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Abstract

The present work exploséwo wild Palestinian plant&€phedra foemineand Smilax aspera
fruits for the first time Both plantsacquired their attractive red coldue tochromophores
functionalitiesof phenolic secondary metabolitabundanceThe fruits were collected upon
their ripening season in October of 2016 and 2@phedrafrom Bani Naem andmilax
from BeitJala. After being aidried, extracted separately in 99% ethanol, 80% ethanol and
100% distilled water, subjected to ulsani@tion and kept at’€ for analysis. For both
plants, the total phenolic content (TPC) and total flavonoids coni&i@)(were calculated.
The highestontent of phenolics was observed in water extracks fifemineaandS. aspera

with values 0f3.22 and 81 mg gallicacid per gam sample respectivel\Similarly, TFC
showed highest flavonoids content in the water extrackf@asperawith a value of 1.22ng
catechin/ g sample. Howevdt, foemineaextract has a higher percentage in 99% ethanolic
extract with a value of 1.0433 mg catechin per g samflee antioxidant activity was
investigated by two methods: Ferric ion reducing antioxidant power (FRAP) method and 2, 2
diphenyt1-picryl-hydrazythydrate (DPPHJree radical scavengingssay Using DPPH, the
best valuesobtained forE. foemineaand S. asperawas foundin ethanolic extractsvith
values 0f9.5 and 5.9 mg trolox/ gample respectively, withl.3%of radical inhibition forE.
foeminea The antioxidant activity was further indicated by the quiet good ability to reduce
the FRAP reagent for both plants whitgh values in water extrac{®.57 and 0.71 mg Fe+2

/g of dry sample irE. foemineaand S. asperarespectively. The antimicrobial ativity was
measuredusing well diffusion techniqueS. asperafruit extract showedminor positive
influence against grampositive bacteria (Saphylococcus aurediswhen compared to
Penicillin G the positive contrglalso it showed positive effect againgtast Candida
albicang. E. foemineghowever,showed no effectsn both When examined against colon

cancer cell lines (HR9), the two plants extractsdid not show anticancer activities

Xii



Phytochemical screenimgf crude and pure isolated fractiomsing analyticalreversed phase
HPLC-PDA, preparativeHPLC-PDA, full scanLC-MS (positive and negative ESi modes)
and LCMSMS (product ion scannin@f active 80% EtOH extract of both plants was
performed to reeal the identities ofthe plantsphenolic secondary metabolitdsjection of
1000pl (100mg)of fruit extracs at 350 nm to théench C18 preparative HPLC colungave
seven majopure isolatesorm E. foemineand eight majopure compound®rm S. aspera
Full scan LGMS andLC-MSMS experiments revealed the presefaeercetin, Kaempferol,
Lucenin 2, Vicenin 2, Quercetin -®-rhamnoside/-O-glucoside and Quercetin3-O-
rhamnosiden E. foemineaWhereas, five compounds were identifiedSinasperaapigenin
7-glucuronide,luteolin derivative, lucem 2, quercetir3-glucoside andsorhamnetir3-O-

rutinoside

Keywords: Ephedra foemingé&milax asperatotal flavonoid content, total phenolic content,

Antioxidant, FRAP, DPPH, hvitro antimicrobial, anticancer,HPLC-PDA, LC-MSMS.
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Chapter One

Introduction :

1. Background

Since ancient times, people have been exploring the nature particuddusal plants in
searchto treatmenhuman disease This has resultetecentlyin the use of large number of
medicinal plantand ultimately new drughave emerge/erpoorte, 1999

Compoundgerived from natural sources such as plants, animals, and-ongaaismshat

have biological activitiesarecalled natural products (NPs), welelmplly extracted and used
(Baker, Chu, Oza, & Rajgarhia, 2Q0Rewman, Cragg, & Snader, 200Mespite the
competition from ther drug discovery methodsich as synthesi®NPs from plant sources
still have their fair share of new clinical lead candidates and drugs, as they nowadays
represent central theme of research in the drug discd@mbley, Thiericke, & Sattler,
2000.

Knowledge of theseparation, isolation and structural elucidation ofdiemical constituents

of plants is desirabl® facilitate the synthesis @hycomplex chendal substances.

In Palestine, the use of plants in traditional medicine has proved itdnesstwer the years
Despite its small areahé¢ distinctive geographical location of Palestine at the crossroads of
the African, Asian and European continentsengvaced it with rich biodiversity, especially
when compared to other countries in the regfbiith National Reporton Biodiversity

Conservation, 2015

According to theEnvironmentalQuality Authority of PalestinePalestinecontains five bie

geographical zones (Ecosystems) which associated with their climatebiadidersity



(Central Highlands, SemCoastal Regin, Eastern Slopes, Jordan Rift Vall&aza Strip), in
addition to four phytogeogphical regions (Mediterranean, Irano, Turanian, Saharo, Arabian
and Sudanese/Ethiopiarffifth National Report on Biodiversity Conservation, 2DIBhere

are about 51,000 living species in Palestine, constituting approximately 3% of the global

biodiversity Its flora consists of over than 2,000 species including 54 endemic plants that do

not exist in any other part of the wor(dli-Shtayeh, Salameh, AbBBhdeib, Jamous, &

Khraim, 2002. The most dominant families are the Asteraceae with 96 genera and 260
species, Poaceae with 87 genera and 198 species, Fabaceae with 62 genera and 268 species,
Brassicaceae with 63 genera and 124 species, Lamiaceae which is famous as a medicinal
plants with 23 genera and 99 species. Moreo&milacaceaas known for its beautiful

flowers, with 23 genera and 97 species, the Trifolium genus which is used as a forage plant
contains 40 species, Medicago genus contains 22 species, and Trigonella genus, which

contains 18 specigBregheith, 199p

NPs are gually restricted to purified compounds isolated from natural sauRtast cells
produce two types of metabolites, primary and secondBrymary metabolites are
components of basic metabolic pathways that are required for life. They are associated with
essential cellular functions such as nutrient assimilation, energy production, and growth/
developmentTheseinclude carbohydrates, lipids, amino acids, and nucleic acids that are the
basic building blocks of lif§Demain & Fang, 2000 Secondary metabolites) contrastare

not absolutely required for survivalracking their biosynthesis lifehey originate mostly

from the primary metabolites [Scherhig



PHOTOSYNTHESIS

|

l Carbohydrates —> Sugars — m-inositol
Pentose phosphate Glycolysis Complex polysaccharides

pathway l e.g., cell wall
Shikimic acid pathway Pyruvic acid —» Acetyl CoA ——> Malonic acid

‘l’ l l \ pathway
Aromatic amino acids DOX/MEP Mevalonic acid  Malonyl CoA

pathway pathway
Pheylpropanoid pathway l
\ Terpenoid Lipids
Phenolic compounds Nitrogen containing Pathways Phospholipids
—> Lignins secondary metabolites l e.g., wax, fats
e.g., alkaloids NA

—> Tannins Terpenes Polyketides
—> Quinones

Scheme 1: Principle biosynthetic pathways leading to synthesis of secondary metabolites

(Demain & Fang, 2000.

Carbohydrags are important compountsathave the most significant effects on flavonoids
and phenolics production and partitioning in plangans. Plant phenoligdlavonoid and
phenols)are bicsynthesized via several rousl thus constitute a heterogenegusup from

the metabolic point ofiew. The two basic pathways involved are the shikimic acid
and the malonic acid pathways. The shikimic acid pathway participates ein th
biosynthesisof most plant phenolics. Througfis pathway, soluble carbohydrates are the
basic component used to produce phenolic component. The shikimic acid pathway is able
to convert simple carbohydrate precursors derived from ghisolyand pentose

phosphate pathway to aromatic amirmds(Herrmann & Weaver, 1999



Therefore, fom metabolic point of view, as plant phenolics &resynthesized through
several routs, they asediversegroup of metabolites.

Plant secondary metabolites are categorized in three main branches based on their
biosynthesispathways: Phenolic compounds, terpenes atrdgencontainingcompounds
(ParsaeimehiSargsyan, & Vardanyan, 2011

The function of these compounds to plant itself is to act as a defense me¢lsmusndary
metabolites can be considered as the immune system in the plant, as many of which are
cytotoxic. On the other sidethey attractand interact with other livip beings; insects and
microbes, as thelgave a major role in plant pollination and seed dispensgarding their
attractive colorgKarlund, Moor, Sandell, & Karjalainen, 20114

Considerably, herbivorous animals and insects use the plantsoasca for their existence

while the plants staidly express these metabolites akefansive mechanism, or even
carnivorous plants have the ability to trap insects in gpecialized organs, obtaining
additional nitrogen and phosphorus in nutdpabr environments(Stotz, Kroymann, &

Mitchell-Olds, 1999.

