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ABSTRACT

One hundred and fifieen ethanolic extracts prepared from 96 plant
species from Palestine were evaluated for anticancer activity against two
prostate cancer cell lines, PC-3 and LNCaP; and one breast cancer cell line,
MCEF-7, using cell proliferation MTT assay and a 96-microwell plate-reader.

The results demonstrated that the studied plants differ significantly in
their activity against test cancer cell lines. The most active plant species
against test cancer cell lines include Cyclamen persicum Mill, Lycium
europeum, FEcballium elaterium L., Euphorbia hierosolymitana, Capparis
spinosa, Ononis sicula Guss, Anthemis tunictoria L, Verbascum sinuatum,
and Nerium oleander L. For PC-3 cell line the most active plants include
Cyclamen persicum Mill, Lycium europeum L., Ecballium elaterium 1)
Rick, Euphorbia hierosolymitana Boiss, Anthemis tunictoria L., Verbascum
sinuatum L. and Nerium oleander L. For LNCaP cell line the most active
plants include Cyclamen persicum Mill, Verbascum sinuatum L., and
Capparis spinosaL. For MCF-7 cell line the most active plant species include
Cyclamen persicum Mill, Lycium europeumL., ILuphorbia hierosolymitana
Boiss, and Ononis sicula Guss.

Another important observation was the stimulation of PC-3 cell line by

some plants, for instance Crataegus aronial, Ziziphus spina-christi, Salvia
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fruiticosa, Retema raetam, and Parietaria diffusa. These plant species were
used in folkloric medicine for many diseases and disorders. Significantly,
stimulation of LNCaP and MCF-7 cell lines was observed also with Quercus
calliprines and Chrysanthemum coronarium, which are used as popular
remedies. Therefore, care must be taken with respect to the great number of
plant extracts that show stimulation of cancer cells.

The results demonstrated that Ether and Acetone fractions were the most
active against the test cell lines. In addition Diethyl Ether dissolved terpeniods
and some alkaloids, some of diterpénes and sesquiterpenes compounds act as
anticancer drugs.

Test cancer cell lines differed significantly in relation to their
susceptibility to different plant extracts used. The most susceptible test cell

line was PC-3, whereas the least susceptible one was LNCaP.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 Medicinal plants

A plant is said to be “medicinal” when at least one of its parts contains
substances that can be used for therapeutic purpose (Sofowora, 1982;
Bruneton, 1995). This definition includes plants used in galenical preparations
(e.g., decocations, infusions, etc...), in extraction of surgical dressings, in

addition to some food spices and perfumery plants that are used medicinally.

The use of these plants in preventing, or eliminating physical, mental or
social diseases is referred to as traditional or folk medicine. This medicine can
be described as the combination of knowledge and practice, relying on past
experience and observation handed down from generation to generation
(Sofowora, 1982). Folk medicine comprises numerous herbal and plant
prescriptions for therapeutic purposes. These include healing of wounds,
treatment of inflammation and skin ulcers (Karim and Quraan, 1986; Dafm et

al., 1994; Ghazanfer, 1994; Tanira ef al., 1994), pneumonia and bullet

>
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wounds (Desta, 1993), dermatomucosal, skin and candidal infections (Caceres

et al., 1991,1993).

The interest in studying the biological effects of traditional medicinal
plants or isolating their active components for treatment of illness, has
increased all over the world and comprehensive screening programs have
been established (Boulos, 1983; Kottob, 1983; Azzam, 1984). A large
proportion of the current research in Ethnobotany remains focused on the
American continent where up to 41% of the studies are carried out (Cotton,
1996). In Palestine, the screening of the flora for pharmacological active
compounds started in the late sixties (Silva ef al., 1981). The abundance of
species (>2600) condensed on a very small geographical area (about 25000
Km?) is a major characteristic of the Palestinian flora. This richness is due to
the diversity of habitates created by the soil and climatic conditions, in

addition to the lack of medical care, and economics.

The remarkable diversity of environments and habitats stimulates also
the process of genetic differentiation and thus the development of new
ecotypes finally leading to new species. Indeed, the splitting of some species
in ecotypes or chemotypes is another characteristic feature of the Palestinian
flora. Above all, passing knowledge from one generation to the next about
medicinal plants and their use, is a part of the heritage in this area of the

world (Boulos, 1983; Karim & Quraan, 1986).

547651
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Many plant species (> 700) have been used in folkloric medicine in Palestine
to treat various ailments of man (Palevitch, 1991; Shtayeh & Hamad, 1995;
Ali-Shtayeh, et al.,, 2000). Folk remedies used are prepared as powders
poultices, ointments, baths, decoctions, infusions and teas. Decoction is the
most popular form of home remedy. Decoctions, infusions and teas are
usually prepared just before application and filtered through a cloth or cotton
wool. Most plants are stored for use in the dry state, which permits their
utilization throughout the year, sometimes fresh plants are used (Sezik et al.,
1991).  Ninety-four of these plahts (Table 2.1) which are used to treat
dermatomucosal infections and other ailments, were selected in the present
work for antiprostate cancer activity testing. However, some of the sclected
plants have been testecli for biological activities other than antibacterial or
anticandidal activities such as antifungul activity (e.g. Amoros et al., 1988,;
Cacers et al., 1991; Bagchi et al., 1999), hypoglvcemic activity (e.g. Yaniv et
al., 1987; Gharaibeh er al., 1988; Glombitza er al., 1994), antiulcerogenic,
antihelminthic and hepatoprotective (e.g. Akhtar er al., 1989; Naqgvi et al.,
1991; Sultana et al., 1995; Abreu et al., 1999), analgesic, antipyretic and
antirheumatic activities‘ (e.g. Karim and Quraan, 1986; Al-Said et a/., 1990;
Dafni et al., 1994; Ali et al., 1995), antileishmania and insecticidal activities

(e.g. Abreu ef al., 1999; Chariandy et al., 1999). To the best of our knowledge

the remaining plants have not yet been studied for their anticancer activities.
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It is hoped that this study can focus the light on the anticancer activities of the

selected plants (Table 2.1).

Plant products, having traditional medicinal values, have always been an
interesting concern to the phytochemists and pharmacologists for advanced
studies on their chemistry and bioactivity. Chinese traditional medicines have
a long history and strong reputation in curing several diseases and are used
still today, not only in China but also all over the world (Sarker, 1996). A
main fraction of population in developing country remains dependent on
ancestorial plant knowledge for health care. This ratio keeps increasing with
the state of poverty of these countries. In addition, WHO encourages the
inclusion of medicinal plants in programs of developing countries because of
the great potential plants represent in combating various diseases (Noumi et
al., 1999).

Why peoples want to use medicinal plant more than manufactured medicine?

There is a renewed interest, especially in developed countries, in using
plants to treat livestock, pets, and humans because:

e Many people believe that plants are less toxic and safer than
manufactured drugs.

e Many people believe that plants are more natural than manufactured

drugs.
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e Medicinal plants can be made at home and are less expensive than
manufactured drugs.
e In developing countries, medicinal plants often are more accessible than

manufactured drugs (Jennifer Ketzis, 2000).

1.2 Antiprostate cancer activity and phytochemistry of medicinal plants
Various medicinal plant extracts claimed to be effective as antiprostate
disorders agents have been used since biblical times. However, often
objective and scientific efficacy has not been shown. Recently, the ability of
medicinal plant extracts to control the proliferation of prostate cancer cells
(Table. 1.1) were reported (Hryb et al,, 1995, Ravenna et al., 1996, Hsieh et
al, 1997, Hiremath et al, 1997). Habib et al, (1997) identified a HPLC
fraction from Cernilton pollen extract and found this fraction to be highly
active in inhibiting the growth of DU145 cells, a prostate cancer cell line. The
active fraction was later identified as cyclic hydroxamic acid. The 5-o
reductase which converts testosterone to the more potent androgen,
dehydroxytestosteron (DHT) in the prostate, was identified as the molecular
target for many plant extracts (Evans et al.. 1995). For example, oenothein B
was identified as the active compound of Epilbium parviflorum, a plant used

1

in Central Europe for the treatment of prostate disorders, inhibits 5-oc

reductase (Evans et al., 1995).
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gradually grows until puberty, when it begins to expand rapidly, attaining
normal adult size, about the size and shape of a chestnut, when a man reaches
his early 20s. The prostate is composed of glandular tissue that produces a
milky fluid and smooth muscles that contract during sex and squeeze this
fluid into the urethra, where it mixes with other fluid and sperm to form
semen (Porth, 1994; Me:dscape, 2000). The prostate also converts testosterone
to a more powerful male hormone, dihydrotestosterone, which affects the size
of the gland and plays an important role in prostate cancer (Culig ef al., 1997,

Medscape, 2000).

1.3.2 What is prostate cancer?

Prostate cancer is a malignant tumor that arises in the prostate gland and
can eventually spread through the blood and lymph fluid to other organs,

including the bones. Fortunately, prostate cancer tends to be slow growing

compared to many other cancers (Medscape, 2000).

1.3.3 How serious is prostate cancer?
Prostate cancer is the most common male cancer and is second to lung
cancer as a cause of cancer-related deaths in men (Culig ef al., 1997; Griffiths

et al., 1998; Xiaolin & Rajesh, 1999; Porth, 1994).

Many men with prostate cancer die with it, rather than from it. Because

so many prostate tumors are low-grade and slow growing, survival rates are
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excellent when prostate cancer is detected in its early stages. When prostate
cancer is detected in an early stage, cure rates are as high 98%. If the disease
is at a stage known as locally advanced it is more difficult to cure, but
survival rates can be prolonged for years in many men. If prostate cancer has
spread to distant organs, average survival time is one to three years

(Medscape, 2000).

