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Abstract

Introduction: Brachytherapy is a preferred choice of radiotherapy in the treatment of sensitive 
tissues cancer like intestine and gonad. The treatment is expensive because of the frequent 
replacement of radionuclide sources. A better understanding of cell killing and the cellular responses 
at different dose rates, might aid in tumor cell killing with fewer doses thereby enhancing a better 
prognosis.

Methods: The cervix cancer cell line was irradiated with doses ranging from 2Gy-10 Gy at three 
different dose-rates as used in brachytherapy along with unexposed sample as control. The biological 
effects of different doses and dose rate of the cells was assessed by measuring its cytotoxicity, 
genotoxicity and clonogenic ability of exposed cells. The bystander effect was examined by co-
culturing the exposed tumor cells with the unexposed normal blood lymphocyte and vice-versa. 

Results: A significant and dose dependent changes in cell viability (trypan blue exclusion), 
genotoxicity (Micronucleus assay) and colony forming ability (Clonogenic assay) was observed in 
the cells exposed to different doses of radiation (p<0.0001); however, the changes were dose-rate 
independent. Furthermore, the bystander study results show an enhanced cell killing in the tumor 
cells which suggest a beneficial bystander effects. 

Conclusion: The observed elevated bystander response in the tumour cells compared to that 
of normal blood lymphocytes suggest that if it happens under in-vivo situation, could results in has a 
therapeutic gain.

turns out to be expensive for therapeutic purpose. Many studies 

[5-7] have been conducted to investigate the dose rate effects of 
radionuclide which emits radiation at low dose rates (LDR), meagre 
studies have been reported on the radionuclide which are used to 
deliver at HDR as in brachytherapy. 

Clinically the Ir192 HDR brachytherapy source is used 
approximately from four to six months period and during this 
period the dose rate for a particular application varies from 12Gy/
hr to 150Gy/hr (eg. intercavitary applications for ca cervix patient). 
During this period, though the time of exposure increases with the 
decrease in activity, cell killing and its effects after irradiation at these 
dose rates has not been reported; thus a better understanding of the 
cellular response to radiation may improve therapy [4,9]. This can 
be achieved better under in-vitro exposures of relevant cell culture 
model and then relate to the in-vivo situation. Hence, the aim of 
present study was to investigate the dose rate effect of the Ir192 HDR 
brachytherapy sourced on the SiHa cell lines of cervix tissue origin. 
Furthermore, bystander effect of the irradiated SiHa cells on the 
unexposed normal cells (PBL) and vice versa also was examined to 
examine the non-targeted of the exposed tumour cells. 

Introduction 
Cancer is the disease of uncontrolled cell proliferation leading 

to tumour formation in localized and or many other parts of the 
body [1] .The various modalities used in the treatment of cancer 
are surgery, radiation, chemicals and antibodies [2], either alone 
or in combination depending upon the stage as well as regions 
involved [3]. The radiotherapy minimizes un-intended exposure of 
radiation to normal cells/tissue and cause death of the cancer cell 
more effectively. During radiotherapy, radiation was administered 
to patient either with external beam, (teletherapy) or with internal 
radiation (brachytherapy) and/or combination. The energy deposited 
in the biological system is discrete yet in random manner and, 
biological effect occurs as a consequence of transfer of energy to the 
atoms or molecules within the cells [4]. Brachytherapy is a technique 
in which radioactive sources are placed as interstitial implants within 
body cavities (intracavitary therapy), or onto epithelial surfaces 
(surface moulds) [5-7]. Of the various radio-isotopes, Ir192 is one of 
a most widely used radionuclide in brachytherapy [8] but the major 
limitation with the radioisotopes is their half-life, which is only 72 
days [9] which means the source has to be changed frequently, which 
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Materials and Methods
Procurement and maintenance of cell lines

Cervix cancer cell line (SiHa), used for the study, was obtained 
from ATCC, (New Jersey U.S.A) and maintained as monolayer 
cultures in the laboratory. SiHa (p16-p25) cells was grown in plastic 
tissue culture flasks using Dulbecco’s Modified Eagles Medium 
(DMEM) (GIBCO, Grand Island, New York, USA), supplemented 
with 10% fetal bovine serum (FBS) (GIBCO, Grand Island, New York, 
USA) and antibiotics (Penicillin 50IU/ml, Streptomycin 35µg/ml and 
Gentamycin 2.5µg/ml) (GIBCO, Grand Island, New York, USA) in a 
humidified incubator at 370C with 5% CO2. 

