Ninth Arab Conference on the peaceful Uses of Atomic Energy. Beirut. 13-16 December 2008

Radiobiological characterization of different energy-photon
beams used in radiotherapy from linear accelerator
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Abstract:
The main objective o f this study was to perform a radiobiological
characterization of different energy photon beams (6 M V and 15MV) from
linear accelerator used in radiotherapy, and comparison of different
treatment modalities, with special regard to late effects of radiation. Using
two end-points, cell survival and micronucleus induction, in the biological
system (Chinese hamster V 7 9 cell line). Chromosomes number was counted
and found to be 22 chromosomes per cell. Cells were kept in confluent
growth for two days and then exposed to two photon beams and immediately
after irradiation were counted and reseeded in different numbers for each
dose. For evaluation o f surviving fraction samples were incubated at 37°C
for 6 days, five samples were counted for each dose. At the same time three
samples were seeded for the micronuclei frequency and incubated at 37°C
after 24 hours cytochalasin-B was added to block cells in cytokinesis. The
survival curve showed similar curves for the two beams and decreased with
dose. The micronuclei frequency was positively correlated with dose and the
energy o f the photon. This indicates the presence o f low dose of
photoneutrons produced by using high energy photon beams.

Introduction:
Induction of cancers in human by radiation was first documented by
the appearance of cancers among scientists and radiologists exposed
to radium salts and workers in X-ray generators in the first few years
after discovery of X-rays and radioactivity. During the period 19001950, radiation-induced cancers were observed in persons exposed
accidentally or inadvertently, patients treated by radiation or after
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diagnostic radiological procedures (including those receiving
Thorotrast), radium dial painters, miners exposed to pitchblende and
uranium and others. Increased incidences of cancer after low radiation
dose has been extensively documented by the analysis of mortality
due to solid cancers and leukemia among survivors of the atomic
bomb explosion in Japan inl945(l).
A linear relation exists from about 0.1 Gy up to about 2.5Gy these
data represent the gold standard for our knowledge concerning
radiation induced cancer. Many studies on second malignancy after
radiotherapy reported that approximately 10% of patients who present
at major cancer centers have a second malignancy. Causes may relate
to treatment of previous malignancy. In radiotherapy patients the
induced tumor include carcinomas, that may appear in sites adjacent
to or remote from the treated area, the number of carcinomas is
relatively large but the relative risk is small. In addition sarcomas may
appear in heavily irradiated tissues, either within or close to the
treatment field. In radiotherapy patients sarcomas are small in
numbers but are characterized by a high relative risk. The prime sites
for developing a second malignancy are colon, lung and stomach,
which are characterized by high probabilities. Radiation induced
tumor in radiotherapy patients will gain increasing importance as
younger patients are treated and improved cure rates obtained (2).
The incidence of second malignancy by conventional radiotherapy
include incidence of carcinomas in tissues such as the gastrointestinal
tract, breast, thyroid and bladder, which in linear relation with dose up
to about 2.5 Gy. There is great uncertainty concerning the higher dose
response relationship, some data suggest a decrease at higher dose,
usually attributed to cell killing. Radiotherapy patients also show an
incidence of carcinomas, often in sites remote from the treatment field
and sarcomas in heavily irradiated in field tissues. Radiotherapy has
been shown to be associated with a statistically significant, though
very small enhancement in the risk of second malignancies,
particularly in long term survivors. Childhood cancer survivors are at
> 19-fold increased risk for developing another malignancy. The
increased incidence of breast cancer in women after previous
radiotherapy for Hodgkin's disease is well described and is attributed
to the incidental inclusion of portions of the breast in the portals used
to irradiate the mediastinum with or without infraclavicular/axillary

