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Integrated stress response inhibitor ISRIB ameliorates
depression-like behaviors in mice”
LIU Shiyan*? | LEI Si"*> , ZHENG Jing", TIAN Shaowen”

(a. Pharmacy School, b. Faculty of Basic Medical Sciences,
Guilin Medical University, Guilin 541199, China)

Abstract Objective: To investigate the effect of the integrated stress response ( ISR ) inhibitor ISRIB on
depression-like behaviors in mice. Methods: 8 weeks old male C57BL/6] mice were used to establish
forced swimming test ( FST) and lipopolysaccharide ( LPS) -induced depression-like behaviors models. We
adopted immobility time, sucrose preference and body weight loss to assess depression-like behaviors, and
adopted open field test (OFT) to assess locomotor activity and anxiety level, finally adopted Western blot
to assess the level of elF2a phosphorylation. Results; In the FST, ISRIB reduced immobility time when
injected 1 h prior to the test session, with a statistically significant (P <0.05), but had no effect on
immobility time when injected 23.5 h prior to the test session, without significant difference (P>0.05).
Moreover, ISRIB had no effects on locomotor activity and anxiety level in the OFT ( P>0.05).In the LPS-
induced depression-like behaviors model, LPS treatment increased hippocampal elF2a phosphorylation
(P<0.05). ISRIB alleviated LPS-induced decrease in sucrose preference, increase in immobility time in

FST, and body weight loss( P<0.05). Conclusion: ISRIB ameliorates depression-like behaviors in mice,

% 36 %

suggesting that ISRIB may act as a new antidepressant agent.

Keywords: integrated stress response; ISRIB; antidepressant; immobility time; sucrose preference

FABRE S — 08 Pk 52 A VR , LA B 2 T 45
AR TS A G RAFAE , H AR i SR 4k
RGE R AT IR, MERHAMARRE B H B A A&
S 517 R AEARANARIE & Az R A RS AT LT
P BH FE XA AR ITE S 3 5,
SR I PR — Pl 25 ke s 218 ), BN RESE
iR o IS AE R REAR D R e, e B IS E e
BILH B - B BT AR A A IR L,
A PER I8 R Y (integrated stress response, ISR) f&—
Tl Ak b ORAT (9 38 0 VA5 538 I, 78 2 F AR 315 00
SRR B AR EA T ISR Al B £ Rl
MRS A5 5 BT L 4 Bl e S P OB ( GCN2  HIRT,
PKR 1 PERK ) AJJgSZ AN [ (4 1 315 5, B R Ak L[]
TRV, W EAZ B 46 I 20 (alpha subunit of
eukaryotic translation initiation factor 2, elF2a )",
elF2a BEFR AL ISR JUE AZ O Fi i & S 80%
PRI BB KO R84, ISRIB 2 —F/ N7
ISR #0391 , 38 o 0T A% kS 4R - 2B (eukaryotic
initiation factor 2B, elF2B) #ll il ISR {5538 % , ¥ 1M

AR E AR AR . CH TR ISRIB 7
ik i 5 B & 22 Bk 2 (R 4 R 2
B H RS ROV Y, BT A a0, A5
B AR FEANARREA T B 2R BT AR R Y
PR REACH T8 11 A L o
M ISRIB #] fiE th B A7 HT A0 48 #E AL N, B 2 0
(lipopolysaccharide , LPS ) J& &5 % [X [ 41 T2 19 41 fitg
BERL Y, SRR B I8 1 257 LPS nl 475 5 /)N L AR
FEAT R0 ARG 3 F 22 LI SR GA JiE VK 5 LPS
P AL/ AR A A SR ISRIB X /) BLAIAR
FEAT RS2

1 #RlER=E

1.1 ##

1L1.1 #h4  8 A IEYE CSTBL/6) /NRL, W i1 e
W3 e SeR LI S WA BRA W] SEIR g W A 7 1 AT
UES : SCXK (1) 2019-0004, /) B BA. 5 4] 37 T A Ak
BE2F B se i s vhcs (12 h G/ REIEER, IR BA I E] S
8:00~20:00, FH XTI EE 45% ~65% , %5 IR EE 22 ~
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25 C), HHRBOK FIEY) . 525 I i/ BUE
REAEE 1 JH . ARG 7 B L s Y R 2
B2 ( GLMC-TIACUC-2020025)

