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Mechanism of isoflurane alleviating microglia cell inflammatory
response through the CaMKI /ERK/NF-kB pathway

LI Zhendong ,ZHAO Xingkai,GUO Yizhe ,ZHOU Zhenlei "
(College of Veterinary Medicine ,Nanjing Agricultural University, Nanjing 210095, China)

Abstract ; [ Objectives ] The paper aimed to investigate the specific mechanism through which isoflurane attenuated inflammation
induced by microglia hyperactivation. [ Methods ] The microglia cells were treated by lipopolysaccharide ( LPS) inducing inflammatory
response in vitro,and the prepared emulsified isoflurane was used to treat to the cells. The effects of isoflurane and pathway protein
inhibitors on the expression of pro-inflammatory mediators ( pro-inflammatory factors, pro-inflammatory enzymes) and pathway proteins
were detected by fluorescence quantitative PCR and Western blot, and then the effects of different inhibitors on protein expression
and the signaling pathway of isoflurane action were determined. At the same time, the effects of different treatments on the
translocation of nuclear factor kB ( NF-kB) in microglia cells were observed. [ Results ] Compared with the control group, LPS
significantly increased the expressions of interleukin (IL)-18, IL-6, nitric oxide synthase (iNOS) , cyclooxygenase-2 ( COXII ) and
other pro-inflammatory factors, and up-regulated the expressions of target pathway protein and the translocation of NF-kB from
cytoplasm to nucleus. Isoflurane reduced the expression of pro-inflammatory media and inhibited NF-kB nuclear translocation through
CaMKII /ERK/NF-«B signaling pathway. [ Conclusions ] Isoflurane reduced the release of proinflammatory factors and alleviated the
inflammatory response of microglia cells through Ca®™ signaling pathway.
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AEZFETERTY BRI NMDAR W3 B0 2 5085 18 01 fil & — R 50 F (250 715 5 i i, fE ik
SHREIRFESIE T AN, NMDAR 3800 fild & Ji5 8 Ca™ /85 18 32 4 M 4 11 308 1T ( Ca™ / calmodulin-
dependent protein kinase Il , CaMK Il ) {55 3 %, I 5 3 22 24 J5L 0% 1k 22 (1 ¥ ( mitogen activated protein
kinase , MAPK) {5 5 ¢ 5K )2 W, 4N 40 M A7 5 98115 3 % (extracellular signal-regulated kinase, ERK) [ i
BT B IR T kB (nuclear factor kB, NF-kB ) 1k 4H i 48 5 S 07 (1) H B4 S PR 7, HO0s v S 80kl 28 0240
HBET= R PR, P NF-kB R MAPK {55 38 5 1T RE 2 90 ) /5 B 5% 40 s 08 5 % 9 R 1A A 3k
rZ—,

ST — I R T AR A BRI BAT Al e VR I 0GR A i e o, — P A e 0
SR R AT AR/ I e 45343 5 AR B TR o S5 U T A A SR R P 42 A T A Y W v 2
RAE o ASPSBILLJEAT R IMIFSE 2, 52 9U6E T K BRI 478 NMDAR (1 223611 (H S Gl 2 75 i
T 2 PR I ST SR I R IR AT SE ., AW ST L 30% R 195 3L 700 A 5 700 i 4% 2L Ak 5 UGE (emulsified
isoflurane, EI) , i 53 95058 1T LA 4AE FH T4, B 7EIRIE S UGE XS IR 2205 (LPS ) 55 14 /)N e o 240 ik 88 93
I B2 R R HA TR AR AL

