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silicone-based delivery, 161–162
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FDA approved sunscreen actives, 87
PABA-free claim, 113

AMP (antimicrobial peptides), 379–380
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antiaging prevention/repair. See also 

photoaging prevention/repair
antioxidants, 191–192
definition, 95
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French rose petal extract

cellular oxidant production, 144
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sunscreens
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SOD (superoxide dismutase), 99
UV-induced age symptom 

treatment, 101–105
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sunscreen regulations, 405, 433
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crystallizing during storage/shipment, 
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sunscreen preservation, 90

B
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botanicals in sunscreens, 98–99
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(BMDM), 221–222
UV absorbers, 223–225

C
Canada, sunscreen regulations, 405
canola oils, 117–118

anti-inflammation properties, 124
phytosterols/tocopherols, 118–119

application examples, 125–126
carbinol fluid, 162–163
catalase, 98–101, 289–295
cationic siloxane copolymers, 

polysilicone-19 (PS-19), 239
ceramides (CER)

environment stress, overcrowding, 153
role, 151–152
tape stripping, 152–153
UV-induced aging symptoms, 102

Chinese medicinal plant materials, 280
melanin biosynthesis, 280, 281–286

chromophores, excited state energy, 16–20
cinoxate, 87
citrullus lanatus. See watermelon
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skin physiology
blood circulation, 389–391
cell turnover, 391
collagen formation, 391–393
enzymes, 393–394
photodamage, 394
reduction of lines, 397–400
sebum regulation, 393
skin properties, 394–396
wrinkles, 397–400

sunscreens
SPF, 113–114
tanning as drug, 116
waterproof, 115

COLE (canola oil liquid emollient), 118
anti-inflammation properties, 124
application examples, 125–126
OSI (Oxidative Stability Index), 

119–120
photooxidation protection, 120–124

collisional electron transfers, 21
coloring hair. See hair care
conditioners for hair. See hair care
Coulombic interactions, 20–21, 24
curcuminoids and 

tetrahydrocurcuminoids, 196–198
cysteyl-glycin dipeptide.  

See (Cys-Gly)2dimer peptide
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Deactivation of Excited States by Emissions 

and Radiationless, 17–19
dehydroxanthan gum, 186–187
delivery systems

categories, 72
hair care

quaternary polymers, 79–80
silicone polyether, 77–82
silicone-based, 76–77

DEXSTER pathways, 17–19
DHA (dihydroxyacetone), 440–441
dibenzoylmethane derivatives, 5
Diethylhexyl 2,6-naphthalate, 8
dihydroxyacetone (DHA), 440–441
dimethicone copolyols, 78, 80–82
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pheryl phosphate, 231
DLTP (disodium laurimino-dipropionate 

tocopheryl phosphate), 231. See also 
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acne studies/results, 231–234
erythema studies/results, 232–236

DNA protection/repair, 317–318
CPDs (cyclobutane pyrimidine dimers), 

331–333
studies, 334–338
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tyrosine and proline, 333, 337

(Cys-Gly)2 dimer peptide, 289–295
defense mechanisms, 318–319
French rose petal extract, 146–147
skin cancer, 404
watermelon, 319–320

comet assay/results, 321, 322–323
plasmid assay/results, 320, 321
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ecamsule, 275–277
elastomer emulsions, 170–174
Encyclopedia of Ultraviolet Filters, 406
ensulizone, 6, 87, 440
environmental stress

hair damage, 254–255
cigarette smoke, 255–256
ozone, 258–260
sulfur dioxide gas, 257

oxidative stress, 139–141
SPF 15 creams, 140

EPS657, 202–203
erythema, 317–318

CPDs (cyclobutane pyrimidine dimers), 
332, 333

studies, 337
studies, results, 338

DLTP (disodium laurimino-
dipropionate tocopheryl phosphate) 
use, 232–236

ethylhexyl methoxycinnamate, 43
ethylhexyl methoxycrylene, 26–31
European Union

sunscreens
INCI cross-references of names, 

434–437
regulations, 405

UV filter usage, 6
exchange electron transfers, 21
excited state energy, UV filter molecules. 

