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PQQ ¥ 5 Wi 58 Je F0s B HLIER ) 3 5

XEE EFW, 2 A, K F,RER
(IR 2% B 5 AT P SE 7, 1008 T3¢ 210023)

[HZE] BTNk kR (PQQ) X LPS 755 (1 B Wik 40 I 42 AE IR 7 3 IR 3R 35 i w2 i S ML, 5597 RAW264.7 4
2 . BMDM 4 AT THP-1 4, 43 X BRAL NS BG AR BE AL, B MTT J7 K00 PQQ X 41 A 384 5 1 52 1l , 149 1
RT-qPCR il Western Blot A5l 2% #& 5 Pl A9 2 H B B (1 3RBIEIC. PQQ FALFRBEE LPS 53 1Y 90 Rk i
TR, IR P-P65 TR H IR T B, Nef2 25 FH k38 i, PQQ TiAL R FFAR A0 M P 98 RE SR , 3% — e 2 AT R ok 448 i
Nrf2 B AN H NF-«B ik EER.

[X#iA] PQQ,LPS, &AEHF,Nrf2, NF-kB
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Preliminary Study of PQQ on LPS-Induced Macrophage

Liu Haixia, Cai Xiuli,Jin Dong,Zhang Guanggin, Wen Chuanjun
(School of Life Sciences,Nanjing Normal University, Institute of Molecular and Medical Biotechnology,Nanjing 210023, China)

Abstract: To investigate the effects of pyrroloquinoline quinone(PQQ)on the expression of inflammatory factors in LPS-
induced of macrophages. Cultured RAW264.7 cells, BMDM cells and THP-1 cells were divided into the control and
PQQ-treated groups,respectively. MTT method was used to detect the cell proliferation. The expression of each inflamma-
tory factor at mRNA and protein levels was detected by RT-qPCR and Western Blot analysis. PQQ pretreatment caused a
significant decrease in the expression of inflammatory factors, the expression of P-P65 protein and consequently an
increase in the expression of Nrf2 protein. PQQ pretreatment reduces the intracellular inflammatory response ,which may
attribute to an increase in the expression of Nrf2 and resultant inhibition of the expression of NF-«B.

Key words: PQQ, LPS,inflammatory factor, Nrf2, NF-kB

WEE 1% W KR ( pyrroloquinoline quinine , PQQ ) J&— Al S By Y K P A S5 4, HoAr S Al e A
MBS O R TR A i B SRR RN TR E 2 R AR YR, I B S i A RO A
PR FE | PR dr e 2 A O A P 1 43 0. B B R B, PQQ M KU ST 4 AN 4 e
JECAR LA A AE T, R EHEI , PQQ X LPS U551 S S N A AR Il AV . SRAE SN — i ERAP S R ¢
(¥ LS 3k E B8R Z A SR 7 2% T B4 B S SN 25 AR . AR R — 26T V2 50 A5 T 2 B 41
H S RE 2L, T A5 R] 7 A 2 ARAE I, e S 228 (lipopolysaccharide , LPS ) 2 fix 32 5 A5 J5URH 5 73
T DRI AT ] LPS U T AR I SR NE BT H A I PR L. ASSIR LA LPS 755 14 A S A 5 %
G T T PQQ R HAAE S A RIAVE AT, FE00 25 BT 1 AR FI AL

1 AR5k

1.1 KIe#AY
64 1035 ( Fetal bovine serum,FBS) FlIE B DMEM  AMEM 5535 3£ H Gibeo 2E#72Y 75100 U/mL 7 5
Z (Penicillin) . 100 U/mlL £ %5 2 ( Streptomycin ) F1JHE 8 FH B4 B 48 2855 A 6] PRI B CST A %
SR G RT-qPCR IR &4 H Takara 24 A ; %t N GAPDH Z e REHTIAI H AR\l ; MTS 14 H
Promega 72 &) 3 /)N BLEAAZ 5L W 40 0 1 0096 20 L ( RAW264.7 ) A\ 2 B2 40 M9 13 106 A A2 40 Ak ( THP-1) |
Y #s HHA.2016-10-05.

