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ABEF, see artificial bacterial flagella
absorption, 58, 114, 128, 130, 280,
434, 448,451-52, 454,
457-58, 466, 484
direct, 278
high tissue, 488
plasmonic, 450
absorption spectrophotometry,
446
AC, see alternating current
ACEQ, see alternating current
electro-osmosis
acoustophoresis, 50
acute myeloid leukemia (AML),
378,418-19
adhesion, 9, 14, 65, 156-57,172,
300, 313, 402
nonspecific, 72
particle-electrode, 80
Ag NPs, 430-31, 434, 444, 449-52,
456, 467,470-72
functionalized, 443
high-yield, 450
ALD, see atomic layer deposition
alternating current (AC), 51-55,
70, 75,80-81, 365, 371, 404,
418-19
alternating current
electro-osmosis (ACEO), 51,
53, 68, 78-80
aluminum oxide membrane (AOM),
515
Alzheimer’s disease, 162, 192
AML, see acute myeloid leukemia

anastomosis, 222-25
vascular, 223
angiogenesis, 216, 221-25,
227-29,231, 237,239, 241
physiological, 237
angiogenic sprouting, 222-24,
228-29,235-36
antigen-presenting cells (APCs),
277,318,321
AOM, see aluminum oxide
membrane
APCs, see antigen-presenting cells
arrays, 9, 26, 28, 61-62, 158, 276,
278, 284-85, 306, 308-9, 313,
355,357,359-60, 363
cross-flow, 514
dense, 372
dynamic, 37
interconnected microvascular,
218
inverted floating droplet, 28
microfluidic gradient, 177
microhole, 168
micropipette, 38
radial, 154
artificial bacterial flagella (ABF),
103,119-20,129
astrocytes, 164, 190, 193, 233
atomic layer deposition (ALD),
116,118
axons, 153-57, 162, 164-65, 170,
172-77,182-83,190-91, 193,
196
extended, 175
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hippocampal, 181

motoneuron, 156

single dopaminergic, 155
axotomy, 183

barrier functions, 217, 226, 232,
234
endothelial, 218, 237
ocular, 305
selective, 214, 233
vascular, 241
barriers, 128, 165, 213, 215, 230,
233-35,276,278, 281,301-2,
305,307,311, 319
biochemical, 163
blood-brain, 232
immunological, 277
microgroove-embedded, 183
ocular, 305
physical, 9, 173, 402
physiological, 131
primary, 301
semipermeable, 278
vascular, 232
BBB, see blood-brain barrier
BDNF, see brain-derived
neurotrophic factor
BEP, see bulk electroporation
Bessel beam, 60
Bessel intensity profile, 60
bilayer lipid membrane (BLM),
403, 405,412
bioavailability, 283, 288, 294, 305,
310-11, 323,476,479
biocatalyst, 108, 118
biochips, 255-56, 258-59, 267
biocompatibility, 83, 125, 138, 242,
295,310, 350
biodegradability, 138, 310
biohybrid micro-robots, 110-13
bioimaging, 475-76, 491
biological cells, 49, 59-62, 65, 73,
83,402,421,505,521

biomarkers, 16, 32, 76, 293, 434,
480,514
biomaterials, 158-59, 172-73,
175-77,214-16, 243
bio-MEMS, see
bio-microelectromechanical
systems
bio-microelectromechanical
systems (bio-MEMS), 404,
413,422-23
biomicroswimmers, 109-13, 138
biomolecules, 18, 66,173, 276,
316,351,361, 363, 381, 434,
483, 490
diffusible, 163
biosensors, 110, 132-33, 189, 353,
378,487
microfluidics, 483
electrochemical, 485
microwave, 369
BLM, see bilayer lipid membrane
blood-brain barrier (BBB),
163-64,175,190-91, 193,
232-33
BMP, see bone morphogenetic
protein
bone morphogenetic protein
(BMP), 186
brain-derived neurotrophic factor
(BDNF), 152, 183
Brownian motion, 97
Brust-Schiffrin method, 461
bubble-propelled micro-robots,
105-9, 129,137
bulk electroporation (BEP),
343-45,348-49

carbon nanotubes (CNTs), 25, 81,
172,351, 485, 489
cargo, 17-18, 22, 24,107-8,
128-29, 277-78, 343, 345
adhered, 107
embedded, 126



