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بِسمِ اللَّه الرّحمنِ الرّحيمِ
 نما ووتيالِ بالْجِب ني مذخات لِ أَنحإِلَى الن كبى رحأَوو

ثُم كُلي من كُلِّ الثَّمرات فَاسلُكي سبلَ )٦٨(الشجرِ ومما يعرِشونَ
ها شراب مختلف أَلْوانه فيه شفَاء للناسِ إِنَّ ربك ذُلُلاً يخرج من بطُونِ

)٦٩(في ذَلك لآيةً لِّقَومٍ يتفَكَّرونَ
صدقظيم االله الع

سورة النحل

In the name of God Most Gracious, Most Merciful
(68) “And your Lord inspired the bees saying:”Take you
habitations in the mountains and in the trees and what
they erect. (69)”Then to eat of all fruits and follow the
ways of your Lord made easy (for you). There comes forth
their bellies, a drink of varying colour wherein is healing
for men. Verily in this is indeed a sign for people who
think”.

Holy Quran
Surah 16. An-Nahl
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Summary

The present study was conducted to evaluate anti-oxidant, anti-mutagenic

and anti-tumour potentials of propolis samples collected during the period 20-4-

2007 to 1-7-2008 from five different geographical locations in Iraq (Baghdad1;

B1, B2, Dahuk; D, Mosul; M and Salah ad-Din; S), and/or their phenolic

compounds (caffeic acid; CA, chrysin; CH and caffeic acid phenethyl ester;

CAPE) in vitro using one normal (human dermal fibroblast; HuFb) and two

cancer (human promyeloid leukemia; HL-60 and human colon carcinoma; HCT-

116) cell lines. Additionally, chemical analyses of propolis samples were carried

out.

Phenolic compounds (flavonoids and phenolic acids and their ester)

concentrations were estimated using high performance liquid chromatography

that was coupled to electrospray mass spectrometry (HPLC-ESI/MS) analysis.

Such compounds were further determined spectro-photometrically using Folin-

Ciocalteu reagent. Accordingly, 38 different compounds were characterized and

33 of them were polyphenols. The others included four clerodane diterpenoids

that have not been reported in temperate zones, while one compound was

considered unknown. Quantitative assay of flavonoids showed that phenolic

acids and their esters were the predominant constituents in propolis extracts,

followed by flavones and flavonols, and then flavanones and dihydroflavonols.

The highest concentrations of these compounds were observed in D and M

samples.

The free radical scavenging activity of propolis was evaluated by 2, 2-

diphenyl-1-picrylhydrazyl (DPPH) assay. The results revealed that propolis

extracts exhibited strong free radical scavenging activity, but D and M samples

had the highest activity, while CAPE has the highest anti-radical activity than

other investigated compounds (CA or CH).
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The results of in vitro growth inhibitory (GI) and growth inhibitory rate

(GIR) against HL-60, HCT-116 and HuFb cells demonstrated that a treatment of

cell cultures with B2, D, M or CAPE decreased the growth of cells significantly

(P ≤ 0.05) as compared to control cultures (untreated), and the effect was dose-,

as well as, time-dependent. The M sample was less toxic against HuFb cells,

while CH had no toxic effects against HL-60 cells.

The cell death was evaluated in vitro in tumour cell lines after a treatment

with propolis extracts or their phenolic compounds through four types of assays,

which were morphological aspects, gel electrophoresis, Annexin V/PI Flow

cytometry and regulation of Bcl-2/Bax gene expression. Results revealed that the

tested substances showed a potent inhibitory cytotoxic effect against the

proliferation of HL-60 and HCT-116 cells through either apoptosis or necrosis,

respectively. The apoptotic effect was associated with down-regulation of Bcl-2

and activation of Bax expression and the effect was markedly at 10 hours of

treatment (22% and 33%, respectively). Such evaluations were further extended

for M sample only and included p53 expression (HCT-116 cells), cell cycle

perturbations through monoparametric and biparametric DNA evaluations and

assessment of γ-H2AX-histone formation (HL-60 and HCT-116).

With respect to p53 gene, the HCT-116 cells, a slight increased expression

was observed after three hours of M sample treatment (4.80%), and such

increase was also detected at six hours (5.57%), but after 10 hours it was

reduced to reach no expression. However, after 24 hours, the expression started

to increase again, and 27.98% of the cells were positive, but at 48 hours, it was

decreased to reach 5.14%. After 72 hours, the positive expression was increased

to reach 11.31%.

The monoparametric cell cycle distribution assay revealed that HL-60 cells

treated with 5 µg ml-1 of M sample at 48 and 72 hours exhibited an increase in

proportion of cells at S phase and a decrease in G1 phase, while no changes in

cell cycle phases were observed at 24 hours. In cells treated with 15 or 25 µg ml-
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1 at 24 and 48 hours, there was an accumulation of cells in the S phase too, while

a G2/M accumulation was apparent only after a treatment with 25 µg ml-1 at 72

hours. Furthermore, a sub-G1 peak was observed after a treatment with 15 or 25

µg ml-1 at different time intervals. On the other hand, most accumulations of

HCT-116 cells occurred in G1 or G2/M phase in a time- and dose-dependent

manner, while no sub-G1 peak was observed. In biparametric evaluation, the

cells (HL-60 and HCT-116) progressed in the S phase more slowly than

untreated cells, and in HL-60 cells, a fraction of new G1 positive BrdUrd cells

was detected after 10 hours post-treatment. In both cell lines, the cells that were

in G1 phase (negative BrdUrd) at the start of treatment remained blocked in this

phase for less than 24 hours, and started to show S phase cell populations only

after 24 hours.

The expression of γ-H2AX in HL-60 cells was clearly increased in a time-

dependent manner, showing a fraction of cells with an increased γ-H2AX for the

six investigated periods (3, 6, 10, 24, 36 and 48 hours post-treatment), but such

increase was not observed in HCT-116 cells.

The anti-tumour evaluation (histopathologically and immunohisto-

chemically for p53 and Ki-67 gene expressions) was further extended in vivo on

tumours obtained from nude mice xenografted with HCT-116 tumour cells and

treated orally (p.o.) or intrapertoneally (i.p.) with two doses (500 and 1000 mg

kg-1) of M sample for 20 (i.p.) or 27 days (p.o.). The M sample was significantly

effective in reducing the tumour size in a dose-dependent manner, but the i.p.

treatment was associated with adverse side effects. Histopathological

examinations of tumour sections from p.o. treated mice revealed a decreased

percentage of mitosis and increased endoreduplications of cells, as well as,

necrosis, ulceration, degeneration and inflammatory cells infiltration. The p53

gene showed a positive expression in 16% of vehicle tumour cells (control),

while it showed an increased expression in tumour sections of animal treated

orally with the dose 500 mg kg-1 (33.5%) and a further increase (40.8%) at the
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dose 1000 mg kg-1. With respect to Ki-67, the reverse picture was observed, in

which, the gene was expressed in 85% of vehicle tumour section cells, while it

was expressed in 47.0 and 46.8% of tumour sections obtained from mice treated

with the dose 500 or 1000 mg kg-1, respectively.
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Chapter One
Introduction

1.1 Introduction
According to the World Health Organization (WHO), more than 11 million

people are diagnosed with cancer every year and it is estimated that by 2020

there will be 16 million new cases per year, and moreover approximately 7

million people are died from cancer every year worldwide (WHO, 2006). In

Iraq, it has been estimated that approximately 15000 people have been died of

cancer in 2005, and such number represents 22.8% of the total deaths, moreover,

it is projected that such percentage can be increased up to 35.4% in 2030 (WHO,

2005).

The aetiology of cancer is far from being perfectly defined, but it is well-

understood that a malignant tumour is the result of a series of DNA alterations in

a single cell, or clones of that cell, which lead to loss of normal function,

aberrant or uncontrolled cell growth and often metastases (Brennan, 2002).

Several of the genes, which are frequently lost or mutated, have been identified

including those whose function is to induce cell proliferation under specific

circumstances (for instance; ras and myc proto-oncogenes) and genes which are

programmed to halt proliferation in damaged cells (for instance; p53 and APC

tumour suppressor genes) (Jakobisiak et al., 2003). Other mutations are also

necessary, including genes involved in DNA repair, cell-cycle control,

angiogenesis and telomerase production (Hanahan and Weinberg, 2000). The

pattern of losses and mutations is complex, although mutation or loss of at least

one proto-oncogene and one or more tumour suppressor genes in a single cell

resulting in uncontrolled and unchecked cellular proliferation, is likely to occur

in nearly all tumours (Vogelstein and Kinzler, 2004). Accordingly, a sporadic

cancer may acquire mutations as a result of genotoxic exposure to external or

internal agents (with the exception of rare familial cancers which are primarily
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caused by a germline inheritance of a specific mutation) and a consequent DNA

adduct formation (Schulz, 2005). The likelihood of a mutation occurring and

persisting in subsequent clones may be heavily dependent on the efficiency with

which potentially toxic exposures are metabolized and excreted, and also the

efficiency with which small mistakes in DNA replication are rectified

(Friedberg, 2003).

With these understandings, the researchers have developed anti-cancer

strategies to overcome such fatal disease, and accordingly novel

pharmacological paradigms have been developed which quickly and efficiently

moves prospective anti-cancer drugs from the discovery phase through

pharmacology testing and into therapeutic trial assessment. Some of these

developments are based on natural products (Gordaliza, 2007). Screening of

organisms in nature for medicines to counter human diseases has had a long and

bountiful past from Ayurvedic medicine to modern ethical drugs, and over-the

counter treatments have been widely applied (Swerdlow, 2000). Indeed, the

majority of our prescription drugs, particularly in the case of cancer, and the vast

majority of our nutraceuticals, has their origin in nature’s products (Newman et

al., 2003). Moreover, there is a large and over-expanding global population that

prefers the use of natural products in treating and preventing various medical

complications (Gautam et al., 2007). The worldwide upsurge in the use of

natural product preparations and active ingredients have provided the

pharmaceutical industry with up to 40% of modern drugs that are derived from

natural resources. Furthermore, over a 100 new products are in a clinical

development, particularly as anti-cancer agents and anti-infectives (Harvey,

2008).  In this regard, bacteria and plants have been the major contributors of the

contributing drugs like adriamycin and camptothecin, respectively (Newman

and Cragg, 2004; Zhao et  al., 2007), however, natural products of insects have

also been added to the list, and their chemical constituents may have a bright

potential for anti-cancer drug discovery. One of these products is propolis.



Chapter One: Introduction
___________________________________________________________________________

3

Propolis (bee glue) is the generic name for the resinous substance  collected

by honey bees (Apis mellifera) from various plant sources and used by bees to

seal holes in their honeycombs, smooth out the internal walls, and protect the

entrance against intruders (Benkovic et al., 2007). It is rich in biochemical

constituents, and more than 300 compounds have been identified; including a

mixture of polyphenols, flavonoids, phenolic acid and their esters, phenolic

aldehydes and ketones, terpenes, sterols, vitamins, amino acids, and others,

among which phenolics predominate (Lotfy, 2006; Trusheva, et  al., 2007;

Kumar et  al., 2009). Healing properties of propolis are known in folk medicine

from antiquity; however, recently, the interest in propolis as a harmless

medicine is increasing. There have been many attempts to validate biological

effects of propolis and elucidate its composition (Castaldo and Capasso, 2002).

It has been shown that propolis and its constituents have strong anti-microbial

effects, acting on viruses (Gekker et  al., 2005), bacteria (Alencar et al., 2007)

and fungi (Koc et  al., 2005). It has also been demonstrated that propolis and

some of its active substances have a pronounced cytostatic, anti-carcinogenic

and anti-tumour effects both in in vitro and in vivo tumour models (Najafi et al.,

2007; Inoue et  al., 2008; Li et al., 2009). Anti-oxidant and immunomodulatory

potentials of propolis have also been recorded (Ad'hiah et al., 2007; Naik et al.,

2009; Syamsudin et al., 2009).

1.2 Aims of Study
Based on the forthcoming presentation, the present study was planned with

the aim to evaluate the anti-oxidant, anti-mutagenic and anti-tumour potentials

of propolis samples collected from five different geographical locations in Iraq,

and/or their polyphenolic compounds (caffeic acid; CA, chrysin; CH and caffeic

acid phenethyl ester; CAPE) in vitro and in vivo using one normal (human

dermal fibroblast; HuFb) and two cancer (human promyeloid leukemia; HL-60
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and human colon carcinoma; HCT-116) cell lines. Accordingly, the following

assessments were achieved:

i. Extraction and chemical analysis of propolis samples using high

performance liquid chromatography coupled to electrospray mass

spectrometry (HPLC-ESI/MS).

ii. Free radical scavenging activity of propolis samples and their polyphenolic

compounds.

iii. In vitro assessments of growth inhibition, clonogenic, apoptosis and

necrotic potentials on the cell lines.

iv. Effect on nuclear morphological aspects.

v. Flow cytometric assessments of bax, bcl-2 and p53 gene expressions.

vi. Cell cycle perturbations through monoparametric and biparametric DNA

evaluations.

vii. Assessment of γ-H2AX-histone formation.

viii. The anti-tumour evaluation was further extended in vivo on nude mice

implanted with a xenograft tumour to assess the anti-tumour effects and

follow-up the morphological changes, as well as, the immunohistochemical

expression of p53 and Ki-67 genes.
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Chapter Two
Literature Review

2.1 Propolis
Propolis (CAS No. 9009-62-5) is a strongly adhesive and resinous

substance (sometimes also referred to as a bee glue), which is collected by

honeybees (Apis mellifera L.) from various plant sources, transformed and used

by bees to seal holes in their honeycombs and smooth out the internal walls

(Marcucci et  al., 2001; Benkovic et al., 2007). The term "propolis" is derived

from  the  Greek,  πρω, pro, meaning "for" or "in defence of", and πολιζ, polis,

"the  community  or  city",  and  thus  has  the  meaning  of  "for  the  defence  of  the

community" (Salatino et al., 2005). Honeybees collect the resin from cracks in

the bark of trees and leaf buds. This resin is masticated, salivary enzymes added

and the partially digested material is mixed with bee wax and used in the hive,

and although propolis may contain some pollen, it is not pollen nor should it be

confused with 'bee bread' and 'royal jelly', which are wholly different products

of honeybees (Bankova et al., 2000; Bankova, 2005). In order to manufacture

propolis, bees may also use material actively secreted by plants, or exuded from

wounds in plants; for instance lipophylic material on leaves, mucilages, gums,

resins and lattices (Gomez-Caravaca et al., 2006).

2.1.1 History and Folkloric Applications
Propolis is a natural remedy that has been employed extensively since

ancient times. Egyptians knew very well the anti-putrefactive properties of

propolis and used it to embalm cadavers. Propolis was also recognized for its

medicinal properties by Greek and Roman physicians; for instance, Aristoteles,

Dioscorides, Pliny and Galen (Hegazi, 2000). The product was employed as an

antiseptic and cicatrizant in wound treatment and as a mouth disinfectant, with
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these uses being perpetuated in the Middle Ages and among Arab physicians

(Abd El Hady and Hegazi, 2002).

The Holy Qur’an has also documented the health benefits of bees and their

products in the "Sorat with the name Bees; An-Nahl". Furthermore, Abu Ali bin

Sina (Avicenna) distinguishes two kind of wax (clean and black wax) in his well

known book "The Canon of Medicine (Al-Qanun Fi'l-Tibb)". The clean wax is

that which composes the comb wells where the bees rear the brood and store the

honey, while the black wax represents the filth in the hive, but it is clear that the

black wax was propolis because Avicenna's testimony has stated its

characteristic of eliminating the spikes (Hegazi, 2000; Lotfy, 2006). Propolis

was also recognized by other peoples unrelated to Old World civilizations; Incas

employed propolis as an anti-pyretic agent, and the London Pharmacopoeias of

the 17th century listed propolis as an official drug. Between the 17th and 20th

century the drug became very popular in Europe on account of its anti-bacterial

activity (Castaldo and Capasso, 2002; Ramos and Miranda, 2007).

Modern herbalists recommend propolis for its anti-bacterial, anti-fungal,

anti-viral, hepatoprotective and anti-inflammatory properties, to increase the

body’s natural resistance to infections and to treat gastroduodenal ulcers. Today

propolis  is  currently  used  as  a  popular  remedy  and  is  available  in  the  form  of

capsules (either in pure form or combined with other constituents). It is also

available commercially as purified product in which the wax has been removed

(Alternative Health and Herbs Remedies, 2010).

Propolis is marketed by health food stores as a traditional medicine, and for

its claimed beneficial effect on human health. Natural medicine practitioners use

propolis for the relief of various conditions, including inflammations, viral

diseases, ulcers, superficial burns or scalds (Farre et al., 2004). Propolis is also

believed to promote heart health, strengthen the immune system and reduce the

chances of cataracts (Orhan et al., 1999). Old beekeepers also recommend a

piece of propolis kept in the mouth as a remedy for a sore throat (Krell, 1996).
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Some of these claims are being clinically investigated and several studies have

been published in the biomedical literature.

2.1.2 Chemical Constituents
In the evaluation of the quality of propolis, in addition to a visual

inspection of its physical and organoleptical characteristics (appearance,

consistency, origin, colour or smell; Table 2-1), which provide a subjective

appreciation of the product and an indication of quality to a certain degree, the

contents of its active principles should be determined, in order to provide a real

and objective evaluation (Bankova, 2000; Farre et al., 2004).

Table 2-1: Characteristics that permit the quality evaluation of propolis.*

* Farre et al. (2004)

The chemical composition of propolis is still insufficiently characterized,

but it  is  a  resin  being  dark  green  or  brown  in  colour  with  a  pleasant  flavour  of

poplar buds, honey, wax and vanilla, and it can also have a bitter taste. When

burnt, it exhibits a smell of aromatic resins (Bankova, 2000). The chemical

composition of propolis, as well as, its colour and aroma are changed according

to the geographical zones. Its colour varies from yellowish-green to dark brown

depending on its source, and it can be likened to aromatic glue. It is hard and

Parameter
Quality

Good Average Poor
Presentation Flaky and granulated In blocks or balls Powder

Appearance
On cutting differences in

external and internal
colouring

Slight differences
in external and

internal colouring

No differences in
external and

internal colouring

Colour
Green, yellow, orange or

shades of the same
colour

Brown Dark

Smell Aromatic resin Resinous No smell
Test Spicy or resinous Slightly resinous Insipid
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brittle when it is cold, but becomes soft and very sticky when it is warm

(Salatino et al., 2005).

Over 300 compounds have been isolated from propolis (Kumar et  al.,

2009). Its main components are resins and balsams, which contain flavonoids

and phenolic acids or their esters; highly variable wax contents; volatile oils;

pollen and impurities. Additionally, it contains small quantities of terpens,

tannins, traces of secretions from the salivary glands of bees and possible

contaminants (Krell, 1996; Almedia, and Menezes, 2002). Propolis also contains

some minerals such as magnesium, calcium, iodide, potassium, sodium, cupper,

zinc, manganese and iron, as well as, some vitamins like B1, B2, B6, C and E,

and a number of fatty acids (Table 2-2). In addition, it contains some enzymes;

for instance succinic dehydrogenase, glucose-6-phosphatase, adenosine

triphosphatase and acid phosphatase (Tikhonov and Mamontova, 1987).

Table 2-2: Average chemical composition of propolis.*

   *After Krell (1996) and Almedia and Menezes (2002).

The active compounds are flavanoids (flavons, flavanols, flavonons, and

flavononols) and phenolic compounds (phenolic acids and their esters).

However, it should be pointed out that most of studies carried out have not been

aimed at determining a complete chemical composition, but have merely

Class of Compound Group of Components Percentage

Resins Flavonoids, phenolic acids and esters. 45-55
Waxes and Fatty

Acids Beeswax and plant origin. 23-35

Essential Oils Volatiles. 10

Pollen
16 free amino acids (>1%);

Arginine and proline together represent
46% of the total.

5

Other Organics and
Minerals

14 trace minerals: iron and zinc most
common; ketones, lactones, quinones,

steroids, benzoic acid, vitamins and sugars

5



Chapter Two: Literature Review
___________________________________________________________________________

9

determined some of the components of interest, particularly the flavonoids

(Popova et al., 2005; Silva et al., 2007a; Xu et al., 2009; Mello et al., 2010).

2.1.3 Biological Potentials
Propolis is a product of extraordinary interest, as much in the field of

medicine as the pharmaceutical industry. It has been attributed with numerous

properties: it is an anti-flammatory agent (Buyukberber et al., 2009), an

immunostimulant (Ad'hiah et al., 2007; Syamsudin et al., 2009), a

hepatoprotector (El Khatib et al., 2002), anti-oxidant (Naik et  al., 2009), anti-

tumour and a carcinostatic (Li et al., 2009), it has anti-microbial (Yaghoubi et

al., 2007), anti-viral (Schnitzler et al., 2009), anti-fungal (Koc  et al., 2007) and

anti-parasitic (Duran et  al.,  2008)  activities,  and  it  is  also  an  anesthetic  and  a

tissue regenerator (Bogdanov, 2009).

 The flavonoids (quercitin, apigenin, galangina, and others) and the

phenolic acids (caffeic, isoferulic, cynammic and benzoic), in addition to being

toxic to yeasts, inhibit the enzymatic activity of hyaluronidase; an enzyme that

depolymerises polysachharides hyaluronic acid in the extracellular matrix of

connective tissues (Moon et  al.,  2009).  Additionally,  caffeic  acid  and  the

activity of dihydrofolate reductase could explain the similarity between some of

its effects and those of some non-steroid anti-inflammatory medicines (Alfaris et

al., 2009).

2.1.3.1 Anti-oxidant Potentials
Active free radicals, together with other factors are responsible for cellular

aging and many conditions such as cardiovascular diseases, cancer, diabetes,

arthritis, Parkinson disease and Alzheimer (Najafi et al., 2007). The anti-oxidant

serves as a defensive factor against free radicals in the body. Enzymes such as

superoxide dismutase, catalase and glutathione peroxidase are the main system

that opposes oxidation. If free radicals production becomes more than the
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capacity of enzymatic system, the second line of defence (vitamins) may come

to action. Anti-oxidant such as vitamins C and E quench free radicals and

become oxidized and inactive (Halliwell, 1994; Mohammadzadeh et al., 2007).

Flavonoids and various phenolics are the most important

pharmacologically active constituents in propolis and have been shown to be

capable of scavenging free radicals and thereby protecting lipids and other

compounds such as vitamin C from being oxidized or destroyed during

oxidative damage (Hegazi and Abd El Hady, 2002). Propolis has also gained

popularity and used extensively in drinks and foods to improve health and

prevent diseases such as inflammation, heart disease, diabetes and even cancer

(Satoshi et al., 2005).

Because of such broad spectrum of biological properties and their different

uses, there is a renewed interest in its anti-oxidant activities. Several

investigations on propolis in Europe and South America have indicated that

flavonoids concentrated from propolis are powerful anti-oxidants, which are

capable to scavenge free radicals (Kumazawa et al., 2004). Therefore, propolis

is a natural source of anti-oxidants that protect serum lipoproteins from

oxidation (Isla et al., 2001). Its anti-oxidant properties are due to its anti-radical

activity (alcoxi radicals and to a lesser extent, superoxide) and inhibiting effect

on the cuprous ion, which is an initiator of oxidation of low density lipoproteins

(Claus et al., 2000).

In Brazilian and Chinese propolis, the aqueous extracts have shown greater

anti-radical activity than the methanolic extracts. The contrary was found to be

true of extracts from Dutch or Peruvian origin (Banskota et al., 2000). Propolis

has  also  been  shown  to  exert  anti-oxidant  effects  on  the  colon,  reducing  the

concentration of lipid hydroperoxide concentration, and as some of its

compounds are absorbed and enter into circulation, they act as hydrophilic anti-

oxidants and increase tissue concentrations of vitamin C (Sun et al., 2000).
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2.1.3.2 Anti-tumour Potentials
Several researchers have reported the anti-tumoural properties of propolis

in vivo and in vitro. Propolis antiproliferative activity on tumour cells has been

demonstrated and some responsible compounds were isolated (Rao et al., 1995;

Huang et al., 1996; Banskota et al., 2001).

Matsuno (1995) isolated an active substance from Brazilian propolis and

characterized it as a new clerodane diterpenoid (namely PMS-1), which

inhibited the growth of hepatoma cells and arrested the tumour cells at S phase.

Matsuno et al. (1997a) also isolated a compound (PRF-1) from a water extract

of propolis, which showed anti-oxidant activity and was cytotoxic to human

hepatocellular carcinoma, human cervical carcinoma (HeLa) and human lung

carcinoma (HLC-2) cells. Their group also isolated a tumouricidal compound

identical to artepillin C, described as a constituent from Baccharis species, and

its cytoxicity seemed to be partly attributable to apoptosis-like DNA

fragmentation (Matsuno et al., 1997b). Kimoto et al. (1998) investigated the

effects of artepillin C in vitro, verifying suppression of tumour growth, and in

vivo there was an increase in the ratio of CD4/CD8 T cells, indicating that this

compound activated the immune system.

Liao et al. (2003) demonstrated the inhibitory effect of propolis-isolated

caffeic acid phenethyl ester (CAPE) on angiogenesis, tumour invasion and

pulmonary metastatic capacity of CT26 cells. The CAPE also prolonged the

survival of mice implanted with CT26 cells, suggesting its potential as an anti-

metastatic agent. The same compound had a dose-dependent effect on the

cytotoxicity of C6 glioma cells, reducing the viability to 42% in relation to

control, and increasing the proportion of hypodiploid DNA, as an indication of

apoptosis. It has also been found that CAPE increased the phosphorylation and

expression of p53 and Bax genes, which can form heterodimers with Bcl-2 in

mitochondrial membrane and accelerate apoptosis (Lee et al., 2003). In

agreement with such finding, Aso et al. (2004) reported that the anti-tumour
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activity of propolis occurs through the induction of apoptosis via caspase

pathways.

Caffeic acid phenethyl ester also interfered in cell cycle arrest. After

incubation with CAPE for 24 hour, the cell percentage of C6 glioma cells in the

G0/G1 phase increased to 85%, due to the inhibition of protein retinoblastoma

(pRB) phosphorylation. The phosphorylation of pRB by the cyclin-dependent

kinases (CDKs) /cyclins is believed to be a crucial event in the regulation of S-

phase entry, and appears to define the restriction point in the late G1- phase. An

in vivo study demonstrated that CAPE decreased the growth of the xenografts of

C6 glioma cells in nude mice by inhibiting cell proliferation. Histochemical and

immunohistochemical analysis revealed that CAPE treatment significantly

reduced the number of mitotic cells and proliferating cell nuclear antigen

(PCNA)-positive cells in C6 glioma (Kuo et al., 2005). Derivatives of CAPE

were also investigated on oral cancer using cultured cancer cell lines (squamous

cell carcinoma; SAS and oral epidermoid carcinoma-Meng 1, OEC-M1) and

normal human oral fibroblast (NHOF), to examine their effects on cell growth

pattern, cytotoxicity and changes in the cell cycle. The derivatives showed

cytotoxic effects on tumour cells but not on NHOF cell line. Flow cytometric

analysis showed OEC-M1 cell arrest at G2/M phase. Such differential effects on

cancer and normal cells demonstrated that these compounds might be useful in

oral cancer chemotherapy (Lee et al., 2005b).

Although direct carcinostatic effects of propolis or its isolated components

have been demonstrated, an important question has been addressed whether

propolis acts on the immunocompetent cells to enhance tumour cell destruction.

Resistance to spontaneous tumour development has been associated with the

cytotoxic activity of natural killer (NK) cells, found both in humans and

experimental animals (Kaneno, 2005). Treatment with propolis for 3 days

increased the cytotoxic activity of NK cells against murine lymphoma (Sforcin

et al., 2002). Such finding confirmed a previous observation that propolis
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administration over a short-term leads to better results concerning the immune

system; increasing the immunological response (Scheller et al., 1988). The lack

of seasonal effect of propolis activity was also observed in NK assays (Sforcin

et al., 2002). Natural killer cells are under cytokines action, such as interferons

(IFN-α, -β and -γ), tumour necrosis factor (TNF)-α, transforming growth factor

(TGF)-β1, interleukin (IL)-1β, IL-2, IL-4, IL-10, IL-12, IL-13, IL-15, IL-21 and

IL-23 (Kaneno, 2005). Although, the activation mechanism of these cells by

propolis still remains obscure, it has been suggested that propolis-activated

macrophages could produce cytokines, such as TNF-α and IL-12, which act on

NK cells, increasing their cytotoxic activity (Sforcin, 2007).

Propolis potential in carcinogenesis and mutagenesis assays was also

investigated. Propolis effect on the process of colon carcinogenesis and DNA

damage in Wistar rats was evaluated, using the aberrant crypt foci (ACF) assay

and comet test. Animals were treated with the carcinogen 1,2 dimethylhydrazine

(DMH) and treated with ethanolic extract of propolis simultaneously or after

DMH administration. Propolis given simultaneously to DMH did not suppress

the development of ACF. These results indicated that propolis was not able to

block or minimize the initiation step of DMH-induced colonic carcinogenesis.

Since DMH is an indirect carcinogen, which has to be metabolized to exert its

carcinogenic effect, it could be postulated that propolis has no interference on

DMH metabolic pathways. On the other hand, when propolis was administered

during 2 weeks after DMH treatment, there was a significant reduction in the

number of ACF, which could reflect a suppression of the clonal expansion of the

initiated cells that characterizes the promotion step of carcinogenesis. No anti-

genotoxicity of propolis was observed in the comet assay, and DNA damage

was seen in the peripheral blood cells (Bazo et al., 2002). However because of

propolis solvent effect, new investigations have been carried out with an

aqueous extract of propolis, verifying its protective effect on DMH-induced

genotoxicity, as evidenced in the comet test, but it did not suppress the
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development  of  ACF  in  the  distal  colon  (Alves  De  Lima et al., 2005).

Qualitative and quantitative variations in the composition of ethanolic or

aqueous extract of propolis could explain these distinct responses.

Another approach to verify propolis anti-tumour action was to analyse its

effects on canine transmissible venereal tumour (TVT), which is a contagious

and sexually transmissible neoplasm with an unclear origin and affecting only

canines (Silva et al., 2003). Propolis showed a time-concentration effect on

TVT. With regards to TVT morphology, plasma cell-like TVT was more

resistant to propolis action. The absence of propolis solvent effect suggested that

the results were exclusively due to propolis components. In order to reduce the

side effects of chemotherapy and considering that propolis possesses antitumour,

anti-metastatic and immunomodulatory activities, its introduction as a

therapeutic procedure in vivo could provide a new contribution to TVT

treatment, as well as, to other neoplasia treatments (Bassani Silva et al., 2007).

More recently, the effects of water-soluble propolis (WSP) on tumour cells

in vitro were evaluated by measuring the intracellular uptake of 3H-thymidine.
3H-thymidine uptake was inhibited in accordance with the concentration of

WSP. The minimum concentration of WSP necessary for 3H-thymidine uptake

inhibition was 1.0 μg ml-1 and uptake was suppressed to 88% of the level in non-

treated cells at this concentration. In a further experiment using tumour-bearing

mice, oral administration of WSP was begun 24 hours after transplantation of S-

180 cells. The orally administered WSP significantly inhibited the growth of

transplanted tumours. Furthermore, histological findings revealed a significant

reduction in mitotic cells and tumour invasion of the muscular tissue (Inoue et

al., 2008).

Anti-angiogenic effects of water extract of a Brazilian green propolis

(WEP) and its constituents; caffeoylquinic acid derivatives, against angiogenic

processes in human umbilical vein endothelial cells (HUVECs) in vitro were

evaluated (Chikaraishi et al., 2009). They also examined the anti-angiogenic
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effects of WEP against retinal neovascularization in a murine oxygen-induced

retinopathy model in vivo. The WEP and its constituents significantly

suppressed vascular endothelial growth factor (VEGF)-induced HUVEC

proliferation, migration, and tube formation in vitro. Furthermore, they

suppressed VEGF-stimulated phosphorylation of mitogen-activated protein

kinase in HUVECs (versus VEGF alone). Moreover, WEP significantly

suppressed retinal neovascularization in the murine oxygen-induced retinopathy

model. The data indicated that (i) WEP has angiostatic effects against

angiogenic processes in vitro and in an in vivo model of murine oxygen-induced

retinopathy and (ii) the inhibitory effects of WEP against in vitro angiogenesis

were chiefly derived from its caffeoylquinic acid derivatives. The judging from

these findings was that WEP and its caffeoylquinic acid derivatives may

represent candidates for preventive or therapeutic agents against diseases caused

by angiogenesis.

