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Index

a
A𝛽 fibrillation 357
A𝛽 peptide 359
absorption, distribution, metabolism, and
excretion (ADME) 45

actinomycin D 223
actin polymerization, dependent uptake 225
ADME see absorption, distribution,
metabolism, and excretion (ADME)

adsorption, distribution, metabolism, and
excretion (ADME) 51, 95, 166

– dermal exposure 169
– intravenous injection 169
– oral administration 168
– respiratory administration 167
AFM see atomic force microscopy (AFM)
aggregation 369
Ag NPs 98
air–blood barrier 172
airway and alveolar macrophages (AMs) 167
alamar blue (AB) 201, 202
𝛼-helices 359
aluminum oxide nanoparticles (Al2O3 NPs)
80

Alzheimer’s disease 327, 357, 359
ames test 234
– plate incorporation assay 233
– reverse mutation assay 232
animal models, in nanotoxicology
– mouse&rat 154
– nematode (E. Coli) 153
– zebrafish (D. rerio) 153, 154
annexin V assay, apoptotic cells 203
anomalous small-angle X-ray scattering
(ASAXS) 97

anti-BrdU antibody 203
anti-Helicobacter pylori (anti-Hp) 245
anti-vascular (AV) activity 241

AOT (sodium bis(2-ethylhexyl) sulfosuccinate)
165

apolipoprotein E (ApoE) 241
apoptosis 202
apoptosis-associated genes 292
aquatic organisms
– Daphnia 383
– fish 382
argon plasma 25
arraying and replicating device (ARD) 236
ASAXS see anomalous small-angle X-ray
scattering (ASAXS)

assisted model building with energy
refinement (AMBER) 335, 337

atomic absorption spectroscopy (AAS) 9
atomic force microscopy (AFM) 273, 4, 258
– static mode 4
atomic mass unit (AMU) 26
Au25 cluster-tridecapeptide complex 357
Auger electron spectroscopy (AES) 14
Au nanorods (Au NRs) 111
Au NRs see Au nanorods (Au NRs)

b
BALF see bronchoalveolar lavage fluid (BALF)
barrier crossing

– Air–blood Barrier 172
– blood–brain barrier 174
– placental barrier 173
𝛽-sheet formation 357
bifunctional chelators 72
binding stability see nanomaterials
bioinformatics analysis 288
biological effects, NP–biomolecule
interactions

– protein corona, NP surface and the
associated cytotoxicity 266
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biological effects, NP–biomolecule
interactions (contd.)

– protein corona, oxidative stress and catalytic
activity 264

– protein–NP interactions, cell signaling
pathways 261

– protein–NP interactions, cellular uptake
and targeted recognition 259

biological end-points
– D. magna 303
biomacromolecules 257
biomarker identification 309
biomolecule conformation 358
biomolecule simulations 345
bio-nano interaction mode 355
biophysicochemical interactions 170
blood–brain barrier (BBB) 174
BMP see bone morphogenetic protein (BMP)
BO concept see bond order (BO) concept
Bolton–Hunter reagent 83
bond order (BO) concept 347
bone morphogenetic protein (BMP) 264, 272
Born–Oppenheimer approximation 335, 339
bovine fibrinogen (BFG) 273
bovine serum albumin (BSA) 98, 273
Braggs law 6
BrdU see bromodeoxyuridine (BrdU)
Brdu see 5-bromodeoxy-uridine (Brdu)
bromodeoxyuridine (BrdU) 203
5-bromodeoxy-uridine (Brdu) 246
bronchoalveolar lavage fluid (BALF) 200
Brunauer–Emmett–Teller (BET) 7

c
C2 see carbon clusters (C2)
Caenorhabditis elegans 153, 156, 158
Caenorhabditis elegans, terrestrial organisms
381

12C and 13C, Poisson statistics ratio 48
cap analysis of gene expression
(CAGE) 299

capillary electrophoresis (CE) 28
– ICP-MS hyphenated technique 36
– separation technique 36
carbon based nanomaterials 71, 75
carbon clusters (C2) 48
carbon isotope ratios 45
– intrinsic structures 46
– radioactive carbon 75
– radioiodine 76
– stable isotope13C 45
– unique intrinsic structure and properties of

45
carbon nanoparticles, isotopic effects of 53

carbon nanotubes (CNTs) 45, 103, 175, 219
– metal-decorated multi-wall 319
– metal filled single-walled 319
carbon nuclear magnetic resonance (CNMR)
44

carbon stable isotope ratios 44
carboxylated polystyrene NPs (PS-COOH)
220

cardiovascular system 176
– blood vessels 176
caspase-3 activity 203
caspase assay
– chromophore/fluorophore 203
– peptide bond 203
cathodoluminescence 3
C60(C(COOH)2)2 219
12C/13C isotope measurements 48
13C-CNT, isotope effects and imaging of 53
13C/12C ratio 44, 45
CD see circular dichroism (CD)
cDNA microarray 237
CdSe-ZnS QDs 223
CE see capillary electrophoresis (CE)
cell-cycle-associated genes 292
cell membrane 103
cell membrane, permeability 213
cellular penetration 377
cellulose carbon nanoparticles (CCN) 312
cell viability assays
– apoptosis 202
– proliferative 201
13C-enriched GO, isotopic effects of 53
13C-enriched graphene nanomaterials
– CVD 53
– structure and formation of
– – bilayer graphene 53
– – electronic and vibrational properties 55
– – GO 53
– – NMR/Raman spectra 55
central nervous system (CNS) 179
CeO2 NPs (nanoceria) 265
cerium dioxide (CeO2 NPs) 80
cetyltrimethylammonium
bromide (CTAB) 266