Irradiation setup
Approximately 1×105 cells placed in cryovial (1X 1 cm) were 

exposed to different doses of gamma rays (2-10Gy) from an Ir192 

source at various dose rates (58.8, 50.0 and 40.0Gy/hour, at 37 ± 
10C). An aliquot of cells without exposure to any radiation was used 
as control. The exposed and unexposed cells were further used for 
cell viability assay, genotoxicity assay, bystander experiments and 
Clonogenic assay.

The model used for irradiating the blood samples was a 
thermocole box with a cavity that had been made to fit in a 15 ml 
glass test tube attached with four long plastic tubes. The plastic 
tubes carried the radiation source in the form of wire, which were 
at equidistant points, perpendicular to the mould and were attached 
to the brachytherapy machine. Inside the test tube, the 1ml vial was 
placed which contained the SiHa cell in suspension (1×105 cells). 
Then the cells were irradiated at room temperature and transported 
to the laboratory in an icebox and were placed at room temperature 
for 1 hour before initiating experiments.

Peripheral blood lymphocytes(PBL)
About 6 ml of human peripheral blood was collected in a 

heparinised sterile container from healthy male volunteers aged 25 
years with informed consent and clearance from the Institutional 
Ethics committee. Approximately 1 ml of blood was exposed to 
different doses of HDR gamma rays (2 and 4 Gy) at a dose rate of 
40Gy/hr. Irradiation was carried out as similar to that of described 
for SiHa cells. The exposed and unexposed cells were further used 
for bystander experiments. For the experiments PBL were grown 
in RPMI-1640 medium (GIBCO) supplemented with 20% FBS 
(GIBCO) and antibiotics (Penicillin 50IU/ml, Streptomycin 35µg/ml 
and Gentamycin 2.5 µg/ml) (GIBCO) and maintained in humified 
370C incubator with 5% CO2.

Radiation exposure and co-culture of cells
The co-culture methodology described by Geraschenko and 

Howell (2003) was adopted in the present study. The SiHa cells 
grown as monolayer in T25 flask were trypsinised, made as single 
cells in suspension and irradiated using HDR gamma Ir192 radiation 
at different doses. Briefly about 1×105 irradiated cells were seeded in 
into commercially available trans well culture inserts (Thincert, 
Greiner Bio one, Germany) with a permeable membrane (pore size 
0.4µm).At the same time, an equal number of cells (1×105 ) were 

plated into six-well plates. Following exposure, radiation-treated cells 
in the transwell culture inserts (directly exposed) were placed into the 
wells of a six-well plate containing untreated (bystander) cells and co-
cultured at 37ºC for 24 hour.

Quantification of DNA damages and bystander 
effect using micronucleus assay (MN)

Twenty-four hours after co-culture, the cells (SiHa) were 
detached using trypsin-EDTA (GIBCO, Grand Island, New York, 
USA), collected after centrifuge (1000 rpm/ 5 minutes) and counted 
using a haemocytometer. About 1x105 cells were seeded into P-60 
dishes in their respective media (DMEM supplemented with 10% 
fetal bovine serum) and incubated at 37ºC in a 5% CO2 incubator. To 
arrest cells at the cytokinesis stage, cytochalasin-B (3 µg/ml) (Sigma, 
Bellefonte, USA) was added to the medium two hours after seeding 
the cells. At the end of 48 hours of incubation, the cells were washed 
with phosphate buffer saline (PBS) and fixed with ice cold methanol 
and air dried. Then the cells were stained with diamino-phenyle-
indole (DAPI) (Vysis Inc, Downers Grove, USA) and were analyzed 
using a fluorescence microscope (40X) with an appropriate filter. 
A total of one thousand binucleated cells were scored and the MN 
frequency was calculated. 

For PBL, Cytochalasin B (3 µg/ml) (Sigma, Bellefonte, USA) was 
added at 44th hr to arrest cells at cytokinesis stage. After 72 hour of 
incubation the cells were centrifuged (800rpm/8min) and washed 
using ice cold hypotonic solution KCl (0.075M) and fixed in Carnoys 
fixative (3:1).The cells were cast on clean glass slides and stained 
using Giemsa stain and analysed for the presence of MN using a light 
microscope (40X). A total of one thousand binucleated cells were 
scored and the MN frequency was calculated [11].

