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Abstract
The present study was conducted to evaluate the
radiosensitization effect of Roscovitine (cyclin dependent kinase
inhibitor) in carcinoma cell lines. Three cell lines are used
(HepG2 liver carcinoma cell line, U251 brain carcinoma cell
line, H460 Lung carcinoma cell line) in this study .cells were
treated with Roscovitine in different concentrations ranging from
0.1 μM to 100 μM before exposure to radiation doses ranging
from 0.5 Gy to 20 Gy according to each experiment.
The cell viability by MTT assay, The cell cycle analysis by
flow cytometry and DNA fragmentation repair mechanism by
diphenylamine were measured after Roscovitine treatment with
or without radiation to explore the sensitization effect of
Roscovitine.
The present study conclude that Roscovitine a good
candidate as radiosensitizer for modifying the ionizing radiation
(IR) response in cancer cells, beside its cyclin dependent kinase
inhibitor function, roscovitine can generate DNA Double strand
Breaks and cooperate to enhance IR induce DNA damages .
Roscovitine is currently in clinical trials, although our findings
suggest that the combination of Roscovitine with IR appears to
be a very promising especially for liver, brain and lung cancer
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treatment, further investigation is needed to evaluate the
therapeutic index before tested in clinical trials.
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Introduction and Aim of the work
Cancer has become an important topic in medicine since
it is a major cause of death in both developed and developing
countries and it is secondary to that of myocardial infraction
(Gruddy, 1991). A great majority of human cancers (about 8090%) are attributable to environmental factors. However, it is
not an easy task to eliminate carcinogenic cause from the
environment. While modern surgery has significantly reduced
the cancer mortality, the use of additional treatment such as
radiotherapy and chemotherapy has reduced the number of
death (Benjamin et al., 1990).
Despite better treatment strategies and increase in the
cure rate of cancer patients during the last decade, toxicity is
still the dose-limiting factor for cancer therapy. Current
chemotherapeutic regimens cause severe toxicity to several
organs i.e. bone marrow, heart, liver, kidneys and central
nervous system. Myelotoxicity is considered to be one of the
most common side effects of chemotherapy and results in
severe neutropenia that increases the risk of life -threatening
infections (Bow, 1998). The effect of different anticancer
agents on hematopoietic cells and extra-medullary tissues has
been extensively reported after high-dose chemotherapy (van
der Wall et al., 1995).
Several cancerous cells have corrupted control of the cell
cycle and various Cyclin dependent Kinases (Cdks )are
activated in many tumors compared to normal cells, targeting
Cdks would be an intelligent strategy to block and i nterfere
with tumor cell proliferation as an alternative to classical
cytotoxic drugs (Vita et al., 2005).
Cyclin dependent Kinase inhibitor are potent inhibitors
of cell cycle progression that can be used to t reat proliferative
disorders. Cdk inhibitors may be very useful as antitumor
drugs, either alone or as part of combined therapies. Purines
-xxv-
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are considered a family of Cdk inhibitors and Roscovitine is
considered a member of this family, it is a potent and selective
inhibitor of Cdk (Mihara et al., 2002).
Immunosuppressive effect and myelotoxicity associated
with purine analogs are limiting factors for the use of these
agents. The treatment with purine analogs may cause high
frequency of serious infections with unusual pathogens
(Cheson, 1995). Studies concerning the severe prolonged
immunosuppression induced by several purine analogs in
cancer patients have been reported (Samonis and
Kontoyiannis, 2001). Roscovitine (olomucine related purine)
has no significant immunosuppression effect (Vita et al., 2005).
Several strategies to circumvent toxicity to normal tissues
in cancer patients treated with chemotherapy, radiotherapy and
purines analogs have been reported. Dose individualization,
combination therapy are mainly used to avoid both toxicity and
relapse risk (van der Wall et al., 1995).
Little is known about the biological effects of the cyclin
dependent kinase inhibitor compounds when combined with
Ionizing radiation in human carcinoma. (Zhang et al., 2008).
The aim of the present work was to investigate the in
vitro cytotoxic activity of Roscovitine when combined with
ionizing radiation against a panel of human cancer cell lines,
including those of the liver (HepG2), lungs (H460) and brain
(U251), in an attempt to minimize the side effects of
Roscovitine and ionizing radiation, and to decrease the cancer
cell ability to develop resistance for these modalities
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Chapter I
Review of Literature
In an adult human body, it is estimated that over twenty five million cells duplicate each second. Cell division is a
highly organized process since accurate regulation of the cell
cycle is essential for the normal cell growth and development.
In higher eukaryotic cell cycles, a strict control is exerted by a
complex combination of proteins that integrate extra -cellular
and intracellular signals to ensure the coordination of cell
cycle events. Cyclin-dependent kinases (Cdks) are engines that
drive the events of the eukaryotic cell cycle and they function
like clocks that time these events (Morgan, 2007).
In normal conditions, cell division and death processes are
equilibrated to keep the tissues at steady state. For some adult
cell types, renewal is rapid (e.g. epithelial, endothelial and
certain white blood cells). In contrast, other cells have low
rates of renewal. Healthy liver cells rarely die, and in the adult
brain, there is a slow loss of cells with little or no replacement
(Lodish et al., 1999).

1.1. Cancer
Cancer , basically, is "a disease of the cell",
characterized by alterations in the control machinery of cell
proliferation, differentiation and death. cancer cells possess
defective checkpoints and aberrant regulation of the cell cycle,
though they can proliferate regardless of having a
compromised genome. Moreover, many cancer cells display
chromosome abnormalities reflecting their genetic instability
and defects in various metabolic pathways (Vita et al., 2005).
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1.1.1. Hepatocellular carcinoma
Hepatocellular carcinoma is the third most common
cause of cancer death in the world and results in 598000
deaths per year worldwide. Because of its poor prognosis, this
number of deaths is almost the same as the number of cases
being diagnosed each year (626 000). It has great regional
differences in the pathology and epidemiology, the variation is
greatly influenced by the etiologies of the disease. Hepatitis B
and C infection are the most important risk factors. HCC
incidence rates are higher but in decreasing trend in
developing countries ( But et al., 2008).
In Egypt; recent studies reported that the burden of HCC
has been increasing with a doubling in the incidence rate in the
past 10 years (Anwar et al., 2008; Lehman and Wilson,
2008). This has been attributed to several biological factors ;
e.g. hepatitis B and C virus infection (Goldman et al., 2008;
Zekri et al., 2008) and environmental factors; e.g. aflatoxin,
(Hosny et al., 2008; Turner et al., 2008). Other factors such
as cigarette smoking, occupational exposure to chemicals such
as pesticides, and endemic infections in the community, such
as schistosomiasis, may have additional roles in the etiology or
progression of the disease (Anwar et al., 2008). According to
Zekri et al. (2008) HCC is a preventable disease rather than a
curable one, since there is no well-documented effective
treatment modality until now, making the molecular study of
this disease mandatory, which could be used to identify
candidate genes for molecular target therapy.
1.1.2. Lung carcinoma
The growth of lung cancer may lead to metastasis,
invasion of adjacent tissue and infiltration beyond the lungs.
The vast majority of primary lung cancers are carcinomas of
the lung, derived from epithelial cells. In epithelial cells, the
major regulatory checkpoint is the transition from G 1 to the S
phase. This transition is characterized by the phosph orylation
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of retinoblastoma protein (pRb), and is catalyzed by the Cdk4D1 enzyme complex (Joshi et al., 2007).
Lung cancer, the most common cause of cancer-related
death in men and the second most common in women, is
responsible for 1.3 million deaths worldwide annually.
Treatment for lung cancer depends on the cell type, how far it
has spread, and the patient's performance status (Bach et al.,
2003).
1.1.3. Brain carcinoma
Brain tumors are the leading cause of cancer mortality
in children and remain difficult to cure despite advances in
surgery and adjuvant therapy (Gottardo and Gajjar, 2008).
Despite the potential importance of the cell cycle and
apoptosis pathways in brain tumor etiology, little has been
published regarding brain tumor risk associated with common
gene variants in these pathways (Rajaraman et al., 2007).
During the past 3 decades, chemotherapeutic agents for
the treatment of brain tumors have been extensively evaluated
in a myriad of schedules, doses, and combinations.
Remarkable advances in outcome have been achieved, but
with a high cost to quality of life (Yang et al., 2008).
Genome-wide analysis using microarray technology has
contributed significantly to our understanding of brain tumor
biology, shifting the focus onto novel agents that target
molecular changes crucial for tumor proliferation or survival.
These selective agents are likely to be less toxic to normal
cells and more effective. Recent discoveries on the major role
of cyclin dependent kinases in the development of different
brain tumors and targeted agents towards them provided a
rationale for treatment of some brain tumors (Ng et al., 2007;
Gottardo and Gajjar, 2008; Yang et al., 2008 )
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1.2. Cell cycle
Two primary events in cell proliferation are DNA
replication and cell division, the latter resulting in the
formation of two cells from a single precursor (Murry et al.,
1993). Replication must necessarily precede chromosomal
segregation and cell division to ensure fidelity in transmission
of all genetic information. The cell cycle has been divided into
four sequential phases (Fig.1.1). Gl is the first gap phase in
which the cell prepares for DNA replication (G1 duration is
24hr); S phase is the period of DNA synthesis during which a
second copy of the entire genome is generated (S phase
duration is 6-8 hrs); G2 is a second gap phase in which the cell
prepares for division; (G2 phase duration is 4 hrs)and, finally,
M phase or mitosis is the period during which the two copies
of DNA segregate and the cell divides into two genetically
identical daughter cells (M phase duration is 1-2 hrs) (Hung et
al., 1996). Entrance into and exit out of the cell cycle occurs as
a cell passes between active proliferation and a quiescent or
GO state, in which the fundamental metabolism of the cell is
depressed, including many of its usually active functions such
as transcription and protein synthesis (Williams and Smith,
1993). Deprivation of growth factors can cause a cell to exit
into G0, whereas stimulation with growth factors can signal a
cell to re-enter the active cycle. A cell may also exit the cell
cycle to undergo processes of differentiation or programmed
cell death (apoptosis). Many complex signals interact to
determine a cell’s fate, specifying whether it should be
quiescent, divide, differentiate, or undergo apoptosis ( cells
died although it keeps its morphological properties but
ruptured and release its content by destruction of cell
membrane ) (Hartwell , 2001).
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Fig.( 1.1 ): The cell cycle (Morgan, 2007).
1.2.1.Cell cycle checkpoints
Checkpoints are control mechanisms that ensure the
fidelity of cell division in eukaryotic cells. These checkpoints
verify whether the processes at each phase of the cell cycle
have been accurately completed before progression into the
next phase, multiple checkpoints have been identified (Hung
et al., 1996).
The main checkpoints which control the cell division
cycle in eukaryotes include:
G1 (Restriction) Checkpoint
The first checkpoint is located at the end of the cell
cycle's G1 phase called restriction point, just before entry into
S phase, making the key decision of whether the cell should
divide, delay division, or enter a resting stage. Most cells stop
at this stage and enter a resting state called G 0 (Karp, 2005).
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S phase checkpoint
A check on the successful replication of DNA during S
phase. If replication stops at any point on the DNA, progress
through the cell cycle is halted until the problem is solved
(Reynolds and Schecker, 1995).
G2 Checkpoint
The second checkpoint is located at the end of G 2 phase,
triggering the start of the M phase (mitosis). In order for this
checkpoint to be passed, the cell has to check a number of
factors to ensure the cell is ready for mitosis. If this checkpoint
is passed, the cell initiates the many molecular processes that
signal the beginning of mitosis.
Progression into M phase is dependent on cyclin B
dependent kinase activity, Cyclin B–Cdk1, also called M
phase or maturation - promoting factor (MPF). Before
undergoing chromosome condensation and nuclear division,
cells have to be sure that their DNA is fully replicated and
undamaged .If not, the cell is delayed in S–G2 (Hung et al.,
1996).
Metaphase Checkpoint
The mitotic spindle checkpoint occurs at the point in
metaphase where all the chromosomes should have aligned at
the mitotic plate and be under bipolar tension. The tension
created by this bipolar attachment is what is sensed and this is
what initiates the anaphase entry (Karp, 2005).
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Figure 1.2. cell cycle checkpoints (Reynolds and Schecker,
1995).

1.3. Cyclin –Dependent Kinases
1.3.1. Definition and Structure
The elements responsible for driving the cell cycle from
one phase to the next are a series of protein kinases and
phosphates that activate each other, the cyclin dependent
kinases (Cdks). (Hung et al., 1996).
Cdks are classic Ser/Thr kinases with molecular weights
of 30-40 kDa, displaying eleven subdomains shared by all
protein kinases. They encompass a large family of proteins
with high versatility and diversity. The common structure of
Cdks that is shared by all kinases consists of a small N terminal lobe containing mainly β-sheets and a large Cterminal lobe composed mostly of α-sheets, being the ATP
binding-site located between the two lobes (Morgan, 1997).
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1.3.2. Functions
CdKs are responsible for phosphorylating various
substrates critical to cell-cycle progression, such as
transcription factors, histones, cytoskeletal proteins, tumor
suppressor genes (Nigg, 1993). CDKs levels are invariant
throughout the cell cycle; however, their activities are
modulated by their interaction with another set of proteins
called cyclins, whose levels fluctuate. The point in the cell
cycle at which the various cyclins are expressed at the highest
level is somewhat cell-line dependent and can vary
dramatically between transformed and non-transformed cells.
In general, however, the cyc lin Ds are associated with G1,
cyclin Es with the G1 to S transition, cyclin As with S phase as
well as with the G2 to M transition, and cyclin Bs with the G2
to M transition (Fig. 1.3). The Cdk inhibitors could inhibit the
presence of Cdk-cyclin complexes (Hunter, 1993).

Figure (1.3): the cell cycle is driven by an ordered activation of various
Cdk-cyclin complexes. The arrows show the portions of the cell cycle in
which the particular Cdk-cyclin complex is active. Passages through
these parts of the cell cycle require the activation of this complex, which
is primarily driven by the accumulation of the specific cyclin (Hung et
al., 1996).
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1.3.3. Cyclin –Dependent Kinases and Transcription
Three major Cdks have been implicated in transcription
regulation in humans, Cdk7 (complex with cyclin H), Cdk8
(complex with cyclin C) and Cdk9 (complex with cyclin T).
These enzymes have been reported to regulate phosphorylation
of the C-terminal domain of RNA polymerase II and Tatassociated kinase activity (Peng et al., 1998).
1.3.4. Cyclin –Dependent Kinases and Apoptosis
Several studies have reported the involvement of Cdks in
apoptosis. Cdk5 prevents neuronal apoptosis by negative
regulation of C-jun N terminal kinase 3 (Li et al., 2002). Cdklcyclin Bl complex has been associated with HIV-induced
apoptosis and neuronal apoptosis in neurodegenerative
diseases (Castedo et al., 2002). Premature activation of Cdkl
can lead to mitotic catastrophe due to radiation and
chemically-induced DNA damage (Castedo et al., 2002).
Cdk2 has been implicated in the regulation of thymocyte
apoptosis (Williams et al., 2000). In addition, sub-cellular
localization of Cdk2 was shown to determine the apoptosis/
proliferation fate of mesangial cells (Hiromura et al., 2002).
1.3.5. Cyclin –Dependent Kinases and neuronal functions
Cdk5 plays an important role in neuronal development
and it is involved in neuron migration and differentiation,
dopamine signaling pathways and regulation of the
phosphorylation of cytoskeletal molecules (Ohshima et al.,
1996). Cdk5 represents an attractive pharmacological target as
its deregulation is implicated in various neurodegenerative
diseases such as Alzheimer’s (Mapelli et al., 2005).
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1.3.6. Cyclin –Dependent Kinases and cancer
Normal Cdks activities are important for the ordered
execution of the processes that govern cell growth, such as
accurate and complete DNA replication, RNA transcription
and mitotic transfer of the genome to new daughter cells
(Garrett and Fattaey, 1999). Abnormal expression and
activity of Cdks, their regulators and substrates have been
associated with cancer development and progression (Elledge
et al., 1996). Some of these aberrations comprise over
expression of cyclin D and Cdk4 encoding genes, mutations in
INK4a gene (Cdk inhibitor) and inactivation of pRetinoblastoma, which produce alterations in the
Retinoblastoma pathway (Okami et al., 1999). Amplification
of MDM2 ( it is an important negative regulator of the p53
tumor suppressor), mutations on members of the Cip/Kip
family of Cdk inhibitors, and mutations or deletions in P53
gene lead to alteration in P53 pathway. Since several
cancerous cells have corrupted control of the cell cycle and
various Cdks are activated in many tumors compared to
normal cells, targeting Cdks would be an intelligent strategy to
block and/or interfere with tumor cell proliferation as an
alternative to classical cytotoxic drugs (Vita et al., 2005).

1.4. Cyclin –Dependent Kinase Regulation
Cdks are subjected to several regulatory mechanisms
including subcellular localization, association to tumor
suppressor proteins and post-translational modifications.
Positive regulation can be exerted by Cdk binding to cyclin
subunit and by phosphorylation of the kinase subunit in well defined sites. Negative regulation can be achieved by several
mechanisms such as phosphorylation of Cdks at specific sites,
or by binding of Cdk inhibitors to Cdk-cyclin complexes (Vita
et al., 2005).
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Figure (1.4): Cyclin –Dependent Kinase Regulation

1.4.1. Natural Cdk inhibitors
The activity of many Cdk-cyclin complexes can be
counteracted by natural Cdk inhibitors. These molecules
provide a tissue-specific mechanism by which cell cycle
progression can be controlled in response to extra - and
intracellular signals (Elledge et al., 1996). In mammalian
cells, there are two families of natural Cdk inhibitors, which
differ in specificity and mechanism of inhibition. Members of
the Cip/Kip family proteins include p2l, p27 and p57, which
bind and inhibit all Cdks. The INK4 family members include
p15, p16, p18 and pl9 proteins, which interact only with cyclin
D-Cdk4/6 and thus control G 1 phase progression (Hirai et al.,
1995). It is believed that these Cdks modulators act by
induction of conformational changes in the proteins and/or
protein-complexes (Pavletich. 1999).
Abnormal regulation of natural Cdk inhibitors has been
reported in several tumors, suggesting that Cdk modulators
could be of interest for cancer treatment (Chiarle et al., 2001).
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1.4.2. Chemical Cdk inhibitors
These compounds are heterogeneous with regard to their
chemical structure (figure1.5), however, they share the
following common features according to (Filgueira de
Azevedo et al., 2002; Canduri et al., 2004).
• They have low molecular weight (< 600)
• The structure includes plane, hydrophobic heterocycles
• They compete with ATP for the ATP-binding site on the Cdk
• They bind mainly by hydrogen bonds and hydrophobic
interactions with the kinases

Figure (1.5): Chemical Inhibitors (Crews and Mohan,
2000)
Different classes of Cdk inhibitors have been
characterized, including purine-based compounds, alkaloids,
butyrolactone, flavonoids, more recently indirubins, paullone s,
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butyrolactone I and hymenialdisine (Crews and Mohan,
2000).
1.4.2.1-Purines
Members of this family are olomoucine, roscovitine,
isopentenyl-adenine and purvalanol B. These compounds
compete with ATP for the binding site in the cyclin/Cdk
complex. Results of structural analysis have shown that the
purine portion of these inhibitors binds to the a denine-binding
pocket of the Cdk, preventing binding of its true ligand.
(Gray et al., 1998)
1.4.2.2-Alkaloids
Alkaloids are broad-spectrum protein kinase inhibitors
that have been used for their activity against PKC, although
they can also inhibit Cdks efficiently. The binding of
staurosporine to Cdk 2 resembles that of the adenine base of
ATP (Lawrie et al., 1997).
1.4.2.3-Indirubins
Indirubin is the active ingredient of a mixture of
plants used in traditional Chinese medicine to treat chronic
diseases. Indirubin and its analogues are very specific
inhibitors of Cdks and show very little activity against other
protein kinases. The crystal structure shows that these
inhibitors act by competing with ATP for binding to the ATP binding site of Cdk2. Other indirubin derivatives with strong
Cdk inhibitory activity are 5-chloro-indirubin and indirubin3’-monoxime (Hoessel et al., 1999).
1.4.2.4-Flavonoids
Flavopiridol and its dechloro derivative L 86-8276 are
relatively potent Cdk inhibitors .The crystal structure of a
complex between Cdk 2 and L86-8276 shows that the aromatic
portion of the inhibitor binds to the a denine-binding pocket of
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the Cdk. Moreover, the position of the phenyl group enables
the inhibitor to make contacts with the enzyme that are not
observed in the ATP complex structure (De Azevedo et al.,
1996).
1.4.2.5-Paullones
Paullones have been discovered using an algorithm to
detect similarities in the pattern of compound action to
flavopiridol. They act as competitive inhibitors of ATP
binding, and molecular modeling indicates that paullones
make contacts in the ATP-binding site similar to those
observed in the crystal structures of other Cdk2-bound
inhibitors (Zaharevitz et al., 1999).
1.4.2.6- Butirolactone I
Butyrolactone I is a natural compound isolated from
Aspergillus which acts as an ATP-binding competitor. It is
specific for Cdk 1 and 2 and does not inhibit other protein
kinases (Someya et al., 1994).
1.4.2.7-Hymenialdisine
Hymenialdisine is a compound which has been isolated
recently from a marine sponge and which contains bo th
bromopyrrole and guanidine groups. It acts as an ATP -binding
competitor
and
the
crystal
structure
of
the
Cdk2/hymenialdisine complex shows hydrogen bonds similar
to the links observed in other Cdk/inhibitor structures. It is a
very potent inhibitor of Cdk1, 2 and 5 (Chang et al., 1999).
Cdk inhibitors and their specificity against different
protein kinases, the family members and their IC 50 values
against different Cdks are shown in (Table 1.1).
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Table 1.1: Inhibition of Cdk Activity by Chemical
Compounds
Cdk inhibitors