E&TE : ER A RF 34 (2012104GZ30057 ) .
BIMEER A IRAGR B2z, WFFE 710 IR 43120 i A= 42 E-mail ; wenchuanjun@ hotmail.com
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/N B BE R R B WE 1 B ( bone marrow derived macrophages , BMDM ) A J5AY 435 441 .
1.2 LWAHE
1.2.1 RAW264.7 tafniz

B A RAW264.7 4UMIRRECH , 78 42 °CKIRHA Fhbod S8 sh Rl ik, 76888 TAE & i e i &
WE & A E R DMEM 828535 (&4 10% FBS . DMEM XU7T) , 738 BRI A0, & 37 °C 5% CO,
BiFRAATP R IR, 1529 8 h 5, s R FR3E  PBS Ve Jo R WG BE AN A, Jin ACHr S K7 3R Y AN % IR B 80% 224,
[ AL AR
1.2.2 THP-1 t sz sk

PR A THP-1 4HMIBRIC  7E 42 COKIR B P SR 3 Rl Ak, e TAE & rh I R i B 3
BT ABLHLT 1000 v/min B0 3 min, ZEHS TAEG 35 LW, A 1 mL % 10%6 48 103 |
T3 7 AEEEE R 1Y RPMI 1640 58 23555 5L IR AT ML K HMA S A 7 mL 35522549 10 em ML VR AT 40
Jifl, & 37 °C 5% CO, BFeAarh i, WSR2 mL 55350, Y4025 Bk 3 90% A4y, B D FE 51
TR, IMAKTEE SRR ERS] 3 123 AT AR
1.2.3 BMDM % it 89 3 B fm 35 35

(1) U8 1.929 ALK 37 138 A9 575 AMEM 85323 (5 10% FBS) T 37 °C 5% CO, W4 Hh 15 37
1929 ZifE 4 d, WA B3 , 5 FIATIERS (0. 22 wmol/L) 13 85 45 H.

(2) 53 B /NEUEBE . B e I 8 w~10 w 19 C57BL/6 /N ERUETME IR FI AL BE | B AE 75% 1) N 75 5
min, A TAE G, 288 F5r /N RBCE SR8 IFCE & A VKR PBS 1Y 10 em LA F/NER LA 4028
VI, BY 4w 071 T 2 8 B B, TR SR I AMEM (10% FBS) #hyiE 881, 1 000 v/min #5.0> 5 min J5 UK
EEHE.

(3)1.929 LI FE FIs7 S AL E W4 6 1929 i Fi% 5 & AMDM(10% FBS)1:4 il 784318
A1 BRJE IS O W T WSO A /0N B B (o A B A0 B TR, S o A B T T T i M 5 7 L e, 7
T XARE] R 37 °C 5% CO, WeAh 537 535 B AYSE 3 d(AEE) BB 5 d BBt 58 &5 323 55 7
d BAG A BMDM,

1.2.4  MTT #) 4m fer 3 75

WO E A T B RR T 96 FLAR T, 43 6 415550, RAHiR 5 NE AL, BT 37 C.5% CO, 54T
Regtad . K555 24 h, 57 L5595, PBS 5 VE—il , B FLINTA 100 wL DMEM 58 55 32 M1 20wl MTS/PMS
(20:3) IRA, AREE1E 57 4 h FEBEFFRAY T 490 nm A0 44 FL A EWE (OD 1H) .

1.2.5 RNA #2BA % RT-qPCR 247

FIIH Trizol R34 FE I 542 HL RNA , F§ DEPC /K% i I ] NanoDrop 436G EEASGM 2 A4 I , 1% 18
Takara S S350 & UL 43 S A3 5] cDNA |, JFA mRNA [ ZRE7KF-.

1.2.6 &EGILEBVLE Western blot 547

W25 5L FH IxPBS ¥k 2 ¥, INA S 1 mmol/L PMSF Hil cocktail A RIPA S & vk I 2L it 40 il
30 min, BRA 5 min £5 5% — 0, FEZAEANML, ICHE T 1.5 mL EP &, 12 000 ©/min B0 10 min K I iEFE
B ZH 1.5 mL EP 48 JIA 5xSample Buffer 753182],95 “C A 10 min. 10% ,12% SDS—5& ¥ It e
JiETE e 80 'V HELIK , A5 marker 7 53 B BT, B HL R 120 V. fHE 330 mA ,90 min 7% %] PVDF % I+,
FH 5% Bl 4= 33 A 120 min, —3T 4 CHFR ISR ,37 CFF M. P 1 h~2 h, FIH ECL B EFFHLE
KNG R 58 o H 50
1.2.7 %itFae

