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Figure1l Nanoparticle-Crona affectsthe biological effects of carbon nanotubes significantly!™
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Figure2 The size, shape and surface properties affect the biological effects of carbon nanotubes significantly!*®. (2) TEM images of CTAB-coated
Au NRs with different ARs. (b) Representative UV-Vis-NIR absorption spectra. (c) The relationship between longitudinal plasmonic maximum and

calculated ARs. The straight line is alinear regression of data points. (d) Zeta potentials of as-prepared Au NRs dispersed in aqueous solution. (e) Zeta
potentials of AuNRs dispersed in agueous solution after being incubated with medium with (w/) or without (w/0) newborn calf serum

3831



A % b B 2018FE 128 635 H35H

k. TGF-p/Smad2/collagen |11{55 38 F& 19380 XF T
MWCNTS?E & I R B 5 | & il 45 4 AL HL A 3 24
PN [ % B K R0 40 K 4 S A ot I 0k 4 i o
WG, S AL S Y R AT 2 A0 A LA R B i L
AR e, 5 S AR AR AN 3 E, R
K UL EF 2 4 M AH OC 1Y 26 1 (L35 FSP-1, a-SMA%E).
T8 1t IO 40 M P TGF-B/Smad2f5 S B, 15 44k
1N W R 1 O C A I 7o v 1 A )
o 240 5 A 52,
315 RIHKAMBTAR A &R G 3 4 4y 3k SL
b A

TE DRI i A 55 A A, 2 TR 3 40 KB Aok 25 12 1) O A
K2R . AR 3 A 4 94 oK 0B 2 A AR LAY 254K 30 )
SERVA W) 3 A REAE . R RRITAR AR 4 90 K JORL R 7E 1l
WA RBPOE bR, JF HARTRAERTE AL s 4, 2
AR 4 20 K JIURE %) IV 21 5 00 A DR T B IR 4 44 0K
KB LR A0 M M CR-75% A [a) R A AR e 1 4
YRR HE UL A T ARAR A M, BEE AR L,
20 R BBE A 1) 4 400 2K A R 5 i el /0 T8 4 5 4 T
KA AR A it 18T T AR (R bR G 2Rl (AU AR Il L 2 4Rk
VU)W R, R R PR . A A S 56 A i
T2t R R, S AR AR % 3L 7 AR LA 2 1 B
4 /\ T A EL A T R ) Sl P A 2 I e R A AR
R A 2 B T A 40 B Y BELRS, 2 T
28 i TED AN ) 1) S 400 DK B RE 85 R 22 TG 9 P T 4 e s
FR) 3 B AN TR, DA 3 BORA R 3 A 200 TR ) B8 A\ o AE A
ZE5E, HE I P PR A . T A [ A A R
R TSI RN B i i N i S IRANSTTR 2 e o s S
Fo, T E BH R TR A A A R BB f 22 5, ] LAGE
Ik R O TR 8 B X AN [R] 288 0 AR B ) O 4R Y Ak
%[34].
316 AAAXRMBMEEEEINSHEES £
1 3B W R

90 K 4 R 118 [ A 2 BIE 9 0 K WA L A ) 2 R
FEZEN— AN EER R, HYORM B E T
DB E, WTRES AT EEA. (B0 BHE
TR B A Bl S S, oA AT R R LA 7 A 8 1 AR
R

— L PARE, GRORAR R AR ) At 5 K Ak A
PLAHRAFFE AOME . FRATAR IR, HRYYRIOR AT DL i
REAEA T 1Y P9 A AN fE £ 1992 358 T =Xk A 4 i
R A R SR AR TR R A AR 5, B A T) A S G

