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– flavonoid-deficient plants 127
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– transport 88
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Avena sativa 56
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bacterial toxins 252
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beetle-pollinated species 100
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tyrosine 23
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bioactive metabolites 69
bioavailability 366
– effects on enzymes controlling 232, 233
– medical importance 233, 234
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biofumigation 154, 155
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bioreactors 72, 115
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biosynthetic pathways
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glycosides in comparison 27
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from 21
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precursor 20
biotic factors 61
biotic stress 1, 2, 39, 57, 65, 72, 75, 82, 120, 127
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– effects on enzymes controlling 232, 233
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– natural substances, inhibiting enzymes 233
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bitter-tasting 10
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blood–brain barrier 329
Botrytis cinerea 182
Brassicaceae 24, 25, 46, 49, 127, 161
– nitrilases 49
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brassicanal A 148
Brassica napus 25, 67, 148, 162, 169
– direct transport of aliphatic glucosinolates

across plasma membrane 44
Brassica oleracea 74, 157
– mutant (see MYB, transcription factor)
brassilexin 28, 148
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B-ring 125
broccoli 25
– affected target proteins 234
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basis 354
– health benefits ascribed to 354
– sprouts 120
– sulforaphane 353
a- and b-bungarotoxin 308
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c
cadaverine 18, 100
caffeine 14
calcium signaling 117
callose 139
calmodulin 39
– binding motif 39
caloric restriction (CR) 278, 347
– benefits of 344
calorigenic compound, emission of volatiles by

induction with 100, 101
camalexin 36, 39, 140
– control pathogenicity 141
– synthesis 38
Cameraria ohridella 195
camphor 172
cancerogenesis 254, 350, 361. See also

carcinogenesis
– dysregulation of critical regulatory

processes 361
cannabinoids, bioactivity 315–318
– analgesic properties 324–327
– – pain pathways 325
– effects of phytocannabinoids on neural

functions 318–320
– – beneficial effects 321, 322
– glutamatergic synapse 316
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– neural network activity, modulated by
endocannabinoid signaling 318

– perisynaptic signaling machinery 317
– reaction cascade 316
– signaling at glutamatergic synapse 317
– TRPV1 receptor 317
– vanilloid receptors 317
capsaicin 317
carbamodithioate 276
carbinol pseudobase 108
carboxyfluorescein (CFSE) 244
carboxylases 83
carboxylic acid 25, 29
carboxymethyltransferases 104
carcinogenesis 230, 231, 253, 272, 302
carcinogens 254
Caricaceae 46
Carica papaya 24, 46
carotenoids 29, 108, 120
– as lipophilic pigments 108
– occurring in flowers 109
Caryophyllales 22, 44, 106
case studies, for selected natural

compounds 221
– catechins 224
– morphine 226, 227
– nicotine 227–229
– proanthocyanidins 224
– quercetin 221–224
– resveratrol 224–226
castanospermine 18
catalase 83, 117
catechins 22, 117
Catha edulis 18
catharanthine 77
Catharanthus roseus 36
– compartmentation of terpene indole alkaloid

biosynthesis 17
– drugs vinblastine and vincristine by

dimerization of 75
– genetically modified terpene indole alkaloid

metabolism in 76
– RNA-mediated suppression of tryptamine

biosynthesis 77
cathinone 14, 18
cell cycle 91
cell death 95, 148, 244, 361
cellular stress 201, 345
– hormetic response to 345
Centaurea rupestris 153
central nervous system (CNS).

see nervous system
cerivastatin 193

chalcones 108, 125
chalcone synthase 19, 96, 119
chelates, with metals 274, 275
chemical modification of natural

substances 367
chemoprotective effect 276
chemotaxonomy 65
Chenopodiaceae 127, 128
chitinase 135
chitosan 56
chlorophylls 30, 166
– triplet state of 120
cholesterol 99
cholinergic signaling 308
– for activity of voluntary/autonomous nervous

systems 314
– natural substances affecting 330
– target for natural substances 332, 333
– toxicity of excessive 334
chromosomal aberrations 256
1,8-cineol 172
cinnamic acid 19, 88
– derivatives 44
cinnamon oil 356
cinnamoyl-CoA 19
Cistus ladanifer 187
Clostridium botulinum 252
2-C-methyl-Derythritol-4-phosphate 31
cocaine 15, 18
Coccinella septempunctata 184
codeine (3-O-methylmorphine) 18, 322
codeinone 18
colchicine 15, 92, 93
cold stress 122
Coleoptera 184, 187
collenchyma 88
Colletotrichum graminicola 150
colonization 129
– by biotrophic pathogens 148
– mycorrhizal fungi 130
colors, of flowers 105
– distinguished by bees 105, 106
combinatorial chemistry 368
compartmentation
– process, implications 7
– of terpene indole alkaloid biosynthesis in

Catharanthus roseus 17
– tissue-specific and subcellular, hydrophilic

and lipophilic compounds 8
condensed tannins 21
coniine 14
copalyl synthase 51
p-coumaric 173
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coumarin 19
CR. see caloric restriction (CR)
Creutzfeld–Jakob disease 336
cryoprotectants 122
C15-skeleton 125
culture conditions 69
curcumin, inducing ROS in human hepatoma

cell 277
Cuscuta europea 168
Cuscuta pentagona 169
Cuscuta reflexa 168
cyanide bomb 185
b-cyanoalanine 29
cyanoalanine nitrilase 49
cyanobacteria 125
cyanogenic glycosides 6, 10, 24, 28, 29, 46, 166,

173
– metabolism of 49
cyanohydrin 29
cyclic AMP (cAMP) 10
cyclic guanosine monophosphate (cGMP)