1 ST

1.1 FERXFENEE

LPS( Escherichia coli 055:B5) I [ Sigma-Aldrich, NMDAR #1 # 7] MK801 . ERK1/2 i %] U0126.
CaMK II #1157 KN93 FI NMDAR 3l 7#| D-22 R4 3 MCE( ) . BERR 1LY IkBa Fl IkBa HUAK, 55
BT F & [ Beyotime, GAPDH HTIAW [ Proteintech (#7L) , iNOS, COXII | p-CaMKII | CaMK1I .
p-ERK1/2 ERK1/2 . p-NF-«kB NF-kB $i A H Affinity 23 7] (Fg5%) . Hiscript 1T All-in-one RT SuperMix
Perfect for qPCR 5 Taq Pro Universal SYBR qPCR Master Mix 14 H #5ME#E (B5 &) o IL-1B.1L-6.IL-10 ELISA
KA & A AngleGene (Fg i) . /NR/NIE B4R (BV2) 41 HE I A Gain Biological ( i) . FF FH XS .
CFX96 2R} 7 & PCR X BEE Doc 2000 1% ( Bio-Rad ) | 303t B A£ H14 B 1408% ( PerkinElmer) .
1.2 FAUBREE(EDH &

55 IREA TR S 30% AR DT AL 1.2 :21.3 (RFR L) #F 20 CIRAT, Hil 45 8% FL Ik ST b s . L3R .
PL'5 min Y [EIFAIRHE 1 min, F72E 4 b SCAOA A FE 2L AL S 30e T 4 CORAF, (AR K A 237 <C
AR PRS2 3, A BIF A AR v B2 (LD ) FLAK 5 #U%5E (0.21 mmol - L) 5 & ¥R FE (HD ) FLAL 5 #U%E (0.42
mmol - L") X It Ao FH 57 80 e 3 A8 Bl 048 504K 2 ( minimum  alveolar concentration, MAC) {H (LD : IMAC ;
HD :2MAC) "™ I3 28 A0 R (AR FE A R 7L 71 ( fat emulsion , FE ) ZbFRVE it R
1.3 RIS FR 5 4b1E

TE 37 CH1 5% CO, 548, 7F Dulbecco 2 K Y Eagle’s 15573 ( DMEM ) F 1555 BV2 i, KR35 rp s
I 10% 25 L5 F 1% 5 8 R /558 R MRS AU (0.42,0.21 mmol -L™") i EI Zb¥H BV2 4fiffl, 5
SR PR IE B B S, R 2RI Sy 2 H481) A5 N BRZE . BV2 A 2R R 24 h ANHEITAE
T Ab P, LPS AR . fdH LPS(1 pg-mL™") ZLFE BV2 40 ig 24 h; E1 AL PR 5 I8 5 FL AL BRAH . 43 5 6 H EI
(0.42 mmol-L™") J8MFL(0.39 mmol-L™") 5 LPS(1 pg-mL™") AL BV2 4Hf 6 h, HH#e o H 5 LPS 15
FRWOTAb PR % 24 h 3 20 2) 25 IR HRZ . BV2 QML LL3E 5% 24 h AHEATAR(T AL 3 ; LPS A FRAA . ffi ]
LPS(1 pg-mL™") Zb3H BV2 40ff 24 h;EI ZbHE4 . E1(0.42 mmol - L™") 5 LPS(1 pg-mL™") HAbHE BV2
YL 6 h, A H A& LPS ¥i 3 KL AL B 2 24 h; {5 5 38 % BH W7 590 Ak B4 . 43 ) 45 R BH 67 550 MK801
(25 pmol-L™") \U0126(10 pmol-L™") . KN93( 10 mmol-L™") 5 LPS(1 pg-mL™") HACE BV2 40 fiE2 h, Bk
S HE LPS RO LR Z 24 h Hh 4 4,
1.4 4HRETEHNE

CCK-8 5 25 Ab FEXT 40 M 76 S1 A9 52, DAAEFL 5 000 420t /) %% 7E 96 FLAR 30 BV2 4 i,
FGEAC PR B S , BEFLINA CCK-8 1A 10 WL FF-ZEA R F2AH T B 20 1 h o A Aol 58] 152 25 000 4 44 i
B IR AL 450 nm AL OGIEL (ALs, ) , BRI R 6B A5 3 TS AR . /Y A0 B3
1.5 RNA i2EFISLREE PCR X EFERERIE