Cell viability assay

Trypan blue assay [10], was performed to check the cell viability 
followed by radiation exposure. Equal volume of cells and trypan blue 
were mixed (10µl) and incubated for 3 minutes; 10µl of mixture was 
loaded on haemocytometer and the number of dead cells was scored. 
The count was repeated twice and the average of both counts was used 
to calculate the per cent viability.

Clonogenic assay

To study the colony forming ability [13], of the exposed cells, 
about 250 to 10,000 cells (depended upon the dose) were seeded 
onto p60 petri-plates with 3ml of complete media in triplicates, and 
incubated at 37ºC for 10-12 days with regular media change. After 
10-12 days of culture, the cells were washed with PBS and fixed with 
methanol. Then they were stained with 2% crystal violet, and the 
numbers of colonies were counted. The experiment was performed in 
triplicates and an average was taken to calculate the plating efficiency 
and survival fraction.

Statistical analysis

The mean values of DNA damages, cell viability and colony 
forming ability between the controls and exposed cells were compared 
using “t” test one using Graph pad INSTAT version 3.0 software.
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Results
Viability of SiHa cells exposed to HDR gamma 
radiation using trypan blue exclusion assay

The viability of the SiHa cells immediately after exposure to 
radiation was quantified using try pan blue exclusion assay and the 
results are shown in Figure 1. The obtained results shows that the 
dose and cell viability are inversely proportional to each other; that 
as the dose increased, the cell viability shows an significant decrease 
(p<0.0001). Among the dose rates employed, a trend of difference in 
the cell viability was observed; the difference is appreciable between 
40 and 58.8 Gy/hr when compared to that of either 40 and 50 Gy/hr 
or 50 and 58.8 Gy/hr. However, there were no statistical differences in 
the cell viability among the dose-rated studied (p>0.5).

Micronucleus (MN) assay
 We did not observe any statistical differences in the SiHa cell 

viability immediately after exposures to radiation among the different 
dose-rates studied, hence, the amount of DNA damages were 
measured using MN assay (40Gy/hr and 50Gy/hr). The MN assay is a 
measure of residual damages in the exposed cells and an indicator of 
genotoxic effect of radiation. There was as dose dependent extremely 
significant increases (p<0.0001) in the yield of MN frequency at 
various doses. However, there was no significant difference in the 
yield of MN frequency in the different dose rate studied (p>0.5) 
(Figure 2).

Nuclear division index (NDI)
To study the cellular response upon the DNA damage, the cell 

proliferation kinetics was examined in the exposed cell population 
by calculating the nuclear division index (NDI). Tables 1, 2 show the 
number of cells with different nucleus obtained for different doses 
for the 50Gy/hr and 40Gy/hr dose-rates respectively. The observed 
NDI suggest that a decrease in the rate of cell proliferation upon 
exposure to various doses (p<0.001), however, there was no statistical 
difference observed in the NDI at various dose rates (p>0.5).

Clonogenic assay
Colony forming ability of the exposed population is considered 

as a relevant end point in cancer radiotherapy; therefore, the 
reproductive integrity of the SiHa cells exposed to three different 
dose-rates of gamma radiation was examined. Consistent with the 
results of cytotoxicity and genotoxicity, the survival fraction of SiHa 
cells exposed at various doses of gamma HDR radiation was found to 
be inversely proportional (p<0.0001) and did not show any statistical 
differences among the dose rates studied (p>0.5) (Figure 3).

SiHa cells exposed to HDR gamma radiation induced 
a bystander response in unexposed SiHa cells and 
peripheral blood lymphocytes

To study the non-targeted effects of radiation, SiHa cells exposed 
to radiation was co-cultured with unexposed (bystander cells) SiHa 
and PBL cells and vice versa. While, the directly exposed SiHa cells 
showed a dose dependent increase in the MN frequency which is 
statistically significant (p<0.001), the bystander SiHa and PBL cells 

Figure 1: Percentage of cell viability of human cervix cancer cell line (SiHa) 
exposed to high-dose-rate gamma radiation sourced from Ir192 at various 
doses at three different dose rates.

Figure 2: Micronucleus frequency of human cervix cancer cell line (SiHa) 
exposed to high-dose-rate gamma radiation sourced from Ir192 at various 
doses at two different dose rates.

Figure 3: Survival fraction of human cervix cancer cell line (SiHa) exposed 
to high-dose-rate gamma radiation sourced from Ir192 at three different dose 
rates.
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that are co-cultured with the radiation exposed SiHa cells also showed 
a significant increase in the DNA damages (Figures 4, 5). It was also 
observed that un-exposed SiHa cells when co-cultured with exposed 
PBL cells also showed an enhanced significant (p<0.001), bystander 
effect when compared to that of unexposed control cells (Figure 6), 
suggesting that the SiHa cells when exposed to HDR gamma radiation 
induced a bystander response as well as responded to the bystander 
signals received from normal cells. 

