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Abstract:

Objective  To test the silver ion release kinetics of three kinds of silver nanoparticles under different conditions (such as mass
concentration, time, and solution) and assess the cytotoxicity of released silver ions.

Methods  Uncoated 20 nm, uncoated 50 nm, and polyvinylpyrrolidone coated 20 nm silver nanoparticles (nano-Ag20, nano-Ag50, and
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nano-Ag20PVP) were dispersed in different pH buffers such as pH3.6 acetate buffer, pH6.0 acetate buffer, and pH7.0 deionized
water to prepare 0.2, 0.5, and 1.0 g/L suspensions. After incubation at 37 , silver ions were separated by ultracentrifugation and
ultrafiltration for detection. Nano-Ag20PVP were dissolved in cell culture to prepare solutions of 0, 20, 40, 80, and 160 mg/L concentrations,
then incubated at 37, and followed by silver ion detection after 24 and 48 h, respectively. A549 and HepG2 cells were exposed to nano-
Ag20PVP suspensions, with silver nitrate solution used as positive control, to determine cell viability by MTT assay.

Results  Higher degree of dispersion was found in nano-Ag20PVP than in nano-Ag20 or nano-Ag50. In all designed pH
conditions, the silver ion content of three kinds of silver nanoparticles was positively correlated with mass concentration and time.
Under same pH and mass concentration conditions, the silver ion ratio of nano-Ag20PVP was always higher than that of nano-Ag20
(P<0.05). At pH7.0, the silver ion ratio of nano-Ag50 was higher than that of nano-Ag20 (P <0.05) in the 1.0¢g/L group. The silver ion
ratios of the 20mg/L and the 160 mg/L nano-Ag20PVP solutions were 0.02% and 0.09%, respectively. After incubation for 24 h and
48h, the silver ion ratios of the 160 mg/L nano-Ag20PVP were 0.01% and 0.02%, respectively. After treatment for 24 h and 48h with nano-
Ag20PVP, both silver content and silver ion ratio in A549 and HepG2 cells were positively associated with the mass concentration
of nano-Ag20PVP. After 24 h with nano-Ag20PVP treatment, the content of silver in HepG2 cells was higher than that in A549 cells
(P<0.05), but it was lower after 48h (P<0.05). After treatment for 24 h and 48 h with nano-Ag20PVP, the contents of silver ion in
HepG2 cells were lower than those in A549 cells (P<0.05). After treatment for 24 h and 48 h with 10-160 mg/L nano-Ag20PVP, the
cell viabilities of HepG2 cells were higher than those of A549 cells (P<0.05). After treatment for 24 h and 48h with 5 and 10 mg/L
silver nitrate, the cell viabilities of HepG2 cells were higher than those of A549 cells (P <0.05). At the same mass concentration (5
and 10mg/L), the cell viability of the nano-Ag20PVP group was higher than that of the silver nitrate group (P<0.05).

Conclusion  Coated silver nanoparticles release more silver ions than uncoated silver nanoparticles. Nano-Ag20PVP could
still release silver ions in cells, which plays an important role in the cytotoxicity induced by silver ions in selected cell lines. Silver
nanoparticles and released silver ions jointly induce cytotoxicity.