CDK1

CDK2

CDK4

CDK5

Others

7 μM

7 μM

>1 mM

8 μM

ERK1=25 μM

4 μM

500 nM

215 μM

40 μM

50 μM

200 μM

80 μM

CDK6>100 μM
PKC=43-100
μM

6 nM

6 nM

6 nM

OTHERS>10
μM

20 nM

3.2 nM

1 μM

600 nM 32 nM
42 nM

1 μM

1 μM

Purines
Olomoucine
(Veeranna et al .,1996 )

CVT-313
(Brooks et al.,1997)

Isopentenyl-adenine
(Veeranna et al .,1996)

Purvalanol B
(Gray et al .,1998)

Alkaloids
Staurosporine
(Gollapudi
1997)

and

75 nM

39 nM

Neet,

UCN-01
(Akiyama et al., 1997)

CGP 41 251
(Begemann et al.,1998)
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CDK1

CDK2

CDK4

CDK5

10 μM

2.2-7.5
μM

12 μM

5.5 μM

400 nM

750-550
nM

6.5 μM

800 nM

180 nM

440-250
nM

3.33 μM

100 nM

55 nM

35-150
nM

300 nM

65 nM

500 nM

100 nM

65 nM

400 nM

680 nM

Others

Indirubins
Indirubin
(Hoessel et al.,1999)
5-Chloro indirubin
(Hoessel et al.,1999)

Indirubin-3’-monoxime
(Hoessel et al.,1999)

Indirubin-5-sulphonic
Acid(Hoessel et al.,1999)

Flavonoids
Flavopiridol
(Carlson et al.,1996)

Paullones
Kenpaullone

850 nM

ERK2>ERK1

28 nM

GSK3-=10 nM
CK1=35 nM

(Zaharevitz e t al.,1999)
Alsterpaullone

35 nM

(Zaharevitz et al.,1999)

Butyrolactone I

600 nM

1.5 μM

22 nM

40-70 nM 600 nM

(Someya et al 1994)

Hymenialdisine
(Chang et al .,1999)
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Cdk inhibitors have effects on cell proliferation, cell cycle
arrest, apoptosis and cell differentiation. Thus, over the last
decade, restitution of the cell cycle regulation through
pharmacological inhibition of the Cdks has been pursued as a
new approach for the treatment of diseases involving aberrant
cell proliferation. The potential role of Cdk inhibitors has been
evaluated in cancer chemotherapy, viral infections,
neurological disorders, cardiovascular and nephrological
diseases. To date, only flavopiridol and UCN-0l have been
reported in clinical trials, however the potential clinical use of
many other Cdk inhibitors is under development (Fischer and
Gianellaa Borradori, 2003; Meijer and Raymond, 2003).
Chemical Cdk inhibitors can be classified (Sausville, 2002)
according to their specificity as:
• Non-selective includes staurosporine.
• Semi-selective characterized by the capacity of inhibiting
Cdks and other kinases. This category includes flavopiridol
(inhibits Cdkl, 2, 4, 6 and 9 and PKC).
• Selective drugs comprise olomoucine, roscovitine,
purvalanol, paullones and butyrolactone (inhibit specifically
Cdkl, 2 and 5), and the inhibitory effect of roscovitine is 10
times higher than that of olomoucine. Pyrimidines,
benzocarbazoles and aminothiazoles (inhibit Cdk4),
flavopiridol derivates (inhibit Cdkl), and oxindoles (inhibit
Cdk2).

1.5. Roscovitine
Roscovitine is a plant cytokinin-derived purine analog that
was first synthesized and described in 1997 for its ability to
inhibit Cdks (Havlicek et aI., 1997; Meijer et al., 1997;
Meijer and Raymond, 2003). It was shown that roscovitine at
low concentrations specifically inhibits Cdkl and 2, which
cause cell cycle arrest at Gl/S and G2/M phases (Figure 1) and
Cdk5. At higher concentrations roscovitine was shown to
-17-

EG1200353

Review of literature

inhibit extra-cellular regulated kinases (erk-l and 2), while low
effect was observed against Cdk4 and other kinases (Meijer et
al., 1997). Roscovitine behaves as a competitive inhibitor for
ATP binding to Cdk1 (DeAzevedo et al., 1997)
1.5.1. Chemical and structural studies
Roscovitine, 2 - (R) - (1 - Ethyl - 2 hydroxyethylamino) - 6 - benzylamino – 9-isopropylpurine, is
a purine tri-substitute, with a molecular weight of 354.5.
Roscovitine was first cr ystallized with Cdk2 (DeAzevedo et
al., 1997). Analysis of the crystal structure of Cdk2roscovitine complex demonstrated that the purine group of the
inhibitor located in the ATP-binding pocket of the kinase. The
position of the benzyl ring of roscovitine enables the drug to
interact with Cdk2 that are not observed for the ATP complex
(Pavletich, 1999). Roscovitine was shown to bind tightly to
the ATP-binding site of the kinase. The higher number of
hydrogen bonds observed for Cdk5 compared to Cdk2
complex suggested higher affin ity of the drug to Cdk5. It was
found that roscovitine was tightly bound to the ATP -binding
pocket of Cdkl, as well (Canduri et al., 2004). Cdklroscovitine complex showed higher number of intermolecular
bonds compared to Cdk2-roscovitine complex, indicating that
the drug has more affinity for Cdkl.
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1.5.2Roscovitine effect on cells
Roscovitine effects have been investigated in several cell
lines. Since its synthesis in 1997 (Havlicek et al., 1997) and
identification as a specific Cdk inhibitor (Meijer et al., 1997),
roscovitine has been shown to have a variety of functions.
Effects on transcription: Roscovitine was reported to inhibit
RNA synthesis in human neonatal fibroblasts and in human
colon carcinoma cell line by partially inhibiting the
phosphorylation of the C-terminal domain of RNA polymerase
II (Ljungman and Paulsen, 2001). The transcription of
human immunodeficiency virus type 1 (HIV-1) and other
viruses were inhibited after exposure to roscovitine. HIV-1
production in virally integrated lymphocytic and monocytic
cell lines and activated peripheral blood mononuclear ce lls
infected with different HIV-1 strains were inhibited by
exposure to roscovitine (Wang et al., 2001).
Effects on apoptosis: Roscovitine seems to have contradictory
effects towards apoptosis depending on the cycling status of
the cell. In highly dividing cells, roscovitine alone or in
combination with other therapies stimulate apoptosis
(Mgbonyebi et al., 1999; Mihara et al., 2002; Hahntow et
al., 2004; Wesierska-Gadek et al., 2004). In contrast, in nondividing or differentiated cells such as neurons and
thymocytes, roscovitine exerted a protective effect (Williams
et al., 2000). Active cytoplasmic Cdk2 has been associated
with apoptosis in several studies (Hakem et al., 1999;
Williams et al., 2000). A decrease in Cdk2 activity by
roscovitine was related to reduction in apoptosis in mesangial
cells exposed to stress conditions such as serum deprivation or
UV exposure (Hiromura et al., 2002). Roscovitine was also
shown to block thymocyte negative selection through Cdk 2
inhibition (Williams et al., 2000).
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Effects on brain tissue: Cdk5 is mostly expressed in brain.
Binding of Cdk5 with p35 and p39 has been reported to play
an important role in brain development (Tsai et al., 1994).
Roscovitine was found to be a potent Cdk5 inhibitor
(DeAzevedo et al., 1997; Meijer et al., 1997). Roscovitine
was also shown to activate specifically P/Q calcium channels
in central neurons and to modifY transmitter release (Yan et
al., 2002).
Effects on viral replication: Cdks are involved in the
replication of many clinically important viruses including
papilloma, HIV -1, human cytomegalovirus (HCMV) and
herpes simplex virus (HSV) type 1 and 2. These make Cdk
inhibitors a promising alternative for the treatment of viral
infections. In this context, roscovitine has been shown to
inhibit the replication of HSV via inhibition of cellular Cdks
(Schang et al., 1998) and the replication of HCMV through
inhibition of cellular Cdk2 activity (Bresnahan et al.,
1997).Roscovitine prevented VZV (Varicella-Zoster Virus)
replication at levels that were not cytotoxic, did not induce
apoptosis in the host cells (Taylor et al., 2004).
Effects on tumor cells: Roscovitine was shown to inhibit the
proliferation of several tumor cell lines e.g. head and neck,
squamous-cell carcinoma (Mihara et al., 2002), uterine
sarcoma, lung and colorectal carcinoma (McClue et al., 2002).
Additionally, roscovitine was reported to inhibit DNA
synthesis in human gliomas (Yakisich et al., 1999) and human
cervical tumors (Vitali et al., 2002).
Effects on in vitro reproduction: Several studies have
described the effect of roscovitine on mammalian oocytes
maturation, because of its ability to inhibit Cdks (Krischek
and Meinecke, 2001). Moreover, Gibbons et al. (2002)
reported an enhancement in cloned calf and fetus survival after
embryo transfer of roscovitine-treated adult somatic cells.
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Roscovitine synchronized donor cell cycle and increased the
nuclear reprogramming capacity of the cells (Gibbons et al.,
2002). Many Cdk inhibitors are currently being evaluated for
the in vitro synchronization of oocyte cell cycle, achievement
of fertilization and development of the embryos and
improvement of survival rate of cloned domestic animals
(Knockaert et al., 2002).
Effect in Vivo model: pippin et al. (1997) concluded that
reducing the activity of Cdk 2 with roscovitine in experimental
goats glomerulonephritis decrease cell proliferation and matrix
production, resulting in improved renal function.
Effects in combination therapy: The synergistic and
sensitizing effect of roscovitine in combination with
chemotherapy and radiotherapy was demonstrated in several
studies. The selective sensitization of Retinoblastoma Proteindeficient tumor cell lines to exposure of doxorubicin together
with roscovitine and flavopiridol has been demonstrated
(Coley et al., 2002). This effect is relevant considering the
abnormal activity of Retinoblastoma Protein observed in
human tumors. Roscovitine in combination with camptothecin,
a topoisomerase I inhibitor, showed in tumor cell lines
synergistic activation of p53, nuclear accumulation of wildtype p53 and apoptosis (Lu et al., 2001). The synergistic effect
of farnesyl-transferase inhibitors in combination with
roscovitine has been reported to cause apoptosis in human
cancer cell lines (Edamatsu et al., 2000). Roscovitine, by
hindering DNA repair processes, has the potential to inhibit
recovery of mildly damaged tumor cells after doxorubic in
treatment and to increase the susceptibility of tumor cells to
chemotherapy (Crescenzi et al., 2005).
The radio-sensitization effect of roscovitine was described in
vitro in a human breast cancer cell line (MDA-MB 231),
which lacks functional p53 protein and in vivo in mice
xenografted with MDA-MB 231 (Maggiorella et al., 2003).
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1.6. Radiotherapy
Radiotherapy also called radiation therapy is a popular
and useful tool in the treatment of cancer, it is the use of a
certain type of energy (called ionizing radiation) to kill cancer
cells and shrink tumors. Radiation therapy injures or destroys
cells in the area being treated (the “target tissue”) by damaging
their material, making it impossible for these cells to continue
to grow and divide. Although radiation damages both cancer
cells and normal cells, most normal cells can recover from the
effects of radiation and function properly. The ultimate goal of
radiotherapy is to induce irreversible damages in genetically
unstable, fast growing cancer cells while minimizing the
cytotoxic effects on host tissues (Sonveaux et al., 2002).
Radiation may be classified as directly or indirectly ionizing.
All of the charged particles are directly ionizing; that is
provided the individual particles have sufficient kinetic
energy, they can disrupt the atomic structure of the absorber
through which they pass directly and produce ch emical and
biological changes. Electromagnetic radiations(x and γ rays)
are indirectly ionizing. They do not produce chemical and
biological damage themselves, but when they are absorbed in
the material through which they pass they give up their energy
to produce fast- moving charged particles (Hall, 2000).
1.6.1. Direct and indirect action of radiation
The biological effects of radiation result principally from
damage to DNA, which is the critical target.
If any form of radiation x or γ rays, charged or
uncharged particles –is absorbed in biological material, there
is a possibility that it will interact directly with the critical
targets in the cells .The atoms of the target itself may be
ionized or excited ,thus initiating the chain of events that leads
to a biological change. This is called direct action of radiation;
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it is the dominant process if radiations with high linear energy
transfer, such as neutrons or α- particles, are considered
(Sonveaux et al., 2002).
Alternatively, the radiation may interact with other atoms
or molecules in the cell (particularly water) to produce free
radicals that are able to diffuse far enough to reach and
damage the critical targets; this is called indirect action of
radiation. A free radical is a free (not combined) atom or
molecule carrying an unpaired orbital electron in the outer
shell. An orbital electron not only revolves around the nucleus
of an atom but also spins around its own axis .The spin may be
clockwise. In an atom or molecule with an even number of
electrons, spins are paired; that is, for every electron spinning
clockwise there is another one spinning counterclockwise
.This state is associated with a high degree of chemical
stability. In an atom or molecule with an odd number of
electrons there is one electron in the outer orbital for which
there is no other electron with an opposing spin. This state is
associated with a high degree of chemical reactivity (Hall,
2000).
For simplicity, we consider what happens if radiation
interacts with water molecule, because 80% of a cell is
composed of water. As a result of the interaction with a photon
of x- or γ- rays or a charged particle, such as an electron or
proton, the water molecule becomes ionized. This may be
expressed as
H2O

H2O + + e-

H2O + is an ion radical
An ion is an atom or molecule that is electrically charged
because it lost an electron. Free radical contains unpaired
electron in the outer shell as a result of which it is highly
reactive.H2O+ is charged and has unpaired electron;
consequently, it is both an ion and a free radical.The primary
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ion radicals have an extremely short life time ,they decay to
form free radicals, which are not charged but still have
unpaired electron .In case of water ,the ion radical reacts with
another water molecule to form highly reactive hydroxyl
radical (OH•) (Steel ,2002).
H2O + + H2O

H3O + + OH•

1.6.2DNA damage and repair mechanism
The hydroxyl radical possesses nine electrons; therefore
one of them is unpaired. This radical can easily break chemical
bonds. An attack on the sugar to which a nucleic -acid base is
attached can result in a single-strand break because all or
nearly all of the sugar is typically lost. In that case, the break is
actually a one-base-wide gap in the DNA backbone. Ionizing
radiation can also cause simple modifications to indivi dual
DNA bases, creating numerous types of base alterations. An
entire base can also become separated from the sugar, creating
what is called an abasic site (Reynolds and Schecker, 1995).
Although ionizing radiation can lead to the creation of
single-strand breaks, there are about ten million breaks
induced by radicals generated during normal cellular
metabolism. However, even though the total rate of singlestrand breaks from such processes is high, the consequences of
single-strand breaks are usually minimal. A cell possesses
efficient and accurate mechanisms for rapidly repairing singlestrand breaks. The repair makes use of the information
redundancy built into the double-stranded DNA molecule and
uses the undamaged complementary strand to restore the DNA
to its original state. The vast majority of single -strand breaks
are repaired without loss of information and with only a slight
risk of genetic mutation. Although single-strand breaks might
be lethal lesions to a cell if they are present during DNA
replication (Steel, 2002).
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If the breaks in the two strands are opposite one another,
or separated by only a few base pairs this may lead to double
strand break , it is believed to be the most important lesion
produced in chromosomes by radiation (Hall, 2000).
Double-strand breaks are often rapidly repaired by the
simple mechanism of joining free ends, and this is likely to be
a significant source of DNA mutations. In non homologous
recombination or non homologous end joining pathway
(NHEJ), the free ends of broken DNA molecules are brought
together and joined. There are several mechanisms by which
this can occur, the simplest employing a DNA ligase that
ligates the two ends together. DNA topoisomerases I and II
have also been identified as mediating the untemplated fusion
of two DNA molecules (Reynolds and Schecker, 1995).

1.7. Radiosensitizers
The term radiosesitizer is applied to a drug which
enhances the effect of radiotherapy on tumors, but when
administered alone has no effect on tumor growth. However,
the term is often also applied to an agent which has an
antitumor effect in its own right, but when used in
combination with radiotherapy it produced a greater response
than would be expected from the sum of the responses each
used alone(Nias, 2000).
1.7.1. Oxygen: the Definitive Hypoxic Cell Radiosensitizer
Ionizing radiation implies free radical production,
ionization is loss of an electron and free radicals, free radicals
are species with unpaired electrons. Oxygen, the prototypical
radiosensitizer in many respects, is itself a free radical, but
unusual in having two unpaired electrons and rapidly adding to
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many other free radicals, producing new, reactive radicals
(Wardman, 2007).
The simplest representation of the role of oxygen in
influencing radiosensitivity, and thiols in repairing radiation
damage, is often seen in equations
Such as: R + O2 → damage fixation in competition with:
R + thiol → damage repair
Where R represents an unspecified free radical. These
correctly suggest a competing scenario between oxygen and
thiols, but tell us nothing about both the mechanisms involved
(Wardman, 2007).
1.7.2Types of chemical radiosensitizers
An early pioneer in this field, Adams, (1973) divided
chemical radiosensitizers into five categories:
(1) Oxygen-mimetic sensitizers, for example the electronaffinic drugs. (2) Radiation-induced formation of cytotoxic
substances from the radiolysis of the sensitizer. (3)
Sensitization by structural incorporation of thymine analogues
into intracellular DNA. (4) Suppression of intracellular-SH
[thiols] or other endogenous radioprotective substances. (5)
Inhibitors of post-irradiation cellular repair processes.
1.7.2.1. Electron-affinic Radiosensitizers: the Nitroimidazoles
and Related Drugs
Hypoxia, in solid tumors, is not only a major problem for
radiation therapy but also leads to resistance to most anticancer
drugs and, importantly, appears to accelerate malignant
progression and increase metastasis. To date, efforts to
overcome the problem of hypoxia have had only limited
success (Itani et al., 2007).
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Comparison of the chemical properties of chemicals
that radiosensitized anoxic cells with their reactivity towards
radiation-produced free radicals led to the identification of an
important class of ‘electron-affinic’ radiosensitizers , because
of selective cytotoxicity towards hypoxic cells in the absence
of radiation (Wardman, 2007). Early prototypes were
nitrobenzenes but practical drugs are based on nitroimidazoles,
such as metronidazole.The best known of these as
radiosensitizers is misonidazole (Bruce et al., 1999;
Overgaard, 2007).
1.7.2.2. Radiation-induced Delivery of Cytotoxic Substances
This approach to radiosensitization exploits the
increasingly sophisticated targeting of radiation delivery in a
most direct manner, using radiation–chemical reactions to
deliver cytotoxins to the irradiated volume. such as redox
metals such as copper and platinum (Sonntag, 2006).
1.7.2.3. Radiosensitization by Halogenated Pyrimidines
This approach can be divided into two distinct
categories,
essentially
distinguished
by
halogen:
bromine/iodine vs fluorine. First, cells undergoing DNA
synthesis cannot distinguish efficiently betwe en thymidine and
halogenated analogues such as bromo- or iodo-deoxyuridine
(the methyl group of thymine is about the same size as
bromine or iodine atoms). If cells are treated with bromo- or
iodo-deoxyuridine for a sufficiently long period before
irradiation, significant incorporation into DNA occurs. The
halogen moieties act as electron ‘sinks’ on irradiation, the
carbon–halogen bond breaking on electron attachment to
liberate free halide and form a carbon-centered free radical.
This can add oxygen to form a peroxyl radical and carry out
similar strand-breaking reactions as the DNA base/hydroxyl
radical (Seo et al., 2004).
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1.7.2.4. Suppression of Radioprotective Substances
Thiol-reactive chemicals were among the first
radiosensitizers to be studied .Some agents were both
electronic-affinic and depleted thiols. Much more
sophisticated and controllable approach to depleting
intracellular thiols is the inhibition of steps in their
biosynthesis: the application of L-S-buthionine sulphoximine
(BSO) was a major advance (Vukovic et al., 2001).
1.7.2.5. Radiosensitizers that inhibit Repair of DNA Damage.
It is a necessary and vital function for cells to have the
ability to repair radiation damage. Cellular radiation repair is
correcting damage to a structure or molecule, which is
necessary for viability. Cells have the ability to repair radiation
damage in several ways. First, cells may contain molecules
that chemically restore damaged sites. For example, a reducing
species could donate electrons to oxidized, or damaged,
substrates. Second, through a set of complex and ordered
reactions, a variety of molecules and enzymatic systems
recognize and repair damaged substrates. Third, cellular
systems may be present that prevent damage before it occurs.
These systems could detoxify noxious species by chemical or
enzymatic means. The specific enzyme or enzymes
responsible for the recognition and repair of radiation damage
is a fertile area of investigation. In the future, specifically
targeting these enzymatic systems and their constituents could
represent another means of radiation modification .( Matthew
et al.,2001).
* The use of single-agent cisplatin has already demonstrated
major radiosensitizing effects, clear synergistic interaction
between cisplatin and IR is observed in cells proficient in
nonhomologous end joining (NHEJ) In contrast, no interaction
between cisplatin and ionizing radiation (IR) is observed in
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NHEJ-deficient cells. Reconstituted in vitro NHEJ assays
revealed that a site-specific cisplatin-DNA lesion near the
terminus results in complete abrogation of NHEJ catalyzed
repair of the double strand break (DSB). These data show that
the cisplatin-IR synergistic interaction requires the DNAdependent protein kinase–dependent NHEJ pathway for
joining of DNA DSBs, and the presence of a cisplatin lesion
on the DNA blocks this pathway (Heatheret al., 2005). The
NHEJ pathway was found to be predominantly activated for
repairing IR-induced DNA damage. After the introduction of
DNA-DSB, the DNA-Protein Kinase (DNA-PK) is activated
by the recruitment of the catalytic subunit of DNA-Protein
Kinase catalytic subunit (DNA-PKcs) through the binding of
the Ku70/Ku80 heterodimeric regulatory component, which
first recognized and stabilized DNA strand breaks. The NHEJ
repair defect associated with roscovitine and IR (Maggiorella
et al., 2003).
* β-Lapachone is a naturally occurring 1,2-naphthoquinone
and as such might be considered an electron-affinic
radiosensitizer. However, it was shown to inhibit
topoisomerase I and radiosensitize human malignant
melanoma cells(Miyamoto et al., 2000).
* Poly (ADP-ribose) polymerase is a nuclear enzyme
facilitating DNA base excision repair; the therapeutic potential
of Poly (ADP-ribose) polymerase inhibitors in a broad context
has been reviewed (Virág and Szabó, 2002).
* The ataxia telangiectasia mutated (ATM) protein kinase
plays a critical role in regulating cell cycle arrest and DNA
repair, linked to dramatically enhanced radiation sensitivity,
and is attracting attention as a target for radiosensitizers
Inhibitors of the ATM kinase, such as wortmannin and
caffeine (Sarkaria and Eshleman, 2001).
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Chapter II
Materials and Methods
2.1 Materials:
2.1.1-The Semi Synthetic Compound Tested (Roscovitine):
Roscovitine (CYC202):
Chemical name : 2-(R)-(1-Ethyl-2-hydroxyethylamino) -6benzylamino-9-isopropylpurine
Chemical Formula : C19H26N6O
Molecular weight : 354.5
Drug class
: Cdk inhibitor.
Melting point
: 128-129 oC
Solvent
: Dimethyl sulphoxide (DMSO)
Form
: White solid
Storage
: (-20 oC).DMSO stock solutions are stable
for at least 6 monthes at (-20 oC).
Sources
: Sigma -Aldrich Chemical Co.( St.Louis ,Mo,
USA )
Structure
:
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2.1.2- Human tumor cell lines:
Three human carcinoma cell line were used in this study,
Hep-G2 (Liver carcinoma cell line) , U251 (Brain Carcinoma
cell line) and H460 (Lung carcinoma cell line). They were
obtained frozen in liquid nitrogen (-180oC) from the American
Type Culture Collection. The tumor cell line was maintained
in the National Cancer Institute, Cairo, Egypt, by serial subculturing.
2.1.3- Chemicals and Reagents:
All chemicals used in the present study are analytically
pure and their sources and uses are displayed as follows:
* Cambrex Bio Science Verviers, Belgium. Is the source of
the following chemical:
 Trypsin EDTA: 0.025% Trypsin w/v was used for the
harvesting of cells.
* Highveld Biological (PTY) LTD., USA. Is the source of the
following chemicas:
 Fetal bovine serum (FBS): 10% FBS (heat inactivated at
56oC for 30 mins) was used for the supplementation of
RPMI-1640 medium prior to use.

