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[ Abstract] Objective; To investigate the effect of baicalein (BAI) on SH-SYS5Y cell injury in

lipopolysaccharide (LPS) -activated BV-2 cells conditioned medium and its mechanism. Method: The BV-2
cells were activated with 1 mg+ L' of LPS to establish the conditioned medium of the LPS group, and a blank
group and groups of BAI with low, medium, and high concentrations (4, 8, 16 wmol- L") were established.
SH-SYS5Y cells were cultured with the conditioned medium of each group. The cell viability of BV-2 cells in each
group after the intervention was determined by cell counting kit-8 (CCK-8). The content of tumor necrosis factor-a
(TNF-a) , interleukin-6 (IL-6), and interleukin-18 (IL-18) in the supernatant of BV-2 cells in each group was
determined by enzyme-linked immunosorbent assay (ELISA). The protein expression of a-synuclein (a-syn)
and tyrosine hydroxylase (TH) in SH-SY5Y cells was observed by immunohistochemical (IHC) staining, and
the nuclear transfer of nuclear factor kappa-B p65 protein (NF-«B p65, p65) in SH-SY5Y cells was observed by
immunofluorescence (IF). The protein expression of Toll-like receptor 4 (TLR4) , p65, phosphorylated p65
(p-p65) , and Myeloid differentiation factor 88 (MyD88) in SH-SYS5Y cells was observed by Western blot.
Result: As compared with the blank group, the viability of BV-2 cells in the LPS group was significantly
decreased (P<0.01) , and the content of TNF-«, IL-6, and IL-18 in the cell supernatant was significantly
increased (P<0.01). As compared with the LPS group, the cell viability was significantly increased in groups of
BAI with low, medium, and high concentrations (P<0.01), and TNF-« in the cell supernatant was significantly
decreased (P<0.01). The content of IL-6 in the cell supernatant was decreased in the BAI group with high
concentration (P<0.05), and the content of IL-18 in the cell supernatant was significantly decreased in the BAI
groups with medium and high concentrations (P<0.01). The results of conditioned medium cultured SH-SY5Y
cells showed that as compared with the blank group, the protein expression of p65 in the LPS group entered into
the nucleus and accumulated, and the protein expression of TH was significantly decreased (P<0.01), while that
of a-syn, TLR4, MyD88, and p-p65 was increased (P<0.05, P<0.01). Compared with the LPS group, the
protein expression of p65 in SH-SYSY cells in BAI groups with low, medium, and high concentrations
gradually dispersed into the cytoplasm and had the enhanced protein expression of TH (P<0.01) but the lowered
protein expression of a-syn (P<0.01). The protein expression of TLR4, MyD88, and p-p65 was decreased in the
BAI group with high concentration (P<0.05, P<0.01) , the protein expression of p-p65 and MyD88 was
decreased in the BAI group with medium concentration, and the protein expression of MyD88 was decreased in
the BAI group with low concentration (P<0.05). There was no significant difference in the protein expression of
p65 among groups. Conclusion: BAI can inhibit the activation of BV-2 cells, thereby inhibiting the
inflammatory response caused by LPS and further inhibiting the damage of inflammation to SH-SY5Y cells. The
mechanism may be related to the regulation of the TLR4/MyD88/NF-«B signaling pathway and reduction of the
inflammatory response, thus playing a neuroprotective role.

[Keywords] Parkinson's disease; lipopolysaccharide (LPS) ; baicalein (BAI) ; Toll-like receptor 4
(TLR4)
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it b5 AL 450 nm T W E OGRS A A RS 1A
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Fig. 1 Effect of different concentrations of BAI on morphology of LPS-activated BV-2 cells (inverted microscope, x200)
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F1 AREIRERBAIX LPS BiE M BV-2 A E NI (Gxs,
n=3)

Table 1 Effect of different concentrations of BAI on viability of
LPS activated BV-2 cells (x£s5,n=3)
4151 e 2 i 3 /%
= HH 100.00:£0.00
LPS 41 I mg-L" 78.98+0.96"
BATMIR V& J 41 1 mg-L"'+4 pmol-L" 98.11+3.872
BAI ik 4 1 mg-L"'+8 pmol-L"! 92.83+1.61%
BAT & ik B2 41 1 mg-L"'+16 wmol-L" 95.29+2.16%

T 528 4L U P<0.01; 5 LPS 41 4 2 P<0.01(F 3 7))

TNF-o IL-18 ¥ i 3 RE A, Bk BAT IR ik Ji 41 1L-18
A, S B RA G4 E L (P<0.01) , H 2 1 5 4R
PEFEAR ; 15 LPS 20 H 4%, BAT i e 8 40 40 i | 35 9
IL-6 & & F A% (P<0.05) , BAT{IE . Hfk i 20 v TL-6 157
HAEFK AERESEITEE L, WER?2

