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JAK2 Rl STAT3 3 FI iR 3K , IR 5 R 245 52 19 SH-SY SY 4l il ity 4 1= (P<0.01) . SRIALZA LLAL, 1 BHT g . % P& (X NO . TNF-a
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lipopolysaccharide (LPS) -induced inflammation of microglia (BV2) cells and the neuroprotective effect on
human neuroblastoma (SH-SY5Y) cells. Method: After the neuroinflammatory model was constructed by LPS
inducing BV2 cells, model group (LPS 100 pg-L"), administration groups (LPS+1 g-L" BHT, LPS+2 g-L"
BHT, LPS+5 g-L"' BHT, LPS+10 g-L"' BHT), and blank group were given DEME medium at the same
volume. In addition, neuronal apoptosis model was established by co-culture of LPS-induced BV2 cell
inflammation medium and SH-SY5Y cells (LPS-DMEM) and was administrated according to the above
grouping. Cell viability was detected by Cell Counting Kit-8 (CCK-8) assay. The content of nitric oxide (NO)
and that of tumor necrosis factor-a (TNF-a), interleukin-18 (IL-18), and interleukin-6 (IL-6) were determined
by Griess aasay and enzyme-linked immunosorbent assay (ELISA), respectively. The mRNA levels of TNF-a,
IL-18, interleukin-4 (IL-4), nitric oxide synthase (iNOS), and interleukin-10 (IL-10) were measured by real-
time polymerase chain reaction (Real-rime PCR). Western blot was used to detect the expression levels of signal
transducer and activator of transcription 3 (STAT3), Janus kinase 2 (JAK?2) and nuclear factor kappa-B (NF-«B
p65), protein kinase B (Akt), inhibitor of nuclear factor kB o (IkBa), B-cell lymphoma-2 (Bcl-2), and Bcl-2
associated X protein (Bax). Result: Compared with blank group, LPS increased the NO release, levels of
TNF- «a, IL-18, IL-6, and iNOS and protein expression of Akt, NF-«B p65, IkBa, JAK2 and STAT3,
decreased the content of IL-4 and IL-10 in BV2 cells, and induced apoptosis of co-cultured SH-SY5Y cells
(P<0.01). Compared with model group, BHT reduced the content of NO, TNF-«, IL-18, and iNOS (P<0.01)
and protein expression of Akt, NF-«kB p65, IkBa, JAK2 and STAT3 (P<0.01), elevated the content of IL-4 and
IL-10 (P<0.01), and inhibited the apoptosis of SH-SY5Y cells induced by LPS-DMEM (P<0.01). Conclusion:
This experiment reveals that BHT inhibited LPS-induced inflammation in BV2 cells by regulating Akt/NF-«B/
JAK2/STAT3 signaling pathway and showed neuroprotective effects on SH-SYSY cells.
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L) AR A AL bR e 1L E BT R IgG(HAL) . — &
kR AN E(PEBES X, M S HRH
110117190311, 122018190201, 110119190301 .
070618190201, 062718190304, 082418190222,
110117190311, 100673811609, 012318190311) ;
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AN FE] LS 4 1 C1195500CP, 190319 2322962
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F]) .D1008E %4 /NI A 25 .0 #L (35 [# Scilogex /A Al )
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Berthold 2% & ) . Cycler 720 %I PCR ¥ 1 1% ( 3 [#
Thermal /A &) ) . LightCycler96 %! Real-time PCR ¥
(26 E Roche A7),