See also singlet excited state; triplet 
excited state

chromophores, 16–20
DEXSTER pathways, 17–19
quenching, 20–23

exopolysaccharides. See EPS657

F
FDA (Food and Drug Administration) 

regulations of OTC sunscreen products, 
15, 85–86, 87

Mexoryl approval, 430–431
PR (Proposed Rules) amendment, 

439–440
dosage forms, 444–445

labeling requirements, 445–452
photostability, 444
skin bleaching, 432–433
testing, in vivo and in vitro, 443–444
testing, SPF, 441–442
UVA determination, 365, 431–432, 

442–443
UVA determination, Playtex 

method, 368–372
UVA determination, recognition of 

need, 365–368
products

allowed, 114–115, 440
nanomaterial, 431
new, 115
rejected, 440–441

sunscreen lawsuit, 431–432
TEA (Time and Extent Application), 

405, 451
film-forming polymers, 178–179

acrylates copolymers, 180–181, 
186–187

acrylates/octylacrylamide copolymers, 
180, 181

acrylic-based, 186–187
dehydroxanthan gum, 186–187
SPF enhancement, 180–187
xanthan gum, 186–187

fluorine and cyano acetic acid derivatives, 9
Food and Drug Administration. See FDA
fragrance evaluation, hair care products

silicone polyethers and quats, 78
silicone-based delivery, 76–77

French rose petal extract
inhibiting

cellular oxidant production, 144
hydroxyl damage, 145–146

UVA/UVB protection, 141
cellular detoxification, 142–143
plasmid DNA, 146–147

G
GA (galactoarabinan)

dispersion effects, 130–132
exfoliation of skin, 135
physical and chemical characteristics, 

130
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reduction
of fine lines/wrinkles, 135–136
particle size of emulsions, 130–134
particle size of film-forming 

properties of GA, 132–134
of TEWL, 134

SPF testing, 132–134
glutathion peroxidase, 98–101
glutathione (GSH), 142
ground state, UV filter molecules, 17–19

quenching, 20–21, 23
GSH (glutathione), 142

H
hair care

keratin biopolymers, 252–254
keratin IFP (intermediate filament 

protein), 252–253, 255
photoaging prevention/repair, 383–384
polysilicone-19 (PS-19), 240–243

coloring, results, 247–249
silicone-based delivery, 76–77, 174–175

elastomer emulsions, 175
HMW (ultra high molecular weight) 

emulsions, 175
quaternary polymers, 79–80
silicone polyethers, 77–82, 175

UV filters, 408–409
hair damage

environmental stress, 254–255
cigarette smoke, 255–256
keratin biopolymers, 256–260
keratin IFP (intermediate filament 

protein), 256, 258
ozone, 258–260
sulfur dioxide gas, 257

UV filters, 260–262
Herba menthae (HM), 280

melanin biosynthesis, 281–286
high performance liquid chromatography 

(HPLC), 348–353
HMW (ultra high molecular weight) 

emulsions, 170
homosalate, 6, 87
HPLC (high performance liquid 

chromatography), 348–353

(HYD657) bacterium, 202
hydrosoluble azelaic acid, 43, 44, 47, 54
hydroxy acids in sunscreens, 102

I
ICAM-1 (Intercellular Adhesion 

Molecule), inflammation, 203–204
effect of SEPS657 by keratinocytes, 205

IFP (intermediate filament protein), 
keratin, hair care, 252–253, 255

environmental stress, 256, 258
UV radiation, 260–261

INCI sunscreen names
cross-references, 434–437
UV filter naming, 437–438

induced dipole interactions. See Coulombic 
interactions

inflammation/anti-inflammation
antiaging and tetrahydrocurcuminoids, 

195–196
canola oils, 124
DLTP (disodium laurimino-

dipropionate tocopheryl phosphate)
acne studies/results, 231–234
erythema studies/results, 232–236

