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FaK, e R, R A SR, SR 38 KRR
WE B8 S0T NI 0T ERK 1/2/NF-xB {55 B & FEBUIMABYE FI R SSREA CAL T . ik 15 HIE
B RN ZS OV BRZH (Blank 41) , 18 A W] S50 MBI AR AL V244 2 e ) 1) 45 L AAR K BRBEAIL 43y % BR 20
(Con#l) &5 2H (Place 41 ) (5246 2H (Exp 41)3 41, H41 15 K. Con A T-2454, Place H B NI 5 45T
ZRIFIES  Exp H45 T RUEENHE S 21 do JRYT RIS , SRR S0 00 BRE We Dk S0 B Ar il 48 & S g Ac
174 2# 78 s ELISA . qRT-PCR A6V S 2H 4L (AU ML A 3R - 1B (IL-1B) JIL-6  JH R SE K F-o( TNF-0.) £ 2H 3%
ik ; Western blot Kl Th 241 41 ERK 1/2 NF-kB RIEF FKAF T FoltAs . G5 R AT aFscglrh , SRR e
AR AR R BRI KR B0 ] (P<0.05) A B AR BT[] (P<0.01) . TCig e 17K P8 /& mRNA 7KF, Con
ZH IL-1p . IL-6 ., TNF-0753A5 5 T Blank £ (P<0.05) ; Exp 41 % IL-1p . JL-6 , TNF-03% A% Con £ F % (P<0.05) ,
Con ZH Y pERK 1/2 . pNF-kB 75 1 1A 15 T Blank 4H , Exp 2H /1) pERK 1/2 ., pNF-«xB & H 26 1A% Con 2H F f# (P<
0.05), ZEit: FILERIE M H ERK1/2 NF-kBAF 545, S AAE LY , 135 s AR R B AT 5
KEEIF N s ERK1/2/NF-kB {553 5 S0 S
hE 4225 R741;R741.05;R749.4 TEAFRIZFS A DOI  10.16780/.cnki.sjssgncj.2020.03.003
B, IR, SR RET, A5 AU TRE o 0 4 ERK 1/2/NF-xB {5530 B% R AR HUIARVE I (D). P&t S0 ae 4,
2020, 15(3): 134-137.

Inflammation-Related Mechanism of Ketamine Exerting Antidepressant Effect by Inhibiting
ERK1/2/NF—x B Signaling Pathway QIN Bin, YE Gang, WU Shu-xuan, XIANG Deng-guo, MOU
Jun-ying, ZHU Xian-lin. Department of Anesthesia, The Central Hospital of Enshi Autonomous Prefecture, Hu-
bei 445000, China

Abstract Objective: To investigate the inflammation-related mechanisms through which ketamine exerts anti-
depressant effects by inhibiting the ERK1/2/NF-kB signaling pathway. Methods: Fifteen normal rats were as-
signed to the blank control group (Group Blank). Chronic unpredictable stimulation was used to generate the de-
pression rat model, and 45 successfully constructed depressed rats were randomly divided into three groups: con-
trol group (Group Con), placebo group (Group Place), and experimental group (Group Exp), with 15 rats in each
group. Group Con was not given medication; Group Place was given placebo by oral gavage after successful
model establishment; Group Exp was given ketamine by oral gavage for 21 days. Behavioral changes were de-
tected by tail suspension test, forced swimming test, and novelty inhibition feeding test before and after treat-
ment. The expression of interleukin-1 (IL-1f), IL-6, and tumor necrosis factor-a (TNF-a) in the hippocampus
was detected by ELISA and qRT-PCR. Changes in signal molecules related to ERK1/2 and NF-kB inflammation
in the hippocampus were detected by Western blotting. Results: Ketamine significantly shortened swimming im-
mobility time (P<0.05) and tail suspension immobility time (P<0.01) in behavioral experiments. The expression
of IL-1p, IL-6, and TNF-0 in Group Con was significantly higher than that in Group Blank at both protein and
mRNA levels. In addition, the expression of IL-1f, IL-6, and TNF-a in Group Exp was significantly lower than
that in Group Con (P<0.05). The expression of pERK1/2 and pNF-«B in Group Con group was significantly high-
er than that in Group Blank, while the expression of pERK1/2 and pNF-«xB in Group Exp group were significant-
ly lower than that in Group Con (P<0.05). Conclusion: Ketamine can significantly improve the behavior of de-
pressed rats by inhibiting inflammation through inhibiting signal molecules of ERK1/2 and NF-kB.

