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Chapter 1

Introduction



1.1 Herbal medicine

Plants have been used as medicine for centuries and still remain the main source of
new drugs. According tthe World Health Organization (WHO), about 65% of the

worl dos popul ation and 80% of developing
plantderived traditional medicingragg and Newman, 2013, Ekor, 20I#He WHO

reported that the use of herbal remedies throughout the world exceeds that of
conventional drugs by two to three tim@zal and Shukla, 2003Yhe demand for

herbal medicines has increased, with over 800 plants being used in indigenous
medicine(ShengJi, 2001) The use of herbal medicine is common because they are
inexpensive and there is a belief that they have fewer side gfféathtetGalor and

Benzie, 201).

Natural products and their derivatives represent over 50% of all drugs clinically used
worldwide (Kingston, 2011Wwhere natural produsfrom medicinal plants contribute

25% of the total drugBalandrinet al, 1993;Gurib-Fakim, 2008. Natural products

and related drugs are reported for use as antibacterials, anticancer, antiparasitic and
antidiabetic agentfNewman and Cragg, 2016djor example, 49% of anticancer
drugs introduced into the market were derived from natural pro@xciag et al,

2013; Newman and Cragg, 2016bMore than 100 new products particularly
anticancer agents and airtfectives are derived from natural produgtsrvey, 2008;

Newman and Cragg, 2016a)

Natural products can also serve as pharmacological tools, sudigcasn from
foxglove has been shown to have a role i slhdiumpotassiurPATPase pumpn
humans, while muscarine, nicotine and tubocurarine have helped to identify different
types of acetylcholine receptofslarvey, 2008) Someexamples of drugs, derived

from plants, are shown in ke 1.1 and their structures in Figure 1.



Table 1.1: Some natural products: currently used, originally derived from plants and
their clinical us€Loharet al, 1979; De Abrewet al, 2005; Pet al.,2005;Diaset al,
2012; Sharma and Purkait, 20 ExchiniQueirozet al, 2012;Alizadehet al, 2014;
Lobay, 2015; Oliveiraet al, 2015;Chamikaraet al, 2016;Igbal et al, 2017;Black,

2017).

Drug Plant Activity
Artemisinin (1) Artemisia annuglant Antimalarial
(ginghao,

sweet worm wood)

Glycyrrhizin (2) Glycyrrhizaglabraroots | Used as a sweetener;
Addi sondés di s
Digoxin (3) Digitalis purpurealeaves | Treatment atrial fibrillation
and congstiveheart
failure (CHF)
Colchicine(4) Colchicumautumnaleplant | Arthritis, cirrhosis and gout
Capsaicin5) Red pepper (genus | Anticancer and antimutageni

Capsicun fruits

Morphine(6)

Opium poppy Papaver
somniferum

Analgesic angbain relievers

Hyoscyaming7)

Hyoscyamus nigdeaves

Anticholinergic

Quinine(8)

Cinchona succirubrdark

Antimalarial

Pilocarpine(9)

Pilocarpus microphyllus
leaves

Treatment of chronic oper
angle glaucoma and acu
angleclosure glaucoma

Salicylic acid(10)

Salix albaplant

Analgesic and grophylactic
antithrombic agent

Reserpindg11) Rauvolfia serpentineoots | Antihypertensive ang
tranquilizer
Papavaringl2) | Papaver somniferum Smooth muscle relaxant
seeds
Thymol (13) Thymus vulgarigthyme) | Topical antifungal
herb
Sennosides A14) | Cassia acutifolideaves Laxative

Theophylling(15)

Theobroma cacaseeds

Diuretic and bronchodilator
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Figure 1.1: Examples of some therapeutic agents from plants



Quinine (8)

Hyoscyamine (7)
COOH

‘ OH

Pilocarpine (9) Salicylic acid (10)

Reserpine (11)

Figure 1.1(continued): Examples of some therapeutic agents from plants



OH

Papaverine (12) Thymol (13)
O-Glu o) OH
CH,OH 0
H H
COOH H
\ N
N | >
O)\N N
O-Glu o) OH |
SennosideA(14) Theophylline (15)

Figure 1.1(continued): Examples of some therapeutic agents from plants

The present research foseslon theuse of somanedicinal plants in cancer and
diabetes.Worldwide, many plants have a long history of traditional use for the

treatment otancer and diabetes



12Revi ew of cancer and di abetes

Cancer and diabetes are common diseases with significant impact on health worldwide
(Giovannucciet al, 2010) Globally, cancers the second and diabetes is the twelfth
leading cause of death. In the U.S., cancer is the second and diabetes is the seventh
leading cause of deatiGiovannucciet al, 2010; Zaorskyet al, 2017) Currently,

about 8% 18% of allcancer patients also have esting diabete¢Baroneet al,

2010) More recently, the results of several studies have shown that some cancers
develop more commonly in patients with diabéf@edominantly type 2}he relative

risks imparted by diabetes are greatest (about twofold or higher) for cancers of the
liver, pancreas, and endometrium, while cancer mortality is moderately increased in

diabetic patient§Vigneri et al, 2009)

A study reported that the antidiabetic drug metformin inhibited cell proliferation,
reduced colony formation, and caused pacdll cycle arrest in MCH, BT-474, and

SKBR-3 human breast cancer cdlsakikhaniet al.,, 2006;Liu et al, 2009;Alimova

et al, 2009;Nguyenet al, 2012. It has also been shownh at t he anti cance
actiofi metformin is mainly associated wit
of rapamycin complex 1 (mT@RGCls)emaThael i mTO
met abolism, growth and proldupptaddidmhiodi ti
mTORC1 p arthhrewaiynhi bi ti on of MmMTOR pat hway
dependent and | mddpemderdt paomtAMR ki nase
( Kas zenti. cakli2ZAMPK) i s activated blyi wére kpihroaspa
(LKB1 a ut usnopprntengedar2nati t hin the catal yt.i
AMPK (Thrdw®)anabolic ansubsée¢abent cy pianini
activated( Yate s,pleR@&Yifvied oyva and. IKormparntiitcul
AMPK activati on itrhhMmabyi tvsi at hteh em TpQhH esppah ws y

sclerosi sTSC)l,/aztdum2zs uppressors that negat.



(Pernicova and Ket nendimiag ed2@kt4) vati on of
to activation of p53, a tumor suppresso
i nhi bi tpiroont ecifn Akhben d s mT B R( (pRd rhrwiagysva and K
201Bo0rther AMPK activation can i nhhwabyist, r e
i ncl wedgiirder mal greawlEiGed)Rancdt oEr bB2 signal ir
further target the downextrreaaaore leif € tpecht oy esd
ki n&s)§ Zhang andl &Gluoqg i2Mi6hi t s the mMTOR pa
i ndeeen emarbry i nacti v ditti ddsP Raacgt i &TaRa snegs pr
f oRagubuni t KalAde®Bdearl 2001 Oy upregul ating th
regul ated in devel opment REDDDNA wWagagiev
regul ato(Beh idflRlaXY0eltl;al20mMTPOR i nhibitior
suppresses downstgeamBPsas,g&SHoK i nctudin
eukaryotic transl| delipGowketngt20mdPRCt T
also a critical medi ator of the PI 3K sig
gr owt h andVYwstur @il 2011T7/h)u s metf or min rest
proliferation bwn ttnidaams | &viinag (pprhodtseph at i d
bi sphosxp mafsled)rAkt / mT OR (Epansettalw20055

12 .Clancer

In the last 20 years, numerous factors, sasloverweight, obesity, type 2 diabetes

(T2D), oestrogen and testosterone imbalance and chronic inflammation have been
identified as enabling cancers to deve{Shpikataet al, 2013) Normal cells develop

into cancerous cells through a complex process, including initiation (DNA damage
from a carcinogen or reactive mol ecul e),
growth), and progression (more aggressive growth with angiogemesimetastasis)

(Collins, 2014)



Cancer is defined as the uncontrolled growth of abnormal cells, which results from
alterations ind e o xy ci b o o(DNA)c These alterations change genetic
information and prevent the proper function of normal cells, leading them to divide
without stopping and spreading to surrounding tisg@émeida and Barry, 2011)
Serious impkations may result if the tumour begins to spread (metastasise)
throughout the bodyGlobally, the WHO reported that in 2016, there were 14 million
new cases and 6.2 million deaths worldwide and it is expected that these figures will
rise to 22 million ner cases within the two next decad@dscqueset al., 2015;
McGuire, 2016. Two factors cause cancer: internal factsuwsh as genes that control
basic cell function such as hormones, immune conditions, mutation fabaotism

and they grow and divide are altered or mutafBuese genetic changes can be
inherited or modified byexternalenvironmental factors such smoking, poor diet,
physical inactivity, radiation, infectious organism and ultraviolet rays from the sun

(Vineis and WId, 2014;Freddieet al, 2015)

In addition,cancer is fundamentally a disease of tissue growth regulation. In order for
a normal cell tdransforminto a cancer cell, thgeneghat regulate cell growth and
differentiation must be alteredhe affecied three main groups of genes, including
proto-oncogenes, tumour suppressor geaesi DNA repair genes, which are also
called the drivers of cancer. Pradacogenes play an important role in regulating cell
growth and division in normal cells, but in cancer cells they are altered or activated to
become cancer causing genes (oncogerdaspour suppressor genes control cell
growth and division in normal cells, whereas in cancer cells these genes are mutated,
leading to dysregulated and uncontrolled cell division. DNA repair genes are involved
in the repair of damaged DNA in normal cebisit these genes are altered in cancer,
leading to the development of other mutations, ending up causing the cells to become

cancerous. These genes are important in the fidelity of DNA replication, assuring


https://en.wikipedia.org/wiki/Malignant_transformation
https://en.wikipedia.org/wiki/Gene

normal cell growth and division. Furthermore, umihg uncontrolled growth of cells,

loss of cell differentiation, ability to ignore signals involved in normal cell growth and

death, and the capability to influence normal cells, molecules, and blood vessels to
supply the tumour with oxygen and nutrierfisicroenvironment) can include the

presence of disruptive substances catltinogens changes i n mul tig

required to transfor m(Hemadg20002! cel | i nto

1.2.2 Cancer and herbal medicine

Over the centuries, many medicinal herbs have been used for the prevention and
treatment of cancéManset al, 2000) Around 47% of antitumoumal antiinfectious

drugs on the market are from natural origin under clinical trials and the numbers of
new anticancer drugs are increasfNgwman and Cragg, 200ewman and Cragg,
2012) It is presumed that natural compounds are safer than synthetic compounds
because of their presence in diet, wide availability, low cost and tolerd@Gilitiett et

al., 2010) Many studies have demonstrated the-amtiour properties of prodts
isolated from plant sources such@amellia sinensiggreen tea), which is the most
common drink used in the world. It has a distinctive group of polyphenols called
catechins (epigallocatechigallate (EGCG), epigallocatechin (EGC), epicate¢hin
gallate (ECG), and epicatechin (EC). Green tea has beem $sbhsuppress cell growth

and kill cancer after distinguishing tumour cells from normal ¢&l&sir and Verma,

2015) Studies found thabpical application or oral administration of greeniteaice
prevents skin tume development, and this prevention is mediatedhuph rapid

repair of DNA through the induction of interleukin (HLR in particular anthon
melanoma skin cancéWanget al, 1992;Katiyar, 2011;Caoet al, 2016, invasion

and metastasis iIB16-F3m melanomaéLiu et al, 2001) Many studies suggest that
people who drink more green tea have a lower risk of proddaitorunet al, 1986)

and breast cancerfinoue et al, 2001) Many current anticancer agents are


https://en.wikipedia.org/wiki/Carcinogen

phytochemicals or derivatives such as paclitaxel (Taxol) and artemisinin. Synthetic
compounds include etoposide, teniposide derived from podophyllotoxin, navelbine
from vinblastine and vincristine, and topotecan and irinotecan from camptoftacin
Rochaet al, 2001;Cragg and Newman, 200Bholwaniet al., 2008) Examples of
drugs, with anticancer activity derddérom plant sources that are currently in use, are

shown in Table 1.2 and their structures in Figure 2.

Table 1.2: Some anticancer compounds: currently used, originally derived from
plants(Endoet al, 1987;Van Udenet al, 1995; Guptat al, 2005; Zou and Zhan,
2005;Leonelliet al, 20@B; Fulda, 2008Zu et al, 2011;Stiborovaet al, 2011;Prakash

et al, 2013; Larsson and Ronsted, 20lidnget al, 2016)

Drug Plant Activity
Vincristine and | The  periwinkle  plan{ Cytotoxic agents used |
vinblastine(1) (Catharanthus rosels cancer chemotherapy,
particularly inleukaemia
Paclitaxel(2) Bark of the Pacific Yew tre{ Treatment of breast, ovariar
(Taxus brevifoliq and lung cancer

Camptothecir3) | Bark and stems  d Gastric, rectal, colon, bladdg
Camptotheca acuminata | Ovarian and cervical cancer

Ellipticine (4) antitumour (antineoplastic

agent) and ariHIV activities

Podophyllotoxin(5) | Rhizomes of | Treatment  of testicular
Podophyllum hexandrum | teratoma, Hodgkin's , nen

Hodgkin's lymphoma and
smaltcell cancer

Ricin (from castor Whole  plant Ricinus| Treatment of metastat

communis melanoma and colon cance
beans)
Betulinic acid(6) Whole plant Ziziphus| Treatment of melanoma
mauritiana
Combretastatii(7) Bark of Combretum Treatment of bladder and
caffrum thyroid cancer

10



Vincristine R = CHO (1) Paclitaxel (2)
Vinblastine R = Me

et

Camptothecin (3) Ellipticine (4)

Podophyllotoxin (5) Betulinic acid (6)

Figure 1.2: Examples of some anticancer agents from plants

11



Combretastatin (7)

Figure 1.2 (continued): Examples of some anticancer agents from plants

1.3 Diabetes mellitus

Diabetes mellitus is a metabolic disorder characterised by a loss of glucose
homeostasis with disturbances of carbohydrate, fat and protein metabolism resulting
from defects in insulin secretion, insulin action, or both. There are two main forms of
diabetes mellitus; type 1 and type(3houip, 2014)Type 1 diabetes (T1D), also known

as insulin dependent diabetes (IDDM), is due to an inadequate insulin secretion
resulting from a large decrease in the number ofbteita in the islets of Langerha

and Type 2 diabetes (T2D), or norsulin dependent diabetes mellitus (NIDDM), is
due to a lack of insulin action in target tissues and/or insulin resistance that leads to
impaired tissue glucose uptake and impaired suppression of hepatic glucose

produdion (Olokobaet al, 2012;Gregoryet al., 2013.

IDDM is usually treated by injection of insulin and NIDDM may be controlled by

dietarymeans such as weight loss and restricted diet; however, around 50% of NIDDM

patients cannot achieve satisfactory control through diet alone and require treatment

12



with a class of drugs collectively referred to as oral hypoglycaemic adotse et

al., 2004;0lokobaet al, 2013.

Diabetes is the third leading cause of morbidity and mortality, after heart attacks and
cancer(Bhartietal, 2018)and it i s estimated that 25%
affected by this diseas@rumugamet al, 2013) In additionto hyperglycemia,
diabetesalso cause many complications, such hyperlipidemia, hyperinsulinemia,

hypertension and atherosclerodsbuet al, 2007)

13 .Dli abetes and Her bal Medi ci ne

Plants have been used in treatment of diabetes mellitus all over the world for many
years(Kooti et al, 2016) Several plant species have been used as hypoglycaemic
agents such ag\loe vera Allium cepa (Onion) and Allium sativum (Garlic)
Cinnamomum cassi€itrullus colocynthisFicus bengalensjsGymnema sylvestre
Momordica charantia(Bitter Melon), Opuntia streptacanthaPolygala senega

Trigonella foenum graecuffrenugreek)(Patelet al, 2012)

In Mediterraneamegions, Artemisia herbaalba, Teucrium polium Coriandrum
sativumandRosmarinus officinaligre plants widely used in traditional medicine for

the treatment of diabet¢Eddoukset al, 2002;Mandal and Mandal, 2015)

Compounds isolated for treatment of diabetes include alkaloids, glycosides,
galactomannan, gum, peptidoglycan, glycopeptide, amino acids and inorganic ions
(Shukiaet al, 2000) Around 1200 species of plants have been investigated in the

therapy of diabetes mellity®arles and Farnsworth,995) Metformin is the only

drug approved for treatment of NIDDM derived from a medicinal plant, galegine and
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guanidine isolated fronGalega officinalis which is used as a substrate for the

synthesis of biguanides and metforr{Mhooneyet al, 2008)

A number of medicinal plants and herbs have been studied for their hypoglycaemic
potential using experimental animal models of diab@éset al, 2000; Basclet al.,
2003;Ribnickyet al, 2006;Wani and Kumar, 2018;It has been found th&tgasterol

from Phyllanthus emblicaleaves reduced blood glucose alloxaninduced
hyperglycemic micepginsenosidé€rom Panax ginsendeaves had a hypoglycemic
effect in rats in streptozotocin (ST#)duced diabete®Another example comes from
polyhydroxylated triterpenoids fror&riobotrya japonicaleaves, whichproduced
marked inhibition of glycosuria and reduced blood glucose levels in nbyosrgic
rats(Perez et al, 1998) In Mediterranean countrieSeucrium poliunhas been used

by people to treak2D, due to its terpenoids and flavonoids con{&atbett al., 2013)

Brassica junceaqueous seed extract with doses 250, 350, 450 mg/kg had a potent
hypoglycemic activity in STAnduced diabetic male albino ratén addition,
consumption of the methanolic extract bark Albizia odoratissimashowed
significantly reduced levels of serunhaiesterol, triglyceridesserum glutamie
oxaloacetic transaminag®GOT), serum glutamic pyruvic transaminas§GPT),

alkaline phosphatase and of total proteins in allardnced albino micé Ar u muga m
et. ,al 2Bxdmplgs of drugs, with antidiabetic use derived from plants, are shown

in Tablel.3.
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Table 1.3: SomeantiAdiabetic compounds isolated from various plant species

Compound (Plantname) Biological activity Reference
Cinnamaldehyde (Cinnamonum | Decreases glycosylated | (Subash Babli
zeylanicum bark) (cinnamon) .haemoglot-yirf (HbA.1C-) an et aI.,?OOTAI-
improved lipid profile in an Bayati and
i STZinduced diabetic rg Mohammed,
AN model 2009)

Aspalathin (Aspalathus linearis

plant)herbal tea

OH HO. OH OH
Q
HO'
HO OH
OH
OH o)

Increases glucose uptake
in a dosedependent
increast

manner, and

insulin  secretion  fron
cultured RINSF

cells indb/dbmice

(Kamakura et
al., 2015)

COOH

HO

HO

HO

Berberine (Coptis chinensiger Regulates glucose and lip| (Yin et al,
metabolismin vitro andin | 2008; Osadebe
Vivo, and decrease et al, 2014)
haemoglobin Alc

Arjunolic acid (Terminaliaarjuna |! N hi kaintys a® e | (Ramestet

lucosidasectivit al., 2012;
wood) g y o
Elekofehinti,

2015




Table 1.3 (continued):antiAdiabetic compounds isolated from various plant species

Compound (Plant name) Biological activity Reference
4-Hydroxyderricin and xanthoangelol Insulin like | ( Tabata et
(Angelica keiskeitems) activites via @ al., | 2005;
pathway Enoki et al,
independent of th{ 2007
peroxisome
proliferator
activated recepter
) ( P-®)
activation
Diosgenin(Trigonellafoenumgraecum Inhibits (Elekofehint
seeds) cfetrbok.\ydrate | i, 2015)
digestion/absorptiq
n
UAmylase and | (Gilbert and
U-glucosidase Liu, 2013)
inhibitors
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Table 1.3 (continued):anti-diabetic compounds isolated from various plant species

tricuspidataroots)

HO. O

Compound (Plant name) Biological activity Reference
Mangiferin (Mangifera indicaleaves | Inhibits glomerular (Muruganandar
extracellular matrix et al, 2005; Li
mango) . ,
expansion and accumulati¢ et al., 2010b;
and transforming growtl Matkowski et
. . . factoibeta 1 overexpressiq al., 2013;)
> O O in glomeruli of a diabeti
o - oH nephropathy rat model
Allitridin  (Diallyl trisulfide (DATS) Stimulatesn vitro insulin | (Liu et al,
secretionjnhibits glucose | 2005
produced by the hydrolysis of allicin, . J g. )
production by the liver
Allium sativumeaves and bulbs3arlic)
Hzc/\/s\s/s\/\cm2
Cudraflavanone D (Cudrania Inhibits PTP1B (Quanget al,
2015)
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Table 1.3 (continued):antirdiabetic compounds isolated from various pkpecies

OH

AMPK

Compound (Plant name) Biological activity Reference
Kaempferol 3-O- gentiobioside Uglucosidase (Vargheseet
_ inhibition al., 2013

(Cassia alatdeaves) )

Curcumin (Curcuma longahizomes, | Reduces glycemia an| (Zhanget al,
h lipidemia i 2013; Seyed

Turmeric) yperlipidemia in . Seye
rodent models Fazel et al,

HO OH 2013

0 c NN ‘ 0

| (o] OH |

Chlorogenic acid(Marrubium vulgare Improves glucose an (Ong et al,
lipid metabolism, vig 2013b;Onget

herb) the activation of al., 2013a)

3AHydroxymethyl xylitol (Casearia

esculentaoots)

OH

OH

Increases the level ¢
hexose, hexosamin
and fucose in the live
and kidney of diabeti

rats

(Govindasam
y etal., 2011,
Wang et al,
2013)
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Table 1.3 (continued):antiAdiabetic compounds isolated from various plant species

Compound (Plant name) Biological activity Reference
Gingerol (Zingiber officinale Increases glucose uptake | (Mahady et
through promotion of al., 2003;Son

roots, Ginger
gen) GLUT4 translocation via et al, 2019

AMPK activation in L6

myocytes
O|eur0pein (O|ea europaea Antidiabetic due to their (Jemaiet al.,
antioxidant activities 2009a;Jemai

leaves, Olive _ o
preventing oxidative stress | et al, 2009b)

which is associated with
diabetes

The purpose of this studyasto investigate anticancer or antidiabetic activities in
plants that are grown in Lilay which may contain compounds with significant

cytotoxic effects on cancer or any hypoglycaemic effect

1.4 Herbal medicinal plant use in Libya

Libya has a remarkable wealth of medicinal plants, distributed all over an enormous
area especially in th&l-jabal Al-akhdar region (Figurg.3). Al-jabal Al-akhdar has a

high diversity of plant species that show both economic and medicinal importance
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(Aljaiyashet al, 2014)I ndi genous people in the regior

coast of Libya tend to be dependent on m

knowl(eEBMpd& asabi, 2014)

= z PR | .
- 7 Tripolitanian Basin
i N

Mediterranean Sea Cy
’ rene
Beida,

Al Jabal al AKhdar

. P |
- - N
Derna - b Mediterranean Sea

Tobruk

Tripoli

~ R
e

%,
. Cyrenaica
Platform

Al Geria

.L

(A) (B)
Figure 1.3: (A) map showed the location of Libya and the major phytogeographical
regions of the country: Tripolitania, Cyrenaica, Fezzan(&)docation AkJabal At
Akhdar(The Green Mountain) region lnbya (Hegazyet al, 2011).
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14 Arum cyrenaicum

A.cyrenaicun{Figurel.4) is locally known as renish belonging to the famiraceae,

or the Arum family. The family is a large antbnocotyledonincluding the smallest
known angiosperms and some of the largest vegetative and reproductive structures.
Araceae comprises about 3800 species in 118 genera, mainly located in the tropics,
but may range into temperate regions. The stems can be rhizometomose,
tuberous or reduced to a thaHiilee structure and leaves can be simple, highly divided

or fenestrate. It is distinguished from other families by having a great diversity of
calcium oxalate crystals such as raphides, possessing a spadix lptosgseaual or
unisexual flowers, subtended by a spathe, and they lack ethereal dqilNaliseimer

et al, 2012;Henriquezet al, 2019. The collection of the plant materials was carried

out by the Mr AdellaSalem (Botany Department, Benghazi Universify)voucher

specimen has been keptBenghazi Universityerbarium

Figurel.4: (A) The fruit,(B) aerialpart,(C) root of Arum cyrenaicuncollected from
Wadi Buoreequ, Libya.

14. 1Trladi ti onal uses

It is used externally to cure dermal diseases, viral and bacterial infections, insect and

animal bites, burns and sometimes for the treatment of hair prabtg+ivkokasabi
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(2014) has reportedhe use ofA. cyrenaicumin folk medicine in treatment of

dermatitis, psoriasis, corns, and bone spurs.