 Penicillin/Streptomycin: 100-units/ml penicillin and 2mg/ml streptomycin were used for the supplementation of
RPMI-1640 medium prior to use.
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* Sigma-Aldrich Chemie, INC., St. Louis, MO, USA. Is the
source of the following chemicals :
 Acidified isopropanol: 0.04 N HCl in absolute isopropanol
was used for solubilizing (3-[4,5-dimethyl thiazole-2-yl]2,5 Diphenyl tetrazolium bromide)MTT crystals in MTT
cell viability assay.
 Dimethyl sulphoxide (DMSO): used in cryopreservation
of cells and as a solvent for the compounds tested.
 Diphenylamine (DPA) solution (freshly prepared and used
within 1h): 10 ml glacial acetic acid was added to 150 mg
diphenylamine, 150 µl concentrated sulfuric acid, and 50 µl
acetaldehyde (16mg/ml) solution used in DNA
fragmentation.
 Ethanol: used in a concentration of 70% for fixing process
in cell cycle analysis.
 MTT solution: (3-[4,5-dimethyl thiazole-2-yl]-2,5 Diphenyl
tetrazolium bromide) 5mg/ml of MTT in 0.9% NaCl for
cytotoxicity assay.
 Propidium iodide (PI): a DNA-binding flurochrome used to
stain the sample by binding to the DNA.
 Ribonuclease A (RNase A): used in a concentration of 0.2
mg/ml to prevent staining of double stranded RNA in cell
cycle analysis.

 Roscovitine : serial dilutions were prepared 0.1 - 1.0- 2.5 -510 – 20 -50 -100 µM in DMSO
 Roswell Park Memorial Institute (RPMI-1640)
Medium: the medium was developed by Moore et
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al.,(1967) at Roswell Park Memorial Institute. It was used
for culturing and maintenance of the human cell line. The
medium was supplied in a powder form. It was prepared as
follows:
10.44 gm powdered medium were weigh ed, mixed with 2.0
gm sodium bicarbonate, completed to 1 L with distilled
water and stirred gently until complete dissolution. The
medium was then sterilized immediately by filtration using
a Millipore bacterial filter with a porosity of 0.22 microns
and dispensed into sterile container. The prepared medium
was kept in a refrigerator (4oC) and checked at regular
intervals for contamination. Before use, the medium was
warmed at 37oC in a water bath and then supplemented
with penicillin/streptomycin and fetal bovine serum.
 Sodium bicarbonate: used for the preparation of RPMI1640 medium.
 Sodium chloride (NaCl): used in a concentration of 0.9%
as a buffering system in MTT cell viability assay.
 Trichloroacetic acid (TCA): 5% and 25% were used in
DNA fragmentation.
 Triton X-100: used in a concentration of 0.1% in
Phosphate buffer saline as a lysing and permeabilizing
buffer. It permeabilizes cellular membranes, rendering
nuclear and cytoplasmic components accessible for
intracellular staining with propidium iodide.

2.1.4- Buffers:
 Phosphate buffer saline (PBS): 8 gm sodium chloride
(NaCl), 0.2 gm potassium chloride (KCl), 1.44 sodium
dibasic phosphate (Na 2HPO4) and 0.24 gm potassium
dihydrogen phosphate (KH 2PO4) were dissolved in 900 ml
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distilled water. pH was adjusted to 7.4 with 1M HCl, and
water was added to a final volume of 1L, solution was
sterilized by autoclaving. It was stored at room temperature.
 TE buffer: 10 mM Tris HCl (pH7.4), 1mM EDTA.
 TTE solution: TE buffer pH 7.4with Triton X-100(store at
4°C).
2.1.5- Radiation source.
Cells were treated with radiation by using Cobalt-60 machine,
at the National Cancer Institute, as a source of  ץrays in a dose
rate 0.5 Gy/min. Cells treated with different doses of radiation
according to the cell type and the type of Expirement ranging
from 0.5Gy to 20Gy.
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2.2. Methods:
 In vitro ’’Cell Culture” Experiments:
2.2.1Cells and culture conditions:
Three human carcinoma cell lines were used in this study
Hep-G2, U251and H460 they are grown as monolayer culture
in RPMI-1640 medium supplemented with 10% FBS and 100
units/ml penicillin and 2 mg/ml streptomycin. The cell lines
were incubated at 37oC in 5% CO2-95% air in a high humidity
atmosphere in the water-jacketed incubator (Revco, GS
laboratory equipment, RCO 3000 TVBB, USA.).
They were regularly subcultured to maintain them in the
exponential growth phase. The sterile conditions were strictly
attained by working under the equipped laminar flow (Micro
flow Laminar flow cabinet, MDH limited, Hampshire SP
105AA, U.K.).
2.2.1.1. Maintenance of the human cancer cell lines in the
laboratory:
The method was carried out according to that of Davis (2002).
 A cry tube containing frozen cells was taken out of
the liquid nitrogen container and then thawed in a
water bath at 37oC.
Thawing of frozen cells:
* They were thawed in running water (37ºC).
(Thawing was done as quickly as possible but did not
allow to reach temperature above 37ºC or to remain in
freezing medium after thawing).
* Vial was removed from water when frozen chunks
disappeared.
* The outside of the vial was washed with 70%
ethanol to reduce chance of contamination.
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* The contents of the vial were transferred aseptically
into a T-25 flask and 5 ml supplemented medium were
added slowly while mixing, incubated at 37ºC and
within 24 h medium was changed to feed cells.
 Incubation was continued until a confluent growth
was achieved and the cells were freshly
subcultured before each experiment to be in the
exponential phase of growth.
2.2.1.2. Harvesting of the cells:
The method was carried out according to that of Davis (2002).
 In order to transfer or pass cells in monolayer
culture from one culture vessel to another it is
necessary to release cells from the monolayer into
suspension so that they can be easily handled by
pipetting and dilution. This is accomplished with
purified trypsin by a procedure known as
trypsinization.
Trypsinization Procedure
 The culture medium was removed from cells.
 The cell monolayer was washed with 10 ml PBS.
This step was designed to remove traces of serum
which would inhibit the action of the trypsin.
 All the adherent cells were dispersed from their
monolayer by the addition of 1 ml Trypsin
solution (0.025% Trypsin w/v) for 2 min ,The
trypsin solution was discarded gently so as not to
disturb cells.
 The flask was left in the incubator until cells
rounded up (this usually occurs after 5-15 min.)
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and checked with the inverted microscope
(Olympus 1x 70, Tokyo, Japan).
 Then 5 ml supplemented medium were added and
cells were dispersed by repeated pipetting over
the surface bearing the monolayer. Finally, the
cell suspension was pipetted up and down a few
times, with the tip of the pipette rested on the
bottom corner of bottle.
2.2.1.3. Cryopreservation of cells:
 Cells can be stored for years in liquid nitrogen at -180
ºC or in -80ºC freezer for several months.
 Serve as backup for loss from laboratory accidents.
Freezing cells
The medium was aspirated from cells,cell suspension was
Prepared at a high concentration by trypsinization, Pelleted by
centrifugation (200 g for 5 min.) solution was discarded
then medium was added to make cell suspension without
trypsin,equal parts of the cell suspension and freezing
medium (20% DMSO in supplemented medium) were
dispersed to cry tubes,transferred 1 ml cells (approx. 3 x
106) into freezing vial,labeled with name of cell line, date
and growth medium,placed in -80ºC
overnight,then
transferred the cry tubes into liquid nitrogen (-180oC)
container till their use.
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2.2.2Anti-tumor activity against human Carcinoma cell
lines:
The MTT Cell Viability Assay:
The method was carried out according to that of Hansen et
al. (1989) and Vistica et al. (1991).
Principle:
Cytotoxicity was measured using the MTT Cell Viability
Assay. MTT (3-[4,5-dimethyl thiazole-2-yl]-2,5 Diphenyl
tetrazolium bromide) assay is based on the ability of active
mitochondrial dehydrogenase enzyme of living cells to cleave
the tetrazolium rings of the yellow MTT and form a dark blue
insoluble formazan crystals which is largely impermeable to
cell membrane, resulting in its accumulation within healthy
cells. Solubilization of the cells results in the liberation of
crystals, which are then solubilized. The number of viable cells
is directly proportional to the level of soluble formazan dark
blue color. The extent of the reduction of MTT is quantified by
measuring the absorbance at 570 nm (Vistica et al., 1991).
Procedure:
 Human carcinoma cell lines (0.5X105 cells/well)
in serum-free medium were plated in a flat bottom
96-well microtiter plate. U251 and HepG2 were
treated
with
Roscovitine
in
different
concentrations ranging from 0.1 to 100µM and
treated with or without radiation doses (2, 4, and
6Gy), H460 were treated with Roscovitine in
different concentrations ranging from 0.1 to
100µM and treated with or without radiation
doses (0.5, 1, 2, 4, and 6Gy). Cells incubated for
48 h at 37ºC, in a humidified 5 % CO2
atmosphere.
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After incubation, medium was removed and 50 µl
MTT solution/well was added and incubated for
an additional 4 h.
 MTT crystals were solubilized by adding 200 µl
of acidified isopropanol/well then the plate was
shacked at room temperature,Followed by
photometric determination of the absorbance at
570 nm using microplate ELISA reader (Meter
tech. Σ 960, USA).
 Control cells were treated with vehicle alone. For
each compound concentration, 3 wells were used.
So triplicate wells were prepared for each
individual dose, and the average was calculated.
 Data was expressed as the percentage of relative
viability compared with the untreated cells
compared with the vehicle control, with
cytotoxicity indicated by <100% relative viability.

Calculation:
Percentage of relative viability was calculated using the
following equation:
[Absorbance of treated cells / Absorbance of control cells)] X 100
Results are shown in Tables (3.1 - 3.11) and Figures (3.1 – 3.8)

Then the half maximal inhibitory concentration IC 50 was
calculated by trend line equation .
Results are given in Table 3.12
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2.2.3. Flow Cytometry
Flow cytometry is a technique used for the measurement
of cells characteristics as they flow in a fluid stream one by
one through a sensing point. The important feature of flow
cytometric analysis is that measurements are made separately
on each particle within the suspension allowing for analysis of
far greater cell number (100.000) per minute (Marti et al.,
2001). The ability of laser-based flow cytometry to measure
multiple cellular parameters, based on light scatter and
fluorescence, and to purify, physically, subpopulations of cells
(cells sorting) as well as detecting rare cells with specific
characteristics in a heterogeneous population has led to the
increasingly wide spread use of this instrumentation in biology
and medicine. However, the loss of the architecture and the
orientation of the cells under examination and failure to detect
the pattern of fluorescence staining on individual cells may be
considered potential disadvantages (Carter and Ormerod,
2000).
Flow cytometric cell cycle analysis:
The method was carried out according to that of Rigg et
al. (1989), Shankey et al. (1993) and Givan, (2001).
Principle:
Cell cycle analysis involves dissolving the cell membrane
lipid with an unique lysing and permeabilizin g non ionic
detergent. In addition, it employs the use of propidium iodide
for DNA staining. Propidium iodide stoichiometrically
intercalates to the double stranded DNA, thus can be used as a
DNA specific cytochemical probe for intact cells and isolated
nuclei. It does not penetrate the membranes of living cells.
DNA preparation lysining and permeabilizing buffer
permeabilizes cellular membranes, rendering nuclear and
cytoplasmic components accessible for intracellular staining
with propidium iodide.
-40-

EG1200353

Materials and Methods

Upon running on a flow cytometer, the stained nuclei emit
fluorescent light, which is analyzed by flow cytometer.
Propidium iodide has an excitation spectrum of approximately
300-380 nm. When measured flowcytometry, the intensity of
integrated red fluorescence is directly proportional to the
amount of DNA bound by the dye.
Procedure:
 Cell lines (5x105cells/well) were plated in 6 well
microplates. Cells were collected after treatment
with Roscovitine in different concentrations (5,
10, 20 µM) with or without radiation doses (2, 4,
6Gy) in U251 and HepG2, (0.5, 1, 2Gy) in H460,
then cells were incubated for 48 h at 37ºC, in a
humidified 5 % CO2 atmosphere.
 Then they were washed two times with PBS, resuspended in 1ml of PBS, and fixed with 7 ml of
ice-cold 70% ethanol.
 When ready to stain with propidium iodide (PI),
cells were centrifuged; the ethanol was removed
and washed once in PBS.
 The cell pellets were then re-suspended in 1 ml of
PI /Triton X-100 staining solution (0.1% Triton
X-100 in PBS, 0.2 mg/ml RNase A, and 10 mg/ml
PI) and were incubated for 30 min. at room
temperature.
 The stained cells were analyzed using a MoFlo
flow cytometer (MoFlo, DakoCytomation,
Denmark).
Results are shown in Tables (3.13 - 3.28) and Figures ( 3.9 – 3.27)
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2.2.4 DNA fragmentation assay.
The method was carried out according to that of Sellins and
Cohen (1987) and Taylor (2005).
Principle:
Measurement of DNA fragmentation with diphenylamine
(DPA) colorimetric assay is preferentially used to evaluate late
apoptosis. DNA fragmentation is very typical of the late
apoptotic process (physiological cell death), with generation
within the nucleus of a series of multiplets of a 180 bp subunit,
through the action of a Ca++/Mg++-dependent endonuclease
which cleaves DNA in the link region between nucleosome
cores.
Fragmented double-stranded DNA can be separated
from chromosomic DNA upon centrifugal sedimentation,
precipitation, hydrolysis and colorimetrical quantitation upon
staining with DPA, which binds to deoxyribose.
Procedure
In our study cells were exposed to radiation dose 20Gy
in case of HepG2 and U251and 10 Gy in case of H460.This
high dose of radiation is used to make high percent of
fragmentation to study the inhibition of DNA fragmen tation
repaired after treatment of cells by Roscovitine before the
exposure to the radiation dose.
 Cell lines (5x105cells/well) were plated in 6 well
microplates. After treatment with Roscovitine in
different concentrations (2.5, 5, 10 and 20 µM) with
or without exposure to radiation dose (20Gy) in
HepG2, U251 and (10Gy) in H460, cells incubated at
37ºC, in a humidified 5 % CO2 atmosphere. Then
cells were collected after 1h and 24h.
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 Cells were washed twice with ice –cold PBS and
centrifuged at 1200g for 5min. Cell pellets were
collected, and then resuspended in 1ml PBS.
 0.25 ml of the cell suspension was centrifuged at
200g at 4°C for 10 min in tubes labeled B (Bottom)
 The supernatant was discarded, in new tubes labeled
S (supernatant).
 One ml TTE solution was then added to the pellet
and vortex vigorously. This procedure allows the
release of fragmented chromatin from nuclei, after
cell lysis (due to the presence of Triton X-100 in the
TTE solution) and disruption of the nuclear structure
(following Mg++ chelation by EDTA in the TTE
solution).
 The supernatant was carefully transferred in new
tube labeled T.
 To the pellet, 1 ml TTE solution was added, and then
1.0 ml of 25% TCA was added to tubes T, B and S
and vortex vigorously.
 The precipitation is allowed to proceed overnight at
4°C. After incubation, precipitated DNA was
recovered by pelleting for 10 min at 20,000g at 4°C.
The supernatants were discarded.
 DNA was hydrolyzed by adding 160 µl of 5% TCA
to each pellet and heated for 15 min at 90°C in a
heating block. Blank was prepared with 160 µl of
5% TCA alone.
 To each tube 320 µl of freshly prepared DPA
solution were added, then vortex. The color was
allowed to develop for about 4 h at 37°C or overnight
at room temperature.
 Two aliquots of 200 µl were transferred of colored
solution from each tube to a well of a 96-well
microplate. The absorbance of the mixture at 600 nm
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was determined using ELISA microplate plate
reader.
Calculation
The percentage of fragmented DNA is calculated using the
formula:
Percent of fragmented DNA = S+T x 100 / (S+T+B)
However, many substances present in the fraction S (serum
proteins, components of the tissue culture medium, etc.) could
heavily interfere with the OD measurement; it is more
convenient to disregard the S tubes (which most of the times
contain only negligible amounts of DNA) and to apply the
following formula:
Percent of fragmented DNA = T x 100 / (T+B)
Results are shown in Table (3.28 - 3.40) and Figures (3.27 – 3.39)
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2.2.5. Statistical analysis
results were statistically analyzed using the method of
Saunders and Trapp(2001) to determine the significance
between the different investigated group using SPSS(15).
a- the student test of significance
the student's test of significance was used for the comparison
between the means of two different groups.
Significance of results in this work was evaluated in the light
of :P<0.05 : significant.
P< 0.01 and <0.001 : highly significant.
P>0.05 : non - significant
b- One way ANOVA test of significance
the procedure performs a one way analysis of variance. It also
tests for quality of variance between levels.
The F test with the associated p-value, is used to test the
differences among the means. The F test assumes that the
within group variance are the same for all groups.
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Chapter III
Results
Cell Viability Assay
Cytotoxicity was measured by the MTT method and
expressed as the survival fraction compared with untreated
control cells. Three human carcinoma cell lines (H460, HepG2
& U251) were treated with Roscovitine in different
concentrations ranging from 0. 1 to 100 M. The treatment of
cell lines with Roscovitine dramatically inhibited the cell
growth in dose dependent manner (Table 3.1; Figure 3.1).
Table 3.1: Different cancer cell lines are represented for their mean %
survival compared to untreated controls in presence of
different drug concentrations

Cell line
Dose M

H460

HepG2

U251

Mean % Survival ± SE Mean % Survival ± SE Mean % Survival ± SE

0.1

95.7 ± 7.1

74.6 ± 4.3

98.2 ± 4.1

1

90.6 ± 13.4

77.1 ±9 .8

90.8 ± 3.8

2.5

84.2 ± 8.3

65.9 ± 2

86.2 ± 8.6

5

78.0 ± 10.2

61.7 ± 7.6

94.9 ± 7.9

10

70.4 ± 5.6

55.1 ± 4.9

71.5 ± 4.5

20

32.0 ± 3.5

35.0 ± 8.5

36.0 ± 3.1

50

00. ± 0

2.4 ± 2.7

0.0 ± 0

100

0.0 ± 0

0.6* (0-1.8)

0.0 ± 0

* Median (range)
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Fig 3.1: Different cancer cell lines are represented for their mean % survival
compared to untreated controls in presence of different drug
concentrations.
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One way ANOVA analysis was applied to compare the
effect of Roscovitine on the three cell lines, and the
significance of the results at different drug concentrations.
Results are given in Tables (3.2-3.4).
Table 3.2: Statistical significance for the effect of different Roscovitine
doses (0.1-100 M) on the mean % survival of H460 cell line,
and its comparison to HepG2 and U251 (ANOVA) (Each point
represents a mean of triplicate values for each sample)

Statistical Significance (p)

Dose

Mean

M

% Survival

0.0

0.1

95.7

NS

1

90.6

0.05

NS

2.5

84.2

0.010

0.050

NS

5

78.0

0.001

0.001

0.01

NS

10

70.4

0.001

0.001

0.001

0.01

NS

20

32.0

0.001

0.001

0.001

0.001

0.001

0.001

50

0.0

0.001

0.001

0.001

0.001

0.001

0.001

0.001

100

0.0

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.1

1

2.5
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20

50

NS

HEP

U251

0.000

NS

0.01

NS

0.001

NS

0.001

0.001

0.01

NS

NS

NS

NS

NS

NS

NS
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able 3.3: Statistical significance for the effect of different Roscovitine
doses (0.1-100 M) on the mean % survival of HepG2 cell line, and its
comparison to U251 (ANOVA) (Each point represents a mean of
triplicate values for each sample)