1.4 Screening Methods for Anticancer Activity of Natural Products
1.4.1 Methods for studying cell viability and proliferation in cell

populations

The most convenient modern assays for determination of cell viability
and cell proliferation have been developed in a microplate format (96-well
plates). This miniaturization allows many samples to be analyzed rapidly and

t

simultaneously.

The microplate format also reduced the amount of culture medium and
cells required as well as cost of plastic ware. Calorimetric assays allow
samples to be measured directly in the microplate reader (Riss & Moravec,
1993). Microplate assay has been developed based on different parameters
associated with cell viability and cell proliferation. The most important
parameters used are DNA synthesis like [3H]-TdR proliferation assay, and

metabolic
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1.4.1.1 MTT Assay
1.4.1.1.1 Background information
3-(4,5-Dimethylthiazol-2-yl)-2,5diphenyltetrazolium  bromide (MTT)
reduction is one of the most frequently used methods for measuring cell
proliferation and neural cytotoxicity. It is widely assumed that MTT is
reduced by active mitochondria in living cells (Lui ef al., 1997; Riss &
Moravee, 1993). Recently, colorimetric assays have become available for
analyzing the number 1o:)f cells by the cleavage of tetrazolium slots added to
the culture medium. This technique requires neither washing nor harvesting of
cells, and the complete assay from onset of the microculture to data analysis

by a microplate reader is performed in the same microtiter plate (Roche,

1999; Promega, 1996).

1.4.1.1.2 MTT assay application

MTT assay is designed to be wused for the non-radioactive,
spectrophotometric quantification of cell proliferation and viability in cell
populations using 96-well plate format. It can be used for: 1- the measurement
of cell proliferation in response to growth factors, cytokines, mitogens, and
nutrients (Huang et al., 1998; Roch, 1999). 2- the analysis of cytotoxic and
cytostatic compounds like anti-cancer drugs and other pharmaceutical

compounds (Gergel ef gl., 1995; Wong & Goeddel, 1994; Roch, 1999). 3- the
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assessment of growth inhibitory antibodies and physiological mediators

(Fanjul et al., 1996; Roch, 1999).

1.4.1.1.3 MTT assay principle

The assay i1s based on the cleavage of the tetrazolium salt MTT, in the
presence of an electron-coupling reagent, by active mitochondria. The water-
insoluble formazan salt produced has to be solubilized in an additional step.
Cells, grown in a 96-well tissue culture plate, are incubated with the MTT
solution for approximai:ly 4h. After this incubation period, a water-insoluble
formazan dye is formed. After solubilization, the formazan dye is quantitated

using microplate reader. The absorbance revealed directly correlates to the

cell number (Roch, 1999).

1.4.1.1.4 Advantages of the MTT assay

There are many advantages for MTT assay as followed: 1-safe: no
radioactive isotopes are used. 2-accurate: the absorbence revealed, strongly
correlates to the cell number. 3-sensitive: low cell number is detected. 4-fast:
the use of a multiwell-plate reader allows a larger number of samples to be

processed. 5-easy: no washing steps and no additional reagents are required

(Riss & Moravec, 1993; Roch, 1999).
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1.4.1.1.5 Disadvantages of MTT assay
MTT assay has some disadvantages as followed: 1-requires volatile
organic solvent to solubilize the formazan product. 2-plates can’t be read and

returned to incubator for further color development (Promega, 1996).

1.4.2 Extraction techniques
Antimicrobial activity of plant is usually assessed after extracting plant
material with organic and aqueous solvents, in order to separate the chemical

constituents into groups of different polarities (Nadir et al., 1985).

Many factors may affect the extractability and hence the biological
activity of the chemical constituents of the plants. The pH of the extracting
medium is one of these factors. For this reason, when working on medicinal
plants it is recommended to apply various methods of extraction to ensure the

recovery of the active components (Nadir ef al., 1985).

Decoction is one of the traditional extraction techniques. It is prepared
by placing the plant drug in cold water, bringing it to boil for 15 minutes or
longer (up to 1 hour), and then allowing the mixture to stand for a further 15
minutes, the extract (aqueous or organic) are decanted or filtered as and when
required. This type of extraction may result in the alteration of many active

constituents (e.g., some glycosides are decomposed during boiling).

11
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Another technique of extraction is infusion, which is carried out by
pouring boiling water or organic solvent on a specific quantity of plant
material and allowing the mixture to stand for 10-15minutes or more

(Sofowora, 1982).

1.4.3 Methods of separation

Different chemical methods have been used for separation, determination
and identification of ingredients occurring in the plant including distillation,
filtration, crystallization, extraction, chromatographic methods and

spectroscopic methods (Henry et al., 1978).

1.4.3.1 Chromatography

Accounts of the early history of chromatography have been given by
Weil, (1950); Williams, (1951); Farradane, (1951); and Zechmeister, (1951).
Russian botanist Tsweet, (1910) was the first to be aware of the great
advanages of chromatography. He described in details the separation of
pigments and colorless'substances by filtration through columns, followed by

development with pure solvents (Lederer, 1957).

Chromatography is a method by which the chromotographed substance
moves in a system of two phases, one of which is stationary and the other is

mobile (Pattison, 1978).
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1.4.3.1.1 Thin layer Chromatography (TLC)

| The first report on it was introduced by Isamailov and schrasber in 1938

|
. (Abdel-Latif, 1994). TLC-separation is the result of combination of separation

mechanism most often adsorption, partition and ion exchange. TLC method
utilizes a calculated factor as the basis for quantitative analysis, this is called a
retardation factor (R;) which has a specific value for a specific solute using a

specific mobile and stationary phase (Abdel-Latif, 1994).

1.4.3.1.2 Column Chromatography

Column Chromatography processes are very useful techniques for
separation large amounts of samples. The mobile phase may be liquid or gas.
The separation may be due to adsorption that depends on the interactions
between the mobile phase and stationary phase. A continued passage of the

solvent aids the settling of the packing particles (Snyder & Kirkland, 1971).

1.5 Objectives of the present study

This in vitro study was aimed at:

1. Identifing and selecting some traditional medicinal plants that are claimed

to be effective in the treatment of prostate disorders.

2. Identifing and selecting the most active fractions of active plants.

13

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



3. Determining whether their use in folkloric medicine to treat these diseases

is justified.
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CHAPTER TWO

MATERIALS & METHODS

2.1 Anticancer activity of plant extracts
2.1.1 Plant material
2.1.1.1 Collection

Plant material (aerial parts, Ieéves, roots, seeds, and whole plants) of 96
plant species belong to 43 botanical families, commonly used in Palestinian
folk medicine, were collected from various locations in the northern part of
the country (Table 2.1). The aerial parts of the mature plants were collected in
the period between Ap‘ril and July 2000. The collected plant material was
either used fresh, or dried in the shade, and then ground toa powdered
material using an appropriate seed mill. All plants were identified by Prof. M.
S.Ali- Shtayeh in the Department of Biological sciences at An-Najah

University, and specimens of the plants were preserved there.

15
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2.1.1.2 Extraction

100g of both dry powdered plant and some fresh plants were infused in
70% ethanol until complete exhaustion (usually 1:5 w/v ratio) for 72h at room
temperature with peribdic shaking. The extract was then filtered twice
through Whatman filter paper No.1, and the filtrates were evaporated under
reduced pressure and dried using a rotary evaporator at 60°C. Dried extracts
were stored in labeled sterile bottles at —20 °C (Ali-Shtayeh et al., 1997; Ali-

Shtayeh & Abu Ghdeib, 1998; Kandil et al,, 1994).

2.1.1.3 Preparation of stock solution

Extracts stock solution was prepared by dissolving 10mg from the above
powdered extracts in 1ml of 100% dimethyl sulfoxide (DMSO) and kept in
labeled eppendorf tubes at —20°C for further use.

2.1.1.4 Preparation of medicinal plant library (MPL)

250ul, U-shape and transmissible 96 microwell-plates were prepared for

the test as follows:
1. Each well was filled with 1801 of 10% DMSO.

2. 20ul from stock solution (10 mg/m!) was added into 180ul of 10%

DMSO in order to obtain the first drug concentration of 1mg/ml.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



3. 20pl of this drug was added into another well in order to obtain the second

4. The 96 microwell-plate were filled with different drugs.

drug concentration of 100pg/ml (Figure 2.1).

]
7))
Q
‘ o
5. The last column was filled with 10% DMSO only without any drug as a I
%)
control (Figure 2.1). D
<
l_
©
6. Each plate was covered, labeled, and kept at -20C° for further study.
%
1
—
MPL-1 [} 2 3 4 3 3 7 8 9 10 11 12 ** ©
A WIv Tw2 w3 [Wa | W5 | w6 | W7 [W8 | W9 |WI0 | Wil [DMSO | 10ulfrom stock h o)
into 1801 10%DMSO 3=
B Wi W2 W3 W4 W5 W6 W7 w8 W9 w10 Wi | DMSO | 1:10 dilution from A
S
C W12 W13 Wl4 W15 W16 W17 WIg | W19 | W20 | W2l W22 ¢« DMSO | 10ul from stock o
! into 180pul 10%DMSO S\
D W12 W13 Wi4 W15 wi6 w17 W18 | WIS | W20 | W2l w22 { DMSO | 1:10 dilution from C =2
E W23 W24 W25 W6 - W27 W28 W29 | W30 | W3l | w32 W33 | DMSO | top! 1 from stock 4‘63
inta 180l 10°DMSO >
F w23 w24 W15 Ww2e | W27 W28 W29 | W30 | W31 [ W32 W33 | DMSO | l:10dilutionfromE CC
G W34 [ W35 | W36 | W37 | WiB | Wag | Wib | WAl | wa2 | wa3 | wai "DMSO | T0ul from stock E
| into 180ul 10%DMSO
H W34 W335 W36 W37 | W3g W39 W40 | w4l W42 | W43 W44 l DMSQ | 1:10 dilution from G
‘ 1

Figure 2.1 Medicinal plant library (MPL)

*Extract number, ** Control column. 10% DMSO

2.1.2 Anti proliferation assay

2.1.2.1 Cell lines

adenocarcinoma PC-3,

prostate adenocarcinoma

25

LNCaP

All Rights Reserved - Library

The following human cell lines were used in the present study: prostate

and breast



adenocarcinoma MCF-7 (Table 2.2). These cell lines were obtained from

American Type Culture Collection (ATCC, Rockville, Md. USA).