#i [l TRIzol 32 HL BV2 40 iy &% RNA, i JfJ Hiscript I All-in-one RT SuperMix Perfect for qPCR Xif
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mRNA 75 5% . ARFFE R CFX96 AT PCR A48 Ml Taq Pro Universal SYBR qPCR Master Mix ; 1% i
95 °C 305,95 °C 105,60 °C 30 5;95 °C 15 5,60 °C 1 min,95 °C 15 s, $UT 40 MEFFBY RV &5 1F, LA B-actin
VE%JW%%I TT SRS i PCR, RrMIE RAHCIE R R IRIE AL, 51 2E TAEY TRARAF (L
1) G, %I%J? Nz 1 fis,

®1 KRB ASIMXFIIESR

Table 1 Primer pairs sequences information in the study

H i 2ER LIS TSI IRV bp
Target genes Forward primer sequences(5'—3") Reverse primer sequences(5'—3") Product size
IL-1B TACAGGCTCCGAGATGAACAAC GCCACAGGTATTTTGTCGTT 155
IL-6 TCCTACCCCAACTTCCAATGCTC TTGGATGGTCTTGGTCCTTAGCC 79
IL-10 CTCCCCTGTGAAAATAAGAGC ATGGCCTTGTAGACACCTT 86
iNOS ACCTTGTTCAGCTACGCCTT CATTCCCAAATGTGCTTGTC 112
COX-2 GAAATGGCTGCAGAATTGAA AAGGAGAATGGTGCTCCAAG 137
TNF-a AGCACAGAAAGCATGATCCG ATCACCCCGAAGTTCAGTAGACA 164
CaMK Il TGCACACCACCATCCTGAACC GATCTGCCATTTGCCGTCCCT 164
ERK TGACATCATCCGGGCACCA AGCTTGTAAAGGTCCGTCTCC 84
B-actin CTGACCCTGAAGTACCCCAT CATCTTTTCACGGTTGGCCTT 165

L IL-18: AN E 18 £ Interleukin-1B gene; /L-6: 1 Z 6 & [H Interleukin-6 gene; IL-10; 14+ Z 10 3£ Interleukin-10 gene;iNOS: —
%Lﬂﬁ/fl‘%ﬁiﬁﬂ;g. Nitric oxide synthase gene; COX-2; Sl 2 3£ A Cyclooxygenase-2 gene; TNF-a; MBI IR FE A F o £ Tumor
necrosis factor-a gcne;CaMKl]:%%/%@iJﬁJ?mﬁﬂiﬁ P St I 3 A Ca2+/calmodulin—depcndenl protein kinase I gene; ERK: MM AIME S
PE G N Extracellular signal-regulated kinase gene;ﬂ—actin;ﬁ—l*]%%%w B-actin gene.

1.6 Western blot 53 #f

BV2 42 hb B FH VK2 B9 PBS Wb 4 it 2 k. i A 24/ % ( radio immunoprecipitation assay
lysis buffer, RIPA) , #81 19%%5 4 30 11 77 ( phenylmethylsulfonyl fluoride , PMSF ) F1 19% B 2 Ak, 25 11 411 71
M, ARYE S UL S A% A A M SR ERY . {8 BCA (bicinchoninic acid ) £ A7) 000 2R Pk
JE . AT AR AR N - 2R N AR T BE IR HL K (SDS-PAGE ) Je ¥ 25 G B8 B A AL £ 4 I |-, TGRS 2F )
B, FE—PU 4 CIEF R, KRG S5 HHRS E ALY EE (horseradish peroxidase , HRP) X —Hr i . i3
55 W 5 8 1 N 2 H IR - 3 - R i U ( glyceraldehyde-3-phosphate dehydrogenase , GAPDH ) 5 il 2% 25 1 1N
38 58 A0 4% BT R ( proliferating cell nuclear antigen, PCNA) H#K & & 25 1 i, f# FH Bio-Rad Gel Doc
2000 R G¢5E 8 Ak KL
1.7 HREFFEEEFRENE

