University of

Strathcle

Glasgow

Phytochemical and Antibacterial
Studies on Arctium lappa,
Tussilago farfara and
Verbascum thapsus

Thesis submitted by
JINLIAN ZHAO

For the degree of Doctor of Philosophy

Narural Products Research Laboratories

Strathclyde Institute of Pharmacy and Biomedical Sciences
University of Strathclyde

161 Cathedral Street

Glasgow G4 ORE

UK



“This thesis is the result of the author’s original research. It has been composed by
the author and has not been previously submitted for examination which has lead to

the award of a degree.’
‘The copyright of this thesis belongs to the author under the terms of the United
Kingdom Copyright Acts as qualified by University of Strathclyde Regulation 3.50.

Due acknowledgement must always be made of the use of any material contained in,

or derived from, this thesis.’

Signed:

Date:



PRAISE THE LORD



Acknowledgements

I would like to offer my special thanks to my supervisor Dr. V. Seidel for her kind
supervision. Her methodological approach and constructive criticism helped me
greatly to improve my research ability. I also thank my second supervisor Prof. A. 1.
Gray whose expertise in NMR gave me the true essence of this technique. His
support, generosity and kindness were invaluable attributes to my overall PhD

experience and had a positive effect on my living in Glasgow.

I am very thankful to Dr. Sanjib Bhakta and Dr. Dimitrios Evangelopoulos of
University of London, and Pr. S. G. Franzblau and Ms. Baojie Wan of the Institute
for Tuberculosis Research for carrying out the anti-TB assays. | am also indebted to

Dr. Jun Yu and Mr. Simon Mylrea for running anti-MRSA testing.

I will never forget the help from Dr. Craig Irving in running NMR experiments. [
also acknowledge Dr. Tong Zhang and Dr. Gavin Blackburn for their kind

assistance in MS experiments.

I would also like to express my thanks to Dr. John Igoli, Ms. Hazniza Adnan, Ms.
Hazar Mouad, Ms. Ngozi Igoli, Ms. Dima Semaan and Ms. Naliba Saleem for
their support and friendship which helped me to finish my work smoothly and made

my life easy and comfortable in Glasgow.

Finally, my deepest gratitude goes to my parents, parents-in-low, husband, brothers,

sisters and friends whose unconditional love and support make everything possible.



Table of Contents

ACKNOWICAZEIMENTS ..cuuuueeriiisirnrricssssanrecssssnsessssssssessssssssssssssssssssssssssssssssssssssses |
Table Of CONLENLS....ccuueeiiieeiiiiriiiiieiiisneicssnnecsssteesssseesssssecsssseesssssecssssesssssescsses 111
List 0f ADDIeviations .......ccoeeecneecseensenisnenssnecsseecsncsssnscssessssesssessssecssasessens VIl
LiSt Of FIGUIES ccccuueiiiiniiiiiniiinniiinitiissnticssnnicsssntcssssnssssssnsssnssessassssssssssssssssses IX
LISt Of TADIES c.coueeeveiniiiiiiiniiininsneninecsnecsnnicsnnsssnecsssessssesssssessssssssessssssnns XIII
LiSt Of Protocols .....coeeeeeineiinuninneinsnensseiiseecseensnecsssecsssessssecsssecsssscssessssees XV
ADSEIFACE cuueeeeiinnieiineeinitiinineicsnnecsssnesssnescsssnecsssseessssessssssssssssesssssasssssassssses XVI
1 INrOdUCTION .uueeeecuneeiinneniineeisinneessnneecssnnecsssnessssseesssssessssseesssssscssssssssssasssssanes 1
1.1 INfECtioUS dISCASES. ...veeiueietieiiiieiieeie ettt ettt ettt siee et e e e e eneeas 1

L.1.1 TUDCICULOSIS ..ccueieniiieiiiecie ettt ettt et 1

1.1.2 Methicillin-resistant Staphylococcus aureus (MRSA) infections....... 3

1.2 Antimicrobial natural products...........cceovueeeriieeiiieniieeee e 4

1.2.1 ALKALOTAS ..o 4

1.2.2 Coumarins and tannins..........cc.eeeueereeenieenieenieenieeneeeiee e eseee e enieees 5

1.2.3 FIAVONOIAS . ..veeniieiiieiieeieeie ettt ettt 7

1.2.4 Iridoid and iridoid glycosides...........cocuevirviiniiniiriiiniinieciceeeeeenene 8

1.2.5 LAZNANS ..nitiiiieeiiieiie ettt ettt et sttt e st e et e st e ebeesnteeseesnaeebeans 9

1.2.6 Polypeptides and 1€Ctins.........c.ceecveerieriienieeiieie et 9

1.2.7 Quinones and deriVatiVeS ..........cccueeeeeeiuiieeeeiiieeeeecieee e e e e 10

1.2.8 SAPONINS ...ueviieiiieeiiieeriee et e et e eeee e st e e sateeereeesebeeesnseeennseeesseeeneeas 11

1.2.9 Simple phenolics and derivatives.........c.ccecveeeeeeeiiieencieeeie e 12

1.2.10 SEETOIAS . ...eiueieiiieiieeiee ettt 13

1.2.11 Terpenes and terpenoids ........cceeeueeruieeiieenieeiierie et 14

1.2.12 Xanthones and derivatives ..........coceveevuerienienenieneeneeieseeneeeeene 15

1.3 Medicinal Plants .........cccueerieiiiieniieeieee ettt 16

II



1.3.1 Arctium 1appa L. ...........ccoocieoiiiiiiieieeeee e 19

1.3.1.1 Botanical description............ccceeverieenieeiiienie e 19

1.3.1.2 Traditional USES .......cceevuerierierierieniieieeienieee e 19

1.3.1.3 Previous chemical work on Arctium lappa L......................... 20

1.3.1.4 Previous biological work on Arctium lappa L. ...................... 20

1.3.2 Tussilago farfara L............c.oooouveeoiieeciiieeiieeeiee et 33
1.3.2.1 Botanical desCription..........cccveeeruieeeiiieeniiieeeiieeeieeesieeenvee s 33

1.3.2.2 Traditional USES ........cerueriiiiniiiiiiiieeieeeeee e 33

1.3.2.3 Previous chemical work on Tussilago farfara L.................... 34

1.3.2.4 Previous biological work on Tussilago farfara L. ................. 34

1.3.3 Verbascum thapsus L. ...........ccccoooieiieiieiiieieeieee e 43
1.3.3.1 Botanical description............cceeveeeieenieeiiienie e 43

1.3.3.2 Traditional USES ........cevueeiiiiriiiiieiieeieeeeeee e 44

1.3.3.3 Previous chemical work on Verbascum thapsus L. ............... 45

1.3.3.4 Previous biological work on Verbascum thapsus L............... 45

1.4 AIMS and ODJECLIVES ...eeeruviieriiieeiiiieeiiteeieeeeeeeteeeaeeeeaeeesaeeesreeeeseeesnaee s 60
2 Materials and methods..........coeeeiineeiissneiisnencssneecssneeenssneecsssnecsssseecssnecnes 61
2.1 GONCTAL ...ttt 61
2.1.1 SOIVENLS ..ttt e 61
2.1.2 Reagents and chemicals ...........ccoeiiiiiieniieiiienie e 61
2.1.3 Plant materialS.........cooueiiiiiiiiiiieieeieeee e 62

2.2 Extraction and partitioning..........ccueereueeerireenireesieeeseeeeireesneeesseeesseessnveens 62
2.3 Chromatographic teChNIqQUES........c.ceevviieriiieeiiieeieeeeiee e 63
2.3.1 Thin layer chromatography ..........cccccveeeeiieeriiieeniieeerieeeriee e 63
2.3.2 Vacuum liquid chromatography ..........ccccceeeueeniiiiiiniieiienieeieee 64
2.3.3 Size exclusion chromatography .........ccceceevuierieiiieniieiienie e 64
2.3.4 Silica gel column chromatography..........ccccceevieiiiieniiniiinieeieeee 65

I



2.3.5 Preparative thin layer chromatography ..........ccooieiiiiiiininniiee 66

2.4 TSOlation PrOtOCOLS......iitieiiietieeie ettt e e 67
2.5 Structure elUCIAAtION ......cc.evuiiiuiriiiiirieeierteeeee e 77
2.5.1 NMR SPECIIOSCOPY ..vveenvreerurieeniiieeniieeeniieeenieeesiteesieeesireeereeesabeeenanes 77

2.5. 1.1 THINMR ..ot 77

2.5.1.2 PBCNMR ... 78

2.5.1.3 Correlation spectroscopy (COSY) .oovuvivrriiiniieeniieeeieeerieens 78

2.5.1.4 Heteronuclear Single Quantum Correlation (HSQC) ............ 79

2.5.1.5 Heteronuclear Multiple Bond Correlation (HMBC).............. 79

2.5.1.6 Nuclear Overhauser Enhancement spectroscopy (NOESY).. 79

2.5.1.7 Total Correlation Spectroscopy (TOCSY)....ccoovvvviviveneannen. 80

2.5.2 MaSS SPECITOMELTY ...eeeruvieeruiieeniiieenieeenieeesiieeeriteesibeeeireesieeesbee e 80

2.6 Antibacterial SCrEENING........eeevuvieeriiieeiieeeiee e eee e et eeseaeeeseeeeeenes 82
2.6.1 Screening against Mycobacterium tuberculosis ...............ccc.ceeueeenn.... 82
2.6.1.1 Spot-culture growth inhibition assay .........cccceeeevveerveeenneenns 82

2.6.1.2 Microplate Alamar Blue assay........cccccceevevieenciieencieeenieeeineenn 83

2.6.2 Screening against Methicillin-resistant Staphylococcus aureus ....... 84

3 Results and diSCUSSION .....ccecreeeecieenissenecssnneesssneesssneesssssecssssesssssesssssssssssaesses 86
Part A Phytochemical StUdIes.......coceevuenieeiseensennsnensenssnensenssnensncsssecsansssnesnne 86
3.1 Terpenoids and STETOIAS .......cccueerueieiiieriieiie ettt 86
3.1.1 Characterisation of TF2 as loliolide ............cccecoeeiiiiiiiniiiiieieeene 86
3.1.2 Characterisation of AL13 as isololiolide ...........ccccevvieniieniieniennnne 92
3.1.3 Characterisation of AL14 as melitensin............ccceeeveeveenieenieennnnne. 100
3.1.4 Characterisation of AL3 as taraxasterol..........cccceeeeerieniieneennnnne. 109
3.1.5 Characterisation of AL4 as taraxasterol acetate............cccccceveernee 115
3.1.6 Characterisation of VT1 as a-spinasterol...........cccceevveeeciieenveeennee. 122
3.1.7 Characterisation of AL6/TF8 as daucosterol...........c.cccccceevieennnnne 130

v



3.1.8 Characterisation of AL2/TF1 as a mixture of B-sitosterol (a) and

StIEMASTETOL (D)..eeveieiieeie e 135
3.2 Pheophorbides and pheophytins...........cccceevieriieiiieniiiiieniceeesee e 138
3.2.1 Common Spectroscopic fEAtUIeS .........ccceervveerieriiienienieeiie e 138
3.2.2 Characterisation of VT3 as pheophorbide A............ccceeviiriiennnnne. 138
3.2.3 Characterisation of VT10 as pheophorbide A ethyl ester ............... 141
3.2.4 Characterisation of VT6 as pheophytin A..........ccceveviinieneniicnnn. 142
3.2.5 Characterisation of VT'7 as pheophytin B...........cccccooiiiiiinnnnnn. 143
3.3 Flavomoids ...coueeeueieiieeieeiie ettt 157
3.3.1 Common Spectroscopic fEAtUIes .........cccervveeriieriiienienieeriie e 157
3.3.2 Characterisation of AL8/TF3 as kaempferol.............cccoeevvrrnnnnnne. 158
3.3.3 Characterisation of AL9/TF6 as quercetin..........cccceeeveeerveeeneeennne. 159
3.3.4 Characterisation of VT2 as luteolin.......cc.ccoceeveeveniiniieicnienennene. 159

3.3.5 Characterisation of AL10/TF9 as kaempferol-3-O-glucoside

(ASEFAGAIIN) e e e e 160

3.4 Benzoic acid and hydroxycinnamic acid derivatives............ccceeeevveeruvennnee. 169
3.4.1 Characterisation of benzoic acid derivatives..........c.ccoeeeerveeneeenen. 169
3.4.1.1 Characterisation of VT9 as 4-hydroxybenzoic acid............. 169

3.4.1.2 Characterisation of VT8 as 4-hydroxy-3-methoxy benzoic acid

.......................................................................................................... 170
3.4.2 Characterisation of hydroxycinnamic acid derivatives................... 173
3.4.2.1 Characterisation of AL7/TF7 as trans-caffeic acid ............. 173
3.4.2.2 Characterisation of TF12 as methylcaffeate...........c............ 174
3.4.2.3 Characterisation of TF4 as p-coumaric acid........................ 175
3.4.2.4 Characterisation of VTS5 as trans-cinnamic acid ................. 176

3.4.2.5 Characterisation of TFS as a mixture of p-coumaric acid (a) and

4-hydroxybenzoic acid (D) .....cccocveevierieiiiieiieeieeee e 181



3.4.2.6 Characterisation of TF10, TF11, AL12 as dicaffeoylquinic

3.4.2.6.1 Common spectroscopic features ...........cceceevueerenennee. 184

3.4.2.6.2 Characterisation of TF10 as 3, 4-dicaffeoylquinic acid

3.4.2.6.4 Characterisation of AL12 as 1, 3-dicaffeoylquinic acid

(CYNATIN) c.etieiieeiiieiie ettt ettt ettt stee et e e e enbeeeeas 197

3.5 Phenylethanoid glycoside..........ccooviiiiieiiiiiiiiieeicee e 203
3.5.1 Characterisation of VT11 as verbascoside..........ccccceeveerueriieennnenne 203

3.6 Miscellaneous COMPOUNAS .......cc.eereieriierieeiiienieeiiesee ettt ns 211

3. 6.1 Characterisation of AL1 as 7-n0NACOSANE ........ccceevereeruerveneeennen. 211

3.6.2 Characterisation of VT4 as 1-monoacylglycerol.................ccoc........ 212

Part B Antibacterial studies 214

3.7 Antitubercular activity of crude extracts and isolated compounds ............ 214
3.7.1 Results from the SPOTI @SSaY ....c.cccoveeriieiiiniieiieeieeeeeeeee e 214

3.7.1.1 Arctium lappa extracts and isolated compounds.................. 214

3.7.1.2 Tussilago farfara extracts and isolated compounds............. 218

3.7.1.3 Verbascum thapsus extracts and isolated compounds ......... 221

3.7.2 Results from the MABA aSsay........ccoovveviieeniieeieeeieeeieeeee e 224

3.8 Anti-MRSA activity of isolated compounds ...........cceeveveeerciveencieeenieeenen. 227

4 Conclusion and future WOorkK.......eeeeeiiseecsseensecnsnncsnecsssecsssecsnecsseecsaees 231
Appendix I: Summary of Isolated Compounds...........ccceecueeecveeccscnrccsnnes 233
RECIEINCES ccceuuniiirnreiisnninisnrecssnteisinneicssnnecsssnesssssescssssecssssessssssesssssesssssessssseees 237

VI



List of Abbreviations

ADV Adenoviruses

AIDS Acquried Immune Deficiency Syndrome

ATCC American Type Cell Culture

CAP Capreomycin

CC Open Column Chromatography

COSY Correlation Spectroscopy

DBE Double Bond Equivalence

DEPT Distortionless Enhancement by Polarisation Transfer

DEPTQ Distortionless Enhancement by Polarisation Transfer including

the detection of Quaternary nuclei

DMSO Dimethyl Sulfoxide

FU Fluorescence Unit

GF Gel Filtration

HIV Human Immunodeficiency Virus

HMBC Heteronuclear Multiple Bond Correlation

HO-1 Heme Oxygenase-1

HREI-MS High-resolution Electron Ionization Mass Spectrometry
HRESI-MS High-resolution Electrospray lonization Mass Spectrometry
HSQC Heteronuclear Single Quantum Correlation

HSV Herpes Simplex Viruses

INH Isoniazid

INT p-lodonitrotetrazolium Chloride

JEV Japanese Encephalitis Virus

MABA Microplate Alamar Blue assay

Vil



MDR-TB
MEFC
MIC
MRSA
MSSA
MTT
NMR
NOESY
PFA
PIV
PTLC
RIF
RSV
SM
SPOTi
TB

TLC
TOCSY
TSA
TSB
UV
VLC
VRE
VSE
XDR-TB

XRMA

Multidrug-resistant Tuberculosis

Minimum Fungicidal Concentration
Minimum Inhibitory Concentration
Methicillin-resistant Staphylococcus aureus
Methicillin-sensitive Staphylococcus aureus
3-[4,5-Dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide
Nuclear Magnetic Resonance

Nuclear Overhauser Enhancement Spectroscopy
Platelet Activating Factor

Parainfluenza Virus

Preparative Thin Layer Chromatography
Rifampicin

Respiratory Syncytial Virus

Streptomycin

Spot Culture Growth Inhibition
Tuberculosis

Thin layer chromatography

Total Correlation Spectroscopy

Tryptic Soy Agar

Tryptic Soy Broth

Ultraviolet Light

Vacuum Liquid Chromatography
Vancomycin-resistant Enterococcus
Vancomycin-sensitive Enterococcus
Extensively Drug-resistant Tuberculosis

XTT Reduction Menadione Assay

VIII



Figure 1.1
Figure 1.2
Figure 1.3
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8

Figure 3.9

Figure 3.10
Figure 3.11
Figure 3.12
Figure 3.13
Figure 3.14

Figure 3.15

Figure 3.16
Figure 3.17
Figure 3.18

Figure 3.19

List of Figures

Flowerheads of Arctium lappa L.

Flowers of Tussilago farfara L.

Whole plants of Verbascum thapsus L.

Structure of TF2 with selected HMBC correlations

3D Structure of TF2 with important NOESY correlations
'H NMR spectrum (400 MHz) of TF2 in CDCl; (*)
HMBC spectra (400 MHz) of TF2 in CDCl;

NOESY spectra (400 MHz) of TF2 in CDCls

Structure of AL13 with selected HMBC correlations

3D Structure of AL13 with important NOESY correlations
'H NMR spectrum (400 MHz) of AL13 in CDCl;
DEPTQ 135 "*C NMR spectrum (100 MHz) of AL13

in CDCl;

HMBC spectra (400 MHz) of AL13 in CDCl;

NOESY spectrum (400 MHz) of AL13 in CDCl;
Structure of AL14 with selected HMBC correlations

3D Structure of AL14 with important NOESY correlations
'H NMR spectrum (400 MHz) of AL14 in CDCl;
DEPTQ 135 *C NMR spectrum (100 MHz) of AL14

in CDCl;

HMBC spectra (400 MHz) of AL14 in CDCl;

NOESY spectrum (400 MHz) of AL14 in CDCl;
Structure of AL3 with selected HMBC correlations

3D Structure of AL3 with important NOESY correlations

IX

19
33
44
88
88
89
90
91
94
94
95
96

97
98
103
103
104

105

106
107
111
111



Figure 3.20
Figure 3.21
Figure 3.22
Figure 3.23
Figure 3.24
Figure 3.25
Figure 3.26
Figure 3.27
Figure 3.28

Figure 3.29

Figure 3.30
Figure 3.31
Figure 3.32
Figure 3.33
Figure 3.34

Figure 3.35

Figure 3.36
Figure 3.37
Figure 3.38

Figure 3.39

Figure 3.40

Figure 3.41

Figure 3.42

'H NMR spectrum (400 MHz) of AL3 in CDCl;

HMBC spectra (400 MHz) of AL3 in CDCl;

NOESY spectra (400 MHz) of AL3 in CDCl;

Structure of AL4 with selected HMBC correlations

'H NMR spectrum (500 MHz) of AL4 in CDCl;

Jmod *C NMR spectrum (125 MHz) of AL4 in CDCl;
HMBC spectrum (500 MHz) of AL4 in CDCl;

Structure of VT1 with selected HMBC correlations

'H NMR spectrum (400 MHz) of VT1 in CDCl;

DEPTQ 135 "*C NMR spectrum (100 MHz) of VT1 in
CDCl;

HMBC spectra (400 MHz) of VT1 in CDCl;

Structure of AL6/TF8

'H NMR spectrum (400 MHz) of AL6/TF8 in DMSO-ds
HMBC spectra (400 MHz) of AL6/TF8 in DMSO-ds

'H NMR spectrum (400 MHz) of AL2/TF1 in CDCl;
DEPTQ 135 >C NMR spectrum (400 MHz) of AL2/TF1
in CDCl;

Structures of VI3, VT10, VT6 and VT7

'H NMR spectra (400 MHz) of VT3 and VT10 in CDCl;
'H NMR spectra (400 MHz) of VT6 and VT7 in CDCl;
DEPTQ 135 *C NMR spectra (100 MHz) of VT3 and
VT10 in CDCl;

DEPTQ 135 *C NMR spectra (100 MHz) of VT6 and VT7
in CDCl;

COSY spectrum (400 MHz) of VT3 in CDCl;

NOESY spectra (400 MHz) of VT3 and VT10 in CDCl;

112
113
114
116
117
118
119
124
125
126

127
131
132
133
136
137

145
146
147

148

149

150

151



Figure 3.43

Figure 3.44

Figure 3.45

Figure 3.46

Figure 3.47

Figure 3.48
Figure 3.49

Figure 3.50

Figure 3.51

Figure 3.52
Figure 3.53

Figure 3.54

Figure 3.55
Figure 3.56
Figure 3.57
Figure 3.58
Figure 3.59
Figure 3.60
Figure 3.61

Figure 3.62

Structures of AL8/TF3, AL9/TF6, AL10/TF9 and VT2

'H NMR spectra (400 MHz) of AL8/TF3 and AL10/TF9

in Acetone-dg

'H NMR spectra (400 MHz) of AL9/TF6 and VT2 in
DMSO-d¢

DEPTQ 135 *C NMR spectra (100 MHz) of AL8/TF3 and
AL10/TF9 in Acetone-dg

DEPTQ 135 *C NMR spectra (100 MHz) of AL9/TF6 and
VT2 in DMSO-dg

Structures of VT9 and VT8

Structures of AL7/TF7, TF12, TF4 and VT5

'H NMR spectra (400 MHz) of AL7/TF7, TF12, TF4 and
VT5

'H NMR spectrum (400 MHz) and selected expansion of
TFS5 in Acetone-ds

Structure of TF10

'H NMR spectrum (400 MHz) of TF10 in CD;0D

DEPTQ 135 C NMR spectrum (100 MHz) of TF10 in
CD;0D

COSY spectrum (400 MHz) of TF10 in CD;OD

HMBC spectrum (400 MHz) of TF10 in CD;OD

Structure of TF11

'H NMR spectrum (400 MHz) of TF11 in CD;0D

COSY spectrum (400 MHz) of TF11 in CD;0OD

HMBC spectrum (400 MHz) of TF11 in CD;0D

Structure of AL12

'H NMR spectrum (400 MHz) of AL12 in CD;0D

XI

162
163

164

165

166

171
177
178

183

187
188
189

190
191
193
194
195
196
198
199



Figure 3.63
Figure 3.64
Figure 3.65
Figure 3.66

Figure 3.67

Figure 3.68

Figure 3.69

Figure 3.70

COSY spectrum (400 MHz) of AL12 in CD;0D

HMBC spectrum (400 MHz) of AL12 in CD;0D

Structure of VT11

'H NMR spectrum (400 MHz) of VT11 in CD;0D

DEPTQ 135 "*C NMR spectrum (100 MHz) of VT11 in
CD;0D

COSY (left) and TOCSY (right) NMR spectra (400 MHz)
of VT11 in CD;OD

HMBC spectrum (400 MHz) of VT11 in CD;0OD

'"H NMR spectrum (400 MHz) of VT4 in CDCl;

XII

200
201
205
206

207

208

209
213



Table 1.1

Table 1.2

Table 1.3

Table 1.4

Table 2.1

Table 3.1

Table 3.2

Table 3.3
Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 3.8
Table 3.9

Table 3.10
Table 3.11

Table 3.12

Table 3.13

List of Tables

Medicinal plants commonly used in Scotland

Some phytochemicals previously isolated from A. lappa

Some phytochemicals previously isolated from 7. farfara
Some phytochemicals previously isolated from V. thapsus
Main parameters for the ESI mass spectral analysis

'H (400 MHz) and "*C (100 MHz) NMR data of TF2 and
AL13 in CDCl3

'H (400 MHz) and "*C (100 MHz) NMR data of AL14 in
CDCl;

'H and °C NMR data of AL3 and AL4 in CDCl;

'H (400 MHz) and °C NMR (100 MHz) data of VT1 in
CDCl;

Comparison of >C NMR spectral data of compounds VT1,
a-spinasterol and chondrillasterol in CDCls

'H (400 MHz) and >C NMR (100 MHz) data of AL6/TF8 in
DMSO-ds

'H (400 MHz) and °C NMR (100 MHz) data of VT3 and
VT10 in CDCl;

Selected HMBC correlations of VI3 and VT10 in CDCl;

'H (400 MHz) and C NMR (100 MHz) data of VT6 and
VT7 in CDCl;

Selected HMBC correlations of VT6 and VT7 in CDCl;

'H (400 MHz) and °C NMR (100 MHz) data of AL8/TF3
and AL10/TF9 in Acetone-de

'H (400 MHz) and >C NMR (100 MHz) data of AL9/TF6
and VT2 in DMSO-d¢

'H (400 MHz) and "°C (100 MHz) NMR data of VT9 and

XIII

17

22

36

47

81

99

108

120
128

129

134

152

153
154

156
167

168

172



Table 3.14

Table 3.15

Table 3.16

Table 3.17
Table 3.18

Table 3.19

Table 3.20

Table 3.21

Table 3.22

VT8 in CD;0D

'H (400 MHz) and "*C (100 MHz) NMR data of AL7/TF7
and TF12

'H (400 MHz) and C (100 MHz) NMR data of TF4 and
VTS5

'H (400 MHz) and "°C (100 MHz) NMR of TF10, TF11 and
AL12 in CDs;0OD

'H (400 MHz) and "*C (100 MHz) NMR of VT11 in CD;0D
Activity of A. lappa extracts and selected isolated compounds
against M. tuberculosis H3;Rv in SPOTi assay

Activity of T farfara extracts and selected isolated
compounds against M. tuberculosis H3;Rv in SPOT1 assay
Activity of V. thapsus extracts and selected isolated
compounds against M. tuberculosis H3;Rv in SPOTi assay
Activity of crude extracts and selected isolated compounds
against M. tuberculosis H37Rv in MABA assay

Activity of selected isolated compounds against

Methicillin-resistant S. aureus isolate (LF78) in MTT assay

X1V

179

180

202

210
217

220

223

226

230



Protocol 1

Protocol 2

Protocol 3

Protocol 4

Protocol 5

Protocol 6

Protocol 7

Protocol 8

Protocol 9

Protocol 10

List of Protocols

Isolation of compounds from the n-hexane extract of A.

lappa

Isolation of compounds from the ethyl acetate extract of 4.
lappa

Isolation of compounds from the dichloromethane phase of
A. lappa methanol extract

Isolation of compounds from the n-butanol phase of A.
lappa methanol extract

Isolation of compounds from the n-hexane extract of T

farfara

Isolation of compounds from the ethyl acetate extract of 7.

farfara
Isolation of compounds from the methanol extract of 7.
farfara
Isolation of compounds from the n-hexane extract of V.
thapsus
Isolation of compounds from the methanol extract of V.
thapsus
Isolation of compounds from the methanol extract of V.

thapsus

XV

67

68

69

70

71

72

73

74

75

76



Abstract

This thesis described the isolation and structure elucidation of secondary metabolites
from three medicinal plants selected on the basis of their traditional use in the
treatment of infectious diseases. The work also focused on the evaluation of the plant
extracts and some of the isolated compounds for activity in vitro against
Mycobacterium tuberculosis. Compounds obtained in suffient yield were further

tested for activity in vitro against Methicillin-resistant Staphylococcus aureus.

A total of 27 pure compounds and two mixtures were isolated from the three plants

investigated: Arctium lappa, Tussilago farfara and Verbascum thapsus.

Phytochemical investigation of the aerial parts of 4. lappa led to the isolation of four
terpenoids (taraxasterol, taraxasterol acetate, isololiolide and melitensin), two
steroids (sitosterol/stigmasterol mixture and daucosterol), three flavonoids (quercetin,
kaempferol and kaempferol-3-O-glucoside), two phenolic acids or derivatives
(caffeic acid and 1, 3-dicaffeoylquinic acid) and one alkane (n-nonacosane).
Isololiolide, melitensin, kaempferol-3-O-glucoside and n-nonacosane are reported for
the first time from this species, and daucosterol and kaempferol are first reported

from the aerial parts of this plant.

Phytochemical investigation of 7. farfara aerial parts led to the isolation of a
monoterpene lactone (loliolide), two steroids (sitosterol/stigmasterol mixture and
daucosterol), three flavonoids (quercetin, kaempferol and kaempferol-3-O-glucoside),
and six phenolic acids or derivatives (p-coumaric acid, p-coumaric
acid/4-hydroxybenzoic acid mixture, caffeic acid, 3, 4-dicaffeoylquinic acid, 4,

5-dicaffeoylquinic acid and methylcaffeate). Among them, loliolide is reported for

XVI



the first time from this species.

The aerial parts of V. thapsus afforded two pheophorbides (pheophorbide A and
pheophorbide A ethyl ester), two pheophytins (pheophytin A and pheophytin B), one
steroid (a-spinasterol), one known flavonoid (luteolin), one phenylethanoid glycoside
(verbascoside), three simple pheonolic acids (frans-cinnamic acid, 4-hydroxybenzoic
acid and 4-hydroxy-3-methoxybenzoic acid) and one fatty acid (1-monoacylglycerol).
All compounds, except for a-spinasterol, luteolin and verbascoside, are reported for
the first time from this species. a-Spinasterol is first reported from the aerial parts of

this plant.

When screened for activity against M. tuberculosis in the SPOTi assay, A. lappa
n-hexane extract and dichloromethane phase of methanol extact, and 7. farfara
n-hexane and ethyl actate extracts were active at MICs of 62.5 pg/mL; 4. lappa ethyl
acetate extract and 7. farfara methanol extract were active at MICs of 125 pg/mL; V.
thapsus ethyl acetate extract was active at the concentration of 250 pg/mL. Among
the tested compounds isolated from active extracts, p-coumaric acid displayed the
highest activity (MIC=31.3 pg/mL, 190.7 uM); p-coumaric acid/4-hydroxybenzoic
acid mixture showed good activity (MIC=62.5 pg/mL); sitosterol/stigmasterol
mixture exhibited moderate activity (MIC=125 pg/mL); loliolide, caffeic acid and
trans-cinnamic acid revealed weak activity (MICs=250 pg/mL, or 1273.9, 1387.6
and 1687.4 uM, respectively). This is the first time that the antitubercular acitivity of
A. lappa, T. farfara and V. thapsus has been investigated. The anti-TB activity of all

tested compounds is also first reported in the SPOT1 assay.

When initially screened for activity against M. tuberculosis in the MABA assay at the

highest concentrations of 25 or 50 pg/mL, all plant extracts and tested compounds
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were identified as inactive at such concentrations. This is the first report of the
screening of A. lappa, T. farfara and V. thapsus extracts and of all tested compounds

in the MABA assay.

Among the compounds screened for activity against Methicillin-resistant S. aureus,
luteolin exhibited good activity with an MIC value of 62.5 ug/mL (218.3 uM), and
a-spinasterol had an MIC of 500 pg/mL. No other compound was active at the
highest concentration (500 pg/mL) used in this assay. This is the first report of the
investigation of the anti-MRSA activity of kaempferol, a-spinasterol, 1,
3-dicaffeoylquinic acid, 3, 4-dicaffeoylquinic acid, 4, 5-dicaffeoylquinic acid,
1-monoacylglycerol, pheophorbide A ethyl ester, pheophytin A, pheophytin B and

verbascoside.
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CHAPTER 1

INTRODUCTION



1 Introduction

1.1 Infectious diseases

Infections remain a great threat to global public health despite improvements in
sanitation and developments in methods of preventing, detecting and decreasing
disease transmission (Rothman et al., 2006). It has been estimated that infectious

diseases cause 9 million deaths annually worldwide (WHO, 2012a).

Diseases caused by antibiotic-resistant bacteria, such as methicillin-resistant
Staphylococcus aureus, vancomycin-resistant Enterococci, fluoroquinolone-resistant
Pseudomonas aeruginosa and multiple drug-resistant Mycobacterium tuberculosis
continue to increase in frequency and cause significant morbidity and mortality

(Boucher et al., 2009; Magiorakos et al., 2012; Boucher et al., 2013).

1.1.1 Tuberculosis

Tuberculosis (TB) is the leading bacterial killer worldwide (WHO, 2013a). About
3.7% of new TB cases worldwide are multidrug-resistant TB (MDR-TB), about 9%

of which are now extensively drug-resistant (XDR-TB) (WHO, 2013Db).

Tuberculosis i1s caused by Mycobacterium tuberculosis, a rod-shape acid-fast
microorganism. The latter typically attacks the lungs but can also affect other parts of
the body. The disease is spread when people who have active TB expel small droplets
containing bacteria by coughing, sneezing or simply speaking. Generally, the
proportion of people infected with M. tuberculosis and developing TB disease is
small, but the probability becomes much higher among people infected with the

human immunodeficiency virus (HIV). TB patients suffer from chronic cough with



blood-tinged sputum, fever, fatigue, night sweats and weight loss, and mortality rates

are high without treatment (WHO, 2012b).

In Europe, the biggest TB outbreak happened in the 19™ century when 25% of the
population was estimated to have been killed by the disease (Bloom, 1994). Even if
good progress towards reducing global TB cases and deaths has been achieved with a
falling rate of new case incidence at 2.2% between 2010 and 2011 (WHO, 2012b),
the global burden of TB remains enormous. As the first bacterial killer, it still causes
ill-health among millions of people each year. This high incidence is partly due to the
HIV/AIDS pandemic. According to the latest report, there were 8.7 million new
cases (13% co-infected with HIV) in 2011 and 1.4 million TB deaths (990 000 deaths
among HIV-negative individuals and 430 000 HIV-positive TB deaths) (WHO,
2012b).

The current recommended treatment for new cases of drug-susceptible TB is a
6-month regimen of four first-line drugs (isoniazid, rifampicin, ethambutol and
pyrazinamide). The patient receives fixed doses of isoniazid and rifampicin daily for
six months and during the first two months the patient is also given pyrazinamide
and ethambutol (National Institute for Health and Clinical Excellence, 2011; British

National Formulary, 2013).

Because TB treatments are long, they are met with poor patient compliance, which
has resulted in the spread of drug-resistant M. tuberculosis strains. Drug-resistant TB
is threatening global TB control and has become an increasing concern in several
countries (WHO, 2012b). There were an estimated 310 000 multidrug-resistant
tuberculosis (MDR-TB) cases among notified TB patients in 2011 (WHO, 2012b),
most cases arising from a combination of physician error and patient non-compliance

during treatment of susceptible TB (Ormerod, 2005). Treatment for MDR-TB is



longer, lasting 20 months, and requires more expensive and toxic drugs (WHO,
2012b). There is therefore an urgent need to discover and develop new anti-TB

drugs.