C60 fullerenes 76, 371
13C graphene bands 53
charge balance method 351, 352
chemical vapor deposition (CVD) 53
Chemistry HARvard Macromolecular
Mechanics (CHARMM) 335–337

chitosan nanoparticles (CS NPs) 245
chromatograph
– protein separation 306
circular dichroism (CD) 113
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Cisplatin-DNA adducts 327
Cisplatin-resistant human prostate cancer
(CP-r) 327

13C labeled carbon nanomaterials 46
classical MD
– boundary condition 338
– ensembles 338
– molecular force field 335, 337
– Newton equation solution 337
classical molecular dynamics (MD) 334
Clathrin-dependent endocytosis 377
clonogenic assays 201, 202
cluster-peptide complex 357
CNTs see carbon nanotube (CNTs)
coherent diffraction imaging (CDI) 103
collision/reaction cell, applications of 27
comet assay 203
comet assay, gel electrophoresis 203
complementary DNA (cDNA) 237
compound refractive lenses (CRL) 103
confocal laser scanning microscope (CLSM)
123, 140

contact atom number 358
contact surface area see Contact atom number
COOH-polystyrene sphere (PS) 219
corpus striatum (CS) 179
Coulomb interaction 351
Coulomb interaction energy 339
Coulomb interaction potential 336
coupling potential energy see quantum
mechanics/molecular mechanics (QM/MM)

covalent bonds 72
CpG oligodeoxynucleotides (CpG ODNs)
326

C-reactive protein (CRP) 309
cross term map (CMAP) 336
14C skeleton-labeled CNTs 75
Cu nanoparticles 323
CuZn-SOD 265
CVD see chemical vapor deposition (CVD)
cyanine fluorophore dyes (Cy dyes) 269
cytochalasin A 225
cytochalasin B 223
cytochalasin D 225
cytokinesis block micronucleus assay 244
cytoskeleton 221, 225, 226
cytotoxicity 124
– GO/GS, tests of 202
– mechanisms of 217
– producing a quantitative measurement 202

d
Danio rerio 153
Daphnia magna 109

– KEGG pathway analysis 303
dark-field microscopy (DFM) 123
data analysis see genomics work flow
DCFH-DA see dichlorodihydrofluorescein
diacetate (DCFH-DA)

2D-DIGE see 2DE difference gel
electrophoresis (2D-DIGE)

1DE see 1D electrophoresis (1DE)
2DE see 2D electrophoresis (2DE)
dedicated tools 322
2DE difference gel electrophoresis (2D-DIGE)
307

deferoxamine (DFO) 73
1D electrophoresis (1DE) 305
2D electrophoresis (2DE) 305
dendrimers 87
density function theory (DFT) 339
deposition patterns, mechanism
– Brownian diffusion 167
– gravitational sedimentation 167
– inertial impaction 167
dermal exposure 164
DFM see dark-field microscopy (DFM)
DFT see density function theory (DFT)
4’,6’-diamidino-2-phenylindole (DAPI) 203
dichlorodihydrofluorescein diacetate
(DCFH-DA) 204

diethylenetriaminepentaacetic acid (DTPA)
73

differential centrifugal sedimentation (DCS)
268

DIHEN see direct-injection high-efficiency
nebulizer (DIHEN)

2-D images 74
dimethyl sulfoxide (DMSO) 201
dipalmitoyl phosphatidylcholine (DPPC) 200
direct-injection high-efficiency nebulizer
(DIHEN) 27

DLS see dynamic light scattering (DLS) DNA
breakage 203

DNA chips 235 see also gene chip
DNA damage 202, 203 see also comet assay
– 𝛾-H2AX immunofluorescence assay 241
– SCGE assay 239
DNA laddering
– damage assay technique 202
– GE 203
DNA microarray technology 299
DNA microarrays 236
DNA sequencing techniques 288
double-edged swords 370
double-hyper-GGA 343
double-strand breaks (DSBs) 238
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DPPC see dipalmitoyl phosphatidylcholine
(DPPC)

Drosophilas 109, 158, 164
– D. melanoganster 153, 157, 162
– genotoxicity 158
4d synchrotron radiation X-ray photoelectron
spectra (SRXPS) 76

dynamic calculation method 351, 352
dynamic light scattering (DLS) 5, 271

e
earthworm, terrestrial organisms 379
ecosystem services 370
EELS see electron energy-loss spectroscopy
(EELS)

effective group potentials (EGP)
method 346

electrical double layer 13
electromagnetic radiation 10
electron cryomicroscope (CryoTEM) 125
electron diffraction (ED) 2
electron energy-loss spectroscopy (EELS)
126, 170

electron microscopes(EM)
– EELS 127
– STEM 125
– subcellular localization 125
electron paramagnetic resonance
(EPR) 325

electron spectroscopic techniques 15
electron spectroscopy for chemical analysis
(ESCA) 14

electron-hole pairs 264
electroparamagnetic resonance
(EPR) 204

electrophoresis 36
electrospray ionization (ESI) 25
electrostatic embedding approach 345
electrostatic potential interaction 344
ELISA see enzyme-linked immunosorbent
assay (ELISA)

endocytosis 259
– clathrin-mediated 218, 223
– inhibitors, for uptake study 223
– mode
– – phagocytosis 212
– – pinocytosis 212
endocytotic vesicles 226 see also NPs uptake,
macropinosomes for

endohedral fullerenes 78
energy filtered transmission electron
microscopy (EFTEM) 127

energy-dispersive X-ray (EDX) spectroscopy
271

engineered nanomaterials (ENMs )
– 2DE 309
– ecosystem 367
– ecotoxicological effects 367
– genotoxicity of 290
– intrinsic properties of 368
– mobility of 369
– molecular effects of 300
– NP-induced ROS production 370
– PC 376
– physical interactions of 369
– physicochemical features 294
– physicochemical properties 289
– pristine physicochemical properties 367
– pro-inflammatory effects 309
– SPIONs 301
– terrestrial ecosystem, toxicity of
– – microorganisms 370, 371
– toxicity of
– – higher plants 374
– – mechanisms 376
– – phytotoxicity 375
– – uptake, translocation, and transformation

