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ABSTRACT
First Nations peoples of the Canadian Maritime provinces use the roots of Heracleum
maximum as a treatment for tuberculosis, traditionally collecting the roots in the fall. A
recent study confirmed that H. maximum roots exhibit significant antimycobacterial
activity in vitro and identified falcarindiol as the bioactive constituent. Our objective
was to determine whether there is a correlation between the amount of falcarindiol
and the bioactivity of H. maximum crude extracts. Extracts of four H. maximum tissues
collected over three seasons for three consecutive years were tested for
antimycobacterial activity and analyzed for their falcarindiol content. Although there
was no difference in bioactivity between seasons, flower extracts exhibited the highest
bioactivity whilst the summer root extracts contained the most falcarindiol. There was
no relationship between antimycobacterial activity and falcarindiol content of the
extracts suggesting the presence of other compounds in the extracts that may be

responsible for the observed antimycobacterial activity.



DEDICATION

To my parents, Jim and Michele, for everything you do.



ACKNOWLEDGEMENTS

First and foremost, | would like to thank my supervisors Dr. Christopher Gray and Dr.
John Johnson. Your guidance and support have made this work possible. Your
continuous encouragement and leadership has helped strengthen not only my work,

but me as a person. | will be forever grateful for this experience.

| would like to say a special thank you to my supervisory committee, Dr. Jeff Houlahan
and Dr. Duncan Webster. Your suggestions, and most importantly the time you took to
help strengthen my work, is greatly appreciated. | would like to thank Patricia Boland at
UPEI and Dr. Larry Calhoun at UNB for your help and expertise with spectroscopic and
spectrometric data. To my examiners, Dr. Aaron Granger and Dr. Heather Major, thank

you for taking the time to read my thesis and provide thorough and timely feedback.

To all past and present members of the Natural Products Research Group, thank you
for all of your wisdom, guidance, support and laughs. You’ve made the past few years
very memorable, specifically, Kathleen Complak, for sharing laughs, tears and becoming
an awesome friend and Trevor Clark for being a great friend from the very beginning of

this journey.

To my closest friends, Laura Rodger and Dayna Lutes — you have stuck beside me
through this whole journey and kept me going whenever | felt like giving up. | thank

you for all of your patience and support. Finally, to my family — thank you for



everything you do for me. The last few years would not have been possible without

your endless encouragement.



TABLE OF CONTENTS

ABSTRACT ..ttt st ettt et e s bt e et e s st e e bt e sae e e b e e s ae e e bt e nne e e b e e bneeneenneenarean i
DEDICATION ...ttt ettt ettt ettt e he e et e bt e et e e sbeeeabe e seesabeesaeeeabeesnaesabeenneeenne ifi
ACKNOWLEDGEMENTS ....oeiiiieieesite ettt ettt ettt et e s e ssn e sneesneennee e iv
TABLE OF CONTENTS ...ttt ettt ettt ettt ettt ettt sbe e st sat e st e e bt e ssbeesatesabeesaeeenne vi
LIST OF TABLES ...ttt ettt e sne e s e sne e sn e e nee e ix
LIST OF FIGURES ...ttt ettt ettt ettt st sat e et a e s abe e sae e et e e saeesaseesaeeenne xi
LIST OF SYMBOLS, NOMENCLATURE, OR ABBREVIATIONS .....ccceeiiiinieeiienieeieesieeieans xiii
Chapter 1: General introdUCtioN ......ccoi i 1
1.1 Natural products and ethnopharmacology.........ccccoveiieeieniiiie e 2
1.2 Heracleum mMaXimuUim ...........occueeiiiiiiiieiiiiee e 4
1.3 (0] o T=To 41V PSP RUPR 8
Chapter 2: Antimycobacterial activity of Heracleum maximum crude extracts.............. 10
21 INEFOAUCTION i 11
2.2 Materials and Methods.........cooiiiiiiiiiiii e 14

2.2.1  Heracleum maximum collection and extraction ..........ccocceevvieinieenniieennneen. 14

2.2.2 MicCroplate reSAZUMIN @SSAY ....uuveeeeeeeeeeiiiiiiieeeeeeeeieiiirrereeeeeeeesesrrrreseeseessssnnns 14
2.3 Statistical ANAIYSES ... 15

2.3.1  RANAOMIZALION 1ottt 15

2.3.2  Calculations for seasonal and tissue type differences in bioactivity ............ 15
24 RESUILS ettt 17

2.4.1 Seasonal differences in the bioactivity of crude extracts from H. maximum

2.4.2  Differences in bioactivity of H. maximum tissue extracts collected in the

Y010 01 =] N 18

2.5 DiSCUSSION @Nd CONCIUSION ....evuruueeeeeeeeiiieiereeeeeeeeeteetreeeeeeeeeteeessreseeeseseennnns 19

vi



Chapter 3: Falcarindiol quantification and correlation with antimycobacterial activity.22

3.1 T aNd o T [N Tl 4o [ SPPRR 23
3.2 Material and Methods. ... 28
3.2.1 General experimental procedures ........ooccviiiiieeie i e 28

3.2.2 Heracleum maximum collection and extraction for the isolation of

falcariNdio]...cc.eeeeee s 29

3.2.3 Fractionation, isolation and identification.........ccccouuuveeeiiiiiiiiiiieeee e, 29
3.2.4  Reflux of falcarindiol ..........c.oooiiiiiiiiie e 32
3.2.5  SpectroSCOPIiC data ....ceeieeeii i 32
3.2.6  Attempted quantification of falcarindiol using ESIMS............ccoeecvivvvveeeeeennn. 35
3.2.7 Quantification of falcarindiol using HPLC ..........cccooveiiieiiiieeccieee e, 35
3.2.8 Quantification of falcarindiol using gNMR.........cccooeiiiiiiiiiiniiee e, 38
33 RESUIES .. 39
3.3.1  Falcarindiol iSOIation ........ccooieeiiiiiireceee e 39
3.3.2 Quantification of falcarindiol using QNMR............ccooiiiiiieieee e, 40

3.3.3  Comparison of gNMR and HPLC methods for quantification of falcarindiol 42

3.3.4  Correlations between antimycobacterial activity and falcarindiol

qguantification USiNg GNIMR ... 43
34 Discussion and CONCIUSION....c...couiiriiiiierieeecee e 46
Chapter 4: Summary of thesis research........cccco oo, 53
REFERENCES ...ttt sttt sttt e sar e e me e e neenneesaneennneens 56
APPENDICES ...ttt ettt st h e et e sb e st e e s bt e et e e sae e et e e sbeeeabeesbeeebeesbeeenneenes 68

Appendix 1 Extraction efficiency of Heracleum maximum methanolic crude extracts. .69
Appendix 2 Antimycobacterial activity of Heracleum maximum crude extract against

Mycobacterium tuberculosis H37Ra. ....ccccvveeeeiieiieiiiiiiieeiee e eeciitreeeee e eesseinrrereeeeeesennes 76

vii



Appendix 3 Average percent falcarindiol in Heracleum maximum crude extracts. ........ 83

Appendix 4 Falcarindiol content in Heracleum maximum crude extracts measured by

| o PSPPI 90
Appendix 5 P values for statistical analyses........ccccuvvereiiieeiiciiiee e 92
Appendix 6 R square and P values for correlations ........ccccccevcveeeiincieee s, 94

CURRICULUM VITAE

viii



LIST OF TABLES
Table 1.2.1 Traditional medicinal uses of Heracleum maximum by North American First
N Y Ao T o LY PP P PP PP PP PPPPPPPPPPPPPPPRY 6
Table 3.1.1 Bioactivity of falcarindiol isolated from various plant sources .................... 24
Table 3.2.1 Flow gradient used for high performance liquid chromatography to quantify
falcarindiol in Heracleum maximum crude extracts ......cccccevvveeviieeniieinieeeriee e 36
Table A1.1 Heracleum maximum root crude extracts from three seasons and their
EXEraction effiCIENCY. c.uuiiii i 69
Table A1.2 Heracleum maximum summer crude extracts from four tissues and their
EXEraction effiCIENCY. cuuiiii e e 72
Table A2.1 Heracleum maximum root crude extracts from three seasons in 2009 and
their respective antimycobacterial activity.......ccccoecieeiiriiiii i, 76
Table A2.2 Heracleum maximum summer crude extracts and their respective
antimycobacterial ACHIVILY .uueeeiiii i e 79
Table A3.1 Heracleum maximum root crude extracts from three seasons and their
respective average percentage falcarindiol ..........cccovveeeeeiiiiciiiiieeeee e 83
Table A3.2 Heracleum maximum summer crude extracts and their respective average
percentage falcarindiol CONtENt ... 86
Table A5.1 P values for seasonal differences in percent inhibition of Mycobacterium
tuberculosis at 50 pug/mL against Heracleum maximum root extracts. ................... 92
Table A5.2 P values for seasonal differences in percent inhibition of Mycobacterium
tuberculosis at 100 pg/mL against Heracleum maximum root extracts. ................. 92
Table A5.3 P values for tissue differences in percent inhibition of Mycobacterium
tuberculosis at 50 pug/mL against Heracleum maximum summer extracts.............. 92
Table A5.4 P values for tissue differences in percent inhibition of Mycobacterium
tuberculosis at 100 pg/mL against Heracleum maximum summer extracts............ 92
Table A5.5 P values for seasonal differences in falcarindiol content in Heracleum

maximum extracts measured by HPLC.........oooovvvvieeieiiiiiiiiieeeec e ee s 93



Table A5.6 P values for tissue differences in falcarindiol content in Heracleum
maximum extracts measured by HPLC. ... 93
Table A5.7 P values for seasonal differences in falcarindiol content in Heracleum
maximum extracts measured by gNMR. ... 93
Table A5.8 P values for tissue differences in falcarindiol content in Heracleum
maximum extracts measured by gNMR. ... 93
Table A6.1 R square and P values for the correlation between falcarindiol content
measured by gqNMR and antimycobacterial activity in Heracleum maximum
SEASONAI EXEFACES. .eeiiiiiiieieiiieee et e e s e e s e e e s aanes 94
Table A6.2 R square and P values for the correlation between falcarindiol content
measured by gqNMR and antimycobacterial activity in Heracleum maximum tissue

(2D = Lot XN 94



LIST OF FIGURES

Figure 1.2.1 An example of an angular furanocoumarin (1) and a polyacetylene (2),

natural products that are common in the Apiaceae family. .....ccocccvevviviiieeiiiiieeennns 8
Figure 2.4.1 Percentage inhibition of Heracleum maximum root extracts from different

1 =F= [0 ] o LSRN 17
Figure 2.4.2 Percentage inhibition of Heracleum maximum summer extracts in different

DS US ettt e et e e e s e e e e e 18
Figure 3.2.1 Flowchart displaying the isolation of compounds 1 (falcarinol) and 2

(falcarindiol) from Heracleum maximum. ..............ccouevvvueeenieeiiiiiiiiiieeeeeeeeieecvveeenns 31
Figure 3.2.2 A) 1H (400 MHz, CDCls) and B) 13C (100 MHz, CDCl3) NMR spectra of

=1 [or= YA g o [ToT I (- RPN 34
Figure 3.2.3 Graphical representation of the elution gradient used for the analytical

high performance liquid chromatography of Heracleum maximum crude extracts.

Figure 3.2.4 An example of a high performance liquid chromatogram of falcarindiol...37
Figure 3.2.5 Standard curve obtained for the analytical HPLC of falcarindiol. ............... 38
Figure 3.3.1 The two diynes isolated from Heracleum maximum: falcarinol (1) and
L= 1[oF= Y g Vo [To] I (7 RO 40
Figure 3.3.2 Average percentage of falcarindiol in Heracleum maximum root extracts in
AIffEreNT SEASONS ....eiiiiiieiiie e 41
Figure 3.3.3 Average percentage of falcarindiol in Heracleum maximum summer
extracts in different tisSUES ......coouiii i 42
Figure 3.3.4 Comparing methods of quantification of average percentage of falcarindiol
in Heracleum maxXimum @XEractS.......ueiiiuieiiiiieiiiieeeiieeeeee et 43
Figure 3.3.5 Average percentage inhibition of Heracleum maximum extracts, collected
over three years, tested against Mycobacterium tuberculosis H37Ra measured at

100 pg/mL versus average percentage falcarindiol per crude extract measured by

Xi



Figure 3.3.6 Average percentage inhibition of Heracleum maximum root extracts,
collected over three years, tested against Mycobacterium tuberculosis H37Ra
measured at 100 pg/mL versus average percentage falcarindiol per crude extract
measured by gNMR for different Seasons ........ccceeeeeveii e e 45

Figure 3.3.7 Average percentage inhibition of Heracleum maximum summer extracts,
collected over three years, tested against Mycobacterium tuberculosis H37Ra
measured at 100 pg/mL versus average percentage falcarindiol per crude extract
measured by gNMR for different tisSUS ......cccocveeiiiiiiei i e 46

Figure A4.1 Average percentage of falcarindiol in Heracleum maximum root extracts in
different seasons measured by HPLC........coocciiiiiiiiiiie et 90

Figure A4.2 Average percentage of falcarindiol in Heracleum maximum summer

extracts in different tissues measured by HPLC.........coooviiieeiviiiiei e 91

Xii



13C NMR
1D

IH NMR
2D

ABS
ACS

bd

bs

bt
CDCl3
CHCl3

ddd

dt
DMSO
EISMS
FT-IR
g

H
HPLC
HRESIMS
IR

J

KBr

LC
LTQ

MDR
MDR-TB
MHz
MRA
NMR
NPRG
gNMR

SEM

B
td
TS
uv

LIST OF SYMBOLS, NOMENCLATURE, OR ABBREVIATIONS

carbon nuclear magnetic resonance spectroscopy
one dimensional

proton nuclear magnetic resonance spectroscopy
two-dimensional

absolute value

American Chemical Society

broad doublet

broad singlet

broad triplet

deuterated chloroform

chloroform

doublet

double double doublet

double triplet

dimethyl sulfoxide

electro spray ionization mass spectrometry
Fourier transform infrared spectroscopy
gram

hydrogen

high performance liquid chromatography
high-resolution electron spray ionization mass spectroscopy
infrared

coupling constant

potassium bromide

liguid chromatography

linear trap quadrupole

mean

multiplet

multidrug-resistant

multidrug-resistant tuberculosis

megahertz

microplate resazurin assay

nuclear magnetic resonance spectroscopy
Natural Products Research Group
guantitative nuclear magnetic resonance spectroscopy
singlet

standard error of the mean

triplet

tuberculosis

triple doublet

test statistic

ultraviolet

xiii



XDR extensively drug-resistant
XDR-TB extensively drug-resistant tuberculosis

Xiv



Chapter 1: General introduction



1.1 Natural products and ethnopharmacology

Natural products, also known as secondary metabolites, are compounds produced by
living organisms for social, physiological or defensive purposes that aren’t essential for
the survival of the organism (Williams et al., 1989). Social and physiological roles of
secondary metabolites might include pheromones, fragrances, flavours, and colours
(Bennett and Wallsgrove, 1994; Meinwald and Eisner, 2008; Yang et al., 2012).
Secondary metabolites may also be produced for protection against other species; for
instance, compounds produced by a plant that are toxic to a competing species
(Arnason et al., 1981; Cowan, 1999; Fraenkel, 1959; Meinwald, 2011; O'Brien and
Wright, 2011; Yang et al., 2012). Since plants, fungi, and bacteria lack mobility and have
no adaptive immune system (Jones and Dangl, 2006), they must employ alternate
defenses against competitors, predators, and pathogens (Lattanzio et al., 2006). Plant
secondary metabolism and the production of bioactive compounds can be affected by
a variety of biotic as well as abiotic factors such as environmental conditions (Lattanzio
et al., 2006). Cues for production of plant-produced secondary metabolites include
temperature changes, leaf damage and phenological stages (Bennett and Wallsgrove,
1994; Cirak et al., 2013; Zangerl and Berenbaum, 1990). The accumulation of plant-
produced secondary metabolites are often specific to the developmental stage of the

plant as well as the tissue of the plant (Yang et al., 2012).

