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[Abstract] Recently, the dental application of nano materials has made progress in clinical treatment, such as im-
plant surface modification as well as antibacterial, and controlled release. However, the active physical and chemical
properties of nanomaterials may pose a potential safety risk in humans. Dental nanomaterials used for oral application
can be released into the blood through a variety of mechanisms, and they can penetrate the blood-brain barrier and en-
ter the central nervous system. Moreover, nanomaterials can also directly affect the central nervous system through the
olfactory nerve and via sensory nerve terminal transport, causing organic and functional damage to central nerves, and
even causing neurotoxicity during embryo development. Nanomaterials can interact with biomolecules such as cells,
genes, and proteins in the body, and can produce neurotoxicity through the mechanisms of inducing oxidative stress, in-
flammatory responses, cell autophagy, apoptosis, genotoxicity, etc. Factors affecting the toxicity of nanomaterials include
particle size, concentration, and solubility. Dental nanomaterials and their pathways into the central nervous system, as
well as the mechanisms that may cause neurotoxicity, will be discussed on this review.
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Figure 1  Schematic of the blood-brain barrier and the

associated components of the neurovascular unit

1 i e e e o 22 1 A7 2L A 7 7 T

2.2 R B R LAY 2238

P28 22 8 1) PN U J%e v A% 3 8 O R — i P I
TR FIRE R PN R 1 30 J, G v, L5 AR i
[Fi] JEB TRk PN R J v A% 3 % o 4 oK R ] LA
ik B Y 3 AR 3 ) A LA TR L A
T E A LD R i P 253 %, 5 | A il 2 B

MRER — N 1Y F5 42 8 48 B 2 4% . IR
ZE3H [HORN = SO R . Horh, 28 pR MR R 28 A B



b

RABEEemFIiA 20205698 H28% HoM
+ 596 +  Journal of Prevention and Treatment for Stomatological Diseases Vol.28 No.9 Sep. 2020 http://www.kqjbfz.com

WRIRE 2 N R BRI RRE E iE A /DN
BRI S B 22 0, AT 48 A 2 B v M 2 R A |
R e A RLER R R GE AR 2 R G, 7 A
SR S AN WA WA Kk B A R
TGN OK UL, AT 28 p R O P 20 f i A G 2 4,
DURRTE /N R iki B2 )22 g B S 6
23 REAYZERAK BB BAY S

5T & B RS TR 1, SR X 8 ) JRR e
28] H A GOK BRI e B L iz 22 3900 1) 28 p
T o YRR A T LARE = U A AR AR O B
I 60 BB 1) JE v A 28 R R 4 I, IR R W M e i s &
I R,

3 HREEIIERNSERR

H P H Hr R FoT E R, B H LR T — gk
PRI U 28 RGP 3 . Hrh 3G 48k 4k
X HRX b 28 2R G0 AL 2B L K R 42 R B T g
FSZ IR VG A A e B PR E
3.1 WA RMA AT P ARAY 22 R Goh BB
3.1 RNFEEMEERBL OGRS RS X6 i 4 2L
HYASTR] R A, AT AN R AR FE 400 35 o 8 90 oK 0k 228 i
1) 11 23 X S i it S A SCRAR R B 5T /)N
ik Pk 74 JE 000 2% T 30 3 200 P 00 o A K A R
DR A ] 3 DX 4 56 BE A (], A B 00 B e Tl
YK A5 1o R R KO B IS HOR R, ROk
R X /D il 53 473 2658 /0 TG SR AR T T 1 43 40
TR . GAOKOM R 5 1 1 AR 1) 45 4 240
LA TR (50 RS 5E Rp/D W oUs 255
M LA 24 2T E A2 D DI E™ s Ak b kE 2 85 )5 1K
BRIl B J2 g B 1 UM i, A I HES AN B . 7E
T Sy 25 ke i T CAT A X R A HR: (9] 2 4 &) A2 i
MIEEHE o AR BB BIR T CAL I E X B
RN EZ v s A VIR NGBS G | RTRY VAR
3.1.2 4EEEMERIL YUK RIS LT |
SERRIR /N I o 200 it e B PR R IR AR I B
R, A 23 YT R T A5 5 o N A 2 e Jo g 4 g
(SH-SYSY 4fififd ) & A= P v PP i 40 BeL 3 2 11 . ot
I8 R IR AN KA R T et 28 ST 00 A 4 2 Sk T 9 A
AR P2 T TR A A A A AN b 28 T A A 2K L, A T
A5 W2 B IR 5 43 2R A BRI T %, 7R 5 R
P, 50 40 L B AR AT WL IR A RS, RS
PESUEYIGIE ",
3.2 W RMH AT P ARAY 22 R G AR 09 B