1.1. Phenolic compounds

Phenolic compounds are secondary metabolites widely distrilbutihe plant kingdomAs
mentioned earlier they are derivatives of the pentose phosphate, shikimate, and
phenylpropanoid pathway®andhir, Lin, & Shetty, 2004 For the plant, tese compounds

play an important role in growth and reproduction, providing protecugmainst pathogens

and predator¢Lewis, 2017, may affect thesensory baracteristics of fruitsvith important
impacts on color, flavor, and astringency. An adequate consumption of phenolic compounds
may also offer balth benefit{Cosme et al., 20} {Alasalvar, Grigor, Zhang, Quantick, &

Shahidi, 200} Structurally, phenolic compounds comprise an aromatic ring, bearing one or
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more hydroxyl substituents, and range from simple phenablecules to highly polymered
compounds(Bravo, 1998. This structural diversity gives a wide range of phenolic
compounds that occur in nature, they are basically categorized into several classes as shown
in [Table 1 (Cosme et al., 2037

Table 1: classes of phenolic compounds in plants.

Class Basic skeleton
Simple phenolics, bezoquinones Cs
Hydroxybenzoic acids Cs-Cy
Acethophenones, phenylacetic acids Cs.C
Hydroxyinnamic acids, phenylpropanoids Ce-Cs
(coumarinsjsocoumarins, chromones, chromenes)

Napthoquinones Cs-Cy
Xanthones Ce-C1-Co
Stillbenes, anthraquinones Ce-Co-Cs
Flavonoids, isoflavonoids C6-C3-Cs
Lignans, neolignans (C6-Cs)2
Biflavonoids (Ce-C3-Ce)2
Lignins (Ce-Ca)n
Condensed tannir{proanthocyanidins or flavolans) (Ce-C3-Co)n

Of these, phenolic acids, flavonoids and tannins are regarded as the main phetaslyc
compounds (King & Young, 1999. Phenolic acids consist of two subgroupshe

hydroxybemzoic and hydroxycinnamic acidisigure 1.



COCH

HO OH
OH

gallic acid

b
X _~COOH
HO
p-coumaric acid
OHsC X _~COOH
HO

ferulic acid

COOH

OH

OH
protocatechuic acid

HO \\\ COOH

HO

caffeic acid

OH3C X COOH

HO
OCH;

sinapic acid

Figure 1: Examples of hydroxybenzoida) and hydroxycinnamic (b)acids.

Several interesting studies reported the significance inhibitory influences of these fabulous

compoundson pathogens and ings, besidesheir risen concentratiowhen going through

abiotic stresses like UV or Ozomror example the phenolicgicreased significantly in

blueberries under UV treatmendsid the elevated Ozone increased the concentrations of

phenolics and antioxidant in red clover (Trifolium pratense) le¢Mmorales et al., 2010

Saviranta, Julkunefiitto, Oksanen, & Karjalainen, 2010Regard to the plant and fungi

interactions there are sufficient evidences that diftengrenolic compounds are over



synthesized and expressed by plants under fungus aftatksnzio, Lattanzio, & Cardinali,
2006.

To quantify thetotal phenolic conten{TPC)in certain plant extract, a reliable methoave

been widely pplied. This methodestablished bySingleton & Rossi, 1965 uses Folin
Ciocalteu reagerthat should benixed with the plant extracts iredain quantitieslong with
sodium bicarbonate, after certain time the absorbance is measured at 765nm using UV
Spectrophotometer. Aqueous solution of knownligahcid concentrations are used for
calibration. Results of this assay are expressed as millignagy gallic acid equivalent

(GAE) pergram(g) dry weight of sample

1.2. Flavonoids

Flavonoidsrepresentthe largest group of plant phenolics, accounting for over half of the
eight thousand naturally occurring phenolic compouitisborne, 1990 They are found in
fruit, vegetables, grains, bark, roossems, flowers, tea, and wiri®liddleton, 1998, many

of which are responsible for the attractive colairfiowers, fruit, andéaveqGroot & Rauen,
1998. Flavonoids a& low molecular weight compounds, consisting of fifteen carbon atoms,
arranged in a QBC3/ C6 configuration. Essentially the structure consists of two aromatic
rings A and B, joined by a-8arbon bridge, usually in the form of a heterocyclic ring, C

[figure 2].

Figure 2: Generic structure of a flavonoid molecule



The aromatic ring A isderived from the acetate/ malonate pathway, while ring B is derived
from phenylalaninghrough the shikimate pathw@Bohm, 1998 Merken & Beeckr, 2000).
Variations in substitutiorpatterns to ring C result in the major flavonoid classes, i.e.,
flavonols, flavones, flavanones, flavanols (or catechins), isoflavones, flavanonols, and
anthocyanidingfigure 3] (PérezJiménez & Saur&alixto, 2015. Of which flavones and
flavonols are themost widely occurring and structurallgiverse (Harborne, 199p

Substitutions to rings A and B give rise to the different compounds within each class of

O
OH
O

flavonoids(Pietta, 2000

:

Flavone Flavonol
O ‘icji‘
OH
0O
Flavanone Flavanol

H

o)

= OH
Anthocyanidin

Figure 3: Generic structure of major classed-lavonoids

To quantify thetotal flavonoid content(TFC) in any plant extract, a reliable method have
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been widely appliedThis method established §¢hoi, Hwang, & Kim, 2008adds sodium
nitrite solution, aluminum chloride solution, sodium hydroxide and distilled water to the plant
extract,in specific quantities of eacthen the absorbance is measured at 510 nny U$V-
SpectrophotometerAqueous solutions of known Catechin concentrations are used for

calibration and the results are expressed as mg caesghivalents (CEQ)/ g sample.

1.3. Phenolicsand flavonoids health benefits

Phenolic compounds have been associated with the health benefits derived from consuming
high levels of fruits and vegetabl@s. Shahidi & Ambigaipalan, 20)}5Despite their wide
distribution among plant kingdom, the health effects of dietary polyphenols have gain the
attention ofnutritionists recently. This interest has aristue to their potent antioxidant
properties, their abundance in the diet, and their credible effects in the prevention of various
oxidative stress associated diseas®sveralstudies indicated thdtavonoids possess anti
inflammatory, antallergic, antiviral, and anticarcinogenic propertie§Kabera, Semana,
Mussa, & He, 2014

The phenolic composition of the red/dandlored fruits depends on cultivar, maturity,
growing environment, cultural practices, postharvest conditions, and processing techniques
(Karlund et al., 201¢ Therefore, the phytochemical compositiciffedts, as these factors

differ, and plant d the same species will vary aonstituents from one region to another.

1.4. Palestinianplants rich in phenolics

Palestine is rich in biodiversity which has not been yet fully investigated. In the current
work, the attention will bdocusedon two wild Palestinianplant fruits, namelyEphedra
foeminea(E. foeminepthat belongs to Ephedraceae family &8milax aspergS. aspera

that belongs to Smilacacetsanily.
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1.4.1.Ephedra foeminegE. foemineg

The genus of Ephedrayhich contains over 50 specigas,a member of the famous family
Ephedraceae, a genus of Atowering seed plants belonging to the Gnetales, the closest
living relative of the Angiospermg¢Caveney, Charlet, Freitag, Mafe$tolte, & Starratt,
2002, Friedman, 1996 The shrubs, which reach approximately one meter in height, grow in

semiarid and desert conditions in both hemispheres across six contitreses199%

Ephedrain general is one of the oldest medicinal herbs known taliflsaal Chinese
Medicine (TCM);E. sinicais the primary species that has been usdtpimedrapreparations

and extracts all around the world to treat allergies, bronchial asthma, chills, colds, coughs,
edema, fever, fluheadaches, and nasal congestias;it has been a natural source of
alkaloids such as ephedrine, pseudodphe, norpseudoephede (K. Chen & Schmidt,

1926 Konar & Singh, 1979Nawwar, Barakat, Buddrust, & Linscheidt, 19850 Dowd et all
1998. Ephedra has also been used as a dietary supplemaitiited StateJUSA) and
Europeduring 28" century, lut, misuse or abuse of ephedricentaining dietary supplement

for the purpose of weight loss or euphoric stimulation has resulted in various adverse effects
Therefore, USAand many western countries have banned the sale of ephednianing

dietary supmments since 199&itani et al., 2009

Phenolic compounds which are presenEphedra are of great importance because of their
potential antioxidant and antimicrobial properties. Therefore, thidigious plant shows
significantantimicrobial activity.

E. foeminea(Alanda in Arabic) [figure 4], is a wild light green, densely branched,
monogenic, small and perennielimber shrub the twigs appear leafless artle leaves
reduced to small scales, cones sessile shaped, clustered in the axils or at branch tips, the red

fruits arefully maturedupon OctoberE. foemineagrows in the Mediterranean regioits

11



exact taxonomy is shown in [scheme i&,geographical distribution among Palestine along
with its level of existence @y common, common, i and very rare) is shown [figure §.