1.1.2 %5 £&2X7 ISRIB Il [ 35 [E APEXBIO
AR BRA W 5 SRR T DK R I [ B Rz T AR AR
F AR A B\ LPS W H 32 [E Sigma-Aldrich 23 A
p-elF2a (S51) Hifh 5 elF2a Fi 1A E 35 E Cell
Signaling Technology A F]; B-actin HT {A& Il [ 2 X
Proteintech 23 7], BRI AL P B FR 10 1L BT/ B
IgG SHUR S LY B b 10 1L ST S 1gG W B LT
S Y H AR A BRAF

1.2 FHik

1.2.1  ZHapded)  ISRIB A WL 2 Mok ",
25 mg ISRIB ¥ f# T 12.5 mL — F LW AA W+, 78
40 CARHIMB, I-AE 30 s IWEIRT | K, HER
WAL T, LA 2 mg/mL 4 ISRIB #1980 °C 14
1. MR B 1 mLL ISRIB B, $4 FE iR Uk
JA 20 pL iH:3E-80 200 wL B 2 —J 400, - H 5%
70 2 W B 2 2 TR R AR, DAL VR R
YIFE 40 CA T H#EAT, ERIIIKIE S LPS i
T 0.9% W TH SN T BT A 259 3 4k IR
10 mL/ kg A i I 3 9 24524

1.2.2  5%38 % 5k M X (forced swimming test, FST)
SR AT YAUK I3t Y S 56 2 e — A4 3% B I 5 g IR A
(75 20 emx E A% 18 em) , SCHG A [ & A0 T RERR
THISME (K 74 emx5E 70 emx 5 94 cm) 1, il 7K
W13 em K (23£1)°C, 1T HBRT 0 A B .
YIZRI Bt 5 MR B, W5 & 118 24 b, 7EVIZRBY B,
/N BB A R VK 15 min DB Bt/ BB
AR H K 6 min, I FALC st A2
BHES R BG4 min P/ B 238 3 i
151 RS

1.2.3  FF33%m3X (open field test, OFT)  FF il izl
TR S G 4 R — A A 5 ) FF S (20 emx
20 emx20 em) , JHUCETE— A B A W RO 09 8
(74 emx70 emx94 cm) H1, 4T R FEF 5 R A By
Bt ) AL B Be S R B BE, A1 RE 24 h, 7T
AT R B, /0N B 53 S 4 0 B AE T v E
3f1 10 min F1'5 min, FIRAER AR5 B BN BRZE T
T IS B O, ISR G b AR R

A RN B HR AL 4 7 b A P T /0N BRUTE Bl B R (A
1% SRS T I ) RITE e DX i [R) 5 ] IXC
O Pl N Q1% =T T B v v

1.2.4  #&KAR %M 3K (sucrose preference test, SPT)
7K D - T 32 2 R SCR T B K D 4 AT o
FP o3 A B BE 3 7 [ B 5 B B L 38 IV B B
b3 d, FEERES 1 RT LA/NRBE I 1 %0 A
W TETE NS 2 RS 3 K, BT LY AR
5K VR, B 12 h 584 1 R &, 5 24 h
BRI B i 7RIS RS 3 RATHAK i 2 I3
B K R i R R 32 TN O Bl (i iR =
TR MR A L/ (REMEVS VR HRE A S+ T KB AR )
FEMNRY B, ST K et B 52 30, B R 183 DA 1 00
ARG T K A 10, 12 h A28 1 RPTIALE
24 hJE BRI A B, TR K e i R, S
BRI BRTCAE S AR KB

