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BE B35 B 25 Z 0 B8R (Ketamine, KET) %t 3% 5% T i% % 42 (Lipopolysaccharide, LPS) ¥ &9 /)> i Jit 48 i, 7& AL K - 64 % v, 5+ 30
Romfe B F1% % 45474 B F 1(Suppressor of Cytokine Signaling 1, SOCS1) &R ey 45 . Fik: AAT LA N NI mamie
WA RETREH 10ng/mL &9 LPS ¥ b Kz R, B AT -5 % & %4 1 mM % KET, &k /) Western blot . B8k 5. 7% R #i] (En-
zyme-Linked Immunosorbent Assay, ELISA )/J» RNA F#.4e %% 4m JiL 4 €5 75 i, WL KET 358 T LPS P 64 /N 4 L& AL K
T4 %d, % SOCSI - FEEPWAER, ER . ¥mies A 3 4,5 H A EF 3%/ 6 Control 41 LPS 414= KET+LPS 41, #F 5% &
I, ¥ N9 Mg i3k E T4 10 ng/mL #92mfinds ik 24 h 5 |, tafinif 5% — A4L & 485 (Inducible Nitric Oxide Synthase, iNOS )
Fik Fedd A A M B 358 B -F o( Tumor Necrosis Factor o, TNF-a ) 4% 2 %38 i (P<0.05), % KET 7T 2 % I INOS & & & ik fo3d #
J TNF-a 42 (P<0.05), M5, ¥mMn A 548, 3 % Control 28 LPS 28  KET+LPS #8 . SOCS1-siRNA+KET+LPS 21 #= %L /7
sIRNA(SC-siRNA)+KET+LPS 41, &AL 3., LPS 7T 2 3% Ao 2 iy 48 it TNF-o F= & 28 Ji /% 18 (Interleukin-18, IL-18) &9 85k |
¥2 hr SOCS1 F=4% B F kB(Neuclear Factor kB, NF-kB) & ik (P<0.05), % KET +] 2 & i & LPS 3t ¥ & B F#3f= NF-kB & ik ¢
Hohy, St —F 3w SOCS1 &k (P<0.05), % SOCS1-siRNA 2 %% 45 7 KET #9 L& 45 (P<0.05),SC-siRNA % 5+ KET = 4 ¢
LR AR R E Y a(P>0.05), G518 KET T AKX LPS s\ fm f ol &AL AE A, Lk 45 A T4k it SOCST F A%,
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ABSTRACT Objective: To explore ketamine (KET)-induced effects on the microglial activation caused by lipopolysaccharide
(LPS), and to investigate the role of Suppressor of Cytokine Signaling 1 (SOCSI) in the process. Methods: We took N9 microglial cells,
and the cells were exposed to the medium containing LPS of 10 ng/mL to mimic inflammation, meanwhile, 1mM of KET was added into
the medium. After the treatments of 24 h, western blot, enzyme-linked immunosorbent assay (ELISA), siRNA interfering and immunocy-
tochemistry were taken to assess the activation of microglia and the role of SOCS1 in the process. Results: The cells were divided into
three groups, including control group, LPS group and KET+LPS group, after the treatments, we found that LPS increased the inducible
nitric oxide synthase (iNOS) protein expression and Tumor Necrosis Factor a (TNF-a) concentration in the medium (P<0.05), and KET
reduced the iNOS expression and TNF-a concentration significantly (P<0.05). Then, the cells were divided into five groups, including
control group, LPS group, KET+LPS group, SOCS1-siRNA+KET+LPS group and SC-siRNA+KET+LPS group, after 24-h treatments,
we found that LPS increased TNF-« and Interleukin-18 (IL-1p) releases and the protein expressions of SOCS1 and nuclear factor-xB
(NF-kB), and KET significantly reversed the effects induced by LPS, and increased SOCS1 expression (P<0.05). However, SOCS1-siRNA,
not the SC-siRNA, significantly reversed the KET-induced effects above (P<0.05). Conclusions: KET can reduce LPS-induced microglial
activation, and SOCS1 protein may mediate the process.
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PNE N XM A 2248 (Central Nervous System, CNS )
PRI R A R SR A EE BE IS 22—, T /N Joa 4 Ly 3 297 A 7T 3
LRI AT H T, g CNS 19 2 AE F 1, % 32 4 i 22 41 41
TE AR AR, PRI, SN BT A B F) 3 B A B 2
I CNS S AE s f AH 6 55995 I A BCHE e He. G T (Ke-
tamine, KET ) J&—Fftllf R # F 0 4= B BRI 24 , 2 T /NF
ARFVNILFAR B RREE, 53 2 A5 s , KET HA AT R
AN T A RRLTE AR R AE AT o AR T AR 11, A 2 iR
I, 4 R 115 S 5 M i X7 1(Suppressor of Cytokine Sig-
naling 1, SOCS1)Z: 54l T /NBe 53 40 g 1 176 AL 119, i SOCS1
BT T KET X/ J5T 48 B 10 7K 7 5 1 18 K DL R 1 o
TEATIFFE rf, 3RA T 2 fit F AR A S ) 2 fIg 22 B (Lipopolysaccha-
ride, LPS) i3 NO /NI BT A ffL, AU AME S B, WEE R
SOCS1 25 1 KET /M B M i fK-F- A2 .