E. foemineavas addressedh itraditional Arab medicine as a stiraat in treatment of anxiety
and skin rashalso as a deobstruent, to treat kidney, bronchi, circular system, digestive
system disorders and to relief asthma atdéhilips, 1958, The dried stems are the used
pars of the plant inraditional medicine, they aresed as hot drink decoction.

But in Palestine only recently it has been papakd as a treatment of mezer, when a
Palestinian shepherdhas talked about his story in defeating cancer in October 261139

the decoction of this plantDespite the never mentioned anticancer use of Alanda in
traditional medicine nor the existence of any scientific basedowaglp of this use, the
oncol ogy patients in Palestine and even

of their hopeless disease.
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Figure 4: Photo of £. foemineagrowing wild in Al- Mgaier Wadi of Bani
Nadem vi | toa(ghetocaptured m Dctober 2017)

Superdivision: Division: Family: Genus: Species:
Spermatophyta Gnetophyta Ephedraceae Ephedra foeminea

Scheme 2: E. foemineataxonomy.
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Geogr. District

Golan (Common)

Hula Plain (Common)
Upper Galilee (V. Common)
Lower Galilee (V. Common)

Kinnroth Valley (V.
Common)

Mt. Carmel (V. Common)
Esdraelon Plain (Common)
Mt. Gilboa (V. Common)
Bet Shean Valley (Common)

Coastal Galilee (V.
Common)

Acco Plain (V. Common)

Coast of Carmel (V.
Common)

Sharon Plain (V. Common)
Philistean Plain (Common)
Samaria (V. Common)
Samarian Desert (Common)
Shefela (V. Common)

Judean Mountains (V.
Common)

Judean Desert (Rare)
Negev Highlands (V. Rare)
Gilead (V. Common)
Ammon (V. Rare)

Moav (Common)
Edom (Common)

Figure 5: geographical distribution of £. foemineain Palestine(Danin, 2016.
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1.4.2.Smilax asperdS. aspera

The genusSmilax(Smilacaceae), commonly called sarsaparilla, consists of about 350 species.
About 79 species are natives of China, 24 species arelfrdim and 29 species are from
Central America, others are distributed among Mediterranean regions. The plants of this
genus are climbers, have long, thin, thorny stems and have tendrils which attach to other
plants or objects to climb steadily

S. asperglant[figure 6] is an evergreen, creeping, and extremely tough shrub of the family
Smilacaceaetypical of the Mediterranean regiolts full taxonomy is illustrated in [scheme

3]. Leaves and roots of this plant are edildlee roots are used as ingredief soft drink and

young shoots can be cooked and used as an asparagus sulbstitgte& Vasapollo, 2006

S. asperdas also been used traditionally for treatment of syphilis, diabetes, and rheumatism,
and as an antioxidant and for treatment of symptoms of menopause in \{ldarba, abu
Zargab, & Abdallaa, 20Q9 It finds application in @rbal medicine for its depurative,
diaphoretic, diuretic, stimulating and tonic acfioongo & Vasapollo, 2006

S. asperageographical distribution among Palestine glavith its level of existence éry
common, common, rare and very rare) is shown in [figur@§. fruits of which are ripened

on October are bright redRaul, Beatriz, Joseoziel, & Francenia, 2Dbhad reported that
anthocyanins artheresponsibl&eompounds of their color.

Preparations from the roots 0b. aspera plant are used traditionally in Palestine to treat
inflammatory skin diseases, including psoriasis, along with rheumatic complaints and

inflammation of the urinary tra¢Amira, Dade, Schinella, & Rios, 2012
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Figure 6: Photo of S. asperaggrowing wild in Al-Makhrour
Wadi in Beit-Jala. (photo captured in October 2017)

Superdivision: Division: Class: Family: Genus:
Spermatophyta /.~ Angiospermae Monocotyledoneae Liliaceae Smilax

Scheme 3 S. asperaaxonomy.
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Geogr. District
Mt. Hermon (V. Rare)

Golan (Rare)

Hula Plain (V. Rare)

Upper Galilee (V. Common)
Lower Galilee (Common)
Kinnroth Valley (V. Rare)
Mt. Carmel (V. Common)

Coastal Galilee (V.
Common)

Acco Plain (Common)

Coast of Carmel (V.
Common)

Sharon Plain (Common)
Philistean Plain (V. Rare)
Samaria (V. Common)
Shefela (V. Commaon)

Judean Maountains (V.
Common)

Gilead (V. Common)

Vegetation Units
l Mt. Hermon

Vo The Mediterranean
_ Woodlands and Shrublands

Figure 7: geographical distribution of S. asperain Palestine(Danin, 2019.
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1.5. In-vitro chemical assays of plant extracts:

1.5.1. Antioxidant activity

There is an increased evidence for the participation of free radicals in the etiolagioos
diseases like cancer, diabetes, cardiovascular diseases, autoimmune disorders,
neurodegenerative diseases, aging etc. A free radical is defined as any atom or molecule
possessing unpaired electrons. Antioxidants are agents which scavenge thdi¢ads and
prevent the damage causeyl feactive oxygen species (ROS) ardctive nitrogen species
(RNS). ROS issomposed of superoxide anionxI) hydroxyl (OH-), hydroperoxyl ( OOH-),
peroxyl (ROO:), alkoxyl (RO-) radicals non fredicals are hydrgen peroxide (kD,),
hypochlorous acid (HOCI), ozone {singletoxygen (1Q). RNS are mainly nitric oxide

(NO:), peroxynitrite (ONOO-and nitrogen dioxide (NO2). Antioxidants can greatly reduce

the damage due to oxidants by neutralizing the free radicals before they can attack the cells
and prevent damage to lipids, proteins, enzymes, carbohydnattBNA. A wide range of
antioxidants fronboth natural and synthetic origin has been proposed for use in the treatment
of various human diseas@2arr & Bolwell, 2000.

The antioxidant capacity is thmpability of scavenging the oxygeerived free radicals. It

has often been correlated with the phenolic cor(teantin, Moreno, & Gogorcena, 2009

The structure of phenolic compounds is a key determinant of their radical scavenging
activity; for example the antioxidant activity of phenolic acids increases with increhging

degree of hydroxylatio(Balasundram, Sundram, & Samman, 2006
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The food matrices haveartioxidant propertiesdue topresence of a complex mixture of
compounds of varying polarity, such as vitamin C, vitamin E, carotenoids, and polyphenols.
Due to the potential synergistic action of all these bioactive compounds

present in foodSerafini, Bellocco, Wolk, & Ekstréom, 20D2

It is important to select and employstableand rapid method to assemstioxidant activity,

to make the determination of plant extract activity less time consuming and more accurate.
Several methods have been developed to assay free radical scavenging capacity and total
antioxidant activity of planextracts. The most common and reliable method involves the
determination of the disappearance of free radicals using a spectrophot@ueteas 1;1
diphenyt2-picrylhydrazyl radical (DPPH )Miller, RiceEvans, Davies, Gopinathan, &
Milner, 1993. Another reliable, widely used method is measuthmgreducing antioxidant
power, called FRAP assayThese two selected methods have advantages over the
disadvantages of other methods as CUPRAC and ARAfak Ozyurek, Gull, &

Capanody, 2016 Badarinath et al., 20}0
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1.5.1.1. FRAP method

One of the most important methods used to measure antioxidant activity of plants extract is
Ferric lonReducing AntioxidanPower Assay (FRAP)t is simple, fast, inexpense, robust

and does not required specialized equipment. In the FRAP method the yelfSWHFEZ
complex @, 4, 6tri (2-pyridyl)-1,3,5triazing is reduced to the blue #eTPTZ complex by
electrondonating substances (such as phenolic compounds) under acidic con@torne

& Strain, 1996. Any electron donating substances with a half reaction of lower redox
potential than F&/F€" TPTZ will drive the reaction and the formatiofithe blue complex

forward (Singh, Guizani, Essa, Hakkim, & Rahman, 2D&8 shown ifFigure §.

O/l\ J\[j N/ [Fe(lll)(TPTZ)Z]
-e + antioxidant
AN F
§ | A |

L
5
N N [Fe(11)(TPTZ),] "2
N\ e
@
Figur e 8: Chemical structures of reaction of yellow F& TPTZ complex (2,4,6tri(2

pyridyl) -1,3,5triazine) with antioxidants is reduced to the blue F& TPTZ complex by
electron-donating substancegPrior, Wu, & Schaich, 2005.

