 

7-2.  

HIT-T15

0.1 1000 μM  (Fig. 13) Cataldo

 (65) Simpson  (87) MIN6

5-HT2A, 5-HT2B, 5-

HT2C, 5-HT6 HIT-T15

5-HT2A TCB2 (1 1000 nM) 

MDL11939 (0.1 100 nM)  (Fig. 14) 5-HT2B

BW723C86 1000 nM

 (Fig. 15A) 5-HT2B SB204741

 (Fig. 15B) 5-HT2C

Ro60-0175 10000 nM  (Fig. 16A) 5-

HT2C SB242084 1 nM  
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(Fig. 16B) 5-HT6 WAY181187 (10 10000 nM) SB399885 

(0.1 100 nM)  (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.  

 

Fig. 14. Effects of serotonin 5-HT2A 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-HT2A 

agonist), MDL11939 (B, 5-HT2A 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. 

 

 

A) B) 



24 

 

Fig. 15. Effects of serotonin 5-HT2B 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-

HT2B agonist), SB204741 (B, 5-HT2B 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. 

 

 

Fig. 16. Effects of serotonin 5-HT2C 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-

HT2C agonist), SB242084 (B, 5-HT2C 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. 

 

 

 

A) B) 

A) B) 
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Fig. 17. Effects of serotonin 5-HT6 receptor agonist and antagonist on insulin secretion from HIT-T15 cells. 

HIT-T15 cells were incubated with medium containing 1% dimethylsulfoxide (control), WAY181187 (A, 5-

HT6 agonist), SB399885 (B, 5-HT6 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.  

 (1 1000 μM) HIT-T15 (Fig. 

13) 30 500 μM MIN6 INS-1 RINm5F

 (67, 95, 100)

β

 (62) 0.1 100 μM  

0.6 pM  (101) 

 

5-HT2A 5-HT6

 (Figs. 14 and 17)

10 μM TCB2 (5-HT2A ) 100 

μM EMD281014 (5-HT2A )  

(75) β α EMD281014

 (75) 5-HT2A

β α

 

A) B) 
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5-HT2B BW723C86  (Fig. 

15) Bennet β 5-HT2B

IP3 Ca2+

 (64) 5-HT2B INS-1

 (64) 5-HT2B

 (102) 5-HT2B

5-HT2C SB242084

 (Fig. 16) 5-HT2B/5-HT2C

mCPP SB242084

 (103)

5-HT2B 5-

HT2C

HIT-T15
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8. HIT-T15  

 

8-1.  

H1

 (24) 1 HIT-T15

H1 H2

β

HIT-T15

 

 

8-2.  

HIT-T15

1 100 nM  (Fig. 18)  

 

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. 

 

HIT-T15 H1 H1

2-PEA H1 -

2-PEA 100 μM 1.5 2.0

 (Fig. 19A) 10 100 nM -

 (Fig. 19B)  
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Fig. 19. Effects of histamine H1 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, H1 agonist), or trans-triptolidine (B, H1 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. 

 

HIT-T15 H1

2-PEA H1

H2 HIT-T15

H2  (Fig. 20A) H2

0.1 nM

 (Fig. 20B)  

 

 

 

 

 

 

 

 

 

 

 

 

A) B) 



29 

 

 

 

 

 

 

 

 

 

 

 

Fig. 20. Effects of histamine H2 receptor agonist and antagonist on insulin secretion from HIT-T15 cells. 

HIT-T15 cells were incubated with medium containing 1% dimethylsulfoxide (control), amthamine (A, H2 

agonist) or tiotidine (B, H2 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.  

HIT-T15 1 100 nM

 (Fig. 18) H1 2-PEA H1

-  (Fig. 19)

H1

H1 H2 H2

10 nM

 (Fig. 20A) 0.1 nM H2

 (Fig. 20B)

H2

H2

MIN6 H3  (100)

H3 H3 JNJ-

5207852  (100)

H3

HIT-T15 H3

 

A) B) 
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H1 Gq PLC

IP3

Ca2+ H1

H2 Gs

Ca2+  (104) H2

cAMP-PKA
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9. HIT-T15  

 

9-1.  

