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GNR-MUDA . . ROS o
2
2.1
85-7 ( ) ; DK-822 (

) ; DGX-9143BC-1 ( ) ; Centrifuge 5415D ( Ep-
pendorf ) ; CO, ( Thermo ) ; CKX 41 ( Olympus )
CRX6 ( ) ; Malvern Zetasizer Nano ; JEOL-230

: : ; Nikon Eclipse 80i ; Nikon 60 x( NA 0.7-1.25) ; Olympus
DP72  CCD : ( ).

( CTAB 99%) HAuCl, » 3H,0(99.99%) NaBH,(98%)

(AA 99.7%)  HCI(38%)  HNO( ) :
( Fetal bovine serum FBS) | ( Dulbecco’s mdification of eagle’s medium DMEM) .

(PBS pH=7.4) . ( Penicillin-streptomycin) Typsin-EDTA( 0.05% 0.25%)

GIBCO ; ( Dimethyl sulfoxide DMSO) .70%

. (MUDA) 34 5- 2) 2 5- ( MTT) . ( Phal-
loidin¥1TC) 2” 7°- (27 7 dichlorodihydrofluorescin diacetate DCFH-DA)
Sigma o Millipore ( TANKPEO030) .

122 mmX22 mm N (d=100 mm 35 mm) Coring

; (10 mL) . BD Falcon ; (

) .96 \0.22 um <10 mL ( ) o
2.2

(  HCl- HNO, 3:1 V/V)
3 2 o
2.2.1 9.2 mL 0.1 mol/L. CTAB 0. 25 mL 0. 01 mol/L
HAuCl, o 500 pL 0.01 mol/L. NaBH,
2 min 2 h o
2.2.2 3 A\B CA B 9 mL C
90 mL . 2.5%10™ mol /L. HAuCI, 5. 010~ mol/L.
(AA) 0.1 mol/L CTAB o
1 mL 9 mlL A 10 s 1 mL A 9 mL B
15 s B 90 mL C 15 s 30 C 0 C
10 mL o 3 g/L. GNR-CTAB o
2.3
0.0102 g ( MUDA) 2 ml 1 ml
0 400 pL 25% 2 mL 23 mmol /L MUDA 0
1 mL3¢g/L ( GNR-CTAB) 2 mL 100 pL 23 mmol/L MUDA
30°C 600 r/min o 4 h MUDA 7~8 o 2000 r/min 20 min
1 mL o
1 ml, ( GNR-MUDA) 3 /L.

GNR-MUDA o



12 1809
2.4 Zeta
700 uL. GNR-CTAB GNR-MUDA 25 C
. GNR-MUDA 2 h o
2.5 GNR-MUDA HelLa
Hela 35 mm 37°C 5%
CO, 24 h. GNR-MUDA o 37 C
5% CO, 24 h o
2.6 GNR-MUDA TEM
24 h 400 mg/L GNR-MUDA 37 C 5% CO,
24 h, N TEM o
2.7
Hel.a PBS 2 0.05 % ;
3 mL . 1.5x10* /mL 96
37 °C 5% CO, 24 h. GNR-CTAB
GNR-MUDA o MTT 490 nm (oD)
3 .
2.8 GNR-MUDA
Hela 24 h
Hela
Nano measure  Image J
2.9 GNR-MUDA
24 h ( Negative) ( Posi—
tive) o 900 pL PBS 1.5 mL 37 C 100 pL
100 mmol /L. DCFH-DA 15 s 10 mmol /L DCFH-DA. 1 mL
10 mmol /L. DCFDA 37 C 5% CO, 30 min PBS 3
o o 100 mmol /L, H, 0, 30 min .
2.10 GNR-MUDA
24 h 4% PBS 2 500 uL 0.
1% Triton X-100 5 min PBS 1 400 pL 5 mg/L
Phalloidin¥ITC 1h PBS | B 1 mL PBS.
3
3.1
Zeta GNR-CTAB.GNR-MUDA . GNR-MUDA
1 1 Zeta
CTAB
. MUDA Table 1 .Surf.ace cha?ge of high aspect ratio Au na.norods ( GNRs) after sur—
face modification or dispersed in water and cell medium
CTAB MUDA GNR-CTAB GNR-MUDA GNR-MUDA
Sample (in water) (in water) (in cell culture medium)

GNR-MUDA

Zeta-potential +57.5 21.6 -6.84
(mV) ' ' '

MUDA: 11-Mercaptoundecanoic acid.
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3.2 GNR-MUDA HeLa
HeLa GNR-MUDA 24 h (1
( Blank)

100 mg/L. GNR-MUDA

Blank

400 mg/L. GNR-MUDA

1 HeLa GNR-MUDA

200 mg/LL GNR-MUDA

600 mg/L. GNR-ML DA - .