377, 378
– transcriptomics study
– – biological end-points 303
– – dosimetry response 300, 301
– – toxicity testing 299
– transformation of 368, 369
ENMs see engineered nanomaterials (ENMs)
ensemble 338
environmental scanning electron microscope
(ESEM) 126, 217

enzyme-linked immunosorbent assay (ELISA)
205

equivalent Hamiltonian 345
Escherichia coli 370
Escherichia coli strain 234
ESEM see environmental scanning electronic
microscopy (ESEM)

estrogen receptor 𝛼 (ER𝛼) 241
ethylenediaminetetraacetic acid (EDTA) 98
Eward summation 337
EXAFS see extended x-ray absorption fine
structure (EXAFS)

exchange correlation energy function 342
exocytosis 259
extended x-ray absorption fine structure
(EXAFS) 11, 99

extracellular matrix (ECM) 124
extracellular signal-regulated kinases (ERK)
263

extrapulmonary organs, diffusion 167
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f
F-actin 225, 226
FCM see flow cytometry (FCM)
FELs see free-electron lasers (FELs)
Fenton-like reactions 60
Fe3O4 NPs 139
filipin 223
first-principles approach
– Born–Oppenheimer approximation 339,

340
– exchange correlation energy function 342,

343
– Hartree–Fock equation 340
– Hohenberg–Kohn theory 341
– Kohn–Sham equation 341, 342
– Shrödinger equation 339
FISH see fluorescence in situ hybridization
(FISH)

flow cytometer 213, 234
flow cytometry (FCM) 213
fluorescence colocalization 214
fluorescence imaging 136
fluorescence in situ hybridization (FISH)
– probe, hybridization of 242
– probe, labeling the 242
– probe, preparation of 242
fluorescence spectroscopy 9
fluorescent carbon dots (C-dots) 79
Fourier transform infrared spectroscopy 50,
277

free-electron lasers (FELs) 116
free energy calculation 360
free energy landscape 358
fresnel zone plates (FZP) 103
fullerene
– ADME 51
– C2 48
– carbon nuclear magnetic resonance 49
– 13C-labeling technique 51
– IRMS 49
– nanomaterials, mechanism of 46
– structure and formation mechanisms 46
– toxicological effects 51
– trace and quantification in vivo 50
fullerene and CNTs 219
fullerene derivates radiolabeling 77
fullerenol-mediated bridge 359

g
𝛾-H2AX immunofluorescence assay 241
gamma-ray spectrometry 73
gastrointestinal tract 163, 177
Gaussian quantum chemical calculation
software 339

Gd@C82(OH)22 nanoparticles 326
GE see gel electrophoresis (GE)
gel electrophoresis (GE) 36, 246
gene chip
– principle 235
– procedure of 236
genechip array scanner 291
gene expression 291
gene expression omnibus (GEO) 297
gene mutation
– ames test 232
– HPRT 234
generalized gradient approximation (GGA)
343

generalized hybrid orbital (GHO) method
346

gene set enrichment analysis (GSEA) 291
gene spring 291
genetic manipulation 290
genome clustering 291
genome microarray analysis 292
genomics
– biological systems 287
– high-throughput 289
– work flow
– – data analysis 291
– – microarray and global gene expression

analysis 290
– – pathway analysis 291
genotoxicity 182
genotoxicity of nanomaterials 239
GEO see gene expression omnibus (GEO)
GGA see generalized gradient approximation
(GGA)

GHOmethod see generalized hybrid orbital
(GHO)

Giemsa banding, chromosome banding
technique 245

Giemsa stain 245
GISAXS see grazing incidence small-angle
X-ray scattering (GISAXS)

GO see graphite oxide (GO)
gold nanoparticles (Au NPs) 82
gold nanorods (Au NRs)/(GNRs) 124, 201,
221, 272

graphene 75
graphene nanomaterials 292
graphene nanomaterials, chemical structure of
56

graphene oxides (GO) 45, 265, 292, 369
graphene sheets (GS) 202
graphite oxide (GO) 53
grazing incidence small-angle X-ray scattering
(GISAXS) 97
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GS see graphene sheets (GS)
GSEA see gene set enrichment analysis (GSEA)

h
hamsters 152
hard x-ray fluorescence microprobe (μ-XRF)
103

Hartree–Fock equation 339, 340
HCS see high-content screening (HCS)
HCS technology 124
HDC see hydrodynamic chromatography
(HDC)

HDF-f see human dermal fibroblasts-fetal
(HDF-f )

heteroaggregation 369
high-content screening (HCS) 124, 125
high performance liquid chromatography
(HPLC) 25

high-purity germanium (HPGe) detector 73
high-throughput RNA sequencing (RNA-seq)
299

HIV-1 protease 357
Hohenberg–KohnTheory 341
homoaggregation 369
HPLC see high performance liquid
chromatography (HPLC)

HPLC method 76
HPRT see Hypoxanthine-guanine
phosphoribosyltransferase (HPRT)

3H-thymidine incorporation 201, 202
human dermal fibroblasts-fetal
(HDF-f ) 293

human embryonic kidney (HEK293) 240
human serum albumin (HSA) 268, 275
human transtyrethrin (hTTR) 275
human ubiquitin (hUbq) 276
hybridization-based approaches 299
hydrodynamic chromatography (HDC) 34,
35

hydrophilic macromolecules 212
hydrophobicity 259
hydroxylated C60 326
hypoxanthine-guanine
phosphoribosyltransferase (HPRT) 234

i
ICP-MS see inductively coupled plasma-mass
spectrometry (ICP-MS)

ICP-MS, quantitative approach 216
Illumina Human-6V3 Expression BeadChip
Array 293