1 AR5 07

1.1 RIS 4 AEFNIx 7

AR S50 T 68 T A N /N e S5 400 i R I 45 10 4 R K 2
LPS IMDM 4 i 15 % 3 F R 4 i 7& W A Sigma-Aldrich 723 &)
(2£H), bt/ INOS.SOCS1 NF-kB #l GAPDH —3#7T, I
Abcam 73 & (FE[E ), Cy3 FRic i 2EHt e — il [ LRtk 22 5k
AP ] o TNF-o Fl IL-18 SRAE PR R 70 &0 F e ot
B ARG BT o B 3= 40 M T FH i B SR ORI B R e
ANF(EE) . FRERRRA RIS AR AL R REEA
A, SOCSI1-siRNA HIELT siRNA I [ i BAEYAH
1.2 YRAEIEFR R 5y R 4b 18

NO /N B AN A3 F IMDM Rigdkh, {E3R3EE 5%0
A MG 1% 858 2 IR G IR, J R 0085 37°C, e 2-3
REERITFREE IR, S AU Tk BB FRR I 90% LA 1B
HATAEAR S FFE KET X /INE o 40 M1 Ak K ST (s ) 44 48
SR 3, RN IE R R SRR BEZE (Control ) 10 ng/mL )
LPS kb ¥ 41 f1 1 mM f#) KET 1 10 ng/mL fj LPS 4b 1 41
(KET+LPS),37°C % 24 h 5 , 3% Fil Western blot i1 ELISA
T4 INOS ZE 4 2235 F1 TNF-o BRiCE . BS540 5
4, 43 %% Control 41 \LPS #H KET+LPS #H .SOCSI-siR-
NA+KET+LPS £ #il SC-siRNA+KET+LPS 41 ,37C % 24 h
J& , R FH ELISA 346 I 41 i 58 5iE P F-BE Al , R western blot Al
S AL AT SOCST Fll NF-kB 7R 13535,
1.3 Western blot

F AR T 6 FLATMIS IR, B Ry 2% 104~/ 4L, &%
AN A A B 5E BE T, 4 of I B2 9 RIPA. 4 fifd 284 A T R 26 5
FEEMHIFIINA 6 FLANEEEFRAL, RH BCA WL TER (€ mA
W, il SDS-PAGE Bl H Pk 43 B AH R B 1 o Bt , 45 AL 2
PR 2 NC 5L, FR A SY% R BENE Ikt b A4 S v e
EERPRFE L h, BEE, 206 B2 22 il (phosphate
buffer saline, PBS) $AH R St /s BR— U 55 2 A0 R A% U (iN-
0S,1:500;SOCS1,1:500 ;NF-kB, 1:200; GAPDH, 1:500), i Jf]
IR R AR, 4 C iR . RS PO BUMAH

TR A EE TR ML, IR HEOGE R 30 min, SR )5 8 PBS WG
WS 3 YR, RFUR 15 ming, f /5 DALIE DRIGRSE, FF 4 AR 0 255 K
B, {1/} GAPDH 1E N
1.4 ELISA #4060 E Fik B

AU EIZERN T 96 FLANAEEE FEAR , AL TE T , PRIAS FLAH
k% LS, 4 C GRS .0 30 min, BLOALFE H A 10000 rpm,
Wi 5 PRI AT 37 D VR, AR A I 158 B 5 480 45 o A A R
WP, FHEHR S, SR FH EE 8 26 98 i PR Pk
1.5 RNA Tt

F AR T 6 FLATMIE IR, 24 h J5 , % 90 pmol/L 1)
SOCS1-siRNA &, SC-siRNA fil A& Fitir, 2 mL/ 1,37 CHE
8 h &, P I IE & 15 AR % 57 8 h, B, ffi Fi] western blot
T SIRNA THRCR -
1.6 &RMpakE

F A TR AL G IR, 1x 1004~/ 41,24 h )5,
FEZ AP, A PRSEEE S L (] 4% 2 SR HTREE] 5 , 30 min J5 , PBS
YR 3 K, K 5 min, ARFLEE/E A 200 wL /) SOCS1 —#i,
4T, 5 PBS W UE 3 I, BALIA Cy3 Fric iy 1l =E4i %
TP, IREEIEE 1 h, AEFLEMA 150 wL ¥ DAPL ZL (A
PBS &k 3 A, MHERAERHMEE (Olympus, HAY) MW
SOCS1 % [ #ik.
1.7 #iEst

ST HHE R I SPSS17.0 HEATRRAL ], 25 5idER FI 345K
FrifE2% (Means SD) Fon, 4liE 25V R AR R 2007
(One-way ANOVA)FEAT VAL, P<0.05 BN N Giit 225 .