10
cyclobrassinin 28, 148
cyclo-DOPA 23
cyclooxygenase I 230
cyclopamine 257
CYP2A6 gene 229
cysteine 29, 335
cytochrome c oxidase 83
cytochrome P450-dependent

monooxygenases 24, 83, 104
cytokinins 142
cytoskeleton 10, 91, 200
– actin cytoskeleton with phalloidin 251
cytotoxicity 242–246. See also toxicity
– quantitative toxicological evaluation in

vivo 242
– tests to determine compound 243

d
daidzein 125, 221
danaidale 185
danaidone 185
Danio rerio 255
databases, of natural substances 368
defense 132–134
– endogenous cellular ROS defense, by natural

substances 276
– induced-defense compounds 143
– induced defense mechanisms in plants, by

secondary metabolites 133
– inhibition of enzymes involved in stress

defense 275, 276

– larvae of Chrysomela species, defense
mechanism 187

– pathogens 134, 135
– – events leading to a resistance response in

plants after interaction with 135
– – pathogenesis-related (PR) proteins 135
– – phytoanticipins, preformed defense

compounds 136, 137
– – systemic acquired resistance 135
– phytoalexins, from different plant

species 144–148
– phytopathogenic fungi alter chemical

defense of plants against insects 163,
164

– plant defense, differentially regulated after
wounding/damage by insects

– – using jasmonic acid as signal 160
– preformed defense response 136
– secondary metabolites, as plant defense

compounds 134
– strategy of wild tobacco 195
– systemic acquired resistance 153, 154
– volatiles roles as defense compounds 162
defoliation 195
dehydroabietinal 153, 154
Delia radicum 163, 189
demissin 162
Deroceras reticulatum 166
desoxyribonucleic acid (DNA) 10
desulfo-glucosinolates 139
detoxification 28, 46, 49, 123, 139, 143, 175,

181, 182, 231, 357, 358
– of cyanide 49
– via glycosylation 182
dhurrin 28, 166
dibenzofurane 132
dicarboxylases 83
digitalis glycosides 10, 42
diglycosides 22
dihydroflavonol-4-reductase (DRL) 95
dihydroflavonols 21
2,4-dihydroxy-2H-1,4-benzoxazin-3(4H)-

one 28
2,4-dihydroxy-7-methoxy-1,4-benzoxazin-3-

one (DIMBOA) 28
DIMBOA (2,4-dihydroxy-7-methoxy-1,4-

benzoxazin-3-one) 28, 52, 142, 194
dimethylallyl-diphosphate (DMAP) 29
dimethyldisulfide 100
dimethyl-nonatriene 193
dimethyltrisulfide 100
3,7-di-O-methyl kaempferol 187
1,4-diphenyl butadiene 132
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disaccharide 22
diterpenes 31
– synthases 51
DNA-binding proteins 369
DNA repair 254
DODA gene 24
– for betaxanthins 24
DOPA (L-3,4-dihydroxyphenylalanine) 22
DOPA 4,5-dioxygenase (DODA) 24
dopamine 310
DOPA-quinone 24
dose–response curve 200
Dracunculus vulgaris 100, 101
DRL gene 95
DRL promoter 96
Drosophila melanogaster 190
drought-mediated stress conditions 93
drought stress 122
drug discovery, by pharmaceutical

industry 371
drugs and different target proteins, network of

molecular interactions between 374
Dysdercus cingulatus 161
(dys)regulation, complex critically involved in

cancer 346

e
(E)-b-caryophyllene 193
(E)-b-ocimene 195
ecdysone 99, 161
ectomycorrhizal fungus 128
– synthesize and secrete growth-promoting

indole alkaloids 128
(E)-4,8-dimethyl-1,3,7-nonatriene 193, 195
effector-triggered immunity (ETI) 176
EGF receptor (EGFR) 350
(E)-2-hexenal 193, 194
encephalin 310
endocannabinoid signaling. see cannabinoids,

bioactivity
endocrine disruptors 280–285
endocrine effects, of natural substances 280
endocrine system, signaling 308
endomorphines 310
endophytic fungi 131
endorphins 323
environmental pollution 123
– air pollution 124
– heavy metal stress 123
ephedrine 18, 337, 338
epigallocatechin-3-gallate (EGCG) 355, 366
epithionitrile 29
epithiospecifier protein 29

epoxidation, by several CYP enzymes 231
ergosterol 139
ergotamine 337
Erythroxylaceae 48
Escherichia coli 252
Eschscholzia californica 149
estradiol receptor, target of natural

substances 287–290
ethnomedicine 199
Eustoma grandiflorum 42

f
a-farnesene 195
farnesylpyrophosphate 104
F-box protein 37, 38
fertilizers 162
ferulic 173
flavanols
– Role of the gut microbiota for

uptake and 225
flavanone-7-O-glucose 113
flavin-containing monooxygenase

(FMO3) 229
flavones 21
flavonoids 19, 21, 41, 42, 84, 85, 108, 151
– accumulation in cell-specific fashion to

protect 119
– antioxidant properties of 117
– antioxidative effect in vitro 256
– as aroma compounds 112
– biosynthesis, regulation 36
– effect on aphid resistance of bean plants 163
– formation of pollen grains and their

fertility 95
– function as antimicrobial compounds 149
– glycosylated 97
– induced by high light 119
– induced defense mechanisms in plants by