Statistical Significance (p)

Dose

Mean

M

% Survival

0.0

0.1

74.6

NS

1

77.1

0.001

NS

2.5

65.9

0.001

NS

0.050

5

61.7

0.001

0.010

0.010

NS

10

55.1

0.001

0.001

0.001

0.050

NS

20

35.0

0.001

0.001

0.001

0.001

0.001

0.001

50

2.4

0.001

0.001

0.001

0.001

0.001

0.001

0.001

100

0.6

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.1

1

2.5

5

10

20

50

U251
0.001
0.01
0.001
0.001
0.001
0.001
NS

NS

NS

Table 3.4: Statistical significance for the effect of different Roscovitine
doses (0.1-100 M) on the mean % survival of U251 cell line (ANOVA)
(Each point represents a mean of triplicate values for each sample)

STATISTICAL SIGNIFICANCE (p)

Dose

Mean

M

% Survival

0.0

0.1

98.2

NS

1

90.8

NS

NS

2.5

86.2

NS

0.05

NS

5

94.9

0.005

NS

NS

NS

10

71.5

NS

0.001

0.001

0.010

0.001

20

36.0

0.001

0.001

0.001

0.001

0.001

0.001

50

0.0

0.001

0.001

0.001

0.001

0.001

0.001

0.001

100

0.0

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.1

1
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From the results given in Tables 3.1-3.4, and Figure
3.1, we find that the effect of Roscovitine is maximum on the
HepG2 cell line, the viability of the cells were significantly
lower (p<0.001) in doses ranging from 0.1-20 M when
compared to the other cell lines. Both the H640 and the U251
gave similar results through all the concentrations except at the
5 M levels H640 showed a higher % in dead cells compared
to the U251 cell line (78 % viability vs.94.9%).
Meanwhile, the effect of Roscovitine at the lowest
concentration (0.1 M) on cell viability was not significantly
altered when compared to the untreated control cell lines.
However, the change in viability of the U251 cell line started to
show significance at the higher doses (> 5 M) as compared to
the H460 & HepG2, where the effect was significant at the
1M dose. Maximum effect was observed at the 50 & 100 M
doses in all cell lines reaching 0% viability in both H460 and
U251.
Cell lines were treated with radiation doses (0.5, 1, 2, 4,
6 Gy.) with Roscovitine to measure the sensitization effect of
Roscovitine. Results are given in Tables (3.5.1 – 3.7.8) and
illustrated in Figures (3.2 – 3.7).
One way ANOVA analysis was applied to compare the
effect of Roscovitine on the three cell lines, and the
significance of the results at different Roscovitine
concentrations with the different doses of radiation (0.5, 1, 2, 4
& 6 Gy). Results are given in Tables (3.5.1 – 3.7.8) and
illustrated in Figures (3.2 – 3.7).
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Table 3.5.1: Statistical significance for the effect of different radiation
doses (0.5- 6Gy) on the mean % viability of H460 cell line, and its
comparison to each other (ANOVA) (Each point represents a mean of
triplicate values for each sample)

Cell viability at Roscovitine ( 0.001 µM)
Statistical Significance
Radiation

Mean

0.5 Gy

83.4

1 Gy

80.5

N.S

2 Gy

48.2

0.001

0.001

4 Gy

31.0

0.001

0.001

0.001

6 Gy

23.1

0.001

0.001

0.001

0.5

1

2

4

0.05

Table 3.5.2: Statistical significance for the effect of different radiation
doses (0.5- 6Gy) with Roscovitine dose 0.1 µM on the mean % viability
of H460 cell line, and its comparison to non radiated cells (ANOVA)
(Each point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine ( 0.1 µM)
Statistical Significance
Radiation

Mean
0.00

NR

96.0

0.5 Gy

68.0

0.001

1 Gy

80.2

0.01

2 Gy

53.8

0.001

4 Gy

30.3

0.001

6 Gy

23.5

0.001

0.5

1

2

4

0.05
0.01

0.001

0.001

0.001

0.001

0.001

0.001

0.001
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Table 3.5.3: Statistical significance for the effect of different radiation
doses (0.5- 6Gy) with Roscovitine dose 1 µM on the mean % viability of
H460 cell line, and its comparison to non radiated cells (ANOVA) (Each
point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine ( 1 µM)
Statistical Significance
Radiation

Mean

NR

96.0

0.5 Gy

68.0

1 Gy

80.2

2 Gy

53.8

4 Gy

30.3

6 Gy

23.5

0.00

0.5

1

2

4

0.001
0.01

0.05

0.001

0.01

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

N.S

Table 3.5.4: Statistical significance for the effect of different radiation
doses (0.5- 6Gy) with Roscovitine dose 2.5 µM on the mean % viability
of H460 cell line, and its comparison to non radiated cells (ANOVA)
(Each point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine ( 2.5 µM)
Statistical Significance

Radiation

Mean

NR

84.0

0.5 Gy

69.7

0.05

1 Gy

55.6

0.001

N.S

2 Gy

40.8

0.001

0.001

0.05

4 Gy

25.6

0.001

0.001

0.001

0.05

6 Gy

20.2

0.001

0.001

0.001

0.01

0.00

0.5
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Table 3.5.5: Statistical significance for the effect of different radiation
doses (0.5- 6Gy) with Roscovitine dose 5 µM on the mean % viability of
H460 cell line, and its comparison to non radiated cells (ANOVA) (Each
point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine ( 5 µM)
Statistical Significance
Radiation

Mean
0.00

0.5

1

2

NR

78.0

0.5 Gy

53.6

0.01

1 Gy

44.3

0.001

N.S

2 Gy

30.7

0.001

0.01

N.S

4 Gy

29.4

0.001

0.01

0.05

N.S

6 Gy

15.0

0.001

0.001

0.001

0.05

4

N.S

Table 3.5.6: Statistical significance for the effect of different radiation
doses (0.5- 6Gy) with Roscovitine dose 10 µM on the mean % viability of
H460 cell line, and its comparison to non radiated cells (ANOVA) (Each
point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine ( 10 µM)
Statistical Significance

Radiation

Mean

NR

70.0

0.5 Gy

27.2

0.001

1 Gy

27.3

0.001

N.S

2 Gy

33.8

0.001

N.S

N.S

4 Gy

18.7

0.001

N.S

N.S

0.01

6 Gy

0.0

0.001

0.001

0.001

0.001

0.00

0.5
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Table 3.5.7: Statistical significance for the effect of different radiation
doses (0.5- 6Gy) with Roscovitine dose 20 µM on the mean % viability
of H460 cell line, and its comparison to non radiated cells (ANOVA)
(Each point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine ( 20 µM)
Statistical Significance

Radiation

Mean

NR

32.0

0.5 Gy

5.4

0.001

1 Gy

13.7

0.01

N.S

2 Gy

14.8

0.01

N.S

N.S

4 Gy

0.0

0.001

N.S

0.05

0.01

6 Gy

0.0

0.001

N.S

0.05

0.01

0.00

0.5

1

2

4

NS

Table 3.5.8: Statistical significance for the effect of different radiation
doses (0.5- 6Gy) with Roscovitine dose 50 µM on the mean % viability of
H460 cell line, and its comparison to non radiated cells (ANOVA) (Each
point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine ( 50 µM)
Statistical Significance
Radiation

Mean
0.00

NR
0.5 Gy

0.0
0.0

1 Gy

0.0

2 Gy

0.0

4 Gy

0.0

6 Gy

0.0

0.5
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Fig 3.2: Cell survival experiments represent relative mean % viability of H460 cell line when
treated with Roscovitine alone and different radiation doses
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From the results given in Tables 3.5.1-3.5.8 and figure
3.2, we find that the effect of radiation increased when
combined with Roscovitine doses in the H460 cell line, the
viability of the cells were significantly lower in doses ranging
from 0.1-20 µM when compared to the other cell lines radiated
without Roscovitine, for example 0.5Gy gave 83.4% viable
cells but when combined with 0.1 µM gave 68% viable cells.
Thus Roscovitine could be considered a good candidate as
Radiosensitizer in H460 cell line.
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Table 3.6.1: Statistical significance for the effect of different radiation
doses (2- 6Gy) on the mean % viability of HepG2 cell line, and its
comparison to each other (ANOVA) (Each point represents a mean of
triplicate values for each sample)
Cell viability at Roscovitine ( 0.001 µM)
Statistical
Radiaion

Mean

Significance
2

2 Gy

78.2

4 Gy

75.6

N.S

6 Gy

64.8

0.001

4

0.01

Table 3.6.2: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 0.1 µM on the mean % viability of
HepG2 cell line, and its comparison to non radiated cells (ANOVA)
(Each point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine ( 0.1 µM)
Statistical
Radiaion

Mean

Significance
0

2

No radiation

75

2 Gy

60

0.01

4 Gy

56

0.001

N.S

6 Gy

41

0.001

0.001
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Table 3.6.3: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 1 µM on the mean % viability of
HepG2 cell line, and its comparison to non radiated cells (ANOVA)
(Each point represents a mean of triplicate values for each sample)
Cell viability at Roscovitine (1 µM)
Statistical
Radiaion

Mean

Significance
0

2

No radiation

77

2 Gy

46

0.01

4 Gy

42

0.001

N.S

6 Gy

27

0.001

0.05

4

N.S

Table 3.6.4: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 2.5 µM on the mean % viability of
HepG2 cell line, and its comparison to non radiated cells (ANOVA)
(Each point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine (2.5 µM)
Statistical
Radiaion

Mean

Significance
0

2

No radiation

66

2 Gy

42

0.001

4 Gy

23

0.001

0.01

6 Gy

25

0.001

0.01
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Table 3.6.5: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 5 µM on the mean % viability of
HepG2 cell line, and its comparison to non radiated cells (ANOVA)
(Each point represents a mean of triplicate values for each sample)
Cell viability at Roscovitine (5 µM)
Statistical
Radiaion

Mean

Significance
2

0
No radiation

62

2 Gy

41

0.01

4 Gy

23

0.001

0.05

6 Gy

24

0.001

0.05

4

N.S

Table 3.6.6: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 10 µM on the mean % viability of
HepG2 cell line, and its comparison to non radiated cells (ANOVA)
(Each point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine (10 µM)
Statistical
Radiaion

Mean

Significance
0

2

No radiation

55

2 Gy

29

0.001

4 Gy

18

0.001

0.05

6 Gy

10

0.001

0.01
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Table 3.6.7: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 20 µM on the mean % viability of
HepG2 cell line, and its comparison to non radiated cells (ANOVA)
(Each point represents a mean of triplicate values for each sample)
Cell viability at Roscovitine (20 µM)
Statistical
Radiaion

Significance

Mean

0

2

No radiation

35

2 Gy

7

0.001

4 Gy

12

0.001

N.S

6 Gy

0

0.001

N.S

4

0.05

Table 3.6.8: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 50 µM on the mean % viability of
HepG2 cell line, and its comparison to non radiated cells (ANOVA)
(Each point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine (50 µM)
Statistical
Radiaion

Mean

Significance
0

No radiation

0

2 Gy

0.0

4 Gy

0.0

6 Gy

0.0
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Fig 3.3: Cell survival experiments represent relative mean % viability of HepG2 cell line
when treated with Roscovitine alone and different radiation doses
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From the results given in Tables 3.6.1-3.6.8 and figure
3.3, we find that the effect of radiation increased when
combined with Roscovitine doses in the HepG2 cell line, the
viability of the cells were significantly lower in doses ranging
from 0.1-20 µM when compared to the other cell lines radiated
without Roscovitine, for example 2Gy gave 77% viable cells
but when combined with 1 µM gave 46% viable cells. Thus
Roscovitine is considered a good candidate as Radiosensitizer
in HepG2cell line.
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Table 3.7.1: Statistical significance for the effect of different radiation
doses (2- 6Gy) on the mean % viability of U251 cell line, and its
comparison to each other (ANOVA) (Each point represents a mean of
triplicate values for each sample)

Cell viability at Roscovitine ( 0.01 µM)
Statistical
Radiaion

Significance

Mean

2
2 Gy

82

4 Gy

60

N.S

6 Gy

72

N.S

4

N.S

Table 3.7.2: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 0.1 µM on the mean % viability of
U251 cell line, and its comparison to non radiated cells (ANOVA) (Each
point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine ( 0.1 µM)
Statistical
Radiaion

Mean

Significance
0

No radiation

98

2 Gy

73

4 Gy

55

6 Gy

47

2

4

N.S
0.01

N.S

0.01

N.S
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Table 3.7.3: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 1 µM on the mean % viability of
U251 cell line, and its comparison to non radiated cells (ANOVA) (Each
point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine (1 µM)
Statistical
Radiaion

Mean

Significance
0

2

No radiation

91

2 Gy

65

0.01

4 Gy

47

0.01

N.S

6 Gy

40

0.01

N.S

4

N.S

Table 3.7.4: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 2.5 µM on the mean % viability of
U251 cell line, and its comparison to non radiated cells (ANOVA) (Each
point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine (2.5 µM)
Statistical
Radiaion

Mean

Significance
0

2

No radiation

86

2 Gy

52

N.S

4 Gy

41

0.01

N.S

6 Gy

39

0.01

N.S
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Table 3.7.5: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 5 µM on the mean % viability of
U251 cell line, and its comparison to non radiated cells (ANOVA) (Each
point represents a mean of triplicate values for each sample)
Cell viability at Roscovitine (5 µM)
Statistical
Radiaion

Mean

Significance
2

0
No radiation

95

2 Gy

45

0.001

4 Gy

35

0.001

N.S

6 Gy

40

0.001

N.S

4

N.S

Table 3.7.6: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 10 µM on the mean % viability of
U251 cell line, and its comparison to non radiated cells (ANOVA) (Each
point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine (10 µM)
Statistical
Radiaion

Mean

Significance
0

2

No radiation

71

2 Gy

39

0.01

4 Gy

27

0.001

N.S

6 Gy

25

0.001

N.S
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Table 3.7.7: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 20 µM on the mean % viability of
U251 cell line, and its comparison to non radiated cells (ANOVA) (Each
point represents a mean of triplicate values for each sample)
Cell viability at Roscovitine (20 µM)
Statistical
Radiaion

Mean

Significance
2

0
No radiation

36

2 Gy

11

0.001

4 Gy

8

0.001

N.S

6 Gy

7

0.001

N.S

4

N.S

Table 3.7.8: Statistical significance for the effect of different radiation
doses (2- 6Gy) with Roscovitine dose 50 µM on the mean % viability of
U251 cell line, and its comparison to non radiated cells (ANOVA) (Each
point represents a mean of triplicate values for each sample)

Cell viability at Roscovitine (50 µM)
Statistical
Radiaion

Mean

Significance
0

No radiation

0

2 Gy

0

4 Gy

0

6 Gy

0
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Fig 3.4: Cell survival experiments represent relative mean % viability of U251 cell line when
treated with Roscovitine alone and different radiation doses
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From the results given in Tables 3.7.1-3.7.8 and figure
3.4, we find that the effect of radiation increased when
combined with Roscovitine doses in the U251 cell line, the
viability of the cells were significantly lower in doses ranging
from 0.1-20 µM when compared to the other cell lines radiated
without Roscovitine, for example 2Gy gave 95% viable cells
but when combined with 5 µM Roscovitine gave 45% viable
cells. Thus Roscovitine is considered good candidate as
Radiosensitizer in U251 cell line.
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Table 3.8: Different cancer cell lines are represented for their mean %
survival compared to untreated controls in presence of
different drug concentrations and radiation dose 2Gy

Cell line
Dose M

H460

HepG2

U251

Mean % Survival ± SE Mean % Survival ± SE Mean % Survival ± SE

0.01(Radiation)

48.2±7.8

78.1 ± 1.0

82.7±3.8

0.1

53.8±6.7

60.3 ± 5.7

78.6±3.2

1

40.3±10.2

45.5 ± 13.5

71.6±5.3

2.5

40.8±9.8

41.7 ± 10.4

53.3±6.1

5

30.7±6.5

41.4 ± 10.4

44.2±9.6

10

33.8±5.8

28.8 ± 4.5

41.1±10.3

20

14.8±9.7

6.8 ± 0.9

10.8±4.1

50

0.0±0.0

0.0 ± 0.0

0.0±0.0

100

0.0±0.0

0.0 ± 0.0

0.0±0.0
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Fig 3.5: Different cancer cell lines are represented for their mean % survival compared
to untreated controls in presence of different drug concentrations and
radiation dose 2Gy

0.01

EG1200353
Results

EG1200353

Results

Table 3.9: Different cancer cell lines are represented for their mean %
survival compared to untreated controls in presence of
different drug concentrations and radiation dose 4Gy

Cell line
Dose M

H460

HepG2

U251

Mean % Survival ± SE Mean % Survival ± SE Mean % Survival ± SE

0.01(Radiation)

31.0±2.6

75.6 ± 4.0

73.7±10.5

0.1

30.3±2.6

56.3 ± 3.2

77.6±9.1

1

27.0±1.0

42.0 ± 2.6

73.2±6.9

2.5

25.6±5.1

23.4± 5.5

74.7±8.7

5

29.4±8.0

22.7± 2.5

53.2±4.9

10

18.7±4.0

18.4± 1.8

43.2±6.8

20

0.0±0.0

11.5± 4.5

11.2±11.3

50

0.0±0.0

0.0± 0.0

0.0±0.0

100

0.0±0.0

0.0± 0.0

0.0±0.0
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Fig 3.6: Different cancer cell lines are represented for their mean % survival compared
to untreated controls in presence of different drug concentrations and
radiation dose 4Gy
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Table 3.10: Different cancer cell lines are represented for their mean %
survival compared to untreated controls in presence of
different drug concentrations and radiation dose 6Gy.

Cell line
Dose M

H460

HepG2

U251

Mean % Survival ± SE Mean % Survival ± SE Mean % Survival ± SE

0.01(Radiation)

23.1±3.0

64.8 ± 1.6

72.0±8.2

0.1

23.5±4.0

40.8 ± 4.2

46.7±0.7

1

23.4±4.2

27.4 ± 2.3

40.3±5.1

2.5

20.2±3.8

25.2 ± 0.9

39.1±7.9

5

15.0±3.0

24.2 ± 5.3

40.0±6.7

10

0.0±0.0

10.0 ± 7.5

25.3±4.8

20

0.0±0.0

0.2 ± 0.3

6.7±6.3

50

0.0±0.0

0.0 ± 0.0

0.0±0.0

100

0.0±0.0

0.0 ± 0.0

0.0±0.0
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Fig 3.7: Different cancer cell lines are represented for their mean % survival compared to
untreated controls in presence of different drug concentrations and radiation dose 6Gy
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Table 3.11: Different radiation doses are represented for their mean %
survival compared to untreated controls in presence of different drug
concentrations in H460 cell line.
Radiation dose
Drug dose M

Not radiated

0.5Gy

1Gy

Mean % Survival ± SE Mean % Survival ± SE Mean % Survival ± SE

0.000

100.0±0.0

83.4±0.9

80.5±1.2

0.1

95.7±7.1

68.0±7.5

80.2±4.5

1

90.6±13.4

71.9±14.4

78.4±1.0

2.5

84.2±8.3

69.7±9.0

55.6±11.0

5

78.0±10.1

53.6±8.3

44.3±11.6

10

70.4±5.6

27.2±10.9

27.3±6.6

20

32.0±3.5

5.4±5.2

13.7±7.9

50

0.0±0.0

0.0±0.0

0.0±0.0

100

0.0±0.0

0.0±0.0

0.0±0.0
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Figure 3.8: Different radiation doses are represented for their mean %
survival compared to untreated controls in presence of different drug
concentrations in H460 cell line.

From the results given in Tables (3.8-3.11), and Figures
(3.5-3.8), we find that the effect of radiation at the lowest dose
(2Gy) on cell viability was significantly decre ase in H460 cell
line when compared to HepG2 and U251 for this result we
treated H460 with 0.5,1 Gy to measure the sensitization effect
Roscovitinein in H460, HepG2 cells more sensitive to radiation
doses when compared with U251cells.
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Table 3.12: The IC50 values for different treatment on the
three carcinoma cell lines.
Type of treatment

H460

HepG2

U251

Drug alone

15M

9M

16M

3.75M

/

/

Drug &1Gy

5M

/

/

Drug &2Gy

0.2M

0.7M

2.5M

Drug &4Gy

/

0.5M

5M

Drug &6Gy

/

0.05M

0.1M

Drug &0.5Gy
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2) Flow cytometric cell cycle analysis
To investigate further the nature of growth inhibition by
Roscovitine and radiation in HepG2, H460, and U251 cell
lines, flow cytometric DNA ploidy analysis was performed .
Histogram of DNA per cell was obtained for each treated
specimen and represented in the following tables and figures as
% of cells in each phase of the cell cycle, flow cytometric
DNA analysis is performed To determine the presence of
aneuploidy cells in a population, and to determine the
percentage of cells in each phase of the cell cycle and estimate
the growth fraction of the population.
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Table 3.13: Cell cycle modification for liver carcinoma cell line (HepG2)
in untreated specimen (control), different drug doses and radiation dose
2Gy in diploid cells(2n chromosome) .