2 R

2.1 SERERING T RE TR SEPH/NKRYM NOS EA X
%% TNF-o 23§

7 PR —E AL A A HEGINOS) 3k M 4 K F TNF-a Bk
i, S5/ AT RO 2 EAHSE . FEAREFST R, FRATTHE /M
LA 3 40, 4359 % BR(Control)2H 5 £ 4 52 72 2H (LPS)
AN R A LPS %% 5% 41 (KET+LPS), M F 24 h J5 , 45 R i
7R, 5 Control ZHAH 1, 10 ng/mL () LPS %#%#2 24 h j5 ,LPS 4 i-
NOS # R IAK (& 1A)FIEFHE TNF-o B (8] 1B) I 3
FH(P<0.05); 1 5 LPS ZUAH ., f#iH 1 mM 1§ KET 151, KE
T+LPS 41 () iNOS R ik 7K F Al TNF-o BE 2 0 E R (P<
0.05), DL LZ5RFW KET 7] FEAIK LPS Xif /)N ot 240 it 775 £k
K-
2.2 KET AT#&MEEF LPS /N R4MAE SOCS1 B/ Ri%
7K

Western blot 45 3 i 75 (&1 2A), 5 Control 20 4H [t , 2= 52 56
ST fd Y SOCS1-siRNA FJ g EREIRANA SOCS1 B [ £k (P<
0.05), THLF (SC)-siRNA FXF 4l SOCSL Bk =4
B W52 (P>0.05), LA I 25 5445 7, SOCS1-siRNA (1) T R4 SR
A, Western blot([& 2B) I G fie 4t fh. 2 (18] 20045 R R
LPS 2%, Al —EREIGI/NE T4 SOCST FHFEIA (41
), T KET 7] 3% |94 SOCS1 & [ 335K (P<0.05),
SOCS1-siRNA A] g %3 5 KET %F/NE R 40 SOCS1 75 1 %
SRR (P<0.05), SC-siRNA RXT4H il SOCS1 357 A= 5 i
(P>0.05).
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_- NF-«B EAXRIEHZI
' NF-xB R Rk TN —FE A, AR, 540

mos |
SN

pi " WA AP IEAR Y . fEARiSerlr | LPS 524 24 h(E 3), ]
3 1o SRR AN NF-B 2 635K P (P<0.05), T KET
a é A {5 2 B I NF-kB 2 [ &5 FLE (P<0.05), SOCS1-siRNA 7] i,
gg*” B KET xb/ NG 40 NF-cB 28 (935 HBAM (P<0.05),
ool r———— SC-siRNA %} KET 41 F ¥ NF-xB 23k M1F Al = Az i % 5%
" . M(P>0.05).

B ::z: ! - ! 2.4 SOCSI1-siRNA %7 KET 342 EF LPS hi/ R R Zmpa

E 1004 1R A A TFREME R
2 g FEARBI LS S48 24 h 5, T S350 1 M TR A
£ 6] FEIEP) TNF-a ([ 4A)HI IL-18([& 4B (P<0.05), 1 1 mM
F e — {1y KET 1 i R HE 72 35 Py TNF-o F1 IL-1B 946 (P<0.05),
] SOCS1-SIRNA AT 5535 KET &/INE 41 TNF-o 1 IL-18
o Control LPS KET+LPS BERCHIEZ I (P<0.05), T SC-siRNA KX} KET | TNF-a F1

