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(2] BER (PQ) AIESHIRMAZ RS\ KREMMEEL, BENGIERERE.

(BB @A, R7 PN SRV RBRERR D FHEH, BREFEIESR (Ros) A
FEHBEE B (Akt) BEERLTE I IZFRIER.

[755%] ERAREIRER PQ (0. 1. 3.3. 10, 33. 100 pmol-L™) Xt/ NER/ NI BR4ARE £ BV-2 ZAfE
TS 12h, XAMMRITHRFIE (cck-8) HMARRIE T, EFEARS EAREM TN
BREFEZE (33umol-L?) HITEEM . A 33 umol-L? PQHRE 12 h, AR AMEEE ARG
INRRAMEEFRN (MLUEL) HIRE—RUREEE (N0S) « EFMIENL (M27E1) B9tR
& D206 HY7K T LA K2 ROS FNBEER 1L -Akt BYZKTE ; SRFE ELISA 554 M1 7E L 73 R BI (R X 4
EF [BNE6 (IL-6) . FEIRFEEF o (TNF-a) FIETE 18 (L-1B) ] MUK M2 &L
MAARAT (BNES (L14), BEEFERKET 1 (6GF1) MBEMEKRET B (TGF-B)] B
Ko KA 2mmol L ZEEEEER (NAC) 7E PQRSHIM B 2h LLFFMROS, BERS
PQIVIEAEL S 12h G, A RT-PCRIVF AR iNOS. €D206 R IL-18 BIE A FRIK, {8 Akt
IR (Akt inhibitor VIll, 5pmol-L™) FIBCEF (SC79, 20 umol-L™) 7E PQ R ERITIRMELHRE 2 h,
BEIRE PIEFHERS 12h, MFFFINOS. D206 F IL-18 BIKTFE,

[£552] 133 umolL* PQREF 12h T, /N INOS KFF+ 5 (t=8.912, P<0.001) , 1%
MABEAF IL-6. TNF-a. IL-1B TS (t=2.710. 3.342. 5.078, P{E}Y<0.05) ; 1B CD206 FAHD A
EFKFHTERHIERITFEENX (P>0.05) ; NREMAMEAA ROS KFEHR (t=11.907,
P<0.001) , T Akt BEES 1L MIEHN4E] (1=6.152, P<0.001) . NAC AL B[, PQ =3I #2RY iNOS.
IL-18 F1 €D206 B A ZRIX 7K T BIIE M09 #7155 (t=15.457. 6.912. 9.106, ¥J P<0.001), Akt il
FIFIEER, FINOSHIL-1B K FEHEIRF PR EHFE —F F 5 (t=8.021. 3.684, D5 P<
0.001. P<0.01) , CD206 AY7K T M FEAE (t=2.662, P<0.05), 5 Z M, Akt BEE T FRALIEHD
T PQFEFSIEAYINOS F IL-18 K FBIFH = (t=6.835. 4.325, 435! P<0.001. P<0.01), ™M
CD206 FY7KFEF+5 (t=17.471, P<0.001), EROS 5 Akt FYX % L, {#F NAC FFi ROS BY, PQ
SIEHY Akt BEER (L INHIB RN E (t=6.438, P<0.001) ; M ILHEER Akt IR 2BEEH,
HARRZ ROS BY7KTE (P>0.05) 6

[4532] P R@I F175 ROS, #MINH] Akt BEER 145 %2/ B4R RE B 2 5E Ko F TR ROS A
(B B /B BT RE BRI M1 A0 M2 7E 1K 5 T Akt BEER LBV BUE BB T PQ T SRR BT A
E M.

KA - BEM KRR ; TEMR ; EEHEEB ; BMERY

Roles of reactive oxygen species and protein kinase B phosphorylation in paraquat-mediated
microglia activation XIAO Hongxi*®, LI Qian*®, SHAO Yiming®®, CHANG Xiuli*®, ZHOU Zhijun®®
(a.School of Public Health b.Key Laboratory of Public Health Safety of Ministry of Education, Fudan
University, Shanghai 200032, China)

Abstract:

[Background] Paraquat (PQ) can induce microglia activation in central nervous system (CNS).
However, its associated mechanism is not clear yet.

