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BIOLOGICAL INDICATORS FOR RADIATION ABSORBED
DOSE: A REVIEW*
Solomon F.D. Paul, P. Venkatachalam and R.K. Jeevanram
Safety Research and Health Physics Group
Indira Gandhi Centre for Atomic Research
Kalpakkam - 603 102 (TN)- INDIA
ABSTRACT
Biological dosimetry has an important role to play in
assessing the cumulative radiation exposure of persons working
with radiation and also in estimating the true dose received during
accidents involving external and internal exposure.

Various

biodosimetric methods have been tried to estimate radiation dose
for the above purposes. Biodosimetric methods include cytogenetic,
immunological and mutational assays. Each technique has certain
advantages and disadvantages. We present here a review of each
technique, the actual method used for detection of dose, the
sensitivity of detection and its use in long term studies.
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•This report forms a part of Ph.D. thesis of Shri Solomon F.D.Paul to be
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Kal'pakkam603 102.

1.0 Introduction
The changes in biochemical,
biophysical, immunological, cytogenetical
and molecular events taking place in a cell
due to irradiation are used to measure
radiation exposures. Exposure to ionising
radiation results in excitation of atoms,
formation of ions and free radicals causing
alterations in the arrangement of
molecules. As described in Fig. 1, direct
effect affects the sensitive molecules in the

DIRECT ACTION

involved in radiation accidents, with
associated external and internal exposures.
For while external exposures can also be
monitored with the help of physical
dosimeters, there are no such meters
available for measuring internal exposures.
Biological dosimetry therefore plays an
important role in monitoring persons
involved in radiation accidents. Further
more, biodosimetry can help to verify the
results derived from physical dosimeters
during improper use of these dosimeters.
Determination of long term chronic
exposure is another possibility. Presently
the estimation of absorbed dose using such
biological dosimeters is sensitive only at
radiation levels above 0.10 Gy and does
not therefore serve routine monitoring
purposes.
A number of biological indicators
has been tried for estimating radiation
dose. The main principle underlying the
biological indicators is that the radiation
absorbed dose leads to certain changes in
biomolecules particularly DNA, proteins,
lipids etc. These changes alter the
prodromal, hematological, physiological,
biochemical, biophysical, immunological,
cytogenetical and molecular events, that
take place in the organism. These changes
can be used as an index to measure the
dose. This report brings out the advantages
and disadvantages of various biological
indicators that are available as on today.

Fig. I Direct and Indirect effect of Ionising
Radiation
cells by the direct absorption of energy
from radiation. In the case of the indirect
effect radiation induces the formation of
free radicals which in turn affect the
organic molecules. Indirect effect is
considered significant because nearly 70%
of trie cell contains water.
Biologic.il dosimetry
methods
monitor changes in biomolecules in vivo
and are important for monitoring persons

2.0 Qualities required for biological
indicators
Ideally a dosimeter for measuring
radiation exposure should be sensitive,
reproducible and practical (Muller and
Streffer, 1991) as well as capable of
responding to different energies and doserates. A biological indicator should reflect
a measurable biological effect that is
proportional to dose. Some important
criteria are as follows:
(a) The indicator should be specific to
ionising radiation.
(b) The assessment should be rapid and
reproducible.

Table-1 Various Biological indicators and their Sensitivityjif Detection
No
1.

Biological
Indicator
Prodromal

2.

Cellular

3.

Hematological

4.

Assay
Diagnostic Symptoms
Ulcer
Apoptosis, Dysplasia
Sperm Counts
Cell Counts

Biochemical

Enzyme

5.

Biophysical

Amino Acid Level
Protein Level
Carbohydrate Level
Thymidine Level
ESR Studies

6.
7.

Physiological
Immunoiogical

8.

9-

10.