(see Defense)
– induction by UV light 119
– influence resistance against aphids 161
– influence the cell cycle 93
– as inhibitors of polar auxin transport 89
– major classes, with estimated number of

compounds and functions 22
– modulate auxin transporters 59
– pollen formation dependent on 97
– reaction with ROS and chelate trace

metals 274, 275
– ROS-scavenging activity 277
– secreted by the roots of hosts 129
– in situ staining of flavonoids in Arabidopsis

thaliana
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– – with diphenylboric acid
b-aminoethylester 66

– transport 88–90
flavonole-3-hydroxylase 151
flavonole naringenin 151
flavonol-3-O-glycoside 97, 98
– role in pollen development 97
flavonols 21
flavoproteins 83
flower biology 98
fluorescence in situ hybridization (FISH) 56
Folsomia candida 189
food components 341
– physiological reactions elicited by 341
food consumption, affecting health status 344
food restriction and cell stress, on health and

longevity 345
food with health-promoting bioactive

substances 351
– broccoli (sulforaphane) 353, 354
– garlic (allicin) 356
– grapes (resveratrol) 351–353
– green tea (epigallocatechin 3-gallate) 355
– hops (xanthohumol) 354, 355
forkhead transcription factors (FoxO) 346
fosfomycin 373
fosmidomycin 193
fruit development 109–111
functional food 359, 360
fungicide 182

g
Gaeumannomyces graminis 138
galanthamine 334, 336
gasotransmitter 324
gene clusters 52–57
– in biosynthesis of secondary metabolites in

plants 53
– cluster for phytocassane 52
– hypothesis for the evolution of core genes

within 55
gene duplication 48–51
– indole derivative DIMBOA in maize 48
– MAMa gene 47
– synthesis of secondary metabolites from

Arabidopsis and 48
genetically modified organisms (GMOs) 65
genetic polymorphisms 235
– caffeine 237, 238
– codeine 238
– CYP gene affecting bioavailability of

substance 237
– for key metabolic enzymes 235, 236

– morphine 238, 239
– personalized medicine 239, 240
– pharmacogenomics 239, 240
genistein 125
geranyl-geranyl-diphosphate 31
geranylpyrophosphate 104
germacrene 195
glandular trichomes, of tobacco 195
b-1,3-glucanase 135
glucosinolate 25
– biosynthesis, transcriptional control 38
glucosinolate-containing genus Drypetes 44
glucosinolate–myrosinase system 25, 139
– cellular compartmentation in inflorescences

of Arabidopsis thaliana 26
glucosinolate 2-propenylglucosinolate 46
glucosinolates 6, 10, 24, 25, 28, 39, 44, 46, 59,

139, 160, 162, 185, 341
– and biosynthesis of IAA 90
– broccoli sprouts 120
– insects sense to 191
– long distance transport and loading/

unloading 43
glucosinolates (GSL)
– metabolized and/or excreted from various

plant 186
glucosinolate-specific transporters 43
glucosyltransferases 46
b-glucuronidase 95
glutamic acid 310
glutamine 179
glutathione 117, 139, 142
glutathione S-transferase 231
glutathione S-transferase (GST)-like

protein 41
glutathione transferases 142
glyceollin
– accumulation 149
– in incompatible interaction 148
glycine 182
glycosides 24
glycosylated anthocyanins 106
glycosylated DIBOA 28
glycosylation 26
– feature of natural compounds 368
glycosylation reactions 22
Golgi apparatus 10
G-protein-coupled receptors 309, 364
green leaf volatiles 100, 193, 195

h
hallucinogenic drugs 328
harmaline 338
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harmine 338
Hþ-ATPases 142
haustorium 169
– induction of 170
HDMBOA levels 142
health industries 341
health-promoting products 341
health-promoting substances in food,

mechanistic principle 357–359
healthy food 341
– guidelines for 359
heavy metals 115, 123
– detoxification of 123
– stress 123
hederagenincellobiose 161
Helicoverpa armigera 157
hemiparasites 166, 167
hemolytic-uremic syndrome 252
hemolytic-uremic syndrome (HUS) 247, 252
Herba epimedii 210
herbivores 9
– adaptation mechanisms 179, 180
– perception of diverse signals by plants

generated by 177
herbivorous insects 7
highdensity lipoprotein (HDL) 343
high temperature 120
– accumulation of phenolic compounds 121
– anthocyanins induced in Arabidopsis 121
– glucosinolates, increased synthesis at 121
– lipid peroxidation 120
– volatile terpene compounds, role in 121
histones 200, 211, 300, 301
holoparasites 168
homeostasis 131
– camalexin, factors for the regulation of

131
– control of reactive oxygen, and nitrogen

species 261
homomethionine 46
homospermidine 18
hookerianamide 334
hormesis 278
hormone gradients 88
hormone replacement therapy 297, 298
5-HT1A and 5-HT2A receptors 329
human brain 314
hummingbirds 197
– adapted to low nicotine levels 197
– pollination strategy 197
Humulus lupus 354
Huperzia serrate 333
huperzine 334

hydrangea flowers 107
p-hydrobenzoic acid 173
hydrogen peroxide 117, 118
– accumulation of glyceollin 148
hydroxy-danaidale 185
hydroxylation 26
hydroxymethylglutaryl-CoA synthase 30
hydroxynitrile 47
hydroxynitrile lyase 29
hyoscyamine 15, 18, 74
hypaphorine 93, 128

i
icaritin 209, 210
indigo 68
indole-3-acetaldoxime 28
indole-3-acetic acid (IAA) 15, 83
indole alkaloids 19
indoleamines 329
indole derivatives 24
– in grasses 142
indole glucosinolate biosynthesis 90, 91
– and formation of plant hormone IAA 91
indole glucosinolates 39, 58
– act as pathogenicity factors 142
– levels, reduction in disease