ARG AR 1508 ] ELISA 3050 G000 7 45 43 4 Hh BV2 Al o B3 b i IL-18 IL-6 Rl IL-10 ¥R B, fff
5 A D 71 6 U 5 A3 40 T BV2 ALY Ca™ VR
1.8 GREMELELEE

K BV2 i1 LL AL 510" A2 ) B BEHE AP R, R 40 M 3 60% ~70% , ] LPS LPS+HD J PBS
SRR, EBREE AL PBS Wi UE 3 K, T 4% Z R 30 min, 19%Triton-X @ % 20 min, H PBS ik
3 U, 30 ¢+ L' BSA B, INA NF-kB Bifk, 4 Cid i, moeb —Hitm s, <R T ok
( propidium iodide, PT) B2 50 min, HIE FCE AEROEIL R AT G TSSO E S .
1.9 HiRAESSTHH

A BAE BT LI BEbRfEZE (2£SD) R . IR KRl SPSS 25.0 B PFEAT AL BE , B 3R 5 2500
Hr (one-way ANOVA) AT LL#L, 25 57 W & R H Bonferroni 2 8 WAL AT HIE . P<0.05 F/n 27 0%,
P<0.0158R 22 B B3

2 HR5HH

2.1 RBEEX BV2 HAfE AN

HERGE E1 AT BV2 i e A3k 1 451, 1SS FE A [R] B ) SR DU /1K (HD/LD ) R BE K1 X 4 B 3% 77
ORI , S5SNI 1 TR 76 6 h i5F, LD 5 HD ET 245K /R W B AY 4 i 351 ( P>0.05) . it B4 i) 428
£,LD 5 HD EI ¥WHA B E MM EETE(P<0.05) , FETF I R4 A T e ln R B ik, AR pe$5
6 h FITCHMIEEE HD #5175 22 9% .
2.2 BREIEIHMEXANE mRNA F1E A RIEHEN

fERHF S5 H I M RAEFEE . FRUEAL B S BV2 4002 42 [ F 1) mRNA F14E [ 2k 45 1
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K2 F13 iR 500 IR0 AR HE, LPS Ab B i 25 4
JfE R HF 1L-18 . 1L-6 . TNF-a FIIE R ilf — A 1k
A A U ( nitric oxide synthase ,iNOS) FR I i
2 ( cyclooxygenase-2, COX1l ) mRNA ) 5 ik K fi¢
P M 235K F (P<0.05) , HD ZHAZ 44
JEF KK B FET LPS 41 (P<0.05) , i i Fl.
5 LPS AbFHA ] IL-1B  IL-6 kK V25 57 B &
(P<0.05) , HAbAE R A i 22 55 A 2 (P>0.05)
BV2 4 i rp g 4% P A 25 2R R, LPS 5 HD
REFRZH E] TL-18  IL-6 IL-10 By ik K V-2 57
# (P<0.05) ,LPS S5 /IgliFL (FE) AbFREH B 2= 5 A8
W (P>0.05), Ak, HD AbBHE 38 find 48 7
IL-10 FEK/KF-(P<0.05) , ZHEHTLRAEA,

A IL-1p IL-6
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enzyme in isoflurane treated BV2 cells
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AHTG 1/% Cell viability
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Fig.1 Effect of treatment time with different concentrations

emulsified isoflurane ; HD ; F#€J& (0.42 mmol - L) FLAL 5 56k

emulsified isoflurane. *

Qb PH Treatment

R AR AR KT

Protein relative expression
levels

of emulsified isoflurane on BV2 cell viability
Con : X} & Control ; LD /& (0.21 mmol - L") FLAL T HUE Low-dose
High-dose
P<0.05, ** P<0.01. F[F] The same below.