ImaGene 291
imaging techniques, NP
– model organisms 108

– organic tissues 106
– three-dimensional (3D) imaging 105
immersion microcalorimetry 15
immobilized pH gradient (IPG) 305
immunofluorescence (IF) 241
immunogold labeling 216
inductively coupled plasma (ICP) 10
inductively coupled plasma-mass
spectrometry (ICP-MS) 24, 321

– applications of 38
– hyphenate techniques
– – CE 27
– – DIHEN 27
– – FFF 34
– – GC 27
– – HPLC 27
inflammatory assay
– antibody enzyme 205
– ELISA 205
– human and murine inflammatory markers

205
instillation 163
integrin 357
interaction modes see nanomaterials (NM)
interaction process see nanomaterials (NM)
– manipulation 354
– modification 354
– synthesis regulation 353
International Standardization Organization
(ISO) 382

intracellular anaerobic glycolysis process 325
intracellular speciation and transformation,
NP 109

intraperitoneal (IP) injection 166
intravenous injection 166
invertebrates 152
in vitro experimental toxicology 300
in vitro visualization, imaging techniques
– mass spectrometry 130
– optical imaging methods 123
– proton microprobes 129
– X-ray imaging 125
in vivo murine models 173
in vivo nanotoxicity assays, animal models
– administration
– – dermal exposure 164
– – intravenous and intraperitoneal injection

165
– – oral administration 163
– – respiratory administration 159
– laboratory animal models 152
– nanotoxicology 152
– NP 151
– toxicology research 151
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in vivo toxicity, NM
– cardiovascular system, effect on 176
– digestive system, effect on 177
– respiratory system, effect on 174
– skin, effect on 178, 179
ionized argon 25
iron and iron oxide nanoparticles 83
iron oxide NPs, multimodal imaging 85
isoelectric focusing 269
isopropanol 201
isothermal titration calorimetry (ITC) 268,
279

isotopic exchange 83
isotopic peaks, Poisson distribution of 49
isotopic tracing
– approaches 44
– development of 45
– high-throughput quantitative proteomics

45
– ZnO and TiO2 45
125I-SWCNTols radiotracer 76

k
K-edge XANES spectra 113
KEGG see Kyoto Encyclopedia of Genes and
Genomes (KEGG)

kinetic energy discrimination (KED) 27
kinetic energy/mass filtering 27
Kirkpatrick–Baez (KB) mirrors 103
Kohn–Sham equation 341, 342
Kyoto Encyclopedia of Genes and Genomes
(KEGG) 292

l
label-free snapshot proteomics method 309
lactate dehydrogenase (LDH) 204
Lactuca plants 375, 379
LA-ICP-MS see laser ablation inductively
coupled plasma mass spectrometry
(LA-ICP-MS)

laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS) 38, 130, 323

laser confocal scanning microscopy (LCSM)
213

laser Doppler velocimetry (LDV) 13
laser scanning confocal microscope (LSCM)
241

latrunculin A 225
LCSM see laser confocal scanning microscopy
(LCSM)

least-squares linear combination fitting (LC)
110

Lennard–Jones potential 336
Leonard–Jones empirical potential field 344

lipid peroxidation, measurement of MDA
205

liquid chromatography mass spectroscopy
(LC-MS). 306

localizing NP,imaging techniques
– CNT 103
– three-dimensional (3D) imaging 105
local self-consistent field (LSCF) method 346
local spin density approximation (LSDA)
method 343

low density lipoprotein (LDL) 218
low-energy ion scattering (LEIS) 15
lower vertebrates 152
low-toxic nanomaterials 326
LSCF see local self-consistent field (LSCF)
LSDA see local spin density approximation
(LSDA)

m
macromolecules 10
– nucleic acids 258
– polysaccharides 258
magnetic resonance imaging (MRI) 134
magnetic resonance spectroscopy 48
MALDI-TOF-MS 10
malondialdehyde (MDA) 205
mammalian research model 152
mass cytometry 33
massively parallel signature sequencing
(MPSS) 299

mass spectrometer 321
mass spectrometry (MS) 9, 25, 44, 269, 306
mass spectrometry (MS) based quantification
– label-free quantification 307
– methods of 307
– stable isotope labeling technique 307
mass spectrometry measurement 288
mass-to-charge ratios 9
matrix-assisted laser desorption ionization
(MALDI) 25

matrix metalloproteinases (MMP-9) activity
327

MD see molecular dynamics (MD)
MDA see malondialdehyde (MDA)
medaka (Oryzias latipes) 158
mesenchymal stem cells (MSC) 237
metabolomics
– ENM biological effects 312
– metabolic fingerprinting 311
– metabolite profiling 311
– metabolite target analysis 311
– MS 288
– NMR 288
– technology 311
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metabolomics (contd.)
– toxicity 311
meta-GGA 343
metal-based engineered nanomaterials (EMM)
– LA ICP-MS 36
– quantitative method 37
metal-based ENMs 378
metal-based NPs 376
metal-decorated multi-wall carbon nanotubes
319

metal filled single-walled carbon nanotubes
319

metal–ligand complex 324
metallofullerene NPs 327
metallofullerenes 319
metal oxide nanoparticles 45
metal-related nanomaterials
– biological effects 319
– – absorption and excretion 320
– – ADME 320
– – distribution of 321–323
– – NAA 321
– distribution of
– – nano-XRF 323
– in reticuloendothelial system 322
– interactions of
– – x-ray crystallography 325
– in vivo effects 322
– metabolism of 324
– surface properties 325
methyl-𝛽-cyclodextrin (M𝛽CD) 223, 225
microarray analysis 291
microarray and global gene expression analysis
290

microcalorimetry 15
micronucleated binucleates (MNCB) 244
micronucleus (MN)
– CBMN 244
– clastogenic/aneugenic potential 244
– MNCB 244
microorganisms, ENMs
– E. Coli 372
– ecosystem services 370
microstructural transformation, NM 111
mitochondrial cytochrome c (Cyt c) 265
μ-XRF see hard x-ray fluorescence microprobe
(μ-XRF)