Discussion 
Radiotherapy and chemotherapy are used for cancer treatment 

depending upon the stages of the cancer [3]. The modalities being in 
practice to deliver radiation are teletherapy and brachytherapy [4]. 
In the present study we investigated the dose rate effect of the Ir192 
gamma radiation used in brachytherapy on the SiHa cell lines of cervix 
tissue origin. Brachytherapy is the preferred choice of treatment of 
the cervix cancer [16]. Therefore, SiHa cells, a cervical cancer cell line 
was selected for the study [9]. The radiation effect on the cell line was 
assessed for cytotoxic effect, genotoxicity and colony forming ability. 
To assess cytotoxicity ‘dye exclusion method’ was performed as it is 
more convenient, simple, in-expensive and rapid method to check cell 
viability in response to cytotoxic hazards. The exclusion test is based 
on ability of viable cells to permeate the dye [17]. Micronucleus assay 
was performed to check the genotoxic effect on the cells caused after 
exposure, due to its robust nature and ease in scoring the MN within 
the binucleated cells [18], it is extensively used as bio-dosimetric tool 
to measure the amount of DNA damage after radiation exposure 
[19], and to predict the patient sensitivity to radiation [18]. It is also 
used to determine the patients response to radiotherapy [20]. Colony 
forming ability was used to measure the survival fraction of the cells 
after radiation exposure as the intrinsic radiosensitivity of a tumour 
is an important determinant of its response to radiotherapy [21]. 
Thus clonogenic assay is considered as a ‘gold standard’ method for 

measuring the radiosensitivity status [22]. Although the bystander 
response phenomenon has been observed widely in many cellular 
models exposed to a variety of radiation types, in course of time, few 
studies have failed to show these responses and it became evident 
that not all cell types produce bystander signals or not all cell types 
respond to these signals [36]. Thus the available literature implies 
that the radiation-induced bystander effects are highly variable, 
dependent on the individual donors or cell lines tested or depend 
upon adopted methodology or LET. Hence, we studied the HDR 
gamma radiation sourced from Ir192 induced bystander response in 
human cervical cancer (SiHa) cells and peripheral blood lymphocytes 
(PBL), to measure the bystander response.

The cell viability assessed in SiHa cells exposed to various doses 
of gamma radiation showed significantly higher cell death when 
compared to its unexposed control cells. Furthermore, the exposed 
cells also showed enhanced DNA damages measured by MN assay 
and altered cellular perturbations in terms of reduced proliferation 
as well as reproductive ability measured by clonogenic assay in a dose 
dependent manner. All these events are the typical cellular response 
upon exposure radiation; thus when the incident photons deposit 
its energy on the DNA it induces a spectrum of DNA damages. 
Hydrolysis of water molecules releases free radicals which in turn 
induces strand break which in turn can cause DNA damages, these 
damages are expressed as MN. An enhanced MN frequency observed 
at higher doses can be attributed to the single and dual track travelled 
by the electrons after irradiation [14]. At lower doses due to single 
electron path, electrons hit the nuclear content only once, whereas at 
higher doses due to dual path track, electrons hit the nuclear content 
more than once, which results in dose dependent increase in DNA 
damages. Not only such a dose dependent increase in DNA damages 
was seen but also cells with more than two MN support the evidence 
indeed at higher doses the damages are induced by the traversal of 
both single as well as double electron track events. Similar reports 

Table 1: Nuclear division index in human cervix cell line (SiHa) exposed to high-dose-rate gamma radiation sourced from Ir192 at various doses at dose rate of 50 Gy/
hour.

Sr.no. Dose (Gy) BN cell scored
Nuclear Division Index

 NDI
Mono Bi Tri Tetra

1 0 1000 500 505 274 152 2
2 2 1000 600 575 180 25 1.8
3 4 1000 623 650 25 5 1.5
4 6 1000 940 670 40 8 1.4
5 8 1000 947 600 23 13 1.3
6 10 1000 547 500 120 12 1.1

Abbreviation: Gy: Gray, BN: BiNucleate, NDI: Nuclear Division Index, Mono: Mononucleated, Bi: Binucleated, Tri: Trinucleated, Tetra: Tetranucleated.