14. 1AQtive ingredients and biological act.i

There are no scientific studies reporting any phytochemicals and medicinal activities

for A. cyreraicum.

The Araceae family is reported to produce valuable phytochemicals as summarised in
Table 1.4. The family possess different activities such as antibacterial against
Escherichia coliBacillus subtils, Staphylococcuaurets, Klebsiellapneumonia@and
Pseudomonas aeruginosaantifungal activity againstPichia guilliermondij
anthelmintic, pesticidal, treatment of diarrhoea and other gastrointestinal disorders,
antioxidant and anticancer activifiPerrett and Whitfield, 1995; Chaat al, 2005;
Mandalet al, 2010;Roy et al, 2013;Salakoet al, 2015;Pornprasertpatt al, 2015.

14 1. 2.1 vhntaictumoty

An agqueous methanol extract Af palaestinunhad strong antiproliferative activity
against breast (MCF7), liver (HepG2), larynx (Hep2) and cervix (HeLa) cancer cell
lines while the butanol fraction also revealed significant activity against MCF7 and
HepG2 cancer cell lines and chrysoeffeéD-neohesperidoside showed moderate
activity against Hep2 calwith an 1IGov a | u e o f(FarRié&t al 3201F)M study
found that the ethyl acetate fraction &f palaestinumhad a doselependent
suppresgin against the proliferation of breast (MZ)and leukemia (1301) cell lines
with ICso 0f 59.01 and 53.fuig/ml, respectivelfEl-Desoky et al, 2007a) In addition,

the ethyl acetate, methanol and chloroform extracks phlaestinunshowed a dose
dependent reduction in cell proliferation against T cell lymphoblastic leukemia and
Jurkat cells after 48 h, with ¥ valuesof 17.5+2.ug/ml, 19.7+2.8ug/ml and
23.3+2.8ug/ml, respectively(Diab-Assafet al, 2012) An aqueous boiled extract of
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A. Palaestinum(leaves) showed variable activigh mousemyoblasts (C2CI2),
embryo tissug3T3-L1) and cervix(HeLa) cell lines Piperazirum(AM-4) is an
alkaloid fromA. palaestinumreportedo show significant inhibition on nesmall cell
lung (A549), ovary (SKOV-3), melanoma (SKWMEL-2) and colon (HCT15) cancer
cell lines(El-Desoukyet al, 2007b)

14. 1. 2.2 Other activity

El-Desoukyet al (2007) observed that the ethyl acetate fractioA.gbalaestinum
leaves had antioxidant activity; acting with a strong scavenging capacity fer 1,1
diphenyt2-picrylhydrazyl (DPPH) radicals. A study reported tlaat essential oil
obtained fromA. maculdum(palmitic acid, phytol, methyl 9, 12, idctadecatrienoate
and methyl linolenate) had antimicrobial activity against various pathogenic bacteria
such asStaph. aureusStaph.epidermidisandE. coli. They also showed antioxidant
activity using DPPH fre radical scavenging with andévalue of 24.8& 21.4mg/ml
(Kianinia and Farjam, 2016t was also reported that ethanol and methanol extracts
of the leaves oA. dioscoridishadin vitro antioxidant activities due to the highest
phenolic and flavonoid conten{arahanet al, 2015) Majumderet al (2005
reported insecticidal activity oA. maculatuntuber onLipaphis erysimiand Aphis
craccivorawith LCsov a | u e s odnd 1Blg Iergspectivelf{Majumderet al,
2005)



Table 1.4: Selection of phytochemicals previously isolated frdraceae family AM: refers to the name of the plaltum cyrenaicum

Classification Compound Parts of the Reference
Alkaloids 0 Leaves ofA. palaestinum (El-Desouky et al, 2007a; El-
Desoukyet al, 2007k EI-Desouky

HO

et al, 2019

e

HO OH

(S)3, 4, 5trinydroxy-1H-pyrrole-2(5H)}one(AM -1)
H
(0] N R
5
| 2
N o)
H

3-Hydroxypiperazine?,5-dione(AM -2); R=0H
pi per2a-zbi o(@eM )R=H

H
OT | j =
)\\\\\\\\\- N ',,,,////‘(
H

Piperazirum(AM -4)
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Table 1.4 (continued): Selection of phytochemicals previously isolated frAraceae family AM: refers to the name of the plastum

cyrenaicum
Classification Compound Parts of Reference
Aerial parts of A. (El-Desouky et al, 2007a;
Phenolic palaestinum Faridet al, 2015

deri vat.

Isovitexin (AM -5); R=H
Isoorientin(AM -6); R=OH

R
Chrysoeriol7-O-neohesperidosid@\M -7) neohesperidoside
Chrysoeriol7-O-(b-apiosyl}b-glucopyranoside apiosytglucoside
(AM -8)




Table 1.4( ¢ o nt 1 Selacgod pf phytochemicals previously isolated frAraceae family AM:

cyrenaicum

refers to the name of the plaAitum

Classification

Compound

Parts ptfa Reference

Phenol i c

derivat.

R1 R2 R3 Ra
Isoorientin(AM -9) C-Glu H H OH
Luteolin (AM -10) H H H OH
Vicenin (AM -11) C-Glu C-Glu H H
3, 6, 8trimethoxy,(AM -12) OCHs OCHs OCHs OH

5, 7 rtetr&h§droxy4la@one

HO H

// COOH

H

Caffeic acid(AM -14)

HO

Vitexin (AM -13)

(ElI-Desoky et
al., 2007a)

Leaves ofA.

palaestinum
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14 Pituranthos tortuosus

The genusPituranthosincludes more than 20 species; one of thede. i®rtuosus
(Figure 1.5) known in Arabic as Guezzah. It belongs to the Family Umbellifereae
(Apiaceae, parsley family or carrot family) and it comprises three subfamilies, 275
genera and 2850 species. Plants of this are generally known to be rich in essential
oils showing antnicrobial activity against bacteria and fun@ibdelwahedet al,

2006) It is a small shrub without leaves and grows naturally in North Africa, and is
widespread in central and southern Tuni$i@e collection of the plant materials was
carried out by the Mr Adelt®alem (Botany DepartmerBenghazi University). A

voucher specimen has been kept in Benghazi University herbarium.

Figurel.5: Aerial part ofPituranthos tortuosusgnd an image of the plant taken from
http://www.panoramio.com/photo/56689622.

14. 2Trladi t ison al use

In Tunisia,P. tortuosuss used traditionally as an afsthmatic and against scorpion
stings, while itis used traditionally by the Egyptian people for the preparation of a

carminative drink and to relieve stomach pain, when blood is excreted in urine or when
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coughing bloodlt is also used for relief of stomach pains, against intestinal parasites,

andfor the regulation of menstruatigMighri et al, 2015)

14 2AQ2tive ingredients and biological acti

Previous studies examining the chemical constituentsPoftortuosus have
demonstrated the existence of essential (@®), furocoumarins and flavonoids
(Table 1.5). Studies have identified a range of potential biological properties and

applications for extracts frofd. tortuosus

P. tortuosusextracts display antimicrobial activity against several bacteria and yeasts.

EO oltainedin November harvests are more effective than in April against the-Gram
positive bacterigEnterococcudaecalisand Staph. aureushat could be due to the
concentration of terpenes and p-neneg cul ar
(Abdelwahedet al, 2006) The oil isolated from fresh aerial parts resulted in potent
antibacterial activity agains$treptococcus pyogenesnd Enterobacter aerogenas

(Mighri et al, 2015)

Anticancer activity has been documented an acetonitrile/water extract which
showed high cytotoxicity against a murine macrophage (RAW 264.7) cell line with an
ICgo value of 1.55 pg/h(Fatmaet al, 2017) The EO (terpines-ol, sabinenep-
terpinene, and-myrcene) displayed potent activity against livetepG2, colon
(HCT116), and breast (MCF7) cancer cell lines, witkoNalues of 1.67, 1.34, and
3.38 mg/ml, respectivelfAbdallah and Ezzat, 2011) TheEO alsodisplayedn vitro

andin vivo antimelanoma activities against B16F10 @ancells and was shown to
induce apoptosis and to inhibit migration and invasion procg$4esnira et al,
2016) AbdelWahedet al. (2008)studied the antimutagenic activities against direct

acting mutagens, nifuroxazide (NF) and sodium azide (SA), and indirect acting
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mutagen of latoxin B1 (AFB usingextrads prepared from aerial partsftortuosus
It was found that all extracts decreased the mutagenicity induced by SRBand
NF. In addition, ethyl acetate, acetone, and methanol extracts showed significant
cytotoxic effecs againsttwo leukemia cell lines, L1210 and K56the effect was

greateragainst the latter, but ditbt induce apoptosig\bdelwahecet al, 2008b)

Ahmedaet al (2011) tested 1&Os extracted from 10 plants issued from the Sned
region (Tunisia) Theyshowed that the EOs obtainfedm P. tortuosushas moderate
leishmanicidal effects againkeishmania majoandL. infantumwith 1Cso 0.64 and

0. 66 ¢g/ mL amdshopwed cytotbxicigy against the murine macrophage cell
line RAW 264.7 withanICgo0f 0 . 5 [{Afmenet al, 2011)



Table 1.5: Selection of phytochemicals previously isolated fil@rortuosusPT: refers to the name of the plaottuosus

Classification Compound Parts of Reference
- N Roots of P. (Abdel
Furanocoumarins
/ @ N tortuosus Kader, 2003)
2
o o~ Yo
R, !
R1 R2
Bergapten (PT-1) OCH;s H
Xanthotoxin  (PT-2) H OChH
Isopimpinellin  (PT-3) OCH; OCH;
H3CO AN
2
H,CO ? 0
GraveolongPT-4) Aesculetin dimethyl etheiPT-5)
Sterol s ~
HO Stigmastero(PT-6)

3C



Table 1.5(continued): Selection of phytochemicals previously isolated fi@rortuosusPT: refers to the name of the plaottuosus

Classification = Compound Part s pt fan Reference

(Abdal
Aeri al Pp gnd E

/ tortuosu
MG 2011)
~0 0/
/O

Essential oil

(+)-U-Pinene(PT-7) Isoelemicin(PT-8) Ca mp h(ePdp
CH,
/CH2
ij
OH
HsC CH, N
b-myrcene(10) Terpinen4-ol (-11) SabinengPT-12) Ji TerpinengPT-13)
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Table 1.5 (continued):Selection of phytochemicals previously isolated fi@ntortuosusPT: refers to the name of the plaottuosus

Classification = Compound Parts of t I Reference
e Aerial Ppa (apdallah an
| tortuosus
o =
o
\ 7NN
o
Dill apiol (PT-14) Allo-ocimeneg(PT-15)

(Si n geatd.l , 19-9
Aeri al Ppa Gaby and Al
tortuosus anpdeader, MDGL

et. al2015)

HO

Fl avonoi

R
Isorhamnetin (PT-16) OH
Chrysoeriol(PT-17) H
Isorhamnetim3-O-glucoside(PT-8) O-Glu
Isorhamnetim3-O-rutinoside(PT-19) O-rutinoside
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14. Beucrium zanoni i

T. zanonii (Figure 1.6) is known as Jaida in Arabic and belongs to the family
Lamiaceae (Labiatae) also known as the mint or aromatic family and it has a high
content of£O. The family includes about 252 genera and 6700 species. In the flora of
Libya, it is represented by 13 species, five of which are endemic. They.are
appollinis T. barbeyanumT. davaeanumT. linivaccarii, andT. zanoniiwhereinT.
zanoniiis the mostcommon(Abdelshafeeket al, 2009;Naghibi et al, 2010) A

voucher specimen has been kept in Benghazi University herbarium.

Figure 1.6: The aerial parts ofeucrium zanonicollected from Libya

14. 3Trladi ti onal uses

Many Teucriumspecies are known to have important biological activities such as
diuretic, diaphoretic, antiseptic, antipyretic, antispasmodic, hypoglycemic and
antifeedant. In folk medicine, the preparationT&ucriumextracts depend orné

illness (such as stomach and intestinal troubles, cold and as a stimulant vermifuge,
tonic, for rheumatism, hemorroids and renal inflammatory). In the Abofakhra region
(25 Km from Benghazi City), this endemic plant is used in folk medicine for
gastroinéstinal troubles, as a tonic, for renal inflammation and as an antidiabetic agent
(Abdelshafeelet al., 2009;Naghibiet al, 2010)
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14 3AQtive ingredients and biological act.i

The family Lamiaceae (Labiatae) is reported to produce valuable phytochemicals, such
asf | av o(R-L/iT-@8,t e r p e diterpedosls ({22-T-54), sesquiterpenes {T
55-T-62), triterpens (T-63-T-64), iridoid (T-65-T-69), pheylethanol glycosides
(T-70-71), s a p o n 7 18Is7 4 4nd steroids (T7576) (Table 1.6, Appendix I).
Examples of compands, withbiologicalactivity derived fromLamiaceae familyare

shown in Table 1.6 and their structur@sabbeet al,, 1989;Bediret al, 1999;Bruno

et al, 2004; Abdelshafeedt al, 2006;D'Abroscaet al, 2013;Haoet al, 2013;Lv et

al., 2014bElmasriet al, 2014a; Lwet al, 2015; Elmasret al, 2015aEImasriet al,
2015b;Elmasriet al, 2016;Venditti et al, 2017).

14. 3PrBevi ous phytochemicall.amdnbnol ogi cal

Abdelshafeeket al. (2006)isolatedf | a v ofrom ardethyl acetate extract &f
zanoniicirsiliol (T-1), luteolin (F2), chrysoeriol (¥3) andxanthomicrol (F4) and

from a butanol extract apigenin 6d80-glucoside (F5) and luteolir7-O-rutinoside

(T-6) (Table 1.6). In 2009 bdelshafeelet al. showedthatan aqueous extract ot
zanoniihad the highest insecticidal activity against the adult the olive bark beetle,
Phloeotribusoleaeand Abdelshafeelet al (2010)reported that &. zanoniivolatile

oil contained 74 compounds where germacieneas the main compound and the

ethyl acetate and butanol extractsTozanoniishowedantioxidant activity.

14. 3Adt i di abet iTeuvaccrsipwmit e ®s of

A study found that an ethyl acetaterext of T. stocksianunproduced a decrease in
blood glucose levels and an increase in insulin levels in almduced diabetic
rabbits after an oral glucose load leading to reduced HbAlc |Geisgeeret al.,

2013) Studies have shown significant histological changes in the pancreas of induced
diabetic rats treated withTa poliumaerial parts extra¢chatreduced the level of serum
glucose(Yazdanpara®t al, 2005; Tatar et al, 2013. Esmaeiliand Yazdanparast
(2004)also reported that an aqueous extrack.gboliumreduced high blood glucose

levels through enhancing insulin secretion by the pancreas.
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14. 3Arbt i bacteri aeuarcipiemii teises of

A methanol extract of. stocksianumoots had significant bactericidal activity against
E. coli, Staph. aureusS. typhj Shigella flexnerandB. subtilisand showed fungicidal
action againstAspergillus niger A. flavus A. fumigatusand Fusariumsolaniat
different minimum inhibitory concentration#&n ethyl acetate fraction exhibited
inhibition of L. atropicagrowth (Shahet al, 2015) while anethanolicextractof T.
chamaedryshad high antimicrobial activity, and antioxidant activitylase et al,
2014) Sesquiterpenes in the extract showedbanterial activity againsStaph.
aureusbiofilm activity in the low rangéEImasriet al, 2014b) In addition, the crude

saponins off. stocksianurhad cytotoxic and anthelmintic activippli et al, 2011)
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Table 1.6: Selection of phytochemicals previously isolated fifbnzanonii T: refers to the name of the plargucrium

Classification ~ Compound Parts of Reference

Fl avonoi Aeri al Tp(Abdel seht

zanoni i al, 20009

R1 R2 Rs Ra

Cirsiliol (T-1) OCH;s OCH:s H OH

Luteolin(T-2) H OH H OH

Chrysoeriol(T-3) H OH H OCH;

Xanthomicrol(T-4) OCHs OCHs; OCH;s H

Apigenin 6, 8di-O-glucoside(T-5) c-glu OH c-glu H

Luteolin-7-O-rutinoside (T-6) H o-rutinose H OH

HO
(o}
\O
" (D' Abeb
e S
~ Leaves ofT.
luteolin 7-O-b-D-(5-O-syringyl)apiofuranosy(1 2} O-b-Dglucopyranosid¢T-7) polium 2013)
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Table 1.6(continued): Selection of phytochemicals witfharmacologicadctivities previously isolated frofeucriumspecies

Classification Compound Parts of tBiological act i Reference
O OH Aeri al P.Inhi bit e miinag
R polium Staphyl ococcus (EIl mats.ral2015b)
4
R
(¢} OR;
R3;0

3 Nj, -tdinygroxy-6, 7-dimethoxyflavone;R1=0OCHs, R>= OH, R3=
OH,Rs= OCH; (T-8)

5,6, 7, 3Nj, 4 Njp €Tn9% a hRy, Ba4RaRe=yCGHI a v o e
nor-neoclerodane diterpenoids

=
\
HOY

|4
OH

Teufru(@A® i n Beufr u(-hil) he (Cc(v )

Aerial parts ofT.

fruticans
Whol e
polium

pTaReduced

No cytotoxiagiat
osteosar-208ha,
(NaH460), and-7h
cancer cell [

(Leot. @al2015)

feedir(Orteeagml 1995)
Leptinotarsaon

Col orado potat
Did not have ((Nagao,all982)
388 Lymphocyt:

mi c e
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Table 1.6(continued): Selection & phytochemicals witlpharmacologicahctivities previously isolated frofeucriumspecies

Classification Compound Parts of tBiological act i Reference

Saponins
Aer i al P.Highly active (El matsrdal2015a)
pol i um ( MD-MB468) anc

(HGZX9 98) can

moderately act

(COLO 205¥,98ne

mel anoma -MEL{ B¢

cancer cell s

HO

(6]
RO” O

OH

“—OH

Poliusaposide CT-13)
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Table 1.6(continued): Selection of phytochemicals witfharmacologicahctivities previously isolated frofeucriumspecies

Bi ol ogi cal act i Reference

Classification Compound Parts of t
Triterpenoids Whole parts ofT.
viscidum

Ursolic acid(T-14)

Lignan
,
OH
o Whol e pa.
\ viscidum
/O
HO Pinoresino|T-15)

Antibacterial activity againd.  (do Nascimentet al, 2014)
coli, Sarcina lutea, K.
pneumoniandStaph. aureus

Antioxidant activity and (Sultaneet al, 2010;Gaiet al,
anticancer activity on prostal 2016;Yin et al, 2018)
and breast cancer

Cytotoxic, antiproliferative and (Haoet al, 2013;Lopez
pro-oxidant activity in humar Biedmaet al, 201§
breast tumour cells

Antibacterial activities agains (Zhouet al, 2017)
five foodrelated bacteria K.

coli, Pseudomonas

aeruginosaStaph.  aureysB.
subtilisandSalmonella enteriga
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Table 1.6(continued): Selection of phytochemicals witfharmacologicahctivities previously isolated frofeucriumspecies

Classification Compound Parts of tBiological act i Reference
Vs Whol e p&ailAnti fungal act (Hwaentg al2012)
] viscidum
OH
& o]
o \

‘ HY

o
D\\\\\\ o
HO

(+)-medioresino(T-16)

essenti al oi |

3oct abrcea@lr, yophyl | eneD

and

containi nagcilnpruallnce:

ger macr

Antioxidantactivity

Cytotoxic effects on the H&R
cancer cells with antioxidant ar
antiviral properties

(Amiri, 2010)

(Hammamiet al,, 2015)
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l144Hypochaeris radicata

H. radicata L. (Figure 1.7), known ascatsearor flatweed, belongs tothe family
AsteraceaeAsteraceae (Compositae) is the largest family of flowering plants and
contains about 1,600 genera and some 25,000 sig&alesharjuet al, 2012) It grows

15-60 cm tall, is perennial, and rosulate. It has a taproot and stems which ascends to
erect leaves and yellow flowerSenguttuvanet al, 2014b; Senguttuvan and
Subramaniam, 2016)t is native in Europe and it is spread in Africnd Asia,
Australia, India, Japan, Nortmd South America, and Pacific islarttie high hills of

Nilgiris andthe Western Ghats Indisenguttuvaret al, 2014b;Senguttuvan and
Subramaniam, 2016l is included intheflora of Libya in 1983Jamuneet al, 2013)
(Thompson, 2007)The the plant materials was provided by SIPBS colleaque Dr

Ibrahium Khadra (Strathclyde University).

Figure 1.7: Hypochaeris radicatplant;and an image of the plant taken from
https://middlepath.com.au/plant/Catsddypochaerisradicataphp
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14. 4Trladi t isonal use

It is used fowvarious medical ailments, mainly for the treatment of inflammation. It is
prescribed by local healers for the treatment of jaundice, rheumatism, dyspepsia,
constipation,  hypoglycaemia, anticancer, antinflammatory, antidiuretic,

hepatoprotective activity and to treat kidney probléfa and Shukla, 2003)

14 4AAQtve ingredients and biological actiwv

The Asteraceae family is reported to contain a wiéety of phytochemicals, such

as terpenoids (sesquiterpene lactones-{ARIR47) andtriterpenoids(HR-48-HR-

61), lignans (HR62), alkaloids (HR63-HR-67), sterols (HR68-HR-69), and
polyphenols (HR70-HR-88), EQO, tannins, acids and carbohydrates (Tabl@
Appendixil). This family has also been reported to have biological activities including
antioxidant,antimicrobial, antifungal, antiviral, anti-cancer,antrinflammatory and
insecticidal activitiegNifio et al, 2006; Jbilowet al, 2008; Boussaadet al, 2008;
Dewanet al,, 2013;Visintini Jaimeetal., 2013;Suntar, 2014Koc et al, 2015;Igbal

et al, 2017) Examples of compounds, with pharmacological activities derived from

thefamily Asteraceae, are shown in Tahl@.

The preliminary analysis of an alcoholic and aqueous extract of leaf and root parts
of H. radicata by Senguttuvaret al. (2014) reported the presence of alkaloids,
flavonoids, tanninsglycosides terpenoids and saponins with excellent antioxidant
activity (Senguttuvaret al, 2014b;Senguttuvan and Subramaniam, 20X8in et al
(2014) identified luteolinHR-16) by HPLCmethods a common flavonoid widely
distributed in the plant. HR6 is reported to have different biological activities
including anticancer activitft opezLazaro, 2009and antimicrobial activities against

Staph. aureusB. cereusandE. coli(Wang and Xie, 2010 eeet al, 201Q Rashecket
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al., 2013, antiinflammatory and antioxidantactivity (Odontuyaet al, 2005 Popov

et al, 2016. Jamuneet al (2015) isolated confertin (HR) and scopoletin (HR4)

from H. radicata and found they suppressed the production of proinflammatory
cytokines such as TNB, -11bL a #6@nd kerlhanced more prominent antioxidant
activity. There may be a use for inflammatory disorders since confertirAljHiRd
scopoletin (HR14) compounds inibited paw oedema. The sesquiterpene lastone
from Asteraceaglants, inuchinenolide B (HR) and aucherinolide (HR) showed
cytotoxicity activity against liver (Hep@), breast (MCF) and lung (A549) cancer

cell lines with IGo values of 56.6, 19.(89.0, 11.855.7 andlL 5 . 3 |, eegpéctinely
(Gohari et al., 2015)while the sesgiterpene lactone ixerin D (HR) showed no
toxicity againstcolon (HT29) and lung (%49) cancer cell linefAhn et al, 2006)
However, thesesquiterpene lactonartemisinin (HR5) is a naturally occurring
antimalarial compound, with potent anticancer acti{@yespeOrtiz and Wei, 2012)
Whi |l e anot he reudsesmel (HRE) (LELOGecevn e imhi bited pro
of cervix (HelLa), gastric (SGZ901), and liver (BEL7402) cancecell lines.It acts

in a dosedependent manner to inhibit angiogenesis by suppressing CAMP response
element binding protein (CREB) activation in a growth factor signalling pat{iway

et al, 2008) HR-6 is reported to have antibacterial adfvagainstPseudomonas
aeruginosaATCC Enterococcus faecaliStaph.subtilis and Entrobacter aerogenes
(Mohsenzadekt al, 2011 SalakhFatnasset al, 2017. Parthenolide (HRY) is also a
sesquiterpene that showed leishmanicidal activétggsgnst_. amazonensi&iumanet

al., 2005)

Arctiin (HR-8), trachelogenin (HF9), and arctigenin (HRLO) are lignhans,isolated
from Asteraceae plants suchTasssilago farfaraL andArctium lappal. These have
been reported to hawmtiviral activity against influenza A virus (A/NWS/33, HIN1)
(IFV) (Hayashkt al, 2010 Qianet al, 201§. It has also been found tHdR-8 induces
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cell detachment and decreases cell numbers via thegugpation of MUG1 mRNA
and protein in a prostate (X cancer cell lingHuanget al, 2004) while HR-10was
reportedo haveantiviral, neuroprotective, antiinflammatory and antioxidant activities
(Hayashiet al, 2010) Oil such as 1,8ineole,Jt e r pi n e odo,IUg ier éri e,
pi né&phbel | an dr g marpnethenAdteraceae famifyrereported to have
antifungal activity againsA. fumigatug(Zapataet al, 2010; SalahFatnassiet al,
2017) Lupeol (HR-11)is atriterpenoid, reported to have antileishmanial agaibst
donovaniparasite(Das et al, 2017) In addition, HR11 is reported to havantt
inflammatory, antimicrobial, antiprotozoal, antiproliferative, antiasive, ant
angiogenic and cholesterol lowering proper{ig&ldique and Saleem, 201N-(p-
coumaroyl) serotonin (HRL2) is an alkaloid thaimproves vascular distensibility and
inhibits aortic hyperplasia by blocking tliecrease of Cd and blockingplatelet
derived growth factor (PDGEjgnalling(Takimotoet al, 2011)

Kim et al (2014) showed that an ethyl acetate extradtl.ofadicatainhibited the
production of preinflammatory moleculesitric oxide (NO),INOS, prostaglandin

E2 (PGE) and cyclooxygenag€0OX-2), and cytokines such as TNF, -11b, a n d
6 in lipopolysaccharidéLPS)-stimulated RAW 264.7 cells. Therefore, the
phosphorylation oimitogenactivated protein kinase (MAPKpr example MAK

p38, extracellular regulated kinase (ERK), andun NH-terminal kinas€JNK) were
inhibited byan ethyl acetate extract in a concettbn-dependent mannet. 1 b-, 1 3

dihydrolactucin is reported to have sedative propettigdée s o §eai al,2006)
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Table 1.7: Selection of phytochemicals previously isolated from Asteraceae. HR: refers to the namd. ohtheai.