foreign, 17
inert, 107
large-sized, 18
microscale, 111
catalytic micro-robots, 106,
137-38
CEL, see Couple Eulerian
Lagrangian
cell-cell interactions, 162-63, 165,
193
cell lysis, 31, 35, 73, 367, 401-3,
411, 418-19, 423
cell manipulation, 1-2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 38,
50-51, 67-68,77-78
cell trapping, 3-4, 6, 9-13, 34,
36-37, 62, 65,74, 158-59,
161, 352-54, 358-59, 369,
514
cell viability, 18-19, 21, 24, 33, 39,
320, 343-44, 348-49, 352,
361, 363,375,516
central nervous system (CNS), 115,
128,136, 185, 188, 232
CFNCs, see circulating fetal
nucleated cells
chemotactic micro-robots, 111
circulating fetal nucleated cells
(CFNCs), 26
circulating tumor cells (CTCs), 25,
27-28, 38, 76,134, 237, 481,
483, 504-5
CMDs, see compartmentalized
microfluidic devices
CNA, see compartmentalized
neuron array
CNS, see central nervous system
CNTs, see carbon nanotubes
co-culture, 154, 156-57, 162-63,
165-66, 227, 230, 233, 240
co-culturing, 152, 156-57, 162-65,
188,193, 223, 235
compartmentalized microfluidic
devices (CMDs), 154, 165
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compartmentalized neuron array
(CNA), 158-59

computed tomography (CT), 376,
476,478-80

Co NPs, 458-59, 464-67, 480

continuous flow, 33, 65, 154, 175,
196, 368, 414, 439, 441, 489

Coulomb force, 52, 55

Couple Eulerian Lagrangian (CEL),
511

cross-linking, 125, 217, 293, 478,
483

CT, see computed tomography

CTCs, see circulating tumor cells

DAB, see droplet-borne air blowing

DBOTs, see dual-beam optical traps

DC, see direct current

Dean vortex, 19-20

Debye layer, 435

DEP, see dielectrophoresis

DHM, see digital holographic
microscopy

dielectrophoresis (DEP), 4, 15,
50-52, 54, 68,70,72,74, 76,
79-80, 160-61, 168, 351-52,
367,371, 504-5

diffusion, 70, 163, 170, 175-76,
184,271, 276-77, 279, 283,
300, 305, 434, 436-39, 441,
444

digital holographic microscopy
(DHM), 195-96

dipole-dipole interaction, 80

direct current (DC), 52, 404,
418-20

dissolvable microneedles, 303,
310-11, 316

DNA, 16, 31-32, 35-37, 123,128,
134, 153-54, 255-61, 266,
268-72,276,320,376-77,
380,511

double-stranded, 37, 124



Index

exogenous, 351
foreign, 17
genomic, 515
droplet-borne air blowing (DAB),
288
drug delivery, 128-29, 190,
240-41, 275-79, 281, 283,
285-87,302, 312, 316,
319-24, 349, 351, 359, 432
invasive, 305
ocular, 306-7, 309
oral, 276
passive, 129
sustained topical, 319
targeted, 95, 305-6, 319
dual-beam optical traps (DBOTs),
60-62

ECM, see extracellular matrix

ECs, see endothelial cells

ECT, see electrochemotherapy

EDL, see electric double layer

EDS, see energy-dispersive X-ray
spectroscopy

EHD, see electrohydrodynamic

EIT, see electrical impedance
tomography

EL, see electrical lysis

electrical impedance tomography
(EIT), 376-77

electrical lysis (EL), 401-11, 414,
416-23

electric double layer (EDL), 53-54,
80

electric fields, 13-15, 50-56,
68-70, 77-78, 80-81, 345,
347-48,350-54, 356-57,
359-62, 366-69, 373, 375,
405-14,416-21