G K 4 Rk G il i e R E A TR R G

Joi 38 3 5 e AR 28 0T /NS BT A L R T L e L
KSR B 28284k 45 k0 0 35 55— R 9 4 i J2 T
140 S B SUR A E R e AR N
KA B X X T B e R R R A
I T BOR G T e ) B 5, FEEAR ARG
ZRAT R A R VETE B SO o 2 T RE A TR
170 BRI HERN 2 2] fig ) JGR AT M vl 4 ) g
EE
33 thARMMAIERE RN EEE

BILAAR (%) ot i S o 2 Bt 2 4 08 ) 3 1R M R B
SER N o TENRIG RN G JLI ], R T 0l A 5 e 1)
TIRE W R 78 4 S, UL, 40 Kb L BE 3 il i fii
sl NS A A (T DA o X (= I S L0
QUK AT BT G A B R A 28 B M VR A T AR T
i o TE S SZHRF 55 v & B, 40 K A4 R IR iR A
PR EEE , AT IR IR EOSE R IG BORE DL S iR L
MR E R

9T B0, 785 T 100 wg/L 1Y E A A7 2245 1O BE
L AG , A B XTI IG 10 & B R
Lk B B TR B D AE TR IR IR AN Sk
¥ R0 /NRIG SR B AR, R0
il J5¢ B 76 PR 28 1 B Th R R B B ] O
i 5 B o A MR RG (R 2F 15 K, L P Al 2 2%
SRR TE B R K T S8 4 200, AR B REAT e
BN N LD 2 ) I NSO L A i A
FEMERON o PRI R T 40K Zn0 B9 22 UK TG,
W2 3 A b B VR B R T M T R
FIT-IRIE, 2 > FC AL D RERR AR

4 PR R HEF YL

H T 0 19 40 K b L T 3 500 o 42 5 1
AT A MR T AN L ARE SO | 1t A% R T R
G L B o3 1Y EL A A o [V, oAt P =R g S
e SRR . A VR DNA H 384 22 36 i 2k 3
15 ik W7 ¥ PR A B IE B AR S 9 oK JB0RE Y Rl 22
B
4.1 i g

YRR AT LA | & A0 A W . TR IS Ak b
SR P REN e ri Uiy AENE N NP N S i )
BWEIE , B A WA s 26 B VA AR A

20 K R Ak B A A A0 B, 4 R B A I 4
24,00 A WER AR AATE B, AR R AR, AR
LC-3 F1 Beclin-1 Fik3E M. 2 H 40 K S A0 4 b 31
/N BUE I 20 BfL Raw264.7 (52 nm, 24 h) & 88 LC3-11



b

AREEmmBiie 20205F9R $£28% 5$9MH
Journal of Prevention and Treatment for Stomatological Diseases Vol.28 No.9 Sep. 2020 http://www.kgjbfz.com - 597 -

PR KR WA S SR AR LT, p38 2 A4 Y
AR T EE P4 (extracellular regulatory protein ki-
nase , ERK) B RR AL /K- e, Ul A 9K A4 ) AT
FE T 2o 52 W) [ WEAT 5K {7 5 38 p38 Al ERK {55 3
B o R R BUE L B B8 S5 v B R o 1k A Ik (PC2
) B B T 40K AL A (25 nm, 200 pg/mlL, 24
h) JE T FL G, PC12 AR R A 8 ) LC3- 11 AT Be-
clin 1K-FThis o 44K — S0 AE (Si0,) 31l it 9 %
5 Bk L 3 % ( phosphatidylinositol 3-kinase , PI3K) |

E A B (protein kinase B, AKT) . LB ¥ & A
B 2 2 M (mammalian target of rapamycin, mTOR)
RYBERR AL, B 520 PI3BK-AKT-mTOR {55 3 %
42 FAALE#