K H] Image J 3% Western blot Z5 R #47 KBE 438, K FH Origin 8.0 B X} S8 4t 4 7 Ge 2743 Mt
AR, 21 8] 22 5 PR Ry 2200 T A 7 A R P<0.05 25 53 3, P<0.01 Sh 25 il i 3%

2 e

2.1 PQQ FiAbIEXT LPS 5 RAW264.7 4R i 4K 1E A
A ML AL IR 24 b, MTT Kl A0 B FE I O, an &l 1 Fezs. S2sed A 10 wmol/L PQQ X RAW264.7
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XEFER, 45 PQQ X L WG 40 g S AE #1f S AL ) 9 20T 72

ARA R ER XU PQQ XTI A K JCH ; Hm s

A LPS 4,24 h J54HAEE 1 AR T X B 2H (P<0.05) 1 L2k N

JA—5E WS PQQ FIALHE 1 h J5 BEAIA LPS Jii#% 24 b, 75 £ ool T =

PQQ Y&FEH 1 pumol/L 10 wmol/L 30 wmol/L B 4 i3 77 E el "

Poie B Hh i T LPS Ml AbH4H (P<0.01) , 2% PQQ T 8 sl ﬂ

AEFRXT LPS 175 % i A ML 2B R A — 2 i 22 A A .

22 PQQ FiAMIERT LPS %5 THP-1 BHAEEFEE ool - 10 - 1 10 30

- LPS/(ng/mL) - - 2 2 2 2
FIFH Q-PCR Al THP-1 40H b 4 B T 19 235 (P<§;i§E”‘“ﬁéﬂ*ﬁ%”@'“)’ TIPS ALK

B2 B, 7245 FL X0 B2, THP-1 48 i IL-6, TNF-o #: compared with control NC(P<0.05) , # ; compared
IL-18 mRNA FRikACFEAR, M 1 wg/m. LPS JII 24 h 5, with 1LPS group( P<0.01)

IL-6 TNF-o | IL-18 mRNA F3k/K-F- 1 24400 MiAE PQQ 1 PQQ FANHERT LPS 75 RAW264.7 4BRAYLE K 1E R
ﬁj ﬂ‘ﬁﬂ 1 h E ﬁj]l] )\ LPS H3|J /)@ﬁ 24 h , %,l PQQ j’ﬂ 1 pm ol /L\ Fig. 1 The protective effect of PQQ pretreatment on
10 pmol/L,30 umol/L Al 90 wmol/L if, 5+ 5ilffi LPS % & Linduced ccll growth

(9 IL-18 mRNA | TNF-a I IL-6 FIAKF-WI 2 N R, $7s PQQ AR 4] LPS #5519 IL-18 \TNF-a Fl IL-
6 mRNA ik w0,

A = 400 [ 1 B o 12000r —
.2 H#iH# 8
g 2 10 000 |- it
% 300 - * sk s g i
o sk 1% 8 000
o 3 o
22 2001 22 6000+ .
k= =%
S 5 S 4000 |-
s 100r =z 2000
Z Z I
E 0 Il Il I} E O Il | J
PQQ/(umol/L) - - 1 10 30 90 PQQ/(umol/L) - - 1 10 30 90
LPS/(ng/mL) — 1 1 1 1 1 LPS/(ng/mL) - 1 1 1 1 1
C ¢ 350 [ 1
g i
& 28F i
o skkck
§ E 21 | seskosk
=z Z
22 b
;l_‘) o
< 7L
z
g 0
PQQ/(umol/L) - - 1 10 30 90
LPS/(ng/mL) - 1 1 1 1 1

A THP-1 4}l TL-18 mRNA §J3%35;B: THP-1 4 TNF-o 193%35 ;C: THP-1 M T1-6 (335 #4525 AN HBALAH L (P<0.001) ,
# .5 LPS A (P<0.05) , ** . 5 LPS 4 (P<0.01) , #** . 5 LPS 4140 L (P<0.001)