Table 2.2 Cell lines used in this study with their media and supplements.

Cell line Cell type Media Supplements ATCC No. | References
PC-3 Prostate (And -) Minimum Essential | - 10% Fetal Calf Serum (FCS). | CRL-1435 | Bahk et al,
Medium 1998; Halicka
- 1% Penicillin-Streptomycin et al, 1997
With Earle's Salts. (10000 IU/ML -10000 UG/ML). Eggg et al,

With L-Glutamine.

LNCaP Prostate (And +) - 10% Fetal Calf Serum (FCS}). | CRL-1740 { Bahk et al,
1998; Halicka
RPMI-1640 Medium - 1.5 g/L Sodium bicarbonate. et al, 1897,
Eilen et al,
Wi : A . 2000;

ith L-Glutamine. - 1mM Sodium pyruvate, 50%. Onozawa et

al., 1998

- 10 mM HEPES.

- 4.5 g/L Glucose.

- 1% Penicitlin-Streptomycin
(10000 IU/ML -10000 UG/ML).

MCF-7 Breast (ER+) RPMI-1640 Medium - 10% Feta! Calf Serum (FCS). | HTB-22 Halicka et al.,
1997; Eilon et
With L-Glutamine. - 1% Penicillin-Streptomycin al., 2000

{10000 [U/ML -10000 UG/ML).

= Insulin 1 Utfml.

2.1.2.2 Cells Culture

The three types of cell lines were maintained at 37 °C in a humidified
incubator containing 5% CO2 in the air (Eilon ef al., 2000; Halicka et al.,
1997; Kelner et al., 1998; Bahk etal., 1998). Cells were seeded in 75 cmz,
gamma-sterilized, tissue culture-treated and screw cap with venting position,
tissue-culture flasks (TPP, Europe/Switzerland), with 10 ml media for each

cell line as in (Table 2.2).

26
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2.1.2.3 Cells harvesting and counting

After 7 days of incubation (cells will be confluent in the flask) the media
were aspirated and the cells were harvested with 2ml of 0.05% Trypsin /
0.02% Ethylene Diamine Tetra acetic Acid (EDETA) solution (Onozawa et
al., 1998; Castaneda &Kinne, 1999). 10 m! of media was added to the cells
immediately after harvésting. 100p] from the cells were stained with 100ul of
(0.4%) trypan blue solution and then counted using hemocytometer under an
inverted microscope. MCF-7 and PC-3 cells were diluted with media (Table

2.2) to give a concentration of 3x10*cells/200ul. 4x10* cell / 200p1 were

used for LNCaP cells in MTT assay.

2.1.2.4 MTT assay ;

2.1.2.4.1 Preparation of MTT dye

75mg of 3-[4,5-dimethyl thiazol-2-vi]-2,5-diphenyl tetrazolium bromide
(sigma) were dissolved in 50 ml of RPMI-1640 medium without L-Glutamin,
without phenolred (Sigma), and then kept in 50 ml covered and labeled tubes

at -20°C for further study (Strom et al., 1999, Xiaoline & Rajesh, 1999).
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2.1.2.4.2 Preparation of 96 microwell- plate for MTT assay

LNCaP cells were seeded at 4x10* cell/200ul, but PC-3 and MCF-7 were
seeded at 3x10* cells/200ul (Appendix B). The three types of cells were
seeded in 96 microwell- plates with 0.31cm® growth area, flat bottom,
gamma-sterilized, tissue culture-treated and transmissible (TPP,
Europe/Switzerland). Tfle cells were allowed to attach in a 5% CO2 incubator
at 37° C for 24 h. After that, 10ul from each plant extract (Figure 2.1) were
added to each well using a multi-channel pipette. After 24h incubation for

each plate, viable cells were quantitated as follows.

2.1.2.4.3 Quantitation of viable cells

Viable cells were quantitated by 3-[4,5-dimethyl thiazol-2-yl]-2,5-
diphenyl tetrazolium bromide (MTT) (MERCK, Germany). In brief 50 ul of
MTT solution (1.5mg/ml) was added to each well and left for 3 h incubation,
then100 ]l of absolute acetone-ethanol solution (1:1) were added to dissolve

violet crystals (Srivastava et al., 1998).

Viability was quantitated by measuring 4570 , using a 96 microwell-
plate reader with a reference wave length of 650 nm. The percentage of cell
survival was determind as (mean A650 of treated wells/ 4650 of untreated

control wells) x100% (Srivastava et al., 1998).

28
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2.2 Anticancer activity of plant extracts fractions
2.2.1 Fractionation Methods

2.2.1.1 Column chromatography

The ethanolic extract of each plant was dissolved in a minimum amount
of chloroform-ethanol [1:1] (l1g/5ml) and then subjected to column
chromatography using silica gel (pore diameter of 60A°, 230-400mesh). The
following solvents were eluted as follows [hexane, diethyl ether, acetone,
acetonitrile, 80% acetonitrile + 20% ethanol, 60% acetonitrile + 40% ethanol,
40% acetonitrile + 60%ethanol, 20% acetonitrile + 80% ethanol, absolute
ethanol, 70% ethano! and deionized water] for each extract (four fractions for
each solvent were collected). The fractions were collected and the solvents
were evaporated using a rotary evaporator at 55°C and a freeze drier. The

final powdered material was stored in labeled sterile bottles for further use.

¥

2.2.2 Preparation of stock solution

Stock solution fractions was prepared by dissolving 10mg from the

above mentioned powdered fractions in Iml of 100% dimethyl sulfoxide
(DMSOQ) in order to obtain a final concentration of 10 mg/m! and then kept in

labeled eppendorf tubes at —20° C for further use.

29
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2.2.2.1 Preparation of medicinal plant library (MPL)

250ul, U-shape and transmissible 96 microwell-plates were prepared for
the test as with whole extract mentioned before. Each plate was covered,

labeled, and then kept at -20°C for further use (Figure 2.1).

2.2.3 Antiproliferation assay

Antiproliferation assay for the fractions prepared above were carried out

as described previously.

2.3 Statistical analysis

The data were analyzed and the treatment were compared using analysis

of variance (ANOVA) obtained by Duncan’s multiple-range test (P < 0.05).

30
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CHAPTER THREE

RESULTS

3.1 In vitro cell toxicity of the ethanolic extracts of Palestinian plants

The results of cytotoxic activity in vitro testing of 115 ethanolic extracts
of 96 Palestinian plants (Table 2.1) against two prostate cancer cell lines and
one breast cancer cell line are illustrated in Appendix A. The study has
demonstrated that nine of the studied plants 9/96 (10%) (Appendix A) are

potentially important sources of anti-cancer agents > 40% inhibition.

3.1.1 Cytotoxic activity of ethanolic extracts against hormone refractory
prostate cancer cell line (PC-3)

The inhibitory effect against the cell line varied (10% - 95% inhibition)
significantly between plants (Appendix A). Extracts of Cyclamen persicum,
Lycium europeum, Echallium elaterium, Euphorbia hierosolymitana,
Anthemis tunictoria, Verbascum sinuatum, and Nerium oleander were the
most active extracts (>40% inhibition) (Table 3.1& Figure 3.1). These
extracts (Table 3.1) differed significantly in their activity (F =33.281, DF= 10,

p < 0.01). Extracts of Cyclamen persicum, Euphorbia hierosolymitana and
Verbascum sinuatum were more active (> 70% inhibition). Other extracts

showed inhibitory effect of less than 40% inhibition (Appendix A).

31
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At the low- concentration (Spg/ml) only Cyclamen persicum and
Capparis spinosa extracts gave anticancer activity of >40% inhibition

(Appendix A). \

Another important observation was the stimulation of PC-3 cell line
growth by some plant extracts (Appendix A). These extracts, with their
respective stimulation, are obtained from Parieteria diffusa (68%); Conium
maculathum (40%); Retema raetam (60%); Salvia fruiticosa (42%); Ziziphus

spina-christi (70%); and Crataegus aronial (62%).

3.1.2 Cytotoxic activity of ethanolic extracts against hormone sensitive
prostate cancer cell line (LNCaP)

The inhibitory effect against the cell line varied (10% - 91% inhibition)
significantly between plants (Appendix A). Extracts of Cyclamen persicum,
Verbascum sinuatum, and Capparis spinosa were the most active extracts
(>40% inhibition) (Table 3.1& Figure 3.1). These extracts (Table 3.1) differed
significantly in their activity (F =14.182, DF= 10, p <0.01). With the extract
of Cyclamen persicum | corms gave the highest activity (> 90% inhibition).

The other extracts showed lower activity with less than 40% inhibition
(Appendix A).
Extracts of Cyclamen persicum corms were more active (> 90%

inhibition) compaired with the aerial parts extracts (Between 40% and

70%inhibition) (Table 3.1& Figure 3.1).
32
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At low concentration (Spg/ml) only Cyclamen persicum and Capparis

spinosa extracts gave anticancer activity of > 40% inhibition (Appendix A).

