Contents

LASE OF FIBULBS ssnrwsmmmmunmsnnnansnonssenmsipbis bndbiisis b s i s Sy s s A A S 48 XV
JLASE OF TADIES ... cvssesvsssvsrsrmmesivntaveroinps ssasstuniioynrbiisesiastibsisasansnnsibobasnonsarasesanssennsssensns XVl
Preface. .. JATNING. Y WU N 1., . APPSR . SO N0 S —— X1X
IRAIEINOTS ..« ocomnis lommnsins i b s B PR s RS PR A 5 e I S S S B S S A SR S SRR AR S X X1
Chapter 1 INtroducCtiOn...........eceeeriecemiiiiiiiiiiiiiimiiiiiiiiisiessssssssssssssssssssssssssssenes l
1.1 HerDal IIENEE o sssmd s s v s s s syssessss s sassass smss 2
1.2 Terms Relating to Hembal MedICHNeS...cionmmsonssisssassssssessismanss 2
1.2.1. - Herhal:MBGAIGIDES ....occorgrnsnressedssbiosoannsssanssssssasansssanssases 2
1.2.2  Herbal Materials.........cooeeiiiiiiiiiiiieee e 3
1.2.3 . . Bethil PICDATRHONS s mriessvismnssmssvusim oy svrsssnais 3

1.2.4  Finished Herbal Products or Herbal Medicinal
PrOAUCES ..o e 3
1.3  Indian System of Medicine (ISM) ..o, 3
14 Hetbal Regiilition 11 JAdI8 ..uempnnossussamssssenssvmssvesyssesess S
1.5, Rigk ASSOSSINCDL ccmsnivesuvainsavegonsssrnsesmmmas i o5 s ismsasas sy 6
1.6 Quality Control of Herbal IIugs. c... oo vmmmsnmionmiossosssmnenssssssnssencs 6
16,1 TAentity.coeeeeeeeeeeeee e 6
16:2 . PR wsmpemmmamsonsssesmssassrspssansnsasassssesise 6
16,3 .. 'Conenlor ARSAY smmmrmnsa s s v rs S s 7

1.6.4  Several Problems Influence the Quality of

Herbal Drugs ....ooeeeeeeeeeee e 8
1.7  Standardization of Herbal Formulation..................................... 8
1.7.1  BpeciiCaHON quimivsssimsrsssssssimesssavimssoussiassss s messss 9
1.7.2  Specifications for Herbal Substances .......................... 9
1.7.3  Characterization ............ceeeeuneeiueeeinneeeineeeiieeeeneeennnnee. 9
1.7.4  Pharmacopoeial Tests and Acceptance Criteria........ 10
115  In-Process Tests o mmpmmmsmmmmmorsmmssssmamsssss 10
116  : : Relerence Staniart .o ssessssatasrmmarmsia s 10
1.8 Drug Adulteration..........coooouuiiiiiiiiieeiieeee e 11
1.0 CONCIUSION ..ot eae e e e e e e e e e e 11
B ACTCHORE oo ity s s s S S L TR s S RS SRS 12
Chapter 2 Method of EXtraction .........c.ccoooiiiiiiiiiiiiiiiiiiiiiiieieccieiiceecceceeeeeeeee 13
21 IDEOORBHION wunsusormnnisumsass s i s s s A e s AN 13
2.2  Solvent Ior. EXttaction uumammmessmarmis s s RS s R 13
2.3 Selection of the Solvents.........ooeeeeeeeiiiiiiii e, 14
2.4 Regeneration of the Solvent.............oooiiiiiiiiiii 14
25  Solutions (50te a0 SOIVENL) . damscnnmumssmonssssmisssssses 15
2.6  Factors Affecting Choice of Extraction Process..................... 15