2.2 Present Study Parameters
To assess the anti-oxidant and anti-tumour potentials of propolis, different

parameters (free radical scavenging activity, cancer growth inhibition, apoptosis

and necrosis, bax, bcl-2 and p53 gene expression, cell cycle perturbations,

assessment of γH2AX-histone formation and in vivo anti-tumour evaluation)

were inspected in the present study.

2.2.1 Free Radical Scavenging Activity
Reactive free radicals, such as superoxide anion ( ), hydroxyl radical

( OH), and peroxyl radical (ROO ), are particularly reactive and are known to be

a biological product in reducing molecular oxygen (Williams and Jeffrey, 2000).

Damages mediated by free radicals result in the disruption of membrane fluidity,

protein denaturation, lipid peroxidation, oxidative DNA and alteration of platelet

functions, which have generally been considered to be linked with many chronic

http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science?_ob=MathURL&_method=retrieve&_udi=B6T6R-4SX3P3G-8&_mathId=mml1&_user=2778671&_cdi=5037&_rdoc=2&_ArticleListID=805686015&_acct=C000049744&_version=1&_userid=2778671&md5=f5bb6c0c3e2e45f0faebb7b4185fef8a
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science?_ob=MathURL&_method=retrieve&_udi=B6T6R-4SX3P3G-8&_mathId=mml2&_user=2778671&_cdi=5037&_rdoc=2&_ArticleListID=805686015&_acct=C000049744&_version=1&_userid=2778671&md5=29fb7cac60293aab58970d5efd621583
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science?_ob=MathURL&_method=retrieve&_udi=B6T6R-4SX3P3G-8&_mathId=mml3&_user=2778671&_cdi=5037&_rdoc=2&_ArticleListID=805686015&_acct=C000049744&_version=1&_userid=2778671&md5=0f80468540ed7a215fe718dc882cae8c
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science?_ob=ArticleURL&_udi=B6T6R-4SX3P3G-8&_user=2778671&_coverDate=02%2F15%2F2009&_alid=805686015&_rdoc=2&_fmt=high&_orig=search&_cdi=5037&_docanchor=&view=c&_ct=528&_acct=C000049744&_version=1&_urlVersion=0&_userid=2778671&md5=e92c75c35a474c96e131fdf02fb70b7e#bib30
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health problems such as cancers, inflammation, aging and atherosclerosis

(Geronikaki and Gavalas, 2006). An anti-oxidant, which can quench reactive

free radicals, can prevent the oxidation of other molecules and may therefore

have health-promoting effects in the prevention of degenerative diseases

(Astley, 2003). The interest in anti-oxidants has been increasing because of their

high capacity in scavenging free radicals related to various diseases (Silva et al.,

2007b).

There is a growing interest in natural anti-oxidants, present in medicinal

and dietary plants that might help attenuate oxidative damage (Silva et al.,

2005). These natural anti-oxidants not only protect food lipids from oxidation,

but may also provide health benefits associated with preventing damages due to

biological degeneration (Hu and Kitts, 2000). Several anti-inflammatory,

hepatoprotective, neuroprotective, and anti-necrotic drugs have been shown to

have an antioxidant and/or anti-radical scavenging mechanism as part of their

activity (Lin and Huang, 2002). Experimental studies support the role of reactive

oxygen species in cancer, in part by showing that dietary anti-oxidants (for

instance; vitamin E, vitamin C, phenolic compounds, and other phytochemicals),

as well as, endogenous anti-oxidants (for instance glutathione) that neutralize or

trap reactive oxygen species; and acting as cancer preventive agents (Khan,

2002; Borek, 2004).

While the efficacy of anti-oxidants during cancer treatment is still being

evaluated and clinical trials are ongoing or being set up, many cancer patients

who are undergoing therapy take anti-oxidant supplements in an effort to

alleviate treatment toxicity and improve long-term outcome (National Institutes

of Health, 2004). Further data, however, have shown that some dietary anti-

oxidants may show promise in cancer therapy by their palliative action, reducing

painful side effects associated with treatment and have a potential as adjuvant to

induce apoptosis in cancer cells while sparing normal cells. Other findings, in a

model of metastatic growth, showed that anti-oxidants are an angiostatic factor

http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science?_ob=ArticleURL&_udi=B6T6R-4SX3P3G-8&_user=2778671&_coverDate=02%2F15%2F2009&_alid=805686015&_rdoc=2&_fmt=high&_orig=search&_cdi=5037&_docanchor=&view=c&_ct=528&_acct=C000049744&_version=1&_urlVersion=0&_userid=2778671&md5=e92c75c35a474c96e131fdf02fb70b7e#bib27
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science?_ob=ArticleURL&_udi=B6T6R-4SX3P3G-8&_user=2778671&_coverDate=02%2F15%2F2009&_alid=805686015&_rdoc=2&_fmt=high&_orig=search&_cdi=5037&_docanchor=&view=c&_ct=528&_acct=C000049744&_version=1&_urlVersion=0&_userid=2778671&md5=e92c75c35a474c96e131fdf02fb70b7e#bib27
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science?_ob=ArticleURL&_udi=B6T6R-4SX3P3G-8&_user=2778671&_coverDate=02%2F15%2F2009&_alid=805686015&_rdoc=2&_fmt=high&_orig=search&_cdi=5037&_docanchor=&view=c&_ct=528&_acct=C000049744&_version=1&_urlVersion=0&_userid=2778671&md5=e92c75c35a474c96e131fdf02fb70b7e#bib26
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science?_ob=ArticleURL&_udi=B6T6R-4SX3P3G-8&_user=2778671&_coverDate=02%2F15%2F2009&_alid=805686015&_rdoc=2&_fmt=high&_orig=search&_cdi=5037&_docanchor=&view=c&_ct=528&_acct=C000049744&_version=1&_urlVersion=0&_userid=2778671&md5=e92c75c35a474c96e131fdf02fb70b7e#bib26
http://hinari-gw.who.int/whalecomwww.sciencedirect.com/whalecom0/science?_ob=ArticleURL&_udi=B6T6R-4SX3P3G-8&_user=2778671&_coverDate=02%2F15%2F2009&_alid=805686015&_rdoc=2&_fmt=high&_orig=search&_cdi=5037&_docanchor=&view=c&_ct=528&_acct=C000049744&_version=1&_urlVersion=0&_userid=2778671&md5=e92c75c35a474c96e131fdf02fb70b7e#bib14
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and may have a potential in aiding host resistance to tumour growth and

invasiveness (Borek, 2004).

The free radical-scavenging activity of natural compounds has also been

confirmed by using several methodologies (Chang et al., 2007; Kumar and

Kumar,  2009),  and  one  of  these  is  examining  their  ability  to  bleach  the  stable

radical 2, 2-diphenyl-1-picryl-hydrazyl (DPPH) in vitro. This assay provides

information on the reactivity of test compounds with a stable free radical,

because of its odd electron DPPH that gives a strong absorption band at 517 nm

in visible spectroscopy (deep violet colour). As this electron becomes paired off

in the presence of a free radical scavenger, the absorption vanishes, and the

resulting decolorization is stoichiometric with respect to the number of electrons

taken up (Moreira et al., 2008).

2.2.2 Cancer Growth
The progressing from normal to malignant cells involves multiple steps,

during which several distinguishable properties are acquired. Pending normal

development and throughout adult life, intricate genetic control systems regulate

the balance between cell birth and death in response to growth signals, growth

inhibiting signals, and death signals (Weinberg, 2007). Most importantly, cancer

cells lose the ability to control growth, and can proliferate almost inevitably.

They are able to promote angiogenesis and thus guarantee an unlimited supply

of nutrients and oxygen. Furthermore, the telomerase enzyme is reactivated and

maintains stable telomeres during repeated cycles of cell proliferation

(Akouchekian, 2008).

The cancer forming process, called oncogenesis or tumourigenesis, is the

interplay between genetic and environmental factors. Most cancers arise after

genes are altered by carcinogens or by errors in the copying and repair of genes,

and even if the genetic damage occurs only in one somatic cell, the division of

cell will transmit the damage to the daughter cells giving rise to clone of altered
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cells (de Lange, 1994). In this regard, cancer cells no longer respond to

apoptotic signals (Rudin and Thompson, 1998), and in the final of progression,

they are able to detach from their original site, migrate through blood vessels or

lymphatics to new destinations, and form new colonies; a process called

metastasis (Hanahan and Weinberg, 2000).

At the tissue level, cancers can be categorized on the basis of their origin.

For example; sarcomas are derived from soft tissues and bones, whereas

leukemias originate from blood cells (Schulz, 2005). Carcinoma, derived from

epithelial tissue, is the most common type of cancer. It typically starts within a

benign, well-differentiated tumour, which has a structure resembling that of

normal tissue. The next stage is carcinoma in situ (local tumour), and after

reaching the invasive stage, cancer is able to penetrate into the basal membrane,

and infiltrate the underling tissue. Finally, the ability to metastasize is acquired

(Akouchekian, 2008). The clinical stages of carcinoma are illustrated in figure

2.1.

Figure 2-1: Clinical stages of carcinoma (Akouchekian, 2008).

During the multistage process of carcinogenesis, only rarely selected cells

could proceed through a series of genetic and epigenetic changes from one stage

to the next one along the pathway leading them ultimately to the formation of

malignant tumour. At each stage, the pathway leading to malignancy is only one

of the possible routes and at each stage there are natural anticancer defence

mechanisms further diminishing cancer risk. The peculiarity of these defence

mechanisms stems from the fact that actually the most effective of them seems
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to operate at the very early stage, preceding the formation of the neoplastic cell

(Jakobisiak et al., 2003).

2.2.3 Apoptosis and Necrosis
The term apoptosis was first used by John Kerr in 1972 (Kerr, 2002). It is

derived from the ancient Greek and means "the falling of petals from a flower"

or "of leaves from a tree in the autumn" (Holdenrieder and Stieber, 2004). The

term programmed cell death is often used interchangeably with apoptosis.

However, it is important to note that other forms of programmed cell death have

been described and other forms of programmed cell death may yet be discovered

(Debnath et al., 2005).

Apoptosis occurs normally during development and aging and as a

homeostatic mechanism to maintain cell populations in tissues. Apoptosis also

occurs as a defence mechanism such as in immune reactions or when cells are

damaged by a disease or noxious agents. Although there are a wide variety of

stimuli and conditions, both physiological and pathological, that can trigger

apoptosis, not all cells will necessarily die in response to the same stimulus

(Norbury and Hickson, 2001).

 In oncology, the interest in apoptosis originates from the observations that

ionizing radiation or interactions of anti-tumour drugs with their respective

intracellular targets often result in this mode of cell death, and that the efficacy

of several anti-tumour drugs correlates with their ability to induce apoptosis.

The possibility, therefore, of modulating this process can open new strategies for

improving chemotherapy. Also, the ability to monitor early signs of apoptosis in

samples from patient tumours may be predictive of the outcome of treatment

protocols (Portugal et al., 2009).

In contrast to apoptosis, necrosis is a nonspecific mode of cell death, often

caused by exposure to external factors or drastic changes in the physiological

environment; such as heat, anoxia, loss or increase of ions, and toxic substances,
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and it is usually a pathogenic process (van Cruchten and van den Broeck, 2002).

In general, the trigger needs to be more massive to provoke necrosis instead of

apoptosis. Apoptosis and necrosis not only differ in the triggers and the course

of events, but also in the picture they present during this process (Martin, 2006).

The image of apoptosis is characterized by shrinkage of cell and cell

nucleus, condensation of chromatin, DNA fragmentation, and blebbing of the

cell membrane with the constriction of apoptotic bodies without losing the

structural integrity and most of the plasma membrane function. Whereas

necrosis is represented by swelling of cell and cytoplasmatic organelles and

disrupture of the cell membrane leading to inflammation and thus causing

further tissue damage (Elmore, 2007).

Apoptosis is a dynamic process, and the diverse methods of apoptosis

assessment vary in their sensitivity and specificity for the different stages of it.

As a result, different methods may yield varying results, even when the same

specimen is analyzed at the same time (Steensma et al., 2003). However, there

are a number of tissue-based assays for detecting apoptosis that are not based on

flow cytometric principles. Simple morphologic analysis supplemented by

electron microscopy can reveal apoptotic bodies, as well as, the typical late

apoptotic findings of chromatin condensation and nuclear fragmentation (White

and Cinti, 2004). DNA stains such as Hoechst 33258 and 4',6-diamidino-2-

phenylindole (DAPI) can facilitate visualization of the condensed nuclear

fragments that are typical of apoptosis (Saito et al., 2004; Nguyen et al., 2007).

Agarose gel electrophoresis of cells undergoing apoptosis may reveal the

characteristic pattern of a “DNA ladder.” The DNA ladder is a bold visual

display of DNA fragments of varying lengths, typically multiples of 180–200

base pairs; the rungs are fragments of nuclear DNA that have been degraded by

caspases and other endonucleases, and DNA ladders, like apoptotic bodies, are a

late finding in the apoptosis cascade (Steensma et al., 2003).
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Other tissue-based methods such as in situ end labeling (ISEL) and the

related in situ terminal deoxynucleotidyl transferase-mediated dUTP nick-end

labeling (TUNEL) techniques detect the single- and double-strand DNA breaks

that occur during intra-nucleosomal DNA degradation in early apoptosis (Huerta

et al., 2007). The nick-ends can also be detected by flow cytometry, as described

below. These methods can preserve tissue architecture and also allow

quantification. However, counting cells in order to obtain an accurate apoptotic

index must generally be done manually with ISEL and TUNEL (Yasuhara et al.,

2003).

Flow cytometric methods of apoptosis detection offer several advantages

over the above techniques. Flow cytometers make use of a focused beam of laser

light to interrogate a single-cell suspension whose laminar flow through a

chamber is tightly controlled. The light scattering and fluorescent properties of

these cells in fluid suspension and any bound antibodies (which may be labeled

with any of several fluorochromes) can be assayed via a series of filters and

photomultiplier tubes. Flow cytometry can rapidly quantify and evaluate the

properties of thousands of cells. This is particularly important when the cells of

interest are interspersed in a heterogeneous tissue such as bone marrow or blood,

as is the case in most hematopoietic malignancies. The flow cytometer can

simultaneously assess apoptosis-associated properties, as well as, the presence

of other cell characteristics (for instance; cluster of differentiation markers or

other cell surface antigens), allowing isolation and study of specific cellular

subspecies (“gating”) or correlation of apoptosis with other cellular features

(Shapiro, 2003; Mc Carthy, 2007).

There are a series of differences between apoptotic cells and normal cells

that can be exploited via flow cytometric techniques in order to allow apoptosis

detection. These properties have recently been discussed by Wlodkowic et al.

(2009), and they include changes in plasma membrane, changes in cellular light
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scattering properties, changes in cellular DNA content and DNA sensitivity to

denaturation and changes in cellular organelles.

2.2.4 Genes Involved in Tumour Progression
Three major groups of genes are involved in tumour progression: (i)

oncogenes and tumour suppressor genes; (ii) genes involved in the control of

tumour progression and metastasis; and (iii) genes encoding proteins that protect

the organism from tumour cells. Each group contains numerous genes, and the

discovery of new important genes is an exciting prospect in tumour research

(Jakobisiak et al., 2003).

2.2.4.1 The Bcl-2 genes family

The intrinsic pathway of apoptosis is regulated by members of the Bcl-2 (B

cell leukemia/lymphoma 2-like proteins) family (Figure 2-2). This family is

composed of pro- and anti-apoptotic proteins that share up four conserved

regions known as Bcl-2 homology domains designated BH1, BH2, BH3 and

BH4, which correspond to α-helical segments (Lessene et al., 2008).

In excess of 25, Bcl-2 family members have been identified in human

(Almawi et al., 2004), and certain proteins share Bcl-2’s ability to oppose

programmed cell death; Bcl-2-like 1 (Bcl-xL), Bcl-2-like 2 (Bcl-w), myeloid cell

leukemia-1 (Mcl-1), and Bcl-2-related protein A1 (Bfl-1) (Brunelle and Letai,

2009). These proteins share a sequence homology in 4 α-helical Bcl-2 homology

(BH) regions; BH1-BH4 (Gustafsson and Gottlieb, 2007). Bax and Bak

(Brunelle and Letai, 2009), which promote cell death, share only the BH1–BH3

domains.  A third class of proteins is known as BH3-only proteins (Adams and

Cory, 2007), which include Bid, Bad, Bik, Puma, Noxa, Bmf, and Hrk, and

demonstrate homology only in the BH3 region (Lessene et al., 2008). Like Bax

and Bak, the pro-apoptotic BH3-only proteins require an intact BH3 domain to

promote apoptosis (Brunelle and Letai, 2009).
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Figure 2-2: The extended Bcl-2 protein family (Lessene et al., 2008).

Bax (Bcl2-associated X protein) and Bcl-2 are at the core of the apoptotic

pathway located at the mitochondria where multiple cell death signals converge

to trigger apoptosis (Cheng et al., 2001; Yuan et al., 2003). The product of the

bcl-2 gene is an anti-apoptotic protein that suppresses apoptosis in response to a

wide variety of stimuli (Nemec and Khaled, 2008). Bcl-2 proto-oncogene was

discovered at the chromosomal breakpoint of the t (14; 18) bearing human

lymphoma; an indolent B cell non-Hodgkin lymphoma (Tsujimoto et al., 1985;

Reed, 2008).

The Bcl-2 is a 26 kDa intracellular integral membrane protein found

primarily in the nuclear envelope, endoplasmic reticulum and outer

mitochondrial membrane (Hoetelmans et al., 2000).  While Bcl-2 was initially

identified as an oncogene in follicular lymphoma, its expression has been

identified in many cancers; including melanoma, myeloma, small-cell lung

cancer, and prostate and acute leukemias (Letai, 2003). Expression of other anti-
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apoptotic proteins has been detected in many cancers, including Bfl-1 in diffuse

large-cell lymphoma (Shipp et al., 2002), Mcl-1 in myeloma (Derenne et al.,

2002), and Bcl-xL in lung adenocarcinoma (Berrieman et al., 2005).

Conversely, Bax is a pro-apoptotic protein that can accelerate death, and it

is localized in the cytosol prior to a death signals (Reed, 2008). It is a 21 kDa

tumour suppressor protein that suppresses tumourigenesis and stimulates

apoptosis in vivo. The ratio between  Bcl-2/Bax  dictates to a large extent the

susceptibility or resistance to apoptotic signals, which may be imparted by

growth factors (Pepper et al., 1997), radiation (Lee et al., 1999), and anticancer

drugs (Thomas et al., 1996) and frequently associated with conditions associated

with unimpeded cell growth and proliferation or alternatively, with accelerated

cell death. These include cancer (Scopa et al., 2001), autoimmune disorders (Li

et al., 1999), human immunodeficiency virus infection, and ischemia-

reperfusion injury (Wang et al., 2002).

Whereas Bcl-2 and Bax proteins exhibited sequence and structural

similarities, they functionally opposed each other and appeared to regulate

apoptosis independently (Adams and Cory, 2007). Although the exact

mechanisms leading to apoptosis are not fully understood, it is believed that the

BH3-only-containing proteins Bad (and Bim), which are phosphorylated by

protein kinase A (PKA) and Akt, initiate it. The subsequent translocation of Bax

to the mitochondria involves a conformational change that exposes the N- and

C-termini (Kim et al., 2009), and its complexing with Bak (Bax:Bak) also

requires a conformational change in Bak (Yao and Marassi, 2009). Bax:Bak

complex in turn stimulates the release of cytochrome C via a mechanism that

may include formation of mitochondrial pores (Almawi et al., 2004).

Cytochrome C then binds its adaptor, Apaf-1, leading to the activation of

caspase 9, which subsequently activates effector caspases that are proteases

which can cleave key cellular proteins (Marsden et al., 2002; Letai, 2005). This

leads to many of the morphological characteristics of apoptosis; including
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condensed nuclei, DNA laddering and exposure of phosphatidylserine to the

outer leaflet of the plasma membrane (Brunelle and Letai, 2009).

2.2.4.2 The Gene p53

The gene p53 was  the  first  tumour  suppressor  gene  to  be  identified,  and  it

was first described in 1979, and initially believed to be an oncogene. It is located

on the short arm of chromosome 17 (17p13.1) with approximately 16-20

kilobase pairs of DNA (Wang et al., 1994). The gene encodes a 53-kilodaltons

nuclear phosphoprotein that is made of 393 amino acids (Berns et al., 1998).

This protein acts as a multifunctional transcription factor by playing a critical

role in regulation of cell proliferation mainly through induction of growth arrest

or apoptosis. So this gene maintains the integrity of the genome (Levine, 1997).

Mutations in this gene are the most frequent genetic abnormalities found in

human malignancies. The protein product of a mutated p53 gene has a

prolonged half-life within the cell nucleus, relatively to the wild-type p53

protein. This abnormal prolonged half-life enables the detection of p53

expression by immunohistochemistry (IHC) using anti-p53 monoclonal

antibodies (Imamura et al., 1994).

The response of cells to DNA-damaging agents is complex involving

recognition and repair of the lesions in DNA to minimize the risk of genetic

instability. Therefore, mutations that interfere with the function of key metabolic

steps can predispose to genome instability, cancer and other pathologies (Kops

et al., 2005). A central control in protecting the integrity of the genome is p53

(p53 gene or protein), which is present at low levels under unperturbed

conditions but becomes rapidly stabilized and activated in response to a variety

of stimuli including DNA damage (Lavin and Gueven, 2006).

 The importance of p53 role in maintaining genome stability is exemplified

by the findings that this molecule is mutated in approximately 50% of tumours,

and moreover, these tumours respond poorly to therapy (Hainaut, 1995; Fridman
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and Lowe, 2003). The p53 exerts its control on the cell cycle primarily through

the G1/S checkpoint but it has also been shown to regulate the G2/M checkpoint

(Lavin and Gueven, 2006).

Although, the exact mechanism of p53 stabilization remains unclear, it

involves a series of post-translational modifications to both itself and MDM2

(mouse double minute), which facilitate the dissociation of the MDM2–p53

complex that is primarily responsible for keeping the levels of p53 in check

(Moll and Petrenko, 2003). However, it is evident that a multitude of other

proteins also influence the stability of p53. The capacity of p53 to induce

specific proteins to regulate the passage of cells through the cell cycle is of a key

importance in fulfilling its role in genome stability, but its involvement in

nucleotide and base excision repair pathways may also contribute (Adimoolam

and Ford, 2003; Gatz and Wiesmuller, 2006).

In unstressed cells, p53 levels are kept low through a continuous

degradation of the protein. A protein called MDM2 (also called HDM2 in

humans) binds to p53, preventing its action and transports it from the nucleus to

the cytosol. Also MDM2 acts as ubiquitin ligase and covalently attaches

ubiquitin to p53 and thus marks p53 for degradation by the proteasome.

However, a mutant p53 protein often does not induce MDM2, and is thus able to

accumulate at very high concentrations. Furthermore, mutant p53 protein itself

can inhibit normal p53 protein levels. In a normal cell, p53 is inactivated by its

negative regulator, MDM2. Upon DNA damage or other stresses, various

pathways will lead to the dissociation of the p53 and MDM2 complex. Once

activated, p53 will either induce a cell cycle arrest to allow repair and survival

of the cell or apoptosis to discard the damaged cell (Figure 2-3) (reviewed by

Soussi and Wiman, 2007).
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Figure 2-3: Pathways of p53 interactions (Soussi and Wiman, 2007).

The gene product of p53 is involved in anti-cancer mechanisms, which are

outlined in the following as suggested by Vousden and Lu (2002):

· It can activate DNA repair proteins when DNA has sustained damage.

· It can induce growth arrest by holding the cell cycle at the G1/S

regulation point on DNA damage recognition.

· It can initiate apoptosis if the DNA damage proves to be irreparable.

In the case of a genetic damage, which is induced by ionizing radiations or

by chemical causes, a rapid increase in the p53 level and its activation are

occurred. This activation of p53 induces cell cycle arrest by p21; a CDK

inhibitor, and this interval in the cell cycle allows the cell to induce a state of

repair. In the case of irreparable genetic damage, p53 induces apoptosis by the

activation of a pro-apoptotic gene; bax (Sa  and  Das,  2008).  In  cells  with
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mutations or homozygous loss of p53, there is no repair or apoptosis of

genetically damaged cells because p53 can no longer bind DNA in an effective

way, and as a consequence the p21 protein is not made available to act as the

'stop signal' for cell division. Therefore, cells divide uncontrollably, and

formation of transformed cell and finally development of a neoplasm is occurred

(Abdulamir et al., 2008).

2.2.4.3 The Gene Ki-67

Ki-67 was identified by Gerdes and co-workers in 1991(Gerdes et al.,

1991) as a nuclear non-histone protein, shortly after the corresponding antibody

was described by the same group (Gerdes et al., 1983) in the city of Kiel (hence

“Ki”) after immunization of mice with the Hodgkin’s lymphoma cell line L428

(67 refers to the clone number on the 96-well plate in which it was found). The

absence of Ki-67 in quiescent cells and its universal expression in proliferating

tissues created great interest on its potential role as a marker of cell proliferation.

A large number of studies have confirmed this feature, and the expression of Ki-

67 in resting cells has rarely been reported (Scholzen and Gerdes, 2000;

Urruticoechea et al., 2005).

The Ki-67 gene is located on the long arm of human chromosome 10

(10q25) (Fonatsch et al., 1991). In 1993, Schluter et al. published the complete

sequence of the cDNA encoding for the protein (Schluter et al., 1993). Two

alternative mRNA species resulting from alternative splicing encode two

isoforms of the protein. The “large” Ki-67 protein isoform has a calculated

molecular mass of 359 kD, while the “small” isoform has a mass of 320 kD. The

presence or absence of the sequence encoded by exon 7 of the gene

differentiates one isoform from the other. The most outstanding feature when the

sequence is analyzed is the presence of 16 repeated elements, the Ki-67 repeats,

in the large exon 13 that makes up 70% and 79% of the open reading frame of

the large and small species, respectively. These are concatenated sequences
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depicting an important similarity with 43% to 62% identical amino acids. Within

these repeats, a sequence of 22 amino acids, the so-called Ki-67 motif,  can  be

found. This motif is highly conserved between species and includes the epitope

(FKEL) targeted by the original Ki-67 antibody. There is some evidence derived

from murine and human cell lines that more post-splicing variants may exist

with a consequent larger range of protein isoforms (Scholzen and Gerdes, 2000).

 The expression of Ki-67 varies in intensity throughout the cell cycle, and

this has raised concern that it could lead to a misclassification of cycling cells as

resting ones (van Dierendonck et al., 1989). An overall evidence indicates that

levels of Ki-67 are low during G1- and early S-phases and progressively

increase to reach a maximum during mitosis. A rapid decrease in expression

starts during anaphase and telophase (Lopez et al., 1991). Some authors have

found that the degree of expression in G1 can be minimal (Bruno and

Darzynkiewicz, 1992) and may represent a handicap to Ki-67’s accuracy in

identifying cells in this phase. This irregular presence of Ki-67 in G1 has been

explained as the result of the differences between G1-phase in a previously

dormant  cell  and  G1  immediately  following  a  previous  cycle  or  even  as  a

marker of different conditions of growth (Urruticoechea et al., 2005).

The half-life of Ki-67 protein has been estimated at around 60 to 90

minutes (Heidebrecht et al., 1996). Differences of expression during the cell

cycle do not seem to be due to the accumulation of non-degraded protein; rather,

they seem largely to reflect variable de novo synthesis (Urruticoechea et  al.,

2005).

The cellular appearance and location of the Ki-67 protein throughout the

cell cycle is not homogeneous. During early G1, it is found as generally weakly

staining discrete foci throughout karyoplasms (Kill, 1996). It progressively

condenses during late G1 in larger peri-nucleolar granules (Heidebrecht et al.,

1996). During S- and G2-phases, it is mainly found associated with the nucleolar

region in larger foci, as well as, with some heterochromatin regions. When the
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nuclear membrane disrupts during early mitosis, Ki-67 shows an intense

expression associated with the surface of condensed chromosomes in the

cytoplasm. This intensity rapidly disappears in anaphase-telophase

(Urruticoechea et al., 2005).

Despite all this information about the nature, location, and sequence of Ki-

67 protein, there is a little known of its function beyond its being a protein

phosphorylated via serine and threonine (Urruticoechea et al., 2005) with a

critical role in cell division. This has been concluded from the arrest of cell

proliferation when Ki-67 is blocked either by microinjection of blocking

antibodies or by inhibition of dephosphorylation (Nabi et al., 2008).

2.2.5 Cell Cycle
Cell cycle is a mechanism by which cells divide, and it is controlled by

numerous mechanisms to ensure correct cell division and consists of two

consecutive processes; DNA replication and segregation of replicated

chromosomes into two separate cells. These processes occur through two stages,

which are interphase and mitosis (M) (Stewart et al., 2003). Replication of DNA

occurs in a specific part of the interphase (S phase). The S-phase is preceded by

a gap called G1 during which the cell is preparing for DNA synthesis and is

followed by a gap called G2 during which the cell prepares for mitosis

(Vermeulen et al., 2003). Different cellular proteins regulate the transition from

one cell cycle phase to another. Key regulatory proteins are the CDK, a family

of serine/threonine protein kinases that are activated at specific points of the cell

cycle. When activated, CDKs induce downstream processes by phosphorylating

selected proteins. The CDK protein levels remain stable during the cell cycle, in

contrast to the cyclins. Cyclin protein levels rise and fall during the cell cycle

and in this way they periodically activate CDK (Cooper and Hausman, 2009).

Defects in cell cycle regulation are a characteristic feature of tumour cells

and mutations in the genes involved in controlling the cell cycle are extremely
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common in cancer (Bowen and Wylie, 2005). Mutations mainly occur in two

classes of genes; proto-oncogenes and tumour suppressor genes. In normal cells,

the products  of  proto-oncogenes act  at  different  levels  along the pathways that

stimulate cell proliferation, and mutated versions of proto-oncogenes or

oncogenes can promote tumour growth, while inactivation of tumour suppressor

genes like pRb and p53 results in dysfunction of proteins that normally inhibit

cell cycle progression (Alfieri et al., 2009). Therefore, cell cycle deregulation

associated with cancer can occur through mutation in genes involved in coding

for proteins important at different levels of the cell cycle. In cancer, mutations

have been observed in genes encoding CDK, cyclins, CDK-activating enzymes,

cyclin kinase inhibitor (CKI), CDK substrates, and checkpoint proteins

(Vermeulen et al., 2003).

Monitoring dysfunctional cell cycle regulation is thus the focus of intense

interest, since it provides an opportunity to discover new targets for anti-cancer

drugs and improved therapeutics. The cell cycle, then, can be used as a tool to

explore the mechanisms of various toxins and drugs (Cope et  al., 2009). A

variety of markers have been employed to determine the cell cycle status,

including DNA ploidy, bromodeoxyuridine (BrdUrd) incorporation, tritiated

thymidine (3H-thymidine) incorporation, Ki-67 expression, PCNA expression,

cyclin expression, CDK expression, and CDK phosphorylation status. The use

of these markers can range from the simplest measurements, such as the relative

proportion of cells in a population in the cell cycle to the most complex, such as

the pinpointing of the location of a given cell in the cycle or the determination of

cell cycle kinetics (Beresford et al., 2006).

2.2.5.1 Single-Parameter DNA Histogram Analysis

Single-parameter DNA histogram (DNA ploidy) is one of the

measurements to study drug effects on cell cycle kinetics and one of the earliest

applications of flow cytometry (Brockhoff and Knuechel, 2003). The frequency
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distribution of a population of cells stained for DNA content has a distinct shape

if the population is growing exponentially. Figure 2-4 provides an example of a

DNA frequency distribution typical for an asynchronously growing exponential

population of cells (Traganos, 2004). The initial peak at the lowest fluorescence

value represents post mitotic G1 (and under some circumstance, quiescent G0)

cells that have divided but have not yet initiated DNA synthesis. The second

peak is at approximately twice the fluorescence of the first that contains cells

that have doubled their DNA content and have yet to divide (G2) or are in the

process of dividing (i.e. undergoing mitosis; G2/M), while the distribution

between the two peaks contains cells with increasing levels of DNA, and

represent DNA synthesizing or S-phase cells (Davies, 2008).

Figure 2-4: DNA frequency distributions typical for exponentially growing cells.
(Davies, 2008).

