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B9k &R 150 200 300 F140.0 pg-mL™' T4 TNF-a IL-18 Fl IL-6 437K - TH 5 44k — 41k %k 20.0 .30.0 F1140.0

pg-mL™ B #E 4] Notch-1 & Hes-1 H [AFRBKT-TH . WFFREY, 9k A EKR 585 B0 MG 77 BEAR , M3 40 Jf J5E 1) 52
P | 995 - & Notch {55 J{AH X 9 Notch-1 F1 Hes-1 (kKT
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Abstract: In consideration of the wide application of nanomaterials and the potential risk of their biosafety, this
study aimed to investigate the effects of Nano-TiO, on Notch signaling pathway and the secretion of inflammatory
factors in microglia. Different concentrations of Nano-TiO, were used to intervene microglia cells. The cell viability
was determined by MTT; the lactate dehydrogenase (LDH) detection kit was used to determine LDH activity in the
cell supernatant; the secretion level of tumor necrosis factor-a (TNF-a), interleukin-18 (IL-18) and interleukin-6
(IL-6) in the cell supernatant were measured by ELISA; the protein expression levels of Notch-1 and Hes-1 were

detected by Western Blotting. Compared with the control group, the cell viability of the 40.0 wg-mL™" and 50.0 pg
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-mL™" Nano-TiO, exposure group was significantly reduced; 20.0, 30.0 and 40.0 wg-mL™" Nano-TiO, exposure

group had a significant increase in LDH level; the secretion levels of TNF-a, IL-183 and IL-6 were increased in the

150,200, 30.0 and 40.0 pwg-mL™" Nano-TiO, exposure groups; the expression levels of Notch-1 and Hes-1 were

increased in the 20.0, 30.0 and 40.0 pg-mL™' Nano-TiO, exposure groups. It is suggested that the exposure of

Nano-TiO, lead to the decrease of cell viability, the destruction of cell membrane integrity, and the increase on the

expression of inflammatory factors, Notch-1 and Hes-1 proteins.

Keywords; titanium dioxide nanoparticles; microglia; inflammation; inflammatory factors; Notch

g >k — 4 1k Bk BUKE (Nano-titanium  dioxide,
Nano-TiO, )&/ F i, 7 F F 2 AR R Z (8] i) —
FlBr BRI K AL RL, B T HA& TiO, JEA RS, 8
FLAG— SLRRR B BT, 10 el 25 SR 2 i T g
5, 43P RN B4, Nano-Tio, AT T4kl
i DDRELT4E YKL BRI S e, nIE A5
SN G B 1k AN R 4R EN I JLAE Sk,
Nano-TiO, 7EHT R £ il A5 AR fr i 78 m 7))
LGN H A RS, ERMEE e b,
WNMEREAR | A RE 255w T A SR | O A ]
G B U R NASZE B Nano-Tio, "

Wil A KRR 1) O FH RO ), AT A 2
Fl ML 2t KR, e 4k ) R 5 ke T AT A9
Koyt AHRMR N LI A5 R B, Nano-TiO, 1l fE 4>
oE 3k G B 5 1T 5 R I ) R i % B 5 Tl R
E R 2y v o 2 e OB BN NN '8
YAIRFEDT s AT LA ik o i 5 2 A R Bl 2 R
ST B2 RAE SO AE 5 2 AR 1 fiki
e P30 25 P 1N, 4 R O 5 B ) S E R
ZO-1 Fl Claudin-5 ik 32 2T S5 w1 39y 1)
73 [A] 2% 2] Re ) ACIZ R T, S8 e A2 2R L, 3X
BEWRF Nano-TiO, A BEFE KM AR 2 M1 E ki
ZARTTHEARY
AN B AR R I & B R C AR, LT
S ARSI R G, /NI B2 2
FX P 28 R G0 v 1) I 2 i, R AR iR o 28 R G5 v
R B — T i B — SRR R N T4
L DA Ay 2 o R ) i s B A gt — L K BBk 48
ek i 2 R G RE B Ao 0508 5, /DN I S5 4 K 28 5
— R 2B BRSSO
(/NS o AR ™ 10 SR 3 A 1) /0 e T3 40 i 2 v X
P2 RGN AR R BT At SE A 2 d ) 0 Y
TENPRI A2 A i i B O 1 /N S T 240 e T e
St Z R T SR TR A 3, A
R334 Fp 225838 T-" ) Nano-TiO, 1EA