Cytogenetical

EEG Pattern
Absolute & Relative Number
Immunoglobin Level
Mean Lymphocyte count
Chromosome Aberration (CA)

Molecular
Cytogenetkal

Miaonuclei (MN)
C-Banding
Q-Bandinp
G-Bandin#
R-Banding
Premature Chromosome
Condensation (PCC)
Sister Chromatid Exchange
(SCE)
Fluorescence in situ
Hybridisation (FISH)

Molecular
HPRT Mutation Assay
APRT Mutation Assay
TCR Mutation Assay
HLA-A Mutation Assay
GPA Mutation Assay
ji-Globin Mutation Assay

LDH-X Mutation Assay

UDS

Sample Used

Sensitivity

Radiation Sickness
(Nausea, Erythemia)
Skin Cells
j Hair Follicles
Sperm Cells
Bone Marrow
Platelets
Lymphocytes
Granulocytes
Salivary Amylase
Urine Amylase
Amino Acid
Protein
Oligosaccharide
Serum Thymidine
Tooth
Nail
Bone

3.0

Rao (1992)

2.0
0.2
0.2
0.2

Osanov era/(1985)
Potter, (1985)
Hacker ef a/(1981)
Cember (1983),
Rao (1992)

0.5
_j .

0.25

0.5
0.5
2.0
0.2
1.0
?
0.01

0.1
0.1
0.1

Hair
Cerebral Activity
Lymphocytes
Lymphocytes
Lymphocytes
Lymphocytes

0.1
1.0
1.0
1.0
1.0
0.1

Lymphocytes
Lymphocytes
Lymphocytes
Lymphocytes
Lymphocytes
Lymphocytes

0.25

Lymphocytes
Lymphocytes
(Specific Locus)^
Lymphocytes
(WCP)
Somatic
Lymphocytes
Lymphocytes
Lymphocytes
Lymphocytes
Erythrocytes
Erythrocytes
Germinal
Sperm Cell
Others
Lymphocytes

Reference

... (fix)™

—
0.1
0.1
0.05
6.0

iM.
0.1

a

Ohyama(1989)
Djshbaugh et al (1991)
Mai;tsev«fl/(1978)
Schreiberefa*(1989)
Feinendegen(1986)
Aldrich & Pass (1986)
Stochausen (1976)
Greenstock &Trivedi
(1992)
Court et al (1991)
Lushbaugh et al (1991)
tt
14

Lloyd APurrott (1981),
IAEA-TR 260 (1986)
Fenech & Morley (1988)

..
..
Kumagai etal (1990)
Al-Achkar (1989)
Hittelman (1974)
Aghamohammudi etal
(1988)
Lucas etal (1989)

0.1

Schmid (1992)

0.5
2.0
0.5
1.0
0.5
0.5

Hokada«a/(1988)
Tatsumi etal (1992)
Albertini«a((1990)
Morley et al (1983)
Akiyama era/(1991)
Albertimefaf(1990),
Tates etal (1989)

?
0.0025

Mendelsohn (1984)
Mary & Jeevanram (1995)

(c) It should have the capacity to yield a
measure of the dose even after a long
period after exposure.
(d) The method should be sensitive enough
to detect low doses of ionising radiation.
(e) It should have the capacity to
differentiate between external and internal
exposure, partial and whole body exposure
and acute and chronic exposure.
(f) The capability to differentiate between
exposure due to high LET radiation from
that of low LET radiation.
3.0 Types of indicators
Several types of indicators have
been proposed to estimate radiation
absorbed dose. It is clear from the stringent
requirements and criteria for the suitability
of a technique to perform as biodosimeter,
that no single biological indicator can
satisfactorily meet all of these criteria
(Muller and Streffer 1991 and Straume et
al, 1992). The complete summary of
various biological indicators discussed in
this review is presented in Table-1. The
onset and fading time of each indicator is
shown in Fig. 2. Following paragraphs
discusses the various indicators in depth.
3.1 Prodromal Indicators
Prodromal response such as
anorexia, nausea, vomiting, diarrhoea,
intestinal cramps, salivation, dehydration
and neuromuscular cramps are caused by
acute whole body exposure. The
prodromal response appears during the first
48 hours. The frequency of incidence of
prodromal syndromes, the time course of
their appearance and their persistence are
dose dependent. Whole body exposure to a
dose of approximately 2 Gy results in 50%
of the exposed individuals showing
prodromal effects with an average latent
period of 3 hours. But partial body
exposure do not eilict the same response.
At a higher whole body dose, of about
4 Gy, the prodromal syndromes manifest
within an hour following exposure and last
for a few months (Rao 1992).