2.2.5.2 Measuring DNA Synthesis Using 5-Bromodeoxyuridine

Historically, the study of cell cycle kinetics entailed the use of

radioactively labeled thymidine to detect cell synthesizing DNA, and by using

autoradiography, radioactive thymidine incorporation allows for the

measurement of the labeling index and the fraction of or percentage of labeled

mitoses. The labeling index then can be used to determine the fraction of cells
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synthesizing DNA (depending on S-phase duration), although the changing

percentage of labeled mitoses curve provides information on the progression of

labeled cells through the cycle (Terry and White, 2001).

These tedious techniques have now been supplemented by the use of

fluorescence-labeled halogenated pyrimidines as a replacement for radioactive

thymidine. The most notable and widely used is BrdUrd (Traganos, 2004).

Detection of incorporation of these fluorescence-labeled analogs by flow

cytometry allows for thousands or ten thousands of cells to be analyzed in

details providing a statistical data.  In virtually all cases, incorporation of

halogenated pyrimidines is detected by tagging them with fluorescence-labeled

monoclonal antibodies (Rosato et al., 2001). Initially, however, techniques for

detecting BrdUrd incorporation into DNA involved the fact that certain DNA

stains quenched in its presence. The decrease in fluorescence of the quenched

dye could be combined with a DNA-specific dye whose fluorescence emission

is unaffected by the presence BrdUrd. Therefore, the binding analysis of both

dyes provides a more precise quantitation of the S-shape population in the cell

cycle distribution (Darzynkiewicz et al., 2004).

This approach allows for measurement of a number of parameters and is

especially useful because more than one cell cycle can be analyzed in the same

measurement (Darzynkiewicz et al., 2001). As noted, detection of BrdUrd

incorporation into DNA is based on immunocytochemical techniques, and in

this approach, partial DNA denaturation by strong acid or heat is required to

make the incorporated halogenated pyrimidine accessible to the monoclonal

antibody probe, which can be either directly or indirectly labeled with

fluorescein. The non-denaturated DNA can then be stained, typically with an

intercalating flourochrome such as propidium iodide (PI). The combination of PI

red fluorescein and fluorescein green fluorescence provide a bivariate plot of

cellular DNA content versus incorporated BrdUrd (Darzynkiewicz and  Juan,

2001).

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Darzynkiewicz%20Z%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Juan%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Juan%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
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In  induced  DNA  breaks  by  physical  or  chemical  agents  at  the  sites  of

BrdUrd incorporation, the enzyme terminal deoxynucleotide transferase is used

to add many fluorchrome-labeled deoxynucleotides (typically BrdUrd) to each

DNA break site (Traganos, 2004). This means that the label is not on the

antibody attempting to bind the single molecule of BrdUrd incorporated into

DNA, but that the fluorochrome is attached to one of many molecules being

added at the site of DNA by denaturation or digestion in a way that would affect

binding of intercalating dye PI (Darzynkiewicz et al., 2006). As can be seen in

figure 2-5, there is an  approximately 10 times increase in fluorescence intensity

of the cells incorporating BrdUrd compared to control cells grown in the

absence of the label (reviewed by Traganos, 2004).

Figure  2-5:  Bivariate  analysis  of  DNA content versus incorporation of BrdUrd
into  DNA  of  S-phase  cells.  Left:  DNA  frequency  distribution  of
exponentially growing cells. Right: Bivariate distribution in which
S-phase cells have incorporated the thymidine analog BrdUrd into
DNA. (Traganos, 2004).
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2.2.6 H2AX-Histone Phosphorylation Formation
The introduction of double-strand breaks into DNA triggers a complex set

of responses in eukaryotic cells; including cell cycle arrest, relocalization of

DNA repair factors, and in some cases apoptosis (Jackson, 2002). Failure to

arrest cellular functions can lead to a high level of genomic instability, which is

linked to increased probabilities of oncogenic transformation (Prindull, 2008).

Several factors known to be involved in DNA repair or in signaling the

presence of damage have been shown to accumulate in large nuclear domains

(foci) after a double-strand DNA breakage (Riballo et al., 2004). This response

is not yet fully understood, but it has been suggested to be a visual indication of

DNA repair centres (Nakamura et al., 2010). One of the first cellular responses

to the introduction of double-strand breaks is the phosphorylation of H2AX to

create γ-H2AX, which functions to recruit DNA damage response factors to

sites of DNA damage (Shrivastav et al., 2008).

 In eucaryotes, DNA is packaged into nucleosomes, which are in turn

arranged in various higher order structures to form chromatin (Fernandez-

Capetillo et al., 2004). The crystallographic structure of nucleosome has been

elucidated. Two copies of each histone protein; H2A, H2B, H3 and  H4,  are

assembled into an octamer that has 145-47 base pairs (bp) of DNA wrapped

around it to form a nucleosome core (Bilsland and Downs, 2005). In mammals,

each histone family is encoded by multiple genes, which (with few exceptions)

are expressed in concert with replication (Redon et al., 2002). The various

members of the H4, H3 and H2B families differ in few if any amino acid

residues. In contrast, the H2A family includes three subfamilies whose members

contain characteristic sequence elements that are conserved independently

throughout eucaryotic evolution (Bilsland and Downs, 2005). The three H2A

subfamilies are H2A-Bpd, macro-H2A, H2AZ and H2AX (Zlatanova and

Thakar, 2008). H2AX constitutes a major H2A species, and its levels vary from

2-25% of the mammalian histone H2A pool depending on the cell line or tissue
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examined (Kinner et al., 2008). Serine 139 in the unique carboxy-terminal tail of

H2AX is phosphorylated within 1 to 3 minutes after damage, and the number of

H2AX molecule phosphorylation increases linearly with the severity of the

damage (Takahashi and Ohnishi, 2006). An antibody specific to the γ-H2AX has

been produced and used to show that γ-H2AX is localized in large chromatin

domains at the sites of DNA damage. The γ-H2AX can be detected visually as

microscopic foci (Cowell et al., 2007). Other effective techniques include

immunoprecipitation, Western blotting laser scanning cytometry and flow

cytometry, but each method having its own merits and drawbacks (Kataoka et

al., 2006).

Measurement of γ-H2AX immunofluorscence by Multiparameter laser-

scanning or flow cytometry is particularly advantageous (Olive, 2004). The

major benefit of the cytometric approach stems from the fact that H2AX

phosphorylation in situ in chromatin of individual cells, can be measured with

high sensitivity and accuracy and the expression of γ-H2AX can be directly

correlated, within the same cells, with their DNA content, induction of apoptosis

or any other cell  attribute of  interest  (Huang et al., 2005). Large cell numbers,

thus, may be rapidly analysed and the data provide information on the extent of

H2AX phosphorylation with respect to their cell cycle phase, commitment to die

in response to DNA damage and their surface immunophenotype amongst others

(Tanaka et al., 2007). Cytometry also allows one to analyse intercellular

variability in H2AX phosphorylation within cell populations and to identify rare

cell subpopulations, otherwise they are undetectable by Western blotting

(Tanaka et al., 2009).

2.2.7 Tumour and Normal Cell Lines
2.2.7.1 HL-60 Cell Line

The HL-60 cell line was established in 1977 from a female patient with

acute myeloid leukaemia. The cells largely resemble promyelocytes but can be
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induced to differentiate terminally in vitro. Some reagents cause HL-60 cells to

differentiate to granulocyte-like cells, others to monocyte/macrophage-like cells

(Birnie, 1988). The HL-60 cell genome contains an amplified c-myc proto-

oncogene; therefore c-myc mRNA levels are correspondingly high in

undifferentiated cells but decline rapidly following induction of differentiation

(Shimizu et al., 1994). These features have made the HL-60 cell line an

attractive model for studies of human myeloid cell differentiation.

2.2.7.2 HCT-116 Cell Line

The HCT-116 cell line was established from a primary colon carcinoma of

an adult man. Cells were described to carry a RAS mutation in codon 13 and to

be tumourgenic in nude mice (Shirasawa et al., 1993). These cells have a wild-

type TP53 genotype, which is a somatic frame shift mutation in exon 3 of the Bax

gene (De Angelis et al.,1998), DNA-mismatch repair-deficiency due to lack of

hMHL1 expression (Hawn et al.,1995), have two different thymidylate synthase

enzymes (Hughey et al.,1993) and a near-diploid DNA complement (De Angelis

et al.,2004).

2.2.7.3 HuFb Cell Line

The HuFb cell line was derived from the dermis of a normal human

neonatal foreskin or adult skin (Rittie and Fisher, 2005). Fibroblasts are

extensively used for a wide range of cellular and molecular studies. This is

mainly because they are one of easiest types of cells to grow in culture, and their

durability makes them amenable to a wide variety of manipulations ranging

from studies employing gene transfection to microinjection (Mansbridge, 2001;

Tamanini, 2007).
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Chapter Three
Materials and Methods

Different laboratory methods were employed to achieve the aims of the

present study; therefore each method together with its chemicals, solutions and

kits were given separately. The exception was general equipments and

instruments that were given in a single section.

3.1 General Equipments and Apparatuses
The following general equipments and apparatuses were used throughout

the study:

· Autoclave (Vapromatic770, Italy).

· Caliper (Italy).

· Cell counter with multisizer 3 software (Beckman coulter, USA).

· Centrifuges 5810 and 5810R (Eppendorf, Germany).

· Concentrator 5301R (Eppendorf, Germany).

· Digital multi-pipette (Eppendorf, Germany).

· Distillation unit (Millipore, France).

· Electrophoresis set: Agarose gel tank (Whatman Biometra, Göttingen,

Germany) with a Bio-Rad model 200/0.2 power supply (Bio-Rad, USA)

and UV transilluminator (Image Quant 400, USA).

· Entry Level Image System (Immagini and computer, Italy).

· Flowcytometry: Fluorescence activated cell sorter (FACS, Becton

Dickinson, USA) and CellQuest software system.

· Fluorescence microscopy: BX 41TF and CKX41 fluorescent microscope

(Olympus, Japan).

· Fume hood (Bio-optica, Italy).

· Glasswares: Beakers (50, 100, 200, 500 and 800ml), Pasture pipettes,

funnels, cylinders, volumetric flasks (50, 250 and 5000ml) and bottles
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(75, 200 and 1000ml) were purchased from DISA, Italy. All glasswares

used were soaked overnight in detergent (Candiggena, Italy) and rinsed at

least three times with tap-water and three times with distilled water.

Finally, they were sterilized either by autoclave (121°C, 1.5 pounds/ inch2

for 30 minutes) or oven (160°C for 3 hours).

· Histopathology and Immunohistochemistry: Autostainer (DAKO, USA),

rapid microwave histoprocessor histos 5 (Milestone, USA), paraffin cold

plate EG1150C, heated paraffin dispensing module EG 1150H,

microtome RM2255 and mounting system CV5020 (Leica, Germany).

· HPLC-ESI/MS: LTQ Orbitrap XL mass spectrometer (Thermo Fisher

Scientific Inc., USA) supplied with 1200 series capillary LC pump and

auto-sampler (Agilent Technologies, USA), electrospray ionization Omni

spray (Prosolia, USA), Zorbax SB-C 18 column (Agilent Technologies,

USA) and LTQ-Orbitrap Xcalibur software.

· Ice maker (Breama, Japan).

· Incubator (Bio-concept, Italy).

· Incubator with CO2 supply (Thermo Electron Corporation, USA).

· Laminar air flow (Steril-CTH72C2, Italy).

· Light microscope (Olympus, Japan).

· Lyophilizer (Labconcco, England).

· Magnetic stirrer (LabincoL-71, Netherland).

· Microfuge (Heraeus sepatech, Germany).

· Microfuge 5417R (Eppendorf, Germany).

· Micropipettes; 2, 10, 100, 200 and 1000 μl (Eppendorf, Germany).

· Oven (Memmert, Germany).

· pH-Meter GIP22 (Crison, Spain).

· Plasticwares: Disposable sterile plastic tissue culture flasks with different

surface areas (T-25 cm2,  T-75 cm2 and T-150 cm2; Iwaki, Japan), multi-
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well plates (6-well, 12-well and 24-well; BD Falcon, USA), sterile

polypropylene conical tubes (15ml and 50ml), polystyrene conical tubes

15ml and polystyrene round-bottom tubes 5ml (BD Falcon, USA),

disposable sterile pipettes (2, 5, 10, 25 and 50ml; Sterilin, UK), syringes

(1, 10 and 20ml; Ico, Italy), syringe driven filters (0.22 and 0.45μm;

Millipore, Ireland) and Eppendorf tubes (100, 200, 500 and 2000μl;

Eppendorf, Germany).

· Rotary evaporator (Heidolph, Germany).

· Sensitive balance (Gibertini E.505, Italy).

· Shaker (Stuart, UK).

· Soxhlet (Electrothermal, England).

· Spectrophotometer UV/VIS lambda 19 (Perkin Elmer, USA).

· Thermo-mixer (Eppendorf, Germany).

· Vortex (Stuart, UK).

· Water bath (Stuart, UK).

3.2 Collection and Extraction of Propolis Samples
3.2.1 Collection

The Iraqi propolis raw samples were collected from different Iraqi

geographical regions during the period 20-4-2007 to 1-7-2008, by scraping the

sample off from the frames of beehives. The locations of hives were Baghdad

(two samples:  B1 and B2),  Dahuk (D),  Mosul  (M) and Salah ad-Din (S) (Table

3-1). The samples of propolis were kept in the dark and stored in the freezer (-

20ºC). After that, they were transported in cooled box by air to the Department

of Oncology, Mario Negri Institute for Pharmacological Research, Milan, Italy,

at which the extraction, chemical analysis and the other laboratory investigations

were carried out.
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Table 3-1: Investigated propolis samples presented by their codes, region of

collection, appearance, form, colour and odour.

Sample

Code

City

(Position of Hives)
Appearance and Form Colour and Odour

B1 Baghdad Centre Gummy, Waxy Light brown, Aromatic

B2 North east Baghdad Gummy, Waxy Dark brown, Aromatic

D Dahuk Gummy, Waxy Dark green, Aromatic

M Mosul Powder Dark green, Aromatic

S Salah ad-Din Waxy Dark brown
s) Appearance and form

3.2.2 Extraction

· Solutions

i. Absolute methanol (Carlo Erba, Italy).

ii. Ethanol (96%) (Carlo Erba, Italy).

iii. L-lysine (8%): It was prepared by dissolving 8 grams of L-lysine (Sigma,

Germany) in 100 ml of distilled water (Nikolov et al., 1987).

· Method

The propolis exract (PE) was prepared according to a method presented by

Nikolov et al. (1987) as illustrated in figure 3-1. Accordingly, 25 grams of

propolis were cut into small pieces and extracted with 250 ml of absolute

methanol for 60 minutes at 60°C using the soxhlet, and then the PE solution was

filtered (Whatman filter paper No. 3) and collected. A further two extractions

were carried out in a similar manner. After the third extraction, the three extract

solutions were combined and then stored overnight at 4°C to induce the

crystallization of dissolved waxes. The resultant extract solution was filtered,

and the precipitate was washed with cold 96% ethanol. The filtrate was

evaporated to dryness at 50ºC, giving a resinous brown product, which was then
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dissolved in 25 ml of L-lysine solution at 50°C for 30 minutes using a vortex

supplemented with heater. The obtained solution was lyophilized for 24 hours,

and the final yield was yellow-brown powder, which represented the PE. The PE

was stored under sterile conditions, protected from light in a dry and cool place

at -20°C until use (a maximum of nine months).

Propolis

Methanol Extract

Water SolubleEthanolPethrol Ether

Waxes Phenolics

L-Lysine

Propolis Extract

Saccharides Amino Acids

Figure 3-1: Schematic presentation of propolis extraction (Nikolov et al., 1987).

3.3 Laboratory Investigations
Three main laboratory investigations were carried out to achieve the aims

of the present study. They are outlined in the following:
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· Qualitative and quantitative analyses of
propolis extracts by HPLC/ESI-MS.

· Identification of flavonoids by HPLC/
ESI-MS.

· Determination of total phenolics by Folin-
Ciocalteu's phenol reagent.

· Determination of anti-oxidant activity
using DPPH.

in vitro

Investigations

Chemical analysis

(All PE Samples)

· Anti-proliferative assay for HL-60, HCT-
116 and HuFb cell lines (All PE
samples).

· Clonogenic assay for HCT-116 cell line
(All PE samples).

· Apoptosis (morphology, agarose gel
electrophoresis and AnnexinV/PI
staining) (All PE samples).

· Gene expression alterations (Bax, Bcl-2
and p53 genes) for M sample only.

· Cell cycle alterations (monoparametric
and biparametric staining of DNA for M
sample only.

·H2AX histone phosphorylation for M
sample only.

in vivo

Investigations

(M Sample Only)

· HCT-116 tumour transplantation in Fox
N1nu/nu mice.

· HCT-116 tumour growth inhibition.
· H and E staining of tumour sections.
· Immunohistochemical assays for Ki-67

and p53 gene expressions.
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3.3.1 Chemical Analysis
3.3.1.1 Qualitative and Quantitative Analyses of Propolis Extracts

·Materials and Solutions

i. Propolis sample preparation: The PE samples  (B2,  D,  M and  S)  were

dissolved at a concentration of 10 mg ml-1 in DMSO (Sigma, USA):

distilled water (2:1v/v), while B1 sample was dissolved in distilled water

only. Such preparations were based on a series of experiments that

determined the optimal solubility, and they were considered as stock

solutions.

ii. Solvent A: It was prepared by diluting 0.05 ml of acetic acid (Carlo Erba,

Italy) in 99.95 deionized distilled water (Medana et al., 2008).

iii. Solvent B: It was ready used acetonitrile solution (CH3CN, DuPont,

USA).

·Method

The forthcoming five prepared propolis samples were diluted 1:200 (v/v)

with a diluting solution consisted of solvent B: distilled water (1:4 v/v).

Qualitative and quantitative analyses of PE solutions were done by HPLC-

ESI/MS System Thermo Electron Corporation Instrument, which consisted of a

1200 series capillary LC pump equipped with autosampler and coupled to LTQ

Orbitrap XL mass spectrometer. The ion source was a desorption electrospray

ionization Omni Spray, which was used in the nano-electrospray mode for

negative and positive ions (Figure 3-2).

The HPLC separation was obtained with a zorbax  SB-C 18 column (100 ×

0.5  mm;  5  μm  particle  size),  using  an  elution  mixture  composed  of  solvent  A

and  solvent  B.  The  injection  volume  was  1-2  μl  and  the  flow  rate  was  10  μl

minute-1. The elution gradient of solvent B was from 20 to 100% in 40 minutes

(hold at 100% for 6 minutes) at a total flow rate of 10 µl min-1. The separation

was performed at room temperature (20-25°C). Samples (1 µl) were directly

http://en.wikipedia.org/wiki/DuPont
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injected into the HPLC column, which was directly coupled to the ion source

spray capillary by a liquid junction (Figure 3-3).

Figure 3-2: The HPLC-ESI/MS system thermo electron corporation instrument.

Figure 3-3: The mechanism of HPLC separation.

The MS data were acquired with the Orbitrap analyzer at 60000 resolutions

for full scan MS spectra and with the LTQ analyzer (Linear Ion Trap) at unit

resolution for MS2 spectra, which were automatically obtained in a single
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chromatographic run, using real time data dependent acquisition that was based

on the characteristics of the previously acquired MS spectra. Data processing

and calculations were done using the LTQ-Orbitrap Xcalibur 1.4 software.

3.3.1.2 Biologically Active Compound Analyses

I- Identification of Flavonoids by HPLC-ESI/MS

·Material and Solutions

i. Standards and propolis samples preparation: The PE samples (B2, D,

M and S) and standard compounds were dissolved at a concentration of 10

mg ml-1 in  DMSO  (Sigma,  USA):  distilled  water  (2:1v/v),  while  B1

sample was dissolved in distilled water only. The standard compounds

included stock solutions of flavonoids (chrysin; Aldrich, Germany);

tectochrysin, apigenin and acacetin (flavones); quercetin, galangin and

kaempferide (flavonols); pinocembrin, pinostrobin and sakuranetin

(flavanones) (Genay, France); caffeic acid and caffeic acid phenethyl ester

(Sigma, Germany).

ii. Solvent A: It was prepared as in section 3.3.1.1

iii. Solvent B: It was prepared by diluting one part of acetonitrile solution

(CH3CN; DuPont, USA) in three parts of deionized distilled water.

·Method

Solutions of each PE sample (10 mg ml-1) were diluted 1:1000 (v/v) with a

diluting solution consisted of solvent B: distilled water (1:3 v/v). Standard

solutions of chrysin (CH), tectochrysin, apigenin, acacetin, quercetin, galangin ,

kaempferide , pinocembrin, pinostrobin , sakuranetin , caffeic acid (CA) and

caffeic acid phenethyl ester (CAPE) (0.1 μg ml-1) were used as references for

qualitative and quantitative calculations. All samples were analyzed by HPLC-

ESI/MS using a Thermo Electron Corporation LTQ-Orbitrap XL instrument,

with the same conditions reported in section 3.3.1.1.

http://en.wikipedia.org/wiki/DuPont
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II- Determination of total phenolics spectrophotometrically

·Materials and Solutions

i. Sodium carbonate solution: It was prepared by dissolving 7.5 grams of

sodium carbonate (BDH, England) in 100 ml of deionized distilled water

(Chen et al., 2004).

ii. Folin-Ciocalteu's phenol reagent: Ready used Folin-Ciocalteu's phenol

reagent (Sigma, Germany).

iii. Samples preparation: The  PE  and  CA  solutions  were prepared as in

section 3.3.1.2.

·  Method

Total phenolic compound concentrations were determined spectro-

photometrically (Chen et al., 2004). The PE (0.1 ml) was diluted with deionized

distilled water (7.9 ml) at a concentration of 10 mg ml -1. Folin-Ciocalteu reagent

(0.5 ml) was then added, and the contents were mixed thoroughly. After 1

minute, 0.2 ml of sodium carbonate solution was added, and the mixture was

mixed thoroughly. The absorbance of blue colour produced solution was

measured at 765 nm. Total phenolic content (μg ml-1) was estimated using a

standard curve for CA concentration range 100-1000 μg ml-1 (Figure  3-4).  For

each extract, three measurements were performed and the mean was adopted.

Figure 3-4: Standard curve of caffeic acid concentrations.
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3.3.1.3 Stable Free Radical Scavenging Capacity

·Materials and Solutions

i. Ethanol: Absolute ethanol (Carlo Erba, Italy) was used.

ii. DPPH solution: It was prepared by dissolving 2.366 mg of 2, 2-diphenyl-

1-picrylhydrazyl (DPPH; Sigma, Germany) in 100 ml of absolute ethanol

to obtain 60 μM DPPH (Kumar et al., 2008).

iii. Polyphenolic compounds and propolis samples preparation: They

were prepared as in section 3.3.1.2.

·Method

The free radical scavenging capacity of PE or its polyphenolic compounds

(CA,  CH  and  CAPE)  were  measured  with  DPPH  assay  (Kumar et al., 2008).

The DPPH radical has a deep violet color due to its unpaired electron and radical

scavenging capability can be followed spectrophotometrically by absorbance

loss at 517 nm when the pale yellow non-radical form is produced. Based on this

assay, equal volumes (0.5 ml) of DPPH   (60 μM) and each PE (1, 10 or 100 μg

ml-1) were mixed in a cuvette and allowed to stand for 30 minutes at room

temperature. Then, the absorbance was read at 517 nm in a UV/VIS Lambda 19

spectrophotometer. The absorbance of control (DPPH solution) was also read.

The percentage of DPPH decolouration of the sample was calculated according

to the formula:

100
AbsorbanceControl

AbsorbanceSample-AbsorbanceControlionDecolouratofPercentage ´÷
ø
ö

ç
è
æ=

3.3.2 in vitro Investigations
3.3.2.1 Cell Lines and Cell Cultures

·Materials and Solutions

The solutions were prepared according to methods given by Erba et al.

(2001) and Tavecchio et al. (2008a).
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i. Polyphenolic compounds and propolis samples preparation: They

were prepared as in section 3.3.1.2.

ii. RPMI-1640 medium (Medium A): Ready used solution (Lonza,

Belgium), but in the establishment of cultures, it was supplemented with

10% heat-inactivated (water bathed for 30 minutes at 56ºC) foetal bovine

serum (FBS) and 1% L-glutamine (Sigma, Germany).

iii. IMDM medium (Medium B): Ready used solution (Lonza, Belgium),

but in the establishment of cultures, it was supplemented with 10% FBS

and 1% L-glutamine (Sigma, Germany).

iv. RPMI-1640 medium (Medium C): Ready used solution (Lonza,

Belgium), but in the establishment of cultures, it was supplemented with

20% FBS (Hyclone, USA) and 1% L-glutamine (Sigma, Germany).

v. Phosphate buffered saline (PBS): It was prepared by dissolving the

content (50 grams) of Instamed PBS Dulbecco (Biochrom AG, Germany)

in 5 liters of sterilized distilled water.

vi. Washing and stop buffer: It was PBS supplemented with 5% FBS.

vii. Trypsin/Ethylene-diamine-tetra-acetic-acid: A ready trypsin/EDTA

solution (Sigma, Germany) was used to detach the HCT-116 and HuFb

cell lines.

viii. Crystal violet solution: It was prepared by dissolving 10 grams of crystal

violet stain powder and 4 grams of phenol (BDH, England) in 1000 ml of

distilled water and kept at 25ºC.

A. Cell lines

Human promyeloid leukemia (ATCC CCL-240; HL-60), Human colon

carcinoma (ATCC CCL-247; HCT-116) and Human dermal fibroblast (ATCC

PCS-201-010; HuFb) cell lines were purchased from the Resource Bank of

Mario Negri Institute for Pharmacology Research (Italy). Cells were recovered

from the cell bank by rapid thawing at 37ºC in a water bath, centrifuged at 800
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rpm for 10 minutes at room temperature, resuspended in 5 ml culture medium

(medium A, B or C) and transferred to a T-25 tissue culture flask, which was

incubated at 37ºC for 24 hours, and then, the medium was removed and a new

fresh medium was added.

B.  Cell culture

The HL-60 cells were suspended in medium A and grown and propagated

in T-75 culture flasks in a humidified atmosphere supplemented with 5% CO2

and 95% air at 37ºC. On the other hand, HCT-116 cells were maintained in

medium B, while HuFb cells were maintained in medium C and sub-cultured

under the same conditions of HL-60 cells. The grown HCT-116 and HuFb cells

were detached from the surface of flasks and collected by trypsin/EDTA

solution. The trypsin activity was stopped by adding stop buffer. To maintain the

cell lines in an expontial growth, the cultures were sub-cultured every three

days.  The Cells were rinsed with PBS, counted (Coulter Counter provided with

multisizer 3 programme) and seeded at the required density.

C. Cell growth and cytotoxicity assays

For cell growth and cytotoxicity assays, the HCT-116, HuFb and HL-60

cells were seeded in 6, 12 and 24-well flat-bottom culture plates, respectively at

a density of 2 x 104, 2 x 104 and 1.5 x 105 cells ml-1, respectively and incubated

for 48 hours in humidified atmosphere supplemented with 5% CO2 and 95% air

at 37ºC. The HCT-116 and HL-60 cells were treated with three concentrations

(5, 15 or 25 μg ml-1) of PE (B2, D, M, S)or polyphenolic compounds (CA, CH

and CAPE) for additional 24, 48 and 72 hours (in triplicates) for B1 sample, the

corresponding concentrations were 50, 150 or 250 μg ml-1.With respect to HuFb

cells, they were treated with the same concentrations, but they were investigated

for one incubation period (72 hours). After each incubation period, the cells

were counted and the viability was assessed using the Coulter Counter (Lee et

al., 2000).
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D. Clonogenicity of HCT-116 cells

To investigate the inhibition of colony formation, HCT-116 cells were

seeded at a density of 1000 cells ml −1 in 6-well flat-bottom culture plates (2 ml

per well ) and incubated for 48 hours in a humidified atmosphere supplemented

with  5%  CO2 and 95% air at 37ºC. Cells were treated with different

concentration of PE or its polyphenolic compounds, and incubated for additional

96 hours (in five replicates).

When the control colonies (not treated) were readily visible under the

microscope as a confluent monolayer, the medium B (supplemented with 1%

Pen-Strep) was removed and the wells were washed with 2 ml of filtered PBS.

Then,  the  colonies  were  stained  with  200  μl  per  well  of  crystal  violet  for  2

minutes. After removing the stain, an extensive washing in tap water for 10

minutes and additional two washes in distilled water for 10 minutes were carried

out.  Then, the plates were tapped on towel paper and air-dried, and the number

of stained colonies was counted by the Entry Level Image System and the

results were presented as a percentage of clonogencity (Tavecchio et al., 2008b).

3.3.2.2 Determination of Apoptosis by Fluorescence Microscopy

Sulforhadamine101-DAPI method was used to observe nuclear

morphologic aspects by fluorescence microscopy using 365 nm filter. The HL-

60 and HCT-116 cells were treated with two different concentration systems of

PE or polyphenolic compounds (CA, CH and CAPE) for 24 hours.

In the first, it was 5 µg ml-1 for B2, D, M, S, CA, CH and CAPE, and 50 µg

ml-1 for B1, while in the second, it was 15 µg ml-1 for CAPE and 25 µg ml-1 for

B2, D, M, S, CA and CH, and it was 250 µg ml-1 for  B1.  Camptothecin (CPT,

10μM) was used as a positive control.
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· Materials and Solutions

i. Polyphenolic compounds and propolis samples preparation: They

were prepared as in section 3.3.1.2.

ii. RPMI-1640 medium: It was ready solution (Lonza, Belgium), but it was

supplemented with 10% heat-inactivated FBS, 1% L-glutamine (Sigma,

Germany) and 1% Pen-Strep (Bio Source International, Belgium) before

use (Erba et al., 2001).

iii. IMDM medium: It was ready solution (Lonza, Belgium), but it was

supplemented with 10% FBS, 1% L-glutamine (Sigma, Germany) and 1%

Pen-Strep (Bio Source International, Belgium) before use (Tavecchio et

al., 2008b).

iv. Camptothecin: It  was prepared as a stock solution at  a  concentration of

10 mM by dissolving 2.9 mg of camptothecin (CPT; Sigma, Germany) in

830 μl of DMSO (Sigma, USA), stored at -20ºC and freshly diluted in

RPMI-1640 medium before treatment (Czuwara-Ladykowska et al.,

2001).

v. Fixative I: It was freshly prepared by diluting 10 ml of formaldehyde free

methanol  (Polyscience,  USA)  up  to  120  ml  with  PBS,  and  the  pH  was

adjusted to 7.4 before reaching the final volume (Bergamaschi et al.,

1999).

vi. Fixative II: It was 96% ethanol (Carlo Erba, Italy).

vii. Permeabilisation solution: It was freshly prepared by diluting 0.5 ml of

Triton X-100 (Merck, Germany) up to 100 ml of filtered PBS (Tavecchio

et al., 2008a).

viii. TRIS-HCl solution: It was prepared by dissolving 12 grams of TRIS-

base (BDH, England) and 6 grams of NaCl (Carlo Erba, Italy) in 100 ml

of  distilled  water.  Then,  54  ml  of  HCl  (1N)  (Carlo  Erba  -Italy)  were

added, and the volume was brought-up to 1000 ml with distilled water.
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The pH was adjusted to 8.0 before reaching the final volume (Cancer

Pharmacology Laboratory Protocol, Mario Negri Institute, Italy).

ix. DAPI (4, 6-Diamidine-2-phenylindole dihdrochloride) solution: It was

prepared by dissolving 3.5 mg of DAPI (GmbH, Germany) in 100 ml of

distilled water(Cancer Pharmacology Laboratory Protocol, Mario Negri

Institute, Italy).

x. Sulforhodamine101 solution: It was prepared by dissolving 3 mg of

Sulforhodamine101 (Sigma, Germany) in 100 ml of TRIS-HCl solution

(pH 8.0) (Cancer Pharmacology Laboratory Protocol, Mario Negri

Institute, Italy).

xi. Sulforhodamine101-DAPI eluent: It was prepared by mixing equal

volumes of Sulforhodamine101 and DAPI solutions (Cancer

Pharmacology Laboratory Protocol, Mario Negri Institute, Italy).

xii. Mounting medium: Entellan mounting medium (Merck, Germany) was

used.