YRAP R Tz AR I 2% T DAGE S A R R R
i1 AN NS R SN (N s NG R O L2550 R ]
/NI J5 240 AR A ki P ) 4 952 4 B, Nano-TiO, X /)
2 IO 4 L ) 2 B — 1 A2 R

Notch 15538 P& 78 i fb I /55 BE PR 5F, 3 4 AH 4B
2 2 TR AR RE B AR RS 20 AR A R oA
KA. KEWFTR R, Notch {5 51 i 7T g P 241 fig
Y HAE R SR SR A o 1, HL5 e i 9%
PR AR fd FR [R) R BE Y Nano-TiO, 4
FE/NBE AN M, FE A 5Y Nano-TiO, X /)N i J5t 201 g
TP JHL A4 B ) 0 e M B A TR 1 - D IR 100 7
o, B S BT T Nano-TiO, X} Notch 15 538 %
PEVERT, T B R — 25 #1467 Nano-TiO, 55/
JU& o 44 98 i S Iz 18 -—F- B

1 ##l577% (Materials and methods)
1.1 FELH

/NE BT AR (B V2)(Hh [ BE 2R} 2 B B il B2 2 BF
FEHTHN I H 0y ) ; Nano-TiO, fUk: (1% & Degussa 2y
F]); DMEM 7 B 45 55 £ (36 B HyClone 28 /) i 2R
13 (3% [E HyClone 723 7)) 0 HY 35 1 (0 e £5 (MTT)
(T = 3R 5w Sigma 2> w]) 5 ZLIAR i 2 i (LDH ) A6 ] 12X 551
B A A ) TR B 5 T ) 5 XU AAR O K A
JEE MR BFE S 365 (ELIS A Yiak ) & (b v Mt 1B AF My LA FR
AT
1.2 EBAUE

TR SCHRLAE 43 M A (Zetasizer Nano-ZS90 , H&
Malvern A w]); i 5 43 A7 A (RT-6000, 52 [E] Rayto /A
1) s FE EN L KA (DYCZ-40D , Jb 5l A —AUAR ) )5 fh2F
KL 255 (Tanon 5200, | KAERIHABRA ),
1.3 SEgk
1.3.1 #il#% Nano-TiO, YL &R

{8 L R RS B i — % 5 1Y Nano-TiO, #;
K, INAGE 2SRRI, AT R
R A S 6 S JICAE O Y
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1.3.2  4iffukiss

W5/ S T 40 B BT A 10% B 25 T 10 s A
DMEM 1,8 T 37 C 5% CO, &M T 3%, Wik
Fr 3% RO K T A T S
1.3.3 Nano-TiO, ki £

Fi B Nano-TiO, RE, {5 FH 5 /R SCRLEE 43 BT 48
1 S CEE A Nano-TiO, TA/E¥ ¥ ' Nano-
TiO, MIkif% 2/ R EU(PDD)FI Zeta HLN
1.3.4 MTT 22 A7 15 %

FE/INBE ST 8 3R B KIS, PL 1x10°
A emL ™ Y BE R B 96 FLES TR b B IR, TR
MG RE S e AT 40 A L2 % B ZH AT Nano-TiO,
REFRLH e JE 435 15.0 .20.0 .30.0 .40.0 F150.0 pg
-mL™, BAA S DRI, IFIRERE 24 h, 05
LA 10.0 WL WA 5.0 mg-mL™ MTT %
W IF AR SRR M h 3 5% 4 he BALHIMA 150
pL ZHILE A (DMSO), & THE R [, fif f ik
SRR, RGBS ORI O B D(560) (B 1154
YRS 11

HMILETE 2% ) = [ D(560) S 56 24 — D(560) %5 |
ZH)/[D(560)%} FEZH - D(560)%5 FHZH]%x100%
1.3.5 4N FRM L g LDH 3G PE 2

HCE T IR /NI B A, L 6x10% 4> -
FLT A B 24 FLIR SRR R SR A0 RN RE
& IS A AR 0 ,15.0 ,20.0 .30.0 F140.0 pg
-mL™")AJ Nano-TiO, HJ5E 45975, 15557 24 h J5 I
IERFRW, B ORI T, R E RS (AL, 1
450 nm Ab 5 5% FE AR, 715 LDH & %, JF AR 4l
LDH a7 & 156 B B o 40 A i 50 3

LDH {§#E(U - L) = [(W 22 fL. OD {H - X H 21
OD {H)/(br#fEfL OD fH -=5 1L OD {)]>x bR it ¥
£ %1000
1.3.6 ELISA ¥4 IL-18.1L-6 fil TNF-a 43 i)
K-