The diversity of plants and their ability to synthesize structurally different compounds

(Bednarek and Osbourn, 2009; Bennett and Wallsgrove, 1994; Cowan, 1999; Yang et



al., 2012) makes them a valuable source of natural products. Despite this, fewer than
10% of the approximately 250,000 known flowering plant species have been studied in
depth for their chemical diversity (Meinwald and Eisner, 2003). Plant metabolic
pathways are continuously evolving and are thus capable of developing new secondary
metabolites (Pichersky and Gang, 2000). Therefore, plant extracts have been, and
continue to be, a rich source of lead structures for drug discovery and development (Al-
Fatimi et al., 2007; Eisner and Meinwald, 1995; Gertsch, 2009; Heinrich and Gibbons,
2001; Jones et al., 2000) and account for more than 50% of drug candidates on the

market (Chin et al., 2006; Newman et al., 2003).

Plant extracts have been used for their medicinal properties for centuries (Rates, 2001;
Tringali, 2012; Uprety et al., 2012; Wondimu et al., 2007) and more than fifty thousand
plant-derived compounds have been isolated (De Luca and St Pierre, 2000). Due to the
adverse side effects, the overuse or misuse of drugs, and the limited availability of
pharmaceuticals in many parts of the world, the use of plant extracts for therapeutic

purposes has become increasingly popular world-wide (Gu et al., 2014; Rates, 2001)

Ethnopharmacology is the exploration of indigenous plants and investigation of their
biological activity as it relates to the plants’ use by respective ethnic groups (Etkin,
1988; Fabricant and Farnsworth, 2001; Nanyingi et al., 2008). It is estimated that
between 65% and 80% of the world’s population use traditional medicines as

components of their primary health care (Fabricant and Farnsworth, 2001; Mandal et



al., 2012; WHO, 2005). Additionally, more than 60% of approved and preclinical drug
candidate applications are natural products or derivatives of natural products (Cragg et
al., 1997). In the United States of America, plants and their bioactive compounds
comprise approximately 25% of the total prescriptions issued every year (Cox and
Balick, 1994; Rates, 2001; Wondimu et al., 2007). In Canada, close to 400 plants have
been used as traditional medicines for centuries and many have been studied in depth
for their chemical diversity and bioactive properties (Arnason et al., 1981; Jones et al.,
2000; Uprety et al., 2012). One of these plants, the cow parsnip Heracleum maximum
(Moerman, 1998), has gained attention because of its traditional use to treat
tuberculosis and has recently been shown to produce antimycobacterial natural

products (O'Neill, 2012).

1.2 Heracleum maximum

Heracleum maximum Bartr.[synonyms: Heracleum lanatum Michx., Heracleum
sphondylium L. var. lanatum (Michx.) Dorn and Heracleum sphondylium L. ssp.
montanum (Schleich. ex Gaudin) Brig.], commonly known as cow parsnip, is an
abundant perennial plant native to North America that belongs to the Apiaceae (or
Umbelliferae) family that can be found in all Canadian provinces and territories with
the exception of Nunavut (Walker, 2008). It has been noted to be the most intensively
used green springtime vegetable among indigenous peoples in Canada (Kuhnlein and
Turner, 1991). Heracleum maximum can grow up to two metres tall with large stems

and leaves and has small white flowers that appear in the early summer and form



umbrella shaped clusters approximately 20 cm across (Walker, 2008). It has been
noted by Walker (2008) from information passed down from First Nations peoples that
stalks and stems from H. maximum should be harvested in the spring, whereas the

roots may be harvested in the spring and the fall.

Heracleum maximum was first reported as a Canadian medicinal plant in the Journal of
Canadian Pharmacy in 1868, however, its medicinal properties were acknowledged
hundreds of years prior to this classification (Erichsen-Brown, 1979). Heracleum
maximum has been employed by Canadian First Nations to treat many illnesses (Table
1.2.1) including colds, tuberculosis and skin ailments (Moerman, 1998; Webster et al.,

2010).



Table 1.2.1 Traditional medicinal uses of Heracleum maximum by North American First

Nations (Moerman 1998).

Organ Use First Nation
Flower Dermatological aid Ojibwa
Stem Antidiarrheal Blackfoot
Dermatological aid Blackfoot, Meskwaki
Leaf Cold remedy Aleut
Dermatological aid Aleut
Orthopedic aid Aleut, Quinault
Throat aid Aleut
Eye medicine Makah
Analgesic Quinault
Root Analgesic Nuxalk, Cree, Meskwaki, Omaha, Sanpoil, Sekani,

Antirheumatic

Dermatological aid

Orthopedic aid
Pulmonary aid
Venereal aid
Gastrointestinal aid
Panacea, tonic
Anti-inflammatory
Antiviral

Miscellaneous

Woodland Cree

Nuxalk, Woodland Cree, Gitxsan, Paiute, Pomo, Sekani
Nuxalk, Blackfoot, Cree, Woodland Cree, Gitxsan,
Haisla, Kwakiutl, Ojibwa, Okanagan, Paiute, Pawnee,
Pomo, Salish, Sanpoil, Secwepemc, Sekani

Nuxalk, Okanagan

Nuxalk, Paiute, Ojibewa

Cree, Nlaka’pamux

Iroquois, Meskwaki, Omaha, Okanahan, Nlaka’pamux
Nlaka’pamux, Okanagon, Secwepemc

Blackfoot, Sekani

Maliseet, Mi’kmagq

Blackfoot, Cree, Shoshoni, Washo, Kwakiutl, Okanagon,

Omaha, Nlaka’pamux, Sanpoil Secwepemc, Gitxsan,
Maliseet, Meskwaki




The First Nations of the Maritime Provinces traditionally prepare H. maximum for
medicinal applications by steeping roots collected in the fall to make a tea or infusion
(Moerman, 1998; Uprety et al., 2012; Walker, 2008; Webster et al., 2010). Indeed,
crude (aqueous or methanolic) extracts of the root have been shown to exhibit
immunostimulant (Webster et al., 2006), antifungal (McCutcheon et al., 1994),
antibacterial (McCutcheon et al., 1992), and antimycobacterial (McCutcheon et al.,
1997; Webster et al., 2010) activities. McCutcheon et al. (1992) found that H.
maximum methanolic root extracts displayed antibiotic activity against six species of
bacteria as well as broad-scale anti-fungal activity against nine fungal species
(McCutcheon et al., 1995) and completely inhibited the growth of both Mycobacterium
tuberculosis and M. avium (McCutcheon et al., 1997). Despite these findings, few

studies have focused on the bioactive natural products of H. maximum.

Plants of the Apiaceae family are well known to contain cytotoxic furanocoumarins
(Figure 1.2.1), as class of compounds commonly produced by plants, that were initially
assumed to be responsible for the antimycobacterial activity observed in H. maximum
extracts (McCutcheon et al., 1997). However, the linear polyacetylene, falcarindiol was
recently isolated from root extracts of H. maximum by the Natural Products Research
Group (NPRG) and identified as the primary antimycobacterial constituent of H.
maximum roots collected in the fall (O'Neill, 2012). Polyacetylenes are also commonly
isolated from the Apiaceae family and have a broad spectrum of bioactivity

(Christensen, 2010). These bioactivities, including anti-inflammatory, antifungal, and



antibacterial activity, occur at levels in the tea that are effective and nontoxic to
humans (Christensen, 2010; Christensen and Brandt, 2006; Christensen and Jakobsen,
2008). The triple bonds that are fundamental to the structure of the polyacetylenes
may explain the array of bioactivities as they can readily react with proteins and other
biomolecules (Christensen, 2011). In fact, it has been proposed that falcarindiol and
these falcarindiol-type polyacetylenes have the potential to be integrated into the
development of food products and pharmaceuticals because of their beneficial

properties (Christensen, 2011).

OMe
X HO\
o A 0o X ==
— OH
Isobergapten (1) Falcarindiol (2)

Figure 1.2.1 An example of an angular furanocoumarin (1) and a polyacetylene (2),
natural products that are common in the Apiaceae family.

1.3 Objective

O’Neill et al. (2012) determined that falcarindiol was the primary antimycobacterial
constituent of H. maximum. The objective of the research described in this thesis was
to determine whether there is a correlation between the amount of falcarindiol and
the observed bioactivity in different tissue types of H. maximum, and also to evaluate
whether the falcarindiol content and observed bioactivity of H. maximum varies

seasonally.



Chapter 2 discusses the antimycobacterial activities of H. maximum crude extracts to
determine if the observed bioactivity varies with season and plant organ and Chapter 3
evaluates the amount of falcarindiol in H. maximum crude extracts to determine

whether the amount of falcarindiol is correlated with bioactivity.



Chapter 2: Antimycobacterial activity of Heracleum maximum crude extracts
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2.1 Introduction

Recently, it was estimated by the World Health Organization (WHO) that 9 million
people developed tuberculosis (TB) and 1.5 million died from this disease in 2013
(WHO, 2014). Controlling the global TB pandemic has become an immense challenge
because of the development of drug resistance by Mycobacterium tuberculosis, co-
infection with other diseases, and exacerbation by environmental factors such as
pollution and alcoholism (Lawn and Zumla, 2011). However, the emergence of drug
resistant strains of the pathogen is by far the greatest of these problems (Dover and
Coxon, 2011). There are currently five first-line drugs used for the treatment of TB:
isoniazid, rifampicin, pyrazinamide, ethambutol, and streptomycin (WHO, 2010).
Misuse of the first-line drugs compounded by poor therapeutic compliance by patients
has resulted in the development of TB strains that are both multidrug-resistant (MDR)
and extensively drug-resistant (XDR) (CDC, 2012). MDR-TB does not respond to the two
most common anti-TB drugs, isoniazid and rifampicin. It was estimated that 480 000
people had developed MDR-TB worldwide with approximately 9% of those cases
having been XDR-TB (WHO, 2014). Furthermore, XDR-TB is not only resistant to the
first-line drugs but also second-line drugs that are available, specifically any
fluoroquinolone and at least one of the injectable aminoglycosides capreomycin,

kanamycin, and amikacin (Lawn and Zumla, 2011).

Despite the urgent need for new treatment options to combat both drug-resistant and

drug-sensitive TB, the development of new TB therapies has been slow. Current first-

11



line drugs used for TB treatment are over 40 years old and it is only within the past
seven years that there has been development of possible new anti-TB drugs (Zumla et
al., 2013). Additionally, only a few of the drug-leads that are discovered will make it
through the drug development pipeline and be successful in the subsequent clinical
trials to eventually be approved as TB drugs (Dover and Coxon, 2011). The importance
of discovering new TB therapeutics has never been higher, especially as TB is now

found in all areas in the world (WHO, 2014).

Historically, natural products research has provided the foundation for drug discovery
and development (Dias et al., 2012) since natural products are a promising source of
small molecules with bioactivity including antimycobacterial activity (Copp, 2003; Copp
and Pearce, 2007; Garcia et al., 2012). Indeed, natural product-derived drugs are key
components of current TB treatment regimens and natural products will continue to
provide TB drug leads in the future (Dashti et al., 2014). Medicinal plants have long
been a mainstay of natural products-based drug discovery programmes (Balunas and
Kinghorn, 2005; Farnsworth et al., 1985) and ethnobotanical and
ethnopharmacological information is often used to focus discovery efforts (Harvey et
al., 2010; Ngo et al., 2013). It is assumed that plants that have been used to treat
specific ailments produce natural products with therapeutically relevant biological
activities (Fabricant and Farnsworth, 2001). Plants that have traditionally been used to
treat TB should therefore represent a valuable source of antimycobacterial natural

products.

12



The aboriginal peoples of North America have used plants for millennia resulting in
many ethnobotanical applications that include therapeutics (Moerman, 1998, 2009). In
Canada, the First Nations peoples use plants extensively as medicines to treat injuries
and illnesses resulting from both infectious and non-infectious diseases (Gray et al.,
2013). Heracleum maximum, for example, is a Canadian medicinal plant that is used by
various First Nations peoples to treat TB (Moerman, 2009). Traditionally, the roots of
H. maximum are collected in the fall, dried, and used to make aqueous infusions that
are ingested as a tea (Webster et al., 2010). Indeed, Webster et al (2010) found that
aqueous extracts of H. maximum roots exhibited significant antimycobacterial activity
and the recent report of the isolation of the antimycobacterial C17 diyne falcarindiol
from the roots of this plant (O'Neill, 2012) prompted further investigation into the

traditional use of H. maximum as a TB therapy.

Cognisant that the antitubercular application of H. maximum involved a single plant
organ harvested in a specific season, we were particularly interested in evaluating
whether extracts from other parts of the plant exhibited similar or higher
antimycobacterial activity than the roots and whether the activity of the root extracts
differed among seasons. The objective of this chapter, therefore, was to determine
whether the antimycobacterial activity of H. maximum extracts varied among tissues

and/or seasons.

13



2.2 Materials and Methods

2.2.1 Heracleum maximum collection and extraction

Individual H. maximum plants (10 plants per season and tissue) were collected from
the Kingston Peninsula, New Brunswick, Canada (within 0.5 km? of 45° 30 N; 65° 53 W)
in spring, summer, and fall over a three-year period (2009 — 2011). Root tissues could
not be collected in the winter as the ground was frozen. All plants were collected at
least 10 m from each other in an attempt to ensure they were not clonal. Plants
collected in the summer were separated into four tissue types (root, stem, leaf, and
flower) after collection; only the roots were used for the spring and fall collections.
Plant material was separately freeze-dried, ground into a powder using a household
blender and approximately 5 g of each sample was extracted with methanol (200 mL)
for 8 hours using a Soxhlet apparatus. The resulting extracts were concentrated in
vacuo to give 178 distinct crude extracts (two plants did not have enough flower
material) that were tested for antimycobacterial activity as described in section 2.2.2

and analyzed for their falcarindiol content as described in chapter 3.

2.2.2 Microplate resazurin assay

All crude extracts were tested against M. tuberculosis H37Ra using the microplate
resazurin assay (MRA) as described by O’Neill et al. (2014). Samples were prepared in
concentrations of 50 pg/mL and 100 pg/mL in 2% aqueous dimethyl sulfoxide (DMSO)
and were tested in triplicate. Inhibition of mycobacterial growth was evaluated

fluorometrically and is reported as percent inhibition of growth relative to untreated
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M. tuberculosis grown in the respective vehicle control (O'Neill et al., 2014). The
antimycobacterial data used for analyses in this thesis was that tested at 100 pg/mL as
this is the standard used for this assay based on the results obtained with the

optimization of the microplate resazurin assay (O'Neill et al., 2014).

2.3 Statistical Analyses

2.3.1 Randomization

A randomization-based method was employed to analyze bioactivity because the data
did not meet the assumptions of traditional parametric tests due to non- normality and
heterogeneity of variances (Shapiro-Wilk and Bartlett’s tests respectively), and
equivalent non-parametric tests (e.g., Freidman’s test) could not be used as they
cannot analyze data with different sample sizes. Randomization was performed by
using the formulae given in section 2.3.2 in Microsoft Excel to reveal differences in root
extract bioactivity between seasons and differences in bioactivity between tissue type

extracts.