Key words ketamine; ERK1/2/NF-kB signaling pathway; inflammatory response
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Il DR & A 4 B BRI 245, X N- HH R -D- R & 2 R
(N-methyl-D-aspartate, NMDA ) 52 {& H A7 JE 3% £ P 45
PUOERY, K WFFEIE S S HAT PR A 2% AR
FEABHRVE T, B XEIRHEIARAE OBUR AR B 6
SEINA AR H BT H AR Bk = 2E— 2050, Al
e A5 55 U8 15 BB 1/2 (extracellular signal regulated
kinase 1/2, ERK1/2) 25 Z B 40 g 15 3y , nl i i 3 45
¥ K F-xB (nuclear factor-kappa B, NF-kB) 2§ Z Fi#/L il
PR AR P 28 ZR 8 1 S RE SN S Al AT 45, %) 7 >
WA R SR, B RTEAARAE b, S R X T
ERK1/2/NF-kB {5 5 i % (1 1 FATh ik = AHOCHH 5T
I AS RIS AV ) N7 R BT AR A | 35 U ) i 47
PUARAE I B S AE AR DCHLH

1 MEEFE

1.1 A

111 SE5siY 6~8 8 SD KR 60 1, ibidb &
NIRRT TR L, 1) 5% T SPF R SL g0 %=, 58 21K
1, 2 (18 ~ 25) °C LR 50% ~ 80%.

1.1.2 FZ2H 54 pERKI1/2,.ERK1/2 NF-«kB,
pNF-xB .GAPDH I § 52 [ Abcam A 7] ; PCR 5 | #1114 T
3 [E Genecopoeia 23 F) ; HRP FRic “EHT K B . HRP #Ric
FHiRE A T TEA YR A A 5 s 2 AR &
HE o RAEYRHEABRA R HAH 5 %4t it
A5 ARG 5T i 1L

1.2 7%

12.1 s 60 LR RERMNLECFFRIE A EE
X B 2H (Blank 21 ) %) 20 (Con 4 ) | %2 /&1 55 4H (Place
2H) SEER A (Exp41) 4% 15 H o Blank 2 TR Ab 2
W HLMESE ; Con 4 |\ Place 41 . Exp 4 4418 14 A ] 3 %01 31
BANAR (chronic unpredicted mild stress, CUMS ) #5717
Fa AN ARAR T . Con 21T HA 91 ; Place 2 7F 18 1%
J& . 5 ExpA—80, MR 3WHES 44 T LB (FER) , +r
2£21 d; Exp AR RS # A E 587 A,
PIE AR B 25 T SUATE 15 (10 mg/kg) , 72521 d.

122 CUMSHEIARIEN, 45T K 21 d & FiAS [ Y]
P, YRR RS 2 UK, IR INBOR Re 22 IR, 4
7 e i R (R 1.0 mA, B0 1 min 038 17k, 45
WHFLE10 s, 23 %) (VKK IEDK (4 °C, 5 min) AR
(45 °C,5 min) FE5&(1 HARY/FP, 15 min) JEFE(1 min) |
257K (24 h) BE (48 h) FVE 7 HB A5 R, B 3h W) A
RE TR Y A A Fpee 21 ds

