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Needs: assessing toxicity of nanoparticles
S —

Diverse commercial products with nanoparticles on the market
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Nanoparticle
cosmetics

Nanoparticle
shampoo

Nanoparticle
Baby bottle

Nanoparticle
Tooth paste
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Obicctives P

ZnO & SiO, nanoparticles

Characterization of ThOgﬂc_lty effect frop
Chemical, Physical 1emical, Physicy

Surface properties |

" Surfa'ce Nf’ger - SuggeStiﬂg novel
properties methods of toxicity
evaluations |

Evaluating NPs with|

newly developed in|
vitro & in vivo
methods
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ZnO & SiO, NPs

20nm (+) charged

20nm (-) charged

100nm (+) charged

100nm (-) charged
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Number

15 20 25 30 35 40
Particle size (nm)

21.20+5.72nn

Number

10 15 20 25

B alfa aesar

30 35 40 45 50 55 60 65 70 75
Particle size (nm)

28.03+£9.83nm

Number

20

40

60

N 10-30nm
80 100 120 140

Particle size (nm)

68.90+27.67nm
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Number

I 100nm

40 60 80 100 120 140 160
Particle size (nm)

70.60+£19.45nm
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> Preparing (-)charge NPs

Candidates for (-)charge preparation:
PAA [Poly (acrylic acid) ], Citrate [Sodium citrate]

pH selection :
pH6, pHO6.5, pH7

Concentrations of Citrate :
Citrate buffer 1%, 2%, ZnO concentrations 10%, 20%, 100%
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Dispersion, Distribution a

» Dispersion of Serine treated 4
> 7ZnO NPs (HEPES pH6)

No ligand
352.5+114 nm

olurne Distribution X
Distribution Results
— 100
Peak Vaue (nm)
10 £ 135252 1143
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s L | Peak Avg. (nm)
g z LI 1143
£ E | aug Residual
a 5]
25 1.442E-001
Bug. Error (%)
I 6.4
0 In. )
10.0 100.0 1000.0 10000.0
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&-il if
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il if === 310CHEML_20100903_132932_1
i ]
§ s H f == 310CHEML_20100903_132932 2
= == 3L0CHEML_20100903_132932_3
4120 €0 40 00 40 80 120 160 200 240 280
Mobity x (1e+4) (em2/¥s)

No File Name Repet. No MeasTime pH _Zeta Potential (mV)  Mobility (em2/Vs) E. Field (V/em)
1 310CHEML_20100903_132932 1 132832 NA 25.03 21862004 1630
2 310CHEML_20100903_132332 2 13:29:32 Na 25.03 13522004 1630
3 310CHEML_20100903_132932 3 13:29:32 NA 23.33 1.820=-004 16.30
Average 25.46 1.986e-004 16.30

> Sparste +25.46 mV
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Dispersion, Distribution an

> 7Zn0O: citrate(10:1), ddHZ20, voltex 30s, No sonication,10min for settlement
537.3+237 nm

olume Distribution

tributi I
10 Peak Value (nm)
7.3t
g
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o o Peak Avg. (nm)
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]
1

-16.0 -12.0 8.0 4.
Mobiy x (12+4) (em2/Vs)

No File Name Repet. No  MeasTime pH Zeta Potential (mV)  Mobility (cm2/Vs) E. Field (V/cm)
10_20100907_134 1 1314652 NA -38.19 -2.5782-004 -16.31

2 10_20100907_134652 -a1.09 -3.2042-004 -16.31
Average -39.64 -3.091e-004 -16.31

> pgere -39.64 mV
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» (+)charged NPs

Candidates for (+ ))charging:

No ligand,

TREN [Tris (2—-aminoethyl) amine |, PAH, [Poly (allylamine
hydrochloride) ], PDAC, DETA [Diethylenetriamine |,
Thiamine, Arginine, Lysine, Serine

pH selection:
pH6, pHO6.5, pH7

Concentrations of Serine:
Serine buffer: 1%, 2%, ZnO concentrations: 10%, 20%, 100%
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Dispersion, Distribution —test

1% serine HEPES pHG6

+ Serine

*!I".‘le“r My 543.4£261 nm

olurne Distribution X
Distribution Results
———| o Peak Value (nm)
//
/ 1.5434 £ 2616
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-160 120 80 40 00 40 80 120 160 200 240 280 320
Mobity x (Le+4) (emfVs)