U PR R/ N B AL, LA 6x10* 4 -
FL AR BRI 24 FLACT R R . IS RE S 4
SRS ] e B /) Nano-TiO, #5841 55 %0,
15.0.20.0 .30.0 F140.0 pg-mL™"), 53 24 h J5 s
S SE I, B0 20 min JREC E IR, AR
ELISA i & #1752 56, 75 450 nm A0 &%
FEAH . AR 5 A5 v il 0 #F s IL-18 IL-6 A
TNF-a 153 7KF-,

1.3.7 Western Blot {45 Notch {5 53 B AH
EESLY €2

HEAE T X5 B A A T /N B T A ML LA 8 < 10° 4> -
mL ™ VR BESERNTE 6 FLAR G IR, AN BE IS,
PSR FE Nano-TiO, HY5¢ 42357 ££(0,15.0,.20.0
30.0 1400 wg-mL™"), kLM% F 24 h, fii i RIPA
SR SR AR IR (1 BT, #E 4 °C (12 000 r-
min” BT B 15 min FFICEIEW ., H BCA
T R S e SR IO R R S R
FE HLUK TR, F 5% WA Wik £ 2 b, 20 Bl i A —
Pt Notch-1 HifAk Hes-1 HL4H1 B-actin HLA(1 : 1 000),
4 CIH I, VEIR, 0 1.5 h 5, YEIROF IO B,
i FH Image J(v1 47)EK 4% 85 F 45 IR BE(E A 15000

TENT T R ZE (ANl o0 i b 8L 490 ) 700 6
DAPT-+Nano-TiO, H£[F]4b#2H (Nano-TiO, i Hy 1.5
h il Cy-43 45 g ) 77) (DAPT))  Nano-TiO, 4k P 41 (40
weg-mL™"), R 5T BN s (Western Blot) 4331 il
FE454H Noteh-1, Hes-1 £ 1A 28 {01 &L, H ELISA
TR RE A A JAE P T Ik
1.4 Bt

SRR R A AR EZE . N SPSS 24.0
AT 224007, 22 41 22 18] HL AR AL R R
Z 8T (One-way ANOVA), Wi FLESR , #5525 5%
MR F LSD-¢ K3, #57 A 55 W H Dunnett’ s T3 K%,
HAFII TR Spearman AT, 25 5 LLAH I R 5L
(DFrR . KB K ER =005,

2 458 (Results)
2.1 Nano-TiO, HJFAF

Nano-TiO, [ F-¥7K G Rt h(73.55+3.29) nm,
Zeta /7 H(=5.74+063) mV,PDI 4 0.19+0.1 , 4R ¥ [-
IRZER AT A Nano-TiO, IRA M HUARBNFRE
2.2 4IiETE A

WE 1 Fis, 5% 41 EE , Nano-TiO, ¥R &N
400 wg-mL ™ 1 50.0 wg-mL ™}, 41§ J7 W
f&(P<0.05), ANTE RV K Nano-TiO, 241 T,
TR TR PR AN TG MR (r=-0.745 , P<0.05),
2.3 LDH &tk

WK 2 Frw, 5XFR4AH G, Nano-TiO, 7£20.0
30.0 F140.0 pg-mL™ ¥R EE R, 20 M 85 72 L3 b
() LDH 7% P 7185 (14 P<0.05), Ffi# Nano-TiO, %%
5 T BE R I, A L3 R LT LDH 3 A [R] A 4
hn(r=0.960, P<0.05),
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Fig. 1 Effect of Nano-TiO, on the cell viability
of microglia BV2 cells

Note: *represent P<0.05 compared with the control group.
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S 212000
= &
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SiRg=
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N
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jz— o
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S 0.00
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Concentrations of Nano-TiO,/(ug-mL™")
E 2 AR[EREH Nano-TiO, AL 24 h 5 BV2 405
# LDH &%
TE* SXHEARAL L, P<0.05,
Fig. 2 LDH activity of BV2 cells treated with different
concentrations of Nano-TiO, for 24 h

Note: *represent P<0.05 compared with the control group.

