RS EL K 325 1 A R I B S E #i 4 / BROB D PERK/elF20/ATF4
Bt bA

KRB S, TR ARRBR Y, T2, LAY, FFRE O Gl koM %R, a b 03K, bR, TR fil 226600)

WE: BH Kitiede &Kl B d B JE 5145 ) R L PERK/eIF20/ATF4 12 5 @ %09 %, F33%5 &4 SPF
Bk ES CSTBL/6 R 150 A, KRN FEER LA 5 HM(n=30): 5TRMA, BRF KM, Wb FREML, ofE
HoRG T A AR LKETH, THREIE 12, 24h FTHZITAHFFS, KGR DRBELHR, FA TUNEL &0l
# CAl R A A 454k, 4 %) & A Western blotting #= Real-time PCR 3% £ #% & PERK ,elF2c., ATF4 ,CHOP #= caspase-3
B E mRNA 8 kKT, R S, BFRatart, e FHEA ., fafe R HRET U A L RETFHDK
AT A FESIN G, B CAl RAYZ@MA 44 IT%, #% PERK. elF2a. ATF4, CHOP #» caspase-3 % 3 mRNA
w9 &8 (P 39<0.05); Siusk b B EM, A LRGTHEML, fafe S EARGTEN KAV ZRITAFIEOBIK, HD
CAl XA 2 m it 8 =46 %A%, PERK. elF20.. ATF4, CHOP #= caspase-3 & # mRNA #7 & i& F (P 3<0.05), &5it 4a
Fo R KT B & RALH b b B IR A, HAUR T4 5 3764 % PERK/eIF20/ATF4 12 5 i@ %A % .

KR tafe AR bt ; BRERYG; £D; BB mIIME SR R, AEERLET 20; ERHEZET 4
FEDES: RI6S.1 XRAARARRD: A XEHRS: 1007-7693(2021)07-0807-07

DOI: 10.13748/j.cnki.issn1007-7693.2021.07.006

SIRARI: kB, THEE, HRR, F. fofe S KT 425 MG B fo B3 E 345 ) R PERK/eIF20/ATF4 1% 5 18 %% 9 %
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Effects of Hydrogen-rich Saline on Hippocampus PERK/elF2a/ATF4 Signaling Pathway in Mice After
Transient Cerebral Ischemia Reperfusion Injury

ZHANG Chen?, JI Feiyue?, ZHENG Liangfeng?, CHENG Shouliang?, WANG Xiang®, GUO Zongfeng® (Nantong
University Hai’an Hospital, a.Department of Central Laboratory, b.Department of Anesthesiology, Nantong 226600, China)

ABSTRACT: OBJECTIVE To evaluate the effect of hydrogen-rich saline on hippocampus PERK/elF20/ATF4 protein
signaling pathways in mice after transient cerebral ischemia reperfusion injury. METHODS One hundred and fifty healthy
male C57BL/6 mice were divided into 5 groups(n=30) using a random number table: control group, sham operation group,
cerebral ischemia-reperfusion group, hydrogen-rich saline treatment group and normal saline treatment group. Neurobehavioral
score was assessed at 12, 24 h of reperfusion. Then mice in each group were sacrificed, and the hippocampal tissues were
obtained and the apoptosis index of CA1 in hippocampus were determined by TUNEL. The expression of PERK, elF2a, ATF4,
CHOP, caspase-3 protein and mRNA were determined by Western blotting and real-time polymerase chain reaction, respectively.
RESULTS Compared with the control group and the sham operation group, the neurobehavioral score and apoptosis index of
hippocampal CA1 region were increased, and the expression of PERK, elF2a, ATF4, CHOP, caspase-3 and their mRNA were
up-regulated in the cerebral ischemia-reperfusion group, hydrogen-rich saline treatment group and normal saline treatment
group(all P<0.05). Compared with cerebral ischemia-reperfusion group and normal saline treatment group, the neurobehavioral
score and apoptosis index in hippocampus CA1l region were decreased and the expression of PERK, elF2a, ATF4, CHOP,
caspase-3 and their mRNA were down-regulated in the hydrogen-rich saline treatment group(all P<0.05). CONCLUSION
Hydrogen-rich saline can improve transient cerebral ischemia reperfusion injury in mice, and its mechanism may be associated
with inhibited activation of PERK/elF20/ATF4 signaling pathway.