electrochemotherapy (ECT), 376,
379-80

electrofusion, 371-75, 382, 420

electrohydrodynamic (EHD),
79-82
electrolysis, 18-19, 39, 349, 505
electro-osmotic flow (EOF), 4, 35,
53-55, 258, 267,435
electroporation (EP), 3, 17-21, 35,
39, 74-75, 343-57, 359-60,
365-72,375-81, 404, 406-11,
419, 422-23
bulk, 344, 346
light-induced, 366-67
microcapillary-based, 378-79
micropipette-based, 351
nanochannel, 357
nanopillar, 378
nanoscale, 378-79
nonthermal, 375
selective, 366
tissue, 376
ultralocalized, 362
electrothermal flow (ETF), 51, 55,
68, 78, 80-81
encapsulation, 6-8, 13, 31-32, 287,
290, 310, 316, 450
endothelial cells (ECs), 163, 185,
193, 215-28, 230-35, 237-38,
241-42
endothelial progenitor cells
(EPCs), 221, 230
energy-dispersive X-ray
spectroscopy (EDS), 446
entropy, 408-11
EOF, see electro-osmotic flow
EP, see electroporation
EPCs, see endothelial progenitor
cells
ETEF, see electrothermal flow
extracellular matrix (ECM), 65,
169,173,188, 219-23,
226-28,232-33,235,237-39

face-centered cubic (fcc), 457-60,
474



FACS, see fluorescence-activated
cell sorter

fcc, see face-centered cubic

FDA, see Food and Drug
Administration

FEA, see finite element analysis

FESEM, see field emission scanning
electron microscopy

FGE see fibroblast growth factor

fibroblast growth factor (FGF),
186-87,189, 221

Fickian diffusion, 185, 278

field emission scanning electron
microscopy (FESEM), 120-21

finite element analysis (FEA), 512

flow cytometry, 15-16, 25, 481

fluorescence-activated cell sorter
(FACS), 504-5

Food and Drug Administration
(FDA), 96, 241, 304, 479, 481

Gaussian beams, 57-58, 60, 64
gDNA, see genomic DNA
gene expression, 25, 256, 272, 380
altered, 158
drug-resistant, 76
genome, 31, 380
genomic DNA (gDNA), 515
GFP, see green fluorescent protein
GLAD, see glancing angle
deposition
glancing angle deposition (GLAD),
119-21
green fluorescent protein (GFP),
24,316

HAu NPs, 464-67

hcp, hexagonal close-packed

HD, see Huntington’s disease

HDL, see high-density lipid

helical micro-robots, 103-4,
119-21,129
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hexagonal close-packed (hcp),
457-60
high-density lipid (HDL), 479-80
high-resolution scanning
transmission electron
microscopy (HR-STEM), 446,
467
HL, see hydrogel layer
hollow microneedles, 280,
284-87,301, 309-10, 320
HR-STEM, see high-resolution
scanning transmission
electron microscopy
human umbilical vein endothelial
cells (HUVECs), 21, 217-18,
220, 223-24,230-31
Huntington’s disease (HD), 190,
194
HUVECs, see human umbilical vein
endothelial cells
hydrodynamic resistance, 31, 506,
510,512
hydrodynamics, 437, 505-6, 510,
524
hydrogel layer (HL), 170, 174, 187,
218,220
hydrogels, 102, 115,118, 130, 162,
169-71,174-75, 217-20, 229,
292-94,312, 315,479
biological, 170
drug-loaded, 129
natural, 228
patterned, 215
polymerized, 217, 219, 239
soft, 130
swellable
polymers/cross-linked, 293
unpolymerized, 239
hydrophilicity, 232, 276, 318
hydrophobicity, 410, 440

IgG, see immunoglobulin G
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immunoglobulin G (IgG), 317,
484-85, 487

indium tin oxide (ITO), 68-69, 78,
310,360-62, 365

induced pluripotent stem cells
(iPSCs), 230, 242

interfacial tension, 440, 456

interstitial flow, 221, 223, 226-27,

231,238

in vitro vascularization, 220,
224-25

in vivo drug delivery, 124, 129

iPSCs, see induced pluripotent
stem cells

irreversible electroporation, 35,
369,371,375-77,379, 404

ITO, see indium tin oxide

Jakob disease, 194
Janus microparticle, 114
Janus micro-robots, 113-14,
124-25,131-32,139
artificial, 95
biocompatible, 136
self-thermophoretic
Au-PSS/PAH, 132
Joule heat, 406
Joule heating, 54-55, 348, 351,
361,406,414, 420,505
Jurkat cells, 65

kinetic energy, 105, 459-60

lab-on-a-chip (LOC), 2, 38, 83,
195-97, 404, 413, 421-23,
431-32,475, 491, 505

LaMer mechanism, 433

LaMer nucleation, 447

laminar flow, 19, 175, 435-36,
439-40, 447,474,491

laminar streamlines, 512

Laplace pressure difference, 116
laser ablation, 431, 485, 489
lasers, 16, 22, 24-25, 50, 54, 56,