1.1.2 Methicillin-resistant Staphylococcus aureus (MRSA) infections

Methicillin-resistant Staphylococcus aureus (MRSA) is one of the most significant
human pathogens that can cause a wide range of infectious diseases, such as
superficial skin infections, deep-skin abscesses, bone and joint infections, pneumonia,
bacteraemia and endocarditis (Al-Haj et al., 2009; Raghukumar et al., 2010). MRSA
was first reported in 1961 in the United Kingdom, 2 years after methicillin (a
B-lactam antibiotic) was introduced into clinical usage (Livemore, 2000; Raygada
and Levine, 2009). It is now well-known for causing healthcare-associated
nosocomial infections in hospitalised, predisposed patients such as the elderly,
immuno compromised or those undergoing surgery. There has also been an increase
in the number of people infected with MRSA (causing skin and soft tissue infections,
ranging in severity from furuncles to necrotising fasciitis) amongst healthy

individuals in the community (Maeda ef al., 2008; Otto, 2012).

MRSA represents an enormous burden on healthcare systems since it leads to long
hospitalisation stays, and high morbidity and mortality (Raghukumar et al., 2010;
Kejela and Bacha, 2013). It has been reported that MRSA is responsible for 18,000
deaths annually (Moore et al., 2010), and MRSA infections are even implicated in
more deaths than AIDS each year in the US (Kejela and Bacha, 2013). In Europe, the
number of MRSA-associated nosocomial infections alone has been estimated at more

than 150,000 annually (Kock ef al., 2010).



The treatment of MRSA infections requires a variety of oral antibiotics, including
clindamycin, trimethoprim-sulfamethoxazole, tetracyclines such as doxycycline or
minocycline, rifampin, and occasionally fluoroquinolones. For more serious
infections requiring hospitalisation, some parenteral antibiotics such as vancomycin,
daptomycin, linezolid and tigecycline need to be used (Moellering, 2008). However,
these drugs present a number of limitations as some S. aureus strains have become
resistant not only to the regularly used penicillin-related (B-lactam) antibiotics, but
also to some tetracyclines, daptomycin, rifampicin and even vancomycin (Al-Haj et
al., 2009; Raghukumar et al., 2010). In this context, the treatment of MRSA
infections has become more difficult. Discovering and developing alternative

anti-MRSA agents remains a priority.

1.2 Antimicrobial natural products

Natural products are greatly used in the field of pharmaceutical drug discovery and
drug design (Molinari, 2009). A wide range of natural products have been reported to
possess significant antimicrobial activity. Major antimicrobial natural products
include alkaloids, coumarins and tannins, flavonoids, iridoids and iridoid glycosides,
lignans, polypeptides and lectins, quinones, saponins, simple phenolics, steroids,
terpenes and terpenoids and xanthones (Cowan, 1999; Ciocan and Bara, 2007;

Saleem et al., 2010).

1.2.1 Alkaloids

Alkaloids are heterocyclic nitrogen-containing compounds. Many alkaloids have
been identified and documented for their antimicrobial activity. For example, two

alkaloids (dihydrochelerythrine and dihydrosanguinarine), isolated from Bocconia



arborea, displayed good antimicrobial activity against several Gram-positive and
Gram-negative bacteria and antifungal activity against Candida albicans (Navarro
and Delgado, 1999). The alkaloid holarrifine-24-ol, isolated from the stem bark of
Holarrhena antidysenterica, had good activity against ten pathogenic bacteria and
six phytopathogenic fungi (Raman et al., 2004). Some cyclostellettamine,
indoloquinoline, diterpenoid and indole-derived alkaloids also exhibited good
antimicrobial activity (Oliveira ef al., 2006; Karou et al., 2006; Tanaka et al., 2006;
Ki-Bong et al., 2006). 8-Hydroxydihydrosanguinarine and
8-hydroxydihydrochelerythrine, isolated from Chelidonium majus Linn, were
potently active against MRSA strains (Zuo et al., 2008). Evocarpine isolated from
Tetradium ruticarpum demonstrated strong activity aganist MRSA with an MIC
value of 8 pg/mL (Pan et al., 2013). Cepharanone B, piperolactam A and
cepharadione B, isolated from Piper sanctum, displayed activity against M.
tuberculosis H3;Rv with MIC values of 12, 8 and 32 pg/mL , respectively (Mata et
al., 2004). Bisbenzylisoquinoline alkaloids, tiliacorinine, 2’-nortiliacorinine and
tiliacorine (from Tiliacora triandra), were active against multidrug-resistant M.
tuberculosis isolates, with MICs ranging from 0.7 to 6.2 pg/mL (Sureram et al.,

2012).

1.2.2 Coumarins and tannins

Coumarins are phenolic compounds with a fused benzene and a-pyrone. They
possess antimicrobial, antithrombotic, anti-inflammatory and vasodilatory properties
(Namba et al., 1988). It has been reported that the antibacterial effect of coumarins is
affected by their substitution patterns (Souzaa et al., 2005; Stein et al., 2006).
Antibacterial effects have been documented for xanthotoxin, daphnetin, rhodonin,
herniarin, umbelliferone and scopoletin, and antifungal activity for umbelliferone,

scopoletin, coumarin and prenyletin (Kayser and Kolodziej, 1997; Kwon et al., 1997,



Stein et al., 2006, Shakeel-u-Rehman et al., 2010). Moreover, five known coumarins
(imperatorin, isoimperatorin, heraclenol, oxypeucedanin hydrate and heraclenin)
were also reported effective against six Gram-positive and negative bacteria
(Enterobacter cloacae, Escherichia coli, Klebsiella pneumonia, Pseudomonas
aeruginosa, S. aureus and Staphylococcus epidermidis) and two oral pathogens
(Streptococcus mutans and Streptococcus viridians) (Widelski et al., 2009). A
naturally occurring chlorinated coumarin ethyl
6-chloro-2-oxo0-4-phenyl-2H-chromen-3-carboxylate, isolated from Fomitopsis
officinalis, displayed specific activity against both replicating and non-replicating M.
tuberculosis as well as M. tuberculosis isolates with mono-resistance to rifampin,

isoniazid, streptomycin, kanamycin or cycloserine (Hwang et al., 2012).

Tannins are categorised into hydrolysable and condensed tannins. The latter are
polymeric phenolic compounds, formed by polymerisation of flavan units.
Hydrolyzable tannins are based on gallic acid, usually as multiple esters with
D-glucose (Cowan, 1999). Tannins display a range of biological properties, including
antimicrobial and immunostimulating activity (Haslam, 1996). Some tannins can
inhibit S. aureus-induced plasma coagulation (Akiyama et al., 2001). Some
condensed tannins showed activity against pathogens involved in mastitis (Min ef al.,
2008). Tannins isolated from Solanum trilobatum exhibited activity against
Escherichia coli, Proteus vulgaris, Pseudomonas aeruginosa, Salmonella typhi, S.
aureus and Streptococcus pyrogen (Doss et al., 2009). Corilagin and tellimagrandin I
(from Arctostaphylos uvaursi and Rosa canina, respectively) reduced the MIC of
B-lactams in MRSA (Shimizu et al., 2001; Shiota et al., 2004; Hatano et al., 2005).
Punicalagin, isolated from Terminalia brachystemma leaf, was active against three

Candida species (Liu et al., 2009).



1.2.3 Flavonoids

Flavonoids (or bioflavonoids) are hydroxylated phenolic compounds containing two
benzene rings linked by a linear three carbon chain. These include compounds such
as flavones and flavonols. Flavones are a class of flavonoids which have the
backbone of 2-phenylchromen-4-one. The substitution of the 3-hydroxyl group in
flavones produces flavonols. The flavonols diversify from each other with the
different position of the phenolic OH groups. Flavonoids can complex with the

proteins of bacterial cell walls to inhibit microorganisms (Cowan, 1999).

The antimicrobial activity of flavonoids has been largely documented. Glycosylated
derivatives of mono and dihydroxylated in B ring flavonoids had antibacterial
activity against Escherichia coli, Pseudomonas aeruginosa, Shigella species and
Staphylococcus aureus (Herna'ndez et al., 2000). Apigenin, identified from
Scutellaria barbata, exhibited a potent activity (MIC 3.9~15.6 pg/mL) against 20
strains of MRSA (Sato et al., 2000). Galangin (3, 5, 7-trihydroxyflavone), isolated
from propolis collected from Croatia, displayed strong activity against MRSA,
multiple-resistant Enterococcus spp. and Pseudomonas aeruginosa (Stjepan and Ivan,
2003). Pinobanksin-3-O-acetate and pinocembrin, isolated from Jordanian propolis,
were also active against MRSA (Darwish et al.,, 2010). Flavonoids
3,4’-dimethoxykaempferol and 5,6,7-trihydroxy-3,4’-dimethoxyflavone, reported
from the Mexican medicinal plant Larrea divaricata, both displayed an MIC of 50
ug/mL towards M. tuberculosis H37Rv (Rivero-Cruz et al., 2005). An isoflavonoid
laburnetin, isolated from Ficus chlamydocarpa, exhibited potent inhibitory activity
against Mycobacterium smegmatis and M. tuberculosis, with MICs of 0.61 and 4.88
pg/mL, respectively (Kuete et al., 2008). Other flavonoids with antitubercular
activity include luteolin, quercetin, 5,4’-dihydroxy-3,7,8,3’-tetramethoxyflavone,

5,4’-dihydroxy-3,7,8-trimethoxyflavone, baicalein, myricetin and hispidulin



(Favela-Hernan et al., 2012; Yadav et al., 2013).

Flavonoids are also active against fungi and viruses. Polymethoxylated flavonoids
(from Citrus spp. peels) exhibited activity against Microsporum canis and
Trichophyton mentagrophytes (Johann et al., 2007). Gnaphaliin A, isolated from
Pseudognaphalium robustum, was fungitoxic against Botrytis cinerea with 1Csy=45.5
ug/mL (Cotoras et al., 2011). It was reported that chrysin was active against the HIV
virus (Critchfield et al., 1996), moralbanone (from Morus alba) was active against
the herpes simplex type 1 virus (HSV-1) (Du et al., 2003), some flavonoids from
Aesculus chinensis were active against the respiratory syncytial virus (RSV),
parainfluenza type 3 virus (PIV 3) and influenza type A virus (Flu A) (Wei et al.,
2004), and baicalein displayed potent activity aginst the Japanese Encephalitis Virus

(JEV) with ICsq=14.28 ng/mL (Johari et al., 2012).

1.2.4 Iridoid and iridoid glycosides

Iridoids are compounds consisting of a cyclopentane ring combined with a
six-membered oxygen heterocycle. They are typically found in plants as glycosides.
Iridoids and iridoid glycosides are known for their biological activities, including
antimicrobial property (Tundis et al., 2008). Plumieride, protoplumericin A and
plumieride acid, from Plumeria alba, were reported active against Bacillus subtilis,
Candida albicans, Escherichia coli and S.aureus (Afifi et al., 2006). Agnuside and
negundoside, from Vitex negundo, both inhibited the growth of Cryptococcus
neoformans, Klebsiella pneumonia and Trichophyton mentagrophytes, and the latter
also showed activity against Aspergillus fumigatus, Escherichia coli, Pseudomonas
aeruginosa and Staphylococcus aureu (Sathiamoorthy et al., 2007). Pulchelloside
from Eremostachys laciniata was against Bacillus cereus, penicillin-resistant

Escherichia coli, Proteus mirabilis and S. aureus with MIC values of 50.0 pg/mL



(Modaressi et al., 2009). Two iridoid lactones, plumericin and isoplumericin from
Plumeria bicolor, exhibited strong activity against M. tuberculosis H3;Rv and four

MDR strains with MICs ranging from 1.3 to 2.6 pg/mL (Kumar ef al., 2013).

1.2.5 Lignans

Lignans are polyphenolic compounds derived from phenylalanine through
dimerization of substituted cinnamic alcohols. Their antimicrobial activity has been
well documented. A lignan, (+)-lyoniresinol 3a-O-B-D-glucopyranoside, isolated
from the root bark of Lycium chinense, was reported active against S. aureus
(MIC=2.5~5.0 pg/mL) and three human-pathogenic fungi, Candida albicans,
Saccharomyces cerevisiae and Trichosporon beigelii (MICs=5.0, 5.0 and 10.0 pg/mL,
respectively) (Lee et al., 2005). Hopeanolin, obtained from the stem bark of Hopea
exalata, demonstrated high antifungal activity against Alternaria solani,
Colletotrichum lagenarium, Fusarium oxysporum, Pyricularia oryzae and Valsa mali
(Ge et al., 2006). Heyneanol A, from the root extract of Vitis sp. (grape vine), was
active against FEnterococcus faecium, S. aureus, Streptococcus agalactiae,
Streptococcus pyogenes and MRSA (MIC=2.0 pg/mL) (Peng et al., 2008).
Eupomatenoid-5 from Piper regnellii and dihydroguaiaretic acid from Larrea
tridentata were also active against MRSA (Marcal et al., 2010; Favela-Herndndez et
al., 2012). The dihydroguaiaretic acid as well as another two lignans
4-epi-larreatricin - and  3’-demethoxy-6-O-demethylisoguaiacin ~ (from Larrea
tridentata) had acitivity towards multidrug-resistant strains of M. tuberculosis with

MICs of 12.5~50, 50, 12.5 pg/mL, respectively (Favela-Hernandez et al., 2012).

1.2.6 Polypeptides and lectins

Antimicrobial peptides are usually low molecular weight cationic proteins with



disulfide bonds (Zhang and Lewis, 1997; Izadpanah and Gallo, 2005), which can
form ion channels on bacterial cell membranes (Dong ef al., 2002; Ganz, 2004;
Rogan et al., 2006) or can bind to bacterial endotoxins (Rogan et al., 2006). Many
antibacterial peptide families have been isolated from plants. For example, a
47-residue peptide (fabatin) from the beans of Vicia faba inhibited E. coli,
Enterococcus hirae and P. aeruginosa (Zhang and Lewis, 1997). Other plant peptides
such as circulins A and B, cyclopsychotride A, Ib-AMP1 and Ib-AMP4, have also
been reported effective against Bacillus subtilis, Escherichia coli, Klebsiella oxytoca,
Micrococcus luteus, Proteus vulgaris, Pseudomonas aeruginosa, S. aureus or

Streptococcus faecalis (Pelegrini et al., 2011).

Lectins are nonimmunogenic proteins/glycoproteins with at least one noncatalytic
domain that can bind carbohydrate residues selectively and reversibly (Zhao et al.,
2009; Costa et al., 2010). Owing to their binding to the specific carbohydrates on the
surfaces of microorganisms, some lectins have been reported to possess substantial
activity particularly against Bacillus subtilis, Enterococcus faecalis, Escherichia coli,
Klebsiella  pneumoniae,  Proteus  morganii, Staphylococcus  epidermidis,
Streptococcus faecalis and Xanthomonas axonopodis. pv. passiflorae ( Riera et al.,
2003; Costa et al., 2010; Barbosa et al., 2010); antifungal activity against Fusarium
lateritium and Rhizoctonia solani and antiviral activity against White Spot Syndrome

Virus (Zhao et al., 2009).

1.2.7 Quinones and derivatives

Quinones are aromatic compounds with two ketone substitutients. The exchange
between diphenol and diketone occurs easily. This can explain for many biological
activities of quinones. Quinones are also able to irreversibly combine with

nucleophilic groups such as amino acids to make a protein inactive or non-functional,
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which is considered to account for the potential antimicrobial activity of quinones

( Stern et al., 1996).

Reports have shown that naphthoquinones from Fusarium solani, F. oxysporum and
Cassia italica were active against Bacillus anthracis, Corynebacterium
pseudodiphthericum, Pseudomonas aeruginosa, Pseudomonas pseudomalliae,
Staphylococcus aureus and Streptococcus pyogenes (Baker et al., 1989; Kazmi et al.,
1994). 6-(4,7-Dihydroxy-heptyl) quinone obtained from Pergularia daemia was also
effective against some pathogenic bacterial strains (Ignacimuthu et al., 2009).
Mansonone F, a sesquiterpenoid quinone isolated from Ulmus davidiana var.
Jjaponica, displayed antibacterial acitvity against MRSA comparable to that of
vancomycin (Shin et al., 2000). Alkannin and shikonin from Arnebia euchroma were
active against MRSA with MICs of 6.25 pg/mL (Shen et al, 2002).
3-Methoxyjuglone, isolated from Engelhardia roxburghiana, exhibited activity
against M. tuberculosis H3;Rv (MIC=6.25 pg/mL) (Lin et al., 2005). Royleanones
horminone, 6p,70-dihydroxyroyleanone and 6,7-dehydroroyleanone displayed
activity against multidrug-resistant M. tuberculosis strains (MICs<12.5 pg/mL), and
7Ta-acetoxy-6p-hydroxyroyleanone was active against M. tuberculosis H3;Rv strain
(MIC=25 pg/mL) (Rijo et al., 2010). Naturally derived quinones also demonstrated
good to moderate antifungal activity against Colletotrichum spp. (Meazza et al.,

2003).

1.2.8 Saponins

Saponins are glycosides containing one or more sugar chains on a triterpene or
steroid aglycone backbone. They have been reported to possess a wide range of
biological properties, including antimicrobial activity (Gii¢lii-Ustiindag and Mazza,

2007). Dioscin, a steroidal saponin isolated from Smilacina atropurpurea, displayed
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activity against Candida albicans and Candida glabrata (Zhang et al., 2006).
(25R)-50-Spirostan-33,63-diol-3-O-{B-Dglucopyranosyl-(1/2)-O-[ B-D-xylopyranosy
1-(1/3)]-O-B-D-glucopyranosyl-(1/4)-B-D-galactopyranoside} and aginoside, from
Allium leucanthum, were active against seven Candida strains with a minimum
fungicidal concentration (MFC) ranging from 6.25 to 12.5 pg/mL (Mskhiladze et al.,
2008). Scrokoelziside A from Scrophularia ningpoensis was effective against
B-haemolytic streptococci strain (Li ef al., 2009). Ilekudinchosides A and B, two
triterpenoid saponins obtained from /lex kudincha, exhibited activity against S.aureus

and MRSA (Zuo et al., 2011).

1.2.9 Simple phenolics and derivatives

Compounds in this group have a phenolic ring which can be substituted with more
than one hydroxyl groups. The site and number of hydroxyl groups on the ring are
speculated to be related to antimicrobial activity. Catechol, caffeic acid and cinnamic

acid are common compounds in this category.

Studies have shown that catechol had antibacterial activity against three bacterial
strains (Corynebacterium xerosis, Pseudomonas putida and Pseudomonas pyocyanea)
and two fungi (Fusarium oxysporum and Penicillium italicum) (Kocacaliskana et al.,
2006). Catechol and its derivatives, isolated from Diospyros kaki Thunb. roots, were
also reported to be effective against some pathogenic intestinal bacteria (Jeonga et al.,
2009). Cafteic acid, isolated from herbs such as tarragon and thyme, was active
against bacteria, viruses and fungi (Brantner and Grein, 1994; Sher, 2009). Caffeic
acid and its esters, isolated from propolis, displayed activity against seven
Gram-positive, four Gram-negative bacteria and one fungus (Kartala ef al., 2003).
Leaf extracts of rosemary and lavender also exhibited activity against some

phytopathogens, which was mainly ascribed to caffeic acid, rosmarinic acid and

12



some other simple phenolic derivatives (Widmer and Laurent, 2006). Cinnamic acid
has a long history as antitubercular agent used along with known antibiotics such as
isoniazid, rifampin, ofloxacine or clofazimine. Studies showed that gradual
improvement was observed when the TB-patients were treated with cinnamic acid
isolated from storax (resinous exudate of the tree Liquidambar orientalis).
Ethylcinnamate and benzylcinnamate have also been reported as anti-TB agents (De

etal.,2012a).

1.2.10 Steroids

Steroids are compounds that contain a characteristic arrangement of four cycloalkane
rings that are joined to each other. Some steroids have been reported with
antitubercular activity. A mixture of two ketosteroids stigmasta-4-en-3-one and
stigmasta-4-22-dien-3-one, isolated from Morinda citrifolia, exhibited strong activity
against M. tuberculosis (MIC<2.0 ng/mL) (Saludes et al., 2002). Several sterols from
Ruprechtia triflora were active against M. tuberculosis with MIC values ranging
from 2-128 ug/mkL, with Sa,8a-epidioxyergost-6,22-dien-33-ol,
50,8a-epidioxystigmasta-6,22-dien-3B-ol and stigmast-4-en-6B3-ol-3-one being the
most active, each with an MIC value of 2 ng/mL (Woldemichael et al., 2003). Two
tirucallane-skeleton sterols isolated from the stem bark of Amphipterygium
adstringens, (14b,24e)-3-hydroxylanosta-7,24-dien-26-oic acid and
(14b,24e)-3-oxolanosta-7,24-dien-26-oic  acid, revealed activity against M.
tuberculosis H37Rv with MICs of 64 and 32 pg/mL, respectively (Rivero-Cruz ef al.,
2005). Other steroids showing antitubercular acitivity include cholesterol, sitosterol,
ergosterol, stigmasterol, ergosterol peroxide, chondrilasterol (Rugutt and Rugutt,
2012), and stigmast-5-en-3f3-ol-7-one, stigmast-4-ene-6f3-ol-3-one,
stigmast-5,22-dien-3B-ol-7-one and stigmast-4, 22-dien-6-0l-3p-one (Gutierrez-Lugo

et al., 2005).
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1.2.11 Terpenes and terpenoids

Terpenes are naturally occurring hydrocarbons based on combinations of the
isoprene unit. Terpenes chemical modification such as by oxidation or rearrangement
of the carbon skeleton produces terpenoids (Cowan, 1999). Terpenes and terpenoids
are the primary constituents of the essential oils produced by plants as a defense
mechanism against insects, fungi and other invaders (Tsao and Coats, 1995).
Terpenes are classified into monoterpenes (Cjg), sesquiterpenes (Cis), diterpenes

(Cyo), triterpenes (Csp) and tetraterpenes (Ca).

Studies have shown that terpenes exhibit strong antimicrobial activity (Baratta et al.,
1998; Kalemba and Kunicka, 2003; Pasqua et al., 2005; Adiguzel et al., 2007,
Luangnarumitchai et al., 2007; Dayisoylu et al., 2009), and many terpenoids are also
active against bacteria, fungi, viruses and protozoa (Hasegawa et al., 1994; Xu et al.,
1996; Ghoshal et al., 1996; Singh and Singh, 2003; Can-Ak¢ ef al., 2004; Rahman et
al., 2005; Daisy et al., 2008). Terpenes ferruginol, hinokiol, 15-copaenol, cubenol
and torreyol, from Pilgerodendron uviferum (D. Don) Florin, were reported effective
against Bacillus subtilis, Pseudomonas aureginosa and S. aureus (Solis et al., 2004).
Linalyl acetate, (+) menthol and thymol displayed strong activity against Escherichia
coli and S. aureus (Trombetta et al., 2005). A triterpenoid 3-acetyl aleuritolic acid,
from Spirostachys Africana bark, exhibited activity against Escherichia coli,
Salmonella typhy, Shigella dysenteriae, S. aureus and Vibrio cholera (Mathabe et
al., 2008). Carvacrol, thymol, geraniol and eugenol were reported active against S.
aureus methicillin sensitive (MSSA) and MRSA (Gallucci et al., 2010). A new
terpenoid  isolated from Mentha pulegium and identified as la,
6B-dimethyl-5B-hydroxy-4B-(prop-1-en-2-yl)-decahydronaphthalen-2-one, also

displayed activity against MRSA (ICs50=8.5 pg/mL) (Ibrahim, 2013).
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(+)-Bornyl piperate, a monoterpene ester isolated from the underground roots of
Piper aff. Pedicellatum, inhibited the growth of M. tuberculosis H3;Ra with MIC of
25 pg/mL (Rukachaisirikul et al., 2004). Totarol, from Juniperus communis,
exhibited activity against M. tuberculosis H3;Rv and the isoniazid-, streptomycin-,
and moxifloxacin-resistant variants (MIC of 73.7, 384, 83.4 and 60.0 uM,
respectively) (Gordien et al., 2009). Other terpenes or terpenoids with anti-TB
activity include cabralealactone, cabraleahydroxylactone, allo-aromadendrane-10p,
14-diol, allo-aromadendrane-10a, 14-diol, allo-aromadendrane-10B, 13, 14-triol,
eichlerialactone, cabraleadiol, friedelin, 9-hydroxy-13(14)-labden-15,16-olide and

isoambreinolide (Phongmaykin et al., 2008; Mann et al., 2011; Tiwari et al., 2013).

1.2.12 Xanthones and derivatives

Xanthones are polyphenolic compounds structurally similar to bioflavonoids, with a
six-carbon conjugated ring characterized by multiple double carbon bonds.
Compounds in this category have fewer side-effects and a low probability to cause
pathogen resistance compared with conventional antibiotics and synthetic
antimicrobial agents. Natural xanthones are known for their potent anti-MRSA

activity (Saleem et al., 2010).

Two tetraoxygenated xanthones (mangostanin and amangostin), isolated from
Garcinia cowa, exhibited activity against methicillin-sensitive S. aureus (MSSA,
ATCC 25923) and MRSA with MIC values of 4.0 pg/mL and 8.0 pg/mL,
respectively (Panthong et al., 2006). y-Mangostin from Garcinia mangostana
displayed antibacterial activity against MRSA, MSSA, vancomycin-resistant
Enterococcus (VRE) and vancomycin-sensitive Enterococcus (VSE) strains at MICs
3.13, 6.25, 6.25 and 6.25 pg/mL (Dharmaratne et al., 2013). Formoxanthone C,

macluraxanthone, xanthone V1 and gerontoxanthone I from the roots of Cratoxylum
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formosum were reported active against Bacillus subtilis, Enterococcus faecalis,
Salmonella typhi and S. aureus (Boonsri et al., 2006). Prenylated xanthones a- and
B-mangostins and garcinone B, obtained from the fruits of Garcinia mangostana,
exhibited strong inhibitory effect against M. tuberculosis (MIC=6.25 pg/mL)

(Suksamrarn et al., 2003).

1.3 Medicinal plants

Plants have been traditionally used worldwide for centuries to treat many illnesses,
including infectious diseases (Kumarasamy et al., 2002). Plants have developed a
stunning array of protective mechanisms to combat invading ‘“ennemies” like
herbivorous insects and pathogenic microbes (Freeman and Beattie, 2008). One of
these mechanisms of defence is the production of abundant antimicrobial substances.
These compounds are often also active against microbial pathogens causing diseases
in human. This gives a rationale for the use of plants in traditional medicine as
remedies for various infections (Rios and Recio, 2005; Gonzalez-Lamothe et al.,
2009). Studies have shown that plants contain a wide variety of bioactive natural
products, some of which possess good in vifro antimicrobial activity (Sher, 2009).
Medicinal plants thus represent an important source of natural ‘hits” which could be
optimised to afford new antimicrobial drug leads. There has been an increase in
recent years in the search for novel antimicrobial agents from medicinal plants

(Namita and Mukesh, 2012).

In Scotland, many plants have a long history of traditional use for the treatment of
infections (e.g. influenza, diphtheria, typhoid, smallpox, leprosy, pneumonia,

scrofula) (Table 1.1) (Darwin, 1996; Mabberleg, 2003).
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Table 1.1 Medicinal plants commonly used in Scotland

Species Common Name Family Medicinal use

Arctium lappa L. Burdock Asteraceae diuretic, diaphoretic, antimicrobial and to purify blood
Tussilago farfara L. Coltsfoot Asteraceae suppress cough, treat lung ailments and skin diseases
Bellis perennis L. Common daisy Asteraceae treat joint pains, arthritis or joint inflammation, liver

Taraxacum officinale L.
Achillea millefolium L.

Chamomilla recutita L.

Angelica sylvestris L.

Foeniculum vulgare Mill.

Allium ursinum L.

Alliaria petiolata M. Bieb.

Capsella bursa-pastoris L.

Common dandelion Asteraceae
Yarrow Asteraceae

German chamomile Asteraceae

Wild angelica Apiaceae
Fenne Apiaceae
Wild garlic Alliaceae
Garlic mustard Brassicaceae
Shepherd's purse Brassicaceae

and kidney disorders

diuretic ,laxative; treat gallbladder/liver ailments, diabetes
treat inflammations; stop bleeding; sedative

treat stomachache and irritable bowel syndrome; laxative;
anti-inflammatory and bactericidal

antispasmodic, diaphoretic, diuretic, expectorant, stomachic
and tonic

analgesic, anti-inflammatory, antispasmodic, diuretic,
expectorant, laxative and stomachic

antibacterial, antifungal, antioxidant

antiasthmatic, antiscorbutic, deobstruent, diaphoretic

antiscorbutic, astringent, diuretic, haemostatic, hypotensive
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Table 1.1 (continued) Medicinal plants commonly used in Scotland

Species Common Name Family Medicinal use

Empetrum nigrum L. Crowberry Ericaceae treat diarrhea and stomach problems

Hyssopus officinalis L. Hyssop Lamiaceae cough suppressant

Thymus praecox L. Wild thyme Lamiaceae disinfectant, sedative, antispasmodic, diaphoretic,
expectorant and tonic

Salvia officinalis L. Sage Lamiaceae antibiotic, antifungal, astringent, antispasmodic and tonic

Rosmarinus officinalis L. Rosemary Lamiaceae antioxidant, lower the risk of strokes and
neurodegenerative diseases

Malva moschata L. Musk-mallow Malvaceae antiphlogistic, astringent, demulcent, diuretic,
expectorant, laxative

Chelidonium majus L. Greater celandine ~ Papaveraceae  analgesic, cholagogic, sedative, antimicrobial

Agropyron repens L. Cough grass Poaceae treat urinary tract infections and kidneys conditions;
antimicrobial

Prunus padus L. Bird cherry Rosaceae anodyne, diuretic, febrifuge and sedative, combat
colds and feverish conditions

Verbena officinalis L. Common vervain Verbenaceae diaphoretic, improve digestion, treat depression

Valeriana officinalis L. Valerian Valerianaceae  sedative, treat insomnia
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1.3.1 Arctium lappa L.

1.3.1.1 Botanical description

A. lappa L. is a biennial herbaceous plant commonly named “burdock” or “lappa
burdock™ (Peirce, 1999). It belongs to the Asteraceae family. Burdock is generally
3-4 feet high. Its stem has multiple branches. Its leaves are dark green, wavy and
heart-shaped. When in bloom from July to October, Burdock has round
crimson-violet prickly flowerheads (Figure 1.1). The roots are brownish-green or

nearly black with a very horny, longitudinally wrinkled bark (Kemper ef al., 1999).

Figure 1.1 Flowerheads of Arctium lappa L. @

a:_http://en.wikipedia.org/wiki/File:Villtakjas_2008.jpg (picture not copyright protected)

1.3.1.2 Traditional uses

A. lappa L. is a traditional herbal remedy, which has been used worldwide for a long
time to treat a range of diseases. In 14" century Europe, burdock was used to treat
leprosy and later to combat fevers and treat skin infections, syphilis and gonorrhea
(Kemper et al., 1999). In China, burdock roots are used mixed with other herbs to

treat upper respiratory tract infections (Sun et al., 1992), while dried fruits are used
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to promote eruption, relieve a sore throat and alleviate swelling (Kamkaen et al.,
2006). In Korea, the seeds are traditionally used as a diuretic, anti-inflammatory and
detoxifying agent (Park et al., 2007). In Brazil, the leaves and roots are used for their
diuretic and antiseptic properties (Barbosa-Filho ef al., 1993). American herbalists
use burdock root to treat arthritis, urinary tract-related problems, ringworms, and
eczema (Kemper et al., 1999). In Britain, the root of burdock has been used against
scurvy, diabetes and rheumatism (Williams and Wilkins, 1999). Burdock roots, seeds

and leaves are also used as traditional anti-TB medicine (Ritchason, 1995).

1.3.1.3 Previous chemical work on Arctium lappa L.

Various phytochemicals, such as lignans, terpenoids, carbohydrates, sterols and
polyphenols, have been mainly isolated from the roots, seeds and fruits of burdock

(Table 1.2).

1.3.1.4 Previous biological work on Arctium lappa L.

Burdock extracts and some isolated phytochemicals showed antimicrobial activity.
The n-hexane, butanol and ethyl acetate extracts of burdock leaf inhibited some
bacteria related to endodontic pathogens (e.g. Bacillus subtilis, Enterococcus faecalis,
Pseudomonas aeruginosa and S. aureus,) (Pereira et al., 2005). Burdock root ethanol
extract was active in vitro against Escherichia coli, Shigella flexneri and Shigella
sonnei (Moskalenko, 1986). An aqeous-ethanolic root extract also displayed activity
against Proteus mirabilis (Keyhanfar et al., 2011). Burdock peel extract was
effective against Vibrio parahemolyticus (He et al., 2012). Burdock fruit extract
inhibited the growth of Aspergillus parasiticus (Bahk and Marth, 1983). Some
polyacetylenes isolated from the roots exhibited potent antibacterial and antifungal
properties (Takasugi et al., 1987). Chlorogenic acid isolated from the leaves showed

inhibitory effects on Escherichia coli, Micrococcus luteus and S. aureus (Lin et al.,
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2004). Arctigenin, isolated from the seeds, fruits, leaves and roots, exhibited activity
against HIV-1 (Schroder et al., 1990; Eich et al., 1996) while caffeic acid and
chlorogenic acid strongly inhibited herpes simplex viruses (HSV-1, HSV-2) and
adenoviruses (ADV-3, ADV-11) (Chiang et al., 2002).