Classification =~ Compound Parts of Reference

Terpenoids (Oh muerta

1989 amu

l eaves a g alyzo
rod#tsrad

Sesqui tse

Confertin(HR-1) | x er(i HR) D lnuchi BémH&l)i Aer i al pi( Go hetr j
l nul a au 201l5van
et. al20

] j==

Auc her i(mHal)i de Artemi SH®) n
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Table 1.7(continued): Selection of phytochemicals previously isolated from Asteraceae. HR: refers to the nantd.ohtlieat.

Classification

Compound

Parts of t h e Reference

Lignans

HO’

Ar c { HBn

ParthenoliddHR- 7)

Trachelogenin (HR-9)
Arctigenin(HR- 10)

R1
OCH;
OCHs;

OH

R2
OH

H

FIl owmerads a (Ti umaent

al, 2
oSantolina
Sal-ah
chamaecylpalpgt nast
And  aerial partsal, )20
of Tanacetum
parthenium
Seeds ofCentaurea
vlachorum (Hoaaj
2017)

Leaves offussilago
farfara L
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Table 1.7(continued): Selection of phytochemicals previously isolated from Asteraceae. HR: refers to the nantd.ohtlieat.

Classification = Compound Parts of Reference
~ GenCsal en ( Ar ocerta.
Triterpenoids "\ 2013 Hced
N
\ i al, P01
HN /
Al kal oi ¢ Seedsof C.
OH
Iy viachoru
R
Lup éiRi11) N-(goumaroyl ( HRIQrPstt ni n
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i Leaf an 1989;Jamuna
o o o N parts oM. o4 2015
radicat a
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phenylbutanoi o 7 o6l
d glucoside Scopoletin(HR-14) 4-(3-Glucopyranosyloxyd-hydroxylphenyl} (E)-3-buterr2-one(HR-
15

Fl avonoi ,
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14. 50l anum sodomaeum

Sol ansmone of the | argest genera in the
species distri butSedo dtohméeaugiiBoel ti st hmen vamrnliud.
widely distributed in the Libya8oldasemt ¢
have steroidal al(kdl ®iadwmaiad8)y i soprenoi ds

Sol aspexci es herbs have been utilised for
mechani sms anidn evidweitn vem@tssaeaxmAdcsos ha
been shown to @otsiswistsi eantficrancent uri es at
China. Numerous active ingredients, such
decr ease ciamceimidmngaw.wtechode madums have demc
t hat steroidal gal nyt ci ol sei udkeesnfiWuwecty eaeclt AV D 1 Yy

voucher specimen has been kept in Bengha:

Figure 1.8: Fruit of Solanum sodomaeucollected from Libya.
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145. Tr adi wuissen a l

S.sodomaeuns traditionally used to treat eczema by decoction (one kilo of plant in

3 litres of water, boiled to reduce the volume down to one litre) used three times daily.
For haemorrhoids, the fruit is crushed and applied locally as a poulttiégabic, it

known as teffah elgoul, French pomme de Sodom and in English it is known as apple

of Sodom

145. 2ctive ingredients and biological act.i

The flowering plant family Solanaceae contains important plants for humans, in
agriculture (potatoes, tomatoes, peppers), medicine (mandrake, tobacco, deadly
nightshade, henbane), and as ornamentals (Solanum spp., tobaccos, [{Spooasr

etal., 1993;Bohs and Olmgad, 199). Solanumis one of the largest genera in the
Solanaceae family, it includes valuable plants like eggglaieese and Bohs, 2007;
Species, 2008) This genus Solanum (Solanaceae) is a source of steroidal
glycoalkloids, which is an important group of plant secondary metabolites and
glycoalkaloids are remarkable metabolites because they can have both harmful and
beneficial effects on human hea{irbiiz Oztiirket al, 2015) These compounds are

used asa starting material for the synthesis of steroidal drugs. In the majority of
solanaceous plants, solasodine occurs as a glycone part of glycoalkloids, which is a
nitrogen analogue of sapogenifatel and Patel, 2013Yarious phytochemicals,
mainly geroidal glycoalkloids, alkaloids have been isolated from different pérts

Solanum(Table 1.8, Appendixlll).
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14. 5PBevi ous phytochemical Saondomiaeluogi c al

El Sayedet al (1998) isolated two pyrrole alkaloids, solsodominandl B (SS7-SS

8) from the fresh berries o6. SodomaeumL. SS7 exhibits activity against
Mycobacterium intracellular¢Chamet al, 1987) Cham and Wilson (1987) isolated
glycoalkaloids fromS. sodomaeurp, which contain a sugar moiety, consisting of a
mixture of glucose, rhamnose, and galact@®am and Meares (198mported that

a glycoalkaloid isolated fror8. sodomaeunis highly effective in the treatment of
malignant human skin basal cell carcirasn(BCCs), squamous cell carcinomas
(SCCs) and benign tumours (keratoses and keratoacanthomas) and found that the
histological analyses of biopsies taken before, during and after treatment give
compelling evidence of the efficacy of tigg/coalkaloidformulation. Biochemical,
haematological and urinanalytical studies demonstrated that there were no adverse
effects on the liver, kidneys or haematopoietic system during treatment. Normal skin
treated with thglycoalkaloidformulation likewise was free from aérse histological

or clinical effects.

Solamargine (S8) is a glycoside of solasodine with a significant anticancer effect
against cancer cel®ich as human boifg20S) cellshepatoma cells (Hep3Bjplon
(HT29, SW 620), liver (HepG2adenocarcinoma (H441), lung (H520), large cell lung
cancer (H661) and small cell lung cancer (H&6@manK562 leukemiaandsquamous

cell carcinom&B cells, breast cancer cells (MCF and SKBR-3 cells),stomach
(NUGC-3) (Nakamureet al,, 1996;Kuo et al, 2000;Leeet al, 2004;Liu et al, 2004;
Shiuet al, 2007;Shiuet al, 2009; Suret al, 2010;Sunet al, 201). SS3 shaved
greater cytotoxicity than cisplatin, methotrexatefluorouracil, epirubicin and

cyclophosphamide against human breast cancer cells-(9B].ZR75-1 and SKBR-
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3) (Shiuet al, 2007) It was reported that triggers extrinsic andhtrinsic apoptotic
pathway of breast cancer cells through activationcakpase, -8 and-9 and up
regulated external death recept¢&hiu et al, 2007) Studies reported that due to
overexpression of B& and BclxL which may cause resistance to anticancer drugs
such as cisplatin, combination therapy of solamargine and cisplatin might be effective
in treatment of cisplatinesistant in breast canc@hanget al, 198Bb; Pietraset al,

1999 Shiu et al, 2007). Furthermore, solamargine induced apoptosis on human
hepatoma cells (SMMZ721 and HepG2) through activating caspasad leading

to G2/M arres{(Ding et al, 2012) A study conducted byisuet al (2014) reported

that e anticancer activity of S$ involvestriggering the gene expression of human
tumor necrosis factor receptorINFR I) which may lead to cell apoptogidsu et

al., 1996) TNFR-I acts as important regulator in inducing apoptosis and FN&d®s

in almost every cell type and can independently transmit most biological activities of
TNF-U(Kuo et al, 2000) It induces apoptosis in lung cancer cefid41, H520, H661

and H69) by phospholipid phosphatidylserine externalisation in a-disandent
manner and increases sGi (Liu et al, 2004) It also induces apoptosis luman
hepatoma cell§SMMC-7721, Hep3B antlepG2 by causing cell cycle arrest at the
G2/M phaseand up-regulate the expression oaspase3 through the activation of
caspass (Changet al, 1998aKuo etal., 2000;Ding et al, 2011 Dinget al., 2013.
Another study demonstrated tlsmiamarginenduces apoptosis in gastric cancer cells
MGC-803 through a decrease of mutation p53, an increase of the ratio of Bax to Bcl
2 and the activation of caspa3ewhichcould be due to three sugar units &hb-
rhamnopyranose at-Z or a hydroxyl group on the steroidal backbone leading to
potential candidates for the treatment of gastric caiiieg et al, 2013b) It has also

been found that solasonine arfdS3 fromS. sodomaeunshowed antineoplastic
activity against Sarcoma 180 with single dosages of 8 mg/kg given on two consecutive

days resulted in inhibition of tumour progression with greater than 40% survival
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however, the use of the same dosages ginghree or four consecutive days resulted

in greater than 90% survivgChamet al, 1987) Thus solasodinglycosidesare
effectivein vivoagainst murinsarcoma 180S180), whereas the aglycos@asodine

at an equimolar concentrationimeffective(Chamet al, 1987) SS3, diosgenin 30-

bi solatrioside and protodioscin showed stronger antiproliferative activity against
leukemia cells (HE60) cells than cisplatiin vitro (Ono et al, 2006) SS3 ako
inhibitedthe growth of metastatic and primary melanoma cells (WM239 and WM115)
and caused cellular necrosis to the melanoma cell lines WM115 and WM239, by rapid
induction of lysosomal membrane permeabilisation as confirmed by cathepsin B
upregulation vich triggered the extrinsic mitochondrial death pathway represented
by the release of cytochrome ¢ and upregulation of TNARSBinaniet al, 2016)
Solamargine showed a liver protective effect against CCL4 (carbon tetrachloride)
induced liver damage. It was also effective in the treatment of actinic keratosis (AKS),

squamous cell carcinoma (SCC) and basal cell carcinoma ¢¥\ala2011).

Solasonie (SS5) is one of the steroidal glycoalkloids and has been found in Solanum
species. It has shown potent cytotoxicity activity agasotin (HT29), breast\CF-

7, Bcap37), cervical (HeLa), liver (HepG2), gastrigMGC-803), murine melanoma
(B16F10), globlastoma (MO59J, U343 and U25R¥-12 and HCT116 cell,and
Leukaemia K562jleocecal(HCT-8) cells (EstevesSouzaet al, 2002; Ikedeet al.,
2003;Leeet al, 2004; Liet al, 2007;Munariet al, 2014al.i et al, 2016; Dinget

al., 2013a;Munari et al, 2013. Solasonineshows potent anticonvulsant and CNS

depressant activitig€hauharetal., 2011)

Antileishmanial activitieshave been evaluatedrfgolamargine, solasonirend an
equimolar mixture against promastigote formsLofamazonensisResults revealed

that the equimolar mixture of solamargine/solasonine showed more activity with an
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ICso value of 1.1 M than solamarginwith an 1Go value of14.4uM compared with
amphotericin B as positive contr@/iranda et al, 2013) Also, solamargine and
solasonine alkaloids have been reportedkitb intracellular and extracelluldr.
mexicangparasites more efficiently than the reference drug sodium stibogluconate
(LezamaDavila et al, 2016) U-Chaconine (S%) was reported as the most active
glycoalkaloids againgtlasmodium yelii in terms of antimalarial activity. The activity
was due t@ompounds containing the solatriose sugar chain m(@étgnet al, 2010)

A study found that saponins frog anguiviruit can enhance the hypoglycemic,
hypolipidemic properties in alloxanduced diabetic ratéElekofehintiet al, 2013)

The methanol extractd S. sodomaeurfnuit peel showedhsecticidal activityagainst

Schistocera gregaridifth instar larvagZouitenet al, 2006)
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Table 1.8: Selection of phytochemicals previously isolated fl@sodomaeumSS: refers to the name of the pl&olanum

Classification ~ Compound Parts of the plant Reference
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al, 201
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Table 1.8 (continued):Selection of phytochemicals previously isolated ffereodomaeumrSS: refers to the name of the pl&alanum

Classification =~ Compound Parts of the plant Reference

™ Berr Besodo ma (El Sayedet al,
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/%N oA
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|
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0. i ndndem
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Ntraesul oyl t(ySBPmi n e I ndi cumi ne s
(coumarinol i g8B1)

\ (Yin et al, 2013)
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1.5 Aims and Objectives

The present work aimed to investigate plants from Libya in seduicytotoxic agents
which could be active against cancer cells and not active against normal cells.
Screening was also carried out for antidiabetic activityese two diseasesvere
choserbecause they are very common diseases and the most common cdesés of

in the world.

The objectives of the work were to:
A Develop suitable met hods to purify

extracts, using techniques such
chromatography, open cotumxtclco mano
preparative thin | ayer chromatography

A Elucidate the structured ah& insuocllaetaerd

magnetic resonancesdiimeanldddinfag mexueh ia\
(COSY, NOBSY) haneéronuclear e(HMBGf sHS @

mas s spectrometry

Aln wictreening of the crude extracts,

for some biologilctalofactthe itin segi @aimo rt ehle

These tests included:

Cytotoxicity assearsmeaA3rSéanieianoma3t Hebae canc

(cervica), LNCaP (prostate), RPBM (prostat¢, PANC-1 (pancreas and HePG2
(liver) and noncancer PNT2 normal and HEKa (normal) cell lines using an
AlamarBlue® assawhich were then re examined for their effectcetl morphology,
viability, adhesion, migration and invasion. In this way, it was anticipated that

identification of the active components against the process of metastasis could be made

A ln vssteen extracts and isol ated
acvtiit y thuee diffegent enzyme inhibition assa T P 1 B, U

gl ucosi dammgase¢ and U
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Chapter 2

Materials and Methods

57



2. Materials and methods

2.1 Solvent s

Solvents listed below were used fdhe different processs of extraction,
chromatographic separation and analytical TLC. All the solvents were stored at room
temperature and transferred to 500 mL solvent bottles for routine use. Deuterated
(99.9%) solvents (CDG| DMSO-ds, CDsOD and Acetonals) were utilised forthe

NMR analysis.

n-Butanol (Analytical grade, VWR, UK Ltd)

n-Hexane (HPLC grade, VWR, UK Ltd)

Acetone (Analytical grade, VWR, UK Ltd

DCM (HPLC grade, VWR, UK Ltd)

Deuterated oxid€D-0) (SigmaAldrich, UK Ltd)
Deuterated chloroform (COg& (SigmaAldrich, UK Ltd)
Deuterated dimethyl sulfoxide (DMS@) (SigmaAldrich, UK Ltd)
Deuterated methanol (methahdd) (SigmaAldrich, UK Ltd)
Deuterated pyridine #DsN) (SigmaAldrich, UK Ltd)
Ethanol (Analytical grade, VWR, UK Ltd)

Ethyl acetate (HPLC grade, VWRK Ltd)

Methanol (HPLC grade, VWR, UK Ltd)

> > > > > > > > D> D> D> D

N
N

Reagents and chemical s

022em filter (Merck, Darmstadt, Ger man
4-nitrophenytU-D-glucopyranoside (Sigma N1377,UK)
4-nitrophenytU-D-maltohexaside (Sigma 73681 ,UK)

Acarbose (Sigma A8980 ,UK)

AlamarBlue® Cd Viability Assay (Invitrogen, Renfrew, UK)

Uamylase (3.2.1.1) from porcine pancreas, ( Sigma A6255 ,UK)

Anisaldehyde (FSA laboratory, UK)

Antibumping granules (BDH, UK)

ADP/ATP Ratio Assay Kit (Sigmdaldrich, UK)

D> D> D> > > > > D
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> > > > >

D> D> > > > > D

>\

> > > >

D> D> D> > D> > > D

Apoptosis, Necrosis and healthy agliantitation kit plus (Biotium, USA)

ApoTox-Gl o E Tri plex Assay (Promega, USA)
Cisplatin(SigmaAldrich, UK Ltd)

Column grade silica gel (Silicagel 60, meshsiz200 ¢ m ( Mer ck, Ge
Cyt oSel waeltcdll adhesion assay (collagen-tdated, coloriratric

format) (Cell Biolabs, Inc, USA)

(DIFMUP) (Invitrogen,Thermo Fisher Scientific, UK)

Dithiothreitol (Sigma,UK)

DMEM (Dulbecco's Modified Eagle's medium) (Sigma Aldrich, UK)
Ethylenediaminetetraacetic acid (Sigma E1644,UK)

Foetal calf serum (FCS) (Invogen, Renfrew, UK)

Uglucosidase (Sigma G0660,UK)

HEPES (Sigma , UK)

l nnoCyteE Cell Miwvell (Calbiocliem®, Merck &KGaA, 9 6
Darmstadt, Germany)

|l nnoCyteE ECM Cel |l Adhesion Assay, F

KGaA, Darmstadt, Germany)

Invasion assay kits (Cambridge Bioscience Ltd, Cambridge, UK)
L-glutamine (Thermo Fisher Scientific Inc, Renfrew, UK')

Lipophilic Sephadex LF20 (Sigma Aldrich, UK)

Mg2+Ca2+f r ee Hankoés balanced salt sol uti
UK)

Migration assay kits (Cambridge Bioscience Ltd, Cambridge, UK)
Non-essential amino acids (Thermo Fisher Scientific Inc, Renfrew, UK)
Protein tyrosine phosphatase 1B (Sigma ,UK)

Resazurin sodium salt (Sigma Aldrich, Germany)

RPMI 1640 (Sigm&Aldrich Ltd, Dorset, UK)

Silica gel 60H for thin layer chromatography (Merck, Germany)

Silica gel 60 0.06®.200 mm for column chromatography (Merck, Germany)
Sodium chloride (Sigma S9625,UK)

Sodium phosphate dibasic heptahydrateH¥ay. 7H.0 (Sigma S939QUK)
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> > > >

>\

A
A

Sodium phosphatenonobasic dehydrate NaPiQ:.2HO (Sigma 04269
1k,UK)

Sodium pyruvate (Thermo Fisher Scientific Inc, Renfrew, UK)
Staurosporine (Merck KGaA, Darmstadt, Germany)

Streptomycin/ Penicillin (Cambrex, UK)

TFMS inhibitor (Bis(4Trifluoromethylsulfonamidopheny},4-
diisopropylbenzine), (Calbiochem 54021110 mg, Km 6 ¢ M)
TLC grade silica gel (60H, Merck, Germany)

TLC grade silica gel coated aluminium sheet (Precoated Silica gel PF254,
Merck, Darmstadt, Germany)

TrypLE Express (Invitrogen, Renfrew, UK)

Virkon® (Antec International, Sudbury, UK)

.B3gui pment

A
A
A
A
A
A
A
A
A
A
A

D> > > D>

25cnt and 75cr sterile flask (Thermo Fisher, Renfrew, UK)

12 and 96 well plates (Siga#drich, Poole, UK)

0.22e¢em filter (Millipore, UK)

96-well plates (TPP, Switzerland)

96-well roundbottom clear plat€U-shape plate, Greiner bame, Germany)

A sintered glass Buchner filter funnel (Schott Duran, Germany)

Avance DRX500 MHz NMR (Bruker, UK)

Centrifuge 5415D (Eppendorf, Hamburg, Germany)

Decon Sanicator (Decon laboratories, UK)

Edwards freeze drye(Edwards, CrawleyK)

Epi florescence upright microscope (Nikon Eclipse) E600 under X60 1.40 NA
objective lens was used under the following settings; Alexa555: TRITC, YFP:
FITC, Nuclei: Dapi

Haemocytometer (Hawksley, Lancing, UK)

Infrared spectrometer ATWattson (Genesis series FTIR spectroméié)

Jeol Eclipse 400 NMR spectrome{éeol, Pleasanton, USA)

LC-MS (Thermo fisher, Hemel Hempstead, UK)

Microcentrifuge (Centaur, SANYO, Japan)
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> > > >

D> > > > > > D>

Microscope (Olympus, Japan)

Neubauefimproved Haemocytometer (Maritehd, Germany)

Ninety six well plates (Greiner Bione, Stonehouse, UK)

Nikon Eclipse TE300 Epifluorescent Inverted microscope (Nikon, Kingston
upon Thames, UK)

NMR tubes (5mm x178 mm, Sigr#ddrich, UK)

Orbitrap HRESI mass spectrometer (Thermo Fisheméiélempstead, UK)
Rotary evaporator (Btichi, Switzerland)

Safety Cabinet (Walker Safety Cabinets Ltd, UK)

Soxhlet apparatus (Quickfit, UK)

SpectraMax M5 Microplate Reader (Molecular Devices, Sunnyvale, USA)
UV-detector 254nm and 364nm UVE&8 (UVP, USA)

Water Bath (Grant Instrumenitsd, UK)
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2 4 Plant material

Plant materials were collected from LibyaMiarch and April, 2014 (Table 2.1) by Mr
Adella -Salem Botany DepartmenEaculty of ScienceBenghazi University. The
plants were air drietb prevent mould or any type of degradation. The dried plant
material was ground to a fine powder. THe radicata was provided by SIPBS

colleague Dr Ibrahium Kadra (Strathclyde University).

Table 2.1: Collection details of plants and amount used in the study

Plant Species Location and Time Plant Amount
Arum cyrenaicum Wadi Buoreequ Libya, | Root 640g, Aerial par
March 2014 360g and Fruit 173 g

Solanum sodomaeum | Tokara,Libya, April 2014 | 3329

Teucriumzanonii Tariha,Libya, 2014 1Kg

Pituranthos tortuosus| Benina, LibyaMarch 2014 | 1Kg

Hypochaeris radicata 1Kg

2.5 Extraction and Partitioning

25 $ox helxettr acti on

The plant materials were extracted in a Soxhlet apparatus using different solvents
starting with lowest polarity to highly polar, hexane, ethyl acetate and finally methanol
(3.5 L each). All extracts obtained were evaporated & 4fhder vacuum using a

rotary evaporator.