58-59, 63-64, 78, 81-83, 114,

403, 476, 485, 488-89
continuous, 22
direct, 286, 515
femtosecond, 485
fiber, 62
high-power, 403
infrared, 490
near-infrared, 24
pulsed, 23
lattice Boltzmann system (LBM),
510-11
lattices, 218, 220, 255, 295, 434,
457,510
layer-by-layer deposition, 124, 316
LBM, see lattice Boltzmann system
lift force, 79-80
LIGA, see lithography,
electroplating, and molding
ligands, 157, 185, 450, 452,
473-74
Lipinski’s rule, 301
lithography, electroplating, and
molding (LIGA), 286, 288
LOC, see lab-on-a-chip
disposable, 195
longitudinal plasmon resonance
(LPR), 454
longitudinal surface plasmon
resonance (LSPR), 452, 457,
464, 481
LPR, see longitudinal plasmon
resonance
LSPR, see longitudinal surface
plasmon resonance

MACS, see magnet-activated cell
sorting

magnet-activated cell sorting
(MACS), 504-5



magnetic fields, 3, 13, 99-105,
112-13,137,355-56, 363,
478,489,513

earth’s, 112

external, 99,101, 104, 112-13,
115,129,363

external rotating, 119, 129

high-strength, 137

rotating, 103-4, 126

rotational, 101, 104

static, 137

uniform, 104

magnetic forces, 99-103, 137, 173

magnetic micro-robots, 99, 104

magnetic properties, 102-3, 113,
429,458-60, 475, 484

magnetic resonance imaging
(MRI), 99,101, 376, 476,
478-80

magnetoelectroporation (MEP),
356, 363-64

matrix-assisted laser desorption,
269

matrix metalloproteinases
(MMPs), 126, 222, 239

Maxwell’s equation, 347

MEA, see microelectrode array

flat, 177
standard, 167

mechanical properties, 64, 214,
228,232,234,242, 286, 295,
297

mechanical strength, 283, 287-88,
290, 292, 294, 298, 300, 309

mechanoporation, 3,17, 21-22, 39,
344

MeHA, see methacrylated
hyaluronic acid

MEMS, see microelectromechanical
systems

MEDP, see magnetoelectroporation

mesenchymal stem cells (MSCs),
222,230,378
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metallic nanomaterials, 432, 434,
484, 487
metallic NPs, 432, 434-35, 438,
446-48,452, 461,475,477,
481, 484, 491
methicillin-resistant
Staphylococcus aureus
(MRSA), 515
methicillin-susceptible
Staphylococcus aureus
(MSSA), 515
methacrylated hyaluronic acid
(MeHA), 307-8
uFDs, see microfluidic devices
compartmentalized, 152
four-chamber, 175
high-throughput, 195
hydrogel gradient, 152
multidomain, 182
three-compartment, 154
traditional, 152
Mg-based micro-robot, 108, 124
microarray, 4, 9-10, 32, 39, 257,
268-69
microbeads, 503,512, 514,
519-20
microbubbles, 130
microcannons, 130-31
microcavities, 371
microchambers, 34, 156, 168
microchannels, 28, 163-65,
168-70,175-76,216-19, 224,
258,359, 362-63, 414, 416,
436-47,462-63, 465-66,
471-72,506,514
axon-guiding, 165
central, 233
circular, 465
circular PDMS, 219
curved, 505
curved double spiral, 510
diffuse, 505
hollow, 239
hydrogel-based, 217
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laminin-filled, 176
long, 419
microneedle-induced, 312
outgrowth, 159
semicircular, 219
separate media, 163
tapered, 506-9, 512,519
thin, 184
microconduits, 156, 180
microdevices, 416, 422-23
four-channel, 185-86
microdrillers, 130-31
rolled-up, 130
sharp-edged, 118
microdroplets, 4-7, 12, 39, 355
microelectrode array (MEA), 152,
156, 160, 166-69, 177-80,
196,370-71, 377
cavity-based, 371
microelectrodes, 166, 196, 344,
370-71
coplanar, 371
microcavity, 371
virtual, 349
microelectromechanical systems
(MEMS), 285, 404, 413, 421,
431,435
microenvironments, 38, 149, 151,
154,163,169,171,173, 175,
183, 188-89, 196, 214, 223,
226
biochemical, 178
biological, 213
bone, 156
bone-mimicking, 238
chemical, 178
complex, 242
controlled, 178, 185
external, 230
hypoxia, 229, 237
hypoxic, 240
local figure-sized, 155
localized, 154, 163
muscle-mimicking, 238

