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Abstract

A multitude of plants have been used extensively for the treatment of cancers
throughout the world. In many parts of the woddpecially in poor countries, this may

be the only form of cancer therapy. Much research has been focused on th&cscien
evaluation of traditional anttancer drugs from the tropical plaMpmordica charantia

(MC) is one of them and has been used frequently as an-aaticer agent. The green
leaves, fruits, seeds and stem$/bofcharantiacomposed of many differeptoteins and
steroids that are chemically active. These pnstareU and b momor char
possess anttancer and antilV properties similar to crude water and methanol soluble
extracts ofM. charantia This study investigated the anti cancer dffet either the

crude water and methanol soluble extract Mf charantia, U a n d b and
momorcharins based on dedependent, timeependenbn the viability of1321N1,

Gos3, USZMG, Sk Mel, Corl-23, Weri Rb1 and L6 cell lines employing different
concentrations of each extract or drug. In addition, the study measured the effect of
either temozolomide or vinblastimdone or combining eackith eitherthe crude water
soluble extract oM. charantiao r U b momorcharin measur
different cell lines. Furthermore, the present study investigated the cellular
mechanism(s) via which the different anéincer agents were able to induce cell death

measuring the activities of caspas& andcaspase 9, the release of cytochrome ¢ and

intracellular free calcium concentratiof@a ?*];.

The results have shown that the crude water soluble extrdt diarantiacan evoke
both  timecourse at (800 ug) and dedependen(200 pg- 800 pg decreases in cell
viability with maximal increaes with 800 pg over a period of 24 hrs following

incubation. Either the crude methanol solublé/ofcharantia(200 pg- 800 g, alpha



or beta momorcharin (200 uM800 uM) had little or no effect on the viability of the
different cell lines. In contraseither alpha, beta momorcharin (200 N800 pM),
temozolomidg80 uM - 320 uM)or vinblasting(10 g - 40 €g) can evoke significant (p

< 0.05) decrease in cell viability, similar to tlseude water soluble extract of.
charantia The results also showhat combining either temozolomid@40 uM) or
vinblastine (40eg) with either 800 pg of the crude water soluble extract ofM.
charantiaor (800 uM) of alpha, beta momorcharin can result in significant decreases in
cell viability for each cell line buthese effects were neither additive or synergetic
compared to the individual effect of temozolomidevaorblastine The result of this
study have also shown that either the crude waikible extract oM. charantia(800

pg) or (800 uM) of alpha, beta mmorcharin can elicit marked and significant (p <
0.050 increases in the activities of caspasgeand caspase 9 in all the cell lines.
Similarly, both the crude water soluble extract Mf charantia and alpha, beta
momorcharin can stimulate the releagecgtochromec and elevatedCa?* ]i in the
different cancer cell lines compared to untreated cell lines. Together, the results of the
study have shown that either the crude water soluble extradt ofiarantiaor alpha,

beta momorcharin can exert thaimmti-cancer effects (cell death) on cancer cell lines by
increasing the activities of caspas8 and caspase9 and by releasing cytochrorge

and elevating@a*]i in the cancer cells. These findings implicate the role of apoptosis
and cellularCa ?* homeostasis in cancer cell death. Moreover, they confirm the

beneficial use of extracts ®f. charantiato treat cancers.
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1. Introduction

A multitude of plants have been iderdd and used for the treatment of different
diseases throughout the world, especially in poor countries. Much research has been
focused on the scientific evaluation of traditional drugs from the tropitzait;p
Momordica charantig(MC) has been commonly drequently used as an amtncer

agent and anliabetic agent and it is often described as food of medicine (Heamth
Bremner,2006). MC is commonly known as either bitter melon or bitter gourd. Bitter
gourd grows in all tropical parts of the wordhd it is cultivated throughout South
America, Asia and Africa. The plant is a slender climbing annual vine withdtaiked

leaves and yellow, solitary male and female flowers borne in the lea{Bailsy et al
1985).1t is related to squash and cadboer plants. The fruit looks like a warty gourd.

The young fruit is emerald green, turning to oraggkow when ripe (see figure 1.1).

The Latin name mobimbedicaf enemainsg Ait@®@ t he |
which appear as if they have beatten. All parts of the plant, including the fruit, the

stem and seed taste very bitter.

In botanical terms, the plant is referred as

a. Family: Cucurbitaceae

b. Genus: Momordica

C. Species: charantia

d. Synonyms: Momordica chinenus, Momordica elegans, Momordic&and
Momordica operculata, Momordica sinenuns and Silyos fauriei.

e. Common Names: Bitter Melon, papailla, melaode sao caetano, bittergourd,
balsam apple, balsam pear, karela, ku kua karelakigy ku gua, paraki,

salsamino, Soru, Sorossis borossiebe pperia La at, peria.

17



Figure 1.1: Fruits oMomordica charantia

(Adapted from Herbal secrets of the Rainfore%tegition2007)
1.1 Tribal and herbal Medicine uses

In the Amazon, local people grow bitter melon in their gardens for food and
mediches (Singtet al 2004). They add the fruit for bitter or sour flavor by
parboiling it first with a dash of salt to remove some of the bitter taste (Basth
2003 Abhisheket al, 2004 Akhtar, 19832. It is used as leaf tea for the treatment of
diabets, to expel intestinal gas, to promote menstruation and as an antiviral
treatment for measles, hepatitis and feverish conditidkitér et al, 1991Heinrich

and Bremner2006). It is also used typically for sores, wounds, infections and also

18



internally am externally to treat for worms and parasites. MC is also used for the
treatment of cancer tumousi{medet al, 2004;Lee1998. In the last few decades,
several hundreds of studies that have beenechwith MC using modern tools and
they have crediteMC with antidiabetic, antviral, antittumour, antileukemic, anti
bacterial, anthelmints, antimutagenic, antimycobacterial, antioxigamtiulcer,
antrinflammatoryand hypochlolestrolemic, hypoglyceridemic, hypotensive,
immunostimulant and insecti@atipropertie§Ahmedet al, 1999: Alessandrat al,
2008:Ng et al 1987; Raman and Lali996; Basclet al 2003). MC seems to have
universal medicinal properties for the treatment of different diseases. Some of the

phytochemical constituents are showrha Table 1.1.
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Source Phytochemicals present References
Momorcharins, momordenol, momordicilin,
momordicins,momordicinin,momordin,
momordolol, charantin, charine,
cryptoxanthin, cucurbitins, cucurbitacins, Husainet al.1994;
cucurbitanes,cycloartenols,diosgenin, elaeosteg Xie et al. 1998;

Plant body | acids, erythrodiol, galacturonic Yuanet al 1999;
acids,gentisicacid,goyaglycosides, goyasaponing Parkastet al 2002;
and multiflorenol, Murakamiet al

2001.
Glycosides, saponins, alkaloids, fixed oils, Raman and Lau

Plant leaves | triterpenes, proteins and steroids 1996
Momorcharins, momordicine, charantin,
polypeptide p insulin, ascorbigee, ano acids, Lolitkar and Rao

Fruit aspartic acid serine, glutamic acid, threonine, 1966; Yuwaiet al
glutamic acid, threonine, alanine aneamino 1991
butyric acid. Other constituents include pipecoliq http://www.tropil
acid, luteolin and a number of fatty acids such | ab.com
lauric, myristic, palmitic, palmitoleic, saric,oleic,
linoleic, linolenic acid
Urease, amino acidsgaline, threonine methionine,| Orlovskaya et al

Seeds isoleucine, leucine, phenylalanine. 2007

Table 1.1: Some phytochérals and constituents of the different parts of

Momordica charantia
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1.2 Plant chemicals with their anticancer effect

Since ancient times, plant and herbal preparations have been used as traditional
medicines to treat a number of diseasdéscharantiahas been a very popular source of
traditional medicines for several aliments (Grogeal 2001). A number of preliminary
studies bothin vitro as well asn vivo with crude extract oM. charantiahave shown
anticancer activity against lymphoid leuka@m lymphoma, choriocarcinoma,
melanoma, breast cancer, skin tumour and prostatic cancer (Lieasttd980; Nget

al. 1994; Gangulyet al 2000; Suret al 2001). An aqueous extract BF. charantia was

shown to inhibit the growth of rpstatic adencamoma (Claflin et al 1978). The
chronic treatment with hot water extractMf charantiainhibited uterine adenomyosis

and mammary tumour growth in mice (Nagasaetaal 2002; Singh et al 1998)

demonstrated maximal argarcinogenic activity in the peef M. charantia

Several studies have reported that Watersoluble extract ofM. charantiacan exert
anticancerous activity through inhibition of DNA, RNA and cellular protein synthesis
(Licastroet al 1980; Zhuet al. 1990; Tsacet al. 1990; Chaget al 2008 Terenziet al
1999). The fruit juice oM. charantiahas been found to increase glucose up take by
several tissuem vitro and moreover, it can increase the storage of glycogen by the liver
(Welihindaet al. 1986). The watesoluble extrat of theM. charantiacansignificantly
reduce blood glucose concentrations in t§pdiabetic rats (Ahmedt al 1999). Thein

vivo anticancer activity of a crudevatersoluble extractM. charantiawas shown to
inhibit tumour formation in CAB/H mice whh had been given i.p injections of £1®°
CBA/ DI tumours cells. The extract also inhibited tumour formation in DBA/2 mice
which following i.p injections (Catherinet al 1983). The watesoluble crude extract is

cytotoxic to the CBA/DI cells in culterand the toxicity is dosgependent and requires
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24 hrs before it becomes apparent (Catheztred. 1983). However, the cells exposed to

the watersoluble extract for 30 min and washed and incubated for 24 hrs also shows a
decrease in cell viabilityAli et al, 1993: Takemotoet al 1982). There are also
increasing evidences that the increased consumptidh oharantiaintake can reduce

the risk of various pathological events including cancer, high blood pressure and

diabetes (GoodwiandBrodwick, 1995 StinmetzandPotter 1996).

A number of preliminaryn vitro andin vivo studies with the wategoluble extract of

M. charantiaand its various purified fractions have shown -@amcer activity against
human bladder carcinomas and breast car{éersla et al, 2000;Zhu, 1990. Recent,
subcritical water extract has become an alternative for extraction of herbal plants
(Ayala et al 2001). The subcritical water extract Bf. charantiapotentially shows
ant-tumour, anti carcinogenic arahtrinflammatoryeffects (Leeet al 2003; Horaxet

al. 2005). The dried fruit oM. charantiacanbe pulverized into a fine powder in a
grinder and stored at 4°C. This pdsv and the extracts of the powder can be employed
for chemotherapeutic studi¢ghu, 199Q Pitipanpamgaet al 2007. Previous studies
employed three methods of extraction, nanglyp critical water exaction, solvent
extraction and &hletapparatugxtractionmethodin order to obtain maximal activity

from the powderT{akemotcet al 1982;Parichatarnd Artiwan, 2008.

MC contains a number of biologically active phloatsed chemicals including
triterpenes, proteins and steroids (ZHi890), alkoloids, inorganic lipids and phenolic
compounds (Groveet al. 2004). Some proteins in bitter melon includiNAP-30,
MRK29, alphamomocharin, betasnomocharin andnomordicin (seefigure 1.2)and
they have the ability to treat tumours and HXU&n et al. 1999; Luetrakul 1998. A
steroid called charantin is found mainly in the aerial parts of MC and it has men sh

to possess antliabetic properés (cakicietal. 1994).
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Figure 1.2: Chemical structures of (A) Alph@omorcharin, (BBetamomorcharin,
(C) Charantirand(D) Momordicin.(Adapted from Heral screts of the Rainforest,

2" edition, 2007

The phenolic compounds extracted from MC using a solvent extraction procedure
were reported to exhibit anbixidant activity(Au et al, 2000; Horax et al 2005).
The ripe fruit of MC has been shown to exhdwme remarkable antancer effects,

especially leukemigAsli andAlaattin, 2007 Satishkumaret al. 2010).

There is much evidence that MC can be used effectively to treat cancer. MC and its
extracts have been shown to inhibit cancer and turfauration (Cunnick et al

1990). A phytochemical in MC has been clinically demonstrated to inhibit an
enzyme named guanylate cydasThis enzyme is thought to bmked to the
pathogenesis and replication of psoriasis, leukemia and c@thedral secrets of the

Rainforest, 2 edition, 2007 and clinical trials have found much evidence that MC

23



can improve immune cell function in people with cancer (Cuneicd 1990;Yuan

et al. 1999. Severalin vivo studies have demonstrated cytostatic and-tantour
activity of the entire plant of bitter melom\yala and Castro 200X unnicket al
1990;Zhenget al. 1999. A previous study has reported thawatersolubleextract

of MC can inhibit the growth of rat prostate carcinoma and moreover, a hot water
extract of tle entire plant of MC can inhibit the development of mammary tumours
in mice (Bailey and Day 1989Cunnicket al 1990) Similarly, numerousn vitro
studies have demonstrated the -@atcerous and argukemic activities of MC
against several commerciakell lines including human leukemia, liver cancer,
melanoma and solid sarcom@enget al 1999. A chemical analogue of a protein
isolated from MC was developed and named MB¥P It was reported that MABO

could inhibit prostate tumour growth. Sevepdlytochemicals extracted from MC
have been documented with cytotoxic activities and they include a group of
ribosomei nacti vating proteins named (U. b
cucurbitacin B) Pongnikornet al. 2003; Satishkumaret al 2010).Tables 1.2 ad

1.3 summarighe anticancer activities for the different chemical extractavis
isolated from different parts of the plant and tested on different animal species with

positive results.
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Test Model

Part- origin Activity Types and route of Dosages Notes/Organism tested Results References
Tested For Extract administration
Protected against the development
of skin tumour or and increased life
Fruit (India) Antitumuor Aqueous Ext Mice Not stated expectancy. Active Gangulyet al 2000
Activity (Oral)
Reduced carcinogeinduced lipid
peroxidation in the liver and DNA
damage in lymphocytes Gangulyet al 2000
Fruit (India) Antitumuor Agqueous Ext Mice Not stated Active
Activity (Oral)
Activated liver enzymes glutathiori
transferase, glutathione peroxidase g
Fruit (India) Antitumuor catalase which were depressed Active Gangulyet al 2000
Activity Agqueous Ext Mice Not stated after carcinogen exposure
(Oral)
Fruit( USA) Antitumuor H,O Ext Mouse 100.0pg/ml CellsCBA/D1. Active Jikaet al1983
Activity (IP)
Fruit (USA) Antitumuor H,O Ext Mouse Not stated LEUK-L1210. Drug was preincubated| Active Jilkaet al1983
Activity (1P) with tumou cell linein vitro.
LEUK-P388. Drug was pre incubated
Fruit (USA) Antitumuor H20 Ext Mouse Not stated With tumour cell linan vitro. Active Jilkaet al1983
Activity (IP)
Fruit (China) Cytotoxic Not stated Cell Culture Not stated Ca755. Active Yeunget al1984
Activity

Table1.2: Biological and anttancer activities of some extracts\ddmordica charantigAdapted from Herbal secrets of the Rainfore%tedition, 2007
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Part i Origin Activity  Tested | Types Extract | Test Model and| Dosages Notes/Organism tested Results References
For route of
administration
Fruit (India) Carcinogenesis H,O Ext External 100.0 mcg vs. DMBA-initiated, croton oil| Active Singhet al 1998
Inhibition Mouse promoted skin tumours.
Fruit Pulp | Carcinogenesis H,0O Ext External 100.0 mcg vs. DMBA-initiated, croton oil| Active
(India) Inhibition Mouse promoted skin tumours. Singhet al 1998
Fruit Peel (India)| Carcinogenesis H,O Ext External vs. DMBA-initiated, croton oil Active
Inhibition Mouse 100.0pg promoted skin tumours. Singhet al. 1998
Seed (India) Carcinogenesis H,O Ext External 100.0 mcg vs. DMBA-initiated, croton oil Active Singhet al. 1998
Inhibition Mouse promoted skin tumours.
Fruit (Japan) Tumor Promotion | MEOH Ext Cell Culture 200.0 mcg Virus-Epsteinbarrvs. 120- | Inactive Koshimizuet al1988
Inhibition hexadecanoylphorbdi3-acetate
induced eps&lin-barr virus activation.
Fruit (India) Cell Proliferation Protein Cell Culture Not stated Hep2 cells. Sea urchin ova.
Inhibition Fraction Active Ramanand Lay1996
Fruit (USA-CA) | Cytotoxic Activity H,O Ext Cell Culture CD10= 50.0| CellsCBA/D1 Active Jilkaet al1983
mcg/ml

Table1.3: Biological and anttancer activities of some extracts bfdmordica charanti(Adapted from Herbal secrets of the RainforeStedition, 2007)
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1.4 Anti-cancer activity

Cancer is a term, which is used to refer to a number of conditions where the cells
begin to grow and reproduce in an uncontrollable way. Sometimes a cancer begins
in one part of the body and then spreads to other patte body. This process is
known as metastasi&leihueset al 2002;Lewandowiczet al. 200Q. Cancer is a
common condition and moreover, it is deemea asrious health problem, both in

the UK and across the world. It is estimated that 7.6 millionppedn the world

died of cancer in 2009. In theklcancer is responsible for 1260 deaths per year

(Cancer Research UK, 2007).

Cancer occurs when the genes in a cell become abnormal and the cell divides and
grows uncontrollably (seiggure 1.3). Cell divsion is normal, but when this process
IS uncontrolled a mass of tissue called a growth or tumour is formed (Cancer

Research UK, 2007).

Malignant tumours are cancerous and also can spread widely to other parts of the
body by entering either the blood strear lymphatic system as well as harming
nearby tissues and the organs. This rapid growtbaocerous cells is known as
malignant tumour. These cells can then invade and destroy healthy tissues,
including organsln addition, it can harm a number of Vitagans at the same time

(Merol et al. 2006)
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Figure 1.3: A schematic diagram showing the development of a cancer

(Adapted form bio.miami.eduanuary 2006

Types of carcers:

There are different types of cancers in the body. They include anal, hlbaoshkest,
cervical, colon, endometrial, oesophageal, kidney, leukaemia, liver, lung,
lymphoma, ovarian, pancreatic, penile, prostate, skin, stomach cancer and several
others Almost any part of the body can be infected with can¢Rmbertsand
Rudee.198). All the cells in the body have similar structures and share a majority

of their functions. Cancers may be categorized based on the functions and locations
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of the cells fom which they originate é& fgure 1.3). The following terms are

commonly used to distinguish tumours of different origin.

1 Carcinoma- is a tumour, which is derived from epithelial cells that line the
surface of our skin and organs. The digestive traciaamdys are also lined
with epithelial cells. This is the most common cancer type and represents
about 8090% of all cancer cases report&dgnandKeasri 2008).

1 Sarcoma is a tumour, which is derived from muscle, bone, cartilage, fat
and connective tsies.

1 Leukemia- is a cancer, which is derived from white blood cells or their
precursors. The cells that form both white and red blood cells are located in
the bone marrow.

1 Lymphoma- is a cancer of bone marrow and it is derived from cells that
affect thelymphaticsystem.

1 Myeloma- is a cancer involving the white blood cells and it is responsible

for the production of antibodies (B lymphocytes ecdls).

1.6 Causes of cancer

There are many causes of cancers and they include mutation of thetlggines
control cell growth, chemicals, radiations, preservatives(idtrlo et al 2006).

Gene mutatioms found in every cell in the body and it regulates all of its activities.
Cancers are caused by damage to the DNA. The body is usually able to repair
damageal DNA, but it is unable to do so in cancer cells (Goodzral 2005). In

most cases, people damage their DNA via their lifesiybits, whichinclude
unbalanced diet, smoking, stress, exposure to ultraviolet radiation (UV) from the

sun and to substaes known as carcinogens in the environment. Some carcinogens
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include benzene, asbestos, formaldehyde, which are specific for skin cancers and in
most cases these can be prevented with care and by following health and safety
regulations. Smoking causestimajority of lung cancers, bstientists have long
known that tobacco contributes to a number of other forms of the disease (Roberts
et al 1983). Each type of cancer is caused by different factors, which are well

established, while others are uncertam unknown (Goodat al 2005).

1.7 Introduction to CNS and CNS tumours

mcvament sensation
\ hearing
NG
S
Parietal \\
L \ spaach,
..... -\‘ movement and
) sensory functions
{
Occipital |
* lobe |
% = _/\’“"“/
hearing S - Cerebellum
and vision
Brain stem

Figure 1.4:Diagram showingite lobes and functions of the brain

(Adaptedfromhttp://www.cancerbackup.org.uké@cetype/Brain/General/Thebrain#2006
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The brain is the most important part of the central nervous system (CNS). It is
divided into several lobes, the cerebellum and the brain sterfigaeel.4). The
different parts of the brain are associated withedght functions of the body. For
example, each lobe or area of brain has one or more specific functions such as
vision, smell, taste, hearing and balance (gped1.4). Brain tumours are

composed of cells that exhibit uninhibited growth in brain. Theeenearly 100

types of brain tumours. They are generally named after the type of cells they
develop from. The tumour cell arising in glial cells (supportive nerve cells in brain)
is called glioma. Glioma can develop in any part of the brain or its nenges

covering tissues. They can be benign fecancerous, meaning that they do not
spread elsewhere or invade surrounding tissue) or malignant (cancerous). The two
major types of brain tumours ardgrpary andsecondaryPrimary brain tumours

start in the bain. Secondary brain tumours start in another part of the body, and
then spread to the brain. A glioma is a primary brain tumour, accounting for 45% of

cancers that begin in brain celiSoodarzet al 2005)

Central nervous system (CNS) tumours are wemymon and they can cause death
of the patients. CNS tumours are lumps of abnormal growth of cells and can be

benignand malignant.

CNS tumours are of two types:

1. Begnin tumours
They are also called primary tumour which can grow in the brain or the spnahl
itself and they do not spread to other organs or tissues of the body. They are not

usually lifethreatening cancers and moreover, they grow very slowly.
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2. Malignant tumours
These are also called secondary tumours obtitly, which usually spread tother
parts of the body including organs and tissues. They generally tend to grow very

fast and invade nearby tissues.

Eventually, more than half of the CNS tumours are benign. They can cause
substantial morbidity, but according to some literature, maligpamary brain
tumours are life threatening and thene theleading cause of death in children and

the third leading cause of death in adolescents and adults aged 15 to 34 yrs
(Kimmel et al. 1987). Some common symptoms of CNS tumours in the patients
include headache, seizures and altered mental status. The imaging technique such
as Magnetic Resonance Imaging (MRI) scan can help to define the anatomical
extent of the tumours. Biopsy is normally performed on most occasions for the
conformation of diagnosign order to treat CNS tumours. Benign tumours are
usually curable with either surgical resection or radiation. Radiation therapy
includes stereotactic radiation. However, the majority of patients having malignant
brain tumours benefit from chemotherapyheit at the initial diagnosis or at
tumours recurrence. Metastases to the brain remain a frequent and morbid
complication of solid tumours but are frequently controlled with either surgery or
radiation therapy. Unfortunately, the mortality rate from malngrizain tumours
remains high, despite initial disease control. Therefore, there is an urgent need in
finding remedies from the natural sources without any side effects. In order to find
the remedies of tumour treatment, it is necessary to identify tide gfatumour.
Therefore, the World Health Organization (WHO) grading system was established
in order to detect and cure the tumour at different stages by various treatment

identified (Kimmelet al 1987;Nelsonand Cha2003.
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1.7.1 The new WHO Classificdon of tumours affecting the central nervous

system

In 1993, the WHO ratified a new widanging classification of neoplasms affecting
the CNS(WHO grade, 2007)The classification of brain tumours is based on the
abnormal growth of apecific cell type. The tumour classification dictates the
choice of therapy and predicts prognosis. The new WHO system is particularly
useful in this regard with only a few notable exceptions for example, either all or
almost all gemistocytic astrocytomare actually anaplastic and hence named grade
lll or even IV rather than grade Il has been designated by the WHO system. The
WHO classification also provides a corresponding grading system for each type of
tumour. In this grading system, most named tumaresof a single defined grade.
The new WHO classification provides the standard for communication between
different Centres in the United States and around the world. An outline of this

classification is provided below.

1.7.2 Neurcepithelial Tumours of the CNS

Astrocytic tumours [glial tumourscategories -V, below] may also be sub
classified as invasive or nanvasive, although this is not formally part of the
WHO system. The nemvasive tumour types are indicated below. Categories in
italics are also not recognized by the new WHO classification system, but are in

common use.

33



1. Astrocytoma (WHO grade 1)

1. Variants: protoplasmic, gemistocytic, fibrillary, mixed
2. Anaplastic (malignant) astrocytoma (WHO grade Il1)

1. Hemispheric, diencephalic,opticdin stem,cerebellar
3. Glioblastoma multiforme (WHO grade V)

1. Variants: giant cell glioblastoma, gliosarcama

1.8 Gliomas

Gliomas are the commonest primary tumours of the brain and they comprise about
2% of all newly diagnosed cancers every year inikegThe National Institute for
Health and Clinical Excellenc€ancer Service Guidanc007). Overall, the
incidence of malignant gliomas roughly equals that of leukemia. Gliomas form
about 50% of all intracranial tumours in the adult, of which half arbgnaant
gliomas.There are two main types of brain tumours: those that start in the brain
(primary) and those that spread from cancer to somewhere else in the body
(secondary)Primary brain tumours that appear to derive from cells of neuroglial
origin arereferred to as gliomaNijkkhah et al. 1992) According to the (WHO)
grading system, gliomas are assigned a malignancy gradd\bbéased on the
appearance of certain pathological featureaws et al 2003. The malignant
transformationof astrocytes, ajodendrocytes or their cells gives riseattumour

that is callech glioma(Nodaet al 2001).Gliomas account for 480 percent of the
primary brain tumoLs:

There are several kinds of gliomas and they include astrocytomas, which grow
anywhere in therfain or spinal cord. Brain stem gliomas, arise in the lowest part of

the brain. Ependymomas develop inside the brain, in the lining of the ventricles.
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Oligodendrogliomas, usually grow in the cerebrum (very rare, representing just 3%
of all primary brain tmours). An advanced astrocytoma is called glioblastoma and

it represents 23% of all primary brain tumo(lrawset al 1993).

1.8.1 Epidemiology

Brain tumors always have been one of the most devastating diseases because they
are so difficult to teat, much less cure. But now scientists are on track toward
finding what may be definitive treatments for the most virulent of these tumors
These may be broadly classified into primary brain tumours that start in the brain
and secondary brain tumours thgtread to the brain from another site. The
worldwide annual incidence rate of primary malignant brain tumours ranges from
5.8 per 100,000 for males and 4.1 per 100,000 for females in developed countries
(Jainet al. 2008). Gliomas are the most common fsraf primary brain tumours
accounting for 80% of the cases (Schwartzbainal 2006; DeAngelis2001).
Gliomas are essentiallfumours, whicharise from the glial cells present in the
brain, whichprovide support and nutrition. They also produce myehd, maintain
homeostasis in the nervous system. The incidence of glioma in the &bout 21

per 100,000 (Pobskin and Chadduck2000). h the USA, 13,000 deaths and
18000 new cases of primary malignant brain tumours occur annually of which

glioma is reponsible for approximately 77% cases (Schwartzbauah 2006).

1.8.2 Classification and Grades

Depending on their cell of origin, gliomas are classified into three main types
including astrocytoma, oligodendroglioma, and ependymoma. The WHQmsyste
further grades these, on the basis of histological degrees of malignancy with Grade
| being the least malignant to Grade IV being the most malignant (letusd

2007. The degree of malignancy is based on either the presence or absence of
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increased céllarity, nuclear atypia, mitosis, endothelial proliferation and necrosis.
Grade | and Grade Il tumours are considered to be low grade gliomas while Grade
Il and Grade IV are higlgrade gliomas.Low-grade tumours are usually
circumscribed and grow slowlyer a period of time while higbrade tumours are
comparatively aggressive having poor prognosis (Chandbah 2008). Some of

the lowgrade gliomas undergo malignant transformation to-gigtide neoplasms

with time and age. Higlgrade gliomas are theast common type of brain tumours

in the adult age group and represent a major cause of morbidity and mortality in
neurologic practice (Benjamiat al. 2003). Glioblastoma multiform (GBM) and
anaplastic strocytoma (AA) are the most malignant and aggreskige-grade
glioma (WHO Grade IV and lll, respectively), having a combined incidence of 5
8/100,000 population (Avgeroplms and Bathlor, 1999). In 2007, the WHO
classification of tumours of the nervous system raelised added three new
tumours (Bble 13): angiocentric glioma (AG), ilmyxoid astrocytoma (PMA),

and ptuicytoma (Louiset al. 2007; Bratet al 2007).
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WHO DESIGNATION

GRADE

Astrocytic Tumours

Pilocytic Astrocytoma

Pilomyxoid Astrocytoma

Diffuse Astrocytoma

AnaplasticAstrocytoma

Glioblastoma Multiforme

Oligodendroglial Tumours

Oligodendroglioma

Anaplastic oligodendroglioma

Ependymal Tumours

Subependymoma

Ependymoma

Anaplastic ependymoma

Mixed and other common types o

glioma

Angiocertric glioma

Oligoastrocytoma

Anaplastic oligoastrocytoma

Table 1.3: WHO classification of Gliomas

(Adapted from NICE cancer service guidance 2007)
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1.8.3 Mutations leading to infiltrative astrocytic tumours

Molecular studies have identified sowithe genetic changes that underlie the
pathologic differences among astrocytic tumours. Progression in tumour grade is
associated with an ordered accumulation of mutationditgee 1.5). Approximately,
33% of low grade infiltrating astrocytomas (8hne/Mayo Grade 2) have mutations
detected in the p53 gene on chromosome 17p. Anapéesstacytomas (@ade 3)
whether found in prexistent low grade astrocytomas or deteckedovehave a

similar incidence of p53 mutations but, in addition, showsa luf heterozygosity on
chromosome 19q in more than 40% of catesiis et al. 2007) Progression from
astrocytoma to anaplastic astrocytoma also involves mutations in other tumour
suppressor genes including the retinoblastoma gene on chromosome X&pu(see
1.5). Finally, glioblastomas have the same incidence of these genetic aberrations and in
addition 70 percent have lost heterozygosity for chromosome 10 and one third have
amplification of the epidermal growth factor receptor gémeny of thesecorrdations
havebeen defined largely through work at the MGidlecular

NeuroacologylLaboratory Bratet al 2007)
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Figurel.5: Diagram showing the progression (arrows) of astrocytoma to glioblastoma

multiform (Adapted fronstke.seencemag.org).
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1.9 Astrocytoma

Astrocytes are stashaped neuroglial cells that provide structural supports for the
neurones and maintain electrolytes and neurotransmitter homeostasis in the brain. The
majority of gliomas in both adults and children aréragtomas originating from
astrocytes (Yarbroet al 2005). Tumours are graded to describe their degree of
malignancy where each grade is associated with a clinically distinct progRagian

et al. 2004). By histological appearance, astrocytes carhbeacterized into two main

types: namely fibrillary and protoplasmic (Millet al 2004). The distinction between

the two is based on the shape of their cell processes and on the presence of intra

cytoplamic fibrils.