MNCB see micronucleated binucleates
(MNCB)

molecular biological techniques 370
molecular dynamics (MD) 334
molecular force field
– classical MD 335
– quantum effects 336

molecular hybridization 236
molecular signatures 287
molecular simulation methods
– classical MD 335
– – boundary condition 338
– – ensembles 338
– – molecular force field 335
– – Newton equation solution 337
– first-principles
– – Born–Oppenheimer approximation

339, 340
– – exchange correlation energy function

342, 343
– – Hartree–Fock equation 340
– – Hohenberg–Kohn theory 341
– – Kohn–Sham equation 341, 342
– – Shrödinger equation 339
– QM/MMmethod
– – basic idea of 343, 344
– – coupling potential energy 344, 345
– – dynamics calculation 346
– reactive MD simulation
– – charge balance method 351, 352
– – dynamic calculation method 351, 352
– – ReaxFF, potential function of 347–350
molecular simulations, nanomaterials
– binding stability
– – contact atom number/contact surface area

358
– – free energy landscape 358
– – minimum distance 358
– chemical reaction 360
– interaction modes 354
– – nanomedicine delivery 356
– – targeting detection 357
– interaction process 352
– – encapsulation 353
– – manipulation 354
– – modification 354
– – synthesis regulation 353
molecular toxicology, techniques 231
Monte Carlo computation 346
Morse function 350
Mössbauer spectroscopy 325
MRI or NIR imaging technique 139
mRNA expression 236
MS see mass spectrometry (MS)MS
techniques, applications of 10

MTT assay
– approach 202
– SWCNTs and MWCNTs 201
multi-dimensional NMR 325
multi-mode imaging 138
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multiple-collector inductively coupled plasma
mass spectrometry (MC-ICP-MS) 57

multiple layer CNT 175
multi-scaled molecular simulation methods
352

MWCNTs 323

n
NAA see neutron activation analysis (NAA)
neutron activation analysis (NAA) 320
nanobelts 200
nano-bio interactions 287
nano-crystalline diamond (NCD) 264
nanocrystalline sample 5
nano-cytotoxicity 227
nano-ecotoxicology 373
nanomaterial radiolabeling
– carbon nanomaterials
– – radioactive carbon 75
– – radioiodine 76
nanomaterials (NM) 69, 71, 72, 95, 107, 352,
354, 357

– AFM 4
– agglomeration of 200
– applications for 221
– aquatic organisms 382
– – Daphnia 383
– – fish 382
– BET 7
– biodistribution characteristics 15
– biodistribution of 322
– biological effects 199, 207, 218
– – binding stability 357, 358
– – chemical reaction 360
– – conformation change 358, 359
– – interaction modes 354, 356, 357
– – interaction process 352–354
– biological environments 15
– and biological system 335
– “black box” conditions 61
– cellular uptake
– – cellular lipid membrane 217
– – endocytosis 218
– – mechanism of 212
– – toxicity effects 211
– characterization 1
– composition and structure 8
– – absorption spectroscopy 9
– – emission spectroscopy 9
– – MS 9
– – NMR 11
– – non-destructive methods 9
– – XRF 10
– cytotoxicity 360

– DLS 5
– DNA interaction 326
– ecotoxicity analyses 367
– electrophoresis/electroacoustic methods

13
– ENMs
– – terrestrial ecosystem, toxicity of 370,

371, 373, 374, 376–379
– – toxicity of, culture medium 375
– – transformation 368, 369
– gene toxicity of 234
– mechanical properties 1
– molecular simulation methods 333
– morphology 2
– physicochemical properties 2, 199
– pristine properties of 46
– properties of 325
– RS 7
– SAXS 6
– SEM 3
– shape of 3
– size 2
– sonication 200
– speciation transformation
– – SAXS 96
– – STXM 100
– – XAS 99
– SPM 3
– stable isotopes for the structure and reaction

of 60
– stable isotopes for tracing and quantifying

60
– stable isotopes labeled 61
– surface modification 200
– surface properties 12, 201
– – area 12
– – charge 13
– – composition 14
– – reactivity 15
– TEM 2
– terrestrial organisms
– – C. elegans 381
– – earthworm 379
– testing/evaluation of 207
– toxicity of 200, 324
– toxicological properties of 61
– toxicology 12, 233
– wettability 15
– XRD 5
nanomedicine delivery 356, 357
nanometallomics
– metal-related nanomaterials
– – distribution of 324
– – interactions of 325–327



402 Index

nanometer scale 16, 215
nanoparticle analyses methods,
bio-macromolecules

– biological effects, NP–biomolecule
interactions 258

– protein interactions methods 267
nanoparticles (NPs) 200, 211, 289, 321
– bioavailability of 60
– biological properties of 214
– cellular internalization 212
– cellular methods
– – elemental detection for 216
– – FCM 213
– – fluorescent microscopy techniques 214
– – LCSM 214
– – super-resolution imaging techniques

