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ABSTRACT

The market size of engineered nanoparticles is rapidly increasing due to the fast application of nanotechnolo-
gies into different industries and consumer products. The development of new technology and materials has
improved human’s quality of life, but it also entails the possibility of exposure to new materials. In this study,
we compared the distribution in the body by the inflow of silver nanoparticles having another diameter and shape
at 1hor 24h after injection viathe tail vein. And, we compared the cell composition and cytokine concentration
in BAL fluid, and histopathological changes. As results, discharge of silver nanoparticles having small diameter
and sphere shape was more rapid than that of big diameter or plate shape. It is estimated that the toxicity in liver
and lung was proportional to accumulation level. The persistence of inflammation was aso longer in mice treated
with plate shape. Consequently, we suggest that the first choice of silver nanoparticles having small diameter and
sphere shape in applying is desirable.
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Fig. 1. Size of silver nanoparticles. (A) Sphere (<20 nm),
Average size: 5.16 nm, R?=0.9882, (B) Sphere (50~
100 nm), Average size: 52.70 nm, R?=0.9047, (C)
Plate, Average size: 55.89 nm, R°=0.9164.
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Fig. 2. Morphology of silver nanoparticles. (A) Sphere(< 20
nm), (B) Sphere(50~ 100nm), (C) Plate.
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(Unit: g)

Table 1. Therelative weight of tissue to body weight

Sphere, 50~ 100nm Plate
1hr

Sphere, <20nm

Control

24 hrs
0.0458+0.0022
0.0053+0.0005

24 hrs 1lhr
0.0479+0.0026

24 hrs
0.0474+0.0027 0.0481+0.0035 0.0485+0.0021

1hr
0.00491+0.0033

24 hrs

1hr
0.0487+0.0032 0.0462+0.0015

Liver

0.0052+0.0005 0.0056+0.0004 0.0058+0.0005 0.0055+0.0003

0.0048+0.0003 0.0045+0.0004 0.0047+0.0002

0.0056 £ 0.0004
0.0047+0.0005
0.0046+0.0002
0.0034+0.0003
0.0049+0.0003
0.0049+0.0001

0.0059+0.0001 0.0056+0.0003
0.0051+0.0006 0.0049+0.0005

0.0049+0.0006 0.0049+0.0006
0.0039+0.0002 0.0034+0.0002

0.0047+0.0003 0.0048+0.0002
0.0047+0.0003 0.0049+0.0001
0.0042+0.0000 0.0041+0.0002

Lungs

0.0050+0.0004
0.0048+0.0003
0.0034+0.0002

0.0047+0.0006

Kidney (L)
Kidney (R)

Thymus

0.0049+0.0004 0.0046+0.0003 0.0047+0.0004 0.0047+0.0002

0.0038+0.0004 0.0037+0.0008 0.0034+0.0004 0.0030 0.0000*
0.0047+0.0003 0.0048+0.0002 0.0048+0.0002 0.0050+ 0.0004

0.0044+0.0001*

Testis(L)

0.0045+0.0002*
0.0038+0.0001

0.0046+0.0001 0.0048+0.0002 0.0047+0.0002 0.0050+0.0002

Testis(R)

Heart

0.0040+0.0003 0.0041+0.0003 0.0039+0.0003 0.0040+ 0.0001*

0.0035+0.0002 0.0031+0.0004 0.0034+0.0001

0.0040+0.0001*

0.0036+0.0004

0.0033+0.0004

0.0029+ 0.0002*

0.0035+0.0001 0.0034+0.0004

Spleen

Data showed as AV =+ SD of 3 mice of each group.

*Significant difference at p< 0.05 level compared with control group.
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Table 2. The histopathological change by injection of silver nanoparticles

Sphere, <20nm Sphere, 50~100nm Plate
1hr 24 hrs 1hr 24 hrs lhr 24 hrs 1hr 24hrs

Liver-inflammatory - - - Minimal or .

M al (1/3) M al (1/3 M al (1/3 Slight (3/3
cell foci nimal (3) - Minimal (1/3) nimal (1/3) Slight (2/3) Ight (3/3)
Lungs U U U U U U U U
Testis u u u u U u u U
Thymus u u u u U u u U
Spleen u u u u U u u U

U: Unremarkable findings, ( ): frequency, Grade: minimal (1), Slight (2)

Table 3. The distribution in the body on 1 hour after injection of silver nanoparticles (Unit: ng/g)
Control Sphere, <20nm Sphere, 50~100nm Plate
Testis 12.86+3.21 166.67+ 36.67 76.44+18.35 167.30+38.48
Brain 2.77+0.69 176.17+38.76 281.48+67.56 231.30+53.20
Kidney 1.68+0.51 337.14+121.37 305.33+106.87 146.48+41.02
Liver 391.45+78.29 22292.65+616.43 36996.76+ 7769.32 36234.86+7971.67
Spleen 24.80+3.72 12457.14+ 1868.57 13520.00+ 1892.80 14766.67 +2215.00
Lungs 0.00+2.32 14755.56+ 1328.00 12948.00+ 265.32 8708.00+ 696.64
Heart 183.65+40.40 606.00+133.32 3831.62+766.32 1082.67+227.36
Thymus 11.27+1.01 6237.71+810.90 4738.67+473.87 978.00+88.02
All treated group was statistically significant compared to the control group (p< 0.01).
Table 4. The distribution in the body on 24 hours after injection of silver nanoparticles (Unit: ng/g)
Control Sphere, <20nm Sphere, 50~ 100 nm Plate
Testis 4.16+1.16 109.64+26.31 90.00+24.30 108.87 £ 25.04
Brain 1.28+0.33 162.36+38.97 241.67+65.25 280.00+64.40
Kidney 72.93+27.71 294.44+103.06 316.57+94.97 453.29+131.45
Liver 2366.60+ 520.65 11143.79+ 3600.20 11892.00+ 2497.32 21133.27+4437.99
Spleen 2152.00+322.80 11520.00+ 1612.80 7600.00+1140.00 9733.33+1168.00
Lungs 0.00£6.15 2191.11+197.20 2264.89+181.19 12458.00+ 996.64
Heart 368.36+84.72 472.00+113.28 2303.20+483.67 589.71+141.53
Thymus 33.33+£3.67 589.54+41.27 1146.40+ 137.57 842.67+67.41

All treated group was statistically significant compared to the control group (p< 0.01).
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Table 5. The change of cytokine by injection of silver nanoparticles

IL-1 TNF-o
Serum BAL Serum BAL
Control ND ND ND 0.842+0.018
Sphere, <20nm ND ND 0.248+0.000 ND
Sphere, 50~ 100 nm ND ND ND ND
Plate ND 1.563+0.003* ND 3.348+0.110*

Samples were harvested by lavaging the lung of rat on 24 hours after injection of silver nanoparticles. *: p<0.05.
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Fig. 3. The change of total cells and cell composition in
BAL fluid after injection of silver nanoparticles. (A)
1 hour after injection, (B) 24 hours after injection. *:
p<0.05.
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