Astrocytes are present in the whitatter of the brain (Kettenmara al. 1995). All

these types of astrocytes are found in differenttgpbs of astrocytomdahe major
histological subtypesf low-grade astrocytomas include pilolytic, fibrillary,
gemistocytic and protoplasmic astrocytorhaw-grade astrocytomas ameore frequent

in children than adults (Vinkeand Bruyn 2002. The astrocytoma accounts for the
majority of malignant gliomas in adults and graded into four groups according to the

WHO gradeclassification2007 (Seetable 1.4).
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GRADING OF ASTROCYTOMAS

WHO grades Designation Histological Criteria

I Pilocytic astrocytomg  Rosenthal fibres + piloid cells

I Diffuse astrocytoma Nuclear atypia

i Anaplastic Cellular anaplasia, mitoses
astrocytoma

IV Glioblastoma Anaplasiamitoses, vascular

endothelial proliferation and

necrosis

Table 1.4: WHO grading of gliomas.

In the cerebral hemispheres, astrocytomas forrr3@% of all gliomas. In the
cerebellum, they make up 30% of the gliomas in children. In @dgtade | is
uncomnon and comprise a distinct entity called pilocytic astrocytoma which occurs
most commonly in the cerebellum in children. Grade Il astrocytomas account for
approximately 1615% of all astrocytic brain tumours with an incidence rate of 1.4 new
cases / millim people a year (Bignest al 1998). Grade Il astrocytomas affect any
region of CNS but predominately occur in the cerebrum followed by the brain stem and
spinal cord (Reiseet al 2007). Grade Il astrocytomas anell differentiatedslowly
growing as asocytic glioma (Louiset al 2007). Grade Il astrocytomas exhibit hyper
cellularity and cellular plemorpheins. Microscopically, these tumours exhibit low and

moderate cellularity. Microcystic degeneration and occasional nuclear is a typical
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feature of thee tumours. Mitotic activity is generalBbsen or extremely rare (Black

and Loeffler, 2004).

1.9.1 Grade Il

Anaplastic astrocytoma represents 10% of all ogeebral tumours and about-26%

of all gliomas (Yarbroet al. 2005). Grade Il gliomas geradly appear between the
fourth and fifth decades of life, which are more common in males than in females
(Moore et al 1998. Grade Ill astrocytomas show strong mitotic activity along with
hypekrcellularity and anaplasia. Grade Il astrocytomas may benetkfias an in
filtrating lesion with either focal or dispersed anaplasia or marked proliferative
potential. When the tumour shows either vascular endothelial proliferation and or the
presence of necrosis, it is graded as Grade IV glioblast{fdaasyeret al. 1991 Reiser

et al 2007; Louis et al 200). Treatment is based on the location of the tumour and
how far it has progressed. The treatment of Grade IIl requires a multidisciplinary
approach, whichincludes maximal surgical debulking of the tumour fokwivby

radiation therapy, with chemotherapy during or post radiotherapy (Gébatt2007).

1.9.2 Grade IV (Glioblastomas: GMBs)

Grade IV astrocytomas are generally referred to as malignant astrocytomas.
Glioblastomas are the most frequent brain tumagcounting 8075% of astrocutiary
tumours (Ricci 1999; Louiset al 2007). Grade IV GMBs are highly anaplastic
infiltrating tumours, whichnvade and destroy surrounding brain tissngzs at i aget 0 s
of 50-70 years (Morantz and Walsh, 1993). They commamise within the cerebral
hemispheres, basal ganglia and thalamus (Bradtegl 2004). Molecular biology
studies suggest two types of glioblastomas, primary (de novo) and secondary (evolving

from a preexisting low grade glioma) (Louit al 2007).
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Primary tumours exhibit frequent occurrence of epithelial growth factor receptor
(EGFR) gene amplification, whereas the secondary tumours show more frequent P53
gene mutation (BarneR006; Louise 200§. Prominent micro vascular proliferation,
endothelial hyperplasia, tumoural haemorrhage and tissue necrosis are essential

diagnostic features of GBMs (Barne&2006; Louise2008.

1.10 Diagnosis of gliomas

Early clinical diagnosis of glioma can be challenging. After a clinical suspicion the
diagnosisismadby i maging with CT scansd o)y Mag!
MRI is more sensitive than CT scan and enables the visualization that might not be
detected by CT scan (Kay2005. Recently, the role of Diffusion Tersor Imaging (DTI)

to study the peritumaal region of glioma has been proven to be useful for diagnosis

(Lu et al 2004). MR Spectroscopy (MRS), diffusion and perfusion MR (DPMR),
functional MRI (fMRI), MagnetieSource Imaging (MSI) and Diffusion Tersos Imaging

(DTI) have all been extremely hélpp in the assessments of the nature and extent of

gliomas and their relation with eloquent brain areas étah 2006).

Magnetic Resonance Spectroscopy (MRS) can reveal chemical and physiological
changes which may occur in brain tum®@and it can alschelp to determine the
presence and ratio of tissue metabolites (Berngtead 2007). MRS is used to grade
gliomas before treatment. These include the study of peritumoural regions helping to
guide biopsies, to identify radiotherapy targets, to distslgubetween tumour
recurrence and radiation necrosis and monitor patients post treatment (Bueowabki
2006; Faret al 2006). The evaluation of the tissue samples obtained from biopsies also
plays a vital role in definitive diagnosis. Detection of tumoesidue in either post

operative or post radiotherapy MRI /CT scan can be difficult anGR&PET (18f
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flucrodeoxyglucose positron emission tomography) has proven to be useful in this
situation. The accuracy of F8DG PET is reported to be as high ag8Fompared to

60.9% forCT /MRI scan (Faret al 2006).

Positronemission tomography (PET) andh§le proton emission tomography (SPE

are additional metabolic imaging modalities, which aid in glioma diagnosis. These
techniques involve intravenous admtragion of radioactive tracers, which are detected

by scanners followed by tomographic image reconstruction (Mitlel 2004). Recent
application of PET involves mapping of tumour receptors for either various
radiolabelled chemotherapeutic agents omfionoclonal antibodies (Millegt al 2004).
Dynamic imaging techniques, such as capillary permeability mapping, are being used in
studies of new drugs that target specific molecular features of glidmapgonet al

1993.

1.10.1 Use of fluorescent dyet® detect, locate and help with treatment of brain
tumours

The use of fluorescent optical metlsolr brain tumour diagnostics was evaluated
according to the difference of florescence spectra. Injectionanfidnolevulinic acid

(ALA) induces fluorescenceavhen applied tan vivo detection of spectral signatures of
endogenous porphyries in malagt tissues. Tsief2010 used synthetic molecide
called activatable cell penetrating peptides (ACCPs) and microscopic nanopatrticles to
develop probes carting floescent and magnetic ta{fesien 2010). These tags make
tumour s visi bl e t o MR I scanning and al
nanoparticle probeenablel to visialize areas of tumours, which abperied beneath
other tissues. Only a single injection thie nanoparticlebased probe containing the
fluorescent and magnetic tag examines the tumour before and after degerngues

There are many advantages to molecularly guided cancer sueghrjiques Probes

43



can be used in stagingancer, particularlyin prostate cancer, and can be used in
variety of tumour types. In addition, probes can be used in laparoscopic and robotic

surgery, where surgeons cannot feel the tumour (T2@t0).

1.11 Treatment of gliomas.

The treatment of malignant gliomas ind&s surgery, chemotherapy and radiotherapy
(Lonardi et al. 2005). Depending on the site of the lesion and the condition of the
patient, surgery can include gross total excision of the tumour using image guidance or
may be restricted to biopsy. The treattnieamains challenging whilgtdvances in each

of these disciplines have improved both the quality of life and survival of the patients
(Liu et al 2008). The main goal of the surgery is to resect the tumour completely.
However, the in filtering nature ofigmas and their ildefinedmargins make this goal

very difficult (Wen and Kesari2008. Surgery is definitely the first modality in glioma
management. Maximal resection is performed whenever possible and it has positive

outcome in patients with both legrade and malignant gliomas (Lambetral. 2004).

A metaanalysis has concluded that for the population as a whole, the extent of resection
is not predictive of outcome, but radical resection may be usefakmall subset of
young patients with favordd functional status anddtology, as a mean afcreasing
survival and quality of life Quigley and Maroon1991). A study fom the Eastern ce
operative oncology and radiation therapy group showed a positive correlation between
survival and extent of restion. A retrospective review on three consecutive trials
revealed a longer median survival for maximal resection of 11.3 months as compared to
biopsy alone of 6.6 months (Chamt) al. 1983). Many recent advances in surgical
technigues have helped to ae the aim but have not shown to make any significant

differences in survival timeKelesand Berger2004. The main advances include pre
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operative functional imaging, fusion of functional and anatomical imaging for
preoperative neuraavigation intra oerative functional mapping and the use of intra

operative MRI (Rarpling et al. 2004).

Technical advances in neumoaging like MRI, MR spectroscopy and surgical
technology like image guided surgery, intra operative ultrasound and, CT have
improved and mamized tumour resection, while decreased procedunelated

morbidity (Ramplinget al. 2004).

Magnetic Source Imaging (MSI) is useful in the surgical decision making for lesions
adjacent to functionally important brain are@afislandet al 2004). The ntegration of
Functional Magnetic Resonance Imaging (fMRI) data into nearagation is a useful
concept to assess the risk of a new motor deficit after suriyensky et al. 2004). The
adjuvant strategies includadiotherapy andhemotherapy, whichreemployed before

tumour progressiorKelesandBerger 2004).

1.11.1 Radiotherapy

Radiation therapy is one tiie mostvital systems to treat gliomas. Standard radiation
treatment of glioma includes whole brain irradiation of 60GY with conventional
externd beam radiotherapy following surgery in fractionated dodesperrier et al

2002). High radiation doses using standard fractionation may pose a greater risk of
radiation injury to normal brain without any survival benefiscci. 1999. Only 10%

of patients with glioblastomas and 44% of those with Grade Il gliomas will survive for

more than 2 years following their diagnodisi(geret al1989.

Radiocimmunotherapy is a beneficial treatment technique as it aims at selectively
destroying tumour cells bysing radielabelled monoclonal antibodies which target

specific antiges expressed only by tumour cells (Westpbakl 2003) while sparing
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normal tissues. Diffusion tensor (DT) magnetic resonance imaging to track fibers is

being used to help image guideesnour resection with decreased morbidity

1.11.2Chemotherapy

Approximately, 45% of brain tumour patients treated with nitrosourea drugs respond
clinically (Kornblith and Szypkp 1978. Despite treatment with surgery and
radiotherapy, their inevitablecurrence makes higgrade gliomas the most devastating
neoplasms, causing death. A number of randomized clinical trials have been tried to
as®ss the role of chemotherapy the improvement of survival for glioma patients
(Lonardiet al 2005). Various camotherapeutic agents have been administrated before
(necadjuvant), concomitantly or post radiotherapy (Stevedral 2001). The most
influential randomized study was undertaken by the National Cancer Institute of
Canada, which led to the establishmeftconcurrent temozolomide and radiation
therapy (Stuppet al 2005). The two major classes of chemotherapeutic drugs that are
being used currently in the treatment of gliomas include the alkylating agents and

microtubule modulations.

1.12 Alkylating agents

Alkylating agents were the firstompoundddentified to treat cancer (Espinosa al

2003). These compounds react directly with electron rich atoms in biological molecules
to form covalent bonds. The chemotherapeutic and cytotoxic effects are dietatdydr

to the alkylation of DNA Goeffrey et al 2003. Temozolomide (TMZ) is an orally
administrated alkylating agent and has excellent penetration power into the blood brain
barrier. TMZ is the current standard treatment for anaplastic astrocytomasisTa\&o

being tested in combination with spectrum of other drugs extensively irgriade

gliomas (Bergeret al 2007). Nitrosoureas are other commonly used drugs in the

46



salvage treatment of gliomas asyttege highly lipid soluble anteadily cross the bbd
brain barrier (Walkeet al 1978). The main nitrosureas employed in glioma treatment

are nimustine, carmustine and lomustine (Espiebsd 2003).

1.12.1 Alkylating antineoplasticagents

An alkylating antineoplastic agens analkylating agentised in cancer treatment and it
attaches aalkyl group (GH2,+1) toDNA. The alkyl group is attached to
theguaninebase of DNA, at the number 7 nitrogen atom of ithielazolering.
Alkylating agents were the first compoundo be identified for the treatmé of
neoplasm (Espinosaet al 2003). Sincecancercells, in general, proliferate faster and
with less error correctinghan healthy cells, thegre more sensitive to DNA damage
(Bergeret al 2007) The alkylating agent drugs lead to an alteration inADStructure

by interfering in the transcription and replication procégkylating agents are used to
treat several cancers. However, at the same time, they are also toxic to normal cells
(cytotoxic) in the body. This can lead to damage, in particulaceiis that divide
frequently, as those in the gasntestinal tract, bone marroand ovaries, which can
cause loss of fertility and other complicatioi$e primary goal of these drugs, as
stated above, is to either kill or inhibit proliferation of abnakroells (Bergeret al

2007) This is best accomplished by administering the highest dose possible (one that
does not endanger the life of the patier§)nce these agents may present with severe
toxicity, there are several agents whose dose may besdinby their toxicity. Since

many of these agents act by different mechanisms, combination therapy is common.
Additionally, since these drugs act by inhibiting cell division, the most common side
effects are those that occur in areas of the body whereepdéication occurs.These

side effects may represent the dose limiting toxicity or some other toxic effect may limit

the dose of a particular asmteoplastic.
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Anti-neoplastics, while sharing many of the same mechanisms of action, may exhibit
varying degees of efficacy in different neoplasias (Bernsteiral 2007). This may
represent differences in the growth cycle of the specific neoplasia or they can result
from different uptake mechanisms that may limit the amount of drug that reaches the
nucleus © the neoplastic cell. Anti-neoplastic drugs enter the cell by different
mechanisms including active transport (often at sites for amino acids or other cell
constituents such as choline) and passive diffus@manges in the uptake of the drug
representone form of resistance that may develop to-artiplastic therapyOther

forms of resistance include increases in glutathione production, which may serve as the
site of drug action, reducing its effect on DNA, increased efficiency in DNA repair,

increasednetabolism of the drug and failure to express the p53 gene.

1.12.2 Temozolomide (TMZ)

Temozolomide (Temodal) is an alkylating agent derived from dacarbazine and first
synthesised in 1984 (Stevesisal 1993; Friedberg2001). Temozolomide (trade name:
Temadol in Europe, Temador in the USA) is a new chemotherapy agent that has
generated considerable interest as a treatment for glidremozolomideis an
interesting drug in part because its development (in England) was based on
chemosensitivity assays ugina wide variety of cultures of bratanmour cells.
Surprisingly, the other common chemotherapy agents used for brain cancer were
developed, not on their effect in the laboratory on cultured brain tumour cells, but on
cell cultures from other types of caaclt is recommended for the treatment of patients
with malignant gliomas showing recurrence or progression after standard therapy. FDA
in the USA has approved TMZ for the treatment of glioma. It is easier to administer than

other chemotherapeutic regimies this indication and is given orally, once a day for 5
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days in a 28lay cycle. It has high bioavailability and crosses the bloagh barrier
where it is spontaneously hydrolysed to its active form (Newlahds1992). It is toxic
to cancer cells duto inhibition of tumour cell DNA replicationin a clinical trail, the
combination of TMZ and radiotherapy showed more significant effect than radiotherapy
alone. The 2 year survival rate was 10.4% with radiation alone and 26.5% with radiation

and TMZ (Suppet al 2005).Its halflife is 1.83 hours (Newlandst al. 1992).

1.12.3 Structure of Temozolamide (TMZ)

Temozolomide (&arbamow3-methylimidazo [5,1d]-1,2,3,5tetrazinr4(3H)-one) is a
bicyclic heterocycle and is chemically classed as an imidaaotebne (seéigure 1.6)
(Stevenset al 1984) The defining characteristic of this class of compound is an
imidazole ring that is fused with a tetrazinone ring system that contains three adjacently

bonded nitrogen atoms.

NH
O
N
— “*-N
N |
NN N__
Y CHs
O

Figurel.6: Chemical structure of TMZ ken fromStuppet al, 2005

(Adapted fromhttp://www.medcinescomplete.com/mc/clarkefages/clk1564c001.g#009

TMZ is a 3methyl derivative of mitozolomide. It is stwrally similar to dacarbazine
(DTIC), both producingthe common active metabolite -{Bethyl}triazenl-yl-

imidazole4-carboxamide (MTIC).
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1.12.4 Mechanism of action of TMZ

To the malignant cells, the main mechanism for cytotoxicity of TM&nmseto be
methylation of DNA (seeidure1.7). The effect of the water at highly electropositive c4
position of TMZ helps to convert it into methyldiazonium cation and AIC (Cédr&l.

1990). Methylation occurs commonly at N7 position of guanine followey
methylation at O3 position of adenine and O6 position of guanine. The hypothesis is
that the MMR cannot find the correct partner opposite to O6 MG. This in turn leads to
the long lived nicks in DNA. These nicks accumulate and persist into subsequient cel
cycle. Thus, replication of daughter cells are inhibited and eventually G2/M phase is

blocked this leads to apoptosis of ceAski et al, 2003;Tavernaet al 2000).
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Figure 1.7: Mechanism of action of TMZ

(Adaptedfrom http://theoncologist.alphamedyss.org/cgi/content/full/5/2/144/F1)

1.12.5 Mechanism of Resistance of TMZ
AGT, MMR pathway and PARP are the three different mechanisms of resistance to the

TMZ.

a) AGT (O6-alkylguanineDNA alkyltransferase): &T plays the major role in

resistance to th&dMZ. The alkyl group is removed from the O6 position of
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guanine and this in turn reverses the cytotoxicity lesion of the TMZ. BNCU and
DTIC are correlad with the AGT levels (Tisdal&987).

b) MMR (miss match repair) pathway

The mutations in the one or meoprotein complexes make MMR pathway deficiency.
Thus, cells can tolerate to the methylation and cytotoxic effects of the TMZ. This leads
to the unrepaired O6 MG adducts produced by the TMZ causing DNA replication to

passhe O6 MG adducts without apopi®$Wedgeet al1996)

c) PARP Poly (ADP-ribose) polymerage

Base excision repair pathway or PARP is another mechanism of resistance. The cells
treated with the TMZ induced an increase in PARP activity which is thought to be
involved in the nucleotide excai repair (Wedget al.1996).The cells deficient in the
excision repair plays a major in the repairing of N7 methyl guanine and O3 methyl

adenine adducts in resistance to TMZ (Tisclal 1985)

1.12.6 Introduction of Vinblastine

The Vinca alkaloids hav become clinically useful since the discovery of their-anti
tumour properties in 195@edermanet al1984). Vinblastine is a chemotherapeutic

drug that belongs to the class of microtubule depolymerising agents and binds
specifically to tubulin, inhibitig its polymerization and the subsequent association of
microtubulegYanget al. 2010. Vinblastine is mainly used to treat bladder cancer and

to a lesser extent to treat other cancers including lymphoma and Kaposls sarcoma (BNF

58 edition, Perry book soce 2007).

The anti tumour drug, vinblastine was analysed on the human tumour cell Hh8 U
MG (glioma) and HTh 7 (Thyroid cancer). The cells were cultured as monolayers and

exposed to different concentrations of 0.1, 1.0s 1/ ml of fovdlbmih2hss t i n
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24 hrs, respectively. The drug was found to induce a significant delay in cell growth

(Nedermaret al1984).

Renal cell cancer (RCC) is characteristically unresponsive to chemotheraphy
(Repchinskyet al 200§. Vinblastine has been found to tee of the most consistently
active agents, including objective responses in 7 % to 15 % of patients when
administered as a single agent or in combination with other chemotherapeutic agents
(Wen et al2006 Robert and Rudee 19P8Vinblastine has some immasuppressant
effects. The vinca alkaloids are sometimes referred to as cycle phase sBesvienget

al. 1993.

Some recent experiments have shown that mousal& exposed to vinblastine in vitro
accumulate in mitosis and concomitantly lose theifif@rative capacity Takemoto et
al.1980. When such cells were exposed to vinblastine for one generation time, most of

the cells lose their ability to produce colonies (Bieteil 1990).

1.12.7 Structure of vinblastine

Vinblastine sulfate has the molidar formula of GgHsgOoN 4 A3, and it is a dimeric
alkaloid containing both indole and dihydroindole moieties (dgard 1.8). The
molecular weight of vinblastine is 909.07. Vinblastine sulfate is a white twhufe
powder and it is freely soluble imater, in methanol and slightly soluble in ethanol. It is

insoluble in benzene, ether and naphtha.
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Figure 1.8: Chemical structure of vinblast{#elapted from lookchem.com)

1.12.8 Mechanism of action of vinblastine

The mechanism of action of the Vincakabids was initially thought to involve
depolymerization of spindle microtubules and induction of paracrystalline tubulin
Vinca alkaloid arrays.At relatively high concentrations (micromolar), the Vinca
alkaloids inhibit microtubule polymerization (Binet al 1990; Jordarand Wilson
1999; Kruczynskiet al 199§. However, they also have a more subtle and powerful
action on microtubules. They inhibit their dynamics at concentrations below those

required to inhibit polymerization (Jordabal 2004; Yanget al.2010

; Dhamodhararet al1995). For example, low concentrations of vinblastiie&28nM)
block mitosis in BSEL cells in association with suppression of microtubule dynamics,
in the absence of appreciable changes in microtubule mass or spindégulnite
organization (Dhamodharaat al 1995). Vinblastine inhibits chromosome congression
at the prometaphase movement of chromosomes to the spindle equator and the
transition from metaphase to anaphase, by binding with high affinity to microtubule
endsand suppressing microtubule dynamics (Jordad Wilson, 2004; Yanget al.

2010).
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1.13 Lung carcinoma

Lung canceis a disease of uncontrolled cell growth in tissues of the lung. This growth
may lead to metastasis, which is the invasion of adjacent tsslefiltration beyond

the lungs. The primary lung cancers eaecinomasderived from epithelial cells. Lung
cancer is the most common cause of canelated death rates in men and women
(Gorlovaet al 2007). Lung cancer remains the first canceekilh 2009, claiming over
161,000 lives in UK, three times as many men as prostate cancer. Death rate is 39 %

more than 2003 (Lung Cancer Alliance).

The main types of lung cancers are:

A. Nonsmall cell lung carcinomas (NSCLC)

B. Small cell lungcarcinoma (SCLC; figure 1.9)

2

Figure 1.9:(a) Enlarged, irregular alveolar spaces.Small cell lungcarcinoma
cells(600 x 452 pixels)

(Adapted fromhttp://radiographics.rsna.org/content/22/6/14182004)
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Figure 1.101(a) Enlarged, irregular alveolar spaces.Nbjrsmalllung carcinomaells.

(c) Normal Lung cell§750 x 600 pixels)

(Adapted fromhttp://radiographics.re.org/content/27/5/1777.fl2I004)

1.13.1 Nonsmall cell lung carcinomagNSCLC; figure 1.10)

NSCLC is sometimes treated with surgery, while SCLC usually responds better to
chemotherapy and radiation (Vaporciyahal 2000). NSCLC are grouped together
because their prognosis and management are similari¢gee 1.10). The three main
subtypesarea. squamous cell lung carcinomas, b. adenocarcinomas and c. large cell

lung carcinomasgTravis, 2002).

1.13.2 Squamous cell lung carcinomas
Squamous cell lungarcinomas usually start at the central bronchus and accounting for

25 % of lung cancers (Travi2002). A hollow cavity and associated necrosis are
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commonly found at the centre of the tumours. Generally, squamous cell lung cancers

often grow more siwly than other cancer types (Vaporciyetral. 2000).

1.13.3 Adenocarcinomas

Adenocarcinomas usuallyriginatein peripteral lung tissues and account 40% of
nonsmall cell lung cancers (Travi2002). Most cases of adenocarcinomas are
associated witlsmoking (Subramaniaet al 2007). A subtype of adenocarcinoma, the
bronchiolealveolar carcinoma, is more common in female -apkers and it may

respond differently to treatment (Reizal 2006).

1.13.4 Large cell lung carcinomas

Large cell lung carcinmas are a heterogeneous group of indifferent malignant
neoplasms originating from transformed epithelial cells in the IBigchhall et al

2007). Large cell lung carcinoma comprise between-580% of all lung cancers.
Large cell lung carcinomas are difentiated from small cell carcinomas primarily by
the larger size of the anaplastic cells, a higher cytoplasmic to nuclear size ratio
chromatin (Blachhalet al 2007). Atthe cellular level, large cell lung carcinomas have

a higher proliferation rate (Edlmanet al. 2006). Large cell lung carcintas are more
frequently presenas a peripheral tumows opposed to typical, which are generally
central in location. Garcié2007) reported that two thirds of large cell lung carcinomas
are present in the peripty of the lung parenchyma. Patients with large cell lung
carcinomas are less likely to present with symptoms such as cough, haemoptysis or post

obstructive pneumonia (Etieneéal 2002).
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1.13.5 Small cell lungcarcinomas (SCLC)

Small cell lungcarcinanas are less common (see figure 1.9). They were formerly
referred as 0o0at etale2006)Smallacelldungraramansas dreR a z
strongly associated with smoking (Barboeeal 1997). The cancer cells contained
dense neurosecretory granulegyroendocrine hormones) which gitiee tumour an
endocrine paraneoplastic syndrome association (Robs#l 2006). Small cell lung
carcinomas are more sensitive to chemotherapy and radiation th8rapi.cell lung
carcinomas have beatstinguishednto limited and extensive stage disease (Borbone

et al 1997).

1.13.6 Diagnosi®f lung carcinomas

Performing a chest radiograph is the first step suggested for lung cancet Raz
2006). Bronchoscope and CT scan may provide the necessary informéatien. Ei
bronchoscope or CT guided biopsy is often used to identify the tumourBgipéran

et al. 2006). Sputum cytological examinations combined with other screening
examinations have an important role in the early detection of lung cancest(&an
2009) The accurate differentiation of large cell lung carcinoma from other subtitle
requires careful review of the pathologic specimen. Large cell lung carcinomas are
frequently diagnosed preoperatively. The diagnosis of large cell lung carcinoma was
ascribedo these tumours. In addition, neuroendocrine differentiations must also be
confirmed by light microscopy and subsequently distinguished from typical carcinoma,
atypical carcinomas and absence of necrosis or mitosis rate (D@9%. Large cell

lung cacinomas can be confirmed by immuhistochemical staining for
neuroendocrine markers such as chrommogranin, synaptophysin, sygegibic

enloase and neuroendocrine differentation can be determined using ultra structurally
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using electron microscopy (Krekiset al. 2005). Positron emission tomography (PET)

is also used to determine the disease is local@edr{det al. 2010.

1.13.7 Treatmens of lung carcinomas

The treatments of SCLC and NSCLC are based on the cancer specific cell types and
how far theyhave invaded other tissues and organs of the body. The most common
treatments are surgery, chemotherapy and radiation therapy (Sehili@r 2009.
Surgery is usually only an option in ngmall cell lung carcinomas limited to one lung.
Treatment procades include:

Wedge resection - Removal of part of a lobe

Segmentectomy - Removal of an anatomic division of a particular lobe of the lung
Lobectomy - Removal of a one lobe

Bilobectomy - Removal of a two lobes

Preumonectomy- Removal of a whole lung

In patients with adequate respiratory reserve, lobectomy is the preferred dgtion (

Sherifet al 2007, Fernandcet al 2005).

a. Chemotherapy treatment

Small cell lung carcinomas and nemall cell lung carciomas are treated primarily

with chemotherapy and radiation. The combination regimen depends on the tumour
type. Nonsmall cell lung carcinomas are often treated with either cisplatin or
carboplatin and in combination witemcitabine paclitaxel, docetaxgletoposide, or
vinorelbine Clegget al 2002). In small cell lung carcinomas, cisplatin and etoposide
are most commonly used(rray et al. 2006). Combination either with carboplatin,
gemcitabine, paclitaxel, vinorelbine, topotecan or irinotecan isused Araujo et al

2009). Radiotherapy is often given together with either chemotherapy. For both non
small cell lung carcinomas and small cell lung carcinomas patients are given smaller
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doses of radiation to the chest as this may be used for symptdnol ogalliative
radiotherapy). Unlike other treatments, it is possible to deliver palliative radiotherapy
without confirming the histological diagnosis of lung cancers. Brachytherapy (localized
radiotherapy) may be given directly inside the airway whencdncer affects a short
section of the bronchusRébenet al1997). This treatment is used when it is not
possible to operate on lung cancer due to blockage of a large airwaklbbi¢gluet

al. 2002).