[Objective] This study investigates the potential molecular mechanism of PQ-mediated microglia
activation and focuses on the roles of reactive oxygen species (ROS) and protein kinase B (PKB,
also called Akt) phosphorylation in this process through in vitro experiments.
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[Methods] Mouse microglia cell line BV-2 cells were treated with different concentrations of PQ (0, 1, 3.3, 10, 33, and 100 pmol-L™) for
12 h and assessed for its viability with cell counting kit 8 (CCK8). The highest dose that did not damage the cell viability (33 pmol-L™) was
selected for further experiments. Then BV-2 cells were treated with 33 umol-L™* PQ for 12 h to detect the levels of nitric oxide synthase
(iNOS), a marker of microglia classical activation (M1 activation), CD206, a marker of microglia alternative activation (M2 activation),
ROS, and phosphorylated Akt (p-Akt) by flow cytometry, as well as the levels of proinflammatory cytokines triggered via M1 activation
[interleukin 6 (IL-6), tumor necrosis factor a (TNF-a), and interleukin 1B (IL-1B)] and anti-inflammatory cytokines triggered via M2
activation [interleukin 4 (IL-4), insulin-like growth factor 1 (IGF-1), and transforming growth factor B (TGF-B)] by ELISA. A batch of cells
were pretreated with 2mmol-L" N-acetylcysteine (NAC) to inhibit ROS for 2 h, and then treated with PQ for 12 h to detect the expression
levels of iNOS, CD206, and IL-18 by RT-PCR. Another batch of cells were pretreated with Akt inhibitor (Akt inhibitor VIl , 5umol-L?) and
activator (SC79, 20 umol-L") respectively for 2 h, and then treated with PQ for another 12 h, to detect the expression levels of iNOS,
CD206, and IL-1P.

[Results] After the cells were exposed to 33 umol-L* PQ for 12 h, the levels of iINOS (t=8.912, P<0.001) and proinflammatory cytokines
IL-6, TNF-a, and IL-1B were increased (t=2.710, 3.342, and 5.078, P<0.05), while no significant difference was observed in the levels
of CD206 and anti-inflammatory cytokines (P>0.05); in addition, intercellular ROS level was increased (t=11.907, P<0.001), and Akt
phosphorylation was inhibited (t=6.152, P<0.001). After the NAC treatment, the increased levels of iNOS, IL-18, and CD206 gene
expression induced by PQ were reversed (t=15.457, 6.912, 9.106, respectively; P<0.001). After the Akt inhibitor treatment, the levels of
iNOS and IL-1B were further increased compared with the PQ group (t=8.021, P<0.001; t=3.684, P<0.01, respectively), and the CD206
level was reduced (t=2.662, P<0.05). In contrast, compared with the PQ group, the levels of iINOS and IL-1B were inhibited by the Akt
activator (t=6.835, P<0.001; t=4.325, P<0.01, respectively), while CD206 was increased (t=17.471, P<0.001). As for the relationship
between ROS and Akt, NAC restored the inhibited Akt phosphorylation induced by PQ (t=6.438, P<0.001), while neither Akt inhibitor nor
Akt activator changed the level of ROS (P<0.05).

[Conclusion] PQ can induce pro-inflammatory activation of microglia by increasing ROS and inhibiting Akt phosphorylation. ROS
intervention can inhibit both M1 and M2 phenotypes of microglia. And Akt activation can regulate PQ-mediated microglia activation.

Keywords: paraquat; microglia; reactive oxygen species; protein kinase B; phosphorylation

BEM (paraquat, PQ) B—FhTF 1958 EF A K
NEZEBEBRER, HUFESEHSHESY 1-FE 4
KE-1, 2,3, 6-M0 = M IE (1-methyl-4-phenyl-1, 2,
3, 6-tetrahydropyridine, MPTP) FYSE 15 =4 N- FR
H-4- FXEMIEABEFE (1-methyl-4-phenylpyridinium
lon, MPP*) 18}, B—MRNIANEERESHNLS
o TITRFSYREITER, PQRNKIARFER
BESHERBENEEMLERE XY,