3.4 RIF M BATAL B LPS 476 A9 BV-2 41 il ¢
1 85 3% H XF SH-SYSY 40 Ml JE 25 () 52 i 1E & 4l
SH-SYSY 41 M W B A= K, 2 iM% | i 5438 28 ; LPS
41 SH-SYSY 4l i 2 i P A 4 L 4% 4 1 24, 40 it 43
i7" BALA W B 2L Bl 75 BATVR B T+, 4l R 25
BRI RTG530 FHIE . UL 2

#x2 AEIREHBAIX LPSHiEH BV-2 @K L5 R P TNF-a. IL-6.IL-18 & 2K M (x+s,n=3)
Table 2 Effect of different concentrations of BAI on contents of TNF-a, IL-6 and IL-18 in supernatant of LPS activated BV-2 cells (x+s,

n=3) ng L'
51 R TNF-a IL-6 IL-18
2 HA 117.640.8 85.83+10.6 27.1£1.7
LPS 41 1 mg-L" 5039.0£291.5" 6421.0+1 486.0" 39.2+0.8"
BAIIR k& 41 1 mg-L"'+4 pmol-L" 3948.0+139.7Y 4341.0+£998.2 34.9+2.5
BAT ik i 41 1 mg-L'+8 wmol-L" 3275.0+434.2Y 4178.0+1 025.0 29.2+3.1%
BAI & ¥ £ 41 I mg-L'+16 pmol-L" 1 842.0+489.0" 3 717.0+£449.0” 28.0+2.2%

525 R VP<0.01; 5 LPS 4 H 8% 2 P<0.05,% P<0.01

A B Cc D E

B2 AERER BAISIEAR LPS HiE BV-2 4 i 5 5 57 &34 SH-SYSY @I 25 B0 2200 ({8 B W38 L x200)
Fig. 2 Effect of different concentrations of BAI on morphology of SH-SY5Y cells activated by LPS activated BV-2 cell conditioned medium

(inverted microscope, x200)

3.5 RIRHEEE 9 BATXT LPS #4035 9 BV-2 40 g 4% 1
Wi R A A B SH-SYSY 4 i b TH . a-syn £ [ R 15
BISCIE 52 4L He A, LPS 41 SH-SY5Y 41 Jifd fitd S
o TH 2 1 58 8 3% T % (P<0.01) , a-syn & [ & ik
TR (P<0.01) ;5 LPS 41 % , BATE .+ L vk
FELH SH-SYSY 4 i i i v TH 2 (1 A ¥ B & T+
(P<0.01) , {HJCHe B2 #1555 LPS 40 b %%, BAIIX .
MR M FE 4L SH-SYSY 41 i it it P a-syn 7E 1 R A
BERL(P<0.01), H 2 KM, WE 3 K4
mMk3,

3.6 [A) ¥k BE () BALXT LPS #03% (19 BV-2 41 it 55 1
B SR A P Y SH-SYSY 41 p6s 3 I B K
W 525 (4 e, LPS 4 SH-SYSY 4 il p65 &

23k 10 % N B4 ;5 LPS 41 L&, BAUIE . 35 ik
20 SH-SYSY 4 Ml p65 &5 1 7% ik 3% ¥ 43 #5241 il
i, o DL BAL Sk EE A B W R . DLIAL S

3.7 RIEHE A9 BATXT LPS #3% 9 BV-2 40 i 4% 14
B 9% 340 BR Y SH-SYSY 41 Jifd Ff TLR4 ., p65 . p-p65 .
MyD88 # [ Rk 525 4 b4, LPS 4
SH-SYS5Y 4f s ' TLR4 % 11 % 5 W B T & (P<
0.05), H MyD88 % [ .p-p65 E £ B ¥ B E T
(P<0.01); 5 LPS4l L% ,BAI E Mk FE 41 TLR4 K [ .
p-p65 & [ % ik W i F# ik (P<0.05) , MyD88 & 1 %
ik 3 AR (P<0.01) , BAT " ¥ FiE 2H p-p65 2 1 Al
MyD88 5 [ # ik B i FE I (P<0.05) , BAT{IR ik 2 2H
MyD88 4 1 3 35 B W P& I (P<0.05) . 5= AL
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Fig. 3 Effect of different concentrations of BAI on TH protein expression in SH-SY5Y cells treated with conditioned medium of LPS

activated BV-2 cells(IHC, x200)
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Fig. 4 Effect of different concentrations of BAI on expression of a-syn protein in SH-SYSY cells treated with conditioned medium of LPS

activated BV-2 cells (IHC,*200)

£3 TEIREH BAIX LPS #EH BV-2 B K G EFELERN
SH-SYSY 4 TH.a-syn ® ARIEM T (+s,n=3)