Fig. 1 Dark field images of cellular uptake of different concentrations of GNR-MUDA after incubated with HeLa

cells for 24 h

3.3 TEM GNR-MUDA
TEM Hela

L
f
&
-
2 um
2 TEM HeLa

()

400 mg/L GNR-MUDA

400 pg /mL GNR-MUDA

24

Fig.2 TEM images showed the intracellular GNR-MUDA after incubated 400 mg/L GNR-MUDA
with HeLa cells for 24 h (left) the black arrow indicated the enlarged area ( left)

3.4 GNR-MUDA
MTT GNR-CTAB  GNR-MUDA
2 h ( 3A) . 200 mg/L GNR-CTAB
0% . 24 h GNR-CTAB
MUDA 600 mg/L 24 h
80%) . GNR-MUDA .

3.5 GNR-MUDA

3 o GNR-CTAB

. GNR-
( 3B
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GNR-CTAB concentration GNR-MUDA concentration
3 (A GNR-CTAB HeLa 2h 24h MIT (B)
GNR-MUDA  Hela 24 h  MTT

Fig.3 (A)3H4 S-dimethylthiazol( 2-y1) 3 5-diphenytelrazoliu mromide results of different con—
centrations of GNR-CTAB incubated with HeLa cells for 2 h and 24 h  ( B) MTT results of different
concentrations of GNR-MUDA incubated with HelLa cells for 24 h

. ( 4
(a) (b) .
o 5
a
: 2h 1 |
4 T AT
GNR-MUDA (Cell shape index)=a/b
24 h GNR-MUDA 4
GNR-MUDA Fig. 4  Cell shape index was measured by the
g h ratio of long and short axis distance for fusiform
' cells
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Fig.5 Graphs showed the relationship between the Hela cell adherence time and the cell shape
index ( A) the adherence time and the cell areas; ( B) respectively with the internalized GNR-
MUDA
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Fig.6  Graphs showed the relationship between Hela cell adherence time and cell shape index

(A) adherence time and cell areas ( B)
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respectively with the extracellular GNR-MUDA

o

600
B Blank B

500} EEE 100 mg/L GNR-MUDA
B 200 mg/L GNR-MUDA
400 [ 400 mg/L GNR-MUDA
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(A) Effect of internalized GNR-MUDA on the proliferation of HeLa cells and ( B) Effect of the

extracellular GNR-MUDA on the proliferation of Hel.a cells

7B o GNR-MUDA
o GNR-MUDA
GNR-MUDA 200 mg/L GNR-MUDA
o GNR-MUDA 400 mg/L GNR-MUDA
3.7 GNR-MUDA -
GNR-MUDA 24 h DCFH-DA 8 o GNR-MUDA
100 200 mg/L ROS o GNR-MUDA 600 mg/L
ROS o GNR-MUDA ROS
9 o 10 40, GNR-
MUDA  ROS 15 ROS 35, MTT 100 ~ 600
mg/L. GNR-MUDA o ROS
ROS o
3.8 GNR-MUDA -
GNR-MUDA 24 h HeLa Phalloidin¥ITC
10 o o
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(400 mg/L)
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S -,

ROS

Fig. 8 Dark field images ( left) and fluorescence images ( right) showed the effects of GNR-MUDA on the intracellularre—

action oxygen species ( ROS) production as a function of different concentration
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MUDA
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Preparation and Cytotoxicity of High-aspect-ratio Gold
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Nanorods at Single Cell Level

ZHOU Hai~Ying ZHOU Rui XIONG Bin HE Yan®
( State Key Laboratory of Chemo/Biosensing and Chemometrics College of Chemisiry and Chemical Engineering
College of Biology Hunan University Changsha 410082 China)

Abstract We have synthesized high-aspect—ratio gold nanorods ( GNR) by using a three-step seed-mediated
growth method. The aspect ratio of the GNRs is approximately 14. The modification of the GNRs was achieved
by replacing the CTAB molecules on the surface of gold nanorods with the 11-mercaptoundecanoic ( MUDA)

molecules. The cytotoxicity of the as-prepared GNRs and their effects on endocytosis adhesion proliferation

intracellular reactive oxygen species ( ROS) level and cytoskeleton of the cells were studied. Interestingly by
using the 3H 4 5-dimethylthiazol2-yl) 2 5-diphenyl—etrazolium bromide ( MTT) assay the GNRs did not
show a significant toxicity to HeLa cells. However single cell viability assays showed that GNR uptake could
influence the cell adhesion at the early stage though the effect was not much and the cell proliferation was
promoted to some degree. Moreover large amounts of GNR uptake will lead to increased intracellular ROS
level and impaired the cell skeleton.

Keywords High-aspect—ratio gold nanorods; Surface modification; Cytotoxicity
( Received 26 July 2012; accepted 19 September 2012)



