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Abstract ; The aim of this study was to explore the genetic toxicity of nano silver, such as DNA damage and chro-
mosomal aberration, in HepG2 cells and provide a reference for the in vitro evaluation of genetic toxicity. The
HepG2 cells were infected with nano silver (20 nm AgNPs and 20 nm PVP-AgNPs) with a series of doses of 20
pg-mL™", 40 pg-mL", 80 pg-mL™" and 160 wg-mL™" for 24 hours. The cell apoptosis was detected by the ho-
echst-33258 staining, the DNA damage was detected by the comet assay, and the chromosome aberration was de-
tected by the cytoplasmic block micronuclear assay. Results showed that the number of apoptosis was significantly
increased in the 160 wg-mL"' 20 nm AgNPs group compared with the control (P<0.05), while the numbers of ap-
optotic cells in the 80 wg-mL" and 160 pg-mL™" 20 nm PVP-AgNPs group were significantly increased compared
to the control (P<0.05, P<0.01). Two kinds of silver nanoparticles induced apoptosis in HepG2 cells in a concentra-
tion dependent manner. In the comet test, olive tail moment, tail length and tail DNA percentage in the 40 pg-
mL", 80 wg-mL" and 160 wg-mL"' 20 nm AgNPs and 20 nm PVP-AgNPs were all significantly different from
those in the blank control group (P<0.05). The DNA damage degree of HepG2 cells in 20 nm AgNPs was higher
than that in 20 nm PVP-AgNPs. In the cytoplasmic block micronucleus assay, neither of silver nanoparticles caused
any significant change in the number of cytoplasmic bridge (P>0.05). However, the number of micronucleus, type
I micronucleus, type II micronucleus and nucleation buds were significantly increased when cells were exposed to
20 nm AgNPs with the high exposure dose (P<0.05). For the PVP-AgNPs exposure, the total number of micronu-
cleus and type I micronucleus count were all increased when cells were exposed to 20 nm PVP-AgNPs with the
three doses (P<0.01). The type II micronucleus count increased significantly in 160 wg-mL™" 20 nm PVP-AgNPs
group (P<0.01), and the nuclear buds number increased obviously in cells treated with PVP-AgNPs at more than
20 wg-mL™" (P<0.01). Generally, The toxic effects of 20 nm PVP-AgNPs on the nucleus were severer than 20 nm
AgNPs (P<0.05). We concluded that the two types of silver nanoparticles could cause genetic toxicity to HepG2
cells, such as DNA damage and chromosomal aberration. The ability of 20 nm AgNPs causing DNA damage was
stronger than 20 nm PVP-AgNPs, while the ability of 20 nm PVP-AgNPs causing chromosomal aberration was
stronger than 20 nm AgNPs. Overall, the toxic effects induced by both of AgNPs was in a dose dependent manner,
which means higher concentration of nanoparticles induces severer genotoxicity damage in HepG2 cells.

Keywords: nano silver; comet assay; micronucleus; dose-response relationship
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ROV IEZR KA R A SR 38 A B MDA 42 (1 52 46
Wi, BEON  ABEITHIRE T R S 5 5o 2
BELA U A0 M 4 =2 R 45 5 19 D7 1%, R HepG2 4
HEAE D PRSP L, BE 5o DR A 20 K AR A )
(RIS ABTE RN, , #E 11 AT LA FH 2 20 6 52 30 0 4G T
Gy PR BRI AL TR R

1 ##l57 % (Materials and methods)
L1 RS 4

20 nm PVP 85 44 K AR A (1 7 1E 94 KL
A RAF]),20 nm Jo B GRAR B A (I 5252 94
KEHEA RS A, HE B H (K, Cr, O, , E 25 & Ak
2R R R, BH X R 22 245 2 C(Mitomycin
C, MMC, Sigma-Aldrich 2> ), HepG2 4l Jifd ¥k (Hu-
man hepatoma cell line, A5 4i i, o E R B
TR 240 L AE 5 ) o
1.2 5