REHRHEREE RN —FHBIRITEHER, £
BB E NGB 600 5 ¥, B&FHHIE FBEH,
R Z A RREE, MEREETHRESRITERRBEN
EEMNERSRERLAEFEEEER, NREAKRZ
PikMERAZGNE G REAME, TRRBEREL
MPARUEYRBRNAREN, FEBRERER
R INRBRARE R A D N | REEW, B
FRMLIE ; EEEN, BIEM2EHY, MUEWK
REBEANDBEMRRXAF [NEFFE—FUA
& B (inducible Nitric Oxide Synthase, iNOS). HIT%6
(interleukin 6, IL-6) . 772 1B (interleukin 18, IL-1B) . %
JEEIRFEAF a (tumor necrosis factor a, TNF-a) Z] ; M2
FEEREN 73 SR EF [ STZ 4 (interleukin
4, I1-4). FEEREL1 (arginine 1, Argl). BB EBREK
&l % 1 (insulin-like growth factor 1, IGF1). ® L& K

K+ B (transforming growth factor B, TGF-B) Z] F#
ZKEFRFE, FENMLEUN SHEERER N
Fr 2 b B9E & Rl F X 42 o = S A 1B 5 T M23&E
b= E R E BT EF L E 7= EF AT LU E
BERE, HEFEAREBEERY, EES (reactive
oxygen species, ROS) #IAN S LM HEZIRITHIER
HEEB X, NFR/RZEHA. HEHRHRE, TR
a. EFRZ. WERERGFRRT, 48 R0SHY
ERANERR TR ITIE, G/ ROS RIRT %, #HTXT
4R = 43R 1ER 12, EEBES B (protein kinase B,
PKB) B3R Akt, BR— LR - HREREES, T4
MANZEE, 255WEYIE, NAREE £
K. EESRSMATE Y,

MRAW, PQEAE S EET S|/ R KK
INR BB EN, HAFEEUZMAERFREAN
BENHERERNY, MEBMRZURZE
(lipopolysaccharide, LPS) 1E 9 %8/ R4 REE 1k
N EY SRR TN RARBE R e, B
MRAF LI, ROSTIAKtIIE 5 T/ NI ENL
i fg el B BRI TF PQ 5l EEHI/)NR BRARRESE LA
5T, ROSF Akt 7E PQ 5|28/ N R AREE 1L
FEERMIXREEEH T ER, AL, AR
B AN RS TFRRE, 10N rPa TSN BRA
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RER S MR A FBICRZE, R5T ROS # Akt BRER
KTE PQ T TRV NIRRT ABREE I A2 R BIER

1 #MEl5RE=E
1.1 FERAFSNZE

FERF Pa. LA EEHR. BEE-BER
(Sigma A&, EE), B4 175 (fatal bovine serum,
FBS ; Gibco AT], EE) , RPMI 1640 157 & (Cytiva
7, &E) , AEF (L-6. TNF-a. IL-1B. IL-4. TGF-B.
IGF-1) ELISATRFI & CERAEMEARBRAE, #
), 25, 7-Z RN E N E (2, 7-dichlorodi-
hydrofluorescein diacetate, DCFH-DA) ROS % J iR .
40 A 3t #0875 & 8 (cell counting kit-8, CCK-8) (B =
REMRZERAE, AE), PRI (ETEY
BRAE, #E), AXFERF (BDAE, EEH).
MNHAEIAREE . B EER K E (fluorescein
Isothiocyanate, FITC) - #1-iINOS #1 1&, 7% 15 & H
(allophycocyanin, APC) - #1- H & ¥ % 1& (mannose
receptor, X ¥R CD206) 1A, & #1 & -p-Akt T 1K K
FITCARICEY Z$1, 39N B 3= E Thermo Fisher 28], &
DB ROS FFIAFTI N- Z B+ BERER (N-acetylcysteine,
NAC) . Akt T 532 5 Akt #D &I 5 (Akt inhibitor VIIl) 0
Akt BUET (sC79) WM BEB = REYREERAE,
FENES : WHEEIRY (Biotech AF], E), BD LSR
Fortessa R TVAHARIY (BD AE], EEH) .
1.2 RS IE