1.2.5 Western blot %  HU-80 C A/ U Eh 4
21, FIBIF B s A O i A 2R R A R 5 4 2R
RIPA, FvK [ 2% 30 min, 247 545 5 421 240R W
(1 EP & AR AR ESOHLES O W T IE RO F
AR VAR BE AT TG T AR R B . AR A
TP 28 TR BE I 4 B T 1 R 2 o R 21 2 3 i
W RIPA VRIS 100 °C Wk 5 min 8 8 5T 5840748
P, SR )5 ERE, R 10% SDS-PAGE #E A THL ik 43
B A R B VRS, 4 CEE il K,
p-elF2a i (1 : 1 000) ,elF2a FLH (1 : 1 000) Fil
B-actin LA (1 : 20 000) , F IXTBST ¥ PVDF i
3K, B 10 ming Z XS R ZH0(1 2 2 500) 57
A 1.5 hy FH IXTBST P& 3 ¥k, FIK 10 min; i F &
RN Z IR Ak 27 K 6 BUS AL HEAT A2 RO
K visionworks B AL ER H AT KB

1.2.6 #&ia# sk kM X ISRIB #9 n#p AR R B AT
FERE T 3 AL XL I TR, S 1 PR
AR ISRIB M BTAMABYE FH, 40 8 Ja i Ik 1k
C57BL/6] /NERFEHLAY A 5 41 . %t 4l 3 4~ TSRIB 7
T (2390 1.25 .2.50 J% 5.00 mg/kg) FIPIBE
MR (53R 32 mg/kg) , HA s I — H L0
I E-80 L3R £ T 400 5 5 U6 ) M W AIR B
0, BCHI EBR 1 mL — 3R A 20 L
- 75-80 200 wL B Z W% 400, B 5 % # A
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WOE R A, NBKERAVE R BT BR2H . 25 1 1 30 2.5 mg/kg 1Y ISRIB, LPS 4554 11

1 RATIEK IS 15 min, VI ZRE5 05 24 h F7 5830 IfF
VK, 6 min, 7EMIXHT 1 h 28 08 I i 0 i I
ISRIB SRR . i 5%/ BRAE K B BEJS 4 min P
FIASBhI ], SRS AR UL 1A, SE56 2, SE K 25914
S5O 2 (8] 6 B [ () B, PFAT ISRIB A B AR AL
NS SCEE, 39 H 8 JE & e CS7BL/6) /MR
BEAILSY 5 20 B4 3 AR BN [A] /Y ISRIB 4111
PIBKIRAE R B [ S0 1, SEEe s 1 RATIRK I 2k
15 min, WZRL5H )G 24 h AT3R AWK, WK 6 min,
TEMNAHT 23.5 h Z8 08 s T ST i ISRIB BN K15
ICF/NERAEDER B 4 min PRSI ]| S0
FEULIE 2A, MR ISRIB X [ & 16 shBE 1 J AL &)
S HEAT TSR 3, 32 K8 Al iEME C57BL/6) /)
FUREHLAT A 5 40 4 3 AN R R 1 ISRIB 4
FINBRERL , FE A28 1, SCIRI0EE 1| RATIT I
JEAEUIZE 10 min, AL IIZRZE G 24 h #E4THF
A MK S min, 7EFBOAHMNHT | h 208 55
fE ISRIB SN BRI . 30 /Iy BRUAE DI B B 119175 2 A
PEAE AR g X5 b A J] R DX I R] FE AR, 52 36 0
FEULIE 3A,

1.2.7 LPS & 54 AR AL AL SR 4 ISRIB &4 447 AR
s AW 2 A SR R AT R, S
5 4,LPS ZbHEXT elF2o BERRALIEI, 18 H 8 ik
HEPE CSTBL/6) /INEL, BEL O MRS LPS 4, ¥
W20 28 M8 W T 53 0.9 %6 i T S AL BN W, LPS 428
J s RS 0.5 mg/kg LPS, B K 1 WK, #4210 d, Hrp
T 4 HUNRTESS 5 REGE S A2, 2T 1/ BAE
5511 KU S 2H 41, >R FH Western blot 32 £ il
elF2a BERRALAE BL, PEAT ISR SIS 1E 0L, SL40 5,4
DU ISRIB X/ EAWABFEAT M B2, 35 H 8 Ja] i Ik
PE C57BL/6) /NERBENLAT Jy 4 20 5 1+ 12 4
ISRIB+IATE 2 2H %5t 1+LPS 4 ISRIB+LPS 41, H:
T 1 Oy IRk IR-80 L 2R & TRE 400 5
5 U6 A TR R 5 VU, T B VA IR ET I 2
0.9 Y% R TCH AALENIR R . LPS THAFATIESL 3 d 17
BEAR O 2385 7 I 2, 5426 3 R BB 7K i -4 oy 2
2, TERHK I 0385 7 205 BRI, 0 I M T SRP I 1 2 1
0.5 mg/kg B LPS, &K 1 ¥k, 3%E%: 10 d, LPS 41
W], AU AL 2 5 LPS AT 1.5 h, M RS A