ICAM-1 (Intercellular Adhesion 
Molecule), 203–204

tocopherols, 230–231
phosphorylated, 230–231

intermediate filament protein (IFP), 
keratin and hair care, 252–253, 255

environmental stress, 256, 258
UV radiation, 260–261

internal conversion, UV filter  
molecules, 11

intersystem crossing, UV filter  
molecules, 11

J
Japan, sunscreen regulations, 405, 406

SPF testing, 433
UV filters, 6, 426
UVA testing, 407
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keratin biopolymers and hair care, 252–254

environmental stress, 256–260
keratin IFP (intermediate filament protein) 

and hair care, 252–253, 255
environmental stress, 256, 258
UV radiation, 260–261

keratinocytes
melanocytes, 327–329
SEPS657 effects

expressions of ICAM-1, 205
stimulating proliferation, 205–206

L
labeling requirements, FDA proposed 

amendment, 445–452. See also packaging
larch extract. See GA
light speed, 16
Lignum dalbergiae odoriferae (LDO), 280

melanin biosynthesis, 281–286
lipid peroxidation, 289–295

M – N
manifolds, 17
matrikines, 103–105
MBBT (Methylene bis-benzotriazolyl 

tetramethylbutylphenolb)
with avobenzone, 10
internal molecular conversion, 11

melanin biosynthesis, Chinese medicinal 
plant materials, 280, 282–286

melanocytes
applications, 328

future, 329
discovery, 327–328
testing, 328–329

meradimate, FDA approved sunscreen 
actives, 87

Methylene bis-benzotriazolyl 
tetramethylbutylphenolb (MBBT)

with avobenzone, 10
internal molecular conversion, 11

Mexoryl sunscreens, 275–277
FDA approval, 430–431

MMPs (matrix metalloproteases) DP, 
300–301, 309–311

moisturizers
homogeneous distribution of 

sunscreens, 69
W/O emulsion applications, 39

molecular strategies, UV filters, 11

New Zealand, sunscreen regulations, 405

O
octinoxate, 5, 6

FDA approved sunscreen actives, 87
fluorescence, 25–31
photostability, 9

octisalate, 5, 6
FDA approved sunscreen actives, 87
internal molecular conversion, 11

octocrylene, 6
FDA approved sunscreen actives, 87
fluorescence, 26–30

octyl methoxycinnamate (OMC), 221–222
UV absorbers, 223–225

oil-in-water emulsions. See O/W emulsions
OSI (Oxidative Stability Index), 119–120
O/W emulsions

with alkylmethysiloxanes, 74
manufacturing procedures, 36–37
versus W/O emulsions, 35–36
with zinc oxide, 62

Oxidative Stability Index (OSI), 119–120
oxybenzone, 5, 6

crystalizing during storage/shipment, 
60

FDA approved sunscreen actives, 87
fluorescence, 26–28
internal molecular conversion, 11

P
PABA (aminobenzoic acid)

FDA approved sunscreen actives, 87
PABA-free claim, 113

packaging. See also labeling requirements
sunscreens, 90–91

padimate 0, 87
paramethoxy-cinnamic acid esters, 5
People’s Republic of China, sunscreen 

regulations, 405
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phenyl trimethicone, 169
phosphatidylcholine, 43, 44, 47, 54
photoaging prevention/repair. See also 

antiaging prevention/repair
AMP (antimicrobial peptides), 379–380
hair care, 383–384
iron and copper, 299–300
MMPs (matrix metalloproteases), 

300–301
photostability, 376–378
ROS (reactive oxygen species), 298–299
skin biology, 378–379
skin penetration, 382
skin phenomena, 383
skin reactions/diseases, 380–381
TPBE (tannin-based P. emblica), 

301–303
clinical study, 311–312
formulations, 313
iron and copper chelation, 307–308
MMPs, 309–311
ROS quenching, 304–307

photooxidation protection, 120–124
photostability of UV filters, 3, 407

chromophores, 19
FDA proposed amendment, 444
formulation strategies, 8–10
importance, 112
photochemistry, 5–6
solvent polarity, 7–8

phyllanthus emblica fruit tannin. See TPBE 
(tannin-based P. emblica)

physical blockers, 6
phytosterols, 118–119

application examples, 125–126
polymers. See acrylates copolymers; film-

forming polymers; quaternary polymers
polysaccharides. See EPS657
polysilicone-19 (PS-19), hair care, 240–243