3.2 Cellular indicators
The cells of the body such as skin,
blood, spleen, hair etc. undergo certain
changes due to radiation. These changes
can be used to measure radiation dose.
3.2.1. Skin cells
The skin and its constituent parts
consist of actively renewing cells, and
hence they are sensitive to radiation. It has
been shown that the radiosensitivity of
epidermal cells is about 5 Gy. A threshold
dose of 2 Gy induces skin erythema
(Osanov et al, 1985). It is considered that
the maximum dose of X-rays tolerated by
the skin with a single external exposure is
about 10 Gy. At higher doses, dermatitis
appear and then ulcers. The erythema
persists for a period of few months.
3.2.2 Hair follicles
The hair follicles during formation
contain rapidly proliferating cells. On
exposure to radiation the hair follicle
undergoes dysplasia i.e., reduction in width
of the hair follicle and apoptosis (cell
death) at high doses. The above changes
are used for biological dosimetry and have
been described by Vladimirov and Smirnov
(1978), Well (1981) and Potten (1985). A
decrease in width of the hair by 7% for
every Gy has been reported. Using this
principle a dose as low as 0.2 Gy can be
estimated (Potten 1985). Dose dependent
reduction of hair width for a dose range of
0.5 to 5.0 Gy was best fitted using linear
quadratic equation. The response time of
dysplasia is about 12 hours after localised
partial body exposure to radiation and falls
back to normal in a few months time. This
method may be applicable for the early
detection of persons exposed to high
doses.
3.2.3 Spermatogenic cells
It has been shown that radiation
causes reduction in sperm counts and
viability and also brings about changes in
the morphology of sperm cells. The
decrease in sperm counts however, may

Fig. 2 Onset and Fading of Various Biological Indicators
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not be observed until approximately 45
days after exposure and lasts for a few
months before it returns to normalcy. This
delay allows one to determine the normal
baseline sperm counts in an individual if
samples are collected well before the effect
of radiation exposure is manifested. In
addition to. this, the changes in the DNA
content of the sperm cell using flow
cytometric study enables the dose
estimation (Gasinska and Wilson 1988,
Hacker et al, 1981 and Hacker et al,
1982). The sensitivity of this method was
found to be 0.1 Gy. The restoration of
sperm number and fertility makes this
biological parameter unsuitable lor long
term estimation of dose. None of these
methods has reached any perfection as on
today for use in biological dosimetry.
3.3 Hematological indicators
Lymphocytes are more radiation
sensitive among the blood cells as the size
of their nucleus is large. The damage
persists in the body comparatively for a
longer period of time as lymphocytes do
not normally divide in circulation. Hence
they are ideal for studying absorbed dose.
The changes occurring in chromosomes of
these cells are useful in monitoring a dose
as low as 0.05 Gy.
In addition to lymphocytes,
counting of leukocytes and reticulocytes
may be of great help in assessing the
absorbed dose (Biender and Nothdurft
1986, Messerschmidt 1985, Dehos and
Hinz 1984 and Feinendegen 1980). Stem
cell, reticulocyte count is a quick and
rather uncomplicated method that does not
require any specialised laboratory (Fliender
and Nothdurft 1979).
Chaudhuri and Messerschmidt
(1982) have s'nown that the amount of
reticulocytes 'JI peripheral blood generally
reflects the, bone marrow status of
erythropoiesis and may therefore be useful
in the evaluation of radiation injury. These
injuries are produced with a dose of