252Macer ati on

The powdered plant material was soaked using five litres of solvent at one time starting
with n-hexane, ethyl acetate and finally methanol. Each solvent with plant material
was left for three daysFiltration was carried out after each extraction using

What manE f i |theélratepwere evaporatedraté0°C under vacuum using
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a rotary evaporator until allhe solvent was removed. Then the extracts were
transferred into small vials using alhamounts of the same solvent used for extraction
and left under a fume hood at room temperature to obtain sdreenéxtracts. The
extraction was repeated three times for each solvent. TLC and NMR spectroscopies of

the three different crude extracteng carried out.
2.6 Fractionation work and isolation of compounds

Several chromatographic techniques were used for the isolation of compounds from

the crude solvent extracts.
26. Anal yti caayl¢ MM C)n

Thin layer chromatography (TLC) was used to screen crude extracts and fractions. It
wasalso used to analyse the collected fractions from different separation methods. |
addition, itwasused to choose the elution system for mobile phases of other g@parat
methods such as column chromatography (CC), and vacuum liquid chromatography
(VLC). The fractions were dissolved in an appropriate solvent and spotted
approximately 1cm above the bottom edge of a TLC grade silica gel coated aluminium
sheet. Solvent cohinations of n-hexane, n-hexane/ethyl acetate or ethyl
acetate/methanol were used as mobile phases depending on the expected polarity of
the sample under analysis. Filter paper was placed inside the tank in order to the
saturate the jar with solvent. SpadtTLC plates were then placed in the TLC tank to
develop in an ascending direction. The TLC plates were taken out of the tank, the
solvent front was markedlith a pencil lineand the plates attried immediately. Plates

were first examined under UV light si ng sham) @aead25%dmg ( a=:
wavelengthsind subsequently sprayed with anisaldekiye®Os spray (5l sulphuric

acid, 85ml methanol, 10nl glacial acetic acid and OrBl anisaldhyde) and heated at
110°C for a minute to allow colour develophe R values for each spot were
calculated by dividing the distance the spot travelled, by the distance of the solvent
front. TLC was used to pool similar fractions together, which were then dried and
further analged byNuclearMagneticResonance (NMR) to attempt to elucidate the

structure of the compound&rayet al, 2012)
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26. Yacuum | iquid co/MHrComatography (

Vacuum liquid chromatography (VLC) is one technique used for rapid fractionation
of crude extractasinga sintered glass funnel attached to a water pump. Silica gel 60H
(TLC grade) was loaded into the funnel and vacuum was applied to compress silica
gel to a hard layer. The methanol or ethyl acetate extracts were dissolved in an
appropriate solvent, absoben a small amount of silica gel 60 (mesh size 0.063
0.200mm) and dried to achieve a free flowing powder. The powder was loaded and
packed as a uniform thin layer on the top of the compressed silica gel column and the
thin layer was covered with filter paper. Hexane and ethyl acetate were used as
mobile phasein different ratios of increasing polarity from hexane to methanol. Each
fraction was collected, evaporated to dryness at 4@der vacuum using a rotary
evaporator. Then the fractions were chelckg TLC and pooled according to similar
chemical profilegTargettet al, 1979;Coll and Bowden, 1996

26. Si-Egcl usi on Chromatography (SEC)

This technique is also known as gel filtration chromatography or molecular sieve
chromatography. The principle of SEC is the separation of molecules acctwding
their molecular sizeln this work, a slurry of Sephadex L20 (409 was added to a
glass column of approximately 2t height and 2m diameter. The methanol extract
was dissolved in a small quantity of methanol to the top of the column. Elution was
started with 100% methanol and vials of 5 ml were used to collect different fractions.

Also the SEC wasarried ouffor some fractions to purifthem(Grayet al., 2012)
26. €ol umn Chromatography (CC)

This technique was applied to fractionate polar andpaar components, using an
open glass column plugged with cotton wddie glass column 55x3 cm was packed
with 3009 silica gel60 (mesh size 0.063.200mm). Silica gel 60 was made int

wet slurry using the least polar solvent of the eluting system and then poured in a glass
chromatography column of appropriate size. The hewanethyl acetate extracts

were dissolved in a gaible solvent and adsorbed on a small amount of silica gel 60
(mesh size 0.068.200mm), then loaded at the top of the colurArsmall amount of

silica 60 was applied over the sample to prevent any distanieeparation The

elution was started with Yo polar to high polar solvents and air bubbles were
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eliminated by taping. The collected fractions were aealyby TLC and pooled
according to similar chemical profiles

26. PrepartdtCi ve

This technique was mostly used for some fractions whacjuired separating and
purifying in low amounts. TLC plates 20x 2h were used for fractions whietere
dissolved ina small amount of methanol and spotted on TLC plé28s 20cm) as a

narrow streak about 2én from the bottom. The plagereallowedto dry and then
developed in an appropriate solvent system. After drying, thesplagtee observed

under UV light (sometimes sprayed at one side with a suitable reagent if they were
invisible), and the bands of interest were cut into strips along witaltberbent. The

strips attributed to each separate component were cut into small pieces and soaked in
a polar solvent overnight for maximum recovery. After filtration and evaporation, the

recovered components were analysed by NMR spectroscopy.

266SoIlnte extraction

This technique is used to remove the sugars and tannins in extracts. The methanol
extract was evaporatéd minimise the amount ofsolvent then water was added to it

and allowed to stand overnight. The 500 ml of solvent was filtered using filter paper
then the filtrate was placed in a separating funnel. The extraction proeexhoaried

out starting witha low to high polar solvenfdichloromethane, ethyl acetate and
n.butanol). Each solvent was added to the separating funnel, then sledkand the
solutionleft to forminto two layers. This method wasarried oufor the three solvest

The extract from each step was evapor&tgdisinga rotatory evaporator, weighed

then the crude solvent extract was fractionated using different methods. For
example, the extract from dichloromethdBg) was further purified bgarrying out a

small sephadex colunseparationthen the factiors analysed by NMR
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2.7 Spectroscopic examination

27. Nucl ear Magnetic Resonance ( NMR)

1D and 2D'H and**C NMR experiments were carried out on a Jeol Eclipse 400
spectrometer at 400 MHz for 'H and 100 MHz for 13C and Distortionless Enhancement
of Polarization Transfer (DEPT) spectra and a Bruker Avance -B&X(500MHz)
spectrometer 500 for heteronuclear multiple quantum coherence (HSQC) and
heteronuclear multiple bond connectivity (HMBC). Each fraction was dissolved in
about 50¢ | asuitable daterated solvent (CDgbr DMSO-de) and taken in 5nm
internal diameter NMR tulse The structures of the compounds were elucidfxted

the resulting spectra. The NMR spectroscopic data were processed using MestReNova
software 8.1.2 (Mestrelab ResearchCArufia, and Spain) and ChemBioDraw Ultra,
Version 14 (PerkinElmer, Yokohama, Japaas used to draw compound structures.
Spectra obtained for known compounds were identified following comparison with

published spectral data.

27. 10n1®1i mensi ofdlD) NMR

This is the simplest technique used in structure eluciddtbNMR experiments @re
used for the determination of the types of protons in the comp@unadiC NMR for
providing data on the number and kinds of carbon atoms in the comp®&gttdsH
and®C 1D spectra can be less informative than-tliaensional (2D) NMR analysis

especially in the case of some of the more complex organic molecules.

27. 1Tv®di mensi onal NMR (2D)

2D NMR includes COrrelation Spectroscopy (COSY), Nuclear Overhauser
Enhancement Spectroscopy (NOES¥eteronuclear Single Quantum Coherence
(HSQC) and Heteronuclear Multiple Bond Coherence (HMBC).

COSY showsH-H connectivities. The proton shifts are plotted on both axes with the
contour plot along the diagonal of the square. NOESY records atHthel NOE
correlationsoccurring in a molecule. HSQ@as used to identify the correlation

between protons and carbatsms in samples through thkcoupling between them.
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HMBC provided the correlation between the chemical shift of the protons in the
samples and the heteronucleus 3C thradgnd3J coupling interaction between the
nuclei (longrange HX-C-C-C correldions).

27. 2 Ma s smestpreyct r o

This technique is used to elucidate the elemental composition of a sample. One mg of
each sample was dissolved in 1ml methanolared 10 o f t lwas treminjestédi o0 n
along with an infusion of 0.1% (v/v) formic acidwater (solution A) and 0.1% (v/v)
formic acid in acetonitr il/inie Ag¢@radentmdathodo n B)
was used for elution of the mobile phase starting with 10% (v/v) solution B in solution

A to reach 100% of solution B then reduce@iago 10% (v/v) solution B. Positive

ion and negative ion mode electrospray (ESI) experiments were carried out on a
Dionex ultimate 5000 L€Exactive Orbitrap mass spectromet®S data acquisition

was carried out by Dr. Tong Zhang (SIPBS, Universitytcdit&clyde).

273l nfrared spectroscopy (I R)

The sample was prepared in disc form by pressing with potassium bromide and
measured between 4000 and 667'cin infrared spectrum was obtained using an

ATI Mattson spectrometer.
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2.8 Bio activity examination

28 1 Tissue culture
28 1.1 Maintenance of the cell s

All cell lines used were kindly provided by researchers at the University of Strathclyde
and Mrs. Louise Young (University of Strathclyde, UKJL cell lines were grown in

a humidfied incubator at 37°C with 5% GOEvery 34 days, a 7&n¥ flask of cells

(75% confluency)the growth medium wadiscarded (or used in bioassay§he
medium was decanted into Virkon disinfectant, the cells were washed mitM§2*-
C&*free Hankoés Bal an csoldtiorSaad trypsisised by addimgn  ( HE
5 ml of TryplE Express and then incubated at 37°C for 4 to 6 min according to the cell
type. The cells were then observed under the microscope to ensure complete
detachment ofte cells. The action of TryplE Express was stopped by adding @b
complete culture medium (Table 2.2). The cells were then centrifuged at 1000xg for 5
min, the medium was removed, and the pellet resuspendedihdfGresh complete
medium. The cell tambers were counted using a haemocytometer and adjusted to the

required number according to the cell type.

28. 1.2 Preparation of complete culture me

All procedures were carried out in a sterile environmentla@anedium for each cell

line wasprepared in a sterile flow hood and was then stored at 4°C until required
(Table 2.2). Cells were grown in an incubator at 37°C, 100% humidity and 5% CO
and subcultured every 3 days. All the cell lines used in this study were adherent with

an epithelial mrphology.
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Table 2.2: Cell culture media of the cell lines used in this study.

Cell lines

Complete Culture Medium

1. HelLa cells cervica
cancer

500 ml Dulbecco's Modified Eagle's Mediu
(DMEM) supplemented with 5@l foetal calf serum
10% (v/v), 5ml penicillin/streptomycin and Bl L-

glutamine

2. LNCaP cells prostat
carcinoma

500ml RPMI 1640 medium supplemented withraD
foetal calf serum 10% (v/iv), 5 ml
penicillin/streptomycin, Snl L-glutamine and 5ml
sodium pyruvate

3. PG3M cells prostate
carcinoma

500mI DMEM supplemented with 5l foetal calf
serum 10% (v/v), Bnl penicillin/streptomycin and
ml L-glutamine

4. PANG1 cells pancreatif
carcinoma

500mI DMEM supplemented with 5hl foetal calf
serum 10% (v/v), Bnl penicillin/streptomycin and
ml L-glutamine

5. Hes2 cells liver
hepatocellular carcinoma

500 ml DME) supplemented with 5l foetal calf
serum 10% (v/v), Bnl penicillin/streptomycin and
ml L-glutamine

6. A375 cells malignant
melanoma

500mI DMEM supplemented with 5l foetal calf
serum 10% (v/v), Bnl penicillin/streptomycin and
ml L-glutamine

7. PNT2 cells
prostate

norma

500ml RPMI 1640 medium supplemented withrGD
foetal calf serum 10% (v/iv), 5 ml
penicillin/streptomycin and &l L-glutamine.

8. HEKa cellsnormal
Human Epiderma

Keratinocytes

500mI DMEM supplemented with 5l foetal calf
serum 10% (v/v), Bnl penicillin/streptomycin and
ml L-glutamine
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28. 1.3 Cytotoxicity assay

An AlamarBlue®assay, based on resazurin, was used to detect the effect of sample on
cell metabolic activity Resaurin is a nortoxic, cell permeable compound that is blue

in colour and virtually notfluorescent. Upon entering metabolically active cells,
resazurin is reduced to resorufin, a compound that is red in colour and highly
fluorescent.The cytotoxicity of the crude extracts and compounds were determined
using 0.01% (w/v) resazurin solution (5mg in 50 ml deionise@)HThis was then

filtered sterili®d using a 02 um filter unit. The number of cells required for the
cytotoxicity bioassay was 1xigells/ml per plate (ie 1xf@ells in 100ug /well). For

the crude extracts and compounds, one gram of each sample was dissolved in 1.0 ml
DMSO and dilutedl:9 with complete medium to give 1mg/ml of plant extract or
compound in 5% (v/v) DMSQDn day one, the cell plates were prepared with nusiber

of cells required then incubatéor 24 hat 37C, 5% CQ, before the samples were
added.On day two, a 1:1 seriailution of each sample was performed in a dilution

pl ate to give a concentration range from
sample (100 ¢l) was transferred to the c
give a final assay volume of 2@0| . The final seri al di | ut |
1.9ug/ml. Controls (serial dilutions of 0.53pto 5@ DMSO as solvent controls) were

added to the appropriate control wells and staurosporine was added for a cell death
control. The plate was then incubedtfor 24 h at 3°C in a humidified atmosphere
containing 5% C@ On day 3, 10% (v/v) resazurin solution was added to each well

and the assay plate was wrapped with tin foil and returned to the incubator under the
previous conditions. Fluorescence intepswas measured after 24 h using a
SpectraMax M5 micrglate reader at the excitation and emission wavelengths of 560

nm and 590 nm, respectively. These results were transferred to Microsoft Excel for

analysis. Readings after 24 h were deemed as optimal.

Each sample was tested in triplicate and the results are expressed as cell viability as a
percentage of the cell only control. The equation used to determine the cell viability is

shown below:

Mean of Sample {OD560-5%0)

i, " <14 —
%o Cell Viability = 4 e ontrol (OD360.500) = 10"
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Extracts were considered to be toxic if they caused a tiedua cell viability by at

least 50% or more. Statistical analysis was carried out using analysis of variance
( ANOVA) wit h <estDsingMidTaldlé and graphs were plotted using
GraphPad Prism5.0.

Extracts and compounds 50% DMSO
A 5% DMSD cells (control)

250
125

62.5
Serial dilution
pg/ml 312

15.6
7.8
3.9

1.9

v

Figure 2.1: Template of a cytotoxicity plate layout
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28. 2 SYTOXEGreen assay

SYTOX®Green is a higlaffinity nucleic acid stain that easily penetrates cells with
compromised plasma membranes, but will not penetrate cefichembranes. Cells
wereseededat1xi6 el | s per well in complete mediu
incubated for 24 . Samples were prepared in compl
the wells and incubated fd?4 h (sample prepared at concetibas of 1.9 to
250ey/ mMEBYTOXEGreen was used at a final co
incubated for 15min at 3Z in a humidified atmosphere with 5% €@ SpectraMax

M5 micro plate reader was used to measure the fluorescence intensityso485.

28. 3 Effect of staurosporine and cisplat:i

Staurosporine was used as a positive control to induce apoptosis in the cells, used at 5
el/ml. (Thestock solutiorconsistedo2 50 ¢ g/ ml of staurosporir
5¢ g f r owasadd to 89kl of medium) The staurosporine waslded to the

cells and incubated for 24 h at 37°C in an atmosphere containing 5% &i©before

lysing the cellsCisplatin, cisplatinum, or cidiamminedichloroplatinum (II) is an
anticancer or cytotoxic agent (cheinetapy drug). It is as an alkylating agent and it
hasbeenused for treatmerdf various types of cancers, including carcinomas, germ

cell tumors, lymphomas, and sarcomidsreitwasi sed at 100 ¢ g/ ml (
1mg/mlin one ml DMSQ100¢l from stack wasaddedinto 900¢el of medium) added

to the cells and incubated for 24 h at 37°C in an atmosphere containing 5% CO

28. 4 ApGIEoTXri pl ex Assay

The ApoToxGl o E Triplex Assay is a combinati
chemistries to assegmbility, cytotoxicity and caspase activation. The first part of the

assay simultaneously measures two protease activities; one is a marker of cell viability,

and the other for cytotoxicity. The lixeell protease activity intact with viable cells

and is measured using a fluorogenic, eprmeant, peptide substrate (glycyl
phenylalanyaminofluorocoumarin; GIAFC).The GFAFC substrate can enter live

cells where it is cleaved by the |heell protease to release AFC. The-BAF-R110
substratébis-alanyldanyl-phenylalanylrhodamine 110; bi® AF-R110) cannot enter

live cells but instead can be cleaved by deatl proteasgto release R11(he live
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and deaetell proteases produce different products, AFC and R110, which have
different excitation and ensgn spectra, allowing them to be detected simultaneously.

The assay fora 9% e | | pl ate, cont ai nedAFQdubsirateas s ay

(100mM in DMSO),1& | -AAF-R110 substrate (100mM in DMSO),10ml Caspase
Glo® 3/7 buffer, Caspasélo® 3/7 substte (lyophilized)all components stored at
1 20°C protected from light.

For the preparation of reagents, warmed assay b@EfeAFC substrate and BBAF-
R110 substrate at 37°C awater bath, while caspas&go® 3/7 buffer and caspase
Glo® 3/7 substrawere usedt room temperature. The contents of theAHC and
bissAAF-R110 substrates were transfered into ral5of assay buffer, (for 9évell

pl ates, transferr ed mlLdassay buffer). @ree adsay buffds st r a

containing substrateseremixed by vortexing the contents until the substratese
thoroughly dissolved. This mixture will be referred to as the viability/cytotoxicity

reagent. Once prepared, the viability/cytotoxicity reagent containing both substrates

were used within 24 hf stored at room temperature. Unused viability/cytotoxicity
reagentwasstored at 4°C for up to 7 days with no appreciable loss of activity. The
contents of the caspas§do® 3/7 buffer was transfered inimamber bottle containing
caspaséslo® 3/7substree. Theywere mixed by inverting the contents until the
substratewas thoroughly dissolved to form the casp&e® 3/7 reagent for 20

seconds.

Cells were seeded at 1¥1€ells per well in complete medium in a 96 well plate (100
el ) and i nh Conpduredsland controls2nvére added to appropriate wells
for a final vol ume of 1 0 6.€Al 20 gpleliquot ofe | |
viability/cytotoxicity reagent containing both G&C and bisAAF-R110 substrates
were added to all wells, and briefly xed by orbital shaking (for 30 seconds) and
incubated for 30 min at 37°Q\ SpectraMax M5 micro plate reader was used
measurefluorescence at the two wavelengths 400Ex/505Em (for viability) and
485Ex/520Em (for cytotoxicity). After reading, 1@0I cpase@a@® 3/7 reagent
was addedb all wells, and briefly mixed by orbital shaking (for 30 seconds), incubated

for 30 min at room temperatyrand thduminescenceneasured
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28. 5 ADP/ ATP Rati o Assay Kit

The ADP (adenosine diphosphatéATP (adenosinetriphosphate) atio assay kit
provides a simple and direct procedure for measuring ADP and ATP levels in cells for
the screening of apoptosis, necrosis, and cell proliferation. The assay includes two
steps. In the first step, the working reagent lyses telielease ATP and ADP. In the
presence of luciferase, ATP immediately reacts with the substrdteifBrin to
produce light. The light intensity is a direct measure of the intracellular ATP
concentration. In the second step, the ADP is converted tot&WbBgh an enzyme
reaction. This newly formed ATP then reacts with thtu€ferin as in the first step.

The second light intensity measured represents the total ADP and ATP concentration

in the sample.

Components of the assagssay buffer 10 msubstrée 120¢l, cosubstrate 126,
ATP Enzyme 12@1 and ADP Enzyme126|

Assay Reaction before beginning the assay, the assay buffas warmedthe
substrateand cosubstrateere kept atoom temperature and ADP enzymeagents

was defrostedn ati 20 °C.

Cellswereseededat1¥i®e | | s per well in complete med
and incubated for 2 and After whichsamples wereadded to the wells at a final
concentration between 2802 5 ¢ g/ ml . AR réagent wasfregared which
contai ned as§ s asyu bbsit frfaere u @ ®ed rABPt emzynieckl.

The mediunwas removedrom the wells of the plate; % of ATP reagent was added

to each well andhie platetappedbriefly to mix. The plate was incubated for 1 min at
roomtemperature and read at luminescence for the ATP assaw[RLhé plate was
incubated for an additional 10 miering the incubation; ADP reagent was prepared
containing water 8land ADP EnAftey imebatibmr,the luminescence for

ATP (RLUg) was read This measurement provided the background prior to measuring
ADRP (i.e., the residual ATP signal). Immediately following the reading of RB4|

of ADP reagent was added to each well and mixed by tapping the plate or pipetting.
After 1 min,theluminescence (RLE) was readThe ADP/ATP ratiowvas calculated

using the formula below.

74



2, 5-RL B
ADP/ ATP '8_X100

28. 6 Apopetcoiss,s rmnd healthy cell quantita

Apoptosis and necrosis are two processes by which cellsDdieng apoptosis,
phosphatidylserine (P$ translocated from the inner to the outer surface of the cell,
allowing the dying cell to be engulfed by phagocytic cells. Annexin V is a 35 KD Ca
dependent phospholipid binding protein with a high affinity#8. The assay contains
Annexin V | abeled with CFE488A (excitatic
on the surface of apoptotic cells with green fluorescence. Necrosis resulted due to both
internal organelle and plasma membrane integritg, lcssuling in spilling of cell

contents into the surrounding environment. Ethidium Homodimer 1l (EthDs a

highly positively charged nucleic acid probe, which is impermeant to live cells and

early apoptotic cells, but stains necrotic cells and late apoptelis with red

fluorescence.

Cellsof IxXl6wer e fi xed onto the coverslip per
incubated at 37°C in an atmosphere containing 5% @@er 24 h, the cellswere
washedwice with PBS and 1X binding buffevas preparedy diluting 5X Annexin

V binding buffer 1:5with kO, and staining solution by a
CFE488nexin V, anldl I5¢iln olf0 OEtehlD 1 X bindir
staining solution to cover cells). The samples and stains were addee telid)
incubatedor 15 min at room temperatucevered withfoil to protect from light. After

incubation the cells were washed twice with 1X binding buffer, thencoverslips

carefully removednd placed cells face down, washed 3 times in PBS, daredudly

and mounted onto a microscopefor8Imindee usi n
fix. The coverd cells were then examinednd all images were captured on a Epi
florescence upright microscope (Nikon Eclipse) EGQB0 1.40 NA objective lens

was usedinder the following settings; Alexa555: TRITC, YFP: FITC, Nuclei: Dapi

and Imagedisedto open the pictures.
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28. 7 AdheBANDMD oebilbronect nhnnuskyEt@aMa Ce | |
Adhesi ofFiAgogyectin

Foll owing the manudfodect uleds/nBontahmgsamples t i o n ¢
at final concent rimserundreesnedum, a@din@ubdted at B37°C € g / n
in a humidified atmosphere with 5% @@\fter incubatiorfor 4 h, The nonadherent

cells were then washed awayice with 200ul of PBS solution. After washing the

cells, 100 pl of calce#AM solution was added to each well. The plate was incubated

for 1 h at 37°C in a cell culture incubator. A SpectraMax M5 micro plate reader was

used to measure fluorescence at 485 and 520Thmresults were calculated as %

adhesion, where the untreated control was considered 100% adhesion.

28. 8 AdldsiPAMNCet bkl agenadyv ouSkidrate 1 | Cel |
Adhesion Assay (Collagen 1V)

Foll owing the manuf anddr starile coddi#tionthe colagen ct i o n
IV adhesion platevaswarmed up at room temperature for 10 min. After which, 150

el of a cell s us p°etisénlioserundreermediuim and sagiple® . 5 X
(at 250 to 1.% g /) mere added directlyo the @ll suspension in the wells of the

plate. One hundred fiftylof the cell suspension was addedeach well containing

BSA (BSA-coated wells are provided as a negative control)iarubatedat 37°C in

a humidified atmosphere with 5% GQA\fter 90 min,the mediacarefully discarded

from each well. Each well was washedihes with 250 i PBS, then the PBS
aspiratedrom each well. A 200 pof cell stain solution was added to each well and
incubated at room temperature. Afté@rin, the cell stain solutiodiscardedrom the

wells and gently washed 4times with 5d@gionized The deionized water discarded

and left the wells to air drySubsequently, 200l extractionsolution was added to

each well and then incubatédr 10 min. 150 |l from each extracted sampleas
transferred to a 9@ell microtiter plate. A SpectraMax M5 micro plate reader was

used to measure the absorbance at 540nm.
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28. 9 Migration ass@ 4weslilngCed |CyMiogsrealte cotn A

Following themanuf act ur er 6seli neft ractciedbhs su3@@ns
5x1CPcells/ml in serumfree medium with the sample at final concentrations of 15.6

to250e g/ ml wer e added t o t hathecalsultwlednsests e ac h
(polycarbonatemmbr ane, 8em pore size to assay tt
a 48 well plate. Culture medium (5090 | ) containing 30% (v/Vv)
(chemo attractant) was added to the lower chamber of the migrationPlaté1 o f
latrunculin B was addedsaa negative control and incubated atC3ih a humidified
atmosphere with 5% GOAfter 24 h,300¢ Iof the labeling/detachment solution was

addedto the unused rows of the cell culture insert. The upper chamber was removed

from usingforceps anctarefully discarded remaining cells then the upper chanber

were replaced in the wells containing the cell labeling/detachment solatidn

incubated at 3T in a humidified atmosphere with 5% e@fter 20 min,each upper

chamber was removed by forcepsl aently tapped against the bottom of the well to

ensure complete removal of cellsThe cell culture insert containing the dislodged

cellswas incubatedbr an additional 40 min at 37°C in a €tssue culture incubator.

