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1.  

adenosine 

triphosphate P2

P2

in vivo

P2 P2X4 P2X7

P2X4 5-BDBD

P2X7 AZ11645373

 

cortical contusion injury CCI

dimethyl 

sulfoxide CCI-Control 5-BDBD CCI-5-BDBD AZ11645373 CCI-AZ11645373

5-BDBD+AZ11645373 CCI-5-BDBD+AZ11645373

Naïve

western blotting

messenger ribonucleic acid mRNA polymerase chain reaction PCR

enzyme linked immunosorbent assay ELISA  

Iba-1 naïve

Galectin-

3 naïve

CCI-Control Iba-1 naïve

Galectin-3

CCI-5-BDBD

Iba-1 CCI-Control

CCI-

AZ11645373 CCI-5-

BDBD+AZ11645373
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Iba-1 western blotting CCI

Iba-1 CCI 5-BDBD AZ11645373

Iba-1 CCI-Control

GFAP CCI-Control

Naïve GFAP 5-

BDBD AZ11645373 Naïve CCI-Control

GFAP Western blotting

P2X

mRNA PCR Naïve

CCI-Control

interleukin-1 beta IL-1β IL-1β P2X

CCI interleukin-6 IL-6 3

P2X 3 IL-6 CCI-5-BDBD CCI-5-

BDBD+AZ11645373 CCI-AZ11645373 IL-6

P2X4 P2X7

P2X4

IL-1β ELISA IL-1β CCI

CCI-Control 5-BDBD AZ11645373

IL-1β IL-1β

 

5-BDBD AZ11645373 P2X4 P2X7

In vivo

5-BDBD

AZ11645373
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2.  

ATP: adenosine triphosphate 

CCI: cortical contusion injury 

CXCL10: C-X-C motif chemokine 10 

ELISA: enzyme linked immunosorbent assay 

GAPDH: glyceraldehyde-3-phosphate dehydrogenase 

IL-1β: interleukin-1 beta 

IL-6: interleukin-6 

mRNA: messenger ribonucleic acid 

NF-κB: nuclear factor-kappa B 

PCR: polymerase chain reaction 

TNFα: tumor necrosis factor alpha 
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3.  

pH

Ginhoux 8

15

 

1990 Cornell-Bell 8 Cornell-Bell

5 Hassinger

19 120 μm

Hassinger

adenosine 

triphosphate ATP 17

1 ATP

inositol-1,4,5-trisphosphate
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21

ATP 57 ATP

P2 P2

phospholipase C inositol-1,4,5-

trisphosphate

ATP soluble 

N-ethylmaleimide–sensitive factor attachment protein receptor complex

27 39

18 20

ATP P2

P2 P2X G

P2Y P2X P2Y

P2

ATP

P2X4 P2X7

P2Y6 1 29

ATP

ATP

ATP ATP P2X4 P2X7

1

pH

P2X4 P2X7
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4.  

4-1  

270-330 g Sprague-Dawley cortical contusion 

injury CCI 4%

2%

37

10 1%

20 mm

Bregma 3 mm 3.5 mm

3 mm CCI

CCI 3.50 m/sec 2 mm 100 

msec 4 mm Goodman

7

Naïve CCI dimethyl sulfoxide CCI-Control

CCI P2X4 5-BDBD CCI-5-BDBD

CCI P2X7 AZ11645373 CCI-AZ11645373

CCI 5-BDBD AZ11645373 CCI-5-BDBD+AZ11645373

Alzet Brain Infusion Kit 2 Alzet 8663: Alzet, USA

Alzet 2001: Alzet, USA CCI 2 mm

1 uL/h

37 5-BDBD AZ11645373 in 

vivo in vitro 5-

BDBD AZ11645373 dymethy1 sulfoxide 1 mM

dymethy1 sulfoxide  

Dalgard 9 CCI

3 dymethyl sulfoxide 5-BDBD AZ11645373 CCI 3 5%

PCR western blotting

2mm

6 PCR

RNALater AM7024: Thermo Fisher Scientific, USA Western 

blotting enzyme linked immunosorbent assay ELISA
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4

15,000 / 15 -80  

CCI 3

200 mL 200 mL 4%

24 10% 20% 30% phosphate buffer 

saline PBS 24

 

 

4-2  

20 um 500 um

PBS 3%

2%

Iba-1 019-19741: Wako Pure Chemical Industry, JAPAN

Galectin-3 sc32790: Santa Cruz Biotechnology, USA

4 24 ABC VECTASTAIN Elite ABC HRP 

Kit PK-6101, 6102: Vector Laboratories, USA

 

 