regions. Radiation induced fibrosarcoma and osteosarcoma as a side
effect of therapeutic irradiation for breast carcinoma were reported
(3).
The study of DNA damage at the chromosome level is an essential
part of genetic toxicology because chromosomal mutation is an
important event in carcinogenesis. The observation that chromosome
damage can be caused by exposure to ionizing radiation or
carcinogenic chemicals was among the first reliable evidence that
physical and chemical agents can cause major alterations to the
genetic material of eukaryotic cells. Micronuclei (MN) are small,
extranuclear bodies that arise in dividing cells from acentric
chromosome/chromatid fragments or whole chromosomes/chromatids
that lag behind in anaphase and are not included in the daughter nuclei
in telophase. The cytokinesis-block micronucleus (CBMN) assay is
the most extensively used method for measuring MN in human
lymphocytes, and can be considered as a cytome assay covering cell
proliferation, cell death and chromosomal changes. The key
advantages of the (CBMN) assay lie in its ability to detect both
clastogenic and aneugenic events and to identify cells which divided
once in culture (4).
Materials and methods:
The biological system used was the Chinese Hamster V79 cell line
(passage 31). Cells were routinely cultured in Eagle's Minimal
Essential Medium (MEM), supplemented with 10% Foetal calf serum,
2mM glutamine, 50ug/L gentamycine and lOmM HEPES Buffer. V79
cells were maintained in confluent growth at 37°C in humidified
2%>CC>2 and 95% air. About 24hours before irradiation, V79cells were
seeded into T-25 flasks with about 15,000cells/flask
The cells were irradiated with full medium in a water phantom at
room temperature. The doses were between 0.0, and 7.0 Grays for
both 6MeV and 15MeV photon beams. Samples were irradiated at
ISTITUTO NAZIONALE DEI TUMORI in Milano using the linear
accelerator LINAC-VARIAN DHX MLC. Samples were irradiated in
a water phantom in a field size 20X20cm and at a depth of 5cm in the
isocenter position and SSD 100cm and the suitable monitor units were
calculated for each dose.
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Dosimetry was performed using ionizing chamber IONEX
DOSIMETER 2590 and FARMER NE 2581 according to the
routinely used procedure for patients' treatment.
For Micronuclei assay, immediately after irradiation cells were
harvested by trypsinization, diluted and counted (by coulter counter),
and plated into T 25- flasks at about 30,000 cells/flask, containing
completed medium with cytochalasin-B (final concentration of
3pg/ml) and incubated at 37°C for 24 hours. After this period the
medium was removed and cells were rinsed with PBS, fixed with 70%
ethanol for 7minutes, dried overnight and stained with 10% GIEMSA
solution for about 15minutes, washed by tap water three times and
dried. A minimum of 10 binucleated cells were scored using a ZEISS
light microscope. Following the scoring criteria previously described
(5).
For chromosomes scoring assay, V79cells were seeded into two T-25
flasks with (2xl0 ) cells/flask and complete Medium, maintained in
exponential growth at 37°C with 2% CO2 and 95% air. After 24hours
Colcemid was added at final concentration of (0.1 |ig/ml) and samples
were incubated at37°C. After 3 hours medium was removed and cells
were harvested by trypsinization and resuspended in new medium,
centrifuged for lOmins at 2000r/min then medium was removed and
cells were
detached by shaking, rinsed in PBS solution and
centrifuged at 2000r/min for lOmins PBS was removed. Hypotonic
solution 0.075m KC1 was added and samples were incubated at 37°C.
After 20 minutes samples were centrifuged for 5 minutes at 800r/min,
fixed using (acetic acid: methanol-1:3) and allowed to stand for
20minutes at room temperature again centrifuged at lOOOr/mn for
5min. Fixation step was repeated then fixative was removed and 2
drops of fresh fixative was added. Samples were resuspended by
gentle shaking and spreaded on slide and dried at room temperature
for 1 day. Samples were stained withl0%GIEMSA solution. Kept at
room temperature for 15-20 minutes. Slides were covered with
covering glass and stay for lday at room temperature. Samples were
scored under light microscope using magnification 100 and SIGMA
immersion oil.
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The Cell Survival was carried out in parallel with the micronuclei
assay. Aliquots of the suspensions were also plated into T 25-flasks
(five flasks for each dose) at suitable numbers for survival assay and

incubated at 37°C. After 6 days, the samples were fixed with 70%
ethanol (for 10 minutes). Dried and stained with 10% GIEMSA
solution for 20 minutes and dried overnight.
Colonies with more than 50 cells were scored as survivors. Plating
efficiency (PE) was calculated by dividing counted colonies by cells
seeded. Survival fractions were evaluated by the following formula:
(SF) = colonies counted
Cells seeded XPE/100
Results
Karyotyping of Chinese hamster cell line (V79):
Twenty two chromosomes were found to be most abundant karyotype
for V79 strain with frequency more than 80%) compared to the other
types; 21 and 20 as shown in figure 1, which is similar to previously
reported data.(5)
o.o

chromosomes number

Figure 1: Distribution o f chromosomes number for Chinese hamster V 7 9
strain.

Survival curve:
The survival fraction was observed to decrease with dose. No
difference in the survival fraction against dose was observed for both
6MVand 1 5 M V .

Survival Curve

Figure 2: Survival fraction versus Dose in Gy.

Micronuclei frequency:
The frequency of micronuclei was observed to be positively correlate
with dose (r Sq = 0.994) accompanied with high micronuclei
frequency in high energy photon 15 MeV as shown in figure 3.
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Figure 3: Frequency of micronuclei for two different Photon energies at
different doses.

Discussion:
Karyotyping:
Chromosome frequency of Chinese hamster strain V79 cell line was
determined by counting of 60 cells and the model number was found
to be 22 chromosomes with the highest frequency about 85% more
than 21 and 20 chromosomes, which was similar to the data reported
by (5).
Survival Curve:
Plotting of survival curve was done by using Excel software; from
figure 1 it was clear that survival fraction is decreasing by increasing
the dose increased i.e. inverse relation, this is most probably due to
cell killing by ionizing radiation as similar to the previously reported
data (6).
Micronuclei:
Pearson correlation test which show positive correlation of
Micronuclei frequency with dose with correlation coefficient (r) value
0.997 and the ionizing radiation was the leading cause of micronuclei

frequency in V79 cells, with significant P value 0.00, and a
determining factor r" value is 0.994. Higher frequency of micronuclei
was found in cells exposed to 15MV than that exposed to 6MV which
indicated the presence of low dose of photoneutrons, and this may
give a clue for late effect and the possibility of secondary cancer in
long term survivors having radiotherapy.
Conclusion:
From this study we conclude that ionizing radiation is the leading
cause of mammalian cell killing, decreasing cell survival curve, and
the main cause that increased micronuclei frequency in V79cells.
Comparing 6MV and 15MV photon beams we found that micronuclei
frequency was higher in cells exposed to 15MV beam compared to
cells exposed to 6MV which indicated the presence of low dose of
photoneutrons.
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