TNF-a iNOS coxl

Kb P Treatment Qb P Treatment

iNOS coxl
1.5 3

* k3

AbP Treatment KbFE Treatment

B2 B&EkEAIE BV2 AFEXEFSRAE mRNA RERRIETK

Fig. 2 Changes of mRNA and protein expression of proinflammatory factor and proinflammatory

A. fE R HF mRNA KikHY qPCR Kl Detection of proinflammatory factor mRNA expression by qPCR ; B.fit R #FE [ # 3k ) Western

blot #:iill Western blot analysis of proinflammatory enzyme protein expression; C. % [ 2 IA il Detection of protein expression. FE: i§ i 7l

(0.39 mol- L") 4L # Fat emulsion ( 0.39 mol - L™!) treatment; iNOS; — % fk & & U Nitric oxide synthase; COXII ; ¥ fill % fif§ 2
Cyclooxygenase-2. +/—FKR M/ KB IMALEL, +/- indicates added/not added processing. T[] The same below.
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Fig. 3 Changes of proinflammatory factors in isoflurane treated BV2 cells



F2l AR 45 SR CaMK IT /ERK/NF-kB 18 BB /INiE J5 241 i 48 e K2 B AL Rl R 5% 319

23 RERREEREAEBFESEREARIENEM

WA 4 7R : CaMK I BHIT ) KN93 ik CaMK IT F11 ERK1/2 B #fR 1k, ERK1/2 BHETFHI U0126 {40
ERK1/2 BIBRR Ak, XF CaMK 11 JC 5 35 520, LPS &b B 25 34 Jin 40 g Ca® /K%, HD F1 NMDAR BH W7 51
MKS801 4b ¥ i & FAIK Ca™ 7K, H MK801 & | CaMK Il 1 ERK1/2 Bl 1k ( P<0.05) , CaMK II BHIKi5
KN93 1 ERK1/2 BHI 7] U0126 X} LPS 51 Ca® Fhim 3 52 (P>0.05) , [HHF, NMDAR #4307
D-22Z [R5 T HD AL BRFAAR Ca® .CaMK II F11 ERK1/2 BYVEH] .

A B 0.5
p-CaVKTI | SN S S0 S SN | S o4
g€
CaMKIT [ S B2,
— - T
p-ERK 1 [ . e B S = o oo
€30
GAPDH [ ————— | 0
LPS - + + 4+ +  + o+ LPS - + + + + + +
El - - + - - - + HD - - + - - - %
HD - - - + - - - MKS0I - - - + - - -
uoi2ze - - - - o+ - - uoize - - - - + - -
KN93 - - - - - 4 - KN93 - - - - - + -
D-serine - - - - - - + D-serine - - - - - - +
AbF Treatment AbFH Treatment
C 20 * D 20 «
a * a
2 2 s 82 .
% g 15F MoEy 1SF
S e
g 5 10 S § L0F
z s 3
Y =2 05F HZo05r
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0 0
LPS - + + + + + + LPS - + + + + + +
HD - - + - - - + HD - - + - - - %
MK80I - - - + - - - MK80I - - - + - - -
uorze - - - - + - - uoie - - - - + - -
KN93 - - - - - o+ - KN93 - - - - - + -
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AL Treatment Ab Y Treatment

B4 ReRSEREAENTILERERBEARLEARGEFKFLLE
Fig.4 Comparison of pathway enzyme protein expression and calcium ion level after isoflurane
and pathway protein inhibitors treatment
A. CaMKII Fl ERK 2K 123K Western blot £l Western blot analysis of CaMK Il and ERK protein expression; B. 4/ P45 85 1 & i
Intracellular calcium content; C. CaMKII 2 14 335 19 #itfk Quantification of CaMKII protein expression; D. ERK & 4 3% ik () it fb 45 32
Quantified results of ERK protein expression. MK801; NMDAR FHIi7] NMDAR inhibitor; U0126 ; ERK BHLIi#| ERK inhibitor; KN93 ; CaMK II
FHIEr#) CaMKII inhibitor; D-serine : D—22 43 % ( NMDAR {457 NMDAR agonist). F [i] The same below.