Other biological properties reported for A. lappa include anti-inflammotory,
anti-cancer and anti-diabetic activity. Experiments showed that its roots antagonised
PFA (platelet activating factor) in rabbits (Iwakami et al., 1992). Burdock reduced
the in vitro release of inflammatory mediators through inhibition of degranulation
and leukotriene release, and decreased carageenan-induced edema in rodents (Lin et
al., 1996). Studies also revealed that its seed extracts ameliorated high fat/cholesterol
diet-induced vascular dysfunction through protection of vascular relaxation and
suppression of inflammation (Lee et al., 2012). The sesquiterpene lactone
onopordopicrin enriched fraction of burdock exerted marked protective effects in
acute experimental colitis (de-Almeida et al., 2013). Arctiin, a lignan isolated from A.
lappa, displayed anti-cancer activity in humans and rats (Hirose et al., 2002; Huang
et al, 2004; Matsuzaki et al., 2008). Studies also revealed that the oral
administration of an ethanolic extract of burdock root significantly decreased blood
glucose and increased insulin level in streptozotocin-induced diabetic rats (Cao et al.,

2012).
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Table 1.2 Some phytochemicals previously isolated from A. lappa

Classification Compound Parts of the plant Reference

Lignans Arctigenin Seeds, fruits, leaves, roots (Liu et al., 2005; Ishihara ef al.,
2006; Kamkaen ef al., 2006;
Matsumoto et al., 2006; Tsai et al.,
2011)

3’-Demethyl arctigenin ; Seeds (Kamkaen et al., 2006)

Arctiin Seeds, fruits, leaves, roots (Liu et al., 2005; Ishihara et al.,

2006; Kamkaen et al., 2006)
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Table 1.2 (continued) Some phytochemicals previously isolated from A. lappa

Classification Compound Parts of the plant Reference

Matairesinol Fruits, seeds (Wang and  Yang, 1993;

Matsumoto et al., 2006)

Trachelogenin Fruits (Chan et al.,2011)
Diarctigenin Seeds (Park et al., 2007, Kim et al.,
2008)
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Table 1.2 (continued) Some phytochemicals previously isolated from A. lappa

Classification Compound Parts of the plant Reference
Lappaol A Seeds (Ichihara et al., 1976; Ming et al.,
2004)
Lappaol B Seeds (Ichihara et al., 1976)
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Table 1.2 (continued) Some phytochemicals previously isolated from A. lappa

Classification Compound

Parts of the plant

Reference

Lappaol C

Isolappaol C

OCHs

Seeds

Seeds

(Ming et al., 2004; Park et al.,
2007)

(Park et al., 2007)
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Table 1.2 (continued) Some phytochemicals previously isolated from A. lappa

Classification Compound Parts of the plant Reference

Lappaol D Seeds (Park et al., 2007)

Lappaol F Seeds (Ming et al., 2004)

OCHs
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Table 1.2 (continued) Some phytochemicals previously isolated from A. lappa

Classification Compound Parts of the plant Reference

Sterols [-sitosterol Seeds (Ming et al., 2004)

Roots, seeds (Ming ef al., 2004; Mizushina et
al., 2006)
Gluo
Terpenoids B-eudesmol Fruits, leaves (Tsuneki et al., 2005)
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Table 1.2 (continued) Some phytochemicals previously isolated from A. lappa

Classification Compound Parts of the plant Reference

Costus acid Leaves (Barnes et al., 2007)

CHs
Dehydrocostus lactone Leaves (Barnes et al., 2007)

Onopordopicrin Leaves (Costa et al., 1993)

OH
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Table 1.2 (continued) Some phytochemicals previously isolated from A. lappa

Parts of the plant

Reference

Classification Compound

Roots, leaves, seeds

(Bhat et al., 2007; Pari and
Prasath, 2008)

Polyphenols Caffeic acid
o]

HO \ o

HO

Chlorogenic acid

Ho, COOH
“,
o}
HO\\\\\\\‘é\O /

H
OH

Ol

Cynarin
CH

Roots, leaves, seeds

Roots, leaves, seeds

(Chen et al., 2004; Lin et al.,
2004)

(Ferracane et al., 2010)
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Table 1.2 (continued) Some phytochemicals previously isolated from A. lappa

Classification Compound Parts of the plant Reference
1-0-,5 -O-dicaffeoyl-3-O-succinylquinic acid Roots (Maruta et al., 1995)
7
1-0-,5 -O-dicaffeoyl-4-O-succinylquinic acid Roots (Maruta et al., 1995)
=
AQ_\_{ O\H/\/COOH
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Table 1.2 (continued) Some phytochemicals previously isolated from A. lappa

Classification Compound Parts of the plant Reference

1-0-,5 -O-dicafteoyl-3-O-, 4-O-disuccinylquinic acid  Roots (Maruta et al., 1995)

oH

Luteolin Roots, leaves (Ferracane et al., 2010)

(Ferracane et al., 2010)

Quercetin Roots, leaves
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Table 1.2 (continued) Some phytochemicals previously isolated from A. lappa
Classification Compound Parts of the plant Reference
Quercitrin Roots, leaves (Ferracane et al., 2010)

Kaempferol Roots

Carbohydrates ALF (Fructan) Roots

CH,0H

CH
CH,OH I
o
)
.C
OH ‘ n=13
o)
CE%

OH

(Chen et al., 2011)

(Shi, 2009)
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1.3.2 Tussilago farfara L.

1.3.2.1 Botanical description

T. farfara L. is a low-growing evergreen perennial plant from the Asteraceae family.
It is commonly named as coltsfoot, coughwort, clayweed, horsefoot or foalfoot
(Bond et al., 2007). It grows 7.5-30 cm tall and is covered by upright pink scales and
loose cottony fluff. The leaves are 10-20 cm across, round or heart-shaped and
slightly toothed, with a downy whitish underside and a smooth sea-green upper
surface. The crushed flowers are solitary, in bright yellow color and look like
dandelion (fluffy white ball, seeding between May and July) (Figure 1.2). The
woolly leaf stems are in clumps without scales, and each arises directly from a

separate root bud (Church, 2008).

Figure 1.2 Flowers of Tussilago farfara L.®

b: http://en.wikipedia.org/wiki/File:Coltsfoot.jpg (picture not copyright protected)

1.3.2.2 Traditional uses

Coltsfoot is a well-known herbal remedy. Its flower buds and leaves have been
commonly used for over 2000 years in Europe and Asia to treat throat and lung

illnesses, such as bronchitis, asthma, emphysema, pertussis and chronic cough
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including TB (Culvenor et al., 1976; Didry, 1982; Duke, 2002; Bensky et al., 2004).
In Britain,the leaves (more rarely, the roots) soaked in water have been used to treat
asthma (Allen and Hatfield, 2004), and an ointment made from the roots used with
other ingredients to relieve sprains and swellings (Allen and Hatfield, 2004). In
China, coltsfoot leaves and flowers are used to suppress cough (Liu et al, 2006).
American Indians use preparations of coltsfoot roots as a blood purifier and forgout,

liver and kidney problems (Church, 2008).

1.3.2.3 Previous chemical work on Tussilago farfara L.

T farfara mainly contains terpenoids, flavonols, alkaloids, essential oils, tannins,

acids and carbohydrates (Table 1.3).

1.3.2.4 Previous biological work on Tussilago farfara L.

Coltsfoot extracts displayed antimicrobial activity against several bacteria and yeasts.
Fresh leaf extracts and dried flower extracts displayed activity against Bordetella
pertussis, Proteus hauseri, Proteus vulgaris and Pseudomonas aeruginosa, (Leven et
al., 1979). Leaf ethanolic extracts revealed moderate activity against Candida
albicans, Escherichia coli, Klebsiella pneumoniae, Kluyveromyces fragilis,
Mycobacterium smegmatis, Rhodotorula rubra and S. aureus (Dulger and Gonuz,
2004). Ethanolic extracts from the aerial parts and the roots exhibited activity against
Bacillus cereus and S. aureus (Kokoska et al., 2002; Janovska et al., 2003). Aqueous
extracts of leaves showed activity against Staphylococcus epidermidis and
Staphylococcus pyogenes (Turker and Usta, 2008). Ethanolic extracts of flowers and
stems were active against Lactobacillus rhamnosus, Saccharomyces cerevisiae and

Serratia rubidaea (Kacaniova et al., 2013).

Anti-inflammatory activity has been documented against carrageenan-induced

oedema in the rat paw (Benoit ef al., 1976). A bisabolene epoxide from 7. farfara
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displayed inhibition of nitric oxide synthesis in lipopolysaccharide-activated
macrophages (Ryu et al., 1999). Tussilagone, isolated from the flower buds,
exhibited anti-inflammatory activity in murine macrophages by inducing heme
oxygenase-1 (HO-1) expression (Lim et al., 2008; Hwangbo et al., 2009). Tussilago
water extracts exhibited anti-inflammatory activity by inhibiting IFN-y and IL-5
production (Jeong et al., 2013). Studies also displayed that coltsfoot extracts can
inhibit PAF (platelet activating factor) (Hwang et al., 1987), act as a cardiovascular
and respiratory stimulant (Li and Wang, 1988) and have neuroprotective and

antioxidative effects (Cho et al., 2005).
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Table 1.3 Some phytochemicals previously isolated from 7. farfara

Classification Compound Parts of the plant Reference
Terpenoids
5
o a
Angeloyloxy _ Methybutyryloxy
‘ (Ang) ~ (Mebu) =
Nethylsenecioyloxy h / ¥ Senecioyloxy _ 1 /
(Meser) = ¥ (Sen) = P
Sesquiterpenes: Flower buds (Kikuchi and

R;0

|||II>||IIII
T Tlhn
T
\\\c
T
S
[e]
)
&

R, R,
1.H Mesen
2. OMebu Mesen
3.H Mesen
4. H Ang
5.H Sen

6. OMebu Mesen

1. 14-Acetoxy-7p-(3-ethyl crotonoyloxy) notonipetranone (Tussilagonone)

2. 14-Acetoxy-7B-(3-ethyl-cis-crotonoyloxy)-1a-(2-methylbutyryloxy)-notonipetranone

3. 7B-(3-Ethyl-cis-crotonoyloxy)-14-hydroxy-notonipetranone

4. 14-Acetoxy-7p-angeloyloxy-notonipetranone

5. 14-Acetoxy-7B-senecioyloxy-notonipetranone

6. 7B-(3-Ethyl-cis-crotonoyloxy)-14-hydroxy-1a-(2-methylbutyryloxy)-notonipetranone

Suzuki, 1992; Ryu
et al., 1999; Yaoita
et al, 1999 ;
Yaoita et al., 2001;
Liu et al., 2006;
Park et al., 2008)

36



Table 1.3 (continued) Some phytochemicals previously isolated from 7. farfara

Classification

Compound Parts of the plant

Reference

R, R, R;
R3
7.H H H

8. 0OAc OH OAng

7. (3R,4R,65)-3,4-Epoxybisabola-7(14),10-dien-2-one
8. (1R,3R,4R,5S,65)-1-Acetoxy-8-angeloxoyloxy-3,4-epoxy-5-hyroxbisalcola-7(14),10-dien-2-one

R
9. Mebu
10. Ang
11. Mesen

9. 1a-(2-Methylbutyryloxy)-7p-(4-methylsenecioyloxy)oplopa-3(14)Z,8(10)- dien-2-one
10.1a-Angeloyloxy-7p-(4-methylsenecioyloxy)oplopa-3(14)Z,8(10)-dien-2-one

11. la-7p-Di(4-methulsenecioyloxy)oplopa-3(14)Z,8(10)-dien-2-one
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Table 1.3 (continued) Some phytochemicals previously isolated from 7. farfara

Classification

Compound

Parts of the plant

Reference

R

12. Sen
13. Mesen
14. Ang

12. 7B-Senecioyloxyoplopa-3(14)Z,8(10)-dien-2-one
13. 7B-(4-Methylsenecioyloxy)oplopa-3(14)Z,8(10)-dien-2-one

14. 7B-Angeloyloxyoplopa-3(14)Z,8(10)-dien-2-one

15 16

15. 7B-(3-Ethyl-cis-crotonoyloxy)-5,6-dehydro-3,14-dehydro-Z-notonipetralactone

16. 7B-(4-Methylsenecioyloxy)oplopa-3(14)E,8(10)-dien-2-one
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Table 1.3 (continued) Some phytochemicals previously isolated from 7. farfara

Classification = Compound Parts of the plant

Reference

=

>||Illu
Tihn
\\\\\
N
"
o
I

17 18
17. 1a,50-Bisaeetoxy-8-angeloyloxy-3p,4B-epoxy-bisabola-7(14),10-dien-2-one

18. 14(R)-Hydroxy -7p-isovaleroyloxyoplop-8(10)-en-2-one

Triterpenoids: Flower buds

19. Faradiol 20. Arnidiol 21. Bauer-7-ene-3p,16a-diol

(Yaoita and
Masao,
1998; Liu et
al., 2006)
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Table 1.3 (continued) Some phytochemicals previously isolated from 7. farfara

Classification Compound Parts of the plant  Reference
22. Bauerenol 23. Isobauerenol
Flower buds (Liu et al., 2006)

Flavonols R, R, R;

24. Kaempferol H H H

25. Rutin rut OH H

26. Hyperin gal OH H

27. Quercetin H OH H

28. Quercetin-3-O-arabinoside ara OH H

29. Kaempferol-3-O-arabinoside ara H H

30. Quercetin-4'-O-glucoside H OH glu

31. Kaempferol-3-O-glucoside glu H H

32. Kaempferol-3-O-rutinoside rut H H
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Table 1.3 (continued) Some phytochemicals previously isolated from 7. farfara

Classification Compound Parts of the plant  Reference
Alkaloids Q Flower buds (Luethy et al.,
\\ OR 1980; Roder
H S ! and
N Wiedenfeld,
B Ro
1981; Liu et al.,
2006)
Rs
R, R, R;
33. Tussilagine Me OH Me
34. Isotussilagine Me Me OH
OMe
N
Me 35. Senkirkine 36. 2-Methylpyrrolidine




Table 1.3 (continued) Some phytochemicals previously isolated from 7. farfara

Classification = Compound Parts of the plant  Reference
Phenolic OR, d Flower buds (Liu et al., 2007)
OH

derivatives

R400C OR; Caffeoyl =

X
OH OR; 5
R] Rz R3 R4

37. Methyl 3,4-O-dicaffeoylquinate Caffeoyl Cafteoyl H CH;

38. Methyl 3,5-O-dicaffeoylquinate Caffeoyl H Cafteoyl CH;

39. Methyl 4,5-O-dicaffeoylquinate H Caffeoyl Caffeoyl CH;

40. 3,5-O-Dicaffeoylquinic acid Caffeoyl H Caffeoyl H

41. Methyl 3-O-caffeoylquinate Caffeoyl H H CH;

42. 3-O-Caffeoylquinic acid Cafteoyl H H H
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1.3.3 Verbascum thapsus L.

1.3.3.1 Botanical description

V. thapsus L. is a hairy biennial plant from the Scrophulariaceae family. Its common
names include mullein, common mullein, great mullein, wooly mullein and white
mullein (Strange, 1977; Darwin, 1996). In its first year of growth, it produces a large
rosette of leaves up to 60 cm long, and the second year a single unbranched and stout
flowering stem 0.3-2.0 m tall is normally bolted from the rosette of leaves (Gross and
Werner, 1978). On flowering plants the thick and decurrent leaves are alternately
arranged up the stem, with much variable leaf shapes from oblong to oblanceolate
between the upper and lower leaves on the stem, and the leaves are gradually reduced
up the stem and densely woolly with branched hairs (Millspaugh, 1974). The hairs
are not confined to the leaves alone, but are also on every part of the stem, on the
calyces and on the outside of the corollas, which makes the whole plant appears
whitish or grey (Gross and Werner, 1978). Its small yellow flowers are densely
grouped on a tall stem, with five stamens, a 5-lobed calyx tube and a 5-petalled
corolla. The flowers are almost sessile with very short pedicles less than 2 mm and
slightly irregular with rotate corollas (Millspaugh, 1974). Stamens are irregular and
attached to the corolla, and three upper filaments are shorter and covered by yellow
or whitish hairs, while the lower two are longer and glabrous with larger anthers

(Gross and Werner, 1978).
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Figure 1.3 Whole plants of Verbascum thapsus L.

c:_http://en.wikipedia.org/wiki/File:Starr 040723-0030_Verbascum_thapsus.jpg (picture not copyright

protected)

1.3.3.2 Traditional uses

The plant has been used since ancient times as a remedy for the treatment of skin
disorders, inflammatory conditions, bleeding of the lungs and bowels, piles and
diarrhoea (Darwin, 1996). Mullein leaves and flowers have expectorant and
demulcent properties and preparations were traditionally employed to treat
repisratory tract-related disorders such as bronchitis, dry coughs, spasmodic cough,
whooping cough, asthma and TB (Grieve, 1981; Berk, 1996). In Europe, a sweetened
infusion of the flowers used to be a remedy against mild catarrhs and colic. Flowers
were also reputed for burns, erysipelas, and ringworms (Millspaugh, 1974; Grieve
1981). A leaf decoction was used traditionally as a cardiostimulant, while a root
decoction was used to alleviate toothaches, cramps, convulsions and migraines.
Crushed roots directly rubbed on skin were traditionally used to remove warts (Tyler,

1993; 1994).
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1.3.3.3 Previous chemical work on Verbascum thapsus L.

Previous studies regarding the chemical constituents of V. thapsus revealed the
presence of saponins, iridoids, iridoid glycosides, phenylethanoid glycosides,
flavonoids, steroids, sesquiterpenes, diterpenes and several phenolic acid derivatives

(Table 1.4).

1.3.3.4 Previous biological work on Verbascum thapsus L.

V. thapsus extracts and some isolated compounds showed antimicrobial activity. A
leaf methanolic extract displayed activity against Escherichia coli, Mycobacterium
phlei and S. aureus (McCutcheon et al., 1992) and antifungal activity against
Fusarium graminearum, Macrophomina phaseolina, Microsporum cookerii and M.
gypseum (McCutcheon et al., 1994; Vogt et al., 2010). Leaf aqueous extracts were
active against Klebsiella pneumoniae and S. aureus. An extract prepared from
flowers (treated with olive oil) was found effective against E. coli, K. pneumoniae,
Pseudomonas aeruginosa and S. aureus (Turker and Camper, 2002). The essential oil
obtained from the dried flowering aerial parts exhibited activity against Aspergillus
niger, Bacillus subtilis, P aeruginosa, Salmonella typhi and S. aureus

(Morteza-Semnaniab et al., 2012).

A decoction of flowers showed antiviral activity on A, and B-type influenza viruses
(Skwarek, 1979). A methanolic extract exhibited activity against the pseudorabies
virus strain RC/79 (PrV) (Escobar et al., 2012). Aucubin isolated from V. thapsus
was found to suppress the DNA replication of the hepatitis B virus (Chang, 1997). V.
thapsus extracts also displayed anthelmintic activity against roundworms (4scaridia

galli) and tapeworms (Raillietina spiralis) (Ali et al., 2012).

It was also reported that a methanolic extract of flowers improved wound healings by

reducing swelling and inflammation (Mehdinezhad et al., 2011). Verbascoside was
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found to inhibit the formation of 5-HETE and leucotriene B4 in human
polymorphonuclear leukocytes (Kimura et al., 1987), have anti-inflammatory activity
against D-galactosamine and lipopolysaccharide-induced hepatitis in mice (Xiong et
al., 1999), and suppress carrageenan-induced rat paw oedema (Schapoval et al.,
1998). Verbascoside was also reported to increase heart rate in perfused rats
(Pennacchio et al., 1999), but induce a dose-dependent decrease in systolic, diastolic,
mean arterial blood pressure and heart rate when administered intravenously to

normotensive pentothal anaesthetized rats (Ahmad et al., 1995).
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Table 1.4 Some phytochemicals previously isolated from V. thapsus

Parts of the plant Reference

Classification Compound

Saponins Saikogenin A (De-Pascual-Teresa ef al., 1980)

Fruit capsules

&\ 2
HOH,C' H

3-O-fucopyranosylsaikogenin F Aerial parts (Zhao et al., 2011)
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Table 1.4 (continued) Some phytochemicals previously isolated from V. thapsus

Classification Compound Parts of the plant

Reference

Thapsuine A Fruit capsules

OH

Hydroxythapsuine A Fruit capsules

(De-Pascual-Teresa et al., 1980)

(De-Pascual-Teresa et al., 1980)
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Table 1.4 (continued) Some phytochemicals previously isolated from V. thapsus
Classification Compound Parts of the plant Reference
Iridoids Jioglutolide Aerial parts (Zhao et al., 2011)

Genipin Whole plant (Hussain et al., 2009)
B-Gardiol Whole plant

(Hussain et al., 2009)

HO

/\\\\\\‘"

(o)) ",
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Table 1.4 (continued) Some phytochemicals previously isolated from V. thapsus

Classification Compound Parts of the plant Reference

a-Gardiol Whole plant (Hussain et al., 2009)

Iridoid glycosides ~ Aucubin Whole plant, Roots (Khuroo et al., 1988; Pardo et al.,
HO H 1998)
X
o}
HO H
OGlc
Ajugol Whole plant, Roots, Aerial (Warashina et al., 1991; Pardo et al.,
parts 1998; Hussain et al., 2009; Zhao et
al.,2011)

OGlc
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Table 1.4 (continued) Some phytochemicals previously isolated from V. thapsus

Classification Compound Parts of the plant

Reference

Catalpol Whole plants

OGlc

Harpagoside Whole plant, Roots, Aerial parts

OGlc

Laterioside Whole plant, Roots,

OCilc

(Seifert et al., 1985)

(Warashina et al., 1991; Pardo et
al., 1998; Hussain et al., 2009;
Zhao et al., 2011)

(Warashina et al., 1991; Pardo et
al., 1998; Hussain et al., 2009)
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Table 1.4 (continued) Some phytochemicals previously isolated from V. thapsus

Classification = Compound Parts of the plant

Reference

Picroside Whole plant

° s
O
HO OH OH
OH
Phenylethanoid Verbascoside Whole plant
glycosides
HO OH
° o] o] OH
HO OH

HO

OH

(Hussain et al., 2009)

(Hussain et al., 2009)
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Table 1.4 (continued) Some phytochemicals previously isolated from V. thapsus

Classification Compound Parts of the plant Reference
Arenarioside Whole plant (Warashina et al., 1992)
Alyssonoside Whole plant (Warashina et al., 1992)

o or
o
or
ro o
o or
FaCO:@\/\H/ o
o
o o or
Ho. OH
o
Ho

OH
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Table 1.4 (continued) Some phytochemicals previously isolated from V. thapsus

Classification Compound Parts of the plant

Reference

Leucosceptoside B Whole plant
Hdcr
F5CO
rﬂon/\n/cjik A/@w
o]
HC OH
C
C
.

Cistanoside B Whole plant

OH
HO
OH
HO.
C cr
HCOJQ\/Y
c
c CChs
HO o
o
HO
cr

o
C
C
Cr
C
)
C

(Warashina et al., 1992)

(Warashina et al., 1992)
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Table 1.4 (continued) Some phytochemicals previously isolated from V. thapsus

Classification Compound Parts of the plant Reference

Forsythoside B Whole plant (Warashina et al., 1992)
Flavonoids Verbacoside Whole plant (Mehrotra et al., 1989)

Apigetrin Aerial parts (Zhao et al., 2011)

OF

OF

m
pearen
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Table 1.4 (continued) Some phytochemicals previously isolated from V. thapsus

Classification Compound Parts of the plant Reference

Amentoflavone Whole plant (Hussain et al., 2009)

Luteolin Whole plant, Aerial parts (Zhao et al., 2011)

Steroids Ergosta-7-en-3-$-ol Fruit capsules (De-Pascual-Teresa et al., 1978Db)

HO
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Table 1.4 (continued) Some phytochemicals previously isolated from V. thapsus

Classification

Compound Parts of the plant Reference

240-methyl-5a-cholestan-3-one Whole plant (Khuroo et al., 1988)

QO

240-ethyl-5a(p)-cholestan-3-one Whole plant (Khuroo et al., 1988)
e

Qo
H

24a-ethyl-5a-cholestan-7-en-3-one Whole plant (Khuroo et al., 1988)
e
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Table 1.4 (continued) Some phytochemicals previously isolated from V. thapsus

Classification Compound Parts of the plant Reference
24a-ethyl-50(p)-cholestan-22-en-3-one Whole plant (Khuroo et al., 1988)
e
N
24a-ethyl-5a-cholestan-A” **-dien-3-one Whole plant (Khuroo et al., 1988)
e

a-Spinasterol Fruit capsules (De-Pascual-Teresa et
1978a)

HO

al.,
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Table 1.4 (continued) Some phytochemicals previously isolated from V. thapsus

Classification Compound Parts of the plant Reference
Sesquiterpens/ Buddlinderterpene A Whole plant (Hussain et al., 2009)
Diterpenes Q
Buddlinderterpene B Whole plant (Hussain et al., 2009)
@)
N
Buddlinderterpene C Whole plant (Hussain et al., 2009)
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1.4 Aims and Objectives

The purpose of this study was to phytochemically investigate three medicinal plants

(4. lappa, T. farfara and V. thapsus) and test some of the isolated compounds for

antibacterial activity. The plant parts investigated were selected on the basis of their

traditional use in the treatment of infectious diseases, including TB.

The objectives of the work were to:

develop suitable methods to purify phytochemicals from selected plant
extracts, using techniques such as thin layer chromatography, vacuum
liquid chromatography, open column chromatography, size exclusion
chromatography and preparative thin layer chromatography;

elucidate the structures of isolated compounds using 'H and "C nuclear
magnetic  resonance, including extensive two-dimensional 'H-'H
homonuclear (COSY, NOESY, TOCSY) and 'H-">C heteronuclear (HMBC,
HSQC) experiments and mass spectrometry;

screen extracts and some isolated compounds for activity against two
microorganisms (M. tuberculosis and Methicillin-resistant S. aureus) using

agar dilution and broth microdilution assays.
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CHAPTER 2

MATERIALS AND METHODS



2 Materials and methods

2.1 General

2.1.1 Solvents

n-Hexane (HPLC grade)
Dichloromethane (HPLC grade)
Ethyl acetate (HPLC grade)
Methanol (HPLC grade)
n-Butanol (HPLC grade)
Acetone (HPLC grade)

Acetic acid (Analytical grade)

Solvents listed above were used during different process of extraction,

chromatographic separation and analytical TLCs. They were obtained in 2.5 L glass

bottle from Fisher Scientific UK Ltd. All the solvents were stored at room

temperature and transferred to 500 mL solvent bottles for routine use.

Deuterated (99.9%) solvents (CDCl;, DMSO-d¢, CD;OD and Acetone-ds) were

purchased from Sigma-Aldrich UK Ltd, and they were used for the NMR analysis.

2.1.2 Reagents and chemicals

p-Anisaldehyde (Sigma-Aldrich, UK)

Vanillin (BDH, UK)

Dragendorf’s reagent (Sigma-Aldrich, UK)

TLC grade silica gel coated aluminum sheet (Precoated Silica gel PFasa,
Merck, Germany)

Silica gel 60 PF,s4 containing gypsum for preparative TLC (Merck,
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Germany)

» TLC grade silica gel 60H (Merck, Germany)

* Column grade silica gel (Silica gel 60, mesh size 0.063-0.200mm, Merck,
Germany)

* Lipophilic Sephadex® (LH-20100, Sigma-Aldrich, UK)

* Vancomycin (Sigma-Aldrich, UK)

* Oxacillin (Sigma-Aldrich, UK)

= MTT (Sigma-Aldrich, UK)

2.1.3 Plant materials

Dried aerial parts of 4. lappa, T. farfara and V. thapsus were purchased from
GBaldwin & Co (London, UK). The plants were ground to a fine power using a

grinder (IKA® Werke GmbH & Co. KG, Germany) for extraction.

2.2 Extraction and partitioning

The plant material (around 1 kg) was extracted in a Soxhlet apparatus using solvents
of increasing polarity starting with n-hexane and followed by ethyl acetate and
methanol (3.5 L each). Each extraction stage was carried out to exhaustion. All
extracts obtained were evaporated at 40°C under vacuum using a rotary evaporator.
Hexane and ethyl acetate extracts obtained were stored at -20°C prior to analysis.
The methanol extract was re-dissolved in a solution of 2.5% ethanol in distilled water
and partitioned sequentialy with dichloromethane and n-butanol to afford three
phases. Dichloromethane and n-butanol phases were first dried over anhydrous
sodium sulphate and then evaporated using rotary evaporator. The remaining aqueous

phase was freeze dried. All dried phases were stored at -20°C in glass flasks or
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beakers.

2.3 Chromatographic techniques

Several chromatographic techniques were used for the isolation of compounds from

crude extracts.

2.3.1 Thin layer chromatography

Thin layer chromatography (TLC) was used to 1) screen the plant material for the
presence of compounds; ii) determine the best eluting system for column
chromatography and iii) monitor fractions during column chromatography. Plant
extracts, fractions or pure compounds were dissolved in an appropriate solvent and
spotted approximately lcm above the bottom edge of a TLC plate. Spots were
applied as bands to allow for an easy and accurate visualisation and the bands were
kept as narrow as possible to reduce the overlapping of compounds. Solvent
combinations of n-hexane/dichloromethane, n-hexane/ethyl acetate or ethyl
acetate/methanol were used as mobile phases depending on the expected polarity of

the sample under analysis.

Plates were first examined under UV light using short (A=254 nm) and long
wavelengths (A=366 nm). Short UV is useful to detect aromatic compounds while
compounds with conjugated double bonds are visible under long UV light. Then
plates were sprayed with either anisaldehyde-sulphuric acid or vanillin-sulphuric acid
reagents which allow visualisation of most compounds (phenols, terpenes, sterols,
pigments and sugars) or with Dragendorff’s reagent for alkaloids. Various colours

were observed after spraying with anisaldehyde-sulphuric acid or vanillin-sulphuric
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acid reagent and heating for 1~2 minutes with a hotgun. Alkaloids were detected as
orange spots against a yellow background after treating with Dragendorff’s reagent

(Sherma and Fried, 1996).

2.3.2 Vacuum liquid chromatography

Vacuum liquid chromatography (VLC) was performed in a sintered glass funnel
attached to a water pump. Silica gel 60H (TLC grade) was loaded into the funnel and
vacuum was applied to compress silica gel to a hard layer. The least polar solvent
was allowed to run through the column to check whether the column was

homogenously packed.

Samples were dissolved in an appropriate solvent, absorbed on a small amount of
silica gel 60 (mesh size 0.063~0.200 mm) and dried to achieve a free flowing powder.
The powder was loaded and packed as a uniform thin layer on the top of the
compressed silica gel column and the thin layer was covered with filter paper. The
column was eluted starting with n-hexane followed by ethyl acetate/n-hexane
mixtures of increasing polarity and finally with mixtures of ethyl acetate and
methanol. The column was allowed to dry completely between fractions to improve
resolution and separation of compounds. Each fraction was collected, evaporated to
dryness at 40°C under vacuum using a rotary evaporator. Then the fractions were
checked by TLC and pooled according to similar chemical profiles (Coll and

Bowden, 1986; Pelletier ef al., 1986).

2.3.3 Size exclusion chromatography

Gel Filtration (GF) or molecular sieve chromatography is a form of liquid

chromatography in which molecular can be separated according to their molecular
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size. Lipophilic Sephadex® LH20100 was used for this purpose. When solvent
passes through a Sephadex® column, small molecules have a greater tendency to
diffuse into the porous gel particles so remain trapped in the column and elute after

bigger molecules.

For non-polar fractions, Sephadex® was soaked in a solution of 5% n-hexane in
dichloromethane or 50% dichloromethane in methnol for several hours. The slurry
was then poured and packed in glass chromatography column of appropriated size.
Samples were dissolved in a small volume of 5% n-hexane in dichloromethane or
50% dichloromethane in methnol solution. The concentrated sample was loaded at
the top of the column. Elution was started with 5% n-hexane in dichloromethane or
50% dichloromethane in methnol. If needed, elution was continued with 100%
dichloromethane or 100% methanol, respectively. For relatively polar fractions,
Sephadex® was soaked in methanol and the column was then eluted with the same
solvent. When column finished, Sephadex® was washed several times with methanol
and kept dried for re-use (Determann and Brewer, 1975; Kremmer and Boross,

1979).

2.3.4 Silica gel column chromatography

Open Column Chromatography (CC) was performed on silica gel 60 (mesh size
0.063~0.200 mm). The column was packed using the wet packing technique. Silica
gel 60 was made into slurry using the least polar solvent of the eluting system and
then poured and packed in a glass chromatography column of appropriate size. Air
bubbles were eliminated by taping. Excess solvent was allowed to run through and
the column was left to settle down. Samples were dissolved in a suitable solvent and
adsorbed on a small amount of silica gel 60 (mesh size 0.063~0.200 mm), then

loaded at the top of the column. A cotton plug or filter paper was applied over the
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sample to prevent any distortion when the solvent drops came from solvent reservoir.
Elution was carried out either isocratically or using a gradient. The collected
fractions were analyzed by TLC and pooled according to similar chemical profiles

(Ravindranath, 1989; Braithwaite and Smith, 1996).

2.3.5 Preparative thin layer chromatography

Preparative thin layer chromatography (PTLC) was mostly used when compounds
reuired to be purified from fractions in low amounts. TLC plates of 0.5 mm thickness
were prepared by vigorously mixing 20 g of silica gel (silica gel 60 PF,s4 containing
gypsum) with 40 mL of distilled water (normally a ratio of 1:2) and applying the
paste as a thin layer to glass plates with a TLC applicator. The plates were allowed to

air dry and then activated in an oven at 76°C.

Samples to be purified were dissolved in a suitable solvent and spotted on the
prepared plates as a narrow streak about 2.5 cm from the bottom. The plate was
allowed to dry and then developed in an appropriate solvent system. After drying, the
plate was observed under UV light (sometimes sprayed at one side with a suitable
reagent) and compounds were marked for collection and carefully scraped with a
spatula. Compounds were recovered from the silica gel by washing the silica gel
through a cotton wool or filter paper with n-hexane, ethyl acetate and methanol

(Sherma and Fried, 1996).
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2.4 Isolation protocols

A. lappa aerial parts (988.0 g)
Successive Soxhlet extraction with n-hexane (3.5 L)

n-Hexane extract (30.0 g)

VLC
TLC

Fraction 2~5 (2.8 g), 98~90% n-hexane in ethyl acetate
GF
TLC

Fraction 7~22 (2.3 g)
CcC
TLC

l i i

Fraction 1~41, 100~95%  Fraction 42~48  Fraction 72~78  Fraction 97~132, 90%
n-hexane in ethyl acetate (1.0 g), 90% (60.0 mg), 90%  n-hexane in ethyl acetate

AL1 (156.9 mg) n-hexane in ethyl 7-hexane in ethyl AL2 (43.3 mg)
acetate acetate
CcC GF
\L TLC l TLC
Fraction 11~14, 95% n-hexane  Fraction 19~25
in ethyl acetate AL3 (41.8 mg)

AL4 (97.4 mg)

VLC: eluted with 100% n-hexane, increasing polarity by gradual increase of ethyl acetate
followed by methanol, 400 mL of each solvent mixture used, column size 13 cm (diameter) X10
cm (height); GF: eluted with 5% n-hexane in dichloromethane, around 2 mL collected for each
fraction, column size 2 cm (diameter) X100 cm (height); CC: eluted with 100% n-hexane,
increasing polarity by gradual increase of ethyl acetate, 300~500 mL of each solvent mixture
used, “large” volume collected for the first several fractions and then roughly 4 mL collected for
each fraction, column size 4 cm (diameter) X60 cm (height); TLC: pooling fractions with

similar chemical profiles.

Protocol 1: Isolation of compounds from the n-hexane extract of A. lappa
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A. lappa aerial parts (988.0 g)

Successive Soxhlet extraction with
ethyl acetate (3.5 L)

Ethyl acetate extract (30.0 g)

VLC
TLC

Fraction 15A (2.0 g), 70% ethyl acetate in methanol
GF
TLC

Fraction 91~125 solid, AL6 (42.7 mg)
VLC: eluted with 100% n-hexane, with the gradual increase of ethyl acetate, followed
by the increase of methanol, 300 mL of each solvent mixture used and each solvent
mixture repeated three times, column size 13 cm (diameter) X10 cm (height); GF: eluted

with 100% methanol and aroud 2 mL collected for each fraction, column size 2 c¢cm

(diameter) X100 cm (height); TLC: pooling fractions with similar chemical profiles.