Vi

Chapter 3

Contents
2.6.1  Character of Drug..........ccoovvovev 15
2.6.2  Therapeutic Value of the IMUR b niiieli R 15
2.6.3  Stability of Drug..........ocooovoeeme 16
264  CoStof Drug ......ooooevevvieeoo 16
2.6.5  SOIVeNt.......coovimiiiee 16
2.6.6  Concentration of Product........................____ 16
2.6.7  Recovery of Solvent from the Marc ............... 16
2.7 Procedures for Extraction of Herbal EMEDE. i icvssivuspmnna o 16
2.7.1  Maceration........oooooovvvomoee 17
2.7.1.1  Modification of General Processes of
Maceration ............cooooeeei 18
2.7.2 Vortical or Turbo Extraction......................______ 19
2.7.3  Ultrasound Extraction ... 19
2.7.4  Extractions by Electrical ERCTRY irosios isinamamsnusasorten 20
2.7.5  Percolation and Re-Percolation ... 20
2.7.5.1  Percolation Procedure......................____ 21
2.7.5.2  Modification of the General Process of
Percolation ............ccocooooo 21
2.7.5.3 Reserved Percolation..................._____ 22
2.7.6  Cover and Run Down Method......................____ 22
277 Small Scale or Laboratory Scale Extraction ... 25
2.7.7.1  Hot Continuous Extractions: Soxhletion.... 23
2.7.7.2  Continuous Apparatus
(Official Extractor)....................... 23
2.7.8  Large Scale Extractor (Counter
Current Extractions) ... 29
2.7.9  Infusion and Decoction ... 26
2.79.1 General Method for Preparing Fresh
01258 Nt S A S 26
2.7.10  Aqueous Alcoholic Extraction by Fermentation ....... 26
2.7.11  Steam Distillation...........ccoooovorv 27
2.7.12  Supercritical Fluid Extractions...................._____ 20
2.7.13  Phytonics Process...........ccooovvoo 28
2.7.14 High Pressure Extraction (HPE) .o 28
~2.8  Conclusions.............coooomrommioioeeee 29
O S S 29
Separation and Isolation of Plant Constituents ... 31
3.1 Introduction ..o 31
3.2 Classes of Phyto-Constituents....................____ 31
3.2.1 Glycosides.......cooomriooceo 3]
3.2.2 AIKalOids .....c.ooovoiieee 32
3:2.3 Flavonmds g
3.24  TerPeNes........cveueuereneeeeeeeeeeeeoeooooo 34

3.2.5  Phenolics.......cooomoiiiiioo 35



Contents

Chapter 4

Chapter 5

vii
2.6 - Sapomns c i lhsiuidalii i bonsiinhoiamsisearssass a0
B2TE T ERBPMNE i A R it e onsin st sansmsananmtnnsmnassmnnssnniesas 36
2.8  SIBROIAS ... Lo it i SRR s i e sesvamemnnrsensvssnosavnsssanssonaness 36
S5 ot iy 6 o RO NS Wit W MIOCE A 1 L35 7. RL (TR0 RN S — 36
Methods of Phyto-Constituent Detection...........ooooeveiiiiieiiiiiiienneennnne. 39
4.1 IBOOUCHON . aovi il s e i ol nsvsassomm s Tsessayss 39
4.2 Phytochemical ARSIWERIS 1o aiiwcbintpssvasissidssssmin e 39
4.2.1  Phytochemical Analysis Tests for Alkaloids............. 39
4.2.2  Phytochemical Screening of Anthocyanin................ 40
4.2.3 Phytochemical Analysis Tests for
AR AGRIDOBRS i dasiissasssnvssnssanssnans 40
4.2.4  Phytochemical Analysis Test for Cardiac
Y CORMIEE . s nsecnsnsnmenarnssrranensnsoniditosa Vbbbt onssansnsansnsass 40
4.2.5 Phytochemical Analysis Tests for Coumarins........... 40
4.2.6  Phytochemical Analysis Tests for Cynogenetic
s o (4 i oo 41
4.2.7  Phytochemical Analysis Tests for Phenolics and
F1avononds. .........eivniiiiiiiieiiecieeeceee e e 41
4.2.8  Phytochemical Analysis Test for Saponins ............... 4]
4.2.9  Phytochemical Analysis Tests for Triterpenes .......... 42
4.2.10 Phytochemical Analysis Tests for Steroids................ 42
4.2.11 Phytochemical Analysis Tests for Tannins................ 42
4.2.12 Phytochemical Analysis Tests for Fixed Oils and
Falsncundanns it st s s S R 43
4.2.13 Phytochemical Analysis Test for Gums and
MUCIIBEEE . cisiecorinesimmmscciprrimmmapissssainsmmpanipsassisensnmppss 43
4.2.14 Phytochemical Analysis Tests for Lactones.............. 43
4.2.15 Phytochemical Analysis Test for Diterpenes............. 43
4,3  ONCIUBION ... coonseersonninsirsnsws s mptmaninanbboir s fan assnnsiin famamains nsmans soms 43
RETCTBNEES oourvsvoirciisirmmmmsirismvserommsisinssaseiorssmivsas i iy 44
Repulatory Aspeects Ior Herhhal DIHgs. i usimpsopsssimmssrassmsimssies 45
Dok IOITOIBEIIN ... s bisprniasinmideinmsitis b et Hiehnn ssessiabsmnssammansan s 45
MR DT T TR L TR WL G 1 (A1 TN N SR 46
5.2.1  Aim of Regulatory Guidelines for Herbal
NI INOE i i o tivsania v A aaaansn s AR 46
5.2.2  Regulation and Registration of Herbal Medicines ....46
5.3 WHO Repulstory RequUIrelBenl ... cidivvavnmismsssssssvonssoens 47
8.3 1 RN OUEVEE ot i vimss s cssi s s oS s AR 48
5.3.2  Guidelines for the Regulation of Herbal
Medicines in the Southeast Asia Region................... 48
5.3.3  WHO Guidelines on Safety Monitoring of