Another important observation was the stimulation of LNCaP cell line

L]

growth by Chrysanthemum cornarium extract (Appendix A).

3.1.3 Cytotoxic activity of ethanolic extracts against hormone sensitive
breast cancer cell line (MCF-7)

The inhibitory effect against the cell line varied (10% - 96% inhibition}
significantly between plants (Appendix A). Extracts of Cyclamen persicum,
Lycium europeum, Euphorbia hierosolymitana, and Ononis sicula, gave
anticancer activity of >4'0% inhibition (Table 3.1& Figure 3.1). These extracts
(Table 3.1) differed significantly in their activity (F =9.820, DF=10,p <
0.01). Extracts of Cyclamen persicum and Ononis sicula were the most active

(> 70% inhibition). Other extracts showed inhibition effect less than 40%

inhibition (Appendix A).

At low concentration (5ug/ml) only Cyclamen persicum extract gave

anticancer activity of >40% inhibition (Appendix A).

Another important observation was the stimulation of MCF-7 cell line

growth by Quercus calliprines extract (Appendix A).

33
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3.2 In vitro cell toxicity of active ethanolic plant extracts and their
fractions

The results of cytotoxic activity in vitro testing of 9 active plant extracts
and their fractions (Table 3.1) against two prostate cancer cell lines (PC-3 and
LNCaP) and one breast cancer cell line (MCF-7) are presented in Tables 3.1 -

7, and Figures 3.1 — 7.

Table 3.1 Cytotoxic activity* of ethanolic extracts** of Palestinian plants in vitro

Scientific Name Parts Mean cell inhibition + SD.
used™ PC-3 MCF-7 LNCaP

AVE. SD |AVE. SD |AVE. SD
Lycium europeum AP 42 67efghij [5.51 {56.33 bedefg (18 |28 defghijk |1
Ecballium elaterium AP 52 67efghi |5.51 [39.67defghijk [12.7 |27.7defghijk|12.4
Cyclamen persicum RT 94.67a*** {3.51 |95.67a 2.31 [903a 3.06
Euphorbia hierosolymitana| WP 76 bed 9.85 |45.67cdefghijk|5.51 131 cdefghik11.3
Cycfamen persicum AP 69 bed 7.81 |63 bede 10.4 |23.3defghijk |7.51
Anthemis tunictoria RT 44 67 efghij |2.31 [29.67 efghijk [|11.9 (35 cdefghijk |11
Verbascum sinuatum FL (dry) (44 efghij 1 33 efghijk 3.61 |26 defghijk 10
Capparis spinosa FL 27.67 jk 3.51 |2867k 11.6 |46.3 cdefg |7.57
Ononis sicula WP 37.33 fghijk |6.43 |72 bed 14.7 |31 cdefghijk |14.5
Nerium oleander LF 46.67efghij |9.29 |35 bedefgh 5.57 |34 cdefghijk |1.16
Verbascum sinuatum FL(fresh) |77.5 becd 6.5 |39.67 defghiik |[17.56 [63.7 b 11
* mean of three replicate micro-well. ** concentration= 50 microgram /ml.  *** AP, aerial parts; FL,

flowers; WP, whole plants; RT, roots; LF, leaves. ****Values in the same column followed by the same
letter were not significantly different based on Duncan’s multiple-range test (p<0.05)
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120 -
100
80 -
60 -
40 -
20 -

% of cell inhibition

~ 4 m v b © A © 9 O O
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Figure 3.1 Anticancer activity of ethanolic extracts of selected Palestinian plants.
*1 Lycium europeum, 2.Ecballium elaterium, 3.Cyclamen persicum {corms},
4.Euphorbia  hierosolymitana, 5.Cyclamen persicum (aerial parts), 6.Anthemis
tunictoria, 7.Verbascum sinuatum (dry), 8.Capparis spinosa, 9.Ononis sicula,
10.Nerium oleander, 11.Verbascum sinuatum (fresh).

3.2.1 In vitro cell toxicity of Cyclamen persicum (Corms) against PC3,
LNCaP, and MCF-7 cell lines

Cyclamen persicum showed anticancer activity against the test cell lines
with an inhibition of > 90% (Table 3.1). The three cell lines did not show any

comparable result (F = 2.679, DF = 2, p > 0.05).

3.2.1.1 In vitro cell toxicity of fractions of Cyclamen persicum (Corms)
against PC-3, LNCaP, & MCF-7 cell lines

The inhibitory effect against the three cell lines varied (10% to 99%
inhibitions) significantly between Cyclamen persicum fractions. Diethy! ether

and 70% ethanol fractions were the most active (> 80%inhibition). The other

35
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solvent (used in the test) fractions showed inhibition effect less than 40%

(Table 3.2 & Figure 3.2).

Table 3.2 In vitro cytotoxic activity of fractions of Cyclamen persicum against PC-3,
LNCaP, and MCF-7 cell lines

Mean cell inhibition + SD

Fraction No. Cancer cell line PC-3 MCF-7 LNCaP

Name of the solvent AVE SD |AVE SD |AVE SD
F1 n-hexane 11} 33.23] 1.5{11485] 0.5 13.44
iF2 n-hexane -8.5] 27.58 8[1.414] -3| 5657
[F3 n-hexane o 14.14] -16}{10.61 2| 1.414
iF4 n-hexane 4] 4525] -15|2.828] 60| 36.77
IFs n-hexane -19| 28.99 o[16.97] 24| 14.85
IFe Diethyl Ether 16| 13.44] -7.5(0.707] -14] 24.04
fF7 Diethyl Ether 71 7.071] 25[2.121 71 21.21
IFs Diethyl Ether 33| 11.31]  6.5{12.02[ 39| 35.36
IFo Diethyl Ether 98| 11.31 93[1.414] 89.5 3.536
iF10 Acetone 14.5| 34.65 -3[2.828] -10] 11.31
F11 Acetone 23| 4667] -45| 495 -1| 2.828
fF12 Acetone 95 16.26] -11]7.071] -14{ 28.
IF13 Acetone 8| 8.485 711556 -6.5| 13.44
[F14 Acetonitrile 22| 43.84] -12]9.899] 4.5 2.121
iF15 Acetonitrile 35| 24.75] 2.5/6.364] 5.5 2.121
IF16 Acetonitrile 6.5 10.61 -7ls657] 6] 19.8
F17 70% ethanol gg| 7.778] 94.5/0.707| 86.5| 0.707
F18 70% ethanol 94,5 0.707| 93.5[2.121] 78| 8.485
F19 70% ethanol o5 1.414]  91[8.485| 88.5| 0.707|
IF20 70% ethanol 93 o| ¢45[2.121] 89 12.73

{
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Figure 3.2 In vitro cytotoxic activity of fractions of Cyclamen persicum against PC-3,

LNCaP, and MCF-7 cell lines
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3.2.2 In vitro cell toxicity of Lycium europeum against PC-3, LNCaP and
MCF-7 cell lines

Lycium europeum showed anticancer activity against the test cell lines
with a mean percent of inhibition > 20 % (Table 3.1). The three cell lines
differed significantly in their inhibition (F =5.081, DF =2, p <0.05). The
most affected cell lines were PC-3 and MCF-7 with percent inhibition of >

40% (Table 3.1).

Anticancer activity of Lycium europeurn fractions
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Figure 3.3 In vitro cytotoxic activity of fractions of Lycium europeum against PC-3,

LNCaP, and MCF-7 cell lines

3.2.2.1 Invitro cell toxicity of fractions of Lycium europeum against PC-3,
LNCaP and MCF-7 cell lines
The inhibitory effect against the three cell lines varied (10% -74%

inhibition) significantly between Lycium europeum fractions, with acetone
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fractions showed inhibition effect less than 40% (Table 3.3 & Figure 3.3).

Diethyl ether fraction was the most active fraction (> 62% inhibition)
against LNCaP and MCF-7 cell lines, but it was less active against PC-3 cell
line (> 38% inhibition). The acetone fraction showed comparable activities (>

42% inhibition) against the three cell lines (Table 3.3 & Figure 3.3).

Table 3.3 In vitro cytotoxic activity of fractions of Lycium europeum against PC-3,
LNCaP, and MCF-7 cell lines

Mean cell inhibition £ SD

Fraction No. Cancer cell line PC-3 MCF-7 LLNCaP

Name of the solvent AVE.| sD |AVE|! sSD [AVE.| SD
F1i n-hexane 18.5| 10.61| 20.5| 27.68| -19|24.75
F2 n-hexane 12| 8.485] 19.5] 24.75 -3| 5.657
F3 n-hexane 7] 12.73] 9.5] 10.61 412828
F4 n-hexane 16] 5.657| 15.5] 12.02 -2|14.14
F5 Diethyl Ether 37.5] 2.121| 61.5| 13.44| 73.4127.79
F6 Diethy! Ether 34.5] 3.536| 18.5] 3.536 -2| 3986
F7 Diethy! Ether 5.5| 14.85 5] 5.657| 3.5|2.121
F8 Diethyl Ether B} 15.56 3| 7.071] -19|7.778
F9 Acetone 43| 4.243| 56| 12.4] 42.5|16.26
F10 Acetone 95| 6.364| -0.5| 3.536 -6)14.14
F11 Acetone : 17.5| 0.707| -3| 2.828] -4.5/10.61
F12 Agetone 16.5] 2.124 20| 11.01] -15|24.04
Fi3 Acetonitrile 0.5| 3.636| 14| 10.12] -15[26.16
F14 Acetonitrile 8.5] 0.707| 14| 1414 6]15.56
F15 Acetonitrile 13| 7.071| 22.5| 2475 3/18.38
F16 Acetonitrile 30| 1.414| 20.5] 9.192 -9{21.21
F17 80% acetonitrile+20% ethanol 22| 1.414] 11.5| 6.364 11]21.21
F18 60% acetonitrile+40% ethanol 13| 2.828| 7.5 2.121] 8.5(16.26
F19 40% acetonitrile+60% ethanol 5| 21.21 4 0 -5114.14
F20 20% acetonitrile+80% ethanol 21.5] 0.707] 10| 5.657 18(9.899
F21 Absolute ethanol 85| 0.707 8] 2.828 1/5.657
F22 Absolute ethanol 24.5| 10.61| 11.5] 24751 6.5[26.16
F23 70% ethanol -0.5] 3.536| 25.5] 19.09 -4126.87
F24 70% ethanol -4.5| 7.778] 20.5| 2.121| 6.5]26.16
F25 70% ethanol 151 42431 31} 3253 0.5]26.16
F26 70% ethanol 25| 2192 55 0707 52263
F27 Deionized water 7.5| 16.26| 20| 26.87 14.5/10.61
F28 Deionized water -5.5| 24.92; 9.5{ 17.68 5)16.97
F29 Deionized water’ 33| 18.38; 21.5| 6.364| 26.5/10.61
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Table 3.4 In vifro cytétoxic activity of fractions of Verbascum sinuatum against PC-3,