4.

KRG 12 K ARSLE S 1 5 ISRIB, ® K 11K,
HEL2 d, fE LPS WA 5 K55 12 K, #17
Bl K A G, 728 11 R A7 kit
1.3 FitEHE

fifi ] Sigma Stat 3.10 FX A HE 17 8088 S8 1 o0 #r
THETRER ] (vts) KR, P<0.05 N ZERA G

2 #R
2.1 ISRIB 3/ A BB i8] 49 54 1
SEIEEKINEAT 1 h 457 ISRIB,2.50,5.00 mg/kg
ISRIB 41/ BRUPE 3 38 Yk 0 3 r 19 AN 2l s ] B8040 T
WA, 2R A G # 3 L (P<0.05),1.25 mg/kg
ISRIB ZH /)N Bl 5 ¥ AL/ N RO AS SIS [RIAH 1L, 22 578
il B L (P>0.05) o PPKEEZH /N B AN Bk E] 2R
R TFIR 4 (P<0.05) , WL 1B,

A, ISP AR E B, 5 /N B A Wk R T A 3
IFIE Leds , SiAEAE Heds, * P<0.05, ** P<0.01,
B 1 SEIEFEXAKET | h 24 ISRIB X3/ R A 3h i 18] 9 8 0

SRIAJEK AT 23.5 h 44T ISRIB, AR Y
ISRIB ZH /]~ BZE 8 360 it Dk D3 e 1) S Bl e i) 5 9
HWLIR , 225812 X (P>0.05) , NPKERZ
N BRI AS 2l e 8] 5 7 A/ B R sl [ b, 22
SNG4 L (P>0.05) , WL 2B,
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A, SEEHRARE B, 5 4/ BERIA KM AR A shAsta) Fb g
B2 SREHEKNELET 23.5 h 45F ISRIB Xt/NRAZh AT E A9 2400

2.2 ISRIB X/MNR B & EBNBE N R E BRI # T

FEFFC I, 3 4R [ 5 ISRIB 41, /1N B
TS R R S AL A, 25 R RS R
(P>0.05) , PIBKIRZH /N BRI 3l S i Fe S I I 21 1)
P, 22 IR g it 7 X (P>0.05), WLl 3B,
3 AW £ ISRIB 21, /)N BRU7E Hh e X5 7 J T XY
B 1] LU (S I A 0 L3, 22 R RS2 B L (P>
0.05) , NBKBRZ /)N BRUAE Hh e X5 7 S BT XA ) [ B
H S H A, 22 R IR EGE 43 L (P>0.05) ,
WLIE 3¢,

A, SRR R B 5 AL/NRIT IO I 2 S B AR I U L5 AL/ RE TR

S IXC5 ] BT DX A 18] AR HE#S

3 ISRIB X/NR B & &3NS R IR0

2.3 LPS ¥ elF2o BEEE K 7K TSI
LPS BEL AL 55 5 K LPS 4 B4 41 elF2a
BRRRAL K- T4 (P<0.05) , WLIET 4A, LPS %

ZEARFR H 11 K LPS 4/ B 4 elF2a R 1L
KO SR e, 22 R G5 L (P>0.05) , L
Kl 4B,
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A.LPS HEZAC PR 55 5 RIGH /NI D elF2a BERR ALK L% B. LPS B LA 1
%11 KAH/NRIG D elF2a BEIRILKFE LS, SE A L, * P<0.05,
B 4 LPS X elF20 BEEEY 7k T B 220