WFFERWY, SR BURAE ] T 4, T 51
200 B 3 PR SRR T 3 A DNA | A 4
AP TR SRR o DG 98 KR BORE BAT A0 i
PR RLBAE T o %5 S K 1 Nef2 5 545 F &
e 5 AL B R AT o F e T 48K Si0-Fe (60
nm, 20 pg/mL) Y B BE A FOETE T Nef2 5 S5 7,
A% Nef2 5 5 (Nef2 J AL BB 260 M3 h T8, I
159 h A BRI SN 52 R -E
fiff /& 2 4t (ubiquitin - proteasomesystem , UPS) 5 45
K, K PC12 A A 7 T 49K AL AE (25 nm) /5
T 208 25 FUBEA RIS VR, TR T AE UPS Y
{Z 3 Parkin (PARK2 5 [} 4 i 1) —Fh 8 ) FIZ R
FRIEA i 7K R g L1 35 Ko Rk — A ALk
i ] UPS 75 S S4B L
43 KER M

HRX Bl 25 2R 5 Pl 28 200 RIS S5 400 A
A0 K AR AT BE S R AR AE S AT AR T B, 4K
AL RE SR BV2 /NI 5T 20 M1 28 9 B 0 51 2 p38
24 4 5 15 AL 25 1 P (p38 mitogen-activated protein
kinase , p38MAPK ) £ F . c-Jun 2 FE AR ¥ 34 B (c-Jun
NH2-terminalprotein kinase , JINK) | JF 52 4 74 [i% 24 ik
P4 (janus kinase 2, JAK2) A5 5 1% 5 S % S 00
5 H (signal transducer and activator of transcription
3, STAT3) B MR 46 K °F 38 &, BI i o 3 3
p38MAPK . JNK . MAPK } JAK2/Stat3 15 5 i #& # 47
PR AR R R i S 5, B SR W]
e 20 K A5 Bl 55 W 40 i 149 Toll BE 5244 (toll like recep-
tor, TLR) P31 Ay g JL A, B BE ik 240 K4 55 TLR4
51t 7K s VA AR A S DT ik 2 AL AR 114 5 K f g8 I
753 W A R A A T RAPE T RAE
S5 IV 188 5 175 S A AE (9 A T R CHns 1 S A kb

TREE ) 7= Az DL R o 40 A6 8 1/ R A8k A2 1 40 e
FET=20 SR K 6 8 K R 15 5 A 25 2 1 )
W S IV v AT A R O A A T ) 9 DA S
A3 R ST SN 3K B A M FE T AR 5 1% 3 M 45
44 WA

I F NN, P2 40 i s /> B2 R T
Y MR T RIR S S T S ) i B . K AR AR
Al L5 S SH-SYSY A0 4 a7, 51 A2 94 17° Bax
FE R 3k TE AT T Bel -2 3 K 3R A B BE
K", P T A E T F caspase-3 B IA R J&—Fp “ 5L
N7, 5 BT RER IR B A G, 2 A M A
T2AF 53 % 0 AR A, GOK R 2R R I B ) i
ER ORI O ] caspase (A P U MR S B R
P22 TC A 54 B T A TR Eh A I AN K AR 5,
iz {1t AKT (Serd73) 7K F-Ft 5 , iX % W] AKT/GSK-3/
caspase-3 {5 5 1 1% 1) 005 76 9K R A T 00 M 42 55
PR EEENER ., EEAASRGREDN
PC12 41 fifd i WL 4 3] caspase-9 /B9 98 T, 11 H.
At A BKIFTWABME TS A EIKY p62/
SQSTM Y 5 # B A KL
45 KHEFMH

YR K UKL A1 T 1) 2 DR PR 1V AR AL A AR
PR FR 0 G o A DT 28 &40 ] ST 45 s L 2 %
RIS R, B TR A SBE D 0k
Jift 25 51 & DNA 452 73 , 7T g 5 BER 5 5 38 % A7
KB PC12 21 i 2 B8 T 40 oK — A AL B BORE , 5
A2 PC12 2 fi i) DNA H 5% 7% il S0 0% 77 b B
T, IFH T P B # 5 SR DNA B 3EfL K 1Y
AR A — 2 O R A g ok 4 R R T
N4 DNA HEEALFD DNA 5493 , 1l 3% 0 bR W )
8- ¥4 I Bt A 41 7K - 5 DNA H AL 5 Al o ™
gl oK A Ak i A AR R AN e ] B R 0 1
(checkpoint kinase 1, Chk1) ) G2/M 4 Jitd J& 31 k6 4
S T T, 1T DL 5 N B R K P B A i
) S A A TR P A

5 HmaKARESENEE

0 2 KR R B Y PR B AR 22, 461 n R (1)
KN BH B AR R R Al A
51 #42

— MBI, G G R AR /N | B 3 e it M
i T S e SR A VA &R 2T i L T 2
FEPE AR . A0 UH T R 40 K BURL R A
K, 10 nm Gk A ALRES S AN TR £, 100 nm



b

RABEEemFIiA 20205698 H28% HoM
+ 598 + Journal of Prevention and Treatment for Stomatological Diseases Vol.28 No.9 Sep. 2020 http://www.kqjbfz.com