coloring, results, 247–249
preservation of sunscreens, 86–90

HPLC (high performance liquid 
chromatography), 348

materials, 348–349
methods, 349–350
results, 350–353

W/O emulsions, 38
protein carbonylation, 289–295

Q – R
Qi Bao Mei Ran Gao (QBMRG), 280

melanin biosynthesis, 281–286
quaternary polymers, hair care, 79–80

RGE (Rosa gallica extract). See French rose 
petal extract

ROS (reactive oxygen species), 298–299
quenching, 304–307

Rosa gallica extract (RGE). See French rose 
petal extract

S
SEPS657 effects

on fibroblast biological functions, 
207–208

on ICAM-1 by keratinocytes, 205
on oral isotretinoin, secondary effects, 

210–212
on sensitive/highly reactive skins, 

208–209
on skin irritation by manual shaving, 

212–213
stimulating keratinocytes proliferation, 

205–206
for sunscreens and after-sun care, 

214–217
shampoos. See hair care
silicone-based delivery, 71–73

hair care, 76–77, 174–175
elastomer emulsions, 175
HMW (ultra high molecular weight) 

emulsions, 175
quaternary polymers, 79–80
silicone polyethers, 77–82, 175

sunscreens, 160–161
acrylate copolymers, 161–162
AMS (alkylmethylsiloxanes), 73–75, 

163–169
carbinol fluid, 162–163
elastomer emulsions, 170–174
HMW (ultra high molecular weight) 

emulsions, 170
phenyl trimethicone, 169

singlet excited state, UV filter molecules, 
16–20

manifolds, 17
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quenching, 20–23
measuring with fluorescence, 23–31

skin bleaching, 432–433
skin care. See antiaging prevention/repair; 

moisturers; photoaging prevention/
repair; sunscreens

SOD (superoxide dismutase) enzymes DP
damage

preventing, 99
UV-induced, 299

UV oxidative stress, 289–295
solar simulators, 357–359
solvent polarity, photostability, 7–8
SPF and sunscreens, 113–114, 406

AMS (alkylmethylsiloxanes), 73–75, 
163–169

environmental stress, 140
FDA proposed amendment, 441–442
film-forming polymers, 180–187
GA (galactoarabinan) testing, 132–134
maximum allowable SPF, 114–115
measuring SPF, 355–357

application protocols, 359–360
challenges, 357
potential improvements, 361–363
solar simulators, 357–359
testing variables, 360–361

product content claims, 113–114
regulations (See also FDA (Food and 

Drug Administration) regulations of 
OTC sunscreen products)

Australian, 433
COLIPA, 433

silicone-based delivery
AMS (alkylmethylsiloxanes), 

163–169
elastomers, 171–173
phenyl trimethicone, 169

zinc oxide, 57, 62–63
sulfur dioxide gas, 257
sulisobenzone, 87
Sunscreens: Regulations and Commercial 

Development, 3, 4
sunscreens/sun care products. See also 

UVA/UVR radiation; UVR radiation
antioxidants, 381
claims

SPF, 113–114

waterproof, 115, 406
cross-references of names by countries, 

434–437
definition, 4, 93–94
HPLC (high performance liquid 

chromatography), 348
materials, 348–349
methods, 349–350
results, 350–353

labeling requirements, 445–452
long-term protection, 405
packaging, 90–91
preserving, 86–90, 348–353
quantifying, 347–348
recreational uses, 404–405
tanning, 405

superoxide dismutase (SOD) enzymes, 
damage prevention, 99

T
tannins. See TPBE
tape stripping, 152–153
TEA (Time and Extent Application),  

405, 451
terephthalylidene dicamphor sulfonic acid, 

224–225
tetrahydrocurcuminoids and antiaging, 

192–195
and curcuminoids, 196–198
formulations, 196–198
inflammation, 195–196
and tetrahydropiperine, 197, 199

tetrahydropiperine, 197, 199
TEWL (transepidermal water loss), GA 

(galactoarabinan), 134
Time and Extent Application (TEA),  

405, 451
tissue repair, 103–105
titanium oxide/dioxide in sunscreens, 6, 

58–59, 221–222
for acne-prone skin, 43, 44
blocking UVR, 268–269
drug or not, 115–116
FDA approved actives, 87
GA (galactoarabinan), 132
nonwhitening sunscreens, 270–273
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particle sizes, 59–60
microfine metal oxides, 267
micro-sized, 431, 440
nano-sized, 431, 441