Protocol 2: Isolation of compounds from the ethyl acetate extract of A. lappa
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A. lappa aerial parts (988.0 g)
Successive Soxhlet extraction with methanol (3.5 L)

Methanol extract (40.0 g)

Liquid-liquid partitioning with 300 mL

dichloromethane and repeated three times
Dichloromethane phase (5.1 g)
VLC
TLC
Fraction 6 (1.0 g), 50% n-hexane
in ethyl acetate

GF'
TLC

Fraction 34~44
CcC
TLC
Fraction 5~6, 75% Fraction 10~1 8 (45.0 mg), 70%
n-hexane in ethyl acetate n-hexane in ethyl acetate
AL13 (8.9 mg) GF?
\L TLC

Fraction 14-19
AL14 (25.5 mg)

VLC: eluted with 100% n-hexane, with the gradual increase of ethyl acetate, 200 mL of each
solvent mixture used and each solvent mixture repeated twice, column size 4 cm (diameter) X16
cm (height); GF': eluted with 100% methanol and around 2 mL collected for each fraction,
column size 2 cm (diameter) X100 cm (height); GF*: eluted with 100% ethyl acetate and around
1 mL collected for each fraction, column size 1 cm (diameter) X30 cm (height); CC: eluted with
100% n-hexane, increasing polarity by gradual increase of ethyl acetate, 50~300 mL of each
solvent mixture used and roughly 1~2 mL collected for each fraction, column size 1 cm

(diameter) X30 cm (height); TLC: pooling fractions with similar chemical profiles.

Protocol 3: Isolation of compounds from the dichloromethane phase of

A. lappa methanol extract
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A. lappa aerial parts (988.0 g)

Successive Soxhlet extraction with methanol (3.5 L)

Methanol extract (40.0 g)

Liquid-liquid partitioning with 300 mL

n-butanol and repeated three times

n-Butanol phase (13.5 g)

VLC
J/ TLC \L \L
Fraction 4~6 (1.5 g), Fraction 7~9 (2.5 g), Fraction 11 solid (220.0
0~10% methanol in 15~25% methanol in mg), 40% methanol in
ethyl acetate ethyl acetate ethyl acetate
GF CcC GF
TLC TLC TLC
l l \L Fraction 28~30 solid Fraction
. _ . 10% methanol in 53~61
Fraction  Fraction  Fraction ethyl acetate AL12
30~34 58~64 65~73 AL10 (45.0 mg)
AL7 ALS AL9 (18.0 mg)

(18.0mg) (1.0mg) (3.0 mg)

VLC: eluted with 50% n-hexane in ethyl acetate, with the gradual increase of ethyl acetate
followed by methanol, 300 mL of each solvent mixture used and each solvent mixture repeated
twice, column size 13 cm (diameter) X10 cm (height); GF: eluted with 100% methanol and
around 2 mL collected for each fraction, column size 2 cm (diameter) X100 cm (height); CC:
eluted with 100% ethyl acetate, increasing polarity by gradual increase of methanol, 200 mL of
each solvent mixture used and roughly 4 mL collected for each fraction, column size 4 cm

(diameter) X60 cm (height); TLC: pooling fractions with similar chemical profiles.

Protocol 4: Isolation of compounds from the n-butanol phase of A. lappa

methanol extract
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T. farfara aerial parts (995.0 g)

Successive Soxhlet extraction with n-hexane (3.5 L)

n-Hexane extract (23.0 g)

VLC
TLC
Fraction 7A (1.3 g) Fraction 13 (570.0 mg)
70% n-hexane in ethyl acetate 20% n-hexane in ethyl acetate
GF GF
TLC TLC
Fraction 37~39 Fraction 59~60
TF1 (99.7 mg) TF2 (10.8 mg)

VLC: eluted with 100% n-hexane, increasing polarity by gradual increase of ethyl
acetate, 400 mL of each solvent mixture used and each solvent mixture repeated twice,
column size 13 cm (diameter) X10 cm (height); GF: eluted with 5% n-hexane in
dichloromethane and around 2 mL collected for each fraction, column size 2 cm

(diameter) X100 cm (height); TLC: pooling fractions with similar chemical profiles.

Protocol 5: Isolation of compounds from the n-hexane extract of 7. farfara
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T. farfara aerial parts (995.0 g)

Successive Soxhlet extraction with

ethyl acetate (3.5 L)

Ethyl acetate extract (14.0 g)

VLC
TLC

Fraction 7 (540.0 mg)
40% n-hexane in ethyl

Fraction 9 (740.0 mg)
20% n-hexane in ethyl

Fraction 13 (2.7 g)
20% methanol in

acetate acetate ethyl acetate
GF GF GF
TLC TLC TLC

Fraction Fraction Fraction Fraction
71~74 75 85~92 105
TF5 TF4 TF3 TF7

(27.6 mg) (1.0mg) (42.2mg) (1.0 mg)

Fraction Solid found in  Fraction 88~95

123~126  the column solid
TF6 TF8 TF9

(4.0 mg)  (110.0 mg) (12.1 mg)

VLC: eluted with 100% n-hexane, with the gradual increase of ethyl acetate, followed

by the increase of methanol, 400 mL of each solvent mixture used and each solvent

mixture repeated twice, column size 13 cm (diameter) X10 cm (height); GF: eluted with

100% methanol and around 2 mL collected for each fraction, column size 2 cm

(diameter) X100 cm (height); TLC: pooling fractions with similar chemical profiles.

Protocol 6: Isolation of compounds from the ethyl acetate extract of 7. farfara
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T. farfara aerial parts (995.0 g)

Successive Soxhlet extraction with methanol (3.5 L)

Methanol extract (91.0 g)

Liquid-liquid partitioning with dicholoromethane
and n-butanol (500 mL each) and each solvent

repeated three times

Dichloromethane phase (5.0 g) n-Butanol phase
VLC Evaporation
TLC
Fraction 6 (450.0 mg)
50% n-hexane in ethyl
acctate Solid 1 (1.3 g) Solid 2 (694.0 mg)
GF
TLC GF GF
TLC TLC
Fraction 25~28 Fraction 44~47 (103.9 mg) Fraction 45~49
TF12 (3.3 mg) F TF10 (18.2 mg)
TLC

Fraction 6~14

TF11 (45.1 mg)
VLC: eluted with 100% n-hexane, with the gradual increase of ethyl acetate, followed
by the increase of methanol, 300 mL of each solvent mixture used and each solvent

mixture repeated twice, column size 7 cm (diameter) X15 cm (height); GF: eluted with
100% methanol and around 2 mL collected for each fraction, column size 2 cm

(diameter) X100 cm (height); TLC: pooling fractions with similar chemical profiles.

Protocol 7: Isolation of compounds from the methanol extract of 7. farfara
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V. thapsus aerial parts (998.0 g)
Successive Soxhlet extraction with n-hexane (3.5 L)

n-Hexane extract (10.6 g)

VLC
TLC

Fraction 6A (550.0 mg)
80% n-hexane in ethyl acetate

GF
TLC

Fraction 31~43
VT1 (81.7 mg)

VLC: eluted with 100% n-hexane, with the gradual increase of ethyl acetate, followed
by the increase of methanol, 500 mL of each solvent mixture used and each solvent
mixture repeated three times, column size 7 cm (diameter) X15 cm (height); GF: eluted
with 50% dichloromethane in methanol and around 2 mL collected for each fraction,
column size 2 cm (diameter) X100 cm (height); TLC: pooling fractions with similar

chemical profiles.

Protocol 8: Isolation of compounds from the n-hexane extract of V. thapsus
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V. thapsus aerial parts (998.0 g)
J/ Successive Soxhlet extraction with ethyl acetate (3.5 L)

Ethyl acetate extract (18.6 g)

VLC
TLC
Fraction 4 (498.4 mg) Fraction 5 (305.7 mg) Fraction 7B (333.3 mg) Fraction 10 (602.7 mg) Fraction 12B (2.0 g)
70% n-hexane in ethyl acetate 60% n-hexane in ethyl 40% n-hexane in ethyl ~ 10% n-hexane in ethyl ~ 20% methanol in
1
GF acetate acetate acetate ethyl acetate
TLC GF' GF'
¢ l TLC TLC GF' GF’
Fraction 10~22 TLC TLC
Fraction 45
PTLC s , ,
\4 Fraction  Fraction Fraction Fraction Fraction 76~85 Fraction 38~42 Fraction 55~59
(334mg) 2935 58~60  64~67 25~40 VT2 (80.0mg) VT4 (218.8mg) VT11 (150.8 mg)
VT6 V17 VT10 VTS VT9 VT3
(35.4mg) (10.4 mg) (44.5mg) (3.6 mg) (1.0 mg) (42.5 mg)

VLC: eluted with 100% n-hexane, with the gradual increase of ethyl acetate, followed by the increase of methanol, 400 mL of each solvent mixture used
and each solvent mixture repeated twice, column size 7 cm (diameter) X15 cm (height); GF': eluted with 50% dichloromethane in methanol and around 2
mL collected for each fraction, column size 2 cm (diameter) X100 cm (height); GF*: eluted with 100% methanol and around 2 mL collected for each
fraction, column size 2 cm (diameter) X100 cm (height); PTLC: Plates were developed twice in 80% n-hexane in Ethyl acetate (200 mL); TLC: pooling
fractions with similar chemical profiles.

Protocol 9: Isolation of compounds from the methanol extract of V. thapsus
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V. thapsus aerial parts (998.0 g)

Successive Soxhlet extraction with methanol (3.5 L)

Methanol extract (90.0 g)

Liquid-liquid partitioning with dicholoromethane
and n-butanol (400 mL each) and each solvent

repeated three times

Dichloromethane phase (7.3 g) n-Butanol phase (35.0 g)
VLC VLC
TLC TLC

Fraction 7~9 (606.8 mg)

1
?Iljc Fraction 7~9 Fraction 12 (1.9 g)
80~100% ethyl acetate 15% methanol in
Fraction 50~60 in n-hexane ethyl acetate
VT2 (60.0 mg) VT2 (1.5¢g) GF?
TLC

Fraction 12~27
VT11 (200.0 mg)

VLC: eluted with 100% n-hexane, with the gradual increase of ethyl acetate, followed
by the increase of methanol, 500 mL of each solvent mixture used and each solvent
mixture repeated twice, 7 cm (diameter) X15 cm (height); GF': eluted with 50%
dichloromethane in methanol and around 2 mL collected for each fraction, column size 2
cm (diameter) X100 cm (height); GF* eluted with 100% methanol, around 2 mL
collected for each fraction, column size 2 cm (diameter) X100 cm (height); TLC:

pooling fractions with similar chemical profiles.

Protocol 10: Isolation of compounds from the methanol extract of V. thapsus

76



2.5 Structure elucidation

2.5.1 NMR spectroscopy

1D and 2D 'H and *C NMR experiments were carried out on a JEOL (JNM LA400)
400 MHz and a Bruker 500 or 400 MHz instruments. NMR tubes (5 mm) purchased
from Wilmad-labglass were used for routine NMR experiments. Samples were
dissolved in about 0.6 mL of suitable deuterated solvent and taken in NMR tubes.
Adding too little or too much of solvent was avoided to prevent shimming problems

and long experimental hours, respectively.

The identification of pure compounds was first carried out by one dimensional 'H
and C NMR spectroscopy. Spectra obtained for known compounds were identified
following comparison with published spectral data. Further 2D experiments were
carried out when necessary to accurately assign proton and carbon chemical shifts

and determine relative stereochemistry in some cases.

2.5.1.1 '"H NMR

'H NMR experiment was carried out for all compounds isolated and was used as the
primary means of structural identification. It provided information on the protons
present in the molecule, their chemical shifts, multiplicity (coupling information) and
estimated numbers from the integration. The spectra obtained were used to assess the
purity of any isolated compounds. The "H NMR was also used to detect the relative
molar ratio of any components present as a mixture (Breitmaier, 1993; Williams and

Fleming, 2008).
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2.5.1.2 3C NMR

This gave information on the number and type of carbons present in a compound.
The spectra obtained were either broad band-decoupled or J-modulated. In broad
band-decoupled spectra, the 'H nuclei are irradiated during the "*C acquisition so all
protons are fully decoupled from the °C nuclei. When this is done each distinct *C

environment in the molecule gives rise to a separate singlet signal.

The J-modulated experiment helps distinguish the carbons according to the extent of
their proton attachments (C, CH, CH, and CHj). DEPT spectrum is a pulse
sequenced experiment that transforms the information of CH signal multiplicity and
spin-spin coupling into phase relationship (Becconsall, 2005). In a DEPT 135
spectrum, CH3 and CH are directed towards the positive phase of the spectrum while
CH,; is facing the negative phase. A DEPTQ 135 spectrum is the same as a DEPT 135
spectrum except the quaternary carbons are present and 180 degree out of phase with
respect to the CH/CHj; carbons. The obvious advantage of the DEPTQ 135 spectrum
over a standard broad band-decoupled carbon spectrum is that using this technique it
is possible to distinguish C/CH; carbons from CH/CHj; carbons in one experiment.
The other advantage is that it is 4 times more sensitive as it uses 'H-'">C polarization

transfer (Breitmaier, 1993; Becconsall, 2005).

2.5.1.3 Correlation spectroscopy (COSY)

This 2D experiment gives 'H-"H coupling in a molecule and it is possible to reveal
all coupling relationships in one experiment using a suitable pulse sequence. The
proton shifts are plotted on both axes with the contour plot along the diagonal of the
square, and the correlations are shown as cross peaks with the diagonal

corresponding to the ordinary 'H NMR spetrum. Thus the cross peaks refer to the

78



spin-spin coupled protons. The correlations observed are due to germinal (3/) and
vicinal (*J) protons. But */ and °J couplings or allylic couplings can also be observed

in a COSY spectrum (Breitmaier, 1993; Williams and Fleming, 2008).

2.5.1.4 Heteronuclear Single Quantum Correlation (HSQC)

This 2D 'H-"C experiment shows one-bond ('J) direct correlations. The pulse
sequence applied in this experiment uses a time delay set to 1/2J where J is the value
similar to that of one-bond 'H-">C coupling. In an HSQC spectrum, the 'H and "*C
(or DEPT) spectrum is plotted along the abscissa and ordinate, respectively (or vice
versa). Cross-peaks indicate proton and carbons that are directly connected to each

other (Claridge, 2006; Williams and Fleming, 2008).

2.5.1.5 Heteronuclear Multiple Bond Correlation (HMBC)

The spectra obtained from this experiment reveal heterounclear shift correlations via
long-range couplings (*Jcy and *Jcr). The proton spectrum is arranged on one axis
and the carbon on the other, and the correlations are displayed as cross peaks. The
time delay (1/2J) used in the pulse sequence is kept such that to J value in the range
of *Jey and *Jep. Unless otherwise stated, the HMBC experiment carried out for
different samples in the present study used a time delay of 0.07s (e.g. Jcp=7Hz).
Since this pulse programme uses 'H-">C polarization transfer, the detection is four
times more sensitive than a °C NMR experiment (Breitmaier, 1993; Claridge, 2006;

Williams and Fleming, 2008).

2.5.1.6 Nuclear Overhauser Enhancement spectroscopy (NOESY)

In this experiment, all correlations between protons showing Nuclear Overhauser

Effect (NOE) are recorded two-dimensionally. A NOESY spectrum measures 'H-'"H
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interactions arising from through space dipolar coupling. The spectrum obtained is
similar to a COSY spectrum (scalar through bonds coupling), but a correctly-phased
NOESY spectrum will show cross-peaks representing NOE correlations. The
NOESY experiment is useful in determining compound structure and relative

stereochemistry (Williams and Fleming, 2008).

2.5.1.7 Total Correlation Spectroscopy (TOCSY)

A TOCSY helps identifying networks of mutually-coupled protons. The
magnetisation of the first proton in the spin system is transferred to the next and so
forth in a relay manner, until the network is blocked by a quaternary carbon or
another atom, magnetisation can no longer be relayed to the protons on the side.
Therefore, a whole network of protons can be detected by tracing the cross-peaks
arising from specific protons. The relay distance is dependent on the mixing time
(Williams and Fleming, 2008). The spectrum generated resembles a COSY spectrum.
In this study, the TOCSY experiment was used to assist in the assignment of the

disaccharide protons of compound VT11.

2.5.2 Mass spectrometry

High resolution electron impact (HREI) mass spectra were recorded on a JEOL
S05HA spectrometer using direct probe at elevated temperature (110~160°C) at 70
eV. Positive ion and negative ion mode ESI experiments were performed on a
Thremo Finnigan LCQ-Decaiontrap or Orbitrap HRESI mass spectrometer (mass
analyser set up at 100,000 ppm, externally calibrated at 3 ppm). In this study, the
choice of any particular mode was mainly based on the polarity of isolated

compounds. Generally, positive ion HRESI-MS analysis was chosen for less polar
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compounds, and negative ion HRESI mode was selected for relatively more polar
(e.g. phenolic) componds. According to the polarity, samples were dissolved in
acetonitrile, methanol or water (HPLC grade) or in a binary mixture of these solvents
to get a concentration of 100 pg/mL. Sample solution (10~20 uL) was injected along
with a direct infusion of 0.1% formic acid in acetonitrile: water (90:10) at a flow rate
of 200 uL/min. The main parameters used for mass spectral analysis are presented in
Table 2.1. MS data acquisition was carried out by Dr. Tong Zhang and Dr. Gavin

Blackburn.

Table 2.1 Main parameters for the ESI mass spectral analysis*

Attribute Positive mode Negative mode
Capillary Temp (°C) 220.00

Sheath Gas flow (bar) 30.00

Auxiliary Gas flow (bar) 10.00

Source voltage (kV) 4.00 3.10
Source current (LA) 100.00

Capillary voltage (V) 35.50 -48.00
Tube Lens (V) 90.00 -145.00

*May vary slightly from experiment to experiment
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2.6 Antibacterial screening

2.6.1 Screening against Mycobacterium tuberculosis

2.6.1.1 Spot-culture growth inhibition assay

A high-throughput version of the spot culture growth inhibition (SPOTi) assay
(Evangelopoulos and Bhakta, 2010; Gupta and Bhakta, 2012; Guzman et al., 2013)
was used by Dr. Dimitrios Evangelopoulos and Dr. Sanjib Bhakta (Department of

Biological Sciences, University of London, UK) for M. tuberculosis screening.

M. tuberculosis H3;Rv (ATCC27294) was initiated from a cryopreserved glycerol
stock, passaged twice for growth uniformity and grown at 37°C in 10 mL
Middlebrook 7H9 liquid medium supplemented with 10% (v/v) oleic
acid/albumin/dextrose/catalase until the log phase (OD600~0.7). Mycobacterial
cultures were first checked for quality control using cold Ziehl-Neelsen staining. The
mycobacterial suspension was then prepared by dilution to achieve 1x10° CFU/mL

inoculum for further use.

Extracts/compounds were dissolved in DMSO. Serial dilution was performed in a
sterile, thin 96-well frosted subskirted microtitre plate. A column containing only
DMSO was also included as negative control. 2 puL of each of the diluted
extracts/compounds were then transferred into sterile 96-well plates. The plates were
filled up to 200 pL with Middlebrook 7H10 agar medium enriched with 10% (v/v)
oleic acid/albumin/dextrose/catalase. The agar-based media were prevented from
solidifying by using a hot plate at 50°C with constant stirring. The distribution of the
agar media into the 96 wells was achieved using the MultidropCombi microplate
dispenser (Thermo-Fisher Scientific). Plates were dried and 2 pL prepared

mycobacterial suspension was spotted (10° CFU/mL) at the centre of each well by
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either the use of a single pipettor or by using the MultidropCombi. The plates were
then swirled and left with the cover open for 5 min to absorb the culture within the

medium. Then the plates were incubated in sealed bags at 37°C for 2 weeks.

MICs were determined as the lowest concentration of extracts/compounds showing
no visible mycobacterial growth. The first-line anti-TB drugs isoniazid and

rifampicin were included as antibiotic controls.

2.6.1.2 Microplate Alamar Blue assay

The activity against M. tuberculosis H3;Rv (ATCC 27294) was also assessed by MS
Baojie Wan ( ITR, Chicago, USA) according to a method based on the microplate
Alamar Blue assay (MABA) (Collins and Franzblau, 1997).

Stock solutions of extracts/compounds were prepared in DMSO and added, at a
concentration of 100 or 50 pg/mL, to two wells of a microplate containing
Middlebrook 7H12 broth. One well was inoculated with broth containing 2x10*
CFU/mL M. tuberculosis H37;Rv. The second well received only media in order to
assess background fluorenscence. Isonizid, rifampicin, streptomycin, capreomycin
and PA-824 (a nitroimidazopyran-derived experimental antitubercular drug candidate)
were included as antibiotic controls. Additional controls consisted of growth control
(bacteriatDMSO) and sterility control (media only). For MICs, tow-fold serial
dilutions were performed in 7H12 media. Each microplate was incubated for 5 days
at 37°C in a 5% CO; atmosophere in a sealed plastic bag. After 5 days of incubation
at 37°C, one control growth was developed with a mixture of Alamar Blue solution
(20 pL) (Trek Diagnostics, Westlake Ohio, USA) and sterile 10% Tween 80 (12 puL).

The plates were re-incubated at 37°C for 24 h.
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After this, if the well turned pink, the dye mixture was placed in to all wells and the
paltes were re-incubated for an additional 34 h. The mean fluorescence units (FU) of
media-only wells were subtracted from all other wells. Each sample was assayed in
duplicate. Results were expressed in terms of percentage of inhibition defined as

follows:

test well FU
mean FU of triplicate wells containg only bacteria

% inhibition = (1 — ) = 100
The MIC was defined as the lowest concentration effecting a reduction in

fluorescence of >90% relative to bacteria only controls. Each sample was tested in

duplicate.

2.6.2 Screening against Methicillin-resistant Staphylococcus aureus

The activity against Methicillin-resistant S. aureus (MRSA) was evaluated by Mr
Simon Mylrea using an MTT assay (Seidel et al., 2008). An epidemic EMRSA-15
strain of MRSA (isolated from a clinical sample obtained from the New Royal
Infirmary, Edinburgh, UK), was used in this study. The strain (coded LF78) was
reported resistant to ampicillin, oxacillin, cefotaxime, cefuroxime and ciprofloxacin
(Raghukumar et al., 2010). Stock solutions of compounds were prepared in DMSO

and diluted with Tryptic Soy Broth (TSB) to achieve required concentrations.

Bacterial colonies from cultures freshly grown on Tryptic Soy Agar (TSA) plates
were transferred in sterile TSB (5 mL). Following incubation at 37°C overnight in a
shaker, dilutions were prepared in TSB to achieve a bacterial inoculum of 1x10°

CFU/mL.
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The assay was performed in flat-bottomed 96-well plates containing 100 pL of TSB
in each well. Vancomycin (Sigma-Aldrich, UK) and oxacillin (Sigma-Aldrich, UK)
were used as antibiotic controls. Samples (100 puL) were added (initial concentration
of 1 mg/mL) and two-fold serial dilutions were carried out. The bacterial inoculum
(100 pL) was added to each well to achieve a final concentration of 0.5x10° CFU/mL.

Plates were incubated at 37°C overnight.

After the end of the incubation period, 20 uL of MTT (5 mg/mL in ethanol) was
added to each well and the plates were re-incubated for 20 min. A change in colour
from yellow to purple/black indicated the presence of visible bacteria. The MIC was
determined as the lowest sample concentration that prevented this change and
exhibited complete inhibition of macroscopic growth. All samples were screened in

duplicate and on two separate days.
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CHAPTER 3

RESULTS AND DISCUSSION



3 Results and discussion

Part A Phytochemical studies
3.1 Terpenoids and steroids

3.1.1 Characterisation of TF2 as loliolide

TF2 was isolated from the n-hexane extract of 7. farfara as a colourless oil (Section
2.4: Protocol 5, 0.0011% yield). This compound was not active under short wave
UV light but turned pink upon spraying the TLC plate with anisaldehyde-sulphuric

acid reagent and heating.

The positive ion mode HRESI-MS spectrum showed a quasi-molecular ion [M+H]"

at m/z 197.1172, suggesting a molecular formula of C;;H,c0; (DBE=4).

The 'H NMR spectrum (Figure 3.3, Table 3.1) displayed an olefinic proton at 65.72
(1H, s), an oxymethine proton at 64.35 (1H, m) and three methyl groups at 61.29 (s),
01.49 (s) and 01.79 (s). Some other signals were also detected at 61.56 (1H, dd, J=3.6,
14.6 Hz), 61.82 (1H, dd, J=14.5, 4.0 Hz), 62.01 (1H, dt, J=14.6, 5.3, 2.8 Hz) and
02.49 (1H, dt, J=14.1, 5.3, 2.6 Hz), and with the aid of the HSQC experiment they

were identified as two pairs of methylene protons (61.56/52.01 and 61.82/62.49).

In the COSY spectrum, the oxymethine proton exhibited correlations to two
methylene groups. The methyl group at 61.79 correlated to one pair of methylene
protons at 01.82/62.49, and the methyl at 61.49 correlated to the other pair of

methylene protons at 61.56/52.01.

The *C NMR spectrum (Table 3.1) displayed three methyls at §26.5, 527.0, 830.7,
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two methylenes at 645.7, 047.3, one oxymethine at 667.1 and one olefinic carbon at
0113.0. With the aid of the HMBC experiment, the presence of four quaternary

carbons was also established with signals at 635.8, 686.8, 6172.1 and 6182.2.

In the HMBC spectrum (Figure 3.4), the olefinic proton at 85.72 (H-7) displayed
correlations to quaternary carbons at 635.8 (C-1), 686.8 (C-5) and 8182.2 (C-6) and
to the carbonyl at 6172.1 (C-8). The methyls at 61.29 (Me-10) and 61.49 (Me-9)
were identified as geminal methyls as they correlated to the same quaternary carbon
at 635.8 (C-1). Both methyls also showed 3J correlations to the methylene carbon at
047.3 (C-2) and the quaternary carbon at §182.2 (C-6). The third methyl group at
81.79 (Me-11) revealed a *J coupling to the methylene carbon at 845.7 (C-4) and to
the quaternary carbon at 5182.2 (C-6). One of the methylene protons at 562.49 (H-4a)
correlated to carbons at 647.3 (C-2) and 667.1 (C-3).

In the NOESY spectrum (Figure 3.5), the oxymethine proton at 64.35 (H-3) showed
correlations to the protons at 61.56 (H-2b) and 61.82 (H-4b), and at the deep level it
also correlated to the methyl at 51.29 (Me-10), suggesting that H-3, H-2b, H-4b and
Me-10 were on the same side of the plane. The methyl at 61.79 (Me-11) showed
correlations to the methyl at 51.49 (Me-9) and the proton at 62.49 (H-4a), indicating

that Me-9, Me-11 and H-4a were on the other side of the plane.

The above NMR results were consistent with previous reports for loliolide
(Fernandez et al., 1993; Kimura and Maki, 2002; Lee et al., 2009; Erosa-Rejon et al.,
2009). Although another study assigned C-6 at 6172.8 and C-8 at 6182.3 (Valdes III,
1986), this was not supported by our HMBC data. This is the first report of the

isolation of loliolide from 7. farfara.
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Figure 3.1 Structure of TF2 with selected HMBC correlations

Figure 3.2 3D Structure of TF2 with important NOESY correlations
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A: Full HMBC spectrum; B: Selected expansion of HMBC spectrum
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3.1.2 Characterisation of AL13 as isololiolide

AL13 was isolated from the methanol extract of A. lappa as a colourless oil (Section
2.4: Protocol 3, 0.0009% yield). TLC analysis showed a pink spot after spraying

with anisaldehyde-sulphuric acid reagent and heating.

The positive ion mode HRESI-MS spectrum gave a quasi-molecular ion [M+H] " at

m/z 197.1172, suggesting a molecular formula of C;;H,60; (DBE=4).

The 'H NMR spectrum (Figure 3.8, Table 3.1) revealed similar features to the one
obtained for TF2. An olefinic proton displayed at 65.72 (1H, s), an oxymethine
proton at 84.13 (1H, m), three methyl groups at 61.27 (3H, s), 81.32 (3H, s), 81.59
(3H, s) and two methylene groups at 61.32 (1H, dd, J=12.0, 12.1 Hz)/562.03 (1H, dt,
J=10.1, 3.6, 1.7 Hz) and 61.50 (1H, dd, J=11.7, 11.8 Hz)/52.53 (1H, dt, J=11.3, 4.8,
2.4 Hz). With the aid of the COSY experiment, the proton at 64.13 was attributed to

H-3; protons at 61.32/82.03 were assigned as H-2 and protons at 61.50/62.53 as H-4.

The >C NMR spectrum (Figure 3.9, Table 3.1) displayed the presence of 11 carbons,
including three methyls at 625.1, 625.5 and 629.9, two methylenes at 347.9 and 649.8,
one oxymethine at 664.9, one olefinic carbon at $6113.2, and four quaternary carbons

at 035.0, 686.8, 6171.7 and 5181.0.

In the HMBC spectrum (Figure 3.10), the olefinic proton and three methyls
exhibited similar correlations to those observed for TF2 (loliolide). The methylene
protons at 61.32 (H-2a)/62.03 (H-2b) were detected with couplings to carbons at

§25.1 (C-9), 529.9 (C-10), $47.9 (C-4), 5181.0 (C-6), 564.9 (C-3) and 535.1 (C-1).

The NOESY spectrum (Figure 3.11) for AL13 showed that the oxymethine proton at
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04.13 (H-3) correlated to the methyls at 61.33 (Me-10) and 61.59 (Me-11) as well as
to two protons at 62.03 (H-2b) and 62.53 (H-4b), which indicated that H-3, Me-10,

Me-11, H-2b and H-4b were on the same side of the ring plane.

The above information led to the characterisation of AL13 as isololiolide. The NMR

data showed good agreement with previously published data (Kimura and Maki,

2002). This 1s the first report of the isolation of isololiolide from A. lappa.
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Figure 3.6 Structure of AL13 with selected HMBC correlations

Figure 3.7 3D Structure of AL13 with important NOESY correlations
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Table 3.1 'H (400 MHz) and *C (100 MHz) NMR data of TF2 and AL13 in CDCl;

Position TF2 AL13
H (o) C (v H (d) C )
1 - 35.8 - 35.0
2 1.56 (1H, dd, J=3.6, 14.6 Hz) 473 1.32 (1H, dd, J=12.0, 12.1 Hz) 49.8
2.01 (1H, dt, J=14.6, 5.3, 2.8 Hz) 2.03 (1H, dt, J=10.1, 3.6, 1.7 Hz)

3 4.35 (1H, m) 67.1 4.13 (1H, m) 64.9
4 1.82 (1H, dd, J=14.5, 4.0 Hz) 45.7 1.50 (1H, dd, J=11.7,11.8 Hz) 47.9
2.49 (1H, dt, J=14.1, 5.3, 2.6 Hz) 2.53 (1H, dt, J=11.3,4.8, 2.4 Hz)

5 - 86.8 - 86.8
6 - 182.2 - 181.0
7 5.72 (1H, s) 113.0 5.72 (1H, s) 113.2
8 - 172.1 - 171.7
9 1.49 (3H, s) 26.5 1.27 (3H, s) 25.1
10 1.29 (3H, s) 30.7 1.32 (3H, s) 29.9
11 1.79 (3H, s) 27.0 1.59 (3H, s) 25.5
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3.1.3 Characterisation of AL14 as melitensin

AL14 was isolated from the methanol extract of A. lappa as a colourless oil (Section
2.4: Protocol 3, 0.0026% yield). A pink spot was detected on the TLC plate after

treatment with anisaldehyde-sulphuric acid reagent followed by heating.

The positive ion mode HRESI-MS data gave a quasi-molecular ion [M+H] " at m/z

267.1591, suggesting a molecular formula of C;sH,,04 (DBE=5).

The '"H NMR spectrum (Figure 3.14, Table 3.2) displayed an olefinic proton at
05.77 (1H, dd, J=17.4, 10.7 Hz), a pair of exomethylenes at 85.00 (1H, d, J/=17.4
Hz)/85.04 (1H, d, J=10.5 Hz) and 65.38 (1H, 5)/04.94 (1H, s), two methine protons at
02.63 (1H, dd, J=12.1, 6.9 Hz) and 62.39 (1H, d, J=11.7 Hz) and two methyls at
01.10 (3H, s), 061.37 (3H, d, J=6.9 Hz). With the aid of the HSQC experiment,
another two methylenes and three methines were identified with signals at 64.05 (1H,
d, J=13.9 Hz)/33.98 (1H, d, J=14.5 Hz), 51.81 (1H, m)/31.60 (1H, m), 64.18 (1H, ¢,

J=11.0 Hz), 83.96 (1H, ddd, J=10.5, 6.8, 4.2 Hz) and §1.77 (1H, m).

The COSY experiment revealed a coupling between the olefinic proton at 65.77 and
the methylene protons at 65.00/85.04, and a coupling between the methine signal at

02.63 and the methyl group at 61.37.

The *C NMR spectrum (Figure 3.15, Table 3.2) showed the presence of 15 carbons
with two methyls, six methines including one olefinic methine and two oxymethines,
four methylenes including two exomethylenes and one oxymethylene, and three

quaternary carbons including one carbonyl.

In the HMBC spectrum (Figure 3.16, Table 3.2), the olefinic proton at 65.77 (H-1)
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displayed 3J correlations to a methyl at 518.8 (C-14), a methylene at 649.3 (C-9) and
a methine at 850.3 (C-5). The exomethylene protons at 85.38/64.94 (H-3a/b) revealed
3 couplings to the methine at $50.3 (C-5) and an oxymethylene at 667.2 (C-15). The
other exomethylene at 5.00/35.04 (H-2a/b) 3J correlated to a quaternary carbon at
041.7 (C-10). The oxymethine at 84.18 (H-6) coupled to a methine at 641.6 (C-11),
an oxymethine at 668.8 (C-8), a methine at 850.3 (C-5) and a quaternary carbon at
0144.4 (C-4). The oxymethylene at 64.05/63.98 (H-15a/b) correlated to the methine
at 850.3 (C-5) and the exomethylene at 6114.5 (C-3). Correlations between the
oxymethine at 63.96 (H-8) and carbon signals at 641.6 (C-11), 641.7 (C-10) and
078.9 (C-6) were also observed. The methine proton at 62.63 (H-11) showed
correlations to a methyl at 614.3 (C-13), an oxymethine at 868.8 (C-8) and the
carbonyl at 3179.1 (C-12). The methine proton at 82.39 (H-5) correlated via *J
couplings to a methyl at 518.8 (C-14), an oxymethylene at 667.2 (C-15), an olefinic
methine at 6146.4 (C-1), a exomethylene at 6114.5 (C-3) and a methine at 358.2
(C-7). The methylene protons at 51.81/81.60 (H-9a/b) *J correlated to a methyl at
018.8 (C-14) and a methine at 658.2 (C-7), and the methine proton at 61.77 (H-7)
displayed 3J correlations to a methyl at 614.3 (C-13) and a methine at 850.3 (C-5).
The methyl doublet at 61.37 (Me-13) correlated to two methines at 641.6 (C-11) and
058.2 (C-7) and the carbonyl at 6179.1 (C-12), and the other methyl singlet at 31.10

(Me-14) correlated to carbon signals at 641.7 (C-10), 650.3 (C-5) and 6146.4 (C-1).