No File Name Repet. No  MeasTime pH Zeta Potential (mV)  Mobility (cm2/vs) E. Field (v/em)
1 hepes_ph6-1_20100928_100724 1 10:07:24 NA 29.41 2.294-004 15.42
2 hepes_phé-1_20100928_100724 2 10:07 HA 23.35 2,289-004 15.42
4 hepes_ph6-1_20100928_100724 4 10:07:24 NA 28.50 2.222e-004 15.43
Average 20,09 2.268e-004 1542
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Competitive binding
interactions depend
on protein concentration

_ o Binding interactions release
and body fluid composition surface free energy, leading
’ to surface reconstruction

Characteristic '

protein on/off
rates depend on
material type ~

and protein

characteristics o

Protein binding *
accelerates
dissolution of 5

some materials

b Available surface

N area, surface coverage

4*» and angle of curvature
& determine adsorption
profiles

Steric hindrance

Hydrophilic ' prevents binding
or hydrophobic 4ﬂr
interactions ¥

Charge (for example cationic binding)

Surface ~
Electron-hole reconstruction ..
pairs lead T
to oxidative

Release of surface

damage
free energy

\
.
\
Protein conformational ";

changes cause loss of

enzyme activity Protein conformation,

functional changes
.

“ Protein
=+, fibrillation

Surface
opsonization/
liganding allows
interaction

Amyloid
fibre

Protein

\ 4 i
with additional Nopar ::rOW_dmg.
nano-bio interfaces ayering,
Exposure nucleation
to cryptic
epitopes
Immune
recognition

*  Protein corona is likely to determine the fate of the nanomaterials in vivo (Cedervall et al, 2007).

e proteins can potentially interact with a nanomaterial to control its access to specific
compartments, mark it for efficient removal by tissue-resident macrophages, and promote
undesirable inflammation, thrombosis, and anaphylaxis (Peppas et al, 2006).
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LC-MS/MS method

Sample SDS-PAGE &
tigection " LC column @ Physical separation of samples

Ionization O Tes —> Detector
[ ]

® Mass analysis Q1 cell Q3 ceII

CoII|5|on
cell

1. SDS-PAGE & Liquid Chromatography
-Separate digested peptides for high resolution

2. lonization

-Convert solution phase ions into the gas phase g0

MS/MS o

3. Mass Analyze
-Measures the mass-to-charge ratio of charged particles Spectrum |

e |

-Determining the elemental composition of a sample

4. Detect & Data Collection A T
-Elucidating the chemical structure of molecule

-Qualitative and quantitative data 3 Data collection

- 7PAg|sy
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=0
Protein corona SiO,& ZnO NPs (- 20/160 hm)

—

Samples Total (ZnO) Total (S10,) Common
20 nm in plasma 58 48 9
100 nm in plasma 44 36 9
20 nm in BH 294 125 48
100 nm in BH 339 145 77
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Un1que plasma and BH proteuw -
“between 510, 20 & 100 NEs-#

Plasma_____________________|Brain Homogenate

20 nm 100 nm 20 nm 100 nm

hemopexin precursor, C4b- Plasminogen, selenoprotein calcium/calmodulin- pre-mRNA-processing-
binding protein alpha chain, P precursor, vitronectin, dependent protein kinase, splicing factor 8, AP-2
lipopolysaccharide-binding alpha-1-antiproteinase serine/threonine-protein complex subunit alpha-1,
protein precursor, precursor, plasma phosphatase, histidine-rich  band 4.1-like protein 3,
glyceraldehyde-3- kallikrein precursor, glycoprotein, ATP- polyadenylate-binding
phosphate dehydrogenase,  kininogen-1 isoform 1, dependent RNA helicase A  protein 4, ADP-
inter-alpha-trypsin plasma protease C1 ribosylation factor 1,
inhibitor heavy chain H3 inhibitor precursor, cytoplasmic dynein 1
precursor, T-kininogen 2 apolipoprotein C-1 heavy chain 1, kinesin
precursor, alpha-1-inhibitor precursor heavy chain isoform 5C
3 precursor, Serine nucleolin

protease inhibitor,
ceruloplasmin precursor,
Kallistatin, mast cell
protease 9, serine protease
inhibitor A3N, protein
AMBP precursor,
complement component C8
beta chain

= 7%y
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Correlated plasma and BH prot