1.14 Skin melanomas

The skin is the major orgaof the body and it is made up of several layers incluthieg
epidermisand the dermis (seg@tire 1.11A). The main function of the skin is to protect

the inner tissues of the body from external insults including chemicals, sun light,
radiations, burns andthers. Constant exposure to some of these external insults can
lead to skin cancers. One such cancenéanoma, whichs the most dangerous form

of skin cancer (Figure 1.11B). Melanomas are least common, with 10,672 new cases
diagnosed in 2009. The s&dics show that 5,697 cased were diagnosed in women and
4,975 in men. In 2009, there were 491 deaths in the UK, around 80 % occur in people
aged 60 years and over. In their advanced states, they can cause serious illness and even

death (Sabaind Tsai2008).
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Skin melanomas

Structure of the Skin

Figure 1.11: Diagrams showing (A) the structure of the skin and (B) the formulation of
skin melanoma.

(Adapted fromhttp://img.Webmed.cofarch, 2005

Melanomas are the most serious form of skin cancer. However, if they are recognized
and treated early, they can be cured by almost 100%. Melanomas of tlaeeskime of

the most rapidly increasing malignancies both young and old patients because
pati entés body may be | ess able to repair
rays and ntense intermittent sun exposuf@achonet al 2005. New methodsof

imaging and targeting therapy are widely sought. Raditinated methylene blue is a
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promising tracer showing selective uptake in human pigmented melanoma cells (Sabal
and Tsai 2008). At present, the examination of melanomas is usually followed by

biopsy of suspicious lesions andhe gold standard (Sabahd Tsai2008).

1.14.1 Classification of skin melanomas

Skin melanomas classified-as

A. Radial melanoma (about 70% of skin melanoma casds)appears from
dysplastic lesions. Melanoma progressetakip to 5 years and it can be detected
by usingthe ABCD rule, specific for elderly ages. In early phases, melanomas
spread in the upper layer of skirepidermis (see figure 1.11). Later, it enters a
vertical growth phase, after which the cancer becodaegerous as it starts to

invade the inner tissu¢€ancer Research UK, 2007)

B. Nodular melanoma (about 15% of case$) This type of melanoma rises very
rapidly and it is the most aggressive type of skin cancers and it grows vertically
up and down. Thus, éne is a danger from the beginning that the melanoma may
spread into inner tissues of the body. This typmefanomaappears to be either

dark black, blue, grey or red with smooth bord€&ancer Research UK, 2007)

C. Lentigoous malignant melanoma-This type of melanomausually appears in
the head and the neck areas and it is bigger than 3 centimetrea wath
symmetrical lesion. It takes a long time to progries to 20 years. Most cases
usually occur in a patient of #er or undegears of ag€Cance Research UK,

2007)

D. Acral lentigous melanomai It is the most common type of melanoma for dark
skinned people. It appears on the palms of the hands and thesdpetially
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under the nail of the first finger. It takes a short time to progress from 8 to 3
months and it is most common among people who are 68 yéage and over

(Cancer Research UK, 2007)

E. Unclassifiedi There are other types oarcinomas, whichepresent about%s of
cases. Generally speakingll melanomas grow in two phases including
horizontatradial and vertical. In the radial phase, the lesion usually spreads in the
epidermis and papillary dermis without metastases (see figure 1.11hisIn
period, the patient caeasily cured. When the growth enters the vertical phase,
the lesionsusually spread in to deeper tissues through dermis and other deeper
layers of skin. In this area, theyuadly begin to form metastasé¥emalet al

2009 RigelandCarucg. 2003 Cockburnret al. 2009; Gachort al 2005).

1.14.2 Diagnosis of Skin Melanmas

Dermosopy is a technique whereby therthatologist is able to examine a lesion using

a handheld instrument called a dermoscope. This is equipped with a special polarizing
light and standard magnifying optics. The lesion may or may not be placefiuid a
medium for better visualization. The technique allows evaluation of specific, minute
pigment patterns, enhancing differential diagnosis (Moetisal2008). Melafind is
anothernorrinvasive instrument that can assist in early diagnosis of melanomas b
providing physicians with a recommendation for whether a suspicious lesion should be
biopsied. It uses light of multiple wavelengths to capture images of suspicious skin
lesions and compares the data against a database of melanomas and benign lesions

(Vrieset al 2003).

Siascopy spectrophotometric intracutaneous analysis system (SSIAS) is yet another

imaging process that may allow the Physician to distinguish the difference between
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benign moles and melanomas. Like Melafind, it employs multiple wavélengt

i Il uminati on of clinical and der moscopi
interpretation. In contrast, Melafind provides diagnosis in a completely automated
system (Lipskeret al 1999). Other notinvasive diagnostic techniques are also in
developmen and they include Confocal Scanniggreening (CSS which is used to

check people who are unaware of signs or sympt{dtmss et al 2003)

Some melanomamay involve a total body examination by a Health Professional.
Recently, various technologies habveen introduced including digital photography to
process where suspicious lesions are mapped on a whole body image (mole mapping).
These methods identifgsions, whicltouldbe eithermelanomas or other forms of skin

cancergVrieset al 2003).

Treatments

a. Radiotherapy for skin cancer

Skin cancer can be treated with both radiotherapy and chemothRagigtherapy uses

high energy rays to kill cancer cells. It can be used to treat skin cancers that cover a
large area or on an area of the body thatffedlt to operate on or where the cosmetic
result may be poor. It can also be used in people who are not fit enough for surgery.
Radiotherapy may be given after surgery to lower the risk of the cancer coming back or

to treat skin cancers that have invdd¢her areas of the bodygghaet al 1989).

b. Photodynamic therapy (PDT) for skin cancer
Photodynamic therapy or PDT is a relatively new type of treatment. It is a treatment
with a chemical that makes the skin cells sensitive to light. When the areareated

is exposed to laser light, the cells die dffil(er et al 2001). PDT is an alternative
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option to surgery. It is best used in cases where a lot of surgery is required. It is not
suitable for deeper skin cancers because the light cannot perfatr@anough into the

skin. PDT is not recommended for squamous cell skin cancers because there is too high
a risk of the cancer returning. PDT is now available on the NHS for Bowen's disease,

basal cell skin cancers aadtinic keratosis (solar keratos{#garwalet al 2002).

Chemotherapy

Either chemotherapy tablets or injections are only used in certain circumstances for skin
cancer. More often, chemotherapy creams are used. Edlaeros actinic keratosisan
sometimes develop into squamous cell skamcer if it is not treated. Chemotherapy
cream containingbFU is a common treatmenB o we n 0 s isdalsc sometimes
treated with chemotherapy cream. Chemotherapy tablets or injections are only used for
skin cancers that have spread. This treatmemtastly used to relieve symptoms in

cancers that cannot be curégdghaet al1989).

1.15 Chemical structures of compounds ofM. charantia with some commercial

available anti-cancer drugsfor comparison.

M.charantiahas many different chemicabmponentsyhich help medicinally either

alone or when combined. Charantin has a molecular weight of 9.7 kDa and it is the
belief that charantin is the active parent agentlotharantia(Taylor, 2002). Figures

1.12 and 1.13 show the chemical structures of somecmatlicompounds including
charantin (MW 548), momordicinéd) momor charin (MW 576), b
576.), diterpene (MW 397), triterpenoids (MW 532xtracted fromM.charantia
compared to some commercially available -@aicer drugs including vincrisen(MW

923), vinblastine (MW 909.), temozolomide (MW 194), cisplatine (MW 300) and

pacitaxel (MW 853)
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A. Diterpene B.Vinblastine

s [lnia-

18

D. Vincristine

C. Triterpenoids

E. Charantin

Figure 1.12: Chemical structures of)(Riterpene (B) Vinblastine,(C) Triterpenoids

(D) Vincristine, (E) Charantinand (F)Pacitaxel
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A. Momordicine B. Temozolomide
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Figure 113: Chemical structures of JAMomordicin (B) Temozolomide, (C) Alpha

momorcharinD) Cisplatin and (E) Beta momorcharin.
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1.16 Cellular and subcellular mechanisms associated with cell death

1.16.1 Introduction

There are different mechanisms via whichemotherapeutic drugs can exert their
effects on cancer cell death. These include apoptosis involving permanent damage to the
mitochondria leading to the release of cytochramneaspas8, caspas® and cellular
calcium over loadKerr et al. 1972. This study measured the activities of cytochrome

c, caspas® and caspas® as well as intracellular free calcium concentrati@es>" |;
in different treatedand untreated cancer cell lines compared to L6 cell [iraus,

emphasis will be piced on process which involvethe metabolism of these cellular

markers and the methods involved in their measurements.

Apoptosis was originally described as a mechanism of controlled or programmed cell
death (Kerret al 1972). Apoptosis is very common in cells andsuiss with

hematopoietic activity and in organs with high proliferative activity. Apoptosis has been
implicated in the progression of a number of pathological conditions, including cancers,

AIDS and autoimmune diseases (Ameiséal 1995).

Apoptosis is chracterized by a variety of cellular changes including loss of membrane
phospholipid asymmetry, mitochondrial swelling and DNA cleavage (Vereies
al.1995; Darzynkiewiczt al1992). The result of these changes is a form of cell death

that avoids the normhanflammatory response associated with necrosis.

1.16.2 Cytochromec and its assay
Cytochromec is a small heme protein found loosely associated with the inner
membrane of the mitochondrion. Cytochremes a highly soluble protein, unlike other

cytochrones wih a solubility of about 100 g/[Tris-acetatephosphate mediungnd is
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an essential component of the electron transport chain. Cytoclrasmeapable of

undergoing oxidation and reduction (Vidslal 2002).

1.16.3 Role of apoptosis

Cytochromec is an intermediate in apoptosis, which is a controlled form of cell death in
the process of development or in response to infection or the induction of DNA damage
of any apoptotic programme in cell free extrg@dandraet al 2002;Johnstoneet al.
2002. NADPH-cytochrome c reductase (NADPH cytochrome P450 reductase, EC
1.6.2.4) is a flavoprotein localized in the endoplasmic reticulum (ER) of the cell. It
transfers electrons from NADPH to several oxygenaBes most important of which is

the cytochrome PBD family of enzymes which are responsible for xenobiotic
metabolism (Sheet al 1993;Plonneet al 1999). NADPHcytochrome c reductase is
widely used as an ER mark&rand as a biomarker of ecological pollution and dietary
lipid uptake (Vidalet al. 2002; Hochgrafet al1997). Cytochrome is released by the
mitochondria in response to papoptic stimuli. Normally calcium levels are elevated
and this in turn is preceded by the release of cytochhom@m the mitochondria. The
small amounts of releadabcytochromec lead to an interaction with the inositol
triphosphate (IE) receptor on the ER causing it to release calcium. The increase in
cellular free calcium triggers a massive release of cytochombkich then maintains

ER calcium release throughet inositol 1, 4, Sriphosphate receptors (IP3RS). ER
calcium release can reach cytotoxic levels eauasecalcium overloading.

The release of cytochrontein turn enhances the activity of casp8sea cysteine
protease. Cytochrome assay kit is desigdeto measure the NADPH cytochroroe
reductase activity in cell and in purified microsomes of the ER. The cytockzome
measurement is based am colorimetric assay that monitors the reduction of

cytochromec by NADPH cytochromec reductase in the presencké NADPH. The
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reduction of cytochrome results in the formation of distinct bands in the absorption
spectrum and the increase in absorbance at 550 nmasured with time (Vermillion

and Coonl974).

1.16.4 Caspas® and its assay
Caspases (Cysteirrequring aspartate proteases) are a family of proteases that mediate
cell death. It is also important to the process of apoptosis. Ca3pmsemember of the
CED-3 subfamily of caspase and is one of the critical enzyme of apoptosis. Caspase
processes praspase 2, 6, 7 and 9 and specifically cleaves most of caspésed
substrates. Many key proteins including nuclear enzyme activate poly-(RADs$e),
and polymerase (PARPNicholson et al 1995),the inhibitor of caspasactivated
deoxyribonuclase (I8D) gelsolin andfodrin, which are the proteingvolved in the
apoptosis regulationS@kahiraet al1998) This cleavage is part of the mechanism
leading to cell deathCaspas& plays a central role in mediating nuclear apoptosis
including chromatin cotiensation and DNA fragmentation as well as cell blebldihg.
activity of caspase3 in cells and tissues of the body is either a marker or indicator of
cell death (PorteaindJanicke 1999).
Caspas8 colorimetric assay is based on the hydrolysis of dige substrate acetyl
Asp-Glu-Val-Asp pnitroanilide (AGDevo-PNA) by Caspas8, resulting in the release
of the pnitroanilide (PNA) moiety. The-pitroanilide has a high absorbance at 405 nm
( %™ =10.5).The concentration of PNA releas&dm the substrate is calculated from
the absorbance values at 405 nm or from a calibration curve prepared with defined PNA
solutions.

Caspase 3

Ac-DEVD-pNA — Ac-DEVD + pNA
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Caspas8 is a crucial component of the apoptotic machinery in many cell types. The
activation of caspasg is a central event in the process of apoptosis (Thorrdoeay

Littlewood, 1998; Wolfet al. 1999).

1.16.5 Caspsel 9 and its assay
There are four different apoptotic pathways, which are associated with cell death

leading to the elevation in caspe&dand caspas@. They include.

A. Caspase9 and caspas@ dependent apoptotic pathway.

B. Caspased and caspasgindependent apoptotic pathway.

C. Caspase9 independent and caspa8alependent apoptotic pathway.

D. Caspas® dependent and caspas® independent apoptotic pathway (Haketn

al.1998).

Caspas®, also known as ICELap6, Mch6, is an upstream proenzymehe cascade

of enzymatic reactions required to induce cellular apoptosis (Buah1996). During

the release of mitochondrial cytochromeand caspas@ activated following their
association with the protein complex of Apaf and cytochromiEhe ative caspas® is
generated through protein phosphoylation events and the optimal cleavage recognition
sequence for caspaSas LeuGlu-His-Asp-7 (LEHD). The caspase is associated with

both preapoptotic and antpoptotic proteins as well as its regaty function during
embryonic development. This suggests that caspdsea key regulatorgnzymeof
apoptosis (Thornberrgt al1997; Petty et al. 1995. The Caspas&slo® 9 assay is a
homogenous luminescent assay that measures ceés@aswity. Addition of a single

Caspas&slo®-9reagents n ammiadmeasured formant resu

71



is followed by caspase cleavage of the substrate and the generation of a glow type
luminescent signal produced by the luciferase reaction. The signalatghes
proportional to the amount of caspase activity present. Figure 1.14 shows the process

involved in the measurement of casp8sa cells and tissues.

H
Z-LEHD-N S N
—J
/
N S

Caspase-9 l

H.N S N._-COOH
TO—~J
N S +ATP +0

Luciferase i
Mg2+

COOH

Z-LEHD- +

2

Light
/\

Figure 1.14: Caspagk cleavage of the luminogenic substrate containing tBellL

sequencelAdapted fromwww.promega.com/automethodspril 2004)

1.16.6 Luminescent assay

Luminescent assay for ATP was developed to measure cell viability. The high level of
ATP will produce a high level of luminescence and this indicates the nurhbzbte

cells. A lower luminescence value is an indication of a lower level of ATP release from
cells due to cell death or low cell viability. The assay is more sensitive and accurate.
The colorimetric assay for ATP has simplified the sensitivity testihg. sensitivity of

the assay is limited by the number of cells and there ATP levels. The assay is most
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efficient from 100 to 200 cells per wells. The ATP assay is based on the principle of
bioluminescence and measures ATP in live cell. The process isviblgenteraction of

a substrate luciferin with ATP in the presence of an enzyme extracted from the firefly
called luciferase, whichproduces light. Firefly, luciferase extracted from Photinus
pyralis is a 62 KDa enzyme responsible for the yellow greelurnioescence of this
species Tisi et al. 2002) Firefly luciferase is higlsensitivity biedetection. Its light
emitting assay is fast, rapid and accurate and moreover, it can generate consistent results
very quickly. Firefly luciferase is a single polyg&le chain that catalyzeéhe moo
oxygenation of the compound of beetle luciferin ¢).ih an ATRdependent fashion to

give oxyluciferin (LO)(Tisi et al 2002). The nascent LO is in the excited state that

delays to its ground state releasing a photoffiréjeet al1986).
2+
LH2+ ATP (Mg )+ 02: LO + COZ+ PPi + AMP +hv

Figure 1.15Adapted fromwww.promega.com/automethodday 2009

Thereaction(Figure 1.15)s extremely efficient with a photon emitted for nearly every
LH, molecule cosumed, giving a quantum yield of close to 0.9 as shown in figure 1.14
(Tisi et al 2002). The emitted photon is measured quantitatively in a luminometer, and
thus, the luminescence is directly proportional to the amount of ATP and hence, the
number of livecells (Diet al.2002).

Another ATP assay ishe CellTiterGI o E  Lumi nescent Cel |
(Promega®) which is a homogeneous method of determining the number of viable cells
in culture based on quantification of the ATP present, which signals the presence of
metabolically active cells. The Celtér-Glo® Assay is designed for use with 96 and
384 multi wellplate formats, making it ideal for automated higlough put screening,

and cell proliferation and cytotoxicity assays. The CellT@éé® Assay relies on the
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properties of a proprietary theomstable luciferase (Ult¥& 1 o E Recombi
luciferase), which generates a stable gtgpe. Luminescent signal improves
performance across a wide range of assay conditidresluciferase reaction is shown

below in figure 1.16.

Recombinant Firefly
HO COOH Luciferase -0 0~
—, — T
\@: ST +ATF+ 0, Mgg“ U: 3| +AMP +PR.+CO, + Lignt
Beetle Luciferin Oxyluciferin

Figure 1.16Ultra-G | o Becombinant luciferase reaction

(Adapted fromwvww.promega.com/automethodday 2009

The halflife of the luminescent signal resulting from this reaction is greater than five
hours. This extended hdlfe eliminates the need for reagent injectors andviges

flexibility for continuous or batctimode processing of multiple platéar¢mega, USA)

1.16.7 MTS (Colorimetric cell viability assays)

MTS assay is most popular colorimetric assay in which the compohdsalimethyl
thiazol2yl)-5,(3-carboxymetbxyphenyl}2(4sulfophenyl}2H(tetrazolium) is converted

to a coloured insoluble formazan product by mitochondrial enzymes. The end product is
solubilised in either alcohol or detergent and the absorption measured at 490 nm
(Lewandowiczet al 2000; Nikkhahet al. 1992. The amount of colour produced is
directly proportional to the number of live cells. MTS assay has been used in several
investigations for the measurement of chegeasitivity testing in malignant gliomas

(Nikkhahet al 1992). The enzymatieactions (seégure 1.17 are based on either the
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oxidase and dehydrogenase reactions, whighdetermined either calorimetrically or
fluorimetrically using different reagents including oxidative chromogenic dyes or
reductive chromogenic dyes. Tetrapoh salts are one of the reductive chromogenic

dyes employed in the measurement and it is a very sensitive detection system.

N
R"N/ Yy-Ry
4 \Nt_ : Ry, Ry, Ry: romatie group

/
Ry

elestron mediatar tefrazoliuy

subsie \[NAD(P] \ / i \ /salt
=

formazan
onidized Rumgp]H / \electron medator/ \

substrate

Figure 1.171(a) Structure of tetrazolium salt aifll) electron transfer mechanism for

MTS assay (Adapted fromwww.promega.com/automethodspril 2007)

The tetrazolium salt is generally reduced through the reaction directly with either

NADH (nicotineamide adenine dinucleotide reduced form) or NADRiEb{ineamide
adenine dinucleotide phosphate reduced form), whicangsmted, from either NAD or
NADP by the reaction of dehydrogenase and its substrates, lactate dehydrogenase and
lactic acid. Therefore, the tetrazolium salt is utilized for the determination of
dehydrogenase activitpérridgeet al 199%). The CellTiter96 AQueous is a cell

proliferation assay solution, which is based on a colorimetric method for the
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determination of viable cells in proliferation or in cytotoxicity assay. The assay solution
contains a novel tetrazolium compoung(f35-dimethylthiazoi2yl)- 5- (3-
carboxymethoxypheny2i (4-sulfophenyl}2H-tetrazolium:MTS] and an electron

coupling reagent (phenazine ethosulfate; PES). PES has enhanced chemical stability,
which allows it to be combined with MTS to form a stable solution. MTS tetrazolium
compound is bie reduced by cells into a coloured formazan product in tissue culture

medium. Figure 1.18 below shows the MTS formazan reaction.

OCHCO0H SO OCH,COOH

N\PQ’ @Y O,

\(N—Z/ \(ICHg

MTS - Formazan

Figure 1.18: The molecular structure of MTS and formazan

(Adapted fromavww.promega.com/automethodspril 2007)

The amount of the formazan product is measured at an absorbance range of 490 nm and
this is directly proportional to the number of living cells in culture. The MTS formazan

product is soluble in tissue culture medium.

1.16.8 Calcium (C&)
Calcium is themost important physiological cation in cellular regulat{#&oolman et
al. 2005;Johanssoret al 2003. It is the triggerthe promoterand the regulatoand

moreovera ubiquitous itracellular signalling moleculehich controls a wide range of
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cellular processs including secretion, membrane transport, contraction, cell
proliferation, gene transcription and even cell death (Bootarah Berridge 1995;
Clapham, 200y In unstimulated pancreatic acinar cells, as well as in other cells, the
free intracellilar calcium concentrationda’]; is between 50100 nM. In order to
maintain this low resting level, a variety of pumps and uptake systems are present in the
plasma membrane and in intracellular organelles to budig) (Williams et al 1993).
Calcium mobilisation is dependent upon intracellular calcium stores as well as
extracellular calcium mediunCg']o. An increase in cellular calcium originates from

two major sources:

a. The release ofcd" from intracellular stores (ER), which is rapid. Calcium
release from the ER after @eneration is crucial for exocytosis. Similarly the
release of Ca®*from SR is crucial in muscle contraction.

b. The influx of C&* from extracellular source with the aid of; I8y the depletion
of an intracellular poolRutney, 889; Irvine,1989).

Both of these mechanisms give rise to Higtalised C&") signals. Many agonists
can promote an influx ofc&” from the extracellular medium by the following
processes:
a. Opening of voltag®peratedC&* channels
b. Phosphorylation o€&* channel proteins by cAMP and cGMP.
c. ReceptooperatedCa* channels in which modulation of channel activity does
not involve cytosolic signal molecules but a direct control by receptor channel

coupling G proteins (Berridgandlrvine, 1989)
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1.16.9 Cdcium signdling
The intracellular level of§a*]; in resting cells is maintained within a normal range of
50-100 nM.C&*homeostasis is tightly controlled to prevent and overcome problems of
cytotoxicity due to its very low diffusibility in the cytoe. Distributed throughout the
cytoplasm is an extensive array G pumps [rigoin et al. 2009; Carafoli, 1994).
There are two main intracellular mechanisms which incrig@eé']; . They include
a. Cd" release from internal stores (eg ER, SR, mitocHahdia intracellular
calcium channels, activated via the ryanodine receptors (RYRS), and the inositol
1, 4, 5 triphosphate receptor IRg R).
b. Ca?" entry from the outside [G§, through a variety of channels such as the

VOCs, ROCs or stormperated kbannels (SOCs).
Cytosolic C&" homeostasis in resting cells is achieved by balancing the le@kf6f
(entering from the outside of from the stores) by the constant remo@a Tf using
pumps either on the plasma membrane or on the internal storee pheps ensure
that cytoplasmi¢Ca’’]; remains low and that the stores are loaded with sigrfdl ®a
most cells, it is the internal stores (eg ER, SR, mitochondria) which provide most of the
signal calcium (Strebt al 1983). Activation of théP3; Rsis also regulated by cytosolic
(C&™) concentrations. Intact and internally giesed cells have evidently shown that an
increase iffCa”]; can inhibitIP; -evokedC&™" release (Wakuét al. 1990; Parkeand
Ivorra. 1990) where opening of théP;R is enhanced by low concentration of ‘Ca
This is crucial in the generation of complex patterns df €ignalsseenin many cells
(Bootman and Lipp2001). Unlike the RYR, wher€a* can act as the sole trigger for
its activation, IR Rs usally requires te simultaneouspresence of CGa and IP3

(Berridge,1987).
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1.16.10 Calcium over load and cell death

Many studies have demonstrated mitochondriaf* @a&erload as the link between
complement deposition and the observed changes in mitochondrial physintbdiyea
triggering of programmed cell death (PCD) (Irig@hal. 2009). The mitochondrial
Cd* overload is responsible for the increased O(2)(*production (Jimenezand
HernandezCruz, 2001). If cytosolic C# rise is not accompanied by the accumulation
of the cation in the mitochondrion and consequent production of G(2¢€lls usually
die by necrosis instead of PCD. For examplembrane attack complex assembly
(MACA) on the parasit in cell surface allows®antry in the cell and its accumulation
in the mtochondrion can lead to Q&oduction. This in turn constitutes a PCD signal

(Jimenezand HernandeZruz,2001).

Based mainly orin vitro observations, one currently popular model consistent with
excitotoxic apoptosis, proposes that mitochond@af* overload triggers an injury
response, possibly through a mitochondrial permeability transition (MPT) that leads to
the loss of permeabilization of the inner mitochondrial membrane, swelling of the
matrix and outer membrane rupture, followed by tHease of apoptogenic proteins
(Bernardiet al 2001). Such mechanisms present a paradox, in that the destruction of
mitochondria impairs the ATP supplies that are essential for activation of energy
dependent apoptotic pathways (Gogvadrzal. 2004). It las also been suggested that
only a subpopulation of mitochondria undergoes a permeability transition and releases
apoptogens, whereas the remaining, undamaged mitochondria respire normally and
produce ATP (Simpsost al 2002; Kabiret al. 1999; Jimeneand HernandeLruz,

2001).

Loss of C&" homeostasis, often in the form of cytoplasmic increases, leads to cell

injury. Depending upon the cell type and the intensity of' @aicity, the ensuing
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pathology can be either reversible or irreversible (Gogvadzal. 2004). Although
multiple destructive processes are activated b$/,dathal outcomes are determined
largely by CA&" induced mitochondrial permeability transition (Johanssbal 2003;
Goldsteinet al. 2000). This form of damage is primarily dedent upon mitochondrial
Cd* accumulation, which is regulated by the mitochondrial membrane potential
(Gogvadzeet al.2004). Retention of the mitochondrial membrane potential durit) Ca
favours mitochondrial Gauptake and overload, resulting in mitodidoial permeability
transition and cell death. In contrast, dissipation of mitochondrial membrane potential
reduces mitochondrial Gauptake, retards mitochondrial permeability transition, and
delays death, even in cells with large*Cincreases. The m$ of mitochondrial
membrane potential dissipation and mitochondridl*@ptake may determine cellular
sensitivity to CA&" toxicity under pathological conditions, including ischemic injury

(Gogvadzeet al 2001).
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1.17 Working hypothesis

Is it possible to use naturally occurring pldrased medicines to treat cancer? Are they
effective enough to Kill the cancer cells compared to commercially availableazater
drugs?Is it possible to use a higher dose of the plzaged medicines with a low to
moderate dose of the commercially available -aaticer drug in order to obtain
maximal and effective treatment without adverse side efféatthe body? By what
cellular and sub cellular mechanism(s) do these-camcer compounds exert their

effects oncell death?

1.18Aims

The main aim of this study was to investigate the effects of extracts and isolated
compounds oM. charantiaas well as commercially available drugs vinblastine and
temozolomide on cancer cell viability and to determine their modes callular

mechanism(s) of action as chemotherapeutic agents in cancer therapy.

1.18.10bjectives

1) To isolate crude water and methanol soluble extrack$. @harantiausing
different extraction, analytic and biochemical methods.

2) To use a tissue culturectenique to measure the cytostatic and-amtiour
activity byin vitro study employing in the cell culture medium.

3) To determine the timeourse effects of the crudeatersolubleextract of
M. charantiaon cancer cell viability.

4) To investigate the dos#ependent toxic effects of the extracts and isolated

and purified compounds (alpha momocharin, beta momocaharin, alpha, beta
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5)

6)

momocharin) oM. charantia,andvinblastineand temozolomide on cancer

cell viability.

To investigate the combined effects of thedgwatersolubleextract ofM.
charantia and alpha, beta momocharinvith either temozolomide or
vinblastine

To investigate the modes and cellular and molecular mechanisms of action
of eachthe crudewatersoluble extract of M. charantia and alpha, beta
momocharin in inducing cell death measuring casf@asad caspas®

activities, cytochrome release and cytosolic calcium.
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Chapter Two

Materials and Methods
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Materials and Methods

2.1 Materials

2.1.1 Consumables required fotissue culture

1. Cell lines:

1321N1 (ECACC, UK), Go8 (DSM2, Germany), USKIG (ECACC, UK), LS,

WERI-Rb1 (ECACC, UK), SKMel (DSM2, Germany), Coi23 (ECACC, UK)
2. Chemicals and Reagents:

1. Ethanol, methanol and isopropanol, hexane (Fisher Scieic,

2. Cell titerGlo luminescent cell viability Assay kit (Promega, UK).

3. MTS assay (Promega, UK).

4. Fura2 (AM) (Sigma, UK).

5. Caspas8 assay kit (Sigma, UK).

6. Cytochrome assay kit (Sigma, UK).

7. Caspas® assay kit (Promega, USA
3. Drugs

1. Crude water and methanol soluble extractMafharantia

22U and b momocharin (I MAM Pharmaceut i
3. U momocharin (I MAM Pharmaceuticals,
4. b momocharin (I MAM Phar maceutical s,
5. Temozolomide (Sigma, UK)

6. Vinblastine (Sigma, UK)
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2.1.2 Media and supplements required for the cell culture

DMEM (Doulbec®@ s Modi fi ed Eagl ebés Medi um), ME M
RPMI-1640 Roswell Park Memorial Institute)Foetal bovine serum (FBS), Trypsin,
L-Glutamine, Noressential amino acid (NEAA) and Sodium pyruvate (all the products

bought fran Lonza, UK).