2.4 TNF-a IL-18 il IL-6 Fik/KF

WE 3 i, 55X 4 L, Nano-TiO, 7E15.0
20.0.30.0 F140.0 wg-mL™" [k LR, 40 E 3 w0
i) TNF-a\IL-18 il IL-6 43 W /K-F-F+ &5 (35 P<0.05),
FE N 56 52 W (rryp.q - 0.901, P<0.05; 13, 5 =
0959, P<0.05;r, ,=0958,P<0.05),
2.5 Notch {55 FEAHOCHE H R IR KT

mE 4 s, 55X AU e, Nano-TiO, 7£20.0
30.0 F140.0 pg-mL™' (Y ZRFEIRE T, Notch-1 J% Hes-
1 Fk K TH 5 (P<0.05), H Notch-1 & Hes-1 & [
FEKIK - B B2 5 Nano-TiO, % 5% 1k B A7 78 7 -
BN 2R (Iyony = 0.894, P<0.05; 1., =0.739, P<
0.05),

Nano-TiO, ¥ /(ug-mL")
Concentrations of Nano-TiO,/(ng-mL™")

140
(b)
120
= 100F
|
E g0t
on
S
= 60
= 40f
20
0
15.0 20.0 30.0
Nano-TiO, % J%/(ug-mL™")
Concentrations of Nano-TiO,/(ug-mL™")
140
©
120
T 100
£
é_b 80
o
ﬁl 60
40
20
L

15.0 20.0 30.0

Nano-TiO, % /(ng-mL™")
Concentrations of Nano-TiO,/(ug-mL™")

3 A[ERE Nano-TiO, 43E 24 h /5 BV2
Y RE R E E F 53 i K
TE* S, P<0.05,
Fig. 3 Secretion of inflammatory factors in BV2 cells treated
with different concentrations of Nano-TiO, for 24 h

Note: *represent P<0.05 compared with the control group.

2.6 Notch {551 B 1E Nano-TiO, 75 /)M i 21 it
7= RAE TR AR

W s FroR, 7 40.0 wg-mL™" Nano-TiO, /£ H
T ,Notch-1 J& Hes-1 &1k B i 34 i (P<0.05); im A
DAPT J& ,Notch-1 M Hes-1 &3k /K- F#{K(P<0.05),
5 %5 BEZH AH 1, Noteh 3 B 41157 DAPT(10.0 wmol -
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(a) 3 112 ( Discussion)

o | -
Bractin | s SRR ey ofSpe
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1.201
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S 060F 7
3
T 0.40F
0.20F
0.00
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Nano-TiO,# &/(ug-mL")
Concentrations of Nano-TiO,/(ug-mL™")
B4 FERE Nano-TiO, 4ME 24 h /5 BV2

#Aff1 Notch {5 SBHEXRT B RIZKTE
e Fon SR L, P<0.05 ;(a), Hes-1 Notch-1 2 4 & 15 (Western
Blot i%);(b), Notch-1/8-actin JKBE{E HAH 5 (c), Hes-1/B-actin JKBEAE FL{H .

Fig. 4 Expression levels of Notch signaling pathway related
proteins in BV2 cells treated with different
concentrations of Nano-TiO, for 24 h

Note: *represent P<0.05 compared with the control group;
(a), Hes-1 and Notch-1 protein expression by Western Blot method;
(b), the ratio of Notch-1 to B-actin; (c), the ratio of Hes-1 to B-actin.

L™Y%/INBE 40 ] TNF-a IL-6 %2 IL-18 4316 B i
R, 45 RE DAPT v A RUF# MK TNF-a IL-6
IL-1B 437K F-(P<0.05).,

Nano-TiO, & Fl i £ 9 K ki 2 — R £
H 8 A6 PG TN AR AT0RE A% B 1l 7 70
I AR 2 8 I 5 e, 5 | R o i 5 B 4 o
2o NE BN, M S B0 K Bl 4 R S A2 1
Wang SFURFSY & R, 38 3 A /)N 58 I 40 B ) Noteh
3 % ()RR GRG0 R F- , 38 3 T il Noteh 15578, &
S50/ INJE T 240 L 430 R 1 PR ke A AR I L R AR
FH35 GEW] T Notch 155 R G0 X T /0N 5 5T 48 i i)
RYEFINA EEP/E . {H B AT Nano-TiO, #E
705 308 3 TG /0 M T 440 L L ) Noteh {5 538 %, b i
T A AE SN B SR A AR DA S i e b, BRI
AR FH /N B 5T 240 Ffd 2 % T+ Nano-TiO, 0k, #%
1 Nano-TiO, %f Notch {55 & 15200 | F #7 Notch
{5518 I AF Nano-TiO, 5350/ Ji 4 i 4 AE 52 v 7K
PRk AR