· HL-60 staining method

Cells  at  a  density  5  x  105 of HL-60 cell suspension were taken after 24

hours treatment with different concentrations of PE or polyphenolic compounds

(CA,  CH  and  CAPE).  The  cell  suspension  was  centrifuged  at  800  rpm  for  5

minutes, and the supernatant was discarded. The pellet was resuspended in 1 ml

of filtered PBS, centrifuged at 800 rpm for 5 minutes, and the supernatant was

discarded. Then, the pellet was resuspended in 1 ml of fixative I for 15 minutes,

and after that, the cell suspension was centrifuged at 800 rpm for 5 minutes. The

pellet was resuspended in 1 ml of filtered PBS, centrifuged at 800 rpm for 5

minutes, and the supernatant was discarded. The pellet was resuspended in 30 μl

of  filtered  PBS,  and  the  cell  suspension  was  dropped  on  a  poly-L-lysine  slide

and left for air-drying at 25ºC. The slide was rinsed in filtered PBS for 2-3

minutes and transferred to permeabilisation solution for 5 minutes. The slides
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washed with filtered PBS and stained with sulforhadamine101-DAPI solution

for 30-60 minutes.  After staining the slide was rinsed with distilled water, air-

dried and covered with a cover-slip. The morphological aspects of nuclei were

inspected for nuclear changes under 400X power of a fluorescence microscope

(Bergamaschi et al., 1999).

·HCT-116 staining method

HCT-116 cells were seeded at a density 5 x 103 in 6 multi-well plates

containing sterile cover-slip on the bottom of each well and allowed to adhere

for 48 hours in a humidified atmosphere supplemented with 5% CO2 and 95%

air  at  37ºC.  Then  the  cells  were  treated  for  24  hours  with  different

concentrations  of  PE  or  polyphenolic  compounds  (CA,  CH  and  CAPE).  After

that, the medium was discarded by aspiration and cells were washed with

filtered PBS. The PBS was removed and cells were fixed with fixative II for 30-

60 minutes. Then, the fixative was removed and distilled water was added for an

additional washing and the cells were stained with sulforhadamine101-DAPI

solution for 30-60 minutes. After that, the stain was removed and the cover-slips

were washed with distilled water, air-dried and applied on a slide. The

morphological aspects of nuclei were inspected for nuclear changes under 40X

power of a fluorescence microscope (Powolny et al., 2001).

3.3.2.3 Analysis of DNA Fragmentation

·Materials and Solutions

i. RPMI-1640 medium, IMDM medium and CPT were prepared as in

section 3.3.2.2,Trypsin/EDTA was prepared as in section 3.3.2.1, while

propolis samples were prepared as in section 3.3.1.2.

ii. Isolation buffer: It was prepared by mixing 0.5 ml Tris-HCl (1M), 0.8 ml

EDTA (2.5M) (Fluka, Switzerland), 0.5 ml Triton-X 100 (Merck,

Germany)  and  50  ml  of  distilled  water,  and  the  pH was  adjusted  to  8.0,
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and then the volume was made up to 100 ml with distilled water

(Bestwick and Milne, 2006).

iii. Ribonuclease A -Protease free: It was prepared by dissolving 10 mg of

RNase A (Cat. 556746, Calbiochem, Germany) in 1 ml of sterilized

distilled water (Cancer Pharmacology Laboratory Protocol, Mario Negri

Institute, Italy).

iv. Proteinase k: It was prepared by dissolving 10 mg of proteinase k (Cat.

A4392, AppliChem GmbH, Germany) in 1 ml of sterilized distilled water

(Cancer Pharmacology Laboratory Protocol, Mario Negri Institute, Italy).

v. Extraction solution I: It was phenol that was saturated with Tris buffer

(Cat. 100997, Roche, Germany).

vi. Extraction solution II: It was prepared by diluting one part of isomyl

alcohol (Carlo Erba, Italy) with 24 parts of chloroform (Sigma, Germany)

as given by Cancer Pharmacology Laboratory Protocol, Mario Negri

Institute, Italy.

vii. Sodium acetate: 0.3M sodium acetate (Cat. S8388, Sigma, Germany)

was used.

viii. Nuclease free water: Nuclease free water ready solution (Promega, USA)

was used.

ix. Orange Loading Dye Solution (6X): It was ready-used solution

(Fermantas, Germany).

x. Electrophoresis buffer solution (1x TAE): It  was  ready-used  solution

(Fermantas, Germany).

xi. DNA ladders: 1Kb and 50bp DNA ladders (Fermantas, Germany) were

used.

xii. Gel preparation: It was prepared by dissolving 1.5 gram of ultra pure

agarose (Sigma, Germany) in 100 ml of distilled water. The solution was

heated in a microwave and boiled until all the agarose was dissolved.

Then, it was cooled to approximately 50ºC. After cooling, 10 μl of
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ethidium bromide (10mg ml-1, Fluka, Switzerland) was added, and the

agarose solution was casted in the running plate system. After gelling, the

plate was kept at 4ºC before use (approximately two hours) as given by

Cancer Pharmacology Laboratory Protocol, Mario Negri Institute, Italy.

·Method

Analysis of genomic DNA fragmentation was performed according to

Bestwick and Milne (2006) method with slight modifications. The HL-60 and

HCT-116 cells were treated with different concentrations  of PE and CPT for 24

hours in a humidified atmosphere supplemented with 5% CO2 and  95%  air  at

37ºC. Cells were then harvested at a density of 1 x 107 and suspended in ice-cold

PBS. The cell suspension was centrifuged (1200 rpm) at 4°C for 10 minutes.

The supernatant was discarded and the pellet was frozen (-20°C) overnight. The

cell pellet was thawed at room temperature and suspended in 0.4 ml of isolation

buffer and incubated for 10 minutes in an ice bath. The resultant lysate was

centrifuged at 12000 rpm for 20 minutes at 4°C and the supernatant was

transferred carefully into Eppendorf tubes. The supernatant was incubated for

1 hour at 37°C after the addition of 4 μl RNase A. After incubation, 4 μl

proteinase k was added and a further incubation (2 hours) at 50°C was carried

out.   The  soluble  fragmented  DNA  was  extracted  with  an  equal  volume  of

extraction solution I, centrifuged at 12000 rpm for 10 minutes at 4°C and re-

extracted with an equal volume of extraction solution II and centrifuged at

12000 rpm for 10 minutes at 4°C. The fragmented DNA was precipitated with

0.3M of sodium acetate and 75% ethanol, and the precipitation was allowed to

proceed overnight at -20°C. This step was shortened by putting samples in a

bath of ethanol/dry ice for 30 minutes and the solution was centrifuged at

12000 rpm for 30 minutes at 4°C. The pellets were washed by adding to each

tube 450 μl of ice-cooled 70% ethanol and centrifuged at 12000 rpm for

5 minutes at 4°C. The ethanol was discarded by aspiration, and any drops or
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fluid  remained  adherent  to  the  wall  of  the  tube  was  carefully  removed  with  a

concentrator. The pellet was suspended in 25 μl of nuclease free water and kept

for 48 hours at 4°C. Samples of DNA were mixed with 5 μL loading buffer (6X)

containing orange dye. The addition of loading buffer to samples allows to load

gel wells more easily and to monitor the run of samples. Approximately 20 μl

DNA was loaded onto agarose gel wells and electrophoresis was carried out at

40V for approximately 2 hours in TAE 1x buffer. DNA bands were visualized

under UV light with UV transilluminator. Two gel loading markers were loaded

in lines parallelled to that of the samples.

3.3.2.4 Annexin V/PI Double-Staining Analysis

·Materials and Solutions

i. RPMI-1640 medium, IMDM medium and CPT were prepared as in

section 3.3.2.2,Trypsin/EDTA and PBS were prepared as in section

3.3.2.1, while propolis samples were prepared as in section 3.3.1.2.

ii. Annexin V-FITC kit contents (BD Phamingen, USA)

a. Annexin-binding buffer (1x): It was ready-used solution (Cat.

556454).

b. Green fluorescence: It was ready-used FITC-labeled annexin V (Cat.

556419) in vial contained 1 ml.

c. Propidium iodide solution: It was ready-used solution (Cat. 556463),

in which, the concentration of propidium iodide was 50 μg ml-1 in vial

contained 2 ml.

·Method

The annexin V-FITC-labeled apoptosis detection kit was used to detect and

quantify apoptosis by flow cytometry according to the manufacturer's

instructions. Accordingly, HCT-116 and HL-60 cells were seeded in 6 and 24

multi- well plates, respectively at a density of 2 × 104 and 1 × 105 cells ml−1,

respectively, and cultured for 48 hours in a humidified atmosphere
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supplemented with 5% CO2 and 95% air at 37ºC. Then, cells were treated with

two concentrations of PE for 6 hours. After that they were harvested in ice-

cooled PBS and collected by centrifugation for 10 minutes at 1200 rpm. Cells

were  then  resuspended  at  a  density  of    5  ×  105   in binding buffer and stained

simultaneously with 10 μl of FITC-labeled annexin V and 5μl of propidium

iodide (PI) for 15 minutes at room temperature. After that, 600 μl of binding

buffer was added and mixed gently.  Cells were analyzed with a fluorescence-

activated cell sorter flow cytometer (FACS; Figure 3-5).

The fluorescence emission was at 530 nm (Fluorescent 1; FL1) and 580 nm

(FL2). The data were analyzed with CellQuest software. Dual staining with

Annexin  V  and  a  DNA-binding  dye  such  as  PI  can  distinguish  four  cell

populations: live cells (Annexin negative and PI negative), early apoptotic cells

(Annexin positive and PI negative), late apoptotic (Annexin positive and PI

positive) and dead cells (PI positive). CPT (10 μM) was used as a positive

control.

Figure 3-5: Fluorescence-activated cell sorter flow cytometer (FACS, Becton

Dickinson).
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3.3.2.5 Gene Expression of Bcl-2 in HL-60 Cells

·Materials and Solutions

i. RPMI-1640 medium and CPT were prepared as in section 3.3.2.2, PBS

and washing buffer solutions were prepared as in section 3.3.2.1, while

propolis sample (Only M sample was tested at a concentration 25µg ml-1)

was prepared as in section 3.3.1.2.

ii. GM saline: It was prepared by dissolving 1.1 gram glucose (Sigma,

Germany), 8 grams NaCl (Carlo Erba, Italy), 0.4 gram KCl, 0.2 gram

Na2HPO4.2H2O, 0.15 gram KH2PO4 and 0.2 gram EDTA (Fluka-

Switzerland) in 500 ml of sterilized distilled water, and then the volume

was made-up to 1000 ml (Erba and Sen, 1996).

iii. Fixative I: It was 1% formaldehyde-methanol free solution (Polyscience,

USA) (Tavecchio et al., 2008a).

iv. Fixative II: It was prepared by mixing one part of GM saline with 3 parts

of iced-cooled 96% ethanol (Carlo Erba, Italy) (Tavecchio et al., 2008a).

v. Permeabilisation solution: It was prepared by dissolving 1 gram of

bovine serum albumin (BSA) in 20 ml of filtered PBS, and then 0.5 ml of

Tween 20 (Sigma, Germany) was added. The final volume was made up

to 100 ml with filtered PBS (Erba et al., 2001).

vi. Mouse Anti-human Bcl-2 Kit Contents (BD Phamingen, USA)

a. FITC mouse anti human Bcl-2 antibody: It was prepared by diluting

20 μl of FITC mouse anti human Bcl-2 antibody (Clone Bcl-2/100,

Cat. 556357) with 50 μl of permeabilisation solution.

b. FITC labeled mouse IgG1 isotype: It was prepared by diluting 20 μl

of FITC labeled mouse IgG1 isotype (Clone MOPC-21, Cat. 556357)

with 50 μl of permeabilisation solution.

·Method

Detection of Bcl-2 gene expression in HL-60 cells by flow cytometry was

performed using FITC conjugated mouse anti-human Bcl-2 kit. The staining was
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performed according to the manual producer. The control and treated HL-60

cells  were  harvested  at  a  density  of  1  ×  106 after 3, 6, 10 or 24 hours of

treatment. After treatment, the cells were centrifuged (1200 rpm) at 4°C for 10

minutes. Supernatant was discarded and the pellets were fixed with 1 ml of ice-

cooled fixative I for 30 minutes. The fixed cells were resuspended in fixative II

drop-wise with a continuous vortexing and incubated at 4°C overnight. Then,

the cell pellets were collected by centrifugation at 1200 rpm for 10 minutes. The

fixed cells were suspended in washing buffer and collected by centrifugation at

1200 rpm for 10 minutes, and permeabilised with permeabilisation solution for

15 minutes at room temperature. Then cells were incubated in 100 μl of FITC

conjugated mouse anti-human Bcl-2 antibody for 60 minutes in the dark at room

temperature. The cells were washed with washing buffer, centrifuged at 1200

rpm at 4°C for 10 minutes and resuspended in 1 ml of PBS, and then they were

analyzed with FACS instrument. The fluorescence emission was at 530 nm

(FL1), and data were analyzed with CellQuest software. Non-specific labeling

was prepared by incubation of non-treated cells with 100 μl of FITC labeled

mouse IgG1 isotype according to the manufacturer instructions. The CPT (10

μM) was used as a positive control.

3.3.2.6 Gene Expression of Bax in HL-60 Cells

·Materials and Solutions

i. RPMI-1640 medium and CPT were prepared as in section 3.3.2.2,

propolis sample (Only M sample was tested at a concentration 25µg ml-1)

was prepared as in section 3.3.1.2, PBS and washing buffer solutions were

prepared as in section 3.3.2.1, while GM saline and fixative II were

prepared as in section 3.3.2.5.

ii. NaOH (1N): Forty grams of NaOH (BDH, England) were dissolved in

500 ml distilled water and the volume was made up to 1000 ml.
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iii. Paraformaldehyde solution (4%): It was prepared by dissolving 4 grams

of paraformaldehyde (Polyscience, USA) in 80 ml distilled water by

stirring at 70ºC in fume hood, and then few drops of 1N NaOH were

added until dissolving the paraformaldehyde. The solution was cooled to

room  temperature  and  the  pH  was  adjusted  to  7.5.  Ten  ml  of  PBS  was

then added and the volume was made up to 100 ml with distilled water,

filtered, divided into aliquots and stored at -20ºC (Save et al., 2004).

iv. Fluorescein FITC-conjugated goat anti-mouse IgG: It was prepared by

diluting one part of Alexa flour 488 F(ab')2 fragment of goat anti-mouse

IgG (Cat.A-11017, Molecular Probe, USA) with 99 parts of washing

buffer.

v. Anti- human Bax Kit Contents (MBL, Japan)

a. Clear Back: It was ready-used human Fc receptor blocking reagent

(Cat. MTG-001).

b. Anti-human Bax monoclonal antibody: It was prepared by diluting

one part of anti-human Bax monoclonal antibody (Clone 4F11, Cat.

M010-3) with 99 parts of washing buffer.

·Method

Detection of Bax gene expression in HL-60 cells by flow cytometry was

performed using the anti-human Bax kit. The staining was performed according

to the manufacturer producer. The control and treated HL-60 cells were

harvested at density 5 × 105 after  3,  6,  10  or  24  hours  of  treatment.  The  cells

were centrifuged (1200 rpm) at 4°C for 10 minutes. Supernatant was discarded

and the pellet was fixed with 1 ml of ice-cooled paraformaldehyde 4% for 30

minutes. The fixed cells were resuspended in 2 ml of fixative II drop-wise with a

continuous vortexing and incubated at -20°C for 30 minutes. The cell pellets

were collected by centrifugation at 1200 rpm for 5 minutes. The collected cells

were washed with 1 ml washing buffer and collected by centrifugation at 1200
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rpm for 5 minutes and incubated with 10 μl of human Fc receptor blocking

reagent for 5 minutes at room temperature. Then, the cells were incubated with

40 μl of anti-human Bax antibody for 30 minutes in the dark at room

temperature. The cells were washed with 1 ml washing buffer, centrifuged (1200

rpm) at 4°C for 5 minutes. The supernatant was removed by careful aspiration,

and the cells were incubated with 30 μl of fluorescein FITC-conjugated Alexa

flour 488 F(ab')2 fragment goat anti-mouse IgG for 15 minutes in the dark at

room temperature. Cells were resuspended in 1 ml of PBS and analyzed with

FACS instrument. The fluorescence emission was at 530 nm (FL1), and data

were analyzed with CellQuest software. Non-specific labeling was prepared by

incubation of untreated cells with 40 μl of washing buffer according to the

manufacturer instructions. The CPT (10 μM) was used as a positive control.

3.3.2.7 Gene Expression of p53 in HCT-116 Cells

·Materials and Solutions

i. IMDM medium and CPT were prepared as in section 3.3.2.2., propolis

sample (Only M sample was tested at a concentration 25µg ml-1) was

prepared as in section 3.3.1.2, Trypsin/EDTA, PBS, washing and stop

buffer solutions were prepared as in section 3.3.2.1,  while fixative II and

permeabilisation solutions were prepared as in section 3.3.2.5.

ii. Anti-p53 monoclonal antibody: It was prepared by diluting one part of

anti-p53 monoclonal antibody (Clone DO-1, Cat. SC126, Santa Cruz

Biotech., USA) with 9 parts of permeabilisation solution.

iii. Fluorescein FITC-conjugated goat anti-mouse IgG: It was prepared by

diluting one part of Alexa flour 488 F(ab')2 fragment of goat anti-mouse

IgG with 799 parts of washing buffer.

iv. Ribonuclease A-Protease free: It was prepared by dissolving 1 mg of

RNase A (Cat. 556746, Calbiochem, Germany) in 1 ml of sterilized

distilled water and kept at -20 oC.
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v. TO-PRO-3 iodide reagent: TO-PRO-3 iodide (Cat. T3605, Ivetrogen,

USA) was diluted to 0.75 μM m-1 in PBS from a stock solution (1mM) in

DMSO.

·Method

The control and treated HCT-116 cells were harvested by trypsin-EDTA at

a density 1-2 × 106 after 3, 6, 10, 24, 48 or 72 hours of treatment. The cells were

fixed in 1 ml of fixative II drop-wise with a continuous vortexing and incubated

in ice bath for 30 minutes, and further incubation at 4°C was carried out for

overnight. After that, the cell pellet was collected by centrifugation at 1200 rpm

for 10 minutes. The fixed cells were suspended in 1 ml washing buffer and

collected by centrifugation at 1200 rpm for 10 minutes and permeabilised with

permeablisation solution for 15 minutes at room temperature. Then, cells were

washed with 1ml washing buffer and collected by centrifugation at 1200 rpm for

10 minutes and incubated with 100-200 μl of anti-p53 (DO-1) monoclonal

antibody for 60 minutes in the dark at room temperature. After removing the

free anti-p53 by washing the cells with permeabilisation solution for 15 minutes

at room temperature, the cells were incubated with 200 μl of FITC-conjugated

Alexa flour 488 F(ab')2 fragment goat anti-mouse IgG for 60 minutes in the dark

at room temperature. Finally, the cells were resuspended in 1-2 ml of a solution

containing 0.75 µM of TO-PRO-3 iodide in PBS and 12.5 μl RNAse and stained

overnight  at  4°C  in  the  dark.  Cells  were  analyzed  with  FACS  instrument,  and

the fluorescence emission was at 530 nm (FL1) and 665 nm (FL4), and data

were analyzed with CellQuest software. A blank sample was prepared by

incubation of untreated cells with 100 μl of permeabilisation solution instead of

anti-p53 (Bonsing et al., 1997). The CPT (10 μM) was used as a positive

control.
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3.3.2.8 Cell Cycle Distribution Assay

·Materials and Solutions

i. RPMI-1640 medium and IMDM medium were prepared as in section

3.3.2.2, propolis sample (Only M sample was tested at a concentrations 5,

15 or 25µg ml-1) was prepared as in section 3.3.1.2, Trypsin/EDTA, PBS,

washing and stop buffer were prepared as in section 3.3.2.1,  Fixative  II

was prepared as in section 3.3.2.5, while Ribonuclease A-Protease free

was prepared as in section 3.3.2.7.

ii. Propidium iodide solution: It was prepared by dissolving 25 mg of PI

(Calbiochem, Germany) in 1000 ml of PBS and kept at 4°C (Erba et al.,

2001).

·Method

Analysis of the cell cycle was performed according to Darzynkiewicz and

Huang (2004) method with slight modifications. Accordingly, HL-60 and HCT-

116 cells were seeded in 24 and 6 multi-well plates, respectively at a density

1 × 105 and 2 × 104 cells ml−1, respectively, and cultured for 48 hours. The Cells

were  treated  with  different  concentration  of  M  sample  for  24,  48  or  72  hours.

Cells were harvested at a density 2 × 106 and transferred to polypropylene

conical tube and centrifuged at 1200 rpm for 10 minutes and the supernatant was

discarded. The pellet was fixed with fixative II drop-wise with a continuous

vortexing and incubated in ice bath for 30 minutes. The tube was kept overnight

in 4°C, and after that, the cell pellet was collected by centrifugation at 1200 rpm

for 10 minutes and resuspended in 1 ml of washing buffer. A further

centrifugation at 1200 rpm for 10 minutes was carried out to collect the cell

pellet,  and  then  2  ml  of  PI  solution  and  25µl  RNase  A  were  added,  and  the

mixture was allowed to stand overnight in the dark at 4°C. Fluorescence emitted

from the PI-DNA complex was quantified after excitation of the fluorescent dye

by FACS. At least 10000 cells were examined for each sample, and fluorescence
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emission was at 610 nm (FL3). All measurements were done under the same

instrument  settings.  The  distribution  of  DNA  content  was  expressed  as  G1,  S,

and G2/M phases. Cells with DNA content less than G1 were distributed as pre-

G1 (hypodiploid cells) and expressed as the apoptotic phase. The data were

analyzed with CellQuest software.

3.3.2.9 BrdUrd-DNA Analysis of HL-60 and HCT-116

·Materials and Solutions

i. RPMI-1640 medium and IMDM medium were prepared as in section

3.3.2.2, propolis sample (Only M sample was tested at a concentration

25µg ml-1) was prepared as in section 3.3.1.2, Trypsin/EDTA, PBS,

washing and stop buffer were prepared as in section 3.3.2.1,  Fixative  II

and permeabilisation solutions were prepared as in section 3.3.2.5, while

Ribonuclease A-Protease free and TO-PRO-3 iodide reagent were

prepared as in section 3.3.2.7.

ii. 5-bromo-2-deoxyuridine (BrdUrd): 20 µM solution of BrdUrd (BD

Biosciences, USA) was used.

iii. 2N HCl: It was prepared by diluting 20.13 ml of concentrated HCl

(36.23%, Carlo Erba, Italy) up to 100 ml with deionized distilled water.

iv. 3N HCl: It was prepared by diluting 30.18 ml of concentrated HCl

(36.23%, Carlo Erba , Italy) up to 100 ml with deionized distilled water.

v. Sodium tetrabrate solution: It was prepared by dissolving 38.137 grams

of sodium tetraborate (BDH, England) in 100 ml of filtered PBS. The

volume was made up to 1000 ml with filtered PBS after adjusting the pH

to 8.5 (Erba et al., 2001).

vi. Anti-BrdUrd monoclonal antibody: It was prepared by diluting one part

of mouse anti-BrdUrd monoclonal antibody (Clone B44, Cat.347580, BD

Bioscience, USA) with nine parts of permeabilisation solution.
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vii. Fluorescein FITC-conjugated goat anti-mouse IgG: It was prepared by

diluting one part of Alexa flour 488 F(ab')2 fragment of goat anti-mouse

IgG with 499 parts of permeabilisation solution.

·Method

For detection of 5-bromo-2-deoxyuridine (BrdUrd) incorporation into DNA

during exponential phase of growing cells with the presence 25 μg ml-1 of

propolis M sample, the HL-60 and HCT-116 cells were seeded in T-25 culture

flasks at a density 1.5 × 105 and 2 × 104, respectively, and they were allowed to

grow for 48 hours, and then 20 μM BrdUrd (6 µl ml-1) was added to all flasks.

After 15 minutes, the medium was removed, the cells were washed twice with

PBS and a fresh medium was provided.  Then,  cells  were treated for  2,  4,  6,  8,

10, 24, 36 or 48 hours, and after each period of treatment, the cells were

harvested (trypsin-EDTA was used for HCT-116). After that, 2 × 106 cells were

transferred to polypropylene conical tube and centrifuged at 1200 rpm for 10

minutes and the supernatant was discarded.  The pellets were fixed with fixative

II drop-wise with a continuous vortexing and incubated in ice bath for 30

minutes. The tube was kept overnight in 4°C, and then the cell pellet was

collected by centrifugation at 1200 rpm for 10 minutes, resuspended in 1 ml of

washing buffer and a further centrifugation at 1200 rpm for 10 minutes was

carried out to collect the cell pellet. The DNA was denaturated with 1 ml of 2N

and 3N HCl, respectively for 30 minutes at room temperature to allow the anti-

BrdUrd monoclonal antiboday (MAb) to react with the BrdUrd incorporated in

the DNA chain. DNA denaturation was stopped by adding 4 ml of 0.1 M sodium

tetraborate, and after centrifugation, the pellet was incubated with 1ml of

permeabilisation solution for 15 minutes at room temperature. After

centrifugation the incorporated BrdUrd was visualized by incubating the cells

with 150 μl of monoclonal antibody anti-BrdUrd for 60 minutes in the dark at

room temperature. After removing free anti-BrdUrd antibody by washing the
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pellet with 1 ml of ice-cooled washing buffer, the pellet was collected by

centrifugation at 1200 rpm for 10 minutes. After centrifugation the pellet was

incubated with 1ml permeabilisation solution for 15 minutes at room

temperature. Then, the cells were incubated with 150 μl of FITC-conjugated

Alexa flour 488 F(ab')2 fragment goat anti-mouse IgG for 60 minutes in the dark

at  room temperature.  Finally,  the  cells  were  resuspended  in  2  ml  of  a  solution

containing 0.75 µM of TO-PRO-3 iodide in PBS and 12.5 μl RNAse and

incubated for 20 minutes in the dark. Cells were analyzed with a FACS

instrument. The fluorescence emission was at 530 nm (FL1) and 665 nm (FL4)

for green and red fluorescence, respectively, and the data were analyzed with

CellQuest software. A blank sample was prepared by incubation of untreated

cells with 150 μl of permeabilisation solution (Erba et al., 2001).

3.3.2.10 γ-H2AX Histone

·Materials and Solutions

i. RPMI-1640 medium and IMDM medium were prepared as in section

3.3.2.2, propolis sample (Only M sample was tested at a concentration 25

µg ml-1) was prepared as in section 3.3.1.2, Trypsin/EDTA, PBS, washing

and stop buffer were prepared as in section 3.3.2.1, Fixative I and fixative

II were prepared as in section 3.3.2.5, while Ribonuclease A-Protease

free, fluorescein FITC-conjugated goat anti-mouse IgG and TO-PRO-3

iodide reagent were prepared as in section 3.3.2.7.

ii. Permeabilisation solution: It was prepared by dissolving 1 gram of BSA

in 20 ml of filtered PBS, and 0.2 ml of Ttiton X-100 was then added to

the solution. The volume made up to 100 ml with filtered PBS

(Darzynkiewicz and Huang, 2004).

iii. Anti-H2AX (SER 139)monoclonal antibody: It was prepared by

diluting 1 μl of (1 mg ml-1) anti-H2AX (SER 139) monoclonal antibody

(Clone JBW301, Cat.05-636, Millipore, France) in 0.625 μl of
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permeabilisation  solution   and  then  one  part  of  this  stock  solution  was

diluted up to 32 parts with the same permeabilisation solution to prepare

0.05 μg ml -1 of  anti-H2AX antibody.

·Method

Analysis of the H2AX histone phosphorylation (γ-H2AX) was performed

according to Tanaka et al. (2009) method with slight modifications.

Accordingly, HL-60 and HCT-116 cells treated with 25 μg ml-1 of  M  sample

were harvested at a density 2 × 106 and suspended in ice-cooled PBS. The cells

were centrifuged (1200 rpm) at 4°C for 10 minutes. Supernatant was discarded

and the pellet was fixed with 1 ml of ice-cooled 1% paraformaldehyde for 30

minutes.  The  fixed  cells  were  suspended  in  fixative  II  drop-wise  with  a

continuous vortexing and incubated at 4°C. After being left to stand for

overnight, the cell pellet was collected by centrifugation at 1200 rpm for 10

minutes. The fixed cells were suspended in 1 ml ice-cooled 5% FBS-PBS and

collected by centrifugation at 1200 rpm for 10 minutes and permeabilised with

permeabilisation solution for 15 minutes at room temperature. Then, cells were

washed with washing buffer and collected by centrifugation at 1200 rpm for 10

minutes and incubated with 200 μl of anti-H2AX (SER 139) monoclonal

antibody overnight in the dark at 4°C. After removing the free anti-H2AX

antibody by washing the cells with 1 ml of washing buffer, the cells were

incubated with 150 μl of FITC-conjugated Alexa flour 488 F(ab')2 fragment goat

anti-mouse IgG for 60 minutes in the dark at room temperature. Finally, the cells

were resuspended in 1 ml of a solution containing 0.75 µM of TO-PRO-3 iodide

in PBS and 12.5 μl RNAse and incubated for 30 minutes in the dark at room

temperature. Cells were analyzed with FACS instrument, and the fluorescence

emission was at 530 nm (FL1) and 665 nm (FL4) and data were analyzed with

CellQuest software. A blank sample was prepared by incubation of untreated

cells with 200 μl of permeabilisation solution.
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3.3.3 in vivo Investigations
3.3.3.1 Laboratory Animals

Fox N1-nu/nu nude female mice were used in the transplantation of HCT-

116 tumour cells. They are genetically lack thymus and are unable to produce T-

lymphocytes; therefore, the animals are immunodeficient. The animals were

purchased from Harlan Italy Company, Bresso, Italy, and their age at the

beginning of experiments was 6 weeks, and their weight range was 18-22 grams.

They were maintained in a controlled animal house at 25°C, 60-70% humidity,

12-hour of artificial lighting (8:00 to 20:00) and under specific pathogen free

(SPF) environment in cages with a filter paper cover (Figure 3-6) and supplied

with sterilized food and water ad libitum.

Figure 3-6: Ventilated mouse cage provided with air inlet and exhaust system

with automatic shut-off devices.

Procedures involving animals and their care were conducted in a

conformity with the institutional guidelines that are in the compliance with the

national (D.L. n. 116, G.U., Suppl. 40, 18 Febbraio, 1992; Circolare No. 8, G.U.,
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14 Luglio, 1994) and international laws and policies (EEC Council Directive

86/609, OJ L 358, 1, Dec. 12, 1987; Guide for the Care and Use of Laboratory

Animals, US National Research Council, 1996). Before carrying out

experiments, the animals were kept for at least 5 days prior to dosing in the

animal  room  at  the  animal  house  of  Mario  Negri  Institute,  to  allow  for  their

acclimatization for the laboratory conditions (5 mice in each cage).

3.3.3.2 Tumour Transplantation

·Materials

i. IMDM medium was prepared as in section 3.3.2.2, while trypsin/EDTA,

PBS, washing and stop buffer were prepared as in section 3.3.2.1.

ii. Saline  (NaCl): It was ready-used solution (SALF, Italy), and the

concentration was 0.9% (w/v).

·Method

HCT-116 cells were seeded at a density of 2 × 104 cells ml −1 in T-150

culture flasks and incubated for 7 days in a humidified atmosphere

supplemented with 5% CO2 and 95% air  at  37ºC. Four days later,  the medium

was  removed  and  the  cells  were  supplemented  with  a  new  medium.  After  the

incubation period, the cells were harvested by trypsinization (i.e. 5 ml of

trypsin/EDTA were added to each flask, and after two minutes 15 ml stop

medium was added). The collected cells were centrifuged (800 rpm) for 10

minutes, and the cell pellet was then suspended in saline, counted and their

density was adjusted to 25 × 106 cells ml-1. To implement the tumour cells, each

mouse was injected subcutaneously with 0.2 ml of cell suspension by micro-

syringe into the right flank (Figure 3-7). When the tumour was palpable

(approximately 90-100 mg weight, which attained roughly 7 days after

transplantation), the animals were weighed, identified through ear rings and
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randomly divided into six groups of ten mice each (total number of mice was

60).

Figure 3-7: Nude female mouse injected subcutaneously with 0.2 ml of HCT-

116 cell suspension in the right flank.

3.3.3.3 Dosage and Administration of Propolis M Sample

·Materials and Solutions

i. Saline: 0.9% saline was used.

ii. Diethylene glycol monoethyl ether (Transcutol CG 20%): it was

prepared by diluting 20 ml of Transcutol CG (Indena, Italy) with 80 ml of

0.9% saline.

iii. Propolis sample preparation: Only M sample was used, and the dose

was either 500 or 1000 mg kg-1. The propolis suspension was prepared

immediately before use by dissolving it in 20% of transcutol CG and then

was diluted with saline to prepare the required concentrations.