214
– – TEM analysis 215
– cellular uptake of, membrane penetration

(or passive fusion) 226
– corona 327
– endocytic internalization 225
– metallic oxide 221
– metal stable isotopes labeled 56
– microscopy imaging technique 215
– physicochemical properties 216
– polystyrene 219
– radiolabeling
– – methods 71
– – nanomaterial 74
– – radioactivity measurement and nuclear

imaging 73
– – radioisotope production 70
– – roles of 213
– surface plasmon resonance of 271
– suspensions
– – BALF 200
– – DPPC 200
– – preparation of 200
– – sonication 200
– toxic potentials 257
– trace and quantification of
– – CuO 59
– – ZnO 56
– tracking techniques 214
– uptake, macropinosomes for 226
– uptake potential of 214
nanoparticulate systems, biological effects of
1

nano-properties, characterization for 200
nanoproperty-dependent toxicities 167
nanosafety, omic techniques
– proteomics study
– – quantitative 307

nanoshells 9
nanosized polyamidoamine (PAMAM)
dendrimers 238

nano-sized silica particles 292
nano-sized spatial resolution (nano-XRF)
323

nanotechnology 69
nanotoxicity 370
nanotoxicity analyses, nanomaterial (NM) 95
nanotoxicity approach 207
nanotoxicology 152, 157, 158, 257, 319
– imaging techniques
– – in vitro visualization 121
– – NM distribution and quantification, NM

In Vivo 133
– – NM quantification in vitro 122
– in vitro testing methods 205
– physical and chemical properties 23
nanotubes 236
nanowires 200
nano-XRF see nano-sized spatial resolution
(nano-XRF)

nantalum oxide (TaOx) NPs 134
National Centerfor Biotechnology Information
(NCBI) 297

natural baseline 45
natural isotope ratios 45
natural nanomaterials 367
natural organic matters (NOMs) 369
nC60, photoreactivity of 50
necrosis assays 204
NEGF see non-equilibrium Green’s function
(NEGF)

neutral red uptake cytotoxicity assay 204
neutron activation 83
neutron activation analysis (NAA) 320
neutron-deficient radioisotopes 70
Newton equation solution 337
neutron scattering 325
NF-kB signaling pathway 309
Nicotiana tabacum protoplast 377
NM see nanomaterials (NM)
NMR see nuclear magnetic resonance (NMR)
NMR spectroscopy 11
NMs see nanomaterials (NMs)
NMs-induced activity 166
NOMs see natural organic matters (NOMs)
non-equilibrium Green’s function (NEGF)
356

non-radioactive NP 71
NPs see nanoparticles (NPs)
N-tert-butylacrylamide(BAM) 268
nuclear imaging
– techniques
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– – autoradiography 74
– – gamma camera 74
– – SPECT 74
nuclear magnetic resonance (NMR) 11,246,
288

nuclear reaction 71
nucleic acid 235

o
omics
– GE 246
– genomics and proteomics 246
omic techniques, nanosafety 289
– ENMs
– – transcriptomics study 297, 299, 301, 303
– – transcriptomics work flow 299
– genomics study
– – genomics work flow 291–294
– materials and biological models
– – ENMs 297, 299, 301, 303
– – exposure models 290
– – genomics study 290–292, 294, 297
– – material characterization 289
– – metabolomics study 310, 311, 312
– metabolomics study
– – analytical approach 312
– – ENM biological effects 312, 313
– – proteomics study 303–310
– – technology 311
– proteomics study
– – data interpretation 308
– – mass spectrometry and protein

identification 306
– – protein corona 303
– – protein corona isolation 305
– – protein separation 305, 306
– – quantitative 306
one-dimensional (1D) gel electrophoresis
305

optical coherence tomography (OCT) 124
optical emission spectroscopy (OES) 9
optical imaging methods
– fluorescence imaging 135
– high-content screening method 124
– multi-mode imaging 138
– optical microscope 123
– photoacoustic tomography 137
optical microscope
– classical imaging 123
– DFM 123
– 3D imaging 123
– photonic ZnO shell 123
optimized potential for liquid simulations-all
atom (OPLS-AA) 336

Organization for economic cooperation and
development(OECD) 74

organometallic/metalhalide compounds 71
orthopyridyldisulfidepolyethyleneglycol
N-hydroxy succinimide ester
(OPSS-PEG-NHSester) 261

osteoblasts 236
ovalbumin (OVA)-sensitized mice 326
oxidation 369
oxidation–reduction 99
oxidative stress assay
– antioxidant enzymes 205
– DCFH-DA assay 205
– RNS 204
– ROS 204

p
particle-induced gamma-ray emission (PIGE)
130

particle mesh Ewald (PME) 337
pathway analysis
– GSEA 291
– KEGG 292
PC see protein corona (PC)
Pee Dee Belemnite (PDB) 44
PELI see Protein Effect Level Index (PELI)
peribronchial inflammation 175
periodic boundary condition 338
PET see positron-emission tomography (PET)
PET tracer 74
phagocytic kupffer cells 170
photoacoustic (PA) imaging 137
photoacoustic tomography 137
photoactivated localization microscopy
(PALM) 215

physical absorption 72
physical toxicity 376
physicochemical properties 257
phytotoxicity, ENMs 374
PIGE see particle-induced gamma-ray
emission (PIGE)

pinocytosis 212
𝜋–𝜋 stacking interaction mode 354
PIXE see proton-induced X-ray emission
(PIXE)

placental barrier 172
plasma opsonin 170
plasmid DNA assay 205
PME see particle mesh Ewald
poly(acrylamide) gelelectrophoresis (PAGE)
268

poly(acrylic acid)-coated gold nanoparticles
(PAA-GNPs) 263, 309

polydispersity index (PDI) 5



404 Index

polyethylene glycol modified GNRs
(PEG-GNRs) 201

polyhydroxylated metallofullerenols 106
polymerpolyethylene glycol (PEG) 261
polystyrene (PS) 35
polystyrene nanoparticles 87
polystyrene NPs (PS NPs) 270
polyvinyl pyrrolidone (PVP) 303
positron-emission tomography
(PET) 70, 76

– isotopes 82
– radiolabling imaging 87
post-translational modification (PTM) 308,
310

potential of mean force (PMF) 358
principal component analysis (PCA) 312
programmed cells death, 202 see also
apoptosis

Projections to latent structures-discriminant
analysis (OPLS-DA) 312

propidium iodide (PI) 203
prosthetic groups 72
protein corona (PC) 303, 376
composition analysis 308
formation 112
isolation 305
– NP surface and the associated cytotoxicity