3832

21 B AN DT b AR AR 4 K R, AR 7 A R S T A
Y0 AN SRR R AE AN PN S R LLAG-O- 1Y TE 4 A7
1E, SRIGHAILNAG-S- IR, nTRELE A 1E & SHIY
BRI Z oy F L. @ i AP AR AR B
G RN S BE DEZ R (NAC), w] LA i IR 40
KU Y 20 B 1, 10 B R N K OB 0 B 1 S
BB F 0 R A R 5 | S Y S AR N BB RS AN TR] ) 2
168 1 T A AR 0 A R P R P 5 L, T o R 4 20,
B F [6) 25 48 B NanoCT X 2RI ST (XAS) HE A,
FERT ] 5 28 [MKOF b, 8 YO 90 K JIURL 9 20 i 5% i
AR AL SRR SR JT 4SS A TS A AR WA aIE
Wi, R T AR AN R B TR AL . 9 RARAE N
B A ANHERDRR b 32 B R 40 B A E R ) 2 i
W, Bl R R A0 N O R B A A AR AR
BT A AR A, R E A SRS T EE
3, 5 EAN Y A R Rk A T i AR L g
T3 — B IZ S TR AN K A R4 A K R T A A
WK EAFAE, AN s s,

I M TE AR DL A48 T ) T8 IR B A o HL 4R
2y A SR FR A 1 S5 R i T 200 ) A A0 5 P R T
R AL R 2SR S TR A AR (pH 1.6) AN
i T B L (pH 5.0) LA B AR B T ) i 1 4 0L (pH
6.5). TR 2. NH W Ao T A6 140 S ) IR Fg R 4 K s
(30, 50, 100 nm)7r %= M8 114 B AL HEL YR A 25 I 1) iy 1 A
FU H, HE B S ] [ AT 0 8 A1 T AL R A 0 R s s
(RS KA KRR AR, ARGk &A= T, I
FLAE K ORI 2R A R a9 S0 T, UL gk
WOk & AR TR, T LR R 5 I
R FEE A A T E AL AR DUTE I W% B £ 40 K ks
e, fEMAL RS AW EMET, RAHEER
() AL R, AR AN K OB P A T AR SR K FR 3
HEES, JFHEEARENES R E S Ak
SR T B4 0 RAR 4 K JURERL AR I 1E Rm BE K, B
A5 5 5 (14 40 i PR 7 2 R A ) 40 i 1 390,
317 HMBHAXRMBENERNWEE

AR T T H A 52 Wi 40 K b4 R A 0 2 300 £
HZ b4 n . BRI EeR S,

& YK R VR 7T A K 45 (AU@AGNRS) Fil 4 44
KA (A B 7 B D AR R SRR 41 B, & BRAU@AQNRS
AL L= A T 2 0 T AR T R AT e A B R A7 I ik
b Z R IR 77 4. AU@AgN RS i 24 [ B 2
FLA& B 25 0 B R AR AR 6. AU@AGNRIAR B 1



IR

B A B T 0K 400 0 2 1k R B R [ R
TiO4 K Jo ki T fii 2H 4L SR AL 45 05 8 BE AN ], 34 BE 6%
TERAL IR, W S X s, DT TiO40 K
R | A i 2H 21 ok A R AR 1 AR, B A
e A — AL R B, B R TIO & &
TR (A B PE AN, B BRI, gROR BURE A T AR
B, @ A TNF-a f1IL-1B 0 22 35 51 8 48 5E 2
m[Al].

G KB B A1 SR 0 B 52 ) o AR AR W TR
BEH RS FIIE AR, DR ot 2 5 i 4 oK A ) B 1 1Y)
TR . KM L3 i BUR 4 /5 19 26 10 BB 48 4 K b
B B A REMAIR, BB KA — k. 4
m, BRECNTSRERVIRAESIE, 5155
A e TR PR 98K bR R, A%
KM RHG A 2R

F T R 2 B A oK AR W RN 5 2 e M S
50w T AAERA S TAE, DL T FE PR B KRR
VR R R A, AT ZE R MR T B EE AL R
P XT 4 K A R URE Bl T 25 4T R RO LA 4 2 A 1)
SR RV T AUKARHEAR Y a1, R A
RAT R S5 1 A A B O R R K R
U 42 1 O N O R S R B R G O i B v = |
e P R A Y A iz N L A N e ds AN B T2
IR LA RGO MR E A . B TR
7 R BOVE TR SR T KA LA P B3 g 47k
MBI E A . B LHRM SRR, fERN A
S e (L B L B O B L OSBRI AR
S JEL RS ) Y 18 0 Rk R R B K A R Y 1 e - Uk
By Sy e,