2.4 ISRIB ¥ LPS S/ R AMEBEEAT 4 B %

LPS AL H 5 B 5 5 K, /N BUBE K Dt - B AR (P <
0.01) , ISRIB ZbFEATRH 11 LPS 7= A B8 7K fi i B A1
BV (P<0.01) ; LPS AbHF 56 12 K, 4 41/ 3R
B TR A5 K- B K i d-R ( P>0.05) , ULl 5B, 7
SEACEPK I, LPS A /N B Bl E] 38 fin ( P<

0.05) , ISRIB Ab BRI Xt LPS 77 A il B 7] 48 22 %5007
(P<0.01), VLI 5C, MeAh, LPS Kb B /)N B 7R 5
2 REH 10 KA W TR (P<0.05) ,ISRIB 4L 4bH]
55 4 RIFUR, LPS Ab 3 5] A i R B F BE A 21 0] & 2%
fi#(P<0.05) B4 8 K WRE NI MER TS
P25 L (P>0.05) , WK 5D,

A, SEE VO AR K B, 4 41N By IR SR B LPS A BRS04 5 K55 12 K, BKIR IR AL, C. 4 4/NRAE
557 3 YR 3 B AR Sl S ] L 5 D. 4 4 /N R EE AR AR LU A 5 S I 1+ 05 2 AL H, * P<0.05, ** PP<0.01 ; 515

1+LPS 4 [h#52 ,* P<0.05,% P<0.01,

B 5 ISRIB XF LPS S /MNRINBREEIT A =M
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3 itie

AWFSE B A B AE W ISR #1415 ISRIB J& 75 B
BYCIMERRN . 455 s ISRIB A FH Fisa] 44
P D /0 /) B B 30 G v 3 b A B0 AT A 5 [
AW R IAELE 5 d 19 LPS 4L BRI ISR, ISRIB &b
PRZEAR LPS 1755 1 PRk 2k | i 38 P vk D 3 v /) A
G NN TR | DN UNCIR R S M e S F S &
ISRIB HAHUIMARRERLN

SRR 3 P K DN R AT 5 B OIS 245 400 2550 P T A
Rz — F T BRI A I & B
ISRIB LAt FTASF i) 9 o 4 9 2 /) B 5 36 ik
R ARSI AE], H ISRIB fRL N 5 BH 1 X} R 25 4
PRI 800 AH 25 . SE I B0 R W IE WS AL T,
ISRIB A5 /N BRI R TG B R ) B 4, axX 265K
B4k FARoR ISRIB ELAT HLAMAREUNM

A1 Bl 75 013l 5 99 1 PKR 5 PERK {55 538
FEWOE ISR A E AU Y Toll #5244 (Toll-like
receptors , TLR ) 7 FHF46: M s A= 06 JELAA AH 6 43
1 LPS, TLR M9#4I% I PKR 5% PERK {5 5 B,
SRJG I BERR ML elF2a #43E ISR AW 5T &3
LPS Ab 3 F i elF2c B R fb 7K °F-, B LPS UG
ISR, 3% 5 22 Fif 59 4 15 A — 3070 il i — I3 5%
TN R @ 71 st oL AN i 7 N R e R )
FELYESE 10 d IR RERFLRIE ISR, 4RI, A
F7E % B, LPS i3 1) ISR #I% 78 LPS {4526 11
REME Z X BOKF , HJEH T A KB, i S %
SR T LPS PR M S i 52 4 56 34,
W VF 2 R O FE LA AR S sl B R v, A AR bm 1Y
AT IR — 3 51T R 1R — 30 A 7T fg
SEIARAT Y B AR R T BRI B Hy ik X [7]
B P B A A G DX L[R2 5, a0 9 i 451 e
F AR AMl A% S, R4S Western blot 453 3%
B, /NEUTE T4 40 ISR 7E LPS TS S 11 RIKE =
X REKSE AHAT 2R 85 R BoR  55 11 K LPS ZbH Y
/I BRUER E VifR K AN S ) 5 ot 2L 886, 146 B /N BRU7E
DU AT A7 ZEAM AR AR 2 B T AT BE -5 A A AR AE AH
ik X ISR AT A K