+
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1.5.1.2. DPPH method

DPPHis free radical that is stable at room temperature, which produces a violet solution in
methanolor ethanoland has a lambda max at 517i\When the free radical reacts with an
antioxidant, its free radical property is lost due to chain breakage and its color changes to
light yellow, which can be quantified by its decrease of absorbance at wavetdrigtii nm
[Figure 9] (Xie & Schaich, 201% Radical scavenging activity increased with increasing
percentage of the free radical inhibition. The degyediscoloration indicates the free radical
scavenging potentials of the sample/antioxidant by their hydrogen donating ability. The
electrons become paired off and solution losekr stochiometrically depending on the

number of electrons taken ¢Pannigrahi, Mazumder, Pal, & Mishra, 2009
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1.5.2.Anti -bacterial activity

Antibiotics are one of our most important weapons in fighting bacterial infections and have
greatly benefited the healtklated quality of hu@n life since their emergancElowever,

over the past few decades, these health benefits are under threatyasomanonly used
antibiotics have become less and less effective against certain illneesesly because
many of them produce toxic reactions, but also due to emergence akdrsigint bacteria. It

is essential to investigate newer drugs with lesssistance. Drugs derived from natural
sources play a significant role in the prevention and treatment of human diseases. In many
developing countries, traditional medicine is one of the primary healthcare systems
(Abdallah, 201). Herbs are widely exploited in the traditional medicine and their curative
potentials are well documentés-Y. Pan et al., 2004

According to statistics,bmut 61% of newdrugs developed between 1982002 were based

on natural products and they have been very successful, especially in the areas of infectious
disease and cancffragg & Newman, 20Q5Natural products of higher plants may give a
new source of antimicrobial agents with possibly novel mechanisms of g&igryoro,
Matee, Ngassapa, Joseph, & Mbwambo, 2@6G. H. Shahidi, 2004 The effects of plant
extracts on bacteria have been studied by a very tangéer of researchers in different parts

of the world(Bala et al., 2015Nabavi et al., 201;3Pagliarulo et al., 206

Plarts are rich in a wide variety of secondary metabolites such as tannins, terpenoids,
alkaloids, flavonoids, glycosides, etc., which have been found to have antimicrobial
propertiesn vitro (Hardoim et al., 2013 udwig-Mdiller, 2015.

Herbal medicines have been known to man for centufiBsrapeutic efficacy of many
indigenous plants for several disorders has been described byi@mactitof traditional

medicirg(Ramasamy & Manoharan, 2004ntimicrobial properties of medicinal plants are
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being increasingly reported from difent parts of the world. The World Health Organization
(WHO) estimates that plant extracts or their active constituents are used as folk medicine in
traditional therapies of 80% of the world's populatiggkor, 2014. The harmful
microorganisms can be contied with drugs and these resuliedhe emergence of multiple
drugresistant bacteria and it has created alarming clinical situations in the treatiment
infections. The pharmacological industries have pcedua number of new antibiotics, but

the resistance to these drugs by microorganisms ihaseased. In general, microbial
pathogen#ave the genetic ability to transmit and acquire resistance toetyntirugs which

are utilized as therapeutic age(fswers, Lopez, & Hudson, 20p1

1.5.3. Anti-cancer activity

Despite theadvancement in aflelds of scienceand medicingecancer stillis the ambiguous,

tricky, and mostlyhard totreat diseaseSo far, there isio extremely effective druge treat

most cancers; furthermoraany cancer treatents are very expensive. Sinte 1960she
National Cancer Institute (NETIbegan to screen plant extracts with antitumor activity
(Monks et al., 2002 Natural compounds isolated from medicinal plants, as rich sources of
novel anticancer drugs, have been of increasing interest sinceFtbreaxample, The five
antineoplastic lead compounds: vinblastine [vincaleukoblastine], vincristine [leurocristine],
podophyllotoxin, paclitaxel [taxol], and camptothecin, that represent significant contributions
to natural products isolation accomplished by pioneering natural product chemists, and these
have all led subsequently to considerable advances in cancer camapgth Pan, Chai, &

Kinghorn, 2012.

Cancer cell line is cancer cells that keep dividing and growing over time undaince

conditions in a laboratory. Human canderived cell lines are fundamental models used in
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laboratories to study the biology of cancer, and to test the therapeutic efficacy of anticancer
agents(Sharma, Haber, & Settleman, 2Q016leLa was the first cultured cancer line. It was
derived from cervical cancer cells taken from Henrietta Lacks in (S&8dierer, Syverton, &

Gey, 1953. Since then, hundreds of cancetl lines have been established and propagated
either in vitro as monolayer cultures or in vivo as xenografts in (Megtern, Bak, Hahn, &

Volm, 1989§.

1.5.4.HPLC-PDA and LCMS analysis of phenolic compounds

In order to analyze the phenolic content in natural extracts, high performance liquid
chromatography (HPLC) technique wmwidely applied, for both the separation and
guantification of these compounds. The separation of different classes of phenolic
compounds is achieved through the introduction of arsev@hase colummand water
acetonitrile mobile phaseUsually, photo diode array detector (PDAis used for food
phenolic compounds detecti@mce phenolics possess strong chromophdR.C coupled

with mass spectrometry (MS) has commonly been used for structural characterization of
phenols. Electrospray ionization mass speuetry (ESI/MS)for both the positive and
negative modesas been employed for the structural confirmation of phenofeatrices
(Naczk & Shahidi2004).

Prepartive HPLGPDA can be used to separate pure isolates out of the crude powder of the
natural product. The column large capacity enable great loadability of solution to isofate (10
100 mg) of each compound separated. Further spectroscopic techniques can be utilized suc
as'H-NMR and 2DNMR in the COSY and HMQC mode to further the structure of phenolic

phytochemicals.
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1.6. Hypotheses and Research Questions

The hypothesis of this study declares the existence of variations in TPC, TFC, antimicrobial
and antioxidant activity ifc. foemineandS. asperdrom Palestine and same species studied
in other countries. Both plants can be used in different applicatiodsfields, such as
pharmaceutical and food.
1. AreE. foemineandS. asperaich in phenolic and flavonoid compounds?
2. Do E. foemineaand S. asperaextracts possess amkidants, antimicrobial and
anticancer activiti€d
3. What phenolics are pregen the plants as per the HPIRDA and LCMS analysis?
4. What are the pharmaceutical applications that can be designed based on the-plants in

vitro activities?

1.7. Objectives

1- To measure TPC and TFC &. foemineaand S. asperafruits extracts in
different solvents with different polaritispectrophotometrically

2- To measure somm-vitro pharmacological activities such as the antioxidants,
antimicrobial, and anticancer effectsf foemineaandS. asperdruits extracts
using dfferent solvents with different polarities.

3- To screen the phytochemical components of both plants fruits usingRBIEC
LC-MS and LGMSMS.

4- To scale up some fractions on pure isolates of the extracts that showed promising
anticancer activity by using grarative chromatography.

5- Further structural elucidation of pure isolated compounds will be investigated

using spectroscopic techniques.
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1.8. Significance of the study

E. foemineaandS. asperahe two plants were chosen and collected from Palestine to study
their TPC and TFC, and to investigate their-@aincer effect, ammnicrobial and antoxidant
activities. The study will utilizestate of the anhstruments such as HPLEDA, LC-MS and
LC-MSMS to acquire their identity and quantity.

In the literature, the antioxidant, antimicrobehd anticancenctivities were investigated
separately besides some other tests including TPC and TFC but fogether species and

from different origins.

A comprehensive work that includes all of the above mentioned studies have never been
investigated collectively in one package. More importantly, it is the first time to study these
plants from Palestinian wild gin. Our study will use the recblored fruits whereas the

previous studies mostly used the stems and roots parts of the plant.

1.9. Aim of the study

The main aim of the current study is to analyze and characterize the phytochemical
constituents oE. foemneaandS. asperaof Palestinian origin, working specifically on the
red-colored fruits, thus, excluding other parts of both plants.

Spectrophotometric method will be used to determine the identity of their total phenolic and
flavonoid content. Screeningf secondary metabolites types and composition will be
accomplished by using cuttiregdlged hyphenated chromatographic methodologies such as

HPLC-PDA and LGMS and/ or LEMSMS in the positive and negative ESi modes.

Possible pharmacological activities Mok investigated.ncludng antioxidant, antmicrobial

and anticancer activities.
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Chapter Two:

Literature review:

2.1. Previousstudies

2.1.1.E. foemineaplant

Antimicrobial activity of differentEphedraspecieshave been studieéor exampleE. major
plays an important role as inhibitor to fungus groBagheriGavkosh, Bigdeli,Shams
Ghahfarokhi, & RazzaghAbyaneh, 200% In vitro antibacterial activity ofe. gerardiana
against various bacterial species suchSsaphylococcus aureus, Bacillus anthracis, B.
diphtheriae, B. dysenteriae, B. typhosarsd Pseudomonas aeruginosgere reported. Its
volatile oil showed inhibitory activity against Asian influenza vi(Remawat & Arya, 1976
Soltan & Zaki, 2009 Moreover, Kworet al.reported the antimicrobial activity &. sinicia
extracts against bacteria, suchvalsrio parahaemolyticus, Clostridium perfringens, Bacillus
subtilis and Staphylococcus aurgavon et al., 2001

An antiyeast advity of E. intermediaagainst three yeast speci&a¢charomyces cerevisjae
Candida albicansandC. utilis) were also investigatedonjar, 2004. The growth inhibition
activity of materials derived from the stemskofpachycladaagainst intestinal bacteria was
examined. Purification of the active constituent flanpachycladastems was performed and
the active component was identified as quirtaltid. Quinaldic acid derived frofBphedra
showed a strong inhibition agairStostridium difficileand Clostridium perfringengLee &
Lee, 2009. Another study showed th&. strobiliacea E. proceraand E. pachycladehave
antibacterial and antifungal activity, most highly agair®seudomonas aeruginosa

(Parsaeimehr, Sargsyan, & Javidnia, 2010
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It is worthwhile mentioning that the antimicrobial activities af the above mentioned
reports does not includé. Foeminea specieand the partstudied wereroots and stems

ratherthanthe flavonoidrich red fruits.

