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6 OVA + 100 nm AgNP

A Rlood sampling
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S Sacrifice (30 min after evocation)

Figure 1. BEERTH 1> (BB 1)
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OVA (Ovalbumin, 0.3 mg) + Cholera toxin (CT, 0.4 pg) or silver
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2 ovA

3 OVA+CT
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A Blood sampling
A Evocation with OVA (i.g. 5 mg)
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Figure 2. RERTH 1> (£E 2)
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Table 1. IFEMABFRIATRE GE 1)

Skin
i Hydropic Inflammater
Treatment No.ofanimal 4 onthosis  Hyperkeratosis degeneration of the Ammatory
cell infiltration
basal layer
HHH HHH HHH HHH
Vehicle 5 1/4/0 2/1/2 0/4/0 3/0/2
OVA 5 1/3/0 0/4/0 3/1/0 1/1/2
OVA
OVA + ALUM 5 1/4/0 0/3/2 0/3/2 1/2/2
OVA+ AgNP 10 nm 5 2/2/1 1/2/2 1/2/2 3/1/1
OVA+ AgNP B0 nm 4 0/2/2 0/1/3 2/1/1 1/1/2
OVA + AgNP 100 nm 4 4/0/0 1/2/1 2/2/0 2/1/1
Scoring +=1, +=2, ++=3
Grading standard
Grade Acanthosis Hyperkeratosis Hvdropl’cbd:sg:lr;:;:trion ofthe Inflammatory cell infiltration
. Bﬁﬁ%b?}:3ﬂﬂr}i® %EH@ e 03 =33
[— ALl LD H iR o A AT = SRR B R
1-3E AT ot EREREL
1- 108 FF
L LD B S
fREzRE Ll D S, FERE e . .
l++: moderate bR 185 1I_ED Bk 37 IR L1208 R e
{7t SIHRERRE
1-2FfF
SeREFAREDS BB T SR
[+ severe 7EFTLLE 3EATLLE 2 E R L E T2
EIMEIEY
[ = =
Table 2./ EMABFENR L8 2)
Skin
. Hydropic Infl "
Treatment No. of animal Acanthosis Hyperkeratosis  degeneration of the n ?m.ma C.’W
cell infiltration
basal layer
HHH HHH HHH HHH
Vehicle 5 4/1/0 0/4/1 3/2/0 4/1/0
OVA 5 2/2/1 1/2/2 4/1/0 2/3/0
OVA+ ALUM 5 4/1/0 1/2/2 3/0/2 2/2/1
OVA+ AgNP 10 nm 5 0/3/2 0/2/3 2/2/1 0/4/1
OVA+ AgNP B0 nm 5 2/1/2 0/2/3 2/3/0 0/5/0
OVA + AgNP 100 nm 5 4/1/0 1/1/3 4/1/0 1/4/0

Scoring +=1, +=2, ++=3
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AgNP 90
AgNP
BALB/c AgNP
OVA Alum AgNP
10 nm 60 nm 100 nm OVA 10
nm AgNP 10 9 1
60 nm 100nm AgNP
OVA + 60 nm AgNP
Vehicle OVA
1gG1 IgE  OVA OVA + Alum
AgNP 1gG2a OVA OVA + AgNP
OVA IL-4 IL-5
IL-2 IFN-y Vehicle
OVA 10 nm AgNP
60 nm 100nm AgNP 19G2a
A Otorhinolaryngology. 2012;4 (222-227)
AgNP AgNP
90

Bergin IL et. al., Int J Biomed
Nanosci Nanotechnol. 2013;3. doi:
10.1504/1JBNN.2013.054515.
ShinS-Het
al., Clinical and Experimental
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AgNP
AgNP
OVA
Alum AgNP  AgNP 10 nm
60 nm 100 nm
BALB/c

AgNP  nanoComposix

10 nm AGCB10 60 nm AGCB60 100 nm
AGCB100 1 mg/ml
OVA SIGMA A5503
Alum LSL LG-6000 AgNP 0.02 2
0.2 mg/300 ul/ 2mM
pH 7.4-7.6
6 BALB/c
MF (
1
5
Vehicle OVA OVA +
Alum OVA + 10 nm AgNP OVA + 60 nm
AgNP OVA + 100 nm AgNP 10 nm AgNP
60 nm AgNP 100 nm AgNP 7 Day 0
10 Day 14 2
300 pl/ Day 15
Figure 1
HE

OVA IgE 1961

1gG2a ELISA
OVA
10 pg/ml 37°C 24
72 IL-4
IL-5 IL-2 IFN-y BD OptEIA

ELISA Sets

Microsoft Excel
2012 for Windows
Bartlett

Dunnet
Kruskal-Wallis
Steel
p<0.05
* p<0.05 ** p<0.01
OVA + 60 nm AgNP 1
OVA 10 nm AgNP
Day 0 1 10
9
1 Day 14 9

