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nicotinamide 9, 126, 134–137, 139, 140,

142, 144
Nimodipine IV injection 333
Nimotop 333, 346
Nitropen® 10, 305
nonclassical bioisosteres 404
Nonclinical Studies for the Safety

Evaluation of Pharmaceutical
Excipients 340

nonionic hydrophilic CDs 301
non-ionizable compounds 85, 333
nonionizable drugs 9, 117
non-ionizable substances 281
non-sink dissolution test 53
novel drug delivery systems 195, 210
Noyes–Whitney equation 83–84
nuclear magnetic resonance (NMR) 30,

33, 135
nutraceutical 154, 155, 312, 318

o
octanol–water partition coefficient 331
oenography 243
oils 11, 14, 95, 174–176, 178, 180, 182,

183, 187, 189–192, 194, 195, 209,
233, 259, 333, 334, 344, 365, 366,
372–376, 403

oleic acid 343, 372
oligoethylene glycol 220
Olmetec® 306
one-pot drug loading and synthesis

procedure 265–266

oral drug delivery 189, 191, 192, 211,
269, 315, 338

oral drugs 5, 38, 81, 278, 280, 337, 363,
377, 378, 390

oral gavage 353, 365–367, 375
oral mini-tablet/mini-capsule 367
oral route 173, 310, 365, 372, 391
oral solution 10, 11, 239, 333, 341, 366,

367, 375, 376
oral suspension 97, 357, 366–367
Oraxol 344
organic solvents 20, 26, 39, 41, 42, 44, 60,

85, 91, 92, 96, 126, 130, 213, 214,
215, 229, 232, 233, 236, 264, 265,
304, 328, 345, 368, 376, 393

Ostwald ripening 95, 96, 376
O-substituted CDs 303–304
over-the-counter (OTC) products 14,

337, 340
oxidation of CDs 303, 304
oxidation of lipid excipients 186

p
pair distribution function (PDF) 30
particle size engineering 6
particle size reduction technologies 6,

10, 11, 83, 84, 89, 90, 92, 147, 257,
358, 363, 375, 376, 394

partition coefficient (P) 5, 9, 331, 341,
361

passive loading, liposomes 215
passive targeting liposomes 227
patent protection, for liposomal-based

treatments 236
PDE4 inhibitors 396
Peceol® 180–182, 374
PEG 400 190, 191, 328, 333, 335,

337–339, 341, 366
PEGylated lipid micelles 229–231
peptides 60, 173, 218, 220, 221, 222, 223,

224, 227, 228, 229, 242, 264, 268,
269, 270, 344, 345

Pepto Bismol® 14
per-acetylated CDs 304
per-6-halogenated-per-6-deoxy CDs 303
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per-6 modified CDs 303
per-6-O-(tert-butyldimethylsilylated) CDs

303
pH gradient method 217
pH-modified cosolvent formulations

342–343
pH-responsive MSNs 268
pH-responsive silica particles 268
pH sensitive polymeric micelles 231
pharmaceutical cocrystallization 117,

143, 154, 156
pharmaceutical cocrystals 115–157

basic concept and definitions 116–118
challenges in product development

153–154
characterization techniques of

132–138
chemical stability 142–146
cocrystals, salts and polymorphs 118
commercially available 153
computational approaches and software

tools for 119–124
enhancement of bioavailability 148
for formulation advantages 141–147
fundamentals of 115–119
historical background 115–116
importance in pharmaceutical industry

115
mechanical properties 146–147
microscopy techniques 138
modulation of drug release profiles

148–149
for pharmacokinetics advantages

148–151
physical stability 141–142
regulatory considerations and approval

pathways 151
selection of coformers 118–119
solid state approaches 125–127
solubility aspects of 139–141
from solutions 126–129
spectroscopic techniques 135–138
supercritical fluid-based methods

129–131
synthesis of 124–132

synthons in 119
to tailor optical property 146
for therapeutics advantages 149–151
thermal analysis 132–135

pharmaceutical compounds 7, 299–300
pharmaceutical development 14, 82, 99,

122, 195, 236, 328, 330, 345, 391
pharmaceutical research 99, 185
pharmaceutical science 87
pharmacokinetic study (PK) 279,

355–356, 408
pharmacology/pharmacodynamic study

338, 355
phase diagrams 22, 23, 39, 51, 55, 56, 57,

126, 127, 188, 189, 374
phosphate buffer solution (PBS) 217,

403
phosphatidic acid 178, 222, 226
phosphatidylcholine (PC) 178, 179, 212,

220–222, 226, 376
phosphatidylethanolamine (PE) 178,

212, 222, 226
phosphatidylserine (PS) 178, 179, 212,

222, 226
phosphoinositide 3-kinase (PI3K) 402
phospholipids 23, 47, 60, 178, 187,