Several studies worldwide investigated thM@C and TFCof several Ephedra species
including E. campylopodaE. major, E. distachya subsp. helvetick. monospermak.

fragilis, E. foeminea, E. alata, E. altissimand Ephedra foliate(l br agi ¢ & ; Sof i |,
Mohamad et &a). Only two studies published recently in 2015 and 2017 have evaluated the
antioxidant activity ofE. alatain Palestine and determined their total flawm and phenol
contentg Al-Rimawi et al, 2017 Jaradat, Hussen, & Al Ali, 20)5

Some studies indicated thBphedrahave positive influence in cancer therapy includihg

sinica but not theE. foemineaOshima et al., 20)6 Hyuga et al excluded the benefit of
ephedrine and pseudoephedrine active ingredieepbédra fom the anticancer properties

In the contrary, they claimed it may cause side effects because ephedrine alkaloids stimulate
both sympatketic and parasympathetic nervemjverse effects may include palpitations,
hypertension, insomnia, and dysuria. They concluded that the anticancer activity is produced
by the noralkaloid fraction of ephedra which contains herbaeglytosides and some other
bioactive molecules that proda@ctivity by synergistic effedtdyuga et al., 2016 Linking

this observatiorto astudy published in 2015 which investigated alkaloids content of several
ephedraspecies using UPLBDA emphasized thd. foemineadoes not include ephedrine

nor pseudoepedrine compound$l br agi ¢ & ). Shod E. foemin@aplantScould
contain a promisingon-alkaloidanticancer candidates with no interruption of side effects.
However the use of AlandaH. foeminefn decoction by Palestinian oncology patients was

scientifically investigated b{Ben-Arye et al., 201§ who had tested Alanda decoction on
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breast cancer cell lines, the results reveal that Alanda extract alone has no effect on cancer
cell but its concomitant use with chemotherapy agentsuidmplatin and cisplatin resulted in

a dosedependent reduction in these agents cytotoxic ability.

The anticancer effect d&. foemineavas further investigated bviendelovich et al., 2037

who concluded that the leaf ethanol extract and fruit juicE.dbemineahave a significant

ability to reduce cancer cell viability when tested on variable cell lines with varying

experimental conditions.

2.1.2.S. asperaglant

The TPC and TFC 08. asperahas been studied biaAmira et al., 2012 who have also
measured the antioxidant activity using DPPH and FRAP adsasides its cytotoxic and
potertial antrinflammatory activity.

The isolation of steroidal saponins, traesveratrol and anthocyanins frafn asperahas

been reportedBelhouchet, Sautour, Miyamoto, & LacatBubois, 2008 The steroidal
saponins pasess properties such as forth formation, hemolytic activity, toxicity to fish, and
complex formation with cholésrin (Kang et al., 200)f During recent years, they have
attracted a growing interest owing to the range of their biologicabrectincluding anti
diabetic, anttumor, antitussive, and antlementia and as pklet aggregation inhibitors
(Sparg, Light, & Van Staden, 2004The genusSmilaxapproved exhibition of antioxidant

and preapoptoic anticancer activitie§Gao et al., 201,1Xu, Li, Zhang, Li, & Wang, 2006

The antioxidant property mainly attributed to its secondary metabolites phenolic compounds
such as stilbenes, flavones, flavanones, flavonols, smilasides, smiglasidedi@msides,
among others, expressed as DPPH radical scavenging activity approved of species of the

genusSmilax asS. bockifRugna et al., 2003S. campestri¢T. Chen et al., 1999S. glabra
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(Laitonjam & Kongbrailatpam, 20}0 S. lanceifolia (Cheng, Zhang, & Yu, 2004 S.
perfoliata (Sun, Zhang, Han, Dong, & Wang, 2Q13&. riparia (Zhang et al., 2014 S.
scobinicaulis(Ao, Higa, Khanh, Upadhyay, & Tawata, 2014nd S. sebeangWu et al.,

2010).
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Chapter Three:

Experimental Work :

3.1 Chemicals, Reagents and Plant materials

3.1.1. Chemicals

Solvents and standards useere99% ethanol, 95% methan@,2-diphenyt1-picrylhydrazyl

(DPPH), 2,4,6tripyridyl- S-triazine (TPTZ), ferric chloride hexgtrate, catechin, gallic

acid, ayar, sodium hydroxide, hydrolic acid, acetic acid,isadnitrite, aluminum chloride,

quercetin, quercetin-B-galactose were lalpurchased from Sigmaldrich, Israel HT29

colon <cancer cel | i ne, Dul beccods modi fi ec
glutamin, 1% pen/strep), 6 well plates, 10% FBS (Gibcdy glutamine, and
penicillin/streptomycin from (Biological industries, Israel). Phenolic and flavonoids

standads that were used as markers in the plant identification based on their retention and
UV-Vis spectra ar&anillic acid, Ferulic acid, Syringic acid, traginamic acid, Catechin,
p-coumaric acid, Sinapic acid,-Hydroxyphenylacetic acid, Rutin hydrate, Caffeic acid,
Quercetin, Gallic acid, 31-dihydroxyphenylacetic acid, chlorogenic acid, Taxifolin, Luteolin
7-glucoside, Apigenin-glucoside, Luteolin, Quercetin3-galactose were from Sigma.

LCMS grade of formic ed, acetonitrile (ACN), methanol (MeOH) and water,@) were

purchased from Sigmaldrich, Israel Me mbrane filters (0.45 &em |
from SigmaAldrich, Israel Ultrapur e w-a)tfoe analy(ical Br@prepbyative m

HPLC experiments was generated from an Ultrapure Water system, Millipore, Néeask

Ethanol (EtOH) solvent was purchased from Merdkrael The acetonitrile and water were

of an HPLC grade from Sigmésrael
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3.1.2. Reagents

Folin-Ciocalteu reagenERAP reagent was prepared according to Benzie and Strain, 1999 by
the addition of 2.5 ml of a 10 mM tripydyltriazine (TPTZ) solution in 40 mM HCI plus 2.5
ml of 20mM FeC4.6H,0O and 25 ml 0D.3 M acetate buffer at pBl6. Acetate buffer (0.3 M)

at pH 3.6was prepared according to British Pharmacopeia by dissolving 16.8g of acetic acid
and 0.8g of sodiunmydroxide in 1000 ml of wateMPTZ (10 mM, Mwt = 312.34 g/mol)

was prepared by dissahg 0.312g TPTZ in 100ml HCI| 0.0 HCl was prepared by
diluting 21.8 ml of stock HCI solution (0.0917M) to 5@l with water. Ferric chloride
hexahydrated (20mM, Mwt = 270.3 g/mol) was prepared by dissolving 540mg of it in 100ml
of water. 10% AICk was prepared by dissolving 10g of AlGh 100ml of water.7.5%
NaCO; was prepared by dissolving 7.5g of &3 in 100ml of water.DPPH (0.1mM,

Mwt= 394.32 g/mol) was prepared by dissolving 19.7mg of DPPH in 500ml| of 99.9%
methanol.

3.1.3.Plant materials

The fruits ofE. foemineaand S. asperawere collected. Théormer was from AtMgaier
Wadiof Bani Nadem vi ltteravgsdrom AMalheur Wadin.BeitDdlee | a
upon their maturity season on the middle of October of 2016 and &&péctively The two
plants were botanically identified and authenticate@btanistDr. Khaled Sawalha, Biology
Department, AlQuds Universityconfirmed with the a of The Plant List website arftbra

of Israel websitéDanin, 2016.

3.2.Instrumentation

Specord40 UV VIS spectrumyersatile singldoeam spectrophotometer for the measurement
of 1901100 nm conforms to Ph.Eur. qualitypade by analytikiena companyRotary
evaporator,inverted fluorescent microscope (Olympus CKX 4Bboratory water bath,

ultrasonic homogenizemdautoclave.
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The analytical HPLC is Waters Alliance (e2695 separations module), quipped with 2998
Photo diode Aray (PDA). Data acquisition and control were carried out using Empower 3
chromatography data software (Waters, Germany). flithescan UPLGMS analysis via a
chromatographic columar direct to the APbf the crude samples using in theectrospray

l oni zati on (ESI) was carried out using a
Spectrometer LCMSMS system (Thermo Fisher Scientific). All data acquisition and analysis
were performed using Trace finder software, version 4.1,-E8@ura and TSQ Quantiva,
Xcalibur Quan browser software version 3(Thermo Fisher Scientific). The Preparative
High-Pressure Liquid Chromatography (P##pLC) system consisted of 3535 quaternary

gradient module equipped with 996 PDA detectors.