DMEM =i 72 (35 [ GE A w)), [ 45 M il
(& Gibco A H]), i 4R MG (BT VT R AE VIR A
BN D), Wi lR 56 2% i (PBS, 18 1 1 4= 1) TR A R
N, AR T -Hoechst YL AR & ( i3 ~ KA
Y AR BR 2 F]), Oxiselect £ 5 525545 £ (Oxise-
lect comet assay kit, 3¢ [E Cell Biolabs /A F]), TE Z& i
WAL R B AR R A ), S (E 254
A 22100 A R Al ), SR A B (1 24 48 P AR 22
FRIABRA T, 75% Wk Ok A2 BHE (L) A R A
F]), 20 B A it Z-B (Cytochalasin B, Cyt-B, CAS:
14930-96-2, 3 [# Sigma -Aldrich 23 #), 75 W BEH K
(Giemsa, ' [E] Biosharp 23 H]),
1.3 FEAULE

3423 1 CO, 55 ## #6 (3€ [&] Thermo Scientific 7y
F]), TDZ6B-WS 7K &5 .0 HL (1 AL ES T ),
5424R HUE .0 ML (74 [E Eppendorf 2 ), KQ-2200E
TR 7 T DR AN (B L 75 A A BR A7), FSX100
TR A=W R AL (H A OLYMPUS A7),
1.4 SEHJ5k
1.4.1 HifksEss

HepG2 i1 ]l DMEM #5755 (& 10% i
- 1M13% 100 U-mL" & FE A 100 pg-mL ' #E % )T
37 C .COMRFUIECR 5% 251 5 UL REE 7

1.4.2  Hoechst-33258 Y {0 41 i ) 7=

B TS B R BT 6 FLARP, O B KA
HRREERD T 6 FLAR , VR ANk R 1x10° 4> -mL,
AL 2 mL, B FRad i, il % B &2 50% ~ 80% il .
Ja43 A 20 pg-mL™" 40 wg-mL" 80 pg-mL™" 160
pg-mL ' AORER YA, 24 h )5, R FR,
JMA 0.5 mL [ %2 W, B % 10 min, & B &, H
PBS ¥k 2 i, YK 3 min, WA, imA 0.5 mL
Hoechst 33258 YL {a ik, B FEIR LYt 5 min, Z2¥4%
W, ] PBS Uk 2 i, WS, T — TR PTG
KE R WA L, 5 DA A w588 A, k4
PO fid 9, IS B R, TR A
LA
1.4.3 EHESLE

OB R 0 20 M 1 12 LA, 9871 40 i
R 1x10° emL, AL 1 mL, 559524 h J5 %
JRRE SR, 25 O RN A A LS 3R, P X R4
BIA 294 g - mL" 19 0 5% R B0 VA WL, S 6 2 43 i) o
A 20,40 80,160 pg-mL" A KARVA TR, 4k 22 15 57
24 h J5  WSCHEANARL, e IR L S0 R B 4R A 1 B
Kl DNA #1475, SCH A 3 Ik, B IR S 5 B4 5
T FEPLIERE 50 4 EFH Comet Assay #X{f:(CASP,
http://casplab.com/) 737, 3 KL E: AT Olive B4 &
KA1 DNA H 45 b i 7 4 {8 FH DL 3 35 DNA
it .
1.4.4  Jf 5T 53 24 RV T0R% 20 R 2 2 i 0

SOGHRSCA: FS0 0 20 B2 T 12 LA, 371 4 i
WRER 1x10° -mL, &fL 1 mL, 53524 h J5Ek
JREE IR, SZU4H 43 A 20 .40 80,160 pg - mL™
AN AR IR, BT PRI 0.1 wg-mL ™" By 22 %4
FE C,FBHAAA T R B 7R YL AT [N | e
H 4 pgemL" YT 24 h 5, W R YL EEROR 40 [
R, J5 M Giemsa Yoy #EA7 Y 8, 5 Je A 90
AR, X6 2 B oK AR g A Gy 7 ) KSR 3 O
Ii] X385 11 200, B UOWZE 1 000 /4> KUK 411 it , 45 11
1 0002 g H B A% ( T AU A% + I 2 fA%) T #Y
W% | BT A% AX BT AR
1.5 Stk

BRI LA XS R, R SPSS 21.0 #ifF
PTG 2203 B, Z A R R &R T 2250 B
(One-Way ANOVA), 4[] Lt 3k B i 7 25 53
Mr s E—25 JE 47 41 (8] 0 R B B, 45 T 25 5%, R
LSD-t K35, 5 J5 224 5%, K ] Dunnett' s T3 K55
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AR 5 R 434, SR FH 9 742 Jt 1 2k AH 5% 23 BT (Bi-
variate Correlation), P<0.05 N2 RA 411242 L,