symptoms 142
– metabolism to toxic defense

compounds 141
indole-3-glycerol phosphate 28
indole-3-methylamine 139
indole-3-methylglucosinolate 139
indole phytoalexins 28
indole-type phytoalexins, inBrassica species 28
indolizidine alkaloids 18
insects 182
– adaptation responses, to physico-chemical

plant surface structures 182, 183
– attraction of 189–198
– glucosinolates metabolized and/or excreted

from 186
– herbivorous 7
– perception of attractive and unattractive

compounds/volatile mixtures by 192
– sense glucosinolates 191
– strategies to avoid plant’s defense

mechanisms 184
– volatile compound, attractive for parasitoid or

zoophagous insects 193
– zoophagous 7, 193–195
insulin-like growth factor (IGF-1) 279, 346
interactions. See also molecular interactions,

with cellular components
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– resistant 132
– susceptible 132
invertebrate herbivores 154
– distribution of glucosinolates in different leaf

parts 159
– insects 155–163
– plant defense, regulated after wounding/

damage using jasmonic acid as signal
160

– sucking insects 157
– sucking vs. chewing insects 158
Ipomea nil 108
isoflavonoids 19, 21, 125, 126
isoleucine 18
isopentenyl-diphosphate (IPP) 29
isoprene 124
– derivatives 104
isoprenoids 131
isorhamnetin 161
isothiocyanates 10, 25, 28, 139, 166, 185,

187, 276
– volatile 25

j
jasmonate 77
jasmonate-dependent signaling pathway 179
jasmonate-mediated gene expression

regulation
– COI signaling pathway 37
jasmonic acid 35, 36, 37, 39, 160, 161
Juglans regia 172
juglone 171
– metabolism 172
– synthesis 172

k
kaempferol 21, 61, 86, 90, 96, 119, 161, 187,

353, 355
kaempferol-3-O-rutinoside 151
kaurene synthase 51

l
laticifers 6
leaching 154
leghemoglobin 127
– plant-derived 127
Lepidium sativum 26, 58, 128, 142
Lepidoptera 184
Leptosphaeria maculans 164, 182
lethal phenotypes 372
Letharia vulpina 166
leucine 18
(leuco)anthocyanidins 22

leucoanthocyanins 44
leuencephalin 323
lichens 131, 132, 166
light-harvesting complexes 120
lignans 44
lignins 44, 85, 87, 88, 133, 143
– monomers 88
linalool 100, 113
lipid peroxidation 120
lipophilicity 370
lochnericine 77
Lophophora williamsii 328
low-density lipoprotein (LDL) 343, 351, 356
luteoliflavane 153
luteolin 125
– glycosides 119
luteolinidin 149
lycopene 108
Lyngbya majuscula 362

m
macrolide 345
MAM genes 58
mammalian herbivores 187
Manduca sexta 162, 179, 186, 192, 195, 197
– nicotin used by larvae of 186, 187
MAP kinase cascade 38
marigold 164
Marssonina brunnea 138
MDR-like protein 41
Medicago sativa 125
medicinal chemistry, inspired by natural

products 364, 365
melanin 23
membrane permeability 149
membrane receptors 10
mescaline 328
messenger ribonucleic acid (mRNA) 33
metabolic bioactivation 229–231
– aristolochic acid 230
– carcinogenic aflatoxin in food 231
metabolic channeling 28
metabolic engineering 74
metabolic syndrome 343
metabolomic data 65
metabolomics approaches 64
– in plant research 64
– scheme for extraction, purification and

possible identification
– – of complex metabolite mixtures 63
metal ions 106, 123
metamorphosis 161
metencephalin 323
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methionine 25, 26
4-methoxybrassinin 148
4-methoxy glucosinolate 139
4-methoxy-indole-3-methylglucosinolate

139
methylation 26, 106, 160
– eugenol/isoeugenol 104
– of salicylic acid 104
methyl benzoate 100, 192
methylerythritol-phosphate (MEP)

pathway 29
4-(methylnitrosamino)1(3-pyridyl)-1-butanone

(NKK) 229
methylquercetagetin 153
methylthioalkylmalate synthase (MAMa) 48
methyltransferases 104
– SABATH-family of 104
mevalonate (MVA) pathway 29
microbiome 177
– defense response 178, 179
– induced systemic resistance 178
– plants actively shape root 178
– rhizospheric 179
microfilaments 200
micronucleus formation 256
microorganisms
– adaptation mechanisms 179, 180
– beneficial bacteria, not attracted to maize

plants 193
– mechanisms for adaptation, to plant

secondary metabolites 181
– perception of diverse signals, by plants

generated by 177
microRNAs (miRNAs) 33, 197
– microRNA-mediated silencing 35
microtubules 91, 92, 93, 200
mistletoes 166
mitochondria
– mTORC activity 279
– role in hormetic redox-response 278
mitogen-associated protein 38
mitosis 10
– effect of secondary metabolites on 92
mitotic spindle 92
modulation of molecules, with similar

functions 59 60
molecular interactions, with cellular

components 201
– interaction with carbohydrates 206
– interaction with lipids 206
– interaction with nucleic acids 206
– metal chelators 207, 208
– protein targets 201–205

momilactone 57
monoamine oxidases (MAOs) 338
monocrotalin 10, 165, 166
monoglycosides 22
monolignols 19
monooxygenases 26, 29
monosaccharide 22
monoterpenes 19, 29, 172
– emission 124
morphinane 18
morphine-6-glucuronide (M6G) 225
morphines 14, 18, 322
– metabolism of 227
– receptors 324
morphinone 18
morphogenesis 185
morphogens 185
mTORC (mechanistic target of rapamycin