Control
5 µM
10 µM
20 µM
2Gy
5µM+2Gy
10µM+2Gy
20µM+2Gy

G0/G1

S

G2/M

G2/G1

33.6
32.98
32.76
32.81
32.77
32.97
33.05
32.9

0
0
0
0
0
0
0
0

67.2
65.95
65.52
65.63
65.55
65.8
66.1
65.85

1.67
1.06
1.72
1.6
1.7
1
0.9
1
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Figure 3.9: Cell cycle modification for liver carcinoma cell line (HepG2)
in untreated specimen (control), different drug doses, and radiation dose
2Gy in diploid cells
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From the results given in Table 3.13 and Figure 3.9, we
find that the different drug doses and radiation doses had no
effect in diploid cell phases in HepG2. None of the cells (0%)
was found in the S phase. In the mean time 67.2% of cells were
in the G2/M phase, which was double the number of those cells
in the G0/G1 phase (33.6%). The remaining cells were found in
the G2/G1 phase (<2%). These results indicate that this type of
treatment; whether Roscovitine alone or with radiation, had no
effect on the diploid tumor cells.
Applying these experiments on the other cell lines (H460
& U251) gave the same results, thus they were not illustrated.
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Table 3.14: Cell cycle modification for liver carcinoma cell line (HepG2)
in untreated specimen (control), different drug doses and radiation dose
2Gy in aneuploid cells.

Control
5 µM
10 µM
20 µM
2Gy
5µM+2Gy
10µM+2Gy
20µM+2Gy

G0/G1

S

G2/M

G2/G1

25.0

27.97

46.23

0.8

26.31

28.39

43.88

1

30.19

17.8

50.9

1

33.17

19.1

46.9

0.8

26.5

14.3

58.5

0.6

35.3

12.5

51.3

0.7

33.8

7.1

58.19

0.8

36.96

5.39

56.8

0.8

S

G2/M

G2/G1

y

20
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y
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Figure 3.10: Cell cycle modification for liver carcinoma cell line
(HepG2) in untreated specimen (control), different drug doses and 2Gy
radiation dose2Gy in aneuploid cells.
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Table 3.15: Cell cycle modification for liver carcinoma cell line (HepG2)
in untreated specimen (control), different drug doses and radiation dose
4Gy in aneuploid cells.

Control
5 µM
10 µM
20 µM
4Gy
5µM+4Gy
10µM+4Gy
20µM+4Gy

G0/G1

S

G2/M

G2/G1

25.0

27.97

46.23

0.8

26.31

28.39

43.88

1

30.19

17.8

50.9

1

33.17

19.1

46.9

0.8

34.31

14.88

50.16

0.6

35.1

0.067

57.3

0.8

39.7

0

59.2

0.9

38.4

0

60.8

0.8
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Figure 3.11: Cell cycle modification for liver carcinoma cell line
(HepG2) in untreated specimen (control), different drug doses and
radiation dose 4Gy in aneuploid cells
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Table 3.16: Cell cycle modification for liver carcinoma cell line (HepG2)
in untreated specimen (control), different drug doses and radiation dose
6Gy in aneuploid cells.

Control
5 µM
10 µM
20 µM
6Gy
5µM+6Gy
10µM+6Gy
20µM+6Gy

G0/G1

S

G2/M

G2/G1

25.0

27.97

46.23

0.8

26.31

28.39

43.88

1

30.19

17.8

50.9

1

33.17

19.1

46.9

0.8

31.68

13.4

52.27

2.6

38.3

1.57

59.4

0.6

40

0

59.1

0.9

37

0

61.9

1.1

G0/1
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Figure 3.12: Cell cycle modification for liver carcinoma cell line
(HepG2) in untreated specimen (control), different drug doses and
radiation dose 6Gy in aneuploid cells.
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Changes in the cell cycle phases of the aneuploid cells of
HepG2 after different treatments are given in Tables (3.143.16), and illustrated in Figures (3.10-3.12)
From the results given in Tables (3.14-3.16), and
Figures (3.10-3.12), it was found that 25% of the untreated
HepG2 (control) cells were found in the G0/G1 phase.
Treatment of cells with roscovitine alone caused an increase in
the number of cells at the G0/G1phase, thus increase was
correlated with the d rug dose reaching 33.2% at 20µM
Roscovitine.
The radiosensitizing effect of the drug was furtherly
observed where 2Gy radiation gave 26.5% of the cells in the
G0/G1 phase, by combining different doses of Roscovitine
with radiation dose 2Gy the % of cells in the G0/G1 increased
giving maximum value at 20µM Roscovitine and 2Gy (37%),
this increase in the G0/G1 phase was accompained by a
decrease in the S phase, starting with 28% of cells in the S
phase for control, reaching 5.4% for cells treated with 20µM
and 2Gy. In the mean time % of cells found in the G2/M phase
increased in a non- homogenous way giving different patterns
with different Roscovitine concentration.
Combining of Roscovitine with 4Gy and 6Gy radiation
gave a similar pattern as that found wi th 2Gy, expirement
showing a remerakable arrest at the G2/M and decrease in the
S phase cells reaching 0% for cells treated with 10, or 20 µM
Roscovitine and 4Gy, or 6Gy (Tables 3.15, 3.16 and Figures
3.11, 3.12) .
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The DNA content of cells is measured by the ability of
propidium iodide to bind to DNA under appropriate staining
conditions. DNA index (DI) defined as the difference in DNA
content ratio of tumour / standard DNA fluorescence . An
increase in DNA index has long been known to be associated
with malignancy. Aneuploid carcinomas tended to have lower
DI whereas aneuploid populations within multiploid
carcinomas tended to have higher DI
Table 3.17: DNA index modification for liver carcinoma cell line
(HepG2) in untreated specimen (control), different drug doses, and
radiation doses.

Conc. Of Drug&Radiation

DNA index

Control
5 µM
10 µM
20 µM
2Gy
5µM+2Gy
10µM+2Gy
20µM+2Gy
4Gy
5µM+4Gy
10µM+4Gy
20µM+4Gy
6Gy
5µM+6Gy
10µM+6Gy
20µM+6Gy

1.6
1.7
1.6
1.13
1.8
1.1
1
0.86
1.67
1.13
0.8
0.8
1.19
1.2
0.9
0.66
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Figure 3.13: DNA index modification for liver carcinoma cell line
(HepG2) in untreated specimen (control), different drug doses, and
radiation doses.

From the results given in Table 3.17, and Figure 3.13,
we find that the combination of radiation and roscovitine
caused significant decrease in the DNA index when compared
with cells treated with radiation alone in HepG2 cells.
Figures 3.14.1 – 3.14.16 are the charts obtained from the
flow cytometic analysis of HepG2 control cells and different
treatment of cells with Roscovitine and Radiation.
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Fig.3.14.1: Control HepG2.

Fig.3.14.2: HepG2 treated with 5 µM Roscovitine.

Fig.3.14.3: HepG2 treated with 10 µM Rosco.

Fig 3.14.5: HepG2 treated with 2Gy

Results

Fig.3.14.4: HepG2 treated with 20 µM Rosco.

Fig 3.14.6:HepG2 treated with 2Gy and 5µM Rosco.

Fig 3.14.7:HepG2 treated with 2Gy and 10µM Rosco.

Fig 3.14.8:HepG2 treated with 2Gy and 20µMRosco

-87-

EG1200353

Fig 3.14.9: HepG2 treated with 4Gy

Results

Fig 3.14.10:HepG2 treated with 4Gy and 5µM Roscovitine

Fig 3.14.11:HepG2 treated with 4Gy and 10µM Rosco. Fig 3.14.12:HepG2 treated with 4Gy and 20µM Rosco

Fig 3.14.13: HepG2 treated with 6Gy

Fig 3.14.14:HepG2 treated with 6Gy and 5µM Roscovitine

Fig 3.14.15:HepG2 treated with 6Gy and 10µM Rosco. Fig 3.14.16:HepG2 treated with 6Gy and 20µM Rosco
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Table 3.18: Cell cycle modification for Brain carcinoma cell line (U251)
in untreated specimen (control), different drug doses, and radiation dose
2Gy in aneuploid cells.

Control
5 µM
10 µM
20 µM
2Gy
5µM+2Gy
10µM+2Gy
20µM+2Gy

G0/G1

S

G2/M

G2/G1

18.7

33.2

46.5

1.5

20.3

33.5

45

0.85

20.7

34.4

43.7

1

26.1

33.5

39.3

0.85
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34.8

49.6
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24.6
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Figure 3.15: Cell cycle modification for Brain carcinoma cell line (U251)
in untreated specimen (control), different drug doses, and radiation dose
2Gy in aneuploid cells.
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Table 3.19: Cell cycle modification for Brain carcinoma cell line (U251)
in untreated specimen (control), different drug doses, and radiation dose
4Gy in aneuploid cells.

Control
5 µM
10 µM
20 µM
4Gy
5µM+4Gy
10µM+4Gy
20µM+4Gy

G0/G1

S

G2/M

G2/G1

18.7

33.2

46.5

1.5

20.3

33.5

45

0.85

20.7

34.4

43.7

1

26.1

33.5

39.3
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21.3

36

41.4

1.1
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Figure 3.16: Cell cycle modification for Brain carcinoma cell line (U251)
in untreated specimen (control), different drug doses, and radiation dose
4Gy in aneuploid cells.
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Table 3.20: Cell cycle modification for Brain carcinoma cell line (U251)
in untreated specimen (control), different drug doses, and radiation dose
6Gy in aneuploid cells.

Control
5 µM
10 µM
20 µM
6Gy
5µM+6Gy
10µM+6Gy
20µM+6Gy

G0/G1

S

G2/M

G2/G1

18.7

33.2

46.5

1.5

20.3

33.5

45

0.85

20.7
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43.7
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Figure 3.17: Cell cycle modification for Brain carcinoma cell line (U251)
in untreated specimen (control), different drug doses, and radiation dose
6Gy in aneuploid cells.
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Changes in the cell cycle phases of the aneuploid cells of
U251 after different treatments are given in Tables (3.18-3.20),
and illustrated in Figures (3.15-3.17)
From the results given in Tables (3.18-3.20), and
Figures (3.15-3.17), it was found that 18.7% of the untreated
U251 (control) cells were found in the G0/G1 phase. Treatment
of cells with roscovitine alone caused an increase in the
number of cells at the G0/G1phase, thus increase was
correlated with the drug dose reaching 26 % at 20µM
Roscovitine.
The radiosensitizing effect of the drug was furtherly
observed where 2Gy radiation gave 14.5% of the cells in the
G0/G1 phase, by combining different doses of Roscovitine
with radiation dose 2Gy the % of cells in the G0/G1 increased
giving maximum value at 20µM Roscovitine and 2Gy (36 %),
this increase in the G0/G1 phase was accompained by a
decrease in the S phase, starting with 33.2% of cells in the S
phase for control, reaching 11.3% for cells treated with 5µM
and 2Gy. In the mean time % of cells found in the G2/M phase
increased in a non- homogenous way giving different patterns
with different Roscovitine concentration.
Combining of Roscovitine with 4Gy and 6Gy radiation
gave a similar pattern as that found with 2Gy, expirement
showing a remerakable arrest at the G2/M and decrease in the
S phase cells reaching 0% for cells treated with 10, or 20 µM
Roscovitine and 4Gy, or 6Gy (Tables 3.19, 3.20 and Figures
3.16, 3.17) .
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Table 3.21: DNA index modification for Brain carcinoma cell line
(U251) in untreated specimen (control), different drug doses, and
radiation doses.

Conc of Drug & radiation

DNA index

Control
5 µM
10 µM
20 µM
2Gy
5µM+2Gy
10µM+2Gy
20µM+2Gy
4Gy
5µM+4Gy
10µM+4Gy
20µM+4Gy
6Gy
5µM+6Gy
10µM+6Gy
20µM+6Gy

1.9
1.4
1.07
1.23
1.3
0.7
0.8
0.74
1.04
0.7
0.8
0.7
1.7
1.6
1.32
0.6
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Figure 3.18: DNA index modification for Brain carcinoma cell line
(U251) in untreated specimen (control), different drug doses, and
radiation doses.

From the results given in Table 3.21, and Figure 3.18,
we find that the combination of radiation and roscovitine
caused significant decrease in the DNA index when compared
with cells treated with radiation alone in U251 cells.
Figures 3.19.1 – 3.19.16 are the charts obtained from the
flow cytometic analysis of U251 control cells and different
treatment of cells with Roscovitine and Radiation.
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Fig.3.19.1: Control U251 cells

Fig 3.19.3: U251 treated with 10 µM Roscovitine

Fig 3.19.5: U251 treated with 2Gy

Results

Fig 3.19.2: U251 treated with 5 µM Roscovitine

Fig 3.19.4: U251 treated with 20 µM Roscovitine

Fig 3.19.6: U251 treated with 2Gy and 5 µM Roscovitine

Fig 3.19.7: U251 treated with 2Gy and 10 µM Rosco. Fig 3.19.8: U251 treated with 2Gy and 20 µM Rosco.
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Fig 3.19.10: U251 treated with 4Gy and 5 µM Roscovitine

Fig 3.19.11: U251 treated with 4Gy and 10 µM Rosco. Fig 3.19.12: U251 treated with 4Gy and 20 µM
Rosco.

Fig 3.19.13: U251 treated with 6Gy

Fig 3.19.14: U251 treated with 6Gy and 5 µM Roscovitine

Fig 3.19.15: U251 treated with 6Gy and 10 µM Rosco. Fig 3.19.16: U251 treated with 6Gy and 20 µM Rosco.
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Table 3.22: Cell cycle modification for Lung carcinoma cell line (H460)
in untreated specimen (control), different drug doses, and radiation dose
0.5Gy in aneuploid cells.

G0/G1

S

G2/M

G2/G1

28
28
29.4
33.5
30.6
30.1
35.7
37.3

21.5
21.9
23.3
19.3
7.9
0.5
0.66
0.8

49.5
49.3
46.5
46.2
60.7
68.3
62.8
60.7

0.95
0.8
0.7
0.96
0.75
1
0.8
0.8

Control
5 µM
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Figure 3.20: Cell cycle modification for Lung carcinoma cell line (H460)
in untreated specimen (control), different drug doses, and radiation dose
0.5Gy in aneuploid cells.
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Table 3.23: Cell cycle modification for Lung carcinoma cell line (H460)
in untreated specimen (control), different drug doses, and radiation dose
1Gy in aneuploid cells

G0/G1

S

G2/M

G2/G1

28
28
29.4
33.5
35.2
38.9
38.2
36.8

21.5
21.9
23.3
19.3
6.2
0
0.8
1.4

49.5
49.3
46.5
46.2
57.7
59.6
59.9
60.6

0.95
0.8
0.7
0.96
0.8
0.8
0.8
0.8

Control
5 µM
10 µM
20 µM
1Gy
5µM+1Gy
10µM+1Gy
20µM+1Gy
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Figure 3.21: Cell cycle modification for Lung carcinoma cell line (H460)
in untreated specimen (control), different drug doses, and radiation dose
1Gy in aneuploid cells
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Table 3.24: Cell cycle modification for Lung carcinoma cell line (H460)
in untreated specimen (control), different drug doses, and radiation dose
2 Gy in aneuploid cells.

Control
5 µM
10 µM
20 µM
2Gy
5µM+2Gy
10µM+2Gy
20µM+2Gy

G0/G1

S

G2/M

G2/G1

28
28
29.4
33.5
33.9
37.7
36.8
40.5

21.5
21.9
23.3
19.3
6.7
0
0
0

49.5
49.3
46.5
46.2
58.6
61.5
62.3
58.5

0.95
0.8
0.7
0.96
0.8
0.8
0.87
0.8
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Figure 3.22: Cell cycle modification for Lung carcinoma cell line (H460)
in untreated specimen (control), different drug doses, and radiation dose
2 Gy in aneuploid cells.
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Changes in the cell cycle phases of the aneuploid cells of
H460 after different treatments are given in Tables (3.22-3.24),
and illustrated in Figures (3.20-3.22).
From the results given in Tables (3.22-3.24), and
Figures (3.20-3.22), it was found that 28% of the untreated
U251 (control) cells were found in the G0/G1 phase. Treatment
of cells with roscovitine alone caused an increase in the
number of cells at the G0/G1phase, thus increase was
correlated with the drug dose reaching 33.5 % at 20µM
Roscovitine.
The radiosensitizing effect of the drug was furtherly
observed where 0.5Gy radiation gave 30.6% of the cells in the
G0/G1 phase, by combining different doses of Roscovitine
with radiation dose 0.5Gy the % of cells in the G0/G1
increased giving maximum value at 20µM Roscovitine and
0.5Gy (37 %), this increase in the G0/G1 phase was
accompained by a decrease in the S phase, starting with 21.5%
of cells in the S phase for control, reaching 0.5% for cells
treated with 5µM and 0.5Gy. In the mean time % of cells found
in the G2/M phase increased in a non- homogenous way giving
different patterns with different Roscovitine concentration.
Combining of Roscovitine with 1Gy and 2Gy radiation
gave a similar pattern as that found with 0.5Gy, expirement
showing a remerakable arrest at the G2/M and decrease in the
S phase cells reaching 0% for cells treated with 5, 10, or 20 µM
Roscovitine and 1Gy, or 2Gy (Tables 3.23, 3.24 and Figures
3.21, 3.22) .
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Table 3.25: DNA index modification for Lung carcinoma cell line
(H460) in untreated specimen (control), different drug doses, and
different radiation doses.
Conc of Drug&Radiation

DNA index

Control
5 µM
10 µM
20 µM
0.5Gy
5µM+0.5Gy
10µM+0.5Gy
20µM+0.5Gy
1Gy
5µM+1Gy
10µM+1Gy
20µM+1Gy
2Gy
5µM+2Gy
10µM+2Gy
20µM+2Gy

2
1.9
1.7
1.7
1.2
1.4
1.3
1.2
1.6
1.3
1.2
1.0
1.6
0.9
0.8
1
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Figure 3.23: DNA index modification for Lung carcinoma cell line
(H460) in untreated specimen (control), different drug doses, and
different radiation doses.

From the results given in Table 3.25, and Figure 3.23,
we find that the combination of radiation and roscovitine
caused a decrease in the DNA index when compared with cells
treated with radiation alone in H460 cells.
Figures 3.24.1 – 3.24.16 are the charts obtained from the
flow cytometic analysis of H460 control cells and different
treatment of cells with Roscovitine and Radiation.
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Fig.3.24.1: Control H460 cells

Fig 3.24.2: H460 treated with 5 µM Roscovitine

Fig 3.24.3: H460 treated with 10 µM Roscovitine

Fig 3.24.5: H460 treated with 0.5Gy
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Fig 3.24.4: H460 treated with 20 µM Roscovitine

Fig 3.24.6: H460 treated with 0.5Gy and 5 µM Roscovitine

Fig 3.24.7: H460 treated with 0.5Gy and 10 µM Rosco.Fig 3.24.8: H460 treated with 0.5Gy and 20 µM Rosco
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Fig 3.24.9: H460 treated with 1 Gy
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Fig 3.24.10: H460 treated with 1 Gy and 5 µM Roscovitine

Fig 3.24.11: H460 treated with 1 Gy and 10 µM RoscoFig 3.24.12: H460 treated with 1 Gy and 20 µM Rosco.

Fig 3.24.13: H460 treated with 2 Gy

Fig 3.24.14: H460 treated with 2 Gy and 5 µM Roscovitine

Fig 3.24.15: H460 treated with 2 Gy and 10 µM Rosco.Fig 3.24.16: H460 treated with 2 Gy and 20 µM Rosco
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One tumor characteristic that might help both the
understanding of the fundamental aspects of tumor growth and
the selection of best treatment is tumor ploidy. Ploidy refers to
the chromosomal organization of cells. In normal human cells,
the chromosomes are organized in pairs; this is called diploid.
Any other organization is abnormal, and is called aneuploid.
Evidence is accumulating to indicate that for many types of
cancer, aneuploid cells indicate a more aggressive tumor and a
poorer prognosis.
The rate of change in the number of aneuploid cells to
diploid cells in HepG2 cell line after treatment with different
doses of roscovitine alone or combined with different doses of
Radiation was determined by flow cytometrical analysis,
results are given in Table 3.26 and illustrated in Figure 3.25.
Table 3.26: Changes in the aneuploid cells to diploid ones after treatment
of liver carcinoma cell line (HepG2) with different doses of Roscovitine&
radiation alone or combined.
% of aneuploid
Conc of Drug&Radiation % of Diploid cells
cells
2.27
97.73
Control
3.18
96.82
5 µM
4.79
95.21
10 µM
13.96
86.04
20 µM
8.1
91.9
2Gy
10.8
89.2
5µM+2Gy
17.03
82.97
10µM+2Gy
22.51
77.49
20µM+2Gy
12.5
87.5
4Gy
15.0
85.0
5µM+4Gy
25.0
75.0
10µM+4Gy
30.73
69.27
20µM+4Gy
24.0
76.0
6Gy
40.7
59.3
5µM+6Gy
55.83
44.17
10µM+6Gy
61.06
38.94
20µM+6Gy
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Figure 3.25: Changes in the aneuploid cells to diploid ones after
treatment of liver carcinoma cell line (HepG2) with different doses of
Roscovitine& radiation alone or combined.

From the results given in Table 3.26 and Figure 3.25,
we find that at the begining of the expirement the untreated
HepG2 cells (control) showed a 97.7% aneuploidy with only
2.3% diploidy. Roscoviti ne alone caused nearly 11% changes
with the 20µM Roscovitine dose. The radiosensitizing effect of
the drug was furtherly demonstrated where cells treated with
maximum dose of Roscovitine and radiation revealed only
38.9% aneuploidy with an increase in the number of diploid
cells reaching to 61%.
Results revealed that the rate of change from aneuploid
to diploid increased with the increase in Roscovitine doses
combined with increase in radiation doses.
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The rate of change in the number of aneuploid cells to
diploid cells in U251 cell line after treatment with different
doses of roscovitine alone or combined with different doses of
Radiation was determined by flow cytometrical analysis,
results are given in Table 3.27 and illustrated in Figure 3.26.
Table 3.27: Changes in the aneuploid cells to diploid ones after treatment
of Brain carcinoma cell line (U251) with different doses of Roscovitine&
radiation alone or combined.
Conc of Drug&Radiation

% of Diploid cells

Control
5 µM
10 µM
20 µM
2Gy
5µM+2Gy
10µM+2Gy
20µM+2Gy
4Gy
5µM+4Gy
10µM+4Gy
20µM+4Gy
6Gy
5µM+6Gy
10µM+6Gy
20µM+6Gy

4.0
7.3
8.1
10.32
11.1
17.1
22.8
28.1
14.05
30.5
40.1
46.3
20.5
42.7
53.87
59.06
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Figure 3.26: Changes in the aneuploid cells to diploid ones after
treatment of Brain carcinoma cell line (U251) with different doses of
Roscovitine& radiation alone or combined.