KEYWORDS: hydrogen-rich saline; brain ischemia; reperfusion injury; hippocampus; PERK; eIF2o; ATF4

a5 L 1A A e T A S A YRR 1 A T BN R PR IR AL AL . RERR AR
e i B4R T R B R FRVEIN AR s IR IRAE . & RAERN . A0 15 DR A feg 77 36 Mk ke it
s HEEfaH P E NS IRERMAmIEE TS0 ENIMIRHRE . RITSEB RN
B Z—, HATRPAE LT3R BORRm . 2 Ao R0 45 3 I A8 — Bl 4 R 25 ST o AR AR
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ME, FEMaMMmBET . AHFRELEHR
PERK/eIF20/ATF4 {5538 2 AR 3T & 8 11 S0 5
PRE T, S 5 RSP R e 2
PP, AR AR AR TR, ARz
fEETARA T, BXa, T, LwHEA—
T A JE A OB SR o e 2l A A R K TP gy
i, il B S A PR K T A R B A A
IKFERPERON, . MR ATPEAR | AR 45 3
SgR A RO A SRR, FEEEALE ] RE
PrEAAI . PR SO B A AR R T A
KW BB, MR EER K AT LA RO i
[ (1RGERY.RE s 7 s = RS T i DAY € S 15 SaE (EX 3]
AR /K 15 18 i 1] PERK/eIF20/ATF4 {5518
P D T P P ke P E AR A, R A i R A
FEHRIE o PIE, A S0 3 3ok 7 /)N BRI e 1t
HEEPAAY B FEIR VR RN S ER 7K ) 260 8 Pk i
B 1l P 5 005/ R ) PERK/eTF20/ATF4 {55
W R, XX — [T, AR
ER KTl R A AR -

1 #e

1.1 ¥

SEB BN A I FH B S B AR AR 1 s S )
Yy A 2 01 23 (W) o e 4% SPF 2 fdtbl C57BL/6
NEL 150 2, &, 10~12 AR, IR 20~22 g,
LI TH B KA BB RAR A, 31
A PEYERTIES . SCXK(8)20140007, fH3:F 12 h
BB AR EE = R R R R, 7R
B I b/ BGE R R RS 1, A e oK.
1.2 &%

CX31 B WABi(H A Olympus A H]);
Thermo Forma 905-ULTS #!-80 ‘C yK#f . MaxQ
5000 BIBEEK . ABI7300 #)GE & PCR L (EH
Thermo /5 7)) ; Image-pro plus 6.0 2 4:(3[E Media
Cybernetics 2y A)); Quantity one KIG 4 HrakF (3
Bio Rad /A#]); BG-caTANK FUHL kA (AL
AHIAEL 7/ /TSI DS
1.3 k5]

PERK(#t 5 . abl192591) . elF2a( it =5 .
ab169528), ATF4({lt5 : ab184909), CHOP({It 5 :
ab11419) . caspase-3({lt*5 : ab32351)3% 1y H 5% [
Abcam /v H]; RIPA 2f# (JL 5T Beyotime A ],
#5: PO013B); 7K H LA HLF(PMSF, HEZ
RAEYAFFE I, L5 ST506); PVDF it
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5. IPFL00005) . TUNEL 17k #] &t 5 .
E607172) ¥t B 35 [/ Millipore 7\ 7 ; Western
blotting —Pr(AL X H S HBLE A A, 5.
ZB2306) ; RNA #2 Bk 7] & (k5 . 83913) .
Real-time PCR &35 & (#t5 : B532461)30 b5t
KA B-actin LA HAZEHEHH A F],
#itS: 1PSC1030).