A.The expression of IL-18 mRNA in THP-1 cells. B.The expression of TNF-o mRNA in THP-1 cells. C.The expression of IL-6 mRNA in
THP-1 cells. ###: compared with control NC( P<0.001) , *# ; compared with LPS group ( P<0.05) , * * ; compared with LPS group, # * * ;
compared with LPS group( P<0.001)

2 PQQ FAtEX LPS 55 THP-1 48Rl 5¢ i B F 5 Bl R 1% M &2 0E
Fig. 2 Effects of PQQ pretreatment on expression of inflammatory factors in LPS-induced THP-1 Cells

2.3 PQQ X} LPS 5 THP-1 BMDM Al NF-kB p65 & B & iZRIS M0

7£ THP-1 40 H ] Western Blot #:40drh NF-xB p65 5. (& 4 A B s, 1623 10 I
HAFNHA PQQ A, THP-1 4iffirh P-P65 FikK-FHAK, A 200 ng/mL LPS #i# 30 min /5 ,P-P65 ik
IR 8 RN 5 T 7E PQQ TALEE 1 h J5 A LPS #il3# 30 min, 10 wmol/L 150 wmol/L f4) PQQ ¥ 7T fH
Wr LPS 15519 P-P65 kG, HrA Ll PQQ 24 10 wmol/L A HTE B 4.

7E BMDM 4 g 1] T} Western Blot il 2 i NF-xB p65 & A, {0E 3C.D fions, 7625 FH % g
AN PQQ 41, BMDM i i P-P65 FiksKF-4 i, A 200 ng/ml. LPS $# 30 min Ji5,P-P65 Fik/KF-H
B S BN T AE 50 wmol/L PQQ FiALEE 1 h 5 MILA 200 ng/mL LPS #|3# 30 min J& ,P-P65 £k 5 LPS 4
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AH AR 5 2 T R
B < 1.0
2 i
5 08
&
A 5806+
E ot L o *%
P-P65 F“‘" -."."_"" ” u_ e .% 5: *okk
' , 5% 0.4+
S 02t
GAPDH v s S S SS— né
- O 1 1 1 |
PQQ/(umol/L) — 50 - 10 50 PQQ/(umol/L) — 50 - 10 50
LPS/(200 ng/mL) - - + + + LPS/(200 ng/mL) - - + + +
D 4 1.5
.2
2 12
&
C § g 09
P-P65 L e ——- £ & 06
8 =}
s 03
GAPDH " . = cé
0
PQQ/(umol/L) - 50 - 10 PQQ/(50 pmol/L) - + - +
LPS/(200 ng/mL) - - + + LPS/(200 ng/mL) - - + +

A.PQQ Ab3 THP-1 4L 1 h J& I LPS 413 30 min, Western blot 4387 P-P65 [ 13¢5 B.JKJE 53 #T P-P65/GAPDH X} ik & ;
C.PQQ 4b#% BMDM 4iffg 1 h J5 /i LPS Hi#% 30 min, Western blot 7347 P-P65 i FE 33k ; DRI P-P65/GAPDH HIMIXT Fikit. ###:
52 [ IR B (P<0.001) 5 s .5 LPS A EL (P<0.01) 5 # . 55 LPS 4140 b (P<0.001)

A.THP-1 cells were stimulated with LPS for 30 min after treated by PQQ for 1 h,and the protein level of p-p65 was analyzed by Western
blot. B.The ratio of p-p65/GAPDH was analyzed by gray level. C.BMDM cells were stimulated with LPS for 30 min after treated by PQQ for 1 h,and
the protein level of p-p65 was analyzed by Western blot. D.The ratio of p-p65/GAPDH was analyzed by gray level. ###:compared with control NC
(P<0.001) , #* ;compared with LPS group, * ## :compared with LPS group( P<0.001)

B3 PQQ X} LPS 55 THP-1, BMDM 4/l NF-kB p65 & 8 R i% R 2200
Fig. 3 Effect of PQQ on the expression of NF-kB p65 protein in LPS-induced THP-1 cells