2.3.2 Calculations for seasonal and tissue type differences in bioactivity
To test for a difference among seasons the following test statistic was used:

3
TSy = ) ABS(ur — )

i=1

where TSt = test statistic, ABS = absolute value, ur=the mean percent inhibition for all
samples, and p;= the mean percent inhibition for season i. The test statistics were
calculated for the observed data and these were compared to test statistics calculated
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for 1000 randomized datasets (i.e., where observed inhibitory activity are assigned
randomly to each of the treatment groups). To test for pairwise differences in
bioactivity between seasons the following test statistics were used:
TSspring:summer = ABS (Uspring—MUsummer)
TSspring:rau = ABS (Uspring—Hsair)

TSsummer:fall = ABS(.usummer—.ufall)

A similar randomization approach was used to test for differences among tissues:
4
TSy = ) ABS(ur - )
j=1
where TSt = test statistic, ABS = absolute value, ur=the mean percentage inhibition for
all samples, and p;= the mean percentage inhibition for tissue j. To test for pairwise
difference between tissue types in percentage inhibition we used the following test

statistics:

TSroot:stem = ABS(Uyoot—Hstem)
TSroot:tear = ABS (Uroot—Hieaf)
TSroot:flower = ABS(.Uroot—ﬂflower)
TSstem:tear = ABS(.ustem—:uleaf)
TSstem:flower = ABS(.Ustem—.Uflower)

TSleaf:flower = ABS(.uleaf—.uflower)
P-values were then calculated by comparing the observed value to the distribution of

1000 randomized values. Data were considered significantly different at an a of 0.05.
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2.4 Results

2.4.1 Seasonal differences in the bioactivity of crude extracts from H. maximum
roots

Across seasons, the inhibitory activity of H. maximum root extracts ranged from -2 to
100%,; although little variation was observed, the highest mean activity was exhibited
by extracts derived from roots collected in the fall. When tested for antimycobacterial
activity at 100 pug/mL, no statistical difference in the antimycobacterial activity among

the root extracts from different seasons (P=0.866) was found (Figure 2.4.1).
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Figure 2.4.1 Percentage inhibition of Heracleum maximum root extracts from different
seasons (spring, summer and fall), collected over three years. Extracts were tested
against Mycobacterium tuberculosis H37Ra at 100 pg/mL (error bars indicate standard
error; no significant differences were observed between groups).
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2.4.2 Differences in bioactivity of H. maximum tissue extracts collected in the
summer

The inhibitory activity of summer extracts from different tissues ranged from -14 to
100%. Overall, there were differences seen in the antimycobacterial activity of the H.
maximum tissue extracts collected in the summer (P<0.001). Flower extracts inhibited
the growth of M. tuberculosis the most, and this activity was statistically different from
that of the roots, stems and leaves, whereas extracts from the stems exhibited the
lowest inhibitory activity [post-hoc pairwise comparison (P=0.002, P<0.000, P=0.001

respectively) (Figure 2.4.2)].
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Figure 2.4.2 Percentage inhibition of Heracleum maximum summer extracts in
different tissues (root, stem, leaf, and flower) over three years. Extracts were tested
against Mycobacterium tuberculosis H37Ra at 100 pg/mL (error bars indicate SEM;
homogenous groups are denoted by lowercase letters).
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2.5 Discussion and conclusion

Crude extracts from H. maximum inhibited the growth of M. tuberculosis by varying
amounts depending on the tissue and season from which the extracts were derived.
From the results found in this study, it can then be concluded that the season in which
roots of H. maximum are collected does not make a difference to the
antimycobacterial activity of extracts prepared from the tissue. Traditionally, in the
Maritime Provinces H. maximum roots are collected by First Nations in the fall, which is
consistent with what was found in our study as the fall root extracts did have high
bioactivity. Regarding differences in tissue type, it is interesting to note that the flower
extracts had the greatest inhibitory effect on the growth of mycobacteria, which may
be expected as plants are known to produce more defense chemicals in their flowers

to protect the tissues that are their means of reproduction (Prior et al., 2007).

A study by Pira et al. (1989) analyzed furanocoumarins in the steams, leaves, and fruit
from Heracleum mantegazzianum, a closely related species to H. maximum. It was
found that the furanocoumarin content was highest in the fruit and lowest in the stem.
These results are in accordance with our observations of antimycobacterial activity in
which the highest activity was observed in extracts from the flowers, followed by the
roots, leaves, and the lowest bioactivity in the extracts from the stems. Although
flowers show the highest inhibition against M. tuberculosis, First Nations may not have
collected flowers because of the short flowering period and therefore availability of

flowers. The roots, which were traditionally collected by First Nations, are available
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throughout the year and had the second highest bioactivity and was significantly higher

than the observed bioactivity of the stem and leaf extracts.

To date, there are no known studies on seasonal or tissue type variation in bioactivity
with regards to H. maximum. However, there are a few recent studies on other plants
that have looked at variation in bioactivity based on different seasons as well as
different plant tissues (Brenes-Arguedas et al., 2008; El-Readi et al., 2013; Kellogg et
al., 2010; Manilal et al., 2009; Mediani et al., 2012; Ncube et al., 2015; Pacifico et al.,
2015; Scognamiglio et al., 2014; Vuorela et al., 2005). For example, Pacifico et al.
(2015) found that the bioactivity of Calamintha nepta (L.), a medicinal herb, varied with
season tested where the highest antioxidant bioactivity was found in extracts from the
summer and the highest anti-inflammatory bioactivity was found in extracts from the
winter. Together, these studies suggest that the bioactivity of plant extracts from
different tissues and different seasons can be dependent on environmental stresses as
well as growth stage of the plant in question (Ramakrishna and Ravishankar, 2011).
Environmental variables such as precipitation levels, temperature, and sunlight
availability have been suggested to have an impact on the quality and quantity of
bioactive compounds from plants such as different species of Alaskan berries (Kellogg
et al., 2010). However, prolonged studies over several years would help solidify this
evidence (Kellogg et al., 2010; Pacifico et al., 2015). There can also be variation in
bioactivity due to the compounds and types of plants under investigation and the

sought bioactivity.
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Randomization offers an alternative approach to classical parametric statistical
methods when analyzing complex data with significant sources of variation (MacKenzie
and Manly, 2001). One of the major premises behind randomization is that it is a
valuable tool for analysis of variance in situations where data are non-normal
(Gonzalez and Manly, 1998). As the antimycobacterial data obtained for the H.
maximum extracts were not suitable for analysis by multivariate repeated measures
ANOVA and in the absence of a satisfactory non-parametric alternative, the data were
analyzed using a randomization approach to determine if there were significant
differences among the three seasons and four tissues. The randomization approach
was adapted from Manly (1997). For data sets that were applicable, parametric and
non-parametric tests were run to assess the accuracy of the randomization method
and the results from these tests were in accordance with the results obtained from the

randomization approach.

The next step in this research would be to determine whether the antimycobacterial
activity seen in these crude extracts has similar variation patterns to antimycobacterial
compounds from H. maximum. This will help determine if the variation in activity is
caused by a sole compound. The first compound to be assessed for its variation and
correlation with antimycobacterial activity is falcarindiol (Chapter 3) as it showed the
highest antimycobacterial activity when tested against M. tuberculosis in the MRA

(O'Neill, 2012).
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Chapter 3: Falcarindiol quantification and correlation with antimycobacterial activity
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3.1 Introduction

Members of the Apiaceae family, such as Heracleum maximum are known to contain
furanocoumarins and polyacetylenes (Crowden et al., 1969) that have been shown to
exhibit various bioactivities including antimycobacterial activity (McCutcheon et al.,
1997; O'Neill, 2012; Webster et al., 2010). The fact that First Nations traditionally
collected H. maximum roots in the fall led us to wonder what the chemical connection
was between the presence of a specific compound and the observed bioactivity. It was
these furanocoumarins and polyacetylenes that were thought to exhibit the anti-TB
activity that were observed for the crude extracts of H. maximum when they were
subjected to the MRA assay (Chapter 2). More specifically, the polyacetylene,
falcarindiol, which was isolated from the roots of H. maximum, had the highest anti-TB

activity (O'Neill, 2012) and led to this research.

There have been many studies performed on the bioactivity of falcarindiol isolated
from different sources, and these are summarized in Table 3.1.1. However, only three
studies have been performed on falcarindiol specifically isolated from H. maximum
(Degen et al., 1999; O'Neill, 2012; Webster et al., 2010) and there are no reports of the
guantification of falcarindiol from H. maximum. Thus, this traditionally used Canadian
medicinal plant has not been studied in depth with regards to this important natural
product. Our research is the first to link falcarindiol from H. maximum to the plants’
antimycobacterial activity following an ethnopharmacological approach and the

traditional use of the plant.
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Table 3.1.1 Bioactivity of falcarindiol isolated from various plant sources.

Bioactivity

Activity against

Plant species

Author

Antibacterial

Anticancer

Antifungal

Anti-inflammatory

Antimutagenic

Micrococcus luteus,

Bacillus cereus

leukemia,
lymphoma,
myeloma

Mycocentrospora

acerina

Alternaria
brassicicola,

Septoria nodorum

Microsporum
gypseum,
Microsporum
nanum,
Trichophyton

mentagrophytes,

Tricohphyton
rubrum,

Epidermophyton

floccosum

Cyclooxygenase,

5-lipoxygenase

Furylfuramide,
Trp-P-1

Crithmum
maritimum L.

Anethum
graveolens

Daucus
carota L.

Aegopodium
podagraria

Schefflera
digitata

Angelica
pubescens
Maxim f.
biserrata

Peucedanum
praeruptorum

Meot-Duras et al.

(2010)
Zidorn et al.
(2005)
Garrod et al.
(1979)
Kemp

(1978)

Muir
(1982)

Liu et al.
(1998)

Miyazawa et al.
(1996)




Table 3.1.1 continued.

Bioactvity Activity against Plant species Author
Antimycobacterial Mycobacterium Opolopanax Kobaisy et al.
tuberculosis horridus (1997)
Angelica Deng et al.
sinensis (2008)
Mycobacterium Opolopanax Kobaisy et al.
avium horridus (1997)
Anethum Stavri & Gibbons
graveolens (2005)
Mycobacterium Anethum Stavri & Gibbons
fortuitum graveolens (2005)
Mycobacterium Anethum Stavri & Gibbons
smegmatis graveolens (2005)
Mycobacterium Anethum Stavri & Gibbons
abscessus graveolens (2005)
Antitumor colon cancer cells Opolopanax Jin et al.
horridus Miq. (2012)
Apoptosis colon cancer cells Opolopanax Jin et al.
horridus Miq. (2012)
Cytotoxic human myeloma, Crithmum Meot-Duras et al.

lympocytic
leukemia

maritimum L.

(2010)

There are several different techniques that can be employed for quantification of

natural products in biological extracts such as electrospray ionization mass

spectrometry (ESIMS) coupled with liquid chromatography, high performance liquid

chromatography (HPLC) with diode-array UV spectroscopy, and quantitative nuclear

magnetic resonance (QNMR), to name a few (Liang et al., 2009). Electrospray ionization
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mass spectrometry has been a successful method for characterizing polyacetylenes
including falcarindiol (Rai et al., 2011). Falcarindiol has also been quantified from
various different plant sources using HPLC (Ishizuka et al., 1998; Prior et al., 2007,
Wittstock et al., 1995; Zschocke et al., 1997) and, additionally, some of these

investigations analyzed falcarindiol from different plant tissues and seasons.

High performance liquid chromatography (HPLC) is a technique that separates
compounds in a mixture based on absorption, partition and ion exchange. Coupled
with diode array detection, HPLC can be used to quantify the amount of a specific
molecule in a mixture. Quantitative HPLC can be performed by injecting a standard of
the pure compound in question and determining the retention time of this compound.
This can then be coupled with a series of known concentrations of the pure compound
to create a standard curve (Skoog et al., 2007). This is generally achieved by finding the
area under a UV absorbance curve and creating a linear regression from which the
regression equation can be used to correlate how much of the analyte is present in

each sample.

The amount of falcarindiol has been assessed in various other plant sources (Aguilo-
Aguayo et al., 2014; Christensen and Kreutzmann, 2007; Czepa and Hofmann, 2003;
Huang et al., 2011; Huang et al., 2010; Ishizuka et al., 1998; Kjellenberg et al., 2010;
Kolodziej et al., 2013; Kramer et al., 2011; Prior et al., 2007; Schulz-Witte et al., 2010;

Soltoft et al., 2010; Wittstock et al., 1995; Zidorn et al., 2005; Zschocke et al., 1997),
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however, we believe this is the first instance where the amount of falcarindiol present

in H. maximum extracts has been determined.

Quantitative nuclear magnetic resonance (QNMR) is an analytical technique used to
determine the concentration of a compound through the use of NMR (Bernstein et al.,
2013). This can be performed using a standard curve of the known compound under
analysis or through the use of an internal standard. With an internal standard, a known
amount of a chemical is added to each extract being analyzed. The ratio of integrations
of the analyte can then be related to those of the standard (Liang et al., 2009), allowing

the amount of the analyte present in the extract to be calculated.

There were three overall objectives for this chapter. The first objective was to isolate
falcarindiol from H. maximum using various fractionation techniques in order to use
falcarindiol as a standard to analyse its concentration in crude methanolic extracts
from different seasons and plant organs. The second objective of this chapter was to
guantify the amount of falcarindiol present in H. maximum methanolic crude extracts.
The final objective of this chapter was to determine whether there is a correlation
between the amount of falcarindiol present in the crude extracts and the level of

bioactivity against Mycobacterium tuberculosis H37Ra.
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3.2 Material and methods

3.2.1 General experimental procedures

All solvents used were ACS or high performance liquid chromatography grade (Sigma
Aldrich®). Nuclear magnetic resonance (NMR) spectra were recorded on a Varian Unity
400 instrument at 100 MHz for 3C and 400 MHz for *H. Chemical shifts are reported in
ppm and referenced to residual protonated solvent using MestReNova software
(Mestrelab Research®, 2010). Optical rotations were determined using an AA-10
polarimeter (Optical Activity Ltd., Terochem Scientific®) and measured at 589 nm. Flash
chromatography was performed on a Biotage® Flash+™ system using KP-Sil 25+S silica
cartridges (40-63 pm, 60A; Biotage®). Semi-preparative high performance liquid
chromatography (HPLC) was performed using a Waters® 510 isocratic pump and R401
refractive index detector combined with a silica column (Phenomenex® Luna®; 10 um,
100 A, 250 x 10mm) at a flow rate of 4 mL/min. Infrared spectra were recorded on a
Nicolet iS10 Fourier transform infrared (FT-IR) spectrometer on NaCl discs. High-
resolution electron spray ionization mass spectrometric (HRESIMS) data were recorded
on a linear trap quadrupole (LTQ) Exactive Orbitrap liquid chromatography-mass
spectrometer (Thermo Scientific®). Electrospray ionization mass spectrometric (EISMS)
data were recorded using Agilent 1100 LC system coupled to an AB Sciex® API 2000
triple quadrupole mass spectrometer. Statistical analyses were performed using
randomization as described in section 2.3. Linear regression analyses were performed
using SPSS (IBM® SPSS® Statistics 21.0, 2012). Bioactivity of H. maximum crude extracts

was determined as per Chapter 2.
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3.2.2 Heracleum maximum collection and extraction for the isolation of falcarindiol
Heracleum maximum roots (526 g) were collected from the Kingston Peninsula, New
Brunswick, Canada (N 45° 30.778 W 65° 53.949) in November of 2011, washed with
deionized water and stored at -40°C. The roots were freeze-dried (-28°C, dry weight:
114 g) and ground using a domestic blender. The ground roots (114 g) were
exhaustively extracted with methanol (600 mL) using a Soxhlet apparatus (80°C, 8

hours) to give, after being concentrated in vacuo, a crude methanolic extract (15 g).

3.2.3 Fractionation, isolation and identification

The crude extract (15.0 g) was separated by polarity using a modified Kupchan liquid-
liquid partition (Kupchan et al., 1973) as follows: the extract was initially dissolved in
9:1 methanol/water (1000 mL), extracted with hexanes (3x300 mL), diluted with water
(500 mL) and extracted with dichloromethane (3x300 mL). The aqueous fraction was
concentrated using a TurboVap® 500 (Zymark®), dissolved in water (400 mL), and
extracted sequentially with ethyl acetate (3x200 mL) and n-butanol (3x200mL). All
fractions were concentrated in vacuo to give the following five fractions: hexanes (960
mg), dichloromethane (2.5 g), ethyl acetate (191 mg), n-butanol (953 mg), and aqueous

(7.8 g) (Figure 3.2.1).

Flash chromatography columns were run for the hexanes and dichloromethane
fractions. The hexanes fraction (945 mg) was adsorbed onto silica and eluted through a
Biotage + Flash column using a stepwise gradient of 100% hexanes to 100% ethyl

acetate with 10% increments (150 mL per elution) with a final elution of 1:1
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hexanes/methanol. Each fraction was collected in 250 mL round bottom flasks,
transferred to vials and evaporated. The dichloromethane fraction was treated in the
same manner. Each fraction was collected in 500 mL round bottom flasks, transferred

to vials and concentrated in vacuo.