2 Z5E8 (Results)
2.1 YUK FERNESS

25555 LT (TEM) G I 45 SR an 1&l 1 fir s, 38 ok
TEM WAL B80T 10% 54~ 17 () DMEM #5371
T 2 FRYORERBURL N BRE | TCALBE i 90oR R A
RIS, PVP AL 1) 9 K 4R 4 5 59, JE A R
% @1t Nano Measurer 1.2.5 A& 20 nm Jof)

PR AAR - YR 42 M (18.29+5.50) nm, 20 nm PVP
A B A KR SR 4804 (19.95+4.75) nm,
2.2 YKEEXT HepG2 40 JH T 52 i

AW AU BT UL BH X B2 T A0 H g
Z B AP A D A A 2 BUR R SR R
ARECE G | FAER A 1E 5 A A2 | 1 5 4i
¥ P9 DNA 434 A6 3457 4 MOA% JC [ 45 , 76 0L 87 v
SEIUATE R H YL 50 (BRI AZTE A 9K 4R
X HepG2 4 MIAZ I 45 (1) 5% i WL 2, 45 5256 b #L 4]
HepG2 UMM T FRLER WK 1,

B 1 ZKsREA TEM E
A, 20 nm AgNPs Y TEM [&]; B, 20 nm-PVP AgNPs [ TEM [,

Fig. 1 The TEM diagram of nano silver particles
Note: A, the TEM diagram of 20 nm AgNPs; B, the TEM diagram of 20 nm-PVP AgNPs.

2 AEMFMES KR HepG2 A A7 HY 220
1 : Hoechst 33258 ¢ (0, x 100, #7 3k BT AU T- 40 MIAOA0MIAZ . A, 25 AXTIRAL; B, B R4
C1~C4,20 nm AgNPs ZH (G 435124 20, 40, 80, 160 wg-mL™");D1~D4,20 nm PVP-AgNPs 21 (Fl 43 91K 20, 40, 80 160 pg-mL™' .

Fig 2 The influence of different characteristics of nano silver on the nuclear form of HepG2

Note: Hoechst 33258 staining, x100; the arrow refers to the nucleus of apoptotic cells. A, blank control group; B, positive control group;

C1-C4, 20 nm AgNPs group (20, 40, 80, 160 wg-mL™"); D1- D4, 20 nm PVP-AgNPs group (20, 40, 80, 160 pg-mL™").
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1 ATAL HIEHE XA R, 20 nm AgNPs 41
FEFIE R 160 g mL B 8 T 40 B A% AH L F 25 X
WA ZH W I 189 22(P<0.05);20 nm PVP-AgNPs [ 80 pg
-mL" 160 wg-mL" 41 T 40 O AZ AH H T 25 6 RR
ZH W 36 £2(P<0.05, P<0.01), 2 Fh94 K f HepG2

100 o m

100 m

100 p m

£ b S o R AR B 40 B R T (20 nm AgNPs: P<
0.05,r=0.997; 20 nm PVP-AgNPs; P<0.05, r=
0.999), MriAlszitTr 2273 7 L # AT 1, 20 nm PVP-
AgNPs X HepG2 4L i T U521 K T 20 nm Ag-
NPs(P<0.05).,

B

100 p m

100 v m

100 1 m 100 jwm

B3 ZER%K(x42)
A ZSERHRA B, BHMEXT IR ; C1~C4,20 nm AgNPs ZH (GilH& 43514 20, 40, 80,160 pg-mL™");
D1~D4,20 nm PVP-AgNPs 21 (Gl 4374 20, 40, 80,160 pg-mL™),
Fig. 3 The comet image (x42)

Note: A, blank control group; B, positive control group; C1-C4, 20 nm AgNPs group (20, 40, 80, 160 pg-mL™");
D1- D4, 20 nm PVP-AgNPs group (20, 40, 80,160 pg-mL™).

F1 FREHEEGKET HepG2 HAE T Z HIE M ( X£S)

Table 1 The effect of silver nanoparticles with different properties on the apoptosis rate of HepG2 cells
21 31 /(g mL™") E IR YA T3 /%
Group Dose/(ug-mL") Cell number Cell apoptosis rate/%
235 I ERAL
Control group 0 3%500 3.33£0.70
20 3x500 4.87+0.42
20 nm AgNPs 4] 40 3%500 5.00+0.72°
20 nm AgNPs group 80 3x500 5.80+0.60°
160 3%500 7.13+0.42°
20 3%500 4.93+0.50°
20 nm PVP-AgNPs £ 40 3x500 553+0.61°
20 nm PVP-AgNPs group 80 3x500 9.47+1.01°
160 3%500 10.33£0.94°
K,Cr, 0,4
294 3%500 62.20+3.89°