/B XAk BRI R, A B/NER
B2 K Jkr 2> (et 2 R R T
52 Bk

— B H , BRIE B 4 K JB0RE L IR T Bk OE
5 N7 7 T S5 T8 AR 48 K SBURE T 25 ) ke A e R B
WA AT KB, B KK AR L 25 4R 25 74 1 20 i
T LERIE S5 T K BRIE 90 K B0RE e A% Ik 44 K
TR P 40 L B P TR /N
53 MRBEARERS A@EH

MY TR K R R R, bk
AT AR AR, AL ot B 2 2 AR RO, TS B i A
Lz s, R Sk 00 S 1 A 0 2 800 A X 3D
168 i 2 P 2 52 W) 98 K S0 7 4% P 149 43 A B L Bk
ORI AR R A #EE. M T, EKm
& Y I 9K bR 2 B M T 5, B o 1B
i B2 A 2 36 ek 53 T 290 K RO A AR P9 ) 43 A B L
BRAGR, Fe A S TR RR B A A B
54 FRENZ AR KT

22 B0 K JURE HAT T O L 9K b L 2R
8 VAR SRR o B R 7R AR R Y R
K, 5 AEY B #EPE R ARSER . BT AR E RN B
A DRI 2B HE, 48K ZnO
AT REAR PC12 40 1 77 376 25, 230k B[R]0t 4 A1
W BEMCHI: o 22 BE flke 0 DK A 3% B 1S 7)o A 1
B A A O SR

6 BHESRE

B 25 20 KA R 1 s 2 2 4038 %) 107 T 91 AR
W™ K, S RE T A 55 L ER X 40 K B R A 4 ke
H 253 2, N 05 22 82 f AR ) & M RAF i 4
REo AR 2 R G0 AT 8 ST G4 OK R RE B T T R 2
B ERBRL M 2 E I E R EZ, |
SR IT AT R 40 K UKL X T X A 48 RGN e A2 B T
RVE BAR RSN FEA SR A PR . B HTHh )
B Ay 03 3 AR ST 6 R AR Al fof 75 4 A7 B 2R DEAG R
B ARAS R o 1T A8 KRR T S B P 28 B SN
WEACR B T IRFEEHLE MR e 2R .
I, N [R) A K A ek B4 il 28 98 R A A AL 3 4F 52475
W2 T W E A

52 30k
[1]  Leitune VCB, Schiroky PR, Genari B, et al. Nanoneedle-like zinc
oxide as a filler particle for an experimental adhesive resin[J]. Indi-
an J Dent Res, 2019, 30(5): 777-782.
[2]  Radtke A, Ehlert M, Jedrzejewski T, et al. Titania nanotubes/hy-

(9]

[10]

[11]

[12]

[13]

[14]

[15]

droxyapatite nanocomposites produced with the use of the atomic
layer deposition technique: estimation of bioactivity and nanome-
chanical properties[]]. Nanomaterials (Basel), 2019, 9(1): e123.
Casarin M, Pazinatto J, Oliveira LM, et al. Anti-biofilm and anti-
inflammatory effect of a herbal nanoparticle mouthwash|J]. Braz
Oral Res, 2019, 33(12): €062.

Nejad SM, Takahashi H, Hosseini H, et al. Acute effects of sono-
activated photocatalytic titanium dioxide nanoparticles on oral
squamous cell carcinomalJ]. Ultrason Sonochem, 2016, 32(9): 95-
101.

Zhang R, Nan X, Xu L, et al. Micro/nanostructured Ti0»/ZnO coat-
ing enhances osteogenic activity of SaOS-2 cells[]J]. Artif Cells
Nanomed Biotechnol, 2019, 47(1): 2838-2845.

Westas E, Hayashi M, Cecchinato F, et al. Bactericidal effect of
photocatalytically-active nanostructured TiO, surfaces on biofilms
of the early oral colonizer, Sireptococcus oralis[J]. J Biomed Mater
Res A, 2017, 105(8): 2321-2328.

WL, BB, /NE . R IR BT A1 /2 T A IR R
BRPRLG S R B R AR R S B KB B[],
TARIFSY, 2017, 21(10): 1495-1500.