The ethyl acetate fraction was subjected to flash column chromatography on silica
(5.04 g). The extract (158 mg) was adsorbed onto silica from a mixture of hexanes,
dichloromethane, and ethyl acetate, and the silica was added to the column. A
stepwise gradient of 100% hexanes to 100% ethyl acetate was used with 10%
increments (50 mL per elution). Each fraction was collected in 100mL round bottom

flasks, transferred to vials and concentrated in vacuo.

Fraction 2 (66 mg) from the flash column of the dichloromethane fraction was further
purified using HPLC in 4:1 hexanes/ethyl acetate and the major fraction obtained was
determined to be falcarinol (1: 29 mg). Fraction 3 (39 mg) from the flash column of the
ethyl acetate fraction was further purified using HPLC in 4:1 hexanes/ethyl acetate to

give falcarindiol (2: 8 mg) (Figure 3.2.2).
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[43

Methanolic extract

H. maximum
CNB11-059
114g
Liquid-liquid partition
(15 g)
KM1-005-01 KM1-005-02 KM1-005-03 KM1-005-04 KM1-005-05
(960 mg) (2.5g) (191 mg) (953 mg) (7.8g)
Normal phase flash column
(2.39g)
KM1-017-01 KM1-017-02 KM1-017-03 KM1-017-04 KM1-017-05 KM1-017-06 | KM1-017-07 KM1-017-08 KM1-017-09 KM1-017-10 KM1-017-11 KM1-017-1
(3 mg) (92 mg) (982 mg) (446 mg) (45 mg) (39 mg) (29 mg) (27 mg) (22 mg) (24 mg) (32 mg) (427 mg)
Silica column (165 mg)
KM1-063-01 KM1-063-02 | KM1-063-03 KM1-063-04 KM1-063-05 KM1-063-06 KM1-063-07 KM1-063-08 KM1-063-09 KM1-063-10 KM1-063-11 KM1-063-12 KM1-063-12
(0 mg) (1 mg) (39 mg) (19 mg) (10 mg) (4 mg) (4 mg) (3mg) (3 mg) (3mg) (3 mg) (54 mg) (5 mg)
Normal phase HPLC (95 mg) Normal phase HPLC (20 mg)

KM1-031-01 | KM1-031-02
(60 mg)

(25 mg)

(1 mg)

KM1-033-01 |KM1-067-01 KM1-067-02
(2 mg)

KM1-067-03
(4 mg)

KM1-067-05 KM1-067-06 KM1-067-07 KM1-067-08
(2 mg) (1 mg) (2 mg) (3 mg)

KM1-067-04

(5 mg)

Figure 3.2.1 Flowchart displaying the isolation of compounds 1 (falcarinol) and 2 (falcarindiol) from Heracleum maximum.



3.2.4 Reflux of falcarindiol

Due to the instability of falcarindiol, a pure sample of the compound was refluxed in
order to determine whether the compound degrades on prolonged heating in
methanol, i.e., during the extraction process. A sample of pure falcarindiol (0.5 g) was
dissolved in methanol (5 mL), heated (80°C) for approximately eight hours and
concentrated in vacuo. Spectroscopic data were recorded to determine if the

compound degraded through the extraction process.

3.2.5 Spectroscopic data

Falcarinol (1). Colorless oil; [a]?°p = -19 (c 0.026, CHCI3); IR (thin film) Umax; 3405, 2921,
2851, 2209, 1702, 1384, 1099 cm™%; *H NMR (benzene-ds, 400 MHz) 6 5.68 (1H, ddd, J=
17.0, 10.2, 5.2 Hz, H-2), 5.34 (1H, m, H-10), 5.32 (1H, m, H-9), 5.24 (1H, dt, J= 17.1, 1.3
Hz, H-1a), 4.88 (1H, dt, J= 10.2, 1.3 Hz, H-1b), 4.53 (1H, bd, J= 5.2 Hz, H-3), 2.73 (2H, m,
H,-8), 1.81 (2H, m, H2-11), 1.32 (1H, m, 3-OH), 1.27 (2H, m, H2-16), 1.23 (2H, m, H,-15),
1.19 (6H, m, Ha-12, H2-13, H>-14), 0.91 (3H, t, J= 6.8 Hz, H3-17); 13C NMR (DMSO, 100
MHz) 6 137.6 (d, C-2), 132.6 (d, C-10), 122.3 (d, C-9), 115.3 (t, C-1), 80.0 (s, C-7), 77.0
(s, C-4), 69.1 (s, C-5), 64.0 (s, C-6), 61.6 (d, C-3), 31.1 (t, C-16), 28.7 (t, C-12), 28.5 (t, C-

13), 28.5 (t, C-14), 26.5 (t. C-11), 22.0 (t, C-16), 16.9 (t, C-8), 13.9 (g, C-17)

Falcarindiol (2). Colorless oil; [a]>°p = +308 (c 0.0097, CHCI3); IR (thin film) Umax; 3398,
2956, 2926, 2855, 2252, 2151, 1644, 1016 cm™; 'H NMR (CDCls, 400 MHz) § 5.94 (1H,
ddd, J= 17.0, 10.2, 5.4 Hz, H-2), 5.62 (1H, m, H-10), 5.53 (1H, m, H-9), 5.47 (1H, m, H-
1p), 5.26 (1H, dt, J=10.2, 1.2 Hz, H-1,), 5.21 (1H, m, H-8), 4.94 (1H, bt, J=5.7 Hz, H-3),

32



2.11 (2H, m, Hz-11), 1.94 (1H, bd, J= 6.7 Hz, 3-OH), 1.86 (1H, bd, J= 5.0 Hz, 8-OH), 1.38
(2H, m, H2-12), 1.27 (8H, m, Hx-13, H-14, Hp-15, H>-16), 0.88 (3H, t, J= 7.0 Hz, H3-17);
13C NMR (CDCls, 100 MHz) & 135.9 (d, C-2), 134.9 (d, C-10), 127.8 (d, C-9), 117.5 (t, C-1),
80.0 (s, C-7), 78.4 (s, C-4), 70.5 (s, C-5), 68.9 (s, C-6), 63.7 (d, C-3), 58.8 (d, C-8), 31.9 (t,
C-15), 29.4 (t, C-11), 29.3 (t, C-12), 29.3 (t, C-13), 27.9 (t, C-14), 22.3 (t, C-16), 14.3 (q, C-
17); ESIMS m/z (rel. int.); 299.3 (100), 282.4 (17), 278.3 (16); HRESIMS m/z [M-H*]

259.1711 (calculated for C17H230,, 259.1704)
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Figure 3.2.2 A) 'H (400 MHz, CDCls) and B) *3C (100 MHz, CDCl3) NMR spectra of

falcarindiol (2) isolated from the roots of Heracleum maximum collected from the
Kingston Peninsula, New Brunswick, Canada.
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3.2.6 Attempted quantification of falcarindiol using ESIMS

Electrospray ionization mass spectrometric (EISMS) data were recorded using Agilent
1100 LC system coupled to an AB Sciex® APl 2000 triple quadrupole mass
spectrometer. This technique was employed in both positive and negative ion mode.
Voltage, temperature, curtain gas, declustering potential, entrance potential and
focusing potential parameters were varied in an attempt to optimize the conditions for
the ionization of falcarindiol. Various solvent systems employing acetonitrile and
methanol both unmodified and with modifiers (formic acid and ammonium acetate)
were used for the analyses. None of the methods used were found to be suitable for

the analysis of compound 2.

3.2.7 Quantification of falcarindiol using HPLC

Analytical HPLC was performed using a Kinetex™ C-18 analytical column (50 x 4.6mm,
2.6pum, 100A, Phenomenex, Torrance, CA, USA) and the following parameters: 100uL
injection at a flow rate of 500uL/min with the oven temperature set to 20°C, and UV

detector set to 190-210 nm. The column was eluted with a solvent gradient as shown

in Table 3.2.1 and Figure 3.2.3.
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Table 3.2.1 Flow gradient used for high performance liquid chromatography to

quantify falcarindiol in Heracleum maximum crude extracts.

Total time Flow Rate Solvent A: water Solvent B: methanol
(min) (uL/min) (%) (%)
0.00 500 92.0 8.0
2.00 500 92.0 8.0
15.00 500 8.0 92.0
18.00 500 9.0 92.0
18.50 500 92.0 8.0
20.00 500 92.0 8.0
= Solvent A: water
Solvent B: methanol
100
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Figure 3.2.3 Graphical representation of the elution gradient used for the analytical

high performance liquid chromatography of Heracleum maximum crude extracts.

Using this HPLC method, pure falcarindiol samples of known concentrations were

analyzed to create a standard curve. For each of the known concentrations, the HPLC

trace (Figure 3.2.4) was analyzed and the area under the absorbance curve was
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calculated (using the quantitation wizard on AB Sciex Analyst® 1.4). The absorbance
was plotted on the y-axis and the concentration on the x-axis and a regression was run

to create the analytical curve (Figure 3.2.5).
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Figure 3.2.4 An example of a high performance liquid chromatogram of falcarindiol (2)
demonstrating a retention time of 16.57 min for the pure compound.

This standard curve was used to determine the amount of falcarindiol present in each

crude extract by using the following formula,

area under the curve
1798.9

concentration of falcarindiol (mg/mlL) =
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Each chromatogram was analyzed three times and the average area under the
falcarindiol absorbance peak was used to calculate the concentration of falcarindiol.
The concentrations of falcarindiol were converted into percentages of the extract to

account for differences in amount of crude extract tested.

70

y = 1798.9x

60

50

40

30

Absorbance

20

10

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
Concentration (mg/mL)

Figure 3.2.5 Standard curve obtained for the analytical HPLC of falcarindiol.

3.2.8 Quantification of falcarindiol using gNMR

All gNMR samples were prepared by dissolving a known amount of extract (20-30 mg)
in 0.7 mL of dimethyl sulfoxide-d6. Benzoic acid (2.0 mg per sample) was added to each
sample as an internal standard. All spectra were analyzed using MestreNova. The
number of moles of benzoic acid was calculated for each sample and determined to be

1.61 x 107°. The benzoic acid resonance at 7.90 ppm represents two protons thus the
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number of moles of protons represented by the integral of that resonance was
calculated to be 3.23 x 10°. The resonance that was chosen to be characteristic of
falcarindiol has a chemical shift of 5.94 ppm and represents one proton thus the
integral of that resonance was calculated to be 1.61 x 10> moles of protons. Relating
the area under the analyte peak at 5.85 ppm to that of the standard at 7.90 ppm
therefore allows the number of moles of falcarindiol present in the sample to be
calculated. The molecular weight of falcarindiol, 260.371 g/mol can then be used to
calculate the mass of the compound present in the sample and hence in the extract. All
spectra were analyzed three separate times to allow for an average percentage

falcarindiol.

3.3 Results

3.3.1 Falcarindiol isolation

Through the use of liquid-liquid partitioning, silica flash column and normal phase high-
performance liquid chromatography, falcarinol (1) and falcarindiol (2) were isolated
and their structures were elucidated using nuclear magnetic resonance and high and
low resolution mass spectrometry (Figure 3.3.1). It is important to note that falcarinol
was not isolated from the roots of H. maximum by O’Neill (2012), and this is the first

known instance of falcarinol being isolated from this plant species.
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T

Figure 3.3.1 The two diynes isolated from Heracleum maximum: falcarinol (1) and
falcarindiol (2).

3.3.2 Quantification of falcarindiol using gNMR

The results from the quantification of falcarindiol through the use of gNMR indicate
that the H. maximum root extracts showed significant differences between seasons (P
= 0.004). The extracts from the summer contained significantly more falcarindiol than
the extracts from the spring and fall (post-hoc pairwise comparison, P =0.022 and P <
0.001 respectively) (Figure 3.3.2). Falcarindiol content ranged from 0 to 20% in the
extracts from the three different seasons. These results also show that overall, there
was a difference in the amount of falcarindiol present in extracts from different tissues
of H. maximum (P < 0.001). The extracts obtained from the roots have significantly

more falcarindiol than extracts from stem, leaf or flower (post-hoc pairwise

comparison, P < 0.001 for all significant comparisons) (Figure 3.3.3). Ranges for

falcarindiol content from different tissues were 0 to 17%.
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extract measured by qNMR

Average percent falcarindiol per crude

Season

Figure 3.3.2 Average percentage of falcarindiol in Heracleum maximum root extracts in
different seasons (spring, summer, and fall), collected over three years, quantified by
gNMR (error bars indicate standard error; homogenous groups are denoted by
lowercase letters).
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Figure 3.3.3 Average percentage of falcarindiol in Heracleum maximum summer
extracts in different tissues (root, stem, leaf, and flower), collected over three years,
quantified by gNMR (error bars indicate standard error; homogenous groups are
denoted by lowercase letters).

3.3.3 Comparison of gNMR and HPLC methods for quantification of falcarindiol

Analysis of the relationship between falcarindiol content measured by gNMR and the
falcarindiol content measured by HPLC reveals that there is a weak correlation
between the two methods (R?=0.2946) (Figure 3.3.4). On average the amount of
falcarindiol was estimated to be 81% more in the crude extracts when analyzed by

gNMR quantification methods compared to HPLC.
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Figure 3.3.4 Comparing methods of quantification of average percentage of falcarindiol
in Heracleum maximum extracts, collected over three years, measured by HPLC plotted
against percentage of falcarindiol in Heracleum maximum extracts measured by gqNMR.

3.3.4 Correlations between antimycobacterial activity and falcarindiol
quantification using gNMR

A regression analysis was completed to determine if there was a correlation between
the amount of bioactivity displayed by the crude extracts and the amount of
falcarindiol present in these extracts. This analysis revealed a very weak correlation
(R?=0.0435) (Figure 3.3.5). When analyzed by gNMR, the only correlation that was not
very weak between falcarindiol content and bioactivity was with the H. maximum root
extracts from the spring (Figure 3.3.6) and there were no significant correlations found
with any of the extracts from different tissues (Figure 3.3.7). It is important to note that

the data for the root extracts and the data for the summer extracts are identical as the
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roots were the only tissue collected for the seasonal study due to availability of plant

tissues in different seasons.
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Figure 3.3.5 Average percentage inhibition of Heracleum maximum extracts, collected
over three years, tested against Mycobacterium tuberculosis H37Ra measured at 100
ug/mL versus average percentage falcarindiol per crude extract measured by gqNMR.
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Figure 3.3.6 Average percentage inhibition of Heracleum maximum root extracts,
collected over three years, tested against Mycobacterium tuberculosis H37Ra
measured at 100 ug/mL versus average percentage falcarindiol per crude extract
measured by gNMR for different seasons: A) spring, B) summer*, C) fall. *These data
are identical to that presented in Figure 3.3.7 panel A as the seasonal comparison uses
only root data and the tissue comparison uses only summer data.
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Figure 3.3.7 Average percentage inhibition of Heracleum maximum summer extracts,
collected over three years, tested against Mycobacterium tuberculosis H37Ra
measured at 100 ug/mL versus average percentage falcarindiol per crude extract
measured by gNMR for different tissues: A) root*, B) stem, C) leaf, D) flower. *These
data are identical to that presented in Figure 3.3.6 panel B as the seasonal comparison
uses only root data and the tissue comparison uses only summer data.

3.4 Discussion and conclusion

Heracleum maximum root extracts contained the most falcarindiol when quantified
with the use of gNMR. This many explain why this was the tissue that First Nations
traditionally collected for the medicinal uses of this plant. The root extracts also
showed high antimycobacterial activity (Chapter 2), further supporting the traditional

uses of the plant. Although summer root extracts had the highest amount of
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falcarindiol present, there was still a significant amount of falcarindiol present in H.
maximum extracts from other seasons. Again, considering the traditional use of H.
maximum, although the summer extracts had the highest amount of falcarindiol

present, it would still be present in extracts from roots collected in the fall.

Although there were no strong correlations in content and antimycobacterial activity,
in almost all cases root extracts contained falcarindiol and exhibited antimycobacterial
activity. Analysis of the extracts obtained from different tissue types collected in the
summer indicated that only roots tissues consistently contained falcarindiol. Although
the flower extracts had higher antimycobacterial activity than the extracts from the
other tissues tested, many of the flower extracts (as well as many of the stem and leaf
extracts) did not contain detectable amounts of falcarindiol. Relating this back to First
Nations traditional uses of H. maximum tissues, the roots would be the tissues that
would provide the most reliable source of falcarindiol whilst maintaining high levels of

bioactivity.