3.2 IS TAR AN 5 A VR 2

JEUREARY

T ae Bog it 52 2 M I L Zh Y . 0 | 4
oA SR B TEXT G, R AN R 1) A RO &
RAERTEEE YL AT, PO T2 JE . T
ROE 2R 4Efl | By BUR sEUR R0 R, HE,
HI T AR AS B 4 0 BRI, 1% G 1 40 O AL
RSP AL 2 AN RE Tl A2 9 KB R AE W 3808 F 52
oK. XTI —JEGORATRE Ut 24 K B1RE . 294
KAPRLAE), BAT ZBRSE, JBAR . e din, &
TG AR5, ANHTRTIR, FIrAT ik S A n] RERZ I 44 K
BB AR W) 22 00 5 2 A AR AR 7 R N

KA A AR R A B B A B, 38 e L s — A
— T IR AR, SRR ANATAT Y T AR
PR B A A R 22 B A e . H AT, RO B 9K R
FER BV AR IEIR R, TCIE LB R FE 45258, [A)
BF, AR RS SR B0 G H 450 B, Xt
FURK S S ARSMERL | AR HASERY | Sl A5 76 3
PRSI Y 22 J2 R B BRI B R R L [RIA, K T
U LS WA B 7 B S R 7 B3 G VAR I e o 9 3 S M
SEYUORTE R YRR, 0] DL A R A 48
KAV TE s I A 7 8 7 i, TR ERE 3R CEE B A R g
AT
321 HAHER

75 i £k 11 (Caenorhabditis elegans) & A= 42 45 #iL
AR A W, HAR B A T BE AT LA A A 4K 7 ot
FAgE, SRS FLAAR N I B A Al I A T B Y,
TR, 28 E . 4140, gt . A . 22N
XTYRK A BHE A AR N AT AT A 5T . BT 5
g AR R WF5Y T T A (Quantum dots, QDS)7ELk Bt
RN oA . Q. AR B N R B
MABER IR BEFWL AN RS, €T
TH AL IE R 4B i i A, K& S S 8UE
MBI R G A R GRS, T B0 B A
REFHEN. FHN, FIHFE WL BB, FRA1TEUE
S T DA % £ M 2 o AR R A2 Bl RE T
TR RNIER R R | NIRRT L RN
IROS/KF- . $E 2k B A, LRI T A
Al LB 4R B A7 S R, I L o] DR i FE Sk R T
DAF-16f9 A#%, L 1E8DAF-16 F Jif A4 1 % 3% A (sod-3,
hsp-16.2)!43.
322 HEHEA

IR HHEERNRGEEEAR S FAEYE 045
B B AR RE Y A W 2 RN ) A A 1 o
FroRIE. o H-F RO 3R AL 1) N AT BT 4 oK b A
) T 00 B B 2 R H22 Al . R Rk T DU
Bt BAL, 115505 325 T R AE AN i 0 B AT AOPEY 43
FHUH B BT, 5 v 3 e ECE RN A 5 5 0 2L
5 55 T LA A A5 FIU AOP, - A T 35 BUA1 41 5 B
Atk /A

22 R A5 39 1 I 22 (M PPD) AR AL AT i Ak 1 AR
BRI R gl R TR B ) i, LA AR 1R T S B XU
PEA, JEHJEXTF I OENGIA . Flan, 2554 B 40
RS S GE PR DU, i b B s kA

3833



A % b B 2018FE 128 635 H35H

M9, 5 & T RN, AN 6] RS (1 J00RE 76 I ) 36
HAT B3R W B DORERAE . T A1) RS B 00 R 1 A
PR T3 A Bh g AR o B AE N Bk B I 1Y
LS DA Y Fp AR A L0 TR A RN K SR B
AT R R ALY Oy ik, AR LR B
T4 (R A K BORE TR ) L R SE AT TR A AT
58, WP Tl 490 K A ek i I 1 5% % 222 4 1990,
5575 0] B 3 550 A EE, 40K OB Y R RS T
334, FMARIGIN T 274%, T AT ] PN 44 K J50RL 71
TN T 8%, HeAh, RiAR A Sk T IR R )
FHOE. 8 7R R S B W A XU BG: B A o 2R T 25 36
B, AR AN 2 € [ [ R BN 2 4 5 it BRI 9 iir R
i ] R 22 4 5 i BRI 5 T 4 WA ML) L G SR 18
o —FE bR,