The H-6 proton (64.18, ¢, J=11.0 Hz) appeared as a triplet with a large coupling
constant, allowing the assignment of H-5, H-6 and H-7 as axial, and also the large
coupling constant for H-8 (6 3.96, ddd, J=10.5, 6.8, 4.2 Hz) allowed it to be assigned
as axial. In the NOESY spectrum (Figure 3.17), the methyl at 81.10 (Me-14)
displayed correlations to protons at 61.81 (H-9a), 63.96 (H-8) and 64.18 (H-6). H-6

also coupled to the proton at 2.63 (H-11) and H-8 correlated to the proton H-9a. On
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the other hand, the olefinic proton at 85.77 (H-1) correlated to the protons at 31.60
(H-9b) and 62.39 (H-5), and the latter (H-5) also coupled to the proton at 81.77 (H-7).
The methyl at 61.37 (Me-13) correlated to the proton at 81.77 (H-7). This established
that Me-14, H-8, H-6, H-11 and H-9a were on the same side of the plane (e.g. on the

B side), while Me-13, H-1, H-5, H-7 and H-9b were on the other side (a).

Based on the above information, AL14 was identified as melitensin.The results were
in good agreement with previous reports (Picher et al., 1984; Cardona et al., 1989;
Medjroubi et al., 2003). This is the first report of the isolation of melitensin from 4.

lappa.

102



Figure 3.13 3D Structure of AL14 with important NOESY correlations
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Table 3.2 'H (400 MHz) and *C (100 MHz) NMR data of AL14 in CDCl;

Position H (0) C (v) HMBC correlations
1 5.77(1H, dd, J=17.4,10.7Hz) 146.4 Me-14, C-5, C-9, C-10
2 5.00 (1H, 4, J=17.4 Hz) 112.4 C-10, C-1
5.04 (1H, 4, J=10.5 Hz)
3 5.38 (1H, 5)/4.94 (1H, s) 115.5 C-5,C-15,C4
4 - 144.4
5 2.39 (1H, d, J=11.7 Hz) 503 C-1,C-3, C-7, Me-14, C-15,
C-10, C-4, C-6
6 4.18 (1H, ¢, J=11.0 Hz) 78.9 C-11, C-8, C-4, C-5
7 1.77 (1H, m) 58.2  Me-13, C-11, C-5, C-8, C-6
8 3.96 (1H, ddd, J=10.5, 6.8, 4.2 68.8 C-11, C-10, C-7
Hz)
9 1.81 (1H, m)/1.60 (1H, m) 49.3 Me-14, C-7, C-10, C-8
10 - 41.7
11 2.63 (1H, dd, J=12.1, 6.9 Hz) 41.6 C-8, Me-13, C-7, C-12
12 - 179.1
13 1.37 (3H, d, J=6.9 Hz) 14.3 C-7,C-12, C-11
14 1.10 (3H, s) 18.8 C-1, C-5, C-10
15 4.05 (1H, d, J=13.9 Hz) 67.2 C-3,C4

3.98 (1H, d, J=14.5 Hz)
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3.1.4 Characterisation of AL3 as taraxasterol

ALS3 was isolated from the n-hexane extract of 4. lappa as a white powder (Section
2.4: Protocol 1, 0.0042% yield). A pink spot was observed after spraying with

anisaldehyde-sulphuric acid reagent and heating.

The '"H NMR spectrum (Figure 3.20, Table 3.3) diaplayed a doublet of doublet at
04.64 (2H, dd, J=2.2, 4.9 Hz) being identified as an exomethylene with the aid of the
HSQC experiment, a doublet of doublet at 63.22 (1H, dd, J=5.5, 10.9 Hz) indicating
the presence of an oxymethine, five singlets at 60.81 (3H), 80.90 (6H), 560.97 (3H) ,
01.01(3H) and 61.07(3H) and one doublet at 61.05 (3H, J=7 Hz) indicating the

presence of seven methyls.

The °C NMR spectrum (Table 3.3) revealed the presence of 30 carbons including
seven methyls, eleven methylenes, five methines, one oxymethine and six quaternary
carbons but no carbonyl group. On this basis, a molecular formula of C;0HsoO was
deduced for AL3. This was confirmed with the positive ion mode HRESI-MS data
which gave a base peak at m/z 409.3825 [(M-H,0) +H] " and thus a molecular
formula of C3;oHsoO (DBE=6).

In the HMBC spectrum (Figure 3.21), the exomethylene protons (H-30) at d4.64
displayed 3J correlations to a methine at $39.0 (C-19) and a methylene at §25.6 (C-21)
and *J correlation to an olefinic quaternary carbon at §154.5 (C-20). The oxymethine
at 063.22 (H-3) 3 coupled to methyl carbons at 815.4 (C-24) and 28.2 (C-23) and 2J
correlated to the quaternary carbon at 038.8 (C-4). The methyl groups at 60.81
(Me-24) and 61.01 (Me-23) with 2J correlations to the quaternary carbon at 338.8
(C-4) were identified as geminal methyls. They both also showed *J correlations to
the carbons at 855.6 (C-5) and 679.1(C-3). The signal at 60.90 (Me-25) correlated to
the carbons at 055.6 (C-5) and 850.7 (C-9) while the singlet at 60.90 (Me-28)
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exhibited correlations to carbons at 338.4 (C-16) and 638.9 (C-22).

The large coupling constant observed for H-3 (J=5.5, 10.9 Hz) established the
trans-diaxial orientation of H-2, H-3 protons. In the NOESY spectrum (Figure 3.22),
the oxymethine displayed correlations to one of the two geminal methyl groups at
01.01 (Me-23) and the proton at 80.73 (H-5) whilst the other methyl group at 60.81
(Me-24) correlated to the methyl at 60.90 (Me-25), which led to the conclusion that
H-3, H-5 and Me-23 were on the a side of the plane. Other correlations were
observed at 61.05 (Me-26)/80.90 (Me-25), at 62.13 (H-19)/61.05 (Me-26) and at
01.63 (H-13)/62.13 (H-19)/60.90 (Me-28), thus Me-24, Me-25, Me-26, H-13, H-19
and Me-28 were all on the  side of the plane. The large couping constant for H-19
(J=6.9, 13.8 Hz) indicated H-19 and H-18 were trans-diaxial protons and H-18 was

on the a side of the plane.

Based on the above information, AL3 was identified as taraxasterol. The NMR data
were in agreement with previous reports (Takaoka and Hiroi, 1976; Mahato and
Kundu, 1994). This compound has previously been isolated from A. lappa roots and

leaves (Vachalkova et al., 2004).
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Figure 3.19 3D Structure of AL3 with important NOESY correlations
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3.1.5 Characterisation of AL4 as taraxasterol acetate

AL4 was isolated from the n-hexane extract of A. lappa as a white amorphous solid
(Section 2.4: Protocol 1, 0.0099% yield). A pink spot appeared on the TLC plate

upon spraying with anisaldehyde-sulphuric acid reagent and heating.

The '"H NMR data (Figure 3.24, Table 3.3) of AL4 were similar to that of AL3. The
main difference was the presence of a highly deshielded oxymethine at 64.49 (1H, dd,
J=5.4,10.7 Hz) compared with 83.22 (AL3). This suggested that the oxymethine was
esterified. An extra downfield shift of 62.05 (3H, s) established the presence of acetyl

protons. Due to the large coupling constant (J=10.7 Hz), H-3 was assigned as axial.

The >C NMR spectrum (Figure 3.25, Table 3.3) displayed 32 carbons including
eight methyls, eleven methylenes, five methines, one oxymethine and seven
quaternary carbons. The presence of a quaternary carbon at 8171.1 and a methyl at
021.3, confirmed the presence of an acetyl unit in AL4. The above information
indicated a molecular formula of C;,Hs,0,. The positive ion mode HRESI-MS data
for AL4 gave a base peak at m/z 409.3831 accounting for [(M-CH;COOH) +H] "and
thus a molecular formula of Cs;;Hs,0, (DBE=7) for AL4.

The HMBC spectrum (Figure 3.26) exhibited similar correlations to those observed
for AL3. The main difference was that both the oxymethine at 564.49 (H-3) and the
methyl at 621.3 (Me-32) coupled to a carbonyl at 6171.1 (C-31), establishing the

presence of an acetyl unit in C-3.

On the basis of the above data and by comparison with previous reports, AL4 was
identified as taraxasterol acetate. The spectroscopic data were consistent with
previously published data (Khalilov et al., 2003). This compound has previously

been isolated from 4. lappa leaves (Committee on Herbal Medicinal Products, 2010).
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Figure 3.23 Structure of AL4 with selected HMBC correlations
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Table 3.3 'H and '*C NMR data of AL3 and AL4 in CDCl,

Position AL3 AL4
H (3, 400 MHZz) C (6,100 MHz) H (8, 500 MHZz) C (8, 125 MHz)
1 1.29 (1H, m)/1.19 (1H, m) 38.4 1.22 (1H, m)/1.14 (1H, m) 38.3
2 1.66 (1H, m)/1.60 (1H, m) 27.4 1.66 (1H, m)/1.61(1H, m) 23.7
3 3.23 (1H, dd, J=5.5,10.9 Hz) 79.0 4.49 (1H, dd, J=5.4, 10.7 Hz) 81.0
4 - 38.9 - 37.8
5 0.73 (1H, m) 55.6 0.81 (1H, m) 55.5
6 1.56 (1H, m)/1.42 (1H, m) 18.4 1.51 (1H, m)/1.38 (1H, m) 18.2
7 1.45 (1H, m)/1.40 (1H, m) 34.2 1.39 (1H, m)/1.37 (1H, m) 34.0
8 - 41.0 - 40.9
9 1.35 (1H, m) 50.6 1.34 (1H, m) 50.4
10 - 37.3 - 37.1
11 1.58 (1H, m)/1.31 (1H, m) 21.5 1.54 (1H, m)/1.26 (1H, m) 21.5
12 1.75 (1H, m)/1.70 (1H, m) 26.2 1.69 (1H, m)/1.65 (1H, m) 26.2
13 1.63 (1H, m) 39.0 1.59 (1H, m) 39.1
14 - 42.1 - 42.1
15 1.02 (1H, m)/1.98 (1H, m) 26.7 1.71 (1H, m)/1.65 (1H, m) 26.7
16 1.74 (1H, m)/1.00 (1H, m) 38.9 1.74 (1H, m)/1.71 (1H, m) 38.5
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Table 3.3 (continued) 'H and >C NMR data of AL3 and AL4 in CDCl;

Position AL3 AL4
H (6, 400 MHz) C (0, 100 MHz) H (5, 500 MHz) C (0, 125 MHz)
17 - 34.6 - 34.5
18 1.01 (1H, m) 48.9 0.97 (1H, m) 48.6
19 2.12 (1H, dd, J=7.0, 14.0 Hz) 39.4 2.10 (1H, dd, J= 6.9, 13.8 Hz) 39.4
20 - 154.6 - 154.6
21 2.48 (1H, m)/2.23 (1H, m) 25.7 2.43 (1H, m)/2.18 (1H, m) 25.6
22 1.45 (1H, m)/1.40 (1H, m) 39.0 1.43 (1H, m)/1.35 (1H, m) 38.9
23 1.01 (3H, s) 28.0 0.86 (3H, s) 28.0
24 0.81 (3H, s) 15.4 0.85 (3H, s) 16.5
25 0.90 (3H, s) 16.2 0.89 (3H, s) 16.4
26 1.07 (3H, s) 15.9 1.03 (3H, s) 16.0
27 0.97 (3H, s) 14.7 0.94 (3H, s) 14.7
28 0.90 (3H, s) 194 0.86 (3H, s) 19.5
29 1.05 (3H, d, J=7 Hz) 25.5 1.03 (3H, d, J= 6.8 Hz) 25.5
30 4.64 (2H, dd, J=2.2, 4.9 Hz) 107.1 4.62 (2H, dd, J=2.3, 5.0 Hz) 107.1
31 - 171.1
32 2.05 (3H, s) 21.3
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3.1.6 Characterisation of VT1 as a-spinasterol

VT1 was isolated from the n-hexane extract of V. thupasus as colourless needles
(Section 2.4: Protocol 8, 0.0082% yield). A purple spot appeared on the TLC plate

upon spraying with vanillin-sulphuric acid reagent and heating.

HREI-MS analysis indicated a molecular ion [M] " at m/z 412 and some fragments at
m/z 81, 83, 107, 147, 255, 273, 300, suggesting a molecular formula of CyyH490O
(DBE=6).

The 'H NMR spectrum (Figure 3.28, Table 3.4) displayed six methyl groups, two
tertiary methyl groups as singlets at 60.57 and 60.82 which were assigned to Me-18
and Me-19, respectively. The signals of two secondary methyls were observed as
doublets at 81.04 (J=6.6 Hz) and 60.86 (J=6.4 Hz) which were assigned to Me-21
and Me-26, respectively. The signal of another secondary methyl (Me-27) at 60.82
was overlapped with a triplet signal of Me-29 at 60.83 which belonged to a primary
methyl group, so their J value were ambiguous. Two olefinic-proton resonances at
05.18 (dd, J=8.6, 15.1 Hz) and 65.05 (dd, J=8.6, 15.2 Hz) were attributed to the
trans-olefinic protons H-22 and H-23, respectively, and the other olefinic proton
appeared at 65.18 (brs) with assignment to H-7. One oxymethine proton resonated at
03.62 (ddd, J=11.1, 6.6 and 4.5 Hz). The large coupling constant (J=11.1 Hz)

suggested that H-3 was axial (i.e. on the a side of the ring plane).
The *C NMR spectrum (Figure 3.29, Table 3.4) suggested the presence of 29
carbons including six methyls, nine methylenes, eleven methines with one

oxymehine and three olefinic methines, and three quaternary carbons.

In the HMBC spectrum (Figure 3.30, Table 3.4), the methyl at 61.04 (Me-21)
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displayed 3J correlations to carbons at 855.9 (C-17), 8138.2 (C-22) and a %J
correlation to the carbon at 540.8 (C-20). The proton at 65.18 (H-22) 3J correlated to
the carbon at 655.9 (C-17), indicating that the side chain in compound VT1 was
linked to the C-17 of the main skeleton. In addition, the methyl at 60.57 (Me-18)
showed J couplings to carbons at 839.5 (C-12), 855.1 (C-14), 855.9 (C-17) and a *J
coupling to the carbon at 843.3 (C-13). The methyl at §0.82 (Me-19) exhibited *J
correlations to carbons at 837.2 (C-1), 40.2 (C-5), 849.4 (C-9) and a *J correlation
to the carbon at 634.3 (C-10). The proton at 61.82 (H-14) displayed correlations to
the carbons at 6117.5 (C-7) and 8139.6 (C-8), suggesting a double bond was
positioned in C-7. This was also confirmed with >J correlations between the signal at
05.18 (H-7) and carbons at 540.2 (C-5) and 049.4 (C-9). The signals at 65.18 (H-22)
and 65.05 (H-23) both coupled to carbons at 640.8 (C-20) and 851.2 (C-24), and the
former also correlated to a methyl at 621.4 (C-21) while the latter coupled to a

methylene at 825.4 (C-28), confirming the locations of H-22 and H-23.

The above information suggested the identification of VT1 as either a-spinasterol or
chondrillasterol. The latter differs from a-spinasterol in the stererochemistry at C-24
and differences in C-2, C-4, C-26 and C-27 chemical shifts. The BC NMR results
(Table 3.5) obtained for VT1 were in agreement with published data for
a-spinasterol (Ragasa and Lim, 2005) rather than chondrillasterol (Wandji et al.,
2002). Other NMR data were in agreement with previous reports (Mehrotra et al.,
1989; Turker and Gurel, 2005). This compound has been isolated from V. thapsus

fruits (De-Pascual-Teresa et al., 1978a), and this is first report from the aerial parts.
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Figure 3.27 Structure of VT1 with selected HMBC correlations

124



1950
E08 "0
BOBTD
9180
FPERTD
ZSE°0
aag-o
LITO"T
FFOTT

LE6E”
c00 "
610"
T
9E0 "L
150°2

L R I

e TSN B N

¥35°E
SLSE
985'E
165°E
€08 °E
FIR'E
819'¢c
DES'E
IF3'E

LOD™E
e
S¥0°S
99078
Qr1°s
2915
616
9L1"S
00z*S

oL L—

PR

7122

H

-23

T
6.0

5

el

=
-
i

Figure 3.28 "H NMR spectrum (400 MHz) of VT1 in CDCl; (%)

125



150°21
TET°ZT
EEQ'ET
£66°81
SLO' 1T
Nrn.ﬁmg/r
855°12
LIDEZ
96E " §T
PER BT~
T Tt
T TR
ELE"TE
1927 0E~"
nnﬂ.qumn
LOD BE

ZLbBE
BLE 0¥
E1B"0¥F
6LE"EF
np*,ﬁ*‘xa
06T 16
D'n.nn%\.

GZe"66

/0" IL—
PESCOL

e00'LL
m_m,ﬁpu\w

o "L1IT—

Bk EIT—

LST BET~——
96 BET—

C-18/29

CL19

C-27

(]

C-23

Cc-22

C-3

C-21/26

10 ppm

130 120 110 100 99 80 70 60 50 40 30 20

140

Figure 3.29 DEPTQ 135 BC NMR spectrum (100 MHz) of VT1 in CDCl; (%)

126



1l |

171

A

L)

.
H'-
B3t Me 26 M7
BT £ 5T X -
- -
B2 g o 10
LS ma 23 T-20 Mo 21T 3 selyn
HICH o = T i
B2 C 24 2302 ' ' 5
. M1 — Me-18C-14 i
o SR H
— Mp-28/C-24 et PETPE i
- e F W
L 7
L 1o
' L W0
= A0
= S
100
100
]
. =110
=
120
H'::{"EEI - LEL - 13
L
ELT W) - .y . i e
HJ?EJ'?H HEN -~ ® 1o Mo
e bmas i —— L 14D
150
1 L 1 L 1 1 1 1 1 1 L] 1 1 ! ! ! I.| I., !
1.0 6.5 68 5% 50 45 L0 15 30 45 30 1.5 1.0 05 poe L J i o ’ d e -

Figure 3.30 HMBC spectra (400 MHz) of VT1 in CDCl;

A: Full HMBC spectrum; B: Selected expansion of HMBC spectrum

127



Table 3.4 'H (400 MHz) and *C NMR (100 MHz) data of VT1 in CDCl

Position H (0) C () Selected HMBC correlations
1 1.10 (1H, m)/1.84 (1H, m) 37.2
2 1.40 (1H, m)/1.81 (1H, m) 31.5
3 3.62 (1H, ddd, J=11.1, 6.6 71.1
and 4.5 Hz)
4 1.27 (1H, m)/1.73 (1H, m) 38.0 C-3,C-6,C-5
5 1.41 (1H, m) 40.2
6 1.27 (1H, m)/1.78 (1H, m) 29.7
7 5.18 (1H, brs) 117.5 C-5,C-9, C-14,C-6
8 - 139.6
9 1.66 (1H, m) 49.4
10 - 343
11 1.49 (1H, m)/1.58 (1H, m) 21.5
12 1.25 (1H, m)/2.01 (1H, m) 39.5
13 - 433
14 1.82 (1H, m) 55.1
15 1.40 (1H, m)/1.51 (1H, m) 23.0
16 1.28 (1H, m)/1.76 (1H, m) 28.6
17 1.27 (1H, m) 559  C-13,C-14, C-15, C-20, C-21
18 0.57 (3H, s) 12.1 C-12, C-14,C-17,C-13
19 0.82 (3H, s) 13.1 C-1, C-5, C-9, C-10
20 2.04 (1H, m) 40.8
21 1.04 (3H, d, J=6.6 Hz) 21.4 C-17, C-20, C-22

22 5.18 (1H, dd, J=8.6,15.1 Hz)  138.2  C-17, C-24, C-21, C-20, C-23
23 5.05(1H, dd, J=8.6, 152 Hz) 129.5 C-20, C-22, C-24, C-25, C-28

24 1.54 (1H, m) 51.2
25 1.55 (1H, m) 31.9
26 0.86 (3H, d, J=6.4 Hz) 21.2 Me-27, C-24, C-25
27 0.82 3H) 19.0 Me-26, C-24, C-25
28 1.18 (1H, m)/1.43 (1H, m) 254

29 0.83 (3H) 12.3 C-24, C-28
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Table 3.5 Comparison of BC NMR spectral data of compounds VT1,
a-spinasterol and chondrillasterol in CDCl;

Position a-spinasterol chondrillasterol VT1
(8, 100 MHz) (0, 75 MHz) (6,100 MHz)

1 37.2 37.1 37.2
2 31.5 26.1 31.5
3 71.1 71.0 71.1
4 38.0 342 38.0
5 40.3 40.2 40.2
6 29.7 29.6 29.7
7 117.5 117.4 117.5
8 139.6 139.6 139.6
9 49.5 49.4 49.4
10 342 342 343
11 21.6 21.5 21.5
12 39.6 39.4 39.5
13 43.3 43.3 43.3
14 55.1 55.1 55.1
15 23.0 23.0 23.0
16 28.5 28.5 28.6
17 55.9 55.9 55.9
18 12.0 12.0 12.1
19 13.0 13.0 13.1
20 40.8 40.8 40.8
21 21.4 21.1 21.4
22 138.1 138.2 138.2
23 129.5 129.4 129.5
24 51.2 51.2 51.2
25 31.9 31.9 31.9
26 21.2 19.0 21.2
27 19.0 21.4 19.0
28 254 254 254

N
\O

12.2 12.2 12.3
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3.1.7 Characterisation of AL6/TF8 as daucosterol

ALG6 was isolated from the ethyl acetate extract of 4. lappa (Section 2.4: Protocol 2,
0.0043% yield), and TF8 was isolated from the ethyl acetate extract of 7. farfara
(Section 2.4: Protocol 6, 0.0111% yield). They both revealed a purple spot on the
TLC plate after treatment with anisaldehyde-sulphuric acid reagent followed by

heating.

The 'H NMR spectrum (Figure 3.32, Table 3.6) indicated the presence of a
phytosterol skeleton (Iida et al., 1980). It was considered to be B-sitosterol due to the
distinctive olefinic signal at 65.33 (1H, d, J/=4.6 Hz) and six methyl groups at 60.66
(3H, ), 60.79 (3H, s), 60.81 (3H, s), 80.83 (3H, ), 80.91 (3H, d, J=6.4 Hz) and 50.96
(3H, s). The multiplicity and J values for H-3 were ambiguous because of signal
overlapping in the 'H NMR spectrum. However in the HSQC spectrum the
cross-correlation peak for H-3/C-3 was relatively stretched (3.38-3.51 ppm or 52 Hz),
indicating that H-3 was axial (i.e. on the a side of the ring plane). The proton
spectrum also suggested the presence of a sugar unit with an anomeric proton at
04.22 (1H, d, J=7.8 Hz) with an H-1°/H-2’ trans-diaxial configuration. With the aid
of HSQC and COSY experiments, the proton signals for a B-D-glucosyl unit were

identified.

The *C NMR assignments (Table 3.6) were extracted from the HMBC spectrum. A
total of 35 carbons were identified including the anomeric carbon at 6101.4 (C-1°)
and olefinic carbons at 6121.7 (C-6) and 6 140.9 (C-5). In the HMBC spectrum
(Figure 3.33, Table 3.6), the anomeric proton at 84.22 (H-1") displayed *J coupling
to the methine carbon at 677.3 (C-3), and other correlations included Me-18 to C-12,

C-13, C-14, C-17; Me-19 to C-1, C-9 and Me-21 to C-20, C-22, C-17.
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The presence of the glucose moiety was also confirmed from the positive ion mode
HRESI-MS experiment. The data revealed a base peak at m/z 397.3830 attributable
to the fragment ion [M-C¢H20s+H] " and another ion peak at m/z 181.0632 for the

fragment [CcH,061+H] " thus indicating a molecular formula of Cs;sHgOg (DBE=6).

The above information identified AL6/TF8 as daucosterol and the NMR data were in
good agreement with previous reports (Lee ef al., 2002; Saxena and Albert, 2005;
Saeidnia et al., 2011).This compound has been isolated from A. lappa seeds and
roots (Mizushina et al., 2006) and 7. farfara flower buds (Wu et al., 2008). This is

the first report in 4. lappa aerial parts.

Figure 3.31 Structure of AL6/TF8
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Table 3.6 'H (400 MHz) and “C NMR (100 MHz) data of AL6/TF8 in DMSO-d;

Position H (0) C (0) Selected HMBC correlations

1 1.00 (1H, m)/1.79 (1H, m) 37.3 C-3

2 1.48 (2H, m) 29.6

3 3.46 (1H, m, J>10 Hz) 77.2 C-r

4 2.13 (1H, m)/2.36 (1H, m) 38.6 C-3,C-6,C-5
5 - 140.9

6 5.33 (1H, d, J=4.6 Hz) 121.7 C-8

7 1.92 (2H, m) 31.9

8 1.39 (1H, m) 31.9

9 0.88 (1H, m) 50.1

10 - 36.6

11 1.39 (1H, m)/1.50 (1H, m) 21.1

12 1.14 (1H, m)/1.95 (1H, m)  39.6

13 - 41.0

14 1.09 (1H, m) 55.9

15 1.03 (1H, m)/1.54 (1H, m) 243

16 1.80 (1H, m)/1.54 (1H, m)  28.2

17 0.98 (1H, m) 56.6 C-12,C-13, C-14, C-17
18 0.66 (3H, s) 12.2 C-1,C-9

19 0.96 (3H, s) 19.4

20 1.34 (1H, m) 35.8

21 0.91 3H, d, J=6.4 Hz ) 19.1 C-17, C-20, C-22
22 1.00 (1H, my1.31 (1H, m)  33.9

23 1.16 (2H, m) 25.9

24 0.91 (1H, m) 45.7

25 1.63 (1H, m) 29.2

26 0.81 3H, s) 12.2 Me-27, C-24, C-25
27 0.79 (3H, s) 19.2 Me-26, C-24, C-25
28 1.48 (1H, my1.81 (1H, m)  29.7

29 0.83 3H, s) 20.3 C-24, C-28

1’ 4.22 (1H, d, J=7.8 Hz) 101.4 C-3

2’ 2.90 (1H, m) 73.8

3 3.14 (1H, m) 77.1

4 3.03 (1H, m) 70.5

5 3.06 (1H, m) 77.1

6 3.42 (1H, m)/3.65(1H,m) 616
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3.1.8 Characterisation of AL2/TF1 as a mixture of B-sitosterol (a) and

stigmasterol (b)

AL2 was isolated from the n-hexane extract of A. lappa as white solid (Section 2.4:
Protocol 1, 0.0044% yield), and TF1 was isolated from the n-hexane extract of 7.
farfara (Section 2.4: Protocol 5, 0.0100% yield). They both revealed a purple spot

after treatment with anisaldehyde-sulphuric acid reagent and heating.

The '"H NMR spectrum (Figure 3.34) demonstrated a signal at 5.36 (2H) attributed
to the olefinic protons H-6 of sitosterol (a) and stigmasterol (b). Two signals at 65.15
and 65.05 were assigned to the olefinic protons H-22 and H-23 of stigmasterol (b). A
signal at 63.55 (2H) was assigned to the oxymethine protons H-3 of sitosterol (a) and
stigmasterol (b). The spectrum also showed two singlets at 61.01 and 60.69
attributable to Me-19 and Me-18, respectively, and four doublets at 560.93 (Me-21),
00.85 (Me-26), 60.83 (Me-29) and 50.81 (Me-27).

The *C NMR (Figure 3.35) displayed some distinctive signals at 6140.8 (C-5) and
121.8 (C-6). Two other signals at 138.4 and 6129.1 were assigned to C-22 and C-23
of stigmasterol (b), respectively. A carboxymethine, attributable to C-3, was observed

at 871.9. The remaining carbon signals presented chemical shifts between 611 and

057, including the C-22 and C-23 of B-sitosterol (a) at 634.0 and 626.1, respectively.

Based on the above data and by comparion with previous reports (Wright et al., 1978;
Pateh et al., 2008), AL2/TF1 was characterised as a mixture of B-sitosterol and
stigmasterol in a 1:1 ratio, because the integration of protons at 65.36 (H-6), 65.15
(H-22), 85.05 (H-23) and 83.55 (H-3) were found ratioed at 2:1:1:2. B-Sitosterol has
been previously reported from A. lappa seeds (Ming et al., 2004) and T. farfara
flower buds (Wu et al., 2008).
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3.2 Pheophorbides and pheophytins

3.2.1 Common spectroscopic features

These compounds were isolated from the ethyl acetate extract of V. thapsus as
dark-green or black amorphous solids (Section 2.4: Protocol 9; VT3 0.0044% yield,
VT6 0.0035% yield, VI7 0.0010% yield, VT10 0.0045% yield). They gave a
quenching spot under short UV light and a red fluorescence under long UV. The spot
turned green to yellowish-green when treated with vanillin-sulphuric acid reagent

and heating.

The '"H NMR spectra (Table 3.7 and 3.9, Figure 3.37 and 3.38) revealed three
proton singlets in the region of 88.50~10.10 and a fourth singlet at around 6.30.
They also showed two multiplets between 66.15 and 86.30 and another one at around
07.90 accounting for a -CH=CH, group. In the region of 83.00~4.00, some sharp
singlets were observed for methyl or methoxy groups, and some methyl singlets were

also detected between 01.60 and 61.90.

The >C NMR spectra (Table 3.7 and 3.9, Figure 3.39 and 3.40) displayed four
olefinic methines between 690.0 and 6130.0, one olefinic methylene at around
0123.0, three methines and one methoxy in the region of 650.0~65.0, and some
methyls between 810.0 and 625.0. The spectra also exhibited three methylenes
between 619.0 and 635.0, and some carbonyls were observed in the region of

8165.0~190.0.

3.2.2 Characterisation of VT3 as pheophorbide A

The positive ion mode HRESI-MS data for VT3 gave a quasi-molecular ion [M+H]"
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at m/z 593.2750, suggesting a molecular fomula of C3;sH30sN4 (DBE=19).

The 'H NMR spectrum (Table 3.7, Figure 3.37) exhibited four protons as singlets at
09.43, 69.27, 68.56 and 086.27. It also displayed a deshielded methine at 67.90 (1H,
dd, J=11.5, 17.8 Hz), two methines at 64.23 (1H, brd, J=8.7 Hz) and 64.48 (1H, br d,
J=17.2 Hz), and three methylenes at 63.60 (2H, m), 62.28 (1H, m)/562.65 (1H, m) and
02.32 (1H, m)/62.59 (1H, m), and one exomethylene at 66.23 (1H, d, J=17.8
Hz)/66.15 (1H, d, J=11.5 Hz). Three methyl singlets at 63.66, 63.37 and 63.16 and
one methoxy singlet at 83.90 were also observed. Another two methyls were detected

upfield at 61.84 (3H, d, J/=7.3 Hz) and 61.66 (3H, ¢, J/=3.6 Hz).

In the COSY spectrum (Figure 3.41), a cross peak between the methine at 67.90 and
the exomethylene at 66.23/66.15 was observed, suggesting the presence of a
-CH=CH,; group. The methylene protons at 63.60 revealed correlations to a methyl
triplet at 61.66, which established the presence of a -CH,CHj; group. The methine at
04.48 correlated to the methyl doublet at 61.84, and correlations between the methine

at 04.23 and the methylene at 62.28/52.65 were also observed.

The C NMR spectrum (Table 3.7, Figure 3.39) of VI3 demonstrated 35 carbons
including five methyls, one methoxy at 852.9, seven methines including four olefinic
carbons at 6129.0, 897.5, 6104.4 and 693.1, three methylenes at 619.4, 629.7 and
030.9, one exomethylene at 8122.7 and eighteen quaternary carbons including three

carbonyls at 6189.8, 6177.7 and 6169.7.
In the HMBC spectrum (Table 3.8), the singlet at §9.43 (H-10) displayed *J

correlations to quaternary carbons at $145.2 (C-8) and 5128.8 (C-12). Two methyls at

01.66 (Me-82) and 03.16 (Me-71) also correlated via *J couplings to C-8. Another
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methyl at 83.66 (Me-12") coupled to C-12. The methyl (Me-8%) also showed a %/
correlation to the methylene at 619.4 (C-8"), establishing that the -CH,CHj3 group
was attached in C-8. The singlet at 68.56 (H-20) revealed 3 couplings to a
quaternary carbon at 6131.9 (C-2) and a methine at 650.2 (C-18). Two methyls at
83.37 (Me-2") and §1.84 (Me-18") correlated to the quaternary carbon at 8131.9 (C-2)
and the methine at 850.2 (C-18), respectively. The proton at §7.90 (H-3") revealed *J
and %J correlations, respectively, to the quaternary carbons at §131.9 (C-2) and
0136.1 (C-3), establishing that the -CH=CH; group was attached to C-3. The singlet
at 86.27 (H-13%) °J correlated to quaternary carbons at 5128.9 (C-13) and §149.7
(C-14), and %J coupled to carbonyls at $189.8 (C-13") and §169.7 (C-13°) and a
quaternary carbon at $105.1 (C-15). A 3J correlation between the methoxy at 63.90
and the carbonyl at 8169.7(C-13) established the assignment of the methoxy group
as MeO-13". The proton at 84.48 (H-18) revealed *J and “J couplings, respectively, to
a methylene at 829.7 (C-17') and a methine at §51.1 (C-17); the proton at 84.23
(H-17) displayed *J correlation to another methylene at 830.9 (C-17%); the methylene
protons at 82.28/82.65 (H-17'a/b) correlated via *J coupling to the carbonyl at §177.7

(C-17%). This established the presence of a -CH,CH,COOH side-chain in C-17.

In the NOESY spectrum (Figure 3.42), a more intense cross peak between the singlet
at 56.27 (H-137) and the methylene protons at 52.28/62.65 (H-17'a/b) was observed
compared to the less intense cross peak between H-13” and the methine proton at
84.23 (H-17), which indicated a compound with H-13? and H-17' located on the
same side of the plane (Lai et al., 2010). In addition, the methine at 64.23 (H-17)
correlated to the methyl at 51.84 (Me-18") suggesting H-17 and Me-18' were on the

other side of the plane.

On the basis of above information, VI3 was identified as pheophorbide A. The NMR
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data were in good agreement with pulished data for this compound (Hargus et al.,
2007; Lai et al., 2010). This is the first report of the isolation of pheophorbide A from

V. thapsus.

3.2.3 Characterisation of VT10 as pheophorbide A ethyl ester

The positive ion mode HRESI-MS data for VT10 gave a quasi-molecular ion

[M+H]" at m/z 621.3065, indicating a molecular fomula of C3;H4OsN4 (DBE=19).