Originally, electrospray ionization mass spectrometry (ESIMS) was going to be used to
analyze the amount of falcarindiol present in the H. maximum extracts; however,
despite numerous attempts, a method could not be developed that allowed the
ionization and detection of falcarindiol. Electrospray ionization mass spectrometry
coupled with liquid chromatography was attempted in both positive and negative
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mode, along with several different solvent systems (both with and without buffers) to
try to observe the compound. As there are few reports of the use of ESIMS coupled
with LC for the characterization of polyacetylenes (Rai et al., 2011) our inability to use
LC-MS is not surprising and alternative approaches, i.e., HPLC and gNMR had to be

employed to analyze the falcarindiol content in the H. maximum extracts.

Through both the analysis of HPLC and gNMR quantitation methods, there were a
significant number of extracts that were found to contain no falcarindiol by one of the
analytical techniques (Figure 3.3.5). Data that lie on the Y-axis represent extracts that
were found to contain no falcarindiol when analyzed by gNMR but were found to
contain falcarindiol when analyzed by HPLC. Conversely, data that lie on the X-axis
represent extracts that were found to contain no falcarindiol when analyzed by HPLC
but were found to contain falcarindiol when analyzed by gNMR. In the first scenario,
this would be indicative of a co-eluting peak in the HPLC chromatogram that was
misidentified as falcarindiol. A co-eluting peak could be due to the presence of one or
more compounds with polarity similar to falcarindiol that would therefore have the
same retention time. In a complex biological extract it is very possible that many
compounds will have the same retention time which reduces our confidence in this
method of analysis. In the second scenario, this would be indicative of a false positive.
With NMR, it is possible for two compounds to show a proton resonance at the same
chemical shift, however, in this case, it is more likely that the compounds are similar in

structure than is the case with co-eluting peaks that occur with HPLC.
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Therefore if one method were to be used for the quantification of falcarindiol, gNMR
would be chosen as a co-elution in HPLC could be any type of compound that has the
same retention time as falcarindiol; however, a false-positive measured with gNMR
would most likely be due to compounds with similar structures to falcarindiol. Thus out
of the two methods used in this study, gNMR would be a more reliable method for the
quantification of falcarindiol as other falcarindiol-like compounds have been shown to
exhibit antimycobacterial activity (Li et al., 2012). Therefore, we chose to only focus on
the results from the qNMR data these data were deemed more reliable, however, data

from the HPLC analysis are available in Appendix 4.

Although this research focuses on the results obtained through the use of qNMR rather
than HPLC, as demonstrated above, there has been success with the quantification of
falcarindiol with ESI-MS and HPLC. Due to the fact that there was not a strong
correlation between the two quantification methods used in this study, it would
suggest that one of these methods may not be reliable in determining the
concentration of falcarindiol in H. maximum crude extracts. Further research should
focus on assessing the quantification of this natural product with differing
guantification techniques such as different mass spectrometry methods such as those
used by Rai et al. (2011).

Prior et al. (2007) tested the seasonal and tissue variations of falcarindiol from

Aeogpodium podagraria roots, leaves, stems, and flower. Similar to our gNMR results,
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this member of the Apiaceae family showed varying levels of falcarindiol in the
different tissues when quantified using HPLC. Contrary to my gNMR results, they found
that the flower extracts in the spring yielded the highest amounts of falcarindiol and
suggest that the highest levels of falcarindiol are found before flowering season as it is
a critical time in the development of the plant (Prior et al., 2007). Prior et al. (2007)
also found that the leaves generally had more falcarindiol content than the roots,

stems, and flowers.

A study by Kolodziej et al. (2013) used HPLC to quantify the amount of falcarinol, a
polyacetylene closely related to falcarindiol. They found that falcarinol content in the
roots of ginseng (Panax quinquefolius) comprised 14% of hexane extracts and 1% of
ethanolic extracts. They also found that the leaves of the plant did not contain any
polyacetylenes (Kolodziej et al., 2013). Although this was a different plant and a
different compound was quantified, these results are comparable to our data when
qguantifying falcarindiol from H. maximum using qNMR, where it can be seen that the
root extracts had more falcarindiol than the leaves. It can also be noted that the
percentage of analyte found in extracts by Kolodziej et al. (2013) were similar to those

found in our study.

Zobel and Brown (1990) found that the concentrations of three furanocoumarins in the
leaves of Heracleum lanatum varied over a period from April to November. Another

study by Pira et al. (1989) found that furanocoumarin content of H. mantegazzianum
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was highest at the end of June which would be the vegetation season for the plant.
They also found that in August and November there were low levels of
furanocoumarins which was attributed to the flower season of the plant (August) and
the beginning of dormancy (November). This data is in agreement with ours as the
highest amounts of falcarindiol were found in the H. maximum extracts from the

summer (collected in June).

Falcarindiol was quantified in the roots of Saposhnikovia divaricata, a plant in the
Umbelliferae family by Ishizuka et al. (1998) and it was found that the amount of
falcarindiol decreased during the flowering season of the plant. It was also noted that
the falcarindiol concentration increased after the flowering period (Ishizuka et al.,
1998). In a study by Wittstock et al. (1995), they determined that all of the
polyacetylenes they were quantifying, including falcarindiol were present in the
rhizomes, roots, leaves, fruits and young shoots of Cicuta virosa, a member of the
Apiaceae family. In this plant species, falcarindiol was one of three major components
of the leaves and fruits and one of four major components of roots and young shoots
(Wittstock et al., 1995). An additional study by Zschocke et al. (1997) found that the
amount of falcarindiol found in Notopterygium incisum, an east Asian medicinal plant
from the Umbelliferae family exhibited large concentration variations in their samples

(0.08% to 3.2%) (Zschocke et al., 1997).
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Correlations between antimycobacterial activity and falcarindiol content were made
between extracts tested against M. tuberculosis at 100 pg/mL in the MRA. This
concentration was chosen for comparison because as previously mentioned, it is the
standard used for this assay from the results obtained with the optimization of the
microplate resazurin assay (O'Neill et al., 2014). There was no correlation between
falcarindiol content and antimycobacterial activity and this could be the result of a
number of scenarios. One such explanation could be that our research demonstrated
poor estimates of falcarindiol content or poor estimates of percentage inhibition.
These poor estimates, particularly with regards to a poor estimate of falcarindiol
content, could be due to the sensitivity of the spectroscopic technique. Additionally,
this lack of correlation demonstrates that falcarindiol may not be the only
antimycobacterial compound present in these H. maximum crude extracts. In fact,
these results would indicate that there are compounds present in the extracts that
would either demonstrate higher antimycobacterial activity than falcarindiol or may
possibly have a synergistic effect with this compound and possibly others. Indeed, in
this study we isolated a significant amount of falcarinol, a compound that is known to
possess antimycobacterial activity (Christensen, 2011; Kobaisy et al., 1997; Li et al.,

2012; Schinkovitz et al., 2008), from H. maximum roots.
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Chapter 4: Summary of thesis research
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The objective of this research was to determine whether a relationship exists between
the antimycobacterial activity observed in Heracleum maximum crude extracts and the
amount of falcarindiol the crude extracts contain. The crude extracts from different

tissues (root, stem, leaf, flower) and different seasons (spring, summer, fall) over three

years (2009-2011) showed varying bioactivity and varying amounts of falcarindiol.

The antimycobacterial activity of H. maximum crude extracts differed when tested at
different concentrations, which was expected. These crude extracts also differed in
bioactivity when testing different tissue collected in the summer and when testing
roots from different seasons. Bioactivity of crude extracts did not differ significantly
between seasons and, in the summer, only flower extracts were significantly more

bioactive than extracts of the others tissues.

Falcarindiol concentrations assessed using qNMR showed that summer root extracts
contained more falcarindiol than extracts from other seasons and flower extracts had

significantly more falcarindiol present than extracts from any other tissue.

There was no relationship observed between the antimycobacterial activity of extracts
and the amount of falcarindiol in the extracts when quantified by gNMR. This lack of a
correlation could be indicative of other very potent antimycobacterial compounds that

are displaying the observed bioactivity against Mycobacterium tuberculosis H37Ra.
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Future studies should employ more sensitive methods for the quantification of this
compound to determine which of the two methods used in this study would be
considered the most reliable for detecting falcarindiol concentrations in H. maximum

crude extracts.

Overall, it can be concluded that the ethnopharmacological background knowledge of
H. maximum collection should be followed. If H. maximum was collected for its
medicinal uses, it would be practical to follow the traditional First Nations approach
and collect the roots of the plant. Heracleum maximum roots, especially those
collected in the fall, are not always the tissues from which the highest amount of
falcarindiol is present, but there will always be some of this natural product present,
which cannot be said for all other tissues and seasons. It can also be concluded that
further fractionation of H. maximum crude extracts has the potential to lead to

additional antimycobacterial compounds with high bioactivity.

55



REFERENCES

56



Aguilo-Aguayo, |., Hossain, M.B., Brunton, N., Lyng, J., Valverde, J., 2014. Pulsed electric fields
pre-treatment of carrot purees to enhance their polyacetylene and sugar contents.
Innovative Food Science Emerging Technologies 23, 79-86.

Al-Fatimi, M., Wurster, M., Schroeder, G., Lindequist, U., 2007. Antioxidant, antimicrobial and
cytotoxic activities of selected medicinal plants from Yemen. Journal of
Ethnopharmacology 111, 657-666.

Arnason, T., Hebda, R.J., Johns, T., 1981. Use of plants for food and medicine by Native Peoples
of Eastern Canada. Can. J. Botany 59, 2189-2325.

Balunas, M., Kinghorn, A.D., 2005. Drug discovery from medicinal plants. Life Sciences 78, 431-
441.

Bednarek, P., Osbourn, A., 2009. Plant-microbe interactions: chemical diversity in plant
defense. Science 324, 746-748.

Bennett, R.N., Wallsgrove, R.M., 1994. Secondary metabolites in plant defence mechanisms.
New Phytologist 127, 617-633.

Bernstein, M., Sykora, S., Peng, C., Barba, A., Cobas, C., 2013. Optimization and automation of
quantitative NMR data extraction. Analytical Chemistry 85, 5778-5786.

Brenes-Arguedas, T., Coley, P.D., Kursar, T.A., 2008. Divergence and diversity in the defensive
ecology of Inga at two Neotropical sites. Journal of Ecology 96, 127-135.

CDC, 2012. Tuberculosis (TB). Centers for Disease Control and Prevention, Atlanta, GA.

Chin, Y.W., Balunas, M.J., Chai, H.B., Kinghorn, A.D., 2006. Drug discovery from natural sources.
The AAPS Journal 8, 239-253.

Christensen, L.P., 2010. Bioactivity of polyacetylenes in food plants. Elsevier Academic Press
Inc, San Diego, CA, USA.

Christensen, L.P., 2011. Aliphatic C(17)-polyacetylenes of the falcarinol type as potential health
promoting compounds in food plants of the Apiaceae family. Recent Patents on Food,
Nutrition & Agriculture 3, 64-77.

57



Christensen, L.P., Brandt, K., 2006. Bioactive polyacetylenes in food plants of the Apiaceae
family: Occurrence, bioactivity and analysis. Journal of Pharmaceutical and Biomedical
Analysis 41, 683-693.

Christensen, L.P., Jakobsen, H.B., 2008. Polyacetylenes: Distribution in higher plants,
pharmacological effects and analysis, in: WaksmundzkaHajnos, M., Sherma, J.,
Kowalska, T. (Eds.), Chromatographic Science Series. CRC Press-Taylor & Francis Group,
Boca Raton, FL, USA, pp. 757-816.

Christensen, L.P., Kreutzmann, S., 2007. Determination of polyacetylenes in carrot roots
(Daucus carota L.) by high-performance liquid chromatography coupled with diode
array detection. Journal of Separation Science 30, 483-490.

Cirak, C., Radusiene, J., Camas, N., Caliskan, O., Odabas, M.S., 2013. Changes in the contents of
main secondary metabolites in two Turkish Hypericum species during plant
development. Pharmaceutical Biology 51, 391-399.

Copp, B., 2003. Antimycobacterial natural products. Natural Product Reports 20, 535-557.

Copp, B., Pearce, A.N., 2007. Natural product growth inhibitors of Mycobacterium tuberculosis.
Natural Product Reports 24, 278-297.

Cowan, M., 1999. Plant products as antimicrobial agents. Clinical Microbiology Reviews 12,
564-582.

Cox, P.A,, Balick, M.J., 1994. The ethnobotanical approach to drug discovery. Scientific
American 270, 82-87.

Cragg, G.M., Newman, D.J., Snader, K.M., 1997. Natural products in drug discovery and
development. Journal of Natural Products 60, 52-60.

Crowden, R.K., Harborne, J.B., Heywood, V.H., 1969. Chemosystematics of the Umbelliferae — a
general survey. Phytochemistry 8, 1963-1984.

Czepa, A., Hofmann, T., 2003. Structural and sensory characterization of compounds
contributing to the bitter off-taste of carrots (Daucus carota L.) and carrot puree.
Journal of Agricultural and Food Chemistry 51, 3865-3873.

Dashti, Y., Grkovic, T., Quinn, R.J., 2014. Predicting natural product value, an exploration of
anti-TB drug space. Natural Product Reports 31, 990-998.

58



De Luca, V., St Pierre, B., 2000. The cell and developmental biology of alkaloid biosynthesis.
Trends in Plant Science 5, 168-173.

Degen, T., Buser, H.R., Stadler, E., 1999. Patterns of oviposition stimulants for carrot fly in
leaves of various host plants. Journal of Chemical Ecology 25, 67-87.

Deng, S., Wang, Y., Inui, T., Chen, S.-N., Farnsworth, N.R., 2008. Anti-TB polyynes from the
roots of Angelica sinensis. Phytotherapy Research 22, 878-882.

Dias, D., Urban, S., Roessner, U., 2012. A historical overview of natural products in drug
discovery. Metabolites 2, 303-336.

Dover, L.G., Coxon, G.D., 2011. Current status and research strategies in tuberculosis drug
development. Journal of Medicinal Chemistry 54, 6157-6165.

Eisner, T., Meinwald, J., 1995. Chemical Ecology: The Chemistry of Biotic Interaction. National
Academy Press Washington, D.C.

El-Readi, M.Z,, Eid, H.H., Ashour, M.L., Eid, S.Y., Labib, R.M., Sporer, F., Wink, M., 2013.
Variations of the chemical composition and bioactivity of essential oils from leaves and
stems of Liquidambar styraciflua (Altingiaceae). Journal of Pharmacy and
Pharmacology 65, 1653-1663.

Erichsen-Brown, C., 1979. Medicinal and other uses of North American plants: A historical
survey with special reference to the Eastern Indian tribes. Cover Publications, Inc., New
York.

Etkin, N.L., 1988. Ethnopharmacology - biobehavioral approaches in the anthropological study
of indigenous medicines. Annual Review of Anthropology 17, 23-42.

Fabricant, D.S., Farnsworth, N.R., 2001. The value of plants used in traditional medicine for
drug discovery. Environ. Health Persp. 109, 69-75.

Farnsworth, N.R., Akerele, O., Bingel, A.S., Soejarto, D.D., Guo, Z.G., 1985. Medicinal plants in
therapy. Bulletin of the World Health Organization 63, 965-981.

59



Fraenkel, G.S., 1959. The raison d'etre of secondary plant substances; these odd chemicals
arose as a means of protecting plants from insects and now guide insects to food.
Science 129, 1466-1470.

Garcia, A., Bocanegra-Garcia, V., Palma-Nicolas, J.P., Rivera, G., 2012. Recent advances in
antitubercular natural products. Eur. J. Med. Chem. 49, 1-23.

Garrod, B., Lea, E.J.A,, Lewis, B.G., 1979. Studies on the mechanism of action of the antifungal
compound falcarindiol. New Phytologist 83, 463-471.

Gertsch, J., 2009. How scientific is the science in ethnopharmacology? Historical perspectives
and epistemological problems. Journal of Ethnopharmacology 122, 177-183.