NERNRBEABRZBV-2ARWEFEE TS
YNE, MIF A RPMI 1640 1277 & (& 10%FBS,
2mmol-L? - REFEREH 100 L' BBXR-BEHR),
£ 5% CO,. 37°CIERAMMIBFFEPIETF. PQ A LE R
B8 £h 48 R (phosphate buffered solution, PBS) J&f#,
Hl & 20 mg-mL* AR, T -80°CIR7E, TE4HREALIE
BN BIEAEHITHRR. NEITHRFENRN, 28
0. 1. 3.3, 10. 33. 100 pumol-L* ;R E#EEE, 796 FLIR
RIHITPQRE 12h, EFEARS|EMAE N AT
SAREHITEELRK, [FLETIIFTE 48 FLIRPFHIT
AL, DUBFEBIENAUXTR, B Pafs
2, 2mmol-L* NAC FFRZEF 5 umol-L™* Akt 3NHIFIFF
2052 20 umol-L* Akt BUETFFRH , FFLBIRA TN
WA IEAE 20 5, FIRE 33 umol-L? PQIEAFRES
F1R2hBARNHITRIE, NACK IR, 15/ N B2
Bl ROS. p-Akt EXI7KF AN R ARREMIRE (M1

AR AINOS, M2iELFREL /9 cD206) M IL-18 Y
ERERZFRAKT 5 Akt HPHIF /#UEFIR IR, 1 N4H
ROS. p-Akt. iNOS. CD206 I IL-1B FEXF K FHIZKZE,
1.3 CCK-8 &M EM

¥ Bv-2 AR 2R IEF T 96 FLARA, =FL 100 uL,
BEMEELNN5x10°FL Y, R 12h 4R RIFILEE
&, BB ERFEHITHBLIE, THRESE, &
FLIAN 10 uL cck-8 145, B 1h, IEFLERG, KA
BEARNTE 450 nm K T EATHON, REAKKRA 53T
BRANFEELE T E AT E M,
1.4 ELISAEMAAMEEFKF

BHRERIEMT 48 FLIRHP, FFLs00uL, i
R ELY79 2.5x10° FL 1, 355 12 h EAARRIS ENGEE
G, BB ERFGEHITHIE, E LE, 7£500xg 7%
RTEOSmin LA BRI EFERAM, &R
RENRFIE RO BT ELISA, #2TIZRAE 5 B9 4R AR
AF (IL-6. TNF-a. IL-1B. IL-4 TGF-B. IGF-1),
1.5 DCFH-DAEIEMBEA ROS

LML R, AREREEAAMR, HiE
RiGA/NEIE (fetal calf serum, FCS) 284K ({72
DEFCS 1 PBS=1:19) EE, HEBIIMAMEIR
f(200uL- FL Y, MEFLIDNRK FIRET DCFH-DA B4
MK 10umol-L?, F37°CEEFFE TS 20min, X
FB LSR Fortessa i TVARRRA AL M= Y58 EE , A Flowlo
V10.0.7 #HITEIE D,
1.6 FNAREIE AR

48 FUIRIEF TN MBS, ARERRENL,
FCSEPRER, HEBEIRTNAMIRF (200uLFLY,
FEAFCHEAMMKEXKLEEHFAIOmMIn, BHITESE
HCD206 Z &, MANMER I, FEEHF M TR
30min, X FRAER, RAZFEIAFILIE 20730 min
&, MNERFTE, 2B 5789 5K F LSR Fortessa
TRV, FEFE Flowlo V10.0.7 1T EU3E
Mro FfE B BYL IR BE FITC- $-iINOS FL4A (1 400) ,
APC- 1 -CD206 $1 1A (1 : 400), & #1 & -p-AKT #1 1&
(1:400) & FITCHRIZHIZHR (1 : 400),
1.7 ¥% =R PCR (reverse transcription-PCR, RT-PCR)
1M iINOS. CD206. IL-1B B mRNA X

NACRMIEEHN A A EE L ELE, AimL
Trizol 15, 7317 4 AR 4 AR A0 RNA BIIREY, IRIBR B H
R R BRI 1T cDNABI & e & AR EFHY cDNA TR IR
UTFRZBHFITPCRRMNER : 95°C 30s, 95°C 55,
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60°C 34s, HigE40NME ; EEIAF TS, 95°C
155, 60°C 1min, 95°C 15s 3K 15 /A i i 2%, LURAER
H i B2 Bt S B8 (reduced glyceraldehyde-phosphate
dehydrogenase, GAPDH) IRE, KELLIR ct{EE#
17118, RT-PCRFAEABIS 14F IR 1 PR7Ro