60 100 nm AgNP

Figure 2
OVA + 60 nm AgNP
Vehicle



OVA
Table 1

Figure 3a
Table 2

Figure 4a Figure 4b
Figure 4c
Figure 4d

Figure 4e

Figure 4f
Day 15 OVA
60 nm 100 nm AgNP

(Figure 3b Table

Vehicle OVA OVA +
Alum OVA + AgNP
(Figure 5a

60 nm 100 nm AgNP

Figure 5a OVA + Alum

60 nm
10 nm

100 nm AgNP
AgNP

Ki67
OVA Alum AgNP
(Figure 5b
Day 15 OVA
IgE 1gG1
IgG2a  Vehicle IgE
OVA OVA OVA + AgNP
IgE 19G1
OVA OVA + Alum
OVA + AgNP
IgG2a  OVA
OVA +

Figure 6

OVA + Alum

AgNP

Figure7
IL-4
IL-5
IL-2 IFN-y
Vehicle OVA
OVA
OVA + Alum OVA + AgNP
BALB/c OVA Alum
AgNP 10 nm 60 nm
100 nm
OVA
OVA 10 nm AgNP
AgNP (
10 nm AgNP
60 nm
100 nm AgNP
AgNP

Lee Y et. al., Nanotoxicity. 2013;7

(1120-1130) 10 nm AgNP
AgNP
AgNP
AgNP AgNP



Park MVDZ et. al., Biomaterials. 2011;32
(9810-9817)

AgNP
Huk et al.,
Particle and Fibre Toxicology.
2014;11,http://www.particleandfibretoxico
logy.com/content/11/1/65

10 60 100 nm AgNP
57.4 9.4 6.5m*/g 2.4E+14

9.1E+11 1.7E+11 particle/mL
10 nm AgNP AgNP

OVA + 60 nm AgNP
Vehicle

OVA
1gG1 1gG2a

IgE

IgE
Th2

1gG1
Thl
Alum

19G2a
Th2

OVA

1gG1
Alum
OVA + AgNP

OVA + Alum
IgE

OVA

AgNP
OVA 1962a
OVA + AgNP
AgNP IL-2 IFN-
y AgNP
Thl

OVA

OVA
IL-4
IL-4
IFN-y
IL-4

IL-5 1IL-2

IFN-y IL-5

Th2 1L-2 Thl
IL-5

Th2

Alum Th2
19G1
IL-2 OVA
OVA Thl
IFN-y
OVA OVA + Alum
AgNP Alum
Thl
OVA
60 nm 100 nm AgNP  BALB/c
Th2
Thl
OVA
10 nm AgNP
AgNP
F.
G
H.

OVA +
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0 14 15Day

|
¢ A A

Animal 7-week old female BALB/c mouse (n=5/group)

A Antigen exposure (i.p., 300 pl/mouse)
() 2 mM citrate (vehicle)
(@ OVA (20 ug)
@) OVA + Alum (2 mg)
@ OVA + 10 nm AgNP (0.2 mg)
®) OVA + 60 nm AgNP (0.2 mg)
® OVA + 100 nm AgNP (0.2 mg)
(@ 10 nm AgNP (0.2 mg)
60 nm AgNP (0.2 mg)
© 100 nm AgNP (0.2 mg)

A Sacrifice
- M s
Figure 1. EERTH 1>
19 )
—4—\/ehicle
18.5 —&—0VA
—_ =de==0OVA + Alum
& 18
_*éo =e=0VA + AgNP 10nm
g 17.5 + ==#=0VA + AgNP 60nm
s 17 =®—0VA + AgNP 100nm
(=]
@ AgNP 10nm
16.5 AgNP 60nm
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16 : :
ow 1w 2w

Figure 2. (A&
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Figure 3. OVA + N 1 nm#f(a, FETHI) B UOVA + gNP 160 nn;ﬁ
(b, EHEREBI)DHIREE., ST HlOFF B OB 2 5 (K D)
EUOT R OBLERNE SR FRIE O BE (KRB LMR) KR
Hin%.
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Figure 4. OVA + AgNP 10 nm# (a, BASEET-HI) DRBEBETE, (a)
BEEORNFE, SELUICRERERARDXE(XKE) . bIRDHE
3. C)EIREERY FOBEEVICERBZEDXEFMRN) | Bl
HRaIEEM, (DERBEY /GO H I EUHREE. (e)fFEDS>->1m,
FHBOZERIERVIy/ I —HBORERaRLAEKE) | FFHia
DEHRUHEIE(EEN) . ORBOS->MEUEEBHEICHE 5
ENZHLNI,
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B
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Table 1. FEHLVEIREE
Group Vehicle OVA  OVA +Alum OVA T ASNP OVA * AgNP o\ b 60nm AgNP 100nm
60nm 100nm

aN:i‘r::lS 5 5 5 4 5 5 5

Body weight(g) 181%12 17913 181+14 185%16 183+07 184+12 182+10
Absolute
Liver(z) 089+013 083+008 089+015 088+005 085+007 090+014 086+004
Kidneys (g) 0214002 0224002 0214002 021+003 022+001 0224002 022+002
Spleen(g) 010001 0104001 011001 012+000+1 0114001 010+001 010+001
Relative
Liver (%) 495+064 463+034 489+045 478+042 468+047 485+050 473+017
Kidneys (%) 1184010 1224006 116+005 115+012  118+001 1194007 120+006
Spleen (g%) 0554009 058+003 059+002 065+005+ 058+006 053+006 055+006