211–215, 218–222, 225, 226, 240,
243, 281, 284, 360, 361, 374, 376

amphiphilic nature of 233
in liposomal carriers 233

photodegradation through isomerization
143

photodimerization degradation 144
physical stability assessment of ASD

51–52
physical stability, liposomes 219
physiological fluids 48, 389, 391
Physiologically based Biopharmaceutics

Models (PBBM) 58, 59, 286, 287
physiologically based dissolution testing

(PBDT) 48, 389, 391
Physiologically Based Pharmacokinetic

(PBPK) models 58, 59, 286–288
pluronics 229, 245
polar or ionizable appendages 396–401
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polar or ionizable groups 409, 410
polycondensation 304
polycondensation reaction of CDs 304
polyethylene glycol (PEG) 9, 12, 26, 45,

56, 85, 192, 220, 222, 227, 229, 230,
235, 242, 267, 269, 271, 339, 341,
342, 343, 346, 366, 400

polyglycerols 229, 342
polyion complex (PIC) micelles 229
polymer dispersion, in aqueous solvent

232
polymeric micelles 228, 229, 231, 345,

395
polymeric precipitation inhibitors (PPIs)

338
polymers 10, 22, 24, 26, 27, 33, 34, 38,

39, 41, 43, 47, 56, 59, 60, 86, 96,
140, 142, 154, 220, 231, 267, 271,
304, 343, 365, 368, 371, 379

used in ASD 19, 25–27, 39, 43, 47, 49,
52, 54, 57

polymersomes 307, 308
polymer vesicles 307
polymorphism 10, 119, 153, 156, 362

of lipid excipients 186–187
polymorphs 6–7, 117, 118, 126, 138, 146,

156, 186, 362
polyphenols 154
polyvinylpyrrolidone (PVP) 26, 27, 33,

43, 53, 56, 220, 343, 369
poor aqueous solubility 1, 5, 14, 46, 139,

300, 304, 327, 330, 341, 353, 360,
390, 396, 402, 403, 405, 407, 410

poor drug solubility 1, 244
addressing challenge 5–14
on drug-like properties 4–5
drug material engineering 6

poorly water-soluble drugs 9, 14, 81–84,
86, 90, 93, 99, 115, 148, 194, 210,
221, 223, 265, 285, 316, 328, 333,
339, 345, 366, 378

challenges in formulating 82–83
poor solubility 1–15, 60, 81, 285, 286,

307, 358, 390, 391, 396, 407,
410

poor water solubility 5, 19, 139, 341, 345
porous carriers 262
porous silica structure 262
positive allosteric modulators (PAMs)

405
positively charged liposomes 220, 223
powder X-ray diffraction (pXRD) 30, 35,

36, 132, 134, 136, 138
preclinical formulations 353–363, 365,

377, 379
preclinical models 345, 354, 377
preclinical studies 337–340, 353–356,

365, 366, 369, 375, 378
pre-formulated NCEs 356
precipitation 91

of drugs 177, 183, 217
primary relaxation time 24
prior approval supplement (PAS) 340
process analytical technology (PAT) 36,

155–156
prodrug approach, to address aqueous

solubility 407–409
prodrugs 1, 8–9, 14, 144, 332, 394, 396,

407–410
product performance stability assessment

of ASD 53–54
propylene glycol 9, 85, 195, 328, 333,

334, 335, 337–339, 341–346, 366,
374, 376

protein-encapsulated CDs 300
pseudo rotaxanes 269
pulmonary drug delivery, charged

liposomes 223

q
Quantitative Structure-Activity

Relationship (QSAR) 124
quantum dots (QDs) 242, 243, 409
quantum mechanical (QM) methods

120–122
quinhydrone 115, 116
quinolinyltriazole inhibitors 397
quinone 115, 116
Qulipta® 372
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r
Raman spectroscopy 30, 34, 36, 132, 135,

136, 240, 370, 392
randomly methylated β-CD (RAMβ-CD)

86, 303
randomly substituted CDs 303
Rapamune® 11, 376
Rapid Expansion of Supercritical Solution

(RESS) 92, 125
redox-responsive liposomes 224
reference listed drug (RLD) 340
refined Developability Classification

System (rDCS) 286
remdesivir 306, 312, 317
remote loading, liposome 215
renal toxicity 86, 315, 372
representative targeted liposomes 227
reticulate formation 183
reverse phase evaporation 213
ribavirin 310
ritonavir 7, 344, 362
RNA-dependent RNA polymerase (RdRp)

306
Ryanodex® 376

s
saikosaponin-d (SSD) 309
salt formation 1, 34, 60, 83, 85, 99, 117,

118, 148, 153, 332, 394, 395, 406
salts 1, 6–7, 34, 47, 50, 60, 85, 117–119,

138, 151, 153, 287, 342, 392, 394
Sandimmune® 11, 195, 239, 333
saquinavir 334
SARS-CoV-2 306
saturation solubility 2, 3, 83, 84, 96, 139,