K, Cr, 0, group

T 5 A R LA, 2 P<0.05,° P<0.01
Note: Compared with the control group, * P<0.05,°P<0.01.
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2.3 YUKEXT DNA F4i 5

S TSR R R AL 3, 28 o R 4] A Sk
#h DNA B , JoJR 0 ; I X R4 3k &6 DNA £,
SEIEARR, AR th DNA Wi il 2 H ik, 58k
JER T3, 2 Pl kAR A BEZH /N F45F 40 pg-
mL " ) 412 B8 0 5% 21 3k DNA B0% , TH B 2
TR EEBARSE ; KT 80 wg - mL™ A5 i 40
(3L DNA £ rp, 52 B Aok, B 2 A
AR, TR BEA KA, R B 53 BT 4 (Comet
Assay Software Project, CASP)#EA T4 73 #7, 2 FiA
[l B AR AR (1 R [R) MR B 1 Olive B4R | BB A2
#h DNA H 4 Has R 3k 2,

AR R T 2 Ir s Rl 0, e 443 24 h )5,
PR HRZH Olive e B K FIE#E DNA A 73 b 5
25 O AL R LA i 3 22 5 (P<0.01), 20 nm Ag-
NPs A1k T 20 wg-mL" Y Olive A5 K, H
AR5 A5 (O BRGL AT 35 25 57(P<0.05),20 nm PVP-
AgNPs 415 T 20 wg-mL™ () DNA H4rH, HAxt 5
75 X IR 22 A Bi 24 78 L(P<0.05), TR Jr
2251 BT LRI, 2 Fh KR HepG2 21 ifl DNA I
Z4FERE .20 nm AgNPs > 20 nm PVP-AgNPs(P<0.05),
2.4 YRKER X I A% B R

T 4 65 53 SR BE i A% A L 2 23 5, 40
AR T RSN AZ 1 B T RS B, T AR A 2

W R SRR PR AR AN R4 49 K B Y B HepG2
RIS A AR L3 3,

WL 3 s, 5P A, 20 nm AgNPs
76 80 pg-mL™" (160 pg-mL™" ¥ & T Y45 HepG2 4
5 R kB & TH i (P<0.01);20 nm PVP-Ag-
NPs 7£ 20 wg-mL" 40 wg-mL" 80 wg-mL™" 160
pg-mL W T YL HepG2 40 M5 Wik B 50y i 3%
JH#E (P<0.01), 20 nm AgNPs 7E 80 pg-mL™ 160
pg-mL ¥R T YR HepG2 4ilfitl)5 1 HIGUZ 80 &
F+E(P<0.01);20 nm PVP-AgNPs 7£ 20 pg-mL™" 40
pg-mL”' 80 pg-mL' 160 pg-mL™" ¥ B T Y 7%
HepG2 #ififi)e T BI04 & & (P<0.01), 5
B REZEAR L, 2 FhRAR B BEEE 160 pg - mL™' R
& Y3 HepG2 A Je 1T G 5048 & 2 T+ 5 (20
nm AgNPs, P<0.05;20 nm PVP-AgNPs, P<0.01), 20
nm AgNPs 7 160 pg-mL™" ¥ & T YL 7 HepG2 40y
JE AR B 35 T 35 (P<0.05);20 nm PVP-AgNPs 7E
40 wg-mL" 80 pg-mL™" 160 pg-mL" ¥ & K Y7
HepG2 2 i J5 12 28 803 1o 25 T+ & (P<0.01); 5 Bk
XTREZH AR LY, 2 Bl g R AR 25 Tk B 371 o N A ST 2508
T3 25 5(P>0.05), £5 AW T8 b 1) 4[] Hh A 25 51
BRI, RAZ TR A6, 2 Fh iR AR A L5 1 0 B %
BT BGRB8 R B A 2 5
(P<0.05),20 nm PVP-AgNPs X 4% 520 T 20

R2 2 FHKRAE HepG2 HAE Olive B4E 21K E2#8 DNA LLEER
Table 2 The results of Olive tail moment, tail length and tail DNA ratio of HepG2 cells exposed

to two kinds of nano silver (X+S)