2.4 PQQ Fi4bIE3t LPS 55 THP-1, RAW264.7 04 Nrf2 & B RIERIE N0

Nif2, CNC (cap'n“collar) 5 M b1 , G138 Bt 5 20 W v X 3, Nf2 3% #2214 il 5/ 0 S A0 I R A DG
WS EE R 2 X BT AL SO TT AR A7, 2 5 X S DR A IR 4R A WF 5T R W1, Nef2 7] AR 48 S il
I A0 B 22 BN SRE . B AT oA T PQQ MRS LPS 753 1Y B g 4 A 5L Nef2 192 11 R 351
Bl QB 4A B R, BRI 10puM PQQ 2H 578 XS BREAR HE , Nef2 99638 30, LPS 20 H Rkt
23 PO RALRY S &30 . T A PQQ HilALEE 1 h A LPS Hl3# 24 h /5, PQQ MR EE (Kb S LPS H#47
SR Nef2 FIA RN, A 4C.D Bz, BATA 20 pmol/L PQQ £H 5725 AT HRALAI H , Nef2 (1 e 10 3%
WA, LPS 21 H36A Al e 2s ot R4 38 3 . i A PQQ FiALFE 1 h A LPS #l# 24 h 5,4
PQQ ¥ K 10 pmol/L.20 wmol/L.50 wmol/L B} Nrf2 Fik i [t LPS 440 S 3 34 m. frik ] WL, in LPS &
PEFFAHAL Nef2 /2235, T PQQ HALEE AT LASE— e HF LPS W51 Nef2 [1335.
3 e

522 [OBAPE B 5 | R AR o, N BE R BTG 1 M e RS, 7™ AR Ko 1 40 R 1 Fn N R PR A o
YER THUALR T, S B S A 25 5L, JF i O Re e 5 0L , e S 2 R 4 B 2. B g di M2 R
G AN, 78 A P G SR S S AR e e R B e R G, B T 2 5 R
SiE SLNE. B SR PR F- NF-kB S AT I8 O HE I 9 5], Bl I vl A5 2 b B R 0 2R3 , DT 7 A 22 T 41 e P
TS5 RAE RN, WAl ARE #8956 5%, ARE 7T 5 Nief2 256, T A 3l B AR Sk N5 5. 7E2E 3
ZAET  NF-kB 2 TCTEMERY , I 1 2 A 0 , A% 7 «B TS B (IKK-B) £ 1 A4 57 7E 40 il
PSS TR A O B AN T P 2 R0 IR, NF-kB AT LB BT . Nif2, CNC (cap n”
collar) ZEHEAL BT , ALFE TR 5 SRR e X3 N2 242 T AR 8t 758/ 70 S0 A0 g AR 56 17 3805 10 28 14 31X
BIHTAEAC SN TTIFRAL , 2 5 3k SE B DR A TR 45 A DT R WY, Nef2 7T DLARHT S RE I, 300 1 4 il 41 2152 3]
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XEFER, 45 PQQ X L WG 40 g S AE #1f S AL ) 9 20T 72

B 20r |
=}
.g L6 % sk
A Sg 1ol
R e - . CECE H
Nrf2 _-_— . - ’ . .‘3 “Za 08|
B ’ #
S 04t
GAPDH we S s s o m—— Z I“I
E 0 Il | | J
PQQ/(umol/L) 0 10 0 1 10 50 PQQ/(umol/L) 0 10 0 1 10 50
LPS/(200 ng/mL) - - + + + + LPS/(ng/mL) - - + + + +
D o 15¢
S
g 12
=
C s
- ; %{2 09
v SRS  -C
<
GAPDH z
g 0
PQQumol/L) 0 20 0 10 20 50 PQQ/(umol/L) - 20 0 10 20 50
LPS (200 ng/mL) - - + + + + LPS/(ug/mL) - . + + + +
A.PQQ 4bFE THP-1 ZHJfd 1h J5 LPS JJ3# 24 h, Western blot 4347 Nef2 B9 A #35 ; B. KM H Nif2/ GAPDH AHXf k8 ; C.PQQ 4t
FERAW264.7 4L 1 h 5 LPS 4134 24 h, Western blot 4387 Nef2 (97 13835 ; DKL Nef2/ GAPDH FHXS ik 1. #. 525 (X IR41AH

e (P<0.05) ; * : 5 LPS AL (P<0.05) ; * * . 5 LPS 41#H Lk (P<0.01)