Gonzalez, L., Manly, B.F.J., 1998. Analysis of variance by randomization with small data sets.
Environmetrics 9, 53-65.

Gray, C.A,, Johnson, J.A., Webster, D., 2013. Canadian traditionally used medicinal plants: can
they play a role in antituberculosis drug development? Future Medicinal Chemistry 5,
853-855.

Gu, R., Wang, Y., Long, B., Kennelly, E., Wu, S., 2014. Prospecting for bioactive constituents
from traditional medicinal plants through ethnobotanical approaches. Biological
Pharmaceutical Bulletin 37, 903-915.

Harvey, A., Clark, R.L., Mackay, S.P., Johnston, B.F., 2010. Current strategies for drug discovery
through natural products. Expert Opinion on Drug Discovery 5, 559-568.

Heinrich, M.M., Gibbons, S., 2001. Ethnopharmacology in drug discovery: An analysis of its role
and potential contribution. Journal of Pharmacy and Pharmacology 53, 425-432.

Huang, H.Q,, Su, J.A,, Zhang, X., Shan, L., Zhang, W.D., 2011. Qualitative and quantitative
determination of polyacetylenes in different Bupleurum species by high performance
liquid chromatography with diode array detector and mass spectrometry. J.
Chromatogr. A 1218, 1131-1138.

Huang, W.H., Yang, J., Zhao, J., Wang, C.Z., Yuan, C.S,, Li, S.P., 2010. Quantitative analysis of six
polyynes and one polyene in Oplopanax horridus and Oplopanax elatus by pressurized
liquid extraction and on-line SPE-HPLC. Journal of Pharmaceutical and Biomedical
Analysis 53, 906-910.

60



Ishizuka, Y., Hayashi, K., Moriya, A., 1998. Studies on the cultivation of Saposhnikovia divaricata
(Turcz.) Schischkin: (I1). Seasonal variation of root growth, methanol extract and
constituent contents. Natural Medicines 52, 151-155.

Jin, H.R., Zhao, J., Zhang, Z., Liao, Y., Wang, C.Z., 2012. The antitumor natural compound
falcarindiol promotes cancer cell death by inducing endoplasmic reticulum stress. Cell
Death and Disease 3.

Jones, J.D.G., Dangl, J.L., 2006. The plant immune system. Nature 444, 323-329.

Jones, N.P., Arnason, J.T., Abou-Zaid, M., Akpagana, K., Sanchez-Vindas, P., 2000. Antifungal
activity of extracts from medicinal plants used by First Nations Peoples of eastern
Canada. J. Ethnopharmacol. 73, 191-198.

Kellogg, J., Wang, J., Flint, C., Ribnicky, D., Kuhn, P., De Mejia, E.G., Raskin, I., Lila, M.A., 2010.
Alaskan wild berry resources and human health under the cloud of climate change.
Journal of Agricultural and Food Chemistry 58, 3884-3900.

Kemp, M.S., 1978. Falcarindiol: An antifungal polyacetylene from Aegopodium podagraria.
Phytochemistry 17, 1002-1002.

Kjellenberg, L., Johansson, E., Gustavsson, K.E., Olsson, M.E., 2010. Effects of harvesting date
and storage on the amounts of polyacetylenes in carrots, Daucus carota. Journal of
Agricultural and Food Chemistry 58, 11703-11708.

Kobaisy, M., Abramowski, Z., Lermer, L., Saxena, G., Hancock, R.E.W., Towers, G.H.N., Doxsee,
D., Stokes, R.W., 1997. Antimycobacterial polyynes of Devil's Club (Oplopanax
horridus), a North American native medicinal plant. Journal of Natural Products 60,
1210-1213.

Kolodziej, B., Kowalski, R., Holderna-Kedzia, E., 2013. Chemical composition and chosen
bioactive properties of Panax quinquefolius extracts. Chemija 24, 151-159.

Kramer, M., Muehleis, A., Conrad, J., Leitenberger, M., Beifuss, U., 2011. Quantification of
polyacetylenes in apiaceous plants by high-performance liquid chromatography
coupled with diode array detection. Zeitschrift Fur Naturforschung Section C-A Journal
Of Biosciences 66, 319-327.

61



Kuhnlein, H.V., Turner, N.J., 1991. Traditional plant foods of Canadian indigenous peoples:
Nutrition, botany and use. Gordon and Breach Science Publishers, Amsterdam,
Netherlands.

Kupchan, S.M., Britton, R.W., Ziegler, M.F., Sigel, C.W., 1973. Bruceantin, a new potent
antileukemic simaroubolide from Brucea antidysenterica. The Journal of Organic
Chemistry 38, 178-179.

Lattanzio, V., Lattanzio, V.M.T., Cardinali, A., 2006. Role of phenolics in the resistance
mechanisms of plants against fungal pathogens and insects, in: Imperato, F. (Ed.),
Phytochemistry: Advances in Research. Research Signpost, Trivandrum, India, pp. 23-
67.

Lawn, S.D., Zumla, A.l., 2011. Tuberculosis. Lancet 378, 57-72.

Li, H., O'Neill, T., Ellsworth, K., Webster, D., Johnson, J.A., Gray, C.A., 2012. Anti-mycobacterial
natural products from Aralia nudicaulis. Planta Medica 78, 1122-1122.

Liang, X.M., Jin, Y., Wang, Y.-P., Jin, G.-W., Fu, Q., 2009. Qualitative and quantitative analysis in
quality control of traditional Chinese medicines. J. Chromatogr. A 1216, 2033-2044.

Liu, J.H., Zschocke, S., Reininger, E., Bauer, R., 1998. Comparison of Radix angelicae pubescentis
and substitutes - Constituents and inhibitory effect on 5-lipoxygenase and
cyclooxygenase. Pharmaceutical Biology 36, 207-216.

MacKenzie, D.l., Manly, B.F.J., 2001. Randomization tests for time effects and heterogeneity in
capture probabilities for closed populations. Journal of Agricultural, Biological, and
Environmental Statistics 6, 292-301.

Mandal, V., Gopal, V., Mandal, S.C., 2012. An inside to the better understanding of the
ethnobotanical route to drug discovery-the need of the hour. Natural Product
Communications 7, 1551-1554.

Manilal, A., Sujith, S., Kiran, G.S., Selvin, J., Shakir, C., Gandhimathi, R., Lipton, A.P., 2009.
Antimicrobial potential and seasonality of red algae collected from the southwest coast
of India tested against shrimp, human and phytopathogens. Annals of Microbiology 59,
207-219.

Manly, B.F.J., 1997. Randomization. Bootstrap and Monte Carlo Methods In Biology, Second
ed. Chapman & Hall/CRC, USA.

62



McCutcheon, A.R,, Ellis, S.M., Hancock, R.E.W., Towers, G.H.N., 1992. Antibiotic screening of
medicinal plants of the British Columbian native peoples. Journal of
Ethnopharmacology 37, 213-223.

McCutcheon, A.R,, Ellis, S.M., Hancock, R.E.W., Towers, G.H.N., 1994. Antifungal screening of
medicinal plants of British Columbian native peoples. Journal of Ethnopharmacology
44, 157-169.

McCutcheon, A.R., Roberts, T.E., Gibbons, E., Ellis, S.M., Babiuk, L.A., 1995. Antiviral screening
of British Columbian medicinal plants. Journal of Ethnopharmacology 49, 101-110.

McCutcheon, A.R., Stokes, R.W., Thorson, L.M., Ellis, S.M., Hancock, R.E.W., 1997. Anti-
mycobacterial screening of British Columbian medicinal plants. Int. J. Pharmacogn. 35,
77-83.

Mediani, A., Abas, F., Ping, T.C., Khatib, A., Lajis, N.H., 2012. Influence of growth stage and
season on the antioxidant constituents of Cosmos caudatus. Plant Foods for Human
Nutrition 67, 344-350.

Meinwald, J., 2011. Natural products as molecular messengers. Journal of Natural Products 74,
305-309.

Meinwald, J., Eisner, T., 2003. Natural products chemistry: New opportunities, uncertain
future. Helvetica Chimica Acta 86, 3633-3637.

Meinwald, J., Eisner, T., 2008. Chemical ecology in retrospect and prospect. Proceedings of the
National Academy of Sciences of the United States of America 105, 4539-4540.

Meot-Duros, L., Cerantola, S., Talarmin, H., Le Meur, C., Le Floch, G., 2010. New antibacterial
and cytotoxic activities of falcarindiol isolated in Crithmum maritimum L. leaf extract.
Food and Chemical Toxicology 48, 553-557.

Miyazawa, M., Shimamura, H., Bhuva, R.C., Nakamura, S., Kameoka, H., 1996. Antimutagenic
activity of falcarindiol from Peucedanum praeruptorum. Journal of Agricultural and
Food Chemistry 44, 3444-3448.

Moerman, D.E., 1998. Native American Ethnobotany, 9th ed. Timber Press Inc., London.

63



Moerman, D.E., 2009. Native American Medicinal Plants: An Ethnobotanical Dictionary. Timber
Press Inc., Oregon, USA.

Muir, A.D., Cole, A.L.J., Walker, J.R.L., 1982. Antibiotic compounds from New Zealand plants. I.
Falcarindiol, an anti-dermatophyte agent from Schefflera digitata. Planta Medica 44,
129-133.

Nanyingi, M., Mbaria, J.M., Lanyasunya, A.L., Wagate, C.G., Koros, K.B., 2008.

Ethnopharmacological survey of Samburu district, Kenya. Journal of Ethnobiology and
Ethnomedicine 4, 14.

Ncube, B., Nair, J.J., Rarova, L., Strnad, M., Finnie, J.F., Van Staden, J., 2015. Seasonal

pharmacological properties and alkaloid content in Cyrtanthus contractus N.E. Br.
South African Journal of Botany 97, 69-76.

Newman, D.J., Cragg, G.M., Snader, K.M., 2003. Natural products as sources of new drugs over
the period 1981-2002. Journal of Natural Products 66, 1022-1037.

Ngo, L.T., Okogun, J.1., Folk, W.R., 2013. 21st century natural product research and drug
development and traditional medicines. Natural Product Reports 30, 584-592.

O'Brien, J., Wright, G., 2011. An ecological perspective of microbial secondary metabolism.
Current Opinion in Biotechnology 22, 552-558.

O'Neill, T., 2012. Antimycobacterial natural products from Heracleum maximum., Department

of Biology. University of New Brunswick, Saint John, Saint John, New Brunswick,
Canada.

O'Neill, T.E., Li, H., Colquhoun, C.D., Johnson, J.A., Webster, D., Gray, C.A., 2014. Optimisation
of the microplate resazurin assay for screening and bioassay-guided fractionation of
phytochemical extracts against Mycobacterium tuberculosis. Phytochemical Analysis
25, 461-467.

Pacifico, S., Galasso, S., Piccolella, S., Kretschmer, N., Pan, S.-P., Marciano, S., Bauer, R.,
Monaco, P., 2015. Seasonal variation in phenolic composition and antioxidant and anti-
inflammatory activities of Calamintha nepeta (L.) Savi. Food Research International 69,

121-132.

Pichersky, E.E., Gang, D.R., 2000. Genetics and biochemistry of secondary metabolites in plants:
an evolutionary perspective. Trends in Plant Science 5, 439-445.

64



Pira, E., Romano, C., Sulotto, F., Pavan, |., Monaco, E., 1989. Heracleum mantegazzianum
growth phases and furocoumarin content. Contact Dermatitis 21, 300-303.

Prior, R.M., Lundgaard, N.H., Light, M.E., Stafford, G.I., van Staden, J., 2007. The polyacetylene
falcarindiol with COX-1 activity isolated from Aegopodium podagraria L. Journal of
Ethnopharmacology 113, 176-178.

Rai, D.K., Brunton, N.P., Koidis, A., Rawson, A., McLoughlin, P., 2011. Characterisation of
polyacetylenes isolated from carrot (Daucus carota) extracts by negative ion tandem
mass spectrometry. Rapid Communications in Mass Spectrometry 25, 2231-2239.

Ramakrishna, A., Ravishankar, G.A., 2011. Influence of abiotic stress signals on secondary
metabolites in plants. Plant Signaling & Behavior 6, 1720-1731.

Rates, S.M., 2001. Plants as source of drugs. Toxicon 39, 603-613.

Schinkovitz, A., Stavri, M., Gibbons, S., Bucar, F., 2008. Antimycobacterial polyacetylenes from
Levisticum officinale. Phytotherapy Research 22, 681-684.

Schulz-Witte, J., Nothnagel, T., Schulz, H., 2010. Comparison of different clean-up methods for
simultaneous HPLC determination of carotenoids and polyacetylenes in carrot roots.
Journal of Applied Botany and Food Quality 83, 123-127.

Scognamiglio, M., D'Abrosca, B., Fiumano, V., Golino, M., Esposito, A., Fiorentino, A., 2014.
Seasonal phytochemical changes in Phillyrea angustifolia L.: Metabolomic analysis and
phytotoxicity assessment. Phytochemistry Letters 8, 163-170.

Skoog, D.A., Holler, F.J., Crouch, S.R., 2007. Principles of instrumental analysis, 6th ed.
Brooks/Cole : Thomson Learning, Australia.

Soltoft, M., Eriksen, M.R., Trager, A.W.B., Nielsen, J., Laursen, K.H., Husted, S., Halekoh, U.,
Knuthsen, P., 2010. Comparison of polyacetylene content in organically and
conventionally grown carrots using a fast ultrasonic liquid extraction method. Journal
of Agricultural and Food Chemistry 58, 7673-7679.

Stavri, M., Gibbons, S., 2005. The antimycobacterial constituents of dill (Anethum graveolens).
Phytotherapy Research 19, 938-941.

65



Tringali, C., 2012. Bioactive compounds from nautral sources: natural products as lead
compounds in drug discovery, Second ed. CRC Press, Taylor & Francis Group, Boca
Raton, Florida.

Uprety, Y., Asselin, H., Dhakal, A., Julien, N., 2012. Traditional use of medicinal plants in the
boreal forest of Canada: review and perspectives. J. Ethnobio. Ethnomed. 8.

Vuorela, S., Kreander, K., Karonen, M., Nieminen, R., Hamalainen, M., Galkin, A,, Laitinen, L.,
Salminen, J.P., Moilanen, E., Pihlaja, K., Vuorela, H., Vuorela, P., Heinonen, M., 2005.
Preclinical evaluation of rapeseed, raspberry, and pine bark phenolics for health-
related effects. Journal of Agricultural and Food Chemistry 53, 5922-5931.

Walker, M., 2008. Wild plants of Eastern Canada. Nimbus Publishing Limited, Halifax.

Webster, D.D,, Lee, T.D.G., Moore, J., Manning, T., Kunimoto, D., 2010. Antimycobacterial
screening of traditional medicinal plants using the microplate resazurin assay. Can. J.
Microbio. 56, 487-494.

Webster, D.D., Taschereau, P., Lee, T.D.G., Jurgens, T., 2006. Immunostimulant properties of
Heracleum maximum Bartr. Journal of Ethnopharmacology 106, 360-363.

WHO, 2005. WHO Traditional Medicine Strategy 2002-2005, Geneva.

WHO, 2010. Treatment of tuberculosis guidelines, Fourth ed. World Health Organization,
Geneva.

WHO, 2014. Global tuberculosis report. World Health Organization, Geneva.

Williams, D.H., Stone, M.J., Hauck, P.R., Rahman, S.K., 1989. Why are secondary metabolites
(natural products) biosynthesized? Journal of Natural Products 52, 1189-1208.

Wittstock, U., Hadacek, F., Wurz, G., Teuscher, E., Greger, H., 1995. Polyacetylenes from water
hemlock, Cicuta virosa. Planta Medica 61, 439-445.

Wondimu, T., Asfaw, Z., Kelbessa, E., 2007. Ethnobotanical study of medicinal plants around
'Dheeraa’ town, Arsi Zone, Ethiopia. Journal of Ethnopharmacology 112, 152-161.

Yang, C.Q., Fang, X., Wu, X.-M., Mao, Y.-B., Wang, L.-J., 2012. Transcriptional regulation of plant
secondary metabolism. Journal of Integrative Plant Biology 54, 703-712.