From the results given in table 3.27 and figure 3.26, we
find that at the begining of the expirement the untreated U251
cells (control) showed a 96.0% aneuploidy with only 4.0%
diploidy. Roscovitine alone caused nearly 6% changes with the
20µM Roscovitine dose. The radiosensitizing effect of the drug
was furtherly demonstrated where cells treated with maximum
dose of Roscovitine and radiation revealed only 40.9%
aneuploidy with an increase in the number of diploid cells
reaching to 59.1%.
Results revealed that the rate of change from aneuploid
to diploid increased with the increase in Roscovitine doses
combined with increase in radiation doses.
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The rate of change in the number of aneuploid cells to
diploid cells in H460 cell line after treatment with different
doses of Roscovitine alone or combined with different doses of
Radiation was determined by flow cytometrical analysis,
results are given in Table 3.28 and illustrated in Figure 3.27.
Table 3.28: Changes in the aneuploid cells to diploid ones after treatment
of Lung carcinoma cell line (H460) with different doses of Roscovitine&
radiation alone or combined.
Conc of Drug&Radiation

% of Diploid cells

Control
5 µM
10 µM
20 µM
0.5Gy
5µM+0.5Gy
10µM+0.5Gy
20µM+0.5Gy
1Gy
5µM+1Gy
10µM+1Gy
20µM+1Gy
2Gy
5µM+2Gy
10µM+2Gy
20µM+2Gy

3.69
10.8
12.1
15.5
4.79
22.51
30.73
40.89
20.1
30.5
45.0
55.2
40.0
58.03
64.5
71.5
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Figure 3.27: Changes in the aneuploid cells to diploid ones after
treatment of Lung carcinoma cell line (H460) with different doses of
Roscovitine& radiation alone or combined.

From the results given in table 3.28 and figure 3.257,
we find that at the begining of the expirement the untreated
H460 cells (control) showed a 96.3% aneuploidy with only
3.7% diploidy. Roscovitine alone caused nearly 12% changes
with the 20µM Roscovitine dose. The radiosensitizing effect of
the drug was furtherly demonstrated where cells treated with
maximum dose of Roscovitine and radiation revealed only 39%
aneuploidy with an increase in the number of diploid cells
reaching to 61%.
Results revealed that the rate of change from aneuploid
to diploid increased with the increase in Roscovitin e doses
combined with increase in radiation doses.
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3)DNA Fragmentation Assay.
Cancer cells are capable to repair DNA fragmentation, a
process that enables them to escape apoptosis and prolong their
survival .Treatment of cells with Ionizing radiation can lead to
the creation of Double-strand breaks. Double-strand breaks are
often rapidly repaired by a simple mechanism. In this
expirement we examined the radiosensitizing effect of
Roscovitine for intensifying the radiation effect by inhibiting
the DNA repair mechanism for the different cancer cell lines.
Cells were treated with Roscovitine doses (2.5, 5, 10,
and 20 µM) before its exposure to radiation dose (20 Gy) in
HepG2 and U251, and (10Gy) in H460 and incubated for 1hr
and 24 hrs, and then subjected to diphenylamine (DPA)
colorimetric assay to evaluate the % of fragmentation repair.

-111-

EG1200353

Results

Table 3.29: % of DNA fragmentation in liver carcinoma cell line HepG2
in control cells and treated cells with 20Gy radiation dose and 2.5µM
Roscovitine dose.

Type of treatment
control
2.5µM
Radiation after 1h
Radiation after 24h
Radiation after 1h +2.5µM
Radiation after 24h +2.5µM

% of DNA fragmentation
(Mean ±S.E)
5.2 ±0.26
8.8 ±0.79
59.5 ±3.0
18.1 ±2.8
62.2 ±3.3
40.8 ±5.2

HepG2
70

% of fragmentation

60
50
40
30
20
10
0
control

2.5uM

R 1h

R 24h

R 1h+2.5uM

R
24h+2.5uM

conc of Drug & Radiation

Figure 3.28: % of DNA fragmentation in liver carcinoma cell line HepG2
in control cells and treated cells with 20Gy radiation dose and 2.5µM
Roscovitine dose.
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Table 3.30: % of DNA fragmentation in liver carcinoma cell line HepG2
in control cells and treated cells with 20Gy radiation dose and 5 µM
Roscovitine dose.

Type of treatment

% of DNA fragmentation
(Mean ±S.E)
5.2 ±0.26
9.1 ±0.55
59.5 ±3.0
18.1 ±2.8
66.8 ±2.5
52.3 ±6.7

control
5µM
Radiation after 1h
Radiation after 24h
Radiation after 1h +5 µM
Radiation after 24h + 5µM

HepG2

% of fragmentation

80
70
60
50
40
30
20
10
0
control

5uM

R 1h

R 24h

R 1h+5uM

R 24h+5uM
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Figure 3.29: % of DNA fragmentation in liver carcinoma cell line HepG2
in control cells and treated cells with 20Gy radiation dose and 5 µM
Roscovitine dose.
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Table 3.31: % of DNA fragmentation in liver carcinoma cell line HepG2
in control cells and treated cells with 20Gy radiation dose and 10 µM
Roscovitine dose.

Type of treatment

% of DNA fragmentation
(Mean ±S.E)
5.2 ±0.26
11.1±0.9
59.5 ±3.0
18.1 ±2.8
68.3±3.04
57.7±3.0

control
10µM
Radiation after 1h
Radiation after 24h
Radiation after 1h +10 µM
Radiation after 24h + 10µM

HepG2
80
% of fragmentation

70
60
50
40
30
20
10
0
control

10uM

R 1h

R 24h

R 1h+10uM

R 24h+10uM
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Figure 3.30: % of DNA fragmentation in liver carcinoma cell line HepG2
in control cells and treated cells with 20Gy radiation dose and 10 µM
Roscovitine dose.
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Table 3.32: % of DNA fragmentation in liver carcinoma cell line HepG2
in control cells and treated cells with 20Gy radiation dose and 20 µM
Roscovitine dose.

Type of treatment

% of DNA fragmentation
(Mean ±S.E)
5.2 ±0.26
18.1±1.1
59.5 ±3.0
18.1 ±2.8
71.3±4.9
63.8±6.7

control
20µM
Radiation after 1h
Radiation after 24h
Radiation after 1h +20 µM
Radiation after 24h + 20µM

HepG2
80
% of fragmentation

70
60
50
40
30
20
10
0
control

20uM

R 1h

R 24h

R 1h+20uM

R
24h+20uM

conc of Drug & Radiation

Figure 3.31: % of DNA fragmentation in liver carcinoma cell line HepG2
in control cells and treated cells with 20Gy radiation dose and 20 µM
Roscovitine dose.
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From the results given in Tables (3.29-3.32), and
Figures (3.28-3.31), we find that the combination of radiation
and roscovitine was caused an intense decrease in DNA
fragmentation repair mechanism when compared with cells
radiated alone without Roscovitine in HepG2 cells, 24hrs After
exposure of cells to radiation 70% of fragmented DNA
repaired in the abscence of Roscovitine, in the presence of
roscovitine < 35% was repaired
The best effect (highest % of DNA fragmentation) was
observed in the group of HepG2 cells treated with the highest
dose (20µM) of roscovitine and radiation after 1hr, descending
with the decrease in roscovitine doses.
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Table 3.33: % of DNA fragmentation in Brain carcinoma cell line U251
in control cells and treated cells with 20Gy radiation dose and 2.5µM
Roscovitine dose.

Type of treatment
control
2.5µM
Radiation after 1h
Radiation after 24h
Radiation after 1h +2.5µM
Radiation after 24h +2.5µM

% of DNA fragmentation
(Mean ±S.E)
2.5 ±0.15
4.6 ±1.6
40.3 ±1.1
16.0 ±1.9
45.1 ±1.0
31.4 ±4.0

U251

% of fragmentation

50
40
30
20
10
0
control

2.5uM

R 1h

R 24h

R 1h+2.5uM

R
24h+2.5uM

conc of Drug & Radiation

Figure 3.32: % of DNA fragmentation in Brain carcinoma cell line U251
in control cells and treated cells with 20Gy radiation dose and 2.5µM
Roscovitine dose.
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Table 3.34: % of DNA fragmentation in Brain carcinoma cell line U251
in control cells and treated cells with 20Gy radiation dose and 5 µM
Roscovitine dose.

Type of treatment

% of DNA fragmentation
(Mean ±S.E)
2.5 ±0.15
6.5 ±1.4
40.3 ±1.1
16.0 ±1.9
50.5 ±2.9
43.4 ±4.3

control
5µM
Radiation after 1h
Radiation after 24h
Radiation after 1h +5µM
Radiation after 24h +5µM

U251

% of fragmentation

60
50
40
30
20
10
0

control

5uM

R 1h

R 24h

R 1h+5uM

R
24h+5uM

conc of Drug & Radiation

Figure 3.33: % of DNA fragmentation in Brain carcinoma cell line U251
in control cells and treated cells with 20Gy radiation dose and 5 µM
Roscovitine dose.
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Table 3.35: % of DNA fragmentation in Brain carcinoma cell line U251
in control cells and treated cells with 20Gy radiation dose and 10µM
Roscovitine dose

Type of treatment

% of DNA fragmentation
(Mean ±S.E)
2.5 ±0.15
7.7 ±1.7
40.3 ±1.1
16.0 ±1.9
46.8 ±1.5
40.1 ±1.2

control
10µM
Radiation after 1h
Radiation after 24h
Radiation after 1h +10µM
Radiation after 24h +10µM

U251

% of fragmentation

60
50
40
30
20
10
0
control

10uM

R 1h

R 24h

R 1h+10uM

R
24h+10uM

conc of Drug & Radiation

Figure 3.34: % of DNA fragmentation in Brain carcinoma cell line U251
in control cells and treated cells with 20Gy radiation dose and 10µM
Roscovitine dose

-119-

EG1200353

Results

Table 3.36: % of DNA fragmentation in Brain carcinoma cell line U251
in control cells and treated cells with 20Gy radiation dose and 20µM
Roscovitine dose.

Type of treatment

% of DNA fragmentation
(Mean ±S.E)
2.5 ±0.15
14.4 ±2.9
40.3 ±1.1
16.0 ±1.9
63.3 ±1.6
58.3 ±3.0

control
20µM
Radiation after 1h
Radiation after 24h
Radiation after 1h +20µM
Radiation after 24h +20µM
U251

% of fragmentation

70
60
50
40
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20
10
0
control

20uM

R 1h

R 24h

R 1h+20uM

R
24h+20uM
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Figure 3.35: % of DNA fragmentation in Brain carcinoma cell line U251
in control cells and treated cells with 20Gy radiation dose and 20µM
Roscovitine dose
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From the results given in Tables (3.33-3.36), and
Figures (3.32-3.35), we find that the combination of radiation
and roscovitine was caused an intense decrease DNA
fragmentation repair mechanism when compared with cells
radiated alone without Roscovitine in U251 cells, 24hrs After
exposure of cells to radiation 60% of fragmented DNA
repaired in the abscence of Roscovitine, in the presence of
roscovitine < 32% was repaired
The best effect (highest % of DNA fragmentation) was
observed in the group of U251 cells treated with the highest
dose (20µM) of roscovitine and radiation after 1hr, descending
with the decrease in roscovitine doses.
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Table 3.37: % of DNA fragmentation in lung carcinoma cell line H460
in control cells and treated cells with 10Gy radiation dose and 2.5µM
Roscovitine dose.

Type of treatment

% of DNA fragmentation
(Mean ±S.E)
3.1 ±0.13
10.5 ±1.5
70.7 ±6.0
23.0 ±3.8
73.8 ±4.9
45.3 ±4.8

control
2.5µM
Radiation after 1h
Radiation after 24h
Radiation after 1h +2.5µM
Radiation after 24h +2.5µM

H460
90
% of fragmentation

80
70
60
50
40
30
20
10
0
control

2.5uM

R 1h

R 24h

R 1h+2.5uM

R
24h+2.5uM
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Figure 3.36: % of DNA fragmentation in lung carcinoma cell line H460
in control cells and treated cells with 10Gy radiation dose and 2.5µM
Roscovitine dose.
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Table 3.38: % of DNA fragmentation in lung carcinoma cell line H460
in control cells and treated cells with 10Gy radiation dose and 5µM
Roscovitine dose.

Type of treatment

% of DNA fragmentation
((Mean ±S.E)
3.1 ±0.13
13.7 ±1.4
70.7 ±6.0
23.0 ±3.8
78.1 ±6.7
60.6 ±3.0

control
5µM
Radiation after 1h
Radiation after 24h
Radiation after 1h +5µM
Radiation after 24h +5µM
H460
90
% of fragmentation

80
70
60
50
40
30
20
10
0
control

5uM

R 1h

R 24h

R 1h+5uM

R 24h+5uM

conc of Drug & Radiation

Figure 3.37: % of DNA fragmentation in lung carcinoma cell line H460
in control cells and treated cells with 10Gy radiation dose and 5µM
Roscovitine dose.
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Table 3.39: % of DNA fragmentation in lung carcinoma cell line H460
in control cells and treated cells with 10Gy radiation dose and 10µM
Roscovitine dose.

Type of treatment

% of DNA fragmentation
(Mean ±S.E)
3.1 ±0.13
14.5 ±3.0
70.7 ±6.0
23.0 ±3.8
81.5 ±5.2
70.9 ±7.0

control
10µM
Radiation after 1h
Radiation after 24h
Radiation after 1h +10µM
Radiation after 24h +10µM

% of fragmentation
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100
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50
40
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20
10
0
control
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R 1h

R 24h

R 1h+10uM

R
24h+10uM
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Figure 3.38: % of DNA fragmentation in lung carcinoma cell line H460
in control cells and treated cells with 10Gy radiation dose and 10µM
Roscovitine dose.
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Table 3.40: % of DNA fragmentation in lung carcinoma cell line H460
in control cells and treated cells with 10Gy radiation dose and 20µM
Roscovitine dose.

Type of treatment

% of DNA fragmentation
(Mean ±S.E)
3.1 ±0.13
18.1 ±2.7
70.7 ±6.0
23.0 ±3.8
83.4 ±6.6
70.3 ±7.8

control
20µM
Radiation after 1h
Radiation after 24h
Radiation after 1h +20µM
Radiation after 24h +20µM

% of fragmentation

H460
100
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50
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R 24h

R 1h+20uM

R
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Figure 3.39: % of DNA fragmentation in lung carcinoma cell line H460
in control cells and treated cells with 10Gy radiation dose and 20µM
Roscovitine dose.
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From the results given in Tables (3.37-3.40), and
Figures (3.36-3.39), we find that the combination of radiation
and roscovitine was significantly decrease DNA fragmentation
repair mechanism when compared with cells radiated alone
without Roscovitine in H460 cells, 24hrs After exposure of
cells to radiation 66% of fragmented DNA repaired in the
abscence of Roscovitine, in the presence of roscovitine <39%
was repaired. The best effect (highest % of DNA
fragmentation) was observed in the group of H460 cells treated
with the highest dose (20µM) of roscovitine and radiation after
1hr, descending with the decrease in roscovitine doses.

From the above results we find that the inhibitory effect
of radiation observed after 1hr was more potent than that
obtained after 24hrs for all cell lines, with intense decrease in
DNA fragmentation repair mechanism when compared with
cells radiated alone without Roscovitine. We also found that
the effect was correlated with roscovitine dose .

H460 cell line was considered more sensitive for this
modality of treatment ( reaching 83.4% fragmentation with
10Gy ) than HepG2 followed by the U251 ( reaching 71.3 &
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Chapter IV
Discussion
Chemotherapy and radiotherapy are mainstays of cancer
treatment, primarily by affecting dividing cells. In recent years
the development of drugs targeting specific proteins, which
interfere in signaling pathways, has advanced tremendously
(Fadeel et al., 2004).
Targeted cancer therapy can be designed to interfere
with a specific molecular pathway important in the genesis
and/or maintenance of the malignant phenotype. Equally an
improved strategy for cancer treatment would be to use small
molecules to selectively differentiate cancerous cells into
normal cells (Richon et al., 1998; Fadeel et al., 2004). This
contrasts with traditional anti-cancer agents, which interfere
with some aspect of the global cellular machinery that is
shared by malignant and non-malignant cells. The term
“molecular targeted” has been used to refer to agents that
target pathways, which are activated in cancer cells including
those regulating growth, survival and apoptosis. The promise
of targeted therapy is that it will more efficiently eradicate
malignant cells while leaving normal host cells largely
unaffected (Bagella et al., 2007; de Vries and de Jong, 2008).
One strategy in the development of anticancer
therapeutics has been to arrest malignant proliferation through
inhibition of the enzymatic activity of cyclin-dependent
kinases (Cdks), which are key regulatory molecules of the cell
cycle (Bagella et al., 2007). This generated a new category of
compounds named small molecule Cdk inhibitors, which can
directly antagonize the action of Cdks (Garrett and Fattaey,
1999). However, several cyclin-CDK complexes have been
found to be dispensable for cell proliferation owing to
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functional redundancy, promiscuity, and compensatory
mechanisms. Although these issues have hampered their
progress into the clinic, several novel compounds are currently
being preclinically and clinically evaluated but have not as of
yet resulted in a drug approval (McInnes, 2008).
Compounds that inhibit Cdk activity and are currently
in clinical trials, include flavopiridol, R-Roscovitine (CYC202), and UCN-01 (7-hydroxystaurosporine) either as single
agents or in combination. Most of these compounds inhibit
multiple Cdks, with Cdk2 being a particularly common target
(Kaubisch and Schwartz, 2000; Joshi et al., 2007).
Purines are considered a family of Cdk inhibitors and
Roscovitine is considered a member of this family, it is a
potent and selective inhibitor of Cdk (Mihara et al., 2002).
Immunosuppressive effect and myelotoxicity associated with
purine analogs are limiting factors for the use of these agents
(Cheson, 1995; Samonis and Kontoyiannis, 2001).
Although Roscovitine has no significant immunosuppression effect (Vita et al., 2005), dose individualization,
and combination therapy are mainly used to avoid both toxicity
and relapse risk (van der Wall et al., 1995). In the mean time
little is known about the biological effect of Roscovitine when
combined with ionizing radiation in human carcinomas
(Zhang et al., 2008).
The aim of the present work was to investigate the in
vitro cytotoxic activity of Roscovitine when combined with
ionizing radiation against a panel of human cancer cell lines,
including those of the liver (HepG2), lungs (H460) and brain
(U251)
The MTT Cell Viability Assay: In the present study,
Roscovitine inhibited cell proliferation of the three carcinoma
cell lines tested (HepG2, H460 and U251), in a dose response
curve, which revealed IC50 values for HepG2, H460, and
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U251 of 9, 15 and 16 µM respectively. The maximum effect
was found on the HepG2 cell line at the minimum doses when
compared to the other cell lines (p<0.001). However at the
higher doses the three cell lines gave indistinguishable results.
The effect of Roscovitine on radiated cells was more intense.
Similar results were reported in the literature for different
tumors with diverse interpretations.
Meijer et al. (1997) revealed that Roscovitine inhibited
the kinase activities of Cdc2/cyclin B, Cdk2/cyclin A, and
Cdk2/cyclin E complexes, mutually with the proliferative
activities of human breast epithelial cells, lung cancer cells,
and gastric cancer cells. They stated that micromolar
concentrations of Roscovitine were able to prevent the cell
cycle progressions.
Similarly, Mihara et al. (2002) found that Roscovitine
inhibited the cell proliferation rate in a dose dependent manner
in head and neck squamous cell carcinoma cell lines, which
were sensitive to Roscovitine in the micromolar range with
IC50 values of 9.8 – 25.0 µM. Likewise, Wu et al. (2008)
reported that Roscovitine inhibited proliferation of rabbit
retinal pigment epithelial cells in a dose-dependent manner.
In the present study, ionizing Radiation inhibited cell
proliferation of all carcinoma cell lines tested. Similar results
were given by Vucic et al. (2006), who recorded that cell
growth was significantly reduced after exposure to ionizing
Radiation treatment and this reduction was time and dose
dependent.
The radiosensitizing effect of Roscovitine was verified
in the present work, where the combination of minimally toxic
concentrations of both Roscovitine and ionizing radiation
significantly inhibited the cell proliferation when compared to
ionizing radiation alone.
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Our results are in agreement with Maggiorella et al.
(2003) who reported that at low doses of Roscovitine, a
potentialization in the inhibition of cell proliferation was found
when it was added to ionizing Radiation. Equally, Zhang et
al. (2008) found that pretreatment with minimally toxic
concentration of Roscovitine significantly radiosensitized
human non-small cell lung cancer cells by inhibiting colony
formation.
Our study could be concluded that micromolar
concentrations of Roscovitine were able to prevent the cell
cycle progressions and it also significantly radiosensitized the
three carcinoma cell lines under investigation. The maximum
effect was on the HepG2 cell line at the Roscovitine minimum
doses.
Flow cytometric analysis: this is a technique performed to
determine the presence of aneuploidy cells in a population, and
to determine the percentage of cells in each phase of the cell
cycle and estimate the growth fraction of the population.
Tumor ploidy is a tumor characteristic that might help
both the understanding of the fundamental aspects of its
growth and the selection of best treatment (Storchova and
Kuffer, 2008).
Polyploidy, an increased number of
chromosome sets, is a surprisingly common phenomenon in
nature. In humans, polyploidy often occurs in specific tissues
as part of terminal differentiation.
The exact role of aneuploidy in tumorigenesis is still not
clear (Torres et al., 2008), where it has long been debated,
whether aneuploidy directly contributes to tumorigenesis or
reflects nonspecific changes during tumor progression.
However, Weaver and Cleveland (2007) found that
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aneuploidy promotes tumorigenesis in some contexts and
inhibits it in others.
Several mechanisms are thought to be responsible for
the generation of aneuploid sets of chromosomes: these
comprise failure in cell division, such as defective
chromosome separation caused by compromised mitotic
checkpoint signaling or centrosome aberrations (Schnerch et
al., 2006). Few reports have shown that cells with a defective
mitotic checkpoint are more resistant to several types of
anticancer drugs, and that the specific physiological changes
that are triggered by polyploidization might be used as novel
targets for cancer therapy (Wang et al., 2008).
In the present work, all of the three cell lines
investigated were aneuploid (0% diploid cells) before
treatment. On treatment with Roscovitine and/or radiation the
percentage of diploid cells increased accompanied by a drop in
the percentage of aneuploid cells, indicating that cells began to
undergo differentiation and behave as normal cells (Storchova
and Kuffer, 2008).
Our study concluded that treatment with Roscovitine
and/or radiation caused a drop in the percentage of aneuploid
cells and a rise in the diploid ones, indicating that cells began
to undergo differentiation and behave as normal cells.
Checkpoints are the pathways that halt the progression
of cell cycle in response to cellular stress. The targets on
checkpoint pathways are potential anticancer strategies
because abrogation of checkpoint function drives tumor cells
toward apoptosis and enhances the efficacy of oncotherapy.
Several cellular stresses may trigger checkpoint pathways,
leading to cell-cycle arrest at G1 and G2 phase (Lin et al.,
2007).
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In the present study, Roscovitine significantly retarded
the growth of the three carcinoma cell lines; HepG2, U251,
and H460 cells, which was mainly due to cell cycle arrest at
the G1 and G2 phases, as perceived from the flow cytometric
charts. A decrease in the S phase population was observed,
indicating that the cells were prevented from entering the S
phase. On the other hand, Roscovitine led to accumulation of
the cells in the G2/M phase of the cell cycle.
Similar observations were given by Vucic et al. (2006)
and Wu et al. (2008). The present results also concur with a
number of studies on different tumors with assorted
interpretations.
Ljungman and paulsen (2001) postulated that
Roscovitine induces the accumulation of the tumor suppressor
p53, to arrest cells in the G1and G2/M phases of the cell cycle,
and to induce apoptosis in human cells. Even if these cellular
effects are thought to be caused directly by Roscovitine
specific inhibition of cyclin-dependent kinases.
Mihara et al. (2002) pointed out that Roscovitine
blocked the functional activities of Cdk2 and Cdc2, which led
to a decrease in the S phase population, indicating that the cells
were prevented from entering the S phase. On the other hand,
inactivation of Cdc2 by Roscovitine led to accumulation of the
cells in the G2/M phase of the cell cycle.
According to Soo et al. (2004) irradiation significantly
retards the growth of cultured cells, which is not due to
induction of apoptosis but mainly due to cell cycle arrest at G1
and G2 phase. The delay can give the cell enough time to
repair DNA damage. If DNA damage happened in G1 phase,
the G1/S arrest will allow the cancer cell time to repair the
damage before entry into S phase and replicate the damaged
DNA. Similarly, the G2/M arrest can enable the cell to repair
DNA damage before cell division. The S phase arrest occurs
only after relatively high dose radiation (Li et al., 1994).
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In the present study, it was found that H460 was more
radiosensitive than HepG2 and U251, where detection of cell
cycle phases revealed that H460 had lower percent of S phase
and higher percent of G2/M than the other cell lines. These
elucidations were built on the results of a number of previous
studies.
Quiet et al. (1991) investigated two cell lines of
different radiosensitivity and found that the radioresistant cell
line had twice the number of cells in S-phase than the more
sensitive cell line. Also Tell et al. (1998) reported that the
lymphocytes of patients who showed no response to
radiotherapy had a high level of S-phase cells compared with
the lymphocytes of partial or complete responders to
radiotherapy.
Liu et al. (2005) indicated that cells are most
radiosensitive in M and G2 phases and most radioresistant in S
phase, while for cells with long cycle time, another peak of
resistance is observed in early G1.
The radiosensitizing effect of Roscovitine was evident in
the three carcinoma cell lines selected for the present study.
We found that the combination of radiation and Roscovitine
caused an increase in the number of cells in the G0/G1and
G2/M, accompanied by a decrease in the S phase; reaching to
0% at the higher radiation doses (at 2 Gy for H640, and 4 Gy
for HepG2 & U251 cell lines), as compared to cells treated
with radiation alone. Similarly, Maggiorella et al. (2003)
found that maximum G2/M checkpoint arrest was found in
cells treated with Roscovitine + 4 Gy with an 82% of the cell
population blocked in G2 phase, which was associated with a
pronounced decrease in DNA synthesis.
The DNA content of cells was measured by the ability
of propidium iodide to bind to DNA under appropriate staining
conditions. DNA index (DI) is defined as the difference in
DNA content ratio of tumor/standard DNA fluorescence. An
-134-