Table 2: Nuclear division index in human cervix cell line (SiHa) exposed to high-dose-rate gamma radiation sourced from Ir192 at various doses at a dose rate 40Gy/
hour.

Sr.no. Dose (Gy) BN cell scored
Nuclear Division Index

 NDI
Mono Bi Tri Tetra

1 0 1000 500 505 274 152 2
2 2 1000 657 575 160 20 1.7
3 4 1000 622 639 20 5 1.5
4 6 1000 910 672 40 8 1.4
5 8 1000 948 639 12 3 1.3
6 10 1000 547 500 120 12 1.2
Abbreviation: Gy: Gray, BN: BiNucleate, NDI: Nuclear Division Index, Mono: Mononucleated, Bi: Binucleated, Tri: Trinucleated, Tetra: Tetranucleated.
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Figure 4: Comparison of micronucleus frequency obtained in SiHa cells 
exposed to high-dose-rate gamma radiation sourced from Ir192 at various 
doses (2 Gy and 4 Gy) at dose rate 40Gy/hr and co-cultured with its bystander 
SiHa cells.

Figure 5: Comparison of micronucleus frequency obtained in human cervix 
cancer cell line (SiHa) exposed to high-dose-rate gamma radiation sourced 
from Ir192 at various doses (2 Gy and 4 Gy) at dose rate 40Gy/hr and co 
cultured with peripheral blood lymphocytes bystander cells.

Figure 6: Comparison of micronucleus frequency obtained in peripheral 
blood lymphocytes exposed to high-dose-rate gamma radiation sourced from 
Ir192 at various doses (2 Gy and 4 Gy) at dose rate 40Gy/hr and co-cultured 
with SiHa bystander cells. 

have been reported earlier that at high doses radiation induces high as 
well as complex aberrations measured by chromosomal aberrations 
[23] and micronuclei [24]. In consistent with MN, the results obtained 
for NDI (Tables 1, 2) showed a decreased rate of cell proliferation 
upon exposure to radiation and the delay was high in cells exposed 
to high dose. This observed effect may be attributed due to the stress 
condition produced in cell at higher doses [25,26], and due to the 
activation of other pathways in response to DNA damage. The stress 
condition leads to activation of various checkpoints proteins that 
senses the DNA damage and depending upon the cell cycle stages 
(G0/G1, S and G2M) various repair pathways are activated [27,28]. At 
higher doses, because of accumulation of complex damages, the cell 
need more time to complete the repair of those damages and thus 
cell cycle is delayed, resulting in decrease in NDI as dose increases. 
Further as the SiHa cells were asynchronously growing, the cells could 
have got arrested at any phase within the cell cycle. Even though, we 
did not measure the stage at which the cells were arrested, radiation is 
a well-known agent which act on the cells in any stage within the cell 

cycle [25,29]. Therefore reduced NDI in exposed cells are the another 
hall mark of radiation exposure that can interfere and alter the rate of 
cell cycle kinetics in the exposed populations. 

The results obtained with the clonogenic assay, showed decreases 
in colony forming ability in a dose dependent manner similar to 
that of cell viability measured by trypan blue assay immediately 
upon exposure to radiation. An enhanced cell death compared to 
that of control was due to exposed cell populations which showed 
more complex DNA damages as measured by MN frequency, the 
mis-repaired damages which are expressed in terms of MN hinder 
the cell proliferation and halt its reproductive integrity completely 
[30,31]. Moreover, the decreases in colony forming ability as the 
dose increased can also be related to the type of damages that occur 
due to radiation exposure; sub-lethal damages that occur due to 
radiation exposure are repaired rapidly but damages at higher doses 
are elevated and complex when compared to that at lower doses, 
thereby, requiring more time to get repaired, consequentially, there is 
exponentially less survival fraction at higher doses [26-28]. The shape 
of the clonogenic dose-response curves shows typical linear quadratic 
pattern upon exposure to gamma radiation sourced from Ir192, which 
is consistent with the published literature [28-30,32]. It has been 
reported that as the dose rate reduces, the survival curve becomes 
shallower and its shoulder tends to disappear (i.e. the survival curve 
becomes an exponential function of dose) [28-30,32], thus the shape of 
the dose-response curve was influenced by the type of DNA damages 
induced by the radiation, total dose and dose-rates delivered along 
with the cellular radiosensitivity. The linear component obtained at 
lower doses attributed due to repair of sub lethal and potentially lethal 
damages as the time gap between inductions of two strand breaks 
within the short duration as well as distance is low and the damages 
induced predominantly by the traversal of single electron track can be 
repaired. On the other hand at higher doses, the induced damages are 
complex and formed by the traversal of both single and double track 
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events; the complex damages can get fixed and arrest the cell division 
irreversibly in a dose squared dependent manner. 