66



Zangerl, A.R., Berenbaum, M.R., 1990. Furanocoumarin induction in wild parsnip - genetics and
populational variation. Ecology 71, 1933-1940.

Zidorn, C.C,, Johrer, K., Ganzera, M., Schubert, B., Sigmund, E.M., 2005. Polyacetylenes from
the Apiaceae vegetables carrot, celery, fennel, parsley, and parsnip and their cytotoxic
activities. Journal of Agricultural and Food Chemistry 53, 2518-2523.

Zobel, A.M., Brown, S.A., 1990. Seasonal changes of furanocoumarin concentrations in leaves
of Heracleum lanatum. Journal of Chemical Ecology 16, 1623-1634.

Zschocke, S., Lehner, M., Bauer, R., 1997. 5-lipoxygenase and cyclooxygenase inhibitory active
constituents from Qianghuo (Notopterygium incisum). Planta Medica 63, 203-206.

Zumla, A., Nahid, P., Cole, S.T., 2013. Advances in the development of new tuberculosis drugs
and treatment regimens. Nature Reviews Drug Discovery 12, 388-404.

67



APPENDICES

68



Appendix 1 Extraction efficiency of Heracleum maximum methanolic crude extracts.

Table Al.1 Heracleum maximum root crude extracts from three seasons and their
extraction efficiency.

Season Extract ID Extraction efficiency
Spring TO2-043-01 9.1
TO2-047-01 17.3
TO2-051-01 14.7
TO2-058-01 11.2
TO2-059-01 18.8
TO2-063-01 35
TO2-067-01 9.8
TO2-071-01 18.0
TO2-075-01 6.6
TO2-079-01 16.6
TO4-003-01 25.5
TO4-003-02 18.3
TO4-003-03 24.0
TO4-003-04 22.8
TO4-003-05 21.8
TO4-003-06 25.5
TO4-003-07 19.8
TO4-003-08 22.0
TO4-003-09 22.5
TO4-003-10 21.3
TO6-002-01 24.6
TO6-002-02 25.1
TO6-002-03 25.2
TO6-002-04 27.7
TO6-002-05 30.4
TO6-002-06 28.4
TO6-002-07 26.2
TO6-002-08 26.4
TO6-002-09 27.6
TO6-002-10 32.1
Mean (£ S. E.) 20.8 (+1.3)
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Table Al1.1 continued

Season Extract ID Extraction efficiency
Summer TO2-083-01 8.5
TO2-087-01 8.2
TO2-091-01 9.0
TO2-095-01 6.7
TO2-099-01 5.9
TO2-103-01 7.3
TO2-107-01 12.0
TO2-115-01 10.7
TO2-119-01 5.5
TO4-043-01 19.7
TO4-043-02 14.2
TO4-043-03 16.2
TO4-043-04 16.2
TO4-043-05 24.4
TO4-043-06 17.1
TO4-043-07 14.9
TO4-043-08 15.2
TO4-043-09 21.6
TO4-043-10 13.8
TO6-104-01 16.5
TO6-104-02 14.9
TO6-104-03 19.3
TO6-104-04 13.0
TO6-104-05 13.2
TO6-104-06 15.4
TO6-104-07 15.7
TO6-104-08 15.5
TO6-104-09 14.0
TO6-104-10 11.4
Mean (£ S. E.) 13.7 (£ 0.9)
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Table Al1.1 continued

Season Extract ID Extraction efficiency
Fall TO3-005-01 16.6
TO3-007-01 17.7
TO3-009-01 17.6
TO3-011-01 18.3
TO3-013-01 16.7
TO3-015-01 15.4
TO3-017-01 17.3
TO3-019-01 21.1
TO3-021-01 18.6
TO3-023-01 17.3
TO4-167-01 19.4
TO4-167-02 1.6
TO4-167-03 20.3
TO4-167-04 18.9
TO4-167-05 20.6
TO4-167-06 20.8
TO4-167-07 17.5
TO4-167-08 21.0
TO4-167-09 17.5
TO4-167-10 225
TO7-020-01 20.6
TO7-020-02 19.7
TO7-020-03 21.8
TO7-020-04 23.3
TO7-020-05 19.9
TO7-020-06 21.6
TO7-020-07 19.7
TO7-020-08 20.8
TO7-020-09 26.9
TO7-020-10 22.5
Mean (£ S. E.) 19.1 (£ 0.7)
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Table Al1.2 Heracleum maximum summer crude extracts from four tissues and their
extraction efficiency.

Tissue Extract ID Extraction efficiency
Root TO2-083-01 8.5
TO2-087-01 8.2
TO2-091-01 9.0
TO2-095-01 6.7
T0O2-099-01 5.9
TO2-103-01 7.3
TO2-107-01 12.0
TO2-111-01 9.3
TO2-115-01 10.7
TO2-119-01 5.5
TO4-043-01 19.7
TO4-043-02 14.2
TO4-043-03 16.2
TO4-043-04 16.2
TO4-043-05 24.4
TO4-043-06 17.1
TO4-043-07 14.9
TO4-043-08 15.2
TO4-043-09 21.6
TO4-043-10 13.8
TO6-104-01 16.5
TO6-104-02 14.9
TO6-104-03 19.3
TO6-104-04 13.0
TO6-104-05 13.2
TO6-104-06 15.4
TO6-104-07 15.7
TO6-104-08 15.5
TO6-104-09 14.0
TO6-104-10 11.4
Mean (£ S. E.) 13.5(+ 0.8)
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Table A1.2 continued

Tissue Extract ID Extraction efficiency
Stem T0O2-129-01 12.8
TO2-131-01 16.2
T0O2-133-01 224
TO2-135-01 24.3
T0O2-137-01 18.1
TO2-139-01 16.6
T0O2-141-01 9.0
T0O2-143-01 15.8
T0O2-145-01 14.5
T0O2-147-01 17.0
T0O4-047-01 19.0
TO4-047-02 27.7
T0O4-047-03 12.1
TO4-047-04 11.8
TO4-047-05 16.8
TO4-047-06 11.2
TO4-047-07 24.8
TO4-047-08 17.8
TO4-047-09 15.2
TO4-047-10 12.8
TO6-106-01 17.9
TO6-106-02 9.1
TO6-106-03 9.5
TO6-106-04 13.2
TO6-106-05 12.8
TO6-106-06 11.7
TO6-106-07 11.2
TO6-106-08 11.9
TO6-106-09 18.7
TO6-106-10 10.6
Mean (£ S. E.) 15.4 (£ 0.9)
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Table A1.2 continued

Tissue Extract ID Extraction efficiency
Leaf T0O4-051-01 26.9
T0O4-051-02 25.5
TO4-051-03 2.6
TO4-051-04 8.3
TO4-051-05 32.1
TO4-051-06 28.7
TO4-051-07 27.4
TO4-051-08 22.6
TO4-051-09 24.1
TO4-051-10 9.8
T0O2-149-01 23.9
T0O2-151-01 15.8
T0O2-153-01 18.6
TO2-155-01 13.6
T0O2-157-01 19.7
T0O2-159-01 26.3
TO2-161-01 19.7
T0O2-163-01 18.6
T0O2-165-01 20.2
T0O2-167-01 19.4
TO6-107-01 17.9
TO6-107-02 14.7
TO6-107-03 13.6
TO6-107-04 15.3
TO6-107-05 15.9
TO6-107-06 16.0
TO6-107-07 9.9
TO6-107-08 14.5
TO6-107-09 13.9
TO6-107-10 19.9
Mean (£ S. E.) 18.5 (+ 1.2)
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Table A1.2 continued

Tissue Extract ID Extraction efficiency
Flower T0O2-169-01 13.3
TO2-171-01 -0.7
T0O2-173-01 11.0
T0O2-175-01 -1.6
T0O2-177-01 8.8
T0O2-179-01 14.6
T02-181-01 0.2
T0O2-183-01 0.2
TO4-055-01 8.6
TO4-055-02 6.1
TO4-055-03 6.9
TO4-055-04 6.7
TO4-055-05 7.1
TO4-055-06 9.2
TO4-055-07 8.3
TO4-055-08 5.9
TO4-055-09 10.0
TO4-055-10 8.8
TO6-105-01 6.4
T0O6-105-02 4.8
TO6-105-03 5.5
TO6-105-04 7.3
TO6-105-05 6.6
TO6-105-06 6.9
TO6-105-07 6.5
TO6-105-08 8.2
TO6-105-09 5.4
TO6-105-10 5.9
Mean (£ S. E.) 6.7 (£ 0.7)
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Appendix 2 Antimycobacterial activity of Heracleum maximum crude extract against
Mycobacterium tuberculosis H37Ra.

Table A2.1 Heracleum maximum root crude extracts from three seasons in 2009 and
their respective antimycobacterial activity (percentage inhibition) against
Mycobacterium tuberculosis H37Ra at 50 pg/mL and 100 pg/mL.

Season Extract ID Percentage inhibition at ~ Percentage inhibition at
50 pg/mL 100 pg/mL
Spring TO2-043-01 81.9 99.9
TO2-047-01 21.9 68.6
TO2-051-01 85.0 99.8
TO2-055-01 69.9 98.7
T0O2-059-01 73.4 99.7
TO2-063-01 69.2 99.3
T0O2-067-01 71.4 99.5
TO2-071-01 58.3 98.0
TO2-075-01 39.9 89.3
T0O2-079-01 17.2 56.1
TO4-003-01 394 90.6
TO4-003-02 31.8 90.0
TO4-003-03 33.9 87.8
TO4-003-04 16.2 65.2
TO4-003-05 57.7 95.5
TO4-003-06 46.5 89.8
TO4-003-07 8.8 48.5
TO4-003-08 26.0 63.9
TO4-003-09 44.6 90.8
TO4-003-10 43.3 88.7
TO6-002-01 90.5 100.1
TO6-002-02 -2.5 41.1
TO6-002-03 91.8 100.0
TO6-002-04 44.1 87.6
TO6-002-05 -15.7 20.8
TO6-002-06 -15.0 25.1
TO6-002-07 84.8 99.8
TO6-002-08 -19.4 24.9
TO6-002-09 19.9 83.3
TO6-002-10 14.1 61.9
Mean (£ S. E.) 41.0 (+5.9) 78.8 (+ 4.6)
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Table A2.1 continued

Season Extract ID Percentage inhibition at Percentage inhibition at
50 ug/mL 100 pg/mL
Summer  TO2-083-01 33.0 90.3
T0O2-087-01 59.5 96.6
T0O2-091-01 71.7 99.4
T02-095-01 74.1 99.7
TO2-099-01 60.1 97.6
TO2-103-01 29.3 84.4
TO2-107-01 73.2 99.9
TO2-111-01 81.3 100.2
TO2-115-01 64.8 99.6
TO2-119-01 50.6 99.1
TO4-043-01 55.2 95.1
TO4-043-02 90.9 99.8
TO4-043-03 46.1 89.8
TO4-043-04 43.8 87.6
TO4-043-05 44.8 87.3
TO4-043-06 100.2 100.0
TO4-043-07 42.3 91.9
TO4-043-08 36.2 87.3
TO4-043-09 67.6 98.0
TO4-043-10 -1.7 66.2
TO6-104-01 24.8 79.7
TO6-104-02 -16.3 253
TO6-104-03 -15.0 34.8
TO6-104-04 -23.2 18.4
TO6-104-05 88.6 100.0
TO6-104-06 -4.5 33.8
TO6-104-07 -38.1 12.2
TO6-104-08 -32.5 20.3
TO6-104-09 9.7 74.8
TO6-104-10 -44.6 99.9
Mean (£ S. E.) 38.5(+ 7.5) 78.0 (£ 5.3)
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Table A2.1 continued

Season Extract ID Percentage inhibition at Percentage inhibition at
50 ug/mL 100 pg/mL

Fall TO3-005-01 36.0 90.4
TO3-007-01 30.3 86.8
TO3-009-01 13.1 64.8
TO3-011-01 -29.5 26.5
TO3-013-01 3.0 36.7
TO3-015-01 4.8 52.5
TO3-017-01 -41.2 -2.3
TO3-019-01 56.2 97.9
TO3-021-01 12.5 74.6
TO3-023-01 36.1 88.5
TO4-167-01 24.5 99.9
TO4-167-02 85.4 58.0
TO4-167-03 26.0 98.3
TO4-167-04 59.6 99.5
TO4-167-05 74.5 56.8
TO4-167-06 28.2 67.5
TO4-167-07 37.2 58.2
TO4-167-08 26.4 78.8
TO4-167-09 34.2 98.4
TO4-167-10 64.5 88.5
TO7-020-01 84.4 100.1
TO7-020-02 100.3 58.2
TO7-020-03 -31.0 100.0
TO7-020-04 99.4 100.0
TO7-020-05 100.1 95.2
TO7-020-06 31.9 99.8
TO7-020-07 100.2 100.0
TO7-020-08 100.1 99.6
TO7-020-09 99.9 99.9
TO7-020-10 100.1 88.5

Mean (£ S. E.). 45.6 (+ 7.8) 78.7 (+ 4.8)
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Table A2.2 Heracleum maximum summer crude extracts and their respective
antimycobacterial activity (percent inhibition) against Mycobacterium tuberculosis at
50 pg/mL and 100 pg/mL.

Tissue type Extract ID Percentage inhibition at  Percentage inhibition at
50 pg/mL 100 pg/mL
Root TO2-083-01 33.0 90.3
TO2-087-01 59.5 96.6
TO2-091-01 71.7 99.4
TO2-095-01 74.1 99.7
TO2-099-01 60.1 97.6
TO2-103-01 29.3 84.4
TO2-107-01 73.2 99.9
TO2-111-01 81.3 100.2
TO2-115-01 64.8 99.6
TO2-119-01 50.6 99.1
TO4-043-01 55.2 95.1
TO4-043-02 90.9 99.8
TO4-043-03 46.1 89.8
TO4-043-04 43.8 87.6
TO4-043-05 44.7 87.3
TO4-043-06 100.2 100.0
TO4-043-07 42.3 91.9
TO4-043-08 36.1 87.3
TO4-043-09 67.6 98.0
TO4-043-10 -1.7 42.4
TO6-104-01 24.8 79.7
TO6-104-02 -16.3 25.3
TO6-104-03 -15.0 34.8
TO6-104-04 -23.2 18.4
TO6-104-05 88.6 100.0
TO6-104-06 -4.5 33.8
TO6-104-07 -38.1 12.2
TO6-104-08 -32.5 20.3
TO6-104-09 9.7 74.8
TO6-104-10 -44.6 12.8
Mean (£ S. E.) 35.7 (£ 7.5) 75.3 (+ 5.8)
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Table A2.2 continued

Tissue type Extract ID Percentage inhibition at  Percentage inhibition at
50 ug/mL 100 pg/mL

Stem TO2-129-01 5.5 40.5
TO2-131-01 49.5 96.8
TO2-133-01 -0.9 36.6
TO2-135-01 2.2 36.0
TO2-137-01 2.6 48.4
TO2-139-01 8.8 45.3
T02-141-01 14.7 61.5
TO2-143-01 14.7 60.0
TO2-145-01 8.5 53.6
TO2-147-01 5.3 47.4
TO4-047-01 2.0 51.4
TO4-047-02 -6.2 9.3
TO4-047-03 6.0 35.6
TO4-047-04 -15.0 7.5
TO4-047-05 -16.9 10.2
TO4-047-06 -2.6 24.2
TO4-047-07 -22.9 -14.8
TO4-047-08 -21.9 -0.5
TO4-047-09 -7.9 43.8
TO4-047-10 -12.3 -4.6
TO6-106-01 81.0 98.9
TO6-106-02 53.3 97.5
TO6-106-03 -3.9 33.9
TO6-106-04 -7.5 32.3
TO6-106-05 65.4 99.3
TO6-106-06 24.7 84.9
TO6-106-07 83.2 99.4
TO6-106-08 49.5 99.00
TO6-106-09 53.6 98.9
TO6-106-10 2.8 56.8

Mean (£ S. E.) 13.8 (£ 5.4) 49.6 (£ 6.3)
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Table A2.2 continued