Herbal Medicines in Pharmacovigilance Systems ....48



Vi

Chapter 6

Chapter 7

Contents

5.3.4  WHO Guidelines on Good Agricultural and
Collection Practices (GACP) for Medicinal Plants .. 48
5.3.5  National Policy on Traditional Medicine (TM)

and Regulation of Herbal Medicine .......................... 49
5.3.6  WHO Guidelines for Quality Control of Herbal
Formulation ..o 49
5.3.7  WHO Guidelines for Herbal Drug Standardization ... 49
5.4 Herbal Drug Regulations in India ............ocvoovooeo 50
5.5  Regulatory Aspects and Approval of Herbal Drugs in
NNt ORI . il liiiidit iensbiois bedicessisnsn e e s 51
5.5.1  European Herbal Guidelines .............oo.ooovvoee D2
5.5.1.1  European Medicines Agency—EMA......... 52
5.5.2  United States of AMerica .............oovovoooooo 52
o 8 A JRERY - TSI ¢ L S 53
0 (0 T T, Loy e 33
Ethnopharmacology of Medicinal Plants............oooovovoeoo 33
0.1 -« INLTOAUCHION i...icueeerinsiorsesmninnonsiosiisnesnsssassnsossssnmmmmnnnnn s S35
0.2 Phytotherapy........cooeeueioeeeeeeeeeeeeeeeeeeeeoeoeeo 3D
6.3  Practicing Herbal Medicine.............ooovvovooooo 56
6.4  Need of Documentation of Ethnopharmacological Plants...... 57
6.5  Ethnopharmacognostical Studies of Medicinal Plants of
Chhattisgarh, India.............c.oooooeemoomn o o7
0.0 . CONBIMSION. . liiimissmmsmiisisliiiomemin b o cosse s s e 59
ISR CTRTIONE s s mconss s bkt ammnp s e oA RS RE 59
Quality Control of Herbal Medicine ...........ccooovvoevooeoo 61
ok, TIBOTTRION yoummmessssiiaponsipsmmmnitlonmmiebonsient b e 61
7.2 Quality Control: Present Scenario...........ooeooeooeooeo 61
7.3 Quality Control of Herbal Drugs..........c.oovoovoooooo 62
731 TNty .cooeeeeeeeeeieeieeeeeeeeeeeeeeeeeeee 62
AC T - 1o . O 63
71.3.3  Content Or ASSAY........coeeueeeeeeeeeeeoeeooeoo 63
7.4 Stability Studies of Herbal Medicines........oovoovveeevo 63
7.4.1  Specific Characteristics of Herbal Medicinal
EROUGCIR oo tistiasidoissoticimitonmmmsabudvossperssuenssssntsioseasssns 64
7.4.2  Analytical Methods for Herbal Products.................. 64
7.4.3  Stability Study of Herbal Drugs..................ooo| 64
188  SholELe o coibiiisiniinalsniiomormmmiominssssomss s 65
7.4.5  Challenges in Stability Testing of Herbal
Medicinal Products.............cooooveeemomeoeieo 65
71.4.6  Predictable Changes in Herbal Drug Material .......... 65