266
– oxidative stress and catalytic

activity 264
Protein Effect Level Index (PELI) 294
protein identification 268, 306
protein interactions
– corona composition
– – protein identification 268
– – protein isolation 267
– protein adsorption and dissociation 267
protein isolation 267
protein–NP interactions
– cell signaling pathways 261
– cellular uptake and targeted recognition

259
proteomics
– biological systems 287
– plasma protein 304
– protein corona
– – ENMs 303
– – ultracentrifugation technique 305
proton beam irradiation, carbon nanomaterials
79

proton-induced X-ray emission (PIXE) 129,
130

proton microprobes, PIXE 130
pseudobonds method 346

PS NPs see polystyrene NPs (PS NPs)
PTM see post-translational modification
(PTM)

q
QD colocalization 225
QDs see quantum dots (QDs)
QM/MM see quantum mechanics/molecular
mechanics (QM/MM)

quadrupole, hexapole/octopole 26
quadrupole ICP-MS 26
quadrupole mass analyzer 26
quantitative proteomics, 2DE 306
quantitative real-time polymerase chain
reaction (RT-PCR) 293

quantum chemical methodology 339
quantum chemistry simulation method 344
quantum dots (QDs) 24, 201, 221, 234, 319
quantum mechanics (QM) 339, 343
quantum mechanics/molecular mechanics
(QM/MM) 334, 344

– basic idea of 343, 344
– coupling potential energy 344–346
– dynamics calculation 346

r
rabbits 153
radioactive endohedral fullerene 78
radioactive isotopic tracing techniques 322
radioactive labeling 61
radioactive measurement 73
radioactive NP 71
radioiodine 76
radioisotopes 70
radiolabeling methods
– Au NPs 82
– cation-exchange 72
– covalent attachment 72
– direct 71
– indirect 71
– isotopic exchange 72
– nanoparticle synthesis, radioactive

precursors 71
– neutron or ion-beam activation 71
– physical absorption 72
radiotracer techniques 73
Raman frequencies 53
Raman scattering (RS) 7
Raman spectroscopy 44, 55, 277
Raman spectrum 8
rare earth oxides (REO) NPs 106, 110, 371
reactive MD simulation 334, 346
– charge balance method 351, 352
– dynamic calculation method 351
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– ReaxFF, potential function of 347–350
reactive nitrogen species (RNS) 204
reactive oxygen species (ROS) 125, 204, 310
ReaxFF potential function 347
– BO concept 347
– molecular simulation 352
– valence angel energy 348
reduced graphene oxide (rGO) 292
reduced graphene oxide nanoplatelets
(rGONPs) 245

REO see rare earth oxide (REO)
replica exchange molecular dynamics (REMD)
357

replica exchange with solvent tempering
(REST) 356

reproductive and developmental toxicity 180
resazurin 202
resorufin 202
respiratory administration
– inhalation 159
– intranasal instillation 162
– intratracheal instillation 163
– whole-body or nose-only exposure 160
respiratory exposure techniques
– inhalation methods 160
– instillation methods 160
REST see replica exchange with solvent
tempering (REST)

reverse transcription polymerase chain
reaction (RT-PCR) 293

– adipogenic 237
– chondrogenic 237
– gene expression analysis 237
– osteogenic 237
rhizosphere 378
RMSD see root mean square deviation (RMSD)
RMSF see root mean square fluctuation
(RMSF)

RNA-seq 299
RNS see reactive nitrogen species (ROS)
root mean square deviation (RMSD) 359
root mean square fluctuation (RMSF) 359
ROS see reactive oxygen species (ROS)
RS see Raman scattering (RS)
RT-PCR see reverse transcription polymerase
chain reaction (RT-PCR)

Rutherford backscattering spectrometry (RBS)
130

s
Salmonella typhimurium 232 see also ames
test

satellite nuclear 244 see also micronucleus
(MN)

SAXS see small-angle X-ray scattering (SAXS)
scanning probe microscopy (SPM)
– conductive/semiconductive surfaces 3
– techniques 3
scanning transmission electron microscope
(STEM) 125

scanning transmission ion microscopy (STIM)
130

scanning transmission X-ray microscopy
(STXM) 103, 379

SCGE see single cell gel electrophoresis
(SCGE) assay

SC protein see subtilisin Carlsberg (SC) protein
SEC see size exclusion chromatography (SEC)
secondary ion massspectroscopy (SIMS) 14
sector field mass spectrometer (SFMS) 131
sequence-based approaches 299
serial analysis of gene expression (SAGE) 299
serum albumin 200
Shrödinger equation 339, 340, 344
signal-to-noise ratio 216
SILAC see stable isotope labeling with amino
acids in cell culture (SILAC)

silicon dioxide nanoparticles(SiO2) 86
silver nanoparticles (Ag NPs) 84
single cell gel electrophoresis (SCGE) assay
239

single-electron wave functions 340
single layer CNT(SWCNT) 175
single particle inductively coupled
plasma-mass spectrometry (ICP-MS)

– applications of 31
– basic theory and application 29
single photon emission computed tomography
(SPECT) 74

single-walled carbon nanotubes (SWCNT-dye)
137

SiO2 237
SiO2 NPs 176, 259
sister chromatid exchange (SCE)
– Brdu 246
– HepG2 cells 246
site-selective spectroscopy 99
size exclusion chromatography (SEC) 268
small-angle X-ray scattering (SAXS) 273
– ASAXS 97
– GISAXS 97
– measurements 6
– t-SAXS 97
– USAXS 97
sodium dodecyl sulfate (SDS) 269
soil microbial communities 373
solid-state nuclear magnetic resonance
(SSNMR) 53
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spectral counting (SpC) 270
spectromicroscopy beamline 10ID-1 100
SPIONs see superparamagnetic iron oxide
nanoparticles (SPIONs)