2.1.3 Equipment and Materials usedn the study

New Brunswick Scientific (CO281R) Water jacketed C@incubator, Water bath ,
Laminar flow hood,Inverted phase contrast microscop@geighing balance, Tecan

plate reader, Refrigerator, FreeZe20°C), Deep Freezerg§0°C), Centrifuge machine,

El ectrical aspirator, Vortex mixtur e, 2,
tips, Motorized Pipette Controller, 75 &®6 cnf Culture flasks, sterile forceps,
aluminium foil, 5 and 10 ml diposable plastic pipettes, 15 ml and 50 ml centrifuge
tubes, Cryovials, #fMr. Frostyo freezing
wel | white plates, 0.22 &m and O0.44 ¢
Universal bottles, funnel 5 mfolumetric flask, sterile spatula and clear bottom white

96 well platefNunc or Grenier).

2.1.4 Composition of medium for cell lines

i. 1321IN1Dul beccods Modi fi ed -5@and)l18% Rdetad i u m
bovine serum (FBS0 ml), 2 mM L-glutamine (5 ml).

i. U-87MG Minimal Essential Medium (MEM0OO ml), 10% Foetal bovine serum
(FBS50 ml), 2 mM Lglutamine (5 ml),1% Non Essential Amino Acids
(NEAA-5 ml), 1 mM Sodium Pyruvate (5 ml).

iii. Gos3 Dul beccods Modi fi ed -5@0amgl), 0% Meethi u m
bovine serum (FB- 50 ml), 4 mM L-glutamine (10 ml).
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iv. ~LémusclecelllineEDul beccodés Modi fi e db0&Eml)gl10% Med
Foetal bovine serum (FBS0 ml), 4 mM L-glutamine (10 ml).

v. Sk Mel Minimal Essential Medium (MEM500 ml), 10% Foetal bovine serum
(FBS50 ml), ImM Sdium Pyruvate (5 ml), 1% Non Essential Amino Acids
(NEAA- 5 ml).

vi. Corl-23 RPMI-1640 Roswell Park Memorial Institute mM L-glutamine (5
ml). 10% Foetal bovine serum (FEE® ml).

vii.  Weri-Rb-1 RPMI-1640 Roswell Park Memorial Institute? mM L-glutamine

(5 ml). 10% Foetal bovine serum (FESB ml).

2.1.5 Ethical consent
Ethical and health and safety consents were granted by the Ethics Committee of the
School of Pharmacy and Biomedical Sciences at University of Central Lancashire

(UCLAN).

2.2 Methods

2.2.1 Exraction of crude water-soluble extract of M. charantia

The unripe green fruits of. charantia were obtained from the local market and
subsequently cleaned and cut into small pieces (Karunanaghkal.1984)
Approximately one kilogranof chopped greertit was liquidized in distilled water for

5-10 min using a blender. The juice was then kept in a hot water bath for 2 hrs at the
temperature of 6. The fruit juice was centrifuged at 5000 RPM (Beckman, UK) for

30 min. The suspension was removed andréld through Whatmann filter paper (No: 4
Whatmann, UK). The filtered green sample was then transferred to the 1000 ml round
bottom rotating flask. The flask was then connected to the Rota evaporator machine

through a clamp. The rotating flask was thentéedoy partial emersion in a hot water
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bath at a temperature of 40 A typical 120 rpm speed was used for the flask rotation.
The rota evaporated sample was then scrapped using spatula and dried overnight in an
oven at 43C. This crudewatersolubleextract (powder) was storedt 2C for further

use

2.2.2 Extraction of crude methanol solubleextract of M. charantia

The unripe green fruits dfl.charantiawere obtained from the local market and cleaned
and cut into small pieces (Karunanayaiteal1984) andoven dried at 5TC about 48

hrs until it reached a constant weight. The dried sample was then pulverized with a
grinder into fine homogenous powder, which was stored@tuatil used. An amount

40 gm of the fine ground sample was extracted with 300 nmhethanol in a flask
placed in an ultrasonic bath, containing water and the temperature was maintained at
65°C for 90 min. The sample was cooled to room temperature and centrifuged at 2000
rpm for 20 min. The suspension was removed and double filteredgthi/hatmann

filter paper (No: 4 Whatmann, UK). The filtered sample was then transferred to the 500
ml round bottom rotating flask. The flask was then connected to the Rota evaporator
machine through a clamp. The rotating flask was then heated by paréedien in a

hot water bath at a temperature of°8D A typical 100 rpm speed was used for the flask
rotation. The Rota evaporated sample was then scrapped using spatula and st@ed at 2

until used.

2.2.3 Extraction method for either of alpha or beta mororcharin

In this study alpha, beta or alpha beta momorcharin was purchased as a purified
compound from IMAM International Group Pharmaceutical Company in China.
According to the literature, the Company extracted, isolated and purified each
compound usinghie following procedureThe whole fruit of bitter gourd was ground

and homogenized in 2 mM sodium phosphate buffer, pH 7.5. The resulting slurry was
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then stirred for 3 hrsot extract the crude proteins ¢iget al 1996). The insoluble
component from crud@roteins was removed by the filtration and centrifugation at
30,000 x g for 1 hour at 48°C. By using 2 mM sodium phosphate buffer, pH 7.5, the
crude protein solution was dialysed. The dialysed protein sample was applied to DEAE
Sepharose column equilibeat with 2 mM sodium phosphate buffer at pH 7.5. The
unbound proteins was then applied to Méhoolumn which was equilibrated by 2 mM

sodium phosphate buffer at pH 7.5 and eluted by 0.5 m of NaCl @&@i996).

The fraction corresponding to either lagpand beta or alpha, beta momorcharin, which
was confirmed the Njlycoside activity RNA, was concentrated and dialysed against 20
mM Tris-HCI buffer, pH 7.8. The chromatography was performed on Bio Logic
DuoFlow system (BioRad, Hercules, CA) at 48°C. Theity of alpha and beta or
alpha, beta momorcharin was examined by $IP&E and gel filtration
chromatography. The concentration of alpha momorcharin was determined by

spectrophotometrically using optical absorbancezg80%xm.

2.2.4 Extraction method ofbeta momorcharin

The whole fruit of bitter gourd was ground and homogenized in 2 mM sodium
phosphate buffer, pH 7.5. The resulting slurry was then stirred for 3 hrs to extract the
crude proteins (Fongt al 1996). The insoluble components from crude pnstevas
removed by the filtration and centrifugation at 30,000 x g for 1 hour at 48°C. By using 2
mM sodium phosphate buffer, pH 7.5 the crude protein solution was dialysed. The
dialysed protein sample was applied to DEAE Sepharose column equilibrated with
mM sodium phosphate buffer at pH 7.5. The unbound protein was then applied to
Mono-S column, which was equilibrated by 2 mM sodium phosphate buffer at pH 7.5

(Fonget al. 1996).
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The fraction corresponding to beta momorcharin, which was confirmed biN-the
glycoside activity RNA was concentrated armtalysed against 20 Mm Tris
hydrochloride buffer, pH 7.8. The chromatography was performed on BiolLogic
DuoFlow system (BioRad, Hercules, CA) at 48°C. The purity of beta momorcharin was
examined by SD®AGE andgel filtration chromatography. The concentration ofabe

momorcharin wasletermined spectrophotometricaillging A280nm.

2.3 Cell culture

2.3.1 Passaging of the Cancer cell lines and Control cell line

The culture medium, phosphate buffer solution (PB®Y &ypsin (sterile) were
removed from the fridge @C and subsequently placed in the water bath %€ 33r 30

min in order to equilibrate. The Laminar flow hood was turned on for 15 min, prior to
start of the experiment, in order to purge the air mdite cabinet and to reach the
maximum cleanliness.

The different cancer and normal cell lines were incubated at 37°C incubator in an
atmosphere of 5% CQOn air. The cells were examined under the inverted contrast
microscope to note the both confluencel @eneral health of the cells. The flask was
passaged when the cells had reache80P® confluence.

The medium was aspirated from the cultured flask and was washed with sterile PBS (5
ml if 75 cnt flask and 2 ml if 25 cfflask) in order to remove anyeires of serum from

the cells. This prevented the serdrom inactivatingthe trypsin which was used to
detach adherent cells from the cell clump. Trypsin solution (2 ml if 7lesk or 1 ml

if 25 cnf flask) was pipetted in the flask and incubated aiC3i°anincubator in an
atmosphere of 5% CQin air for 35 mins until the cells began to detach. The

detachment was confirmed by observing at intervals under an inverted microBgepe.
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cells were left in the trypsin solution for the correct length oétiththe cells were left

for a longer period of time then this would lead to damage of the cells. A volute of

ml complete growth mdium was then added to the flask to inactivate the trypsin and
the cells were pipetted up and down to break up any lathieaggregates. The cell
suspension was transferrearh flask into 15 ml centrifugéube and centrifuged at

1000 rpm for 5 min. Following centrifugation, the supernatant wasgirated and the

cells were piet at the bottom of the centrifuge tube. Baspdruthe cell gllet density
volumes of 1 ml to 3 ml fresh medium were suspended in the centrifuge tube. The cell
pel |l et was flicked properly i n t he me d
suspension and 80 ¢l of t rinthe bed sspehsiod:® ( us
ratio). The contents were mixed well together and a haemocytometer test was performed
using 1 ml of cell suspensions. This process helped to assess the total number of the cell
suspension present in the centrifuge tube and whlahrequired to make 1 or 2 flasks

and to do 96 well plates. Thereafter, the cells were frozen in liquid nitrogen depending
on the number of cells present per ml. The cell suspension was divided in either one or
several flasks (depending on the cell dgnsand fresh growth mediuni@ ml to 12 ml

if 75 cnt flask and 5 ml if 25 ciflask) wasadded to the flasks. These were then

placed in a 5% C@ncubator to continue cell growth.

2.3.2 Cell Counting Method

A volume of 20 ¢l of cel l suspension and
into a microcentrifuge tube and mixed together. A coverslip was gently pushed over the
chambers of a haemocytometer and Z2ahstel o
each short side of the coverslip so that the suspension could spread into each chamber.
The haemocytometer was placed onto the stage of an inverted phase contrast

microscope and focused on the cen®alsquares of one chamber. The numbers of cells

90



in these squares were counted. These steps were repeated for the other chambers. The
2
average number of cells in the centre grid (1 jnwheach chamber was calculated. This

4
number was multiplied by 1@ obtain the number of cells per 1 ml of suspensite. T
total number of cells was calculated by multiplying the number of cells per 1 ml by the

total volume of the cell suspension.

2.3.3 Cryopreservation of cells

The cell suspension obtained during passaging was divided into stocks and they were
eitherstoral for longperiodsor cryopreserved. This involved slowly freezing the cells
down in culture medium supplemented with a cryoprotectant, which helped to protect
the cells from rupture due to formation of ice crystals. The most commonly used
cryoprotectant mployed in this study was dimethyl sulphoxide (DMSO). Tied c
suspension anixed&D0OhellOQas.l of DMSO. Toge
approximately 1 million cells, which were subsequently frozen88tC. The cell
populations normally survived the freezing process with high cell viability. This was
done bythe use of a freezing medium that consisted of the normal culture medium
supplemented with 10% DMSO. However, it was common practice to increase the
proportion of serum in the medium up to 90%. The most important principle of
cryopreservation involved theells being frozen down slowly at a rate e8°C and
thawed out quickly in a 3T water bath. The vial container was also frozen in a bath of

Il sopropyl al cohol cal |l ed fChhin.coolihg of ghey o ,
cryovials in a-80°C freezer priorto storage at a temperature belel85°C in either
vapour or liquid phase nitrogen. The isopropyl alcohol could only be used 5 times

before it needed replacing.
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2.4 Cell Viability Experiments

2.4.1 Preparation and application of crudewvater-solubleand methanol soluble

extracts of M. charantiaon the cancer and L6 cell lines.

An amount of 30 mg of therudewatersoluble extract ofM. charantiawas initially
dissolved in 50Ql of phosphate buffer by continuous stirring and with the brief use of

a sorncator water bath. This was made up to 5 ml by adding 4.5 ml of the cell medium.
The watersolublecrude extract stock solution was transferred to a 10 ml syringe and
sterile filtered using 0.2m filters into other sterile 10 ml Universal bottles. These
stock solutions were stored in a sealed tube in the fridge until required. Once removed
from the fridge, the preparenlude watessolubleextract ofM. charantiasolutions were

gently warmed in water bath at €7 in order to ensure that theatersoluble and
methanol soluble crude extract wasxed completein solution, before aliquoting.
Volumes of 34 | 8¢ 1602 1136¢ | c o r2@0ag, 40@ b, 600 ug, and 800 ug

of the crudewatersolubleextract ofM. charantiarespectively. Different concentrat

of eitherwater or methanol soluble crude extract in cell medium was transferred in
triplicate using a Gilson pipette to 96 well plates to give a final volume oE200 t o t h
treated cell wel | s. An equival ent theol ume
control (untreated) well with cells. In this study, both time course anddkmndent
experiments were performed. The tho@urse experiments wed®ne over a period of

48 hourswhere the dose dependent experiments were done during incubatiahqgierio

24 hrs.

2.4.2 Timecourseexperiments
Cell suspensions of either 1321N1, &)3J87~MG, Sk Mel, Corl-23, Weri Rb1 or L6

obtained during passaging were diluted (1:10 ratio). The required volumes of cell
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suspensions and fresh medium volumes were leddmibased othe number of wells to
be pl ated. The dilution was done such tF
cells. After seeding the cells, the plates (transparent 96 well plates) were indobated

6, 12, 18, 24 and 48 hrs at°&€7in a 5% CcQ incubator. Aftereach time periodhe

media from 96 well plates were tipped out completely on sterile tissue Féygedrug

stock solution was transferred to a 10 ml syringe and sterile filtered usingug22

filters into another sterile 15 ml centrifuge tudevolumed 100 ¢ | of <cel
(sterile filtered}c ont ai ns 8 Gvéterslgbleexfract ofM..clibntiawasthen

added to the 96 well platesh@ 96well plates werencubatedfor 6, 12, 18, 24 and 48

hours at 37C in a 5% CQ incubator. In another seseof control experiments, the

different cancer cell lines were incubated in 96 well plates for the same period but in the
absence of any extract M. charantia Following every 6 hrs of incubation, the plate

for either test and control was removed froruibator for 30 minMTS procedure was
carried out in the transparent 96 well plates (Griner, UK). A volume qfl 20 MTS

assay sample was added to wells containing both treated and untreated cells. The ratio
resulted in a final concentration of 317 ugMtTS assay in the assay wells. Each plate
was then placed in the incubator3aC ina5 % CQ atmosphere for 9220 min. The
absorbana® was measured at a 492 nm wavelength, and 30 sec of shaking time and 30
sec for the settling time in the plate readdreabsorbanceof the crude extract alorag
different time points in the medium weatso measwd as background sequence. These
values weresubtracted from the test values at the different time polits.same was

also done for the dos#ependent exgriments or a combination of extracts with drug.

2.4.3 Dose dependent experiments
In this series of experiments, the experinaéptocedure was the same except that the
test cells were incubated with different concentrations of each extract for 24itias. |
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experiments established maximum cell viability at 24 hrs of incubation with the crude

watersolubleextract ofM. charantia.

Cell suspensions of either 1321N1, &dJ87-MG, Sk Mel, Corl-23, Weri Rb1 or

L6 obtained during passaging were dilufddl0 ratio). The required volume of cell
suspension and fresh medium volume were calculated based on number of wells to be
pl ated. The dilution was docongained 2500 cells.h a t
After seeding the cells, the plates (trarrspa 96 well plates) were incubatid 24 hrs

at 37Cin a 5% chincubator. Control 96 well plates were incubated for 24 hrs in the

absence of extracts. After 24 hrs the media from 96 well plates were tipped out
completely on sterile tissue pap@&he dug stock solution was transferred to a 10 ml
syringe and sterile filtered using 0.22n filters into another sterile 15 ml centrifuge

tube. These stock solutions were stored in a sealed tube in the fridge until re§uired.
vol ume of 1 00 ssterile dilferedycentained exératti canaentrations of
200 €g, 400 €g, 600 ¢ g,fter8e fQuppkrgentiofthe tride 9 6

extract, the 9avell plate was agaimcubatedor 24 hrs at 37C in a 5% Cgincubator.

Following 24 hrs of incubation, each plate was removed from incubator for 30 min.
MTS procedure was carried out in the transparent 96 well plates (Griner, UK). A
volume of 20ul of MTS assay sample was added to wells containing both treated and
untreated cells. The ratio resulted in a final concentration of 317 pg/ml MTS assay in
the assay wells. The plate was then placed in the incubat8r°C in 5 % CQ
atmosphere for 3220 min. The absorbance was measd at a 492 nm wavelength by

initial 30 sec of shakingrhe and 30 sec dettling timeof the platan the plate reader.
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2.4.4 Preparation and application of either alpha or beta momorcharirand alpha,

beta momorcharin on the cancer and L6 cell lines

Amounts of 14.51 mg, 29.25 mg, 43.53 8§,50 mg, and 72.57 mg of either alpgira

beta momorcharin and alpha, beta momorchdéinskDa) were weighed out separately

in 5 ml universal vials and initially dissolved in 5Q0 of phosphate buffer by
continuous stirring and with the brief use ofanisator water bath. These were then
made up to 5 ml by adding 4.5 ml of the cell medium to give concentrationg\200

400 pM, 600 puM, 800 uM, 1000 pMrespectively.The drug (extract) stock solution

was transferred to a 10 ml syringe and sterile filtergidg 0.22um filters into another

sterile 10 ml Universal bottles. These stock solutions were stored in a sealed tube in the
fridge until required. Once removed from the fridge the prepared (Extyact)
solutions were gently warmed in water bath atGih order to ensure that ttapha,
betamomorcharis or alpha and beta momorcharin was in a complete solution, before
aliquoting. Volums of 40¢ 180¢ 1120¢ 1160¢ | 200 &00uM,d0dpuM,i ned
600 uM, 800 uM, 1000 uM, respectively. Differentrecentrations of eithealphabeta
momorcharis and alphapeta momorcharin were transferred iplicate using a Gilson
pipetteto 96 wells plate and the volumeadeto 200¢ | by adding the ce
treated and control cell wells. Both contfahtreated) and treated witeither alpha

beta andalphg beta momorcharin) 96 well plates were incubated for 24 hrs. After the

incubation period cell viability was measured as described above.

2.4.5 Dose dependent effects of either TEM or vinblastine orancer cell line
viability

In this series of experimegytdifferent cancer cell lines (1231N1, G8sU8~-MG, Weri
Rd-1, Cort23, Sk Mel) and healthy L6 muscle cell line were incubated with the

different concentrations of either TEMQ8 320 uM) or vinbhstine (10 40e g) f or 2
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hours. Control cell lines were also incubated for the same period of time but without any
TEM or vinblastine. At the end of the incubation period, cell viability of each cell line

was measured using the MTS assay as described below.

2.5 Combinedeffects of either temozolomide or vinblastine with therude water-

soluble extract of M. charantiaor alpha, beta momorcharin

Since both the commercial amtncer drugs and either the crusatersolubleextract

of M. charantiaor alpha, beta momorcha could elicit significant decreases in cell
viability, it was decided to investigate the combined effects of theseamter agents
(drug + extract) on cell viability. Different cancer cell lines (1231N1,-&0987-MG,
Weri Rd1,Cork23, Sk Mel) andhealthy L6 muscle cell line were incubated with either
temozolomide (240 pM) and theatersoluble extract ofM. charantia( 800 ug) or
temozolomide(240 uM) and (800 uM) of the alpha, beta momorcharin for 24 hours.
Similarly, each cell was incubated wigither vinblastine (30 pg) and theatersoluble
extract ofM. charantia(800 pg)or vinblastine (30 pg) and (800 uM) of the alpha, beta
momorcharin for 24 hours. Control cell lines were also incubated for the same time but
without any drug or extracht the end of the incubation period, cell viability of each

cell line was measured using the MTS assay.

2.5.1 Measurement of caspasg assay

The six different cancer cells lines were incubated with either 80@rudewater
soluble extract of M. charantia or 800 uM alpha, beta momorcharilhe induced
apoptosis cell suspension contained roughfycklls. A sample of neinduced cells for

a zeretime (control) also contained 1@ells. The induced and nenduced cells were
incubated for 24 hrs at 3Z in 5 %CO, atmosphere. The induced cells and the control

cells were transferred to 15 ml centrifuge tube and centrifugation at @0 min at
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4 °C. The supernatant was removed by gentle aspiration for both induced and control
cell suspensions. The cells mwehen pelleted and washed once with 1 ml of phosphate
buffer solution (PBS) and centrifuged at 5000 rpm for 5 min and the supernatant was
completely removed by gentle aspiration. The centrifuged cell pellets were then treated
with 1 X lysis buffer ata@ncent r at i o nl0 edls, and e cells wepee r
incubated on a ice for 30 min The lsed cells were centrifuged at 16,000 to 20,000 x

g for 10 to 15 min at 4 °C and the supernatants were transferred to new 1 ml tube and
subsequently frozen inguid nitrogen and stored in aliquots -@0°C for further use

(see table 2.1 for reaction scheme). All the values were expressetiasl / mi n/ ml

2.5.2 Determination of protein concentration by Bradford assay

The protein concentration of each sample wa=masured &sed on the method of
Bradford (Bradford 1976). Bovine serum albumin (BSA) stock solution was diluted

with double distilled water concentrations ofugd/ml, 3 pug/mi, 4 pg/ml, 5 pg/ml, 6

pg/ml, 7 pg/ml, 8 pg/ml, 9 pg/ml and 10 pg/ml for the stanahsolutions. In flat bottom
transparent 96 well plates volumes of 20 pl of dye reagent and 80 ul of either BSA or
protein sample added. The mixtures were rota mixed fe4038ec and kept in an
incubator for 10 min. The absorbance of eathndardwas measured at595 nm
wavelengthrecorded and generated as a standard curve. The protein concentration for
each sample was determined by extrapolating the intersection of the standard curve at a

point corresponding 2 to 10 pg/ml. All values were expressed/ad.jug
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Caspase3 Caspase3
inhibitor substrate
Test Samples | Cell lysate | Caspase3 1x Assay | Ac-DEVD- | Ac-DEVD-
5ug/mi buffer CHO pNA
200uM 2mM
Reagent blank - | = - oo | - 10ul
Non-induced 5l | - g8sul | - 10ul
cells
Norvinduced | | -
cells + inhibitor 5l 75l 10pl 10pl
Induced cells S5l | - g8s5ul | - 10ul
Induced cells + S5l | - 75 ul 10ul 10ul
inhibitor
Caspase3
positive control | ----- 5l g8su | - 10pl
Caspase3
positive control + 5ul 75 ul 10ul 10ul
inhibitor | -

Table 2.1: Reaction scheme for 96 well plate microassay method.

(Adapted fromwww.Sigmaaldrich.com, Apir2006)

2.5.3 Calibration curve of Rnitroaniline (PNA)

A series of pnitroaniline solutions was prepared at a concentration range of 10 to 200
UM by diluting the pnitroaniline stock solution in th&é X Assay Buffer (see table 2.2

for reaction scheme). Aolume 100ul in duplicate was added into 96 well plates,

including 100 pl of assay buffer as a blank. The absorbance was measured at 405 nm.
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The calibration curve was plotted using absorbance values versus the concentrations of

the pnitroaniline solutios.

e M -Nitoaniline € mo INitrganiline
10 0.001
20 0.002
50 0.005
100 0.01
200 0.02

Table 2.2: Reaction scheme for calibration curvp-nitroaniline
Calculation.

Caspase 3 activity was cal panmlaftcal tysateor € mo

Positive control based on the formula;

Activity, umol pNA/min/ml = umol pNA x d
txv

Where:

v - Volume of sample in ml, dDilution factor, t- Reaction time in minutes.
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2.5.4 Measurement of Caspas® activity

Caspase-Glo® 9 Caspase-Glo® 9
Substrate Buffer

Caspase-Glo® 9
Reagent Optional: For cell-based
assays, add MG-132

Inhibitor.

Add equal
volume of
reagent to
samples.

Mix. Incubate
20 minutes to
3 hours.

Measure
luminescence.

Luminometer

Figure 2.1: Schematic diagram of the Casgak® 9 Assayprotocol
(Adapted from www.promega.com/autometh@@€/4)

The six different cancer cells lines and L6 cell line were incubated with eithgug800
crudewatersolubleextract ofM. charantiaor 800uM alpha, beta momorchariithe
induced apoptosis cell stspsion contained roughly idlls. A sample of neinduced

cells for a zerd@ime control also contained ills. The induced and nenduced cells
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were incubated for 24 hrs at®7in 5 % CQ atmosphere. Prior to starting the assay the
prepared sample dfaspaséslo® 9 reagents was equilibrated to room temperature.
After 24 hr prior to the experiment, each plate (96 wkitesGRE 96 fl) was removed

from the incubator for 30 min to equilibrate to room temperature (see the figure 2.1 for
protocol). A volune of 100e lbf Caspaséslo® 9 assay reagent was added to each well
of a white walled 96 well plate containing 1@0lof blank and treated cells in the
culture medium. The plate was then covered with the aluminium foil. The covered plate
was then mixed gently by usj a plate shaker at 3@DO0 rpm for 2 min. The plate was
then incubated at room temperature for 30 min. Chspas&slo® 9 assay was carried

in the absence of light. The Luminescence was measured on a Techan Plate reader with
the appropriate settings ftire plate. The software used for the Luminescence assay was
XFLUORHGENIOSPRO version M.53. The plate type used from the software was
specified as GRE 96 fb Pdf. The temperature was stated to-b232Q. All the values

were expressed asmo | / mi n/ ml

2.5.5 Measurement of gtochrome-c release

The six different cancer cells lines and L6 cell line were incubated with eithgug800
crudewatersolubleextract ofM. charantiaor 800uM alpha, beta momorchariithe
induced apoptosis cell susp@mscontained roughly @&ells. A sample of neinduced

cells for a zerdime control also contained 16ells. The induced and nénduced cells

were incubated for 24 hrs at®7in 5 % CQ atmosphere. The induced cells and the
control cells were transfieed to 15 ml centrifuge tube and centrifugation at 10§@o¢

5 min at 4 °C. The supernatant was removed by gentle aspiration of both induced and
control. The cell pellets were then washed once with 1 ml of PBS. The microsomal
pellet was subsequently @ined by centrifuging a2,000 xg supernatant for 1 hour at

100,000 xg and the supernatant was removed completely by gentle aspiration. The
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centrifuged cell pellets were then treated with 1 X lysis buffer at a concentration of 100
e | 19'eqlls, andhe cells were indvated orice for 1520 min. Thelysed cells were
centrifuged at 16,000 t20,000 xg for 10 to 15 min at 4°C and theernatants were
transferred to new 1 ml tube and subsequently frozen in liquid nitrogen and stored in
aliquots at-70°C for further use. Table 2.3 showed the experimental protocdah&or
cytochromec assay. A volume of 950 of the working solutiong mg of cytochrome

to 20 ml of assay buffer to get a concentration of 0.45 mg/ml, 36 mM) was made up by
adding 9 mg otytochromec to 20 ml of the assay buffer &1 ml cuvette. A volume

of 50 pl of the test sample was added to 1 ml cuvette containing the working solution.
For thesample, whicthad interference fromytochromec oxidase activity, a volume of

20 ul of cytochromec oxidase inhibitor solution was used for the positive control
reaction. The positive control was obtained by diluting an aliquot of the cytockrome
reductase (NADPH) bold with the enzyme dilution buffer. Each set of reactions
required a totabf 75 ml of the diluted positive control. A volume of 1ADNADPH
solutions was added to start the reaction. The blank reaction was measured by the value

given by the reagents alone without enzyme present.
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Test Working Enzyme Sample or NADPH Inhibitor
samples Solution Dilution Positive Solution O.85| solution
Buffer Control mg/mi
Blank 950ul 50l | - oop | -
Unknown
sample 950ul 50- X pl X ul oop | -
Unknown
sample with 950ul 30- X Xl 100ul 20l
interference
Positive
control 950ul 25ul 25ul oop | -
(10-fold
dilution)
Positive
control 950l | - 50ul oo | -
(10fold
dilution)

Table 2.3: Reaction scheme outline to measure cytochimatvity
(Adapted fromwvww.Sigmaaldrich.comjune 2009)
X= Volume of unknown sample
Calculation:

Unit definition: One unit could reduce 1ljdmole of oxidizedcytochromec in the

presence of 10AM, NADPH per minute at pH 7.8 at 25°C

$A55gfmin < dil x 1.1

Units/ml =
21.1 x Enzvol

PAsd Mi N sample P Avank
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dil = the dilution factor of the original enzyme sample

Enzvol = volume of the enzyme sample (ml)

21.1 = extinction coefficient (EmM) for reduced cytochrome ¢

1.1=Reaction volume (ml)

The reaction time is longer than 1 minutej v i d e ssobyhtiee regodon time to
obtain

g Aso/ min. All the values for cytochrome were expressed as units/ml.

2.5.6 Measurement of intracellular free calcium{Ca?"]; using a fluoresencemicro

plate reader.

Measurement of[Ca®"]; was performedas previously described in the literature
(Robinsonet al2004). The measurement [@&’"]; was performed by seeding a density

of 10,000 cells/well in black 96 well plates (Griner, UK) in 30®f growth medium.

At sub confluence, the cell culture mediwmas then replaced with FBS free medium
for 24 hr in order to synchronize ceihto a nonproliferation stage. The cell were then
loaded with 25 uM Fur2 acetoxylmethyl ester (AM) in cell medium at°@7for 30

min followed by 30 min at temperature tormmize dye leakage and sequestration into
intracellular organelles. After loading, the cells were wash8dithes with 20Qul of
Hanko6s Buffered Salt Solution (HBSS) to |
then treated with either crudeatersduble extract ofM. charantia(800 pg) or with

800 pM of alpha, beta momorcharin for different durations (0 m420 min) in a
calcium free medium. The cells were washed twice with 200 ul HBSS and then a
volume of 100 pl HBSS /wells was added to each \vildle same procedure was carried

out for t he untreated cel |l s. T2hAM wiasn't e n s
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measured atmission wavelengths of 340 nmThe relative changes in calcium
concentration using Fwa AM were determined by calculations of

[[Ca®]i=Kgb i(fmin)/ (f maxi f).

