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ABSTRACT The Single Cell Gel Electrophoresis (SCGE) Assay also known as Comet Assay is a rapid, simple and
visual technique for assessing DNA damage in individual cells. Effect of UV-B was studied by irradiating human
leucocytes. Irradiation of leucocyte increases the DNA instability, which can be assessed by Single Cell Gel
Electrophoresis Assay. The blood samples were exposed to UV-B radiation for various time period and a correlation
was found out between length of the comet tail and time period of exposure to UV radiation. The UV-B irradiation
showed clear-cut dose effect relationship. It was observed that with the increase in time of exposure to radiation,

the mean tail length also increased.
INTRODUCTION

The single cell gel electrophoresis or comet
assay wasfirst described by Ostling and Johans-
son (1984) and in more details by Ahujaand Sa-
ran (1999), Dhawan et a. (2001) and Collins
(2004). Irradiation induces physical, chemical and
molecular damageto tissues |eading to genomic
instability and can also cause cell death. Energy
of ionizing radiation is transferred to the inter-
acting cell’smolecular system and resultsintis-
sue damage through different simultaneous path-
ways, including reactive oxygen species(R.O.S)),
which when generated induce oxiditative dam-
age and geneticinstability (Korenberg 1994). UV
radiation causes damage at the molecular level
to the fundamental building block of life, deox-
yribonucleic acid (DNA). Over millionsof years
during evolution of living cells in the presence
of UV radiations, cellshave devel oped the mech-
anism to repair damaged DNA. In addition to
this, living organisms are protected from exces-
sive amount of UV radiations by Ozone layer.
With the depletion of the Ozone layer and in-
creaseinlife span of people, therole of UV radi-
ation in the induction of age-related diseases of
humans becomes a distinct possibility.

Ultraviolet refersto all electromagnetic radi-
ations with wavelength in the range of 200-400
nanometers. It can be divided into further sub
groups based on their wavelength. UV-A wave-
length rangeisfrom 315-400 nm and shorter UV-
A wavelengths are considered possibly cancer-
causing. UV-B radiation wavel ength ranges be-
tween 290-320 nm and radiations bel ow 290 nm
comprise UV-C which cause damage at the mo-
lecular level to the DNA (Glasstone 1981).

Such short-wave UV isoften used for germ kill-
ing purposes and cause damage to exposed cells.
As early as 1928, Muller was the first to show
that ionizing radiations were mutagens. Howev-
er, themolecular processesinvolved inthetrans-
formation of radiation induced lesions into mu-
tations are still not well known. Most mutations
induced by ionizing radiations arelarge deletions
(Sankaranaryanan 1991).

The aim of the present investigation was to
find out UV-B induced damage in human leuco-
cytecellsinvitro, with the help of singlecell gel
electrophoresis (SCGE) or comet assay.

MATERIALSAND METHODS

For the present study 3.5 ml of human blood
sample was taken through venipuncture in the
month of December 2005 from healthy maeindi-
vidual aged about 26 years. The consent of the
donor wastaken. Thisblood samplewasdistrib-
uted in seven microcentrifuge tubes each con-
taining 500ul of blood. The tubes were labeled
from 1 to 7. Blood in microcentrifuge tube la-
beled as No. 1 was taken as control and it was
not exposed to UV-B radiation. The remaining
samples were exposed to UV-B tube light (302
nm), a product of Philips (30 W, G30, Holland)
used for cell culture laboratory sterilization.
Microcentrifuge tubes 2 to 7 were exposed for
timeintervalsof 5, 10, 15, 20, 25 and 30 minutes,
respectively. After exposure to UV-B light, the
cells were processed immediately for comet
assay, thereby minimizing the introduction of
strand breaks arising from DNA repair by thecell
enzymes. The experiment was repeated after a
month.
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Alkaline Comet Assay