LPS 53 H W 145 28 Zh Wy A AR L AL 2 )32 FH T3
25 ) 1 Bt 40 AR &% K w22 4 R B oF
G OB ORI IE R B, LPS Wk b /N BURE K i 4

SREE G N BUEE SR T DK DU S B ] 3R
B LPS Wi S /NRAPUREL = IR DS | 40 B AR AR
BEAT R, BEAL AR 98 a8 W EE 5] LPS 515 i 1A 5 K
BEAK I i A REARTE S 11 KR & 20 B K T A
PR A] BE -5 SR TR B LPS 77 A B 2 A
F4,ISRIB kb BHEEZZ fift LPS 5 FHO PR B = (A
W R A B AT R E— 2 UESE ISRIB HA BLap ARk
I8

H HiT, ISRIB BT AR5 14 43 F- L 475 AS B
BTG TE 5 ik A= 5 Ml T S K AR 4 i
HHEZAE A, mTORCI 15 53 # nl i i % 5
mRNA IS 58E A TS M I, 2R R
5 (ALFE AR AE ) *h mTORC1 {5 5 21| 5158
mTORC1 #HS 1% 2 1 BT & A2 B, 3 B0z s e AR
251 NMDA 2 R FEH0 ) B HTmae s v e k7, A&
WFFE KB, LPS #0306 T /NBL ISR, /N BRUHE B T $ AR A
78 4878 ISR A I E ARG MRS S T AR
FEAT M & A . ISRIB S BHWT elF20 B2 AL, 1065
ISR A5 19 2 M 2 1 B B I KO R |
I, 8 A K S AT e 5 ISRIB A BT AR FE AL
N IR G

25 LT IR AR 5E B T /N B AR A5 A PR R
ISRIB TP ABFERIN, , AL F & T ISRIB By #fi & f
Pfg, W ISRIB W 7€ /BT 10 AR I PR R FH #2417
SRR

S

[1] BROMET E, ANDRADE L H, HWANG I, et al. Cross-na-
tional epidemiology of DSM-IV major depressive episode[J].
BMC Med, 2011,9:90.

[2] EHk, 5K2%%, &2, 4. SLiARZ W SR ke[ ].
feAi 5 2022,63(2) :83-93.

[3] RAMAKER M J, DULAWA S C. Identifying fast-onset anti-
depressants using rodent models[ J]. Mol Psychiatry, 2017,
22(5) :656-665.

[4] COSTA-MATTIOLI M, WALTER P. The integrated stress
response ; from mechanism to disease [ J]. Science, 2020,
368(6489) ;eaal5314.

[5] PAKOS-ZEBRUCKA K, KORYGA I, MNICH K, et al. The
integrated stressresponse[ J]. EMBO Rep, 2016,17(10) :
1374-1395.



% 64 LS 3

% 36 %

[6] TIAN X, ZHANG S, ZHOU L, et al. Targeting the integrat-
ed stress response in cancer therapy[ J].Front Pharmacol,
2021,12.747837.

[7] WU YS, ZHANG Z D, LI Y M, et al. The regulation of in-
tegrated stress response signaling pathway on viral infection
and viral antagonism [ J]. Front Microbiol, 2021, 12;
814635.

[8] BUGALLO R, MARLIN E, BALTANAS A, et al. Fine tun-
ing of the unfolded protein response by ISRIB improves neu-
ronal survival in a model of amyotrophic lateral sclerosis[ J].
Cell Death Dis, 2020,11(5) :397.

[9] JIANG L H, DONG R, XU M H, et al. Inhibition of the in-
tegrated stress response reverses oxidative stress damage-in-
duced postoperative cognitive dysfunction [ J]. Front Cell
Neurosci, 2022,16:992869.

[10] KRUKOWSKI K, NOLAN A, FRIAS E S, et al. Small
molecule cognitive enhancer reverses age-related memory
decline in mice[ J]. Elife, 2020,9:e62043.

[11] CHOU A, KRUKOWSKI K, JOPSON T, et al. Inhibition
of the integrated stress response reverses cognitive deficits
after traumatic brain injury[ J]. Proc Natl Acad Sci U S
A, 2017,114(31) : E6420-E6426.