The 'H NMR spectrum (Table 3.7, Figure 3.37) was similar to the data obtained for
VT3, suggesting another pheophorbide template with three highly deshielded protons
at 89.39 (1H, s, H-10), 69.21 (1H, s, H-5) and 68.57 (1H, s, H-20) and a singlet at
86.31 (1H, s, H-13?%). The main difference was the presence of two signals identified
as an oxymethylene at 64.08 (2H, m) and a methyl at 61.16 (3H, ¢, J=7.1 Hz). The
COSY spectrum established that these two signals coupled with each other,

suggesting the presence of an -OCH,CH3; group.

The *C NMR spectrum (Table 3.7, Figure 3.39) revealed 37 carbons. Two extra
carbons ccompared to VT3 were found at 860.7 and 614.2, further confirming the
presence of an -OCH,CHj group. All other carbon chemical shifts were in agreement
with the data obtained for VT3 except that the carbonyl shift was found at 6173.1
rather than 6177.7, strongly suggesting that the carbon was esterified by the the

-OCH,CHj3; group.

Selected HMBC correlations are shown in Table 3.8. A *J correlation between the
methylene at 82.37/862.68 (H-17'a/b) and the carbonyl at §173.1 was observed. The
methyl group at 81.16 (Me-17°) coupled to the carbon at 860.7 (C-17%). The

oxymethylene at 34.08 (H-17") displayed a *J correlation to the carbonyl at 3173.1.
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This confirmed that the -OCH,CH; group was attached to the carbonyl at 173.1
(C-17%).

The NOESY results for VT10 (Figure 3.42) were similar to those obtained for VT3.
A more intense correlation between H-13% at 86.31 and H-17'a/b at 52.37/82.68 was
observed compared to the less intense correlation between the H-13% and H-17 at

84.25, thus H-13% and H-17" were on the same side of the plane.

Based on the above information and by comparison with the data obtained for VT3,
VT10 was identified as pheophorbide A ethyl ester. The NMR results were in good
agreement with pulished data for this compound (Nakamura et al., 1996;
Wongsinkongman ef al., 2002). Pheophorbide A ethyl ester is reported for the first

time in V. thapsus.

3.2.4 Characterisation of VT6 as pheophytin A

The positive ion mode HRESI-MS data for VT6 gave a quasi-molecular ion [M+H]"

at m/z 871.5715, indicating a molecular fomula of CssH740sN4 (DBE=20).

The '"H NMR spectrum (Table 3.9, Figure 3.38) demonstrated some similar features
to the data obtained for VT3 and VT10, suggesting the presence of a pheophorbide
derivative with three highly deshielded protons at 69.52 (1H, s, H-10), 69.38 (1H, s,
H-5) and 88.58 (1H, s, H-20) and another three deshielded signals at 66.00~8.00 for
H-3', H-3% and H-13? respectively. In addition, an oxymethylene multiplet at 54.50,
a triplet at 05.16 assigned as an olefinic proton attached to a methylene and some
methyl signals at 60.81 (6H, d), 60.87 (6H, d) and 61.60 (3H, s) were observed,

suggesting the presence of a phytol group.
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The >C NMR spectrum (Table 3.9, Figure 3.40) displayed a total of 55 carbons. 35
carbons were similar to those in VT3 with a carbonyl at §173.0 (C-17°) in VTG,
suggesting an esterified position. The other 20 carbons could be attributed to the
phytol moiety with one olefinic methine (6117.7), one oxymethylene (661.5), five
methyls (616.3, 819.6, 0619.7, 822.6 and 0622.7), nine methylenes (three at
024.00~25.00, four at 836.50~37.50 and two at 639.4 and 639.8), and three methines

(028.0, 632.6 and 632.7) as well as one quaternary carbon (6142.9).

The HMBC spectrum (Table 3.10) gave all typical correlations as in VI3 and VT10
confirming the presence of a pheophorbide derivative. The oxymethylene protons of
the phytol group at 84.50 showed a >J correlation to the carbonyl at §173.0,

establishing the position of the phytol moiety in C-17°.

The above information as well as comparison with the data obtained for VT3 and
VT10 led to the characterisation of VT6 as pheophytin A. The NMR data were in
good agreement with published data of this compound (Hargus ef al., 2007; Fang and

Xu, 2008). This is the first report of the isolation of pheophytin A from of V. thapsus.

3.2.5 Characterisation of VI'7 as pheophytin B

The positive ion mode HRESI-MS data for VT7 revealed a quasi-molecular ion

[M+H] "at m/z 885.5508, indicating a molecular fomula of CssH7,06N4 (DBE=21).

The '"H NMR spectrum (Table 3.9, Figure 3.38) was similar to the data obtained for
VT6, suggesting a pheophorbide derivative with a phytol moiety. The main
difference was that there were four deshielded protons at $10.86 (1H, s), 610.04 (1H,
s), 89.27 (1H, s) and 68.54 (1H, s) instead of three in VT6, and two methyls instead

of three at $3.00~4.00. Altogether, this suggested that one of the methyls had been
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substituted by a CHO group in VT7.

The *C NMR spectrum (Table 3.9, Figure 3.40) revealed 55 carbons as in VT6.
However, some of the observed chemical shifts were different. The main difference
was that one additional highly-deshielded methine was detected at 06187.4,
establishing the presence of an aldehyde group. Additionally, the methyl at 611.3

(observed in VT6) was not observed in VT7.

The HMBC correlations (Table 3.10) were similar to those obtained for VT6. The
extra deshielded proton at 510.86 (H-7") instead of the methyl at 63.23 (Me-7") in
VT6 °J correlated to the quaternary carbon at §150.7 (C-6), establishing that the CH;

group attached in C-7 in VT6 was substituted by a CHO group in VT7.

On the basis of the above data and by comparison with the data obtained for VT,
VT7 was identified as pheophytin B. The NMR data were in agreement with a
previous report (Fang and Xu, 2008). Pheophytin B is reported from V. thapsus for

the first time.
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R;=CH3, R,=OH, Pheophorbide A (VT3)

R;=CHj3;, R,=OCH,CH3, Pheophorbide A ethyl ester (VT10)
R;=CHj3;, R,=Phytol, Pheophytin A (VT6)

R;=CHO, R,=Phytol, Pheophytin B (VT7)

Figure 3.36 Structures of VI3, VT10, VT6 and VT7
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Table 3.7 'H (400 MHz) and *C NMR (100 MHz) data of
VT3 and VT10 in CDCl;

VT3 VT10
Position H (8) C (3) H () C (d)
1 - 142.1 - 142.3
2 - 131.9 - 131.9
2! 3.37 (3H, 5) 12.1 3.37 (3H, s) 12.1
3 - 136.1 - 136.1
3! 7.90 (1H, dd, J=11.5,17.8 129.0 7.87 (1H, dd, J=11.6,17.7 129.0
Hz) Hz)
3? 6.15(1H, d, J=11.5Hz) 1227 6.13 (1H,d,J=11.5Hz) 122.8
/6.23 (1H, d, J=17.8 Hz) /6.22 (1H, d, J=17.8 Hz)

4 - 136.5 - 136.5
5 9.27 (1H, s) 97.5 9.21 (1H, s) 97.4
6 - 155.6 - 155.6
7 - 136.2 - 136.2
7! 3.16 (3H, s) 11.1 3.10 (3H, s) 11.1
8 - 145.2 - 145.2
8! 3.60 (2H, m) 19.4 3.53 (2H, m) 19.4
8’ 1.66 (3H, ¢, J=3.6 Hz) 17.3 1.65 (3H, t, J=6.0 Hz) 17.4
9 - 150.9 - 150.9
10 9.43 (1H, s) 104.4 9.39 (1H, s) 104.4
11 - 137.9 - 137.9
12 - 128.8 - 128.8
12 3.66 (3H, s) 12.1 3.68 (3H, s) 12.1
13 - 128.9 - 128.9
13! - 189.8 - 189.8
13* 6.27 (1H, s) 64.7 6.31 (1H, s) 64.7
13° - 169.7 - 169.7
13 3.90 (3H, s) 52.9 3.93 (3H, s) 53.1
14 - 149.7 - 149.7
15 - 105.1 - 105.1
16 - 161.2 - 161.3
17 423 (1H,d,J=8.7Hz)  51.1  425(1H,d,J=6.0Hz)  51.1
17" 228 (1H,m)/2.65(1H,m) 29.7 2.37(1H, m)/2.68 (1H,m) 29.8
172 232(1H,m)/2.59 (1H, m) 309 2.25(1H, m)/2.54 (1H, m) 312
17° - 177.7 - 173.1
18 448 (1H,d,J=72Hz) 502 451 (1H,d,J=7.3Hz)  50.1
18! 1.84 3H,d,J=73Hz)  23.1 187 3H,d,J=7.3Hz) 232
19 - 172.1 - 172.3
20 8.56 (1H, s) 93.1 8.57 (1H, s) 93.1
17* 4.08 (2H, m) 60.7
17° 1.16 (3H, ¢, J=7.1 Hz), 14.2
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Table 3.8 Selected HMBC correlations of VI3 and VT10 in CDCl;

Position VT3 VT10
HMBC correlations (H—C) HMBC correlations (H—C)

1

2

2! H-2Y/C-2, C-1, C-3, C-2! H-2Y/C-2, C-1, C-3, C-2!

3

3! H-3!/C-3%, C-2, C-4 H-3!/C-3%, C-2, C-4

32 H-3%/C-3, C-3! H-3%/C-3, C-3!

4

5 H-5/C-7, C-3, C-4 H-5/C-7, C-3, C-4

6

7

7! H-7'/C-6, C-8, C-7, C-9, C-7" H-7'/C-6, C-8, C-7, C-9, C-7"
8

8! H-8'/C-82, C-9, C-7 H-8'/C-82, C-9, C-7, C-8
82 H-8%/C-8', C-8 H-8%/C-8', C-8

9

10 H-10/C-12, C-11, C-8 H-10/C-12, C-11, C-8, C-10
11

12
12! H-12!/C-11, C-13, C-12 H-12Y/C-11, C-13, C-12, C-10
13
13!
132 H-13%C-16, C-15, C-13, C-14, H-13%/C-16, C-13, C-14, C-13',

c-13%, Cc-13° C-13°

133
13* H-13%C-13° H-13%C-13°

14

15

16

17 H-17/C-18!, C-17', C-172, C-16, H-17/C-18', C-17', C-17, C-16

C-19

17! H-17Y/C-17° H-17'/C-17%, C-18, C-17°
17? H-17%/C-17° H-174/C-17', C-17, C-17°
173

18 H-18/C-18', C-17', C-17, C-16, H-18/C-18', C-17', C-17, C-16,

C-19

18! H-18'/C-17, C-18, C-19 H-18'/C-17, C-18, C-19
19

20 H-20/C-2, C-18, C-1 H-20/C-2, C-18, C-1

174 H-174C-17%, C-17°

17° H-17°/C-17*
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Table 3.9 'H (400 MHz) and °C NMR (100 MHz) data of

VT6 and VT7 in CDCl;
VT6 VT7
Position H (d) C (d) H (d) C (d)
1 - 142.1 - 143.4
2 - 131.9 - 132.1
2! 3.42 (3H, s) 12.1 3.37 (3H, s) 12.1
3 - 136.3 - 137.5
3! 7.99 (1H, dd, J=11.5,17.8  129.1 7.90 (1H, dd, J=11.6,  128.6
Hz) 17.8 Hz)
3? 6.19 (1H, d, J=11.5Hz) 1228 6.20(1H,d,J=11.5Hz) 123.4
/6.30 (1H, d, J=17.8 Hz) /6.33 (1H, d, J=17.8 Hz)
4 - 136.5 - 136.9
5 9.38 (1H, s) 97.5 10.04 (1H, s) 101.3
6 - 155.6 - 150.7
7 - 136.1 - 132.4
7! 3.23 (3H, s) 113 10.86 (1H, s) 187.4
8 - 145.2 - 159.1
8! 3.67 (2H, m) 19.5 3.69 (2H, m) 18.8
8’ 1.71 (3H, ¢, J=7.6 Hz) 17.5 1.67 (3H, t,J<19Hz) 19.3
9 - 150.9 - 146.6
10 9.52 (1H, s) 104.5 9.27 (1H, s) 106.6
11 - 137.9 - 137.7
12 - 129.0 - 132.2
12 3.71 (3H, s) 12.2 3.60 (3H, s) 12.2
13 - 128.9 - 129.6
13! - 189.6 - 189.5
13* 6.30 (1H, s) 64.8 6.27 (1H, s) 64.7
13° - 169.5 - 169.3
13 3.91 (3H, s) 52.9 3.97 (3H, s) 53.1
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Table 3.9 (continued) 'H (400 MHz) and °C NMR (100 MHz) data of

VT6 and VT7 in CDCl;
VTé6 vVT7
Position H () C (9 H (3) C@®)
14 - 149.7 - 150.6
15 - 105.2 - 104.9
16 - 161.4 - 164.1
17 4.24 (1H, d, J=8.0 Hz) 51.2 4.23 (1H, d, J=6.2 Hz) 514
17" 2.36 (1H, m) /2.66 (1H, m) 29.7 237 (1H, m)/2.69 (1H,  29.7
m)
17* 222 (1H,m)/2.51 (1H,m) 31.3 231 (1H,m)/2.56 (1H,  31.3
m)
17° - 173.0 - 172.9
18 4.49 (1H) 50.2 4.48 (1H) 50.1
18! 1.84 (3H, d, J=7.3 Hz) 23.1 1.88 (3H, d, J=7.3 Hz) 23.1
19 - 172.1 - 174.0
20 8.58 (1H, s) 93.2 8.54 (1H, s) 93.4
Phytol  Protons: 4.50 (CH,), 5.16 (CH), Protons: 4.52 (CH,), 5.20 (CH),

1.91 (CH,), 1.28 (3CH,),
1.22/1.02 (4CH,), 1.13 (CHy),

1.33 (2CH), 1.52 (CH), 0.81 (CHs,

d), 0.82 (CHs, d), 0.86 (CHs, d),
0.87 (CHs, d), 1.60 (CHs, £)

Carbons: 61.5,117.7, 142.9, 39.9,

25.0,37.4,32.7,37.3,24.8,37.2,
32.6,36.6,24.4,39.4,28.0.22.7,
22.6,19.6,19.5,16.3

1.92 (CHy), 1.31 (3CHy),
1.22/1.02 (4CH,), 1.12 (CHy),
1.33 (2CH), 1.51 (CH), 0.81
(CHj3, d), 0.82 (CHs, d), 0.86
(CHj3, d), 0.87 (CHs, d), 1.62
(CHs, 1)

Carbons: 61.6, 117.7, 143.0,
39.8,24.9,37.2,32.6,37.3,24 .4,
37.4,32.7,36.6,24.8,39.4, 28.0.
22.7,22.6,19.6,19.7, 16.3
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Table 3.10 Selected HMBC correlations of VT6 and VT7 in CDCl;

Position VTé6 VT7
HMBC correlations (H—C) HMBC correlations (H—C)
1
2
2! H-2Y/C-2, C-1,C-3, C-2! H-2Y/C-2, C-1, C-3, C-2!
3
3! H-3'/C-3, C-2, C-4 H-3'/C-3?, C-2, C-4
3? H-3%/C-3, C-3' H-3%*/C-3, C-3'
4
5 H-5/C-7, C-3, C-4 H-5/C-7, C-3, C-4
6
7
7! H-7'/C-6, C-8, C-7 H-7'/C-6, C-7, C-7'
8
8! H-8'/C-8% C-9, C-7, C-8 H-8'/C-8', C-8% C-9, C-7, C-8
8? H-8%/C-8', C-8 H-8%/C-8', C-8
9
10 H-10/C-12, C-11, C-8 H-10/C-12, C-11, C-8
11
12
12! H-12!/C-11, C-13, C-12 H-12Y/C-11, C-13, C-12
13
13!
132 H-13%/C-15, C-14, C-13', C-13*  H-13%/C-16, C-15, C-14, C-13',
Cc-13°
13°
134 H-13%C-13° H-13%C-13°
14
15
16
17 H-17/C-17', C-17%, C-16 H-17/C-18', C-17', C-17%, C-16
17! c-17°
17 C-17', C-17,C-17°
17°
18 H-18/C-18", C-17? H-18/C-18', C-17', C-19, C-16,
18! H-18'/C-17, C-18, C-19 H-18'/C-17, C-18, C-19
19
20 H-20/C-2, C-18, C-1 H-20/C-2, C-18, C-1
Phytol  4.50/117.7, 142.9, 173.0 (C-17°)  4.52/117.7, 143.0, 172.9(C-17)

5.16/16.3,39.9

5.20/16.3, 39.8
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3.3 Flavonoids

3.3.1 Common spectroscopic features

ALS8, AL9 and AL10 were isolated from the methanol extract of A. lappa (Section
2.4: Protocol 4; ALS8 0.0001% yield, AL9 0.0003% yield, AL10 0.0018% yield),
TF3, TF6 and TF9 were isolated from the ethyl acetate extract of 7° farfara (Section
2.4: Protocol 6; TF3 0.0042% yield, TF6 0.0004% yield, TF9 0.0012% yield), and
VT2 was isolated from the ethyl acetate and methanol extracts of V. thapsus (Section
2.4: Protocol 9 and 10, 0.1643% yield). All compounds were obtained as yellow
amorphous solids. TLC analysis revealed a quenching spot under short UV light
which turned yellow after treatment with anisaldehyde-sulphuric acid (ALS, ALY,
AL10, TF3, TF6 and TF9) or vanillin-sulphuric acid (VT2) reagent followed by

heating.

The '"H NMR spectra (Table 3.11 and 3.12, Figure 3.44 and 3.45) suggested the
presence of two aromatic spin systems with one system common in all compounds
showing two meta-coupled protons typical of A ring protons H-6 and H-8. The other
aromatic system (B ring) exhibited either a 4’-monosubstitution or a 3’,
4’-disubstitution. Sharp singlets in the region of 812.17 to 12.97 were observed for
all compounds, typical of the 5-OH of flavonoids which can form hydrogen bond in

solvent DMSO-d¢ and Acetone-de.

The >C NMR spectra (Table 3.11 and 3.12, Figure 3.46 and 3.47) indicated that
ALS8/TF3, AL9/TF6 and VT2 had 15 carbons, whilst AL10/TF9 presented 21
carbons with six carbons typical of a glucose including the anomeric methine at
0104.0 and the oxymethylene at 661.9. Signals at 6175.7~182.1, typical of a C-4

carbonyl group in flavonoids, were also detected for all compounds.
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3.3.2 Characterisation of AL8/TF3 as kaempferol

The negative ion mode HRESI-MS data for AL8/TF3 gave a quasi-molecular ion

[M-H] " at m/z 285.0409, suggesting a molecular fomula of C;sH;¢Os (DBE=11).

In the "H NMR spectrum (Table 3.11, Figure 3.44), the A ring of a flavonol structure
was identified with two meta-coupled protons at 66.28 (1H, d, J/=2.0 Hz, H-6) and
06.54 (1H, d, J=2.0 Hz, H-8). A pair of signals showing ortho, meta-couplings at
67.03 (2H, dd, J=2.1, 8.0 Hz, H-3’/5") and 68.17 (2H, dd, J=2.1, 8.0 Hz, H-2’/6)

established the presence of a 1, 4-para disubtituted B ring.

In the HMBC spectrum (Table 3.11), both protons at 66.28 (H-6) and 66.54 (H-8)
showed *J correlations to the same quaternary carbon at §103.5 (C-10) and *J
correlations to the highly-deshielded quaternary carbon at 6164.1 (C-7); the former
(H-6) also *J correlated to another highly-deshielded quaternary carbon at 8161.5
(C-5), and the latter (H-8) displayed a > coupling to the carbon at §156.9 (C-9) and a
*J ‘W’ coupling to the carbonyl at §175.7 (C-4). The protons at 7.03 (H-3’/5") and
88.17 (H-2°/6") displayed *J and *J correlations, respectively, to the oxygen-bearing
quaternary carbon at 6159.4 (C-4’), indicating the presence of a -OH substituent in
C-4’ on the B ring. Protons at 88.17 (H-2°/6) also exhibited *J coupling to another
highly-deshieled carbon at §146.2 (C-2) and 2J correlation to a quaternary carbon at
0122.6 (C-1"). Couplings between the -OH in C-5 and its neighbouring carbons were
also detected, including a 3] correlation to C-6 at 098.4, C-10 at 06103.5, and a 4y

correlation to C-7 (6164.1).
Based on the above data, AL8/TF3 were unambiguously characterised as kaempferol.

The NMR data were in agreement with published data of this compound (Chen ef al.,

2001; Xiao et al., 2006; Lee et al., 2009). This compound has previously been
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isolated from A. lappa roots (Chen et al., 2011) and 7. farfara flower buds and leaves
(Liu et al., 2006; Chanaj-kaczmarek et al., 2013). This is the first report of its

presence in 4. lappa aerial parts.

3.3.3 Characterisation of AL9/TF6 as quercetin

The negative ion mode HRESI-MS data for AL9/TF6 revealed a quasi-molecular ion
[M-H] ™ at m/z 301.0357, suggesting a molecular fomula of C;sH;00; (DBE=11).

The 'H NMR spectrum (Table 3.12, Figure 3.45) of AL9/TF6 was similar to that of
ALS8/TF3 with the presence of two meta-coupled protons at 66.19 (1H, d, J=2.0 Hz,
H-6) and 06.40 (1H, d, J=2.0 Hz, H-8) on the A ring. The presence of an ABX
substitution pattern on the B ring was established with signals for protons at 66.89
(1H, d, J=8.5 Hz, H-5"), 67.54 (1H, dd, J=2.2, 8.5 Hz, H-6’) and 87.67 (1H, d, J=2.2

Hz, H-2").

Based on the 'H and >C NMR data (Table 3.12) and by comparision with AL8/TF3
NMR data as well as published data (Guvenalp and Demirezer, 2005; Xiao et al.,
2006; Xiang et al., 2011), AL9/TF6 was characterised as quercetin and the
identification was also further confirmed with the HMBC analysis (Table 3.12).
Quercetin has previously been isolated from 4. lappa roots and leaves (Ferracane et

al.,2010) and T. farfara flower buds (Liu et al., 2006).

3.3.4 Characterisation of VT2 as luteolin

The negative ion mode HRESI-MS data for VT2 gave a quasi-molecular ion [M-H]"

at m/z 285.0409, suggesting a molecular fomula of C;5H ;0O (DBE=11).
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The 'H NMR spectrum (Table 3.12, Figure 3.45) of VT2 displayed similarity to that
of AL9/TF6, with two A ring meta-coupled protons at 66.20 (H-6) and 86.45 (H-8)
and three protons at 66.90 (1H, d, J=8.1 Hz), 87.40 (1H, m) and 67.43 (1H, m)
suggesting an ABX substitution pattern on the B ring. But the multiplicity and J
values of the protons at 87.40 and 67.43 could not be established unambiguously
because of signal overlapping in the region of 67.40~7.43. An extra signal was also
detected at 66.67 (1H, s), which was attributed to H-3 on the C ring. The above

information suggested the identification of VT2 as luteolin.

In the HMBC spectrum (Table 3.12), the correlations observed were similar to those
detected for AL9/TF3 (quercetin). However, the additional signal at 66.67 (1H, s,
H-3) was found to correlate via a °J coupling to two quaternary carbons at 6104.2
(C-10) and 8122.0 (C-1°). A *J ‘W’ coupling to the oxygen-bearing quaternary
carbon at 8161.9 (C-5) was also observed. On the basis of the above information,
VT2 was identified as luteolin and the NMR data were in agreement with a previous
report (Saeidnia et al., 2009). Luteolin has previously been isolated from V. thapsus

aerial parts (Zhao et al., 2011).

3.3.5 Characterisation of AL10/TF9 as kaempferol-3-O-glucoside (astragalin)

The negative ion mode HRESI-MS data for AL10/TF9 displayed a quasi-molecular
ion peak [M-H] ™ at m/z 447.0938, suggesting a molecular fomula of C; H,Oy;

(DBE=12).

The 'H NMR spectrum (Table 3.11, Figure 3.44) of AL10/TF9 revealed an A ring
and a B ring similar to that of AL8/TF3 with A ring protons at 66.30 (H-6) and 66.53
(H-8) and B ring protons at 66.98 (2H, dd, J=2.1, 8.0 Hz, H-3"/5") and 88.15 (2H, dd,

J=2.1, 8.0 Hz, H-2’/6’). The spectrum also indicated the presence of a sugar unit,
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with an anomeric proton at 65.26 (1H, d, J/=7.5 Hz, H-1"’), an oxymethylene at 3.53
(1H, m, H-6a’*)/63.66 (1H, m, H-6b’’) and four oxymethines at 63.29 (1H, m, H-3""),
03.37 (1H, m, H-5"), 83.45 (1H, m, H-2”) and 63.49 (1H, m, H-4""). The large
coupling constant observed for H-1" (J=7.5 Hz) indicated that H-1 and H-2” were

trans-diaxial. On this basis, the sugar unit was identified as B-D-glucopyranoside.

The HMBC spectrum (Table 3.11) demonstrated the same correlations for A & B
ring protons as those observed for AL8/TF3. An additional *J correlation was
observed for the anomeric proton of the glucose unit at 85.26 (H-1) to the
quaternary carbon at 6134.5 (C-3). The above data led to the identification of
AL10/TF9 as kaempferol-3-O-glucoside (astragalin). The NMR data were in
agreement with published data ( Xiao et al., 2006; Lee et al., 2009). This compound
has previously been isolated from 7. farfara flower buds and leaves (Liu et al., 2006;

Chanaj-kaczmarek et al., 2013); this is its first report from 4. lappa.
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R;=R;=0OH, R,=H, Kaempferol (AL8/TF3)

R;=R,=R;=0H, Quercetin (AL9/TF6)
R;=H, R,=R;=0H, Luteolin (VT2)

R;=0Gluy, R,=H, R;=0OH, Kaempferol-3-O-glucoside (AL10/TF9)

Figure 3.43 Structures of AL8/TF3, AL9/TF6, AL10/TF9 and VT2
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Table 3.11 'H (400 MHz) and *C NMR (100 MHz) data of AL8/TF3 and AL10/TF9 in Acetone-ds

Position ALS/TF3 AL10/TF9
H (9) C (0) HMBC correlations H () C (0) HMBC correlations
1 - - - -
2 - 146.2 - 157.8
3 - 135.7 - 134.5
4 - 175.7 - 178.3
5 12.17 (-OH) 161.5 C-6, C-10, C-5, C-7 12.43 (-OH) 162.1 C-6,C-10, C-5,C-7
6 6.28 (1H, d, J/=2.0 Hz) 98.4  C-8,C-10,C-5,C-7 6.30 (1H, d, J=2.0 Hz) 98.8 C-§,C-10, C-5,C-7
7 - 164.1 - 164.4
8 6.54 (1H, d, J=2.0 Hz) 93.6 C-§,C-6,C-10, C-9, 6.53 (1H, d, J=2.0 Hz) 93.8 (C-6,C-10,C-9, C-7,
C-7,C-4 C-4
9 - 156.9 - 157.1
10 - 103.5 - 104.6
I - 122.6 - 121.7
2 8.17(1H, dd, J=2.1,8.0 Hz) 129.6 C-3°,C-6’,C-2,C-4> 8.15(1H,dd,J/=2.1,8.0Hz) 1313 C(C-3°,C-6°,C-2,C-4’
3’ 7.03 (1H, dd, J=2.1,8.0 Hz) 1155 C-5’,C-1’,C-2’,C-4> 698 (H,dd,J=2.1,8.0Hz) 115.0 c-5,C-1',C4
4 - 159.4 - 160.2
5 7.03 (1H, dd, J=2.1,8.0 Hz) 1155 C-3’,C-1’,C-6’,C-4> 698 (H,dd,J=2.1,8.0Hz) 115.0 C-3,C-1',C4
6’ 8.17 (1H, dd, J=2.1,8.0 Hz) 129.6 C-5°,C-2’,C-2,C-4> 8.15(1H,dd,J=2.1,80Hz) 1313 C(C-5°,C-2°,C-2,C-4’
1” 5.26 (1H, d, J=7.5 Hz) 104.0 C-3
2” 3.45 (1H, m) 74.6 Cc-17,C-4»
3” 3.29 (1H, m) 77.0 C-57,C-17,C4”
4” 3.49 (1H, m) 77.2 C-57,C-2”
5” 3.37 (1H, m) 70.4 c-6”,C-3”
6” 3.53 (1H, m) /3.66 (1H, m) 61.9
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Table 3.12 'H (400 MHz) and “C NMR (100 MHz) data of AL9/TF6 and VT2 in DMSO-dj

Position AL9/TF6 VT2
H () C (0) HMBC correlations H (0) C (9) HMBC correlations
1 - - - -
2 - 147.3 - 164.4
3 - 136.2 - 103.4
4 - 176.3 - 182.1
5 12.48 (-OH) 161.2 12.97 (-OH) 161.9 C-6, C-10, C-5,C-7
6 6.19 (1H, d, J=2.0 Hz) 98.9 (C-8,C-10,C-5,C-7 6.20 (1H,d,J=2.1 Hz) 99.3 C-8, C-10, C-5,C-7
7 - 164.4 - 164.6
8 6.40 (1H, d, J=2.0 Hz) 939 (C-6,C-10,C-9,C-7 6.45(1H,d,J=2.1Hz) 943 (-8, C-6,C-10,C-9, C-7,
C-4
9 - 156.6 - 157.8
10 - 103.5 - 104.2
I - 122.5 - 122.0
2 7.67 (1H, d, J=2.2 Hz) 1154 C-6’°,C-4’,C-3,C-3° 7.43 (1H) 119.5 C-6°,C-4,C-3
3’ - 145.5 - 146.2
4 - 148.2 - 150.2
5 6.89 (1H, d, J=8.5 Hz) 116.0 C-1’,C-3’, C-4 6.90 (1H,d, J/=8.1 Hz) 116.5 C-1’,C-3°,C-4’, C-6,C-5’
6’ 7.54 (1H, dd, J=2.2,8.5Hz) 120.5 C-2,C-3,C4 7.40 (1H) 113.8 C-2°,C-3°,C-4’,C-3,C-I’
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3.4 Benzoic acid and hydroxycinnamic acid derivatives

3.4.1 Characterisation of benzoic acid derivatives

3.4.1.1 Characterisation of VT9 as 4-hydroxybenzoic acid

VT9 was isolated from the ethyl acetate extract of V. thapsus as a white amorphous
solid (Section 2.4: Protocol 9, 0.0001% yield). A dark spot on the TLC plate was
detected under short UV light and it turned brown upon treatment with

vanillin-sulphuric acid reagent and followed by heating.

The negative ion mode HRESI-MS data showed a quasi-molecular ion [M-H] " at m/z

137.0246, suggesting a molecular fomula of C;H¢O3 (DBE=5).

The '"H NMR spectrum (Table 3.13) displayed two signals, presenting at 37.87 (2H,
dd, J=2.1, 8.8 Hz) and 66.83 (2H, dd, J=2.1, 8.8 Hz), which indicated a 1, 4-para
disubtituted aromatic ring. In the HMBC spectrum (Table 3.13), the signal at 67.87
(H-2/6) exhibited °J couplings to the carbonyl at 8168.9 (C-7) and the
oxygen-bearing quaternary carbon at 8161.9 (C-4). The signal at 66.83 (H-3/5)
revealed correlations to carbons at §114.6 (*J, C-5/3), 8121.4 (°J, C-1) and 8161.9 (*J,
C-4). The above information led to the identification of VT9 as 4-hydroxybenzoic
acid. The NMR results were consistent with the literature data (Yoshioka et al., 2004).
This compound has already been isolated from V. phlomoides and V. thapsiforme

(Tatli and Akdemir, 2004), but this is the first report of its isolation from V. thapsus.
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3.4.1.2 Characterisation of VT8 as 4-hydroxy-3-methoxy benzoic acid

VT8 was isolated from the ethyl acetate extract of V. thapsus as a brown amorphous
solid (Section 2.4: Protocol 9, 0.0004% yield). On TLC plate, it revealed a dark
spot under short UV light which turned brown upon spraying with vanillin-sulphuric

acid reagent and heating.

The negative ion mode HRESI-MS data revealed a quasi-molecular ion [M-H] ~at

m/z 167.0352, suggesting a molecular fomula of CsHgO4 (DBE=5).

The 'H NMR spectrum (Table 3.13) displayed a singlet at 83.86 (3H) accounting for
a methoxy group. It also exhibited protons of an ABX system at 66.83 (1H, d, J=8.3
Hz, H-5), 67.56 (1H, dd, J=1.8, 8.3 Hz, H-6) and 87.49 (1H, d, J/=1.8 Hz, H-2). The
C NMR spectrum (Table 3.13) consisted of eight carbons, including one methoxyl,
three aromatic methines, three quaternary carbons and one carbonyl. In the HMBC
spectrum (Table 3.13), the methoxyl protons at 63.86 demonstrated a 3 coupling to
the carbon at 5146.8 (C-3). Protons at 56.83 (H-5) and 67.49 (H-2) also J and %/
correlated to C-3, respectively, indicating that the methoxyl group was attached in
C-3. Protons at 87.56 (H-6) and 87.49 (H-2) both displayed *J couplings to the
carbonyl at 6168.9 (C-7) and to the oxygen-bearing carbon at 150.6 (C-4). The
identification of C-1 (8121.9) was confirmed with the >J correlation between proton

at 66.83 (H-5) and the carbon signal at 6121.9

The above data identified VT8 as 4-hydroxy-3-methoxybenzoic acid (vanillic acid).
All spectroscopic data were in agreement with the literature data (Yu et al., 2006).
This compound has previously been isolated from other V. species (V. phlomoides
and V. thapsiforme) (Tatli and Akdemir , 2004). This is the first report of its isolation

from V. thapsus.
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OH
R=H, 4-hydroxybenzoic acid (VT9)

R=0CH3;, 4-hydroxy-3-methoxybenzoic acid (VT8)

Figure 3.48 Structures of VI'9 and VT8
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Table 3.13 'H (400 MHz) and “C (100 MHz) NMR data of VT9 and VT8 in CD;0D

Position VT9 VT8 (CD;0D¥*)
H () C (6) HMBC correlations H () C (0 HMBC correlations

1 - 121.4 - 121.9

2 7.87 (dd,J=2.1,8.8 Hz) 131.6 C-6,C-4,C-7 7.49 (1H, d, J=1.8 Hz) 1124  C-1,C-6,C-3,C-4, C-7,
C-2

3 6.83 (dd,J=2.1,8.8 Hz) 114.6 C-5,C-1,C-4 - 146.8

4 - 161.9 - 150.6

5 6.83 (dd,J=2.1,8.8 Hz) 114.6 C-3,C-1,C-4 6.83 (1H, d, J=8.3 Hz) 1143  C-1,C-3,C-4, C-5, C-2,
C-7

6 7.87 (dd,J=2.1,8.8 Hz) 131.6 C-2,C-4,C-7 7.56 (1H, dd, J=1.8,8.3 Hz) 124.3 C-2,C-4,C-7,C-3

7 - 168.9 - 168.9

8 3.86 3H, s) 55.8 C-8,C-3

* CD3;0D with 1~2 drops of CDCl;
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3.4.2 Characterisation of hydroxycinnamic acid derivatives

3.4.2.1 Characterisation of AL7/TF7 as trans-caffeic acid

AL7 and TF7 were isolated as brown amorphous solids from the methanol extract of
A. lappa and the ethyl acetate extract of 7. farfara, respectively (Section 2.4:
Protocol 4 and 6; AL7 0.0018% yield, TF7 0.0001% yield). TLC analysis
displayed a quenching spot under short UV light which turned brown upon spraying

with anisaldehyde-sulphuric acid reagent followed by heating.