· Method

After the establishment of transplanted tumour in mice (section 3.3.3.2),

they were treated with propolis M sample. Two propolis doses were used; 500 or
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1000 mg kg-1, which were administered daily (single dose per day; 0.20-0.25 ml)

for three weeks, and the route was either intraperitoneum (i.p.) or oral by gavage

(p.o.). Therefore, four groups of animals were investigated each with 10 mice.

Two further groups (intraperitoneal and oral controls) were included, and the

transplanted mice were treated with the solvent of propolis sample (20% of

transcutol CG in saline).

3.3.3.4 Assessment of Tumour Growth and Inhibition

The tumour volume was assessed every three days, and for up to 21 days

(i.p. treatment) or 28 days (p.o. treatment). The volume was estimated by a

caliper measurement of two dimensions (Figure 3-8) using the following

equation:

Tumour volume (mm3) = (a × b2) ÷ 2

Where a and b are the tumour length and width (mm), respectively (Orsolic

et al., 2006). The effect on tumour growth was expressed as the tumour-growth

inhibition rate (TIR; %), which was assessed according to the following

equation:

Tumour inhibition rate (%) = [(C-T) ÷ C] × 100

Where T is the tumour volume of propolis-treated group and C is the

tumour volume of the corresponding control group (Orsolic et al., 2006).

To assess the propolis toxic effects, the mice were weighed at intervals that

were applied to the tumour growth assessments. After 28 (i.p. groups) or 35(o.p.

groups) days, the mice were sacrificed, and the tumours were excised, weighed

and the tumour index (%) was determined using the following equation:

Tumour index (%) = (TW ÷ MW) × 100

Where TW is the tumour weight and MW is the mouse weight (Orsolic et

al., 2006).
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Figure 3-8: Measurement of tumour length and width by a caliber.

3.3.3.5 Histopathology of Tumours

· Materials and Solutions

i. Buffered formalin: 10% buffered formalin was purchased from BD

Phamingen, USA.

ii. Paraffin wax: Paraffin wax with a melting point ranged 56-58ºC (Merck,

Germany) was used.

iii. Ethanol: 70, 80, 95 and 100% concentrations of ethanol were used (Carlo

Erba, Italy).

iv. Xylene: It was purchased from Carlo Erba, Italy.

v. Haematoxylin: Mayer’s haematoxylin solution was purchased from

Fluka, Switzerland.

vi. Eosin: It  was  prepared  by  dissolving  5  grams  of  eosin  Y  (Merck,

Germany) in 100 ml of distilled water.
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· Method

At the end of treatment period (section 3.3.3.3), tumours of oral

administration groups were  excised,  fixed  in  buffered  formalin  (10%)  for  24

hours, embedded in paraffin, and 5-μm sections were prepared by a microtome.

Subsequently, sections were placed on microscopic polysine slides and left

overnight at room temperature. After that, processing and staining of sections

were performed according to a standard procedure used in histopathological

laboratories (Hood et al., 2005).

Briefly, the sections were de-paraffinized twice (15 and 5 minutes) with

xylene. Then, the sections were transferred to gradual descending concentrations

of ethanol (100, 95, 80 and 70%) for 5 minutes in each concentration, and

finally in distilled water for 5 minutes. After hydration, the sections were stained

with haematoxylin (H) for 15 minutes, washed with running tap water for 5

minutes, followed by counterstaining with eosin (E) for 3 minutes. Then, the

slides were washed with distilled water for 5 seconds. Subsequently, sections

were dehydrated with gradual ascending concentrations of ethanol (70, 80, 95

and 100%) for 30 seconds in each concentration, and then they were transferred

to a further 100% ethanol for 5 minutes. After dehydration of sections, they

were cleared with xylene for 15 minutes, and the slides were mounted with

Entellan mounting medium using Leica CV5020 mounting system. The stained

slides were air-dried at room temperature in a fume hood and examined under a

light microscope to assess the histological features of tumour sections.

3.3.3.6 Immunohistochemical Evaluations of Tumours

· Materials and solutions

i. Ethanol, xylene and haematoxylin were prepared as in section 3.3.3.5.

ii. Liquid Blocker: Super pap pen (Daido Sangyo, Japan) was used.
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iii. Anti-p53 monoclonal antibody: It was prepared by diluting one part of

anti-p53 monoclonal antibody (Clone DO-7, Cat.M7001, Dako

Cytomation, USA) with forty nine parts of antibody diluent.

iv. Anti-Ki67 monoclonal antibody: It was prepared by diluting one part of

anti-Ki67 monoclonal antibody (Clone MIB-1, Cat.M7240, Dako

Cytomation, USA) with twenty four parts of antibody diluent.

v. Staining Kit contents (EnVision™ FLEX, Dako, Denmark)

a. Target retrieval solution:  It was ready-used citrate buffer with high

pH (pH = 9 for  p53) and low pH (pH = 6 for  Ki67) and diluted 1:50

with distilled water for each.

b. Washing buffer: It was ready-used solution that contained 1% Tween

20 in PBS and diluted 1:20 with distilled water.

c. Peroxidase-blocking reagent: It was ready-used solution.

d. Antibody diluent: It was ready-used Tris buffer, pH 7.2, containing

15 mmol/L of NaN3, and protein.

e. Substrate buffer: It was ready-used buffered solution containing

hydrogen peroxide and preservative.

f. Horse radish peroxidase (HRP): It  is  dextran  coupled  with

peroxidase conjugated to goat anti-mouse immunoglobulins in Tris-

HCl buffer containing stabilizing protein and an anti-microbial agent.

g. DAB-Chromogen: It is 3, 3’-diaminobenzidine tetrahydrochloride in

organic solvent. The color of this reagent may vary from strong violet

to colorless without having any influence on the performance of the kit

and used by adding one drop to 1ml substrate buffer.

· Method

For immunohistochemical (IHC) evaluations of tumours, the sections were

deparaffinized and rehydrated in graded alcohols in similar conditions that were

applied for H and E histological method. These sections were subjected to IHC
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evaluations using two monoclonal antibodies, which were anti-Ki67 and anti-

p53. The instructions of manufacturer were followed with slight modifications.

For antigen retrieval, the sections were incubated in target retrieval solution

of pH 6.0 (for Ki-67) or pH 9.0 (for p53) for 1 hour in a water bath at 97°C .The

slides were cooled for 20 minutes at room temperature, and then the edges

surrounding the sections were marked by a liquid blocker pap pen to avoid the

distribution of the materials out of the sections during the run of the IHC

staining. Then, the slides were transferred quickly to the auto-stainer racks to

avoid drying of samples. The auto-stainer was programmed depending on the

number of the slides during the run (maximum 48 slides) and the number of the

drops that the machine will drop it on the slide depending on the section area

(each drop approximately 100 μl). After staining, the slides were washed with

washing buffer for 1 minute and then incubated with peroxidase-blocking

reagent for 10 minutes. This reagent contains H2O2, which is the substrate for

peroxidase, because some cells or tissues contain endogenous peroxidase. This

is reasoned by the fact that using HRP conjugated antibody may result in a high,

non-specific background staining, and such non-specific background can be

significantly reduced by pre-treatment of cells or tissues with H2O2 prior  to

incubation with HRP conjugated antibody.

The slides were washed vigorously with washing buffer, protein blocking

reagent (antibody diluent) was added for 30 minutes to block the excess site of

another proteins, washed with washing buffer, then the determined amounts

(100 μl) of anti-ki67 or anti-p53 antibodies were added to the slides and

incubated for 60 minutes. Then, the slides were washed with washing buffer,

and after that, the HRP (100 μl) was added and the slides were incubated for 40

minutes and washed vigorously. After washing, the DAB-Chromogen solution

(100 μl) was added and the slides were incubated for 10 minutes (the addition

and incubation time of DAB is very important and it was previously optimized

to avoid the background formation in the stained slides that will interfere with
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the results) and washed vigorously two times with washing buffer. The H stain

solution was added as a counter stain for 4 minutes, and the slides were washed

with distilled water, transferred to dehydration jars, mounted, and finally

examined under a light microscope and photographed in a similar manner as in

H and E histological method.

3.4 Statistical Methods
Data were presented as mean ± standard error (S.E.) . To get such data, the

individual values were tabulated in a sheet of the statistical programme

GraphPad Prism version 5.01 (GraphPad software, Inc., La Jolla, CA, USA).

The difference between means was assessed by Duncan's test, in which P ≤ 0.05

was considered significant.
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Chapter Four
Results

4.1 Chemical Analysis and Characterization of Propolis
4.1.1 Qualitative and Quantitative Analysis by HPLC-ESI/MS

The chemical composition of five propolis samples, which were collected

from five different geographical regions in Iraq (Baghdad1; B1, B2, Dahuk; D,

Mosul; M and Salah ad-Din; S), was identified by HPLC-ESI/MS analysis. Table

4-1 shows the results of such analysis, in which 38 different compounds were

characterised. Thirty three (86.8%) of these compounds were polyphenols and

four (10.5%) were clerodane diterpenoids, while one compound was considered

unknown. The total peak area (TPA) of such analysis showed different

distributions in the five samples of propolis. The highest TPA was observed in D

sample (4.166 × 106), followed by samples from M (3.778 × 106), B2 (3.203 ×

106), S (2.566 × 106) and finally B1 (0.192 × 106). Accordingly, the total ion

current (TIC) showed different percentage for each compound that was

identified, but the prenyl caffeate (polyphenol compound) showed the highest

TIC in the five samples investigated. However, each sample showed different

TIC of prenyl caffeate. The highest TIC was observed in B2 sample (22.41%),

followed by S (20.65%), M (18.52%), B1 (18.47%) and finally D (10.35%). As

these values represented the percentage of the total TPA for each sample, which

were different in each sample investigated, therefore the TIC of prenyl caffeate

or other identified compounds was not correlated positively with its

corresponding concentration for each sample.

The compounds labeled as clerodane terpenoids were found in three

propolis samples (D, M and S), and such compounds were identified for the first

time in samples collected from temperate zones (Iraq), while in propolis sample

coded as B2, the TIC was very low (0.001%), and in B1 sample, it was zero

(Table 4-1).
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Table 4-1: Chemical compounds identified by HPLC-ESI /MS in propolis samples
extracts that were collected from five geographical regions in Iraq.

Compound
RT

min

Molecular

Formula

Molecular

Weight
[M-H]-

Total Ion Current (%)

B1 B2 D M S

Caffeic acid 4.17 C9H8O4 180.0412 179.0339 14.29 0.85 1.02 1.67 0.69
Coumaric acid 6.20 C9H8O3 164.0463 163.0390 6.37 0.45 0.54 0.84 0.42
Vanillin 6.85 C8H8O3 152.0463 151.0390 0.00 0.01 0.02 0.04 0.02
Methyl caffeate 6.90 C10H10O4 194.0568 193.0495 1.44 0.20 1.27 0.69 0.51
Ferulic acid 7.45 C10H10O4 194.0568 193.0495 9.01 1.09 0.55 1.73 1.05
Ferulic acid
methyl ester 11.70 C11H12O4 208.0730 207.0652 10.31 1.50 2.13 1.59 1.51

Luteolin 13.16 C15H10O6 286.0467 285.0394 0.00 0.32 0.34 0.46 0.34
Quercetin 13.70 C15H10O7 302.0416 301.0343 0.00 0.18 0.43 0.50 0.38
Sakuranetin 14.05 C16H14O5 286.0830 285.0757 3.27 3.46 8.45 4.67 5.26
Methyl quercetin 14.60 C16H12O7 316.0578 315.0499 0.16 1.11 3.00 2.25 2.00
Cinnamic acid 14.80 C9H8O2 148.0514 147.0441 0.95 0.08 0.14 0.15 0.11
Tectochrysin 15.80 C16H12O4 268.0725 267.0652 0.04 0.80 0.88 0.47 0.49
Apigenin 16.10 C15H10O5 270.0513 269.0440 0.29 2.04 1.12 2.21 1.97
Naringenin 16.28 C15H12O5 272.0674 271.0601 0.24 0.28 0.73 0.46 0.45
Pinobanksin 16.80 C15H12O5 272.0674 271.0601 12.71 5.50 3.85 6.74 5.98
Kaempferol 16.80 C15H10O6 286.0467 285.0394 0.00 0.87 0.46 0.87 0.85
Kaempferide 17.60 C16H12O6 300.0628 299.0550 0.36 2.03 1.49 1.83 1.75
Bis-methylated
quercetin 18.00 C17H14O7 330.0734 329.0656 0.13 1.32 3.95 2.63 2.75

Acacetin 18.60 C16H12O5 284.0674 283.0601 0.00 0.46 1.14 0.82 0.53
Hesperetin 19.10 C16H14O6 302.0780 301.0707 0.02 0.08 0.27 0.16 0.20
Prenyl caffeate 21.40 C14H16O4 248.1038 247.0965 18.47 22.41 10.53 18.52 20.65
Benzyl caffeate 21.75 C16H14O4 270.0881 269.0808 0.23 0.66 1.68 1.46 1.19
Chrysin 22.17 C15H10O4 254.0568 253.0495 1.70 11.58 9.19 8.80 9.21
Pinocembrin 22.75 C15H12O4 256.0725 255.0652 6.77 12.11 8.05 8.59 7.69
Galangin 22.85 C15H10O5 270.0513 269.0440 0.59 5.41 3.99 5.08 4.30
Caffeic acid
phenetyl ester 22.92 C17H16O4 284.1038 283.0965 1.83 6.64 6.86 6.70 7.16

Pinobanksin-3-
acetate 23.40 C17H14O6 314.0785 313.0707 8.44 12.80 6.91 10.83 11.66

Isopentyl caffeate 23.70 C14H18O4 250.1200 249.1121 0.47 1.21 0.47 0.84 1.30
Unknown 24.05 C18H32O4 312.2295 311.2217 0.48 0.34 1.65 0.63 0.81
Isoprenyl
coumarate 25.20 C14H16O3 232.1094 231.1016 0.11 1.08 1.37 1.27 1.07

Isoprenyl ferulate 25.75 C15H18O4 262.1200 261.1121 0.04 1.69 2.85 1.56 1.68
Pinobanksin-3-
propionate 26.05 C18H16O6 328.0941 327.0863 0.15 1.25 3.51 1.44 1.98

Clerodane
diterpenoid I 26.58 C20H32O3 320.2346 319.2268 0.00 0.001 4.70 1.76 1.93
Clerodane
diterpenoid  II 27.35 C20H32O3 320.2346 319.2268 0.00 0.001 2.93 1.02 1.15

Pinostrobin 26.85 C16H14O4 270.0881 269.0808 0.00 0.00 2.39 0.22 0.52
Clerodane
diterpenoid
dihydro

28.80 C20H34O3 322.2502 321.2424 0.00 0.00 0.44 0.32 0.14

Clerodane
diterpenoid
dehydrated

38.05 C20H30O2 302.2240 301.2162 0.00 0.00 0.52 0.22 0.10

Palmitic acid 45.50 C16H32O2 256.2392 255.2319 1.13 0.10 0.08 0.08 0.16

Total Peak  Area (TPA) × 106 0.192 3.203 4.166 3.778 2.566

RT min: Retention time; [M-H]-: Pseudo-molecular ion performed in negative
ion mode; B1, B2, D, M and S: propolis samples from Baghdad, Dahuk, Mosul
and Salah ad-Din, respectively.
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 The data presented in table 4-1 were based on information obtained from

figure 4-1. The figure illustrates the TIC chromatograms and retention time (RT

min) under negative ion mode obtained by LTQ-Orbitrap XL analyzer for the

five investigated propolis samples. As evident that the propolis extracts showed

approximately the same TIC profile in B2, D, M and S samples, and such

similarity appear to be due to the presence of the same molecular substances.

Full scan spectra (m/z =1450000 - 8000000) and the corresponding MS/MS

spectra (not shown) were in favour of a high number of phenolic compounds in

propolis samples. In contrast, B1 sample at the same full scan spectra showed

very less numbers of phenolic compounds and a peculiar TIC profile.

Figure 4-1: Total ion current chromatograms and retention time (RT min) under
negative ion mode obtained by LTQ-Orbitrap XL analyzer for the
five investigated propolis samples (B1, B2, D, M and S: propolis
samples from Baghdad, Dahuk, Mosul and Salah ad-Din,
respectively).
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Figures 4-2 shows an example of HPLC-ESI/MS extracted ion

chromatograms (XIC) and negative mass spectra of three compounds identified

in propolis extract (PE) of M sample. These compounds were chrysin (CH),

caffeic acid (CA) and caffeic acid phenetheyl ester (CAPE). Furthermore, a high

resolution full scan spectra of Fourier transform mass spectrometry (FTMS) was

acquired with the orbitrap analyzer, while the corresponding low resolution

MS/MS of spectra ion-trap tandem mass spectrometry (ITMS2) was acquired by

the linear ion trap analyzer.

Figure 4-2: HPLC-MS extracted ion chromatograms (XIC) and mass spectra of

three compounds (chrysin, caffeic acid and caffeic acid phenetheyl

ester) identified in propolis extract of M sample.
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Figure 4-3 shows the HPLC-MS extracted ion chromatograms (XIC) for

negative (Panel A) and positive (Panel B) mass spectra of two isomers of

clerodane diterpenoids found in PE of D sample. A high resolution full scan

spectra (FTMS) was also acquired with the orbitrap analyzer, while the

corresponding low resolution MS/MS spectra (ITMS2) was acquired by the

linear ion trap analyzer.

Figure 4-3: HPLC-MS extracted ion chromatograms (XIC) and mass spectra of

two isomers of clerodane diterpenoids found in propolis extract of

D sample. Panel A: ESI negative ionization; Panel B: ESI positive

ionization.
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Different phenolic acids and esters were identified in propolis samples, and

they are given in Table 4-2. Their total concentration was sample-dependent. The

highest total concentration was observed in M sample (4282.44 μg ml-1),

followed by B2 (4278.49 μg ml-1), D (3287.08 μg ml-1), S (1071.68 μg ml-1) and

finally sample B1 (818.69 μg ml-1). With respect to the individual identified

compounds, the highest concentration was reported for prenyl caffeate, and it

was different in each sample investigated. The highest concentration was

observed in B2 (2044.55 μg ml-1), followed by M (1781.52 μg ml-1), D (1103.10

μg ml-1) and S (515.91 μg ml-1), while in sample B1, CA recorded the highest

concentration (278.04 μg ml-1) among the other compounds. Furthermore, most

samples shared a low concentration of vanillin, which was also not detected in

B1 sample (Table 4-2).

Table 4-2: Phenolic acids and esters concentrations assessed by HPLC-ESI /MS in
propolis sample extracts collected from five geographical regions in
Iraq.

Compound
Concentration of phenolics acids and esters

(µg ml-1)
B1 B2 D M S

Caffeic acid 278.04 355.50 197.31 421.59 58.35
Coumaric acid 123.95 187.99 104.73 211.19 36.06
Vanillin 0.00 5.93 4.24 10.03 1.87
Methyl caffeate 9.74 18.14 133.17 66.20 12.62
Ferulic acid 175.28 458.39 106.34 436.23 89.82
Ferulic acid methyl ester 69.89 137.22 223.47 153.32 37.74
Cinnamic acid 18.41 33.37 28.02 38.94 9.31
Prenyl caffeate 125.24 2044.55 1103.10 1781.52 515.91
Benzyl caffeate 1.54 60.37 176.01 140.23 29.77
Caffeic acid phenethyl ester 12.43 613.60 718.77 644.07 178.90
Isopentyl caffeate 3.16 110.71 49.07 106.49 32.56
Isoprenyl coumarate 0.72 98.38 143.80 122.30 26.85
Isoprenyl ferulate 0.29 154.34 299.05 150.33 41.92
Total phenolic acid and ester

concentrations 818.69 4278.49 3287.08 4282.44 1071.68

B1, B2, D, M and S: Propolis samples from Baghdad, Dahuk, Mosul and Salah
ad-Din, respectively.
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Twelve flavones and flavonols compounds were identified in propolis

samples, and they are given in table 4-3. The total concentration of these

compounds was also sample-dependent. The highest concentration of flavones and

flavonols was observed in sample D (3727.85 μg ml-1), followed by B2 (2981.95

μg ml-1), M (2937.71 μg ml-1), S (705.17 μg ml-1) and finally sample B1 (52.28

μg ml-1). The highest concentration of each compound was dependent on the

sample investigated. It was pinocembrin in B1 (39.75 μg ml-1) and B2 (1329.13

μg ml-1), while in samples D, M and S, CH recorded the highest concentration

(1505.33, 1195.58 and 317.78 μg ml-1, respectively) (Table 4-3).

Table 4-3: Flavone and flavonol concentrations assessed by HPLC-ESI/MS in
propolis sample extracts collected from five geographical regions in
Iraq.

Compound
Concentration of  flavones and flavonols

(µg ml-1)
B1 B2 D M S

Luteolin 0.00 33.19 55.87 62.42 11.67
Tectochrysin 0.25 87.75 143.86 63.20 16.75
Apigenin 0.32 16.37 30.36 35.02 5.72
Acacetin 0.00 50.15 187.20 112.02 18.40
Chrysin 10.00 1270.73 1505.33 1195.58 317.78
Pinocembrin 39.75 1329.13 1319.59 1166.42 265.23
Quercetin 0.00 3.22 15.60 11.42 2.19
Methyl quercetin 0.25 19.85 109.54 51.74 11.58
Kaempferol 0.00 15.51 16.82 19.95 4.91
Kaempferide 0.57 36.13 54.21 42.12 10.14
Bis-methylated quercetin 0.19 23.49 144.15 60.59 15.90
Galangin 0.95 96.43 145.32 117.23 24.90

Total flavone and flavonol
concentrations 52.28 2981.95 3727.85 2937.71 705.17

B1, B2, D, M and S: Propolis samples from Baghdad, Dahuk, Mosul and Salah
ad-Din, respectively.

With respect to flavanones and dihydroflavonols, seven compounds were

identified in propolis samples, and the concentration was also sample-dependent.

The highest concentration of flavanones and dihydroflavonols was observed in
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sample D (955.23 μg ml-1), followed by M (565.42 μg ml-1), B2 (416.74 μg

ml-1), S (150.87 μg ml-1) and finally sample B1 (38.45 μg ml-1). Also, the highest

concentration of each compound was dependent on the sample investigated. It was

pinobanksin in B1 (20.53 μg ml-1), sakuranetin in D (311.60 μg ml-1), while in

B2, M and S samples, pinobanksin-3-acetate recorded the highest concentration

(228.27, 249.80 and 67.51 μg ml-1, respectively) (Table 4-4).

Table 4-4: Flavanone and dihydroflavonol concentrations assessed by HPLC-
ESI/MS in propolis sample extracts collected from five geographical
regions in Iraq.

Compound
Concentration of flavanones and

dihydroflavonols (µg ml-1)
B1 B2 D M S

Sakuranetin 3.63 61.80 311.60 107.83 30.50
Naringenin 0.39 4.99 26.61 10.63 2.60
Hesperetin 0.03 1.40 9.68 3.69 1.14
Pinostrobin 0.00 0.00 87.19 5.06 3.02
Pinobanksin 20.53 98.04 140.20 155.32 34.64
Pinobanksin-3-propionate 0.24 22.24 128.10 33.09 11.46
Pinobanksin-3-acetate 13.63 228.27 251.85 249.80 67.51

Total flavanone and
dihydroflavonol
concentrations

38.45 416.74 955.23 565.42 150.87

B1, B2, D, M and S: Propolis samples from Baghdad, Dahuk, Mosul and Salah
ad-Din, respectively.

Taken the forthcoming results in a collective theme, the qualitative assay of

flavonoids by HPLC-ESI/MS showed that the phenolic acids and their esters

were  the  predominant  class  of  substances  in  PEs,  followed  by  flavones  and

flavonols, and then flavanones and dihydroflavonols (Tables 4-2, 4-3 and 4-4).

The total phenolic compounds were also confirmed using a

spectrophotometric method with Folin–Ciocalteu reagent. As mentioned early in

this section, the concentration of these compounds was sample-dependent.

Samples D and M shared a similar concentration (9333.3 and 9033.3 µg ml-1,
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respectively), while lowers concentrations were observed in samples B2, S and

B1 (6933.3, 1400.0 and 700.0 µg ml-1, respectively), and the differences were

significant (P ≤ 0.05) (Table 4-5).

Table 4-5: Total phenolics in Iraqi propolis sample extracts collected from five

geographical regions in Iraq.

Compound
Mean ± S.E.(Number = 3 measurements)*

B1 B2 D M S

Total phenolic compound
concentration

(µg ml-1)

700.0
±

1.2d

6933.3
±

6.8b

9033.3
±

68.9a

9333.3
±

74.7a

1400.0
±

51.27c

B1, B2, D, M and S: Propolis samples from Baghdad, Dahuk, Mosul and Salah
ad-Din, respectively.

*Different letters: Significant difference (P ≤ 0.05) between means.

4.1.2 Stable Free Radical Scavenging Capacity
The free radical scavenging effect of five propolis samples and three

polyphenolic compounds (CA, CH and CAPE) in DPPH free radical system was

determined, and given as a percentage of anti-radical activity (ARA) for three

concentrations 1.0, 10.0 and 100 μg ml-1 of each extract or compound. In

general, a concentration-dependent ARA was observed, and 100 μg ml-1 was

significantly better than the other two concentrations for most of the investigated

samples and compounds. The exception was CH, in which the ARA values were

almost similar (13.3, 16.6 and 20.0%, respectively) and no significant difference

between them was observed, and furthermore, this compound recorded the

lowest ARA as compared with other samples or compounds (Table 4-6).

Although the concentration 100 μg ml-1 recorded the best ARA, the activity

was sample or compound-dependent. In this regard, CAPE was the compound

with the highest ARA (93%) followed by B2, D, M and CA, which shared

approximated ARAs (80, 83.3, 83.3 and 80%, respectively) in these samples or

compounds (Table 4-6).
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Table 4-6: The DPPH free radical scavenging activity of five Iraqi propolis

extracts and their polyphenolic compounds.

Samples

and

Compounds

Mean ± S.E. (Three Absorbance Readings)*

1.0 μg ml-1 10.0 μg ml-1 100.0 μg ml-1

Absorbance ARA Absorbance ARA Absorbance ARA

B1 0.24±0.04Aa 20.0 0.22±0.03Bb 26.6 0.18±0.01Bc 40.0

B2 0.17±0.03Ca 43.0 0.11±0.02Cb 63.3 0.06±0.02Dc 80.0

D 0.13±0.01Da 56.6 0.07±0.03Db 76.6 0.05±0.01Db 83.3

M 0.11±0.03Ea 63.3 0.07±0.03Db 76.6 0.05±0.03Db 83.3

S 0.20±0.03Ba 33.3 0.11±0.01Cb 63.3 0.10±0.01Cb 66.6

CA 0.13±0.03Da 56.6 0.10±0.03Cb 66.6 0.06±0.03Dc 80.0

CH 0.26±0.03Aa 13.3 0.25±0.03Aa 16.6 0.24±0.03Aa 20.0

CAPE 0.08±0.03Fa 73.3 0.05±0.01Db 83.3 0.02±0.01Ec 93.3

ARA: Anti-radical activity (%); Control absorbance: 0.30±0.03.
*Different capital letters: Significant difference (P ≤ 0.05) between means of columns.
*Different lower case letters: Significant difference (P ≤ 0.05) between means of rows.
B1, B2, D, M and S: Propolis samples from Baghdad, Dahuk, Mosul and Salah ad-Din,
respectively; CA: Caffeic acid; CH: Chrysin; CAPE: Caffeic acid phenetheyl ester.

4.2 In Vitro Investigations
4.2.1 Growth Inhibition of Tumour and Normal Cell Lines

The in vitro growth inhibitory (GI) effects were assessed for three

concentrations (5, 15 and 25 μg ml-1) of four PE samples (B2, D, M and S) and

three phenolic compounds (CA, CH and CAPE) against two tumour cell lines

(HL-60 and HCT-116) after three incubation periods (24, 48 and 72 hours). For

B1 sample, the corresponding concentrations were 50, 150 and 250 μg ml-1. The

GI was also investigated in a normal cell line (HuFb) for the former three

concentrations, but for one incubation period (72 hours), and data was also given

in terms of growth inhibitory rate (GIR) rather than GI. The clonogenic effect of

PE samples and compounds against HCT-116 cells was also investigated.
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The results demonstrated that a treatment of cell cultures with B2, D, M or

CAPE decreased the growth of HL-60 cells significantly (P ≤ 0.05) as compared

to control cultures (untreated), and the effect was dose-, as well as, time-

dependent (i.e. the highest concentration showed the highest GI at 72 hours

incubation). In contrast, there was a less GI after a treatment with B1 or S

samples.  The 15 and 25 μg ml-1 concentrations of CA showed mild effects after

72 hours only, while CH had no effects (Figure 4-4).

As shown in figure 4-5, the B2, D and M samples of propolis or its

polyphenolic compounds; CH and CAPE, decreased the growth of HCT-116 in a

significant dose-, as well as, time-dependent manner. The CH and CAPE were

more effective than the other samples or compounds in this regard, while no

significant GI was observed after a treatment with B1, S or CA.

Inhibitory effects of propolis samples and three phenolic compounds on the

growth rate of HL-60, HCT-116 and HuFb cells in vitro was assessed after 72

hours. The samples B2, D, M and CAPE were the more effective against

proliferation rates of HuFb, HCT-116 and HL-60. However, the proliferation

rate demonstrated less cytotoxic effects on HuFb after a treatment with M

sample, but such sample recorded a significant inhibition proliferation rate in

HL-60 and HCT-116 cells (Figure 4-6).

Colony formation assay was performed to test whether the propolis or

polyphenolic compounds can inhibit the clonogenicity of the HCT-116 cells.

The control group (untreated cells) formed colonies after seven days of

incubation at 37ºC, while the clonogenicity of the treated cells showed a

significant dose-dependent decrease, but the inhibitory concentration (IC)50 was

different  for  the  investigated  samples.  It  was  300  μg  ml-1 for  B1,  4  μg  ml-1 for

B2,  D and M, and 50 μg ml-1 for  S (Figure 4-7).  It  is  worth to mention that  the

clonogenic effect was assessed for 12 concentrations (data not shown), but the

results were presented for 5 concentrations only, in which IC50 was based.
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Figure 4-4: Growth inhibition of HL-60 cells treated with different concentrations

of Iraqi propolis extracts or polyphenolic compounds. The values

were mean ± S.E. from three experiments. B1, B2, D, M, S: Propolis

samples from Baghdad, Dahuk, Mosul, Salah ad-Din; CA: Caffeic

acid;  CH:  Chrysin;  CAPE:  Caffeic  acid  phenetheyl  ester;  CTRL:

Control.

N
um

be
r 

of
 H

L
-6

0 
ce

lls

Time of treatment (hours)



Chapter Four: Results
___________________________________________________________________________

90

Figure 4-5: Growth inhibition of HCT-116 cells treated with different

concentrations of Iraqi propolis extracts or polyphenolic

compounds. The values were mean ± S.E. from three experiments.

B1, B2, D, M, S: Propolis samples from Baghdad, Dahuk, Mosul,

Salah  ad-Din;  CA:  Caffeic  acid;  CH:  Chrysin;  CAPE:  Caffeic

acid phenetheyl ester; CTRL: Control.
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Figure 4-6: Growth inhibitory rate of different concentrations of Iraqi propolis

extracts or polyphenolic compounds on HuFb, HCT-116 and HL-60

after 72 hours. The values were mean ± S.E. from three experiments.

B1, B2, D, M, S: Propolis samples from Baghdad, Dahuk, Mosul,

Salah ad-Din; CA: Caffeic acid; CH: Chrysin; CAPE: Caffeic acid

phenetheyl ester; CTRL: Control.
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Figure 4-7: Colony inhibition of HCT-116 cells treated with different

concentrations of Iraqi propolis extracts or polyphenolic

compounds. The values were mean ± S.E. from five experiments.

B1, B2, D, M, S: Propolis samples from Baghdad, Dahuk, Mosul,

Salah  ad-Din;  CA:  Caffeic  acid;  CH:  Chrysin;  CAPE:  Caffeic

acid phenetheyl ester; CTRL: Control.
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4.2.2 Assessment of Apoptosis in Tumour Cell Lines
The apoptosis was assessed in tumour cell lines after a treatment with PEs

or their phenolic compounds through four types of assays, which were

morphological aspects, gel electrophoresis, Annexin V/PI Flow cytometry and

regulation of Bcl-2/Bax gene expression.