£ DMEM 58 @ 15 32 511 (37 °C \5% CO, fa i 5 5+
ORI . FRAN A K = 80% I, 1 0.2% EDTA-Ji
Tit I A A AR
2.2 BHTZWifil& LFHE12g J8F9 g K%
12 g 3215 g M6 g il A 1045 /K2 0.5 h,
FIZE L hJa U8, PR 8 A% /K B Wk 4 i o 1,
T3k 15.9% , I FH i FH JC B K S ff Al 1 g-mL" (1 g
BT AT 6.27 g 255 ) , 0 %6 5 -20 °CLR A7 .
2.3 2R A Ny
231 BV2AIERAEBAIE . H BV2AHAELL 1%
10°~/mL H & 47 DMEM 5% 4= 8% 35 JL 3 Fh F 96 LAk
W E e fL P, B FE 24 h)m, A 100 wg- L' ) LPS
VW AR SRR 24 W R SE Y
2.3.2 SH-SYSY 4 i i i f B g 37 4% SH-SYSY
4 JfL LA 1x10° 4~ /mL H & 47 DMEM 56 4= 15 77 5L 42
T oo fLbrai & 6 fLM b, 555224 hj5 , 5 LPS i %
BV 2 40 fif 4 4iF 35 3% 3 (LPS-DMEM ) £ 5 2 24 h J5
WL SE R
2.4  CCK-8 VLA 40 MITE 1 K 40 B 42 b 31 96 AL
M, B L2 100 WL 4 L0 , 37 °C 1y 3748 85 57
24 W5, A B 323 5 BHT 25 W i 45 A [6] ot 1 vk )3
Z525#1(0,1.2.5.10,20.40.80,160.320.700 g-L™)
B 3% 24 h, B & 10% CCK-8 (55 35 3, &L A
100 wL, VR 2] B T IR 46 1 b, i AR AL 22
16 450 nm (W6 RE A, $2 LR 23 353 4% 41 40 i ik
T 2 o 2 BT 58 = (S 50 L A XF BRFL 4) /(X BRAL
A-75FFL A4)x100% .
2.5 Griess LM E BV2 A NO R & it K BV2 4
1 LA 2x10° /4> /mL #2270 F 96 FL AR, i A5 J5 L 43 51l 44
TS HA AT S5 2 4 A 24 h, 4 50 wL
WO A 96 FL A, i A ik 5l Griess Reagent [
50 wL J5 i A Griess Reagent I 50 wL, i FH i #r {%
TE 540 nm R E A,
2.6 ELISA #& ]l TNF-a . IL-18.1L-6 ) & & K
BV2 40 i LA 1x10° A /mL # # T 6 FLA  , # A5
O3 GT A FAH (Al R g 5L ) BERLAH (100 pg- L
LPS) %5254 (LPS+1 g-L"' BHT .LPS+2 g-L"' BHT,
LPS+5 g-L" BHT.LPS+10 g-L"' BHT) &b 3 24 h, Ik
£ L ELISA B & , a4 Ui B A5 4 I 13
¥ H TNF-a IL-18 . IL-6 [ & HF .
2.7 Real-time PCR il % TNF- «. IL-18. IL-4,
iNOS.IL-10 mRNA ik BV2 41 LA 1x10°4~/mL
. 3 .
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M T o fL i BS , H 2.5 0 F 4l 4 2 Ak
24 h, JH RNAex #2 B2 RNA , % Evo-M-MLV Jz &%
SR & R AE , cDNA fii T SYBR Green Pro HS 4t

BLAE S PE G W8 o PCR A, 4518 95 °C 78
20 s, 60 °CHEAH 30 5,45 MEFR , Eo s 20 M {40 F
MR B A LR 1,

F1 5l9F5

Table 1 Primer sequences
519 RS TS K /bp
TNF-a 5'-“ATGTCTCAGCCTCTTCTCATTC-3' 5'-GCTTGTCACTCGAATTTTGAGA-3' 179
IL-18 5-TGGTGTGTGACGTTCCCATT-3' 5'-CAGCACGAGGGTTTTTTGTTG-3' 71
IL-4 5'-TGAATGACTGGAGGAGCTGAGACC-3' 5'-CGGAGTGGCGACATCGTACATAAC-3' 90
IL-10 5'-GCTCTTACTGACTGGCATGAG-3' 5'-CGCAGCTCTAGGAGCATGTG-3' 105
iNOS 5'-GGGCTGTCACGGAGATCAATG-3' 5-GCCCGGTACTCATTCTGCATG-3' 121
188 5'-AGTTCCAGCACATTTTGCGAG-3' 5'-TCATCCTCCGTGAGTTCTCCA-3' 166

2.8 % BNk ik (Western blot) Il % AH 5¢ 25
FEAKFE BV2.SH-SYSY 40143 5 LA 1x10° 4> /mL
T o fLAR T, A AL A 25 A 3 24 h, KBRIE SR,
JIA RIPA 24 fiff i i 4R 26 11, BCA YA I 7 £ 11 8 &
Je o, WIAE . AR B 1 4> F R 8% SDS-PAGE Jig
AT B, A LA 20 pL, 5% % PVDF i I .
i FH 5% MR W5 %5 £ 1 1 h, BV2 40 Jfl i PVDF i 43
) B F STAT3 ., JAK2, Akt, NF- kB p65. IkBa (1:
2 000) , SH-SYSY 4il il i PVDF Ji¥ 43 Il 1% & Bax.
Bcl-2(1:2 000)4 °CHF & o % . 72 =T 43 51 5 A1
N ZH0(1:2 000) M E 1 h, ffi FH ECL k2%
KOG &R RLAR AN R AT B, I Vision Works
B R 5505 AT I 5307