Finally, 200 ul of the dislodgedral labeled cells were transferred to an appropriate
number of wells o black Module strip and the florescenoeasuret 485 and 520

nm using a SpectraMax M5 micro plate reader. The results were calculated as %

migration of the untreated control, whialas considered 100% migration

28. 10 I nvasion assdydaesindgedl CYhoasli ent As

Foll owing the manufacturer 6s (26)sekceptct i on
the basement membrane layer of the cell culture insertsalvgdrated by adding 300

e | of w afreen mesli@ to uh@ inner compartment and incubated at room
temperature for h. The difference between the invasion and migration assay kit is the
inserts are coated with a uniform layer of dried basement membian& solution

in the invasion assayvhich serves as a barrier to discriminate invading from-non
invading cells. The results were calculated as a % invasion of the untreated control,

which was considered 100% invasion.

77



29Ef fect of the extracts and calogpsidasads on

a n damylase enzymes

29. 1-f Zct or

The Z Factor (also known as Zasgayandias Z06)
been proposed for use in high throughput assays to determine whether a result is large
enough to be investigated further. It shows the separation between the positive and
negative controls and indicates the likelihood of a false positivegative. The Z

Factor is defined by four parameters: the means and standard deviations of both the
positive and negative contedh an assayGiven these values, theféctor is defined

as:

ZFacﬂo'SXSt Dew3xSt D(e-
" Me a®+Me a(n+)

SD-: the negative control standard deviation
SD+ : thepositive control standard deviation
Ave+: the positive control average
Ave- : the negative control average

The Z Factor was deter mined f-glocosiEase h enz
a n damylase inhibition assayThe positive control was added tofhail a 96 well

plate while the negative control was added to the remaining half of the samwed| 96

plate. The assay was then carried out according to the specific protocols by adding the
enzyme and substrate before the plate was analysed on a plate Feddeing this,

the Z factor was determined. Values betweeniO®b are excellent, G 0.5 are

acceptable and less than O indicate that the assay will not perform well in a high
throughput context. The higher the Z factor value, the more reliable amdivefble

the assay is thought to be.

29. 2 Pl ant sample preparation

Plant stock was prepatat 10 mg/ml in DMSO (stored a20°C). In all the enzyme

assays, samples (crude or pure c-wehpounds
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roundbottom clear platesTene | of t he prepared sampl e wa

substrate in the enzyme assay plate.

293 PTP1B assay
29.3.1 Buffer preparation

The buffer was composed of the following: 25 EPES 50 mM sodium chloride,

2 mM dithiothreito] 2.5 mM ethylenediaminetetraacetic acid (EDTA) and 0.01 mg/ml
BSA. All were dissolved in 500 ml of distilled water and the pH was adjusted to 7.2.
An amended protocol was also used which consisted of the addition of catalase
(0.25mg/ml) to the assay buffebue to the addition of dithioreitol, some natural
extracts may produce hydrogen peroxide, which can interfere in the assay causing
potential false positive results. Therefore, by adding catalase to the buffer, the false
positives are minimised. All oth@rocedures and reagents remained the same.

29. 3.2 Enzyme preparation

Onehundred | o f t RTPLBevas addeddo 25 ml of the buffer and aliquoted

into 1 ml (100 el was s u#t8C.Awakngsolutorr each
of 2 nM was eeded therefore1 0 0 ¢ | of the stock was adc
buffer.

29. 3.3 Substrate preparation

6, 8difluoro-4-methylumbelliferyl phosphate (DIFMUP) was used as a substrate. The
stock was prepared in DMSO and the final concentration on theasaywas 10uM.
Km = 6uM.

29. 3.4 I nhibitor preparation

Bi st(rdi fl uoromet hyllsddi f soamopgygpbenyli ne (P
( TFMS) was wused as a positive control . A
produce a finalf ci#a ¢ mt B3DtOIMon range o

29. 3.5 Assay met hod

In a 96half-well flatb ot t om bl ack plate (CostarE), 1
samples were added. Then 20 ¢l of PTP1B
incubated for 30 min at 37°C in an atmosphere contaib%gCQ. Ten ¢l of
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substrate was added to the wells then incubated for another 10 min. The plate was
tested on a Wallac Victor2, (ex 355 nm/em 460 nEgch sample was tested in
triplicate and the results are expressethashibition compared to theoatrolandwas

calculated as follows:

Co.n tRreald 41 Sma leadi n
%l nhi =i+ CPConthecagrzj[fizng xlOgO

The control consisted of assay buffer with enzyme and substrate to a final volume of
40ul. The Ki for the reference standard was also calculatSthtistical analysis was
carried out usi ng A Ni@BY édsingwWlirtiTab 16 and grapinse t 6 s
were plotted using GraphPad Prism 5.0.

29. 4GlUlucosi dase assay
29. 4.1 Buffer preparation

Phosphate buffer at a concentration of 0.1 mM was fresielygoed by mixing 25.5
ml of solution A and 24.5 ml of solution B. The volume was topped up to 100 ml with
distilled water. The pH was adjusted to 6.8.

Solution A: sodium phosphate monobasic dehydrate M&h.2H,O prepared at a
concentration of 0.2 M in diilled water (13.9 g in 500 ml distilled28).

Solution B: sodium phosphate dibasic heptahydrateH®,.7H.O prepared at a
concentration of 0.2 M in distilled water (26.8 g in 500 ml distille®H

Stock solutions A and B were kept at room temperature.

29.4. 2 Enzyme preparation

The enzyme usew a sy -glacesidasdA stock concentration was made up in
water to 75units/ml and kept aR0°C until required. A final concentration of

0.2units/ml was used.
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29. 4. 3 Substrate preparation

P-nitrophenytU-D-glucopyranosidavas used as the substrate. A stock solution was
prepared in phosphate buffer and store@@tC until required. A final concentration

of ImM was used.

29. 4.4 I nhibitor preparation

Acarbose was used as a positive control and a staodewel was prepared to produce

a final concentration range from 25mM to 10pM. Km = 0.83mM

29. 4. 5 Assay met hod

In a 96half-well clear flatb ot t om pl ate (CostarE), 10 ¢l
samples were added to the wellsventye | -glficosidas enzyme was added to

each well and incubated for 10 min at 37°C in an atmosphere containing 5%etO

el of the substrate was added to the wel
37°C in an atmosphere containing 5% »C®he optical density was d&ed ona
Spectramax plate reader at 450 Bach sample was tested in triplicate and the results

are expressed &sinhibition compared to the control. TBeinhibition was calculated

as follows:

Co.n tRreald 41Sma leadi n
%l nhi k=it Cr‘Conthe(nng;j‘Fizng xlOgO

The control consisted of assay buffer with enzyme and substrate to a final volume of
40ul. The Ki for the reference standard was also calculated. Statistical analysis was
carried out usi ng A Ni@Y édsingwlirtiTh 16aand@aphs et 6 s

were plotted using GraphPad Prism version 4.0.

29. 5-amly |l ase assay

29. 5.1 Buffer preparation
The assay buffer consest of 50mM HEPE$ water at pH 7.1.
29. 5.2 Enzyme preparation

The enzyme used wasip@ i n e p-amylase & sosk cdncentration was made
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up in water to 250 units/ml and kept-20°C until required. A final concentration of

125units/ml was used.
29. 5.3 Substrate preparation

4-nitroph e n yD-maltdhexasidevas used as the substrate. A stock solution was
preparedn assay buffer and stored-&0°C until required. A final concentration of

1.5mM was used.
29. 5.4 I nhibitor preparation

Acarbosewvas used as a positive control and a standard curve was prepared to produce

a final concentration range from 300nM to 1n#in = 01.8mM
29. 5.5 Assay met hod

In a 96half-well flatbh ot t om cl ear pl ate (CostarE), 1
samples were added t o -amglase gndyraetwas addedtd t he
each well. The plate was incubated for 30 min at 3@%hiatmosphere containing 5%

COo. 10 el of the substrate was added to
min at 37°C in an atmosphere containing 5% .(d®e optical density was tested using

a Spectramax plate reader at 450 ritach sample watested in triplicate and the

results are expressed as percent inhibition compared to the control. The percent

inhibition was calculated as follows:

, ContRreamldiSmagniRleaa di n g
o) + 1 NN
A)Inhlbrlt.u.tonthe ding 100

82



Chapter 3

Results
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Partl: Phytochemistry

3.1 Solvent extraction and yield

Solvent extraction using a Soxhlet apparatus was carried out to obtain crude extracts
from the aerial parts of. zanonij A. cyrenaicunandP. tortuosusand from the fruit

of S. sodomaeujrand A. cyrenaicumand fromthe root of A. cyrenaicumwhile
maceratiorwas used to obtain crude extracts frelmradicatawhole plant.The aim

of maceration was to reduce the decomposition of active compaolatuls.3.1 shows

the yields obtained from the exttens.

Table 3.1: Yields of solvent extractions

Pl ant Name St ar| Yield Yield ethyl Yield
mat e| hexane | acetate (%) | methanol (%)
(g)| (%)
T. zanoniiaerial part 400 15 1.75 3.5
H. radicatawhole plant| 1000 2.4 2.1 2.1
S.sodomaeurinuit 331 5.1 2.3 7.8
P. tortuosusaerial part 510 2.9 1.5 3.7
A. cyrenaicunfruit 173 1.4 1.2 7.51
A. cyrenaicunaerial part 364 7.857 2.2 ND
A. cyrenaicumoot 640 0.628 1 4.3

ND = not determined.

3.2Fractionation of A. ¢ y r emde itagtsn

CC was used to fractionate the hexane extract of the aerial part (8gfa/il), the

hexane fruit (2g1.1%of yield) and the EtOAc extract of the fruit (2g, 1.2%oyield)

and root (6g, 0.93%f yield) of A ¢ y r e m.a heenathanol extract8f. cyr enai cu
fruit (13.0g, 7.5%0f yield) was divided into two parts for further fractionation. A VLC

column was used to fractionate the first part of the extract (6g, 8f4#eld). The

second part athe extract (1.5g, 0.86%f yield) was subjected to fractionation using

a Sephadex column. The methanol extrad.af y r e n eot @8g.3%f yield)

was subjected to VLC. The ethyl actate aerial pa#tof cyr €6 gi ofi m§ el d
was s db jViegc The silica gel and sephadex columns were used to purify

fractions fromAr um c y rextraets. €LC nwvas used to compare compound
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profiles. From the bands that showed on the plate, thelRes were calculated.
Fractions were assessed using NMRich also enabled elucidation of the structure

of ARE-6-6 andARE-6-18, isolated from the EtOAc extract of the aerial parfof
cyrenaicum ARH32 was isolated fronthe hexane extract of the aerial paftA.
cyrenaicumThe fractions codedRH 11-18,ARH 62-68and ARH 38vere examined

by 'H-NMR, and identifiedas y c | oart ane type, pditesterplhyt i n
and stigmasterchnd mainly associated with some unsaturated fatty #dats not
shown, Appendix V). The purification methods were appli¢al those fractions;
however theH NMR spectra of the fractions obtained from purification showed no
differences from the original spectrum, therefore, the separation process should be
repeated in the future usingférent conditions.

3.2.1 Charact®&6i apay/mpdr oxyB&EZzO0i c aci d

The compound AREB-6 (Figure 3.1)was isolated from thethyl acetateof A.
cyrenaicumextract usinga Sephadex column. After spraying wifitanisaldehyde
sulphuric acid reagent and heating, a brown spot appeared with Rf value of 0.70 using
10% (v/v) MeOH in EtOAc as the mobile phase on TLC.

The *H NMR spectrumHRigure 3.2A,Table 3.2 indicated the presence of a 41,4
disubstituted aromaticrign wi t h  pr o t46.98 pgm (Ho,a | &. &Hz ) and
7.93 ppm (2Hd, 8.8Hz). In the HMBCKigure 3.2B;Table 3.2 t he m7.83t on at
ppm (H2) showed®Jc or r e | at131.6 (G6)t162.3[(G4) and 171.9 (&) a
carbonyl gr ou p6.93ppmre(H3pshavedoaisdla br tiel at i on t
121.6 (G1 ) g 1146 (G5)and®Jc o r r e k162.3 pprm(&4) The COSY showed

the protons F2 and H6 & 7.93{2H,d 8.8) correlate to protons-Bland H5 at U

6.93 (2H,d 8.8 Hz).

The HRESFMS data showed a molecular ion [M]at m/z137.0246, suggesting a

molecular formula of €HsOs. The NMR results were consistent with the literature
(Choet al, 1998)this is the first report of its isolatidnrom A. cyrenaicum
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OH

Figure 3.1: Structure opara-hydroxybenzoic acid

Table 3.2: *H (400MHz),*3C (100MHz), and HMBC data #fRE-6-6 in
DMSO-de.

Position IH( 4 ppm]BC |HMBC corelations
1 - 121.6 -
2 7.93 (1H,d, 8.8Hz) | 131.6| C-6(J) ,C-4(J), C-7¢))
3 6.93 (1H,d, 8.8Hz) | 114.5| C-5¢J) ,C-1(J), C-4()
4 - 162.3 -
5 6.93 (1H,d, 8.8Hz) | 114.5| C-3CJ) ,C-1(J), C-4()
6 7.93 (1H,d, 8.8Hz). | 131.6| C-2(J) ,C-4)%, C-7())
7 - 171.9 -
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Figure 3.2 A:'H and3.2B: HMBC spectra (500 MHz) of ARB-6 in DMSO-dg*.
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3.2.2 Char aadAREil 8a spg-coonu mar i c aci3d - (da) F:

di met hoxyci(m)amic acid

The mixture ARE6-18 (Figure 3.3 was 1 sol ated from tAhe et h
cyrenaicumusinga Sephadex column @hL C pl at e, a brown spo
after spamiys alegdusthpghduer i ¢ aci d reagenst foll
val ue usidg 1@4ve)MeOH in EtOAc as the mobile phase

Th%® NMR s pottleetmajor compound ARE-18 a(Table 3.3 Figure 3.4A
showedr rtonheefinicihpr 62 a,g2H&E.t0 -7H2, Gabh.d3 5
(1HJ=16. 0-82, akhdoratrnpestdar u pif e d Us7 .gon6ad (2 Ha,t
JJ1.8, 6.086 .Hz1)d¢@a@nd 2, 6. 6 Hz ) aidmdsiucbasttiingute
ar o mat TheH NNRwspectrumdrthe minor compound ARB-18b(Table 3.3

Figure 3.4A followed the same pattern as that of Af8EL.8a except for the presence

of two methoxy groups instead of a hydroxyl group and proton-atafd G3,
respectivelyTheH NMR spectrum of RE-6-18b(Table3.3, Figure 3.4A indicated

the presence of three n&89dHA,tHi5), 7.A6(0H, ons a
dd, H-6b) 7.35(1H,d,H-2b) . The presence76lf 1Hyol6pr0ot on
Hz ,-7 bénd 6.39 (1Hd, J = 15.9 Hz -8Hpbalso suggestedteansolefinic H-7b

andH8 b i n the compound. The spectndOth al so
and 3.94 representing two methoxy groups.

The NMR spect3Bundi(sTpalba yee d Ucslil¥ . Ba) ICi A &5 . &
(8al/,5a)3Qalpa), armad) ladn4dd. 6t(hCe t hr edic quat e
126 -144)C, 1H@D). S5andc9ap6if®r ( €he major compou
from the HMBC!& pNeMR rsupne.c tTrhuem f or t he mino
met hi wéld8(aBb) , X).,8 RIBO.,5(adb)l44. 9(C

I n the HMBC spdBctrtume (&l giuir.e6 Z apH shomwedt
3correl ation to Uh20 mkda/h€a)e amd bitdns .céBtr b o
(®@a) . The otherin6l 863 af)iHcs plwadmhiantg t o

quater nariyl 2a&lr4b)o mdecestu @l i Nng t o thieléar®8ony
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(®@a). Theén7siseha/lb at3sbapwedngs U103 0.&8&r bons
6al/ Bcd¥4 4 .-ba) Galnsdd .-Sa ) C Thanwbs.i9Ba(lthba)y showe
3Jcorrel ati onlsl 2 60.-%cady blocn. b ad(t€a fJcaomugplang t
the catchéa.-&a) C Addn theinonoracbmpgund, the methoxy

groups showedJ correlationto thec ar b o @ $47.2 (G3b)liand 147.6 (&b)

(Figure 3.8, Table3.3). Therefore, thse carbors wereassigned to €3 and G4 in the

minor compound.

The HRESFMS data showed a molecular ion [Mh im/ #63.0473suggesti ng
mol ecul ar dJHe®OF mudlhae @afbo€e i nfABE-GA8 aasond i der
hydroxyci pamiuemananccdac¢i d) . The NMR resul't
previ ousg Yate.p@Ir 2This 1s)the first report of its isolation from.

cyrenaicum

The HRESFMS data showed a molecular ion [MjJa tm/ 207.21 suggesti ng
mol ecul ar CiHROs. muT hae oafbove i nARE6mEIEBSN i den
dimethoxycinnamic acid b) The NMR results showed agr

r e p dChanget al(,2009). This is the first report of its isolation fréxncyrenaicum
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ARE-168 Ree HR>= OH

A RE-1 8 :RbFR2=

OCH

Figure 3.3: Structure ofARE-6-18 asa p-coumaic acid (ARE6-18 a) and, 4
dimethoxycinnamic aciARE-6-18 b).

Table 3.3: H (500MHz),**C (100MHz), and HMBC data &RE-6-18in DMSO-

ds.
ARE 6-18 a ARE 6-18 b
Position H 13C H 13C
1 - 126.4 - 132.0
2 7.56 (1H,dd, J=1.8,6.9 | 130.1 7.35 (1H,d, J=8.0) 110.5
Hz)
3 6.91 (1H,dd, J=2.0,6.6 | 115.6 - 147.6
Hz)
4 - 159.5 - 147.3
5 6.91 (1H,dd, J=2.0,6.6 | 115.6 | 6.89 (1H,d, J=2.0 Hz) -
Hz)
6 7.56 (1H,dd, J=1.8,6.9 | 130.1 | 7.16(1H,dd, J=8.0,2.0) 122.8
Hz)
7 7.62 (1Hd,J=16.0Hz) | 1446 | 7.61 (H,d, J=16.0 H? 144.9
8 6.35 (1H,d, J=16.0 Hz) | 114.9 | 6.39 (1H,dJ=15.9 H2) 114.8
9 - 166.8 - 166.9
3-OCHs - - 3.94(3H,9) 55.4
4-OCHs - - 3.92(3H,9) 55.2
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Figure 3.4A:H NMR and3.4B: HMBC spectra (500 MHz) of ARB-18 in DMSG

de*.

91

[v]
™~
& @ o ©
2 i ® 2 OMe-4b
H-7a I T I -
H-2b H-6b jLL )] OMe-3b| |
i Al
BI o ?I,B 7‘.5 ?I 4 7.2 7‘ 0 6‘-8 6‘,6 5‘4 GI 2 6‘-0 5‘-8 54 4.8 4.6 4‘.4 4‘-2 4‘,0 3‘.3 3‘.6
f1 {ppm)
B
,LHUL-Uk_,__L et _;Uw.LL .U A S U_L
E20212.5.5er 105
Person ebtisam
ARE 6-18
H-7a/C-8a e
H-5,3a/C-3,5a
|| ( H115
r120
H-7a/C-2,6a H-5 (C-la H-8a/C-1a [
Hgo/c2e [ [
i
]
r135
£
Fl1ap &
H-6a/C-7a =
OMe-4b/C-4b 145
OMe-3b/C-3 150
155
H-6a/C-4a H-5a/C-4a
i u
H-7a/C-9a H-8a/C-9a Li6s
[ i
170
|
T T T T T T T T T T T T T T T T T T _175
8 76 74 2 70 6.8 6.6 6.4 6.2 6.0 5.4 5.2 5.0 4.8 4.6 4.4 42 4.0 3.8



3.3 Fractionation of P. tortuosuscrude extracts

The dried hexane extract Bf tortuosuswas dissolved in hexane and adsorbed on a
small amount of silic&0 H and left to dry in the hoodefore being subjected to
separation on a silica gel column chromatogragy eluted witthexane increasing
polarity to methanol. The fractions @mtted were assessed using NMR and enabled
elucidation of the structure of one compound designated®THCC was used to
fractionate the EtOAc extract &f. tortuosus no compounds were separated. The
methanol extract folP. tortuosusproduced a white pcipitate in the flask after
extraction. The white powder was filtered and weighed to yield 15g (P)IMhe
remaining extract was filtered and concentrated under vacuum pressure and further

purified on a silica €18; no compounds were obtained.

3.3CHaracterisatli oms oWwotRDWindmé dley | et her

(di osmin)

The!H NMR spectrumFigure 3.6A Table 3.4 indicated the presencelbvbunded at

U+ 12.93 (1H,s) indicating an OHat G5 of a flavonoid moiety. The ring A of the

flavonoid streture had thenetac o u p | e d 6.4 {161,d, § = 2a2tHz, IH6)

and 6.77 (1Hd, J = 2.2 Hz, H8) and an ABX substitution pattern on the B rimigh
proton§4s8Hd &= 23 Hz, H2"), 7.14(1Hd, J = 8.6 Hz, H5") and

7.57(1Hdd, J=8.6, 2.3 Hz,H6) andap r ot on s4i6.829(1HestH-3p The (

proton spectrumHigure 3.6A, Figure 3)3also indicated the presence of a methoxy

gr oup38&@BHI, and two sugar resi dugb5with
(1H,d,7.2Hz)and 457 (1H4,J= 1. 6Hz) al ong with some oKX
3.16 and 3.86 and a methyl doublet at 1.06 (BHs 6.2 Hz). The*C NMR spectrum

(Figure 3.6B,Table 3.4 indicated the presence of 28 carbons including a carbonyl

car bodl8a8.tUsing*H NMR and COSY spectra, the two sugar units were

i dent i-D4glecdse dus to the large coupling constant (7.2 Hz) of its anomeric

pr ot o A-rramnibse bor the small coupling constant of the anomeric proton.

In the HMBC and HSQC spect(aigure3.A, Figure3 . 7B) , t hhé.8p(lH ot on a
3)showeddc or r el at i o ncd0518 (G10Q), 423.h(G1H ancPacorreléations
Uc 182.3(G4)and 1645(2 ) . The p6&.7@ (H8)rarxd 6.4% (Fb)ishowed
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3] correlations to the carbons 105.81Q) and®Jc o r r e | actl638 (G3). Theo U

pr ot om6s77 @8) showeck] correlations to 157.3 (@) and3J coupling totic

99.4 (G6 ) . The p6.47 (H&)rssoweafd corielation to the carbon 86.3

(C-8) and?J coupling tocarbon afic 161.5 (G5).InringB,he pr o 7bhA@E at U

6 ) nd@Ax(H2A)showeddcorr el at i ol64.5(@2) andita ab oxygent
beari ng «cIa6lGAnN )at Tih en 7B7 (646 oshowerPd corielation

to the ¢14344@2n ) a tar.Atd(HAT) showedd correlations to carbon at

Uc 119.3 (G6") and?J couplingtoc ar b ocrl472{G3U) . The n@.t40t ons
(H-5") showed®Jcorrel at i onsc123d (Gdt'p 047.2 (C3) and?®) U
correlations to carbon at 151.6-4C° ) . Further mor e n3.85l38l, met ho
s showedJc or r el at i on cf154.6(64N) provingits dbranactiviytto ridg

B. The anomel-rilca mpmessd showed] cofrelation to carbon at
Uc66.8(G6"' ') of glucose resi duPBP-gl Whobkbd7 ahelal
showed®Jc or r el at i o B163.3(G7) @avibgatsaiconmectivity to ring A.

The HRESFMS data showed a molecular igkl] © at m/z609.1817 suggesting the
molecular formula of &H3:0:15. Thus PTM-1 was identified asluteolin-7-O-
rutinoside4 -methylether All the spectral data were in agreement with those
published in the literaturéGopalakrishnaret al., 2015) This is the first report of
luteolin-7-O-rutinoside4 -methyletheifrom P. tortuosus
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Figure 3.5: Structure of luteolif/-O-rutinoside4 -methylethel(diosmin).Key
HMBC (/_\ ) and NOESY ¢~ X\ ) correlations observed in PTM
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Table 3.4: H (400MHz),*C (100MHz), and HMBC data &fTM-1 in DMSO-ds.