Each value represents the meantS D.
#: Significantly different from vehicle group at p<0.05.
T: Significantly different from OVA group at p<0.05.
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Table 2. SR ER AR & F RO R AT

OVA + OVA + OVA +

Treatment Vehicle OVA OVA + AgNP AgNP AgNP AgNP AgNP AgNP
Alum 10 nhm 60 nm 100 nm
10 nm 60 nm 100 nm
Organ and
lesions No of animals 5 5 5 52 4 5 50 5 5
Liver
Vacuolation, hepatocyte 0 0 0 5 0 0 4 0 0
Granular degeneration, hepatocyte 0 0 0 1 0 0 0 0 0
Congestion, intermediate zone 0 0 0 5 0 0 5 0 0
Dark brown pigment deposition,
Kupffer cell 0 0 0 5 0 0 4 0 0
Spleen
Cell infiltration, red pulp, neutrophil 0 0 0 2 0 0 1 0 0
Congestion, red pulp 0 0 0 5 0 0 5 0 0
Apoptosis, white pulp 0 0 0 5 0 0 5 0 0
Dark brown pigment deposition,
white pulp 0 0 0 1 0 0 0 0 0
macrophage proliferation 0 0 0 0 0 0 1 0 0
Mesenterium
Granuloma 0 5 5 1 4 5 0# 5 5
Crystal 0 5 0 0 0 0 0 0 0
Dark brown pigment deposition 0 0 0 5 4 5 5 5 5
Mesenteric lymph nodes
Apoptosis, cortex 0 0 0 4 0 0 3 0 0
Apoptosis, paracortex 0 0 0 5 0 0 5 0 0
Apoptosis, medulla 0 0 0 2 0 0 2 0 0
Hemorrahge 0 0 0 5 0 0 5 0 0
Thymus
Apoptosis, cortex 0 0 0 0 0 0 0
Apoptosis, medulla 0 0 0 5 0 0 5 0 0
Thymus lymph nodes
Dark brown pigment deposition 0e 0 0 3 2! 2d 1 4f 24
Apoptosis 0e 0 Qe 3e 1f 2d 1¢ 3f 1d

3; 1 moribund and 4 dead cases, b; 5 dead cases, ¢;No. of sample is 1, d; No. of sample is 2, e;No. of sample is 3, f; No. of sample is 4, &; No. of sample is 0,
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2014 6
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2015

8

(EC 133372008, Nanotechnology 2008)

(258/97EC)

2015 12

(EC, 1935/2004)

(Commission (a) 2012)

(133372008 EC)
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(EFSA)

36

100 nm
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(EFSA 2007; EFSA 2012)

2011/696/EU

2011/696/ EU
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1997

258797

2011/696/ EU
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15

(EC)



1% (w/w)

1 4%

(W/w)

<< 1% (w/w)

<< 1% (w/w)
0.01
ug/mg << 1% (w/w)

0.25 1 mm

/
100
EU (EC
0.5 1.75 mm 2011/696/EU)
500 pm 350 ym REACH Lithol
95% Rubine (PR57:1), Permanent Maroon Medium (PR
15) Toluidine Maroon (PR 13)

EC2011/696/ EU
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/ (E551)
(b) 2012

(ELC 2009)

0.05
5 19 (W%
(Dekkers, Krystek et al., 2011)

0.6%

50%

Dekker
124 mg
() 2012
(EFSA) 2016
(E171)

(EFSA 2012)
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(2009 ELC)

0.0005% 0.04%
110 nm 36%
100 nm
50%
(Weir, Westerhoff
et al. 2012) Weir
10 1 2
mg/kg
0.2 0.7 mg/kg
(E170)
5um 100 nm
1%
(E153)

(Miranda-Bermudez, Belai et afl. 2011) 2012



(ELC 70

2009; Chaudhry, Watkins et al. 2010) (Msller, Eberle et al. 2009)
B -
PET
(Ms11er,
Eberle et al. 2009) (Nanotechnology 2008;

Duncan 2011)

(Ms1ler,
Eberle et al. 2009)
(Chaudhry and Castle 2011) (Hatzigrigoriou and Papaspyrides 2011)
(Nanotechnology 2008)
(Chaudhry and Castle 2011)
uv
(Chaudhry and Castle 2011)
(Robinson and Morrison 2010)
2
(Environment Canada 2011)
2
5%) (Silvestre, Duraccio et al. 2011)
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