3.3.Methodology

3.3.1.Preparation of plant materials and extraction

The fruits of both plants samples were air dried for nearly one month, grinded with a blender.
Ten gramsof the dried powder of both plants were macerated with 100 ml of different
solvents (distilled wate(D.W.), 80% ethand (EtOH), 99% EtOH), extracted on a ulra
sonication bath for 90 min at 37, and then filtrated using disposable filter of PTFE
membr ane, pore size 0.45 em. Then t°@Genticrude

analysis.

3.3.2.Total phenolic content(TPC) (Folin-Ciocalteu assay)

Total phenolics wereletermined using Foli€iocalteu reagentéSingleton & Rossi, 1965
The extracts (40) ul werenixed with 1.8 ml of FolirCiocalteu reagent (préiluted 10fold
with distilled water) and allowed to stand at room temperature for 5 min, and then 1.2 ml of

sodium bicarbonaté7.5%) wereadded to the mixture. After standing for 60 min at room
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temperatee, absorbance weraeasured at 765 nm. Aqueous solutions of known gallic acid
concentrations in theange of (100i 500 ppm) wee usedfor calibration. Results were
expressed as mg GA sample(Shui & Leong, 2006 This experiment was performed in
duplicate to ensure the accuracy of the results and the average absorbance for each extract

was taken for calculations.

3.3.3.Total flavonoids content (TFC)

The determination of flavonoids was performed according to theim@bic assayChoi et

al., 2003. Distilled water (4 ml) was added to (1 ml) of the extracts. Then, 0.3 ml of 5%
sodium nitrite solution was added, followed by 0.3 ml of 10% aluminum chloride solution.
Test tubes were incubated at ambient temper
sodium hydroxide were added to the mixture. Immediately, the volume of reaction mixture
was made to 10 ml with distilled water. The mixture was thoroughly vorterddtlze
absorbance of the pink color developed was determined at 510 nm. Aqueous solutions of
known Catechin concentrations in the range ofi(3®0 ppm) were used for calibration and

the results were expressed as mg catechin equivalents (CEQ)/ g SEmgpkxperiment was
performed in duplicate to ensure the accuracy of the results and the average absorbance for

each extract was taken for calculations.

3.3.4.Measurementof antioxidant activity by FRAP assay

The antioxidant activity of the extracts was determined using a modified method of the
assay of ferric reducing/antioxidant power (FRAP)JB¥nzie & Strain, 1996 Freshly
prepared FRAP reagent (3.0 ml) wer e war
extract and the reaction mixtureg8nmwwase | at

read with reference to a reagent blank containing distilled water which was also incubated
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at 37 UC for up to 1 hour i nstead of 4 mi n,
assay. Aqueous solutions of known Fe (Il) concentrations inrdhge of (2- 5 mM)
(FeS0O4.6H20) were used for calibratiofhis experiment was performed in duplicate to

ensure the accuracy of the results and the average absorbance for each extract was taken for

calculations.
3.3.5.Antioxidant activity by DPPH radical scavenging assay

Free radical scavenging activity of extractdrafts of E. foemineandS. asperglants were
measured by 1,-Idiphenyt2-picryl hydrazyl (DPPH)YShen et al., 20901n brief, 0.1 mM
solution of DPPH in ethanol was prepared. This solution (3.9 ml) wasdadd0.1 ml. of
different extracts in ethanol at different concentrations (50%, 70%, and 99%) and D.W. The
mixture was shaken vigorously and allowed to stand at room temp for 30 min. then,
absorbance was measured at 515 nm by usingy/L®/spectrophotometeLower absorbance
of the reaction mixture indicated higher free radical activity. The percent DPPH scavenging
effect was calculated by using following equation:

DPPH scavenging effec(%) or Percent inhibition = AT A1/ Ag x 100%
where A is theAbsorbance bcontrol reaction and Ais the Absorbance in presence of test
or standard sampl@&his experiment was performed in duplicate to ensure the accuracy of the

results and the average absorbance for each extract was taken for calculations.

3.3.6.Antimicrobial activity

The antimicrobial activityvastested against different types of microorganisms:
Staphylococcus aureus, E. calnd Candida albicans Positive controlused (Penicillin &

Gentamicin) for bacteria but no positive control for fungus.
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Antibacterial activities of the extracts were studied by using well diffusion technique which
depends on diffusion of the sample tested from a vertical cylinder through a solidified agar
layer in a plate.

In this method, theMuller Hinton mediawas prepagd by mixing 11.4 g agar in 360
distilled water andnutrient brothpreparedfor each microorganism. The media boiled and
then sterilized at 121 °C for 15 minutes. After sterilization, the media cooled, then at 45 °C
the suspension of each microorganianded separatelyo the nutrient brothBoth gram
positive (Staphylococcus aureus) and gram negative (Escherichia coli) bacteria and yeast
(candida albicans) were tested using-8Bpectrophotometer until suitable concentration is
reached.The Muller Hinton media was themistributed to plates (20 mL/plate), after the
media solidified, four holes with a diameter of 1 cm were made using sterile cylinder. 100 pL
of each extract was placed in each hole for each fAgpesitive control disk was placed on

the agr as wellThe plates incubated at 37 + 0.5 °C for 24 hours. After incubation period, the

zone of inhibition was measured by a caliper.

3.3.7. Anticancer activity

To test the possible anticanadfectof E. foemineaand S. asperg colon cancer cellsHT-

29) cell lineswere treated with four different concentrations (100, 50, 10 and 1 microgram)
from the stock solutiomf 80% EtOH extract of botplant. The procedure was as follows:
The specific media for cell and trypsin solution was withdrawn fromezer, then put in
water bath at 3C. The old media was aspirated from the plate by pump (in sterilized
condition on hood). 1ml of trypsin was put in the plate by pipette for few seconds. Then
trypsin solution in the plate was aspirated before the cells mawemixed by hand
Afterwards t was incubated in COncubatorat 37C for 35 min. After cells move, 2.5 ml of

media was added to the plate (tilted a@5then mixed well by pipette. 0.5 ml of the
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mixture was added to new 10 ml plate & 8ml of media was added. Then it was cheoked und
microscope and put in GGncubatorat 37C for 3-4 days. Plant extracts were diluted with
DMSO (5mg/1ml) and tested against cancer cell lines. The cells was counted under

microscope.

3.3.8.HPLC & LCMS analysis of phenolic compounds

3.3.8.1.Sample preparation for analytical HPLC analysis

The plant extracts were filtered using suction filtration, and then the solvents were evaporated
under reduced pressure af@Qusing Rotary evaporator. The resulting crude extracts were
dissolved in the regetive solvents (water, ethanol, and 80% ethanol) at a concentration of 5
mg/mL, and 20 pL were injected into the HPLC chromatograph, and analyzed for their
phenolics and flavonoids. Seventeen phenolic and flavonoid standards were injected and
separated siultaneously to identify the presence of any of these compounds in the crude
extracts. Calibration curve of each individual standard was also prepared at three

concentration levels namely 50, 100 and 250 ppm.

3.3.8.2HPLC instrumentation systems

The analytical HPLC is Waters Alliance (e2695 separations module), quipped with 2998
Photo diode Array (PDA). Data acquisition and control were carried out using Empower 3

chromatography data software (Waters, Germany).
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3.3.8.3.HPLC chromatographic condition

The HPLC analytical experiments of the crude extracts were run on ODS column of Waters
(XBridge, 4.6 | D x 150 mbidge ®DS20mpm xwiémmIDguar d
5 em. The mobile phase is a mixture of 0.5%
in a linear gradient mode. The start was a 100% (A) that descended to 70% (A) in 40 minutes.
Then to 40% (A) in 20 minutes and finally to 10%) (A 2 minutes and stayed there for 6

minutes and then back to the initial conditions in 2 minutes. The HPLC system was
equilibrated for 5 minutes with the initial acidic water mobile phase (100 % A) before
injecting next sample. All the samples were fa with a 0.45ym PTFEfilter. The PDA
wavelengths range was from 2200. The flow rate was 1 ml/min. Injection volume was 20

m and the column temperature was set at 250

minutes with the initial mobile phassmposition prior injecting the next sample. All the

samples were filtered via 0.4%n micro porous disposable filter.