20 nm

apolipoprotein B-100
precursor

complement C3
complement component C9
apolipoprotein E precursor
complement C4 precursor
fibronectin precursor
PREDICTED: histidine-rich
glycoprotein-like
PREDICTED: hypothetical
protein

PREDICTED: complement
component 5

anionic trypsin-1 precursor
PREDICTED: histidine-rich
glycoprotein-like

= 7Pt %
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eins+ ~
between S10,&7Zn0 NPs__-j
Plasma_____________________|BrainHomogenate

100 nm

apolipoprotein B-100
precursor

complement C3
apolipoprotein E precursor
PREDICTED: histidine-rich
glycoprotein-like
complement C4 precursor
inter-alpha-inhibitor H4
heavy chain

vitronectin

fibronectin precursor
plasma protease C1 inhibitor
precursor

PREDICTED: complement
component 5

PREDICTED: histidine-rich
glycoprotein-like

20 nm

tubulin beta-3 chain, tubulin
alpha-1A chain, clathrin
heavy chain 1, synapsin-1
isoform b, glyceraldehyde-3-
phosphate dehydrogenase,
tubulin beta-2B chain, ATP
synthase subunit alpha,
mitochondrial precursor,
dynamin-1, ATP synthase
subunit beta, mitochondrial
precursor, actin, aortic
smooth muscle,
heterogeneous nuclear
ribonucleoprotein K, vesicle-
fusing ATPase, elongation
factor 1-alpha 2,

V-type proton ATPase
catalytic subunit A, actin,
cytoplasmic 2, AP-2
complex subunit beta

100 nm

tubulin beta-3 chain, tubulin
alpha-1A chain, syntaxin-
binding protein 1, vesicle-
fusing ATPase, clathrin
heavy chain 1, synapsin-1
1soform b, tubulin beta-2B
chain, microtubule-
associated protein 1B,
glyceraldehyde-3-phosphate,
ehydrogenase, ATP synthase
subunit alpha, mitochondrial
precursor, actin, aortic
smooth muscle, 6-
phosphofructokinase type C,
6-phosphofructokinase,
muscle type, elongation
factor 1-alpha 2, 2',3'-cyclic-
nucleotide 3'-
phosphodiesterase, ATP
synthase subunit beta,
mitochondrial precursor



Zn0O

Si02 ZnO Si02

serum albumin fibrinogen gamma  T-complex protein
precursor, chain, fibrinogen 1, 6-

histidine-rich beta chain precursor, phosphofructokinas
glycoprotein, gelsolin precursor e

kininogen-1 1soform
2, apolipoprotein A-
I preproprotein
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pyruvate kinase
1sozymes M1/M2,
alpha-internexin,
phosphoglycerate
kinase 1



A 20 nm (+) plasma

healing

la¥i

reguia

of
esponse = L .
Ep— lipoprotein
to )
particle
external
SE— clearance
stimulus

C 20 nm (+) BH

complement
regulation activation,
of actin ADP classical
polymerization biosynthetic pathway

il process
depolymerization

A
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B 20 nm (-) plasma

particle

learance

complement
wound ey
i activation,
healing
classical
pathway

D 20nm (-) BH

otinamid

metabolic h -
neurotransmitter
process glucose
catabolic

process

regulation

proton of actin
transport Polymerization
or

depolymerization



A 100 nm (+) plasma

complement /

activation

C 100 nm (+) BH

nucleoside
purine  diphosphate
ribonucleoside metabolic
triphosphate  process
metabolic

process .“.
myofibril = _nicotinamide

assembly \_ ) metabolic
== process

= glutamate

regulation
metabolic of axon
process diameter
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B 100 nm (-) plasma

wound
healing

omplement
activation

D 100nm (-) BH

acidic
amino
acid

diphosphate

t rt
e metaboli
process

axonogenesis
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B 100 nm plasma

inflammatory

of blood

coagulation coagulation

C 20 nm BH D 100 nm BH

%_. cellular
regulatio polysgccharide
of axon megtabolic

\{ameter . ADP fp{{rcn:;as;s

biosynthetic
amino process
acid microtu qle-based

metabolic movement
|

rocess
p .'//

glucose

catabolic

process
morphogenesis

proteln
polymerization

involved negative glucose
in regulation catabolic
protein differentiation protein of process RNA
\\ endocytosis

folding .\

folding microtubule splicing
depolymerization
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A 20 nm plasma B 100 nm plasma

acute
inflammatory
response

agute
inflammatory
response

cholesterol -
transport

—_—
choieste
transport .