£ 2 BHTXIBV2HH SH-SYSY fHAE HEIENE (x+s5,n=3)

2.9 Ziil2E4r#r oK F GraphPad Prism 8.0 % {4 %
SIS K AT AL S A N 25 R gL [ AR R
05 2250 T FL B4 ] 22 5, P<0.05 %) 22 58 1 L 40
NES-9'8

3 &R

3.1 X BV2.SH-SYSY Z4H i Sy 52 m BV2 4i
Jitd AE Kb B A 1] A 12 bR 24 h R E N 5 g LA
B BHT #7= A: — 2 8 M, H 41 B A7 1% £ <50%,
X} F SH-SYSY 4l ifg,5 ¢- L' A 49 BHT ¥ fig X} SH-
SYSY 40l 7= 4 # . BHT X T BV2 41 g #1 SH-
SYSY 4 i &b BRI 6] 78 24 hAE IS SRR 4RO 4 R
W BHT Il R B 7E 10 g L' LA T, 25 1EH
IF] Ry 24 hAE Ry J5 25090 1 45 25 56 AF . L3R 2.

Table 2 Effect of BHT on cell viability of BHT on BV2 cells, SH-SYSY cells (x+s,n=3) %
BV 2 4l Jitd 773 % SH-SYSY 41 Jfg £7 1% %
4 51 Tt e B /g L
12h 24 h 12h 24 h

2 HYH 100.04+4.06 99.97+5.04 100.00+8.03 100.00+3.28
BHT 4 1 125.72+22.46 96.62+3.70 92.95+4.43 87.71£1.69
2 97.90+5.26 85.85+11.79 90.07+1.80 85.00+3.01
5 117.13+11.03 106.94+9.27 92.58+1.84 98.59+5.36
10 38.30+1.48" 25.06+0.50" 78.65+1.87" 78.01+3.56

20 38.12+1.62" 23.38+0.25" 73.95+3.31" 73.61+4.38"

40 36.64+1.67" 21.91+1.70" 45.94+3.24" 57.38+3.70"

80 44.79+1.89" 20.41+0.45" 24.23+1.13" 27.06+0.77"

160 38.12+1.62" 25.46+0.96" 33.39+0.32" 21.06+1.30"

320 36.63+1.67" 29.74+0.30" 33.01+0.45" 17.75+1.00"

700 30.34+0.40" 25.53+0.45" 28.98+0.79" 16.23+0.11"

T 5 4 g Y P<0.01
. 4 .
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3.2 K[ R W ¥ BHT X LPS 5 5 BV2 41l il 4 4
) 5% W)

3.2.1 X LPSi%E S BV2 410 43 i NO  IL-18.1L-6 .
TNF-a BI04 25 (1 20 e, B 80 2 fi W 3% 14

BV2 41 Jfi NO . IL-18.1L-6 . TNF-a 12 4 4l I8 [ 1 /Y
A (P<0.01) ; 5HI 4] H 5, 4A 25 4 REFR AR NO 77
AR R AR IL-18. IL-6 . TNF-a 1Y & & (P<0.01) .
W3,

#3 BHTXI LPSiES BV2 404y NO.IL-18.1L-6 . TNF-a B &0 (X+s,n=3)
Table 3 Effect of BHT on NO, IL-18, IL-6 and TNF-a secretion in LPS stimulated BV2 cells (x+s,n=3)

20 5 F e /g L NO/% IL-18/pg-L" IL-6/ng-L" TNF-a/pg-L"
2 H4 45.14+10.37 59.15+1.97 84.34+6.81 111.70+2.56
H 70 24 100.00+£16.60" 103.65+8.40" 137.47+4.56" 173.54+14.54"2
BHT 4 1 66.51+14.92" 70.81+2.28% 89.50+6.37% 129.62+2.02"%
2 37.76+10.89” 56.08+1.72% 87.68+5.82% 124.03+5.24"2
5 26.83+7.08" 46.28+1.46% 81.74+4.94% 118.38+11.96%
10 36.15+6.79% 54.02+2.04% 90.83+6.11% 131.05+1.27"?