2 HiE

21 5%

K HBENLECT- R PK CSTBL/6 /N S 4
(n=30): XTHAZH | TR, Mokl P . 1
FEERAKIBITAL . A KIGTTAL. X BRI T
TR B 5 A T AR ZH /N BN 2 L AN 25 LB 255 2
o 5 Rk o P8 Y L /) BB e P A A
AL M MEER AR A T HEERT S min 457
1 mL-(100 g) ' M His T S A A= BRER K 5 A= BRER K
JRITA T HHEERT 5 min 25T 1 mL-(100 g) ' &k
SR A FERK
2.2 /N SRR I P A () ST

ZRSCHR[6 1 AR 71, SR AU S5 4 3 ik B
P P i ) /) B A e ot P A B A I
T4 4%K G5 E[0.2 mL-(20 g) 'RRIE) . sh¥ i
SERM, B ESHR R E, BURTHEE, BEUEH YT,
WAL . SR, ZRERAUNSLE K, HEZE,
FHZING ik e e A XU 25 3 ik, 2B 15 min J5 9K
FHEE o it AR 7R B DA o Sy A v i i (L
FELRM AT 10%LA T, FRek 2T, A
WSR/NELO . PRI HOR L e RREE .
P 15 min JGPKE P . H 4-0 FaLss b0
ib, WEE, BA 25 CHEIRA, fR/NRMERL,
WP A A RO e, B IE RO, ik ml S8 rh
HHKE.

2.3 FRbRIE

2.3.1 MEATRESY S ROCGIRTIN STk
T oIRe2=Esy, WU 6 M. RIET
EFHLOER, 04r; —MIREHS TE, 15 —
MR ASSE 4 R EE, 2 45 PIMIIRASG SRS N, 3 43
PIMIER IG5 T e, 4 73); BRBSIHRAGER, 0
g5 B RS, 141); BAKNIEKIIQESR , 0 45
WMITTFRE, 1 43)s JEWUUFGER, 0 45 5 s
WU I, 143 RRGEeRage s, 24r); &
WAEHR, 0405 REmii, 140); 1rENGER,
04r; HEEWNZ, 145 ARRITE, 240). WA
i R FHRCE 32517 .
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2.3.2 TUNEL ¥EECUANARMET:  FH#ED 12,240
AT R R RN A e 5 H/NRR, 18
J v B 10%7K A 4408 0.3 mL-(100 g) ' R, il
TR T UK WSk UG, 07 FH A K S bR i (TUNEL)
%, #% TUNEL iR & Ul Bt rhric e, i
BE T ORAERME, T 4N A0 i e AR
RIFT- R R B, k) BEPLER 5 4
BT (A00X) LI, THE T 38 B=(F - 41 i
BP0 28 A S E0) X 100%
2.3.3 Western blotting #i{lll PERK . eIF20, ATF4,
CHOP F1 caspase-3 f3Rik  FHET: 12, 24 h #f
AT NI S RN ALER 5 H/N RS IS e A
10%7K &40 0.3 mL-(100 g) ' BRI , T & Tk
WK, RS TZ, 80 CUKFEIRIE .
T 20 AU 4H 2R i R B 1 B R PMISF i
TToK L2342 h 5, M7 2% | (R 2SO B s R
95 °CZZEME 5 min, JA-20 CHRAF. EH 12%F A
e B HL UK r B8R, ¥ %2 PVDF B, fin—
bu, BETHK EEEBNT 2h, PBST E/MEkE
ISR T AL BEARIC 1) 4T 6 000)Z IR FRIR
BEE 1 h, BESEOCURYEE G B RME. H
Quantity one K% 73 M #1422 6 & PERK .
elF20., ATF4, CHOP Fl caspase-3 21k,
2.3.4 Real-time PCR ]l PERK mRNA. elF2a
mRNA ., ATF4 mRNA ., CHOP mRNA 7/ caspase-3
mRNA [iE T HHEE 12, 24 h #Ef7h20F
rfa A 5 H/NRUE I ST 10%7K & S
0.3mL-(100 g) ' JFRERSS , TV HUE T oK W7k B
I ESIEEL, 80 CUKFIRAF. 441 RNA
FEBCR A RNA $2BGL7 &7k . I RNA =)
1.0 mg, H¥ % 50050 & % S A 8 cDNA
Real-time-PCR 2R X R 5 &, e pi k. 95 C
A5V 5 min, 95 ‘CZAEM: 205,56 CiR k 205,75 C
ZEff 30s, 40 MEFR, 75 CHEMH 7 min, 45H%
N HU 10 uL PCR 724 1.5%3U e e v vk, 1
id Image-pro plus 6.0 FA43Hr FRA G B %%
(integral optical density, I0D)#ik4$ mRNA YA
XFFRIBAKT o IR 1,
2.4 BAtESHT