A.THP-1 cells were stimulated with LPS for 24 h after treated by PQQ for 1 h, and the protein level of Nrf2 was analyzed by Western
blot. B.The ratio of Nrf2/GAPDH was analyzed by gray level. C.RAW264.7 cells were stimulated with LPS for 24 h after treated by PQQ for 1h,and
the protein level of Nrf2 was analyzed by Western blot. D.The ratio of Nef2/GAPDH was analyzed by gray level. #:compared with control NC( P<
0.05), * ;compared with LPS group( P<0.05) , #* :compared with LPS group( P<0.01)

4 PQQ FAbIE3t LPS 5 THP-1 41ff Nrf2 & AR XK
Fig.4 Effect of PQQ on the expression of Nrf2 protein in LPS-induced THP-1 cells

SAEB . A, TN BRURAR R 35 10 I S 40 i T, NF-wB (1435 14 R 26 40 i PR 1 (9 28 3K 7E. Naf2
L 53R S T S S 40 L B 2 A R e S 4 i v 2 2 L BRI D) BE N2 R G5 o 9 T 4 R
S 1] 7 48 A IO S 2o BTG NF-wB R i P 0 R AR R AN R 70 R ) Nef2 78 RAE T 5 NF-
kB A HEHEYINER. T AASLEAM T PQQ fEMS LPS 5 519 B E4I il NF-«B 1 Nef2 (2 14 #1515
Ol SEERARRW], PQQ FTLANIE] THP-1 AR 4 5E K+ 1L-6 \ TNF-o | IL-1B FYREL, B PQQ HA BT AL
JO7 -5 A P AR R 77 A A . PQQ AT LAREAR LPS 35 5:19 THP-1 4 i) NF-kB 235, &1 PQQ ] i i
M LPS 35319 THP-1 40l NF-«B p65 5 FH Ry IX /b 2 0% K19 K E R, PQQ & 7T LIsEfn LPS
WY THP-1 40 Nef2 (93835, Ui PQQ AT LAE i 14 hin Nef2 SRR HRAT A AE H38K , 410 1) 240 Jf 2 21 32 3] 40
P3. B PQQ ZAid it Nif2 /EHI T NF-kB i H5 2 — PR,

[ &% 30K ]

[1] ZHANG Y H,FEUSTEL P J,KIMELBERG H K et al. Neuroprotection by pyrroloquinoline quinone(PQQ)in reversible middle
cerebral artery occlusion in the adult rat[ J]. Brain research,2006,1 094(1) :200.

[2] GALLOP P M,HENSON E,PAZ M A et al. Acid-promoted tautomeric lactonization and oxidation-reduction of pyrroloquino-
line quinone( PQQ) [J]. Biochemical and biophysical research communications,1989,163(2) :755-763.

[3] MATSUSHITA K,TOYAMA H,YAMADA M, et al. Quinoproteins ; structure , function, and biotechnological applications|[ J].
Applied microbiology and biotechnology,2002,58( 1) :13-22.

[4] LIU Z,SUN C,TAO R,et al. Pyrroloquinoline quinone decelerates rheumatoid arthritis progression by inhibiting inflammatory
responses and joint destruction via modulating NF-kB and MAPK pathways[ J]. Inflammation,2016,39(1) ;248.

[5] MARKWART R,CONDOTTA S A,REQUARDT R P,et al. Immunosuppression after sepsis: systemic inflammation and sepsis
induce a loss of naive T-Cells but no enduring cell-autonomous defects in T-Cell function[ J]. Plos One,2014,9(12) ;e115094.

(T#% 143 W)
— 137 —



R, 35 /N U TR0 1A B2 A 9 B i 5 5 2

[19]

178-201.

OHTSUKI S, TERASAKI T. Contribution of carrier-mediated transport systems to the blood-brain barrier as a supporting and
protecting interface for the brain;importance for cns drug discovery and development[ J]. Pharmaceutical research, 2007,
24(9) :1745-1758.

OBERMEIER B,DANEMAN R,RANSOHOFF R M. Development, maintenance and disruption of the blood-brain barrier[ J].
Nat Med,2013,19(12) :1584-1596.