1.4.7  Importance of Stability Testing................................. 66



Contents IX
7.5  Biological Markers for Herbal Medicines..............coooeeineeniie. 67
7.5.1  Markers are Categorized into Two Classes............... 67
7.5.1.1 DNA MarKersS.. ..o eeeeeeiiiiieieieiieeeeneneeeanns 67
7.5.1.2 Chemical MarkersS......coooveeeeeeneeiiiiianannn. 638
AT ST RTINS ST ORI, S —— 71
2 ot i 5 72
Chapter 8 Bioavailability of BE&Wa DI i i anisiiisissinsmimmbssssavsonsssss T
8.1 Need for BioavallaDIlRy BARBNCETS usssavsssssssnssmsssnssimsss 12
8.2  Drug Absorption Barriers........coouvviiiiiiiiiiiiiieiiieeee e, 76
8.3  Mechanism of Action of Bioenhancers ........cceeeveiiiinieienennan.... 76
8.4  Medicinal Plants and their Compounds as Drug

Bioavauabu ity BERRARCEIE. ....ouuivsmmmmmnms s s sivins 5
205 Zaks oo o SNEATERTN SESTME s e L N0 (SUES S SE RN | DUk S ST 08 SRR STOR do B 78
Chapter 9 . Thermal Analysis of Hethal Drigs .o vucminaimsnsnsandumsssssssssss 79
D1 IDIOUNCHO irsieimeciinsinbnni s iR i e R B s S i iasias 79
9.1.1 Thermogravimetry (TG)........... e 79
O.1.1.1  CharacteriStiCs ....cueueeeneeeeeeeeeeeeeeeeeeeeeennnn. 80

9.1.1.2 Applications of Thermogravimetric
PR DI S i i i A A R AR R e 80
9.1.2  Differential Thermal Analysis (DTA)....cccoveeeneennan.. 80
0.1.2.1 CharacteriStICS ....uueniueeieeeeeeeeeeeeeeeeeneannnn. 80
9124 ADDHCAUONS ssammmsmonsmsnmemsaimnesssn 81
9.1.3  Dynamic Mechanical Analysis (DMA) .................... 81
9.1.3.1 Principlesof DMA ..o, 81
9.1.3.2 Instrument and Working of DMA ............. 81
9.14  Thermomechanical Analysis (TMA) ........cccceeeene, 82
0.14.1 Instrumentation of TMA.......cccccoccrisicsnssesses 82
9.1.4.2 Applications of TMA.......ccooiiiiiiiiiiiinnnn.., 83
0.2 CONCIUSION ettt ettt e e e e e s e e e e sne e enenns 84
R CTRNCES ucinasscemsssmims e sy s e S NS R eV S S P S SR S TR H D 84
Chapter 10 Validation of Herbal Drugs ........oooueiiiiiiiieee e 85
10200 BN 051 0 Yo 10 o1 (0] o KOOSR 85
10.2 - - Concept of Validation ........iiihiidisliiishanisnsiamammsonit 86
10.3 Validation of Herbal Drugs ..........ooiiiiiiiiiieeee, 86
10.4 Process Valldation ....c..e.eeeeieinieiiee et 87
105 Validanon Accotding 10 'WHE) .cumacnsssimmssenysmmsseosssves 87
10.6 YValue AR s nammass s s i e i s s 87
1O.7  CONCIUSION .t e e e e e e e e e e s e eneensenannns 88