AT G 45 R F W, /N B 5T 48 i 28 ¥ T Nano-
TiO, FECA LTS J1 T B, JFAAAE R -0 G &R, A
5% MTT 525 (0 40 Ml 4 557 54 15.0,20.0,30.0,
40.0 F1500 pg-mL™", HEFEF =R 500 pg-mL™"
10 21 ONR A 1 R N e v WG S R A i 0 R )
A5 F 22 5295 1) 4 A 4 3 ) 24 15.0,20.0,30.0
1400 pwg-mL™" Nano-TiO, ,

FEAN[FVE B Nano-TiO, #&#8 4140 T, 40 M 15 %
Y 3% LDH {5 ERE Nano-TiO, ¥ EESS M4 0 , iX
VLB Nano-TiO, 75— M B 45 1F T T LIX /N e [T 41
UL B ) 0 R P 1 o — R R IR, X R IL
Rihane 5" RSB —20, I H ALK 58
FH | S B W) il i 45 A 45 24 1 42 4% 2 Nano-TiO,
J& , EELYE T Nano-TiO, Uk (1) & 5180, 28 i
KA B OIREREAT R @ K BT
Nano-TiO, 97N BUHHE R 8 8 -5 35 i 48, B4 N2 8 7K -
FhE, DNA Z 45120 i of & Wk D B2 8% T
Nano-TiO, f& , FIE B I A K¢ 5 # vt 5 1 %) Nano-
TiO, & Fh i, AWF5E4E55HE BR, Nano-Tio, ¥k &
9 15.0.,20.0 .30.0 F140.0 pg-mL™", /NS 5 41 il
TNF-a IL-18 Fll IL-6 A KF-2 T8, HAT B W Y
FHEL-OW K &R, H AR B B9 Nano-TiO, (15 pg -
mL ™' F1 20 pug - mL ™" )5k A8 R /)N A 5 40 i 430 A G
RAE K+, Nano-TiO, FV 1/ i Jot 240 i, i 0 48
ik PR WS 0 {45 200 R A A7 PR B IR 3 s A
A B I FRSR T , RAE TR B, Em S 8oph 28
RAE SR L TCH , 8 L e R R,
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5 y-5ribEEINEIF ( DAPT) X3 Nano-TiO, Er# Notch 15

S8R RIA R RAE E F 2 iR R0

1 A#HFR G B, P<0.05 ;% R4S Nano-TiO, F£FEZHAH L, P<0.05 ;(a), Hes-1 Notch-1 2 [ % i (Western Blot 1),

(b), Notch-1/8-actin K& Lt ; (c), Hes-1/B-actin }

JKEAE FEAE 5 (d) ~ (), TNF-a \IL-18 Fil IL-6 )43 7KF

Fig. 5 Effects of yy-secretase inhibitor (DAPT) on the expression of Notch signaling pathway and

secretion of inflammatory factors induced by Nano-TiO,

Note: # represent P<0.05 compared with the control group; * represent P<0.05 compared with Nano-TiO, exposure group;

(a), Hes-1 and Notch-1 protein expression by Western Blot method; (b), the ratio of Notch-1 to B-actin;
(c), the ratio of Hes-1 to B-actin; (d) ~ (f), the secretion of TNF-e, IL-18 and IL-6.

Notch {5538 2 2 55 I 9 i Sz o 3 i i)
BUE 2 —, A kKM, IL-6 TNF-a F1 IL-18 %
RAEK T 1915 5 Notch 15 5 18 [ 19 335 2 1EAH
JRUSTEBT ARG, Noteh {75538 A DGR (1 3R 35
BY4E R 3% B, Nano-TiO, #& #8 5 2 /)N i ot 41 ffg
Notch-1 il Hes-1 & 35 /K 441, i1 it 154 B Nano-
TiO, W] P41 /1N I J5T 40 i Noteh {5 5 38 5 7€
Nano-TiO, #% #% 41 /1 il A Notch {5 5 i i 3 i 551

DAPT J5 &3, #4F A Jin i 1 51 (% Nano-TiO, %
T, S IE P F TNF-a IL-18 . IL-6 43 WA 7K - T B,
LRI, Noteh {75 5380 % 19 35006 2% 02 2F 98 E P 7

Baruh, AR 2R ZHH(LPS)if G L5
BRI 7N JSE I 40 R B TL-12 , TNF-a i1 iINOS 45 4

{“ J%, Jl DAPT FH.r Notch {5 538 B& 5, M1 B/)N
JoT 240 RELRE T A S A JB i 2 I ) M2 BN S T 24 i
‘{E@E,lﬁlﬂﬂ‘ M2 U2 J R 48 - TL-10, X £/
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