KgtheCaFura2 di ssoci ati on c oernngehsdymrdtiq, ex€itedtat380 f | u
nm without and with Ca; f min and f max (Robinseh al, 2004). All values were

expressed as ratio units of thera2 AM fluorescent intensity.

2.6 Statistical Analysis

All control and test data collected from the different experiments were analysed using
Statistical Package for Social Sciend@&PSS)version 17 St uid etast énd
ANOVA test Data obtained were expressexddmaean * standard deviation (S.D). Each
experiment was repeated for64times in duplicate (6 for cell viability and 4 for cell
signalling) to ensure the accuracy of results. A value of (p < 0.05) was taken as

significant.
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Chapter Three

Effects of different extracts of the fruit

Momordica charantiaalpha beta

momorcharimand commercial anti

cancer drugs on cancer cell line

viablility In vitro
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3. Introduction

The present study investigated the aatncer effects of two extracts (tbeidewater-
solubleextractand methanol soluble) of the fruit &. charantia,and three isolated

and purified proteins fronM. charanta( U momor char i n, b momo
momorcharin) and two commercially available as#gncer drugs namely vinblastine

and temozolomideeither alone or ikombination on different cancer cell linesvitro

measuing cell viability compared to healthy Lékeletal muscle cell line.

3.1 Methods

As described in Chapter 8ection 2.4.

3.2 Results

3.2.1 Morphology of untreated and treated cell lines

Figure 3.1 shows confocal images of the morphology of (A) untreated, (B) treated
1321N1 cell line witlB0O pg d the crudewatersolubleextract ofM. charantiaand(C)
treated 1321INEt e | | line with 800 .AM106dellsinlhcells U, b
were treated for 24 hours. The results igufe 3.1A show the normal structure of
numerousl321N1cells growing in the medium. In contrafigure 3.1B/C shows the
same cells line folling 24 hours of incubation with eitherude wateisolubleextract

of M. charantiaor with U , b mo midowevdt e this oase, the numbers of cells
have markedly decreased and structurally, they look different from untreated cells
(figure 3.1A). Theyhave lost their neurondike structures and they seem to have a

donoudnt shape.
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Figure 3.1: Confocal imagesat 40X magnification showing themorphology of (A)
untreated (B)reated 1321N1 cell line with either 800 pg of the cruddersduble

extract ofM. charantiaor treatedvi t h 800 OM of t(6)eCeldwerebh mor
treated for 24 hr. Micrographs are typical of 6 such different experiments and they were
assessed for cell viability. Note tHaack arrows indicate membrane blebbing of
individual cells under going apaytis and cells detached from the surface and from one
another,decrease in cell viability, the dondugike structure and the loss of neuronal

like glands following treatment with the crudetersolubleextract ofM.charantiaor

withU, b momorcharin
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Figure 3.2Figure 3.2 shows confocal images of the morphology of (A) untreated and
treated Gos3 cell line with800 pg of the crudevatersolubleextract ofM. charantia

(B) treated GoScel |l | ine with 800 OWM). Thé restlthre U,
figure 3.2A shows the normal structure of numerd@ss3 cells growing in the
medium. In contrastfigure 3.2B/C shows the same cell line following 24 hours of
incubation with eitheM. charantiaor U, b momorcharin, respec
the treated @lls seem to decreasennmber. In addition the treated cells seem to shrink

and they developed a round shape and they have lost their ndikersalucture.

Figure3.3 shows confocal images of the morphology of (A) untreated and ttd@ed

MG cell line with either800 pg of the crudevatersolubleextract ofM. charantia(B)
ortreatedowi t h 800 OM of t(6)eThdresultdéinifuredBAshowm ar i n
the normal structure of numerow87-MG cells growing in the medium. In contrast,

figure 3.3B/C shows the same cell line following 24 hours of incubation with either

M. charantiaor with U, b mo mor c h a MHers the nureberg ef cdlls have | vy .
decreased markedly and structurally, they look different from untreated cells. Typically,
they seem to have a donduidjke (ring) structure and they have lost their neurdikal

feaures.
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Figure 3.2: Confocal imagesat 40X magnificationshowing the morphology of (A)
untreated(B) treated Gos3 cell line with either 800 pg of the crudeatersoluble

extract ofM. charantiaor treatedwith either8 00 OM of teharin(@). b m
Cells were treated for 24 hrs. Micrographs are typical of six such different experiments
and they were assessed for cell viabili§ote the blackarrows indicatedecrease in

cellular density, condensation, fragmentatitthe number and strugte of the treated

cells in B and C compared tmtreated cells ii.
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Figure 3.3: Confocal imagesat 40X magnificationshowing the morphology of (A)
untreated(B) treated US7MG cell line with either 80 ug of the crudevatersoluble

extract ofM. charantiaor treatedvi t h 800 OM of t(@)eCeldwereb mor
treated for 24 hrs. Micrographs are typicalsof such different experiments and they

were assessed for cell viabilitilote the blackarrows indicatedecrease in cellular
density, condensation, fragmatibn,the number and structure of the treated cells in B

and C comparetb untreatectells inA.
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Figure 3.4 shows confocal images of the morphology of (A) untreated and ti8kted
Mel cell line with either800 g of the crudevatersolubleextract ofM. charantia (B)
orwith 800 OM of t {®. THe,resulis imfarenD4A cshow thé n
normal structure of numero®&k-Mel cells growing in the medium. In contrasgure
3.4B/C shows the same cell line following 24 hours of incubation with either
M. charantiaor withU, b  mo mo r ¢ h ar Here, ther narsbpre af tellsvhave vy .
decreased significantly compared to control and structurally, they look different from

untreated cells. They seem to clump together which is typical of apoptosis or cell death

Figure3.5 shows confocal images of the morphology of (A) untreated and ti@ated
23 cell line with eitheB00 pg of the crudevatersolubleextract ofM. charantia(B) or
with 800 OM of t(®eThd&resulsin fiyaren®5AshHow thermal
structure of numerou€orl-23 cells growing in the medium. In contrasyure 3.5B/C
shows the same cell line following 24 hours of incubation with elthecharantiaor
with U, b mo mor c h a Here the nurakerp ef cdls seeenltoydasesand

structurally, they look smaller and they seem to separate from one another.
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Figure 3.4: Confocal imagesat 40X magnificationshowing the morphology of (A)
untreated(B) treated SkMel cell line with either 800 pg of the crudeatersoluble

extract ofM. charantiaorwi t h 800 OM of t(®).eCellfwebe treatedno r c |
for 24 hrs. Micrographs are typical efx such different experiments and they were
assessed for cell viability. Note tHdack arrows indicate membrane blebbing of
individual cells under going aptosis and cells detached from the surface and from one
another,decrease in cell viability the reduction in number and structural difference in

treated (B/C) compared to untreated (A) cells.
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Figure 3.5: Confocal imagesat 40X magification, showing the morphology of (A)
untreated(B) treated Cor23 cell line with either 800 pug of the crudeatersoluble

extract ofM. charantiaor wi t h 800 OM of t(@)eCelld wereftreated mo r ¢
for 24 hrs. Micrographs are typical six such different experiments and they were
assessed for cell viability. Note thxack arrows indicatedecrease in the number of
treated cellscellular deasity, condensation, fragmentation and blebbingamd their

structural difference (B/C) compared to untreated cells (A).
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Figure 3.6 shows confocal images of the morphology of (A) untreated and treated
WeriRb-1 cell line with eithel800 pg of the crudevater-solubleextract ofM. charantia
B)orwi th 800 OM of t (€e Th&resulfs in thedure3.64 Bhaw i n
the normal structure of numeroMgeriRb-1 cells growing in the medium. In contrast,
figure 3.6B/C shows the same cell line following 24 hours of incubation with either
M. charantia or with U , b mo mor c haHerey the nuraberpotcells seenesl vy .
to decrease and structurally, they look different from untreated cells. Several cells seem

to clump together which is typical of cell death during apoptosis.

Figure 3.7 shows cdiocal images of the morphology of (A) untreated and trehted

skeletal muscleell line with either800 pg of the crudevatersoluble extract of M.
charantia(B) orwi t h 800 OM of t (Ck Theresults inrthedurer c h ar
3.7A show the normal micture of numeroud6 cells growing in the medium.
Similarly, figure 3.7B/C shows the same cell line following 24 hours of incubation with
either M. charantiaor with U , b mo mor c ha mHere the nurmkberpokcelis i v e |

seemed to be the same and wfith similar structure.
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Figure 3.6: Confocal imagesat 40X magnification showing the morphology of (A)
untreatedB) treated Weri RH cell line with either 800 ug of the crudetersoluble
extract ofM. Charantiaor with 800 uM oft he U, b m@E)mCtelis evératreatenl
for 24 hrs. Micrographs are typical efx such different experiments and they were
assessed for cell viability. Note thiee black arrows indicatedecrease in number and

the clumping to the treated cells (B/@nepared tantreated cells (A).
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Figure 3.7: Confocal imagesat 40X magnification showing the morphology of (A)
untreatedB) treated L6 muscle cell line with either 800 pg of the crudgersoluble

extract ofM. charantiaorwi t h 800 OM of t(@)eCelld wereftreated mo r ¢
for 24 hr. Micrographs are typical of6such different experiments and they were
assessed for cell viability. Note thiahck arrows indicate the cells growing normaly

attached to the surface tbfe flaskin both untreated and treated cells look similar.

117



3.2.2 Timecourseeffects of the crudewater-soluble extract of M. charantia on cell
viability

Figure 3.8 shows the timmurseeffects 0f800¢ ¢ of t h-soluble exttha ofwat e
M. charantia on the viability of dfferent cancer cell lines (1231N1, G8s U87~MG,

Weri Rd1, Corl-23, Sk Mel) and healthy L6 muscle cell line. Each cell line was
incubated with the extract for 6, 12, 18, 24 and 48 hours. Also shown in the figure 3.8 is
healthyL6 skeletal muscle cell line incubatedth both extract for the same time for
comparison. All the cells were treated for up to 48 hours. The satultv that in all six
different cancer cell lineslB21N1, Gos3, U8%-MG, Sk Mel, Corl-23, Weri Rb1), the
crudewatersolubleextract ofM. charantiacan evoke marked and significgpt< 0.09
decreases in the cell viability (cell deattmmpared to untreated cellsrom these initial

time- course experiments, it was established that cell viability (cell Yidatireased to

its maximal level after 24 hours of incubation with thede watessoluble extract oM.
charantia No furthersygnificanteffect on cell viability was observed at 48 hours of
incubation compared to 24 hrs. The incubation time of 24 hoassemployed in all the
dose dependent experiments of this study. The resultpedsented ifigure 3.8 also

show thatthe crude watesoluble extract oM. charantiahadlittle or no effect on the

death ofthe healthyL6 skeletal muscle cell line.
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Figure 3.8: Theime-courseeffects of 800 pg ofrude watessoluble extract oM. charantiaon the viability of six different cancer cell lin€s321N1,

Gos3, UB* MG, Sk Md-2, Corl-23, Weri Rb1) and orhealthy Lémuscle cell lindor comparisonCelllines incubated at the same time point

without any extract are also shown in the figure for comparison. Solid straigbhbmes thel00 % values for each time point. Cell viability for each
time point was expressed as percentage of the respectivel ¢patextract, but only cells in medium) at each time point of incubation. Each cell line
was incubated with therudewatersolubleextract ofM. charantiafor up to 48 hrs. All Data are mean = SD, n = 6 different experiments in duplicate; *

p < 0.05for all test samples compared to control (100 %).
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3.3.3 Dosadependent effects of the crude water and methanol soluble extraaif

M. charantia, U momor chari n, b momor charin and

viability .

Figure 3.9 shows the effects of diffetaoncentration§200- 800 g) of t he

watersoluble extract oM. charantiaon the viability of the six different cancer cell
lines and on healthly6 skeletal muscle cell line employed in this study. Also shown
in the figure 3.9 are the untreatstk different cancer cell lines and healthg
skeletal muscle cell line for comparison. All the cells were treated witlcrtiae
watersoluble extract oM. charantia for 24 hours. Control (untreated) cell lines
were also incubated for 24 hrs but withoay @&xtract. The resudtshowthat in all

six different cancer cell lined821N1, Gos3, US-MG, Sk Mel, Corl-23, Weri Rb

1), the crudevatersolubleextract ofM. charantiaevoked marked and significafft

< 0.05 decreases in the cell viability (cekdth) compared to untreated cells (100%
viability). These effects of the crude extract were elbsgendent with maximal cell
death occurring with 600 gand which was not significantly p > 0.05 different from
800¢ g . I n cont r a-soluble exrdectefMcchanadtiahadvaalittieeor no
effect on the death of healthy skeletal muscle cell linr comparisonThe result
also show that the crude extract was more effective in killB2LN1, Sk Mel and

Corl-23 cell lines compared to its effect o3 and UBYMG cell lines.
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Figure 3.9: Bar charts showing the effectsliffierent concentrations (20800 pg) of thecrude watessoluble extract oM. charantiaon the
viability of six different cancer cell lingd321N1, Gos3, U887 MG, Sk Mel2, Corl-23, Weri Rb1) and healthy Lénuscle cell lindor
comparisonThe untreated (no crude extract) cell line for each (first bar chart) is also shown as 100% in the figure for comgariset lige
was incubated witkthe crude watessoluble extact ofM. charantiafor 24 hrs. Data are mean = SD, n = 6 different experiments in duplicate; (*
p<0.05) for untreated (100 % viability) compared to the treated cells for the different concentrations. Note the prontiicaceeeffects of

thecrude waer-soluble extract oM. charantiaon 1321N1,SkMeland Corl23 compared to the other cancer cell lines.
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Figure 3.10 shows the effect of different concentrati(@®d - 800¢ g ) of the
methanol soluble extract ™. charantiaon the viability of the six different cancer cell

lines and healthy.6 muscle cell lines for comparison. All the cells were treated for 24
hours with thecrudemethanol soluble extracf M. charanta. Control cell lines were

also incubated for 24 hrs but without any extract. The results show that in all six
different cancer cell linesLlB21N1, Gos3, US~-MG, Sk Mel, Cori23, Weri Rb1), the

crude methanol soluble extractMf charantiacanevokeonly a very small decrease in

cell viability, but the decrease was not significantly different fromvihbility (100%)

o f control cells lines except f 0800€l1g3 2 1 N
evoked a small, but significaifp < 0.05 decrease in cell viability compared to the
control. Similarly, administration of crude methanol soluble extradfl.ocharantiato

healthy L6 cell lines did not have asygnificanteffect on the cell viability. The cell

viability was not significantly differentp > 0.0 from the untreated cell ligse

compared to the treated cell lines using the methanol extract
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Figure 3.10: Bar charts showing the effectslifferent concentrations (26800 pg) of thecrude methanol soluble extractMf charantiaon

the viability of six different cancer cell lin€$321N1, Gos3, U887 MG, Sk Mel2, Corl-23, Weri Fb-1) and healthy Lénuscle cell lindor
comparisonThe untreated (no methanol extract) cell line for each (first bar chart) is also shown as 100% in the figure for coEguriseh

line was incubated witbrude methanol soluble extractMf charanta for 24 hrs. Similarly, each control cell line was incubated in the medium
alone for 24 hrs. Data are mean + SD, n= 6 different experiments in duplicate; * p > 0.05 for untreated (100 % vialpétgddonthe treated

cells for the different concentrans except for 1321N1 in which*p <0.05®0 0 €8&J)0cagn dc ompar ed t o contr ol
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Figure 3.11 shows the effect of different concentratig@0 - 800 ¢ M) of
U, b mo nom the kiability of six different cancer cell lines andatthy L6
muscle cell lines for comparison. All the cells were treated for 24 hours. Control cell
l ines were also incubated for 24 hrs bu
show that in all six different cancer cell lind821N1, Gos3, U8~MG, SkMel, Corl -

23, Weri Rbl) U, b mo mevokedimarked and significafip < 0.0 decreases

in the cell viability (cell death) compared to untreated cells ¥dQ@ability). These
effecs o f U, b mo maalsa thosatependentvwith enaximal cellleath
occurringat800e MofU, B momod mh @ pinkh r me madlitk a moi n
effect on the death of healthy6 skeletal muscle celine. The results presented in
Figure 3.11 are more or less similar to the results obtained wittrdldewatersoluble
extract ofM. charantia(seefigure 3.9). AgainU , b momorcharin was
killing Sk Mel and Cort23 cell lines compared to G&and U87MG and 1321N1 cell

lines.
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Figure 3.11: Bar charts showing the effectslifferent concentrations (200800 pg)of b momor char i n

cell lines(1321N1, Gos3, U8%* MG, Sk Mel, Corl-23, Weri Rb1) and healthy Lénuscle cell lindor comparison The untreated
momorcharin) cell line foeach (first bar chart) is also shown as 100% in the figure for comparison. Each cell line wagidcubati t h U,
hrs. Each control cel | l i ne was a.lDatoareimean t SCyw6elitfereft o r

momorcharin fo2 4

 Untreated

5200 pM
2400 pM
600 pM
#800 pM

on t

he

viabi |

experiments in duplicaté p < 0.05 for untreated (100 % viability) compared to the treated cells for the different concentrations. Note the

pronounced

ef f ect SkNeladd Coh23 celblims compased to atherccell lines.

125

(n
b

24



Figure 3.2 shows the effect of different concentratio200 - 800 ¢ M) b f
momorcharinon the viability of the six different cancer cell lines and hedliynuscle

cell line for comparison. All the cells were treated for 24 hours. Control cell lines were
alsoicubated for 24 hrs but without any U n
different cancer cell linesl821N1, Gos3, USZ-MG, Sk Mel, Corl-23, Weri Rbl),

U momorcharin was | ess eff edtheithe@udewaterk i | | i
solubleextract ofM. charantia(Figure 3.9) orJ , Bomarcharin (figure A1). Similarly,
administration ofU momor charin to healthy L6 cell
cel | viability. However, U 182d\moell lméy butii n  h a
was slightly more effective on the other five cancer cell lines especially at high

concentrations. In some cases, the cell viability (cell death) reached sigrificaft05

level compared to untreated cells.

Figure 3.13 shows theffect of different concentratiorf200- 800 M) b o f

momorchariron the viability of the six different cancer cell lines and hedlhynuscle

cell line for comparison. All the cells were treated for 24 hours. Each control cell lines

was al so incubated for 24 hitsshowthatinalisit h no
different cancer cell linesl821N1, Gos3, US7-MG, Sk Mel, and Corl 23, Weri Rb)

| ow d o senwrcharin hdul little or no effect d321N1, Gos3 andu87- MG cell

Il i nes. However, at hi g8&0esh, momorcharineetoked ns o f
small but significant(p < 0.095 dosedependentlecreases in cell viability compared to

control. Similarly, in Sk Mel, Cod23 and WeriRHL,bb mo mor charin evoke
(p < 0.09 dose dependent decrease in cell viability focaficentrations tested compared

to control cel | nrhomarahainweieore preo venfcf eedc ttsh aonf (b
momorcharin (seddure 3.12) but less effecti@mpared teeitherthe crude water

soluble extract oM.charantia(seef gur e 3. Yjnorcharinl (sefigure 8.11)n
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Figure 3.12: Bar charts showing the effectslifferent concentrations (20B00 pM)ofU mo mor charin on the viabil it

cancer cell lineg1321N1, Gos3, U887 MG, Sk Mel, Corl 23, Weri RbB1) and healty L6 muscle cell lindor comparison The wuntreated
momorcharin) cell line for each (first bar chart) is also shown as 100% in the figure for comparison. Each cell linebatas inaui t h U

momorcharin fo24 hrs. Each control cell lineswerealsod u bat ed for 24 hrs but with no U momorch
experiments in duplicat¢ p<0. 05 for untreated (100 % viability) compared to t

momorcharin is less effectiwe killing the cancer cell lines.
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Figure 3.13: Bar charts showing the effectslifferent concentrations (26800 pM) ofb momor char i n on t he viabil it

cell lines(1321N1, Gos3, U8%* MG, Sk Mel, Corl 23, Weri Ri1) and healthy.6 muscle cell lindor comparison The wuntreated ( nc
momorcharin) cell line for each (first bar chart) is also shown as 100% in the figure for comparison. Each cell lindovaad ikcd  wi t h b
momorcharin for 24 fs. Each control cell lines wagsoincb at ed f or 24 hrs but with no b momorchar
experiments in duplicate; * p<0.05 for untreated (100 % viability) compared to the treated cells for the different dorcensat Not e t hat

momorcharin was slightly more efftive as an anttancer agent iSk Mel cell line ompared to the other cell line
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3.3.4 Dosadependent effects of vinblastine and temozolomide on cell viability

Figure 3.14 shows the effects of different concentratits40e g) of vi nbl ast
the viability of the six different cancer cell lines and on healtByskeletal muscle cell

line employed in this study. Also shown in the figure 3.14 are the untreated
different cancer cell lines and health§ skeletal muscle cell line for comparison. All

the cells were treated with vinblastine for 24 hours. Each control cell lines were also
incubated for 24 hrs but with no vinblastine. The rassitowthat in all six different

cancer cell linesi321N1, Gos3, UB~-MG, Sk Mel, Corl-23, Weri Rb1), vinblastine
canevokemarked and significar(p < 0.05 decreases in the cell viability (cell death)
compared to untreated cells (100% viability). These effects of the vinblastine were
dosedependent with maximal cell death occurring withe4@ Similarly, vinblastine
significantly (p < 0.09 decrease the viability of healthyL6 skeletal muscle cell line
compared to untreated L6 cell line but mainlyadtigh doss. The resul also show

that vinblastine was more effective in killid$21N1,Gos3, Sk Mel and Corl23 cell

lines. It has less effective on UBXG cell line, which seems to be more resistant to

the drug. The surprigefinding in this study was that vinblastine could also Kill
healthy L6 skeletal muscle cell compared to the crudeergoluble extract oM.

charantia (see fgure 3 . 9) and U, b igue@dl) whHich had mo ( s ee

detectable effect on the viability of L6 cell line.
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Figure 3.14: Bar charts showing the effects of different concentrdfiOnrsl0 ¢ gof vinblastineon the viability of six different canceelt lines
(1321N1, Gos3, U87- MG, Sk Mel2, Corl-23, Weri Rb1) and healthy Lénuscle cell line. The untreated (no vinblastine) cell lines for each
(first bar chart) is also shown as 100% in the figure for comparison. Each cell line was incubatdtbfos Zither with or without vinblastine.
Data are mean + SD, n = 6 different experiments in duplicate; 8.05 for untreated (100 % viability) compared to the treated cells for the
different concentrations. Note that vinblastine was more potent oitityialb Gos-3 and Cod23 compared to the others. Moreover, it was more

effectiveat4&@ g. The drug also killed healthy L6 muscle skeletal muscl e
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Figure 3.15 shows the effects of different concentratigd@ - 320 ¢ M) f o
temozolomideon the viability of the six different cancer cell lines and on hedlthy
skeletal muscle cell line employed in this study. Also shown in the figure 3.15 are the
untreatedsix different cancer cell lines and health§ skeletal muscle cellife for
comparison. All the cells were incubated for 24 hours either with or without
temozolomide. The results show that in all six different cancer cell [ir851N1, Gos

3, US-MG, Sk Mel, Corl-23 and Weri RH) temozolomideevoked marked and
significant (p < 0.05 decreases in the cell viability (cell death) compared to untreated
cells (100% viability). These effects of the temozolomide were -dependent with
maximal cell death occurring with 326 M. S i meénlozolonide , evokeda
significant < 0.05 decrease in viabilitypf healthyL6 skeletal muscle cell line but
this was less comparetb the cancer cell lines. Nevertess, the values reach
significant levels(p < 0.05 compared to controfuntreated) L6 cells. This effect of
temozolomideon L6 muscle cells was desiependent. The result also show that the
temozolomide was more effective in killiMB21N1, Gos3, Sk Mel, Weri Rkl and

Corl -23 cell lines. It was less effective on and LG cell line. Comparing the effects

of temozolomidewith vinblastine (sedigure 3.14) The results clearly show that

vinblastine was more effective theemozolomiden killing cancer cells.
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Figure 3.15: Bar charts showing the effects of differemicentrationg80 - 320¢ M pf temozolomide (TEM)n the viability of six different

cancer cell lineg1321N1, Gos3, U8* MG, Sk Mel Corl 23 and Weri R1) and healthy Lénuscle cell line for comparisonThe untreated

(no temozolomide) cell lines for ea (first bar chart) is also shown as 100% in the figure for comparison. Each cell line was incubated for 24

hours either with or without temozolomide. Data are mean + SD, n = 6 different experiments in dupficat®.05for untreated (100 %

viability) compared to the treated cells for the different concentrations. Note that temozolomide was more effective in kilBg€lbline

compared to thethers. Temozolomide alsollked healthy L6 skeletal muscle cell lineut it was less effective compdréo cancer cell lines.
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3.3.5 Combined effects of crudevater-soluble extract of M. charantia with either
vinblastine or temozolomide

Figure 3.16 shows the effect of either vinblast{dé ¢ g ) al owcredewater t he
soluble extract of M. charantia (800 ug, a high dose) aloner a combination of
vinblastine(40e g ) wicrtude extrdc®oluble extract oM. charantia(800 pg)on

the viability of the six different cancer cell lines and on headlifygskeletal muscle cell

line employed in this study. Alsshown in the figure 3.16 are the untreageddifferent
cancer cell lines and healthy skeletal muscle cell line for comparison. All the cells
were treated with either vinblastine or ttrede watetsoluble extract oM. charantiaor
combineddrugs (drg + crude extract) for 24 hours. Control cell lines were also
incubated for the same time. The reswhowthat in all six different cancer cell lines
(1321N1, Gos3, US~-MG, Sk Mel, Corl-23, Weri Rb1) eithervinblastine, orcrude
watersoluble extractof M. Charantia canevoke marked and significantp < 0.05
decreases in the cell viability (cell death) compared to untreated cells (100% viability).
However, when vinblastine was combined with t#treide wateisoluble extract of

M. charantia, there was a further decrease in cell viability. These values were
significantly (p < 0.05 different compared to either untreated cells (100%) or cell

treated with either vinblastine or crude wagetuble extract oM. charantia.