| 245 (5] (51 1 {6 o TSRS 88






Contents

X1

14.2.37 POWAEr SUBAIES it ciildiveicereennsssssoinmssesassasnssnassenssnsens 127
14.2.4 Histochemical Detection ........coevveveiniiiiniininiininnannnn. 128
14.24:1. O6iose. Cetl Walls.....voisnsssiasssns 129
14.2.4.2: Lipmibd-Cell Walls......cocmmsieisiensss 129
14.2.4.3 Suberized or Cuticular Cell Walls......... 129
14.2.4.4 Aleurone GrainsS.......coceeeeeeeeeeeeeeneenaannnn. 129
142015 4 RN S ATOORREL . ounnmnissssssossmnss 129
14286 “CRCIN KIXBIMO .ociiinsinmminnmios i ssiss 129

14.2.4.7 Fats, Fatty O1ls, Volatile Oils,
and ReSINS ....ouivieiiiiiieeeeeeeeeeeenen. 129
14.2.4.8 Hydroxyanthraquinones......................... 130
L R s R A . 130
14.2.4.10 Mucilage.........oovvuneeminieiiieiiieeeeeeeeeeenae, 130
424 L E 7 SEMCH ... iviivviiineresseronesssssssossossossassunsass 130
7 T B OO0 L T T ——————— 130
A2 AR L STOMALA . ..coiviiisssisisisiisiainasasses snsssvas 130
14.2.5 Measurement of Specimen ..........cceeevveeivneiiineinnnnnn.. 130
14.2.5.1 Determination of the Stomatal Index ...... 131
14.3 Physical Standardization of Herbal Drugs............................ 131
14.3:1 - Foreign Orgamic MaOr i ouunivmnsmsssvsmasisasss 132
14.3.2 < V1BCOBILY .ioviveiarecerrssesvsersvsesescesssserasseansessrsssarsasensessnse 132
14.3.3 Melting PoInt ............coommniiiiiiiieeeeeeeeeeeee e 132
b4, 58 - SONIBIIEY oo iumvammdodomsimsanes sss s s TS 132
14.3.5 Moisture Content and Volatile Matter-..................... 132
14.3.6 Optical Rotation ...........ccooueeiiiiiiiiiiiiiiieieeeeie e, 133
14.3.7 Refractive INAeX......ooeveeeniniiieeeeeeeeeeeeeeee. 133
14.3.8 Ash Values and EXtractives ........coveeveeeniiiineeeenaannnn.. 133
R RN s I T o 133
14.3.9.1 Determination of Total Ash..................... 133
14.3.10 Acid Insoluble ASh ... iiiviiiniinnrennitessesessorssnesess 134
14.3.10.1 Determination of Acid Insoluble Ash..... 134
14.3.11 'Water So0luble ABD ..nvinvmting st sassisss 134
14.3.11.1 Determination of Water Soluble Ash...... 134
14.3.12 BIUETNEES VAL ....oxivonismmineirsssbomiiiidibobessisls s nopnabare 134
14.3.13 HemolytiC ACHIVILY ....evvnririiiiiiieiiieeeeneeeeeeeeneeeeeenees 135
1400 SWERIND BMIBK onviomin i tesas s suensns s snisssmisanann 135
P31 ORI IDOIOK e i kbbb e ss s bn s mmnmam s aan s 136
14.3.15.1 ProCedUIe......ccveciiiinidirnesennnenssnssassososane 136
14.3.16 EXtractive Value .......coueuveinieiieiiiiiiiieeeeeeenennnnn. 136
e RN 0l B T T oL | o A SO 136
1 R e L OBIEIE i o i s sieiss Shnib s priasin s s 137
14.3.19 Volatile O1]1 Content.........couveeenieiinieiiiiieeeeeeeneennnn. 137
14.3.20 Determination of Tannins.......cceeeeeeeeeeiieneeneeeenannnn. 137
14.3.21 Losson Drying (Volatile MBLET) ...ovvnosisssisvons 138
14:4 - ROl N CIIIKES oo o s it s e St ke 138
14.4.1 Analytical Methods ..........coovveeiiieiiiiiiieeeeeeeee, 138