Theirradiated and control sampleswere pro-
cessed for the alkaline comet assay. The assay
was performed according to the protocols given
by Ahuja and Saran (1999). Samples were pro-
tected from direct sunlight during the process-
ing for the comet assay. In brief, plain microscopic
dlides were precoated with 1% normal melting
point agarose (NMPA) in double distilled water
and allowed to solidify and dried at 37°C. It acts
as an interface between the glass surface and
samplelayer. Following irradiation, the samples
containing the human leucocyte cells were re-
suspended in 0.5% low melting point agarose
(LMPA) in phosphate buffered saline. For each
dlide 20ul of blood and 180ul of LM PA was used,
layering was doneand LM PA wasallowed to gel
at 4°C for 20-30 minutes. Third layer of LMPA
waslaidtofill any gap and have an uniformity of
gel. Soon after gelling slidesweretransferred to
horizontal coplinjar containing cold lysisbuffer
solution (2.5M NaCl, 100mM EDTA, 10mM Tris.
pH-10) and allowed to lysein dark for about two
to three hours at 4°C. After completion of the
lysis, the slides were placed on horizontal elec-
trophoresis unit side by side and electrophoret-
ic buffer (300mM NaOH, 200mM EDTA, pH-13)
was poured to submerge the slides completely
so that the buffer level was about 3-5 mm above
the agarose on the slides. Electrophoresis was
carriedout at 25V or 1 V/cm and 300 mA of cur-
rent. On completing the electrophoresis for 30
minutes, the slides were flooded with neutraliz-
ing buffer (0.4 M Tris) on staining tray after which
dideswerekept infixing solution (0.9M Trichlo-
roacetic acid, 0.1M Zinc sulphate, 0.5M Glycer-
ol) for 10 minutes. Slideswere stained using Sil-
ver-staining method (Ahujaand Saran 1999).
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Acquisition and Analysisof Images

For comet visualization Olympus Trinocular
Research microscopewas used at 40X objective.
The slideswere coded prior to scoring to remove
any personal bias. About 100 cells were scored
from each dlide. The microscope was pre cali-
brated using stage micrometer. Manual scoring
wasdone by analyzing one comet at atime. Com-
ets were typed into 0-4 types according to Col-
lins (2004), type 0 being the undamaged DNA
and type 4 as highly damaged. The comet tail
length (defined as the distance from the center
of mass of the head to distal end of thetail) was
measured by the use of ocular micrometer. Mi-
gration lengthisdirectly related to fragment size
and is expected to be proportional to the extent
of DNA damage.

RESULTS

The experiment designed to measure DNA
damage was performed with human leucocyte
cell suspension and showed nuclear DNA dam-
agein aexposuretime-dependent manner by UV-
B radiation. With the increase in time of expo-
sureof UV-B radiation, the mean tail length also
increased (Table1, Fig. 1).

In the control sample, the comets showed a
mean tail length of 13.26+4.64 um. Onincreasing
the exposure time to 5 minutes, the mean tail
length reached to 28.02+5.42um and with each
increase of exposure time the mean comet tail
length also increased and it went up to
88.72+2.83um for exposure time of 30 minutes
(Table 1). By using scoring method of Collins
(2004), the DNA damage due to irradiations
shows alinear dose-response from 5 to 30 min-
utes of exposuretime (Fig. 2). Sufficient discrim-

Table 1: Mean *SE (um) of comet tail length in control and irradiated cells.

Sample Time of Comet tail TC Cells with Comet type Arbitrary
No. exposure length (um) comet 0 1 > 3 2 unit(AU)
(minutes) (Mean+SE)
1 0 13.26+4.64 100 28 72 10 10 5 3 57.0
(control)
2 5 28.02+5.42 100 66 34 48 9 9 0 93.0
3 10 34.60+5.77 100 72 28 25 19 20 8 155.0
4 15 43.71+4.83 100 79 21 25 13 25 16 192.0
5 20 56.63+4.11 100 92 8 17 23 32 20 239.0
6 25 62.18+3.56 100 100 0 10 33 44 13 260.0
7 30 88.72+2.83 100 100 0 5 14 31 50 326.0
Total 700 537