Table 3  Effect of different concentrations of BAI on TH and
a -syn protein expression in SH-SYSY cells treated with conditioned

medium of LPS activated BV-2 cells (x+s5,n=3)

2115 e B TH

a-syn
sk 0.367+0.018  0.135+0.007
LPS# 1 mg-L" 0.187+0.019" 0.289+0.033"

BAULH 2] 1 mg-L'+4 wmol-L"  0.249+0.016” 0.218+0.006

BAIh k2] 1 mg-L'+8 wmol-L"  0.301+0.030” 0.206+0.013%

BAIF 21 1 mg-L'+16 pmol-L" 0.280+0.010> 0.146+0.015

4, LPS 41+ SH-SYSY 41 it p65 & ik T, (1
ZEF G 2E R SR A, BATH | vk
20 SH-SYSY 4l fifd b p65 & 11 R iR K, H 22 R 048
TR, WE6. £ 4,
4 itig
PD J& — P 5 AR I A OC 1Y), B 2% 1 pl 2R A7 M
Ji,60 % 90 4 PD K F [ 3 K 5~10 /%", PD Y
95 DRl B 2 s ML v A B A, 3 2 R PR A 45 a-syn
A IR T & AR A BRI RERE AT 12 B -5 W
NI R N RN S W (4
AT Gt
M2 AT S PD I — N EEEIRHLE £ 55
& Mk PD 1 9 R A 1E R L ROE /MA A TR
7 1 0 Wb I 4% 0E 1 HE J& 5 PD Y & A %5 D) A
. 98 .

SRR A Ry R B I P 0N 5T AR LT A0
HNE B 1953 W, ROS B — %A AL A (NO) 1 7= A= ¥
HEEN T ZE 2T B G . Toll B 52 K
(TLRs) &M 28 92 0E I T 19 G B 27 1R % A -l Ik
£ 55 MyD88 K #i i 15 Fl MyD88 E 4Kk #i i&x 1% .
MyD88 5 TLRs I ) TIR £5 #4 5 AH 3¢ , 7 32 W A,
MyD88 i b #f IL-1 32 14 A 5C i i (IRAK) 47 55 |
TLRs b+, i 13 IRAK & A= B B2 Ak It 80T, 5 28 0
NF-«B 1] %% W% %, DT A RAE 71020 Rt
TLR4/MyD88/NF-«kB f& & JiE & i o & 56 & Z A {5
g

T N A 5206 % B BAT fiE A7 R0 0 3% 4 22 R .
BAI B8 %45 2040 1 NOD £ 52 /& #0455 14 45 #4 3 AH 56
5 1 3(NLRP3) 4 i /N 1A 38 %, Wkl % MPTP 38 B 19
KB A2 RE , & i K B PD IE IR, [A] i) BAT 7] )
B8 i 5P B 28 E FR T (BDNF) 43 W, 3800 1 42
iRt 46 7 1R B(Trk B ) AR 8 R 5% 0 e - 45 & & A
(CREB) , &% fift ff1 Jie i 38 A () PD A5 78 K B4 A JiE
AR, I HOBAT AT DLl 7% i MPTP & 1% (9 SH-
SYSY 4 fifd S Ak B 3, 98 /0 TR T (MDA ) 1 4801k
Yy fL i (SOD) 1) 2% 35, [l B 2036 MTPT i 5 19 /N
KAz B 40 0, 30 0 2 R AR BT ok A A i BRUER L ORA
LU EZ D R

AW FE A BT R 1 mg - LAY LPS Hl
BV-2 4l ifg JE B 4% 1 15 37 36 4E FH T SH-SYSY 41 Jifd
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E5 FREKERBAIX LPSHEFENBV-2 A& EEFELIERN SH-SYSY 0 p65 FE QX EBRI M (AL, x200)

Fig. 5 Effect of different concentrations of BAI on nuclear transfer of p65 protein in SH-SYSY cells treated with conditioned medium of

LPS activated BV-2 cells (IF,*200)
TLR4 | ‘ - B S 110kDa

- . é h - 65D
NF-<B p65 (i AN D S 8 5 k-
MyDgg = ‘ —

p-NF-xB p65

.‘ —— 33 kDa

B-actin 42 kDa

A B (© D E
6 LPS#iEH BV-2 4000 5% 35 5 A B B9 SH-SYSY 48 A8 TLR4.
NF-«B p65.p-NF-«B p65.MyD88 & [ & i% H ik
Fig. 6 Electrophoresis of TLR4, NF-«xB p65, p-NF-«B p65 and
MyD88 proteins in SH-SYSY