complex) 279, 345–347
multiple sclerosis (MS) 321
muscarine 14
mustard oil bomb 185
– desert mouse avoiding 188
mustard oils 24
mutations
– in esterase activity 113
– in flavonoid synthesis 90
– point 182
– transcription factors 20
mutualism 125
MYB-transcription factor 39, 74
– activation 74
– family 39
mycobiont 132
mycorradicin 130, 131
mycorrhiza 127–131
– ectomycorrhiza 127
– endomycorrhiza 127
mycosporin-like amino acid metabolism 61
MYC transcription factors 37
myosin 10
b-myrcene 169
Myrosinase 24, 58
myrosin cells 24
Myzus persicae 185

n
NAD/NADH ratio 346
Naþ/Hþ-antiporter 108
Naþ-, Kþ-ATPase 10
naphthoquinones 276
naphthylphthalamic acid 89
naringenin 19, 20, 21, 90, 125
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natural chemical scaffolds, and
pharmacological optimization 365–367

natural compounds
– about relevant targets 365
– affecting cholinergic signaling 330–332
– affecting redox homeostasis 273
– affecting steroid biosynthesis 290–292
– assist endogenous cellular ROS defense

276
– biotechnological production of 68–79
– cellular targets, of natural substances 200
– different classes of natural compounds in

evolution of plants 45
– endocrine effects 280
– grouped into families with similar structural

properties 369
– initiation of adaptive response 276–278
– interference with neural functions 307
– interfering with nonsteroidal signaling

304–307
– in mammals, metabolism (see natural

substances in mammals, metabolism)
– in pharmacological research 360
– – mining for bioactive compounds 360–363
– in plants, evolution of 44–46
– with sympathomimetic activity 338
– transgeneration effects 299–304
– visualization, in living cells 209–211
– – fluorescence resonance energy transfer

(FRET) 210
– – microscopic imaging techniques 209,

210
– – positron emission tomography (PET) 209,

210
– – quercetin elicits fluorescence 210
natural inhibitor, for developmental signal

causes malformations in vertebrates 307
natural plant products
– biological activity 67, 68
– identification 62–67
– quantification 62–67
natural scaffolds, and peptide motifs
– systematic computational analysis of 368,

369
natural substances in mammals,

metabolism 213
– absorption, distribution, metabolism, and

excretion 216
– bioavailability of a substance 218, 220
– – physiological parameters 218, 219
– chemical modifications of polyphenols

affecting
– – binding affinity to plasma proteins 219, 220

– defense mechanisms against uninhibited
uptake of xenobiotics 219

– enterolignans formed beneficial effects
in 221

– enzymes involved in biotransformation
process 214

– excretion of natural compounds and their
metabolites 219

– functional groups, added to substance 214
– – during Phase I metabolism 215
– human cardiovascular system, and blood

supply of the intestine 216
– major metabolic pathway of ingested

flavonoids 217, 218
– metabolic differences, due to variations in gut

microflora 221
– metabolic reactions, in different organs in

tissue-specific manner 220
– metabolism of endosymbiotic bacteria of

gut 220, 221
– pharmacokinetics, principles of 213–215
– Phase II biotransformation reactions 218
– physiological processes from uptake 214
– polyphenols and other natural

substances 213
– sequence of typical first-pass metabolic

reactions 217
– toxicokinetics 213
– typical biotransformation reactions 215
natural variations 58
– in secondary metabolites 58, 59
nature-inspired drugs 370
nectar 197
nectarthodes 99
nematodes 164–166
neopinone 18
neostigmine 334
nervous system 307
– ACh receptor 313
– action potential 308
– ascending and descending neural

pathways 313
– cholinergic signaling 314
– complex neural networks 313
– depolarization of neuron 308
– neural connections 308
– neurodegenerative disorders
– – cannabinoids, role in 321
– neurotransmitters 308–310
– signaling systems 308
– – types 309
– strong poisons affecting 308
– sympathetic nerves 313
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– telencephalon 313
network pharmacology 375
neural synapse 308
– general features 309
neurodegenerative disorders 344
neurohormone 329
neuron 312
neurotransmitters 10, 213, 308, 312, 325, 332,

337, 338
– with relevance to neural functions 310,

311
neutraceuticals 341
N-(17-hydroxylinolenoyl)-L-glutamine 161
Nicotiana alata 42
Nicotiana attenuata 162, 179, 186, 194, 195
– various complex defense strategies against

insect herbivores 196
Nicotiana langsdorffii 42
Nicotiana tabacum 42
nicotiflorin 151
nicotinamide adenine dinucleotides 343, 344
– roles in cellular energy metabolism 344
nicotine 14, 18, 160, 161
– accumulation provides protection against

predators 187
– C-oxidation 229
– metabolism of 228
– used by larvae of hawkmoth 186
nitric oxide 120
nitrilase activity, synthesis of the

phytoalexin 49
nitrilase genes 49
– evolution of 50
nitrilases 29, 49
nitrogen 127
– starvation 123
nod genes 126, 127
nonessential materials 1
noropinonic acid 124
noscapin 56
nutrients 98
– deficiency 122, 123
– stress conditions 123
nutritional value 341
nutrition, optimal 341
Nymphalidae 184

o
Ochradenus baccatus 187
octopamine-associated modulation 192
O-glycoside-salicin 187
oleuropein 352
olfactory channels 192

omics technologies 374, 375
Oomyzus gallerucae 193
opioids 322
– analgesic properties 324–327
– – pain pathways 325
– cultural history of usage 323
– endogenous 324
– receptors 323, 324
– role in male fertility 324
organophosphates 335
– toxicity 335
oripavin 18
ornithine 15, 18
Orobanchaceae 168
Orobanche cumana 168
Oryzias latipes 255
osmolytes 122
– organic 122
oxidative stress 117, 261, 264, 271, 272, 278,