blood

coagulation

C 20 nm BH D 100 nm BH

endocytosis

regulation protein

of polymerization
neurotransmitter

levels

RNA
splicing

microtubule-based

: movement
energy

glycolysis i
tei coupled g,ah:e
':r:;.e » proton acetyl-Co o
oldin
gtramsprort. s microtubule
- acetyl-CoA process ==
agains indisbolic depolymerization
electrochemical
process
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Parkinso
Alpha-Synuclzin
PLDZ

DAT

Growith
factor

Ras signaling

Interl
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POGF

n disease

Integrin.sig

kin signaling

RELSZ

Gab ETAT

or /signaling

PLD
PRC

LCy

FGFR-1

£ PKE

Anti-apoptosis

Angiogenesis
Tie2
Kin
SREZ Raf R
ERK
IGF
SH
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Complement co ent

S5

—

r:ant'igen—ant'ibndg complex

= initiator

Classical Alternative
pathway pathway

Promotion of inflammatory
response

release of attraction of
hiztarmine phagocytes
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Epithelial cell Macrophage

Cationic .. MBCD 4.._---. Cationic
NP C NS NP
- Mito . Endosome .
o NADPH Lipid bilayer
Lipid bilayer ¥ Caveolae e disruption
disruption
Lysosome
©® P
Mito L
TCa
l LATP ?
CytC
N2 Nrf2 TCa2+ yt
JNK, NF-xB JATP /

Caspases

—— |

Necrosis Apoptosis

Tier 1: Cell defense
Tier 2: Pro-inflammation
Tier 3: Apoptosis/Necrosis
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Migration Axon guidance
Synaptic Microtubule

stability

plasticity

O~

= E B
Regeneration E Survival
Z Amylond deposrtlon

MNature Reviews | Neuroscience
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Abnormal function
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in vitro studiés”

il

Si0,, 20/100 nm, (=) in vitro Study

« Cytotoxicity of SiO, with cell types as below
- in vitro cellular models for Neuron, skin, GI tract were selected.
- skin model: HDF human Dermal Fibroblast
- neuronal model: U373 human astrocyte/glioblastoma cell line
- GI tract model: HCT116 human colon carcinoma cell-line

e Method

- Measuring cell viability after 24 hrs from treating cell with varying
concentrations of Si0,200) & SiO100.()

- Concentrations of ATP were measured for cell viability with
luminescence-based assay, Cell-titerglo assay (Promega).

= 7%y
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Luminescence[RLU)

3 0E+07

2. 5E+07

2.0E+07

1.5E+07

1.0E+07

5. 0E+06

0.0E+00

U373:5i02 M| =2} X 2| Average

(2|4 |6|8|10(12 14—|1-E|15|2D 0020406 ﬂ'.E| 1 |1.2|1.4|1.E|1.E| 2

100nmi-) 20nmi-)

Si02(mg/ml)
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Luminescence(RLU)

1.2E+07

1.0E+07

i
=
T
F

6.0E+06

4 0E+06

2 0E+06

0.0E+00

HDF : Si02 M| &3} X 2| Average

2|4

6|8 (10 12|14|15|13|2ﬂ 0|02 ﬂ.4ﬂ_ﬁ|ﬂ_E| 1 |1-2|1.4|1_E|1.E| 2

100nmi-) 20nmi-)

sio2(mg/ml)
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Luminescence(RLU)

B.0E+07

5.0E+07

4 0E+07

3.0E+07

20407

1.0E+07

0.0E+00

HCT116 : Si02 M| 23} X 2| Average

Si02(mg/ml)
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Poly (ADP-ribose) polymerase (PARP) cleavage -

Based on the results from celltiter-glo assay, predetermined and administered
Si0,1000) 51 Si0,%00) and measured the cleavage of PARP from full-length 116kD
to 89kDa (or 85kDa) at O, 1, 3, 6, 9 hrs, with Anti-PARP antibody(cell signaling,

Promega). Western Blot analyisis
U373 a-PARP(Z= &} cell signaling]

100nm(-) Si02 1% 20nm(-) Si02 0.08%

0 1 3 6 9 0 1 3 6

| 16kDa

89kDa
UJ3/rd a-tubulin
100nm(-) Si02 1.0% 20nm(-) Si02 0.08%
1 3 6 1 3 6

0

b5kDa

‘e 7P S
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In vitro analysis of apoptosis

DNA fragmentation : U373

DNA fragmentations were analyzed by labeling fluorescence-labeled
dUTP to the end of DNA with Terminal deoxynucleotidyl transferase.