4-3 Western blotting 

20 RC DC Protein assay Kit 5000122JA: Bio-Rad, USA

Model 680: Bio-Rad, USA 2X 

Laemmli sample buffer 1610737: Bio-Rad, USA beta-mercaptoethanol 1610710: Bio-Rad, 

USA 1 15 ug

4-20% 567-

1095: Bio-Rad, USA 2

1610374: Bio-Rad, USA 120 V 400 mA 70

iBlot IB1001: Thermo Fisher Scientific, USA

IB401001: Thermo Fisher Scientific, 

USA 1,000 Iba-1 019-20001: Wako Pure 

Chemical Industry, JAPAN 10,000 GFAP ab7260: abcam, USA

4 24 IgG AP182P: 

Millipore, USA 2 ECL WP20005: 
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Thermo Fisher Scientific, USA ChemiDoc XRS: Bio-Rad, USA

T7135A: Takara, JAPAN

20,000 beta-Actin GTX109639: GeneTex, USA 4

24

beta-Actin /beta-Actin  

 

4-4 Polymerase chain reaction 

RNALater RNeasy Lipid Tissue Mini Kit 74804: Quiagen, 

GERMANY messenger ribonucleic acid mRNA RNA

NanoDrop Lite: Thermo Fisher Scientific, USA

SuperScript  Reverse Transcriptase Kit 18090010: Thermo Fisher Scientific, USA

complementary deoxyribonucleic acid Polymerase chain reaction PCR

Platium Taq 10966-034: Thermo Fisher Scientific, USA 2

T100 Thermal Cycler: Bio-Rad, USA Gel 

Red 41003: Biotium, USA 2% 120 V 0.4 mA 35

ChemiDoc XRS: Bio-Rad, USA

glyceraldehyde-3-phosphate dehydrogenase GAPDH  

 

4-5 Enzyme linked immunosorbent assay 

Interleukin-1 beta IL-1β ELISA IL-1 beta Rat ELISA Kit

BMS630: Thermo Fisher Scientific, USA 96

5 4

2.5 4 horse radish peroxidase

45 One-step substrate reagent 30

Model 680: Bio-Rad, USA 450 nm  

 

4-6  

SPSS Statistics version 21: IBM, USA

analysis of variance ANOVA ANOVA

post-hoc Tukey

p 0.05
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5.  

22-23 50-60% 8 8

8 8 12
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6.  

6-1  

Naïve Iba-1

2 20 um

ramified  

CCI-Control Iba-1

3 naïve

amoeboid

 

naïve Galectin-3

4 3 Galectin-3

 

Iba-1

Galectin-3 naïve

 

CCI-5-BDBD CCI-AZ11645373 CCI-5-BDBD+AZ11645373 Iba-1

Galectin-3  

CCI-5-BDBD Iba-1

CCI-Control

4 5

Galectin-3

 

CCI-AZ11645373 CCI-5-BDBD+AZ116453732

4 6 7 CCI-5-BDBD CCI-AZ11645373

CCI-5-BDBD+AZ11645373 3  
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6-2 Iba-1  

Iba-1

western blotting 8 Naïve 0.01 0.01

Iba-1 CCI-Control 0.11 0.03

p<0.001 CCI-5-BDBD CCI-AZ11645373 CCI-5-BDBD+AZ11645373

CCI-Control 0.04 0.02 p<0.001 0.05 0.02

p<0.001 0.03 0.02 p<0.001  

 

6-3 GFAP  

GFAP

western blotting 9 Naïve 0.14 0.10 CCI-

Control 0.42 0.22 Naïve

CCI-5-BDBD CCI-AZ11645373 CCI-5-BDBD+AZ11645373 CCI-Control

0.95 0.33 p=0.029 0.90 0.30 p=0.042 1.19

0.34 p<0.001  

 

6-4  

IL-1β interleukin-6 IL-6 tumor necrosis factor alpha

TNFα nuclear factor-kappa B NF-κB

C-X-C motif chemokine 10 CXCL10 mRNA  

CCI IL-1β p=0.011 IL-6 p=0.005 TNFα

p<0.001 10 IL-6 CCI-5-BDBD

CCI-Control p=0.010 TNFα CCI-5-BDBD

p=0.004 CCI-AZ11645373 p=0.013 CCI-5-BDBD+AZ11645373 p<0.001

CXCL10 Naïve CCI-Control p=0.002

CCI-5-BDBD p=0.001 CCI-AZ11645373 p<0.001 CCI-5-BDBD+AZ11645373

p=0.024  

IL-1β CCI CCI-Control

Naïve p=0.001 11

IL-1β CCI-Control CCI-5-BDBD p=0.012 CCI-

AZ11645373 p=0.003 CCI-5-BDBD+AZ11645373 p=0.013

IL-6 CCI Naïve CCI-Control p

0.001 CCI-5-BDBD p=0.001 CCI-5-BDBD+AZ11645373
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p<0.001 CCI-Control IL-6