Yang HS, Cao ZR, Yan XH. Guided bone regeneration membrane
tube made of nano-hydroxyyapatite/multi (amino acid) copolymer
in the repair of large segmental bone defects[J]. Chin J Tiss Eng
Res, 2017, 21(10): 1495-1500.

Higuchi J, Fortunato G, Wozniak B, et al. Polymer membranes so-
nocoated and electrosprayed with nano - hydroxyapatite for peri-
odontal tissues regeneration|J|. Nanomaterials (Basel), 2019, 9
(11): el625.

Prasanna APS, Venkatasubbu GD. Sustained release of amoxicil-
lin from hydroxyapatite nanocomposite for bone infections[J]. Prog
Biomater, 2018, 7(4): 289-296.

Poh TY, Ali NABM, Aogain MM, et al. Inhaled nanomaterials and
the respiratory microbiome: clinical, immunological and toxicologi-
cal perspectives|J]. Part Fibre Toxicol, 2018, 15(1): 46.

XesE . MR GARMR O R A 28 R G A £ U RE M 22
JURYFEERM AT FED]. b at: o E A R 4 4 B 2
be. 2014.

Liu HL. Toxic effects of typical nanomaterials on central nervous
system and dopaminergic neurons in rats[D]. Beijing: Chinese
Academy of Military Medical Sciences, 2014.

LUK, T, R A SR TE RN R R GE RS
EYE L, 2017, 38(10): 62-68.

Ji L, Yang N, Wu T. Effect of nasal infusion of neodymium oxide
on the nervous system of mice[J]. Prog Vet Med, 2017, 38 (10): 62-
68.

Zhang H, Zhou L, Yuen J, et al. Delayed Nrf2-regulated antioxi-
dant gene induction in response to silica nanoparticles|[J]. Free
Radic Biol Med, 2017, 108(7): 311-319.

Ge D, Du Q, Ran B, et al. The neurotoxicity induced by engineered
nanomaterials[]]. Int ] Nanomedicine, 2019, 14(6): 4167-4186.
SB A 2x, TR AR AR ORL 2 p38 F ERK {7 5 18 175
AN A AR A7), R R R R S 2E i, 2019, 44(6):
740-745.

Wu Q, He H, Yu C. Autophagy damage of macrophages induced



b

AREEmmBiie 20205F9R $£28% 5$9MH
Journal of Prevention and Treatment for Stomatological Diseases Vol.28 No.9 Sep. 2020 http://www.kgjbfz.com - 599 -

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

by copper oxide nanoparticles via p38 and ERK signaling path-
ways[J]. J Chongqing Med Uni, 2019, 44 (06): 740-745.

Lu CJ, Jiang XF, Junaid M, et al. Graphene oxide nanosheets in-
duce DNA damage and activate the base excision repair (BER) sig-
naling pathway both in vitro and in vivo[]]. Chemosphere, 2017,
184(10): 795-805.

Dréno B, Alexis A, Chuberre B, et al. Safety of titanium dioxide
nanoparticles in cosmetics[J]. J Eur Acad Dermatol Venereol,
2019, 33(Suppl7): 34-46.

R . K S A BRSO ST R i 2 2R 5 B AL I AR ST
FEDL )M F T ERRAE, 2017

Song B. In vitro study of toxic effects induced by titanium dioxide
nanoparticles on the central nervous system[D]. Guangzhou:
Guang Southern Medical University, 2017.

Aijie C, Huimin L, Jia L, et al. Central neurotoxicity induced by
the instillation of ZnO and TiO, nanoparticles through the taste
nerve pathway[J]. Nanomedicine (Lond), 2017, 12(20): 2453-2470.
B, SRR, XUBAR . BBERR A AT BRI/ BRI ZH 2L 4
AL, BREERL722 41, 2014, 34(2): 507-513.

Zhong BH, Fu C, Liu XD, et al. Oxidative damage of Kunming
mouse brain tissue induced by single-walled carbon nanotubes[]].
Acta Scientiae Circumstantiae, 2014, 34 (2): 507-513.

d’ Amora M, Camisasca A, Lettieri S, et al. Toxicity assessment of
carbon nanomaterials in zebrafish during development[J]. Nanoma-
terials (Basel), 2017, 7(12): e414.

Feng XL, Wu JR, Lai X, et al. Prenatal exposure to nanosized zinc
oxide in rats: neurotoxicity and postnatal impaired learning and
memory ability[J]. Nanomedicine, 2017, 12(7): 777-795.