1.2.3  KREE RS (tail suspension test, TST) KE K
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B i (7B R AR 24 2 em &b ) FH I8 FH e A kG T 2L 8
6 (30 emx30 cmx25cm) b &8 340 1, it H AR HobR
A, EAICZ S em, B 6 min, & 115 4 min A
SR BRFETE . ABIPRRASE O K R 1R LS
S TCAEAE
1.2.4  RE5EIB K SLE (forced swimming test, FST)
TERRZG 245 1 h A I K K R T 65 em AR
30 cm 7K 40 cm, K (25+2) CCH) A R KBRS G,
MK FRAIKIGTHET 6 min , 12 5% )5 4 min Nt LA ST
R RTINS T A O R B AR s 1 4
F, BRI R EERIRAS  SUE T N ARG B DAL R
TRAE/K T, TCHABAT R
1.2.5  5Hr 4y 30 il 5% 22 52 56 (novelty suppressed feeding
test, NSFT) SCIGHT R BRAS 8 ho SLHRAT B K Uk
AKGEH 75 em 25 40 cm AR L MRS T ) ECA
B, 0 SRR RIZ B & TR R
12.6 RACRE AT HELEA NG, 10%KEGH
1% (350 mL/kg ) [ i T 5 BRI B 400 , W7 ) BB
1.2.7 Western blot #&HUK i & 41 415 H , BCA
P B R SR FH 5x EARZE whR R R, MR R
WP A AR, 12% 5 B HL UK, % IS 90 min, 5% i JiE
W5y 2 U B 1 h, TBST ¥ ¥k 10 minx3 X, ] 5%
TBST #i B (1) BSA#i B —$i, 4 CWEH L%, H TBST
BEEUE 10 minx3 W, N == T E 1 hJs, H TBST
PEAR 10 minx3 X, £ Gene Gnome BG4 T BEGHA MK,
Quantity One 7T K FE{H, LA GAPDH K W NS .
1.2.8 ELISA #2EUK RS H4UE A, e & H
JE PR R B A AR AR IR ELISA i) & %
SRARAE, M H IR e
129 gRT-PCR 3R K BlifE By 2 AR 4 1 B
RNAgent Isolation System UitHH 45, fli# B RNA. HU1 pg
SARNA, FA 2 R0 Siatn) S Ui 408 5L RNA %
SE i cDNA. PCR J i 7E PE 7 7] GeneAmp8 5700 %!
PCR ¥ 44 4T, /™ #% 44 B8 SYBR green 1 B 45 i1
B, & HPEA cDNA 2 uL; SYBR green 10 pL; B 5 Ab5 14
2 uL (IL-1B : MQP065742; IL-6: MQP036327 ; TNF-a.;
MQP041783 ; GAPDH: MQP027158) ; RNAase free 25 &5
FIK 6 L, SR FR 20 uL s &P R 94 C 30 s,
58 °C 30 s, ;2 & 40 MEHLL GAPDH NS 34714047,
BEE Blank ZHHEFR N 1.
1.3 “%itFaE

K H SPSS 20.0 Gt it #4443t &5l , 1t 55k
(PPHbrifE 2 ) FR , LRI 5 R T 7 25 Tk 5
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FOEASTERS: , T A BRI 6 B A, 7 2255847
FR: 55, J7 26 AN 55 F A7 BROFAG 55 , 20 [A) 9 5 L A8 A
SNK-q #i5%;, P<0.05 M ZE5A Geil a3,

2 R
2.1 &ZATST.FST 3y At 1a A NSFT #1k 21 b iz

HAL I G, Con 4 \Place 2 .Exp 41f) TST .FST A~
BT S NSFT P R4 T Blank 41, 22 R 501 T
2#E X (P<0.05), Exp4lf TST.FST ANS)Af[H] X NSFT
ARIEE Con 245 Place 48 0 , 2 R A Geit2# 2 X
(P<0.05) ; Con 41 5 Place £ /) TST.FST /A~ 3 i [i)] &
NSFT R 2= S Toge 2+ L (P>0.05), WL 1,
22 ZAIL-1B.IL-6. TNF-a ¥ & B F & ik rox