Method: DeadEnd™ Fluorometric TUNEL System assay kit (Promega)

TUNEL assay

Blue : Mucleus({DAPI staining)
Green : Fragmented DMNA

TUNEL assay

Blue : Mucleus({DAPI staining)
Green : Fragmented DMNA

Mock Maock

100nm(-) Si02 10mg/ml(3hr) 100nm(-) Si02 10mg/ml(3hr_1 20nm(-) Si02 0.8mg/mi(3hn 20nm({-) 5i02 0.8mg(3hr)_1
100nm({-) Si02 10mg/ml{Bhr) - yrlighr 20nmi-) Si02 0.8mag/ml(6hr) - mg/ml{&hr
Pl::5| ive |:|::n |t:| Pl::5| ive tl:n.rt:-l
DNA fragmentation analysis by SiO,100.00]| DNA fragmentation analysis by SiO,20.0)
. Zhata
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ZnO cytotoxicity
300000
250000 .|. [
o 200000
E' = 20%(+)
150000
m20%(-)
100000
50000 TT
0
o 0 100 200 500 1000
Zn0 &= (pg/ml)

Neuroblastoma U373 cell wviability
was measured after 48 hrs from
treatment with cell-titerglo assay.

80% of cell death were observed at
20ug/ml.

RLU

350000 1
300000 1
250000 A
200000 A
150000 H
100000 H
50000 -

0 4

T AYAl Z 70%, 40% of cell
death were observed from 15
ug/ml of ZnO (+) T+ ZnO (),
respectively.

W 20%(+)
" 20%(-)

0 2 5 10 15 20
Zn0O = T (pg/ml)

.
.
.......................................................................................................................................................................................................................................................
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Activity, umol pNA/min/mil

025 +

0.0z

015

ool

0u00%

0 4—

Caspase 3 after ZnO exposure to U373

N.inhiEfar

B ahaibor

(+1100nm -1100nm F.oantnal
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Activation of NF-kB by ZnO

ZnO(+)
0 15 30 45 60 120 (min)

B
L
i~ U buljn S

ZnO(-)
0 15 30 45 60 120 (min)

anti—IkBo [T SR
anti—tubulin ! s l- -

After treating U373 cells with 20%
(+) charged ZnO or 20% (-) charged
/n0O. western blot analysis was
performed to see the activation of
NF-kB through IxBa

After 15-30 min from treatment with
7n0 (+ ), activation of IKK cause the
lysis of IxBa.

45 min for ZnO (=) treatment.

.
.
.......................................................................................................................................................................................................................................................
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| —
in vitro studzﬁ.
—

Poly (ADP-ribose) polymerase
(PARP) cleavage analysis after ZnO
treatment on U373 cells

20nm 100nm
Zn0(-
0 1 3 6 9 0 1 3 6 9 (hn

PARP

Cleaved form |~ T — —— —— — —— —

85kDa

Tubulin w

20nm 100nm
0 1 3 6 0 1 3 6 9 (hr)

9
PARP - =R . .
Cleaved form - ‘
85kDa

Tubulin | " ————— = ‘--

8
" .
.....................................................................................................................................................................................................................................................
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In vitro stuci__y:;?j;

——

DNA fragmentations in
U373 cells from ZnO
treatment

TUNEL assay

Blue: Nucleus (DAPI staining)
Green: Fragmented DNA

Zn0D(+) 20nm ZnO(+) 100nm

ZnO(-) 20nm ZnO(-) 100nm

. 4
.....................................................................................................................................................................................................................................................
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28 days of repeated oral administration (Zn020.t"), Zn020.), Sj0,20.), Sj0Q,20.Arg)

1 control ddH20 female 5 0 10

2. Buffer control HEPES-Citrate Buffer female 5 0 10

HEPES-Serine

3 buffer control female 5 0 10
Buffer
4 A.A control L—arginine female 5 0 10
7n020.()
5 High Conec. female 5 500 10
(20nm, - charge)
7n020,(+)
6 High Conc. female 5 500 10
(20nm, + charge)
Si0220,(—)
7 High Conc. female 5 2000 10
(20nm, — charge)
SiOZZO,Arg
8 High Conc. female 5 1000 10