0.25 Gy and visible evidence of their
presence lasts in the circulation for a
couple of months. Dose dependent
decrease of reticulocytes was noticed. The
use of cytometric quantification of
reticulocytes can well be employed for
faster results.
Erythrocytes can also be used for
the estimation of radiation absorbed dose.
Butkowskji et al, (1987) used free flow
electrophoresis technique, in which the red
blood cells are subjected to KMnCU and
are subjected to electrophoresis. The
electrophoretic behaviour of the cell
membrane is studied and is compared with
the normal cells. This technique cannot be
relied upon for long term studies as the
changes in the behaviour persist for a short
period of time. The study of single gel
electrophoresis behaviour of lymphocyte
cells are also gaining lot of importance.
The method is other wise called the Comet
assay as the aberrated cells when run on a
agar gel produce a Comet shaped tail. The
size of the tail is directly proportional to
the amount of damage (Ashby et al,
1995). The cloud of tail carry large
number of broken DNA fragments. In the
normal cells the Comet shaped tail is
absent. On the whole, the size of the tail
and the number of cells carrying the tail,
would reflect the dose received by a person
(Nocentini 1995). The image processing
devise enable the study of these Comets in
ease.
3.4 Biochemical indicators
Noticeable increase or decrease in
biochemical levels have been observed in
cells following exposure to radiation. The
increase or decrease in levels of these
biochemicals have been proposed as an
indicator for the assessment of dose. The
disadvantage of this technique is that these
biochemicals return to normal levels very
fast. Therefore this technique is useful only
where a rapid sorting of victims is required
following accidental exposures (Huebner
etal, 1986).

3.4.1 Enzyme activity
It has been shown that the levels of
enzymes such as glutamic oxaloacetic
transaminase,
amylase,
lactic
dehydrogenase, and alkaline phosphatase
present in serum could be used to estimate
radiation dose (Martin et al, 1991, Boegl.ef
al, 1983, Boegl et al, 1984, Ohyama 1989
and Hofmann et al, 1990). It has also been
shown that acid phosphatase and alkaline
phosphatase in peripheral lymphocytes and
granulocytes can be used to estimate a
dose of the order of 0.01-1.90 Gy (GuYuanxi
and
Cui-Yufang
1988).
Biochemical indicators are in general
precise but cannot be effectively employed
to assess the dose, as the level of enzyme
decreases with in few days and are restored
to normalcy.
3.4.1.1 Salivary amylase
It has been found that persons
exposed to radiation in Chernobyl accident
had increased levels of salivary amylase
due to the malfunction of liver and kidney
(Ohyama 1989). 85 to 90% of the exposed
population were assessed for absorbed
dose using this method. A dose ranging
from 0.5 to 1.0 Gy could be estimated by
this method (Hofmann et al, 1990). The
increase in amylase level is seen minutes
after exposure and lasts for few days. The
limitations are that partial irradiation of
abdomen did not increase the amylase level
in the serum whereas the partial irradiation
of the salivary gland (parotid gland)
showed increased amylase level in the
serum (Hennequin et al, 1989). According
to Hofmann el al, (1990) a rough estimate
could be obtained, with high exposure.
Feinendegen (1986) felt that this method is
promising because of the simplicity,
reproducibility and sensitivity under certain
exposure conditions.
3.4.1.2 Urine amylase
Similar to salivary amylase, urinary
amylase also indicates the absorbed dose.
A linear dose dependent increase in the