Position H(ppm) BC(pp HMBC correlation
m)
1 - - -
2 - 164.5 -
3 6.821H, 5) 104.2 C-10€J) ,C-1°CJ) ,C-2(2),C-4(3)
4 - 182.3 -
5 - 161.5 -
6 6.471H, d, 2.2 Hz) 99.9 C-8(3)) /C-10@J), C-5(),C-7(3)
7 - 163.3 -
8 6.711H, d, 2.2Hz) 95.3 C-6(3J) ,C-10¢J) ,G-9(2),C-7(3)
9 - 157.3 -
10 - 105.8 -
i - 123.1 -
2" 7451H,d, 2.3 Hz) | 1135 C-6°C)) ,C3 @) ,C4 (), C2¢))
3 - 147.2 -
4 - 151.6 -
5 7.14(1H,d 8.6 Hz) | 1125 C-1°C)) ,C3 () IC-4 @)
6 7.571H,dd2.3,8.6 | 1195 C-2°C)) ,C4°(J),C-2())
Hz)
5-OH 12.93 - -
1" 5.01H,d,J=7.2 Hz) | 100.4 C-7¢)
2" 3.271H, m) 72.7 -
3" 3.331H, m) 76.0 -
4 3.61(1H, m) 75.2 -
5 3.181H, m) 69.8 -
6 3.86/3.472H) 66.5 -
1 4.5d,J=1.6 Hz, 2H) | 100.9 C-67CJ)), G5, C37(®))
2™ 3.671H) 70.0 -
3 3.471H) 70.3 C-1A)
4 3.161H, m) 71.7 -
5 3.421H, m) 68.6 -
6 1.06(3Hd, J=6.2Hz,| 17.7 C-5 @), G4 )
5H)
4'0CHs 3.85(3Hs) 56.2 -

95




*
4°-0CH,
- 3 i ;
IH5‘IH-6 |||I 'ul)
5-OH H-6" l | ""J]" r |, ‘i.ﬂ;ll T
| \
A o~ .'q | JI'\_J"U\_J'Ud'\_/\JhJ'L’ “‘\_ JLfkfifﬁJL_,
T T T T . T T T T . . T T . T T T T T . T T
13.0 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 45 40 35 30 25 20 15 10
f1 (ppm)
*
, C-6""
g AR o o o =
L 1
‘u UJTIT ?r ] !
TN e TS ™ 3 J Mostp I' w—w A w
H o : -8
Y ow
U ud C1
. 6
4°-0CH;
180 170 160 150 140 130 120 110 100 %0 80 70 60 50 40 30 20
f1 (ppm)

Figure 3.6A: 'H NMR and3.6B: *C NMR spectra (500 MHz) of PTM in DMSG-

des*.

96



‘I
| "
| »v'l "\ |\ | |I
o) ,L__JUL__ J'L_,—_ LJ’\JL,JJ’UL, W " MV S | G | S
E12474.5.%er
Person ebtisam 30
PTMIL
— ] 40
= 50
60
gH-17/C-67 H-6"/C-5"}
% H-1fe3 dHT eSS H-s“‘//c-4“‘t [
' k8o
H-6/C-8 Fo0
— HE/CE " we/ca0 C e HET/OTT hoo 2
— H-6'/C2° ™2 &
e “\H-S,HG/C-lD fio =
. fl-s c-1
—] K = cH3/c1 [
H-2*/c-6" k130
140
] o wee—H5H2/CE 4‘-OM:[C-4‘ oo
1 K -8/c-9 .
—iH-3,H-2 H-6'/c4 ,H H-6fcs H17/C7 )
=] o
7' "\ / \H-E,HSIC-T k170
H-3,H-2",H-6'/C-2
—] - H-3/C-4 180
7:5 7“0 6:5 G‘rD 5;5 S:U ; : 3"5 3.’0 2.’5 Ejl] l.rS l.‘l]

45 4.0
f2 (ppm)

. 4-0M ‘ [
™ . * :
1 oo “ .
T oo wH-1 0 ()
he THs T M H-1 2\ | ff
A J AN _J’\NL_. f_Janurv Ul .,J|'~.___ _
E12474.4.5er
Person ebtisam
PTMI

r10

—— ' c67% r20

° 30

———— ? 40
3 OMe 0 ts0

?m C-ﬁ-" +60

g
[ =
— & -
—_— g i i 70
_ IT-
e Nes +80
) +90
S C-84 .
* c-6° C17 CG1
— . ¢ , +100
4 c3¢
c-2° C-5 H10
f— ﬂ. ([
_— C-6 o F120
—d
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3.3.2 Charactef i dwytdirediixdofdrBmgdhoxyphenyl

y

propionic acid (vanillactic acid)

The compoidnfFPdgtbe 3.9) was isolated frori
par tP. oft orutsu mgu sCC. Af t p-a n isspa |-adyel hpydpduewi € h a c

-

eagent and heating, raalye¢ |l ofw GpoSusippeg az
hexasethe mobile phase on TLC.

Th¥® NMR spectfurgFofgARP EH&.I20 3. 5) reveal ed
an aromati c r iubh g6 .w8 & hf 1pH.oBt20Hds, G 38 8,J ( 1 H,

8. 0O5H2 ,tkhH&l. 78 dY=1H8,. O 26 8)hkz ,copling col
and multiplicity of these signals indicat
al so showed the pres@HA872H@I= met B-JHE Nne si ¢
from COSY‘H-H (Figure 3.11At h e p r @576(hH,nmeH2) were assigned to
attachedtoFB. A si gnal fr®B.O0 represehted & methpry group.a t

Cc

The 3C NMR spectrun{Figure 3108, Table 3.5 indicated the presence of carbons
atoms including one methylene carbon at 43.38 ppm, one methoxy ea&mna ppm,

three quaternary carbons at 130.3, 145.0, 146.6 ppm and four CH carbons at 110.8,
120.8, 114.3, 80.4ppm.

The HMBC spectrumRigure 311B, Table 35) showedJ correlation between protons
aty6.U8(H67),6.83H2 ) and a ca43B@ECB)si dhal pabt 0n:s
6.78(H6)3Jcoupling toctlB@(Gxa)y .bohise afi.83dH ons at
2)showed &Jcorrel ati on tcd20.8(@68) and 4450 (@h)sTheat U
prot on 6.88 (&) shoaed dlicorrelation to the quaternary carbon 130.3

(C-1") and146.6 (€3). The singlet of the methoxy group showed eorrelation with

an aromati c c act b46.6 The’d eomelatiogs between arethyléne
signals3dt amd t he c410.8 (@A) 12684@6N anchascarlzonyl U

at 173.1 (Gl) and®Jcorr el at i o ncat 180.3¢@LY), bvbiah thare¢forel
confirmed the methylene proton and carbeB.C
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OH

OH
HO

OCH,

Figure 3.9: Structure of2-hydroxy-3-(4-hydroxy-3-methoxyphenybpropionic acid
(vanillactic acid)

Table 3.5: 'H (400MHz),**C (100MHz), and HMBC data &fTH 67 in CDCls.

Position 'H(ppm) 13C(ppm) HMBC correlations
1 - 173.1 -
2 5.70 (1H,m) 80.4 -
3 4.37 (2Hd, J=5.6 Hz) | 43.3 C-2°(3) ,C-6°(3), C-1'(Q),
C-1¢J)
i - 130.3 -
2 6.83 (1Hd,J= 1.8 |110.8 C-6'(J), C-3(3))
Hz)
3 - 146.6 -
4 - 145.0 -
5 6.88 (1H,d, J=8.0 Hz )| 114.3 C-1(J) ,C-3'(3)
6 6.78 (1H,dd, J= 8.0 ,1.8/ 120.8 C-2'(J) ,C-4'(3), C-3(J)
Hz)
3-OMe 3.90 55.9 C-3'(})
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Figure 3.11A: COSY (500 MHz) anc.11B HMBC (400MHz) spectra obf PTH
6-7 in CDCE*.
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3.4 Fractionation of T. zanoniiCrude Extracts

A silica gel column was wused. toarmhwmeEit i on
Et OAhhe fractions collected from the hexa
enabl ed elucidation of the st-68caodeTdH
41449, Ot her fractiamres efxrtaoamctt i d a mdm#DBe K @
wee combfoetdhandpuri fwadafafso mdré GBEROEADKE d e X

and -TZB7-9. The methanol extract was fr at
fractions were collected and examined usi
2 4. No compepadatwdr ¢ rom the fracflionat.
zanamsiing silica gel

3. L£hhr act eorfi sTAZOHB@H alsy br-6 x y-7 , 4"

tri met hoxywfallvv greeni or

T ZH 0-B 0-9 (Figure 3.12 was obtained as a pale yellow solid from texane
extract ofT. zanoniiusing a silica gel column and purified by Sephadeixmn A
brown spot with an Rvalue of 0.61 was observed when this compound was run on a
TLC plate using 50% (v/v) MeOH iBtOAc as the mobile phase.

I n 'HhBMR smpEgued.18A Table3§, the A ring of a f
was identifiewd6whbB8h(-8HprAtpai atodbr shgnal
coupliningOad =W, 0,-3HZ 5 U)¥ .a8n6dd,=29H,0 -Hz/, 6 H)
establ ipghleeasdntclepaodd wab slt, i t4uatnedd pBr ortionng si n gl
6.6.2 (1H,s) for H-3 of ring C The NMR spectrum also exhibited three methoxy

groups atin 3.92, 3.95 and 4.00. A single singlet protoniatl2.78 confirmed the

presence of OH at-G.

In the HMBCFigsep31d4 r tam p(r W@ t60 5 8&)t( Hs h% we d
correlations ¢ 10 6t.R20 YcGarnbdo-6mBd%.t6o Gi(pC i Nng t C
car baiplss4a.tdy ,( AFY.TRep( Gt 7. 8B (K )3Jshowed
correlation to al2gu@Et)anddtas ya caabdmnead A
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4 Thepr ot e . &23) showed 2] couplingto the carbons at 1 6 4C-2)1
and 1828 (&) and®Jcoupl i ng t o ct23.8Cl)andlia62 &10)a t
The proton afiy 7.86 (H2'/6") showedJ coupling to the carbon @it 162.6 (G4").
The met hd.G0yshoaedlclior r el ahh & o o a & b66.2 (GB,tthe U
met h o $.95showelflc or r el 132606 Xt owhi | e t hhe met h
3.92 slowed3Jc or r e | aid 1i62D6n(G4").tFmm the HSQC spectrum (Figure

3.14B) the methoxy carbons were identifiedrag t hoxy at 8&%2 3hel o
met ho¥y QGU®BD. D3 and-7me tah axby6 0(@C a't

C«

The HRESHFMS data showed a molecular ion [M] @z 327.087 suggesting the
molecular formula @&H160s. A NMR spectrum in the literatuf@acundcet al, 2012,
Hossain and Mizanur Rahman, 20&G6pported the structure ®fZ 1 0-B0-9b e i n g
abS-hydre,xy7, 4 f |tarviitimestthie first neportob-hy d r-o,x y7, 4°
t r i mdtl haosxoynTezarfomi.o m

Figure 3.12: Structureof 5-hydroxy-6, 7, 4-trimethoxyflavone orsalvigenin.
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Table 3.6: 'H (400MHz),1*C (100MHz), and HMBC dataf TZH-103-107-9 in

CDCls.
Posit H( ppm) |1E(ppm) HMBC cor sel
1 - - -
2 - 164. -
3 6 . 68,9 104 .| C1@J),C1¢),C-2(2),
C-4 (%)
4 - 182. -
6 - 132.6 -
7 - 159. -
8 6. 589 1H 90. §C1@),C6(),C9(~),C-
7(3))
9 - 153. -
10 - 106 . -
1° - 123. -
2° 7. 864 E 9 128. C-4°(3J), C-6°(2)
Hz)
3° 7. 088d, X 9. 114 C-1 (3J),C-4°(4),C-5°(J)
Hz)
4° - 162.6 -
5° 7. 088d, X 9. 114 C-1 (3J),C-4°(2),C-3°(J)
Hz)
6" 7. 864 XE09. 128 C-4°(3J), C-2°(}))
Hz)
5-OH 12.78 C-1@J),C6(3), C9(¥
6-O C H 3. 88,9 60.9 C-6(3J)
7-OCH 4 . (BH,s) 56. 2 C-7(3))
4-O0CH 3. 88,9 55. 3 C-4'(2)
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Figure 3.14A: HMBC and3.14B:HSQCspectra (400 MHz) of TZH03-107-9 in

CDCls*.
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3.4.2 Character-15B*0 ormashp®r-383kgH 4 - 6,
tetramet hoxyf-hyndmoédxyOR 7Aa,s & tetramet hoxyf

TZH5D7D (Figure 3.f1LBdmwabsl|l bbhagaeakedsepara
extract zafmovhmi ch wasSegplhljbdounend, teol ut ed wi
met hanol . On TLC, the compound showed up
treat mepatni wiat-doduelhpyhduer i ¢ aci d reagent and
turned yeldvaw uei tof &n 3B using a mobile p

hexane.

TheH NMR spectrum(Figure 3.16A)revealedthe presence of a hydroxyl signal at
12.76 ppm (OFb), a hree spin aromatic system@t 7.39(1H,d, J= 2.1 Hz, H2")
7.01 (1H,d, J=8.4 Hz, H5") and 7.56 (1Hdd, J= 8.5, 2.1 Hz, H6"). Two other
aromatic singlets were observedia6.58 (H8) and 6.63 (FB) (Table 3.7.

In the HMBC spectrumKRjgure 3.174, one methoxy a4 3.93 attached to -6 also
showedJc or r el at i on c138.5(G6) and thus was aseignadtafile.
The proton atin 6.58(H-8) showed a strong) correlation to (G5) attic 132.02 and
(C-1 0) c(A06.4)@ndtJ correlation to the carbor(C-9 ) cd%3.2.0The protons at
Uy 7.56 (H6), 7.39 (H2") and the methoxy at' 40 showedJ correlations to the
carbon aticti 1 §@4.) &nd thus the methoxy is attached td CThe protonsi+
7.56 (H6") and 7.39 (F2") showedJ correlation to the carbon (€ ) cd@4.2.The
proton atiiy 7.01(H5") showedJ correlation to the carbon(®) atlici 1 4@l thd
carbon (G1°) at Uc 123.5. Protons aiiy 7.39 (H2") and 7.56 (F6") showed?J
correlation to the carbons signals-§Qg, (C-2°) attic 120.1, 108.9 respectively. The
pr ot i@n6 . &183) showed &J couplingto the carbons aic Ui 1 6 @C-2Rand®J
coupling tolic 106.4 (G10). The methoxy alih 4.02 showedJ correlation to the
car bonl59%06 (GO and the methoxy was thus assigned #3Mé and the
methoxy atlis 4.01 showed] correlation to the carbon &t 149.4 (G3%) and the

methoxy was thus assigned a®Ble.
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TheHRESHMS data showed a molecular ion [Vt 359.1123 suggestirmgmolecular
formula of GoH1807. TZH-150-170-7 was identified as ‘hydroxy3’, 4, 6, 7
tetramethoxyflavone and confirmed @Yyatollahiet al, 2015) this is the first report

of this compound r @ .raanonii.

OH 0]

Figure 3.15: Structure of Bhydroxy-6, 7, 3", 4-tetramethoxy flavone.
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Table 3.7: H (400MHz),**C (100MHz), and HMBC data GfZH-150-170-7 in

CDCls.
Positi H(ppm) [T€p HMBC cor sel
m)
2 - 1614 -
3 6. @HY 104 C-1 (), C-2(3)
4 - 185 -
5 12. 76 -
6 - 132 -
7 - 159. -
8 6. @MY 90. ! C1 (), C-6(), C9%)
9 - 153. -
10 - 106 -
1 - 123 -
2" . (@M d J=2.1Hz)| 108 | C-6(J),C4 (J).C2())
3 - 149 -
4 - - 152.3 -
5 . QH,d,J=8.4Hz)| 111 | C-1¢J), C3 @)
6 7 . (AH§ dd, J= 120 C2¢J).C4a¢)Cc20),
8.5,2.1 Hz)
6-OMe 3.96 (3H,9) 6 0. C-6(%))
7-OMe 4. BH,9 56 . C-7¢3)
3-OMe 4 . BH,>9) 56. C-3(})
4-OMe 4 . (BH,9 56 . | C-4'(3))
5-OH 12 . (TH6s) - -
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3.4.3 Charafct eZZMpaast i wmosi de

TZM 4vas i s ol atmetkhhnofextmaenoltzhmenias a gr eeni sh

amorphowssi gl iad Sephadex c ol pammi.s aA-fdteehry d €
sul phuric acid reagent and heatailuge, od Dr c
using 30% (v/v) MeOH in EtOAc as a mobil

Th® NMR s pEbla3r8unfidg 8. 19A) showed signals
group with any7ABOX5S bgrleH,® mMHEW6 . H 8 d,g=18H., 1

Hz ,5)H w6d97de)xB, 1, 2:60 tand Hwo oliw/f.idBi c p
(1HJ)15. 9-7Hz m6H 2 1 d 0=11+5,. 9-88z, H

The NMR spectrum al so showed anolththe4d9 ABX
(18J)=6. 3 -6Hz046 .H6 4 d,(-BHH) kN B 5b ¢ &H, ). The COS
ankdSQCexperi ment spectra ( Ffiugrutrles r3a |l1e9dB, o nF
met hyllUe2n.e7 Garh( ZH,) and an oxymd8t BgmMmeam, gr o
8auy3/. 63m( B, ). These data suggested the
moi ety. The twithlméelg@gRBeHglr eblizp,s JHOtadned ( 3 H,

dJ=6.1 61z, H) and t wolhé4ndhe@=11d,6p-Hezfo H at

5.03 d(J@H,6 -Hz, H) accowretoexdy fsaurgatrwanét s
anomer i c U4pdr.o3t8oay(JdaH., 7 -Hz, ) H one oxymet hyl
addional oxymet hines were also observed,
unit. Wi th the anMOESYex@@$ Y(,meTg@ESeY 3. 19 B,

3.21B, Figure 3.21A, t hree sugar units were identi

Prot dn$H;1H ° ° -2anHi2 /H ° 't vwdhatmmeose units were
equatori al due to the small -~ ol@.(i6ng¢Hzgan
The coupling-4c¢c0w3.t11835t9.f0orHzH  mali @axti ed a
ori endafal3 M odn/ HS 7 H . I n contrast, thle | arge

(W4 . IB87 . 7 Hz) i Rldi c a@tnedd tMreladaiesa xH al -4 (Rir ot on
4. t4=9. 6 Hz) al so appeared as a triplet
al |l otwhengassi nmédniH HhdtHlHadnsaxi al . On t he b
above dat a, t wo s ugar Ulsroh aenini oepsy rvaddroes ei daen

glucopyranosi de.
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The NMR spEblde3um howed 35 carbons includ

meyh, three methylenes, eighteen methine
signals for thrdel@ha48né@@O0.-Baf BkhGh.az
(@ " " "), one uooxey. @ t(hQy |l @amae tahe twb8 m24 hyl

(® ) amac ada@B®&64° ") further confirmed the

one rhamnose uUint.

I n the HMBUTabled&E cEirgmr & 3. 20A) , the ol ef i
groupl at(4B) corr¥Ytavpdi mgsa tollhe. -X)ar®on
and two ar omaidli2cl .o t(hddndess. -29t( CThe ot her ¢
protonG. 288 )( B hdwed ral ation to ocd26uldter
() afldoupling ticl6Br-BpHChhe aip?.olRNGSH at

an@6. 97 )( H hbawédd oup !l i ngsbetaor ionxgy ggeunar t er n a |
aticl48 .-4) (£hd6.-3) (Crespectively. On the hy
met hyl enelind.r 7 (oM sd idscpoluapyl eidn g s Utld 6c-®rF i Cn's ¢
anit19.-0 X Glcaordr el ati on to t hel@oOxyBnetChyl e
anduch29 .-6 Y C The oxymeinByB8o:&n 6 38 nadl ls) at
correldtedphimag t o onelclaOn2o.r8e r(i)®, ncyanrtbhoena t d
hydroxytyrosol -lwaéDehfi nkedytanodied€. On t
th& correlation bet ween Uthe38adnOkherancd ptrh
oxymet hyl eicd Oc 8r ) &nf vartt her est ablibBhed th
Dgl wygo anosi de and hydroxytyrosol b-DThe 1|
glucopyranosi de wa%dc ad ploi e tkeectt vagle nvi 4t the td
(H" ") thelicéd&@bbBnylClataddi tinGB8,(7Fhe) pawd o
5. 08 " " " )3Jsboweldati ons Ul 1t. & (Cald bams .
79. 8 (G, respectively, suggesting that t
throwdgh Gind "CrméuefhéehédplBdit ong &thowed

correlationsi®®.-6hE€)liexa.nHd n(sH adlbowed! at i o
to the UclarOb.-dnN( Gt) suggesting that the gl u
were | inked 't Kmadudh C

The HRESFMS data showed molecular iofM-H ] a tm/ 769.73 suggesting
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mol ecul ar sfflp@inuTheobb&€ve data |edM#do the
a voliumosidle The NMR results were in good ag
(Boglkt.apl 2 0HsGskhe first report of poliumoside from zanonii

6™ 5m K

FigBLB8Structure oKeyp oHMNAGnOs) dand NOESY
(# X) correlation®d4observed in TzZM
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Table 3.8: 'H (500MHz),%°C (100MHz), HMBC data 6TZM-24in DMSO-ds.

Position IH (G ppniC (|HMBCcorrelations
ppm)
Caffeoyl - - -
moiety
1 - 126.3 -
2 7. 054d0=12H,0 |115.2 | C-6(3J), C-4(%J), C-7(3J), C-3(*J)
3 - 146.4 -
4 - 148.7 -
5 6. 78d(0=18H,1 |116.2 |C-1(3J), C-3(4), C-4(3J), C-6(3J)
6 6. 0T HdI=8. 1|121.2 | C-2(3), C4¢%), C-7(3), C-3(1)
Hz)
7 7. 48d0=11+p,. 9| 146.1 | C-9(%)), C-8(X), C-1(3)), C-
6(3), C-2(3)
8 6. 21d0=11+p,. 9| 113.9 | C-1(%), C-9(¥),C-7(X)
9 - 166.3 -
Hydroxytyrosol - -
r - 130.2 -
2 6. 65b¢sH,116.9 |C-6(J), C4'(2), C7(3),C-
INQ)
3 - 144.8 -
4 - 143.2 -
5 6. 64d()LH|1157 |C1(),C3*)
6 6. 49d(=16H,3 |119.9 | C-7(3), C-2'(%)), C-4'(}))
7 2. 70m()2H|355 C-%‘(ZJ), C-2°(3J), C-6°(3), C-
1)
8 3.63mIy3aH8g3 |70.9 C-7°(3), CG17(J), C1°(})
m)
Glucose - -
1" 4. 38d(0=17H,7 |102.8 | C-8'(J)
2" 3.22 (1Ht,J=8.5 Hz) | 74.9 C-17(3),C-37(X)
3" 3.72 (1Ht,J=9.2 Hz) | 79.4 C-4(34), G2(3), C1°(3))
4> 4.74 (1Ht, J=9.6 Hz) | 69.4 C-9g3J), C-37(3), C57(Q), C
6-()
57 3.66 (1H,m) 74.5 C-17 (%)
6 3.32 (1H,m) /3.51 (1H, | 66.3 C-1C))
m)
Rhamnose 1 - -
1 4.51d(=11H,6 |100.9 |C-6"(3J),C-5(3),C-2" (})
2 3.60(1 Hdt,J=3.5,1.7| 71.0 C-37(3),C-47CY,C17 ()
Hz,)
3™ 3.41 (1Hdd) 71.3 | C-57¢)),C-27C))
4 3.16 (1Ht, J=9.1Hz) |72.7 |C-6 (), C5(A),C3 ()
5 3.37 (1H,m) 68.1 C-6(4), C-4(2)
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Tabl e c30.n8t:i nued) .

6 1. 12d0=36H|18.2 |C-57(3),C-4()

Hz)
Rhamnose 2

1 5.03 (1H,d, J=1.5 | 101.7 | C-37(3), C-3(}), C
Hz) 5°(%)

2 3.70 (1Hbrg) [709 [C37(Y)

3™ 3.30 (1H,m) 70.9 C-477(3), &5 ()

4 3.14 (1Ht, J=9.1 |72.2 | C-277(%), G5 Q)
Hz)

5 3.33(1Hm) [69.1 |C17()

6 0. 96 d(@=36H|18.6 |C-4(),C5 A)
Hz)
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3. L£h&aracteris-eB8ian phedghHytin A

The conpZodudiFure 3.22)was i sol ated fromT.t he hi
zanonias @arlken amorphous solid using silica
after sprayineguwipthhuramrci saxli dde hr yechaittearRt f ol |
value of 0.65 using 70% (v/v) hexaneHtOAc as the mobile phase on TLC

The!H NMR spectrum Table 3.9 Figure 3.23 revealed the presence of three proton
singlets i ni8.5b1toa0 ppre g simglet around 6(2 ppm and a multiplet
around 8 accounting for £H=CH2 group. Singlets we also observed between 3

and 4 ppm for the methoxy groups and singlets detected between 1.55 and 1.9 ppm for
the methyl.