280, 321, 356, 372
– and hormesis 279
– in human diseases and in aging 271–273
– mild stress elicit beneficial physiological

reaction 279, 280
ozone 124
– generation of ROS 118
– isoprene-induced ozone resistance 124

p
paclitaxel 92
PAMP-triggered immunity (PTI) 176
Papaver somniferum 56, 78, 322
parallel evolution, similar pathways 46–48
parasitic plants 166
parasitoid insects, in defense against

herbivorous insects 194. See also insects
para sympathetic nerves 312
Parkinson’s disease 321
pathogenesis-related (PR) proteins 135
pathogens 134, 135
– clubroot pathogen 142
– events leading to a resistance, interaction

with plants 135
– secondary metabolites, respons against 135
Paxillus involutus 241
Periplaneta americana 161
perisynaptic signaling machinery (PSM) 317
peroxidases 83, 117, 230
petunia flowers 105
– combination of color and scent 105
– cues for pollinators 105
– loci regulating vacuolar pH 108
PGP proteins 59
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pharmaceuticals, comparison of strategies in
development of 376

Phelipanche ramosa 169
b-phellandrene 169
phenol derivatives 19
phenolic compounds in food 341–343
phenols 104, 166
phenomenon 44
phenylalanine 15, 18
phenylalanine ammonia lyase (PAL) 19, 20
phenylalkylamine 329
phenylethylglucosinolate 128
pheromones 185
phosphatases 117
phosphatidylinositol 3-kinase (PI3K) 350
phosphatidylinositol (3,4,5)-triphosphate

(PIP3) 346, 350
phosphodiesterase 349
phospholipases 247
phosphorus 122, 123, 125, 127
photobionts 125, 131
photooxidation 2, 95, 115, 118, 120, 122
photooxidative stress 124
photosynthesis 10, 29, 83, 95, 121, 123, 133,

166, 167
photosystems 120
pH values 107, 108
– regulation 108
Phyllotreta nemorum 161
Physcomitrella patens 51, 60
physico-chemical defenses, against

herbivory 183
Physostigma venenosum 333
physostigmine 15, 334
phytoalexins 1, 28, 39, 84, 131, 140, 143,

150, 182
– antimicrobial 133
– concentration in agricultural and crop

plants 151
– from different plant species 144–148
– inducible 132
– of millet 150
phytoanticipins 1, 132, 139, 182
phytocannabinoids, effects on neural

functions 318
phytocassane 57
phytochelatins 123
phytochemicals 200
phytoestrogens 285–287, 292
– benefits 292, 293
– evaluation of risks 292, 293
– experimental challenge of mechanistic

analysis 299

– hormone replacement therapy 297, 298
– medical applications 320–322
– physiological effects of 298, 299
– protect against breast cancer 296, 297
– and reproductive functions 293–295
phytopathogenic fungi, alter chemical defense

of plants 163
Phytophthora brassicae 140, 141
Phytophthora infestans 151
Phytophthora megasperma f.sp. glycinea 148
Picea abies 124
Pieris rapae 185
pilocarpine 68
PIN. see protease inhibitors (PIN)
pinalic acid 124
a-pinene 124, 166
b-pinene 169
pinonic acid 124
PIN proteins 88
– in the plasma membrane 90
PIN-transporters 60
pipecolic acid 154
Piper longum 363
piperlongumine, anticancerogenic activity 363
Piriformospora indica 125, 131
plant-based beverages 341
plant development 83
– developmental processes and interactions

with 85
– roles of secondary metabolites

in 83, 85–87
– vegetative growth 83
plant families, with parasitic

representatives 167
plant growth regulators 83
plant–herbivore system 163
plant hormones 70, 83
– signaling/transport 84
plant–pathogen interactions 182
plant–pest interactions 153
plant signals 39
plasma membrane 10
Plasmodiophora brassicae 142
plastids 29
ploidy, of tissue 92
Plutella xylostella 161, 164, 185
Pogonomyrmex rugosus 195
polar growth 91
pollen-mediated germination 85
pollination 7, 84, 98
– rates 99, 100
pollinators 1, 98
– attracting 98, 99
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– combination of cues, importanance of 105
– patterns of volatiles emitted from different

Protea species 102
– plants can punish 197
polyacetylenes 166
polyketides 10
polymorphisms 374. See also genetic

polymorphisms
polypharmacology 372, 374, 375
polyphenol-rich foods 356, 357
polyphenols 198, 199, 280, 370
polyploidic plants 93
polyploidization, in plant 93
prenyltransferases 29
primary metabolism
– secondary compounds 81–83
– secondary metabolites involved in various

reactions within 83
principal component analysis (PCA) 65, 100
proanthocyanidins 21, 120
problem of complexity
– analysis and consequences 370
– from pharmacology to

polypharmacology 371–375
– reverse pharmacology, inspired by traditional

medicine 375–377
– targets 370
prohexadione-calcium
– accumulation of flavonoids. treatment

with 152
– inhibition of symptom development in 153
prohexadione-calcium 151
Protea roupelliae 100
protease inhibitors (PIN) 160, 161, 179
Protea simplex 100
protein kinase B (PKB) 346
protoberberine 18
pseudoephedrine 18
Pseudomonas putida 193
psilocin 328, 329
Psilocybe similanceata 328
psilocybin 328
– changes in cerebral blood flow caused

by 330
p53 tumor suppressor gene 254
putrescine 18, 100
pyrethrins 164, 165
pyrethrum 164
pyridine 18
pyridostigmine 335
pyridoxalphosphate 83
pyrrolizidine 10, 15, 16, 18, 48, 170, 171, 181,