U v p = S N ) N N 12 TN = 32 W W S
T, T 3k 2 Bk 1 S5 B TT LA i 40 K b ) Y
A IARONE, T LN LA R ) IRUBS: R R A 2. 3R
MR T 45Fp R RIRI AR | ARG B2 AL B A4k
JE R 3 TE A9 ZnO 4k K B RE X N B K P9 Bz 41 i
(HUVEC) 5% A JiT 41 Jitd AT 20 e (HepG2) i) 20 it 453 43
SRR S AR RN, WA T RO R
3 S S B 1T AR T T kR RO G S AR A
B9 B RS 5 AR TE T L B v AR b
NGRS, R BIOK AL R vk B . R E
R 5 2% 0P B RIVRE B DA R K A% HE 4 B 5 R i HL 4 i
= ‘@[46].

) A, 7 490 K A Rl A 7R 7F 5 SR A, e
A PR DB R AR S A By
B bR AL B P ST B, i L LA [R] 4 =
HEATWCER ;R B OE T5E THIFAl 48 2K A e} 4 24k 2% Joit
(BT R e RIS 7 1, T B RGN 9K
B A Y T 2R R AR A . RGE L e
FRPESE, T B — IR . AR LA
BIMRS, TP S n g 5o, skl
2545,

33 RhEmAE. WaPERNSE AR DR

B EE A PRI TS B AR5 )7 i

KA RMR Z 45 BT AL i R IS O, Bl
YR KA I S TP AR RERE SR A RHAE P BT Y
R 75 2 IO W % 5, 3K TS K 4 K 7 T A ) R R 4l ok
R 2 A PR A I R4 T R e A R,

3834

BRIETREAN . = R S PEERn 2 et sir
PR e i 0 KU A BER, g A . R S R
()2 A ERIN PR a5, DA H Al RRgk & Jre.
331 ARELEFEFHRNFENHTHAM
BEDRNEL2ETNOER L, BIRQER
A F B AR K

— e A R R AR A B B, SR B A
PEAEPE S (2 B A FELD50); 26 28 Bhgt 14 7 PE i 5
FG Gr Sy i s 56 3B B W48 1 7 44 1056 (~90  d),
ZGH R I A S 5 AR Bt v R e (B 4
o I8 AR ) 221

B T R A% G 0 B B A 5 TR A A I B B
VIO P Y/ S B Wi o 11| - o o 3 G W N |
KM RO SR M TH PR MER, 50+
22 T X6 29 A BRI R AR R ] LU BHs 48K 7 i
42 P T 5 A B LA ATR BT B4 JHE B 5t B A8 35
KA R 53 B B 27 2 NG KOF A ST g oK
5 AR LA AR BAE R B 2R, B R OK Uk i A
F 2k )5 4% (adverse outcome pathways, AOPs), #R%Y
A= W LA 909 DK SR ) 285 F Pk B A 5 e, R 4 oK Bt
R A W Ak FRATT N S B e A P PEA N ) A
[ e e i A R Y (R DR S AV e g S
SIABNGUK I B PR PEA h, JRHERE T 90K bRt
RPN 0 BARPAT B 5 0 R PO R g, [H]
BoF DA FH A B, el B 8 1O s e M A F
YrE AR S T 40K A s 5 4 A pE DT v (1 3)7.
HAT, @SS d A MR gk, ATk
TR 1 AOPSHIF 5% 2 BL4E R F LU T LA 244

5 — R YOG A 1 5 R G F 4 (molecul ar
initiating event, MIE), | 41ROS/4A AR BLKF- . N &
I 1 3% (endoplasmic reticulum stress, ER stress), Ca’
A LA