The H NMR spectrum Figure 3.23 showed three deshielded protons at 9.55 ppm
(1H, s, H-10), 9.42 ppm (1Hs. H-5) and 8.58 (1Hs, H-20). Another three signals
between 6 to 8 ppm for-8*, H-32 and H13. In addition, an oxymethylene multiplet

at Un 4.50, a triplet afih 5.17 assigned as an olefinic proton attached to a methylene
anmet hyl sSii@.n&0 s)( A, 87 d(abnHih 1. 60 s)( 3wMer e

observed, suggesting the presence of a pl

The 3C NMR spectrum Kigure 3.24A and 3.24B,Table 3.9 showed a total of 55
carbonsi ncl uding five mettlRyIl9s, seve nmenteh dix yn eas
ol efi onslcBA90p27 Uct,1030c8 98Bn R, t hr écel O9mest, hy |

29. 7 and 31.5, ank22exomendylkeegat @aén qua
i ncludi ng t hicle8e9 .c7a r blo7n3yhgothaark@ carbodsOcould be
attributed to thephyt ol moi ety wi t h ocnlé7.7,00nee f i ni c

oxymethylene afic61.5, fiveme t h ylk 56 .aQ, 19. 6, 19. 7, 22.6
met hyl eneis24tthyre24.a8 andu2%aBd flw@Pabt 3
and 39.9), ani@ t2Hr Qe Mt I6i e B8L2. 7 as wel
a fticl 4 2 In @ddition, the HMBC and HSQC specti@dgure 3.25A,and 3.2B)
showed typical correlations between the protons and carfiahée(3.9 confirming

the structure of pheophytin A.
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The HRESI-MS data showed molecular ion Mjatm/ &7 1. 57 15, i ndi ¢
mol ecul ar s#H-00sNnDdtasfronstHl NMR spectra ol Z 6 8vas similar
to the data obtained for pheophytin A (@baet al, 1997, Lv and Xu, 2008)

p-11! P17
CH3 CH3
" M
<5 P-7 P-11

Figure 3.22 Structure of pheophytin A.
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Table 3.9: IH (500MHz),1°C (100MHz), and HMBC data GfZH-68 in CDCls,

Position H@p p m) BCc(ua HMBC correlation
ppm)
1 - 142. -
2 - 131. -
2t 3.439(3K 12. H-2Y/C-2(4), C-1(3J), C-3(3))
3 - 136. -
3t 8.03d@xHYy, 129. -
11. 5 Hz
3? 6. 20d( /He| 122 H-32%/C-3(3))
(18,
4 - 136. -
5 9.429( 1K 97. H-5/C-7(3J), C-3(3J), C-4(2J)
6 - 155. -
7 - 136. -
7t 3.279(3K 11. H-7%C-6(3J), C-8(3J), C-7(3J)
8 - 145. -
gt 3.73m(2H 19 -
g° 1. 73t EIHT7| 17. H-8%/C-8(3J), C-8(%))
9 - 150. -
10 9.559( 1K 103, H-10/CG12¢)), C11(4), C-8(3))
11 - 137. -
12 - 129. -
1% 3.719(3K 12.|H-12YC-11(3), C13()), C-12(3)
13 - 128. -
158 - 189. -
13 6. 289 1H, 64. 5 H-13%/C-152), C-14(%), C-13,
(3J) C-13*(2)
13 - 169 -
18 3.919(3HK 52 H-13YC-13%())
14 - 149.5 -
15 - 105.7 -
16 - 161.4 -
17 4.23 (1H,d) 51.1 -
17 2.36 (1H,m) /2.66 29.7 -
(1H, m)
172 2.22 (1H,m) /2.51 315 -
(1H, m)
173 - 173.7 -
18 4.49 (1H) 50.8 -
18t 1.82 (3H,d, J=7.3 23.1 | H-18YC-17¢%J), C-18(2), C-19())
Hz)
19 - 172.8 -
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Table 3.9:(continued).

20 . 58 9( 93.2 H-20/CG-2(3))
P-1 4.50 61.5 -
P-2 5.17 117. 7 -
P-3 - 142, ¢ -
p-3! 1.60 16. 0| H-P3YC-P-4(%), -PC
2¢)), ®-3(3)
P-4 1.91 39.9 -
P-5 1.30 24. 9 -
P-6 123/ 1. 37.3 -
P-7 1.32 32.6 -
P-7* 0.82 19. 7| H-P7Y ®-7(3), -PC
8(%J)
P-8 123/ 1. 37.3 -
P-9 1.30 24. 8 -
P-1 0 123/ 1. 37.2 -
P-11 1.32 32.7 -
P-11! 0.80 19. 6| H-P-11Y ®-1 2)), -PC
1 @)
P-12 123/ 1. 37.5 -
P-1 3 1.30 25. 6 -
P-1 4 1.13 39.5 -
P-15 1.56 27.9 -
P-1 6 0.87 22.5| H-P16#C @), -PC
1 B, ®-16))
P-17 0. 88 22. 6| H-P17 Q@) -PC
1 B, ®16))

124




¥ H-17* 1
0

H-8! }
\ - 2
H_131‘f‘1 H-121 . H-17% | | |
o0 | ! H-FL‘H-? ‘ ‘
H-lq H-5 H-20 H-3! H-132I|.|_32 ;';H-l? \.* | ij |
S ¥ P PSR RN [ L O S O L I BT

10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0

55 5.0
f1 (ppm)

Figure 3.23: *H NMR spectrum (500 MHz) of TZH68 in CDCE*.
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Figure 3.25A: HMBC and3.25B:HSQC spectra (500 MHz) of TZH8 in CDCk*.
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3.2.5 Charafct ®A4#9 aatsi ofner ul i c acid ester o)

The compound Z 4 14 qFigure 3.26)was isolated from the hexane extracflof
zanonii using column chromatography on silica gel. Using 70% (v/v) hexane in
EtOAc as the mobile phase for TLC, it appeared as a brown spot withradule of

0.74 after spraying with-anisaldehyde sulphuric acid reagent and heating.

The 'H NMR spectum (Figure 3.27A of the compound TZH1-49 (Figure 3.26
revealed the presence of an aromatic ring with three protansa1 (1H,d, J= 8.1

Hz ,H-5), Un 7.03 (1H,d J=1.9 Hz , H2), andUx 7.07 (1H,dd, J= 8.1,1.9 Hz, Hb).

The spectrum also showed the presendeaoko | ef i ni c 1 H0 @A d)yJFrs at
15. 9 Hz6.28 @m,d JF i5.9) were assigned to-H and H2" respectivelyA
signal f or unB.9Brépresented@ methtoxy group. Ut

[l

The 3C spectrum (Figure 3.27B, Tab®10 showed carbon signals made up of a

met hoxy at uUuc 56.1 ppm and six aromatic
146.2, 148.0 (carbons at 146.2 and 148.0 ppm were observed to be oxygen bearing
carbons), andtwo dlei ni ¢ car bons at dcl1l5.6 and 14
uicl67.3 ppm.

Using 2D NMR (HMBC and HSQC)Hgure 3.28A, Figure 3.28Bj}he structure of

the compound was elucidated as follows: HMBC (Figure 3.28A Table 3.10

showed®J correlations betweelly 7.60 (H1°) and carbon signals &tc 1 2-B), 9 ( C
Uc 10-9).add to(c&bonyl afi £67.8 (G3") and?J correlation to carbon at ¢

1156 (G2 ~ ) . The nB28(H-D)rsisowed £J cdrrelation tocarbonyl at

U £67.8 (G3") and®J correlations to carboa tc128.5 (G1). The proton signal ay

7.03(H2) showedlcor r el ati on t oC-@),d446 (Gisancald8.0ic 12 2 .
(C-4). The protons aiiy 6.91H-6) showed &J coupling to carbons @t d.26.5 C-1)

and146.2 C-4). Theme t h o % B.92ashowedf] correlation to carbol £46.2

(C-3). Theproton atiiy 4.13 showedJ correlation to a carbonyl @t £67.8 (G3")

which confirmed the esterification of the ferulic acid by a long aliphatic chins

the fraction seems to bdexulic acidresidue Figure 3.2¢ associated with a saturated
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fatty alcohol and the aliphatic region show correlation to the keto of the ferulic acid,
which was shown in the HMBC spectrfigure 3.28A) Theferulic acidis esterified
with an aliphatic saturated fatty chain.

The HRESHMS data showed a molecular ion [M] ratz419.0332, which showed

that the molecular formula of this compounght@:O4. On the basis of these results

and by comparison with previously published datair et al, 1988 Kumar Vermaet

al., 2012, T Z H4 14 Wasidentiiedas f er ul itct ya caTHic ietsalfitstr f a

reportoff er ul i ¢ aci d frersTtzanoniif atty al cohol

O?H2 —(CH3)14——CH3
1 16"

Figure 3.26: Structure of ferulic acid ester fatty alcohol.
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Table 3.10: H (500MHz),**C (100MHz), and HMBC data afZH-41-49in CDCls.

Posi { H@p p m) e @ HMBC correl g
PP M
1 - 126 -
2 7.03dJ=11H,9 |109] C63J,-4 G, -3 1Y
3 - 146 -
4 - 148 -
5 6.91 (1Hd,J=81Hz) |11 4 C-1(3), C-4 @J)
6 7.07 (1Hdd, J=8.1,19 |12 2 -
Hz).
1° 7.60 (1H,d, =159 Hz) |1 4 4] C-2(3), C-6(3]), C-2'A), C-
3%
2° 6.28 (1H,d, J= 15.9) 115 C-1¢3)), CG-3° ()
3 - 167 -
3-OMe 3.92 56 . C-3¢J)
1°° 4. 13 6 4. C-3 (%)
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Figure 3.27A:'H NMR and3.27B:1*C NMR spectra (500MHz) of TZH41-49
inCDClz*.
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Figure 3.28A: HMBC and3.28B:HSQC (500 MHz) spectra of TZH1-49 in

CDClz*.
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3.5 Fractionation of H. radicatacrude extracts

The whole plant powdered material (1kg) was macerated with solvents starting from
low to high polarity The hexane extract &f. radicatawas divided into two parts and
separatedn two silica gel columns due to tlegequantitiesThe fractions collected
were assessed using NMRd enabled eligtation of the structure of fébr example
HRH-42. Thefractions did not dissolve in deuterated solvents for carrying out NMR
analysis, therefore IR helped to eluciddie structure as wax coded HREHAppendix

IV). The EtOAc (5g) and (3g) ¢i. radicataextracts were subjected to silica gel and
sephadex colans, respectively. The fractions collected from the silica gel of EtOAc
extract were assessed using NMR and enabled elucidation of two structures
designated, HRB4 andHRE-125 and the fractions collected from sephadex of EtOAc
extract and lead to the isdlon of one compound coded HRE. The methanol extract

was subjectedo sephadex columand the fractions collected were assessed using

NMR and enabled elucidation of the structure of one compound ¢tfdEeb0-59.

3. hhracterHRER thiSon odf et r5ahy7dr oxyfl avone

The compoundH R 2 1(Figure 3.29)was isolated from the EtOAc extract Hf

radicataextract using a sephadex colur@mT L C a n a | yasyellew spoafter g av e

spraying withp-anisaldehydesulphuric acid reagnt and heating, with asRalue of
0.73using 20% (v/v) MeOH irEtOAc as the mobile phase

Th¥® NMR s pHEgure 8.30ATalfle3.1) of-2HREhowed proton

Ametcoupl ed Up6 oW d 3=22tHz, H6) anlh6 . §lA,d J=
22Hz,H8)a ntdh e Bvirtihn ¢ ro7t.obnlsH, Ja=t 2 . B-2 HGu7 . 00
(1H8J= 8. 45 HMmMHE7H 4HM,ddJ=8.4,2.3HzH-6) , peotordsinglet
atn @58 (1H,s) H-3 of ring C The*C NMR spectrun(Figure 3.30B indicated
the presence of six aromatic CH at dc
(C-3,CG6, G8, G2, G5 and G6, respectively). Other carbons were extracted from
the HMBC spectrunfFi gur € tv.o3 lgAlat ernary carBons
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ppm(Gl0andGCl ") and si x phenolic carbons were
157.4, 145.5, and 149.9 ppm-&2C5, G7, G9, G3" and CG4") respectively

Using 2D NMR (HMBC and HSQC)Fjgure 3.31A,Figure 3.31B)the compound

was confirmed as fol @286 ) T lw@8BAHBjbothg pr ot
showedfJcorrel ation to the &08MmELOyThaprtonatar y c
Uy 6.53 (H8) displayeddJcoupl i ng t o a -8 andboorrelaterito tc 157
carbon at6)i.c TOh8e. 8B (ndr.e0dH5D showedJrcorralation iio

the quaternary Shanttbcrorateliad i bh5.t% (the ca
(C-4"). This proton also showed wekkcorrelation to a carbon éitc 1 6-2).TBe ( C

pr ot o504H2") correlated vidl coupling to G4 and G6'. Protons F2 and

H-6" showedJ correlation to the carbon-2 of C ring. THh&58C r i ng
(H-3) displayed®J correlation to the carbon &t c103.4 (G10),and?J coupling to

carboni £64.2 (G2). P r o0 t©.58 ¢43)and 700(6") displayed] correlation

t o the car beldand tonfitmed the2assigntnent ofthis carbon signal to

the G1° of the aromatic ring B.

The HRESHMS data showed a afecular ion [M]* at m/z287.0550 which indicated

that the molecular formula of this compound was B100s. The *H &'°C NMR

spectral datar e agr eement wi(Youssef 20p3) endHRE 4 r epo
structure identified as 3°, 4°, Y:tetrahydroxyflavonel(ut eol i n) . Lut e
previ ous |l y Hiralicatagimestdal, 20049 m
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Figure 3.29: Structure of luteolin.

Table 3.11: *H (400MHz),**C (100MHz), and HMBC data *{RE-21in Acetone

de.
Position H{lp p m) 13C HMBC correlations
1 - - -
2 - 164.2 | -
3 6.58(1H, 9 103.2 | C-10€J) ,C-1°()) ,C-2(X)
4 - 181.9 | -
5 - 161.0 | -
6 6.26(1H,d, J=2.2Hz) 98.8 | C-8(J) ,C-104))
7 - 163.0 | -
8 6.53(1H,d,J=2.2 Hz)| 93.8 | C-6(J),C-10¢J) ,C-9(3)
9 - 157.4 | -
10 - 103.4 | -
1 - 1229 | -
2 7.50(1H,d,J=2.2 Hz) | 113.8 | C-6'CJ)),C4°(A)) ,C-2())
3 - 1455 | -
4 - 149.9 | -
5 7.00(1H,d,J=8.4Hz) | 115.7 | C-1'(Q), C-3°(}) ,C-4'(3)),C-4(1d)
6 7.471H,dd, J =2.2,8.4 | 119.3 | C-2°CJ) C-2(J) ,C4 ()
Hz)
5-OH 13.05 - -
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Figure 3.30A: 'H NMR and 3.30B: *C NMR spectra (500 MHz) of HREL in
Acetoneds*.
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3. XharacterHRMEG @i smfar psude@dglimcosi de)

The compoundHRM-50 -59 (Figure 3.32), was obtained as a yellow powder from
fractions 50 to 59 fronBSephadex columof the methanol extract dfl. radicata.
Following T L Ca yellow spotwa s 0 b afterrsprayidg withp-anisaldehyde
sulphuric acid reagent and heating, withsar&tue of 0.75using 50% (v/v) MeOH in
EtOAcas the mobile phase.

Fr o mHt NeMR s pEabld 3r1RFgur¢ 3.33A pr o6 n 4Hh @ 2.2

Hz,H6) @rd 818,d,(22 Hz,H-8) wmreertem upl ed f othe A r i n
presence of an ABXubstitution pattern on B ring was established with proton signals

atln 7.46 (1H,d, J=2.3 Hz, H2), U4 6.94(1H,d, J=8.9 Hz, H5") andin 7.45 (1H,

dd, 8.9,2.3 Hz, H67). The only singlet afiy 6.75, integrating for one proton, was
attributed to protomd-3 of flavonoidsanda har p si ngl el 2n99® hkeor e
t heOHS5 of5)( HFhe spectrum also indicated t he
anomeri ciipr 68d@176dt4 -Hz', ) H W3 .g7nlanh( WBith,/ ~ )

b3 . 49 m( 1-64h ° ° )signaly ietweenin3.733.15, attributable to a sugar

moiety.

The'3C NMR spectrumRigure 3.33Bindicated the presence of 21 carbons including

a carbonyl carbon (Uc8A3.)7)(,u0ctlvecd . Al efnidn ilc
four hydr oxyl carbons (Uch&3CHandEH 1. 0, i
respectively and an(Chano,mefrowcr cax et hitn
(C-2Y), 76.4 (C3"), 69.5 (C4°) 77.0 (G5 " ) , and an oxymeél)hyl ene
was assigned to the gl ucos e -Digucosedaenod s u (g :
the large coupling constant (7.4 Hz)

This wasfurther confirmed from the analysis of its 2D NMR (HMBC and HSQC)
spectralrigure 3.34A Figure 3.34Bthe A ring protons ai4 6.45 (H6) and 6.80 (H

8) bothshowedlc or r el ati ons to the samilapdlat er na
correlation to theolefinic carbon atic162.9 (G7). Theln 6.45 (H6) showed &J

coupling to the carbon @it 94.8 (G8). Thelis 6.80 (H8) displayed &J coupling to
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a carbon afic157.2 (G9), and®J coupling totic 99.4 (G6). In the B ring proton aiy

6.94 (H5)showeddcor rel ati ons to two qgdat)eramalr yic
145.9 (G3"). The proton afiy 7.45(H6") displayed couplings to three carbons at

Uc 114.1 (G2), 164.4 (C2) and 149.9 (@) andJcoupl i ngs BhThédc 145.
proton atiy 7.46 (H2") displayedJ coupling to the carbons &t 119.6 (G6°), 149.9

(C-4%). The proton aiiy 6.75 (H3) correlated vi&J couplings to the carbon &t

181.7 (G4) and 164.4 (2),andFJc ou p | i ng t-10), aidcl05132c0). He ( C

proton atliy 12.99 correlated vi&l couplings to the carbons &t 105.3 (G10) and

99.4 (G6).An addid¢omomal ati on was observed for
gl ucos@bumi8t (&t to the qucadb2r-Bp{ CThardbaor
HRM -59 i s | lutkodin740-glucosidéaecording to the integrations in the

NMR spectrum

The HRESFMS data showed molecul@an [M] -~ at 447.0934 which showed that the
molecular formula of this compound was1820011. the first time fromH. radicata
plantThe NMR results were i QChgrewm&h2a0 Oni)t h

OH )

Figure 3.32 Structure of luteolif7-O-glucoside.
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Table 3.12 H (400MHz),**C (100MHz), and HMBC data $1{RM-50-59in

DMSO-de.
Position Hlp p m) BC(U HMBC correlations
ppm
1 - - -
2 - 164.4 -
3 6.751H, 9) 103.4 | C-10€J), C-1°CJ), C-4(J), C-2(3J)
4 - 181.7 -
5 - 161.0 -
6 6.451H,d,J=2.2 Hz) | 99.4 C-8(3J), C-10¢J), C-7(2)
I - 162.9 -
8 6. 8H)d, J=2.2 Hz) | 94.8 | C-6(J), C-10€J), C-9(3), C-7(3J)
9 - 157.2 -
10 - 105.3 -
1 - 121.5 -
2 7.46 (1H,d,J=2.3 Hz) | 114.1 C-6" (€J),C-4(J)
3 - 145.9 -
4 - 149.9 -
5 6.94(1H,d, J=8.9 Hz) | 116.7 C-1'CJ), C3'C))
6 7.45 (1H,dd, J = 119.6 | C-2°(J), C-2()), C4'()), C-3°' (1),
8.9,2.3 Hz)
1 5.08 99.9 Cc-7¢))
2" 3.27 73.0 C-1"(A), C3"A)
3" 3.34 76.4 C-4" (), C2 (@)
4™ 3.18 69.5 C-3"(A)
5" 3.47 77.0 -
6 3.71,3.49 60.5 -
5-OH 12.9 - C-104J), C-6(2J)
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3.5.3 Charafct Rk 0dt iaomovel dawvpossterol e

coumaric acid

The compoundH R B 4Figgre 3.35)\was 1| s ol atE®dcefxrtamHct h e f
radicata It gavebraowneldowlwars hon the TLC pl at
ani s al-sduelhpyhduer i ¢ aci d r e avithaamRivalué af0.8losmg d by
(v/v) 20% MeOH inEtOAc as the molle phase.

Th® NMR s pHKgore3.36ATae3.13 reveal ed the presen
gl ycosi de tskaphasmsctmaounmaandc aci d. It b-ndi cat
sitosterol due to t hieb5.d3 &m(HIBRaH oxymethirel e f i n |
proton signal afiy 3.60 (1HmM, H-3),and si x me Oy |7 OggHBWBP S at
0. 83 dH2BO. 85d(0=31H,9 -HZJO HO9Ot (-2HH]KOD . 94
(3H3J=69HzH-21) Galn.dQ 3 B H-1 9 Jhe sugar unit was identified as
b-D-glucose with an anomeric protentin 4 . @/t8ch appeared as a doublét id,

J=7.8 Hz) indicating a HL'/H-2' trans diaxial configuratiorwi t h -la 2 IHr a n s

di axi al ¢ dhud thellHNMR faind €@SY spectréFigure 3.36A,Figure

3.36B) revealed the presence of an aromatic ring with protoss a7 (H, d, J=8.7

Hz, H-2" /67"),0n 6.88 @H, d, J= 8.6 Hz, H3"" /57"). Also, the spectrum showed the

presence of twdérans coupled olefing protons atiy 7.74 (1H,d, J=15.9 Hz, H7")

andin 6.32 (1H,d, J=1590Hz, H8 ).l n t he HMB Eigusep.87&Tableai m (

313 , the ol elhi7.n7T4 PHostiomwedelaati on to t he
Uclc 130:20 "(® ") andclZ7Be@cdéd)hbomkhib7 a4 Gn@HH a
2"/ 6" "3)cosuhpolwiendg tich 30a®bo/LBUcdAH,8. Brld & as
well theu7pr4o2 drH &t “3)c osrhroew dadt 4 ©.A7 't (0 Ceand t h
signimb. @& (H 5 3)cosrhroeweadt i oicd 260-RPC &)Cbhon at

The NMR assTap@3dntwer(e extracted from t he

carbaktOat-42” Y Cwas identified as the anome
car bmerse obs&él2e8@) @d0.-5) (Cln the HMBC s
(Table 3.13 , the anomedi 88lp()sltsothcwaetd el ati on t

met hi ne &ca7r9.o8n3 ) a(tGnethytla tin 0. 70 -1 8 Me s Rlowe d
correl ati oins.3860l 2Oy r 5064 33,4 HI6Z.)1%3xfn2f r el at i ot
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t Gc41.(6€23) . methyleetinl . 031 90)H sHHowedel ati ons to
ic 1405)6 (589)9@an@decld6 dha( G7-1 Q) ;metighied . 8 5
(R6) stiowedel at i onisl 9. o5-BFYrb e+’ 4 )3HB1  red

c 29 -2251) (a@nethylivtB e 9 @ 1()&3I b. 6B2 Y CH €.71) 7, and
47. 200C

The above findings were consistent with the published dat &ou ¢ o fangwaro |
et al, 2012)except for the presence bfwo pr OH4o rbsl dapiEH 1 2 . 1, 4. °

HzH-6 " ), 4dg®E @2H1;H-&.)L rHepr e £di®-toifn gt hteh e
glucosyl residue were deshi el &eadgkbuyc oaslemo s
this |1 mdi pabésecfitotnhe sugar tir spicautmarriaftieed v

The HRESHMS data showed a molecular ion [M] ratz721.3284, which showed
that the molecular formula of this compound wagHgsOs. TheH and*C NMR
spectral data were consistent with those reported earlier fou ¢ o @.¢ee2013)

and p-coumaric acidRenet al, 2013) Kim et al, (2011) reported a derivative of
daucosterol with long chain fatty acid with the chemical shifts of the anomeric protons
at4.45¢d, J=12.2, 1.2 Hz) and 29 (dd, J=12.2, 4.4 Hz) and these were similar to
the chemical shifts observed for the anomeric protons in-BUREhich were observed

at4 . 51 d@EHL2. 1-H64.)7 Hd @9 1 2.H]-H-62 Kin etH z
al., 2011)
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Figure 3.35: Structure of daucosterol estertdns p-coumaric acid.
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Table 3.13: 'H (400MHz),3C (100MHz), and HMBC data @ff HRE-94 in CDCl.