Similarly, vinblastinecombned with thecrude watersoluble extract of M. charantia
evoke significant(p < 0.05 decrease in thdeath of healthy.6 skeletal muscle cell
line. The results also show thedmbineddrugs (drug + crude extract) were more
effective in killing 1321N1, Gs-3, Sk Mel, Weri Rbl and Corl-23 cell lines. It vas

less effective on USRG cell lines.
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Figure 3.16: Bar charts showing the effect of eithfetO e ginblastinealone or800 g

of crudewatersolubleextract ofM. charantiaalone or a combinatioof vinblastine(40

€ gand the crude extrasbluble extract oM. charantia(800 pg) on the viability of six
different cancer cell line€l321N1, Gos3, U87- MG, Sk Mel2, Corl-23, Weri Rb1)

and health Lémuscle cell linefor comparison The untreated (no vinblastine, crude
extract, combined drugs) cell line for each (first bar chart) is also shown as 100% in the
figure for comparison. Each cell line (Wibr without drug) was incubated for 24 hrs.
Data are mean = SD, n = 6 different experiments in duplicate; 6.05for untreated

(100 % viability) compared to the treated cells for tHéedent concentrations. Alstf

p < 0.05for the combined effect ofinblastine + crude extracoluble extract oM.

charantiacompared to the individual effect.
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Figure 3.17 shows the effect of either 0g ofvi tnibé ast i ne, 800
momorcharin alonerc o mbi ni ng U, @00 mM)wihrviodiastinei (42 g )

on the viability of the six different cancer cell lines and on hedlgkeletal muscle

cell line employed in this study. Also shown in the figure 3.17 are the untrsiated
different cancer cell lines and health§ skeletal muscle cell line for comjson (100

% viability). All the cells were treated with either vinblastiné, b mo mor c har
combineddr ugs (vinblastine + U,b momorcharin
also incubated for the same time of 24 hours. The seshitwthat in all six different

cancer cell lines1321N1, Gos3, US~-MG, Sk Mel, Corl-23 andWeri Rb-1) either
vinblastine,Ub mo mo prcdmbineddnr ugs (vinbl astiman + U
evoke marked and significarjp < 0.05 decreases in the cell viability (cell death)
compared to untreated cells (100% viabilitiy).all the cell linesvinblastinewas more

effective on cell viability compared tdb mo mor charin al one. Mo
also show that when vinblastingas combinedwi t hb Unmomor charin t|
slightly more effective in killingl321N1, U87/MG, Sk Mel and Cort23 celllines. In

contrast, they were less effective on &osell line. The result also show that either
vinblastine or a combination of vinblastine with b mo mo r cah aliciti an

significant decrease of L6 skeletal muscle cell line compared to untreatedocel

treated withOb mo mo rabprear i n
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Figure 3.17: Bar charts showing effect of eithered@ o Vinblasktine alone or 800
OM U, b momorochh@ambinnian @ n@, (00 pi\d) mithrvinblastinei n
(40 e gon the viability of six differentancer cell line¢1321N1, Gos3, U8% MG, Sk
Mel, Corl -23 and Weri RH) and healthy Lénuscle cell linefor comparison The

untreated (no vinblastine, U, b momorchar
bar chart) is also shown as 100% in figure for comparison. Each cell line was
incubated for 24 hrs either with or without drugs. Data are mean = SD, n = 6rdiffere
experiments in duplicate; p < 0.05for untreated (100 % viability) compared to the
treated cells for the differemoncentrédons. Similarly,** p < 0.05 for the combined
effect of vinblastine + U,b momorcharin
momorcharin aloneNote that vinblastine or combination of vinblastine withb

momorcharircan also decrease the viability ofaltey L6 skeletal muscle cell line.
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Figure 3.18 shows the effects 240 M o ftembzblemide alone, 800 pg ofude
watersoluble extract of M. charantia alone or a combinationcrude extractsoluble
extract ofM. charantia(800 ug) with temozolomide2d0 € M))on the viability of the

six different cancer cell lines and on healtty skeletal muscle cell line employed in
this study. Also shown in figure 3.18 are the untreatedlifferent cancer cell lines and
healthy L6 skeletal muscle cell line for corapson. All the cells were treated with
either temozolomide alonerude watersoluble extract of M. charantia alone ora
combinationof both (temozolomide + crude extract) for 24 hours. Control cell lines
were also incubated for the same time of 24 holihe results show that in all six
different cancer cell linesl@21N1, Gos3, US%-MG, Sk Mel, Corl-23, Weri Rb1)
eithertemozolomide, therudewatersolubleextract ofM. charantiaor combineddrugs
(temozolomide + crude extraatan evoke marked andygificantp < 0.05 decreases in
the cell viability (cell death) compared to untreated cells (100% viability). Similarly,
temozolomide alonéut neither the crude extraspluble extract oM. charantianor a
combination of bothcanevoke asignificant (p < 0.05 decrease in the viability of
healthyL6 skeletal muscle cell line compared to untreated cell. The results also show
that acombination otemozolomide with the crude extract was more effective in Killing
1321N1, Gos3, Sk Mel and Cort23 cell lines. They are less effective on Weri-Rb

U87-MG cell lines.
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Figure 3.18: Bar charts showing effect of either temozolor@tlee M or thecrude
watersoluble extract ofM. charantia800 pganda combination othe crude extract
soluble extract oM. charantia (800 pg) with temozolomide2d40 e M pn the viability

of six different cancer cell ling4321N1, Gos3, U87~MG, Sk Mel Corl-23, Weri Rb

1) and healthy Lénuscle cell linefor comparisonThe untreated (no temozolomide or
crude extract) cell lia for each (first bar chart) is also shown as 100 % in the figure for
comparison. Each treated and untreated cell line was incubated with for 24 hrs. Data are
mean + SD, n = 6 different experiments in duplicate; * @.65for untreated (100 %
viability) compared to the treated cells eithgith temozolomide omwith the crude
watersolubleextract ofM. charantiaor when theywere combined;** p <0.05for the
combined effect of temozolomide and ttreidewatersolubleextract ofM. charantia

compared tead alone.
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Figure 3.19 shows the effect of either temozolom@#®® ¢ M al on®, b or

momorcharin 800 uM alonera combi nati on o 800 WM)bwithmo mo r

temozolomide(240 € M pn the viability of the six different cancer cell lines and on
healthyL6 skeletal muscle cell line employad this study. Also shown ifigure 3.19

are the untreatedb (moma resridiffamihtrogncercal lines U,
and healthyL6 skeletal muscle cell line for comparison. All the cells were treated with
either temozolomideJ, b momor charin or a combinati
momorcharin for 24 hours. Control cell lines were also incubated for the same time. The
result shows that in all six different cancer cell linE3(LN1, Gos3, U87Z-MG, Sk Mel,

Corl -23, Weri Rb1) eithertemozolomide,U, b mo moor & ¢tombination of
temozol omi de with elbkeb markedremd sighificap @ 0.0§ a n
decreases in the cell viability (cell death) compared to untreated cells (100% viability).
Similarly, either temozolomide ora combination oft e moz ol omi de Wi
momorcharin can evoke significafd < 0.05 decreases in the viability dfealthylL6

skeletal muscle cell lines. The results also show dhaimbination oftemozolomide

wi th U, b momslightlcnioee efieative in &illind.321N1, Gos3, Weri Rb1,

Sk Mel and Cor23 cell lines compared to eithere moz ol omi de or u, b

alone However,t e moz ol omi de wi t h U, b momor char.i

uUs87-MG cell line.
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Figure 3.19 Bar charts showing effect abf thetemozolomide240e M a | @rie Uq 1b
momorcharin 800 uM aloner a combination of U, b mo mq80@ jVy randn
temozolomideZ40¢ M pn the viability of six different cancer cell lin€s321N1, Gos

3, U887 MG, Sk Md, Corl -23, Weri Rb1) and healthy L6 muscle cell linefor
comparison The untreated (no temozol omi de,
momorcharirB00 uM and temozolomid240¢ M cell line for each (first bar chart) is

also shown as 100% in the figuo¥ comparison. Each treated or untreated cell line was
incubated for 24 hrs. Data are mean = SD, n = 6 different experiments in duplicate; * p

< 0.05 for untreated (100 % viability) compared to the treated cells for the different
concentrations. Notetha t he combined effect of temoz
was more or |ess the same as U, b -MB mor c
WeriRb-1 and Sk Mel cells lines, ere there was onla small decrease in cell
viability; ** p < 0.05 for either temadomide or U, b mo maompadreal rtoi the

combination ofboth.
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3.4 Discussion

A number of preliminary studies have shown aaincer activityof M. charantia
against lymphoid, leukaemia, lymphoma, choriocarcinoma, melanoma, breast, skin and
prostaticcances (Licastroet al1980; Nget al199; Sunet al 2001).Maximal anti
carcinogenic activityvas demonstrated followinghronic treatment witlthe hot water
extract of M. charantiain uterine adenomyosis and mammargnaur growth in mice

(Nagasawat al. 2002;Singhet al1998).

The beneficial antcancer effec of the crudewatersoluble extract oM. charantia

have been reported previously by several other investigators (Gatqlly2000; Jilka

et al1983; Singhet al1998; Ramarand Lau,1996 Takemotoet al1982; Yeunget al
1988).Moreover, anumber of preliminary studies have been conducted using the crude
preparation oM. charantia In all thesestudiesthe chemical profilef the extract was

not reported in the investigatian®Neverthéess, some studies have demonstrated
marked biological activities of severatompounds includingcharantin MAP 30,
momordicin, alpha, beta momorcharin extracted frivin charantia (Grover et al

2004).

In other studiesalpha, beta and alphabeta momorcarins have been isolated and
purified fromM. charantiaand theywere testdon viability of differentcancer cell line.
The crude watesoluble extract oM. Charantiawasfound to becytotoxicto CBA/D
cels in cultureandthe toxicity wa dose dependertdiowever, the cells exposed to the
watersoluble extract for 30 min and washed andubated for 24 hrs also shoav
decreasean cell viability (Takemotoet al1982). The results of this study haalso
shown hat alpha, beta momorcharin can prodsceilar anticancer effects on the

viability of each cell line compared to the crude watluble extract oM. charantia
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However, either alpha doeta momorcharinthe two different and distinct proteins
extracted fronM. charantia (compared t@lphg betamomorcharig) was less effective
in killing the different cancer cell lines employed in this study compared to alpha, beta

momorcharin or the crudeatersolubleextract ofM. charantiaalone

It has beenpreviously reported that alpha, beta momorcharintype-1l ribosome
inactivating protein(RIP), isolated and purified formvl. charantiapossesses a number

of anticancer activities including inhibition of tumour growth and & (Leung et
al.1987). Similarly, it was also reported thatther individualalpha momorcarin or

beta momorcharin hagexcellent cytotoxicity of tumour celi<iong et al. 2010).These

later findings contrast with the result for either alpha or beta momorcharin obtained in

this study.

Second, the presestudy alsanvestigated thgossibility of combining a high dose of
the extract ofM. charantiaor alpha, beta momorcharin with a low to moderate dose of
commercially available antiancer drugsvinblastine and temozolomide on the viability
of each cell line. The ratioralvasthat the commercially availablanticancer drug in
high concentration not only kill cancer cellsut also healthy cells in the body
(Nagasawaet al 2002). If a lowto moderatalose of either temozolomide or vinblastine
can be combined with a high dose of thudewatersoluble extract oM. charantiato
produce maximal anttancer effect, without killing healthy cells, then they should be

safer in treating cancer.

The results of theresenstudy have showthateither vinblastine or temozolomide can
significantly decrease the viability df321N1, Gos3, UB~MG, Sk Mel, Corl-23, Weri
Rb-1 cancer cell lines. Both artancer drugs also decreased the viability of healthy L6

skeletal muscle cell line. The effect of each drug wasidepeEndent with maximal
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ef ect occurring at 40 eg for (Friedderdgeaad t i n e
2001) The results of this study alsoask that combining a moderate tdegh dose of
either vinblastine or temozolomide withhigh dose of either therudewatersolulde
extract of M. charantiaor with alpha, beta momorcharin only producesraall, but
significant decrease in the viability of each cancer cell line compared to the effect of
either temozolomide, vinblastine, the crudatersoluble extract of M. charantia or
alpha, beta momorcharin alone. This small decrease in cell tyatilieach cell line

was significant but it was neither additive nor synergetiompared to the separate
effect of each. Thiswas a rather surprising resutt this study. Neverthelessplant-

based medicines haweeen shown to exert littler no effects on theancercells and
tissueswhen they combine witklrugs like, cisplatin, Tozolomide, vinblastine db-
fluorouracil (Omar2007). Theseommercially availablerugs not only Kill tle cancer

cells but also kill normal cells. Thisalso depends on the type of cancer and
concentratios of the drugs entpyed by the physician (Honde, 2005). However,

further search must find a safer plant basestlicine to treat cancer.

The question, whsh now arisess: How do these diffrent extractgxert their effect on

cell death?The morphological data for this study have clearly shown marked changes in
structure of each cancer cell line comparing treated with untreated cell lines for 24 hrs
with @ther the crude watesoluble extract oM. charantiaor alpha, beta momorcharin.

The morphologyf each glioma cell line seemedadtter, losingtheir normal structures
following incubation with either the crude watsluble extract oM. charantiaor with

alpha, beta momorcharin. Moreover, each cell line seems to aggregate forming clumps
of cells following treatment for 24 hrs. In some cases, they seem to poskessIght

like structure similar to red blood cells. These abnormal structural featurypiaed of

either cell necrosis or apoptogiserr et al 1972) These data for the morphologiudy
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presented in figures 3.43.6 of this study clearly show that either the crude water
soluble extract ofM. charantia or alpha, beta momorcharin can indumarked
structural changes in each cancer cell line leading to morphology dé#tecellor a
decrease in cell ability. In contrast, they halittle or no effects in the cell viability of
healthy L6 skeletal muscle cell line. Likidis study, perviosi workershave also
demonstrated successfully that either the crude vsaleble extract oM. charantiaor
alpha, beta momorcharin can also kill different cancer ¢Elanget al 1983 Terenzi

et al 1999)

Previous studies (Ahnda 1999; Cummingset d. 2004) have investigated the
synergistic effect of the crudeatersoluble extract of M. charantia with insulin
measuring titratedjlucose uptake in L6 skeletal muscle cell lines, It was shown that
high doses (100 200 pg) of the crudevatersoluble extract inhibited the effect of
insulin on glucose uptake. The hegtthe dose of the crudeatersolubleextract, the
lower was the glucose uptake into skeletal muscle cell line. However, when a low dose
of insulin was combined with a low dose (5 pg0 ug) of the crude watesoluble
extract ofM. Charantia there was a synergistic increase in glucose uptake into L6
skeletal muscle cell lineAhmad, 1999. The present study only employed a very high
dose of the crude watspluble extract oM. charantiaand a moderate to high dose of
either temozolomide or vinblastine to investigate their combined sfd@ctancer cell
viability. It is worthy to investigate low dosef both the extract and the commercial

anticancer drug on the viability of each celldin

In this study, the methanol soluble extractvbfcharantiafailed to elicit any deciase
in the viability of each cancer cell line except for a small decrease in the viability of
1321N1 cell ling but only & high concentratiog This may due to the ¢& thatthe

methanol extraction denatures the active ingredient. Similarly, either alpha or beta
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momorcharin was less effective in decreasing cell viability (cell death) compared to the
effect of eitheralpha, beta momorcharin alone or the crudg¢ersoluble extract ofM.
charantia alone Again, it is possible that both the alpha and beta moieties are required
on the momocharin protein to make it more active or potent as acaacgr drug. On
examination of the effect of either the crudatersolubleextract ofM. charantiaor

alpha, beta momorcharin, the data show that each possesses more or less similar
potency for each concentration employed in this study. Together, the results have
clearly indicated that the active ingredient(s) of the crude veateble extract oM.
charantiais possiblyalpha, beta momorcharin. Further studies are required to isolate
the active componestof the crude watessoluble extract and then purifgnd

characterize its chemical properties, structures anetanter effets.

3.5 Conclusion

In conclusion, the results of this study have clearly demonstrated thattaghemude
watersoluble extract of M. charantia or the isolated and purified protein of
M. charantia, namely alpha, beta momorcharin can levcignificant decreases in
cancer cell viability (an increase in cell death) without killing healthy cell line like L6
skeletal muscle cell line. These effects were both time and-ddsendent with
maximal effect occurring after 24 hrs at a dose of 8§0au the crude wateisoluble
extract ofM. charantiaor 800 uM for alpha, beta momorcharifither temozolomide
or vinblastinewith maximal effect of 36QuM and 40ug respectivelycan also elicit
dosedependent decrease cancer cell viability. Combini either temozolomide or
vinblastine with either the crudsatersolubleextract of M. charantiaor alpha, b&a
momorcharin had no additiver synergetic effect on the viability of each cell line

compared to the effect of either alone. dtconcluded thaextracts ofM. charantia
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possessanticancer properties siacthey can induce cell death. However, further
experiments are required to investigate the mechanism(s) whireby extractsan

induce cell death. These results are presented in the nex¢rcbbiitis study.
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Chapter Four

Cellular mechanismsassociated with

decreased cancer cell viability
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4. Introduction

Chapter threef this studydescribe the anticancer effects of both the crude extract of
M.charantiaand alphabeta momocharin. Thishapter ofthe study wasspecifically
designedo investigate theellularmechanismsvhereby either therudewatersoluble
extract ofM. charantiaor alphg beta momorcharin can induce cell death measuring
activities of caspas® and caspas®, the release of cytochrorteand elevation in

intracellular free calcium concentratmim the different cancer cell lines.

4.1 Methods

As described in chapt@ section 2.5.

4.2 Results

4.2.1 Measurements of aspase3 and caspas® actvities in untreated and treated

cells

Figure 4.1 shows caspas®activity in (A) cancer and L6 cell lines treated with 800

of the crude watersoluble extract of M. charantia for 24 hours and (B) cell lines
incubated alone with medium but without any crude extract for the same duration of 24
hrs. The results show that caspa®ectivity decreased significant(p < 0.05 in both
treated and untreated cell lines compared to control caspasgivity without any cells
(assay kit control) The decrease was much more pronounced in untreated cells
compared to treated cells. Comparing cells treated with the wrat#solubleextract

of M. charantiato untreated (no extract), the resuytreated untreated cell linesdlso

show a significan{p < 0.05 increase in caspas8 activity. The results also show a
significant(p < 0.05 increase in caspas8 activity in healthy L6skeletal muscle cell

line compared to untreated cell lines.
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Figure 4.2shows the percentage differen@dreated untreatectellslines) in caspase3

activity in all six different cancer cell lingd321N1, Gos3, US7-MG, Sk Mel, Cor 23

and Weri Rbl) and healthy Lénusclecell line following incubation with 80@ @f the

crude watersoluble extract of M. charantia The caspase activity in each control,
untreated cell line was expressed as 100 % and the value for the respective treated cell
line was expressed as a percentage increase of the c@mtotated)value. The
difference (treated minus untreated atyivin the activity of caspas@ is plotted for

each cell line in Figure.2. The data are obtained frongdre 4.1 and they show
significant p < 0.05)increases in caspa8eactivity in all the cell Ines. Theresults

show thatcaspase activity was much mor@ronouncedn Gos3 cell line compared to

the other cell lines.
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Figure 4.1: Bar charts showing casp&sactivity in six different cancer cell lines
(1321N1, Gos3, UB*+MG, Sk Mel, Cort 23 and Weri Rbl) and healthy L@nuscle

cell line incubatedvith 800e g o ¢rudewhtersolubleextract ofM. charantiafor 24
hours(A) andcell lines incubated alone in the medium without any crude extract for the
same duration of 24 hrs (BAssay kitcontrol caspas® activity is shown in the figure

for comparison. Data are mean = SD, n = 4 differepedarments in duplicate. Note that
caspase& actvity increasedsignificantly (* p < 0.0§ in treated cells compared to
untreated cells. However, caspaseactivity in both treated and untreated cells
significanty (* p < 0.09 decreased compared to conttakpase3 value. This decrease

was much more pronounced in the untreated cells compared to treated cells.

150



[ =4
[ =

L
L ]

B1321N

| ] ]
¥
0Gos3
[ ]

‘ ' y 1U87-MG

| # WeriRb1
B Corl23

| 1 SkMel

132N Gos3  UBP-MG WeriRbl Corl23  SkMel L6

=
>

=
[

Caspase - 3 actvity (%0)

{(Ireated cells - Untreated cells)
LAy
[ ]

i
L]

=]

Cell lines

Figure 4.2 Bar charts showinthe percerdge differencdtreatedi untreated cell lines)
or increasein caspase activity in six different cancer cell lind$321N1, Gos3, U8*
MG, Sk Mel, Cort 23 and Weri RHL) and healthy L@nuscle cell line incubatedith
800¢ g o fcrudematersoluble extract of M. charantia for 24 hours. Caspase
activity for each untreated cell linecubated alone in the medium without any crude
extract forthe same duration of 24 hwgas taken as 100 %Tlhe caspas8 activity for
each reated cell line was expresssda percentage increase of untreated controévalu
(100 %). Data are taken frongfire 4.1 and they represankean + SD, n = 4 different
experiments in duplicate. The results show significéhp < 0.05) increases in caspase
-3 activity for all the cdllines evenin L6 cell line when treated witlerude water

solubleextract ofM. Charantia compared to untreated cell lines.
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Figure 4.3shows caspase activity in (A) cell lines treated with 800 g o trudé h e
watersolubleextract ofM. charantiafor 24 hours and (Bthe samecell lines incubated
alone with mediunbut without any crude extra¢br the same duration of 24 hrs. The
results show that the crude extract can elicit signifiGart 0.05 increases in caspase

9 activity in 1321N1 Gos3, U87-MG, Sk Mel, Cord23, Weri Rb1 cancer cell lines
compared to untreated cell line for each. There was little gigmificantly increase in
caspas® activity in either Sk Mel oL6 healthy skeletal muscle cell lines compared to

the respective untreateell lines.

Figure 4.4shows the percentage differengeeatedi untreated cell linespr increase
in caspas® activity in allsix different cancer cell linedl321N1, Gos3, US~-MG, Sk
Mel, Corl 23 and Weri RHL) and healthy L@&nusclecell line. The Caspase 9 activity
for each untreated cell line was taken as 100 %. fdlise was substracted from the
treated cells caspafeactivity with 800 g o fcrudeviarsoluble extract of M.
charantia The results show marked and significant increase in caSpastvity in all
the cell lines, evem L6 cell line stimulated with the crude water soluble extrad¥lof
Charantia More caspas® activity was seen in321N1, U8YMG, and Weri Rkl

compared to the other cell lime
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Figure 4.3 Bar charts showing caspa8eactivity in the six different cancer cell lines
(1321N1, Gos3, USZ~MG, Sk Mel Corl 23, Weri Rb1) and healthy Lénuscle cell

line following incubation with 800 pg crudeatersolubleextract ofM. charantiafor

24 hrs (A). The caspaskactivity for the untreated cell lines (no extract) incubated in
the medium alone for 24 hrs is also shown in the figure for comparison (B). Data are
mean = SD, n = 4 different experiments in duplicate. The seshitw that caspase
activity increased significantly* p < 0.0 in treated (A)1321N1, Gos3, US%+MG,

Corl- 23 and Weri RHL cell lines compared to their respective untreated control (B).
The crudewatersoluble extract oM. charantiahad little or no significant effect on

caspase9 activity in Sk Mel skin cancer and L6 skeletal cell lines.
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Figure 4.4 Bar charts showinthe percentage differendgreated untreated cell lines)

in caspased activity in six different cancer cell lined321N1, Gos3, USZMG, Sk

Mel, Corl 23 and Weri RHL) and healthy Lénuscle cell line incubatedith 800e g o f
thecrudewatersolubleextract ofM. charantiafor 24 hours. Caspas@ activity for each
untreated cell line was taken as 100 % and this caspaastivity for each treated cell

line was expressed as percentage increase. This was then substracted from the untreated
(100 % control value)Data are mean + SD, n = 4 different experiments in dafai

The results show marked and significant increasecaspas® activity in all the cell

lines, evenin L6 cell line stimulated with the crude water soluble extractVof

Charantiacomparedo untreated control
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4.2.2 Measurement of cytochromé c adivity in untreated and treated cell lines

Figure 4.5shows the activity of cytochromein (A) cell lines incubated with 860 g o f
the crudewatersolubleextract ofM. charantiafor 24 hours and (B) cell lines incubated
alone with mediumbut without anycrude extract for the same duration of 24 hrs. The
control response otytochromec is also shown in the figure for comparison. The
results show that therudewatersolubleextract ofM. charantiacan evoke significant

(p < 0.05 increases irytochromec activity in all the cell lines1321N1, Gos3, U8+

MG, Sk Mel, Corl-23, Weri Rb1 and L6)compared to untreated cell lines. The
increase ircytochromec activity in1321N1, Gos3, US7Z-MG, Cort23 and Weri RH
cancer cell lineswere much more pronourgtecompared to control cytochrorte

activity with Sk Mel and L6 cellines.

Figure 4.6shows the percentage differenteated- untreated cell lines) or increase
cytochromec activity in allsix different cancer cell lingd321N1, Gos3, USZ-MG, Sk

Mel, Corl 23 and Weri RHL) and healthy Lénusclecell linetreated witlB00e g o f t h e
crudewatersolubleextract ofM. charantia Cytochrome- ¢ activity in each untreated

cell line wastaken as 100 %. The cytochromectivity for each treated cell line was
expressed as a percentage of the respective control and then subdtoantdbe

untreatel control value. The results in figure 4.6 shaarkedand sigificant (p < 0.01)
increases in cytochromé c activity in all the cell lines including L6. However,
cytochromeé’ ¢ activity was muchmorepronouncedn 1321N1, Gos3, USZ-MG, Corl-

23 and Weri RHL compared to L6 and Sk Mel cell lime
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Figure 4.5 Bar charts showingytochromec activity in (A) six different cancer cell
lines (1321N1, Gos3, US*-MG, Sk Mel, Corl 23, Weri Rb1) and healthy L6nuscle

cell line following incibation with 800 pug crudevatersolubleextract ofM. charantia

for 24 hrs. Thecytochromec activity (B) for the untreated (no eatt) cell lines is also
shown forcomparison. Similarly, the control backgrouogtochromec activity in the
absence of anyetls is also shown in the figure. Data are mean = SD, n = 4 different
experiments in duplicate. Note tegginificantn ¢ p < 0.05) increases icytochromec
activity in treated cells compared to untreated cells.1B&1N1, Gos3, US7-MG, Sk

Mel, Corl 23 and Weri RHL cancer cell linessytochromec activity was significantly

(* p < 0.09 higher compared tthe assay kitontrol activity. In Sk Mel and L6 skeletal
muscle cell lines, cytochromeactivity increased significalyt (* p < 0.05 for treated
compared to untreated cells but these values were either the same (Sk Mel cell line) or

less (L6 cell lire) than thessay kicontrol cytochrome activity.
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Figure 4.6 Bar charts showinthe percentage differen¢eated’ untreated cell lines)

in cytochromec activity in six different cancer cell ling4321N1, Gos3, US~-MG, Sk

Mel, Corl 23 and Weri RHL) and healthy Lénuscle cell line incubatedith 800e g o f

the crudewatersolubleextract ofM. charantiafor 24 hours. Cytochromé c activity in

each cell line was taken as 100 %. The value for each treated cell line was expressed as
a percentage of control and the value was substracted from tl®é¢ w@@eatectontrol

value and expressed as a percentage increase in cytoetrachigity. Data ar¢aken

from Figure 4.6 and they are expressesnasn + SD, n = 4 different experiments in
duplicate. Note that cytochrome activity increased significantlf p < 0.05 in all cell

lines including L6 compared to the untreated control value.
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4.2.3 Timecourse measurements of intracellular free [Ca®]; in untreated and

treated cells

In this study, basgimean + SDJCa&""]; at the start of any incubation (0 min) was 0.17
+ 0.09 ratio units (intensity),n = 82. Figure 4.7shows the time&oursechanges<olid
diamonds) in intracellular free calcium concentrations’[;@xpressed as fluoresences
ratio unitsin (A) 1321N1 and (B) Ge8 cancer cell lines following incubation wi8®0

ug of the crudewatersoluble extract of M. charantia The changes indJ&"]; in
untreated (control)321N1 and Goe8 cancer cell lines (solid squares) are also shown in
thefigure for comparison. The result show that incubation of the two cancer cell lines
with the crudewvatersolubleextract ofM. charantiacan result inignificant (p < 0.05
time- dependent increases in fCJa in both cancer el lines comparedo control
(untreated) cellsMaximal increas¢Ca’"]; was attained after 420 min of incubatitm.
control untreated cell line for each, fa remained rore or less stable in both cell

lines after 420 mis
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Figure 4.7 Time-coursechanges in [CH]; expressed agdluorescenceratio units
(intensity) in Fura2 AM loaded (A) 1321NAnd (B) Gos3 cell lines (solid diamonds)
following incubation vith 800 pg of thecrudewatersolubleextract ofM. charantiafor
420 min. Thefluorescence intensitfor untreated cells (solid squares) at different time
points are also shown for comparison. Data are mean + SD, n*=p6< 0.05 for
treated comparetb untreated cells for the tingoints of 120- 420 min in A and in B

for time points of 240, 300, 360 and 420 min. Note gradual-timmgseincreases in
[Ca®"]; following treatment withcrudewatersolubleextract ofM. charantiacompared

to control.
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Figure 4.8shows the timeourse changes [€3 in (A) U87- MG and (B) Sk Mel
cancer cell lines following incubation wiB00 g of the crudevatersolubleextract of
M. charantia The changes in [¢§; in untreated (controlU87-MG and Sk Mel
cancercell lines are also shown in figure 4f& comparison. The data show that
incubation of the Sk Metancer cell line with the crudeatersolubleextract ofM.
charantia can result in significan{p < 0.09 time-dependent increaseén [C&];
comparedo control (untreated) cells with maximal increases in*{;aafter 420 min
of incubation. In control,untreated Sk Mel cancer cell lifi€a**]; remained more or
less stable up to 420 mim. contrast, in U8MMG cell line [C&"]; increased slightly in
both untreated and treated cells up to 360 min. In the control (untreated) celf§, [Ca
remained stable for 360420 min. However, in treated UG cells there was a
small but significan{p < 0.0 increase [C&]; compared to untreated cells aft&03

min of incubation with the crudeatersolubleextract ofM. charantia.

Figure 4.9shows the timeoursechanges in [C4]; in (A) Corl-23 and (B) Weri Rb1
cancer cell lines (solid squares) following incubation V@@ pg of the crudevater
solubk extract ofM. charantia The changes in [¢§; in untreated (controlTorl-23,

Weri Rb-1 cancer cell lines (solid triatg) are also shown in figure 4{8r comparison.

The data show that incubation of the two cancer cell lines with the wraigesoluble
extract ofM. charantiacan result in significanfp < 0.0® time-dependent increases in
[Ca™]; in both cancer cell lines compared to control (untreated) cells with maximal
increases in [Cd]; at 420 min. Inuntreatedcontrol, [C&"]; remainedmore or less

stable in both cell lines after 420 min of incubation.
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Figure 4.8 Time-coursechanges in [CH]; expressed asluorescenceratio units
(intensity) in Fura-2 AM loaded (A) U87- MG and (B)Sk Mel cell lines (solid
diamonds) followilg incubation with 800 pgcrude watersoluble extract of M.
charantiafor 420 min. The fluorescence intensfty untreated cells (solid squares) at
different time points are also shown for comparison. Data are mean = S[B; h

p < 0.05for treakd compared to untreated cells in both A and B. Note the gradual time
courseincreases in [Cd]; following treatment with crudevatersoluble extract oM.
charantiain Sk Mel cell line compared to control. Naksothat there was only a small
increasein [C&]; in U87-MG cell line following incubation with the crudeater
solubleextract ofM. charantiaandthis was only significant(* p < 0.09 compared to

untreated control cells after 420 min of incubation.
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Figure 4.9 Time-coursechanges in [CH]; expressed asluorescenceratio units
(intensity) in Fura2 AM loaded Corl-23 (A) and Weri Rb1 (B) cell lines (solid
diamonds) following incubation with 800 pgrude watersoluble extract of

M. charantiafor 420 min. Theluorescence intensitfor untreated cells (solid squares)

at different time points are also shown for comparison. Data are mean £ SD, n =6; *p <
0.05 for treated compared to untreated cells in both A and B. Note the gradual time
courseincreases in [C4]; in both cell linesfollowing treatment with crudevater

solubleextract ofM. charantiacompared to untreated control cells.

162



Figure 4.10shows the tim&ourse changes in [€% in L6 muscle cell line (solid
diamonds)following incubation with800 pg of the crudevatersoluble extract of

M. charantia.The chages in [C4"]; in untreated (control).6 muscle cell line (solid
squarespre also showin figure 4.10for comparison. The result shows that incubation
of the L6 muscle cell linewith the crudewatersoluble extract of M. charantia can
result in only asmall increase in [C&"]; reaching maximum after 240 min of
incubation. However, this increase in fJa was more or less the same as untreated
control cells. Thereafter, [¢5; in both treated and untreated L6 celfecreased

gradually.