cells cultured with different

concentrations in LPS-activated BV-2 cells

N7 PD RRAEAH AR SN AY  BIF 5T BALX PD 4 4iE AH G
PROMEERL AP AR o 25 2R R B RS2 v BV-2 4

Fx4 AEIREHBAIX LPS HiEH BV-2 Al £ M ELER SH-SYSY 41/ TLR4.p65.p-p65.MyD88 & 1 K iX

0 AR A B DR 4 L sk /b A RS 2 AR K 2 i
15 7 W) S BEAR, BATAIG, v s W 32 20 4t g 43 S o 7
75 H 20 M35 3 Th i X LPS &b B BV-2 4 ity 4% 1
Br 5 AT R, LPS 40 TNF-a IL-6 . IL-18 3
TR T BALS v v AL & R E R
BIReA% , 16 W) BAT R 8% A 200 ] BV-2 48 M B0 | vl
B2 RE RCNE B AR E R B K Ak BT
BV-2 4 jfd 5% 74 1% 72 HAE ] T SH-SYSY 40 /0, 45

R, LPS 440 a-syn 2 (A Kk B TH R, TH & H
Feak E AL, RIS p6s TR (M A 5 B B i 5 i BAT{IK
R R B 2 a-syn £ P R GA i BRI, TH 48R 1 3R A
it Tt [ p6S & H 4 A T A ML BT T
M. HeAN , ARBFTEIE & B, LPS 30 (0 2 1F b5 9 5L v
SH-SYSY 4 ifg B TLR4 . MyD88 Fl p-p65 & H & ik
WA AT M BALK b AL E R

&M (x£s,n=3)

Table 4 Effect of different concentrations of BAI on protein expression of TLR4, p65, p-p65 and MyD88 in SH-SYSY cells treated with

conditioned medium of LPS activated BV-2 cells (x+s,n=3)

205 e RE TLR4/B-actin p-p65/B-actin p65/B-actin MyD88/B-actin
24 0.08+0.03 0.26+0.07 1.30+0.17 0.19+0.02
LPS 41 I mg-L" 0.41+0.13" 0.76+0.10” 1.59+0.03 0.49+0.07”
BAIIL & JE 241 1 mg-L"'+4 pmol-L" 0.32+0.11 0.51+0.09 1.68+0.33 0.27+0.13%
BATH M 4 1 mg-L"+8 pwmol-L" 0.25+0.12 0.39+0.17" 1.56+0.32 0.27+0.04%
BAI i ¥ B 41 1 mg-L"'+16 pmol-L"' 0.15+0.06" 0.39+0.18" 1.47£0.13 0.22+0.07"

A 4L Y P<0.05,2P<0.05; 5 LPS 41 [t 4% ¥ P<0.05, P<0.01

.99.
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IR R R o WIS DA R I 0N T 4 i T R i
1) 22 i 9 9 DR 1) 458 S A7 7E 7T A 28 3 28T a-syn 3R
ik, BE5E o-syn 1Y M2 BRI A 2 T Y AR 1 TE]
B a-syn (1 3R 4 F — 25 BT B 28 R E , P A B4
BE B B PG BR B R i 2 B R 48 o0
1122 AR GE T BV-2 06 5 A E I, Ak
F K5 5% B 40 P SH-SYSY 40 M )5 , {2 ¥F SH-SY5Y 41
Jitl i TLR4 2 (1 4% 3k, 16 fk MyD88, {2 i#F p65 i ik
1k, T 51 SH-SY SY 40 il & A 0 LI, 77 2R 46
it K2R R B 50 (9 77 A2 5 B0 SH-S Y 5'Y 41 Jifd v
a-syn 7%k 1 5 K R AE RAE RN a-syn 25 Y
ST, e 2 3E i SH-SY5Y 40 f5i 45 SE T 5 1M
BAT 15 900 il /0N e J5i 40 J A9 38 3%, R E IR 4 b
/b, TG 4 i) TLR4/MyD88/NF-«B 155 5 il #% 7%
A, Uk 5% SH-SY SY 4 g 1Y 98 ik Sz, [A] B 42 i a-syn
R B AR, B X SH-SYSY 40 i 77 2F B i 4 4
EH .

g5 b iR, BALRE % 410 il BV-2 40 i 0 , AT
Ml LPS 3 A Y 2R BN, 3 17 HE— 25 400 il 52 S 4
JiL R SC 6 R SH-SY SY 40 it (1) 48 iE 52 I, i 5% Ak 7
T KR R A P a-syn [ AR K TH Y 63K,
T P 4 E 3 A1 R 20 i 1 R R T, AR R
JG . HAE HHL I 0] B8 7F F BAIL B % 4 45 TLR4/
MyD88/NF-«B {5 5 il I , ¥l /> 48 SiE A G 8 1 & 3k,
Wk A AE R, R AR 2 R AR .
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