B | SRTREERETRR RS BEONARAR NS BAR | 0o e o0
A TNF-o B2 - B

Fig.1 Ketamine reduced iNOS expression and TNF-q« release in N9 3 -ivj‘-i%
microglia exposed to LPS
Note: A: Ketamine reduced iNOS expression; B: Ketamine reduced TNF-a TEATGE T, AT IK NO /N 5240 il 2 5 T 10 ng/L
release. *: P<0.05. {1 LPS H1 24 h J7, 4HJfL iINOS Fl NF-kB & (4 #ih K- B 5 T+
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[ 2 SOCS1-siRNA % 7 SUARHEN T 2 58 T B8 & 1 P /NRRAAE SOCS1 EARIERZ M
Fig. 2 SOCS1-siRNA reversed ketamine-induced effects on SOCS1 protein expression in N9 microglia exposed to LPS.
Note: A: SOCS1-siRNA down-regulated SOCS1 protein expression; B: Western blot indicated that SOCS1-siRNA reversed ketamine-induced effects on
SOCSI protein expression; C: Immucytochemistry indicated that SOCS1-siRNA reversed ketamine-induced effects on SOCS1 protein expression.
*: P<0.05, NS: no significance.
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Fig. 3 SOCS1-siRNA reversed ketamine-induced effects on NF-kB protein
expression in N9 microglia exposed to LPS.

Note: *: P<0.05, NS: no significance.

1 AR SAE KT TNF-oo F1 IL-18 B A W 340, 1 mM Y
KET W] & 3 B AR /IR BT 4 i 22 58 T LPS 772 1 Bk VE AT, i
SOCS1-siRNA # I # Wi #% KET %} iNOS il NF-xB 2K [ % ik
FME 20 PR F-REH0™ AE 1 52 ), SC-siRNA KX KET (19 bk fE
FHRE R T, DA B4R R  KET nf fgiliid SOCS1 /%,
T LPS 5[ ) /NI T 4 L A T AL

AN BTARMLZ: CNS N ECH LR Al —, 2
55 CNS NI RAE RN o FEMRERIM AR5 oM Al 23R AT
g, /NS S 20 M T LA I AL 5 AR /NS AR BT 43 AR
TR RAEANMEPE T, W0 TNF-o IL-1B 1 IL-6 55, M —25 i
B CNS Hrpp Zor 4 A5 405 , 4k 5 [ PR T RE R g%,
I A/ IS5 240 B 3 AT, T SE S A NS 28 5E S
AR AR AT R, BEE M AT HE . LPS S22 22 [T M 2 &
G3 WA —Fh 2R AL T TR ) B, SE AP A T A TR 1) 2 AN
YfERE, YANPAETE 32 BIRER S , LPS W PAAH P R
ok, Bk, LPS g FRZ i NFEER . LPS Rl ) 2 i T JEhlii
FErb TR AN ML 8 S R A A SRR SN o TEARRISY
o FRATEE T LPS TN ST AL AL N RS 5T 4 L IR AR
AT CNS SAE SN o FBIFFT R S0 IS /N B 24 M A7 7
PIARMEOE AR, 73 3 A AR 2E S 19 M I AIRES , AR 22 L i
AR AR (Classic Activated State), 1220k 25 B9 /71N i 5 20 it T 43w
AL RAE T, A TNF-o | IL-1B 1 IL-6 45, %} CNS R4 14 4
i SN AT I BSn EAE FH 5 M2 ARSI /NI BT A0 B 4 55 — i
TIRES , SORREPEPE IR IR ZS (Selective Activated State), iZAR 7S
FA) 7 NS T 2 L 53 WA IR SR PR T AR XS 8 2, T 4 s ) 410 4 PR
FRPPLZE TR FAIR L, 4n IL-10 B 5T 20 it P 1k b 2885 5%
[A 7 (GDNF, Glia-derived Neurotrophic Factor)Ffl if J§ 14 #fi 25 &5
7% N ¥ (Brain-derived Neurotrophic Factor, BDNF), [Xl it , M2 Kk
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Fig. 4 SOCS1-siRNA reversed ketamine-induced effects on TNF-« and
IL-1 releases from N9 microglia exposed to LPS.
Note: A: SOCS1-siRNA reversed ketamine-induced inhibition of TNF-«
release; B: SOCS1-siRNA reversed ketamine-induced inhibition of IL-13

release. *: P<0.05, NS: no significance.
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M2 RAEFEAL, RFRAL CNS RIEBMG A RO AL — . SN
(Ketamine, KET) 2 i by & UL #E K 4 B RER 2 2 — I IR 1
12T R NFAR RN LT AR BRRER , FERREEA L 2 38 1t
BHIWr# 2550 N- B 3t -D- K& & R (N-methyl-D-aspartic acid re-
ceptor, NMDA ) 3Z {47 A 4= B iR FH 2, 8K, B T KET 19
N A e 25 | B e 1S = ), IR, APPSR AR B P 85
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JEANE NF-xB 2635, th 5 Wt T KET ELA7 B 305 /N5 R 4n i
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HE H FB KR ARAE P TNF-oo F1 IL-18 7640 fg 15 37 3k o
RV, FATT AR KET AT FERAZLPS JK A /NI B4 il iINOS
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