urinary amylase has been observed
(Ohyama 1989). This method has been
used for diagnosis, treatment as well as
prognosis of the patients affected in
Chernobyl accident few days after
exposure (Ohyama 1989). As mentioned
above this method poses a lot of practical
problems in calibration. As the amylase
level reaches nonnalcy within few days of
exposure. This method may be useful in
mass sorting of the persons within a few
days after nuclear accidents.
3.4.2 Amino acid levels
A transient increase in the levels of
blood amino acids such as cystine, valine,
leucine, phenylalanine and others have been
observed in experimental animals exposed
to radiation and also in humans following
radiation accidents.
Beta
aminoisobutryic
acid
(BAIBA), a metabolite of thymidine, was
found to be elevated as early as 3 days
after a dose 0.22 to 3.65 Gy and persisted
for a period of 8 days in the high dose
group. However a clear dose dependency
could not be obtained (Lushbaugh 1991).
3.4.3 Protein indicators
It has been shown that C-reactive
protein increases due to radiation exposure
(Mal'tsev et al, 1978). The level of this Creactive protein in the serum increases
linearly during acute exposure (1-12 Gy)
from tenth day and lasts for about a month
time. This may be applicable for prognosis
of acute radiation diseases. The increase in
protein levels however, could not be
applied as a successful dosimeter as it fades
in short period of time.
3.4.4 Oligosaccharides
Increase in lectin binding to the
platelets, lymphocytes and monocytes was
noticed when exposed to doses between
0.5 to 5 Gy (Schreiber et al, 1989). One of
the methods of estimating lectin binding to
cells is by using either tritium or
fluorescence labelled concanavalin-A and

analysing labelled cells using either a
tritium counter or flow cytometry
respectively. The lectin binding to cells
however is not suitable for measuring
radiation dose as the binding property is
not reproducible nor significant.
3.4.5 Serum thymidine
Radiation causes certain changes in
the structure, charge and fluidity of the cell
membrane, which results in a rapid
accumulation of thymidine in the serum
even at doses below 0.01 Gy. This appears
to be a temporary physiological equilibrium
disturbance and not related to cellular
damage. The transitory effect lasts for
about 4 hours and then falls back to the
pre- irradiated level. The result obtained
from in vivo irradiation of mice could not
be seen in in vitro irradiation. This makes
the technique unsuitable for biodosimetry.
3.5 Biophysical indicators
3.5.1 Electron Spin Resonance (ESR)
Free radicals formed by irradiation
are trapped in solids, and their number is
proportional to the absorbed dose. These
free radicals can be studied using ESR.
The absorption and consequent emission of
electromagnetic radiation by unpaired
electrons in certain types of atoms in the
presence of strong magnetic field, may aid
in studying various biologicd materials
which carry free radicals, ESR signals from
bone (Greenstock and Trivedi 1992), teeth
(Aldrich
and
Pass
1986),
nails
(Stockhausen 1976) jind hair (Greenstock
and Trivedi 1992) have l>een used in
biological dosimetry. The sensitivity ranges
between 0.5 and 5.0 Gy and is useful for
estimating partial body exposure except for
bone. Bone cells are useful in the
estimation of whole body radiation
(Greenstock and Trivedi 1992). Dental
enamel is the only living tissue which could
store ot retain indefinitely the cumulative
radiation dose (Aldrich and Pass 1986) the
detection lii.hit is about 0.1 Gy. Poor
reproducibilrty
have
limited
their

applications. (Dalgarno and McClymont
1989). ESR has been used initially in
finding the age of mollusk shells (Anatoly
1989). The dating was then converted to
the use of dosimetry to study a cumulative
dose (Skinner 1989 and Rainer 1989). In
ESR, dating the sample under investigation
acts as a dosimeter which record the doses
from all natural radioactive sources from
its immediate surroundings, as well as
component of cosmic rays (Rainer 1989).
It has been found that irradiated
DNA has shown significant levels of
radicals compared to unirradiated DNA
(Stockhausen 1976).
In case of accidents, operators may
carry tablets, which
consists
of
carbohydrates which are known to form
radiation induced radicals with a reliably
high yield. Other tissue equivalent materials
are also being used to study the dose
absorbed using ESR. A simple aminoacid
L-alpha-alanine with a linear dose response
have also been used as a dosimeter material
in the range of 1 to 105 Gy dose (Ahlers
and Schneider 1991; Onori et al, 1990).
The radicals are quite stable for years and
can be used to study acute and chronic
doses.
3.6 Physiological indicators
Electrophysiological changes such
as cerebral electrical activity, brain blood
flow, blood acid base equilibrium, heart
and respiratory frequency etc. of animals
(rodents, primates and humans) have been
proposed as biophysiological method of
estimation of the dose. In the brain, there is
a regular, rhythmical change of electrical
potential, due to the rhythmical discharge
of energy by nerve cells. These changes can
be recorded graphically and the "brain
waves" examined. These recorded electroencephalo-grams (EEG) are useful in
identifying diseased condition where the
frequency distribution of the waves is
modified. It has been reported that these
changes are altered due to ionising
radiation. The EEG analysis makes it