4.2.2.1 Morphological Aspects

To evaluate whether the observed GI in HL-60 and HCT-116 cells was

related to apoptosis or necrosis, the morphological changes were examined by

subjecting the cells to two different concentration systems. In the first, it was 5

µg ml-1 for B2, D, M, S, CA, CH and CAPE, and 50 µg ml-1 for B1, while in the

second, it was 15 µg ml-1 for CAPE and 25 µg ml-1 for B2, D, M, S, CA and CH,

and  it  was  250  µg  ml-1 for B1. The cells were treated for 24 hours, and then

stained with sulforhadamine101-DAPI stain. Negative (CTRL), as well as,

positive (CPT; Camptothecin) controls were also included, and the results are

presented in figures 4-8, 4-9, 4-10, and 4-11.

The HL-60 cells exposed to the second concentration system of PE samples

or phenolic compounds (B1, B2, D, M, S and CAPE) exhibited apoptotic

features, such as nuclear condensation and fragmentation, while the phenolic

compound CH did not show such effects (Figure 4-9).

In HCT-116, the second concentration system revealed effects, but they

were necrotic features in B2, D, M, CH and CAPE, while no effect with B1, S

and CA was observed. The size of cells was dramatically increased by swelling

of cytoplasm and loss of membrane integrity, which lead to cell rupture and

release of cellular contents (Figure 4-11).

In both cell lines, concentrations employed in the first system of PE

extracts or their phenolic compounds were not clearly effective in inducing

apoptosis or necrosis in HL-60 (Figure 4-8) or HCT-116 (Figure 4-10) cells.
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Figure 4-8: Morphological aspects of HL-60 cells treated with the first

concentration  system.  B1,  B2,  D,  M,  S:  Propolis  samples  from

Baghdad, Dahuk, Mosul, Salah ad-Din; CA: Caffeic acid; CH:

Chrysin; CAPE: Caffeic acid phenetheyl ester; CTRL: Negative

control; CPT; Camptothecin (positive control). (400X).
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Figure 4-9: Morphological aspects of HL-60 cells treated with the second

concentration system. B1, B2, D, M, S: Propolis samples from

Baghdad,  Dahuk,  Mosul,  Salah  ad-Din;  CA:  Caffeic  acid;  CH:

Chrysin; CAPE: Caffeic acid phenetheyl ester; CTRL: Negative

control; CPT; Camptothecin (positive control). (400X).
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Figure 4-10: Morphological aspects of HCT-116 cells treated with the first

concentration  system.  B1,  B2,  D,  M,  S:  Propolis  samples  from

Baghdad, Dahuk, Mosul, Salah ad-Din; CA: Caffeic acid; CH:

Chrysin; CAPE: Caffeic acid phenetheyl ester; CTRL: Negative

control; CPT; Camptothecin (positive control). (400X).
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Figure 4-11: Morphological aspects of HCT-116 cells treated with the second

concentration  system.  B1,  B2,  D,  M,  S:  Propolis  samples  from

Baghdad, Dahuk, Mosul, Salah ad-Din; CA: Caffeic acid; CH:

Chrysin; CAPE: Caffeic acid phenetheyl ester; CTRL: Negative

control; CPT; Camptothecin (positive control). (400X).
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4.2.2.2 Gel Electrophoresis

To investigate whether DNA fragmentation induced by propolis samples

was the result of apoptosis, agarose gel electrophoresis of DNA extracted from

HL-60 and HCT-116 cells that were treated with 25 µg ml-1 of  B2,  D,  M  or  S

sample, 250 µg ml-1 for B1 sample or two concentrations of CPT1 and CPT2 (10

and 20µM, respectively; positive control) for 24 hours. As shown in figure 4-

12A, an apoptotic DNA ladder was observed in HL-60 cells when treated with

PEs, while DNA fragmentation was not observed in HCT-116 cells (Figure 4-

12B).

Figure 4-12A: Detection of apoptosis by agarose gel electrophoresis in HL-60 cell

line. B1, B2, D, M and S: propolis samples from Baghdad, Dahuk,

Mosul, Salah ad-Din. Two DNA markers (M1 and M2; 50 bp and

1 Kb, respectively) and two concentrations of camptothecin (CPT1

and CPT2; 10 and 20µM, respectively) were used.

M1 M2 B1 CPT       CPT B2 S D M CTRL
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Figure 4-12B: Detection of apoptosis by agarose gel electrophoresis in HCT-116
cell line. B1, B2, D, M, S: propolis samples from Baghdad,
Dahuk, Mosul, Salah ad-Din. Two DNA markers (M1 and M2; 50
bp and 1 Kb, respectively) and two concentrations of camptothecin
(CPT1 and CPT2; 10 and 20µM, respectively) were used.

4.2.2.3 Annexin V/PI by Flow Cytometry

To determine whether propolis-induced cell death was due to apoptosis, the

HL-60 and HCT-116 cells were treated with two different concentrations of B1,

B2,  D,  M  or  S  propolis  sample  in  each  cell  line.  For  HL-60  cells,  the

concentrations were 25 µg ml-1 or 50 µg ml-1 for B2, D, M or S sample and 250

µg ml-1 or 500 µg ml-1 for B1 sample, while in HCT-116, the concentrations

were 15 µg ml-1 or 25 µg ml-1 for B2, D, M or S sample and 150 µg ml-1 or 250

µg ml-1 for B1 sample. Then the cells were stained with FITC-conjugated

Annexin V plus PI. The analysis was done on at least 10000 cells for each

sample by fluorescence-activated cell sorter flow cytometer (FACS) Calibur

instrument, and fluorescence pulses were detected using a band pass filter 530

and 580 nm for green and red fluorescence, respectively (Figure 4-13).

In untreated HL-60 cells, the early apoptotic changes appeared in only

1.23% of cells, while late apoptotic changes were almost doubled (2.35%) after

M1 M2 B1 CPT       CPT B2 S D M CTRL
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6 hours of incubation. The corresponding figures in CPT-treated cells (positive

control) were 51.22 and 14.35%, respectively. After six hours treatment with

propolis, all five samples induced early and late apoptosis, but with different

percentages, and there was concentration-, as well as, sample-dependent

effective. The 50 µg ml-1 concentration was more effective than 25 µg ml-1 in

inducing apoptosis. With respect to propolis samples and at the same

concentration, the highest early apoptotic features were observed in M and B2

samples (15.88 and 14.95%, respectively), while cells at a late apoptosis were

more frequently observed after a treatment with D sample (15.34%), followed

by M (8.92%) sample. The B1 sample also induced apoptotic changes at the two

concentrations (250 and 500 µg ml-1),  but  they  were  mostly  observed  at  the

earlier stages (7.81 and 8.60%, respectively) of apoptosis (Figure 4-14).

The forthcoming findings were based on HL-60 cells that showed a distinct

population of early apoptotic cells, which were stained only with FITC-Annexin

V,  but  not  with  PI  (lower  right  quadrant).  When  cells  were  stained  with  both

Annexin V and PI (upper right quadrant), they represented later stages of

apoptosis (Figure 4-14).

For HCT-116 cell line, no apoptotic cells were observed, but cells treated

with D (9.59 and 19.03%, respectively) and M (7.59 and 12.25%, respectively)

samples showed increased necrotic changes at the tested concentrations (15 and

25 µg ml-1) as compared with other samples (B2: 1.90 and 2.66%; S: 0.76 and

0.79%, respectively), or negative (0.76%) and positive (1.30%) controls. For B1

sample, the corresponding concentrations were 10 times higher than the

forthcoming concentrations, but the necrotic changes were still a less frequent

(0.81 and 0.66%, respectively). The cells were considered dead (necrotic cells),

because they were only stained with PI (upper left quadrant); an observation that

occurs when the indicated cells show disrupted membranes more frequently

(Figure 4-15).
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Figure 4-13: AnnexinV/PI analysis page of untreated HL-60 cells performed on

at least 10000 cells using FACS Calibur instrument. Fluorescence

pulses were detected using green laser emitting at 530 nm and red

diode laser at 580 nm for PI emitted fluorescence detection. Quad:

Quadrant; UL: Upper left; UR: Upper right; LL: Lower left; LR:

Lower right.
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4.2.2.4 Regulation of Bcl-2/Bax Gene Expression

To further analyse of the possible mechanisms underlying the M propolis

sample-induced apoptosis in HL-60 cells, the expression of two apoptotic

markers, Bcl-2 and Bax genes, was examined by FACS Calibur instrument on at

least 10000 cells for each examination, and fluorescence pulses were detected

using green laser (FL1-H) emitting at 530 nm (Figures 4-16 and 4-17,

respectively).

Expressions of the pro-apoptotic protein Bax and anti-apoptotic protein

Bcl-2 were inspected at 3, 6, 10 and 24 hours after treating the cells with M

sample (25 µg ml-1). As shown in figure 4-18, the percentage of cells that were

expressing Bax protein showed a gradual increase after 3, 6 and 10 hours

incubation (16, 31 and 33%, respectively), while after 24 hours treatment, the

percentage was decreased to 10%. The corresponding percentages in positive

control were 11, 35, 31 and 59%, respectively, and in negative control, it was

3% (Figure 4-18, right lane).

With respect to the anti-apoptotic protein Bcl-2, the opposite outcome was

observed. In untreated cells, it was negatively expressed in only 2% of cell

population after three hours incubation periods. This percentage was increased

in propolis-treated cells, but the effect was time-dependent. After three hours

treatment, a slight increased percentage was observed (5%),  but as the treatment

time was progressing, the percentage of cells that showed a negative expression

of Bcl-2 were increasing, and they represented 12, 22 and 21%, respectively at

the time periods 6, 10 and 24 hours. The corresponding percentages in cells

treated with CPT (positive control) were 56, 45, 9 and 6%, respectively. The

latter findings (gradual decreased percentages that paralleled the incubation

time) contrast the manner of effect (gradual increased percentages that paralleled

the incubation time) that was recorded in cells treated with M propolis sample

extract (Figure 4-18, left lane).

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T54-4J2VYGG-3&_user=483112&_coverDate=10%2F08%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=4992&_sort=d&_docanchor=&view=c&_searchStrId=978733532&_rerunOrigin=google&_acct=C000023239&_version=1&_urlVersion=0&_userid=483112&md5=e9d8bbcb0d5d817088ad17ad44f3f61e#fig6
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T54-4J2VYGG-3&_user=483112&_coverDate=10%2F08%2F2006&_rdoc=1&_fmt=full&_orig=search&_cdi=4992&_sort=d&_docanchor=&view=c&_searchStrId=978733532&_rerunOrigin=google&_acct=C000023239&_version=1&_urlVersion=0&_userid=483112&md5=e9d8bbcb0d5d817088ad17ad44f3f61e#fig6
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Figure 4-16: Bcl-2 analysis page of untreated HL-60 cells performed on at least

10000 cells using FACS Calibur instrument. Fluorescence pulses

were detected using green laser emitting at 530 nm. FSC-H: Forward

scatter height; SSC-H: Side scatter height; FL1-H: bandpass 530 nm.

M1
M2
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Figure 4-17: Bax analysis page of untreated HL-60 cells performed on at least

10000 cells using FACS Calibur instrument. Fluorescence pulses

were detected using green laser emitting at 530 nm. FSC-H:

Forward scatter height; SSC-H: Side scatter height; FL1-H:

bandpass 530 nm.

Region statistics
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4.2.3 Expression of p53 Gene
In order to evaluate the cytotoxic effect of M propolis sample in relation to

p53 gene in HCT-116 cells, the p53 expression was examined by FACS and the

analysis was carried out after 3, 6, 10, 24, 48 and 72 hours of treatment with M

propolis sample extract (25µg ml-1), and performed on at least 10000 cells in

each analysis period. The fluorescence pulses were detected using green laser

emitting at 530 nm (FL1) and red diode laser at 665 nm (FL4) for TO-PRO-3

iodide (TP3) emitted fluorescence detection (Figure 4-19).

As shown in figure 4-20 (upper lane), the CPT (positive control; orange

line) caused a gradual increased expression of p53 during the first four treatment

periods (58.27, 75.09, 82.93 and 86.86%, respectively), and then the expression

was gradually decreased at 48 and 72 hours treatments (71.79 and 63.50%,

respectively).

 With respect to M sample treated cells (red line), a slight increased

expression of p53 was recorded after three hours treatment (4.80%), and such

increase was also detected at six hours (5.57%), but after 10 hours it was

reduced to reach no expression as compared to the p53 expression of untreated

HCT-116 cells (Figure 4-20). However, after 24 hours treatment, the p53

expression started to increase again, and 27.98% of the cells showed a positive

expression, but at 48 hours, it was decreased to reach 5.14%. After 72 hours of

treatment, the cells that showed positive expression of p53 were increased to

reach 11.31% (Figure 4-20, lower lane).
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Figure 4-19:  p53 analysis page of untreated HCT-116 cells performed on at least

10000 cells using FACS Calibur instrument. Fluorescence pulses

were detected using green laser emitting at 530 nm and red diode

laser  at  665  nm  for  TP3  emitted  fluorescence  detection.  FSC-H:

Forward scatter height; SSC-H: Side scatter height; FL1-H:

bandpass 530 nm; FL4- A and W: bandpass 665 Area and Width,

respectively.
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4.2.4 Monoparametric Cell Cycle Distribution Assay
To determine  whether  the  M sample-induced  growth  delay  was  due  to  an

arrest in any specific cell cycle phase, flow cytometric analysis was performed

at 24, 48 and 72 hours post-treatment with different concentrations of M extract

(5, 15 or 25 µg ml-1).  The  analysis  was  done  on  at  least  10000  cells  and

fluorescence pulses were detected using red diode laser at 610 nm for PI emitted

fluorescence detection (Figure 4-21).

As shown in figure 4-22 (left panel), the HL-60 cells treated with 5 µg ml-1

at 48 and 72 hours exhibited an increase in the proportion of cells at the S phase

(57 and 58%, respectively) and a decrease in G1 phase (38 and 34%,

respectively), while no changes in cell cycle phases were observed at 24 hours

(G1:44%; S: 52%; G2/M: 4%) as compared with untreated cells (G1: 44%; S:

52%; G2/M: 4%). In cells treated with 15 (58 and 60%, respectively) or 25 µg

ml-1 (62 and 51%, respectively) at 24 and 48 hours, there was an accumulation

of cells in the S phase too, while a G2/M accumulation (23%) was apparent only

after a treatment with 25 µg ml-1 at 72 hours. Furthermore, a sub-G1 peak, in

which  DNA  content  was  less  than  G1  peak  and  usually  considered  as  an

apoptotic cells, was observed after a treatment with 15 or 25 µg ml-1 at different

time intervals (Figure 4-22; left panel). The cells exhibited reduced forward

scatter, which was indicative of a decreased relative size, and enhanced side

scatter, which was indicative of an increased internal complexity.

On the other hand, the HCT-116 cells treated with 5 µg ml-1 exhibited an

accumulation of cells in G1 phase at 24, 48 or 72 hours (31, 49 and 54%,

respectively) as compared with untreated cells (22, 44, and 44%, respectively).

In  cells  treated  with  15  or  25  µg  ml-1,  an  accumulation  of  cells  in  the  G1 was

observed at 24 and 72 hours, while the main accumulation of G2/M phase was at

48 hours. Additionally, the sub-G1 peak was not observed in HCT-116 cells

during the investigated time intervals (Figure 4-22; right panel).
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Figure 4-21: Monoparametric DNA cell cycle analysis page of untreated HL-60

cells performed on at least 10000 cells using FACS Calibur

instrument. Fluorescence pulses were detected using red diode laser

at 610 nm for PI emitted fluorescence detection. FSC-H: Forward

scatter height; SSC-H: Side scatter height; FL3-A and W: bandpass

610 nm Area and Width, respectively.
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4.2.5 Biparametric BrdUrd/DNA Cell Cycle Assay
Biparametric BrdUrd/DNA cell cycle analysis was examined on at least

20000 cells using FACS Calibur instrument, and fluorescence pulses were

detected using green laser emitting at 530 nm (FL1) and red diode laser at 665

nm (FL4) for TP3 emitted fluorescence detection (Figure 4-23). By applying this

protocol, it was possible to obtain a distinct evaluation of the cell cycle

perturbations in cells that were in S phase (BrdUrd-positive cells) or in G1 or

G2/M phase (BrdUrd-negative cells).

The BrdUrd/DNA cell cycle assay for HL-60 (Figures 4-24 and 4-25) and

HCT-116 (Figures 4-26 and 4-27) were performed at 0, 2, 4, 6, 8, 10, 24, 36 and

48 hours after a treatment with 25 µg ml-1 of M propolis extract. In figures 4-24

and 4-26, panels A show the biparametric BrdUrd/DNA cytograms of control

and M-treated cells. The cells (HL-60 and HCT-116) in S phase (BrdUrd-

positive cells) at the start of treatment progressed through this phase of the cell

cycle more slowly than untreated cells. In HL-60 cell line, a fraction of new G1

BrdUrd positive cells was detected in the control cells at 4 hours, while in M-

treated cells; this cell population was detectable only after 10 hours post-

treatment.  Although  this  block  was  found  in  both  cell  lines,  but  it  was  more

evident in HL-60 cells than HCT-116 cells. In both cell lines, the cells that were

in G1 phase (BrdUrd negative cells) at the start of treatment remained blocked

in this phase for less than 24 hours, and started to show S phase cell population

only after 24 hours.

Panels B in figures 4-24 and 4-26 show the cell growth histogram, which

demonstrates the growth inhibition of exponential growing cells evaluated at

different time intervals. Also, both cell lines showed a reduction in number of

cells and the effect was time-dependent, but the highest reduction was recorded

at eight hours treatment.

Figures 4-25 and 4-27 show the DNA frequency histograms of whole

population; BrdUrd-negative and BrdUrd-positive of untreated cells and treated
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cells. The same picture was drawn with both cell lines and recorded that M

extract caused a block of the cells in the G1 phase of the cell cycle, with

different kinetic for BrdUrd-positive and negative cells.

Figure 4-23: Biparametric BrdUrd/DNA cell cycle analysis page of untreated
HCT-116 cells performed on at least 20000 cells using FACS Calibur
instrument. Fluorescence pulses were detected using green laser emitting at
530 nm and red diode laser at 665 nm for TP3 emitted fluorescence detection.
FSC-H: Forward scatter height; SSC-H: Side scatter height; FL1-H: bandpass
530 nm; FL4-A and W: bandpass 665 nm Area and Width, respectively.
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Figure 4-24: Effects of M propolis sample on cell cycle distribution of HL-60 cells

evaluated at 0, 2, 4, 6, 8, 10, 24, 36 and 48 h. (A) Biparametric

BrdUrd/DNA analysis of untreated (CTRL) and treated cells. (B)

Cell growth histogram shows the growth inhibition of exponential

growing cells evaluated at different time intervals. M: Propolis

sample from Mosul. BrdUrd: 5-bromo-2-deoxyuridine.

DNA content

M

0 4 6 8 10 24 36 482

G1

S

G2/M

Br
dU

rd
(-

)
Br

dU
rd

 (+
)

CTRL

(A)

(B)

N
um

be
r 

of
 H

L-
60

 c
el

l l
in

e

Time of treatment (Hours)

0

200000

400000

600000

800000

1000000

1200000

1400000

0 2 4 6 8 10 24 36 48

CTRL M



Chapter Four: Results
___________________________________________________________________________

117

Figure 4-25:  DNA frequency histograms of whole population; BrdUrd-negative

and BrdUrd-positive of HL-60 untreated (CTRL) cells and cells

treated with 25 µg ml-1 of M sample at different time intervals. M:

Propolis sample from Mosul. BrdUrd: 5-bromo-2-deoxyuridine.
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Figure 4-26: Effects of M propolis sample on cell cycle distribution in HCT-116

cells evaluated at 0, 2, 4, 6, 8, 10, 24, 36 and 48 hours. (A)

Biparametric BrdUrd/DNA analysis of untreated (CTRL) and treated

cells. (B) Cell growth histogram shows the growth inhibition of

exponential growing cells evaluated at different time intervals. M:

Propolis sample from Mosul. BrdUrd: 5-bromo-2-deoxyuridine.
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Figure 4-27:  DNA frequency histograms of whole population; BrdUrd-negative

and BrdUrd-positive of HCT-116 untreated (CTRL) cells and cells

treated with 25 µg ml-1 of M sample at different time intervals. M:

Propolis sample from Mosul. BrdUrd: 5-bromo-2-deoxyuridine.
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4.2.6 γ-H2AX Histone
In a further assay, it was tested whether 25 µg ml-1 of M sample can induce

H2AX phosphorylation in HL-60 and HCT-116 cells at 3, 6, 10, 24, 36 and 48

hours post-treatment. As shown in figure 4-28, the analysis was performed on at

least 10000 cells using FACS Calibur instrument and fluorescence pulses were

detected using green laser emitting at 530 nm (FL1) and red diode laser at 665

nm (FL4) for TP3 emitted fluorescence detection.

 The expression of γ-H2AX was measured concurrently with cellular DNA

content by flow cytometry (Figures 4-29 and 4-30), and data are presented as log

γ-H2AX expression histogram with positive (green line), negative (red line)

(lane  A)  and  dot  plot  of  bivariate  γ-H2AX versus DNA content distributions

(lane B). As shown in figure 4-29, the degree of γ-H2AX staining in treated HL-

60 cells was clearly increased in a time-dependent manner, showing a fraction of

cells with an increased γ-H2AX immunofluorescence (11.0, 10.0, 11.5, 13.5,

12.4 or 16.5%, respectively) for the six investigated periods. Such increase was

not observed in HCT-116 cells (Figure 4-30).
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Continued
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Figure 4-28: γ-H2AX histone analysis page of untreated HL-60 cells performed on

at least 1000 cells using FACS Calibur instrument. Fluorescence

pulses were detected using green laser emitting at 530 nm and red

diode laser at 665 nm for TP3 emitted fluorescence detection. FSC-H:

Forward scatter height; SSC-H: Side scatter height; FL1-H: bandpass

530 nm; FL4- A and W: bandpass 665 nm Area and Width,

respectively.
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4.3 In Vivo Investigations
4.3.1 Assessment of Anti-tumour Potential

To evaluate the anti-tumour potential of M propolis extract, 60 Fox

N1nu/nu nude mice were xenografted with HCT-116 tumour cells. When the

tumours reached 94 mm3 on day 7, the animals were divided into six groups as

mentioned in chapter three. In orally (p.o.) treated animals, the tumour size was

measured on days 8, 12, 14, 16, 19, 22, 26, 28, 30, 33 and 35, while the

corresponding days in intrapertoneally (i.p.) treated animals were 8, 12, 14, 16,

19, 22, 24, 26 and 28. However, the data were presented for four periods only as

shown in tables 4-7 and 4-8. Mouse-bearing tumours for p.o. or i.p. groups are

given respectively in figures 4-31 and 4-32.

In p.o. groups, the vehicle mice (controls) showed a tumour size of 94.4

mm3 on day zero of treatment (i.e. day 8 post-tumour cell implantation), and

then the size of tumour increased gradually during the investigated period and

reached 985.9, 1205.9 and 1262.8 mm3 on days 22, 25 and 27, respectively (i.e.

days 30, 33 and 35 post-tumour cell implantation). Such differences were

significant (P ≤ 0.05), with the exception of days 25 and 27, in which no

significant difference between them was observed. Treating tumour-bearing

mice with 500 mg kg-1 of M propolis extract was associated with a decreased

size of the xenografted tumours, and the corresponding sizes were 834.1, 916.0

and 921.9 mm3, respectively, but a significant difference was reached on day 27

(921.9 vs. 1262.8 mm3)  (Table 4-7). The corresponding tumour inhibition rates

were 15.39, 24.03 and 26.99%, respectively (Figure 4-33). Applying the dose

1000 mg kg-1 was involved in a further reduction of tumour size, and the

corresponding figures were 683.4, 733.6 and 847.8 mm3, respectively (Table 4-

7). Such reductions were significant as compared to the corresponding sizes in

vehicle mice, and demonstrated tumour inhibition rates of 30.68, 39.16 and

32.86%, respectively (Figure 4-33). Based on these findings, the calculated
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tumour index on day 27 (day 35 post-tumour cell implantation) was much lower

in animals treated with the two doses of propolis (500 and 1000 mg kg-1) as

compared with vehicle animals (2.38 and 2.33%, respectively vs. 4.00%) (Figure

4-34).

Intrapertoneally-treated animals were evaluated on days 16, 18 and 20 post

treatment (i.e. days 24, 26 and 28 post-tumour cell implantation), and this earlier

evaluation was reasoned by the fact that some animals started to die (one mouse

on day 16 for each dose and a further one on day 18 for the dose 1000 mg kg-1).

The tumour in these animals also showed a reduced size, which was dependent

on time, as well as, dose. In dose 500 mg kg-1, the tumour size was 433.1, 573.2

and 633.7 mm3 on days 16, 18 and 20, respectively, while in dose 1000 mg kg-1,

it was 511.8, 581.4 and 567.6 mm3, respectively. The corresponding sizes in

vehicle mice were 501.3, 689.1 and 822.9 mm3, respectively. However, the

tumour inhibition rate was less than that observed in p.o. treated mice, and it

was 13.61, 16.81 and 22.98%, respectively at the dose 500 mg kg-1, while it was

-2.0, 15.62 and 31.02%, respectively at the dose 1000 mg kg-1 (Table 4-8 and

Figure 4-35).

To evaluate the deleterious effects of tumour implantation and/or M

propolis extract treatments on mice throughout the investigated period, the body

weight was considered as a parameter for this regard. The p.o treated animals

(vehicle or the two doses of propolis) did not show a significant weight variation

(Table 4-7). However, i.p. mice contradicted such observation, and instead,

animals treated with either doses of propolis started to have a weight loss, which

paralleled the progression of investigated period. In this regard, the dose 1000

mg kg-1 was most effective, and the highest loss was observed on day 20 (day 28

post-tumour cell implantation)as compared to mice of vehicle group or the dose

500 mg kg-1 (Table 4-8).
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Figure 4-31: Tumour mass of orally treated-nude mice xenografted with HCT-116

cells. Vehicle: Untreated mice; 500 and 1000 mg kg-1: Mice treated

with two doses of M propolis extract.

VEHICLE

500 mg kg-1

1000 mg kg-1
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Figure 4-32: Tumour mass of intraperitoneally treated -nude mice xenografted with

HCT-116 cells. Vehicle: Untreated mice; 500 and 1000 mg kg-1:

Mice treated with two doses of M propolis extract.

VEHICLE

500 mg kg-1

1000 mg kg-1
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Table 4-7: Tumour volume in tumour-bearing nude mice treated orally with M
propolis extract.

*Days post-M sample treatment. + Day 8 post-tumour cells implantation.
**Different letters: Significant difference (P ≤ 0.05) between means of the same

column.

Figure 4-33: Tumour inhibition rate in tumour-bearing nude mice treated orally

with M propolis extract.

Groups Dose No. of
Mice Day* Tumour Size**

Mean ± S.E. (mm3)
Mouse Weight**

Mean±S.E. (gram)

V
eh

ic
le

0.
0

10 0+ 94. 4 ± 9.0E 21.4 ± 0.5A

10 22 985.9 ± 100.9B 21.5 ± 0.6 A

10 25 1205.9 ± 156.3 AB 21.2 ± 0.7 A

10 27 1262.8 ± 160.1A 21.5 ± 0.7 A

M
 P

ro
po

lis
 E

xt
ra

ct
 T

re
at

ed
 M

ic
e

50
0 

m
g 

kg
-1

10 0+ 94.0 ± 10.0 E 21.6 ± 0.2 A

10 22 834.1 ± 108.2CD 23.2 ± 0.7 A

10 25 916.0 ± 119.5BCD 22.3 ± 0.7 A

10 27 921.9 ± 127.8BC 22.7 ± 0.8 A

10
00

 m
g 

kg
-1

10 0+ 94.1 ± 7.9E 21.7 ± 0.6 A

10 22 683.4 ± 113.3D 22.7 ± 0.6 A

10 25 733.6 ± 126.6D 22.8 ± 0.5 A

10 27 847.8 ± 137.7CD 22.3 ± 0.7 A
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Figure 4-34: Tumour index in vehicle (untreated) and M propolis extract orally-
treated tumour-bearing nude mice.

Table 4-8: Tumour volume in tumour-bearing nude mice treated intra-
peritoneally with M propolis extract.

Groups Dose No. of
Mice Day* Tumour Size**

Mean ± S.E. (mm3)
Mouse Weight**

Mean±S.E. (gram)

V
eh

ic
le

0.
0

10 0+ 94.0 ± 8.1E 22.0 ± 0.6AB

9 16 501.3 ± 52.5B 21.5 ± 0.6BC

9 18 689.1 ± 77.1 AB 21.0 ± 0.6BC

9 20 822.9 ± 101.4 A 21.1 ± 0.7BC

M
 P

ro
po

lis
 E

xt
ra

ct
 T

re
at

ed
 M

ic
e

50
0 

m
g 

kg
-1

10 0+ 94.1 ± 8.1 E 23.8 ± 0.5A

9 16 433.1 ± 63.7D 21.2 ± 0.6BC

9 18 573.2 ± 60.0BC 20.4 ± 0.4C

9 20 633.7 ± 97.9AB 20.5 ± 0.5C

10
00

 m
g 

kg
-1

10 0+ 94.2 ± 9.5 E 22.4 ± 0.5AB

9 16 511.8 ± 33.6 BC 20.8 ± 0.5C

8 18 581.4 ± 55.5B 19.3 ± 0.5DC

8 20 567.6 ± 59.8B 18.8 ± 0.6D

*Days post-M sample treatment. + Day 8 post-tumour cells implantation.
**Different letters: Significant difference (P ≤ 0.05) between means of the same

column
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Figure 4-35: Tumour inhibition rate in tumour-bearing nude mice treated intra-

peritoneally with M propolis extract.

4.3.2 Histological Evaluations of Tumours
Only tumours excised from p.o. groups (vehicle, 500 mg kg-1 and 1000 mg

kg-1) were subjected to histopathological and immunohistochemical

examinations, while tumours from i.p. animals were frozen in liquid nitrogen for

a pharmacokinetic assessment that has not been carried out.

4.3.2.1 Histopathological Examination

Tumour sections stained with haematoxylin and eosin were evaluated in

terms of mitosis, necrosis, ulceration, degeneration, inflammation,

undifferentiation, stroma and granulation tissue. Scoring of these features was

based on examinations of four (Vehicle, 500 mg kg-1 dose and 1000 mg kg-1

dose) sections, each with three high power fields (H.P.F.: 400X), therefore, the

given score was the mean of four H.P.F. (Table 4-9 and Figures 4-36, 4-37 and

4-38). These evaluations were based on a report given by the histopathologist

Professor Eugenio Scanziani (Department of Veterinary pathology, Faculty of
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Veterinary Medicine, University of Milan, Milan, Italy), and the findings are

presented in the following:

· Mitosis: In vehicle mice, the mean of mitosis was 11.50 ± 1.84 mitotic

cells/H.P.F., while it was 5.75 ± 0.75 and 4.50 ± 0.50 mitotic cells/H.P.F in

tumour sections treated with 500 mg kg-1 or 1000 mg kg-1 dose, respectively.

The latter two values were significantly not different, but they were

significantly (P ≤ 0.05) lower than the value that was reported in vehicle

sections (Figure 4-36).

· Necrosis: A prominent central area of necrosis was present in each case even

if in some of them the necrosis was not only central, however, the vehicle

and 500 mg kg-1 sections shared approximated percentages of necrosis (65.0

and 60.0%, respectively), but it was significantly less frequent (26.3%) in

tumour sections of mice treated with the dose 1000 mg kg-1 (Figure 4-37 A).

· Ulceration: No ulceration was observed in tumour sections of vehicle mice,

but it was present in 100.0% of mice treated with the dose 500 mg kg-1

sections, and at the higher dose (1000 mg kg-1), it was dropped to 50.0%

(Figure 4-37 B). In the latter cases, it was possible to identify an ulceration

area with a large amount of inflammatory cells (granulocytes) (Figure 4-37

C). In some of them there was an associated area of granulation tissue

composed of fibroblast and newly formed blood vessels.

· Degeneration: The degeneration was scored by the histopathologist as (-),

(+), (++) or (+++), which corresponded to absent, slight, moderate or severe

necrosis, respectively. In vehicle mice, two sections were reported to be -,

while the other two sections were (+). For mice treated with the dose 500 mg

kg-1, one section was considered -, two sections were (+), while the fourth

section was (++). In animals treated with dose 1000 mg kg-1, three sections

were scored as (+++), while the fourth one was (+). It was also possible to

notice signs of degeneration of neoplastic cells (cytoplasmic enlargement,
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cytoplasmic vacuolization, light eosinophilic cytoplasm and well-demarcated

membrane) in sections with the scores (+) or (++).