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1 n=3
mg/L
g r P
gL oh 1h 6h 12h 24h
pH3.6
nano-Ag20 0.2 0.1233+ 0.0095 0.2296+ 0.0166 0.3624+ 0.0074 0.6754+ 0.0045 0.7763+ 0.0135 0.945 0.015
05 0.3659+ 0.0215 0.4710+ 0.0131 0.5449+ 0.0299 0.9855+ 0.0353 1.1348+ 0.0271 0.952 0.013
1.0 0.5201+ 0.0118 0.7348+ 0.0291 0.9837+ 0.0424 1.6784+ 0.0558 1.9641+ 0.0385 0.957 0.011
nano-Ag20PVP 0.2 03306+ 0.0131°  0.7539+ 0.0165° 11196+ 0.0369° 24213+ 0.0155°  2.7345+ 0.0413° 0.937 0.019
05 15631+ 0.0111°  1.9640+ 0.0183°  2.0262+ 0.0585° 25080+ 0.0400°  3.1048+ 0.0325° 0.975 0.005
1.0 17983+ 0.0559°  2.5862+ 0.0379°  3.0907+ 0.0295° 59897+ 0.0362°  6.1432+ 0.0531° 0.907 0.034
nano-Ag50 0.2 0.1384+ 0.0095 0.2502+ 0.0122 0.3630+ 0.0308 0.6808+ 0.0142 0.7163+ 0.0214 0.916 0.029
05 0.3340+ 0.0275 0.3825+ 0.0172 0.5733+ 0.0337 0.9558+ 0.0529 1.1427+ 0.0413 0.966 0.007
1.0 0.5573+ 0.0332 0.7076+ 0.0309 0.9402+ 0.0103 1.6514+ 0.0273 1.8612+ 0.0317 0.948 0.014
pH6.0
nano-Ag20 0.2 0.0128+ 0.0011 0.0412+ 0.0016 0.1724+ 0.0086 0.2125+ 0.0137 0.2915+ 0.0122 0.940 0.017
05 0.0374+ 0.0011 0.1288+ 0.0091 0.3095+ 0.0156 0.4504+ 0.0096 0.5429+ 0.0257 0.933 0.020
1.0 0.1150+ 0.0033 0.2011+ 0.0126 0.5027+ 0.0289 0.5225+ 0.0228 0.6922+ 0.0303 0.910 0.032
nano-Ag20PVP 0.2 0.0452+ 0.0053"  0.1022+ 0.0067°  0.3446+ 0.0096°  0.5241+ 0.0216°  0.6156+ 0.0156" 0.931 0.022
05 0.0852+ 0.0073°  0.1729+ 0.0098°  0.6488+ 0.0087°  0.7788+ 0.0148°  0.8794+ 0.0166" 0.876 0.051
1.0 0.1803+ 0.0119° 04723+ 0.0237°  0.7762+ 0.0304°  0.9891+ 0.0407°  1.2888+ 0.0457" 0.942 0.016
nano-Ag50 0.2 0.0453+ 0.0064 0.097 2+ 0.0029 0.2049+ 0.0172 0.2336+ 0.0207 0.3443+ 0.0115 0.958 0.010
05 0.0625+ 0.0015 0.1534+ 0.0083 0.3338+ 0.0081 0.3871+ 0.0157 0.5936 0.0257 0.965 0.008
1.0 0.1269+ 0.0061 0.2091+ 0.0095 05188+ 0.0224 0.5668+ 0.0215 0.7798+ 0.0141 0.936 0.019
pH7.0
nano-Ag20 0.2 0.2257+ 0.0153 0.2675+ 0.0116 0.6878+ 0.0302 0.8161+ 0.0515 1.2213+ 0.0395 0.974 0.005
05 0.6245+ 0.0269 1.0899+ 0.0161 1.7659+ 0.0603 2.4788+ 0.0164 2.5488+ 0.0286 0.884 0.046
1.0 0.9233+ 0.0209 1.9558+ 0.0495 3.1518+ 0.0639 3.2819+ 0.0413 3.0666+ 0.0599 0.684 0.203
nano-Ag20PVP 02 12695+ 0.0207°  2.499.1+ 0.0211°  4.826.7+ 0.0298°  8.7862+ 0.0557°  9.4859+ 0.0568° 0.923 0.026
05 1.9687+ 0.0316°  4.103.8+ 0.0342° 53957+ 0.0677°  9.5294+ 0.0719°  10.1603+ 0.0687° 0.913 0.030
1.0 49663+ 0.0289°  7.006.3+ 0.0698°  11.149.7+ 0.0567°  13.2255+ 0.0518° 157384+ 0.0542° 0.934 0.020
nano-Ag50 0.2 0.2326+ 0.0178 0.3689+ 0.0206 0.5544+ 0.0065 0.8768+ 0.0316 1.3531+ 0.0179 0.996 0.001
05 0.5896+ 0.0302 1.2919+ 0.0381 1.8517+ 0.0522 2.0995+ 0.0608 2.6359+ 0.0328 0.909 0.033