LNCaP, and MCF-7 cell lines
Mean cell inhibition  SD

Fraction No. Cancer cells PC-3 MCF-7 L NCaP

Name of the solvent AVE| sD |AvE| sD |AVE| SD
F1 n-hexane 05/ 19.00] 14] 12.73| 26| 2.82
IF2 n-hexane 2/ 1414 14.5] 14.85| 1.5| 20.51
{F3 n-hexane 75/ 17.68[12.5] 10.61] 11| 18.38
IF4 n-hexane 1115.56] 6| 14.14] 29 11.31
{F5 Diethyl Ether 15| 17.3]41.5| 495 76| 28.28
iF6 Diethyl Ether 121 16.251 12| 4.243] 12.5 16.26
F7 Diethyi Ether 111 14.32] 11.5] 8.192] 12 18
F8 Diethyl Ether 7l 145 95| 20.51] 8.5 0.707
tFo Acetone 865 10.61] 58] 11.31] 90.5| 16.26
[F10 Acetone 8/ 16.06] 21| 24.04] 18} 28.28
iF11 Acetone 6l 1536 14| 16.97] -1.5] 14.85
[F12 Acetone -19] 5.657] 17.5] 17.68] 12.5] 10.61
IF13 Acetonitrile 15/ 0.707] o] 11.31] 10.5{ 17.68
iF14 Acetonitrile 451 16.26] 10 14.14] 45| 21.92
[F15 Acetonitrile .3[9.899| 10.5| 28.99] 11] 5.657
fF16 Acetonitrile 3{16.06] 6.5| 3.536] -0.5| 10.61
iF17 80% acetonitrile+20% ethanol | 86.5| 10.61] 75| 5.657| 57.5] 14.85
IF18 60% acetonitrie+40% ethano! | 89| 8.485] 95.5; 6.364] 87| 4.243
819 40% acetomirle+60% ethanol | 97.5] 3.536] 99| 2.121| 88.5| 4.95
F20 20% acetonitrile+80% ethanol 18.65| 17.58] 17| 4.243 20 35.36
F21 Absolute ethanol 33/ 15.25] 35 4.243] 49| 11.31
F22 Absolute ethanol 6.5 6.364]| 29.5{ 9.192] 32.5] 7.778
F23 70% ethanol 35 2182 12| 2.828] 26.5 2.121
F24 70% ethanol -14| 0.707| 185] 12.02] 11] 12.73
F25 70% ethanol 35| 17.68| 20.5| 20511 6.5 21.92
IF26 70% ethanol 6{11.31] 5| 2.828 3] 22.63§
F27 Deionized water 6l 20.41] 8] 2.828] -7.5| 24.75
F28 Deionized water 10| 4243 8] 9.809] 3.5| 24.75
F29 Deionized water 11| 8.485] 12.5] 2.121] 12| 22.53

Anticancer activity of Verbascum sinuatum fractions
108 —8B—MCF-7
- 80 ; LNCaP
o \
=§ €0 \
w = 40 . g
a3 20 ‘ 047651
E £ 0 ~ \ v
= -20 v {;g o R £ 5 575 5 B
[ ST 5 Qg c € € a g
40 8 8 g EE® Y8 858 8%
H0 T £ = > < g 5 T @ 9% o 2
£E g3 g2 $EE 8y
o B -]
a ]
. Solvents Ey o o
[

Figure 3.4 In vitro cytotoxic activity of fractions of Verbascum sinuatum against PC-3,
LNCaP, and MCF-7 cell lines
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3.2.4 In vitro cell toxicity of Nerium oleander against PC3, LNCaP and

MCF-7 cell lines

Nerium oleander showed anticancer activity against the test cell lines
with a mean percent inhibition of > 30% (Table 3.1). The three cell lines did
not differ significantly in their inhibition (F = 3.649, DF =2, p > 0.09). The
most affected cell line was PC-3 with a mean percent inhibition of 46.7%

(Table 3.1).
3.2.4.1 In vitro cell toxicity of fractions of Nerium oleander against PC-3,
LNCaP and MCF-7 cell lines

The inhibitory effect against the three cell lines ranged (10% -75%

inhibition) significantly between Nerium oleander fractions. Diethyl ether,

Anticancer activity of Nerium oleander L. fractions
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Figure 3.5 In vitro cytotoxic activity of fractions of Nerium oleander against PC-3,
LNCaP, and MCF-7 cell line.

41

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



acetone, acetonitrile and acetonitrile + ethanol fractions gave > 40%
inhibition, wile the other fractions showed inhibition effect less than 40%

(Table 3.5 & Figure 3.5).

Diethyl ether and acetone fractions gave comparable activity (>50%
inhibition) against the three cell lines. Acetonitrile and Acetonitrile + ethanol
fractions were active against PC-3 cell line but they were less active against

MCF-7 and LNCaP cell lines (< 35% inhibition). (Table 3.5 & Figure 3.5).

Table 3.5 In vitro cytotoxic activity of fractions of Nerium oleander against PC-3, LNCaP,
and MCF-7 cell lines

Mean cell inhibition * SD
Fraction No. Cancer cell line PC-3 MCF-7 LNCaP
Solvents name AVE.!sD |AVE| SD |AVE.| SD

IF1 n-hexane 5.5] 6.364 5| 4.243 -7| 8.485
iF2 n-hexane 45 2121 4] 1.414] -3.5] 2.121
F3 n-hexane 16.7| 14.64f 3.5| 7.778| 10.5] 13.44
F4 Diethy! Ether 54.8] 6.01] 53| 1.414] 55| 4.95
IF5 Diethy! Ether 58.5] 13.44] 36.5| 6.364] 16.5; 3.536
IF6 Diethyl Ether 50.5! 3.536] 33| 1.414] 37.5| 7.778
tF7 Diethyl Ether 57.5] 10.61] 38.5} 9.192] 33.5] 2.121
F8 Diethyl Ether 54| 1.414] 31| 2.828] 17| 5.657
Fg Acetone 59| 4.243[ 535 0.707] 50[ 9.192
F10 Acetone 46| 2.828] 36.5] 0.707] 32.5[ 3.536
F11 Acetone 50.5] 6.364] 30.5| 6.364] 36| 2.828
fF12 Acetone 52.5| 3.536| 235 7.778] 32.5] 9.192
(F13 Acetonitrile 47.5| 6.364] 24.5{ 3.536] 28.5] 12.02
[F14 Acetonitrile 39.5[ 2.121] 22| 4.243| 23.5] 2.121
iF15 Acetonitrile 345[ 0.707] 20| 7.071] 31| 8.485
F16 Acetonitrile 48] 1.414] 24.5] 4.95 5] 2.828
F17 80% acetonitrile+20% ethanol 43| 1.414] 37.5] 4.95 27.5] 14.85
fF18 80% acetonitrile+20% ethanol 58.5| 10.61| 34.5| 4.95[ 32.5; 9.192
lF19 60% acetonitrile+40% ethanol 51] 2.828] 31.5] 6.364] 37| 4.243
[F20 60% acetonitrile+40% ethanol 44| 2.828| 14| 2.828] 18.5! 7.778
fF21 40% acetonitrile+60% ethancl 19.5| 7.778] 10| 2.828 8| 8.485
F22 40% acetonitrile+60% ethanol 12} 11.31 8 0] 14.5] 2.121
F23 20% acetonitrile+80% ethanal 16.5! 16.26] 6] 2.828| 14.5| 3.536
F24 20% acetonitrile+80% ethano! | 13.5[ 12.02] 8.5] 2.121| 4.5{ 7.778
IF25 Absolute ethanol g 1.414] 65| 3536/ 19] 2.828
[F26 Absolute ethanol 26| 5.657] 12| 8.485] 9.5] 7.778
iF27 70% ethanol 17{ 4.243] 16.5] 3.536] 0.5] 2.121
(F28 70% ethanol 225 3.538| 17.5] 13.44] 19| 16.97
[F29 Deionized water 345/ 14.85] 19| 15.56 7] 16.97
IF30 Deionized water 12 11.31] 7.5] 7.778] 18.5| 0.707
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3.2.5 In vitro cell toxicity of Ecballium elaterium against PC-3, LNCaP
and MCF-7 cell lines

Echallium elaterium revealed weak anticancer activity against the test
cell lines with a mean percent inhibition of > 20% (Table 3.1). The three cell
lines differed significantly in their inhibition (F = 4.078, DF = 2, p <0.076).
The most affected cell line was PC-3 with percent inhibition of 52.67 %

(Table 3.1).