184, 185

q
quantitative trait loci (QTLs) 58
quantity of food intake, affecting life

expectancy 343
quercetin 21, 61, 89, 90, 96, 117, 119, 153, 161,

199
– cytoprotective effect of 246
– effect on cell proliferation 245
– major Phase I and Phase II metabolic

reactions 222
– metabolism in human cancer cells,

visualization 223
quercetin-3-O-rutinoside 151
Quercus robur 193
quinolizidine 8, 13, 18, 170, 171
quinone 2,6-dimethyl-benzoquinone 169
quinones 278
quorum sensing 151

r
rapamycin 345
raphanusamic acid 139
rare earth metals 153
Ras oncogene 254
reactive oxygen and nitrogen species
– generation and homeostatic control of

261–267
reactive oxygen species (ROS) 116–118.

See also oxidative stress
– AMPK, stimulated by 347
– flavonoids reaction with ROS and chelate

trace metals 274
– light/UV irradiation/ozone, generation

of 118
– in plant cells, production of 116
– reduction of ROS in a redox reaction 273, 274
– sensors 278
receptor proteins 176, 350
redox-controlling network 266
repair mechanisms 10
resistant interaction 132, 148
resveratrol 277, 347, 351, 365
– biological effect of 350
– and derivatives 225
– inhibit cyclooxygenase 348
– target proteins of 349
– in traditional medicine 347, 348
reticuline 18
retronecine 18
rhamnosyltransferases 113
rhizobia 125
– flavonoids role, as signaling molecules

for interaction 125, 126
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– inhibit auxin efflux, by flavonoids 127
rhizosphere 7, 128, 165
ribulose-1,5-bisphosphate carboxylase 121
Ricinus communis 250
RNA-induced silencing complex (RISC) 34
RNA interference techniques 75
RNA polymerase 33
rol genes 72
Rosaceae 151
rosmarinic acid 19, 122
ROS/RNS as signaling molecules for cellular

functions 268–271
R2R3 Myb family, activate vacuolar

acidification 108
rutalexin 28
rutin 151

s
Saccharomyces cerevisiae 279
SAD gene 57
Saintpaulia ionantha 108
Sakuranetin 150
salicylic acids 35, 39, 100, 101, 104, 153
salicylihamide A 373
Salmonella typhimurium 255
salt stress 122
– zeaxanthine, protect against 122
Salvarsan 364
Salvia leucophylla 173
sangurinarine 18
Saponaria officinalis 166
saponins 138, 139, 161
– as defense compounds 138
– saponins oleanolic acid-cellobiose 161
– triterpenoid 139
Sarcococca hookeriana 334
S-cells 25
Schistocerca gregaria 161
Schizaphis graminum 335
sclerenchyma 88
Sclerotium rolfsii 164
scopolamine 15, 18, 68, 74
secondary metabolites 1
– applications 69
– biosynthetic pathways 11, 16, 32
– cellular and molecular targets for 9
– containing plant compartments/cells 7
– effect of nutrition and water supply on

accumulation of 123
– major classes, based on chemical

structures 4–6
– mechanisms for adaptation, of specialized

insects and microorganisms to 181

– occurrence, and various functions 2
– precursors for major classes 11
– production and optimization of plants for 70
– selected classes of 3
– – compartmentation 3
– – occurrence 3
– strong inhibitory effect, on herbivore

classes 165
– transcriptional control 31–39
– transport of 39–44
seed dispersal 112, 113
– attractive fruits for animals, led to 113
seed dormancy 113, 114
– preserved by abscisic acid 114
seed formation 112
seed germination 83
Sekeetamys calurus 187, 188
Selaginella moellendorffii 51
senecionine 15
senescence 48, 82, 95, 348, 350, 362
serotonergic neurons 328, 329
serotonergic synapses
– hallucinogenic substances acting at 328
serotonin 14, 19, 83, 310, 328, 329
– biphasic dose–response relationship 329
– as neurotransmitter 328
– receptors 329
– serotonergic neurons 329
– synthesized in enterochromaffin cells 329
serpentine 77
sesquiterpenes 29, 104, 195
SH-dependent enzymes 149
Shiga toxin 252
Shigella dysenteria 252
shikimate pathway 12, 18, 44
shikonine 68
short interfering RNAs (siRNAs) 35
signaling pathways, in health and disease

350
silent information regulator 1 (SIRT1) 346,

347
sinapoylation 25
b-sitosterol 99
skeletal muscles 312
slugs 166
– damage caused, on plants 166
– sensitivity to phenols 166
snails 166
– damage caused, on plants 166
Solanaceae 48, 138
Solanum demissum 161
– demissin protect from insect damage

162
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Solanum tuberosum 151, 161
somatodendritic autoreceptors 329
Sorghum bicolor 28, 49, 149, 168
specifier proteins 25, 28
spirobrassinin 28
Spodoptera exigua 164
Spodoptera litura 179
S-storage compounds 39
Staphylococcus aureus 252
sterols 99
stilbenes 19
stress factors, evolution by 60
– abiotic stress 60, 61
– biotic factors 61
stress resistance 93, 346, 347
strictosidine synthase 77
Striga, life cycle 168
strobilurins 182
Strobilurus tenacellus 182
structural polymers 87, 88
structure–activity relationships (SAR) 253
suberin 87, 88, 143
sugar-containing trichomes, as a nutritional

source 195
sulforaphane 353
sulfoxide-derivative 148
sulfur-containing compounds 166
sulfur-containing thiophenes 164
sulfur (S) content 25
sulfur deficiency 39
superoxide dismutase 117
susceptible interaction 132
swainsonine 18
symbionts 1
symbioses 84, 124, 125
– advantages for plant 128
– mycorrhiza 125–127
symbiosomes 126, 127
sympathetic system 312
sympathomimetic substances 337–339
synaptic signaling 312, 316, 332
synaptic transmission 307
– biological processes described in 312
synaptic transmitters, of nervous system.