The negative ion mode HRESI-MS data for AL7/TF7 gave a quasi-molecular ion
[M-H] " at m/z 179.0355, suggesting a molecular fomula of CoHsO4 (DBE=06).

The '"H NMR spectrum (Table 3.14, Figure 3.50) displayed two frans olefinic
protons at 67.41 (1H, d, J/=15.8 Hz) and 66.17 (1H, d, J=15.8 Hz). Three aromatic
protons were observed at 67.02 (1H, d, J/=2.0 Hz), 66.95 (1H, dd, J=8.2, 2.0 Hz) and
06.76 (1H, d, J=8.2 Hz). This suggested the structure of a phenylpropanoid
derivative. The *C NMR spectrum (Table 3.14) revealed 9 carbons including 5

methines, 3 quaternary carbons and a carbonyl.

In the HMBC spectrum (Table 3.14), the olefinic proton at 87.41 (H-7) showed a 2/
correlation to one quaternary carbon at §126.4 (C-1) and *J correlations to two
carbons at 0115.3 (C-2), 8121.6 (C-6) and the carbonyl at 6168.5 (C-9). The other
olefinic proton at 86.17 (H-8) exhibited a %/ coupling to the carbonyl and a *J
coupling to the carbon at §126.4 (C-1). The protons at 67.02 (H-2) and 86.95 (H-6)
both *J coupled to one oxygen-bearing quaternary carbon at 5148.5 (C-4) and the
olefinic carbon at 6144.9 (C-7).
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The above data established AL7/TF7 as trans-caffeic acid. The spectroscopic data
were in agreement with a previously reported data (Durust ez al., 2001). Caffeic acid
has been reported in the roots, leaves and seeds of 4. lappa (Bhat et al., 2007; Pari

and Prasath, 2008) and 7. farfara flower buds (Wu et al., 2010)

3.4.2.2 Characterisation of TF12 as methylcaffeate

TF12 was isolated from the methanol extract of 7. farfara as a brown powder
(Section 2.4: Protocol 7, 0.0003% yield). TLC analysis displayed a dark spot under
short UV light which turned brown upon spraying with anisaldehyde-sulphuric acid

reagent followed by heating.

The negative ion mode HRESI-MS data for TF12 revealed a quasi-molecular ion

[M-H] " at m/z 179.0509, suggesting a molecular fomula of C;oH;004 (DBE=6).

The "H NMR spectrum (Table 3.14, Figure 3.50) was similar to that of AL7/TF7,
with trans olefinic protons at 67.55 (1H, d, J=16.0 Hz) and 66.29 (1H, d, J=15.2 Hz),
and three aromatic protons at 67.17 (1H, d, J/=2.0 Hz), 67.05 (1H, dd, J=8.2, 2.0 Hz)
and 66.88 (1H, d, J=8.2 Hz). The only difference was the presence of methoxy group

observed at 63.73 (3H, s).

The C NMR spectrum (Table 3.14) displayed 10 carbons including 5 methines, 3
quaternary carbons, one methoxyl at 650.6 and a carbonyl at 6167.0. Correlations
observed in the HMBC spectrum (Table 3.14) were similar to those observed for
AL7/TF7 (cafteic acid), only the methyl at 63.73 (OMe-10) was found to correlate

via a *J coupling to the carbonyl at §167.0 (C-9).

The above data led to the identification of TF12 as caffeic acid methylester or
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methylcaffeate. The spectroscopic data were in agreement with previously reported
data (Lee et al., 2009; Xiang et al., 2011). Methylcaffeate has previously been

isolated from T farfara flower buds (Wu et al., 2010). .

3.4.2.3 Characterisation of TF4 as p-coumaric acid

TF4 was isolated from the ethyl acetate extract of T. farfara as a white amorphous
solid (Section 2.4: Protocol 6, 0.0001% yield). When analysed on TLC plate, it
showed a dark spot under short UV light which turned brown after spraying with

anisaldehyde-sulphuric acid reagent followed by heating.

The negative ion mode HRESI-MS data gave a quasi-molecular ion [M-H] " at m/z

179.0403, suggesting a molecular fomula of CoHgO3 (DBE=6).

The '"H NMR spectrum (Table 3.15, Figure 3.50) displayed two trans olefinic
protons at 67.62 (1H, d, J=16.0 Hz) and 66.35 (1H, d, J=16.0 Hz), and a pair of ortho,
meta-coupled signals at 67.55 (2H, dd, J=2.0, 8.0 Hz) and 66.92 (2H, dd, J=2.0, 8.0
Hz) indicating a 1, 4-para disubstituted aromatic ring. The BC NMR spectrum
(Table 3.15) demonstrated six methines at 6114.9, 8115.8 (Cx2), 6130.0 (Cx2) and
0144.6. The assignments of quaternary carbons at 6126.2, $159.6 and 6167.0 were

extracted from the HMBC spectrum.

The above 'H and "C NMR data suggested the identification of TF4 as
4-hydroxycinamic acid (p-coumaric acid), and the characterisation was further
confirmed with the HMBC spectrum (Table 3.15). The NMR data showed agreement
with previous reports (Durust et al., 2001; Zhou and Li, 2006; Kuddus et al., 2010;
Ou et al., 2011). This compound has previously been isolated from 7. farfara leaves

(Chanaj-kaczmarek et al., 2013).

175



3.4.2.4 Characterisation of VT3 as frans-cinnamic acid

VTS5 was isolated from the ethyl acetate extract of Ve. thapsus as a brown amorphous
solid (Section 2.4: Protocol 9, 0.0033% yield). It appeared as a dark spot on the
TLC plate under short UV light and it turned brown after spraying with

vanillin-sulphuric acid reagent and heating.

In the positive ion mode HRESI-MS, VT5 gave a quasi-molecular ion [M+H] " at
m/z 149.0597, suggesting a molecular fomula of CoHsO3 (DBE=6). Data from the

negative ion mode HRESI-MS revealed a base peak at m/z 295.0977 for [2M-H] .

In the 'H NMR spectrum (Table 3.15, Figure 3.50), two distinctive trans
olefinic-proton signals were present at 67.84 (1H, d, J=16.0 Hz, H-7) and 66.49 (1H,
d, J=16.0 Hz, H-8). Two protons were dectected at 87.59 (dd, J=2.2, 8.0 Hz) and
three protons overlapped at 67.44 (m), which indicated a monosubstituted aromatic

ring.

The °C NMR spectrum (Table 3.15) established the presence of 9 carbons, including
the methine at 6128.4 (Cx2) and another one at 6129.0 (Cx2). In the HMBC
spectrum (Table 3.15), the olefinic proton at 67.84 (1H, d, J=16.0 Hz, H-7) displayed
3J correlation to one methine at 5128.4, suggesting the assignment of the methine at
0128.4 (Cx2) as C-2/6, thus the other at 6129.0 (Cx2) assigned to C-3/5. With the aid
of the HSQC experiment, the protons at 67.59 were assigned as H2/6 and the three

protons at 67.44 assigned as H-3/5 and H-4.
On the basis of the above information, VT35 was identified as trans-cinnamic acid.

The NMR data were in agreement with previously reported data (Liu ef al., 2004).

Although several hydroxycinnamic acids have previously been isolated from other
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Verbascum species (V. phlomoides and V. thapsiforme) (Tatli and Akdemir, 2004),

this is the first report of the isolation of frans-cinnamic acid from V. thapsus.

R;=R,=R;=0H Caffeic acid (AL7/TF7)

R;=R,=0H, R;=0OCH; Methylcaffeate (TF12)
R;=H, R,=R;=0H p-coumaric acid (TF4)

R;=R,=H, R;=0OH Cinnamic acid (VT5)

Figure 3.49 Structures of AL7/TF7, TF12, TF4 and VTS5
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Table 3.14 'H (400 MHz) and “C (100 MHz) NMR data of AL7/TF7 and TF12

Position AL7 /TF7 (DMSO-dg) TF12 (Acetone-dg)
H (o) C (0) HMBC correlations H (o) C () HMBC correlations

1 - 126.4 - 126.7
2 7.02 (1H, d, J=2.0 Hz) 1153  C-6,C-7,C-4, C-3 7.17 (1H, d, J=2.0 Hz) 114.3 C-6,C-7,C-4, C-3
3 - 146.1 - 145.5
4 - 148.5 - 147.9
5 6.76 (1H, d, J=8.2 Hz) 116.2  C-6,C-1,C-3,C-4 6.88 (1H, d, J=8.2 Hz). 115.5 C-6,C-1,C-3,C-4
6 6.95(1H,dd, J=8.2,2.0 Hz) 121.6 C-2,C-5,C-7,C-4 7.05(1H,dd,J=8.2,2.0 Hz) 121.6 C-2,C-5,C-7,C-4
7 7.41 (1H, d, J=15.8 Hz) 1449  C-2,C-6,C-7,C-9 7.55 (1H, d, J=16.0 Hz) 144.7 C-2,C-6,C-7,C-9
8 6.17 (1H, d, J=15.8 Hz) 115.8 C-1,C-9 6.29 (1H, d, J=15.2 Hz) 114.5 C-1,C9
9 - 168.5 - 167.0
10 3.73 3H, s) 50.6 C-9
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Table 3.15 'H (400 MHz) and *C (100 MHz) NMR data of TF4 and VT5

HMBC correlations

HMBC correlations

position TF4 (Acetone-dg)

H () C )
1 - 126.2
2 7.55 (1H, dd, J=2.0, 8.0 Hz)  130.0
3 6.92 (1H, dd, J=2.0,8.0 Hz)  115.8
4 - 159.6
5 6.92 (1H, dd, J=2.0,8.0 Hz)  115.8
6 7.55 (1H, dd, J=2.0,8.0 Hz)  130.0
7 7.62 (1H, d, J=16.0 Hz)) 144.6
8 6.35 (1H, d, J=16.0 Hz) 114.9
9 - 167.0

C-6,C-4, C-7

C-5,C-1

C-3,C-1
C-2,C-4,C-7
C-2,C-6,C-9

C-1,C-9

VTS5 (CDCL)

H (3) C ()

- 134.0

7.59 (dd, J=2.2,8.0 Hz)  128.4
7.44 129.0

7.44 130.8

7.44 129.0

7.59 (dd, J=2.2,8.0Hz) 1284
784 (1H,d, J=16.0 Hz) 1472
6.49 (1H,d, /=160 Hz)  117.3

172.7

C-6,C+4, C-1,C-7
C-5,C-1,C4
C-2,C-6,C-3,C-5
C-3,C-1,C4
C-2,C-4,C-1,C-7
C-3/5,C-9, C-1, C-8
C-3/5, C-1,C-7,C-9
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3.4.2.5 Characterisation of TF5 as a mixture of p-coumaric acid (a) and

4-hydroxybenzoic acid (b)

TF5 was isolated from the ethyl acetate extract of 7. farfara as a brown amorphous
solid (Section 2.4: Protocol 6, 0.0028% yield). It appeared a dark spot on the TLC
plate under short UV light which turned brown after treatment with

anisaldehyde-sulphuric acid reagent and heating.

The negative ion mode HRESI-MS data displayed one quasi-molecular ion [M-H] ™ at
m/z 179.0403, suggesting a molecular fomula of CoHsO; (DBE=6), and one
quasi-molecular ion [M-H] "~ at m/z 137.0246 indicating a molecular fomula of

C7H603 (DBEZS)

The '"H NMR spectrum (Figure 3.51) established the presence of two 1, 4-para
disubstituted aromatic rings with signals at 67.55 (2H, dd, J=1.8, 6.9 Hz, H-2a/6a),
06.91 (2H, dd, J=2.2, 6.6 Hz, H-3a/5a), 67.93 (2H, dd, J=2.0, 8.8 Hz, H-2b/6b),
06.93 (2H, dd, J=2.1, 8.6 Hz, H-3b/5b). Two olefinic protons were observed at 67.62
(1H, d, J=16.0 Hz, H-7a) and 66.34 (1H, d, J/=16.0 Hz, H-8a). The integration for
proton signals at 87.55 (H-2a/6a) and 67.93 (H-2b/6b) were in a 4:1 ratio. The Be
NMR spectrum demonstrated 10 methines at 6114.9 (C-8a), 6115.1 (Cx2, C-3b/5b),
0115.8 (Cx2, C-3a/5a), 6130.0 (Cx2, C-2a/6a), 8131.8 (Cx2, C-2b/6b) and 5144.7
(C-7a), and six quaternary carbons at 6121.8 (C-1b), 6126.2 (C-1a), 6159.6 (C-4a),

§161.7 (C-4b), §166.7 (C-Tb)and 5167.4 (C-9a).

In the HMBC spectrum, the olefinic protons at 87.62 (H-7a) and 066.34 (H-8a)
exhibited *J and %J correlations, respectively, to the carbonyl at 8167.4 (C-9a), and *J
and °J couplings, respectively, to the quaternary carbon at 8126.2 (C-la). Two

protons at 87.55 (H-2a/6a) displayed 3J correlations to carbons at $130.0 (C-6a/2a),
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8159.6 (C-4a) and 5144.7 (C-7a). Another two protons at 86.91 (H-3a/5a) *J coupled
to carbons at 6126.2 (C-1a) and 0115.8 (C-5a/3a). This established the presence of

p-coumaric acid.

Additionally, the signal at §7.93 (H-2b/6b) °J correlated to the oxygen-bearing
carbon at 6161.7 (C-4b) and the carbonyl at 8166.7 (C-7b). The signal at 66.93
(H-3b/5b) displayed a >J coupling to the carbon at §121.8 (C-1b). This established

the presence of 4-hydroxybenzoic acid.
On the basis of above data and by comparison with previous reports (Peungvicha et

al., 1998; Ou et al., 2011), TFS was identified as a mixture of of p-coumaric acid (a)

and 4-hydroxybenzoic acid (b) in the ratio of 4:1.
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3.4.2.6 Characterisation of TF10, TF11, AL12 as dicaffeoylquinic acids

3.4.2.6.1 Common spectroscopic features

TF10 and TF11 were isolated from the methanol extract of 7. farfara (Section 2.4:
Protocol 7; TF10 0.0018% yield, TF11 0.0045% yield), and AL12 was isolated
from the methanol extract of 4. lappa (Section 2.4: Protocol 4, 0.0046% yield). All
compounds were obtained as brown amorphous solids. TLC analysis revealed a dark
spot under short UV light which turned brown after spraying with

anisaldehyde-sulphuric acid reagent followed by heating.

The negative ion mode HRESI-MS data for these compounds showed a
quasi-molecular ion [M-H] ™ at m/z 515.1199, suggesting a molecular fomula of
Cy5H2401, (DBE=14). The mass spectra also gave two fragment ions at m/z 353 and

m/z 179.

The '"H NMR spectra (Table 3.16, Figure 3.53, 3.58 and 3.62) revealed three
oxymethines in the region of 63.70~6.00 and two methylenes between 62.00 and
62.70. They also showed signals for two ABX aromatic spin systems in the region of
06.70~7.20, and two pairs of trans-olefinic methines at around 86.30 (J=15.8 Hz)

and 87.60 (J=15.8 Hz).

The °C NMR spectra (Table 3.16, Figure 3.54) estabilished 25 carbons with four
oxygenated quaternary carbons in the region of 6145.0~148.5 and three carbonyls
including one acidic at 6170.0~181.0 and two esterified positions at 6167.0. The
above information suggested the identification of these compounds as
dicaffeoylquinic acids. The observation of fragment ions at m/z 353 (chlorogenic acid)

and at m/z 179 (caffeic acid) further supported this hypothesis.
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3.4.2.6.2 Characterisation of TF10 as 3, 4-dicaffeoylquinic acid

The '"H NMR spectrum (Table 3.16, Figure 3.53) exhibited one quinic acid moiety
with three oxymethines at 65.65 (1H, ddd, J= 3.6, 8.2, 11.9 Hz, H-3), 65.21 (1H, dd,
J=2.9, 6.0 Hz, H-4), and 64.16 (1H, dd, J=5.1, 10.7 Hz, H-5), and two methylenes at
02.21 (1H, m)/82.10 (1H, m) and 62.09 (2H, m). Two caffeoyl groups were
established with signals at 67.60 (H-7"), 87.53 (H-7"), 66.32 (H-8), 86.26 (H-8”),
67.08 (H-2’), 87.04 (H-2”"), 86.95 (H-6), 86.90 (H-6"), 86.79 (H-5") and 66.76
(H-5). The COSY spectrum (Figure 3.55) revealed a correlation between the
signal at 65.21 and both protons at 5.65 and 64.16, indicating that the proton at
05.21 was H-4. The protons at 65.65 (H-3) and 85.21 (H-4) were highly deshielded,
suggesting that the hydroxyl groups at position 3 and 4 were substistuted by caffeoyl

groups.

The >C NMR spectrum (Table 3.16, Figure 3.54) gave 25 carbons in total. Some
distinctive signals from caffeoyl groups included two carbonyls at $167.0 (C-9’) and
0167.1 (C-97), four olefinic carbons at 6146.0 (C-7’), 0145.8 (C-7), 6113.7
(C-8/8”) and six aromatic carbons at 8121.8 (C-6’), 6121.7 (C-6), o115.1
(C-5°/57),6113.6 (C-2°) and 6113.8 (C-2”"). Three oxymethines at 668.6 (C-3), 673.2
(C-4) and 0666.3 (C-5), two methylenes at 636.7 (C-2) and 0838.3 (C-6) and one

carbonyl at 6180.6 (C-7) were also observed.

In the HMBC spectrum (Figure 3.56), the proton at 65.21 (H-4) diaplayed 2J and *J
correlations to carbons at 666.3 (C-5) and 836.7 (C-2), repectively. Protons at 85.65
(H-3) and 84.16 (H-5) both correlated via *J couplings to the quaternary carbon at
074.3 (C-1). Two methylenes at 62.21/62.10 (H-2a/b) and 62.09 (H-6a/b) exhibited 3
correlations to one oxymethine at $73.2 (C-4) and one carbonyl at 3180.6 (C-7). The

olefinic proton at 67.60 (H-7") showed 3J correlations to two methines at §113.6
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(C-2%) and 6121.8 (C-6’), and to the carbonyl at 6167.0 (C-9°). The olefinic proton at
86.32 (H-8) *J coupled to the quaternary carbon at 8126.4 (C-17). Protons at 86.95
(H-6") and 87.08 (H-2") both correlated via *J couplings to the oxygen-bearing
carbon at 3148.3 (C-4’). Similarly, the proton at 87.53 (H-7") correlated via *J
couplings to carbons at 6113.8 (C-2""), 8121.7 (C-6"") and the carbonyl at 8167.1
(C-97). Protons at 86.90 (H-6"") and 87.04 (H-2"") both showed *J correlations to the
carbon at 8148.1 (C-4”). The proton at 85.65 (H-3) displayed a >J coupling to one
caffeoyl carbonyl at §167.1 (C-9”), and the proton at 55.21 (H-4) correlated via a *J
coupling to the other caffeoyl carbonyl at 8167.0 (C-9°), further establishing that
both hydroxyl groups at position 3 and 4 of the quinic acid moiety were esterified

with caffeic acid units.

The above information led to the identification of TF10 as 3, 4-dicaffeoylquinic acid
and the NMR data were in agreement with previouly reported data (Wang and Liu,
2007; Wu et al., 2007). This compound has previously been isolated from 7. farfara

flower buds (Wu et al., 2010).
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Figure 3.52 Structure of TF10
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3.4.2.6.3 Characterisation of TF11 as 3, S-dicaffeoylquinic acid

In the 'H NMR spectrum (Table 3.16, Figure 3.58), the structure of quinic acid was
identified with three oxymethines at 65.53 (H-5), 85.44 (H-3) and 063.97 (H-4), and
two methylenes at 62.33/62.14 and 62.19. The presence of two caffeoyl groups was
established with signals at 7.63 (H-7"), §7.59 (, H-7""), 66.40 (H-8"), 86.30 (H-8”),
67.09 (H-2°/H-2"), 86.96 (H-6’/H-6") and 66.80 (H-5°/H-5"). All protons were
assigned with the aid of the COSY spectrum (Figure 3.59). The deshielded signals at
05.53 (H-5) and 65.44 (H-3) suggested a 3, 5-dicaffeoyl substitution on the quinic

acid ring.

The '>C NMR spectrum (Table 3.16) indicated the presence of 25 carbons with three
carbonyls at 6178.9 (C-7), 6167.9 (C-9’) and 8167.6 (C-9”).

In the HMBC spectrum (Figure 3.60), the proton at 63.97 (H-4) showed 3
correlations to two methylenes at 838.5 (C-6) and 835.8 (C-2), and *J correlations to
two oxymethines at 872.5 (C-3) and 671.0 (C-5). Four methylene protons at
82.33/32.14 (H-2a/b) and &2.19 (H-6a/b) displayed %/ and *J correlations,
respectively, to the carbon at 674.6 (C-1) and to the carbonyl at 6178.9 (C-7). The
deshielded protons at 85.53 (H-5) and 85.44 (H-3) both correlated via 3 couplings to
the quaternary carbon at 674.6 (C-1). H-5 exhibited a 3J correlation to one caffeoyl
carbonyl at §167.6 (C-97), and H-3 displayed a *J coupling to the other caffeoyl
carbonyl at 6167.9 (C-9°), confirming the presence of two caffeic acid units in TF11.
The above information further established a 3, 5-dicaffeoyl substitution on the quinic

acid ring.

The NMR data were in good agreement with previous reports for 3,

5-dicaffeoylquinic acid (Kojima and Kondo, 1985; Peng et al., 2000). This
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compound has previously been isolated from 7. farfara flower buds (Liu et al., 2007).

Figure 3.57 Structure of TF11
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3.4.2.6.4 Characterisation of AL12 as 1, 3-dicaffeoylquinic acid (cynarin)

The 'H NMR spectrum (Table 3.16, Figure 3.62) demonstrated typical signals of
quinic acid with three oxymethines at 65.42 (H-3), 03.79 (H-4) and 64.30 (H-5) and
two methylenes at 62.07/62.62 and 62.41/32.55. The presence of two caffeoyl groups
was established with signals at 87.60 (H-7°/7"), 86.32 (H-8’), 66.29 (H-8”’) and
07.08 (H2°/27), 66.97 (H-6’/6""), 66.80 (H-5’/5""). All protons were assigned with the
aid of the COSY spectrum (Figure 3.63). The proton at 85.42 (H-3) was highly
deshielded, suggesting that the hydroxyl group at position 3 of quinic acid was

substituted by a caffeoyl group.

The ">C NMR spectrum (Table 3.16) displayed 25 carbons including two carbonyls,
four olefinic metines, six aromatic carbons from caffeoyl groups, three oxymethines,

two methylenes and one carbonyl from quinic acid.

In the HMBC spectrum (Figure 3.64), the quinic acid moiety and caffeoyl units
revealed similar correlations to those observed for TF10 and TF11. The proton at
83.79 (H-4) exhibited *J and *J correlations, respectively, to one methylene at 535.9
(C-2) and one oxymethine at 670.2 (C-3). The proton at 64.30 (H-5) correlated via 3
couplings to the methine at 70.2 (C-3) and one quaternary carbon at 680.4 (C-1).
The proton at 85.42 (H-3) displayed *J and %/ correlations, respectively, to carbons at
068.4 (C-5) and 671.8 (C-4). Four methylene protons at 62.07/62.62 (H-2a/b) and
82.41/52.55 (H-6a/b) correlated via a >J coupling to the oxymethine at §71.8 (C-4),
and the one at 62.07 (H-2a) also correlated to one carbonyl at 6173.6 (C-7). The
HMBC revealed another important correlation between the deshielded proton at
05.42 (H-3) and the carbonyl from one caffeoyl group at 8167.4 (C-9”"), which
established that one caffeic acid unit was attached in C-3 of the quinic acid moiety.

No correlation was observed between any other proton on the quinic acid moiety and
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the carbonyl on the other caffeoyl group at 6166.7 (C-9’), however the carbon
chemical shift of the oxygenated quaternary carbon (C-1) was downfield shifted to
080.4 compared to that of quinic acid containing a free hydroxyl group at C-1 (e.g.
074.3 in TF10 and 674.6 in TF11), suggesting the second caffeoyl unit was placed at

C-1 of the quinic acid moiety (Lee et al., 2013).

Based on the above information and by comparision with the data obtained for TF10
and TF11, AL12 was identified as 1, 3-dicaffeoylquinic acid (cynarin) and the NMR
data were in agreement with previously reported data (Wu et al., 2007; Danino et al.,
2009). This compound has been reported from the roots, leaves and seeds of 4. lappa

(Ferracane et al., 2010).

Figure 3.61 Structure of AL12
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Table 3.16 'H (400 MHz) and “C (100 MHz) NMR of TF10, TF11 and AL12 in CD;0D

Postion TF10 TF11 AL12

H (3) C©) H (9) C ) H (9) C )
1 - 74.3 - 74.6 - 80.4
2 2.21 (1H, m)/2.10 (1H, m) 36.7  2.33 (1H, m)/2.14 (1H, m) 35.8 2.07 (1H, m)/32.62 (1H, m) 35.9
3 5.65 (1H, ddd, J=3.6,8.2, 11.9 68.6 544 (1H,dd, J=3.4,7.2 72.5 542 (1H, ddd, J=4.0,9.2, 17.8 70.2

Hz) Hz) Hz)
4 521 (1H, dd, J=2.9, 6.0 Hz) 73.2 397 (1H,dd,J=3.2,9.1 Hz) 71.1 3.79 (1H, dd, J=3.4, 8.4 Hz) 71.8
5 4.16 (1H, dd, J=5.1, 10.7) 66.3 5.53(1H,dd, J=9.1, 14.4 71.0 4.30 (1H, dd, J=3.8, 8.0 Hz) 68.4
Hz)

6 2.09 (2H, m) 38.3 2.19 (2H, m) 38.5 2.41 (1H, m)/82.55 (1H, m) 34.6
7 - 180.9 - 178.9 - 173.6
I - 126.4 - 126.7 - 126.4
2 7.08 (1H, d, J=2.0 Hz) 113.6 7.09 (H, d, J=1.5 Hz) 113.9 7.08 (1H, s) 113.9
3 - 145.4 - 145.3 - 145.4
4 - 148.3 148.0 - 148.1
5 6.79 (1H, d, J=8.2 Hz) 115.1 6.80 (1H, J= 8.1 Hz) 115.1 6.80 (1H, d, J=8.2 Hz) 115.1
6’ 6.95 ( H, dd, J=2.0, 8.2 Hz) 121.8 6.96 (1H, dd, 1 7,8.1Hz) 121.7 6.97 (1H, dd, J=1.7, 8.4 Hz) 121.6
T 60 (1H, d, J=15.8 Hz) 146.0 7.63 (1H, d, J=15.8 Hz) 145.6 7.60 (2H, d, J=15.8 Hz) 145.9
8’ (1H, d, J=15.8 Hz) 113.7 6.40 (1H, d, J=15.9 Hz) 114.5 6.32 (1H, d, J=15.8 Hz) 114.3
9 - 167.0 167.9 - 166.7
1” - 126.3 - 126.5 - 126.5
2” 7.04 (1H, d, J=2.0 Hz) 113.8 7.09 (H, d, J=1.5 Hz) 113.9 7.08 (1H, s) 113.9
3” - 145.3 - 145.3 - 145.4
4” - 148.1 - 148.1 - 148.2
5” 6.76 (1H, d, J=8.2 Hz) 115.2 6.80 (1H, d, J=8.1 Hz) 115.2 6.80 (1H, d, J=8.2 Hz) 115.1
6” 6.90 ( H, dd, J=2. O, 8.2 Hz) 121.7 6.96 (1H, dd, J=1.7,8.1 Hz) 121.7 6.97 (1H, dd, J=1.7, 8.4 Hz) 121.6
7 7.53 (1H, d, J=15.8 Hz) 145.8 7.59 (1H, d, J=15.8 Hz) 145.7 7.60 (2H, d, J=15.8 Hz) 145.9
8 6.26 (1H, d, J=15.8 Hz) 113.7 6.30 (1H, d, J=15.9 Hz) 114.0 6.29 (1H, d, J=15.8 Hz) 113.8
9” - 167.1 - 167.6 - 167.4
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3.5 Phenylethanoid glycoside

3.5.1 Characterisation of VT11 as verbascoside

VTI11 was isolated from the ethyl acetate extract of V. thapsus as a greenish
amorphous solid (Section 2.4: Protocol 9 and 10, 0.0352% yield). On the TLC
plate, it revealed a quenching spot under short UV light and a light blue fluorescence
under long UV. It turned mauve brown after spraying with vanillin-sulphuric acid

reagent followed by heating.

The negative ion mode HRESI-MS data gave a quasi-molecular ion [M-H] at m/z

623.1984, suggesting a molecular formula of Cy9yH360,5 (DBE=12).

The 'H NMR spectrum (Table 3.17, Figure 3.66) exhibited signals typical of a
caffeoyl group with an ABX system at 67.10 (1H, brs, H-2), 66.97 (1H, d, J=8.2 Hz,
H-6) and 66.82 (1H, d, J=8.2 Hz, H-5) and two olefinic protons at 86.31 (1H, d,
J=15.9 Hz, H-8) and 67.62 (1H, d, J=15.9 Hz, H-7). The large J-coupling constant
(15.9 Hz) revealed the frans-configuration of the double bond in the caffeic acid

moiety.

The spectrum also displayed another ABX system with aromatic protons at 66.58
(1H, d, J=8.0 Hz, H-6"), 66.71 (1H, d, J=8.0 Hz, H-5") and 86.73 (1H, brs, H-2").
The HSQC and COSY experiments further revealed one methylene at 62.80 (2H, ¢,
J=7.0 Hz, H-7") and an oxymethylene group at 83.73 (1H, m, H-8a’)/64.05 (1H, m,

H-8b’). These data suggested the presence of one hydroxytyrosol moiety.

A methyl group at 81.12 (3H, d, J=6.1 Hz, H-6""") and an anomeric proton at 55.22

(1H, d, J=1.5 Hz, H-1""") accounted for one 6-deoxy sugar unit. Another anomeric
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proton at 64.39 (1H, d, J=7.9 Hz, H-1"’), one oxymethylene and four additional
oxymethines were also observed, suggesting the presence of a second sugar unit.
With the aid of the COSY and TOCSY experiments (Figure 3.68), the two sugar
units were identified as rthamnose and glucose. Protons H-1" and H-2 of the
rhamnose unit were assigned as equatorial due to the small coupling constant
detected for H-1""’ (J=1.5 Hz). The coupling constant for H-4>* (83.33, ¢, /=9.1 Hz)
indicated a trans-diaxial orientation of H-3’/H-4’/H-5"". In contrast, the large
coupling constant for H-1"" (64.39, J=7.9 Hz) indicated that H-1" and H-2”" were
trans-diaxial. Proton H-4"* (64.96, ¢, J=9.1 Hz) also appeared as a triplet with a large
coupling constant, thus allowing the assignment of H-3, H-4” and H-5" as
trans-diaxial. On the basis of the above data one sugar moiety was identified as

a-L-rhamnopyranose and the other as -D-glucopyranoside.

The *C NMR spectrum (Table 3.17, Figure 3.67) established 29 carbons including
one carbonyl, one methyl, three methylenes, eighteen methines and six quaternary
carbons. Distinctive signals for two anomeric carbons at 6101.7 (C-1""") and 6102.8
(C-17), one oxymethylene at 661.0 (C-6"") and the methyl at 617.2 (C-6’"") further

confirmed the presence of one glucose and one rhamnose uint.

In the HMBC spectrum (Table 3.17, Figure 3.69), the olefinic proton on the caffeoyl
group at 87.62 (H-7) correlated via >J couplings to the carbonyl at §167.1 (C-9) and
two aromatic methines at 5122.0 (C-6) and 6114.0 (C-2). The other olefinic proton at
86.31 (H-8) exhibited a *J correlation to one quaternary carbon at §126.4 (C-1). The
protons at 87.10 (H-2) and 6.97 (H-6) showed °J and 2/ couplings to
oxygen-bearing quaternary carbons at 6148.4 (C-4) and 61465.4 (C-3), respectively.
On the hydroxytyrosol moiety, the methylene protons at 52.80 (H-7") displayed *J
couplings to carbons at §115.9 (C-2") and §120.1 (C-6), and a °J correlation to the

oxymethylene carbon at $70.9 (C-8’). The oxymethylene signals at 6 3.73 and 6 4.05
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(H-8’a/b) correlated via *J couplings to one anomeric carbon at §102.8 (C-17),
indicating the hydroxytyrosol was linked to the C-1" of B-D-glucopyranoside. On the
glucose unit, the *J correlation between the anomeric proton at 34.39 (H-1"") and the
oxymethylene carbon at 670.9 (C-8’) further established the bridge link between
B-D-glucopyranoside and hydroxytyrosol. The link between the caffeoyl group and
B-D-glucopyranoside was also detected with the J coupling between the proton at
04.96 (H-4"’) the carbonyl at 6167.1 (C-9). In addition, the protons at 63.84 (H-3"")
and 85.22 (H-1""") showed *J correlations to the carbons at 5101.7 (C-1"") and 880.5
(C-37), respectively, suggesting that the glucose and rhamnose units were linked

through C-3 and C-1""".

The above data led to the identification of VT11 as verbascoside. The NMR data
were in good agreement with a previous publication (Ersoz et al., 2002). This
compound has previously been isolated from the whole plants of V. thapsus (Hussain

et al.,2009).