CCI-AZ11645373 CCI-5-BDBD p=0.023 CCI-5-

BDBD+AZ11645373 p=0.005 TNFα CCI

CCI-5-BDBD+AZ11645373

TNFα CCI-Control p=0.005  

IL-1β CCI p<0.001 12 IL-1β

P2X CCI-Control CCI-5-BDBD

p<0.001 CCI-AZ11645373 p<0.001 CCI-5-BDBD+AZ11645373 p<0.001

IL-6 CCI p=0.001 IL-6

CCI-5-BDBD p=0.002 CCI-AZ11645373

p<0.001 CCI-5-BDBD+AZ11645373 p<0.001 CCI-Control

 

 

6-5  

IL-1β ELISA Naïve IL-1β

80.4 7.30 pg/mL 13 CCI-Control 345.8 42.1 

pg/mL Naïve p=0.001 CCI-5-BDBD

CCI-AZ11645373 CCI-5-BDBD+AZ11645373 178.8 22.4 pg/mL

p=0.002 221.1 30.1 pg/mL p=0.005 169.4 54.9 pg/mL p=0.001

CCI-Control  
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7.  

7-1  

1919 Pio del Rio Hortega

33

8

15 Stence

ramified

amoeboid 48

ATP

13 14 24 49

32 43 51 16 26 50

4 53 52

 

in vivo

 

 

7-2 P2X4 P2X7  

P2 P2X fast acting

P2X1 P2X7 P2Y slow acting P2Y1 P2Y14

41 P2X4 P2X7 P2Y1 P2Y6

CCI

P2

Bramlett

2 Li P2X4
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P2X4 IL-1β TNFα

30 Wang

P2X4 P2X7 IL-1β

55 P2X7

10 P2X7

35 P2X7

3

P2X4 P2X7

P2X4 P2X7

Ozaki

P2X4 38

5-BDBD P2X4

P2X4

Hirayama P2X7

23 Kaiser P2X7

28

 

Perz-Polo

IL-1β TNFα

40 IL-

1β 11

22

44

NMDA

34  

P2X4 P2X7 mRNA

IL-1β mRNA ELISA mRNA
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in vivo

P2X4 P2X7

P2X4 P2X4

P2X7

P2X4 P2X7 2

CXCL10

25 CXCL10 P2X4 P2X7

Koizumi

P2Y12 P2Y12

CXCL10 29

 

 

7-3  

12

GFAP

47

42 45 6

56 31 37 54

46

36  

GFAP

P2X4 P2X7 GFAP P2X4

P2X7

in vivo

P2X7

Kaiser 28
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GFAP
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8.  

P2X4 P2X7

P2X4 P2X7

GFAP  

  



 18 

9.  
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10.  

1  

ER:  
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2 Naïve Iba-1  

  
Iba-1 Naïve

A ramified

B A 75 B 300  

Ramified  

  

A B 
 70μm  20μm 
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3 CCI-Control Iba-1  

  

  

 
ramified

amoeboid A B

ramified C D

amoeboid E A C 75 B D E 300  

Amoeboid Ramified  

  

A B 

C D 

E 

 70μm 

 70μm 

 20μm 

 20μm 

 20μm 
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4 Naïve CCI-Control Galectin-3  

  
 

  
 

 
Galectin-3 Naïve A CCI-Control B C

CCI-Control amoeboid

amoeboid D

E A B D E 75 C 300  

Amoeboid  

  

A B 

  

C D 

E 

  

 

 70μm  70μm 

 70μm 

 70μm 

 20μm 

Naïve  
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5 CCI-5-BDBD Iba-1  

  
 

  
CCI-5-BDBD A

amoeboid ramified

B CCI-Control

ramified

C D A C 75 B D 300  

Amoeboid Ramified  

  

A B 

C 

   

  

 70μm 

 70μm 

 20μm 

 20μm 
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6 CCI-AZ11645373 Iba-1  

  
 

  
CCI-AZ11645373 ramified

A B amoeboid

C D A C 75 B D 300  

Ramified  

  

A 

C 

B 

D 

 70μm 

 70μm 

 20μm 

 20μm 
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7 CCI-5-BDBD+CCI-AZ11645373 Iba-1  

  
 

  
CCI-5-BDBD+CCI-AZ11645373 ramified

A B ramified

C D A C 75 B D 300  

Ramified  

  

A B 

C D 

 70μm 

 70μm 

 20μm 

 20μm 
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8 Iba-1 western blotting 

 