native, 241
organ, 214

microfabricated chips, 404, 421
microfabrication, 2-4, 38, 96, 153,

215-16, 223, 243, 323, 401,
404, 413, 416,504

microfluid, 169, 352, 370, 445,511
microfluidic channels, 20-21, 162,

165, 216, 223, 225-26, 355,
357,359-60, 369-71, 435,
470,472,511,513

fixed, 359

long, 19

multiflow, 27

six-compartment-based, 485

straight, 21

tapered, 511

microfluidic chips, 14, 25-26, 28,

225,370-71, 402, 413, 465,
481, 485, 489-91, 514,516
array-based, 65
droplet, 355
hybrid, 514
sandwiched, 15

microfluidic devices (1FDs), 3-5,

17-19, 35-38, 149-55, 160,
163-68,170, 173-85, 188-89,
193,196-97,221-27,401-4,
412-20,430-32, 435-36,
458-59,461-62,472,474-76,
478-81

first compartmentalized, 154

glass-based, 357,413

high-throughput, 3

hybrid, 230

hydrogel, 490

laminar-based, 439

miniature, 404

passive tapered, 521

on-chip EL, 414

single-step, 479

tapered, 503, 506, 508, 510, 515

three-chamber, 176

three-compartment, 155, 182



microfluidics, 24, 26, 149, 151-54,

169,171,197, 213, 215, 229,
431, 435-37,439-40, 490-91,
519

compartmentalized, 154, 179

condensed, 523

droplet-based, 458, 485

easy-to-use, 242

multiphase, 437-38

tapered, 509, 515, 519, 522

microfluidic systems, 39, 78-79,

168,173,190-91, 193, 215,
226,239,431
advanced, 194
compartmentalized, 193
pulsed mixing, 445
tapered, 503

microfluidic wafers, 258, 267

droplet-type, 269

microgrippers, 130-31
microgrooves, 154, 156-57, 166,

170,172-73,176,181, 193
axon-guiding, 155
high-resistance, 154

Index

microneedle patches, 290, 298,
302,306, 308,314,319,
321-22

composite, 317

dissolvable starch/gelatin, 310
double-layered, 307

flexible, 285

multilayered polymeric, 294
polymeric, 314

silk fibroin, 294

transdermal, 316, 321

microneedles, 22,132, 217-18,
275-324

microparticles, 54, 229, 277, 279,
290,503, 505,511-13,515

dielectric, 63
encapsulated hydrogel, 292
encapsulated PNIPAAm, 292
Janus, 125
multisize, 510
micropillars, 36, 175
meniscus-pinning, 159
micropipes, 258, 267
cross-shaped, 258
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microholder, 128-29
microholes, 169, 353-54, 363, 414,

micropores, 290, 414, 416-17
double-conical, 118

416 micropumps, 286, 444-45, 463,
microinjection, 17, 21-22, 310 465
micromixer, 437,463, 504 piezoelectric, 444
rotary, 463 microreactors, 355, 436, 441, 444,
static, 465 460, 465,467,470

coaxial-flow, 471
continuous-laminar-flow, 441
distributed mixing, 441
interconnected, 477

spiral, 444, 472

untreated, 448

three-phase, 471
micromolding, 217-18, 220, 286,
307,317
micromolds, 289-90
microneedle arrays, 279, 284-85,
299,310, 313-15, 317-18,