215 Fl/(ng-mL") 4% Olive FEJH AN FE DNA A4 kb
Group Dose/(pg-mL']) Cell number Olive tail moment Tail length Tail DNA%
25 [ B AL
Control group 0 3x50 0.59£0.17 6.4620.57 10.50£0.14°
20 3x50 2.32£0.64 15.76+3.61 10.500.14*
20 nm AgNPs £ 40 3x50 7.15£2.09° 31.14+2.38° 27.81+3.23%
20 nm AgNPs group 80 3x50 7.20=+1.40° 29.01+4.67° 29.32+2.03°
160 3%50 9.96+1.42° 37.50+10.76° 40.64+1.51°
20 3%50 227+0.24* 13.58+0.93" 9.56+2.64
20 nm PVP-AgNPs £ 40 3x50 4.84+0.68° 2023+121° 17.99+1.43°
20 nm PVP-AgNPs group 80 3x50 5.87+0.55° 25.97+1.41° 19.75+2.10°
160 3x50 7.34+1.39° 28.43+0.83° 26.82+5.63°
K,Cr, 0,4
294 3%50 16.23+2.68° 58.00+5.60° 43.83+1.34°

K,Cr, 0, group

TE - 525 X IRA L8R, P<0.05,° P<0.01,
Note : Compared with the control group, * P<0.05,°P<0.01.
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nm AgNPs, EIZLAIXCSIHT S R4 B 20 nm AgNPs  HepG2 AN 6 AEHER s A 2 g A0
ALk B BORBR S A AUSIS R RO AR R

T4 7 B #434(P<0.05, r>0.7),20 nm PVP-AgNPs 41

b B BRBR RN S0 LR s b g 3 VTIB( Discussion)

I R T R B BR(P<0.05, r>0.7) , 2 B G R AR X TEARAR B AR M R v, 8 FAS [R) 1Rt
C
10 pm 10 pm 10 um

g “ Lty

B4 MRS REFMZERAFKEEEYE
WA U IE R AN B, &4 T B A S AN ; C, & T BB A RV AN s D, & A A% 2 B SO AL S B, & A A% BT O BURZ AL
Fig. 4 The cell classification of cytokinesis micronuclear test cells
Note: A, double nucleus normal cell; B, cells containing I microkernel dual-core; C, cells containing Il microkernel dual-core;

D, binuclear cells containing nuclear sprouts; E, a dual-core cell containing a nuclear bridge.

£33 TEESMAKBRS HepG2 FRRIKAF B ( X=S)

Table 3 Micronucleus effect of HepG2 cells exposed to nano silver with different properties (3(18)

o 1 #5% 1T A% e A
215 F B /(wg-mL ) (LGS (23 .
) Type 1 Type Il Nucleoplasmic
Group Dose/(pg-mL']) Micronucleus count . ) Nuclear buds .
micronucleus micronucleus bridge
BH X R 2
0 2.33+1.15 1.67+1.53 0.67+0.58 2.67+2.08 0.67+0.58
Negative control group
20 6.33+£2.89 6.00+2.65 0.33+£0.58 3.33+2.08 0.67+0.58
20 nm AgNPs 2 40 6.67+1.15 5.67+2.08 1.00+1.00 5.67+1.52 1.33+£0.58
20 nm AgNPs group 80 13.33£2.08° 11.00£2.00° 2.33+0.58 6.67+£2.52 1.00+1.00
160 16.67+2.52° 13.33£2.08° 3.33+0.58* 8.33+1.53° 1.67+1.53
20 12.00+4.36* 9.33+3.06* 2.67+1.53 7.00+1.73 1.33+£0.58
20 nm AgNPs-PVP 4] 40 13.33£5.03° 10.00+3.60* 333+1.53 11.00+3.60° 1.67+0.58
20 nm AgNPs-PVP group 80 15.67+4.51° 11.67£3.51° 4.00+1.00 12.33+2.08° 1.00+1.00
160 20.67+1.53° 14.33+1.53° 6.33+1.53° 10.33+2.52° 1.67+0.58
#HHEHRC
0.1 26.67+1.53° 19.33+3.51° 7.33+2.08° 10.67+2.08° 2.33+0.58°

Mitomycin C

T 528 FO BRALLEEE 2 P<0.05,° P<0.01.
Note ; Compared with the blank control group, * P<0.05,°P<0.01.
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XN RARMEA T 2 T A6 1 A o5 JHL 40 5 R AR e
W PVP FrAGE iR B AN 22 JREOME S5, AN T[] A 4 14 40 DK AR
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