· Inflammation: In almost all cases, a peri-tumoural inflammation

characterized by presence of inflammatory cells was present, but the type of

cells that were involved and the severity of inflammation were different. In

vehicle mice, three sections were reported to be (+), in which the

inflammatory cells were lymphocytes, monocytes and granulocytes, while

one section was (++), and the inflammatory cells were lymphocytes,

monocytes, granulocytes and plasma cells. For mice treated with the dose

500 mg kg-1, three sections were scored as (+++), in which the inflammatory

cells were lymphocytes, monocytes and granulocytes, while one section was

(++) with similar inflammatory cells, which were also observed in mice

treated with the dose 1000 mg kg-1, but the score (++) was given to three

sections, and one section was considered (+++).

· Undifferentiation: The same score of degeneration was applied to

undifferentiation. In vehicle mice, three sections were reported to be (+),

while the fourth one was (-). For mice treated with the dose 500 mg kg-1, the

four sections were reported as (++), and a similar outcome was observed in

animals treated with dose 1000 mg kg-1, but the fourth section was scored as

(+++). In some positive cases, tumour cells showed signs of severe

undifferentiation characterized by a marked anisocytosis, anisokaryosis,

presence of very prominent nucleoli and multinucleated cells (Figure 4-38),

and a complete loss of lobular structure.

· Stroma: No differences could be noticed among the three investigated

groups, although, a well-demarcated dermal solid mass composed of tumour

cells supported by a small amount of fibrous stroma was present in some

cases.

· Granulation Tissue: In vehicle mice, three sections were reported to be

(+), while in the other two sections, granulation was absent. For mice treated
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with the dose 500 mg kg-1, one section was scored as (+++), and a further one

as (-), while the other two sections were (++).  In mice treated with the dose

1000 mg kg-1, two sections were reported to be (-), while the other two

sections were (++). The presence of granulation tissue could be correlated

with ulcerations that were observed in tumour sections of treated animals.

Table 4-9: Summary of histological findings in tumour sections of vehicle mice
and mice treated orally with two doses (500 or 1000 mg kg-1) of M
propolis extract.

Groups

Histological Features

MI

(H.P.F.)

NE

(%)
UL DE IN UD ST GR

Vehicle
11 75.0 - - + (L, M) + + -
12 65.0 - + + (L, M) - + -
16 60.0 - + ++ (L, P, G) + - +
7 60% - - + (L, G) + +  +

Mean ±
S.E.*

11.5 ±
1.84A

65.0 ±
3.5A

Dose

500 mg

kg-1

7 80.0 + - +++ (G, L) ++ - -
4 45.0 + + +++ (G) ++ - ++
5 75.0 + + ++ (G, M, L) ++ +  +
7 40.0 + ++ +++ (L, G) ++ + ++

Mean ±
S.E.*

5.75 ±
0.75B

60.0 ±
10.2A

Dose

1000

mg kg-1

6 30.0 - ++ +++ (L, M) ++ + -
4 20.0 - ++ ++ (L, M) ++ + -
4 30.0 + + ++ (L, G) ++ - ++
4 25.0 + ++ ++ (L, M) +++ + ++

Mean ±
S.E.*

4.50 ±
0.50B

26.3 ±
2.4B

MI: Mitosis; NE: Necrosis; UL: Ulceration; DE: Degeneration; IN:
Inflammation; UD: Undifferentiation; ST: Stroma: GR: Granulation tissue; L:
lymphocyte; M: Monocyte; G: Granulocyte; P: Plasma cell; H.P.F.: High Power
Field; -: Absent; +: Slight; ++: Moderate; +++: Severe.
*Different letters: Significant difference (P ≤ 0.05) between means of the same

column.
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Figure 4-36: Tumour sections of vehicle mice and mice treated orally with M

propolis extract showing mitosis (H and E; 400X).

VEHICLE

1000 mg kg-1

500 mg kg-1
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Figure 4-37: Tumour sections of vehicle mice and mice treated orally with M

propolis extract showing necrosis (A), ulceration (B) and

granulocytes (C) (H and E; 100,400,400X, respectively).

B

A

C



Chapter Four: Results
___________________________________________________________________________

137

Figure 4-38: Tumour sections of vehicle mice and mice treated orally with M

propolis extract showing multinucleated cells (H and E; 400X).

VEHICLE

500 mg kg-1

1000 mg kg-1
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4.3.2.2 Immunohistochemical Examination of p53 and Ki-67 Genes

The p53 gene showed a positive expression in 16% of vehicle tumour cells,

while it showed an increased expression in tumour sections of animal treated

orally with the dose 500 mg kg-1 (33.5%) and a further increase (40.8%) at the

dose 1000 mg kg-1 (Table 4-10 and Figure 4-39). The latter two values were

significantly higher than the value of vehicle.

With respect to Ki-67 expression, the reverse picture was observed, in

which, the gene was expressed in 85% of tumour section cells, while it was

expressed in 47.0 and 46.8% of tumour sections obtained from mice treated with

the dose 500 mg kg-1 or the dose 1000 mg kg-1, respectively (Table 4-10 and

Figure 4-40).

Table 4-10: Mean percentage of cells expressing p53 or Ki-67 genes in tumour

sections of vehicle mice and mice treated orally with M propolis

extract.

Gene

Percentage of Gene Expression (Mean ± S.E.)*

Vehicle

M Propolis Extract

500 mg kg-1 1000 mg kg-1

p53 16.00 ±1.95B 33.50 ± 4.05A 40.80 ± 2.59A

Ki-67 85.00 ±1.70A 47.00 ± 5.83B 46.80 ± 3.73B

  *Different letters: Significant difference (P ≤ 0.05) between means of the same row.
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Figure 4-39: Immunohistochemical staining of p53 expression in tumour sections

of vehicle mice and mice treated orally with two doses (500 or 1000

mg kg-1) of M propolis sample extract (400X).

VEHICLE

500 mg kg-1

1000 mg kg-1
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Figure 4-40: Immunohistochemical staining of Ki-67 expression in tumour sections

of vehicle mice and mice treated orally with two doses (500 or 1000

mg kg-1) of M propolis sample extract (400X).

VEHICLE

500 mg kg-1

1000 mg kg-1
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Chapter Five
Discussion

5.1 Chemical Analysis
An accurate assessment of the contents of bioactive compounds in extract

samples requires the validation of certain analytical parameters such as

precision, recovery, linearity and limit of detection (Volpi and Bergonzini,

2006). To fulfill these obligations, the five samples of propolis extract (PE) were

subjected to high-performance liquid chromatography (HPLC) coupled to mass

spectrum (MS). For many years, however, the detailed analysis of main volatile

and semi-volatile components of propolis was carried out by MS in conjunction

with gas chromatography (GC-MS), but due to the fact that propolis contains

many components that are not volatile enough for a direct GC-MS analysis even

upon derivatization or high-temperature GC-MS, the HPLC-MS was employed

(Gomez-Caravaca et al., 2006).

High-performance liquid chromatography represents the most popular and

reliable analytical technique for the characterization of polyphenolic compounds

as judged by the number of published papers in this subject (Gomez-Caravaca et

al., 2006). HPLC coupled to MS has the advantage in improving the analysis of

non-volatile compounds and allows establishing a more definitive chemical

structure of the identified compounds (Sawaya et al., 2004). Furthermore,

electrospray ionisation (ESI) permits the direct ionization and transference of

molecules, especially if two mass spectrometers (MS1 and MS2 spectra) are

used, because such manipulation can extend the applicability of MS for a variety

of new classes of molecules that have thermal instability, high polarity and high

mass (Medana et al., 2008). Accordingly, coupling HPLC column to a hybrid

MS instrument in the present study permitted a chemical analysis of propolis

samples with high sensitivity and specificity as demonstrated by the obtained

results.
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 The  hybrid  MS  instrument,  which  is  composed  of  a  fast  low  resolution

Linear Ion Trap Quadrupole (LTQ) followed by a high resolution Orbitrap

analyzer, allowed the simultaneous acquisition of both MS and MS/MS spectra.

Following such lead, all the chromatographic peaks of different substances were

clearly separated by combining retention times and high resolution extracted ion

chromatograms of pseudo-molecular ions. Moreover each peak was

characterized by a measured exact mass of its pseudo-molecular ion (with an

error  equal  or  less  than  5  ppm)  and  by  its  unique  acquired  MS/MS  spectrum

(Bagnati, R.; personal communication). Such analysis was further presented in

term of [M-H]− ion peak to quantify the identified flavonoids in propolis

extracts. Under this negative mode and at an energy level of 100% and a drying

temperature at 350oC, the flavonoids were identified as the major [M-H]− ion

peaks, thereby allowing these ions to be selected for use in the quantitative

analysis (Volpi and Bergonzini, 2006). Accordingly, this method can be

considered very sensitive and accurate in achieving linearity over a wide range

of concentrations and the findings of the present study concentration range (0.1 -

2000 μg ml-1) can justify such conclusion.

Quantitative estimations (concentrations) of the identified compound were

made by comparing the peak areas of extracted chromatograms of pseudo-

molecular ions for the five injected propolis samples with the injected available

reference standards (chrysin, tectochrysin, apigenin, acacetin, quercetin,

galangin, kaempferide, pinocembrin, pinostrobin, sakuranetin, caffeic acid and

caffeic acid phenethyl ester). Whereas, compounds for which a reference

standard was not available were quantified by comparing with the peak area of

the most similar standard (based on chemical structure similarities). Then, the

identification of unknown peaks was accomplished by combining the

information obtained from two sources. In the first, the measured exact mass (or

the most probable chemical formula that can be calculated from it) was

compared with reference compounds available online in different chemical
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database websites (www.chemspider.com, www.chemfinder.com and

pubchem.ncbi.nlm.nih.gov). The second source was based on a comparison of

acquired MS/MS spectra (obtained in the present study) with reference libraries

or literature that have reported the corresponding spectra. In some cases, when

matching compounds could not be found, the structure of the corresponding

component  was  proposed  on  the  basis  of  its  retention  time,  exact  mass  and

MS/MS fragmentation.

The five assessed samples of propolis were of different geographical

origins. Although, propolis colour may be cream, yellow, green, red, light or

dark  brown,  the  present  samples  had  different  presentations,  in  which  some

samples showed a light or dark brown colour (B1, B2 and S samples), while

other samples were dark green (D and M samples), furthermore, the appearance

showed similar variations, in which B1, B2 and D samples shared the

presentation of gummy and waxy, while M sample was powder and S sample

was waxy. Such differences were probably arisen as a result of natural seasonal

changes, local flora, phenology of the plants and vegetation at the site of

collection, however, phenological differences in plant chemistry may be

considered an important factor that contributes for the divergences of propolis

presentation (Bankova, 2005). Additionally, the main source of propolis is

although bud exudates from poplar (Populus spp.), exudates are also collected

from other trees available at the areas of collection, which may show different

plant flora and this can effect colour and/or appearance of propolis (Salatino et

al., 2005).

The variation in colour and appearance of the present propolis samples was

also applied to the chemical constituents of the samples investigated, in which

different chemical compounds (mainly polyphenols) were identified with

different concentrations. In this context, the forthcoming argument of colour and

appearance can be also held true, and propolis samples from different regions of

the world have shown variations in their chemical constituents, and their
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concentrations were also regionally different (Chen et al., 2008). In agreement

with such presentation, there was a new finding regarding the present propolis

samples, in which the compounds labeled as clerodane terpenoid were identified

for the first time in a temperate zone (D, M and S propolis samples), because

such compounds are normally present in propolis samples from South America

and more precisely Brazil (Matsuno, 1995; Mitamura et al., 1996; Matsuno et

al., 1997c; Salatino et al., 2005). In this regards, constituents of propolis from

tropical zones (South America) appear to be different from those of temperate

zones because of the difference in vegetation. There are no poplar buds in

tropical areas, and the resins exuded by Clusia minor, Clusia major (Guttiferae),

Araucaria heterophylla (Compositae) and different Baccharis spp. (Compositae)

were reported to be the dominant sources of components found in tropical

propolis from Venezuela and Brazil (Tomas-Barberan et al., 1993; Bankova et

al., 1996; Banskota et al., 1998; Bankova et al., 2000). These plants are rich in

polyprenylated benzophenones and various diterpenes، which are reported from

tropical propolis. A clerodane and several labdane-type diterpenoids, which are

virtually absent in propolis from temperate zones, were reported to be present in

propolis from tropical regions, and vegetation sharing may account for the

existence of such compounds in non-tropical regions (Bankova, 2005). However

Silici and Kutluca (2005) presented a further point of view, in which the

honeybee race may determine the propolis source as these races may use neither

the same nor the single propolis source.

5.2 Free Radical Scavenging Activity
When the anti-oxidant activity of Iraqi propolis samples and their

polyphenolic compounds were tested by the DPPH assay, all propolis samples

marked  differences  in  radical  scavenging  activity,  but  B2,  D  and  M  samples

were the best in this regard. They shared the activity reported for Egyptian

propolis samples with a slight variation (Hegazi and Abd El Hady, 2002), but
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the three samples were more potent than those of Bulgaria, Hungary, New

Zealand or China (Kumazawa et al., 2004), suggesting that propolis region of

collection is important in defining its free radical scavenging activity. Such

potent activity seemed to be correlated with the total polyphenolic compounds,

because the strong anti-oxidant activity occurs in propolis samples that are rich

in phenolic compounds, and flavonoids are reported to be the most abundant and

most effective anti-oxidant compounds found in propolis (Kumazawa et al.,

2004). Nieva Moreno et al. (2000) and Isla et al. (2001) have also previously

investigated the anti-oxidant activity of Argentinean propolis, and reported a

significant correlation between flavonoid contents and antioxidant activity.

Furthermore, cinnamic acid derivatives including CAPE and artepillin C

(flavonoid compounds), in addition to some diterpenoids from propolis were

also reported to have interesting antioxidant activity (Banskota et al., 2001).

The anti-oxidant activity of propolis and its ability to sequester reactive

oxygen species have been investigated by Simoes et al. (2004), who studied the

biological effects of different extracts and fractions of green propolis. A

correlation was observed between the anti-oxidant activity and chemical

composition of its different fractions, with special emphasis on the presence of

flavonoids and p-coumaric acid derivatives. The study concluded that the

components of propolis act by different mechanisms sequestering reactive

oxygen species. Additionally, several studies have confirmed that the

pharmacological properties of propolis are attributed mainly to the presence of

favonoids as a result of their action against free radicals (Vennat et  al., 1995;

Mirzoeva and Calder, 1996; Vynograd et al., 2000), and these polyphenols

interfere not only with the propagation but also with the formation of free

radicals both by chelating transition metals and by inhibiting enzymes involved

in the initiation reaction (Russo et al., 2002).

The naturally occurring polyphenols are expected to help reduce the risk of

various life-threatening diseases, including cancer and cardiovascular diseases,
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due to their antioxidant activities. Thus propolis with antioxidant activity may

protect humans from deleterious oxidative processes. Banskota et al. (2002) also

reported that the anti-oxidative activity of propolis is due to its phenolic

constituents, which also possess anti-tumour and anti-hepatotoxic activities.

However, polyphenols include many compounds; for instance, caffeic acid

(CA), chrysin (CH) and caffeic acid phenethyl ester (CAPE), and each

compound may have different scavenging activity. Accordingly, these three

compounds were assessed and CA or its ester (CAPE) showed a more potent

antioxidant activity than CH. Overall, these results were in agreement with the

findings of Banskota et al. (2002) who reported that both caffeates (CA and

CAPE) have potent anti-oxidant activities and a weak DPPH radical scavenging

activity of CH.

5.3 Cytotoxicity of Propolis and its Polyphenols
The in vitro cytotoxicity  assessments  of  propolis  samples  or  their  three

polyphenolic compounds (CA, CH and CAPE) in two human cancer lines (HL-

60 and HCT-116) and one normal cell line revealed that the effects were dose-

and time-dependent, and furthermore, the propolis sample or its polyphenolic

compounds and target cell line were also interfered with these effects. In general

B2, D and M propolis extracts shared the most effective cytotoxicity, while B1

and S samples were less effective in this regard. Such findings can be interpreted

in the ground of their polyphenolic contents, because the highest concentrations

of  polyphenolics  were  observed  in  B2,  D  and  M  samples.  Therefore,  the

cytotoxicity of propolis samples seemed to be positively correlated with both

polyphenolic compounds, and the results of antioxidant activity evaluation

support such correlation. In agreement with such theme, it has been reported that

flavonoids, phenolics and aromatics are the most important pharmacological

active constituents of propolis, and it is well known that these products are

powerful anti-oxidants. For this reason, propolis is considered as being a natural
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source of anti-oxidants, and the anti-oxidant activity of propolis compounds may

play an important role in their anti-proliferative activities (Padmavathi et al.,

2006).This view has been confirmed using propolis samples of Brazilian and

Chinese origins, in which it has been demonstrated that propolis was effective in

inducing growth inhibition and apoptosis in human melanoma (A2058), human

breast cancer (MCF-7), human neuroblastoma (IMR-32), HL-60, human

laryngeal epidermoid carcinoma (HEp-2), human fibrosarcoma (HT-1080),

human colon carcinomas ( HCT-116, HT29 and SW480), rat glioma (C6) and

murine colon carcinoma (26-L5) cell lines (Chen et al., 2004; Bufalo et al.,

2007; Ishihara et al., 2009). Thus, the anti-proliferative effects of Iraqi propolis

samples could be related to an overall effect of the phenolic compounds present

in the extracts, which were detected by HPLC-ESI/MS analysis.

The cytotoxic effects of phenolic compounds may depend on lipophilicity

of the compound in question, which is very important for the penetration into the

target cells. For instance, the maximum solubility of apigenin in culture medium

is less than that of kaempferol and quercetin (Plochmann et  al., 2007). On the

other hand, lipids and proteins present in biological membranes facilitate the

solubility of polyphenols, and differences in cell membrane structures and

metabolic activation of chemicals can also affect the activity of polyphenols

(Szliszka et  al., 2009). However, the growth inhibition (GI) by propolis or its

compounds can result in apoptosis or necrosis, and such outcome may be

subjected to the cell line under investigation. In HL-60 cells, propolis extracts

induced apoptosis while HCT-116 cells manifested the GI as necrosis. Whereas,

the investigated propolis extract were significantly less effective against normal

cells (HuFb cell line). Therefore, it is possible to suggest that the chemical

constituents of propolis, especially phenolic acids and flavonoids, may have a

selective cytotoxic effect against cells, and such effect is determined by the type

of cells under investigation. Furthermore, and as propolis was less cytotoxic to

normal cells, it is also possible to consider propolis a potential anti-tumour agent
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that has no side effects. However, the latter evaluation can be bestly defined on

the ground of in vivo studies, which are discussed later in this chapter. In

agreement with such augmentation, related reports have indicated that some

specific chemicals present in propolis such as CA, CH, CAPE and naringenin

can inhibit growth of cancer cells without harming or affecting normal cells

(Chen et al., 2003; Orsolic et al., 2009).

The selectivity of propolis compounds against cells may also determined

by the types of tumour cell line, and in this regard Banskota et al. (2002)

reported that benzyl, phenethyl and cinnamyl caffeates of a Netherlands propolis

components showed potent anti-proliferative activities toward HT-1080 and

B16-BL6 melanoma cell lines and most selectively toward 26-L5 carcinoma.

Additionally, the study demonstrated that neither CA nor its corresponding

alcohols (benzyl, phenyl and cinnamyl) showed any anti-proliferative activity

against the tested cell lines, except for cinnamyl alcohol, which had a moderate

anti-proliferative activity toward 26-L5 carcinoma and B16-BL6 melanoma.

With respect to CA, the present study shares Banskota's findings and the CA

showed no anti-proliferative activity toward HL-60 and HCT-116 cell lines, but

the caffeates as a whole seem to be necessary for the anti-proliferative effects.

5.4 Propolis in vitro Apoptotic and Necrotic Potentials
Inhibition of apoptosis is an important mechanism for tumour formation

and progression, and therefore, several chemotherapeutic compounds have been

reported to induce apoptosis and this may be the primary mechanism for their

anti-tumour activity (Tait, 2008). Accordingly, the present study based its aim

on the hypothesis that propolis and/or its polyphenolic compounds might have

anti-tumour activity, and the pathway of effect is through the induction of

apoptosis. To test this hypothesis, the cell death was evaluated in vitro in tumour

cell lines after a treatment with PEs or their phenolic compounds through four

types of assays, which were morphological aspects, gel electrophoresis, Annexin
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V/PI Flow cytometry and regulation of Bcl-2/Bax gene expression. The results

revealed that the tested substances showed a potent inhibitory cytotoxic effect

against the proliferation of HL-60 and HCT-116 cells through either apoptosis

or necrosis, respectively.

Treated HL-60 cells showed a clear apoptotic manifestations characterized

by morphological changes (chromatin condensation and DNA fragmentation),

DNA laddering, plasma membrane alternations, and down-regulation of Bcl-2

and up-regulation of Bax gene expressions.  In contrast, treated HCT-116 cells

showed no apoptotic features, and instead the size of cells was dramatically

increased by swelling of cytoplasm and losing of membrane integrity, and cell

rupture and release of cellular contents were clearly detected by fluorescence

microscopy. Condensation of chromatin and inter-nucleosomal DNA

fragmentation, together with cell shrinkage and shedding of apoptotic bodies

(‘blebbing’), are widely recognized as hallmarks of apoptosis (Nagata et al.,

2003).

In the early stages of apoptosis, changes occur in the cells and a structural

alteration of plasma membrane is one of the earliest features, which resulted as a

consequence of phosphatidylserine (PS) translocation from the inner side of the

plasma membrane to the outer layer, and by which PS becomes exposed at the

external surface of the cell (Tait et al., 2006). This molecular event can be

detected with annexin V; a calcium-dependent phospholipid binding protein that

has a high affinity for negatively charged phospholipids such as

phosphatidylserine (Gerke and Moss, 2002). Therefore, this protein can be used

as a sensitive probe for PS exposure upon the cell membrane. During apoptosis

the cells react to annexin V as soon as chromatin condenses but before the

plasma membrane loses its ability to exclude PI. Hence by staining cells with a

combination of fluorescenated annexin V and PI it is possible to detect non-

apoptotic live cells, early apoptotic cells and late apoptotic or necrotic cells

(Telford et al., 2004). The latter features were encountered in the present study,
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but they were dependent on the sample investigated and its concentration,

incubation period and the target cell line. With respect to the first dependent

factor, propolis samples D and M were the most effective in inducing apoptosis

in HL-60 cells. The possible explanation of such better effects is their richness

in polyphenols, which were significantly higher in these two samples.

Polyphenols have been shown to induce apoptosis in some cancer cell lines and

although the molecular mechanisms by which flavonoids induce apoptosis have

not yet been clarified, several mechanisms may be involved, including inhibition

of DNA topoisomerase I/II activity (Bailly, 2000), regulation of heat shock

proteins expression (Rong et al., 2000), decrease of reactive oxygen species

(Khan, 2002), modulation of signaling pathways (Kim et al., 2005), release of

cytochrome C with a subsequent activation of caspase-9 and caspase-3 (Michels

et al., 2005), downregulation of Bcl-2 and Bcl-X(L) expression but promotion of

Bax and Bak expression (Lee  et al., 2005a), nuclear transcription factor kappaB

(NF-kappaB) (Kanno et  al., 2006), activation of endonuclease (Kook et  al.,

2007), and suppression of myeloid cell leukaemia-1 (Mcl-1) protein (Siegelin et

al., 2008). More recently, preliminary evidence suggested that apoptosis induced

by flavonoids in HL-60 cells may be associated with activation of caspase-3 and

mediated through Fas and cytochrome C pathways, as well as, regulated through

the inactivation of NF-kappaB (Naoghare et al., 2010).

The apoptotic effects of D and M propolis extracts were better at the higher

doses, and therefore the dose can be considered as a further factor in the

induction of apoptosis. In this regard, it has been demonstrated that the anti-

tumour activity of some polyphenol compounds is highly dependent on dose,

and accordingly it has been suggested that the higher doses of polyphenols can

interfere with cell processes such as enzyme and glutathione levels, and this may

induce cells death or apoptosis (Ramos, 2008).

Based on the forthcoming presentation, the M propolis sample, which

possessed the highest potency in inhibiting growth of HL-60 and HCT-116

http://www.mitochondrial.net/showcitationlist.php?surname=Kanno&initials=SI
http://mct.aacrjournals.org/search?author1=Markus+D.+Siegelin&sortspec=date&submit=Submit
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cancer cell lines, was selected for the evaluation of cell death markers. Markers

that evaluate the effects of cell death are numerous, and in HL-60, the

expression of two particular apoptotic markers, BAX and Bcl-2 was inspected.

Up-regulation of the pro-apoptotic protein Bax was observed, while a down-

regulation of the anti-apoptotic protein Bcl-2 was detected as a result of M

sample treatment, especially at the 10 hours incubation period. In general, Bcl-

2/Bax regulation has been regarded as a key factor in apoptosis induction

(Wang, 2001), but such regulation effect has been demonstrated to be of

different types. For instances, low level of Bcl-2 and Bax expression as it was

demonstrated in human head and neck squamous cell carcinoma cell line (SCC-

25) treated with H2O2 (Kowaltowski et al., 2001), decreased expression of Bcl-2

and unaltered BAX expression as was the case in leukaemic cell line U937

treated with propolis (Motomura et al., 2008) and down-regulation of Bcl-2 and

up-regulation of Bax, which was observed in HL-60 cells treated with the

present M propolis sample. The latter finding is consistent with observations

made on other cell lines treated with different polyphenolic compounds of

propolis (Chen et al., 2001; Chang et al., 2005; Orsolic et al., 2005; Onori et al.,

2009). These collective observations may qualify the M sample as a potent

apoptosis-inducing agent, and its action is through Bcl-2/Bax regulation, but it

has to be confirmed on in vivo based studies.

5.5 Cell Cycle Perturbations
In HL-60 cells, M sample induced an accumulation of cells in the S phase

at the highest concentration suggesting a block in the transition from S to G2-

phase. These results are consistent with other studies that demonstrated the

ability of some propolis constituents to induce growth inhibition coupled with

cell cycle arrest; for instance, Bestwick et al. (2007) reported that treating HL-

60 cells with a propolis flavonoid compound (kaempferol) inhibited their

proliferation in vitro. After 5 hours treatment, the proportion of cells in S-phase
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increased, and it was paralleled by a decrease in cells attending the G1-phase,

while an initial accumulation of cells in S-phase and then G2/M was induced

especially when the incubation period was progressed from 48 to 96 hours.

Likewise, HL-60 cells treated with myricetin (propolis flavonoid compound)

exhibited alterations in the number of cells in G0/G1 and S-phase, and an

induction of apoptosis was markedly observed (Rusakc et al., 2005). In the

pesent study, it was interesting to note that a reduction of HL-60 cells in G1

phase was notice but it was accompanied by the appearance of a sub-G1 peak;

an observation that marks an apoptotic feature. The induction of apoptotic cell

death by M sample was supported by typical morphological and molecular

hallmarks including chromatin fragmentation and phosphatidylserine exposure.

These events were also observed in U937 (Aso et al., 2004), human melanoma

(Chen et al., 2007) and HeLa (Szliszka et al., 2009) cells, which also exhibited a

DNA apoptotic laddering. The M sample-treated HL-60 cells exhibited reduced

forward scatter, which was indicative of a decreased relative size, and enhanced

side scatter, which was indicative of an increased internal complexity. Both

exhibitions were targeted by a flow cytometer that has photometric tubes for the

detection of laser-generated photons scattered from cells (Darzynkiewicz and

Bedner, 2000; Ormerod, 2008). During apoptosis, cells shrink and decrease their

forward scatter, but chromatin condensation and other intracellular changes may

actually result in an increased side scatter early on in the apoptotic cascade. In

late apoptosis, however, both forward and side scatter decrease as cells continue

to shrink and as chromatin and organelles are sloughed off as apoptotic bodies

(Ormerod, 2002; Allen and Davies, 2007).

The present study also recorded mixed accumulations in the G1 or G2/M-

phase of HCT-116 cells treated with M sample, but the sub-G1 peaks were not

induced. In support of such finding, it has been shown that CAPE induce

accumulation of HCT-116 cells at the G1-phase (Wang et  al., 2005), while an

arrest at G2/M phase was observed in oral epidermoid carcinoma-Meng 1(OEC-

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Darzynkiewicz%20Z%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bedner%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
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M1) cells (Lee et al., 2005b). Therefore, it is possible to suggest that propolis

may show different effects against different cell lines. Thus, prediction of the

type of cell cycle arrest by propolis or its phenolic compounds is difficult, and

probably depends on several factors, and further studies against different cell

lines are needed. However, to overcome such obstacle and shed more light on

the cell cycle, a biparametric assessment of cell cycle was introduced using 5-

bromo-2-deoxyuridine (BrdUrd)/DNA cell cycle assay for both HL-60 and

HCT-116 cells. This methodology recorded that M sample caused a block of the

cells in the G1 phase of the cell cycle, with different kinetics for BrdUrd

positive and negative cells, but they were similar in both cell lines. For the best

knowledge of the investigator, there has been no a previous biparametric

BrdUrd/DNA cell cycle analysis on kinetics of cells treated with propolis, but a

general conclusion can be reached, in which cell cycle phases of propolis treated

cells were perturbated.

Perturbations in cell cycle progression may account for the anti-

carcinogenic effects of flavonoids, because a treatment of cultured cells with

flavonoid has been demonstrated to outcome in a wide range of cell cycle

alterations including inhibition of cyclin-dependent kinases (CDKs) and cyclins,

or up-regulation of CDK-inhibitors of the cip/kip family (Haddad, 2008).

Flavonoids have also been shown to regulate cell cycle checkpoint pathways, in

particular the DNA damage response pathway, and in this regard, apigenin (a

flavone compound) has been studied in three prostate cancer cell lines; PC3,

LNCaP and DU145, and was able to induce G1 cell cycle arrest (Gupta et al.,

2001). The molecular mechanisms behind the apigenin cell cycle arrest were

found to include down-regulation of cyclins (D1, D2 and E), and inhibition of

CDKs 2, 4 and 6. Such arrest was associated with up-regulation of p21 and p27

and a reduction in phosphorylated retinoblastoma (RB) protein (Shukla and

Gupta, 2007). Checkpoints at both G1/S and G2/M of cell cycle in cultured

cancer cell lines have also been found to be perturbed by flavonoids such as
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quercetin, luteolin, kaempferol, apigenin, and epigallocatechin 3-gallate

(Casagrande and Darbon, 2001). Flavonoids thus have a direct impact on key

cell cycle regulatory mechanisms that ordinarily exist to suppress the

proliferation of cells with tumourigenic potential. These properties of flavonoids

may explain their chemopreventive effect highlighted in epidemiologic studies

(Ren et al., 2003).

A key question with respect to flavonoids is the relationship between their

structure and activity. Are the different flavonoids likely to act by different

pathways/mechanisms, or by a common pathway? In fact, the answer is rather a

complex task, with evidence suggesting that flavonoids have both similar and

differing actions depending on structure. Flavonoids of a broadly similar

structure act through similar pathways. On the other hand, flavonoids with major

differences in functional side-groups have widely varying mechanisms of action

(Haddad, 2008). Therefore, flavonoids show significant variation in their anti-

proliferative potency, which is dependent on structural basis. It has been

suggested, that the potency of flavonoids in perturbing cell cycle and inducing

apoptosis, may be dependent on C2-C3 double bonds and number of hydroxyl

groups in the 2-phenyl ring, which are important structural requirements for

cytostatic effects of flavonoids (Rusakc et al., 2005).