1.0 12488+ 0.0317°  2.8896+ 0.0222°  3.6362+ 0.0576° 54943+ 0.0604°  6.4046+ 0.0356° 0.928 0.023
a pH3.6 nano-Ag20 P<0.05 b pH6.0 nano-Ag20 P<0.05 c pH7.0 nano-Ag20
P<0.05
2.3 nano-Ag20PVP
Oh 20 40 80 160mg/L A549 HepG2 2
0.02% 0.06% 0.08% 0.09% 24h  48h 2.5 nano-Ag20PVP
20 40 80mg/L 160 mg/L 3 A549  HepG2
24h  48h 0.01% 0.02% nano-Ag20PVP 24 48h
24h 1 nano-Ag20PVP 0.2g/L 24h
pH7.0 4.74% 9.486 mg/0.2¢ nano-Ag20PVP Ab49 HepG2
160 mg/L 0.2g/L 48h P<0.05 24h
pH7.3~7.4 0.01% nano-Ag20PVP 10 20 40 80 160mg/L HepG2
2.4 nano-Ag20PVP A549
P<0.05 24 48h 25 5 10mg/L
20 mg/L 24h 48h A549  HepG2 P<
P<0.05 80 160mg/L 24h 0.05 24h 25 5 10mg/L A549
48h P<0.05 4 Ab49 24h HepG2 48h P<0.05
HepG2 HepG2 48h A549 24 48h 2.5mg/L HepG2
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A549 P<0.05 A549 HepG2 24h 5mg/L nano-
5 10mg/L HepG2 Ag20PVP 94.41% 93.63% 5mg/L
A549 P<0.05 7.16% 15.22% Ab49
24 48h 5 10mg/L  nano-Ag20PVP HepG2 48h 5mg/L nano-Ag20PVP
nano-Ag20PVP 85.83% 88.50% 5mg/L
P<0.05 6.11% 9.27%
2 nano-Ag20PVP n=3
A549 HepG2
nano-Ag20PVP 24h 48h 24h 48h
mg/L
ng/L % ng/L % ng/L % ng/L %
0 ND ND ND ND ND ND ND ND
20 10.2+ 1.4 717 59.9+ 8.0° 20.7° 22.9+ 1.0 25.1° 26.3+ 4.6 178
40 552+ 2.8% 20.9° 66.3+ 21.5° 20.1° 84.3+ 27.2° 5.8° 48.9+ 4.6 126
80 180.4+ 27.7% 12.4% 155.7+ 20.5° 15.1° 306.6+ 20.3° 4.0° 129.7+ 8.4 8.8
160 612.1+ 44.8® 4.3" 416.6+ 53.6° 9.7° 739.8+ 51.7° 2.5 256.7+ 3.1 5.4
r P =0.976 P=0.005 =0.987 P=0.002 #=0.990 P=0.001 =0.998 P=0.001
IND a 48h P<0.05 b HepG2 P<0.05
3 nano-Ag20PVP A549 HepG2 pH
n=6
A549 % HepG2 %
mg/L 24h 48h 24h 48h
nano-Ag20PVP
0 100.00+ 0.00  100.00+ 0.00  100.00+ 0.00  100.00+ 0.00
abd ad abd acd
5 94.41% 565%™ 8583+ 6.41°  93.63+ 4.54™  88.50+ 4.46 nano-Ag20PVP 24h
10 80.39+ 3.58% 72,92+ 4.2¢ 93.02+ 6.36™ 81.77+ 6.51*
, \ 10%
20 65.06+ 2.22° 59.86+ 4.3°  89.58+ 243%™  76.27+ 4.37*
40 5591+ 47% 5297+ 5.7°  84.83+ 346  60.25+ 3.19% 4.74%>0.01%
80 4491% 333°  30.12+ 3.89° 8184+ 2.42%  40.03+ 2.57°
160 34.83+ 2.42°  17.06+ 2.33°  62.06+ 1.35"°  32.93+ 4.46™
» =-0.868 =-0.904 =-0.979 =-0.913
g P=0.011 P=0.005 P=0.001 P=0.004
A549  HepG2
0 100.00+ 0.00  100.00+ 0.01 ~ 100.00+ 0.00  100.00+ 0.00
0.625 9588+ 3.30  96.86+ 652  100.26+ 4.29°  104.94+ 6.58
1.25 99.52+ 544 9820+ 353 10050+ 225  105.20+ 4.21 160 mg/L nano-Ag20PVP
25 37.87+ 6.44® 2628+ 4.23° 22,98+ 629 1156+ 2.14* 24h 0.01%
5 746+ 227 611+ 1.17° 1522+ 425% 927+ 121*
A549 4.3% HepG2
10 6.06+ 1.18° 566+ 2.10°  14.98+ 3.16%°  9.07+ 2.18%
=-0.859 0.828 0.789 =-0.764 2.5%
. P r—: ! r‘=: ' r=-0. r—: b
P=0.029 P=0.042 P=0.062 P=0.077 10mg/L PVP
a P<005 b 48h P<005 c
5.2% 24h
A549 P<0.05 d 18
0
P<0.05 10.3% 10 mg/L
24h
3
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