LS T LPS b B 4 5 «B I8 1 o (IkB-a) 55 NF-kB p65 AU#ERR LK F(P<0.05) , HD
20 TkB-a Bz NF-kB BERR ALK i KT LPS 41 (P<0.05) . BHWHI KN93 MK801 #l U0126 3[4 NF-
kB p65 il IkB-a BEFR /K- (P<0.05) , Uk Je 6 s LPS 2 NF-kB p65 7EAIHII% N 4x (5.5
HE R HD BA LS  A0HAE N SR EDO LR S ﬂ%’% D-22 R AL FEVT L 5% HD F#AIK IkB-o & NF-

KB BRI AL /KF SR A RO FE AT, LA b 25 R WA S5 ot o 00 4 2 1 Ay 1 A2 a8 a2 T BEL T NF-wB i
5 B TS TR NF-kB B
3 i

ZINEE J 290 3 TG S 2 R 5 22 ol e 223 AT M R BRI A L e R IO N R 4 i
A IL-18 IL-6 \ TNF-a S S AU K, A A 28 AT TF 5 DR PR 22 7T 41407 , 41 1 SRE S0 1 & A= G pih 28
HAV A FRRAS O B IS 28 G028 SN Y S BERRAE 22— RO R A TR AR, 5 S/ I T 4 6
JiE I 3 %ﬁﬁk)@m%ﬁl@%mﬁﬂub Pl BRI ) DRk L ) 9 ) D e S5 240 AR 4 A S5 84 3 0 T ik
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5 Ffke5iE RS EEFIAEE NF-xB 7 IkB-o FIBEERL ARSI 1L
Fig. 5 Changes in phosphorylation and nuclear translocation of NF-kB and IkB-a
after treatment with isoflurane and pathway protein blockers

A,B. NF-kB p65 7E4M {5t 55 i 4% 22 35 19 Western blot Kzl 14k Determination of cytoplasmic and nuclear expression of NF-kB p65
protein by Western blot and quantified results; C. NF-«kB p65 H i 5 [n] B A% 5 A0 (140 2 HE IR Representative image of translocation of NF-kB
p65 from cytoplasm to nucleus ( £k 4 Green: 1 [ F kB p65 NF-kB p65;ZL{4 Red: AL RE Propidium iodide) ;D. NF-kB p65 55 IkB-a Wik
LB 51 Western blot K5l Western blot detection of NF-kB p65 and IkB-a phosphorylated proteins ; E, F. BifiRft. NF-«B p65 Fl kB-a &
H#EiEM AL Quantification of phosphorylated NF-kB p65 and IkB-a protein expression.

GEANTIIR I, ABEFE KB LPS Ak B/ INKE S A A e 48 R 5 A9 b K LR T e, X5 DU A —
P S8, SRR 2 58 R A R AR R Y SR, T LA BV AH I ARAE SN, AR K B
NMDAR/CaMK II /ERK BEW7) %t i 5 PR30 R e 42 i 2 2 A 0 4 4 FHAS T8, s i PO 2 % il a8
VAR B A F Sl Sl B IRHTAE AT TL-10 B3R, AT BEAT B TR BV 41 M 5 5E B, K45 A
S E,

VER T ZAFAE T RS 22 R GE R 4 Ay P 22066 Jo 45 PR 1145 ) 8 138 18, NMIDAR 2 5 fiph % 328 A1 ]
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IAVERY A, WS NMDAR AT S-S0 P9 A58 280151 & I8 s ) ARG A5 R, 1PS
8 2 CaM K T1 AR Tk S 6 P 5 5 1R 32, 77 S 9o BEL I8 Ca MK T s 2 0 I o K MG A 465 8 7V 5 5 X L
CaMK TT BHISr 715 ERK BH T % CaMK T1 8% 2 b B2 i P9 45 25 7V B2 A 52 ), IE 52 CaMK T 4bF ERK L33
F232 55 B9 -4 s NMDAR BEWTRIA0 6 Ard 26 A 2 11 09 Bl R Ak T 3 I ML P9 45 B8 7V 2, H NMDAR %
BN 5 S b R B S S 96008 1) BEL OB FH g 206 2, 1500 S 905 36 o 40 i 3R 1T A2 /X NMDAR A FH T Ui
i

MAPK J& 4 AE HF b R 0] /D (15515 Sl i, R B S 50 O AT R s i AR g
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