[12] PN, SRR, PRI, 5. B8 DU N AE Bl R Wit
B A AR TR R E S (0], 11 5808 R 27 4k
(BE20R) , 2023,43(6) :755-760.

[13] AGUILAR-VALLES A, HAJI N, GREGORIO D D, et al.
Translational control of depression-like behavior via phos-
phorylation of eukaryotic translation initiation factor
4E[J]. Nat Commun, 2018,9(1) ;2459.

[14] LAGUESSE S, RON D. Protein translation and psychiatric
disorders[ J]. Neuroscientist, 2020,26(1) :21-42.

[15] LENG L G, ZHUANG K, LIU Z Y, et al. Menin deficien-
cy leads to depressive-like behaviors in mice by modu
lating astrocyte-mediated neuroinflammation[ J]. Neuron,
2018,100(3) :551-563.

[16] LUCL, REN J, MO J W, et al. Glucocorticoid receptor-
dependent astrocytes mediate stress vulnerability[ J]. Biol
Psychiatry, 2022,92(3) :204-215.

[17] YANKELEVITCH-YAHAV R, FRANKO M, HULY A, et
al. The forced swim test as a model of depressive-like be-
havior[ J].JoVE, 2015(97) :52587.

[18] ABELAIRA H M, REUS G Z, QUEVEDO J. Animal mod-
els as tools to study the pathophysiology of depression[ J].

Braz J Psychiatry,2013,35( Suppl 2) :S112-S120.

[19] EMANUELLI G, NASSEHZADEH-TABRIZ N, MOR-
RELL N W, et al. The integrated stress response in pul-
monary disease [ J ]. Eur Respir Rev, 2020,29 (157) .
200184.

[20] CLAUDIO N, DALET A, GATTI E, et al. Mapping the
crossroads of immune activation and cellular stress re-
sponse pathways[ J]. EMBO J, 2013,32(9) :1214-1224.

[21] KHOUTORSKY A, SORGE R E, PRAGER-KHOUTOR-
SKY M, et al. elF2a phosphorylation controls thermal no-
ciception[ J]. Proc Natl Acad Sci U'S A, 2016,113(42)
11949-11954.

[22] SEELEY J J, GHOSH S. Molecular mechanisms of innate
memory and tolerance to LPS[J]. J Leukoc Biol, 2017,
101(1) :107-119.

[23] TROUBAT R, BARONE P, LEMAN S, et al. Neuroin-
flammation and depression:a review[ J]. Eur J Neurosci,
2021,53(1) :151-171.

[24] LIW F, ALI T, HE K W, et al. Ibrutinib alleviates LPS-
induced neuroinflammation and synaptic defects in a
mouse model of depression [ J]. Brain Behav Immun,
2021,92.10-24.

[25] DUMAN R S, AGHAJANIAN G K, SANACORA G, et al.
Synaptic plasticity and depression: new insights from
stress and rapid-acting antidepressants [ J ]. Nat Med,
2016,22(3) :238-249.

[26] 240, MZ3C. HUMARBUN ) mTOR {55 ZIBEpLHI[J].
fEH B 2014,27(4) 1 136-139.

[27] TOMASZ C, DIANA P, MATTHIJS M, et al. MTORC1
signaling as a biomarker in major depressive disorder and
its pharmacological modulation by novel rapid-acting anti-
depressants[ J]. Ther Adv Psychopharmacol, 2021, 11:
20451253211036814.

[28] RABOUW H H, LANGEREIS M A, ANAND A A, et al.
Small molecule ISRIB suppresses the integrated stress re-
sponse within a defined window of activation[ J]. Proc Natl
Acad Sci U S A, 2019,116(6) :2097-2102.

[29] SIDRAUSKI C, ACOSTA-ALVEAR D, KHOUTORSKY
A, et al. Pharmacological brake-release of mRNA transla-

tion enhances cognitive memory| J ].Elife,2013,2;e00498.

[ W5 B #7:2023-08-27]

[EEHE: R 4,8 #H RIXKRE.FHE]