PERSIDSKY Y,RAMIREZ S H,HAORAH ], et al. Blood-brain barrier:structural components and function under physiologic
and pathologic conditions[ J]. Journal of neuroimmune pharmacology,2006,1(3) :223.

BETZ A L,GOLDSTEIN G W. Primary culture of capillary endothelium from rat brain[ J]. In vitro cellular and developmental
biology-plant,1981,17(4) :353-362.

ABBOTT N J, HUGHES C C,REVEST P A, et al. Development and characterisation of a rat brain capillary endothelial
culture ; towards an in vitro blood-brain barrier[ J]. Journal of cell science,1992,103(1) ;23-37.

NAKAGAWA S,DELI M A ,;NAKAO S, et al. Pericytes from brain microvessels strengthen the barrier integrity in primary
cultures of rat brain endothelial cells[ J]. Cell Mol Neurobiol ,2007,27(6) :687—694.

VRRET®, 2RI AR A5 R UK BRI A8 A e AR ML Py 2325 5 DU SR (0] v [ 40 M A 927241, 2005, 27 (1) 18488,
NAVONE S E,MARFIA G,INVERNICI G, et al. Isolation and expansion of human and mouse brain microvascular endothelial
cells[ J]. Nature protocols,2013,8(9) :1680.

WU Z,HOFMAN F M,ZLOKOVIC B V. A simple method for isolation and characterization of mouse brain microvascular
endothelial cells[ J]. Journal of neuroscience methods,2003,130(1) :53-63.

ARER, T2 /I UG I P B AR o0 B A 3R [ T]. B B RS54 (BS54 ,2003,43(6) :52-53.

REE, OC, HEFRE A /N BURROILAE A R A ARG IR S Ak [ 1] fign) 244k, 2007,30(5) :530-533.
kg, Bl g, 200 T A5 /N BURK LI P B A0 A 35 S S AR oA AT IR (D). st BE 2 R i ( AL AR
W) ,2012,28(2) :139-142.

TREISC, FH , B, 5. /UK OIS N B AR 3R (1] AR BE R4 2740 (A AR ,2000,34(3) :215-217.

[RfEHRE. ' 8]

(EB% 137 W)

(6]

[7]

AMIOT F, FITTING C, TRACEY K J, et al. Lipopolysaccharide-induced cytokine cascade and lethality in LT alpha/TNF
alpha[ J]. Molecular medicine,1997,3(12) :864-875.
LEE A K,SUNG S H,KIM Y C,et al. Inhibition of lipopolysaccharide-inducible nitric oxide synthase , TNF-alpha and COX-2
expression by sauchinone effects on I-kappaBalpha phosphorylation, C/EBP and AP-1 activation[ J]. British journal of phar-
macology,2003,139(1) :11.
WEISCHENFELDT J,PORSE B. Bone Marrow-Derived Macrophages( BMM ) :isolation and applications[ J]. Cold spring harbor
protocols,2008( 12) .5 080.
RITTIRSCH D,FLIERL M A, WARD P A. Harmful molecular mechanisms in sepsis[ J]. Nature reviews immunology,2008,
8(10) :776-787.
CHEN F,CASTRANOVA V,SHI X, et al. New insights into the role of nuclear factor-kB,a ubiquitous transcription factor in
the initiation of diseases[ J]. Clinical chemistry,1999,45(1) ;7-17.
LEE ] M,JOHNSON J A. An important role of Nrf2-ARE pathway in the cellular defense mechanism[ J]. Journal of biochem-
istry and molecular biology,2004,37(2) :139.
ARISAWA T,TAHARA T,SHIBATA T,et al. The relationship between Helicobacter pylori infection and promoter polymor-
phism of the Nif2 gene in chronic gastritis[ J]. International journal of molecular medicine,2007,19(19) :143-148.
MA Q. Multiorgan autoimmune inflammation,enhanced lymphoproliferation,,and impaired homeostasis of reactive oxygen species
in mice lacking the antioxidant-activated transcription factor Nrf2[ J]. American journal of pathology,2006,168(6) :1 960.
ZHANG L,WANG H. Targeting the NF-E2-related factor 2 pathway:a novel strategy for traumatic brain injury[ J]. Molecular
neurobiology ,2017:1-3. doi:10.1007/S12035-017-0456—7.

(EERE.E ]

— 143 —