HIT-T15

5 XTT  

 

9-2.  

XTT 24 

 (Table 4)  

 

9-3.  

HIT-T15
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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 104.0±6.4 

Haloperidol 103.1±2.9 

7-hydroxy PIPAT 96.5±2.8 

NGB2904 104.0±2.2 

ABT724 102.9±2.0 

Sonepiprazole 99.8±5.0 

TCB2 100.5±4.4 

MDL11939 113.2±14.8 

BW723C86 97.4±3.8 

SB204741 102.2±7.5 

Ro60-0175 92.3±3.7 

SB242084 99.8±3.4 

WAY181187 97.9±6.1 

SB399885 106.5±4.2 

2-PEA 102.5±3.5 

Trans-triprolidine 101.3±1.7 

Amthamine 89.1± 21.2 

Tiotidine 93.5 ± 17.2 
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β

β

β HIT-T15 β

 

 

1. HIT-T15 D2, D3, D4 5-HT2A, 5-HT2B, 5-HT2C, 5-HT6

H1 H2 mRNA D2 5-

HT2A  

2. HIT-T15 D2  D4

D3   

3. HIT-T15 5-HT2B 

5-HT2A 5-HT2C

5-HT6   

4. HIT-T15 H1 H2 

  

5. HIT-T15  

 

β D3 5-HT2B H1

MARTA
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1.  

Olanzapine  

Dopamine hydrochloride Sigma-Aldrich 

Serotonin Sigma-Aldrich 

Histamine Sigma-Aldrich 

2-Bromo-α-ergocryptine methanesulfate salt (bromocriptine) Sigma-Aldrich 

Haloperidol  

7-Hydroxy-PIPAT maleate Tocris Bioscience 

NGB2904 Tocris Bioscience 

ABT724 trihydrochloride Tocris Bioscience 

Sonepiprazole Tocris Bioscience 

TCB2 Tocris Bioscience 

MDL11939 Tocris Bioscience 

BW723C86 hydrochloride Tocris Bioscience 

SB204741 Tocris Bioscience 

Ro60-0175 Tocris Bioscience 

SB242084 Toront Research 

Chemicals,  Inc. 

WAY181187 oxalate Tocris Bioscience 

SB399885 hydrochloride Tocris Bioscience 

2-Prydylethylamine dihydrochloride Tocris Bioscience 

trans-Triprolidine hydrochloride Tocris Bioscience 

Amthamine dihydrobromide Tocris Bioscience 

Tiotidine Tocris Bioscience 

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

Fetal bovine serum (FBS) HyClone 

Penicillin (10,000 IU/mL)-Streptomycin (10 mg/mL) solution Sigma-Aldrich 

0.25% Trypsin-EDTA solution  Sigma-Aldrich 

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

Hank’s balanced salts (HBSS) Sigma-Aldrich 

Bovine serum albumin (BSA) Sigma-Aldrich 

Dimethyl sulfoxide (DMSO)  

XTT sodium salt Sigma-Aldrich 

  

1-Methoxy-5-methylphenazium methylsulfate  
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RNeasy Plus Mini kit QIAGEN 

ReverTra Ace qPCR RT kit TOYOBO 

KOD -plus- TOYOBO 

 TaKaRa 

6×Loading buffer TaKaRa 

100 bp Ladder TaKaRa 

 ( )  

 (Low Range)  

Western lighting ECL pro Perkin Elmer 

 

 

 

2 .  