Figure 411 shows thecrude watersoluble extract of M. charantia evoked maximal
increases ifCa”"]; for the sixdifferent cancer cell lines as well as L6 skeletal muscle
cell line after 420 min oincubation Eachvaluetaken fromfigures 4.7- 4.10at 420 min

time pointis expressed as the ratio unife results show the bag@k’]; at 0 min and
increases ifiCa?"]; in untreated and treated cells for a duration of 420 min. The results
show that 80Qug crudewatersolubleextract ofM. charantiacan evoke gnificant (p <
0.05) increases ifCa?"]; compared to control at 0 min as well as untreated cells over the
same duration of incubation. In contrd&ta®"];in L6 skeletal muscle cell linemained

more or less the same as the untreated cells.
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Figure 4.10 Timecourse changes [CZ], expressed adluorescenceratio units
(intensity)in Fura2 AM loadedhealthy L6muscle cell line (solid diamonds) following
incubation with 800 pgrudewatersolubleextract ofM. charantiafor 420 min. The
fluorescencentensityfor untreated cells (solid squares) at different time points are also
shown for comparison. Data are mean = SD, n = 6. Note that there are no sig(iificant
p > 0.05 change in [C&]; comparing treated with untreated cells. However, the result
shows a small increase in [G§; in both test and contrdl6 cells for 126240 min.

Therafter [C&"]; decreased gradually in both test and control cells.
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Figure 4.11: Bar charts showingaximal increass in [C&]; in basal control(C),
untreated (U) cells and treated (Tancer cell linesas well as L6 cell line following
incubationwith 800 pg crudewatersolubleextract ofM. charantia for 420 min. Data
taken from(Figures 4.7- 4.10) and they are expresdas meamean = S(ratio unitg,
n=6 (*p < 0.0) for test(T) compared to control (C)C&]; at the start of the
experiment (Onin) and also compared to untreated (U) catl§me point of 420 min
Note the large increases iiCa’"]; for 1321N1 Gos3, Corl -23 and Weri RHL cell

lines.
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4 . 2. 4 Cel l ul ar mechani s ms of acti acall of
lines

Since the crude wateoluble extract oM. charantiaproduced more or less similar

effects on cel |l vi atvasddcitledto meestighteth® mo mor c |
medanism(s) ofactioo f U, b mo mor c h a differentcelilingsfoe s a me
comparison.

4.2.5 Measurement of aspase3 and 9 activities

Figure 4.12hows caspas@& activity in (A) the 6 cancer and L6 cell lines treated with
800 M o fU, t hmeorcharinfor 24 hours and (B) cell lines incubated alone with
medium but without aniJ , b mo niar the daraerduration of 24 hrs. The results
show that caspasg activity decreased significantlp < 0.05 in both treated and
untreated cell lines copared tothe assayontrol caspas8 activity. The decrease was
much more pronounced in untreated cells compared to treated cells. Comparing cells
treated with thed, b mo nmuith entreatedi (ndJ, b mo moeliscthear i n
results showa significant(p < 0.05 increasen caspase3 activity in the treated cells
compared to untreated cells. It is also noteworthy, that caspaaetivity increased
slightly, but thiswas significant(p < 0.05 in L6 treated compared to untreated L6

muscle cells.
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Figure 4.12 Bar charts showing caspa3ectivity in the six different cancer cell lines
(1321N1, Gos3, USZ~MG, Sk Mel, Cort 23, Weri Rb1) and healthy Lénuscle cell

line (A) treated with 80 M o fU,t hbe mo nfar 24 Hoars and (B) control

cancer and.6 cell lines incubated alone with the media without Bhy b mo mor c h a
for the same duration of 24 hrAssay kit ontrol caspas& activity is shown in the

figure for comparison. Data emean = SD, n = 4 different experiments in duplicate.

Note that caspasg actvity increased significantly* p < 0.05 in treated cells

compared to untreated cells.
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Figure 4.13 shows the percentage difference (treatentreated cell line for each) or
increase in caspase activity in allsix different cancer cell lingd4321N1, Gos3, U8*

MG, Sk Mel, Cort 23 and Weri RHL) and healthy Lénusclecell line treated witl800

eM ofU,t Ibe mo m@aspaselaactivity in each untreated cell line was taken as
100 %. Caspas@ activity in each treated cell line was expressed as a percentage of
untreatedcontrol and then substracted fraitme untreateccontrol value. The restsl
show ,t hfat mdmoan evbke significant increasim caspas® activity in all

cell line including L6. The effect of caspaleactivity was much morpronouncedn

1321N1 and Ge8 cell line compared to the others.

Figure 4.14shows capase9 activity in (A) the sixcancercell lines and L6 cell line
treated with 80&@ M o fU, t the mo niar R4chbuasrandn(B) the same cell lines
incubated alone with media but without ddy b  mo nfar the damerduration of
24 hrs. The results shothatU, b mo neanrelicibsagmificamt increasép < 0.09

in caspas® activity in 1321N]1 Gos3, US*MG, Corl -23 and Weri RHL cancer cell
lines compared to untreated cell line for each. There wasigrficant (p > 0.05
increase in caspa$eactivity in either Sk Mel and L6 healthy skeletal muscle cell line

compared to their respective untreated cell line.
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Figure 4.13Bar charts showinthe percentage differen¢geated untreated cell lines)

or increasein caspase activity in sk different cancer cell linefl321N1, Gos3, U8+

MG, Sk Mel, Corl 23 and Weri RHL) and healthy Lénuscle cell line incubation with
g8oo OM U, b mo moThe Jalaes fomeach ontreat2ddcelllwasstaken as
100 %. Value from the respective treated cell was expressed as a percentdge of
untreatedcontrol. This value was substracted from thepectiveuntreatedcontrol to
give the values plotted in the figure 4.13 from each cell Da¢a are taken from Figure
4.12 and they are expressesnasan + SD, n = 4 different experiments in duplicate.
Note thatcaspase activity activity increasedignificantly (* p < 0.09 in all cell lines

including L6 compared to the untreated control value.
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Figure 4.14 Bar charts showing caspa8eactivity in six different cancer cell lines
(1321N1, Gos3, U8F MG, Sk Mel2, Cort 23, Weri Rb1) and healthy.6 muscle cell

l ine following incubation with 800 -©OM 0
activity for the untreated cell lines (n
comparison. Data are mean + SD, n = 4 different experimerdapghcate. Note that
caspas® activity increased significantly* p < 0.05 in treated compared to untreated

cells for 1321N1, Gos3, USZMG, Corl23 and Weri RHL cell lines. There was no
significant (* p > 0.05 change in caspagk activity in either SkMel or L6 cell line

comparing to their respective control (untreated) cells.
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Figure 4.15 shows the percentage difference (tréateureated cell lines) or increase

in caspase9 activity in allsix different cancer cell lingd321N1, Gos3, US-MG, &

Mel, Corl 23 and Weri RHL) and healthy Lénusclecell line treated witlB00e M o f
theU, b mo mthe valbesfar éach untreated cell line was taken as 100 % and the
value for the respective treated cells was expressed as percentage of the untreated cells.
Th treated value was substracted from the untreated value and the péstiéd in

figure 4.15 as increase in casp&sactivity above untreated control. The results show

that U, b mo mem rewkeasignificant increases in casp&sactivity in the 6

different cell lines. Theresults show thdt , b mo mag ntubhaarei efiective in

U87-MG compared to the other cells.

Figure4.16shows the activity o€ytochromec in (A) the cancer cell lines treated with
800e M ofU,t the mo niar 24chdues and (B) the same cell lines incubated with
media alone but withouny U , b mo nfaor the vame duration of 24 hrs. The
control response otytochromec is also shown in the figure for comparison. The
results show that) , b mo noanr evtka significan{p < 0.05 increases in
cytochromec activity in all thecancercell lines (32IN1, Gos3, USZ-MG, Sk Mel,
Corl-23, Weri Rbl and L6 )compared to either untreated cell lines or control
cytochromec activity. In L6 skeletal muscle cell lineytochromec activity increased
significanty (p < 0.09 in treated (A)cells compared to untreated (B) cells but these

values were less than thesay kittontrolcytochromec activity.
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Figure 4.15Bar charts showinthe percentage differen¢geated- untreated cell lings

or incereasen caspasé® activity in six different cancer cell ling4321N1, Gos3, U8*

MG, Sk Mel, Cort 23 and Weri RHL) and healthy Lénuscle cell line incubation with
800 OM U, b mo moThecvalze for emchritreateccchtdol calliire was
taken as 100 % and thealue for the resgctive treated cells was expressed as a
percentage ofintreatedcontrol. The treated value was substradtedh the untreated
controlvalue.Data are mean + SD, n = 4 different experiments in duplicate. Note that
caspas® activity increased significantly p < 0.05in treated compared to untreated

cell line. Note thatJ , b mo nhadrlittenetiectiin.6 cell line.
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Figure 4.16 Bar charts showingytochromec activity in (A) six different cancer cell
lines(1321N1, Gos3, US-MG, Sk Mel2, Corl 23, Weri Rb1) and healthy Lénuscle

cell line following incubatonwi t h 800 OM U, b momorcha
cytochromecacti vity (B) for the untreated (nc
shown in figure for comparison. Similarly, the backgrouadsay kit control
cytochromec activity in the absence of any celtssshown in the figure. Data are mean

+ SD, n = 4 different experiments in duplicate. Note thgtochromec activity
increased significantly* p < 0.05 in all the treated cells compared to untreated cells.

The results also show theytochromec activity was maximal in Go8 cell line where
as1321N1, U887 MG, Sk Mel2 and Weri RbL contain more or less the same activity.

However,cytochromec activity in L6 muscle cell line was the least compared to all the

cancer cell lines.
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Figure 4.17 shows the pertage differencétreatedi untreated cell lines) or increase

in cytochromec activity in allsix different cancer cell lined321N1, Gos3, US~-MG,

Sk Mel, Cort 23 and Weri RHL) and healthy Lénusclecell line treated witt800e M

ofU, b mo mhe walbeafar €aoh untreated cell line was taken as 100 % and the
value for the respected treated cell line was expressed as a percentage of the untreated
cell line. The difference between treated and untreated for each cell line is plotted in
figure 4.17.The results show thdl , b mo ntarr ewdkealargerand significant

(p < 0.05 increases in cytochromeactivity in 1321N1Gos3, Weri Rb1 and Cort23

cell line compared to the respective untreated cell lines. The results also shtl thab

momorcharirhad little effect on cytochromé c activity in L6 skeletal muscle cell line.
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Figure 4.17 Bar charts showinghe percentagelifference (treated untreated) or
increasan cytochromec activity in six different cancer cell lindd321N1, Gos3, U8*

MG, Sk Mel, Corl- 23 and Weri RH) and healthy LGnuscle cell linefollowing
incubation with 800 OM. Al yvalués amexpressed asaa i n
percentage of the respective untreated control. The data were taken from figure 4.16 and
they are expressadean + SD, n =4(* p < 0.09 for each cell line compared to the
respective untreated cell line. Note thét, b mo mitad ditthe aeffeict non
cytochromé' c¢ activity in L6 skeletal muscle cell lirmmpared to large and significant

effects in 1321N1, Ge3,U87-MG, and Cork23 cell lines.
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4.2.6 Measurement of [C&"]; in untreated and treated cells

Figure 4.18shows the timeourse changes in [€% expressed as fluorescence ratio
units in (A) 1321N1 and (B) Ge8 cancer cell lines ( solidiamond$ following
incubation with8 0 0 OM o f orcbiayin fér 426 mim The changes in fGain
untreated (control)321N1 and Goe8 cancer cell lines (solid squares) are also shown in
the figure for comparison. The results show that incubation of the two cancer cell lines
with U, b mo mo r ahia significant(ma<n0.09 tene-dependent increases in
[Ca™]; in both cancer cell lines compared to control (untreated) cells. Maximal
increases in [Cd]; was attained after 420 min of incubatitm control (untreated cell
lines), [C&"]i remainedmore or less stable in both cell lines after 420 rfiine results
also show that the increase in fJain Gos3 cell line was much more pronounced

following incubation with U, b momorchar ]

Figure 4.19%hows the time&oursechanges [C4]; in expressed agluorescence ratio

units (A) U87- MG and (B)Sk Mel cancer cell lines following incubation wi00

OM of U, B momorcharin (s o?]iidunteatedmonds
(control) U87- MG and Sk Melcancer celllines are also shown ithe figure for
comparison (solid squares). The data shadso that incubation of Sk Mel cell line

with U, b mo mor ¢ h aasigmficaotgm< 0/10Ftsne-dependent increase

in [C&"]; compared to control (untreateddlls with maximal increases in [Eh

after 420 min of incubationn control, [C&"]; remained more or less stable after 420

min. In contrast, withuntreatedJ87i MG cell line basal [C4]; remained more or less

the same ove$20 min. However, in USMG c e | | |l ine treated wi
[Ca™]; decreased slightly for © 420 min compared taintreatedcontrol but then

increase graduig for 360 min to 420 min wheit was significan{p < 0.0 compared

to control untreated cells.
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Figure 4.18 Time-coursechanges in [Cd]; expressed afluorescence ratio units
(intensity) in Fura2 AM loaded (A) 1321N1 and (B) Gos3 cell lines following
incubation with 800 uMU , b momorcharin for 420 m
fluorescenceaatio units(intensty) for untreated cells at different time points are also
shown for comparison (solid squares). Data are mean + SD, n(*=p6x 0.05 for

treated compared to untreated cells in both A and B for time points 01260,180,

240, 300, 360 and 420 min. téothe timecourse increases in [ER following
treatment with U, b untreatadrontcoh Batei also tledangpra r e d
increase in [CA]; in Gos3 cel | ' i ne (B) treated with

1321N1 cell line (A).
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Figure 4.19 Time-course changes in [€% expresed asfluorescence ratio units
(intensity) in Fura-2 AM loaded (A) U87-MG and (B) Sk Mel cell lines (solid
diamonds) following incubation with 800 pNJ , b momorcharin for
fluorescenceatio units (ntensity) for untreated cells (solid sgtes) at different time

points are also shown for comparison. Data are mean + SD, r*<6s 0.09 for

treated compared to untreated cells in both A and B. Note the gradualcaiimse

increases iN [Cd]i f ol | owi ng treat ment mparet to cadtrol b m

(untreated cells).
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Figure 4.20shows the time&ourse changes in [Gd]; expressed auorescence ratio
units, in (A) Corl - 23 and (B) Weri Rb-1 cancer cell lines following incubation with
800 OM of t he (sbliddi@momep Tie chaniges ini[Gd; in untreated
(control) Corl-23, Weri Rb1 cancer cell lines are also shown in figure for comparison
(solid squares). The data show that incubation of the two cancer cell line) with b
momorcharin can result in significae < 0.05 time-dependent increases in fCla in

both cancer cell lines compared to control (untreated) cells with maximal increases in
[Ca®]; at 420 minln control, [C&"]; remained more or less stable in both cell lines after

420 min of incubation.

Figure 4.21shows the timeoursechanges in intracellular free calcium [Ga
expressed aluorescence ratio unit& L6 muscle cell line following incubation with
800 OM of the U, b momorchari7inustedtedd d i
(control) L6 muscle cell lineare also shown in figure for comparis@olid square)The
data show that incubation of the IBuscle cell linewith the U, b momar char
result in only a small increase in [Eareaching maximum aftet20 min of incubation

similarly to control (untreated) cells. Thereafter, {G;a decreased gradually in both

control and treated cells.
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Figure 4.20 Time-course changes in [€]; expressed asfluorescence ratio units
(intensity) in Fura2 AM loadedCorl-23 (A) and Weri Rb-1 (B) cell lines following
incubation with 800 pMU , b mo mor ¢ h ar isalid diaronds).4Theé mi
fluorescenceatio units(intensity for untreated dés at different time pointsare also

shown for comparison (solid squares). Data are mean + SD, n(*=p6x 0.05 for

treated compared to untreated cells in both A and B. Note the graduatdimse
increases in [CA7 f ol | owi ng t r ev@rmanchanirt comparedhio untrdated b

control cells in which [C&"]; remained at steadystate basal level.
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Figure 4.21 Time-coursechanges [C&]; expressed afuorescence ratio uniis Fura-2

AM loadedhealthy L6muscle cell line (solid diamond&)llowing incubation with 800

uM U, b mo mor c h ar iflnorebcenceatib Brits(intensity) for Uinkreated

cells (solid squares) at different time points are also shown for comparison. Data are
mean + SD, n = 6. Notéat there was no signifina(* p > 0.05 change in [C&];

comparing treated with untreated cells.
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Figure 4.22shows he U, b 800 pMevoked imarelases jCa]i for the six
different cancer cell lines as well as L6 skeletal muscle cell line after 420 min of
stimulation. Each valu¢aken from(Figures 4.18 - 4.21) is expressed as theaximal

ratio unitsat 420 mintime point The results show the bag@a*]; at 0 min and
maximalincreases ifCa’"]; in untreated and treated ce#is420 mintime point The
results showtha8 00 OM of t he ¢an evéke sigoifinant (p & 6.05) n
increases ifiCa®"]; compared to control at 0 min as well as untreated aft#s 420 min

of incubation. In contrasfCa’]iin L6 skeletal muscle cell line remained more or less

the same athe untreated cells.
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Figure 4.22: Bar charts showing theaximal increase(T) in [Ca®']i following
incubation of the six cancer cell lines and L6 cell line wigh0 0 OM o f t
momorcharinfor 420 min.Note that all the measurements were madée 420 min
time point. The results also show the increasd@a’’]; in untreatedU) cells for the
different cell lines for 420 minas well as the basal control (C) at time O min just before
treatmentwithd, B mo mbataevéretakenrfrom figes 4.181 4.21 and they are
expressed asmean + SD, n = 6\ote the large increase[[@a’"]; following stimulation

of each cancer cell line witH , b mo niay 420 i r i n
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4.3 Discussion

The resuls presented in chapter 3 tifis study have demomatedsignificant anticancer
effects ofthe crude watersoluble extract of M. charantiaor the isolated and purified
proteirs, alpha, beta momorcharimf M. charantiaon the six different cancerell lines
comparedto untreatedcontrol. Anticancer drugsare believedt o e x er t t hei
effects on cells via different cellular and scadlular mechanisms including damade

the mitochondria and microtubules, inhibition of kinases or by cellular calciurdaaetr
(Tamet al, 1984 ; Tsacet al, 1990; Vkrantet al, 2001;Hajnoczkyet al 2006) This

study employed two cellular pathways via which the crude veatieible extract oM.
charantiaand alpha, beta momorcharin may exert thair cancereffects on cell death,

namely, apoptosiand cellular daium homeostasis

The resuls presented in this study haskown hat either the crudeatersolubleextract
of M. charantiaor the isolated and purified protein ®. charantia,namely alpha, beta
momorcharin can elicit marked and significant changdheractivities of caspaseand
caspas® and in the release of cytochromén all thecell lines employed in this study
compared to control untreated cell lines. In addition, both the crude-sadtdrle extract
of M. charantia and alpha, beta momorchar can elevate intracellular free calcium

concentratiosin all six-cancercell lines compared to untreated control cells.

Apoptosis is programmed cell death and it is associated with damage of cell
mitochondria in the body to elate suchintra-cellular mediatorssuchas caspas8 and
caspas® andthe release ofytochromec (Bernardiet al, 1994;Chandraet al. 2002).

In previous studiest was shown that anttancerdrugs exe their lethality by inducing
apoptosis in tumour celig vitro andin vivo targeting both the mitochondrial and death

receptor pathways (Gagt al1991; Makin 2002). There are two major apoptotic
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pathways in mammalian cellsamely the receptor (extrinsicpathway and the
mitochondrial (ntrinsic) pathway(Hajnoczky et al 200§. The receptemediated
pathway is triggered by activation of cell death receptors followed by the activation of
caspase, which in turn cleaves and activates downstream cagpésshkenaziand

Dixit, 1998). The mitochondrial pathway is initiated dytochromec release from the
mitochondria which promotes the activation of casghslerough ativated caspase
which is responsible for the activation of cell death protea&skkénaziand Dixit

1998; Chandrat al. 2002).

In previous studiesit was $iown that anticancer drugs exert their lethality by inducing
apoptosis in tumour celig vitro andin vivo targeting both the mitochondrial and death
receptor pathwaygGati et al1991; Makin 2002). The activity of caspasg was
determined using the gaesse3 activity kit. To evaluate the activity of caspeéiseA431

cells were treated with the 3.3 mM RIP or RREG conjugate, the cell lysates were
respectively collected at 0, 12, 24, 36 h after exposure. The caspase activities were
measured as fold of epyme activity in comparison with controlMéngen Let al,

2009)

The resuls of the present study have shown that eithercrudewatersolubleextract

of M. charantiaor alpha, beta momorchartan evoke significant and tirdependent
increases ifCa*"]; in all the six cancer cell lines employed in this study compared to
the L6 skeletal muscle cell line. Their effect was less pronounced ifM@¢ell line
compared to others. The question where now arises is: What is the significance of
elevated [C&]; in these cancer cell lines following treatment with either ¢hede
watersolubleextract ofM. charantiaor alpha, beta momorcharifrevious study have
shown thatsustainedC&" elevation can act astrigger for apoptosis or cell death

(Hajnoczkyet al 2003). In additionCa* overloading in mitochondria can induce a cell
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suicide programme by stimulating the release of apoptosis promoting factor thiee
release of cytochrormme (Grea et al. 1998; Wangand Ng2001; Brools et al 2000
Hajnoczky et al 2006). Cytosolic C&" homeostasis in resting cells is achieved by
balancing the leak aE&" (entering from the outside of from the stores) by the constant
removal ofC&* usingpumps either on the plasma membrane or on the internal stores.
These pumps enge that cytoplasmifCa’’]i remains low and that the stores are loaded
with signal C&". In most cells, it is the internal stores (eg ER, SR, mitochondria) which
provide most of the signal calcium (Strebal 1983). Furthermore, mitochondria have
beenfound to play a pivotal role in Essignalling(Hajnoczkyet al 2003).The cellular

free C&*is an important physiological mediatand regulatoin the stimulussecreting
coupling procesen different epithelial cellfYago et al1999; Petersen. 1992Ylany
studies, have demonstratechitochondrial C&* overload as the link between
complement deposition and the observed changes in mitochondrial physiology and the
triggering of programmed cell deat{PCD) (Irigoin et al. 2009) The mitochondrial
Cd" overload is responsible for #h increased O(2)¢f production Jimenezand
HernandezCruz. 2001) The rates of mitochondrial membrane potdrdiasipation and
mitochondrial C&* uptake may determine cellular sensitivity @f" toxicity under
pathological onditions, including ischemic injurfGogvadzeet al 2001).It has also
been suggestethat only a subpopulation of mitochondria undergoes angability
transition and relases apoptogens, whereas d@aining, undamaged mitochondria
respire normally ath produce ATRSimpsonret al. 2002;Kabir et al. 1999;Jimenezand

HernandezCruz. 2001).

Loss ofCa’* homeostasis, often in the form of cytoplasmic increases, leads to cell injury.
Depending upothecell type and the intensity @& toxicity, the ensuig pathology can

be eitherreversible or irreversibléGogvadzest al 2004) Although multiple destructive
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processes are activated ¢, lethal outcomes are determined largelyd®* induced
mitochondrial permeability transitiofdohanssoet al 2003 Goldsteinet al 2000).This
form of damage is primarily dependent upon mitochond@&l accumulation, which is
regulated by the mitochondrial membrane poteli@Galgvadzeet al 2004) Together, the
result presented in this study have demonstrateatigl¢hat the antcancer effects of
either thecrude watersoluble extract of M. charantia or alpha, beta momorchariare

mediated via apoptosis and celluGa* overloading
4.4 Conclusiors

The results of this study have clearly demonstrated that éitecrudewatersoluble
extract of M. charantiaor the isolated and purified proteiaf M. charantia, namely
alpha, beta momorcharin can evoke significant decsaaseancer cell viability (cell
death) by exerting their antancer effect on cells viaathage of cell mitochondria body
resulting in elevatin in such cellular mediators easpas& andcaspas® and release

of cytochromec andan elevation ofntracellular free calcium concentrati¢@a’T];. A
combination of all there factors may lead @af* overloading in the mitochondria
resulting in cancer cell deatHlowever, further experiments are required to investigate
the sub cellular mechanims associated witbell death including the involvement of

kinase and gene expresssdar apoptotic mediars.
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Chapter Five

General Discussion
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5. GeneralDisscusion

This study was divided into three main categoniasely

1. Physiological investigatian

2. Morphological investigatioand

3. Biochemical investigation

Emphasis in this disca®n will now be focused on each investigation

5.1 Physiological investigations

Firstly, the present study investigated the effe¢hefcrudewvatersolubleand methanol
soluble extrac of M. charantia and alpha, beta or alpha and beta momorchkarin
(prateins isolated and purified froM. charantig and two commercially available anti
cancer drugs namelyinblastine and temozolomid@&ZM) on the viability (cell death)
of six different cancer cell lines compared to healthy L6 skeletal musclédiraellin
some experiments, these agemtsre combinedinorder to determine any possible
potentiating or attenuating effegh thesix different cancer cell lines821N1, Gos3,
U87-MG, Sk Mel, Corl-23, Weri Rb1). The esults have showthatthe crude water
soluble extract ofM. charantiacan evokesignificant timecourse and dosgependent
decreasein cell viability of all six different cancer cell lines. In contrast, the crude
watersoluble extract of M. charantiahad no significant effect on the viability the
healthy L6 muscle cell lineSimilar anticancer effects were obtained wilpha, beta
momorcharin In contrast, alpha or beta momorcharin or ¢hede methanol soluble
extract ofM. charantiahad little or no effect on cell viability. The two comrorlly
available anticancer drugs TMZ and vinblastine can evoke dtesgendent decreases in

cell viability. Combining either TMZ or vinblastine with either tbeide wateisoluble
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extract of M. charantia or with alphg beta momorcharirhad only a smallbut
significant effect on cell viability compared to either alone. However, the decrease in
cell viability during combined treatment of the different cancer cell lines was neither

additive nor synergestic.

Until recently, very little was known about specianti-cancer proteins from plants.

Most previous studies have been undertaken using peptides as anticancer agents
(Lolitkar andRaa 1966; Yuwaiet al 1991). The anticancer property oM. charantia

has been extensively studied in experimental aninzadd both beneficial and
contradictory claims have be made regarding iteffects Bourinbaiarand LeeHuang

1996). The mechanism of action Mt charantiaand its effects on the complications of

cancer have not been well established.

In support of the urrent studythe beneficial antcancer effedof crudewatersoluble
extract ofM. charantiaandU , b momorcharin have been re
other investigators (Ganguét al.2000; Jilkaet al 1983; Singket al1998). A number of
preliminary studiehave shownthat the crude watessoluble extracts oM. charantia
possesanticancer actiity against lymphoid, leukaemia, skin and prostatic cancer
(Licastro et al.1980; Nget al19%; Sunet al. 2001). At present, the mechanigs)
involved in the crude watesoluble extract oM. charantia on cell deathis not fully
establishedSeveralprdiminary studies havédseenconducted usinghe crude water
soluble extracts oM. charantiaandin all thesestudies;the chemical profilgs) of M.
charantia was not documented.Few studies have demonstratetlich significant
biological activityof M. charantia compounds such as charantin, MAP 30, momordicin,
alpha, beta momorcharin extracted frdincharantia(Groveret al 2004). Inain vivo
study, the crudewatersoluble extract of M. charantia was shown to inhibit tumour

formation in mice (Catherinetal. 1983).
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At present, the mechani¢s) of actioninvolved ineither thecrude watessoluble extract

of M. charantiaor alpha, beta momorcharon cell deathhasnot yet beenestablished
(Xiong et al. 2010).However, it has been reported that alpha, betanarcharin is a
type-1 ribosome inactivating protein (RIP), which has a number of biological activities
including inhibition of tumour growth. On the alternativjtgither theindividual alpha

or beta momocharin has excellent cytotoxicity to tumour ¢&lisng et al. 2010) Beta
momorcharin, was about 46ld more active than alpha momorcharfifeung et
al.1988).In contrast, e present study has shown that either alpha momorcharin or beta
momorcharin had nsignificanteffect on cell viability. This waa rather surprising find

compared to the results of other reported stuesng et al. 2019 Yeunget al1988.

5.2 Morphological investigations

The results of the physiological investigatidres/eshown thatthe crude watesoluble
extract ofM. charanta candecrasethe cell viability (cell death) in six different cancer
cell lines. In the view of these observations, it wasrtinent to examine the
morphological basis of these physiological effects. Mioephologicalinvestigations on
the effects of tb crude watesoluble extract ofM. charantia and alpha, beta
momorcharin were carried out in six different cancer cell lines. r&€belts show that
each glioma cell line seemed to lose their normal structure following incubation with
either the crude watesoluble extract oM. charantiaor with alpha, beta momorcharin.
Moreover, each cell line aggregdt®rming clumps and in some cases, they seem to
possess a donoughie shape otlumped celldollowing treatment for 24 hrdn many
cases, the gliomaells tend to lose their neurod&e structuresdecrease in cellular
density, condensation, fragmentation and blehblinggse abnormal structural features

are typical of either necrosis or apoptosis. The morphological stodies also shown
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that the cude watersoluble extract oM. charantiaor alpha, beta momorcharin had
little or no effect orthe cell viability of healthy L6 skeletal muscle cell limelicating

that either of thendoes not have any adverse effect oontrol healthy cells This
interesting observation suggsesthat eitherthe crude watesoluble extract ofM.
charantiaor alpha, beta momorcharin can be used safely to treat asmoeall as with

the combination of other commarcially avaliable amatncer drugs.Both thecrude
watersoluble extract ofM. charantia or with alpha, beta momorcharican induce
marked, morphological changes in the different cancer cell lines. They can also elicit
significant decreases in cell viabilitand it was necessary to investigate the cellular

mechanism(s) by which they may evoke cell death.
5.3 Biochemical investigations

The results presented in this study have demonstratediti@tthe crude watesoluble
extract ofM. charantiaor isolated and purified protein &. charantia,namely alpha,

beta momorcharin can elicit marked and significant changes in the activities of caspase
3 andcaspase9 and release of cytochrorean all the cell lines employed in this study
compared to control untreated cell lines. In addition, both the crude-sadtbte
extract of M. charantiaand alpha, beta momorcharin can elevated intracellular free
calcium concentratiofiCa’]; in all six cancer cell lines compared to untreated control

cells.