Tissue type Extract ID Percentage inhibition at  Percentage inhibition at
50 ug/mL 100 pg/mL
Leaf TO2-149-01 30.5 50.9
TO2-151-01 32.7 62.8
TO2-153-01 314 58.0
TO2-155-01 31.7 62.9
TO2-157-01 28.2 59.1
TO2-159-01 37.0 55.3
T0O2-161-01 42.4 62.4
TO2-163-01 37.1 59.1
TO2-165-01 35.7 64.5
TO2-167-01 38.6 66.6
TO4-051-01 33.9 58.7
TO4-051-02 32.4 54.0
TO4-051-03 27.4 51.8
TO4-051-04 -11.7 65.0
TO4-051-05 2.7 47.8
TO4-051-06 28.8 53.5
TO4-051-07 29.5 51.6
TO4-051-08 27.6 53.7
TO4-051-09 2.6 44.7
TO4-051-10 -7.1 97.9
TO6-107-01 40.4 77.2
TO6-107-02 26.7 68.1
TO6-107-03 27.1 55.8
TO6-107-04 48.6 93.1
TO6-107-05 52.6 92.4
TO6-107-06 46.3 86.9
TO6-107-07 42.3 90.7
TO6-107-08 27.4 56.0
TO6-107-09 36.5 73.3
TO6-107-10 30.8 73.0
Mean (£ S. E.) 29.7 (£ 2.7) 64.9 (+ 2.7)
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Table A2.2 continued

Tissue type Extract ID Percentage inhibition at  Percentage inhibition at
50 ug/mL 100 pg/mL
Flower TO2-169-01 45.3 78.4
TO2-171-01 58.0 92.4
TO2-173-01 40.8 78.3
TO2-175-01 61.5 94.5
TO2-177-01 54.9 86.5
TO2-179-01 55.6 86.8
TO2-181-01 58.6 84.2
TO2-183-01 65.1 92.1
TO4-055-01 59.1 91.8
TO4-055-02 28.1 77.9
TO4-055-03 62.9 92.2
TO4-055-04 43.1 91.1
TO4-055-05 30.2 67.4
TO4-055-06 38.1 80.7
TO4-055-07 -3.31 95.1
TO4-055-08 33.2 89.7
TO4-055-09 38.1 82.1
TO4-055-10 48.4 89.7
TO6-105-01 82.5 99.8
TO6-105-02 99.6 100.1
TO6-105-03 81.6 99.7
TO6-105-04 82.9 99.8
TO6-105-05 86.2 99.8
TO6-105-06 90.8 99.9
TO6-105-07 94.5 99.8
TO6-105-08 85.8 98.5
TO6-105-09 75.2 98.5
TO6-105-10 98.5 99.9
Mean (£ S. E.) 60.5 (+ 4.7) 91.0 (+ 1.7)

82



Appendix 3 Average percent falcarindiol in Heracleum maximum crude extracts.

Table A3.1 Heracleum maximum root crude extracts from three seasons and their
respective average percentage falcarindiol content as measured by HPLC and gNMR
respectively.

Season Extract ID Average % falcarindiol Average % falcarindiol
measured by HPLC measured by gNMR

Spring T02-043-01 5.2 10.5
TO2-047-01 5.8 8.4
TO2-051-01 13.7 13.6
TO2-055-01 9.5 9.1
TO2-059-01 16.3 11.4
TO2-063-01 37.0 12.2
TO2-067-01 17.7 10.6
TO2-071-01 10.4 9.1
TO2-075-01 4.3 9.6
TO2-079-01 3.7 9.8
TO4-003-01 4.9 11.3
TO4-003-02 8.3 9.1
TO4-003-03 1.1 9.4
TO4-003-04 3.0 9.3
TO4-003-05 8.3 11.6
TO4-003-06 6.4 11.9
TO4-003-07 1.8 7.0
TO4-003-08 1.6 10.2
TO4-003-09 5.6 9.7
TO4-003-10 6.6 10.7
TO6-002-01 2.5 143
TO6-002-02 2.0 12.0
TO6-002-03 1.3 11.2
TO6-002-04 2.3 9.2
TO6-002-05 0.5 9.0
TO6-002-06 1.0 9.2
TO6-002-07 11.0 11.6
TO6-002-08 0.3 9.0
TO6-002-09 6.3 9.5
TO6-002-10 2.0 10.9

Mean (£ S. E.) 6.7 (+1.3) 10.3(+0.3)
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Table A3.1 continued

Season Extract ID Average % falcarindiol Average % falcarindiol
measured by HPLC measured by gNMR
Summer  T02-083-01 6.8 13.6
TO2-087-01 124 13.7
TO2-091-01 11.6 12.1
TO2-095-01 13.4 12.5
T0O2-099-01 13.6 12.8
TO2-103-01 10.0 14.9
T02-107-01 8.0 15.2
TO2-111-01 6.5 9.2
TO2-115-01 7.5 9.2
TO2-119-01 8.1 11.2
TO4-043-01 16.0 17.2
TO4-043-02 9.1 12.0
TO4-043-03 4.4 115
TO4-043-04 3.0 15.5
TO4-043-05 4.9 9.8
TO4-043-06 6.6 15.7
TO4-043-07 39 12.3
TO4-043-08 4.1 12.2
TO4-043-09 5.3 14.6
TO4-043-10 0.5 0.0
TO6-104-01 0.0 14.6
TO6-104-02 5.2 14.4
TO6-104-03 2.3 12.0
TO6-104-04 2.1 10.7
TO6-104-05 3.6 12.4
TO6-104-06 1.9 12.0
TO6-104-07 4.1 11.8
TO6-104-08 9.3 15.0
TO6-104-09 7.5 10.6
TO6-104-10 9.4 10.7
Mean (£ S. E.) 6.7 (£ 0.7) 12.3 (£ 0.6)
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Table A3.1 continued

Season Extract ID Average % falcarindiol Average % falcarindiol
measured by HPLC measured by gNMR
Fall TO3-005-01 6.7 11.7
TO3-007-01 6.9 7.5
TO3-009-01 3.8 11.3
TO3-011-01 9.2 12.6
TO3-013-01 6.0 10.2
TO3-015-01 6.1 10.8
TO3-017-01 6.5 7.1
TO3-019-01 5.9 9.3
TO3-021-01 5.1 10.2
TO3-023-01 6.6 15.2
TO4-167-01 4.9 0.0
TO4-167-02 8.3 0.0
TO4-167-03 1.1 0.0
TO4-167-04 3.0 9.8
TO4-167-05 8.3 8.6
TO4-167-06 6.4 104
TO4-167-07 1.8 0.0
TO4-167-08 1.6 7.9
TO4-167-09 5.6 9.5
TO4-167-10 6.6 9.0
TO7-020-01 3.1 19.8
TO7-020-02 0.0 11.7
TO7-020-03 0.0 13.5
TO7-020-04 0.0 10.7
TO7-020-05 0.0 15.1
TO7-020-06 8.2 10.6
TO7-020-07 0.0 13.0
TO7-020-08 0.0 13.5
TO7-020-09 7.9 11.8
TO7-020-10 3.1 12.1
Mean (£ S. E.) 4.4 (£ 0.6) 9.8 (+ 0.8)
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Table A3.2 Heracleum maximum summer crude extracts from four tissues and their
respective average percentage falcarindiol content as measured by HPLC and gNMR
respectively.

Tissue Extract ID Average % falcarindiol Average % falcarindiol
type measured by HPLC measured by gqNMR
Root TO2-083-01 6.8 13.6

TO2-087-01 12.4 13.7
TO2-091-01 11.6 12.1
TO2-095-01 13.4 12.5
TO2-099-01 13.6 12.8
TO2-103-01 10.0 14.9
TO2-107-01 7.9 15.2
TO2-111-01 6.5 9.2
TO2-115-01 7.5 9.2
TO2-119-01 8.1 11.2
TO4-043-01 16.0 17.2
TO4-043-02 9.1 12.0
TO4-043-03 4.4 11.5
TO4-043-04 3.0 15.5
TO4-043-05 4.8 9.8
TO4-043-06 6.6 15.7
TO4-043-07 3.9 12.3
TO4-043-08 4.1 12.2
TO4-043-09 5.3 14.6
TO4-043-10 0.5 0.0
TO6-104-01 0.0 14.6
TO6-104-02 5.2 14.4
TO6-104-03 2.3 12.0
TO6-104-04 2.1 10.7
TO6-104-05 3.6 12.4
TO6-104-06 1.9 12.0
TO6-104-07 4.1 11.8
TO6-104-08 9.3 15.0
TO6-104-09 7.5 10.6
TO6-104-10 9.4 10.7
Mean (£ S. E.) 6.7 (+0.7) 12.3 (£ 0.6)
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Table A3.2 continued

Tissue Extract ID Average % falcarindiol Average % falcarindiol
type measured by HPLC measured by gNMR
Stem TO2-129-01 0.8 0.0

TO2-131-01 6.4 0.0
TO2-133-01 1.2 0.0
TO2-135-01 0.4 6.9
TO2-137-01 0.5 0.0
TO2-139-01 1.8 6.9
TO2-141-01 24 3.6
TO2-143-01 1.3 0.0
TO2-145-01 1.7 5.7
TO2-147-01 1.3 5.4
TO4-047-01 1.2 0.0
TO4-047-02 0.4 0.0
TO4-047-03 0.8 6.8
TO4-047-04 0.0 0.0
TO4-047-05 0.0 0.0
TO4-047-06 13 0.0
TO4-047-07 0.2 0.0
TO4-047-08 0.0 0.0
TO4-047-09 1.2 0.0
TO4-047-10 0.0 0.0
TO6-106-01 0.3 0.0
TO6-106-02 0.0 0.0
TO6-106-03 0.0 0.0
TO6-106-04 0.0 0.0
TO6-106-05 0.0 0.0
TO6-106-06 0.0 0.0
TO6-106-07 0.0 0.0
TO6-106-08 0.0 0.0
TO6-106-09 0.2 0.0
TO6-106-10 0.4 7.9
Mean (£ S. E.) 1.2 (£ 0.5) 1.4 (£ 0.5)
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Table A3.2 continued

Tissue Extract ID Average % falcarindiol Average % falcarindiol
type measured by HPLC measured by gNMR
Leaf TO2-149-01 0.5 0.0

TO2-151-01 0.9 6.5
TO2-153-01 0.5 0.0
TO2-155-01 0.7 0.0
TO2-157-01 1.2 0.0
TO2-159-01 0.7 0.0
TO2-161-01 0.9 0.0
TO2-163-01 0.5 0.0
TO2-165-01 0.6 0.0
TO2-167-01 1.2 0.0
TO4-051-01 0.5 0.0
TO4-051-02 0.3 0.0
TO4-051-03 0.2 0.0
TO4-051-04 0.0 0.0
TO4-051-05 1.1 6.2
TO4-051-06 0.3 0.0
TO4-051-07 0.5 6.6
TO4-051-08 0.4 0.0
TO4-051-09 0.4 0.0
TO4-051-10 0.0 0.0
TO6-107-01 0.0 0.0
TO6-107-02 0.0 5.2
TO6-107-03 0.0 0.0
TO6-107-04 0.0 0.0
TO6-107-05 0.0 0.0
TO6-107-06 0.0 0.0
TO6-107-07 0.0 0.0
TO6-107-08 0.0 0.0
TO6-107-09 0.0 0.0
TO6-107-10 0.0 0.0
Mean (£ S. E.) 0.4 (£ 0.07) 0.8 (+0.4)
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Table A3.2 continued

Tissue type Extract ID Average % falcarindiol Average % falcarindiol
measured by HPLC measured by gNMR
Flower TO2-169-01 2.2 0.0
TO2-173-01 1.6 7.7
TO2-177-01 1.7 5.2
TO2-179-01 2.6 3.7
TO2-183-01 0 0.0
TO4-055-01 1.1 0.0
TO4-055-02 0.0 0.0
TO4-055-03 14 0.0
TO4-055-04 0.8 0.0
TO4-055-05 0.8 0.0
TO4-055-06 0.9 0.0
TO4-055-07 0.2 0.0
TO4-055-08 0.3 0.0
TO4-055-09 0.0 0.0
TO4-055-10 1.1 0.0
TO6-105-02 1.8 0.0
TO6-105-03 1.2 5.2
TO6-105-04 4.3 0.0
TO6-105-05 0.5 0.0
TO6-105-06 3.7 0.0
TO6-105-07 1.1 0.0
TO6-105-08 0.9 0.0
TO6-105-09 0.5 0.0
TO6-105-10 N/A 4.5
Mean (£ S. E.) 1.2 (+0.23) 1.1(x0.5)
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Appendix 4 Falcarindiol content in Heracleum maximum crude extracts measured by
HPLC.
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Figure A4.1 Average percentage of falcarindiol in Heracleum maximum root extracts in
different seasons (spring, summer, and fall) measured by HPLC (bars indicate standard
error; separate homogenous groups are denoted by lowercase letters).
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Figure A4.2 Average percentage of falcarindiol in Heracleum maximum summer
extracts in different tissues (root, stem, leaf, and flower) measured by HPLC (bars
indicate standard error; separate homogenous groups are denoted by lowercase
letters).
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Appendix 5 P values for statistical analyses

Table A5.1 P values for seasonal differences in percent inhibition of Mycobacterium
tuberculosis at 50 pug/mL against Heracleum maximum root extracts.

Difference P value
Overall 0.666
Spring vs. summer 0.583
Spring vs. fall 0.657
Summer vs. fall 0.308

Table A5.2 P values for seasonal differences in percent inhibition of Mycobacterium
tuberculosis at 100 pg/mL against Heracleum maximum root extracts.

Difference P value
Overall 0.866
Spring vs. summer 0.621
Spring vs. fall 0.947
Summer vs. fall 0.677

Table A5.3 P values for tissue differences in percent inhibition of Mycobacterium
tuberculosis at 50 pg/mL against Heracleum maximum summer extracts.

Difference P value
Overall 0.000
Root vs. stem 0.015
Root vs. leaf 0.513
Root vs. flower 0.002
Stem vs. leaf 0.095
Stem vs. flower 0.000
Leaf vs. flower 0.001

Table A5.4 P values for tissue differences in percent inhibition of Mycobacterium
tuberculosis at 100 pg/mL against Heracleum maximum summer extracts.

Difference P value
Overall 0.000
Root vs. stem 0.003
Root vs. leaf 0.189
Root vs. flower 0.041
Stem vs. leaf 0.048
Stem vs. flower 0.000
Leaf vs. flower 0.002
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Table A5.5 P values for seasonal differences in falcarindiol content in Heracleum
maximum extracts measured by HPLC.

Difference P value
Overall 0.053
Spring vs. summer 0.994
Spring vs. fall 0.051
Summer vs. fall 0.051

Table A5.6 P values for tissue differences in falcarindiol content in Heracleum
maximum extracts measured by HPLC.

Difference P value
Overall 0.000
Root vs. stem 0.000
Root vs. leaf 0.000
Root vs. flower 0.000
Stem vs. leaf 0.664
Stem vs. flower 0.433
Leaf vs. flower 0.380

Table A5.7 P values for seasonal differences in falcarindiol content in Heracleum
maximum extracts measured by qNMR.

Difference P value
Overall 0.004
Spring vs. summer 0.022
Spring vs. fall 0.409
Summer vs. fall 0.001

Table A5.8 P values for tissue differences in falcarindiol content in Heracleum
maximum extracts measured by gNMR.

Difference P value
Overall 0.000
Root vs. stem 0.000
Root vs. leaf 0.000
Root vs. flower 0.000
Stem vs. leaf 0.691
Stem vs. flower 0.989
Leaf vs. flower 0.844
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Appendix 6 R square and P values for correlations

Table A6.1 R square and P values for the correlation between falcarindiol content
measured by gNMR and antimycobacterial activity in Heracleum maximum seasonal
extracts.

Difference R?value P value
Spring 0.200 0.013
Summer 0.046 0.257
Fall 0.054 0.218

Table A6.2 R square and P values for the correlation between falcarindiol content
measured by qNMR and antimycobacterial activity in Heracleum maximum tissue
extracts.

Difference R2?value P value

Root 0.046 0.257
Stem 0.002 0.834
Leaf 0.046 0.256

Flower 0.008 0.683
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