3.2.5.1 In vitro cell toxicity of fractions of Ecbhallium elaterium against PC-

3, LNCaP and MCF-7 cell lines

The inhibitory effect against the three cell lines varied (10% -70%

inhibition) significantly between Ecballium elaterium fractions. Diethyl ether

Anticancer activity of Ecballium elaterium fractions

—4—PC-3
—B—MCF-7
LNCap

Means of % of Inhibition

b

Figure 3.6 In vitro cell toxicity of fractions of £. elaterium against PC3, LNCaP and MCF-
7 cell lines
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was the most active fraction. Other fractions showed inhibition effect less

than 40% (Table 3.6 & Figure 3.6).

Diethyl ether was the most active fraction (> 63% inhibition) against
LNCaP and MCF-7 cell lines, but it was less active (> 43% inhibition) against

PC-3 cell line. \

Table 3.6 In vitro cytotoxic activity of fractions of Ecballium elaterium against PC-3,
LNCaP, and MCF-7 cell lines

Mean cell inhibition * SD
Fraction No. Cancer cells PC-3 MCF-7 LNCaP
Solvents names AVE.| sb |AvE| SD |AVE.] SD

F1 n-hexane 9.5] 0.707 6| 8.485 -6| 5.657
F2 n-hexane 6.5 2.121 7| 2.828 5| 9.899
F3 n-hexane -0.5| 3.536 7| 11.31] 15.5} 9.192
F4 n-hexane -10| 1.414] 2.5| 6.364 5 198
F5 Diethyl Ether 43| 16.97| 59.5] 10.51 63| 26.87
F6 Diethyl Ether 46| 1.414| 53.5| 13.33 22{ 4.243
F7 Diethyl Ether 34| 2.828] 38| 21.11] 20.5| 0.707
F8 Diethyl Ether 32.5| 13.44| 40| 21.01 10| 2.828
Fo Diethy! Ether as| 7.071| 50| 15.46] 28.5] 4.95
F10 Acetone . 3| 2.828] 7.5 6.364 -5 24.04
F11 Acetone -6 0| -8 2.828] -10] 8.485
F12 Acetone 6! 1.414 3| 5.657 -8 12.73
F13 Acetonitrile -8.5| 35361 9.5 495 5| 15.25
F14 Acetonitrile 61 1.414 8| 2.828 2 14.14
F15 Acetonitrile -1 4243} 11.5| 10.61 15] 4.243
F16 Acetonitrile 4| 2.828] 6.5 17.68 13| 8.485
F17 80% acetonitrile+20% ethanol 3| 2.828] -1] 7.071 3| 7.071
F18 60% acetonitrile+40% ethanol | 6.5} 3.536] 14.5| 17.68| -16| 7.071
F19 40% acetonitrile+60% ethanol -51 4.243| 8.5) 21.92 110 1.414
F20 20% acetonitrile+80% ethanol -7| 2.828 5] 16.97 18 0
F21 Absolute ethanol 15| 2.828] 4| 12.73} -0.5] 0.707
F22 Absolute ethanol 14 1.414| 6.5} 18.23] -11 0
F23 70% ethanol 23| 2.828| -5.5 7.778] 8.5/ 19.09
F24 70% ethanol 6] 4.243| 10.6| 7.778] 7.5 1061
F25 70% ethanol 2.5 2.121| 8.5 13.44| 12.5| 17.68
F26 70% ethano! 6.5 21211 20| 7.071] -0.5| 3.536
F27 Deionized water 17.5) 2.121] 15.5] 9.192 23| 1.414
F28 Deionized waten 17| 2.828| 10.5| 17.68 27| 4.243
F29 Deionized water 18| 1.414] 14| 15.56 21 8.485
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3.2.6 In vitro cell toxicity of Ononis sicula against PC3, LNCaP and MCF-
7 cell lines

Ononis sicula showed anticancer activity against the test cell lines with a
mean percent of inhibition > 30% (Table 3.1). The three cell lines differed
significantly in their inhibition (F = 9.342, DF = 2,p< 0.015). The most

affected cell line was MCE-7 with an inhibition of 72 % (Table 3.1).

3.2.6.1 In vitro cell toxicity of fractions of Ononis sicula against PC3,

LNCaP and MCF-7 cell lines

The inhibitory effect of Ononis sicula fractions against the three cell
lines differed (10% - 95% inhibition) significantly. Diethyl ether and acetone
were the active fractions. Other fractions showed inhibition effect less than

40% (Table 3.6 & Figurg 3.6).

The acetone fraction was the most active fraction (> 76% inhibition)
against the three cell lines. It was more active (> 94% inhibition) against PC-3

and MCF-7cell lines than LNCaP (> 75% inhibition) cell line.

Diethyl ether fraction was the second most active fraction (>40%
inhibition) against LNCaP and MCF-7cell lines, but it was less active (<10%

inhibition) against PC-3,cell line (Table 3.7 & Figure 3.7).
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Figure 3.7 In vitro cell toxicity of fractions of Ononis sicula against PC3, LNCaP and
MCEF-7 cell lines

Table 3.7 In vitro cytotoxic activity of fractions of Ononis sicula against PC-3, LNCaP,
and MCF-7 cell lines

Mean cell inhibition £ SD
Fraction Cancer cell line PC.3 MCF-7 LNCaP
No. Name of the solvent AVE. SD |AVE|SD AVE | SD

F1 n-hexane -26| 2263 11.5] 6.364 4] 4.243%
F2 n-hexane 24| 21.82] 16[ 4.243} 15.5] 16.2
F3 n-hexane -17| 15.25] 14} 5.657 1| 2.828
F4 n-hexane 16| 16.26] 14| 5.657| 12.5] 6.364
F5 Diethyl Ether 10} 16.87] 42.5] 19.09] 41| 12.73
F6 Diethyl Ether -19| 9.899] 29.5| 12.02] -59] 23.33
F7 Diettyl Ether 18| 4.243] 18.5] 3.536] -45| 19.09f
F8 Diethy! Ether 23| 7.778] 12.5] 6.364] -40] 1.414
F9 Acetone 94,5 3536 94{ 1.414] 75.5] 13.44
1F10 Acetone 65| 1061 27 7.071] -69] 18.18]
fF11 Acetone -15| 16.97| 24.5] 6.364] -13| 15.56
iF12 Acetone 20| 21.21] 14.5] 0.707 2| 22.53
F13 Acetonitrile 15| 36.77] 14| 7.071] 135} 24.75
F14 Acetonitrile 6.5| 21.92] 85| 3536 0.5/ 3.536
F15 Acetonitrile 5 2263] 55| 3.538] 15! 5657
F16 Acetanitrile -13} 10.61] 135 4.95/ 13.5| 9.192
F17 80% acetonitrile+20% ethanol 21| 15.36] 24.5| 7.778 4] 12.73
fr18 60% acetonitrile+40% ethanol | 34.5] 10.61] 36.5| 16.26] 11| 14.14
{F19 40% acetonitrile+60% ethanol | -3.5] 9.192| 2851 495 1.5 13.44
IF20 20% acetonitrile+80% ethanol 16| 21.21] 18] 15.56] 4.5 7.778
]]F21 Absolute ethanol 12| 5.657 21] 4.243| -4.5] 2.121
IF22 Absolute ethanol 25] 495 145| 8192 -7] 22.63
[F23 70% ethanol 20| 0.707| 22.5] 16.26] -9| 4.243
F24 70% ethanol 6] 16.77] 19| 14.14] 36.5| 16.26
F25 70% ethanol -35] 18.79] 11.5] 3.538] -14] 2.121
F26 70% ethanot 27| 21.72] 4.5 3536 -27| 6.364
F27 Deionized water -13| 14.75 9| 8.485 11| 15.36}
F28 Deionized water -15] 15.46] 14.5] 13.44] -15] 16.97}
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3.2.7 In vitro cell toxicity of Euphorbia hierosolymitana against PC3,
LNCaP and MCF-7 cell lines

Euphorbia hierosolymitana showed anticancer activity against the test
cell lines with a mean percent inhibition of > 30% (Table 3.1). The three cell
lines differed significantly in their inhibition (F =18.638, DF =2,p < 0.01).
The most affected cell lines were PC-3 and MCF-7 with percent inhibition of

> 40 % (Table 3.1).

3.2.7.1 In vitro cell toxicity of fractions of Euphorbia hierosolymitana

against PC3, LNCaP and MCF-7 cell lines

The inhibitory effect of Euphorbia hierosolymitana against the three cell
lines differed (10% - 91% inhibition) significantly. Diethyl ether was the most
active fraction. Other fractions achieved inhibition effect less than 40%

(Table 3.8 & Figure 3.8).

Diethyl ether was the most active fraction (> 63% inhibition) against
LNCaP and PC-3 prostate cancer cell lines, but it was less active (> 43%

inhibition) against MCF-7 breast cancer cell line (Table 3.8 & Figure 3.8).
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Figure 3.8 In vitro cytotoxic activity of fractions of Euphorbia hierosolymitana against
PC-3, LNCaP, and MCF-7 cell line.

Table 3.8 In vitro cytotoxic activity of fractions of Euphorbia hierosolymitana against PC-
3, LNCaP, and MCF-7 cell line.