183, 281
scanning electron microscopy (SEM) 36,

37, 132, 134, 138, 240, 370
secondary relaxation 24
Seglentis® 7, 152, 153
self emulsifying systems 12, 346
self-emulsification 11, 174, 176, 180, 182

mechanism of 187
and uptake of drugs in vivo 187–188

self-emulsifying drug delivery systems
(SEDDS) 11, 173–197, 339, 344,
345, 365, 366, 373, 374

advantages of 175, 176
applications of 188–194
challenges in formulation development

of 182–187
clinical status of 195
commercial aspects of 194–195
disadvantages of 175, 177
formation of 175–178
in soft gelatin capsules 185–186
lack of prognostic in vitro tests 185
lipid oxidation 186
lymphatic uptake of 185
for nasal drug delivery 188–189
for oral drug delivery 189–191
for parenteral delivery 191–194
patents on 195
polymorphism of lipid excipients

186–187
regulatory updates on 194
self-microemulsifying drug delivery

system (SMEDDS) 174
self-nanoemulsifying drug delivery

system (SNEDDS) 174–175
self-microemulsifying drug delivery

system (SMEDDS) 12, 173–175,
178–180, 182, 365, 372, 373, 379

advantages of 175, 176
challenges in formulation development

of 182–187
disadvantages of 175, 177
drug recipitation 183
formation of 175–177
handling and stability 185
lymphatic uptake of 185
for nasal drug delivery 188–189
for oral drug delivery 189–191
for parenteral delivery 191–194
regulatory updates on 194

self-nanoemulsifying drug delivery system
(SNEDDS) 173–175, 178–180,
189, 191, 192, 194, 196, 374, 375

semi-empirical screening methods 123
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short chain triglycerides (SCTs) 372, 373
silanol 258, 259, 262
silica 257, 258, 260–268

clinical application of 270
crystallinity and nature 261

silica–lipid nanoparticles 269
silica nanoparticles 258, 267–269, 300

in different dosage forms 263–264
silica surface coating with polymers 267
silicon alkoxide 258
similarity factor 287
simulated gastric fluid (SGF) 140, 284
single-crystal X-ray diffraction (XRD)

132, 133
SiO4 tetrahedron 257
slightly lipophilic CDs 301
slurry method 128–129
small angle X-ray scattering (SAXS) 30,

37, 48
small hydrophilic molecules 389–390
small intestinal transit time 282
small unilamellar vesicles (SUVs)

212–214, 217, 226
sodium taurocholate 281
sol-gel method 258, 261
solid dispersion formulations 369
solid dispersion for solubility

enhancement 343–344
solid dispersions 1, 6, 10–12, 83, 86, 99,

257, 262, 263, 266, 270, 341, 365,
368–370, 379, 394, 395

solids’ optical properties 146
solid-state nuclear magnetic resonance

(ssNMR) 30, 132, 136–138, 370
Sol-Moiety 8
solubility 2, 46, 48, 81, 327, 391, 392

in bioavailability 327
chemical modification to enhance

394, 395
concept of 330, 334
by disruption of molecular planarity

and symmetry 403, 404
of drugs 139
of drug substance 328
enhancement 328

expression terms 139
improvement of poorly soluble lead

compounds 398
limitations 395
of poorly water-soluble lead

compounds 394
of poorly water-soluble medications

345
structural modification to enhance

395, 396
thermodynamic principles of 139, 141

solubility behavior of NCE 358–359
solubility screening 358, 359
solubilization

of drugs 11, 19, 20, 27, 47, 50, 58, 139,
176, 183, 215, 328, 329, 338, 339,
341–342

process of 332
solubilization methods 117, 369
Solutol HS 15 180, 191, 192, 193, 194
solvent-assisted active loading technology

(SALT) 218
solvent evaporation 23, 92, 124, 183,

262, 265, 309, 329, 334, 368
solvent injection method 214–215
spironolactone 283
Sporanox® 10, 270, 305, 377
spray drying (SD) 6, 10, 20, 23, 24, 26,

37, 40–42, 44, 56, 58, 60, 124, 125,
131, 358

stabilizers 11, 25, 45, 88, 91, 92, 95, 96,
129, 261, 262, 376

stable polymorph 7, 140, 362
staurosporine 218
stealth liposomes 227, 234, 243
stealth particle by PEGylation 267
stearyl amine 220
stimuli-sensitive micelles 231
stimuli-triggered liposomes 224

applications of 225
mechanism of action of 225
types of 224–225

Stokes Raman scattering 136
structural modification 332, 389–411

to enhance solubility 391, 394–401
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structure–activity relationships (SAR)
410

sugars 60, 219
sulfamethazine 129, 150, 151
sulfanilamide tragedy 340
sulfobutyl ether-β-cyclodextrin