#& 1 RT-PCR3|¥IE%!
Table 1 RT-PCR primer sequences

EEZFR (Gene) S|4¥)E%! (Primer sequences) (5'->3’)
iNOS EA3|4) (Forward) : CTGCCCCCCTGCTCACTC

&B5]4) (Backward) : TGGGAGGGGTCGTAATGTCC
€D206 E@314) (Forward) : AAGGAAGGTTGGCATTTGT

R [B5]4) (Backward) : CCTTTCAATCCTATGCAAGC
IL-18 E[A314) (Forward) : CTGGTGTGTGACGTTCCCATTA
& B354 (Backward) : CCGACAGCACGAGGCTTT
EMA314) (Forward) : TTCAACGGCACAGTCAAGGC
B354 (Backward) : GACTCCACGACATACTCAGCACC

GAPDH

1.8 #itES

SR F SPSS 25.0 R HITHRITF 2, BUIELY
WtnEERT. ZAHBLRRBERKZRSED,
LSDEHITEREMMA L. 1 AKIEN a=0.05 (FXM

),

2 #R
2.1 PQXI4HRIEMERIFZ M
MUEAEAERNBBMESTIRA, 1R E 1. 3.3, 10,
33, 100pmol- L R E i E#HITPQR T 12h 5, CCK-8
LERER, 1100 umol-L R ERNE 12 h B, 4E5EH
TR, ME 1. BEHEXARIREIRE Y, EER
S/ NRBAE N T REAE (33 umol-L?) #
TIRERER,
1.4
1.2

1.0
0.8 *
0.6
0.4
0.2
0 \ \ \ \ \
0 1 33 10 33 100

BEMKE/(umol-L1)
Paraquat concentration/(umol-L?)
CE] * : SPAMXIER (opmol-L?) 4L, P<0.05,
[Note] * : Compared with the negative control (Opumol-L*) group, P<0.05.
1 PQXI/MERBRZBREARRT SEIERIRZIM (n=5)
Figure 1 Effects of PQ on cell viability of microglia (n=5)

HREARRTE I
Cell relative viability

2.2 PQ X3/ B4R IE b B2 4R AR R F 53 B B 52 00

S3IERLAMELL, iINOS KFFHE (:=8.912, P<0.001) ,
i cD206 & M2 ZF (P>0.05) (Bl2A), 5 REI KT
SR, MUEURE S MIVRE X ABREF IL-6.
TNF-a. IL-1B 3 F S (¢{E 59 519 2.710. 3.342. 5.078,
¥JP<0.05), M2 RE D WMEIMEEF IL-4. TGF-B.
IGF-1 MR e ZE (&l 2B),
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. OWBA  mead
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[E] * : SXBRAELL, P<0.05 ; *** : SIHERLAMELL, P<0.001,
[Note] *: Compared with the control group, P<0.05; ***: Compared with
the control group, P<0.001.
B2 PQII/MIRFRABRENRE (A, n=6) MAMRETF 5
(B, n=>3) &M
Figure 2 Effects of PQ on microglia phenotypes (A, n=6) and
cytokine secretion (B, n > 3)

2.3 ROS7TE PQ N FHY/ MR BRAARREL RV ER

MEFXBA PQEFAHBRARSHS
(t=11.907, P<0.001) , i Akt % B& 1t I == F| 300
(t=6.152, P<0.001) . TEfEF NAC FFIREA ROS 5, 1H
EbFPairE A, p-Akt B 2 1R E (t=6.438, P<0.001)
(B13A) . EEARA L, HELFIIERA, PQRSEHEDN
iNOS. CD206 1 IL-18 B-EFRAIIIL N (¢=9.648. 3.098.
10.802, 9% P<0.001, P<0.05, P<0.001), {EfE A
NACTIAM R[S, = EMWERRIXKFYZ R (5
PQZFLHHELL, t=15.457. 9.106. 6.912, 1 P<0.001)
(E3B)o
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E £ 15 it -IXZJ‘ @2 15 .
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R g i e
=35 10 =9 10
m m 2
® e k] #ith
= T 05 it
£ o5 ﬂ o I ﬁ
€ u ]
0
0 ROS p-Akt iNOS €D206 IL-18
O XfER4E [1NACRMEEZR mPQ4 W POFINACEERMIEAH
Control group NAC treatment group PQ group PQ and NAC co-treatment group