Mean cell inhibition £ SD

Fraction No. Cancer cell line PC-3 MCF-7 LNCaP

Name of the solvent AVE.| SD |AVE|SDEV|AVE.|SDEV
F1 n-hexane 7.5 14.85] -55] 10.61] 16] 15.56
F2 n-hexane 1.5{ 9.192| -7.5{ 20.51| 17.5] 34.65
F3 n-hexane 8.5 6.364] -3| 9.899] 22.5| 23.33
F4 Diethyt Ether 61| 8.485] 42 16.87] 91.5] 0.707
F5 Diethyt Ether 64| 1.414] o] 1838 77| 1.414
F6 Diethyl Ether 65| 15.46] 7| 12.63] 525 19.09
F7 Diethyl Ether 54| 16.97] 20.5| 13.23] 57| 1.414
IF8 Acetone 25 21.11] 8| 4.243] 32| 28.28
lF9 Acetone 14| 13.94| -21| 2.828] -13| 17.38
(F10 Acetonitrile 17! 5.657] 2.5} 0.707| -3] 11.31
F11 Acetonitrile 25 495 15 4.243] -2.5! 20.51
F12 Acetonitrile -11] 11.11] -21) 23.33] -9 15.36
F13 Absolute Ethanol 11.5| 13.44] -9 15.56] -13] 17.48
F14 Absolute Ethanol 23] 19.8) -17] 1485 -12] 19.7
F15 Absolute Ethanol -3.5] 18.99] -27| 25.46] -2 10.81
F16 70% ethanol 1.5] 10.41| -29{ 9.192 2| 12.33
F17 70% ethanol -1.5] 2051 -11] 14.14] -15] 16.97
F18 70% ethanol 2.5 10.61] 1.5 12.02 1] 16.87
F19 Deionized Water 21 18.38] 8 7.071] 4.5] 1061
F20 Deionized Water 5| 2.828] -2.5| 2.121] -2.5| 2.121

48

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



3.2.8 In vitro cell toxicity of Anthemis tunictoria against PC3, LNCaP and
MCF-7 cell lines

Anthemis tunictoria showed anticancer activity against the test cell lines
with a mean percent inhibition of > 30% (Table 3.1). The three cell lines did
not differ significantly in their inhibition (F = 1.927, DF = 2, p > 0.225). The
most influenced cell line was PC-3 with a percent of inhibition = 44% (Table

3.1).

3.2.9 In vitro cell toxicity of Capparis spinosa against PC3, LNCaP and
MCF-7 cell lines '

Capparis spinosa showed anticancer activity against the test cell lines
with a mean percent inhibition of > 20% (Table 3.1). The three cell lines
differed significantly in their inhibition (F = 4.864, DF =2, p <0.0555). The
most affected cell line was LNCaP with a mean percent inhibition of 46.3%

(Table 3.1).
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DISCUSSION

t

4.1 Anticancer activity of the selected medicinal plants

Traditional medicine is an important source of potentially useful new
compounds for the development of chemotherapeutic agents (Alonso Paz et
al., 1995). The first step towards achieving this goal is the screening of plants
used in a popular medicine. It is becoming increasingly clearer that extracts of
natural products are an important .available and excellent source for drug

development (Hsieh et al., 1997).

The development of several plant-derived anti-cancer drugs such as
vincristine, comptothecin and taxol abroad has spurred researchers interest in
identifying a suitable indigenous plant with anti-cancer activity
(Anantharaman, 1995). The present study has demonstrated that nine of the
studied plants 9/96 (10%) (Appendix A) are potentially important sources of
anti-cancer agents. The use of these plants in traditional medicine for treating
various diseases as caI;cer and prostate disorders (Ali-Shtayeh et al., 2000;
Palevitch ef al, 1984) is probably justified. Anticancer activity of medicinal
plants, e.g., Cernilton pollen, Urtica dioica, Serenoa repens, Striga
orobanchioides, and Epilobium parviflorum extracts, against prostate cancer

cell lines have also been reported by other workers (Plosker et al., 1996,
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Habib et al., 1997, Hryb et al., 1995, Hiremath ef al., 1997, & Lesuisse et al.,

1996).

4.2 Anticancer activity of selected extracts against PC-3, LNCaP and
MCF-7 cell lines |
Anticancer activity of medicinal plants extracts, against PC-3, LNCaP,
and MCF-7 cancer cell lines have also been reported by other workers (Ren
& Tang, 1999; Lu & Serrero, 1999; Alkofahi et al., 1996; Onozawa et al.,
1998). In the present study, amoﬁg 96 locally available plant species tested
in vitro against the test cell lines, the extracts of Cyclamen persicum,
Lycium europeum, )Ecballium elaterium, Euphorbia hierosolymitana,
Anthemis tunictoria, Verbascum sinuatum, Capparis spinosa, Ononis
sicula, and Nerium oleander were most active (40-95% inhibition). The
results are therefore consistent with those of Alkofahi et al. (1997) who
showed that from 43 ethanolic crucie extracts corresponding to 29 different
plant species, 5 % of the extracts have anticancer activity including MCF-7
cell line. Also, Moraes et al. (1997) found that among 72 ethanolic extracts

correspond to 32 different plant species, 14% of the extracts have antitumor

activity.

Another important observation was the stimulation of PC-3 cell line

by some plants. For instance Crataegus aronia, Ziziphus spina-christi,
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Salvia fruticosa, Retema raetam, and Parietaria diffusa, which are used in
folkloric medicine against many diseases (Ali-Shtayeh et al., 2000), were
significantly found to stimulate PC-3 cell line proliferation. On the other
hand Quercus calliprines and Chrysanthemum coronarium, which are also
used as popular remedies (Ali-Shtayeh et al., 2000) were significantly
found to stimulate cancer cells of LNCaP and MCF-7 cell lines. The results
are therefore consistent with those Moraes et al. (1997) who found that
among 72 ethanolic extracts correspond to 32 different plant species, 5% of
the extracts have tumor stimulation. Therefore, care must be taken with
respect to the large number of plant extracts that show stimulation of

cancer cells.

Anticancer actiyity results of plants used in Palestinian folkloric
medicine against cancer (Ali-Shtayeh et al, 2000) revealed that none of
these plants can be considered active. This may be due to many reasons:
lack of anticancer compounds in these plants, loss of active ingredients

during extract preparation, or inproper extraction system.

The active extracts showed that cytotoxic activity on the tested three
cell lines by the decreased rate of cell proliferation, reduced clonogenicity,
increased proportion of cells in G; phase of the cycle, induction of
apoptosis and down regulation of bel-2 expression (Dorota Halicka et al.,

1997).
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4.2.1 Anticancer activity of selected extracts against PC-3 cell line

In the present study the inhibitory effect against these cell line varied
(30- 95 % inhibition) significantly between active (Table 3.1). Extracts of
Cyclamen persicum, Euphorbia hierosolymitana, and Verbascum sinuatum

were the most active (>70 % inhibition).

In addition the st?udy showed that PC-3 and LNCaP prostate cancer cell
lines were more susceptible to extracts of Verbascum sinuatum than MCF-7
breast cancer cell line. The results also showed that PC-3, hormone refractory
cell line were more susceptible to extracts of Euphorbia hierosolymitana than

MCF-7 and LNCaP hormone sensitive cell lines.

4.2.2 Anticancer activity of selected extracts against LNCaP cell line

In the study the inhibitory effect against these cell line varied (23-90%
inhibition) significantly between active extracts (Table 3.1). Extracts of

Cyclamen persicum, Capparis spinosa, and Verbascum sinuatum were the

most active (>50 % inhibition).

The results also showed that LNCaP cell line was more susceptible to

extracts of Capparis spinosa than MCF-7 and LNCaP cell lines.
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4.2.3 Anticancer activity of selected extracts against MCF-7 cell line

From the results the inhibitory effect against these cell line rainged (30-
95 % inhibition) significantly between active extracts (Table 3.1). Extracts of
Cyclamen persicum, Ononis sicula, and Lycium europeum were the most

active (>55 % inhibition).

The results showed that MCF-7 breast cancer cell line were more

1)

susceptible to extracts of Ononis sicula than PC-3 and LNCaP prostate cancer

cell lines.

The study demonstrates that plants are an important source of anticancer
compounds, and that they may provide a renewable source of useful cancer
drugs that can be inhibits cancer cells. Farther studies are therefore needed on

these plants in the search for new and more potent anticancer substances from

1

natural sources.

4.3 Anticancer activity of fractions of active plant extracts

The results showed that Diethyl Ether fraction for Cyclamen persicum,
Euphorbia hierosolymitana, Ecballium elaterium and Nerium oleander were
the most active. Diethyl Ether (nonprotogenic and weak polar solvent)
dissolves terpeniods (monoterpens, sesquiterpenes, diterpenes, sesterterpenes,

and triterpenes). Some of diterpenes and sesquiterpenes compounds act as
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anticancer drugs; whilé monoterpens and sesquiterpenes are volatile (small
compounds) and mostly evaporated during extraction and evaporation steps,
sesquiterpenes may contains a, B-unsaturated carbonyle which is know to be
anticancer moiety. Furthermore, Diethyl ether may also dissolve some
alkaloids. Alkaloidal saits and quaternary alkaloids are not soluble in ether

(Connolly & Hill, 1991).

The study also showed that acetone fraction of Ononis sicula,
Verbascum sinuatum and Lycium europeum were the most active. Acetone is
much more polar than ether, any ﬁaoisture occurs during fractionation steps
may further enhance polarity of acetone (acetone is completely miscible with
water) few compounds turned to be very polar; these compounds appeared

and showed activity following extraction with 70% ethanol (Dev, 1986).

Hexane fractions do not showed any activity, it is highly non-polar

solvent which dissolved fats and waxes; these compounds mostly inactive

against cancer.

4.4 Conclusions and recommendations

1. Further studies are needed to test the biological activities of wild plants
and explore their potential as sources of anticancer agents and for other

benefits to human he:':zlth.
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2. Further studies are needed to find out active constituents of many plants.

3. For achieving better results, plant extracts would be more efficient if

prepared using infusion extraction technique with suitable solvents.