(SBE-β-CD) 300, 305, 306, 308,
311, 312, 316, 318

sulfoximines 406, 407
Sunlenca® 12
supercritical anti-solvent (SAS) approach

92, 130–131
supercritical assisted spray drying (SASD)

131
supercritical carbon dioxide (scCO2) ) 44
supercritical fluid-based methods

129–131
supercritical fluidic method 215
supercritical fluid technology (SCF) 6,

91–92, 265
supercritical solvents 129

rapid expansion of 129–130
supersaturation 19, 23, 27, 39, 40, 46–49,

57, 84, 91, 126, 128, 131, 148, 154,
183, 282, 338, 343, 369, 370, 393,
394

supramolecular heterosynthons 119
supramolecular homosynthons 119
surface area relationship 83–84
surface characteristics of ASD 36–37
surface-modified bubble liposomes

221
surfactant-cosolvent hybrids 343
surfactants 9–11, 26, 43, 44, 47, 52, 60,

85, 91, 92, 94–96, 116, 148, 154,
174–183, 187–192, 194, 195, 209,
210, 230, 233, 259–262, 266, 284,
304, 331, 333, 341–344, 357, 365,
366, 371–376

synthesis of silica particles 266
different techniques for 258–260

synthons in pharmaceutical cocrystals
119

syringic acid 149, 150

t
tabletability 38, 41, 147
tacrolimus (FK 506) 45, 53, 191, 192,

194
targeted drug delivery 175, 225,

234–235, 244, 258, 267, 306
by silica conjugates 268–269

targeted liposomes 210, 227, 228, 241,
242

applications of 228
mechanisms of 228
types of 227–228

targeted micelles 230
targeting ligands 221–223, 227, 228, 242,

258, 306
tegafur 149, 150
telmisartan 179, 342, 343, 359, 364
temperature-responsive liposomes

224
temperature-sensitive polymers 231
template-assisted synthesis 259–260
tenable resistive pulse sensing (TRPS)

240, 241
tetraethyl orthosilicate (TEOS) 258, 259,

261, 266
theragnostic liposomes 243
thermodynamic and phenomenological

models 55–56
thermodynamic principles of solubility

139–141
thermodynamic solubility 19, 27, 29,

391–394, 396, 400, 401, 404
versus kinetic solubility 392–394

thermodynamic (equilibrium) solubility
358, 359

thermogravimetric analysis (TGA)
132–135, 354, 370

thin film hydration method 213
TNO gastrointestinal model (TIM)

377
total solubility 55, 392
toxicokinetic study 340, 356, 357
traditional liquid SEDDS 186
traditional vs. nanosizing techniques in

solubility enhancement 84–87
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Transcutol® 180, 182, 191, 192, 342
triazolopyridine 405
TRPV1 antagonists 403
twin screw extrusion method 126
type I lipid formulations 176
type II lipid plans 176
type II-LBDDS 176
type IV-LBDDS 176

u
ultra-high-pressure homogenizers

(UHPHs) 90
ultrasonication 87, 90–91, 95
ultrasound 221, 222, 224, 225, 242, 243,

268
ultrasound assisted approach 131–132
ultrasound imaging 221, 243
ultrasound-responsive liposomes 225
ultrasound-sensitive polymeric micelles

231
United States Pharmacopoeia (USP) 3,

284, 327, 341
unsaturated phosphatidylcholine 220
untested solvent 340
U.S. Food and Drug administration

(USFDA) 7, 8, 10, 11, 19, 50, 87,
92, 93, 98, 115–118, 139, 151–153,
155, 234, 238, 241, 285, 306, 334,
337, 340, 356, 363, 370

US6136799A patent 341, 346
US6361758B1 patent 341

v
vaccine delivery, charged liposomes 223
vaccines 223, 226, 243–244, 306, 318

delivery of 223, 235
vacuum compression molding (VCM)

40, 368
Veklury® 306, 311, 317
vesicular lipid nanocarriers 12
vigorous hydration 213
vinyl polymers 26, 33
virtual bioequivalence (VBE) study 59,

287, 288
virtual screening 55, 122, 124
vitamin D 337, 341, 346
volatile co-solvents 177, 179
voriconazole 286, 317

w
water-in-oil (W/O) microemulsion 259
wet media milling 88–89, 94, 99
World Health Organization (WHO) 279,

285

x
X-ray diffraction (XRD) spectroscopy 28,

30, 35, 40, 132, 133, 261, 262, 370
X-ray powder diffraction (XRPD) 357,

362

z
Ziprasidone mesylate 317
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