EG1200353

Discussion

increase in DNA index has long been known to be associated
with malignancy (Curling et al., 1998).
In our study, DNA index was significantly decreased in
the carcinoma cell lines after combining Roscovitine with
radiation, indicating a decrease in the number of cancer cells.
According to Chen et al. (2002) many studies have
reported that DNA index (DI) in relation to S-phase is
independent factor for diagnosis in different types of tumors,
where they defined diploid tumors as having a DI of (0.9 -1.1)
and an aneuploid tumors with DI of >1.1.
Our work concluded that Roscovitine significantly
retarded the growth of HepG2, U251, and H460 cells, which
was mainly due to cell cycle arrest at the G1 and G2 phases,
and its radiosensitizing effect was evident in the three
carcinoma cell lines studied.
DNA fragmentation assay: Measurement of DNA
fragmentation with diphenylamine (DPA) colorimetric assay
was preferentially used to evaluate late apoptosis (Taylor,
2005). Diphenylamine assay offers quantitative comparisons of
DNA fragmentation on a cell-to-cell basis for relative drug
sensitivity profiles of different cell lines. Evasion of DNA
damage-induced cell death is a key step toward malignant
transformation and therapeutic resistance (Sidi et al., 2008).
Ionizing radiation can lead to the creation of single-strand
breaks and double-strand breaks. Double-strand breaks are
often rapidly repaired in cancer cells by the simple mechanism
of joining free ends, a significant source of DNA mutations,
which occur due to the nonhomologous end joining pathway
(NHEJ) (Reynolds and Schecker, 1995). The NHEJ pathway
was found to be predominantly activated in cancer cells for
repairing IR- induced DNA damage. Consequently hindering
the DNA repair processes has the potential to inhibit recovery
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of mildly damaged tumor cells after radiation treatment, and
also to increase their susceptibility to chemotherapy (Nebel et
al., 2008).
We investigated the restraining effect of Roscovitine on
DNA repair process, where the % of DNA fragmentation was
measured after 1h and 24h of radiation. It was found that
radiation produced high percent of DNA fragmentation in the
three panels of carcinoma cell lines treated with 20Gy dose (in
HepG2 & U251), and 10 Gy dose (H460). Maximum %
fragmentation was observed after 1 hour of radiation with the
higher Roscovitine doses, in H640 followed by HepG2 and
U251 cell lines. In the mean time we found a decrease in the
DNA % fragmentation after 24 hours of radiation indicating a
repair in the DNA in all the carcinoma cell lines, we also found
that in the combination treatment roscovitine blocked DNA
repair process after 24 hours.
A similar observation was reported by Maggiorella et
al. (2003). Zhang et al. (2008) found that combination
treatment of Roscovitine blocked DNA repair process after IR,
while the singly used treatment did not. In addition, Crescenzi
et al.(2005) indicated that Roscovitine, by hindering DNA
repair processes, has the potential to inhibit recovery of mildly
damaged tumor cells after doxorubicin treatment and to
increase the susceptibility of tumor cells to chemotherapy, and
that these data indicate a novel mechanism underlying
combined chemotherapy, which may have wide application in
treatment of carcinomas.
It could be concluded that Roscovitine blocked DNA
repair process after 1 hour radiation in the three carcinoma cell
lines studied, showing a better effect on the H460 carcinoma
cell line.
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Chapter V
Summary and Conclusion
Cancer has become an important topic in medicine since it
is a major cause of death in both developed and developing
countries and it is now only secondary to that of myocardial
infarction. A great majority of human cancers (about 80-90%)
are attributable to environmental factors ; nevertheless, it is not
an easy task to eliminate carcinogenic causes from the
environment. While modern surgery has significantly reduced
the cancer mortality, the use of additional treatments such as
radiotherapy and chemotherapy has resulted in no more than
5% reduction in the number of deaths.
Several cancerous cells have uncontrolled cell cycle, in
view of the fact that various cyclin dependent kinases (Cdks)
are over-activated in many tumors compared to normal cells.
Targeting Cdks would be an intelligent strategy to block and
interfere with tumor cell proliferation as an alternative to
classical cytotoxic drugs.
The tested compound in the present study (Roscovitine) is
cyclin dependent kinase inhibitor, where it competes with ATP
for the binding site in the cyclin/Cdk complex rendering it
inactive. Roscovitine can also generate DNA double strand
breaks thus enhancing the induced ionizing radiation (IR)
DNA damage.
This study was designed to investigate the
radiosensitization effect of Roscovitine on human carcinoma
cell lines in an attempt to minimize the side effects of both
treatments, and to decrease the ability of the cancer cells for
repairing the damage after radiotherapy.
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The radiosensitizing effect of Roscovitine was tested in
vitro on three human carcinoma cell lines; the liver (Hep-G2),
the brain (U251), and the lung (H460) carcinoma cell lines.
The experiment was designed to study the effect of different
doses of radiation and/or Roscovitine given singularly or
combined on cancer cells. The effect of both treatments on
cell viability was measured by the MTT assay. The flow
cytometric technique was used to determine their apoptotic
effect, by calculating the percentage distribution of different
phases of the cell cycle, while DNA fragmentation repair
mechanisms were measured by the diphenylamine colorimetric
method.
On the basis of the present findings, flow cytometric
analysis revealed that low doses of Roscovitine caused cell
cycle arrest in the G1/S and G2/M phases when combined with
radiation. Roscovitine also augmented the radiation effect on
cell viability, and inhibited the DNA repair system of the
radiated cancer cells, rendering them more susceptible to
radiotherapy.

In conclusion, the present study reveals that Roscovitine is
a good candidate as radiosensitizer in the three human cancer
cell lines studied, and it is recommended for further clinical
trials.
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Chapter VI

Recommendations
The present study was designed to investigate the
radiosensitization effect of Roscovitine on human carcinoma
cell lines in an attempt to minimize the side effects of both
treatments, and to decrease the ability of the cancer cells for
repairing the damage after radiotherapy, we investigated that
Roscovitine a good candidate as radiosensitizer for modifying
the ionizing radiation response in cancer cells. So, we propose
the following recommendations.
 Cdk inhibitors are very useful as antitumor drugs,
either alone or as part of combined therapies.
 Using this promising compound in the clinical
trials deals with radiotherapy.
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ﺍﻟﻤﻠﺨﺺ ﺍﻟﻌﺮﺑﻲ
ﺩﻭﺭ ﺍﻟﻌﻘﺎﺭ ﺍﻟﺠﺪﻳﺪ ﺍﻟﻤﻀﺎﺩ ﻟﻠﺴﺮﻃﺎﻥ)ﺭﻭﺳﻜﻮﻓﻴﺘﻦ( ﻓﻲ ﺯﻳﺎﺩﺓ ﺣﺴﺎﺳﻴﺔ
ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ ﺑﺎﻹﺷﻌﺎﻉ
ﻣﺮﺽ ﺍﻟﺴﺮﻃﺎﻥ ﻣﻦ ﺃﻫﻢ ﺍﻟﻤﺸﻜﻼﺕ ﺍﻟﺼﺤﻴﺔ ﻋﻠﻰ ﻣﺴﺘﻮﻯ ﺍﻟﻌﺎﻟﻢ ﺣﻴﺚ ﻳﻌﺘﺒﺮ ﻣﻦ
ﺍﻟﻤﺴﺒﺒﺎﺕ ﺍﻟﺮﺋﻴﺴﻴﺔ ﻟﻠﻮﻓﺎﺓ ﻓﻲ ﺍﻟﺪﻭﻝ ﺍﻟﻨﺎﻣﻴﺔ ﻭﺍﻟﺪﻭﻝ ﺍﻟﻤﺘﻘﺪﻣﺔ ﺑﻌﺪ ﺍﻟﺬﺑﺤﺔ ﺍﻟﺼﺪﺭﻳﺔ .ﻭﻗﺪ
ﺃﺛﺒﺘﺖ ﺍﻟﺪﺭﺍﺳﺎﺕ ﺃﻥ ﻣﻦ  %۸۰ﺇﻟﻰ  % ۹۰ﻣﻦ ﺣﺎﻻﺕ ﺍﻟﺴﺮﻃﺎﻥ ﺳﺒﺒﻬﺎ ﻟﻠﺘﻠﻮﺙ ﺍﻟﺒﻴﺌﻲ٬
ﻭﻳﺼﻌﺐ ﺍﻟﺘﺤﻜﻢ ﻓﻴﻬﺎ .ﻭﺑﺎﻟﺮﻏﻢ ﻣﻦ ﻧﺠﺎﺡ ﺍﻟﺠﺮﺍﺣﺔ ﻓﻲ ﺍﺳﺘﺌﺼﺎﻝ ﺑﻌﺾ ﺍﻷﻭﺭﺍﻡ ﺇﻻ ﺃﻥ
ﺍﻧﺘﺸﺎﺭ ﺍﻟﻤﺮﺽ ﺃﻭ ﻇﻬﻮﺭﻩ ﻣﺮﺓ ﺃﺧﺮﻯ ﻣﺸﻜﻠﺔ ﺗﻮﺟﺪ ﻓﻲ ﻣﻌﻈﻢ ﺍﻷﻭﺭﺍﻡ ٬ﻭﻗﺪ ﻭﺟﺪ ﺃﻥ
ﺍﺳﺘﺨﺪﺍﻡ ﺍﻟﻄﺮﻕ ﺍﻷﺧﺮﻯ ﻟﻠﻌﻼﺝ ﺍﻟﻜﻴﻤﻴﺎﺋﻲ ﻭﺍﻹﺷﻌﺎﻋﻲ ﻟﻢ ﺗﺰﻳﺪ ﻧﺴﺒﺔ ﺍﻟﺸﻔﺎء ﻣﻨﻪ ﺃﻛﺜﺮ
ﻣﻦ.% ٥
ﺃﺛﺒﺘﺖ ﺍﻟﺪﺭﺍﺳﺎﺕ ﺍﻟﺴﺎﺑﻘﺔ ﺃﻥ ﺯﻳﺎﺩﺓ ﻧﺸﺎﻁ ﺃﻧﺰﻳﻢ ﺍﻟﺴﻴﻜﻠﻴﻦ ﻛﻴﻨﻴﺰﺍﻟﻤﻌﺘﻤﺪ ) (Cdkﺍﻟﺬﻱ
ﻳﺤﻔﺰ ﺍﻟﺨﻼﻳﺎ ﻋﻠﻰ ﺍﻻﻧﻘﺴﺎﻡ ﻟﻪ ﻋﻼﻗﺔ ﻣﺒﺎﺷﺮﺓ ﺑﺎﻟﺘﻜﻮﻧﺎﺕ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ .ﻭ ﻟﻘﺪ ﻇﻬﺮﺕ
ﺣﺪﻳﺜﺎ ﻣﺠﻤﻮﻋﺔ ﻣﻦ ﺍﻟﻌﻘﺎﺭﺍﺕ ﺍﻟﻤﻀﺎﺩﺓ ﻟﻸﻭﺭﺍﻡ ﻭﺍﻟﺘﻲ ﺗﻌﺘﻤﺪ ﻋﻠﻰ ﺗﺜﺒﻴﻂ ﻧﺸﺎﻁ ﻫﺬﺍ
ﺍﻷﻧﺰﻳﻢ ﺩﺍﺧﻞ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﻣﻤﺎ ﻳﺆﺩﻯ ﺇﻟﻰ ﺗﻮﻗﻒ ﻧﻤﻮﻫﺎ ﻭ ﺗﺴﻤﻰ ﻫﺬﻩ ﺍﻟﻤﺮﻛﺒﺎﺕ
ﻣﺜﺒﻄﺎﺕ ﺍﻟﺴﻴﻜﻠﻴﻦ ﺑﺮﻭﺗﻴﻦ ﻛﻴﻨﻴﺰ ٬ﻭﻣﻦ ﺑﻴﻦ ﻫﺬﻩ ﺍﻟﻤﺮﻛﺒﺎﺕ ﺍﻟﻮﺍﻋﺪﺓ ﻣﺮﻛﺐ
ﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ.
ﻳﻌﺘﺒﺮ ﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ ﻣﺜﺒﻂ ﻟﻠﺴﻴﻜﻠﻴﻦ ﺑﺮﻭﺗﻴﻦ ﻛﻴﻨﻴﺰﺣﻴﺚ ﺍﻧﻪ ﻳﻨﺎﻓﺲ ﺟﺰﻱء  ATPﻓﻲ
ﺍﻹﺗﺤﺎﺩ ﻣﻊ ﻫﺬﺍ ﺍﻟﺒﺮﻭﺗﻴﻦ ﻣﻤﺎ ﻳﺆﺩﻯ ﺇﻟﻰ ﺗﺜﺒﻴﻂ ﺍﻧﻘﺴﺎﻡ ﻟﻠﺨﻠﻴﺔ .ﺇﻟﻰ ﺟﺎﻧﺐ ﺫﻟﻚ ﺍﻟﺘﺄﺛﻴﺮ
ﻓﻬﻮ ﻳﺆﺩﻯ ﺇﻟﻰ ﺗﻜﺴﻴﺮ ﺍﻟﺤﻤﺾ ﺍﻟﻨﻮﻭﻱ ﺍﻟـ )ﺩﻧﺎ( .DNAﻭﻳﻌﻴﻖ ﻋﻤﻠﻴﺔ ﺇﺻﻼﺣﻪ ﺑﻌﺪ
ﺍﻟﺘﻌﺮﺽ ﻟﻺﺷﻌﺎﻉ ﻭﺑﺬﻟﻚ ﻳﺰﻳﺪ ﻣﻦ ﺗﺄﺛﻴﺮ ﺍﻹﺷﻌﺎﻉ ﻋﻠﻰ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ.
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ﺍﻟﻬﺪﻑ ﻣﻦ ﺍﻟﺪﺭﺍﺳﺔ
ﻫﻮ ﻣﻌﺮﻓﺔ ﻣﺪﻯ ﺗﺄﺛﻴﺮ ﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ ﻋﻠﻰ ﺯﻳﺎﺩﺓ ﺣﺴﺎﺳﻴﺔ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﻟﻠﻌﻼﺝ
ﺑﺎﻹﺷﻌﺎﻉ ﻭﺫﻟﻚ ﻓﻲ ﻣﺤﺎﻭﻟﺔ ﻟﺘﻘﻠﻴﻞ ﺍﻵﺛﺎﺭ ﺍﻟﺠﺎﻧﺒﻴﺔ ﻟﻜﻞ ﻣﻨﻬﺎ ﻭﻛﺬﻟﻚ ﻟﺘﻘﻠﻴﻞ ﻣﻘﺎﻭﻣﺔ
ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﻟﻠﻌﻼﺝ ﺑﺎﻹﺷﻌﺎﻉ .ﻭﻟﻘﺪ ﺗﻤﺖ ﺍﻟﺪﺭﺍﺳﺔ ﻋﻠﻰ ﺛﻼﺛﺔ ﺃﻧﻮﺍﻉ ﻣﻦ ﺍﻟﺨﻼﻳﺎ
ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﺍﻟﻤﻨﻤﺎﺓ ﺧﺎﺭﺝ ﺍﻟﺠﺴﻢ ﻭﻫﻰ ﺧﻼﻳﺎ ﺍﻟﻤﺦ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﺍﻵﺩﻣﻴﺔ )(U251
ﻭﺧﻼﻳﺎ ﺍﻟﻜﺒﺪ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﺍﻵﺩﻣﻴﺔ )  (HepG2ﻭﺧﻼﻳﺎ ﺍﻟﺮﺋﺔ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﺍﻵﺩﻣﻴﺔ
).(H460