UV curve, 59
UVA/UVB blockers, 223–224, 266

tocopherols, 118–119. See also DLTP
application examples, 125–126

TPBE (tannin-based P. emblica) and 
photoaging prevention, 301–303

clinical study, 311–312
formulations, 313
iron and copper chelation, 307–308
MMPs, 309–311
ROS quenching, 304–307

transepidermal water loss (TEWL), 134
triplet excited state, UV filter molecules, 17
trolamine salicylate, 87
tumeric extract. See curcuminoids; 

tetrahydrocurcuminoids

U
United States, FDA regulations of OTC 

sunscreen products, 15, 85–86, 87
Mexoryl approval, 430–431
PR (Proposed Rules) amendment, 

439–440
dosage forms, 444–445
labeling requirements, 445–452
photostability, 444
testing, in vivo and in vitro, 443–444
testing, SPF, 441–442
UVA determination, 442–443

products
allowed, 114–115, 440
new, 115
rejected, 440–441

UV filters, maximum usage levels by 
region, 6

United States Adopted Names (USAN), 
cross-references of sunscreen names by 
countries, 434–437

United States FDA regulations of OTC 
sunscreen products

PR (Proposed Rules) amendment
skin bleaching, 432–433
UVA determination, 431–432

UVA determination, Playtex 
method, 368–372

UVA determination, recognition of 
need, 365–368

sunscreen lawsuit, 431–432
TEA (Time and Extent Application), 

405
USAN (United States Adopted Names)

cross-references of sunscreen names, 
434–437

UV filter naming, 437–438
UVA/UVB radiation, 6, 220–222. See also 

UVR
acne-prone skin screens, 50–51, 54–55
ecamsule, 275–277
FDA proposal for UVA standard, 

431–432, 442–443
Playtex method, 368–372
recognition of need, 365–368

French rose petal extract, 141
cellular detoxification, 142–143
cellular oxidant production, 144
hydroxyl damage, 145–146
plasmid DNA, 146–147

hair care, IFP (intermediate filament 
protein), keratin, 260–261

lipid peroxidation, effects on, 289–295
photostability, 223–224
protein carbonylation, effects on, 

289–295
testing, 409
UV absorbers

developments, 224–225
protecting, 223–224

UVR (UV radiation). See also UVA/UVB 
radiation

blocking, 268–270
CER (ceramides), 102, 154–157
chromophores, 16–20
complexation strategies, 11–12
curves

melanin biosynthesis, 285, 286
shifts, solvent-caused, 113
titanium dioxide, 59
zinc oxide, 59–60

encapsulation strategies, 11–12
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developments, 407–408, 410–417
FAQs (frequently asked questions), 

426
homogeneity in distribution, 65–70
maximum usage levels by region, 6
naming, 437–438
organic, frequency of use, 425–426, 

427–428
registration/patents, 410, 423–425

hair care, 260–262
polysilicone-19 (PS-19), 247–249
UV filters, 408–409

manifolds containing molecule  
states, 17

molecular strategies, 11
pathways, destructive and 

nondestructive, 4–5
photostability, 3

formulation strategies, 8–10
internal conversion, 11
intersystem crossing, 11
photochemistry, 5–6
solvent polarity, 7–8

polysilicone-19 (PS-19), hair care, 
240–249

resonance, 16
skin cancer, 404
sunscreens, nonwhitening, 270–273

microfine metal oxides, 267
tanning as drug claim, 116
wavelengths, 265–266

melanin biosynthesis, 283–285

V – W
vitamins in sunscreens, 95–98, 409

water-in-oil emulsions. See W/O emulsions
watermelon and DNA protection, 319–320

comet assay/results, 321, 322–323
plasmid assay/results, 320, 321

W/O emulsions
applications, 38–39
manufacturing procedures, 36–37
versus O/W emulsions, ratio of oil to 

water, 35–36
preserving, 38

selecting
emulsifiers, 37
stabilizers, 37–38
thickening agents, 38

with zinc oxide, 62

X – Z
xanthan gum, 186–187

zinc oxide in sunscreens, 6, 221
blocking UVR, 268–269
drug or not, 115–116
emulsifiers, 61–63
FDA approved actives, 87, 440
nonwhitening sunscreens, 270–273
particle sizes, 59–60

microfine metal oxides, 267
micro-sized, 431, 440
nano-sized, 431, 441

semiconductor effects, 58–59
UV curve, 59
UVA/UVB blockers, 266
xanthan gum, 60–62