possible to assess the absorbed dose with a
threshold of about 1 Gy for whole body
dose which would reach normalcy within
few days after irradation (Court et al,
1991).
3.7 Immunological indicators
No unique immunological indicator
is currently available to assess cumulative
radiation exposure. This could be due to
the fact that information about cellular
factors involved in immune defense
mechanisms
is constantly
evolving
(Lushbaugh et al, 1991). The possible
immunological indicators have been
reviewed by of Lushbaugh et al, (1991)
and are listed below.
3.7.1 Absolute and relative numbers
Lymphocytes consist of a mixture
of different cellular subsets, Two broad
classes are B and T-lymphocytes. The
changes in the ratio of B and T
lymphocytes following irradiation have
been studied (Dehos et al, 1986) and also
changes in the proportion of various
subsets of T cells (Wassorman 1986) for a
dose of 1 Gy. It appears that evaluation of
a particular subpopulation of lymphocytes
might be used as an indicator of radiation
dose for a period of days as repopulation
occurs rapidly in few days to weeks.
3.7.2 ImmunoglobuJin levels
Immunoglobulin
levels
were
monitored
in
lymphocyte
cultures
following the stimulation of these cells with
poke weed r.nitogen (PWM). Little is
known abouv the time sequence between
radiation exposure and in vitro Ig
production. It has been shown that during
and following radiation therapy, in vivo
product .ion of three immunoglobulin
classes (i.e., igM, IgG, IgA) remained
suppressed for 12 to 18 months. It is
unlikely that this approach will prove
ussful in estimating dose years after
radiation exposure.

3.7.3 Mixed lymphocyte culture
Mixture of two populations of
lymphocytes, from two different persons,
have been found to stimulate growth of
the responder cells. Measuring the
incorporation of 3HTdR into the DNA of
the responder cells would give the index to
radiation insult. This test is at an early
stage of development in radiation dose
assessment. Experience with radiation
therapy patients indicates that significant
depression of incorporation of 3HTdR in
lymphocytes occurs in the dose range of 1
to 6 Gy. The mechanism by which radiation
affects this function of the immune system
is not known. Currently, the sensitivity of
this test requires doses greater than 1 Gy.
As with the other tests, interference
factors, individual variability, and lack of
standardisation for good reproducibility
need to be determined before this test can
be used for estimation of radiation dose.
3.8 Cytogenetical Indicators
An ideal and possible technique in
the estimation of radiation absorbed dose
would be the cytogenetical technique.
Cytogenetic detection and measurement of
human exposures to ionising radiation have
become well established during the past 2
to 3 decades. The birth of cytogenetics as
an experimental science might reasonably
be considered to have taken place in the
late 1930s with the studies of Karl Sax on
the induction of chromosome aberrations in
Tradescentia microspores by x-rays (Sax
1938). The pioneering work
on
cytogenetics has evolved a long way for
detection of various clastogenic insult.
Various cytogenetical indicators
1. Dicentric Chromosome Aberration (CA)
2. Micronuelei (MN)
3. Chromosome Banding Technique (C, G,
R, and Q-Bands)
4. Premature Chromosomal Condensation
(PCC)
5. Sister Chromatid Exchange (SCE)