Further it was observed that, there was no statistically significant 
difference in the cell viability, genotoxicity and colony forming ability 
of the cell exposed at three different dose rates (58.8Gy/hr, 0.50Gy/
hr and 0.40Gy/hr). Such a difference was more prominent, if the 
differences among the dose rates were in the order of 0.01- 1Gy/min, 
and below this dose-rate range the survival curve changes a little in 
response to dose rate [33,34]. The results obtained in the present 
study had some difference in the frequencies of MN as well as the 
clonogenic ability at higher doses among the different dose-rates 
studies, were not significant. This difference seen may be due to the 
cell lines used for the study or type of irradiation used or the dose 
rates studied. 

Brachytherapy reduces doses on the surrounding cell compared 
to teletherapy due to its nature of tumour site directed therapy and 
reduced therapy time [33]. Therefore to investigate the non-targeted 
effects of HDR gamma radiation sourced from Ir192 upon the unexposed 
tumor and normal cells, co-culture methodology was employed and 
the bystander effect was measured using MN assay. The majority of 
studies on bystander response are limited to X-radiation and high LET 
radiations [34], or medium transfer from gamma irradiated cultures 
at low dose rates [35]. The porous membrane present between the two 
populations of cells allows co-culture of cells from different origins by 
providing a conditioned niche for the proper growth and identity of 
cell type and permits to study cell to cell interaction through indirect 
signaling. Because the PET membrane (pore size 0.4μm) can be easily 
examined microscopically, cell viability was monitored with light 
microscopy. The results obtained in the present study demonstrate 
for the first time that HDR gamma radiation sourced from Ir-192 could 
induce bystander response in tumour cells (SiHa) as well as normal 
cells (PBL). This was evident by a statistically significant increase in 
the MN frequency in bystander SiHa cells and PBL upon co-cultured 
with radiation exposed SiHa cells and vice versa (Figures 4, 5). The 
bystander response has been also studied in relation to ultraviolet 
radiation, heat and chemotherapeutic agents. There is a huge debate 
that elevated damages in the unexposed cells due to radiation and 
chemicals have advantages in cancer therapy or limitations in the 
treatment outcome. In the positive sense, an enhanced cell killing of 
the tumor cells due to the bystander effects could reduce exposure of 
patients to higher doses of radiation and its associated side effects. 
Alternatively, the therapeutic agents inducing bystander responses 
in surrounding normal cells has deleterious consequences that can 
accelerate the side effects or late consequences like genomic instability 
and second malignancy [37]. The results obtained support the earlier 
view that the observed bystander effect can have therapeutic gain in 
human cervical cancer cell line, SiHa. Though, the bystander effects 
was seen in tumour (SiHa) and normal cells (PBL), the magnitude 
of bystander effect was more in SiHa cells than compared to PBL. 
Thus the measured bystander effect by MN assay showed 2-2.5 folds 
increased in bystander SiHa cells; whereas the bystander effect in SiHa 
and blood co-cultured vice versa was increased only by 1-1.2 folds. 
These results indicate that the bystander effect observed in SiHa lead 
to enhanced tumour cell killing and better prognosis. Bystander effect 
due to blood in SiHa and vice versa was comparatively less which, 
may not affect the surrounding normal tissues. This phenomenon is 

observed due to radiation damage wherein, free radicals are produced 
which lead to the induction of DNA damages by various mediators 
such as COX-2, ROS and NOS production, cytokines and other 
immune mediators [35], these free radicals can travel few micron 
distance, thereby, affecting the nearby tumour cell to greater extent 
than the cells that are following in the blood vessels or far away cell at 
different site [37].

Conclusion
The SiHa cells exposed to HDR gamma radiation sourced 

from Ir192 showed an dose dependent significant difference in the 
biological effects studied by cell viability, DNA damages and colony 
forming ability among the different doses studied, However, the 
different dose rates studied did not show any significant increase in 
biological effects. Further, the observed elevated bystander response 
in the tumour cells compared to that of normal blood lymphocytes 
suggest that the bystander effect observed in SiHa lead to enhanced 
tumour cell killing with fewer doses that might further enhance a 
better prognosis, provided if it happens under in-vivo therapeutic 
conditions. 
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