XIi Contents
14.4.2 Thin Layer Chromatography (TLC)........................ 139
14:4: 2.1 EGRUDIMBNE s vsssssisssasbatussinsssssssnswsrvsnressues 140
14.4.2.3, Methodology ........ccumssasmssnassssvin 140
14.4.2.3 Determination of Rf Value ...................... 141
14.4.3 Chemical Examination of Herbal Drugs................. 141
14.4.3.1 . Detection ®f Alkalo108 ....cousuesssssssvsvsnes 141
14.4.3.2 Detection of Carbohydrates and
GlycoSIAES ...uueeeeeiiiiiiiiiiiiiiieeeeeiie 142
14.4.3.3 Detection of Phytosterols......................... 142
14.4.3.4 Detection of Fixed Oils and Fats ............. 142
14i4.3.5 Petection of SADONINS ....osussemmmssmsasmsvonins 142
14.4.3.6 Detection of Phenolic Compounds and
TaANNINS. .. e eae 142
14.4.3.7 Detection of Proteins and Free Amino
ADMAR . ooenis il B erssssiasas e A P S AR 142
14.4.3.8 Detection of Gums and Mucilages........... 142
14.4.3.9 Detection of Volatile Otl......................... 142
14.4.4 . ' Radioactive ContamINatiON .......usssssamssssessscsvsvssns 143
14.5 Biclogical Methods... ... s smmsphdaras s 143
14:5.1 - -BIOBEERN uisiuiith e ossiirisimmnmsnsosisabnadsths s S iaiss s sasmsinani 143
14.5.1.1 Types of B1oassays .......cccccevvivimmiincnennnnn. 144
14.5:2 . Microbial CoptaBnabion ......mssmemsssasvossesns 146
14.5.2.1 Total Viable Aerobic Count .....u.assmsssss 146
34,50 A2 AT IR EBS 1o ddcnnson o i SRR DA RS 147
14.5.3 Toxicological Standardization................ccccuveennnnnen. 147
14.95.8.1 PEREIGEE .o ulanaitnimmemms s 148
14.5.3.2 Determination of Arsenic and Heavy
IVBEERIS, . £ bnbindon e i R S RS 148
14.6 ValIAON ... coisiicveiissinsssssosenseassmrsbarsssunsassrsssssanssasensssnsnsnsnsses 149
14.7 Determination of Arsenic and Heavy Metals........................ 149
14.8 - CONCHISIONE i34 tiaamanstsnss b i st e s s S U TS YS 150
RETCTEITES .o vvnnuswsminmvanisiinies @it hipsip s s i G s ST RS RO R AP 150
Chapter 15 Omics TechnigUes . owiisnms burm i i maiarmr s 153
15.] IDEOAICTION ..connmemmmmeiislngebnssinsdhonissssasnsss i o s o aaes SR 153
15.2 OMIES TEChBIGUES cosiunssaunsrrpmens prinsisdmenslurbonsnnsonnesshsan sissisnss 153
15.2.1 Genomics and its Modified Techniques .................. 153
15:272  Proteomits i waosssswsiomussaeinbsssssssmvammpsysses 193
15:2.3 ToanScriDlOINIOR e soidinssbags i sssmsssssmvmmvsmsssimss 154
15:2:4 - INACEBDIOMOITIICE. § rpistiviso s hinotiins pinsibnsssasss ssonin sos mannsss 154
15.2.5 Application of Omics Techniques in the Context
of Herbal MAdICIe . ccouiinssissmismmsvmsmssspsssssssoens 155
15.3 KCODCIBIOE s onsdninsinssinsiins ks b5 ham e Smm b s Ges s VAT RS SSRGS 155

R LETOREEE . ... i sincersssvispinidinenbydinmdirssibnmmmbmmei s i s s aes s sasssres 156




Contents Xiii

Chapter 16 Toxicity Study of Plant Materials..............oueveiieiiiiiiiiiiiiiiii. 157