(20nm, - charge)
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NeuN expression in Rat brain
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Hippocampus: staining
Cantrol 20 nm positive (+) 20 nm positive (+) for Neu N, DAB+

10 ugfrat 100 ugs rat

20 nm negative (- 20 nun negative 100 fun positive (+)
10 ugfrat (=) 100 g rat 10 ugfrat

100 i positive (+) 100 nim negative (5 100 nen negative (-
100 ug/rat 10 ugirat 100 ug/rat

- 7Pagqigin 39
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Cortex; Stained for

20 . positive (+ 20 o positive ()
i 10 g rat 100 ug/rat NeuN, DAB*
20 nn negative (<) 20 nmn hegative (-] 100 nm pesitive ()
10 ugfrat 100 ugfrat 10 ug/rat

100 nm positive (+) 100 nm negative (- 100 nm negative ()
100w rat 10 ugfpat 100 ug/ rat

= 7P
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Evans Blue analysis after 28days of Zn020.*+), Zn(020.) treatment

e After administration of 20 nm ZnO +, - for 28 days, Rt, L.t brains and cerebellum
were separated and evans blue (ug/g) was measured.
 JIncreased Evans blue was seen in all brain without significance.

05 1 p=0.193 p=0.584

0.4 -

WZnO(+)
Test

e
w

B ZnO(+)
p=0.352 p=0.291 p=0.274 p=0.5 Control

[ [ Zn0(-)

Test

B ZnO(-)
Control

OD (635 nm)

o
o

0.1 -

0.0 -

Cerebellum left brain right brain
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Evans Blue analysis after 28days of Zn020.*+), Zn(020.) treatment

o After administration of 20 nm ZnO +, — for 28 days, Rt, L.t and cerebellum were

——

separated and evans blue (ug/g) was measured.
« Increased Evan’s blue was seen in all brain without significance.

Leakage of Evans blue (ug/g)
[y
o

p=0.212 p=0.572

M ZnO(+)
Test

B ZnO(+)
Control

M ZnO(-)
Test

mZnO(-)
Control

Cerebellum left brain right brain
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After 90 days of repeated treatments

(100nm, negative charge)

. 20,Arg
S10,” 1000 10
(20nm, negative charge)
oral SiO 100,Arg
e 1000 10
(100nm, negative charge)
Si0,20,-)
e 2000 10
(20nm, negative charge)
dermal SIO.1000
CEN 2000 10

im 7P
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in vivo study: Ng}ﬂ‘!gxicity

TEM analysis: control
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(A) SH-SY5Y neuroblastoma (B) graph of energy-
cells treated with dispersive X-ray spectroscope
SIO2ENB100,(-) analysis.
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TEM analysis after 90 days of repeated SiO,202r¢ [Cerebellum]

nucleus

Cerebellum 1

Cerebellum 2

mitochondria
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Hippocampus 1

Hippocampus 2

y Length: 51.282nm

mitochondria
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TEM analysis after 90 days of repeated Si0,2%2r2[Striatum]

Striatum 1
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mitrochondria
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TEM analysis

Cerebellum Striatum Hippocampus

(A—C) Dermally administered SiO,EN20(-)
(D—F) dermally administered SiO,EN100(-)
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TEM analysis

{:arebéllum Striathm Hippnéampusi

Si0,EN20(R)
(J-L) orally administered SiO,EN100(R).
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in vivo study: Neugbtoxicity
—
TEM analysis
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20
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The results of energy-dispersive X-ray spectroscope analysis of
SIO,EN20(.)-treated rat hippocampus via dermal administration.
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(A) Transmission electron microscope image of hippocampus in SiO,100(-)
dermal administration group

(B) enlarged image of suspected substance

(C) graph of energy-dispersive X-ray spectroscope analysis.
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Conclusion
-l

NPs need to be characterized prior to any experiments
Diverse proteins were found in protein corona on NPs
Smaller NPs revealed higher toxicity than the larger NPs
NPs could cause apoptosis

TEM imaging were used to search NPs in

brain, hippocampus, striatum, and cerebellum

BBB seemed to be intact.
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THANK YOU!
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