Xie H, Wu J. Silica nanoparticles induce alpha-synuclein induc-
tion and aggregation in PC12-cells[J]. Chem Biol Interact, 2016,
258(10): 197-204.

EIEH . K AL B X BV2 20 B 5 1 PR T 20 3 B p38 JNK
MAPK il JAK2/STAT3 {5 5 it i (19 52 W [D]. 1 50 2R R 27,
2018.

Liang XY. Zinc O Nanoparticle induces inflammatory response via
p38 JNK MAPK and JAK2/STATS3 signaling in BV2 microglia[D].
Nanjing: Southeast University, 2018.

Mukherjee S, Bondarenko O, Kohonen P, et al. Macrophage sens-
ing of single-walled carbon nanotubes via toll-like receptors|J]. Sci
Rep, 2018, 8(1): 1115.

Wallach D, Kang TB, Kovalenko A, et al. Concepts of tissue injury
and cell death in inflammation: a historical perspective[J]. Nat
Rev Immunol, 2014, 14(1): 51-59.

Khanna P, Ong C, Bay BH, et al. Nanotoxicity: an interplay of oxi-
dative stress, inflammation and cell death[J]. Nanomaterials (Ba-
sel), 2015, 5(3): 1163-1180.

Hajimohammadjafartehrani M, Hosseinali SH, Dehkohneh A, et al.

The effects of nickel oxide nanoparticles on tau protein and neuron-

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

like cells: biothermodynamics and molecular studies[J]. Int J Biol
Macromol, 2019, 127(4): 330-339.

VR, TR, T2 T GUORAR IR B 0 BE L £ iR LD A 1
KA BYFZIm B AE LTI A2 E2E4R, 2015, 10(4): 55-64.
Xin Q, Zhang Q, Cheng JP. Effects of silver nanoparticles and sil-
ver ions on the early development of zebrafish embryos and toxici-
ty mechanisms|J]. Asian J Ecotoxicol, 2015, 10(4): 55-64.

Repar N, Li H, Aguilar JS, et al. Silver nanoparticles induce neu-
rotoxicity in a human embryonic stem cell-derived neuron and as-
trocyte network[J]. Nanotoxicology, 2018, 12(2): 104-116.

Feng XL, Lu C, Guo WH, et al. Graphene oxide induces p62/
SQSTM - dependent apoptosis through the impairment of autopha-
gic flux and lysosomal dysfunction in PC12 cells[]J]. Acta biomate-
rialia, 2018, 81(11): 278-292.

Liou SH, Wu WT, Liao HY, et al. Global DNA methylation and ox-
idative stress biomarkers in workers exposed to metal oxide
nanoparticles|J]. ] Hazard Mater, 2017, 331(7): 329-335.

Asweto CO, Wu J, Hu H, et al. Combined effect of silica nanoparti-
cles and benzo[a]pyrene on cell cycle arrest induction and apopto-
sis in human umbilical vein endothelial cells[J]. Int J Environ Res
Public Health, 2017, 14(3): ¢289.

Wang W, Zeng C, Feng Y, et al. The size-dependent effects of silica
nanoparticles on endothelial cell apoptosis through activating the
p53-caspase pathway[J]. Environ Pollut, 2018, 233(2): 218-225.
FREZE, XNNEE, Tk . 5 nm S AR R B BT#h 2850
FOVEI B MLHIRIERLIL. 1 5 BE R 274l (FL A2 IR), 2016,
36(7): 811-816.

Wu YY, Liu ZX, Guo ZR. Effects of 5 nm gold nanoparticles on
rat cortical neurons and relative mechanism[J]. J Nanjing Med
Uni, 2016, 36(7): 811-816.

Syama S, Mohanan PV. The promising biomedical applications of
engineered nanomaterials//Handbook of nanomaterials for industri-
al applications[M]. Elsevier, 2018: 530-542.

Ming Z, Xie L, Fang CJ, et al. Implications for blood-brain-barrier
permeability, in vitro oxidative stress and neurotoxicity potential
induced by mesoporous silica nanoparticles: effects of surface
modification[J]. RSC Adv, 2016, 6(4): 2800-2809.

Ju L, Zhang G, Zhang X, et al. Proteomic analysis of cellular re-
sponse induced by multi - walled carbon nanotubes exposure in
A549 cells[]]. PLoS One., 2014, 9(1): e84974.

Pokrowiecki R, Patka K, Mielczarek A, et al. Nanomaterials in
dentistry: a cornerstone or a black box?[J]. Nanomedicine, 2018,

13(6): 639-667.

(4R3E  3KHE)