320 micro-robots, 96-116, 118-20,
dissolvable, 318 122-26,128-31,133-34,
hollow, 285 136-39

hollow stainless-steel, 285
hydrogel-forming, 297
polymeric, 317
pyramidal-shaped, 307

actuated/controlled, 115
bare, 125

bicomponent, 125
biocompatible, 138
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biodegradabale, 125
biosensing, 133-34
controlled artificial, 95
double-helical, 126
flexible tail, 122, 137
helical tail, 137
hybrid, 108
magnetic-gradient-pulled, 101
mobile, 133
polyaniline/Pt bilayer, 118
receptor-modified, 133
rectangular, 104
rolled-up, 119
smallest artificial, 121
soft, 125,127
surgical, 130
synthetic, 112, 138
templated, 119
two-component, 102
untethered, 97, 99, 132
water-powered, 108
microstructures, 214, 216, 221,
223, 234,276,290
hollow, 217-18
narrow microfluidic, 239
tortuous, 235
trapping-based, 372
microswimmers, 95-96, 98-99,
139
biological, 101, 109
living, 95
magnetized, 112
micro-total analysis systems
(1TAS), 404, 413, 422-23,
504, 524
microvascular networks (LVNs),
215,219, 221-22, 224-25,
229-232,238
microvasculature, 213-16, 226,
228,233
engineered, 213
perfused human, 240
microvessels, 213, 216, 218,
220-23, 234,238, 240, 242

engineered, 215, 234, 241-42
lumenized, 222
perfusable, 223
vasculogenesis-derived, 236
microvortex manipulation (MVM),
505
microvortices, 4, 11-12, 39, 78, 82
symmetric, 12
microwells, 9-10, 15-16, 28,
32-34,37-38,65,167-68
empty, 16
no-cell, 15
migration, 65, 165,174, 191
electrophoretic, 380
intracellular, 380
ion, 54
lateral-laminar-flow, 514
millirobot, 97
MMPs, see matrix
metalloproteinases
MNs, see motor neurons
motor neurons (MNs), 154, 186,
194
MRI, see magnetic resonance
imaging
MRSA, see methicillin-resistant
Staphylococcus aureus
MSCs, see mesenchymal stem cells
MSSA, see methicillin-susceptible
Staphylococcus aureus
WTAS, see micro-total analysis
systems
multiwall carbon nanotubes
(MWCNTSs), 351
mural cells, 218, 227, 230, 238, 242
MVM, see microvortex
manipulation
1VNs, see microvascular networks
complex, 216
functional, 238
perfusable, 223, 238
stable, 230
vasculogenesis-derived, 222,
238



MW(CNTs, see multiwall carbon
nanotubes

nanobullets, 130-31
high-speed, 131
nanochannel, 359-60, 363
nanochannel electroporation
(NEP), 357-60, 378
nanocrystals, 434, 442, 455, 459,
467,469
hcp, 459
monodisperse semiconductor,
438
sharp-edged, 457
nanoelectroporation, 360, 377-78
single-cell, 344
nanoelectroporation chip, 362
nanofountain probe (NFP), 359,
361
nanomaterials, 429, 431-32, 434,
436,476,479-80, 484, 489,
491
carbon-based, 481
composite, 477-78, 485
HDL-derived, 479
hybrid, 429
iron oxide, 478, 489
metal oxide, 477
plasmonic, 488
nanoparticles (NPs), 81, 107, 125,
127, 315, 349-50, 430-37,
441-52,454, 456, 458-67,
469,472,474-76,479-81,
483,489-91
cross-linked hyaluronic acid,
479
fluorescent, 478
hollow gold, 464
latex, 279
lipoplex, 360
metallic, 430, 436, 457
monodispersed, 475
PNIPAM@Au, 485

Index

nanoplates, 450, 463, 468, 474
flat, 463
flat-surfaced, 450
ultrathin gold, 463
nanopores, 358
localized, 379
nanorods, 452-54, 460, 464,
467-68,473-74,476-77
low-aspect-ratio, 474
nanostructures, 460, 464
low-dimensional, 457
periodic, 487
undefined, 465
near infrared (NIR), 63, 78,
131-32,368, 464,476,489
n-DEP, see negative
dielectrophoresis
negative dielectrophoresis
(n-DEP), 52-53, 75
negative pressure, 34-35, 353-54,
357,359,363
NEP, see nanochannel
electroporation
nerve growth factor (NGF), 152,
187
nervous system, 150, 156-57, 164,
173,194,197
central, 115, 128, 136, 185, 188,
232
peripheral, 188
net force, 52-54, 56-59, 61, 99
net scattering force, 57, 61
neural stem cells (NSCs), 150-51,
172,189-90
neuronal cells, 152, 154, 166-69,
176,178,190
neuronal networks, 157-58,
177-78,188,191
arrayed, 159
dissociated, 167
space-controlled, 184
neurons, 149-50, 152-54, 156-62,
164-65,167-68, 170-73,
175-90, 193-96, 377-78, 407