TC- Total number of cells scored
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Fig. 1. DNA damage in human leukocyte cells ir-
radiated with UV-B
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Fig. 2. UV-B irradiation responses for DNA damage
in human leukocytes.

ination about the degree of damage in DNA ac-
cording to comet appearance[Type 0 (notail) to
type 4 (almost all DNA in tail)] was given by
Collins (2004). A total of 100 cometswere scored
from each sample and each comet assigned a
value of 0 to 4 according to its type. The total
score for the sample gel is given between 0 to
400 “arbitrary units’. Most of the comets of un-
exposed samples belonged to type 0 and type 1
(Fig. 3). The frequency of type 2, 3 and 4 in-
creased with respect to the increase in radiation
exposure time to leucocytes, which further cor-
respondingly effectsthe arbitrary unit, showing
gradual increase form 57.0 in control sampleto
326.0in sample exposed to 30 minutes of radia-
tions. Some baseline damage is always there
which may be because of unwanted exposure to
S0 many environmental mutagensin day to day
life and partially may be due to processing
error.

DISCUSSION
Gapsand breakswithin the chromatid strands

and DNA strands are commonly observedin ra-
diation-induced lesion (Evans 1962; Yu 1971,
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Fig. 3. Comets of different types.

Brecher 1977). DNA single-strand breakstaking
placefrom alkali-labilelesions after exposureto
UV radiations have been confirmed by many
workers (Van Kuijik 1991; Fredrick 1993) aswell
as by the present experimental resultswhichwere
based on alkaline version of the comet assay.
Yadav and Seth (2000) reported increased level
of both chromosome aberrations and sister chro-
matid exchanges in persons occupationally ex-
posed to radiations.

The ionization effect of UV radiations, es-
pecially the ultraviolet B can be absorbed by
nucleic acids, and may cause breaksand/ or per-
turbation of molecular structure (Shimmuraand
Tsubota1997). These breaks are seenin the com-
et tails: as more the breaks, longer is the comet
tail. Two explanations have been proposed in
the literature about what the comet tail consist
of, oneisthat it isafragment DNA, the other is
that thelength of such afragment isabout 1 mm,
but the length of the tail of a comet is few per-
centage pointsof it (Collinset al. 1997).

Patton et al. (1999) showed the lethal effect
of near UV radiation peaking at 365nm, which
killed the RPE (Retinal pigment epithelial) cells.
Killing was dependent on the total energy dose
of irradiation. They further reported that the UV-
B exposed cdlswhen allowed to repair DNA dam-
age for 1 to 24 hours before analysis by comet
assay, showed significant increase in mean per-
centage of tail DNA compared to those lysed
immediately after irradiation.

In addition to photochemically-generated
strand breaks, UV induces the formation of a
variety of nucleobase photo-products that are
subject to excision repair (Patton et a. 1999).
The process produces new strand breaks that
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are detected by the comet assay leading to a
concomitant increase in mean percentage of tail
DNA. Ichihashi et a. (2003) showed that the
effects of UV-B radiation on DNA was mostly
caused by formation of dimeric photoproducts
between nearby pyrimidine bases on the same
strand causing single strand breaks as shown in
the increased comet tail length. In the present
study, direct relationship was found between the
time of exposure and DNA damage. In case of
controls where no exposure was made, only mi-
nor basal damage took place which was indicat-
ed by the smaller comet tail length (13.26um).
The exposuretime of 30 minutesgaveatail length
of 88.72 um, indicating ahighly damaged DNA.
Therewas al so ashift of type of comets (Collins
2004) asthe exposuretimeto UV-B radiation in-
creased. A corresponding move of the comets
belonging to type 0 and type 1 in unexposed
sampleto type 3 and type 4 in samples exposed
for 30 minutes was observed.

In the present experiment, some cells also
showed the characteristic apoptotic comet tail
structure at higher doses of radiation exposure.
Thisisin agreement with the finding of Gniadec-
ki et al. (1998) and Caricchio (1998) who showed
that UV-B radiation may also induce apoptosis
in severa cell systemsin extreme cases.
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