£ mRNA K FH /K, Con 4l . Place 2H . Exp ZH /Y
IL-1B.IL-6 . TNF-aik 5 F Blank 41, 2 R A G114 &
X (P<0.05) ; Exp 41 A IL-1B . IL-6 . TNF-a. % i5 %% Con
41 \Place 41 TP, 22 7 A Guit 2 X (P<0.05) ;Con 4
55 Place 4H Y IL-1B . IL-6 . TNF-a ik L 22 R LS8 it
R L (P>0.05), W#2.
2.3 %&#1ERK NF-xB & & &k Hbiz

Con 4 \Place 4 .Exp # i) pERK1/2 . pNF-kB & ik
{5 T Blank 2 , 22 R A7 i it2% & L (P<0.05) ; Exp 4111

3 g
ST B 1R T 1970 4R Ry 43 B8 R IER) O Ao
PRI A B AR ORR A ) FH TG R , R AF ke L
BHUIARAYE HTZ i 32 B F A, Berman 45 2 9 45141
IO A8 2 B BB 20 e I Dk T S5 /N 3R] U
fiil (0.5 mg/kg) Ji , #83 50% A 3 AT AE R IF & 2l
. Zarate JFAE 17 0 BB AE B DK S S0 TR
A 1.0 7

0.8}
0.6}
04}t

pERK AHX} ik

02+t

0.0
Blank 2l Con 4 Place 41 Exp 4.

PNF-kB AHXT ik

0.0
Blank ZH Con £ Place 21 Exp 21

pERK1/2 .pNF-kB # ik % Con 2 55 Place 41 F %, 22 5+ ©
A Giit2¢ 75 L (P<0.05) ; Con £ 5 Place £ (1) pERK 1/ PERK1/2
2 . pNF-kB ZiA 257 G L (P>0.05) , LI 1. ERK1/2
F1 KL TST FST ARz [H] K NSFT IR L4 (s, s )
pNF-xB
K TST FST NSFT
BlankZl 15 39.38+21.06 28.67+10.85 192.36+47.68 NF-xB
ConZl 15  117.58+23.42%  69.92+11.417  323.25+36.64"
PlaceZl 15  104.29422.36"  71.57+10.26"  302.49+35.37" GAPDH
Exp4l 15 51.57+10.26%7  31.57+10.26*%  226.67+31.78% BlankZl Con#l Place#l Exp#l
Fa 15 55.69 72.25 39.09 ¥ : A~C: Western blot £ il] pERK1/2 ,pNF-xB &
P1H 15 0.001 0.001 0.001 HFEE . 5 Con2l H#,“P<0.01; 5 Place 21 It

1 . 5 Blank 41 L 4% , YP<0.05; 55 Con 41 11 %% , ® P<0.05; 5 Place 41

45, ¥ P<0.05

i, 2P<0.01
1 %41 ERK NF-«B & 13k L%

22 K4 mRNA JKF-IL-1B . IL-6 . TNF-aZ& SiE K T 2635 4 (ats)

N IL-1B IL-6 TNF-a
215 R

mRNA EH mRNA EH mRNA EH
Blank 21 15 5.85+1.87 21.69+7.85 4.02+1.27 10.38+5.06 4.12£1.19 67.39+21.25
Con4 15 9.21+4.21% 53.7149.62" 6.43+2.17% 29.58+3.42"7  6.24+1.05"  117.53+20.71%
Place 41 15 8.57+3.357 42.85+£9.03" 5.36+1.78" 24.29+5.36" 5.28+1.14" 126.38+22.84"
Exp 41 15 3.19+0.97%%  30.04£8.32%%  1.74x0.77%°  14.57+4.23%%  1.55+0.37*%  77.05£18.76*"
F{& 16.46 39.11 32.09 55.26 108.8 29.18
P{& 0.001 0.001 0.001 0.001 0.001 0.001