K H SPSS 20.0 Zeit2# 3 AT 0T, IESST
TR PRI X £ 5 TR, BEALIX A=
TORLR BRI R O 22000, EE W E R ITE
TR FHE R B 2200, THETE R
BRI A K8, P<0.05 HERASH¥E XL,
R 242 2021 4F 4 A% 38 B4 7 1)

F1 5kt

Tab.1 Primer design
EIE/EA7N 515
PERK mRNA LiE51%  5-CTTGTCGCCAATGGGAATAC-3’
TUi51%  5°- CAGTCAGCAACCGAAACC-3’
elF2 oo mRNA L5 5°-GGTGCCTATGATGCCTTTAAGC-3’
TUi51%  5°- GCTTTGGCTTCCATTTCTTCTG-3’
ATF4 mRNA L5 5>-CAAAACAAGACAGCAGCCAC-3’
TUF5IY 5°- CTTCTTCCCCCTTGCCTTAC-3’
CHOP mRNA U5 5°-CTTCACTACTCTTGACCCTG-3’
U514 5°- CATTCTCCTGCTCCTTCTC-3
Caspase-3 mRNA 514  5°-AGTCTGACTGGAAAGCCGAA-3’
TUi51¥  5°- CGGGATCTGTTTCTTTGCAT-3’
WZ % B-actin - FIF51%  5°-AGCCATGTACGTAGCCATCC-3’
T¥5I%  5°-CTCTCAGCTGTGGTGGTGAA-3’
3 #HR
3.0 IS ER KO A s L P /DN RO 28 T R
VPSR

XA BT ARG, bl FEE A
LRI SR K VAT 4R 2R B ER KA YT 4 M AT
T THR (P<0.05); S Mmask i B Al . AR BEEhK
HITAMEL, WA KB AW LT N FITE
FEAIR(P<0.05), X R SRF- AL, M i -
21 5 A BEER JRIG YT LM e pl 24T R 2R Ar 22
it . SRR 2.
=2 SUNRBEILNEWHETAFITSINHEK
(xxs, n=15)

Tab. 2 Comparison of neurobehavioral score at different
points of reperfusion among five groups(Xx * s, n=15)

24 5] THEFE 12 h A 24 h
X e 0.0£0.0 0.0+0.0
BFARH 0.0£0.0 0.0£0.0
i e i PR A 2 7.45+1.1792 7.42+1.15D2
A IRERIKIBIT AL 7.48+1.1912) 7.46+1.17D2)
MRS AR 2.15+0.57234) 2.67+0.5502349)

TE: SXTHEMLL, DP<0.05; SIRFAREMIL, 2P<0.05; Sk
TR AL, YP<0.05; FAMER/KIBITHALL, YP<0.05,

Note: Compared with the control group, VP<0.05; compared with the
sham operation group, ?P<0.05; compared with the cerebral ischemia-
reperfusion group, YP<0.05; compared with the normal saline group,
49P<0.05.