[E] =+

S533BR4A48EL, P<0.05 ; *++ : S3TERLAMELL, P<0.001 ; ### : 5 PQ AL, P<0.0010

[Note] *: Compared with the control group, P<0.05; ***: Compared with the control group, P<0.001; ###: Compared with the PQ group, P<0.001.
El3 ROS FFixt PQ 5I#EHY Akt BEER 1L (A, n=6) MAAMREMEXEERE (B, n=5) tAZEHIZ
Figure 3 Effects of ROS intervention on changes of Akt phosphorylation (A, n=6) and microglia activation associated-gene expression
(B, n=5) induced by PQ

2.4 Akt BEERLTE PQ TSRV BRARELPEIER

5paF AL, p-Akt UK SMEIFIFECE
FIBYFFFAEE—2K ; ¥FF ROS, T2 Akt i 7F
TR IE 2 EE T F A, ROSHIER WX Z (1=0.597.
0.722, ¥JP>0.05) (El4A), Xt F4AE M REFHA
EFDW, 5raREFAHMLL, iINOS K IL-18 89

DM TEER ADEIFIFE#H—PHS (t=8.021.
3.684, 93 3 P<0.001, P<0.01), [ CD206 7K - & 1K
(t=2.662, P<0.05), f£ A Akt BUE I F IS, INOS P&
1f% (t=6.438, P<0.001) , IL-1B B/l (t=4.325, P<0.01) ,
PQT B M1 SEARINS] ; [FIBY, cD206 F& (t=17.471,
P<0.001) , M2 REHHE (Bl 48).

1.6 . 2.5
> — ##
2 14 1 g
S L 20
€ 1.2 st B IS
L 1.0 T 5 i X B
i it ~ 5 15
X 8 S
S8 08 & 8
Ko 7§ 10
=9 06 o
o &~ o
= = >
v 04 8 05
k= ko]
E 0.2 3
0 - 0 :
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[ xf8R4A B Akt AL R 0 AKeBUETIRIBLE
Control group Akt inhibitor treatment group Akt activator treatment group
O ro4d W POATAIFH AL IRLA W POARIETIH AL IR
PQ group PQ and inhibitor co-treatment group PQ and activator co-treatment group

UE] *

: SXFERAMELL, P<0.05 ; ++ 1 SXTHRZAMELL, P<0.01 ;# : 5 PQAMELL, P<0.05 ; ## : 5 PQAMBLL, P<0.01 ; ### : 5 PQAMELL, P<0.001,

[Note] *: Compared with the control group, P<0.05; **: Compared with the control group, P<0.01; #: Compared with the PQ group, P<0.05; ##: Compared
with the PQ group, P<0.01; ###: Compared with the PQ group, P<0.001.
El4 Akt FFaxt PQ 5I#2HY p-Akt #1 ROS (A) RRAMENREFEF 574 (iNOS. CD206 #11L-1B) (B) BAZTRIREZMM (n=6)
Figure 4 Effects of Akt intervention on changes of p-Akt and ROS (A), and microglia phenotypes and cytokines (iNOS, CD206 and IL-1B) (B)
induced by PQ (n=6)

3 Wi

PQE—THEBHEEEMRET, AI5IE/NKR
FRAABEAVR A EL 2, (BENEE R AT
KEPANT T/ NREARE MLELN ZMER A
FHMW ; BB, BARROSFE, 1B Akt B ER V52
Z)HDHYo FEGEF ROS NI LIRS, /N BAAREBI R