see neurotransmitters
synthetic MAO inhibitors 338
syringic 173

t
tabersonine 76, 77
tannins 6, 44, 173
tapetum cells 97
taxanes 93

terpene indole alkaloids 15, 19, 28
– pathway 77
terpenes 10, 29
– as allelochemicals, and role in

ecosystem 173
– biosynthesis of 29, 31
– classification into essential and nonessential

compounds for plant 30
– compartmentation of terpene indole alkaloid

biosynthesis
– – in Catharanthus roseus 17
– ozonolysis 124
– precursors for the terpene indole

alkaloids 31
– synthases 31, 51
– – genes, assignment to subgroups 51
terreulactone B 334
tetraterpenes 29, 108
Teucrium chamaedrys 231
THAD gene 52, 57
thebaine 18
thermogenesis 100
thiocyanate 139
thioglucosidase 182
b-thioglucosidases 28, 182, 185
thioredoxin 346
thylakoid membranes 120, 124
Ti-plasmid 72
tobacco 3, 42, 161, 179, 195, 196, 197, 333
tocopherol. see vitamins E
Torthrix viridana 193
toxic cyanide (HCN) 29
toxicity 240–242
– excessive cholinergic signaling 334
– organophosphates 335
– phytoalexins for other organisms 358
– selected natural substances 246
– – amatoxins 250
– – animal poisons 246, 247
– – bacterial toxins 252
– – phallotoxins 250
– – poisons in plants, fungi, and bacteria

247–249
– – ricin 250–252
– – taxus alkaloids 250
– strategies and difficulties in toxicological

evaluations 253, 254
– – cancerogenicity 254–256
– – developmental toxicity 256–259
– – experimental variables, of test

systems 256–259
– – limitations of test systems 257–259
– – mutagenicity 254–256
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– – reprotoxicity 256, 259
– testing from in-silico analysis to in-vivo tests

with animal models 253
traditional Chinese medicine 375
transcription 10
transcriptional control 31–39
– of glucosinolate biosynthesis 38
– of pigment and proanthocyanidin synthesis

in Arabidopsis thaliana 36
transcription factors 38, 39, 108, 120
– family ORCA 2 and 3, 77
– FoxO 346
– involved in regulation of plant secondary

34
– mutations 20
– MYB family 36, 39
– Nrf2, 346, 353
– SLIM1, 39
– WRKY 38
transgenes 75, 76
Triphysaria versicolor 169, 170
triterpenes 29, 164
Tropaeolum majus 26, 128
tropane 15, 18, 47
tropolone 18, 92
tryptamine 19, 77, 120
tryptophan 12,19,25,39,75,90,91,120,329,353
tryptophan decarboxylase 75, 77
tuberous sclerosis complex (TSC) 346
tubulin 10, 91, 92
– effect of secondary metabolites on

polymerization 92
tumor-inducing DNA (T-DNA) 71
Tyria jacobea 184
tyrosinase 23
tyrosine 16, 18, 23, 305

u
ubiquinones 30
ultraviolet (UV) light 2
uridine diphosphate (UDP)-dependent

glycosyltransferase 28
UV-B absorbers 119
UV-B irradiation 118
UV-protection 95, 119

v
vacuolar dihydroxy B-ring-flavonoids 117
Valerianella locusta 166
vanillic acid 173
vascular endothelial growth

factor (VEGF) 363
vegetarian food 341

vegetative growth 85
– role of secondary metabolites 85, 86
vertebrates 187
– adaptation, and distribute seeds of 188
– ensures protection against mherbivores 188
– pitfall of animal behavior for plant

188, 189
– produces exudates with flavonoids 187
– provide optimized seed dispersal

system 188
– structural and functional diversity of natural

substances 198–201
Verticillium longisporum 141
Vigna ungiculata 161
vinblastine 75, 77, 92, 93
vincristine 75, 77
violaxanthine 120
viscotoxin 169
Viscum album 153, 166
vitamins C 117
vitamins E 29, 30, 117, 120, 264, 266
viviparous plants 114
volatile compounds
– in flowers, synthesis 103
– in maize 28
– roles as defense compounds 162
– yield, based on enzymatic

modifications 104
volatile emission, in ripe citrus fruit 114
volatile mixture, in fertilization 100
volicitin 160, 161, 179
vulpinic acid 132, 165, 166

w
water-soluble vacuolar pigments 106
waxes 87
witchweed. see Striga
wound-induced transcription, of nicotine

biosynthetic genes 197
wounding perception of diverse signals, by

plants generated by 177
WRKY transcription factors 38, 39

x
xanthine oxidase 230
Xanthogaleruca luteola 193
xanthohumol 355
xanthophylls 117, 120
– cycle 108, 120
– function 120
xanthotoxin 334
xenobiotics 198, 213, 219, 229, 300, 338,

358, 359
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x-ray crystallography 366
xylem vessels 88
xylulose-5-phosphate synthase 31

z
Zea mays 50, 54, 148, 156, 158, 168
zeaxanthine 108, 120, 122

– protect against salt stress 122
zig-zag model 176
zoobiont 125
zoophagous insects 7, 193
– green volatiles emitted by leaves and

recognized by 195
– plants attract 194
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