1 : 5 Blank 2H 1048, VP<0.05; 55 Con 4H 145 , ®P<0.05 ; 5 Place 4H 1. 4% , #P<0.05
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(0.5 mg/kg) Fl 22 B 5 Je b 5 & B, T S G0 B 5
110 min PN RIS AR 9 B 5 04038, HLRF 225 [A]
Kk 2 J, b I PR 5% UE 52 4 e T 1) S 35 4t
PIABAE FHU . A S 56 A0 UF S S R 1Y) 2 B AR A
FH , Exp K BUAE 45 T U0 5 A7 2 B B s | X
SRR 5 R —2

ER, SR BRI ASLER v5 A5
WE 72 BIF 92 22 1A by SR T 1T 5 v fX A 8 R B 40 4
NMDA ZZ & | Bif i 2832 i | i 25z ik R BE 32
N S TR =R R S 1B A g LN e = B
WG, R EBUARE R BTN B &
YTl T 368 ) 2 2 kS B, 1G5 5 M mT S FE BT
BVERR™, AR IV B S REAH DML 287 37 2]
A, A2 5 R IARIE i & i B vp R R
AT SRR SN T 3 AR IR, (R &
DN 2 75 -5 G B BT AR AR SCAT R 280, —
T I R AF 5 245 S 4 B, AR £ 34 LY Hh IL-18 L IL-6.,
TNF-o 7% 5 55 5 5 A 208 #9135 IL-18 . IL-6 . TNF-a
R IR, T T A% AR U TE S B AR Sy
g SR Bxp 40K BUE 25 T SR I, ¥ 2 41 20
IL-1pB IL-6 . TNF-o 7% 55 35 i 35 PR A , 45 7 S B i mT
T8 0 IL-16 . IL-6 . TNF-0 %5 2 9E [N 1, & HEHT AR
YEH . IL-1B.IL-6 . TNF-a55 4 5E K S 5 IARAE &
SRR AT REAIL 238 o o2 b 280 Rt 2 J8] Rl RO 5%
AT T 5240, SN ZTTSE A KA 5 5L
R B DU H B R A R — 2P

WE— T 5 IL-1B . IL-6 .\ TNF-a & il 2 M AH E )
ERK NF-kB {55 550 T 45 T Ul J 1 A8 Ak , SR
1GY7 )5 ERK NF-«xB {55 0 T 080G & TR, ©F
WF5E 22, ERK \NF-xB {5 5 ¥ 5 Wi Vg T Fn g 26 A
P2 TSR 55 53 B DT 5 AR AE & s St
PIARFIAE o FEMMARIY & A & Rk Rt b, 2R Bifi A
Sy 3 P /0 T 440 i 8 R O e 5 400 i 3 T )
DAMP 244, 0% T e ERK1/2 {55442 , I 805
NF-«B, i Ji J5T 4 5 iR i 48 4 I+ 5 R i Ak A
T, [A]EE, NF-xB 7% s 36 MR 5, AT 3 1 nNOS F1
COX-2 S PRIk , NI Ik 2T i 24t i, ml g
SRR KA YA . 534, A WS S B DR ph
2B A TR B0E TIkB (5 5812, S84 sME
A TR S ERK Y BRI 1L , LA S i 4 R A5 il
T 3 03 P, SIS mTOR &A% , Bz ik R 14 fin 2 finh 4
IR RIS 2 8, TGS 2 ik D R, NIRRT
AR X HE 7R ERK A 530 A 38 o HA LS 2 540
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AR & A R . DR, SR E o 41 i ERK  NF-xB 3%
T, T REAN(SCE 1 41 i) 58 i 503X — Ll ik 2R 7 AR
FH 80T REAEAE SLABAIL , A it — 2B R0
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i S ERK ONF-xB, #1101 585 7, eh 8 AR K B
F1 R X SR 6 7 AMAISAE 1 T 22 0 AL 2 —
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