   

100 mm dish 150466 Thermo SCIENTIFIC 

24-well plate  142475 Thermo SCIENTIFIC 

96-well plate 167008 Thermo SCIENTIFIC 

 SCV-1303ECIIA HITACHI 

CO2  MCO-175 SANYO 

 CK2 OLYMPUS 

 DAP-15 ULVAC 

  KUBOTA 

  KUBOTA 

  Erma TOKYO 

 Multiskan GO Thermo Fisher Scientific 

 MTP-310 CORONA 

PCR  iCycler Bio-Rad 

DNA  Mupid-2plus Adbance 

UV AE-9020 E-Shot  ATTO 

 PowerStation 1000VC/AE-8450 ATTO 

 myPower500/AE-8150 ATTO 

 
/AE-6500 

ATTO 

 TRANS-BLOT®SD SEMI-DRY 
TRANSFER CELL 

Bio-Rad 

 LAS4000 mini GE healthcare 
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 Image Quant TL GE healthcare 

 T18 ULTRA-TURRAX IKA 

 

3.  

HIT-T15 DS  

 

4.  

HIT-T15 10% 2.5 μg/mL NaHCO3 100 IU/mL 100 

μg/mL 10 mM Ham’s F12K 37 5% 

CO2 0.25% trypsin-EDTA solution Ham’s 

F12K 100 mm dish 2.5×105 cells/dish

2 passage 80 100  

 

5. RT-PCR 

HIT-T15 100 mm dish 2.5×106 cells/dish 24 PBS(-) 

5 mL 2 0.25% trypsin-EDTA solution 2 mL Ham’s 

F12K  8 mL 50 mL 1,000 rpm 5

RNeasy Plus 

Mini Kit RNA RNA 260 nm

ReverTra Ace qRNA RT Kit cDNA

cDNA Kod -plus- iCycler PCR

PCR 35 :  94  (2 )  94  (30

)  (30 )  68  (1 )

Table 5 D3, D4, H2

 (Table 5) 2 PCR PCR 1

 

 

6.  

TAE 2% (w/v) 

4 TAE

6×Loading Buffer 1/6 DNA  5 μL

100 bp Ladder (TaKaRa) 100V 312 nm UV

DNA  
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7. Western blot  

7-1.  

HIT-T15 100 mm dish  2.5 106 cells/dish 7

PBS(-) 5 mL 2 1%

lysis buffer  (50 mM Tris-HCl, 0.1% TrironX-100, 150 mM NaCl, 1 mM EDTA) 250 μL

15 mL 5,000 rpm 2

4 , 12,000 rpm 20  

BSA Lowry

-80  

 

7-2. SDS-PAGE 

3 10% 1 lane

10 μg LMW Marker Kit for SDS Electrophoresis

1 20 mA 40 

mA  

 

7-3. Western blot 

SDS-PAGE 15

25 V  1  (Bio TraceTM N, Pall Corporation) 

5% (w/v) TBS-0.1% Tween 20 (TBST) 1 TBST 3

TBST 800 D2DR (B-10) (SC-5303, Santa Cruz Biotechnology) 

4 TBST 2

TBST 10 1 5 2 5-HT2A

PVDF  (Immobilon-P membrane, Merck) 

PVDF TBST 500 Anti 5HT2A receptor antibody 

(ab140824, Abcam) 4 PVDF

TBST 20,000 Donkey Anti Goat IgG H&L (HRP) (ab97110, Abcam) 

1 western lighting ECL pro 1

LAS-4000 IgE Image Quant 

TL  (GE healthcare)  
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Table 5. Primer sequences, annealing temperatures, and product sizes. 

gene primer sequence annealing 
temperature 
(°C) 

product size 
(bp) 

dopamine D2 forward: 5'-TCGCCATTTGTCTGGGTCCTG-3 65 261 
 reverse: 5'-TGCCCTTTGAGGGGGGTCTTC-3'   
dopamine D3    
(1st PCR) forward: 5'-

GTCTGGAATTTCAGCCGCATTTGCTGTGA -3' 
62 119 

 reverse: 5'-
ATGACCACTGCTGTGTACCTGTCTATGCTG-3' 

  