Experiments in this study examining Caomeostasis itthe six differert cancer cell
lines(1321N1, Gos3, U8ZMG, Sk Mel, Corl-23, Weri Rb1) treated witheither crude
watersoluble extract oM. charantiaor alpha, beta momorcharimave demonstrated
interestingfindings. The results show gradual thdependent and signiait increases

in the [Ca®]; following incubation with either crude watesoluble extract of
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M. charantiaor alpha, beta momorcharoompared to the untreated cells (controbis
elevation in[Ca"]; following stimulation ofeitherthe crule watersoluble extract of

M. charantia or alpha, beta momorcharin may klee to several cellular processes
outlined in figure 5.2These results are similar to previous studies employing pancreatic
acinar cells during stress induced conditwith H,0, of deplete the mitochondria of

[Ca®]; (CamelloAlmarazet al 2002)

In previous studiesit was shown that anrtiancer drugs exert their lethality by inducing
apoptosis in tumour celia vitro andin vivo targeting both the mitochondrial ddeath
receptor pathwaygGati et al1991; Makin 2002). The activity of caspasg was
determined using the casp&®activity kit. To evaluate the activity of caspeéiseA431

cells were treated with the 3.3 mM RIP or FRREG conjugate, the cell lysateens
respectively collected at 0, 12, 24, 36 h after exposure. The caspase activities were
measured as fold of enzyme activity in comparison with contidiengen Let al,

2009)

The elevationn cytochromec and caspas@ activation is consistent with el@énces
showing a direct interaction between mitochondria and intracellular calcium stores (see
figure 5.1) (Rizzutcet al 1998; Csordast al1999).There is structural and functional
evidences suggesting the presence of specific and stable interactbmneerp
mitochondria and intracellulaCa&* stores (e.g.mitochondrial and endoplasmic
reticulum) which facilitate a rapid and nearly direct flux of’Com endoplasmic
reticulum to mitochondriaHajnoczky et al 2006 Rizzuto et al 1998; Camelle
Almarazet al 2002; Filippiniet al 2003; Vayet al 2007) These tight endoplasmic
reticulummitochondria coupling may also serve to modu(@' release. In addition, it

has been suggested that mitochondria colocalize in smaltedluttar regions where

end@lasmicreticulum and mitochondria form close contact (\éayl 2007).
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Figure 5.1 illustrate both intrinsic and extrinsic pathways of apoptdsidrinsic

apoptosissignhi ng i s medi ated by the activati or
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are cell surface receptors that transmit apoptotic signals after ligation with specific
ligands. Death receptors belong to the tumor necrosis factor receptor (TNFR) gene
superfamily, including TNFR., Fas/CD95, and the TRAIL receptd®-4 and DR5
(Ashkenazi, 2002) All members of the TNFR family consist of cysteine rich
extracellular subdomas which allow them to recognize their ligands with specificity,
resulting in the trimerization and activation of the extjve death receptor (Naismith
and Sprang 1998) Subsequent signalling is mediated by the cytoplasmic part of the
death receptor, wth contains a conserved sequence termed the death domain (DD).
Adapter molecules like FADD or TRADD themselves possess their own DDs by which
they are recruited to the DDs of the activated death receptor, thereby forming the so
called death inducing sigliag complex (DISC). In addition to its DD, the adaptor
FADD also contains a death effector domain (DED) which through homotypic- DED
DED interaction sequesters procasp@st the DISC. The local concentration of
several procaspasemolecules at the DIS@ads to their autocatalytic activation and
release of active caspaBe Active caspas8 then processes downstream effector
caspasesvhich subsequently cleave specific substrates resulting in cell death. Cells
harboring the capacity to induce such dirantd mainly caspasgependenapoptosis

pathways (Scaffidiet al, 1998)

The link between the caspase signalling cascade and the mitochondria is provided by
the Bct2 family member Bid. Bid is cleaved by casp&sand in its truncated form
(tBID) translo@ates to the mitochondria where it acts in concert with the proapoptotic
Bcl-2 family members Bax and Bak to induce the release of cytochrome ¢ and other
mitochondrial proapoptotic famts into the cytosol (Lucet al 1999. Cytosolic
cytochrome c¢ is bindop to monomeric Apall which then, in a dAT#lependent

conformational change, oligomerizes to assemble the apoptosome, a complex of wheel
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like structure with #old symmetry, that triggers the activation of theitiator
procaspas® (Acehanet al, 2009. Activated caspas@ subsequently initiates a caspase
cascade involving downstream effector caspases such as easpmspas&, and

caspasé®, ultimatelyresulting in cell death (Slest al, 1999)

As described in Figure 5.he intrinsic pathway is trigged by cellular stress,
specifically mitochondrial stress caused by factors such as DNA damage and heat shock
(Adrain et al, 2002).Upon receiving the stress signal, the proapoptotic proteins in the
cytoplasm, BAX and BID, bind to the outer membrane efrtiitochondria to signal the
release bthe internal content. Ae signal of BAX and BID is not enough to trigger a
full release. BAK, another proapoptotic protein that resides within the mitochondria, is
also needed to fully promote the release of cytaolerac and the intrenembrane
content from the mitochondritHague and Paraskeva, 200&pllowing the release,
cytochrome c forms a complex in the cytoplasm with adenosine triphosphate (ATP), an
energy molecule, and Apdf an enzyme. Following its formatipthe complex will
activate caspas®, an initiator protein. In return, the activated casi{tas®rks together

with the complex of cytochrome ¢, ATP and Aqiafto form an apoptosome, which in
turn activates caspase the effector protein that initiatesegradation. Besides the
release of cytochrome c from the intreembrane space, the inrtmeembrane content
released also contains apoptosis inducing factor (AIF) to facilitate DNA fragmentation,
and Smac/Diablo proteins to inhibit thehibitor of apoptosis(IAP) (Hague and

Paraskeva, 200dphnstonet al, 2002)
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Figure 5.2: A modified schematic diagram showing the possible mechanism(s) whereby
the crudewatersoluble extract oM. charantiaandalpha, beta momorcharoan exert
their effect on cancer calleath by C&* homeostasis pathway.
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Figure 5.2: shows the model of possible rol€df in cancer cells leading to cell
death.C&" is an univesal signal transduction catiém cells modulating cell gmwth and
differentiationand other physiological and biochemical process in ¢8blsanssoet

al. 2003. The calcium levels outside cells are 10 000 times higher than free intracellular
cd*. However, free [CH]; is the physiolgically active form of ciium (Clapham,

2007). The level of free intracellular calcium ([€3) is regulated and maintained as

low (~100 nM) through the action of a number of binding proteins and ion exchange
mechanisms. Each cell has a unique set 6f€ignals to control itfunction. C&"*

signal transduction is based on rises in free cytosofit @acentration. Ca can flow

from the extracellular space or be released from intracellular stores. The endoplasmic
reticulum (ER) is a major site for sequestered @ms. Recenstudies indicate that the
Golgi apparatus may also be &Cstore in keratinocytegBootmanand Berridge
1995;Clapham, 200)j. C&* is accumulated into intracellular stores by means 6f Ca
pumps and released by inositol 14jSphosphate (I via IP; receptors and by cyclic
adenosine diphosphate ribose (cCADPr) via ryanodine rece@ersdgeandlrvine.

1989. Extracellular C& enters the cell through various types of plasnenbrane

Cd"* channels. Soluble proteins, such as calmodulin, comrilouthe buffering of cell

C&"*, but membrandntrinsic transporting proteins are more important‘@Ga

transported across the plasma membrane (channel, puiigaNaxchanger) and

across the membranes of organe{srridgeandIrvine. 1989.

Exterral signals arriving at the cell engage plasma membrane receptors to cetiate
signallingpathwaygqsee figure 5.2)One of theesultsis increased intracellular calcium
concentration. Orstimulation,this level can rise globally to in excess of 1 Misl
increase can be generated from sources both within and outside tfiegmh et al

2009) The formation of IRis the focal point for two major pathways, one initiated by a
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family of G proteinlinked receptors and the other éyher receptors liked by tyrosine
kinasesdirectly or indirectly(Carafoli, 1994) These separate receptor mechanisms are
coupled to energyequiring transducing mechanisms which activate phospholipase C
(PLC) to hydrolyse the lipid precursor phosphatidylinositotiighogphate to generate
both DAG and IR The latter then binds to anjReceptor (IRR) to mobilize stored

calcium and to promote an influx of external calci(ingoin et al. 2009)

Extracellular C& enters the cell through plasma membrané’ €aannels andeaves

the cell using C& pumps and N4C&" exchangers. Endoplasmic reticulum (ER) is a
major site for sequestered Cdons. C&" is accumulated in intracellular stores by
means of C4 pumps and released by inosital 4, 5 trisphosphate (I} via IP;
receptors (IBR) and by cyclic adenosine diphosphate ribose (CADPr) via ryanodine
receptors (RyR). Storeperated calcium channels (SOCs) open in response to depletion
of the (ER) C&' stores. Calcium influx factor (CIF) has postulated to mediate thalsign
from IP;R to the plasma membrane stoggerated calcium channels (SO@Bpotman

and Lipp,2001)

Figure5.2 proposedhe possible mechanism(s) whereby the crude veatieible extract

of M. charantiaand alpha, beta momorcharimay exert their effects o cancer cell

death. It is suggested that alpbata momorchari9.7 kDa), which is a large protein,

can activate a membrane bound receptor on the cancer cells or possible penetration of
cell due to osmosis. Once in the cell, the protein acts on thehuitdria to bring about
apoptosis leading to the release of cytochr@na@d enhancing the activities of caspase

3 andcaspas®. Damage to the mitochondria can lead to the releagzfdfinto the
cytoplasm. It is also possible that the protein may stisoulate the influx ofC&* from

the extracellular medium and its releases from the endoplasmic reticulum.
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The rise in[Ca?"]; coupled with the activities of caspas@ andcaspase 9 and release
of cytochromec can lead to cellula€&* overloading.These in turn can elicit cell

death.

Another possible mechanism is that activation of the membrane bound receptor with
either the crudevatersoluble extract oM. charantiaand alpha, beta momorcharin
may lead to the generation of intracellulaedrators. These in turn can stimulate
cellular apoptosis and elevaf€a’’]; . Together, they can induce cell death due to

apoptosis an€C&* overload.

Alpha, beta momorchariis a protein, which has been isolated from the fruitvof
charantia Since thecrude wateisoluble extract ofM. charantia can exert similar
physiological, morphological and biological effect as the protein aldieta
momorcharinthen it is possible to assume that the anti cancer effects of both are due to
the same substance nagn@lpha, beta momorcharinn addition toalpha, betaand

alpha, beta momorcharint is worthwhile to examine the anticancer effects of the
substances isolated froM. charantiaincluding MAP-30, MRK29, alphamomocharin,

betamomocharin andhomordicin
54 Conclusiors

It can be concluded from this study that administratioeitbierthe crude watesoluble
extract ofM. charantiaor isolated and purified protein &. charantia,namely alpha,
beta momorcharin can evoke significant decreases in cancerat®lity (an increase in
cell death) without killing healthy cell line like L6 skeletal muscle cell line. These
effects were both time and dedependent with maximal effect occurring after 24 hr at
a dose of 800 pgn contrast, eithethe crudemethanolsoluble extract oM. charantia

or alpha orbeta momorcharinhad little effect on cancer cell viabilityEither
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temozolomide or vinblastingwo commercially available antancer drugscan also
elicit dosedependent decreasimn cancer cell viabilityAnticancer drugs interfere with
the growth of tumor cells, eventually causthgir death. Howevebecause these drugs
are so powerful, they may also affect the growth of normal body cells, causing many
side effects, some of whicimay be seriousAnticance drugs are sometimes given
together with other medicinesNVhen using a combination of medicinesther
temozolomide or vinblastine with either the crwdgtersolubleextract ofM. charantia
or alpha, beta momorcharin had effect on the viability of ealiHise compared to the
effect of either alondt is importantto understandhe advantages afisingcombination
of temozolomide or vinblastine with either the crudatersoluble extract of M.
charantiaor alpha, beta momorchannay have very lesside effectsvhen compare to
individual anticancer drugslt is concluded thaM. charantia possesses antancer

properties since it can induce cell death.

The results of this study have also demonstrated that etieecrudewatersoluble
extract ofM. charantiaor isolated and purified protemf M. charantia,namely alpha,
beta momorcharin cancrease the activities chspase andcaspase 9, the release of
cytochromec and an elevation inntracellular free calcium concentrat®rTogether,

the resilt suggest that either the crude weateluble extract oM. charantiaor alpha,
beta momorcharincan exert their effect on cell death possible via an apoptotic
mechanism involvingC&"* overloading. Further experiments are required to determine
the dire¢ relationship between apoptosis a@i* overload during cell death,

measuring a number of kinases, which may be involved in the mechanism.

The resuk obtained from this study have enhanced our knowledge on the possible
mechanisr(s) of the anticancer dkcts of the crude watesoluble extract ofM.

charantiaandalpha, beta momorcharin. However, further experiments are reduoired
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investigate the subellular mechanisms associated to cell death including the

involvement of kinaseand gene expressisfor apoptotic mediators.

Scope offuture work

The studies in this thesis open up many possibilities for further investigations.
Proposed goals of future research in to bitter gourd are:

Although M. charantiahas been studied in nwandomized, controlled #is only, it is

considered to be one of the most promising supplements withaarter properties.
To better understand the mechanism of action in killing the cancer cells.

To test varioudM. charantiatypes from different environments and different gnogvi

sites for differences in their argancer activity.

To perform long term and better randomized, controlled trials to assess the clinical

efficacy and safety and the optimum dosage.

The reduction in size of the cancer cells lmeen due to necrosis ar fact apoptosis
rather than just cellular atrophy. Since there are markers of these phenomena, one could

examine these in order to gain knowledge about the nature of cellular atrophy.

It would be possible to do cancer cell basegtokine with ELISA, RFPCR, Western
blotting measurements in order to examine which are associated with atrophy are

induced.

To measure the protein kinases enzymes
phosphate group from ATP to serine, threonine or tyrosine residue in specific substrate

proteins. Protein kinase are important targets for drug development
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7. Appendix

'.%,‘ Beneficial effects and cellular mechanism of action of
u C | a'n Momordica charantia (bitter gourd) in the treatment

of cancer

M. Gunasekar, R.W. Lea, T. J. Snape and J. Singh
School of Pharmacy and Pharmaceutical Sciences, University of Central Lancashire, Preston. PR1 2HE.

Introduction

Prior to the availability of chemotherapeutic agents. dietary measures, including traditional medicines derived from plants. were the major forms of cancer
treatment. A number of plants have been used previously to treat different cancers throughout the world. One such plant is M.charantia
(Linn Family: Cucurbitaceae), whose fruit is known as Karela or bitter gourd. For a long time, several workers have studied the effects of this plant in cancer
therapy. M .charantia has anti-carcinogenic properties and it can modulate xenobiotic metabolism and oxidative stress'.

Aims
The main aim of this study is to extract, isolate. purify and characterize the active ingredient (s) of M. charantia and investigate its mode and cellular

mechanism (s) of action as a potential chemotherapeutic agent in cancer therapy.

Methods

Schematic diagram of HPLC

Soxhlet extraction
Sample
injection port
Dried M.Charantia powder (1 gram) was reservoirs e o
SRS : o
initially extracted with 400 ml with of methanol for pl-rmp spiftter £
4 hrs. The methanol was then rota-evaporated P e
' column
The sample residue was repeatedly (3 times) - mixing vessel L
extracted with 30 ml of Methanol Ansiyticel
column
The extract was filtered with Whatmann filter High pressure pump I>
paper no:4 and rota-evaporated to obtain a residue’ differiential de—aczo-{
to waste to wabte or

fraction collector

| Tissue culture
Residue was analysed with C-18 inertsil ODS-3 column

Cells like U87.1321NI and GOS-3 were cultured in 96 well plates (5 pm, 4.6 mm = 259 mm id) and UV absorbance was monitored at 254 nm

Cells were then allowed to reach a confluence of 60-70% Mobile phase a. Trifluroacetic acid in acetonitrile.
b. Trifluroacetic acid in HPLC grade water.

s s 5 y ; ¢. Methanol HPLC grade
Different concentrations of isolated active ingredient (drug) are added to the cells

Flow rate 1.0 mi/min, temperature was maintained 37°C, injection volume 10 il >

Cells were then incubated for 24 hrs with and without ingredient

Cells were then analysed b\ MTT and ATP assay for viability

Fig. 1. Fig. 2 Fig.3
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Glioma Cell lines viability for U87-MG (Fig. 1), GOS-3 (Fig. 2) and 1321INI (Fig. 3) in the absence (control) and presence of different concentrations of M. charantia  extract
(ingredient). Data are £ SEM, n=5; * P< 0.001 for extract-treated cells compared to control.

These preliminary results have shown that M. charantia ingredient can evoke a significant (p<0.001) decrease in glioma cell viability for each cell line com-
pared to untreated (control) cells. These effects were dose dependent.

Conclusion and Future Work
« A potent anticancer agent was extracted from M.charantia using methanol and tested on three different glioma cell lines.

« The extract (ingredient) evoked significant (p< 0.001) dose-dependent cytostatic effect on each cell line compared to untreated control.
« The next stage of the study is to determine the mechanism s) whereby M. charantia extract can induce cell death measuring cytosolic calcium, P53,
caspase- 3 activity and cytochrome c.
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Effects of Momordica charantia fruit extract in the
treatment of glioma cancer

Uclan

Introduction

Prior to the availability of chemotherapeutic agents, dietary measures, including traditional medicines derived from plants, were the major forms
of cancer treatment. A number of plants have been used for the treatment of different cancers throughout the world?. One such plant is
Momordica charantia (Linn Family: Cucurbitaceae), whose fruit is known as Karela or bitter gourd. For a long time, several workers have studied
the effects of this plant extract in cancer therapy but the active ingredient and its mechanism of action are still unknown. M charantia has
anti-carcinogenic properties and it can modulate xenobiotic metabolism and oxidative stress’.

Aims

The main aim of this study is to extract, isolate, purify and characterize the active ingredient (s) of M charantia and investigate its mode and
cellular mechanism (s) of action as a chemotherapeutic agent in cancer therapy.

Soxhlet extraction ‘ Schematic diagram of HPLC

1 gm of fine ground powder, sample extracted
with Methanaol for 4 hrs.
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Tissue culture - -
Samples were analysed with C-18 inertsil ODS-3 column

Cells like U87,1321NI and GOS-3 were cultured in 96 well plates (5 pm, 4.6 mm x 259 mm id) and UV abserbance was monitored at 254 nm.

Mobile phase a. Trifluroacetic acid in acetonitrile.
b. Trifluroacetic acid in HPLC grade water.
c. Methanol HPLC grade.

Cells were then allowed to reach a confluence of 60-70%

Different cancentration of drug are added to the cells
Flow rate 1.0 mi/min, temperature was maintained 37°C, injection volume 10 pl.

Cells were then incubated for 24 hrs

Cells were then analysed by MTT assay J
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Fig. 1.Time course effect of 0.0875 ng/ml M. charantia extract on three different glioma cell lines . Fig.2. Dose dependent effect of M charantia crude extract on viability of five different glioma
cell lines. The effect of M. charantia on healthy L6 Muscle cell lines are also shown for comparison . Fig.3. Dose dependent effect of Alpha and Beta Moemocharin extract on viability of five
different glioma cell lines. Fig.4. Dose d dent effect of Temazolamide on three different cell lines. Data are mean+ SEM, n=6 *, P < 0.05 for treated cells compared to untreated (control) cells.

Conclusion and Future Work
. The results have demonstrated that potent anticancer agent was extracted from M Charanta using Methanol and tested on three glioma cell
lines.

The crude extract and a and B Momocharin evoked significant (p<0.05) dose-dependent cytostatic effects on each cell lines compared to
control.

The next stage of the study is to determine the cellular and molecular mechanisms whereby M Charantia extract can induce cell death by
measurement of cytosolic calcium, P53, caspase- 3 activity, cytochrome c.
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Introduction

Prior to the availability of chemotherapeutic agents, dietary measures, including traditional medicines derived from plants, were the major forms
of cancer treatment. A number of plants have been used for the treatment of different cancers throughout the world?. One such plant is
Momordica charantia (Linn Family: Cucurbitaceae), whose fruit is known as Karela or bitter gourd. Mainly, the fruit part of the bitter gourd is
useful medicinally. It is made up of many different proteins and steroids that are chemically active. One of its chemicals displays cytotoxic activity
and can inhibit guanylate cyclise, which is thought to be cause of psoriasis and leukemia. Another protein has been clinically shown to serve as
anti-cancerous in animals. Alpha and Beta Momocharin has been tested as anti HIV and shows to stop virulence while the host cells were
unaffected.

Aims

The main aim of this study is to extract, isolate, purify and characterize the active ingredient (s) of M charantia and investigate its mode and
cellular mechanism (s} of action as a chemotherapeutic agent in cancer therapy.

Methods Soxhlet extraction

‘1 gm of fine ground powder, sample exfracted Cells like U87,1321NI and GOS-3 were cultured in 96 well plates
with Methanol for 4 hrs. l

Cells were then allowed to reach a confluence of 60-70%

|

The extract was filtered with Whatmann filter paper no4 - Different concentration of drug are added to the cells

The sample residue was extracted repeatedly with 30 ml of Methanal.

Evaporated under vacuum to remove the Methanol. Cells were then incubated for 24 hrs

The samples were analysed with C-18 inertsili ODS-3 column, UV l
absarbance was monitored at 254nm Cells were then analysed by MTT assay
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Fig. 1.Time course effect of 0.0875 ng/ml M. charantia extract on three different glioma cell lines . Fig.2. Dose dependent effect of M charantia crude extract on v y of five different glioma
cell lines. The effect of M. charantia on healthy L6 Muscle cell lines are also shown for comparison . Fig.3. Dose dependent effect of Alpha and Beta Momocharin extract on viability of five
different glioma cell lines. Fig.4. Dose dependent effect of T ide on three different cell lines. Data are mean= SEM, n=6 *, P < 0,05 for treated cells compared to untreated (control) cells,

Confocal image of 1321N1 cell line after 4 hrs of treating with Alpha Beta Momocharin (Fig 5a). Control of 1321N1 cell line (Fig 5b). Gos —3 cell line after 4 hrs of treating with Alpha Beta
Momocharin (Fig Sc). Control of Gos -3 cell line (Fig 5d). U87-MG cell line after 4 hrs of treating with Alpha Beta Momocharin (Fig Se). Control of US7-MG cell line (Fig 5f).
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Conclusion and Future Work

. The results have demonstrated that potent anticancer agent was extracted from M Charanta using Methanol and tested on three glioma cell
lines. The crude extract and a and § Momocharin evoked significant (p<0.05) dose-dependent cytostatic effects on each cell lines compared
to control. The next stage of the study is to determine the drug binging site and the receptors action and the Gene expression study.
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Introduction

Prior to the availability of chemotherapeutic agents, dietary measures, including traditional medicines derived from plants, were the major forms
of cancer treatment. A number of plants have been used for the treatment of different cancers throughout the world?. One such plant is
Momordica charantia (Linn Family: Cucurbitaceae), whose fruit is known as Karela or bitter gourd. Mainly, the fruit part of the bitter gourd is
useful medicinally. It is composed of many different proteins and steroids that are chemically active’. One protein has been extracted and
purified and clinically shown to posses anti-cancerous in animals. The compound is called a and § Momocharin and it can induce cell death in
mouse skin carcinogenesis®

Aims

The aim of this study is to investigate the effect of crude water and methanol soluble extract of M charantia compared to a and B Momocharin
either alone or in the combination with Cisplatin or with Temozolamide.

Methods Soxhlet extraction

1 gm of fine ground powder, sample extracted Cells like U87,1321NI and GOS-3 were cultured in 96 well plates
with Methanal for 4 hrs.

The sample residue was extracted repeatedly with 30 mi of Methanol Cells were then allowed to reach a confluence of 60-70%

The extract was filtered with Whatmann filter paper no:4 Different concentrations of crude extract,a and B Momocharin were

l - added to the cells
Evaporated under vacuum to remove the Methanol.

The crude samples were analysed with C-18 inertsil ODS-3 el e e e (T 2 i

column, UV absorbance was monitored at 254nm |
Cells were then analysed by MTS assay for cell viability
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Fig. 1.Time course effect of 0.0875 ng/ml M. Charantia crude extract on three different glioma cell lines . Fig.2. Dose dependent effect of M charantia crude extract on viability of four different
glioma cell lines. The effect of M. charantia on healthy L6 Muscle cell lines are also shown for comparison . Fig.3. Dose dependent effect of Alpha and Beta Memocharin extract on viability of
four different glioma cell lines. Fig.4. Dose dependent effect of Temozolamide on four different cell lines. Data are mean= SEM, n=6 =, P < 0.05 for treated cells compared to untreated (confrol)
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Fig.5. Dose dependent effect of Cisplatin on three different cell lines. Data are mean= SEM, n=6 *, P < 0.05 for treated cells compared to untreated. Fig.6. Measurement of Caspase -3 activity
in untreated and M Charantia treated cells . Data are mean= SEM, n=6 *, P = 0.05 for treated cells compared to untreated (control) cells. Fig.7. Measurement of Cytochrome c activity in un-
treated and M Charantia treated cells. Data are mean+ SEM, n=6 *, P < 0.05 for treated cells compared to untreated (control) cells.

Fig .8a.Confocal image of 1321N1 cell line after 4 hrs of treating with Alpha Beta Momocharin. Fig. 8b. Control of 1321N1 cell line. Fig .8c. Gos =3 cell line after 4 hrs of
treating with Alpha Beta Momocharin . Fig .8d.Control of Gos -3 cell line. Fig. 8e.U87-MG cell line after 4 hrs of treating with Alpha Beta Momocharin . Fig. 8f.Control of U87
-MG cell line .

Conclusion and Future Work

(A) The results have shown that either crude extract of M charantia , o and B Momocharin, Cisplatin and Temozolamide can evoke marked
significant (p<0.05) dose-dependent anti-cancer effect on four different glioma compared to healthy L6 muscle cell line. (B) M charantia , a
and B Momocharin seems to elicit its anti-cancer effect by inducing mainly, Cytochrome c activity compared to untreated cells. Future work will
be based on cellular Ca # homeostasis.
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Cellular mechanism of action of a, p momorcharin on cell viability of

different cancer cell lines.
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Introduction

Prior to the availability of chemotherapeutic agents, dietary measures, including traditional medicines derived from plants were the major forms of cancer treat-
ment. A number of plants have been used for the treatment of different types of cancers throughout the world. One such plant is M. charantia
(Linn Family: Cucurbitaceae), whose fruit is known as karela or bitter gourd @ Previous studies including these in our laboratory have demonstrated marked

. . L ‘ e
anti-cancer effects of M. charantia and o, p momocharin using several different cancer cell line™”. However, the cellular and molecular

mechanism(s) whereby M. charantia is exerting its anti-cancer effect is still unknown.

Aims

This study investigated the anti-cancer effects and the cellular mechanisms of action of different concentrations of o, f momocharin (200 uM - 800 pM) in

1321N1, Gos-3, U87-MG and Weri- Rdl glioma cancer cell lines. human skin melanoma (Sk Mal-2) and large lung Carcinoma (Corl -23) compared to
normal healthy L6 muscle cell line.

Methoc

1 gm of fine ground powder, sample extracted All seven cells used in this study were cultured in 96 well plates
with Methanol for 4 hrs.

' Cells were then allowed to reach a confluence of 60-70%
The sample residue was extracted repeatedly with 30 ml of methanol.

Different concentrations of o and f Momocharin were added to each cancer

The extract was filtered with Whatmana filter paper no:4
cell line

Evaporated under vacuum to remove the methanol. '
Cells were then meubated for 24 hrs

The crude samples were analysed with C-18 mertsil ODS-3 |
column, UV absorbance was monitored at 254 nm Cells were then analysed by MTS assay for viability

Results
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Fig. 1 : Time course effect of 800 pM o, f Momocharin extract on six different cancer cell lines. Fig.2: Dose dependent effect of @, f Momocharin extract on viability of the six different
cancer cell lines compared to L-6 muscle cell line.. Fig.3: Measurement of Caspase -3 activity in untreated and a, f Momocharin-treated cells . Data are mean= SEM, n=6 =, P < 0.05 for
treated cells compared to untreated (control) cells. Fig.4: Measurement of Cytochrome- ¢ activity in untreated and e, p Momocharin- treated cells. Data are mean+ SEM, n=6 *, P < 0.05
for treated cells compared to untreated (control) cells.

Calcium homeostatsis: Intracellular free calcium concentrations [Ca ** Jiin Fura 2- AM-loaded cancer cell lines in the absence and presence of 800
pM o, B Momocharin. The cells were loaded with 25 uM Fura 2- AM, and [Ca ¥ ]i measured at excitation wavelength of 485 nm and emission wave-
length of 520 nm. Data are mean = SEM, n=6. Note the time causes inereasing in [Ca * Jifollowing o, p Momocharin treatment.
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Fig .6: Confocal images of control and treated cell lines for 4 hrs with 800 pM a, f Momocharin. 6.a: Treated 1321N1 cell line . 6b: Untreated (control) of 1321N1 cell line. 6c: Treared
Gos -3 cell line . 6d:Untreated (control) of Gos -3 cell line. Ge: Treated UST-MG cell line . 6f: Untreated (control) of UST-MG cell line. Note the decrease in cell viability following trearment
with a, f Momocharin .

Conclusions and Future Work

The results have shown that o, p Momocharin, can evoke significant (p<0.05) dose-dependent anti-cancer effect on six different cancer cell lines com-
pared to healthy L6 muscle cell line. The anti-cancer effects a, p Momocharin seems fo be associated more with cellular [Ca *J; homeostatsis and
Cytochrome- ¢ activity, rather than cellular apoptosis. Future work will be based on Caspase — 9 activity and drug binding sites by fluorescence imaging.
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