3.2 ARV ER AKOE i ot i P TR /N R S CAL IX
P28 A0 8 T U R )

XA BT ARG, Al o PR A
T AR ER K IR T 2 AN AR BRER K36 97 20 /) SUING foke iy
FEHEVEIS 12, 24 h iES CAL XA A0 IA T- 48 %K
HN(P<0.05); SRS FFEEAL . A B AKIRYY
AR L, ARFN R ERZKIA T 2 /)N BRU d f F R v S
12, 24 h ¥ CA1 X #2040 i 04 1= 38 B AIK
(P<0.05), XFHEZHSRF AR, s i P
Az B ER AKIA T AR B Th /0N BROAN S5 I, 7 R S
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12, 24 hiGh CAl XPHEMIAT 488 R og AR ERKIRY T 4LRH He /N UG BRI -9 )5 12,24 h
TmE S, MR PR R /NRIEDS CAl D PERK. elF20.., ATF4, CHOP #il caspase-3
XRZHAZICHMEIMNEIER , RN, KBk WREEF G ERE N, 451 2 ik 4,
MR . A B KR YT 2 T WAl 2T an e

, ; R3 SHA/NRFEELH ED CAl KRHEHMAE T
ARHUE, ARG, MR, 5o e PRERATE
IR ARTT A AL EOG 2, SNBSS . Tab. 3 Comparison of apoptosis index of neurons in

ZEH L2 3 FIAE 1, hippocaflvnpal CAl r_egiion at_ 5different points of reperfusion

3.3 S K X G R Ry e TR ES )

PERK. elF20.. ATF4. CHOP Al caspase-3 & [ 415 WA,

REWHH X IR 1 osljohu 1 oji;l 11
XL BEARGU, WS, s s

MRS 2D 7Kk 94 Ehk ¥4 = i ) T o

Ve R A7 A A R KR T LN B i e PR v 2 28.73+3.47Y2 28.69+3.43D2)

FHIETENS 12, 24 hifgth PERK, elF2a., ATF4, AP KRIT AL 28.65+3.4412 28.63+3.4612

CHOP F caspase-3 (315 T+ (P<0.05) ; 5 s i il R KA AL 11,751,382 11.77+1.360254)

PR AR L, WAEERAKIR . Shmdiie, DP<0.05; SEFARLINL, YP<0.05; Sk

S7 2 /N B B R RS 12, 24 h 7§D PERK. AL, DP<0.05; SAMERIAT4IM L, 9P<0.05,

Note: Compared with the control group, "P<0.05; compared with the

elF2o.. ATF4, CHOP #i caspase—3 E‘J%ﬁ F%’ff& sham operation group, ?P<0.05; compared with the cerebral

ischemia-reperfusion group, »P<0.05; compared with the normal saline

(P<0.05), XTJ‘,H\‘E\ZE—IZJ1§$‘7R§E N HEI@%J]]IE{E E_:.ZE—% group, YP<0.05.

XL BFARH Hﬁfﬁﬁlﬂliﬂiﬁﬂ WREEARTA AR
(FETE12 h)

XFHREH BFEARA M ERERE  AESKETA A IR KIRYT A
(FERETE24 )
1 TUNEL % 8R4 4% 5 CAl X4 568 1 J.(400%)
Fig.1 TUNEL method showed the apoptosis of neurons in the CA1 region of hippocampus in each group(400x)

FE®12h HEET24 h
PERK e¢IF2a ATF4 GRP78 CHOP caspase-3 PERK elF2a ATF4  GRP78 CHOP caspase-3

BN — e ey e e — gp @ & gp o» o
HRIEEIKITTY] cm — — g a— c— G G — e e e
HHATE = ea e —— WP o o o
B-actin T D D " —" G S G s e —

B2 5H/NFREEELMEED PERK, elF20. ATF4, CHOP #7 caspase-3 & B & A AT
Fig. 2 Protein expression levels of hippocampal PERK, elF2a, ATF4, CHOP and caspase-3 at different points of reperfusion
among five groups
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F4 SU/NRFEELA EEDL PERK. elF20. ATF4. CHOP #1 caspase-3 By &k ACF H# (X £ 5, n=5)
Tab. 4 Comparison of expression levels of PERK, elF2a, ATF4, CHOP and caspase-3 at each time point of reperfusion among

five groups(x * s, n=5)