MR B HADE], BRI T RERRE
IRTSo Akt BYTFRILIUIFR T Akt BEER (L BETE T3 PQ
TSN FARRE L T Ao

INR BB R KSR RE D M R ERVARE [ F
FEPREERARNRRENE, WHETERHBIF
B, FEHAKRIM, PQTERNKRE TRIEIEUEN
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R, FERAMLERRIFET 25, KRR
223 PQ AENS 5 |F#E BY-2 4P M1 B AT S INOS I FH S
R XA EF 72893800, REAPQBEBN /MK
FARAMLEVREEDS, 5 ERRREGR—.
IL-6. TNF-o A IL-1B B ELEYEY/ NI B AR M1 SE L R EY
AEDWHMEETF, EHRERERRERPLIEE
A2, "I MBRINER AEEFHBEEFA S, IL-16
HAERHZHERBHNERHE, 2IREAIHY)
KRR A, X/ NRIEFEEST PQ, A5 |E/NERA
INBR R ML ERR IL-1B K EFH S, EIEET
HRRIETE, FiEmeEm/RIZIZInEE ™, Eit, E5
ISR, 1L-1p B fE N B AME R A F R M & R4
A FHIENEE,

PQIF NARMERES | RIARIZIRIZ — 2T
B%B2 (nicotinamide adenine dinucleotide phosphate,
NADPH) & X BB E 1k, FiE S ROS Y= 4 ¢, ROS
NS E4XMENRRARRERARNPRIEEEE
B. RRAM, LA{KROSEEHZ AT ZMHBARES
B, N2 RBUEE BEBES (mitogen-activated
protein kinase, MAPK) JBESFI1ZAEF kB (nuclear factor
kappa-B, NF-kB) 15 S BB’ F, #HM{E#H /N R4
IR MR 22, REF R ER R PQ BT 5 |2/ B B 4l
AR ROS HUIE N, H &L SIE/NRBEARII MLE
t. TEFEFI NACFFRROS /5, PQ 5 |#EHY/ R BI4HRERY
M1 REZINE], BEIE, NEREAR M2 EZ IS
CD206 MY E A FRIA B Z FHNH, 5 BAHDE ROS B] [FIEY
MmN RAEAMLIFIM27EL, FBRROSHIFAS
AR PQ T SHV R BT E (VR Ia =14

ARAEIM, At TEARRNED S|/ NR B4R
ECPIER AR BiEMm & rIHDE Akt BER 1L,
B S /R RABRE AR 2 5B ) 5 T LPS I B 58
Akt FIBRER 1k, 1R/ )\B BRAARR VIR RSB 1L B AR
RAEI, PQEETEINEI Akt BIBEER L, 5|HS/ R BIZAAE
MLEHIRERNF S, BEFERACIIGFFGE, M1
EEH—F R ; MER ABUERITFIGE, KRR
A MBI RBRINE, B, M27EHREA S,
XEELERIETR, Akt BEFRIVEEIE B RUENE PQ 5 [HERVME
RyEl, FHEENRERIPRMEBEREET, AL,
Akt BEER (L T2/ IR ABREE (S IR B B R IE S T
EA, B—MEBENEITHE S, BaiXTF AtTEPQF™
FRV RS RRER R ILIRE, KNEARIIL
RIMHIRET At BRER L TE PQ S B FRELLPS Z[8)7F

EES.

T ROS 5 Akt BEER L TE PQ T SR/ IR BI4B AR S
WHHXABEXRARRZ, B ZENXRERHAR
PR IRIT . 7E LPS BIABRFRZRHR, LPS RIEKS 209 ROS
F = BE08 BUR B ER AILES -3 JUBS (phosphatidylinositol-3
kinase, PI3K) -Akt 38 B&, 3 {83/ B4l A B9 M1
SERY, MEDRHRH, PQ5IEEAYROS FHEIIF] T
Akt B ER b, B XFINEIEETE # NACTEH,, LM, Akt
TREEfG B BUEME NN EERF, WNZEF E2
HXEF 2 (nuclear factor erythroid-2 related factor 2,
Nrf2) , 1SRRI AL EE D B BIEAI R F, Akt
BF A& PQIFEFHI ROS IE . HIFEEAIEER,
PQIEFFHREIFRISFETE, FILLEEIEFF4LRIE ROS BY
/%, FELEYEN ROSHE.

4R b, PRSI/ N B4R AR AVE KB (L A1 48
EFFHE, ROSF A BEERCEX M EEFRIEE
Z1EM. ROSHIASINEI T Akt FUBEER b, HIS5 T Akt
ST/ N RENET R AR RMAEINLLE
RRT ROSH Akt BEER LRV IERT , M PQTENLIARS|E
BERERNINEIRER, FEH—THR,

B2
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