FATUESE, ZFh 4 )i 554 Jm A0 W) 90 KA L
Ag znol Tio*, CuBiCuO™ gl K ik 14 ] LA
AT 7 AR IR B E S DT R A L. DAAL A
T T4 8)——ER stressfE b 400K 2 B2 L ] 42 4
PEPEMFEFR AT T L. LAk ZnORE R B, #F5E %
P40 L A A2 B oKk ZnOFk gl R, T LS
2 BT Sk P PN O P 7 B0, T P T ) g R A
AR B A] LU S0 5 299 Kb R0 2% 5 i Y S L R
Moy eV e b, AT T 942Kk ZnOURL H) K
A TS GOR MR 2 2 P T AR, [ R B, 78



IR

Bl 3 WA s AN ARG, L T XSGR R 43
JELTA SR

Figure 3 Proposed intelligent analytical strategy for the safety assess-
ment of nanomaterials/nanoparticles compared with the traditional tox-
icity assessment process'”!
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Development and prospect of biological effects and safety
of nanomaterials

Ying Liu & Chunying Chen’

Key Laboratory for Biomedical Effects of Nanomaterials and Nanosafety and Center for Excellence in Nanoscience, Chinese Academy of Sciences,
National Center for Nanoscience and Technology, Beijing 100190, China
* Corresponding author, E-mail: chenchy @nanoctr.cn

Nanomaterials have lots of unique physical and chemical properties, such as quantum size effect, surface effect and
macroscopic quantum tunnel effect. The biological effects of nanomaterials might be different from those of bulk materi-
as larger than microns even if their chemical compositions are same. Therefore, the biological effects and safety evalua-
tion results obtained from the bulk materials might not be suitable for the nanomaterials. Since 2003, governments
worldwide have initiated the researches on biological effects and safety issues of hanomaterials with increasing financial
support. Chinais one of the earliest countries in the world to carry out researches on biological effects and safety issues
of nanomaterials. And some research fields have entered the forefront of the world. The “CAS Key Laboratory for Bio-
medical Effects of Nanomaterials and Nanosafety” established jointly by National Center for Nanoscience and Technol-
ogy (NCNST) and Ingtitute of High Energy Physics of Chinese Academy of Sciences (IHEP of CAS) was the first pro-
fessional laboratory focusing on the biological effects and safety of nanomaterials in China.

Scientists in this laboratory have done many in-depth studies of the relationship between the physical-chemical prop-
erties and biological responses of nanomaterials. They found several factors which affected the biological effects of car-
bon nanotubes significantly, such as nanoparticle-Crona, metal impurities, surface, size, shape and so on. They have aso
established multiple models for hazard recognition and risk assessment. Nanomaterials/nanoparticles (NMS/NPs) are ex-
posed to human beings mostly through four routes, i.e., oral intake, skin contact, inhalation, and intravenous injection.
Upon entering the body, NMs/NPs are quickly distributed into specific organs and then metabolized primarily by the liv-
er. The final excretion of NMs/NPs usually occurs in the liver and kidney in the form of urine and feces. In general, the
most important issues regarding the absorption, distribution, metabolism and excretion (ADME) processes of NMs/NPs
include: (1) Where do and how much NMs/NPs get in (via absorption)? (2) Where do and how much NMs/NPs go (via
distribution)? (3) How much, when do, and what form of NMs/NPs remain intact (via metabolism)? (4) Where do, how
much, and what form of NMS/NPs stay in the system (via excretion)? At various stages of the ADME processes, the
challenges for in vivo analysis of NMs/NPs may become largely different. Important analytical methods to resolve the
analytical challenges for each absorption, distribution, metabolism and excretion (ADME) process are summarized. The
state-of -the art techniques with high sensitivity and high resolution suitable for safety evaluation have been developed to
ensure the sustainable development of nanotechnology, such as inductively coupled plasma mass spectrometry (ICPMS),
inductively coupled plasma optical emission spectrometry (ICP-OES), nuclear analysis such as neutron activation analy-
sis (NAA), laser ablation inductively coupled plasma mass spectrometry (LAICPMS), secondary ion mass spectrometry
(SIMS), synchrotron radiation X-ray fluorescence spectroscopy (SRXRF), X-ray absorption spectroscopy (XAS), X-ray
fluorescence spectroscopy (XRF), scanning transmission X-ray microscopy (STXM), transmission X-ray microscopy
(TXM) and so on. In this review, we summarize these research progresses in recent years.

nanomaterials, nano-biological effect, chemical and physical properties, nanotoxicology
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