TEME 12h
215
PERK elF2o ATF4 CHOP caspase-3
Xf AL 9.63+0.53 6.38+0.42 2.84+0.72 1.75+0.16 1.28+0.11
BFARA 9.65+0.55 6.39+0.45 2.89+0.75 1.77+0.15 1.2540.12
ik B 1L 1 2 35274371V 22.72+2.86D2) 26.47+3.94D2) 19.82+3.68D2) 15.76£2.2192)
AR KR 36.31+3.7212) 23.75+2.8812) 25.66+3.9512) 19.75+3.6792) 14.78+2.2202)
MRS KBTI 19.6122.48D231) 15.21+1.61D23% 15.52+2.220234) 9.49+2 479234 7.89+1.09D2319)
13 TR 24 h
PERK elF2a ATF4 CHOP caspase-3
Xof HEZH 9.67+0.54 6.41+0.39 2.79+0.69 1.89+0.17 1.3140.12
BFARA 9.63+0.52 6.42+0.38 2.81+0.72 1.87+0.15 1.29+0.12
ke i PR A 35.62+3.5412) 23.55+2.7912) 25.73+3.5812) 19.46+3.7312) 16.58+2.2612)
AR KR 4 35.5543.5612) 24,562,782 26.7243.57Y2) 19.61+3.72H2) 15.86+2.2812)

BIRER ) STep g i

18.83+2.36129%

14.32+1.530299

15.39+1.320299

9.5142.43D239

8.67+1.24D299

T SxMAML, DP<0.05; SETARAMLL, 2P<0.05; Sk FEEAEMLL, YP<0.05; SAEMIBKIGITHMLIL, “P<0.05,
Note: Compared with the control group, "P<0.05; compared with the sham operation group, »P<0.05; compared with the cerebral ischemia-reperfusion
group, YP<0.05; compared with the normal saline group, ¥P<0.05.

3.4 MORNEER A B PR T /N U S PERK
mRNA . elF20. mRNA . ATF4 mRNA . CHOP mRNA

FEER KRR LE, MR S ER KRS 4/ B sk

N

MRS 12, 24 h 5 PERK mRNA . elF2o

F caspase-3 mRNA f &1k

SRR ABRTFARLIAH L, Fik s il PR A
T A ER KR Y7 AL AN A B ER K I T 21 /)N Bl g e 1
FHRETEJR 12, 24 h Y PERK mRNA, elF2o
mRNA . ATF4 mRNA ., CHOP mRNA I caspase-3
mRNA FikTHE (P<0.05); SRk F#E =L A

mRNA . ATF4 mRNA ., CHOP mRNA #I caspase-3
mRNA IR (P<0.05), XF B SIEFARA . K
S 000 FEEE E 2H 5 A R KA T 2 AR BE /)N B i i
IS 12, 24 h # PERK mRNA. elF2a
mRNA ., ATF4 mRNA, CHOP mRNA FI caspase-3
mRNA RiAEFTHGIFE N, 4R 0LES,

=5 SUANBARBEFEFELH %D PERK mRNA, elF20 mRNA. ATF4 mRNA. CHOP mRNA #7 caspase-3 mRNA %

EAFHRE(X L5, n=5)

Tab. 5 Comparison of expression of PERK mRNA, elF2a mRNA, ATF4 mRNA, CHOP mRNA and caspase-3 mRNA at

each time point of reperfusion among five groups(x * s, n=5)