Naïve CCI-Control CCI-5-BDBD CCI-AZ11645373 Iba-

1 CCI-Control CCI-5-BDBD CCI-AZ11645373

CCI-5-BDBD+AZ11645373 Iba-1  

*:p<0.05 **:p<0.01 ***:p<0.001  

Naïve Control

 

  

*** 

*** 
*** 

** 
* 

*** 
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9 GFAP western blotting 

 
Naïve CCI-5-BDBD CCI-AZ11645373 GFAP

CCI-Control CCI-5-BDBD CCI-AZ11645373 CCI-5-

BDBD+AZ11645373 GFAP  

*:p<0.05 **:p<0.01 ***:p<0.001  

Naïve Control

 

  

** 

** 
*** 

*** 

* 
* 
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10  

 
   Ladder      naïve     control   5-BDBD  AZ11645373  5-BDBD+ 

                                                                           AZ11645373 

 

 
   Ladder      naïve     control   5-BDBD  AZ11645373  5-BDBD+ 

                                                                           AZ11645373 

* 

* 

** 

A 

B 
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   Ladder      naïve     control   5-BDBD  AZ11645373  5-BDBD+ 

                                                                           AZ11645373 

 

 
   Ladder      naïve     control   5-BDBD  AZ11645373  5-BDBD+ 

                                                                           AZ11645373 

A: interleukin-1 beta IL-1β B: interleukin-6 IL-6 C: nuclear factor-kappa B

NFκB D: tumor necrosis factor alpha TNFα  

*:p<0.05 **:p<0.01 ***:p<0.001  

Naïve Control

  

** 

*** 

*** 

** 

** 
* 

* 

C 

D 
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11  

 

 
   Ladder      naïve     control   5-BDBD  AZ11645373  5-BDBD+ 

                                                                           AZ11645373 

 

 
   Ladder      naïve     control   5-BDBD  AZ11645373  5-BDBD+ 

                                                                           AZ11645373 

** 
* 

* 
** 

* 

** 

** 

** 
*** 

*** 

A 

B 
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   Ladder      naïve     control   5-BDBD  AZ11645373  5-BDBD+ 

                                                                           AZ11645373 

 

 
   Ladder      naïve     control   5-BDBD  AZ11645373  5-BDBD+ 

                                                                           AZ11645373 

A: IL-1β B: IL-6 C: NFκB D: TNFα 

*:p<0.05 **:p<0.01 ***:p<0.001  

Naïve Control

 

  

** 

C 

D 
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12  

 

 
   Ladder      naïve     control   5-BDBD  AZ11645373  5-BDBD+ 

                                                                           AZ11645373 

 

 
   Ladder      naïve     control   5-BDBD  AZ11645373  5-BDBD+ 

                                                                           AZ11645373 

* 
*** 

*** 

*** 
*** 

** 

** 

*** 

*** 

A 

B 
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   Ladder      naïve     control   5-BDBD  AZ11645373  5-BDBD+ 

                                                                           AZ11645373 

 

 
   Ladder      naïve     control   5-BDBD  AZ11645373  5-BDBD+ 

                                                       AZ11645373 
A: IL-1β B: IL-6 C: NFκB D: TNFα 

*:p<0.05 **:p<0.01 ***:p<0.001  

Naïve Control

 

  

C 

D 
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13 ELISA IL-1β  

 
Naïve IL-1β CCI-Control CCI-5-BDBD CCI-AZ11645373

IL-1β CCI-Control CCI-5-BDBD CCI-AZ11645373

CCI-5-BDBD+AZ11645373  

**:p<0.01 ***:p<0.001  

Naïve Control

 

  

** 
** 

** 

** 
*** 

*** 
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Western blotting  

PCR ELISA

Naïve n=2 n=2 

CCI n=2  

CCI-DMSO  n=5 

CCI-5-BDBD n=2 n=7 

CCI-AZ11645373 n=2 n=7 

CCI-5-BDBD+AZ11645373 n=2 n=6 
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 Forward Reverse AT Cy 

IL-1β GGATGATGACGACCTGC CTTGTTGGCTTATGTTCTG 54 32 

IL-6 AAGTCGGAGGCTTAATTACACATGT AAGTGCATCATCGTTGTTCATACA 62 32 

NF-κB ACGATCTGTTTCCCCTCATC TGCTTCTCTCCCCAGGAATA 55 32 

TNFα CTTATCTACTCCCAGGTTCTCTTCAA GAGACTCCTCCCAGGTACATGG 57 31 

CXCL-10 CCGCATGTTGAGATCATTGCC TCTTTGGCTCACCGCTTTCA 66 33 

GAPDH AAGAAGGTGGTGAAGCAGGC TCCACCACCCTGTTGCTGTA 63 23 

AT: Annealing Temperature Cy: Cycle  
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