Posi H@p p m) e @ HMBC corr el
ppm

1 1.09 (1H,m)/ 36. -

2 1.48 (2H 29. -

3 3.60m( 1H, 79. C-1 8

4 2.07m(/AN., 3| 34. -

5 - 140 -

6 5.38dEBHGE (122 -

7 1.98m(2H, 30. -

8 1.58m( 1H, -

9 0.93m(1H,50. -

10 - 37. -

11 [1.33m(/AH., 5m)|22. -

12 [1.14m(/ANH, 0| 39. -

13 - 4 1. -

14 1.01m(1H,56. -

15 |1. 03 m(/LH., 5m -

16 [1.88m(/AH.,5mM|29. -

17 1.15m( 1H, 56. C-1 43)

18 0.709(3H,11. C-18), -1a8), - C

17, a &)

19 1.039(3H,18.|C10¢) ,9% ,-59C,
C-1(3J)

20 1.29m(1H, 47. -

21 | 0. 94 d(0=36H,4 18.| C1@) -20 -2 ¢0)

22 |[1.00m(/1H., 38| 36. -

2 3 1.16m(2H,22. -

2 4 0.95m( 1H, 46. -

25 1.66m( 1H, 209. -

26 0.83d)(3H,18.| C2¢) -2, Me
2 )

27 0.84d( 3H, 19.90 C-2 $)), -2CG%)

28 [1.32m(/1H, 8| 23. -

29 0.90H(3H|12. c-2 8))

1° 4. 38,71 H8 |101 C-3(3))

2° 3.39df1H, 73. C1°
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Table 3.13:(continued).

3° 3.600(1H 76. C-4
4° 3.41m( 1H| 70. 3 C-1°-2C
5° 3.48m( 1H| 74.6 -
6" 4.51d@EHL2 62.5 -
4.7 Hz )dd
J 12. 1-H62.
1 - 126.20 -
2" 7.47 (1Hd,J=8.7 Hz) | 130.0 | C-6(CJ)/C-4())
IC-7(CJ)
3" 6.88 (1H,d,J=8.6 Hz) | 115.8 C-1¢))
4~ - 158.21 -
5 6.88 (1H,d,J=8.6 Hz) | 115.8 C-1))
6 7.47 (1Hd,J=8.7 Hz,) | 130.0 | C-2"(CJ))/C-4())
IC-7"(CJ)
7 7.74 (1Hd, J=15.90 147.7 C-27,67€)) IC-
Hz) 9" (J)
8" 6.32 (1H,d, J=15.90 -
Hz)
9" - 170.0 -

147




LR R O I

)

H-2'|/H-6"

H-7" / | H-6™

~
T
“
~
I
o

I O A

-2

=1

8.0 7.5 7.0 6.5 6.0 5.0 4, 4.0 5 3.0 2.5 2.0 1.5
1 (ppm)
B
T
D239660.3.ser
Person ebtisam
HRE 94
@COSY_cryo CDCI3 {C:\NMRdata} AIG 92 H-25/H-26 H-29/H-28
. H3H2 30, &
9 o o
‘ H-3/H4 &
‘HI/MH2  H2/H3
~ -~ _3..,5‘&;‘: v
Rl S Y S e
[ ; i -
1 : o qp .0 °©
- 2
- @ 7\% OH-8 /H-T"
H3 " 5MH2 6"
! ; , : ¥ Y | y y 3.‘5 3.'0 2.'5 2.‘0 1.'5 1.’0 0.'5 0.‘0

80 75 720 65 60 55 50 45 _ 4.0
f2 (ppm)

Figure 3.36A: 'H NMR and3.36B:COSY spectra (400 MHz) of HR&4 in CDCk*.

148

f1 (ppm)



BTTON O H T (DR
S 239660.5.5er

lsaneb‘tls-um
Hmc CDCI3 {C:\NMRdata} AIG 92
H-7"/C-2,6"
H 27,67 /C-2,6"
o H-3“,5“/C-1“
¢ H-2,6/CT
] H- 2“ 5“/(:-4“
" H- 7“/(: g

A

Me-27/C-26
2 Qv Me-26/C-27

I\_A}'

Y VYV | e

H-. 1/
Me-21

Me-19/C-1

Me-19/ C-S/’oa.

Me-21/C-17 , -

e-18/C-12
Me 18/c-13

H1/c4 17,14
H-1/c-3 ’

Me-26,27,29/C-24

© H-2'/c1

Me-13/C-5

6.5 6.0

.

H
w n
. *:-.
N

H-8"

_“LLJ_JLALMJL__,__,JLM*M_M W

D239660.6.5er
Person ebtisam
HRE 94
@HSQC CD O3 {C:\WMRdata} AIG 92
c37,5" ¢-8”
c27,6"
.

5.0 4.5 25 2.0 0.0

o

topm) ™

.

.
w -7 m
I

I
g \ ! t&."|
1T,
I fwe i '\m
c18
c-19
T
. tc21

Ner
25\/ Cc-22

c17° -
C14

C-6

eﬁrvle-zs ,27/C-25 59

KME-IS/C— 60

ri1o

rizo

-130

Figure 3.37A: HMBC and3.37B:HSQC (400 MHz) spectra of HR& in CDC}'.

2.5 20 1.0 0.5

4.5 4.0
f2 (ppm)

149

f1 (ppm)

f1 (ppm)



3.5.4 Char adRELr2ils-mtsmadtnegtioyylc er o |

The compoundH R B 2 JFigu(e 3.38)wa s Il sol ated from the
separodt iedrhyl|l a deradmdtaa s e gt e abrows dpbtappeared
with a R value of 0.54 using 20% (v/v) MeOH EtOAc as the mobile phase on TLC.

Th¥HNMRs pecRgur@389 ( di spl ayed @&2sBar ¢53)8i) n g IHe
for methyl protonsH oNMRinalaso tsyH o vgald ugpr. o tTc
3.68d¢gxda, 9, WA3 57 Ha@lBa, 9, 113 853HH)Z Na 1f H

4. 21d@4H,7, 10L452HAdpIEH, 7, 1HUN.a¥HH)z)f rH a p
of two nonequival ent oxymet hyl enetyspr ot on
3.91-2f.or H

The NMR spectrum s hi®2e.d6 ,0 ntew omeot XnygnRe. t8nty | e |
andé4. 7, one 069YmMét Ahde adtrdr. lBonyl at

I n the HMBJablep®#rtt bm 8i2gmrRd3)(&orrel ated
carbouwy71 a®) (Cestablishing the presence o
ath3. 92() Hs hbowewdp | i ngs Ut64 .c7ay(b@mhat oxymet h
protoins. Al a(/Hh) Fbowpldi ng tico 9¢c #2 (oG n cht

couplichglti-®) (CThe ot her oxy3dneg /fuBan/EB)pr ot
showead?dcorrel atriboin® 4tadl ) @G Y. @) C respecti

The HRESHMS data showed a molecular ion [Matm/z135. 0651, sugges
mol ecul ar sHHi®s Oruthe dasis df theSe results and by comparison with
previously published dataH(o mmet . ,a | )2HRE-221 was identified ad-

mo rac egtl wlc er ol
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Table 3.14: *H (400MHz),*C (100MHz), and HMBC dataf HRE-121in Acetone

CH,

Figure 3.38: Structure of imonacetyplycerol.

de*.
Position H{lp p m) 13C(U | HMBC corelation
P pm
1 4. 21ddqHEH., 7, 1|/64.|C4(3),C24)
4. 27ddqHAAH., 7, 1
2 3.91 (1H,m) 69.|C1®)
3 3.68d@x8, 9, 1628 |C1f),C20)
Hz)/ 3.d@&=3.1H,
Hz)
4 - 171.3] -
5 2.21(3HS) 2 0.|C4@y)
H 1afm1b o H_ﬁ {H_%
s Jk_m__ }“L_JM&JUK/-J Mk~~.,i___f~__ _ .._______________A_/\\M

L methyl-5

U\

T

Figure 3.39: *H NMR spectrum (400 MHz) of HRE21 in Acetoneds*.
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3.5.5 Charafct R saast ilofnwn ke fci med )d

CompoHilRhHl 2Figgre3.40)was 1 sol ated frolhratidce®a hex ar
as a whit e dsmgiviv)voruhexarse IEIOAMc.as the mobile phase for
TLC, the compound appeared aas a yellow spot (R0.60) after spraying with
anisaldehydesulphuric acid reagent followed by heating. The *H NMR spectrum
(Figure 3.4} showed fouroverlapping olefiic protons (H9, H-10, H-12, H-13)
betweeniy 5.33-5.36 ppm, twallylic methylenes (H8, H-14) a2.03 ppmand one
bisallylic methylene group at 2.78 pf-11). The terminal rethyl (H1 8 ) 1 @90, U
tripletamethylene (H2) dphat o t h e c @238 and mdthylemés distrilat
between 1.274.60 ppm. Thus the compound was identified as10,13-
octadecdienoic acid. The presence fori n o | evasalsoaaportdd fPajuneret

al., 2008)

I AR e NG [ 3 1 _HO
0
Figure 3.40: Structure ofinoleic acid.
,J\I
H-2
i J {H-1
H-9,10,12,13 H-8/H-14 |
H-11 ' Lo
i Vo LY
* )lll * l" I| \ [ ,I' \‘"-u J'
- AN e M S SR R VAP N VY A

T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 45 4.0 30 2.5 2.0 1.5 1.0
f1 (ppm)

Figure 3.41: *H NMR spectrum (400 MHz0f HRH-42 in CDC}*.
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3.6 Fractionation of S. sodomaeunsrude extracts

The. sodomabdamol extract (26g, 7.8% of vy

for further fractionation. The first par
subjected to VLC eluted with hexane incr
to 40%ometMbe same fractions from VLC de
combined together and further fractionat
cod®3IM@. The second part of the extract
fractionatiSemhadergcol umn and | ead to t
cod3IM6The hexané&.extodpatadfuamred yell ow oi

~—+

traction. The powder was filtered and

s o o

3.6.1 Charafct S3M sgastliaomar gi ne

Compound SSMB0-2 was isolated from VLC then purified by Sephadex2@from
the methanol extract &. sodomaeunifter spraying withp-anisaldehydesulphuric
acid reagent and heating, a yellowish brown spot was observed witla&of 0.43
on TLC using 20% (v/v) MeOH in EtOAc as the mobile phase.

The 'H NMR spectrum Figure 3.43A Table 3.15 indicated the presence of an
aglycon moiety and sugars. Th&NMR showed protons signals for six methyl groups
including two methyl si g | e t48.7343H,s,H-18), 0.94 (3Hs,H-19) and four

doublets methyl at 0.83 (3, J=6.4 Hz H-27), 0.99 (3Hd, J=7.1 Hz H-21),

1.08 (3H,d, J=6.8 Hz Rha 1H-6), 1.10 (3Hd, J 6.8 Hz Rha 2H-6). The'H NMR

also showed proton signalsue t o met hydledh @H,mg H-AW, A.57 at U
(2H, H-24), 1.77 (1HmM, H-2a) ,1.43 (1HM, H-2b), 1.70 (1HM, H-23a), 1.2 (1Hm,

H-23b), 1.93 (2Hm, H-15), 1.77 (1Hm, H-1a)  0.96 (1HmM,H-1b), 2.13 (1HmM, H-

4a), 2.38 (1Hm,H-4b), 1.69 @H, m, H-12), and 2.78 (1Hn, H-26a) and 2.53 (1H,

m, H-26b).These methylene protons were assigned to tlyeasgas their chemical
shitswer e i n the aliphatic or wuwp3l{lH&J=d r egi
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4.7 Hz, H6) was indicative a ddle bond in the aglycon. One oxymethine proton

si gna4434H,d iF 7.6 Hz, H16) was assigned to ring E of the aglycone. The
proton spectrum also indicated three sug
4.38 (1H,d, J=7.8 Hz), 4.67 (1Hbr s)and 5.01 (1Hd, J=7.6 Hz).

The3C NMR spectrum (Figure 3.43B& C) showed the presend® afirbon signals,

of which 27were for the aglycamand 18 for the three hexoses. For the aglycon, there
were four met hyl-21p 16@10ci8),49.15E27) ancl19.4 &19)2 ( C
and from the sugars there were two methyl signals at 18.3 (RH&) Al 18.2 (Rha

2C6) . There were ten met hyl14)n289 (C24), bon s
29.5(G2), 32.7 (G23), 31.9 (G7), 32.2(C15), 37.2 (C1), 38.2 (G4), 40.6 (C12)
and 46.0 (26). One oxymet hi nelécoathdoon si

ring E of the aglycon. ThEC NMR spectrum showed the presence of three anomeric
carbons at -10)cl009E (Rha 1{@G)lacd 1@.89 (Rh2 C1), sixteen
oxymet hines -é&t wgpam alnd &GN oxyme&)Wwagl ene
assigned to the glucose unit and two rhamnose units. Four quaternary carbons were
observed including one | ink®2C22pOtlex y gen
signals were for t hHE)3IPULEL3p and 240.7 (s That UcC
car bon at-22)irdicages a libkage @ the oxygen atom in ring E and the

ol ef i ni ccld@7r(@5)isduatd thelesence of a double bond iy B of

the aglycoe.

The HMBC of SSM 3 (Figure 3.44B, revealed the presence of cross peaks between

the methyl 0.72 (H18) and showedJcor r el ati on t-12), and® 40. 6
correlation t o-14)and 6101(k7) vehich indicate $hé ecm2ctidn C
between ring ChO8hH27Dshowfdmd romelaat iion t o cé
28.9 (G24)andJcoup!l i ng t206)0c T4ee. Ome(@.KI(HIPr ot on
showecJcorrel ation to the q-00) anefdcoreeltipgntcc ar b o n
t he <car bons9 and140i7q6)5iMicating theCconnectivity of ring A to

B. The met hyy0lo9 (g2)ocorelatedai#&lcdo upl i ng to carbo
(C-20),and®Jcoupl ing to c a17phandS88.24R22)indicatngthe 9 ( C

connection between ring D to C asb3vel | a !
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(H-6) showedJc or r el ati on t o t-8) andB86a8r(ch0). Rretonatt U cC 3
Ut 4.38 (GIcH1)had &@Jc o r r e | adt 7760(C3) of aglicene, indicating the

b GIL Cinked to agd6y®ar?H Pshavedd corredation i

the car bons5™)76.44G3) &@ tc’lcoupli6y atli @1.1 (G2 ") and

pr ot ourb.0la(Rha fi HL™) showedfJ correlatontocdyons at -&8f 69. 1
77.2(G4) and®Jcoupling71.1 (G2 ° ) . The connecH3i2v(Hty of
2%) to the carbon 100.96 (Rha2IC' ° ° ) i ndi catléed ") havald R a k?
GI(C2 ). PK321¢HR") aso shiwed] to Uc 98.7(G1") and 76.4 (€3").

Cross pealkk335iHAt we el®0OB9 (Rhald ° ") i ndicated t
1(C1° ) was | i®MKed t o yBRIBGHAI) Ehdwed?) aid3J

coupling to at the carbong at 76.4 (G3") and 61.2 (€5°) respectively. The proton

a ty3.09 (H4)showeddc or rel ati on ¢183(GHE710OR2H,ons at
and?J coupling atlic 69.1(G5™).

The HRESHMS data showed a molecular ion [M]at m/z868.5239 which lsowed
that the molecular formula of this compound wasHzsNO1s. The above data led to
the identification of SSM3@ as solamargine, which was in agreement with previous
reports Corneliuset al, 201Q. The NMR spectra were in agreement with literature
reports and the compound has previously been reportedSraaadomaeurfCham

and Wilson, 1987)
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Figure 3.42 Structure of solamargine.

Key HM’B/C—\*() and mY) (correl at iSSM&s@.obser v
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Table 3.15: H (500MHz),**C (100MHz), and HMBC data &SM-30-2 in DMSO-

ds.
Posi f H( p p m) € p HMBC corsel a
m)

1 1. 77/2HM,)96 37. -
2 1. 77@H,mM¥»3 | 29. -
3 3.45 77 . -
4 2. 1301t B84 38.| C3@) C5@>), C6, C))C

Hz, and 1Hm,) 10¢4J)
5 - 140
6 5.@H,d J=47Hz) | 121 C-8 @J), C-10, €J)
7 1.91 31.| C-13¢), C14£1),C17 )
8 1. 54 31. -
9 0. 87 50. -
10 - 36. -
11 1. 41 20. -
12 1. 69(RH,d,3=214| 4 0. -

Hz)
13 - 39. -
14 1. 2 56.2 -
15 1.93 32. -
16 4. (@AHRd,J=76Hz) | 81. -
17 1.78 61. C-18 @)
18 0. (3859 16.| C-12@), C14, ) C-17¢))
109 0. @H S 19.| C-10 @), C4, €l C-9¢)),C
5@J)

20 2.00 41 . C-13¢J), C-17()
21 0.(@Hd J=7.1H) 15.] C-20),C22¢),Cc17¢))
22 - 98. -
23 1. 7qHIM 2 | 32. -
24 1.57 2 8. -
25 1.65 2 8. -
26 2. 7 81H2m &n@1H,| 4 6 . -

d, J=11.6 Hz)
27 0. (8Hd, J=6.4H) 19. C-24(3),C-26(%))
1° 4.384d(0=17TH,8 | 98. C-3¢3)
2" 3.21 72.] C1 @) C1 @) C3 @)
3 3.42 76.
4" 3.35 77.] C3@),Cc1 ) c6 ()
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Table 3.15:(continued).

5" 3.70 71. 8 -

6 3.45/3.6( 61.2 -

1" | 5.(@Hd J=7.6 H2) 100.| C5 @), Cc2 (),
C-4°(J)

2" 3.40 71.( -

3" 3.38 75. 3 -

4" 3.19 72. 4 C6 @), C5 @),
c-2 ¢

5" 3.84 69. 1 -

6 1. (2Hp d, J=6.5 H2) 18. 3 -

1° 4.67b¢)1B, | 100.| C5 () Cc2"
(23), C-3'CJ)

2 3.64 71. 1 -

3 3.16 75. 1 -

4 3.20 76 . 4 -

5 3.97 68. 1 -

6 1.18 18. 7 -
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Figure 3.43A: *H NMR and3.43B& C: °C NMR spectra (500 MHz) of SSI80-2
in DMSO-ds*.
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Figure 3.44A: COSY and3.44B:HMBC spectra (500 MHz) of SSM0-2 in
DMSO-ds*.
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3.6.2 Charact &6aiss@3it a fofne myfl SFEWM ni ¢ aci d
acid

The compound SSN6 (Figure 3.47) was obtained as a dark greenish yellow solid
from the MeOH extract 05. sodomaeumsing Sephadex L4120 column separatian
After spraying with panisaldehydeulphuric acid reagent and heating, a yellow spot
appeared with asalue of 0.73 on theOCT plate using EtOAc as the mobile phase.

ThelH NMR spectraFigure 3.48ATable 3.18 revealed one quinic acid moiety with

t hree o0Xxy m&47ilH,ddels 9.8 8.1 Kz, H3), 3.90 (1Hd, J = 3.1 Hz,
H-4), and 5.17 (1Hddd, J=11.3,9.8,5.Hz, H5) and two se#u of
1.61 (1H,dd, J= 14.3, 3.0 Hz), 1.99 (1Hld, J = 14.4, 3.0 Hz) (M) and 1.76 (1Hdd

J =127, 5.3,25 Hz), 1.82 (1H, J=11.7Hz) (H6). One caffeoyl moiety was
establ i shed nWUs(H7)s6i28 (M&) 696 @), 407 (H6) and
6.76(H5").

The 13C spectrumKigure 3.48BTable 3.1 showed sixteen carbon atoms made up
of seven carbon atoms of the quinic acid moiety and nine carbons for the caffeoyl
moiety. The quinic acid moiety showed tweethylene carbons,-€ and CG6 at 38.1

and 40.05 ppm respectively and three oxymethine carbeths @3, G4 and C5) as

well as a quaternary carbon at 75.23 ppm along with a carboxyl sigiTalgiC176.3

or

ppm. The caffeoyl mo i e166¢4 (€91 and fivd methine c ar b

carbons at 121.2, 114.5, 115.7, 145.7 and 114.3 pp, (G5, G6°, G7 and G8’,

respectively). Three quaternary carbons were observed at 125.8, 144.7 and 148.8 ppm

(C-1,G3 and G4).

Using 2D NMR (HMBC and HSQC{Figure 3.49A, Figure 3.49B}jhe compound

was elucidated as foll ows: the corgel at.

7.07 (H6)showedJc or rel ati ons c124.2 (GCh)el4&8q@Dandh s a't

1457(G7 > ) whi | e {6R&HD)rstowedthc oartr ell at i on- t o
3)and®Jcor r el atl48.8 (G4 )tand 11i5.7 (&) in the aromatic ring. The
proton at-8)hedatc 28 r ¢ Hatld6.8 which was dissigned as a
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-

carboxylic acid carbon -© " . The pre@3(ddh's) adamarHESE) U
showed®Jcor rel ati on ¢1o02 5t. R2eB owahri d cen tahte-7fpr ot on
hada®Jc or r e | @ 126.28iwhidh wvas @assigned asLTin the aromatic ring. In

the quinic acid 90 ¢H4)yshowedld eorrghationst tm the a t a
oxymet hicv2&gC5at and 0E€)73.T3h6e (Mt hyhene pi
1.61/1.97 (H2 a / b )n 1.Z541B4 (&#H6a/b) displayed &J correlation to the carbon

a tc 73123 (G1). The proton signal ()2b) had®Jcor r el ati on t @ t he ¢
176.3(G7) . The des hi®UI7¢HE)Corplate vidl soupirtg to I56
atcd@iodandlcoupl i ng tcB3.6¢G8) Hh5oshowedtd] cdrrelation to

the caff eoyxll66.d @9 )b aonfiynhg thee fpresénce of one caffeic acid

unit in SSM56.

The HRESHMS data showed a molecular ion [M] ratz353.0985 which showed
that the molecular formula of this compound wagHzOs. The H &3C NMR
spectral data are in agreement with those reported e@khan et al, 2013;Lopez
Martinezet al, 2015;Matthiaset al, 2014) This is the first report of the isolation of

cholorgenic acidrom S. sodomaeum.

COOH
HO///”/,

\\\\\\ A

Figure 3.47. Structure of cholorgenic acid
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Table 3.16: *H (400MHz),**C (100MHz), and HMBC data &SM-56 in DMSO-ds.

Posi 'H(ppm) 1€( p p| HMBC correlation s
1 - 75. 2
2 1.61 (1Hd dJ=14.3,3.1 38. 1C19) -5 ,-C
Hz) 379) ,-6C3)
1.98 (1H,dd, J=14.3, 3.1
Hz)
3 3.47d@EH9. 9, 73. 3C479
4 3.90d04H3. 1 71. 5C39) ,-5C2)
5 5.17d¢@d+H,11. 3 71. 6C673) ,-3C3) ,-oC3J)
5.2 Hz)
6 1.76d@EH12.7 40.0C2% ,. 5 ,-C
2.5 Hz) 390 ,-1C2)
1.82d@EH12. 7
Hz)
7 - 176 -
1° - 125 -
2° 6. @Hdd, J=8.2,21Hz)| 121 .|C3 2] ,-6C%) ,-4C%)|
3° - 144 -
4° - 148. -
5° 6.76 (1Hd, J= 8.2 Hz) 114. C—% 4 -1C%)( AAC
7 2
6" 7 . QLAd, J= 2.1 Hz) 115./C43%) 2%, CF°
7° 7 . #48,d,J=15.8 Hz) 145./C6 %) ,- C
23, G -0 &y
8" 6 . PlB,d,J=15.8 Hz) 114./C13) -C2) (
9° - 166 . -
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Figure 3.48A: 'H NMR and3.48B:1°C NMR spectra (400 MHz) of SSIg6 in

DMSO-ds*.
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Figure 3.49A: HMBC and3.49B: HSQCspectra (400 MHz) of SSN6 in DMSO-

ds*.
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