(2nd PCR) forward: 5'-CAGCCGCATTTGCTGTGATG-3 62 94 
 reverse: 5'-GTACCTGTCTATGCTGATGGCA-3'   
dopamine D4    
(1st PCR) forward: 5'-GTCCGCTCATGCTACTGCT-3' 60 344 
 reverse: 5'-GACTCTCATTGCCTTGCGCTC-3'   
(2nd PCR) forward: 5'-GCTACTGCTTTACTGGGCCAC-3' 60 329 
 reverse: 5'-TCATTGCCTTGCGCTCCCTT-3'   
serotonin 5-HT2A    
(1st PCR) forward: 5'-

CTGGTCATCATGGCAGTGTCCCTAGAGAA-3' 
67 291 

 reverse: 5'-
GGTTCTGGAGTTGAAGCGGCTATGGTGGA-3' 

  

(2nd PCR) forward: 5'-TGATGTCACTTGCCATAGCTG-3' 55 105 
 reverse: 5'-AGAGCTTGCTGGGCAAAG-3'   
serotonin 5-HT2B    
(1st 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-HT2C    
(1st PCR) forward: 5'-

GGGTCCTTCGTGGCATTCTTCATCCCG-3' 
65 273 

 reverse: 5'-
CTTTTCGTTGTTGATAGCTTGCATGGTGCC-3' 

  

(2nd PCR) forward: 5'-GTGGCATTCTTCATCCCGTTG-3' 62 254 
 reverse: 5'-TTGATAGCTTGCATGGTGCT-3'   
serotonin 5-HT6    
(1st PCR) forward: 5'-ATGCTGAACGCGCTGTATGG-3' 60 140 
 reverse: 5'-GAGAGGATGAGCAGGTAGCG-3'   
(2nd PCR) forward: 5'-GTATGGGCGCTGGGTGCTA-3' 60 112 
 reverse: 5'-GTAGCGGTCCAGGCTGATG-3'   
histamine H1 forward: 5'-ACTTGAACCGAGAGCGGAAG-3' 60 178 
 reverse: 5'-GGGTTCAGCGTGGAGTTGAT-3'   
histamine H2    
(1st PCR) forward: 5'-CCAGCTCCTGTGACTCCAGA-3 60 353 
 reverse: 5'-GGGTTTGGGAAGGTCTGATG-3'   
(2nd PCR) forward: 5'-GATCCCTTGCACAAACCCAAC-3' 60 97 
 reverse: 5'-TCCTGGTCTGTAGTGTGCGT-3'   
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8.   

8-1.  

HIT-T15 24-well plate 1.0×105 cells/well 72

1%  (DMSO) Ham’s F12K 30

 (Table 6) 10 mM

Ham’s F12K 1 1% DMSO

Ham’s F12K

Lowry 3

 

 

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

Receptor Agonist Antagonist 

dopamine D2 bromocriptine haloperidol 

dopamine D3 7-hydroxy PIPAT NGB2904 

dopamine D4 ABT724 sonepiprazole 

serotonin 5-HT2A TCB2 MDL11939 

serotonin 5-HT2B BW723C86 SB204741 

serotonin 5-HT2C Ro60–0175 SB242084 

serotonin 5-HT6 WAY181187 SB399885 

histamine H1 2-pyridylethylamine trans-triprolidine 

histamine H2 amthamine tiotidine 

 

8-2. 30  

HIT-T15 100 mm dish 2.5×105 cells/dish 24  

100 nM 0.1% DMSO Ham’s F12K 10 mL

2 7 3 27

24-well plate 1.0×105 cells/well 72 1% DMSO

Ham’s F12K 30

10 mM Ham’s F12K 1

1% DMSO Ham’s F12K

Lowry

3  

 

 

 



41 

9. XTT   

HIT-T15 96-well plate 1.5×104 cells/well 24

10 mM Ham’s F12K

37 1 1% DMSO Ham’s 

F12K 225 μM XTT 48 μM 1-methoxy 

PMS 200 μL Hank’s Balanced Salt Solution 37 4

450 nm 650 nm  

 

10.  

 ±  (SD) Kruskal-Wallis

ANOVA test 2 Student’s t-test post 

hoc Tukey test, Dunnett’s test Bonferroni test P<0.05
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