ﻭﺗﻀﻤﻨﺖ ﺧﻄﺔ ﺍﻟﺒﺤﺚ:
ﺃﻭﻻ :ﺗﺤﺪﻳﺪ ﺣﺴﺎﺳﻴﺔ ﺍﻟﺨﻼﻳﺎ ﻟﻠﻤﺮﻛﺐ ﻭﺣﺴﺎﺳﻴﺔ ﺍﻟﺨﻼﻳﺎ ﻟﻺﺷﻌﺎﻉ ﻟﻜﻞ ﻣﻨﻬﻢ ﻋﻠﻰ ﺣﺪﺍ
ﻭﻛﺬﻟﻚ ﺗﺄﺛﻴﺮﻫﻢ ﺍﻟﻤﺸﺘﺮﻙ ﻋﻠﻰ ﻧﻤﻮ ﺍﻟﺨﻼﻳﺎ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺍﺧﺘﺒﺎﺭ ﺍﻝ )ﺗﻰ ﺃﻡ ﺗﻰ (
ﺛﺎﻧﻴﺎ :ﺩﺭﺍﺳﺔ ﻫﺬﺍ ﺍﻟﺠﻤﻊ ﺑﻴﻦ ﺍﻟﻌﻘﺎﺭ ﻭﺍﻹﺷﻌﺎﻉ ﻋﻠﻰ ﺩﻭﺭﺓ ﺍﻧﻘﺴﺎﻡ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ
ﺑﺎﺳﺘﺨﺪﺍﻡ ﺟﻬﺎﺯ ﺍﻟﺘﺪﻓﻖ ﺍﻟﺨﻠﻮﻱ.
ﺛﺎﻟﺜﺎ :ﺩﺭﺍﺳﺔ ﺗﺄﺛﻴﺮ ﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ ﻛﻤﺜﺒﻂ ﻹﺻﻼﺡ ﺍﻟﺨﻠﻴﺔ ﺑﻌﺪ ﺗﻜﺴﻴﺮ ﺍﻟـ DNAﺍﻟﻨﺎﺗﺞ
ﻋﻦ ﺍﻟﺘﻌﺮﺽ ﻟﻺﺷﻌﺎﻉ ﺑﻮﺍﺳﻄﺔ ﺍﺧﺘﺒﺎﺭ ﺍﻝ)ﺩﻯ ﻓﻴﻨﻴﻞ ﺃﻣﻴﻦ (

ﺍﻟﻨﺘﺎﺋﺞ :
 ﺃﻇﻬﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ ﺍﻟﺒﺤﺜﻴﺔ ﺃﻥ ﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ ﻳﻌﺘﺒﺮ ﻣﺤﻔﺰﺍ ﺟﻴﺪﺍ ﻟﺰﻳﺎﺩﺓ ﺣﺴﺎﺳﻴﺔ ﺍﻟﺨﻼﻳﺎﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﻟﻠﻌﻼﺝ ﺑﺎﻹﺷﻌﺎﻉ.
 ﻋﻨﺪ ﺩﺭﺍﺳﺔ ﺗﺄﺛﻴﺮ ﺍﻟﺠﻤﻊ ﺑﻴﻦ ﺍﻟﻤﺮﻛﺐ ﻭﺍﻹﺷﻌﺎﻉ ﻋﻠﻰ ﺩﻭﺭﺓ ﺍﻧﻘﺴﺎﻡ ﺍﻟﺨﻼﻳﺎﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﺛﺒﺖ ﺗﻮﻗﻒ ﺩﻭﺭﺓ ﺣﻴﺎﺓ ﺍﻟﺨﻠﻴﺔ ﻓﻲ ﺍﻟﻤﺮﺣﻠﺘﻴﻦ  G1/Sﻭ.G2/M
 -ﻋﻨﺪ ﺩﺭﺍﺳﺔ ﺗﺄﺛﻴﺮ ﺍﻟﺠﻤﻊ ﺑﻴﻦ ﺍﻟﻤﺮﻛﺐ ﻭﺍﻹﺷﻌﺎﻉ ﻋﻠﻰ ﻧﻤﻮ ﺍﻟﺨﻼﻳﺎ ﻭﺟﺪ ﺍﻧﻪ ﻳﺰﻳﺪ ﻣﻦ

-2-

ﺍﻟﻤﻠﺨﺺ ﺍﻟﻌﺮﺑﻰ

EG1200353

ﺗﺜﺒﻴﻂ ﻧﻤﻮ ﺍﻟﺨﻼﻳﺎ ﺃﻛﺜﺮ ﻣﻦ ﻛﻼ ﻣﻨﻬﻢ ﻋﻠﻰ ﺣﺪﺍ
 ﻋﻨﺪ ﺩﺭﺍﺳﺔ ﺗﺄﺛﻴﺮ ﺍﻟﻌﻘﺎﺭ ﻛﻤﺜﺒﻂ ﻹﺻﻼﺡ ﺍﻟﺨﻠﻴﺔ ﺑﻌﺪ ﺗﻜﺴﻴﺮ ﺍﻟـ DNAﺑﻌﺪ ﺍﻟﺘﻌﺮﺽﻟﻺﺷﻌﺎﻉ ﻭﺟﺪ ﺃﻥ ﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ ﺃﺩﻯ ﺇﻟﻰ ﺗﻘﻠﻴﻞ ﻧﺴﺒﺔ ﺇﻋﺎﺩﺓ ﺇﺻﻼﺡ ﺍﻟـ DNAﻋﻨﺪ
ﻣﻘﺎﺭﻧﺘﻬﺎ ﺑﺎﻟﺨﻼﻳﺎ ﺍﻟﺘﻲ ﺗﻌﺮﺿﺖ ﻟﻺﺷﻌﺎﻉ ﺑﺪﻭﻥ ﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ
ﻭﻣﻦ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﻳﺜﺒﺖ ﺃﻫﻤﻴﺔ ﺍﺳﺘﺨﺪﺍﻡ ﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ ﻛﺄﺣﺪ ﺍﻟﻤﺤﻔﺰﺍﺕ ﺍﻟﺠﺪﻳﺪﺓ ﻟﺘﻔﺎﺩﻯ
ﻣﻘﺎﻭﻣﺔ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﻟﻠﻌﻼﺝ ﺑﺎﻹﺷﻌﺎﻉ.
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ﺩﻭﺭ ﺍﻟﻌﻘﺎﺭ ﺍﻟﺠﺪﻳﺪ ﺍﻟﻤﻀﺎﺩ ﻟﻠﺴﺮﻃﺎﻥ)ﺭﻭﺳﻜﻮﻓﻴﺘﻦ( ﻓﻲ ﺯﻳﺎﺩﺓ
ﺣﺴﺎﺳﻴﺔ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ ﺑﺎﻹﺷﻌﺎﻉ
ﺭﺳﺎﻟﺔ ﻣﻘﺪﻣﺔ ﺇﻟﻰ
ﻗﺴﻢ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡﺟﺎﻣﻌﺔ ﻋﻴﻦ ﺷﻤﺲ
ﻟﻠﺤﺼﻮﻝ ﻋﻠﻰ ﺩﺭﺟﺔ ﺍﻟﻤﺎﺟﺴﺘﻴﺮ ﻓﻲ ﺍﻟﻌﻠﻮﻡ
ﻣﻦ

ﻫﻴـﺎﻡ ﻤﺼﻁﻔﻰ ﺴﻴﺩ ﻤﺤﻤﺩ
ﺑﻜﺎﻟﻮﺭﻳﻮﺱ ﻋﻠﻮﻡ )ﻛﻴﻤﻴﺎء ﺣﻴﻮﻳﺔ( -ﺟﺎﻣﻌﺔ ﻋﻴﻦ ﺷﻤﺲ۲۰۰۰ -

ﺗﺤﺖ ﺇﺷﺮﺍﻑ
ﺩ /ﻧﺎﺩﻳﺔ ﻳﻮﺳﻒ ﺻﺎﺩﻕ ﻣﺮﻗﺺ

ﺩ /ﺃﻣﻴﻨﺔ ﻣﺤﻤﺪ ﻣﺪﺣﺖ
ﺃﺳﺘﺎﺫ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔ
ﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡ  -ﺟﺎﻣﻌﺔ ﻋﻴﻦ ﺷﻤﺲ

ﺃﺳﺘﺎﺫ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔ
ﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡ  -ﺟﺎﻣﻌﺔ ﻋﻴﻦ ﺷﻤﺲ

ﺩ/ﺇﻳﻤﺎﻥ ﻧﻌﻤﺎﻥ ﻋﻠﻰ
ﺃﺳﺘﺎﺫ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔ
ﻗﺴﻢ ﺍﻟﺒﻴﻮﻟﻮﺟﻴﺎ ﺍﻹﺷﻌﺎﻋﻴﺔ
ﺍﻟﻤﺮﻛﺰ ﺍﻟﻘﻮﻣﻲ ﻟﺒﺤﻮﺙ ﻭﺗﻜﻨﻮﻟﻮﺟﻴﺎ ﺍﻹﺷﻌﺎﻉ
ﻫﻴﺌﺔ ﺍﻟﻄﺎﻗﺔ ﺍﻟﺬﺭﻳﺔ
ﻗﺴﻢ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔ
ﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡ
ﺟﺎﻣﻌﺔ ﻋﻴﻦ ﺷﻤﺲ
٢٠٠٩
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ﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡ

ﺭﺳﺎﻟﺔ ﻣﺎﺟﺴﺘﻴﺮ ﻓﻲ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔ
ﺍﻹﺳﻢ :ﻫﻴﺎﻡ ﻣﺼﻄﻔﻰ ﺳﻴﺪ ﻣﺤﻤﺪ
ﻋﻨﻮﺍﻥ ﺍﻟﺒﺤﺚ :ﺩﻭﺭ ﺍﻟﻌﻘﺎﺭ ﺍﻟﺠﺪﻳﺪ ﺍﻟﻤﻀﺎﺩ ﻟﻠﺴﺮﻃﺎﻥ)ﺭﻭﺳﻜﻮﻓﻴﺘﻦ( ﻓﻲ ﺯﻳﺎﺩﺓ
ﺣﺴﺎﺳﻴﺔ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ ﺑﺎﻹﺷﻌﺎﻉ
ﻟﺠﻨﺔ ﺍﻹﺷﺮﺍﻑ
 ﺃ.ﺩ /.ﺃﻣﻴﻨﺔ ﻣﺤﻤﺪ ﻣﺪﺣﺖﺃﺳﺘﺎﺫ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔ – ﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡ -ﺟﺎﻣﻌﺔ ﻋﻴﻦ ﺷﻤﺲ.
 ﺃ.ﺩ .ﻧﺎﺩﻳﺔ ﻳﻮﺳﻒ ﺻﺎﺩﻕ ﻣﺮﻗﺲﺃﺳﺘﺎﺫ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔ – ﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡ -ﺟﺎﻣﻌﺔ ﻋﻴﻦ ﺷﻤﺲ
 ﺃ.ﺩ .ﺇﻳﻤﺎﻥ ﻧﻌﻤﺎﻥ ﻋﻠﻲﺃﺳﺘﺎﺫ ﺍﻟﻜﻴﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔ -ﺍﻟﻤﺮﻛﺰ ﺍﻟﻘﻮﻣﻲ ﻟﺒﺤﻮﺙ ﻭﺗﻜﻨﻮﻟﻮﺟﻴﺎ ﺍﻹﺷﻌﺎﻉ-
ﻫﻴﺌﺔ ﺍﻟﻄﺎﻗﺔ ﺍﻟﺬﺭﻳﺔ.
ﺗﺎﺭﻳﺦ ﺍﻟﺒﺤﺚ:
ﺍﻟﺪﺭﺍﺳﺎﺕ ﺍﻟﻌﻠﻴﺎ
ﺧﺘﻢ ﺍﻹﺟﺎﺯﺓ :ﺃﺟﻴﺰﺕ ﺍﻟﺮﺳﺎﻟﺔ ﺑﺘﺎﺭﻳﺦ ۲۰۰۹ / / /
ﻣﻮﺍﻓﻘﺔ ﻣﺠﻠﺲ ﺍﻟﻜﻠﻴﺔ ۲۰۰۹ / /
ﻣﻮﺍﻓﻘﺔ ﻣﺠﻠﺲ ﺍﻟﺠﺎﻣﻌﺔ
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ﺃﺷﻜﺮ ﺍﻟﺴﺎﺩﺓ ﺍﻷﺳﺎﺗﺬﺓ ﺍﻟﺬﻳﻦ ﻗﺎﻣﻮ ﺑﺎﻹﺷﺮﺍﻑ ﻭﻫﻢ:
ﺍﻟﺪﻛﺘﻮﺭﺓ  /ﺃﻣﻴﻨﺔ ﻣﺤﻤﺪ ﻣﺪﺣﺖ
ﺃﺳﺘﺎﺫ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔ -ﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡ -ﺟﺎﻣﻌﺔﻋﻴﻦ ﺷﻤﺲ.
ﺍﻟﺪﻛﺘﻮﺭﺓ  /ﻧﺎﺩﻳﺔ ﻳﻮﺳﻒ ﺻﺎﺩﻕ ﻣﺮﻗﺲ
ﺃﺳﺘﺎﺫ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔ -ﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡ -ﺟﺎﻣﻌﺔ ﻋﻴﻦ ﺷﻤﺲ.
ﺍﻟﺪﻛﺘﻮﺭﺓ  /ﺇﻳﻤﺎﻥ ﻧﻌﻤﺎﻥ ﻋﻠﻲ
ﺃﺳﺘﺎﺫ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔ -ﺍﻟﻤﺮﻛﺰ ﺍﻟﻘﻮﻣﻲ ﻟﺒﺤﻮﺙ ﻭﺗﻜﻨﻮﻟﻮﺟﻴﺎ ﺍﻹﺷﻌﺎﻉ-
ﻫﻴﺌﺔ ﺍﻟﻄﺎﻗﺔ ﺍﻟﺬﺭﻳﺔ.
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ﺍﻹﺳﻢ :ﻫﻴﺎﻡ ﻣﺼﻄﻔﻰ ﺳﻴﺪ ﻣﺤﻤﺪ
ﺍﻟﻌﻨﻮﺍﻥ :ﺩﻭﺭ ﺍﻟﻌﻘﺎﺭ ﺍﻟﺠﺪﻳﺪ ﺍﻟﻤﻀﺎﺩ ﻟﻠﺴﺮﻃﺎﻥ)ﺭﻭﺳﻜﻮﻓﻴﺘﻦ( ﻓﻲ ﺯﻳﺎﺩﺓ ﺣﺴﺎﺳﻴﺔ
ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﺍﻟﻤﻌﺎﻟﺠﺔ ﺑﺎﻹﺷﻌﺎﻉ .
ﺭﺳﺎﻟﺔ ﻣﺎﺟﺴﺘﻴﺮ ﻣﻘﺪﻣﺔ ﻟﺠﺎﻣﻌﺔ ﻋﻴﻦ ﺷﻤﺲ ٬ﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡ ٬ﻗﺴﻢ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺤﻴﻮﻳﺔ
 ۲۰۰۸ﻡ.
ﻳﻌﺘﺒﺮﻣﺮﺽ ﺍﻟﺴﺮﻃﺎﻥ ﻣﻦ ﺃﻛﺜﺮ ﺍﻷﻣﺮﺍﺽ ﺧﻄﻮﺭﺓ ﻓﻲ ﺍﻟﻮﻗﺖ ﺍﻟﺤﺎﺿﺮ ﺣﻴﺚ ﺃﻧﻪ
ﻗﺪ ﻳﺘﺴﺒﺐ ﻓﻲ ﺍﻟﻌﺪﻳﺪ ﻣﻦ ﺣﺎﻻﺕ ﺍﻟﻮﻓﺎﺓ ﺳﻨﻮﻳﺎ ﻭﻫﻨﺎﻙ ﺍﻟﻌﺪﻳﺪ ﻣﻦ ﺍﻟﻌﻼﺟﺎﺕ
ﺍﻟﻤﻘﺘﺮﺣﺔ ﻟﻌﻼﺝ ﺍﻷﻭﺭﺍﻡ ﻣﻨﻬﺎ ﺍﻟﻌﻼﺝ ﺍﻹﺷﻌﺎﻋﻲ ﻭﺍﻟﻌﻼﺝ ﺍﻟﻜﻴﻤﻴﺎﺋﻲ .ﻭﻗﺪ ﻭﺟﺪ ﺃﻧﻬﺎ
ﻟﻢ ﺗﺰﻳﺪ ﻧﺴﺒﺔ ﺍﻟﺸﻔﺎء ﻣﻨﻪ ﺃﻛﺜﺮ ﻣﻦ . % ٥ﻭﻗﺪ ﺃﺷﺎﺭﺕ ﺍﻟﺪﺭﺍﺳﺎﺕ ﺍﻟﺴﺎﺑﻘﺔ ﺇﻟﻰ
ﻓﻌﺎﻟﻴﺔ ﻣﺜﺒﻄﺎﺕ ﺍﻧﺰﻳﻢ ﺍﻟﺴﻴﻜﻠﻴﻦ ﻛﻴﻨﻴﺰ ﻓﻲ ﺍﻟﻘﻀﺎء ﻋﻠﻰ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﺩﻭﻥ
ﺍﻟﺘﺄﺛﻴﺮ ﻋﻠﻰ ﺍﻟﺨﻼﻳﺎ ﺍﻟﻄﺒﻴﻌﻴﺔ ﻣﻦ ﺧﻼﻝ ﺗﺜﺒﻴﻂ ﻋﻤﻞ ﻫﺬﺍ ﺍﻹﻧﺰﻳﻢ ﻭﻟﻘﺪ ﻗﺎﻣﺖ
ﺍﻟﺪﺭﺍﺳﺔ ﺍﻟﺤﺎﻟﻴﺔ ﻋﻠﻰ ﺩﺭﺍﺳﺔ ﺗﺄﺛﻴﺮ ﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ)ﻣﺜﺒﻂ ﻵﻧﺰﻳﻢ ﺍﻟﺴﻴﻜﻠﻴﻦ ﻛﻴﻨﻴﺰ(
ﻛﻤﺤﻔﺰ ﻟﻠﻌﻼﺝ ﺑﻶﺷﻌﺎﻉ ﻭﺫﻟﻚ ﺑﺰﻳﺎﺩﺓ ﺣﺴﺎﺳﻴﺔ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﻟﻠﻌﻼﺝ
ﺑﺎﻵﺷﻌﺎﻉ .ﻭﻟﻘﺪ ﻗﺎﻣﺖ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﻟﺘﻔﺎﺩﻯ ﻣﻘﺎﻭﻣﺔ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﻟﻸﺷﻌﺎﻉ
ﻭﻛﺬﻟﻚ ﻟﻤﻨﻌﻬﺎ ﻣﻦ ﺗﺼﻠﻴﺢ ﺍﻟﺘﻠﻒ ﺍﻟﺬﻯ ﻳﺤﺪﺙ ﺑﻌﺪ ﺍﻟﺘﻌﺮﺽ ﻟﻸﺷﻌﺎﻉ ﻭﺃﻳﻀﺎ ﻓﻰ
ﻣﺤﺎﻭﻟﺔ ﻟﺘﻘﻠﻴﻞ ﺍﻷﺛﺎﺭ ﺍﻟﺠﺎﻧﺒﻴﺔ ﻟﻠﻌﻼﺝ ﺑﺎﻵﺷﻌﺎﻉ ﺃﻭﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ ﺃﻥ ﻭﺟﺪﺕ
ﻭﺗﻀﻤﻨﺖ ﺧﻄﺔ ﺍﻟﺒﺤﺚ:
ﺃﻭﻻ :ﺗﺤﺪﻳﺪ ﺣﺴﺎﺳﻴﺔ ﺍﻟﺨﻼﻳﺎ ﻟﻠﻤﺮﻛﺐ ﻭﺣﺴﺎﺳﻴﺔ ﺍﻟﺨﻼﻳﺎ ﻟﻺﺷﻌﺎﻉ ﻟﻜﻞ ﻣﻨﻬﻢ ﻋﻠﻰ
ﺣﺪﺍ ﻭﻛﺬﻟﻚ ﺗﺄﺛﻴﺮﻫﻢ ﺍﻟﻤﺸﺘﺮﻙ ﻋﻠﻰ ﻧﻤﻮ ﺍﻟﺨﻼﻳﺎ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺍﺧﺘﺒﺎﺭ ﺍﻝ )ﺗﻰ ﺃﻡ ﺗﻰ (
ﻭﺫﻟﻚ ﻟﺘﺤﺪﻳﺪ ﺟﺮﻋﺎﺕ ﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ ﺍﻟﺘﻰ ﻻﺗﺤﺪﺙ ﺗﻠﻒ ﻛﺒﻴﺮ ﻵﺳﺘﺨﺪﺍﻣﻬﺎ ﻛﻤﺤﻔﺰ
ﻟﻸﺷﻌﺎﻉ  .ﺛﺎﻧﻴﺎ :ﺩﺭﺍﺳﺔ ﻫﺬﺍ ﺍﻟﺠﻤﻊ ﺑﻴﻦ ﺍﻟﻌﻘﺎﺭ ﻭﺍﻹﺷﻌﺎﻉ ﻋﻠﻰ ﺩﻭﺭﺓ ﺍﻧﻘﺴﺎﻡ
ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺟﻬﺎﺯ ﺍﻟﺘﺪﻓﻖ ﺍﻟﺨﻠﻮﻱ.ﺛﺎﻟﺜﺎ :ﺩﺭﺍﺳﺔ ﺗﺄﺛﻴﺮ
ﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ ﻛﻤﺜﺒﻂ ﻹﺻﻼﺡ ﺍﻟﺨﻠﻴﺔ ﺑﻌﺪ ﺗﻜﺴﻴﺮ ﺍﻟـ DNAﺍﻟﻨﺎﺗﺞ ﻋﻦ ﺍﻟﺘﻌﺮﺽ
ﻟﻺﺷﻌﺎﻉ ﺑﻮﺍﺳﻄﺔ ﺍﺧﺘﺒﺎﺭ ﺍﻝ)ﺩﻯ ﻓﻴﻨﻴﻞ ﺃﻣﻴﻦ (.
ﻭﻣﻦ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﻳﺜﺒﺖ ﺃﻫﻤﻴﺔ ﺍﺳﺘﺨﺪﺍﻡ ﺍﻟﺮﻭﺳﻜﻮﻓﻴﺘﻦ ﻛﺄﺣﺪ ﺍﻟﻤﺤﻔﺰﺍﺕ ﺍﻟﺠﺪﻳﺪﺓ
ﻟﺘﻔﺎﺩﻯ ﻣﻘﺎﻭﻣﺔ ﺍﻟﺨﻼﻳﺎ ﺍﻟﺴﺮﻃﺎﻧﻴﺔ ﻟﻠﻌﻼﺝ ﺑﺎﻹﺷﻌﺎﻉ.