Figure 3.65 Structure of VT11
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Table 3.17 'H (400 MHz) and C (100 MHz) NMR of VT11 in CD;0D

Position H () C (0) Selected HMBC
correlations
Caffeoyl moiety
1 - 126.4
2 7.10 (1H, brs) 114.0 C-6,C+4, C-7,C-3
3 - 145.4
4 - 148.4
5 6.82 (1H,d,J=8.2 Hz) 1153 C-1,C-3,C-4,C-6
6 6.97 (1H, d, J=8.2 Hz) 122.0 C-2,C4,C-7,C-3
7 7.62 (1H, d, J=15.9 146.8 C-9, C-7,C-1, C-6,C-2
Hz)
8 6.31 (1H, d, J=15.9 113.4 C-1,C-9
Hz)
9 - 167.1
Hydroxytyrosol
I - 130.2
2’ 6.73 (1H, brs) 115.9 c-6’,C-4,C-T
3 - 144.8
4 - 143.2
5 6.71 (1H, d, J=8.0 Hz) 115.1 C-1’,C-3
6’ 6.58 (1H, d, /=8.0 Hz) 120.1 Cc-7,C-2,C-4
7 2.80 (2H,t,J=6.8,7.6  35.2 c-8’,C-2’,C-6’, C-1’
Hz)
8’ 3.73 (1H, m) /4.05 70.9 c-7,C-17,C-1°
(1H, m)
Glucose
1” 4.39 (1H,d,J=79 Hz) 102.8 Cc-8’,C-57,C-3”
2” 343 (1H, ¢, J=8.4Hz) 74.8
3” 3.84 (1H, ¢ J=9.2 Hz) 80.5 c-4”,C-57,C-27,C-1""
4> 4.96 (1H,t,J=9.1 Hz) 69.2 C-9,C-37,C-57,C-67
5” 3.54 (1H, m) 74.5 C-17,C-4”,C-5”
6” 3.56 (1H, m) /3.65 61.0 c4”
(1H, m)
Rhamnose
1 522 (1H,d,J~1.5Hz) 101.7 C-1"",C-37,C-3, C-5"”
27 3.98 (1H, brs) 71.0 c-4,C-3”
3 3.64 (1H, m) 70.7 c-4>,C-5”
4 333 (1H,¢J=9.1Hz) 72.5
5 3.60 (1H, m) 69.1
6 1.12(3H,d, J=6.1 Hz) 17.2
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3.6 Miscellaneous compounds

3. 6.1 Characterisation of AL1 as n-nonacosane

AL1 was isolated from the n-hexane extract of A. lappa as a white flaky solid
(Section 2.4: Protocol 1, 0.0159% yield). On the TLC plate, AL1 showed no
quenching spot under short UV light and no fluorescence under long UV. It gave a

bright pink spot after spraying with anisaldehyde-sulphuric acid reagent and heating.

HREI-MS analysis displayed a molecular ion [M] " at m/z 408 and some fragments at

m/z 57,71, 85,99, 133, 127, indicating a molecular formula of C9Hgy (DBE=0).

The 'H NMR spectrum revealed a sharp singlet at §1.24 and a triplet at 80.87,
integrating for 54 and 6 protons, respectively. This indicated that there were two

methyl groups and 27 methylenes
The above 'H NMR and HREI-MS data established the identification of AL1 as

n-nonacosaneand and the data were in good agreement with the literature data (Chen

et al., 2008). This is the first report of the isolation of #n-nonacosane from A. lappa.
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3.6.2 Characterisation of VT4 as 1-monoacylglycerol

VT4 was isolated from the ethyl acetate extract of V. thapsus as a greenish oil
(Section 2.4: Protocol 9, 0.0219% yield). A brown spot was observed on the TLC

plate after treatment with vanillin-sulphuric acid reagent and heating,.

The positive ion mode HRESI-MS spectrum gave a quasi-molecular ion [M+H] " at

m/z 135.0651, suggesting a molecular formula of CsH ;004 (DBE=1).

The 'H NMR spectrum (Figure 3.70) displayed a sharp singlet at 82.13 (3H) typical
of methyl protons of an acetyl group. The spectrum also showed protons signals at
03.62 (1H, dd, J=3.9, 11.5 Hz)/83.71 (1H, dd, J=3.9, 11.5 Hz) and 84.18 (1H, dd,
J=4.7, 11.6 Hz)/64.21 (1H, dd, J=4.7, 11.6 Hz) for a pair of two non-equivalent

oxymethylene protons. A multiplet accounting for one proton was observed at 63.96.

The >C NMR spectrum exhibited one mthyl at 320.8, two oxymethylenes at 563.3

and 665.3, one oxymethine at 670.2 and a carbonyl at 3171.5.

In the HMBC spectrum, the signal at 62.13 (Me-5) correlated to the carbonyl at
0171.5 (C-4), establishing the presence of the acetyl group. The oxymethylene
protons at 54.18/84.21 (H-1a/b) revealed *J couplings to carbons at $63.3 (C-3) and
8171.5 (C-4). The other oxymethylene protons at 83.62/83.71 (H-3a/b) displayed *J

and J correlations to carbons at §65.3 (C-1) and §70.2 (C-2), respectively.
This led to the characterisation of VT4 as 1-monoacylglycerol and the NMR data

were in agreement with previously published data (Homma et al., 2012). This is the

first report of the isolation of 1-monoacylglycerol from V. thapsus.
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Part B Antibacterial studies

3.7 Antitubercular activity of crude extracts and isolated compounds

3.7.1 Results from the SPOTi assay

3.7.1.1 Arctium lappa extracts and isolated compounds

Results of the activity of A. lappa extracts and selected isolated compounds against
M. tuberculosis H3;Rv in the SPOTi assay are presented in Table 3.18. The n-hexane
extract (325H) showed the highest activity with an MIC value of 62.5 pg/mL. The
ethyl acetate extract (325E) exhibited moderate activity (MIC=125 pg/mL) and the
methanol extract (325M) was inactive at the highest concentration of 125 pg/mL
used in the assay. Subsequent screening of the three phases obtained following
liquid-liquid partition of the methanol extract revealed that the dichloromethane
phase (325MD) was active with an MIC value of 62.5 pg/mL, whereas the n-butanol
and water phases (325MB and 325MW) were both inactive at the highest
concentration (125 pg/mL). The MIC values of isoniazid and rifampicin against M.
tuberculosis H37Rv used in this assay were consistent with the literature (Guzman et
al., 2013). This is the first time that the antitubercular acitivity of A. lappa is
investigated. These results provide in part some scientific basis for the

ethnomedicinal use of A. lappa as a traditional anti-TB remedy.

Among the screened compounds isolated from the n-hexane extract, only the
[-sitosterol/stigmasterol mixture (AL2) revealed moderate activity (MIC=125
pg/mL). Taraxasterol (AL3) and taraxasterol acetate (AL4) were both inactive at the

concentration (125 pg/mL), and n-nonacosane (AL1) had no activity at 500 pg/mL.

The activity observed for the crude n-hexane extract was stronger than that observed
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for the pure isolated compounds, suggesting that the acitivity could either be
attributable to other (non-purified) phytochemical(s) or to compounds acting
synergistically. Previous studies have reported the activity of B-sitosterol and
stigmasterol against M. tuberculosis H3;Rv using a MABA assay (MICs=32.8 and
64.0 ng/mL, respectively) (Gutierrez-Lugo ef al., 2005); their mixture also inhibited
the growth of M. tuberculosis H3;Rv in the MABA assay (MIC=128 pg/mL) (Tan et
al., 2008). Although the MABA assay relies on a different method to the SPOTi assay,

our results seemed to correlate well with previous reports.

The anti-TB activity of taraxasterol has been reported previously, and it was active
against M. tuberculosis H3;Rv (ATCC 27294) in the MABA assay with an MIC value
of 64.0 pg/mL (Akihisa et al., 2005). This is the first report of the anti-TB activity of
taraxasterol using the SPOTi aasay. The antitubercular investigation of taraxasterol

acetate and n-nonacosane is also reported for the first time.

A literature search revealed that daucosterol (AL6) has previously reported as active
against M. tuberculosis H3;Rv with an MIC value of 128.0 ug/mL (Woldemichael et
al., 2004). In this study, daucosterol was isolated from the active ethyl acetate extract
of A. lappa, suggesting the activity of the ethyl acetate extract may be in part

attributable to this comound.

The active dichloromethane phase yielded isololiolide (AL13) and melitensin
(AL14). Results exhibited that both compounds were inactive at the highest
concentration (500 pg/mL) used in the assay, suggesting that the activity of the
dichloromethane phase was probably due to other phytochemical(s). Nevertheless,
this is the first report of the screening of isololiolide and melitensin for antitubercular

activity.
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Taraxasterol (AL3), taraxasterol acetate (AL4), isololiolide (AL13) and melitensin
(AL14) belong to the group of terpenes/terpenoids. Numerous terpenes/terpenoids,
mainly sesquiterpenes and triterpenes, have been reported with moderate to high
activity against M. tuberculosis. A study on structure-activity relationships revealed
that the a-methylene-y-lactone moiety seems to be an essential, but not sufficient,
structural requirement for significant antitubercular activity of sesquiterpenes, and
the presence of a second alkylating site may enhance the activity, whereas some
conflicting results observed for various types of triterpenoids makes it difficult to

predict structural requirements for antitubercular activity (Cantrell ef al., 2001).

B-Sitosterol/stigmasterol mixture (AL2) and daucosterol (AL6) are plant steroids.
Steroids are promising antimycobacterial agents; their polar “head groups™ and
flexible nonpolar “phytyl tails” are involved in mycobacterial cell wall disruption
(Rugutt and Rugutt, 2002). It was reported that the antimycobacterial activity of
steroids depends on hydrophobicity and the type of substituents on the phytyl moiety

(Rugutt and Rugutt, 2002; 2012).

216



Table 3.18 Activity of A. lappa extracts and selected isolated compounds

against M. tuberculosis H3;Rv in SPOTi assay

Sample MICs pg/mL (pM)
325H 62.5
325E 125
325M NA'

325MD 62.5

325MB NA'

325MW NA'
AL1 NA?
AL2 125
AL3 NA'
AL4 NA'
AL13 NA®
AL14 NA*
INH 0.01 (0.07)
RIF 0.01 (0.01)

325H: A. lappa n-hexane extract; 325E: 4. lappa ethyl acetate extract; 325M: A. lappa

methanol extract; 325MD: dichloromethane phase from A. lappa methanol extract

partitioning; 325MB: n-butanol phase from 4. lappa methanol extract partitioning;

325MW: water phase from 4. lappa methanol extract partitioning; INH: isoniazid; RIF:

rifampicin; NA': no activity at 125 pg/mL; NA?: no activity at 500 pg/mL
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3.7.1.2 Tussilago farfara extracts and isolated compounds

Results of the activity of 7. farfara extracts and selected isolated compounds against
M. tuberculosis H37Rv in the SPOTi assay are presented in Table 3.19. The n-hexane
and ethyl acetate extracts (326H and 326E) demonstrated good activity both with an
MIC value of 62.5 pg/mL. The methanol extract (326M) showed moderate activity
(MIC=125 pg/mL). The dichloromethane phase (326MD) had an MIC value of 500
pg/mL, and the n-butanol and water phases (326MB and 326MW) were both
inactive at the highest concentration of 500 pg/mL used in the assay. The above
results provide for the first time scientific evidence to support the ethnomedicinal use

of T. farfara as a traditional antitubercular remedy.

B-Sitosterol/stigmasterol mixture (TF1) and Iloliolide (TF2), isolated from the
n-hexane extract, were active at MICs of 125 and 250 pg/mL (1273.9 uM),
respectively. The activity of the n-hexane extract may be attributable to these
compounds. This is the first report of the anti-TB study of loliolide. Loliolide and
isololiolide are isomers, but the latter, from the active dichloromethane phase of A.

lappa, was not active at the highest concentration (500 pg/mL) used in this study.

Among the compounds isolated from the ethyl acetate extract, p-coumaric acid
(TF4), the p-coumaric acid/4-hydroxybezoic acid mixture (TF5), and caffeic acid
(TF7), revealed strong to weak activity with MICs of 31.3 (190.7 uM), 62.5 and 250
pg/mL (1387.6 uM), respectively. Among the flavonoids, quercetin (TF6) had an
MIC of 500 pg/mL (1654.3 uM), kaempferol (TF3) and kaempferol-3-O-glucoside
(TF9) were both inactive at the highest concentration of 500 pg/mL. Thus, the
activity of the ethyl acetate extract may be attributable to the combined effect of
simple phenolics. A previous report has identified that p-coumaric acid had an

MIC>128 pg/mL in the MABA assay (Gutierrez-Lugo et al., 2005). The
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antitubercular activity of the p-coumaric acid/4-hydroxybenzoic acid mixture and
caffeic acid is reported for the first time in this study. Quercetin has previously been
reported as active in the MABA assay at the concentration of 312.5 pg/mL (Boligon
et al., 2012), and even more active in the BACTEC radiometric assay with an MIC
value of 50.0 pg/mL (Yadav et al, 2013). Both kaempferol and
kaempferol-3-O-glucoside have been reported as inactive in the BACTEC
radiometric assay (MIC>100 and 128 pg/mL, respectively) (Yadav et al., 2013;
Woldemichael et al., 2004). This is the first report of the screening of all compounds

in the SPOTi assay.

Cinnamic acid derivatives are attractive anti-TB drug leads when used along with
known antibiotics (De et al., 2012b). p-Coumaric acid and caffeic acid are hydroxy
cinnamic acids, arising from deamination of phenylalanine in plants. The mode of
anti-TB action of these small molecules remains unidentified to date (De et al.,

2012a).

Many flavonoids have been reported with anti-TB activity. One possible mechanism
is that flavonoids inhibit the putative dehydratase enzyme involved in M.
tuberculosis fatty acid synthase II (Brown et al., 2007). Structure-activity
relationships studies have been carried out to determine the specific structural
requirements for flavonoids to be anti-TB active. It was revealed that hydroxyls in
C-5 and C-7 did not contribute to the activity, but hydroxyls in C-5, 6, 7 (trthydroxy)
or 3’, 4’ (dihydroxy) were particularly important, and that O-methylation or
glycosylation at any of the di- or tri-hydroxyl substitutions inactivated the anti-TB
potential of the flavonoids (Yadav et al., 2013). This correlates well with the results

obtained for the three flavonoids in this study.
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Table 3.19 Activity of 7. farfara extracts and selected isolated compounds
against M. tuberculosis H3;Rv in SPOTi assay

Sample MICs pg/mL (nM)
326H 62.5
326E 62.5
326M 125

326MD 500

326MB NA

326 MW NA

TF1 125
TF2 250 (1273.9)
TF3 NA
TF4 31.3(190.7)
TF5 62.5
TF6 500 (1654.3)
TF7 250 (1387.6)
TF9 NA
INH 0.01 (0.07)
RIF 0.01 (0.01)

326H: T. farfara n-hexane extract; 326E: T. farfara ethyl acetate extract, 326M: T.
farfara methanol extract; 326MD: dichloromethane phase from 7. farfara methanol
extract partitioning; 326MB: n-butanol phase from 7. farfara methanol extract
partitioning; 326MW: water phase from 7. farfara methanol extract partitioning; INH:

isoniazid; RIF: rifampicin; NA: no activity at 500 pg/mL
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3.7.1.3 Verbascum thapsus extracts and isolated compounds

Results of the activity of V. thapsus extracts and selected isolated compounds against
M. tuberculosis H37Rv in the SPOTi1 assay are presented in Table 3.20. The ethyl
acetate extract (605E) showed weak activity (MIC=250 pg/mL), the methanol extract
(605E) revealed an MIC value of 500 pg/mL and the n-hexane extract (60SH) had no
activity at 500 pg/mL. Among the three phases derived from the methanol extract,
the dichloromethane phase (605MD) had an MIC of 500 pug/mL, and the other two
phases (605MB and 605MW) were inactive at 500 pg/mL. This is the first report of

the study of the antitubercular activity of V. thapsus.

Ten compounds were isolated from the ethyl acetate extract, including four phenolic
derivatives, two pheophorbides and two pheophytins. Trans-cinnamic acid (VT5)
exhibited weak activity with an MIC value of 250 pg/mL (1687.4 uM),
4-hydroxybenzoic acid (VT9) and 4-hydroxy-3-methoxybenzoic acid (VT8) had
MICs of 500 pg/mL (3620.0 and 2973.7 uM, respectively), and verbascoside (VT11)
had no activity at 500 pg/mL. Pheophorbide A (VT3) and its ethyl ester (VT10) had
MICs of 500 pg/mL (843.6 and 806.1 uM, respectively), and pheophytin A (VT6)
and pheophytin B (VT7) showed no activity at 500 pg/mL. Luteolin (VT?2) displayed
an MIC of 500 pg/mL (1746.8 uM) and 1-monoacylglycerol (VT4) was not active at
500 pg/mL. It is not clear whether the activity observed for the ethyl acetate extract
i1s due to a single compound or to synergism between compounds present in the

extract.

In a previous study reported by Rastogi et al., trans-cinnamic acid showed activity in
the BACTEC radiometric assay against various M. tuberculosis strains with MICs
ranging from 50.0 to 200.0 pg/mL, and it also synergistically enhanced the action of

drugs (rifampicin, amikacin and clofazimine) against M. tuberculosis H3;Rv (Rastogi
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et al., 1998). The antitubercular activity previously reported for 4-hydroxybenzoic
acid and 4-hydroxy-3-methoxybenzoic acid (MICs of 50 and 62.5 pg/mL,
respectively) was greater than what was observed in our study (Chen ef al., 2007).
Verbascoside has previously been reported as inactive at the concentration of 100
pg/mL in the XTT reduction menadione assay (XRMA) (Kulkarni ef al., 2012). The
flavonoid luteolin has also previously been tested against M. tuberculosis H37Rv,
with strong activity at MIC of 25 ug/mL (Yadav et al., 2013). The activity of
pheophytin A has been studied before (Su et al., 2009). This is the first report of the
screening of 1-monoacylglycerol and pheophytin B, pheophorbide A and its ethyl

ester for anti-TB activity and of all compounds for activity using the SPOTi assay.
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Table 3.20 Activity of V. thapsus extracts and selected isolated compounds
against M. tuberculosis H3;Rv in SPOTi assay

Sample MICs pg/mL (nM)
605SH NA
605E 250
605M 500

605MD 500

605MB NA

605SMW NA
VT2 500 (1746.8)
VT3 500 (843.6)
VT4 NA
VTS 250 (1687.4)
VTé6 NA
V17 NA
VT8 500 (2973.7)
VT9 500 (3620.0)
VT10 500 (806.1)
VT11 NA
INH 0.01 (0.07)
RIF 0.01 (0.01)

605H: V. thapsus n-hexane extract; 605E: V. thapsus ethyl acetate extract; 605M: V.
thapsus methanol extract; 60SMD: dichloromethane phase from V. thapsus methanol
extract partitioning; 605MB: n-butanol phase from V. thapsus methanol extract
partitioning; 605SMW: water phase from V. thapsus methanol extract partitioning; INH:

isoniazid; RIF: rifampicin; NA: no activity at 500 pg/mL
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3.7.2 Results from the MABA assay

Results of the activity of crude extracts and selected isolated compounds against M.
tuberculosis H37Rv in the MABA assay are presented in Table 3.21. All extracts and
tested compounds were initially screened at the highest concentrations of 25 or 50
pg/mL and identified as inactive at such concentrations. This is the first report of the
screening of A. lappa, T. farfara and V. thapsus extracts and of all tested compounds

in the MABA assay.

Previous studies have reported the anti-TB activity of kaempferol (ALS8/TF3),
luteolin (VT2) and trans-cinnamic acid (VTS) in the BACTEC radiometric assay
(Rastogi et al., 1998; Yadav ef al., 2013); methylcaffeate (TF12) in a standard broth
assay (Balachandran et al.,, 2012); 4-hydroxybenzoic acid (VT9) and
4-hydroxy-3-methoxybenzoic acid (VT8) in a proportion method based assay (Chen
et al., 2007), and verbascoside (VT11) in the XRMA assay (Kulkarni et al., 2012).

All tested compounds in the present study were first investigated in the MABA assay.

The MABA assay is a microplate-based assay, using Alamar blue reagent for the
determination of growth. It is sensitive, rapid, inexpensive, non-radiometric and
offers high-throughput screening of compounds against slow-growing mycobacteria
(Collins and Franzblau, 1997). It has been used for many years, prefered choice
rather than the proportion method and the radiometric BACTEC 460 system.
However, its drawback is that as a liquid-based colorimetric method, it is prone to
contamination of samples during assay manipulation, and results between different
laboratories may vary (Evangelopoulos and Bhakta, 2010). The SPOTi assay is a
newly developed solid agar-based method. It is rapid, convenient, and
high-throughput for the determination of inhibitory concentration of samples against

slow-growing mycobacteria alone or in combination. It principally measures the
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growth of the bacilli from generated spots inoculated to the centre of wells
containing a range of different concentrations of samples. Compared with other
screening methods, this assay can be done with a simple as low as 1 mg in amount,
and moreover the sample mixed to the agar media has optimum access to the bacteria
and will reflect on their biological property through growth inhibition or killing

(Evangelopoulos and Bhakta, 2010).
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Table 3.21 Activity of crude extracts and selected isolated compounds against

M. tuberculosis H3;Rv in MABA assay

Sample MICs pg/mL (pM) Sample MICs pg/mL (uM)
325H NA' TF11 NA?
325E NAZ TF12 NA?
325M NA? VT1 NA'
326H NA' VT2 NA?
326E NA* VT3 NA?
326M NA* VT4 NA?
605H NA' VT5 NA?
605E NA* VTé6 NA?
605M NA? VT7 NA?
AL1 NA' VTS NA?
AL4 NA' VT9 NA?

AL7/TF7 NA? VT10 NA?
AL12 NA* VT11 NA?
AL13 NA® RIF 0.06 (0.07)
AL14 NA* INH 0.44 (3.21)

TF2 NA* CAP 1.93 (2.44)

ALS/TF3 NA? SM 0.48 (0.83)

TF10 NA? PA-824 0.86 (2.39)

CAP: capreomycin; SM: streptomycin; PA-824: a nitroimidazopyran-derived
experimental antitubercular drug candidate; other notes same as above Tables 3.18,

3.19 and 3.20; NA': no activity at 25 ug/mL; NA?: no activity at 50 pg/mL
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3.8 Anti-MRSA activity of isolated compounds

Results of the activity of selected isolated compounds against a clinical
Methicillin-resistant S. aureus isolate (LF78) in the MTT assay are presented in
Table 3.22. All compounds except 4-hydroxybenzoic acid (VT9) were obtained in
sufficient yield to allow for antibacterial screening, and 4-hydroxybenzoic acid was
purchased from Sigma-Aldrich. Luteolin (VT2) showed the best activity with an
MIC of 62.5 pg/mL (218.3 uM). a-Spinasterol (VT1) had an MIC value of 500
pug/mL (1211.6 uM). No other compound was active at the highest concentration

(500 pg/mL) used in this assay.

4-Hydroxybenzoic acid (VT9), 4-hydroxy-3-methoxybenzoic acid (VTS),
trans-cinnamic acid (VTS) and p-coumaric acid (TF4) belong to the class of simple
phenolics. Their anti-MRSA activity has also been studied in a rapid
p-1odonitrotetrazolium chloride (INT) colorimetric assay, and the results revealed
that 4-hydroxy-3-methoxybenzoic and p-coumaric acids had MICs of 500 pg/mL and
1000 pg/mL, respectively; 4-hydroxybenzoic and frans-cinnamic acids were both
inactive at 1000 pg/mL (Alves et al., 2013). Although the INT assay relies on a
different method to the MTT assay, our results were consistent with previous report.
The study further reported that the OH and OCHj; groups in the para and meta
positions of benzene ring, respectively, play an important role in anti-MRSA activity
of simple phenolics; the absence of OCHj3 group in the meta position may reduce the
activity; only OCHj3 or H in position 5 of the benzene ring also produces anti-MRSA
activity (Alves et al., 2013). For the other tested phenolic derivatives, verbascoside
(VT11), 1, 3-dicaffeoylquinic acid (AL12), 3, 4-dicaffeoylquinic acid (TF10), and 3,
S-dicaffeoylquinic acid (TF11) are all investigated for the first time for their

anti-MRSA activity in this study.
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Luteolin (VT2) and kaempferol (TF3) belong to the group of flavonoids. Luteolin
has been previously reported as active against some clinical MRSA strains (MICs=64
pg/mL) (Qiu et al., 2011), our result seemed to correlate well with previous report.
The anti-MRSA activity of kaempferol was first invsetigated in this study. Several
other flavonoids (e.g. dihydrokaempferol and some kaempferol glycosides) have also
been reported with anti-MRSA acitivity (Ibrahim ef al., 2009; Sasaki et al., 2012). A
structure-activity study has revealed that the carbonylic group is part of the bioactive
region inducing anti-MRSA activity in flavonoids; the presence of OH group in
position 5 of flavanones (or flavones) increases activity, whereas the OCH; group
provides the reverse effect (Alcaraz et al., 2000). One possible mechanism is that
flavonoids may inhibit B-ketoacyl acyl carrier protein synthase III (KAS III) that
initiates fatty acid synthesis in bacteria and is a key target enzyme to overcome the

antibiotic resistance problem (Lee et al., 2011).

a-Spinasterol (VT1), daucosterol (AL6) and taraxasterol (AL3) are grouped into the
class of steroids and triterpenoids. The screening of a-spinasterol for anti-MRSA
activity is reported for the first time in this study, though it has been tested against
various strains of S. aureus (Salvador et al., 2009). Taraxasterol and daucosterol have
been previously studied for anti-MRSA activity but reported as inactive (Amer,
2013). The results obtained in this study seemed consistent with previous report. A
study has establshed that some triterpenoids can inhibit the activity of MRSA efflux
pumps and the activity may correlate to the topological polar surface area of the

compounds (Ramalhete et al., 2010).

Among the tested pheophorbides and pheophytins, only pheophorbide A (VT3) has

previously been investigated and reported to potentiate berberine growth inhibition

of resistant S. aureus (Stermitz et al., 2000). The screening of pheophorbide A ethyl
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ester (VT10), pheophytin A (VT6) and pheophytin B (VT7) for anti-MRSA activity
is reported for the first time in this study. However, a study reported that
metalloporphyrins pheophytins (pheophytin A Ag and the pheophytin A
Ag/pheophytin B Ag mixture, synthesized from chlorophylls) had high potent
anti-MRSA activity with MICs of 0.2 and 0.0625 pg/mL, respectively (Ghazaryan et
al., 2008). This is also the first report of the study of anti-MRSA activity of

1-monoacylglycerol (VT4).
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Table 3.22 Activity of selected isolated compounds against Methicillin-resistant

S. aureus isolate (LF78) in MTT assay

Sample MICs pg/mL (nM)
AL3 NA'
AL6 NA'

AL12 NA'
TF3 NA'
TF4 NA'
TF10 NA'
TF11 NA'
VT1 500 (1211.6)
VT2 62.5 (218.3)
VT3 NA'
VT4 NA'
VT5 NA'
VTé6 NA'
VT7 NA'
VTS NA'
VT9 NA'

VT10 NA'

VT11 NA'

Vancomycin 3.125 (2.16)
Oxacillin NA®

NA': no activity at 500 pg/mL; NA?: no activity at 200 pug/mL
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CHAPTER 4

CONCLUSION AND FUTURE WORK



4 Conclusion and future work

The phytochemical investigation of 4. lappa led to the isolation of four terpenoids,
two phytosterols, three flavonoids and some phenolic derivatives. Although all are
known compounds, n-nonacosane (AL1), kaempferol-3-O-glucoside (AL10),
isololiolide (AL13) and melitensin (AL14) are reported from A. lappa for the first
time. Antitubercular study revealed that the n-hexane extract, ethyl acetate extract
and dichloromethane phase were acitive against M. tuberculosis Hs;Rv. This
important finding provides scientific support for the traditional anti-TB use of A.
lappa. Subsequent screening of compounds isolated from active extracts found that
only [-sitosterol/stigmasterol mixture (AL2) was moderately active. It would be
necessary to investigate the synergistic action between compounds present in the
extracts in the future, especially the combined effect of taraxasterol (AL3) and
taraxasterol acetate (AL4) in different ratio, and the synergistic action between

isololiolide (AL13) and melitensin (AL14) in different ratio.

A total of twelve known compounds were isolated from 7. farfara. Most of them are
simple phenolics/derivatives or flavonoids. The compound loliolide (TF2) is first
reported from 7. farfara. The antitubercular investigation revealed that the n-hexane,
ethyl acetate and methanol extracts showed good to moderate activity. Further study
on isolated compounds indicated that B-sitosterol/stigmasterol mixture (TF1) and
loliolide (TF2) might be responsible for the activity of the n-hexane extract and that
p-coumaric acid (TF4) could account for the activity of the ethyl acetate extract.
Future work should be carried out to investigate the synergism between compounds,
for example, the synergistic action between [-sitosterol/stigmasterol mixture (TF1)
and loliolide (TF2), and the combined effect of p-coumaric acid (TF4) and other

compunds isolated from the ethyl acetate extract. It would be also interesting to work
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on p-coumaric acid chemical modification to optimize its structural phenotype or to

acquire novel structures through structure-activity relationship analysis in the future.

The phytochemical investigation of V. thapsus provided eleven known compounds,
mainly including some simple phenolics or derivatives and some pheophytins. This
is the first report of the isolation of pheophorbide A (VT3), pheophorbide ethyl ester
(VT10), pheophytin A (VT6), pheophytin B (VT7), 4-hydroxybenzoic acid (VT9),
4-hydroxy-3-methoxybenzoic acid (VT8), trans-cinnamic acid (VTS) and
1-monoacylglycerol (VT4) from V. thapsus. Results of the antitubercular study
revealed that only the ethyl acetate extract had weak activity and among the
compounds isolated from the extract only trans-cinnamic acid (VT5) showed weak
activity. Future work could be performed to modify the chemical structure of

trans-cinnamic acid to ameliorate its activity.

Compounds isolated from the three plants in suffient yield were also investigated for
their anti-MRSA activity. The result revealed that only luteolin (VT2) displayed good
activity with an MIC value of 62.5 pg/mL, and a-spinasterol had an MIC of 500

pg/mL. No other compound was active at the concentration of 500 pg/mL.

In conclusion, the present study provided some interesting outcomes in the field of
natural products with the isolation of 27 secondary metabolites from three selected
medicinal plants. A few of plant extracts and isolated compounds showed anti-TB
activity, and one compound had anti-MRSA activity. In the future, toxicity studies
need to be preformed on individual compounds to establish their safety, and then
some work can be carried out to investigate their other biological activity and to

modify their chemical structures for drug discovery.
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Appendix I: Summary of Isolated Compounds

Code Chemical Name Appearance TLC Profile  Anti-TB Activity  Anti-TB Activity  Anti-MRSA
(SPOTi data) (MABA data) Activity
AL1 n-nonacosane white flaky solid R=0.75 No activity at No activity at Not tested
(H:E=8:2) 500 pg/mL 25 ug/mL
AL2/TF1 [-sitosterol/stigmasterol white solid R=0.17 MIC=125 pg/mL Not tested Not tested
mixture (H:E=8:2)
AL3 taraxasterol white powder R=0.44 No activity at Not tested No activity at
(H:E=8:2) 125 pg/mL 500 pg/mL
AL4 taraxasterol acetate white amorphous R=0.56 No activity at No activity at Not tested
solid (H:E=8:2) 125 pg/mL 25 pg/mL
ALG6/TF8 daucosterol white solid R=0.73 Not tested Not tested Not tested
(E:M=6:4)
AL7/TF7 trans-cafteic acid brown amorphous R=0.62 MIC=250 pg/mL No activity at Not tested

solid

(E:M=7:3)

50 pg/mL
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Appendix I:

Code Chemical Name Appearance TLC Profile  Anti-TB Activity  Anti-TB Activity  Anti-MRSA
(SPOTi data) (MABA data) Activity
ALS8/TF3 kaempferol yellow amorphous R=0.62 No activity at No activity at No activity at
solid (H:E=1:9) 500 pg/mL 50 pg/mL 500 pug/mL
AL9/TF6 quercetin yellow amorphous R=0.55 MIC=500 pg/mL Not tested Not tested
solid (H:E=1:9)
AL10/TF9 kaempferol-3-O-glucoside yellow amorphous R=0.31 No activity at Not tested Not tested
solid (E:M=7:3) 500 pg/mL
ALI12 1, 3-dicaffeoylquinic acid  brown amorphous R=0.31 Not tested No activity at No activity at
solid (E:M=7:3) 50 pg/mL 500 pug/mL
AL13 isololiolide colourless oil R=0.18 No activity at No activity at Not tested
(H:E=4:6) 500 pg/mL 50 pg/mL
AL14 melitensin colourless oil R=0.15 No activity at No activity at Not tested
(H:E=4:6) 500 pg/mL 50 pg/mL
TF2 loliolide colourless oil R=0.53 MIC=250 pg/mL No activity at Not tested
(H:E=3:7) 50 pg/mL
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Appendix I:

Code Chemical Name Appearance TLC Profile  Anti-TB Activity  Anti-TB Activity  Anti-MRSA
(SPOTi data) (MABA data) Activity
TF4 p-coumaric acid white amorphous R=0.51 MIC=31.3 pg/mL Not tested No activity at
solid (H:E=2:8) 500 pg/mL
TF5 p-coumaric acid/ brown amorphous R=0.55 MIC=62.5 pg/mL Not tested Not tested
4-hydroxybenzoic acid solid (H:E=2:8)
mixture
TF10 3, 4-dicaffeoylquinic acid  brown amorphous R=0.51 Not tested No activity at No activity at
solid (E:M=7:3) 50 pg/mL 500 pg/mL
TF11 3, 5-dicaffeoylquinic acid =~ brown amorphous R=0.51 Not tested No activity at No activity at
solid (H:E=3:7) 50 pg/mL 500 pg/mL
TF12 methylcaffeate brown powder R=0.58 Not tested No activity at Not tested
(H:E=3:7) 50 pg/mL
VT1 a-spinasterol colourless needle R=0.64 Not tested No activity at MIC=500
(H:E=4:6) 25 ug/mL pg/mL
VT2 luteolin yellow amorphous R=0.53 MIC=500 pg/mL No activity at MIC=62.5
solid (H:E=0:10) 50 pg/mL pg/mL
VT3 pheophorbide A dark-green solid R=0.36 MIC=500 pg/mL No activity at No activity at
(H:E=0:10) 50 pg/mL 500 ug/mL

235



Appendix I:

Code Chemical Name Appearance TLC Profile  Anti-TB Activity  Anti-TB Activity  Anti-MRSA
(SPOTi data) (MABA data) Activity

VT4 I-monoacylglycerol greenish oil R#=0.55 No activity at No activity at No activity at
(E:M=7:3) 500 pg/mL 50 pg/mL 500 pg/mL

VTS trans-cinnamic acid brown amorphous R=0.33 MIC=250 pg/mL No activity at No activity at
solid (H:E=5:5) 50 pg/mL 500 pg/mL

VTé6 pheophytin A dark-green solid R=0.64 No activity at No activity at No activity at
(H:E=6:4) 500 pg/mL 50 pg/mL 500 ug/mL

vT17 pheophytin B dark-green solid R=0.56 No activity at No activity at No activity at
(H:E=6:4) 500 pg/mL 50 pg/mL 500 pg/mL

VTS 4-hydroxy-3-methoxy brown amorphous R=0.33 MIC=500 pg/mL No activity at No activity at
benzoic acid solid (H:E=4:6) 50 pg/mL 500 pg/mL

VT9 4-hydroxybenzoic acid white amorphous R=0.27 MIC=500 pg/mL No activity at No activity at
solid (H:E=4:6) 50 pg/mL 500 pg/mL

VT10 pheophorbide A ethyl dark-green solid R#=0.58 MIC=500 pg/mL No activity at No activity at
ester (H:E=4:6) 50 pg/mL 500 pg/mL

VTI11 verbascoside greenish amorphous R=0.58 No activity at No activity at No activity at
solid (E:M=T7:3) 500 pg/mL 50 pg/mL 500 pug/mL

H: n-hexane; E: ethyl acetate: M: methanol; TLC plates were developed in 10 mL of solvent mixture.
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