16.1  INtrOAUCHION .eeniiiiiieieeeeee e e e e e e e e e eanes 157

16.2 Need of Herbal TOX101Y 1E8EAD . vounssssessvonsumvmsmomsmsmssnsssvsssmniss 157

163 “Texigity 0l HeIDS svvs s mupssis sunmisan i s saaess s 161

16.4 Safety and Efficacy of Herbals...........cccooooiie, 162

| S (&) (&) § [ SO U OO PRSPPI 163

Chapter 17 Biological Markers for Quality Control of Herbal Medicines......... 169

17.1  INtrOAUCHION ...oeeeiiiieeeeeee e e e e e eeans 169

17.2 Matkers are Categorized 1O TWO CI1a88ES ..ouueisssssussssmssonven 169

17. 2.3 TDIIRA - MATKETS ovusmnimmvme s sass iy mis s sus ey soas 170

17.2.1.1 Applications of Biological Markers......... 170

17.2.2 Chemical Markers ........coooeiviiiiiiiiiiieieeeeeeeeene, 171

Fi.2.2.1 Therapeutic COMPONCIS. oo vsssrsssepmsvsves 171

17.2.2.2 Bioactive COMPONENLS .i.xuissivsssvissasssssonsss 171

17.2.2.3 Synergistic COMPONENLS ......oi-simssmssossnsines 171

17.2.2.4 Characteristic Components...................... 172

17.2.2.5 Main Components.......cccceeevueeereneernnneennnnn. 172

17.2:2.6 Correlative COMPONENLS suussmssussssussmmssnnss 75

11.2.2.7 Toxic COmponentSs cssssnansiss ssiaiamm 173

17.2.2.8 Applications of Chemical Markers.......... 173

17.3  CONCIUSION «eeeiieiiiei et e e e e e e s e s enneas 174

R ETCIONCES cocnnmummmsms i s ous s S s e s S S P PV SR PSS 174

Chapter 18 Pollutants for Herbal Drugs..........coii 177

18:1 IBrOAUEHON wummmumsnsammsssmavpmsssss s e e TS993 177

18.2 WHO Guidelines for Contaminants and Residues................ 177

18.2.1  PESHCIAES .....covncemrmecssbonensonnsssnsbsnsnsnmnsnnnsosbarsnnnsnnsonnans 178

18.2.2 Pesticide ReS1idue .........ooevviiiiiiiiiiiie e 178

18,25 Péstcidal TOXI1CRY wusmossvmmmmmonsrosmsmenmasnsnssasss 178

18.3 Heavy Metal Toxicity to Plants .. oo somssss 178
18.4 Potentially Hazardous Contaminants and Residues in

Herbal MediCInes .......ooeiiniiiiie e 179

s T ) o T L N ———— 179

18.5.1 Toxic Metals and Non-Metals:........c..scmisssssvsmssosmases 179

18.5.2 Persistent Organic Pollutants (POPS) ...................... 179

18.5.3 Residual Solvents...........ooooiiiiiiiiiiiiieeeenn 182

18.6: Radhoachve COBIAMINAION couvnmmsssisvesssssmmssmmmsoasns 182

18.7 Mycotoxins and BNdOIOXINS ::coossmmassassmnssmsmsssisnmmssm: 182

18.8 BioloiCal SONTANNIANILS. ..ncnsessannsioinsnbnds ssesssassusindin sbss e 182

18.8.1 Microbiological Contaminants..............ccceuueeennnnne... 182

18.8.2 Parasitic Contamination ............ceevveeeiieiineerieeennnnnnns 183

18.8.3  Agrochemical RESIAUES cuisusssmivissvsssnssssmssmsmivsnssass 183



X1V Contents

18.9 Pesticide ReBIaUOS i isiveestitil it i i biis Svonsassiossassssnaobssisn it 183
18.10 Biochemical Changes in Medicinal Plant Leaves as a
Biomarker of PoHUtion .........cooeieeeeieeeee e 183
18001 ATV POCIOIE o ctinmiasinnioiin simmmiens intsnmmmsnnsmnsnmssssssamsmen 184
1811 CONCIUSION ..ot e e, 184
RETETEIICES «.ocnorinsensansssmessvessosesksssavesses massssssbusssss sass s sssssys s ssssssess 185
1 7s Lol S S SO 187