T 52 ALV P<0.01; SRR 4 A Y P<0.01(3 4-3£ 7[R])

3.2.2 XFLPSiE R BV2 4ififg Hh IL-18.1L-4 . TNF-«,
iNOS.IL-10 mRNA £ gm S5 A i,
2 LPSiAS BV2 4 i /9 IL-18 . TNF-a .iNOS mRNA
Feik W FE BN, IL-4 . 1L-10 mRNA % 5 W & F &

(P<0.01); SHERIA] Lb 5, 45 265 41 b 3 B AIK 1L-18.
TNF-a.iNOS mRNA ik (P<0.01), 2 & Ft = [L-4,
IL-10 mRNA %3k (P<0.01), H R & E R 5 gL
TEHRBOR b . W34,

X4 BHTX LPSESBV2 M H IL-18.1L-4 . TNF-a.iNOS.IL-10 mRNA BI 08 (x+s5,n=3)
Table 4 Effect of BHT on IL-18, IL-4, TNF-a, iNOS and IL-10 mRNA in LPS stimulated BV2 cells (x+s,n=3)

21 51 JR R /g L IL-183 IL-4 TNF-a iNOS IL-10

2 HU 1.00£0.05 1.00£0.01 1.00+0.01 1.00+0.01 1.00+0.02

AT 4] 9.69+0.06" 0.56£0.05" 2.71£0.17" 11.34+0.01" 0.42+0.01

BHT 41 1 6.60+0.44"% 1.11£0.06% 1.81+0.02"% 8.34+0.04"% 2.92+0.06"%
2 4.10+0.15"% 1.20+0.06” 1.65+0.21"% 8.11+0.06" > 3.53+0.07"%
5 1.67+0.13% 3.39+0.15"% 1.32+0.15% 5.80£0.19'% 6.11+0.12"2
10 7.26+0.02'% 2.73+0.17"% 2.20+0.17" 9.07+0.03"% 2.68+0.18"%

3.2.3 Xt LPSiE F BV2 4 il o 4 4E {5 5 1 K A
FKEMEm 55 A4, B4 NF-kB p65.
Akt . IkBa £ 1335 &t b 3 Fh i (P<0.01) . S HLAY
#4525 41 NF-kB p65 . Akt IkBa #1568 H i 3%
FEAR (P<0.01) . LA, ARSCE AR R T NF-kB Ui

JAK2/STAT3 i i . 525 F 4 i, LAY 24 JAK2 .
STAT3 # [ £ ik it B % T s (P<0.01) ; S AL A [
B, 45 2 2 e W 3 PR AR JAK2 L STAT3 2 [ & ik
(P<0.01) , HS5 gL' fEH R EME. W*EKS
1,

&5 BHTXLPSiFESBV24HMid JAK2.STAT3 . NF-«B p65.Akt. IxkBa BB RIEFM (Xx+s,n=3)
Table 5 Effect of BHT on JAK2, STAT3, NF-«B p65, Akt, I«Ba proteins expression in LPS stimulated BV2 cells (x+s5,1n=3)

415 JB e /g L JAK2/GAPDH STAT3/GAPDH  NF-«B p65/GAPDH  Akt/GAPDH IkBa/GAPDH
2 H4 0.63+0.02 0.46+0.02 0.32+0.01 0.72+0.02 0.68+0.07
R 4] 1.00+0.07" 0.59+0.02" 0.69+0.58" 0.89+0.01 0.83+0.04
BHT 41 1 0.50+0.01% 0.43+0.04> 0.59+0.01” 0.82+0.12 0.82+0.07%

2 0.46+0.01% 0.35+0.01” 0.53+0.01” 0.57+0.13% 0.55+0.02%
5 0.41+0.01% 0.32+0.01% 0.48+0.01” 0.49+0.02” 0.47+0.04%

« 5.
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Fig. 1 Electrophoresis of JAK2, STAT3, NF-«kB p65, Akt, IxkBa

proteins expression in BV2 cells of each groups
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Table 6 Effect of BHT on activity of SH-SYSY cells induced by
LPS-DMEM (x+s,n=3)

415 e v i /g - L I LAEIE /%
Sk 100.00+0.03
TR 4 51.91+0.13"
BHT 41 1 108.47+0.17%

2 112.38+0.63"%
5 102.79+0.03%
10 69.61+0.27"
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H R IA GG, Bel-2 8 1 3R 3k W 3 B AR (P<0.01),
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Fig. 2
SH-SYSY cells of each groups

Electrophoresis of Bcl-2, Bax proteins expression in
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fig (x+s,n=3)

Table 7 Effect of BHT on Bcl-2, Bax proteins expression in LPS-
DMEM stimulated SH-SYS5Y cells (x+5,n=3)

21 51 M S /g L Bcl-2/a-Tubulin  Bax/a-Tubulin
sk 0.31+0.02 0.30+0.01
IR 2] 0.28+0.01 0.52+0.03"
BHT 41 1 0.35+0.01% 0.31+0.03%

2 0.35+0.01% 0.37+0.03%
5 0.39+0.02" 0.35+0.02%
4 ITig
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