3.3.8.4.Preparative HPLC-PDA conditions

The crude extract was obtained by maceratingOjlvit/vol of dried plant fruitsabsoute
ethanol, sonicated for 2d1at room temperature. The resultant extract was evaporated using
rotary evaporator at0°C under reduced pressure. The fieatract was stored in amber vial
and kept in the fdge until fractionated byreparative HPLC. Priomjection, the solution
(~0.1g/10ml 80% EtOH was filtered using disposable PolytetrafluoroethylenEfPTilters

of 0. 45 prepanative HRLE experiments were runAtiantis® Ts Prep OBBM, 100

A° 1 019 280 mmcolumnsupported with Atlantf T3 Prep, 5¢ m19 x 20 mmguard
column The gradient program started from %@8acidic water (0.5% acetic acid2%
acetonitrile to 98% acetonitrile in 58minutes and back to the starting mobpbase

composition in2 minutes. The flow rate was IBl/minutes, the injection volume was 100
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pl, the column temperature was set at room temperature andA wavelengths ranged

from 216600 nm.

3.3.8.5.L.C-MS chromatographic condition

The UHPLCMS chromatographywvere performed under reverse phase conditions using a

TSQ Quantum Access MAX (Thermo Scientific, San Jose, CA, USA) which includes a
Dionex Pump with a degasser module, an Accela PDA detector and an Accela Autosampler.
The chomatographic separation wazerfcr med on a KinetexE col umn
si ze, 100 pore size, 100 x 2.1 mm) from P

cartridge (C8, for 2.1 mm ID column) was from PhenomeneXAUThe injection volume

was2 €L, the oven t edadfCature was maintain

3.3.8.6 Direct injection to LC-MS

A direct injection LGMS analysisof all the preparative HPLC collected aliquofpure
compounds)vere performed in both the positive and negative electrospray ionization (ESi)
modesusing the full scan mode and the product ion scanning mblde mobile phase
consisted of 70% acidic water (0.1% formic aci®0% acetonitrileat flow rate of

50m/minute The MS conditions were as follows:

1. For the negativeESi experimentsthe ion wltage was 2500 volts, ionamsfer tube
temperature wa82( C, full scan range was 15060 Dalton (Da), quadrupole resolution was
0.7 full width at half maximum (FWHM), sheath gas 25 L/min, aux ak/min and scan

rate was 1000 Da per second.

2. Forthe positiveESi, the ion voltage was 3500 volts, ion transfer tube temperature was

325°C, vaporizer temperature 276 only for the product ion scanning experimeritdl scan
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range was 15050 Dalton (Da), quadrupole resolution was 0.7 full width at hadiximum
(FWHM), sheath gas 35 L/min, aux gas 10 L/rsweep gas 1L/miand scan rate was 1000

Da per second.

3. For the product ion scanning (PIS) experimentthethe negative ESinode the ion
voltage was 2500 volts, ion transfer tube temperatae 328 C, vaporizer temperature
320°C, full scan range was 150 Dalton (Da), quadrupole resolution was 0.7 full width at
half maximum (FWHM), sheath gas 25 L/min, aux gas 10 L/miveep gas 2 L/minscan
rate was 1000 Da per secoadd collision enegy of 15, 25 and 35 volts with CID gas (in

Torr) of 1.5
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Chapter Four:

Results and Discussion

4.1.Ultrasonic extraction

To the besof our knowledge, there is no optimal extraction protdlathas been developed

in the pasfor phenolic extraction frork. foemineanor S. asperdruits.

In this work, in ordetto maximize the recovery yield dfie phenolic compoundfom the

fruits extractsthe dried fruits were grinded prior extraction into a fine powder to ensure the
reduction of particle size, aridreedifferent ratios of ethanol tawater were selecteéthanol

and water washosenbecauseboth aresafer and les toxic whencompared to acetone,
methanol or anpther organic solventdoreover, ethanol/ water binary mixture can easily
extract phenolics of polar to seqmolar nature

It is believed that extended extraction timeuld lead to exposure of more oxygand thus
increase the chances for occurrence of oxidation on phenolic compimdsos, Rogez,
Campos, Pedreschi, & Larondelle, 200aczk & Shahidi, 200¢ and thus would affect
antioxidant capacity when measured using DPPH and FRAP assays.

Further investigation performed Zhew etal., 201} indicatedno significantchange in
(p<0.05) after 18 min. This had explained this phenomenonFatk 6 s second | a\
diffusion which states that final equilibrium will be attained between the solution
concentrations in the solid matrix and solvent after a péaticduration(Pinelo, Sineiro, &

Nufiez, 2005h Therefore, as crucial as it is to minimize energy and cost of extraction process
our extraction time was within a range of 1280 mn.

Sonication was the method of choice since it rupture the cell membrane hosting the secondary

metabolites of the fruits. It is simply based on applying sound energy to which the frequency
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of the sound used breaks the cell walls and facilitate the redé@®eondary metabolites to

the solvent.

4.2 Total phenolic content (TPC)

Many studies of phenolic compounds have reported that the environmental, climatic, or
geographical factors as well as extraction techniques may significantly influence the quality
and the quantity of phenolic components pre¢erb r agi ¢ &; O8kard, Yumrutas2 0 1 5
Saygideger, & Kulak, 203 Pourmorad, Hosseinimehr, & Shahabimajd, 2006

TPC ofdifferent extracts oE. foemineaand S. asperavas determined by using the Falin
Ciocalteu reagent and were expressed as mg gallic acid equivalents (GAE) per gram of plant
extract. TheTPC of the test fractiog were calculated using the standard curve of gallic acid
Linear fit was obtained with an equatign= 0.0027x + (1172 andR? value of 0.9988
[Figure 1Q.

Results showed that the TPC footh plantsextracts using different solvents (D.\@9%

EtOH, 80% EtOH) have different quantitiegable 2] The resultsvere found to follow the

following trend:D.W > 80% EtOH > 99% EtOH for both plants.
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Figure 10: Calibration curve of TPC (absorbance of different concentrations of gallic acid vs.
concentration (ppm))

Table 2: TPC (mg Gallic acid/ g of dry sample) oE. foemineaand S. asperasamples.

Sample mg Gallic acid/ g sample
99% EtOH* 1.5
80% EtOH 1.87
E.foeminea DV 322
99% EtOH 4.56
80% EtOH 5.36
S. aspera DW 321

* EtOH: ethanol. * D.W.: distilled water

From the results in [table 2], it svident that water perceptayed a key role in extracting
phenolics; which indicate the polar nature of the phenols present in the fruits.
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4.3. Total flavonoid content (TFC)

The calorimetric assayas used to determine tA¢-C of different extracts oE. foeminea

and S. asperaplants. Total flavonoid contents was calculated using the standard curve of
Catechin Linear fit was obtained with an equation y = 0.0048x + 0.0034R&ndhlue of1
[Figure 11, and wereexpressed as mg Catechin per gram of the plant extract.

The TFC reslts of E. foemineandS. asperare represented in [table. 3lhe values are not
following the same trend as in TPQorfE. foemineathe highest concentration was found in
9% EtOH and the lowestiasin D.W., while for S. asperahe highest concentration was
found in 80% EtOH and the lowestsin 99% EtOH.

This observation indicates the polar nature of the flavonoids in both fruits to \Ehich

foemineacomprises more apolar compounds in comparison to more pdaraspera

1.8

14 y =0.004& +0.0034
' rR=1

1.2
1 /09/

0.8

0.6 /
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Absorbance

0 100 200 300 400
concentration of catechin

Figure 11 Calibration curve of TFC (absorbance of different concentratims of Catechin vs.
concentration (ppm).
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Table 3: TFC (mg Catechin/g of dry sample) oE. foemineaand
S. asperasamples

Sample mg catechih g sample
99% EtOH 1.0433
80% EtOH 0.1527
E. foeminea SXED 0.217
99% EtOH 0.736
80% EtOH 1.2245
>. aspera D.W. 0.8287

* EtOH:ethanol. ** D.W.:distilled water

In comparison with previous studiesthreliterature surveyssoncerning thdPC and TFC in
individual Ephedra species andSmilax species the results werevariant. For example,

(l bragi c &)d&arined the TR@wd T-C in terof Ephedraspecies including.
foemineausing the same methplut using different extracting technique. They determined
the highest and lowest TPC and TFC among the studied speci&s Bodmineavas among

the lowest with TPC of 6.8 mg GAgEsample and TFC of 0.6 mg CE / g sample.
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4.4. Antioxidant activity

The antioxidant capacity of plant extracts largedgpends on their composition and the
conditions of thetesting system used. Because many factors play a roleffdats ofthe
extracts cannot be wholly described withe single method. It is thus necessary to perform
more than one type of antioxidant capacity measurement t@ gell understanding of the
various mechanisms dntioxidant action. In this study, the antioxalaactivity of the
extracts was evaluated on the basis of the follomeghods: the analysis of their scavenging
effects withregard to the DPPIdnd the testing of their ability toeduce ferric (Ill) iron to

ferrous (1) iron in the FRAPeagent.