541
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neuroscience, 149-54, 156, 158,
160-62, 164, 166,168, 170,
172,174,176,178, 180, 182,
194-97

Newtonian fluid, 98

NFP, see nanofountain probe

NGF, see nerve growth factor

NHLFs, see normal human lung
fibroblasts

NIR, see near infrared

normal human lung fibroblasts
(NHLFs), 221, 223-24, 235

NPs, see nanoparticles

anisotropic, 435
antigen-loaded, 318
bimetallic, 485
drug-loaded, 314
embedded, 127
encapsulated, 125
glucose-responsive, 314
iron oxide, 122-23, 479-80
low-aspect-ratio, 447
magnetite, 110, 112
metal, 461, 475, 481, 490
metal-based, 479

metal oxide, 479
nonspherical, 450
pH-sensitive, 314

PLGA, 318
polydispersed, 447
polymeric, 319
pyramidal, 475
spherical, 474-75
structured, 460

thin, 450

NSCs, see neural stem cells

nucleation, 407, 409-10, 431-33,
446-47,449-50, 461,470

heterogeneous, 474
rate-independent, 450

OCT, see optical coherence
tomography

ODEP, see optically induced
dielectrophoresis
OET, see organic electrochemical
transistor
on-chip electrical lysis, 404,
412-15,421-23
optical coherence tomography
(OCT), 476-77
optically induced dielectrophoresis
(ODEP), 76-77
optical manipulation, 50, 68, 83,
195
optical trapping (OT), 50-51,
56-61, 63, 65-67, 77, 83,
353-354, 359
optical traps, 56, 59-64
optical tweezers, 38, 50-51, 56,
63-68, 83,353, 355
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“Due to the multidisciplinary nature of microfluidics and bio-microelectromechanical systems
(bio-MEMS), it is challenging to handle this topic. Instead of trying to fully cover the field of
microfluidics, this book focuses on several interesting directions with in-depth analysis and discussion.
[ strongly recommend this book for graduate-level courses where students with a preliminary
background of bio-MEMS can utilize it to conduct case studies to deepen their understanding and
enrich their experience of microfluidics.”
Prof. Jian Chen
Chinese Academy of Sciences, China

“Dr. Santra’s book on microfluidics and bio-MEMS gives a basic introduction to bio-MEMS and

covers a wide range of applications. It is illustrated with over 180 figures and describes key concepts
intuitively. Major studies published in the 2010s can be grasped concisely.”

Prof. Moeto Nagai

Toyohashi University of Technology, Japan

The past two decades have seen rapid development of micro-/nanotechnologies with the
integration of chemical engineering, biomedical engineering, chemistry, and life sciences to
form bio-MEMS or lab-on-chip devices that help us perform cellular analysis in a complex micro-/
nanoflluidic environment with minimum sample consumption and have potential biomedical
applications. To date, few books have been published in this field, and researchers are unable
to find specialized content. This book compiles cutting-edge research on cell manipulation,
separation, and analysis using microfluidics and bio-MEMS devices. It illustrates the use of
micro-robots for biomedical applications, vascularized microfluidic organs-on-a-chip and
their applications, as well as DNA gene microarray biochips and their applications. In addition,
it elaborates on neuronal cell activity in microfluidic compartments, microvasculature and
microarray gene patterning, different physical methods for drug delivery and analysis, micro-/
nanoparticle preparation and separation in a micro-/nanofluidic environment, and the potential
biomedical applications of micro-/nanoparticles. This book can be used by academic researchers,
especially those involved in biomicrofluidics and bio-MEMS, and undergraduate- and graduate-
level students of bio-MEMS/bio-nanoelectromechanical systems (bio-NEMS), biomicrofluidics,
biomicrofabricatios, micro-/nanofluidics, biophysics, single-cell analysis, bionanotechnology,
drug delivery systems, and biomedical micro-/nanodevices. Readers can gain knowledge of
different aspects of microfluidics and bio-MEMS devices; their design, fabrication, and integration;
and biomedical applications. The book will also help biotechnology-based industries, where
research and development is ongoing in cell-based analysis, diagnosis, and drug screening.
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