SPM see scanning probe microscopy (SPM)
SR-based CD spectroscopy 113
SRXRF technique 323
– CNT localization 323
– LA-ICP-MS 323
stable isotope labeling
– mass spectrometry 61
– SILAC 45
stable isotope labeling with amino acids in cell
culture (SILAC) 45

stable isotope ratio 44
stable isotopic tracers 45
stable isotopic tracing
– approach 46
– drawbacks of 46
– ICP-MS/TIMS 43
– in vitro/in vivo 44
– IRMS 43
– mechanism of 44
staurosporine 225
STEM see scanning transmission electron
microscope (STEM)

stimulated emission depletion microscopy
(STED) 214

stochastic optical reconstruction microscopy
(STORM) 215

STXM see synchrotron radiation(SR)-based
techniques see scanning transmission X-ray
microscopy (STXM)

subnanometer scale 4
subtilisin carlsberg (SC) protein 273, 274
superoxide dismutase (SOD) 265
superoxide scavenger see CeO2 NPs
superparamagnetic iron oxide nanoparticles
(SPIONs) 84, 301

supranano-sized silica particles 292
surface enhanced Raman scattering (SERS) 8
surface hydrophobicity 258, 260
surface properties methods
– dynamic light scattering 271
– TEM 271
SWCNT and GO, radiolabeling 77, 78
SWCNTs 323
synchrotron radiation(SR)-based techniques
– CD 96
– nano-bio interactions
– – biophysicochemical reactions,nano-bio

interface 109
– – imaging techniques 103
– NM speciation transformation 96

– SAXS 96
– STXM 96
– XAS 96
– XRF 96
Szilard–Chalmers effect 71

t
99mTc-Technegas 79
TEM see transmission electron microscopy
(TEM)

terminal deoxynucleotidyl transferase
dUTP(deoxy uridine triphoshate) nick end
labeling 203

terrestrial organisms
– C. elegans 381
– earthworm 379
1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetic acid mono(N-hydroxy
succinimide ester) (DOTA-NHS-ester) 83

tetramethylammonium hydroxide (TMAOH)
165

tetrazolium salt assay 201
thermal ionization MS (TIMS) 43
thin layer chromatography (TLC) 38
thiobarbituric acid reactive substances
(TBARS) assay 205

three-dimensional (3D) imaging 105
– μ-XRF 105
– STXM 105
– TXM 105
time of flight (TOF) 10, 26, 33, 48
time of flight secondary-ion mass
spectrometry (TOF-SIMS) 15

time-resolved small-angle X-ray scattering
(t-SAXS) 97

TIMS see thermal ionization MS (TIMS)
TiO2 nanotubes (TiO2 NTs) 236
TiO2 NPs 98, 169, 176, 259
titanium dioxidenanoparticles (TiO2 NPs)
84, 86

tobacco mosaic virus (TMV) 134
total internal reflection fluorescent (TIRF)
214

toxicity assays 201
toxicogenomics study, microarray and global
gene expression analysis 290

toxicokinetics 152
toxicological information 23
transcriptional effect level index (TELI) 294
transcriptomic markers 297
transcriptomics 288
– high-throughput 289
– study
– – biological end-points 303
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– – dosimetry response 300
– – nanosafety 299
– – next-generation sequencing technology

299
– – toxicity testing 299
– – work flow 299
transferrin (Tf) 259
transmission electron microscopy (TEM)
271

– atomic scale 2
– electron-beam penetration 2
– mode 2
– techniques 4
transmission X-ray microscopy (TXM) 102,
103

transplacental transport, embroys 181
trypan blue assay 204
t-SAXS see time-resolved small-angle X-ray
scattering (t-SAXS)

tumor see also nanomaterials (NM)
– intratumor microenvironment 107
– surrounding environment 107
TUNEL see terminal deoxynucleotidyl
transferase dUTP(deoxy uridine
triphoshate) nick end labeling

two-dimensional (2D) gel electrophoresis
305

TXM see transmission X-ray microscopy
(TXM)

u
ultra-small angle X-ray scattering (USAXS)
97, 98

unscattered electrons 2
Urey-Bradley 1–3 energy 336
USAXS see ultra-small angle X-ray scattering
(USAXS)

UV–visible–near infrared (UV–vis–NIR)
spectra 271, 279

UV-vis-NIR spectra see UV–visible–near
infrared (UV-vis-NIR) spectra

v
van der Waals and electrostatic interactions
304

van der Waals interaction 344, 350, 355

van der Waals interaction potential 336
velocity-Verlet algorithm 338
Verlet algorithm 337
Vienna Pee Dee Belemnite (VPD) 44
vitronectin 259

w
wavelength (nm) 271

x
XAS see x-ray absorption spectroscopy (XAS)
XPS spectrum 14
XPS techniques 14
X-ray absorption coefficient 11
X-ray absorption fine structure (XAFS) 9
X-ray absorption near-edge structures
(XANES) spectra 11, 99, 276

X-ray absorption spectroscopy (XAS) 11, 99,
324

X-ray based techniques
– XANES 276
– XRD 276
X-ray computed tomography 133
X-ray diffraction (XRD) 6
X-ray fluorescence spectrometry (XRF) 10
X-ray imaging 129
X-ray photoelectron spectroscopy (XPS) 14,
50 see also electron spectroscopy for
chemical analysis (ESCA)

XRD see x-ray diffraction (XRD)
XRF see x-ray fluorescence spectrometry
(XRF)

y
yellow tetrazolium salts 201

z
zebrafish 158, 153
Zeta potential 13
zinc oxide nanoparticles (ZnO NPs) 86
Zn concentrations 322
ZnO nanoparticles 56
65ZnO NP 86
ZnO NPs 169, 221, 233
ZnS NPs dissolution 98
zymogen processing 203