4.4.1.Free radical scavenging activity by DPPH

The free radicascavenging activity is studied by its ability to reduce the DPPH, a stable free
radical and any molecule that can donate an electron or hydrogen to DPPH, can react with it
and thereby bledcthe DPPH absorption. DPPH is a purple color dye hamagimum
absorption of 515 nm and upon reaction with a hydrogen démerpurple color fades or
disappears due to conversidaa 2, 2diphenytl-picryl hydrazine resulting ira dramatic
decrease in @wrbance The DPPH scavenging activity of the fruits extragts calculated
using the standard curve of concentration of Trolox (ppRryure 13. Linear fit was
obtained with an equation y-8.0026x + 0.7803 ang” value 0f0.9991)

For E. foeminearesultsof mg trolox g samplenere found tancrease as follow99% EtOH

> 80% EtOH > D.W. with values 03.512, 9.188 and 2.62 respectiveRor S. aspera
however,99% EtOH > D.W. > 80% EtOH with values 5956, 1.62 and 2.7 #2spectively

It was $rown that the 99% EtOH extract has the higlhasitesin E. foemineandS. aspera
alike as shown in [table 4].

The same trend for both plants was achieved regarding the petaéition, with quiet high

values forE. foemine®9% and 80% EtOH extradis be 91.3% and 90.2%6spectively.
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In general, theethanolic extracts of both plants showed a high radical scavengingyacti

than the aqueous extractsS. asperéhad its highest percent of inhibition in 99% EtOH of

78.96%
0.8
0.7 & y =-0.0026¢ +0.7803
Re=0.9991
o 06 .
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Figure 12: Calibration curve of DPPH (Absorbanceof different concentrations of
Trolox vs. concentration (ppm))

Table 4: DPPH free redical scavenging activity (mg trolox /g of dry sample) and % inhibition of
E. foemineaand S. asperasamples

Sample
mg Trolox\ g % inhibition
sample
99% EtOH* 9.512 91.3%
E. Foeminea

80% EtOH 9.188 90.2%

D.W.** 2.62 67.34%

99% EtOH 5.956 78.96%

S. aspera

70% EtOH 1.62 63.86%

D.W. 2.772 67.88%

* EtOH: ethanol. ** D.W.: distilled water
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Comparing our results of DPPH 8t asperawith that found by(Amira et al., 2012 who
extracted theilS. asperdruits in D.W. the values are almost the same 2ag/trolox /g of

dry sampleand 3 mg trolox /g of dry sample respectively.

To our knowledge, no studyg the pashas measured the antioxidant activity for this species

of Ephedan, thefoeminea.

4.4.2 Antioxidant activity by FRAP assay

Ferric lon Reducing Antioxidant Power Assay (FRAP) is simple, fast, inexpensive, and
robust method, and does not requaecialized equipment. In the FRAP method the yellow
Fe’* TPTZ complex (2,4,8ri (2-pyridyl)-1,3,5triazine) is reduced to the blue Fe2+ TPTZ
complex by electromlonating substances (such as phenolic compounds) under acidic
conditions

The antioxidant awovity of ethanol and aqueous plant extractEEoffoemineaand S. aspera
were evaluated by FRAP method and were expressedgFe ™ per gram of plant extract. It
was calculated using the standard curve of concentration*dffigure12]. Linear fit was

obtained with an equation y = 0.2019%.1766 and?? value of 0.9822.

Both plants the E. foemineaand S. asperaesults vere found to increase in the following
pattern D.W. > 80% EtOH > 99% EtOHvith values 0f0.64, 0.57 and 0.49 mg Fe+2/ g
sample folE. foemineaespectively andd.61, 0.67 and 0.71 mg Fe+2/ g sampleSoaspera

respectivelyas shown irjtable 5]
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Figure 12: Calibration curve of Fe"? Standard

Table 5: Antioxidant activity FRAP (as mg Fé? /g of dry sample) ofE. foeminea
and S. asperasamples

Sample mg Fe™“/ g sample
99% EtOH 0.49
E. foeminea —g505 EtoH 0.57
D.W.** 0.64
99% EtOH 0.61
>. aspera 80% EtOH 0.67
D.W. 0.71

* EtOH:ethanol. **D.W.:distilled water
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Several studies have evaluated the relationships betiiveesntioxidant activities of plant
products and thephenolic contents. However, these relationshipsidfieult to explain on

the basis of guditative analys alone. In our work, the extract &. asperaas an example,
showed a high swenging activity for DPPHand aquiet goodability to reduce the FRAP
reagentwith relatively low concentrations of total phenols dfalonoids. This relatively
high totalantioxidant activityfor an extract with low phenolic content suggests thatype

of phenolics mayplay the key role rather than their amounttavénoids ancanthocyanins
described byMontoro et al., 2006havebeen reported to exenigher antioxidant capacity
than the phenolics describéor the other species. Our results atso inagreementvith

(F. Shahidi & Naczk, 20Q3who reported thatlifferences in the d@noxidant activities of
plant extractscould be due to different qualitative and quantitatbeanpositions of their

phenolic constituents.
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4.5. Antimicrobial activity by well diffusion technique

The antibacterial activity oE. foemineaand S. asperawas studied against gram positive
bacteria (Staphylococcus aureus), gram negative bacteria (Escherichia coli), and yeast
(candida albicans) in different extractions. The test on each species was performed in
duplicate to insure the relialiifi of the results. The zone of inhibition for each plant in
different solution iglepictedn [table 6] and the photos of the test resiglia [table 7].

Results show thab. asperahas an activity against gram positive bacteria (Staphylococcus
aureuswith a zone of inhibition 20 mm with the 99% EtOH extract and the same with 80%
EtOH extract, but no effect wasoticedwith S. aspera water extract nowith the three
extracts ofE. foeminea When S. asperaresults are compared with the positive control
(Penicillin G), a huge difference mbvious. This significant difference can be due to the
minor antibacterial effecof S. asperaor it couldbe due to the uannified experimental
conditions; that is the use of the positive
the plant extracts solution. Each method has its own distinct condiBatuiri, Sadiki, &
Ibnsouda, 2016 Experimental conditions for test and control should be as clopesasble

so that the conclusion of results can be valid; therefore the diffusion of the positive control
into the agar is likely to be greater than that of the extracts solutions.

S. asperashow a good inhibition zone against the yeast Candida albicans in all the extracts
(99% EtOH, 80% EtOH, and D.Wjith values of20mm 19mm, 13mm respectivelyNo
comparison with positive control was performed as we intended to use Nystatin but it was not
available in the laboratory.

On the other hand. foemineaxtracts (99% EtOH, 80% EtOH, and D.W) did not show any
effect against the yeast Candida albicans. As the 15oma of inhibition shown iplateB is

surely the ethanol effe¢l6mm according to thenoticeablepoor candida growth on that
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plate, the other plate indicated the resiat (no antiyeast activity ofE. foemineg[photo 2

in table 7]

None of the extracts dboth plants show positiveffect against gram negative bacteria
(E.Coli), which means that th&. asperafruit are effective only against gram positive
bacteriain specific extracts, whil&entamicin inhibit in a zoe of 24mm as shown ialtle 6
Lastly, it should benoticedthat solubility and diffusion of active components in agar media

could play a major role in evaluating the antimicrobial capability of plafiistinck, 199J).

Table 6: Zone of inhibition of E. foemineaand S. asperasamples againsStaphylococcus
aureus, Candida albicans, and E.Coli, corresponding to positive control [Penicillin G,
Gentamicin, and Nystatin].

Bacterium type Zone of inhibition
Solvent E. foeminea| S. aspera| Ref. (std.)
Staphylococcus aureus 99% EtOH ND* 20 mm | Penicillin G
80% EtOH ND 20mm | °0mm
100% D.W. ND ND
Blank (EtOH) ND ND
Blank (D.W.) ND ND
Candida albicans 99% EtOH 15 mm 2 hm Nystatin
80% EtOH ND 19 mm NT**
100% D.W. ND 13 mm
Negative control 16 mm ND
(EtOH)
Negative control ND ND
(D.W.)
99% EtOH ND ND Gentamicin
E.Coli 80% EtOH ND ND 24 mm
100% D.W. ND ND
Blank (EtOH) ND ND
Blank (D.W.) ND ND

*ND= Not Detected (no effect)**NT= Not Tested
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Table 7: The antibacterial test ofE. foemineaand S. asperdruit extracts against

Staphylococcus aureus, Candida albicans, and E.Coli. The abbreviations on plates

refers to: E1, E2 and E3:E. foemineaextracts (99% EtOH, 80% EtOH, and D.W)

respectively.S1, S2 and S3S. asperaxtracts (99% EtOH, 80% EtOH, and D.W)
respectively

1- The Effect of the plant extracts onS. aureus A: E. foeminea has no antibacterial
effect, B: Two extracts ofS. asperdS1 and S2have antibacterial effect while the
(S3) has no effect.

No effect

2- The effect ofE. foemineaextracts onCandida albicans B refers to False positive
result due to poor @ndida growth, A is the right result.
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