THETE 12 h
205
PERK mRNA elF20. mRNA ATF4 mRNA CHOP mRNA caspase-3 mRNA
X B 0.064+0.008 0.024+0.004 0.186+0.015 0.245+0.016 0.157+0.022
BRFARA 0.065+0.007 0.025+0.005 0.184+0.013 0.25240.017 0.158+0.023
i ke 0P8 Y 4 1.385+0.096"? 0.849+0.066"? 1.668+0.127Y 1.54740.247Y 1.678+0.06712
AR K IRIT AL 1.387+0.09712) 0.848+0.067H2 1.665+0.126H2 1.556+0.248H2 1.676+0.06812)
ARSI KB 0.587+0.0591299 0.319+0.0311299 0.825+0.091 D294 0.973+0.164D2949 0.466+0.045023)%
TIHETE 24 h
A5
PERK mRNA elF20. mRNA ATF4 mRNA CHOP mRNA caspase-3 mRNA
X HRAH 0.061+0.006 0.022+0.005 0.177+0.014 0.219+0.014 0.136+0.021
BF R4 0.062+0.005 0.023+0.006 0.1754+0.013 0.217+0.015 0.133+0.022
i dfe P8 ¥ 2 1.374+0.09312) 0.829+0.06512 1.652+0.125D2 1.376+0.215D2 1.488+0.25812)
AR KA T AL 1.372+0.091192 0.825+0.06612 1.649+0.126H2 1.374+0.213H2 1.476+0.25712)
URSIESE Y P! 0.576+0.057D299 0.325+0.03912314) 0.812+0.09212314) 0.647+0.15612314) 0.346+0.031D2349

T XML, DP<0.05; SEFARMEMIL, 2P<0.05; SHNGMAHETEHML, YP<0.05; SEMBEBITFHMLIL, YP<0.05,
Note: Compared with the control group, "P<0.05; compared with the sham operation group, 2P<0.05; compared with the cerebral ischemia-reperfusion
group, YP<0.05; compared with the normal saline group, ¥P<0.05.
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4 TIie

AR 00 P A 0 A ™ B R N SIS A B A A
FERTER, AR A H DU N 2 A0 . 22
Xof dfe A LB, R Y I O i A R A Y
A FRAFAE TR E T HAE A A BRI . BRI b B A
il 25 B L SV 25 Sy 18 2 450005 o B IR A A . 3t £
i RE DB <L 1 2l o s e - S S D)
23365 BUBT 400, R I e PR 4 . ki
I PR T AR H a5 52 BT B AL, Ak i
TRRECERU E 2 AR T A .
PR B3k B ST SN A5 22 T T, 2 I o o
BLIAR 3 B 3 1) 2 i R 2 — 181,

BT HEHL CSTBL/6 /N i T A0 & (195
Sk, Willis FRRJE A CR B A4S, (U E4S
FLOBU 25058 By ik BRIV ol By o] 4 Pl gt P T A
AT /)~ Bl 5k o P VR A Y 12 h i 2H 24 PERK
I ZRIE KA KA Z G YIT IR T, 24 h TAF)
WEAE, Fir AASOIE Y S B AERETE 12, 24 h /RN
SO R BN BRI I 12, 24 h 5/ RIE
L AP T F8 BN, PhEAT R =R T,
AL A= AT A2 2 A5 T4 /R /N BUG -
4 ik St R AR AL A T )

PALJSE 19X o) 240 B PN R B i e e AR, 2
BT ) 32 B A F PR R T P 7 AR o B I B
(endoplasmic reticulum stress, ERS). K& HEH
S A& ERS BY—FhE AL, AR SRR KT
RIFRN 5 R AL T, PERK A AT ) _E () —Ff
I BUES IR 1, e o o AT 22/ 00 R AR I 45 1
B, BT elF20iME 5 %A A . CHOP /& ERS #Y 1
A2 MAREY), J& ERS BUAREEE A AR PER
¥, AN B AR SR ERTE . B,
FLAT T L BOR S T AR 5 2 BE R AR .
Caspase Z 52 40 M I8 T3 2 b 35 2 A 26 1 g
Hirp caspase-3 WIH T RN B . 78 P 5 Ny 4 48
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