5.6 Expression of p53 Gene
The p53 is widely considered to be the major sensor of a genotoxic stress

and is a critical link between DNA damage, cell cycle arrest and apoptosis

(Efeyan and Serrano, 2007). In present study, it was found that the death of

HCT-116 was not accompanied by expression of p53 in vitro, therefore, M

sample caused cytotoxic or growth inhibitory effects in these cells via a

mechanism that was independent of p53, however, contradictory results were

obtained after a treatment with camptothecin (CPT; a natural anti-tumour agent),

in which the cytotoxicity was associated with p53 expression. Both
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demonstrations have been documented to be responsible for the cytotoxicity of

several anti-tumour drugs. For instance, alkylating agents mediate their

genotoxic effect in a p53-dependant mechanism, while other synthetic anti-

tumour drugs (e.g. lonidamine, alpha-bromoacryloyl-distamycin, the novel

vitamin D3 analog EB1089 and Zoledronic acid) exert their cytotoxicity through

a p53-independent mechanisms (Del Bufalo et al.,1996; Marchini et al., 1999;

Pepper et al., 2003; Kuroda et al., 2004). However, it is augmented that the p53-

independent pathway is the most important in inducing cytotoxic effects in

tumour cells, although the type of tumour is crucial in this regard (Li et al.,

1998; Abeysinghe et al., 2001; Pepper et al., 2003). Identifying drugs that induce

a p53-independent cell death is therefore important and this may qualify

propolis as a potential source for the development of cancer chemoprevention.

Such conclusion must be interpreted with caution, because it was built-up on the

ground of in vitro assessment and in vivo testing may question such conclusion.

Accordingly, p53 can be considered as important in terms of either a target

for anti-cancer drugs or such drugs may target other gene products that modify

the action of p53. In this regard, MDM2 is an important negative regulator of

p53, and its hyperactivity may inhibit the function of p53 and lead to the

development of a wide variety of cancers. For example, 30% of human sarcomas

show no p53 mutations, but have an overexpressed MDM2 gene (Oliner et al.,

1992). It is believed that inhibiting the E3 activity of MDM2 and blocking the

interaction of p53 with MDM2 are potential effective strategies for killing

certain tumour cells selectively by restoring the function of wild type p53 (Yang

et al., 2004). Therefore, many studies have focused on the p53-MDM2

interaction as the basis of a drug development strategy. A series of small

molecule inhibitors have been developed, and some of these can bind to MDM2

and block its interaction with p53, including peptides that have been shown to

elevate the levels of p53 protein and its transcriptional activity and trigger p53-

dependent apoptosis in tumour cells (Chene et al., 2000; Midgley et al., 2000).

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Del%20Bufalo%20D%22%5BAuthor%5D
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A class of small molecules named nutlins have been identified to block

p53/MDM2 interaction in vitro and in vivo. Treatment of tumour cells with

nutlins resulted in induction of p53 and its target genes and triggering of

apoptosis. More recently, a novel series of benzodiazepinedione antagonists of

the p53/MDM2 interaction have been discovered which increase the

transcription of p53 target genes and decrease proliferation of tumour cells

expressing wild type p53 (Grasberger et al., 2005). One study suggested that

anti-sense oligodeoxynucleotides targeted against MDM2 and p21Waf1/Cip1

could be employed in a potential therapeutic strategy sensitizing tumour cells to

certain anti-neoplastic agents (Sato et  al., 2000). One of the major concerns

about blocking the p53/MDM2 interaction for use in treatment of cancer is the

idea that activation of p53 might be toxic to normal tissues. However, certain

data suggest that the mechanisms governing p53 activity in tumour cells and

normal cells are quite different, so the different effects of p53 in reactivating

different molecules in tumour cells and normal cells might provide a molecular

basis for a therapy without the need for tumour targeting (Selivanova, 2004).

Propolis may hold such promise and its action on tumour cells of the present

study may justify such optimism.

5.7 Phosphorylation of H2AX Histone
The present study was designed with the aim to evaluate effects of M

propolis sample on H2AX phosphorylation (γ-H2AX), and for the best

knowledge of the investigator, this task has not been targeted in propolis

worldwide. The present results demonstrated that the level of γ-H2AX was

increased in HL-60 cells showing a fraction of cells expressing γ-H2AX at the

investigated periods, while HCT-116 cells failed to show such response. As the

growth inhibition exerted by M sample on the two types of cells was caused by

two different mechanisms (apoptosis in HL-60 and necrosis in HCT-116),
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therefore, the manifested γ-H2AX may be a consequence of apoptotic progress

that occurred in HL-60 cells due to a propolis-treatment.

The maintenance of genome stability requires efficient DNA double-

stranded break (DSB) repair mediated by phosphorylation of multiple histone

H2AX molecules near the break sites (Kinner et  al., 2008). The γ-H2AX

molecules form foci covering many megabases of chromatin. The formation of

γ-H2AX foci is critical for efficient DNA damage response (DDR) and for the

maintenance of genome stability, and although the mechanisms of protein

organization in foci is largely unknown (Nakamura et al., 2010), a role for γ-

H2AX has been demonstrated in DNA repair, cell cycle checkpoints, regulated

gene recombination events, and tumour suppression (Fernandez-Capetillo et al.,

2004). When γ-H2AX levels are reduced to 50% of the wild-type levels, the

resultant decrease in γ-H2AX formation is insufficient to maintain genomic

stability, and leads to increased levels of chromosomal aberrations, reduced

growth rates and radiation sensitivity (Celeste et al., 2003). In this regard, γ-

H2AX has been shown to be a sensitive indicator of DNA double strand breaks

produced by ionizing radiation and by drugs that cause double-strand breaks

such as etoposide, doxorubicin and tirapazamine (Kuo and Yang, 2008).

Internucleosomal DNA fragmentation that leads to a multiplicity of DSBs

is the hallmark of apoptosis, and during apoptotic DNA fragmentation, the

generated DSBs can trigger γ-H2AX (Tanaka et al., 2007). Therefore, γ-H2AX

can be considered a rather early event of apoptosis, occurring concurrently with

the activation of caspase-3 and appearance of nucleosomal/oligonucleosomal

DNA fragments. The latter appearance can be detected by gel electrophoresis

(‘‘DNA laddering’’) and with externalization of phosphatidylserine at the outer

leaflet of plasma membrane (Huang and Darzynkiewicz, 2006; Darzynkiewicz

et al., 2008).

The recruitment of DNA damage signaling and repair proteins to sites of

genomic damage constitutes a primary event triggered by DNA damage. Many

http://iv.iiarjournals.org/search?author1=LINDA+J.+KUO&sortspec=date&submit=Submit
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components of the DNA damage response, including ATM, BRCA1, 53BP1,

MDC1, RAD51 and the MRE11/RAD50/NBS1 complex, form ionizing

radiation-induced foci that co-localize with γ-H2AX foci as mentioned earlier in

this section. These nuclear micro-domains are thought to contain hundreds to

thousands of molecules that accumulate in the vicinity of a DSB (Fernandez-

Capetillo et  al., 2004). The localization of γ-H2AX foci is in agreement with

their putative role in DSB repair and genomic instability. Therefore, an

immunocytochemical assay recognizing the presence of γ-H2AX could

theoretically be used as a sensitive test for the detection of potential carcinogens

(Albino et al., 2004), as well as, testing the potential of natural products (e.g.

propolis) as anti-carcinogenic agents. However, the present preliminary data are

far from reaching a final conclusion, and further investigations are required to

define the precise mechanisms that can explain how chromatin structure is

modified by the phosphorylation of H2AX, and how this modification is linked

to DNA damage repair and genomic instability, or apoptosis.

5.8 Anti-tumour Assessment in vivo
The anti-tumour potentials of propolis, which were assessed in vitro, were

extended for a further in vivo evaluation in nude mice xenografted with HCT-

116 cells and treated orally (p.o.) or intraperitoneally (i.p.) with M propolis

extract. In these in vivo experiments, a dose-dependent inhibition of tumour

growth was observed with a significant tumour regression at dose 1000 mg kg-1,

but such dose was well-tolerated in p.o treatment, while it caused some side

effects in i.p. treatment. In p.o. mice the well-toleration was observed and

manifested by lack of animals death or body-weight lose, while i.p. mice

showed body weight lose, which was approximately 16% of the mean weight on

day zero of propolis-treatment, in addition to death of some animals (two out of

10 mice; 20%), and such consequences made the investigator to end the

observation period on day 20. The unusual results caused losing of mice weight
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and death in an i.p. groups were not clarified in this experiment but may be

related to use high doses of propolis since the bioavailability using i.p. injection

is different of those in oral administration. The latter side effects may be also

related to the route of administration (i.p.), because vehicle, as well as, 500 mg

kg-1 propolis treated mice also showed 10% animal death. Therefore, the

observed side effects may be not related to toxic effects of propolis only,

especially if it is not given intraperitoneally for a long time because such side

effects were observed in the last days of treatment. However, the investigators

have  demonstrated  that  propolis  is  not  toxic  to  humans  or  mammals  unless  it

exceed the recommended dose. According to Burdock (1998), it was stated that

propolis is non-toxic, and its LD50 ranges from 2 to 7.3 gram kg-1 in mice, and

for human the suggested dose was 1.4 mg kg-1 per a day. These findings were

confirmed  in  rats  treated  with  different  doses  (1,  3  and  6  mg  kg-1 per day) of

propolis extracts (aqueous or ethanolic) for varying periods of time (30, 90 and

150 days) (Mani et al., 2006). Their results demonstrated no significant

alterations in lipid profile, live function enzymes or body weight. Furthermore,

Cuesta et al. (2005) did not observe mortality or growth rate alteration after

daily intake of propolis in the diet of fish during 6 weeks period.

As mentioned earlier, the investigated propolis sample was involved in an

in vivo reduction of the xenografted tumour.  To shed light on such potential and

understand the pathway of tumour degeneration, a histological examination of

tumours on p.o groups was carried out and revealed that a treatment with M

propolis sample was associated with several histopathological changes that are

generally considered as signs of tumour degeneration. The most important

encountered changes were reduced mitosis and multinucleated cells

(endoreduplication).

The mitotic index in tumour sections of propolis-treated mice was

significantly decreased, and the effect was dose-dependent. In 500 mg kg-1 the

reduction was 50.0%, while in dose 1000 mg kg-1 it reached 61% of the control
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(vehicle) value. Therefore, such cells were arrested at the metaphase stage of

mitosis, and such arrest may be related to propolis effects on the mitotic-spindle

microtubules of dividing cells. Microtubules are extremely important in the

process of mitosis, during which the duplicated chromosomes of a cell are

separated into two identical sets before cleavage of the cell into two daughter

cells. Their importance in mitosis and cell division makes microtubules an

important target for anti-cancer drugs and their dynamics are the targets of a

chemically diverse group of anti-mitotic drugs (with various tubulin-binding

sites) that have been used with great success in the treatment of cancer (Jordan

and Wilson, 2004; Zhou and Giannakakou, 2005; Schmidt  and Bastians, 2007).

In view of the success of this class of drugs, it has been argued that microtubules

represent the best cancer target to be identified so far, and it seems likely that

drugs of this class will continue to be important chemotherapeutic agents, even

as more selective approaches are developed (Jackson et al., 2007). Microtubules

seem to be a favourite target of naturally occurring, presumably self-protective,

toxic molecules that are produced by a large number of plants and animals and

most microtubule-targeted compounds have been discovered in large-scale

screens of natural products (Schmidt and Bastians, 2007).

The end-stage of metaphase arrest is halting the cell cycle in mitosis, and

when this occurs, cells may follow either of two possible pathways: commitment

to a genetic program that results in apoptotic cell death, or a pathway involving

the skipping of anaphase, initiating a new cell cycle (endocycle), and forming

polyploid or endoreduplicated cells. Cells taking the latter pathway undergo a

further round of DNA replication, with the result that at the next mitosis they

produce metaphases made up of diplochromosomes (Cortes and Pastor, 2003;

Cortes et al., 2003). Endoreduplication in eukaryotes is a process that involves

DNA amplification without corresponding cell division. While the molecular

mechanisms responsible for endoreduplication are poorly understood, it is a

useful endpoint for assessing failure in the proper decatenation of replicated
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chromosomes before mitosis (Pastor et al., 2005). The latter outcome was

observed as histopathological changes in tumour sections of mice treated with

propolis, and accordingly, the investigated propolis extract may be rich in

compounds that are able to induce such effects. One of the most encountered

constituents in M propolis sample was polyphenols (flavonoids and phenolic

acid and its esters). In this regard it has been demonstrated that flavonoids are

very strong inducers of endoreduplication as compared with other investigated

chemicals (Cantero et al., 2006), and accordingly the authors suggested that the

most likely hypothesis for the induced endoreduplication is that the flavonoids

action on both DNA and the enzyme topoisomerase II itself results in a highly

negative effect on the enzyme performance for chromosome segregation.

The histopathological examinations was extended further but in terms of

immunohistochemical evaluation for the expression of two cell cycle regulatory

genes, which were p53 and ki-67.The first one showed a significant increased

expression in tumour sections of mice treated with M propolis sample, while the

second gene showed a significant decreased expression. Both deviated

expressions have impact on the cell cycle progression, which is always a target

for chemotherapies, although the pathway of effected mechanisms has not been

well defined and its subjected to the type of tumour cells, nature of compounds

employed in the treatment and others (Koelbl et al., 2001). With respect to p53,

one of the most dramatic responses to it is the induction of apoptosis. Apoptotic

signals can engage two main pathways (which are also interconnected). These

are the extrinsic pathway, which is induced through the activation of cell-surface

receptors, and the intrinsic pathway, which responds to stress signals (Green,

1998). Although p53 has been implicated in both pathways, it predominantly

seems to influence the intrinsic pathway. This apoptotic pathway leads to a

perturbation of mitochondrial membrane potential, and so the release of

apoptogenic factors from the mitochondrial intermembrane space into the
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cytoplasm. This triggers a cascade of events leading to caspase activation and

cell death (Danial and Korsmeyer, 2004).

A family of proteins with structurally conserved domains, known as the

Bcl-2- homology (BH) domains, have a central role in the intrinsic apoptotic

pathway as it was demonstrated in the in vitro evaluations of the present study.

Two of these BH-domain proteins, Bax and Bak, function to promote apoptosis

by regulating mitochondrial membrane potential. Anti-apoptotic BH2 proteins,

such as Bcl-2 and Bcl-xL, negatively regulate Bax and Bak, whereas a further

group of these proteins, the Bcl-2- homology domain-3 (BH3)-only proteins,

control these survival proteins (Strasser et al., 2000; Cory  and Adams, 2002).

One of the key contributions of p53 to apoptosis is the induction of the

expression of genes that encode apoptotic proteins, functioning in both extrinsic

and intrinsic pathways. Many potential apoptotic target genes of p53 have been

described, including those that encode the BH3-domain proteins Noxa and Puma

(Jeffers et al., 2003). Deletion of many of the described apoptotic targets of p53

has little effect on the sensitivity of the cell to stress-induced apoptosis, possibly

reflecting the multitude of other apoptotic signals that can be induced by p53.

The dramatic effect that loss of Puma has on the sensitivity of several different

cell types to p53-induced cell death is therefore particularly telling (Villunger et

al., 2003), indicating that Puma is a crucial mediator of apoptosis in response to

p53. Interestingly, Puma has been proposed to function to release cytoplasmic

p53 from inhibitory interactions with anti-apoptotic BH3-domain proteins;

allowing p53 to function in a transcriptionally independent manner as a BH3-

only protein (Vousden, 2005).

The other gene is ki-67, which is expressed as a protein under the name

nuclear antigen Ki-67. It is a proliferation marker expressed only in cycling

cells, and a strong correlation between S-phase fraction and Ki-67 index has

been demonstrated (Scholzen and Gerdes, 2000). Consequently, quantitative

assessment of Ki-67 staining on paraffin embedded tumour sections can provide
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an estimate of the proliferation status of treated tumours. Furthermore,

immunohistochemical measurement of proliferation by measuring Ki-67

expression has been widely used as a method for assessment of tumour

biological behaviour (Urruticoechea et  al., 2005). Ki-67 antigens are present in

proliferating cells (in G1, S, G2, and mitosis cell division phases) while

quiescent or resting cells do not express Ki-67 protein. Determination of levels

of Ki-67 expression can be of particular importance in cancers in which the

clinical course is difficult to predict by histological criteria alone (Mitic and

McKay, 2005). In the present study, Ki-67 expressing-cells were present in

control and treated xenograft sections, but their percentages were different. It

showed a decreased expression in M sample treated animals as compared to

controls. Therefore, propolis may have important potential in regulating the

expression of Ki-67 gene in tumour cells, but the available data are not sufficient

to draw a final conclusion, especially if we consider that Ki-67 protein is not just

a proliferating marker but evidences in breast cancer revealed that is associated

with worse outcomes (Cheang et al., 2009).

 In addition to the forthcoming potentials of M propolis sample, its anti-

tumour effects may follow other directions; for instance, inflammatory

responses and the observed inflammatory cells in tumour sections may justify

such suggestion. Therefore, propolis may have immunomodulatory effects. In

agreement with such presentation, administration of a water soluble derivative

(WSD) of propolis to mice prevented the cyclophosphamide effects and

enhanced the survival rate of the animals (Dimov et al., 1991). These authors

also suggested that propolis modulates the non-specific immunity via

macrophage activation, propolis stimulated cytokines production, such as IL-1β

and TNF-α, by peritoneal macrophages of mice (Moriyasu et al., 1994). Propolis

was also able to modulate both in vivo and in vitro productions of C1q by

macrophages, as well as, the complement receptor function either directly or via

cytokines (Dimov et al., 1992). In vitro assays also showed that WSD of
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propolis inhibited the classical and alternative pathways of the complement

system, and C3 was one of the targets of propolis action, and flavonoids and

phenolic compounds were pointed out as its major anti-complementary

compounds (Ivanovska et al., 1995; Georgieva et al., 1997). In this regard, it

was demonstrated that six isolated compounds of propolis, identified as

caffeoylquinic acid derivatives, enhanced the motility and spreading of

macrophages (Tatefuji et al., 1996). Macrophages play an important role in anti-

tumour response, through secretion of inhibitory cytokines for tumour growth,

and production of reactive oxygen and nitrogen intermediates (Kaneno, 2005).

Additionally, an ethanolic extract of Iraqi propolis sample has been shown to

increase the phagocytic activity of mice peritoneal phagocytes, and it was able

to modulate the immune suppression effects of mitomycin C (Ad'hiah et al.,

2007).

5.9 Concluding Remarks
At the end of this discussion, it is possible to address the following

question: Is it possible to use propolis as a biological therapy in the form of a

natural supplement in cancer treatment? It is difficult to answer such question,

but the present obtained data may augment the view for an understanding of the

biological potential of propolis. This can be firstly scoped in a ground of the

identified chemical constituents, which are compounds that were presented with

important anti-oxidant and anti-tumour potentials both in vitro and in vivo. If we

consider such scene in a more prospective thinking, it is possible to augment the

view that propolis is a promising anti-tumour agent, but the in vivo evaluation

may limit such optimism, because the inhibition rate did not reach 100%, and in

best evaluation, it was approximately 40%, which can not be ignored as well.

Other evaluations of the implemented tumours may however direct our attention

to the pathway of action for propolis to reach its 40% inhibition rate, it is the

immune modulation, and taking such evaluation with other reported evaluations



Chapter Five: Discussion
___________________________________________________________________________

165

in regard of modulating the pathway of chemotherapy (mitomycin C), it is

possible to introduce propolis as an adjuvant in chemotherapy enhancing the

anti-tumour non-specific immunity.

A further insight on the limited propolis anti-tumour activity can also be

discussed in terms of minimal systemic bioavailability in addition to its poor

aqueous solubility; a view that may revolutionize the anti-tumour potentials of

propolis. In this regard, it has been recently demonstrated that administrating

propolis as a nanofood enhanced its anti-tumour activity, and it inhibited

pancreatic cell growth in murine xenograft models. These effects were

accompanied by a potent anti-angiogenic response, and therefore should

facilitate the eventual clinical translation of this well-known but under-utilized

therapeutic agent (Kim et al., 2008). Thus, modifying propolis, chemically or

physically, may open up avenues for systemic therapy of human cancers

wherein beneficial effects of propolis have been propounded.
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Conclusions and Recommendations

I. Conclusions
 Based on the obtained results, it is possible to reach the following

conclusions:

1. The Iraqi propolis samples are rich in chemical constituents that have

important biological potentials; for instance, anti-oxidant and anti-tumour.

Among these are flavonoids and phenolic acids and their esters, which were

the most abundant compounds in the propolis samples. Clerodane

diterpenoids were also detected, and it was for the first time in propolis

samples collected from a temperate region. Furthermore, a compound with

unknown chemical identity was spotted.

2. The use of a capillary HPLC column coupled to a hybrid MS instrument

allowed the analysis of propolis samples very sensitive and accurate in

achieving linearity over a wide range of concentrations.

3. The anti-oxidant activity of Iraqi propolis samples was positively correlated

with the total of polyphenols, because the strongest anti-oxidant activity was

observed in samples that were rich in these compounds.

4. The propolis samples that had a powerful antioxidant activity were the most

cytotoxic against the investigated tumour cell lines (HL-60 and HCT-116),

while they were less cytotoxic against normal cell line (HuFb), and this may

demonstrate the selectivity of propolis compounds against cells.

5. The inhibitory effect of propolis samples against the proliferation of HL-60

and HCT-116 cells followed two different pathways of cell death, either

apoptosis or necrosis, and M propolis sample possessed the highest potency

in inhibiting growth of cancer cell lines.

6. The M propolis sample is a potent apoptosis-inducing agent against HL-60

cells, and its action was through Bcl-2/Bax regulation.
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7. The  growth  inhibitory  effect  of  M  propolis  sample  was  coupled  with  cell

cycle arrest and the data were confirmed using both monoparametric and

biparametric DNA cell cycle analysis. The biparametric BrdUrd/DNA cell

cycle analysis recorded that M sample caused a block of cells in G1 phase of

cell cycle in HL-60 and HCT-116 cell lines, with different kinetic for BrdUrd

positive and negative cells.

8. Assessing γ-H2AX by an immunocytochemical method revealed the anti-

mutagenic  potentials  of  M  propolis  sample,  and  such  assay  can  be  further

employed in the detection of potential carcinogenic effects and the apoptotic

process.

9. The M propolis sample was involved in reducing the progression of

xenografted tumour in vivo using two administration route (orally and

intrapertoneally), and the oral demonstration was the best in this regard with

out any significant adverse effects or mortality.

10.The M propolis sample was significantly in vivo effective in increasing the

expression of p53 gene and decreasing the expression of ki-67 gene  in

tumour sections, and such effects accompanied with a decreased frequency of

mitosis, an increased endoreduplication, enhanced inflammation, ulceration

and necrosis in tumour cells and tissue.

11.The obtained results from in vitro and in vivo evaluations suggested the

selectivity of propolis against cancer cell lines, and it is possible to speculate

that propolis is promising substance as a dietary supplement for reducing

cancer risk because of their anti-proliferative potential and their cytotoxic

effects against cancer cells.
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II. Recommendations
1. The active ingredients responsible for the observed effects and the specific

molecular signaling pathways involved in the cell cycle perturbations,

angiogenesis and induction of cell death is remained to be identified.

2. To get a more reproducible view about the anti-mutagenic effects of propolis,

future studies are recommended to use DNA microarray to examine the gene

expression profile in propolis-treated tumour cells, in vitro and in vivo,

especially the evaluation considers other tumour cell lines.

3. Further investigations are required to define the precise mechanisms that can

explain how chromatin structure is modified by the phosphorylation of

H2AX, and how this modification is linked to DNA damage repair and

genomic instability, or apoptosis.

4. The immune regulatory effects of propolis has to be characterised on the

basis of functional immunological properties that are based on evaluations of

the innate and adaptive immune responses employing CD markers (CD4

and/or CD8) and cytokines as tools for such evaluations.

5. To enhance the biological potentials of propolis, it is recommended to

introduce methodological modifications and evaluate such modifications in

the treatment of xenografted tumours separately or in conjunction with

chemotherapies used in cancer treatment.
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خلاصة

ر والمضاده للورم یللتطفهتقییم الفعالیھ المضاده للاكسدة والمضادبھدفالحالیة الدراسةاجریت

عراقیةمن خمس مواقع جغرافیھ2008- 7-1الى 2007- 4-20خلال الفتره من تالعكبر جمعمن لعینات 

ھا الفینولیةأو مركبات/و)S:صلاح الدینوM:الموصلوD:ودھوكB2, B1 :بغداد(متباینة

)caffeic acid; CA, chrysin; CH and caffeic acid phenethyl ester; CAPE( خارج الجسم

ینسرطانیینوخطین خلوی) human dermal fibroblast; HuFb(على خط خلوي طبیعي واحد والحي 

)human promyeloid leukemia; HL-60 وhuman colon carcinoma; HCT-116(،لا وفض

.اختبارات كیمیائیھ على عینات العكبرعن ذلك فقد اجریت 

بطریقة ) الفلافونویدات والاحماض الفینولیھ واستراتھا(تراكیز المركبات الفینولیھ قدرت 

كما تم تقدیر ،)HPLC-ESI/MS(كروموتوكرافیا السائل عالیة الكفاءة والمجھزة بطیف الكتلھ ذاتي الحقن 

38الكشف عن وعلى ھذا الاساس تم . Folin-Ciocalteuفیا باستخدام كاشف تراكیز نفس المركبات طی

اربع مركبات ضمتاما المركبات الاخرى ف.عبارة عن فینولات متعددهھامن33وكان، مركبا مختلفا

clerodane diterpenoidsلاول مرة في المناطق المعتدلة الحراره ومركب واحد غیر شخصتالتي و

بان الاحماض الفینولیة واستراتھا كانت ھي المركبات السائده لفلافونویداتلیاس الكمي القاظھر.شخصم

. في مستخلصات العكبر تلتھا مركبات الفلافون والفلافونول ثم مركبات الفلافونون وثنائي ھایدرو فلافونول

.Mو Dيولوحظت اعلى التراكیز من ھذه المركبات في عینت

diphenyl-1-picrylhydrazyl-2 ,2الجذور الحره باستخدام فحص سحالعكبر في كفعالیھ قیمت

)DPPH(يعینتكانت ولكن ،الجذوركسح ھذهلھا قابلیھ عالیھ في ھواظھرت النتائج بان مستخلصاتD و

MالمركبكانوذلكفيةفعالیالاكثرھيCAPEبالنسبھ لباقي المركبات المدروسھ ةالاكثر فعالیھو

.)CHوCA(الاخرى 

خطوطخارج الجسم الحي على ) GIR(ونتائج معدل تثبیط النمو ) GI(اشارت نتائج تثبیط النمو 

قد ادت CAPEالمركبوأM وD وB2العیناتببان المعاملةHuFb وHCT-116وHL-60خلایا ال

وكان ) املھغیر المع(مقارنة بمزارع السیطره )0.05≤أ (الى حصول تثبیط معنوي في نمو ھذه الخلایا 

HuFbقل سمیة على خلایا الاھي Mت العینةوكانالتأثیر معتمدا على كل من الجرعة ووقت المعاملة 

. HL-60اي تاثیرات سمیھ على خلایا CHمركببینما لم یظھر ال



تخلصات مسخارج الجسم الحي في خطوط الخلایا السرطانیھ بعد المعاملھ بالمبرمج الخلیةیم موت ق

الترحیل على دراسة ق والتي كانت دراسة التغیرات المظھریھ وائطربأربعاو مركباتھا الفینولیھ العكبر 

. Bcl-2/Baxجینینتنظیم التعبیر الجیني للدراسة و)Annexin V/PI(التدفق الخلويدراسةوالھلام 

نـــخطیـفي نمو  خلایا الفعالطيـسمي تثبیبتأثیرقد تسببتةــــالمدروسالمركبات إنإلىائج ـالنتأشارت

  HL-60وHCT-116نتائج صاحبتت.رمج او النخر الخلوي على التواليمن خلال الموت الخلوي المب

التاثیر بدرجة كبیره وكانBaxجینالوتنشیط في تعبیرBcl-2جینالانخفاض في تعبیرمعالموت الخلوي 

الجین تعبیرتشمل لالتقییماتتلكاتسعت. )التواليعلى، % 33و % 22(ساعات من مدة المعاملة 10عند 

 p53)HCT-116(وكذلك تكون العاملوثنائیةأحادیةمن خلال تقییمات الدنا الخلیةاضطرابات دورة و

γ-H2AX كل منخلایا فيHL-60وHCT-116 .

Mھ ـنـلھ بالعیــن المعامـات مــد ثلاث ساعـبعهرـفقد لوحظت زیادة في تعبیp53نـجیفیما یتعلق بال

ساعات 10ولكن بعد مرور ) %57,5(ولوحظت مثل ھذه الزیادة ایضا عند ست ساعات )4,80%(

ساعة بدأ التعبیر في الزیادة مرة ثانیة24بعد مرور وحال أیةعلى و. انخفض التعبیر الى المستوى الطبیعي

لیصل فیھاانخفاضحصلساعة 48كن بعد مرور ول%98,27حیث وصلت نسبة الخلایا الموجبة الى 

.%31,11ساعة وصلت الزیادة في التعبیر لتصل الى 72وبعد مرور %14,5إلى

5التركیزوالمعاملة بHL-60في خلایاالعاملدورة الخلیة الاحادیة اضطرابأظھر قیاس 

وانخفاض في طور Sخلایا في طور ساعة الى زیادة في نسبة ال72ساعة و 48عند 1- مایكروغرام ملیلیتر

G1 بالتركیزیینالخلایا المعاملة أظھرت. ساعة24بینما لم یكن ھناك تغییر في اطوار دورة الخلیة عند

بینما أیضاSلخلایا في طور لساعة الى حصول تجمع48و 24عند 1- مایكروغرام ملیلیتر25أو15

. ساعة72عند 1-مایكروغرام ملیلیتر25التركیزبلمعاملة فقط بعد اG2/Mلخلایا في طور تجمع لظھر

عند و1-مایكروغرام ملیلیتر25أو15بالتركیزبعد المعاملةG1قمة تحتالتم ملاحظة فقد ذلك وفضلآ عن

G2/MأوG1في طور HCT-116تجمعات خلایا معظم كانتمن ناحیة اخرى . فترات المعاملة المختلفة

.G1لاحظ القمة تحت تلم فذلك إلىوبالإضافةده على الوقت والجرعةمعتمالتي كانت و

خلال طور يءببطتقدمت قد HCT-116و HL-60ا ـــان خلایة العاملـات ثنائیـمـالتقییأظھرت

Sولوحظ في خلایا ،من تلك الخلایا غیر المعاملةأكثرHL-60 لمادةفي الخلایا الموجبة قلیلظھور

BrdUrdر في طو G1الخلایا في بقیتینالخلویینالخطفي كلاو،بعد عشر ساعات من فترة المعاملة

، ساعة24متوقفة في ھذا الطور لاقل من والمشاھدة عند بدایة المعاملة  ) BrdUrdلمادةسالبة (G1 طور 

.ساعة24فقط بعد Sالخلایا في طور ظھرتفي حین



فیھ ومعتمدة على الوقت للفترات واضحةزیادة حصولHL-60في خلایا γ-H2AX تعبیر ظھرا

لاحظ مثل ھذه الزیادة تفي حین لم ،)ساعة من مدة المعاملة48و24و10و8 و6و6و3(المدروسةالست 

. HCT-116في خلایا  

لكل من بیر الجینيالمرضیة للتعالأنسجةوكیمیاء المرضیة الأنسجة(المضاد للورم الفعل تقییم أمتد 

p53وKi-67(لعینة لMفي الفئران الجسم الحيداخلNude المزروعة بخلایا الخط الورميHCT-

و 500بجرعتین من المستخلص ) یوم20(أو بالحقن في غشاء الخلب ) یوم27(فمویا تجریعوبعد ال116

عتمد على فعال معنویا في اختزال كتلة الورم وكان التاثیر مكان المستخلص . 1- كیلوغرامغرام لیم1000

المرضیة لمقاطع الأنسجةاختبارات أشارت.جانبیةغشاء الخلب تأثیراتالمعاملة في رافقت ولكن ،الجرعة

الورم في الفئران المعاملة فمویا الى انخفاض في نسبة الانقسام الخلوي وزیاده في التضاعف الداخلي 

فيجب تعبیر موp53أظھر جین .ھابیةالخلایا الالتبترشحوضمورتقرح ونخر وإلىبالإضافة،للخلایا

فمویا المقاطع الورمیة للحیوانات المعاملة أظھرتبینما ،)السیطرة(من الخلایا الورمیة للناقل % 16

في أیضا)%8,40(ولوحظت ھذه الزیادة )%5,33(زیادة في التعبیر1- كیلوغرامغراملیم500الجرعةبـ

حیث اظھر الجین، Ki-67بخصوصكسة اصورة معكانت ھناكما بین.1- كیلوغرامغراملیم1000لجرعة ا

في مقاطع الورم %8,46و% 47كان تعبیرهمن خلایا المقطع الورمي للناقل بینما % 85تعبیرا في

.على التوالي، 1-كیلوغرامغراملیم1000أو 500بالجرعتینالمأخوذة من الفئران المعاملة 
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