4. The establishment of Palestinian research institute on medicinal plants and
a horticultural station to grow and preserve endangered indigenous species

of medicinal plants is recommended.

5. The extracts of Cyclamen persicum, Lycium europeum, Ecballium
elaterium, Euphorbia hierosolymitana, Anthemis tunictoria, Verbascum

sinuatum, and Nerium oleander were most active against PC-3 cell line.

6. The extracts of Cyclamen persicum, Lycium europeum, Euphorbia
hierosolymitana, and Ononis sicula, were most active against MCF-7 cell

i line.

. 7. Extracts of Cyclamen persicum, - Verbascum sinuatum, and Capparis

| spinosa were most active against LNCaP cell line.

8. Further work is therefore needed on these plants to identify and study their

active ingredients.

|
9. The most susceptible cell line was PC-3, whereas the least susceptible was

LNCaP cells.
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Figure B.1, Effect of cell number on absorbance 570nm measured using MTT assay.

Each point represents the mean + SD of four replicates. There was a
linear response between cell number and absorbance at 570nm. For PC-3 and
MCF-7 cell lines 3x 10* cells/well were used, but 4x 10* cells/well was used

for LNCaP cell line.
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APPENDIX C

ANOVA Tables
Source D.F | Sumof Mean F. Value P. Value
Squares Squares
(SS) (M.S)
Between Groups [K*-1 Between  |[MSTR F= MSTR/MSE [<=1
groups SS
Within Groups  [N**-K  |Within MSE
(Error) groups S5
Total N-1 Total 8§

* K= number of experimental groups.
** N= {otal number of data in the experiment.

Table C.1 In vitro cell toxicity of L. europeum against PC3, LNCaP and MCF-7 celi lines

and their fractions

+

Source D.F Sum of Mean F. Value P. Value
Squares Squares
(SS) (M.S)
Between Groups |2 1204.6667 [602.3333 5.0806 0512
Within Groups [0 711.3333  |118.5556
(Error)
Total 8 1916.0000

K = 3 cell lines.
N=3x3=9

Table C.2 In vitro cell toxicity of E. elaterium against PC3, LNCaP and MCF-7 cell lines

and their fractions

1

Source D.F Sum of Mean F. Value P. Value
Squares Squares
(SS) (M.S)
Between Groups 938.0000  [469.0000 4.0783 0.0761
Within Groups |6 690.0000 |115.0000
(Error)
Total 1628.0000

K =3 cell lines.
N=3x3=9
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Table C.3 In vitro cell toxicity of C. persicum (Root) against PC-3, LNCaP, & MCF-7 cell

lines
Source D.F Sum of Mean F. Value P. Value
Squares Squares
(SS) (M.S)
Between Groups |2 48.2222 24.1111 2.6790 0.1474
{Within Groups |6 54.0000 9.0000
(Error)
Total 8 102.2222

K =3 cell lines.
N=3x3=9

Table C.4 In vitro cell toxicity of E. hierosolymitana against PC3, LNCaP and MCF-7 cell
lines and their fractions

Source D.F Sum of Mean F. Value P. Value
Squares Squares
(SS) (M.S)
Between Groups |2 3160.2222 {1580.1111 18.6383 0.0027
Within Groups |6 £08.6667 |84.7778
(Error)
Total 8 3668.8889

K =3 cell lines.
N=3x3=9

547651

Table C.5 In vitro cell toxicity of C. persicum (Anel Parts) against PC-3, LNCaP, & MCF-

7 cell lines

Source D.F Sum of Mezan F. Value P. Value
Squares Squares
(SS) (M.S)
Between Groups (2 3694.8889 |1847.4444 24.4875 0.0013
Within Groups |6 452.6667 |75.4444
(Error)
[Total 8 4147.5556

K = 3 cell lines.
N=3x3=9
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Table C.9 In vitro cell _thicity of 0. sicula against PC3, LNCaP and MCF-7 cell lines and

their fractions
Source D.F Sum of Mean F. Value P. Value
Squares Squares
(SS) (M.S)
Between Groups {2 2022.8889 [1461.4444 9.3416 0.0144
Within Groups |6 938.6667 |156.4444
{Error)
Total 8 3861.5556

K =3 cell lines.
N=3x3=9

Table C.10 In vitro cell toxicity of N. oleander against PC3, LNCaP and MCF-7 cell lines

and their fractions

Source D.F Sum of Mean F. Value P. Value
Squares Squares
(SS) (M.S)
Between Groups 288.6667 1144.3333 3.6489 0.0919
Within Groups 237.3333  |39.5556
{(Error)
Total 526.0000

K =3 cell Iines.
N=3x3=9

Table C.11 In vitro cell toxicity of V. smuatum (Fresh Flours) against PC3, LNCaP and

MCF-7 cell lines and their fractions

Source D.F Sum of Mean F. Value P. Value
Squares Squares
(SS) (M.S)
Between Groups 2216.0000 {1108.0000 7.1026 0.0262
Within Groups 936.0000 156.0000
(Error) '
Total 3152.0000
K =3 cell lines.
N=3x3=9
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Table C.12 Cytotoxic activity of ethanolic extracts against hormone refractory prostate
cancer cell line (PC-3)

Source D.F Sum of Mean F. Value P. Value
Squares Squares
(SS) (M.S)
Between Groups 12697212 [1269.7212 33.2810 0.0000
Within Groups 839.3333 |38.1515
(Error)
Total 13536.545

K =11 plant extracts.

N=11x3=33

Table C.13 Cytotoxic activity of ethanolic extracts against hormone sensitive breast cancer

cell line (MCF-7)

Source D.F Sum of Mean F. Value P. Value
Squares Squares
(SS) (M.S)
Between Groups 13143.2121 [1314.3212 9.8195 0.0000
Within Groups 29446667 |133.8485
(Error) )
Total 16087.878

K =11 plant extracts.

N=11x3=33

Table C.14 Cytotoxic activity of ethanolic extracts against hormone sensitive prostate
cancer cell line (LNCaP)

Source D.F Sum of Mean F. Value P. Value
Squares Squares
(SS) (M.S)
Between Groups 12355.8788 |1235.5879 14.1824 0.0000
Within Groups 1916.6667 |(87.1212
(Error) \
Total 14272.5455

K =11 plant extracts.

N=11x3=33
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Bl sadl LU Llag @t gglanls 2l 39ls dulym

mnluzl
gl olas mgasa sy
sslal

aginl gyl sass sl

Ot et ma ekl 2L o8 gstaiy Sl B9 Al slaliiuall il dalyn Sag 3l
@il ol s Lyt ga mals ¢35 (PC-3 and LNCaP) s &3liug pll olb sa Ll
(MCF-T)¢as

,,;, Ralufl mlgall gt pudl GO Apulas ulidy mla slanl Zalynll aba @ gunsal 39
il s all Lyl anl s & lles szl @il slatisaall &35 sillas o b (MTT assay)
(Column Chromatography) s—sall sgaxll &gk slansaly Rulymll aha @ damaguall
s (Diethyl Ether)si ¥l s (n-hexane)ol wdallgay =lygsall oo mnt g
s (Absolute Ethanol) gl Jsa2ll ¢ (Acetonitrile) Jy sl sim ¥ 5 (Acetone) st
. shaall clall 4 (70% ethanol) <ssaall Jgaall

L ¥all dalwaall ba 5l oaglly smslilall oy Bygiza sbo¥ial mpas dulynll < palaly
Cyclamen) ¢t psilm rgap iddlll sblall maldis g pall (s Bamaguall agsll yall

(Echallium elaterium) ss—asl\ Lsss (Lycium europeum) - sl ¢ (persicum
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L teully (Verbascum sinuatum) }, s9-xlly (Euphorbia hierosolymitana) oslsdalls
osn L ylley @ 12N ga ( Anthemis tunictoria) ss=l olsully (Nerium oleander)
alslll ol ialydl spa Bl L2 (PC =3) 295 oa Bl pall Ll i By piadlt G131
s833-2ly ( Capparis spinosa) sbally (Cyclamen persicum) g1l Ople ey BIGIL
oo Eple sl L8 s B g geall 2Ll pasn Billes (LYW g (Verbascum sinuatum)
gy Il sl Slall 23l (MCF-7) g6 o4 Bl saldl Ll Railly Ll.(LNCaP) ¢
Lycium)y—as=ll 3 (Ononis sicula) gs—ally(Cyclamen persicum) g—Lll oyl
ALslall gaa 1-yltes (8 ga (Euphorbia hierosolymitana) osslially ( europeum
Al gall LRI 34 £ gall link e Ky pomall

Ll 3 m iabpmdl b s el llall o st ol Ralgudl i paly
o Ll b adlayl ol Lalip g Yy platitfl Lt Lasyma g dalpndl @ Rasminiadll SV ESL sl
Salviayia sl s (Ziziphus spina-christi) sg=y ( Crataegus aronial) s>l
Lyt g (Parietaria diffusa) s=M &y—uty (Retema raetam) ¢l 3 (fruiticosa
wl—agll g (Quercus  calliprines) La— Lt L_al . (PC-3) g9 o—s Lpleyall
i3 o bl s alt LBIU 2 o Rilley 5240 2al2s (Chrysanthemum coronarium)
gl @z (LNCaP) s (MCF-7)

ombiiaa LGN Rl g labiadll (Fractionation ) &3yssll Lyt elsal & ol =g 9
mlg—all ol gpss o039 Alonll g spaall elfd g oplilall 5 39ygall 9 qugell g WUl ool
Lag il g combial Qlisll y spaall el 3 @il oprle s opbilall ga JAI allzall

S g ks 52 59Ul @@ smbiial ygypl 5 gagell 5 g pall a J2I allaall slyall
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