3.8.1 Chromosomal aberration
The damage caused by ionising
radiation to nuclear DNA of the cell when
it is at Go or d phase of the cell cycle
results in chromosomal aberration. This
chromosomal
aberration
results in
structural changes which is seen as
dicentric or ring chromosome. Fig. 3

levels of dicentric chromosome (1/1000
cells) makes this technique comparatively
more sensitive. The sensitivity of this
technique is 0.10 Gy. Dicentric frequency
fade with a half-life of about 2 years. More
detailed review of various chromosomal
aberration can be found in Paul et al,
(1996).
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Fig. 3 Radiation induced dicentric and acentric chromosomes
depicts the formation of dicentric and its
associated acentric fragments caused due
to ionising radiation. The dicentric or ring
chromosomes are seen clearly when the
cells are in metaphase stage. The peripheral
blood lymphocytes which are normally in
Go stage can be made to undergo cell
division by adding a plant lectin such as
phytoheraagglutinin and then arresting the
cells at metaphase stage by adding
colcemid. These cells are stained with
Gbmsa, fixed on a microslide and viewed
through microscope. The dicentric
frequency indicates the absorbed doses.
Presently this is the most reliable method to
measure riidiation absorbed dose during
accidental conditions. The low background

3.8.2 Micronuclei (MN)
The other cytogenetical method is
the micronuclei technique.
The main
advantage of this technique is that scoring
of micronuclei is faster and easier than the
conventional
dicentric
chromosome
aberration technique (Fenech and Morley
1986, Fenech et al, 1988, Prosser et al,
1988). Micronuclei are the product of
broken or lagging chromosome which
failed to become incorporated into either of
the two daughter nuclei during cell division
(Prosser et al, 1989). As in dicentric
chromosome aberration technique the
blood is cultured with phytohemagglutin
and the cells are arrested at cytokinesis
stage by the addition of cytochalasin-B.
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The sensitivity of this technique is 0.25 Gy
as the back ground micronuclei level is
higher (10-18/1000 cells) (Prosser et al,
1989). The sensitivity could be improved
to a certain extent by the automated
scoring of large number of micronuclei
with computerised image analysis (Thierens
et al, 1991). A good understanding of the
MN formation can be had from Fig. 4. Of
late the fluorescence in situ hybridization

indicate
the
translocation.
Such
translocations cannot be observed by
normal staining technique.
Banding
technique can be used for monitoring
cumulative radiation dose. This is done by
monitoring the translocation frequency as
these translocation are not eliminated
during cell division. The method of
formation of translocation is shown in
Fig. 5. Four different banding techniques
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TELOPHASE

ACENTRICV'RACMENT
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AFTER
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CYTOKINESIS

MICRONUCLEUS

Fig. 4 Micronucleus formation
method combined with micronuclei study
has gained application (Miller et al, 1992),
along with flow cytometric analysis (Miller
and Nusse 1993). Details of this technique
can be found in Paul etal, 1996.
3.8.3 Banding Techniques
Me^taphase chromosomes when
treated v/ith specific enzymes combined
with basic dyes give rise to certain bands
on chromosomes. The handling pattern
appearing on each chromosome is unique
in nature. Any variation on the banding
pattern on a given chromosome would

are currently available such as C, Q, G and
R banding. The applications of these
technique are given below.
3.8.3.1 C-Banding Technique
C-banding does not have direct
dosimetric application whereas it acts as a
marker in confirmation of a dicentric from
that of twist in the chromosomes. In Cbanding the centromeric regions of all
chromosomes are darkly stained and hence
they are called C-bands. The procedure
involves
treatment
of
metaphase
chromosomes with barium hydroxide and
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then staining with Giemsa. Lucas (1989)
have used centromeric and teloraeric

are used as reference points or markers and
alteration of the sequence of these is
MITOSIS

iNTERPHASE

PROPHASE

METAPHASE

2
O
V)

o
o
ac

x
o

DAMAGED

MISREPAIR
TRANSLOCATION '
OF CHROMOSOMES'*

INTERPHASE
CHROMOSOME

ELECTRON TRACK
BREAKING THE
CHROMOSOME

1&2

CHROMOSOME
CONDENSATION
AT MITOSIS

METAPHASE

O

o
2
o
DC
X

u

Fig. 5 Radiation induced translocation
considered an aberrated chromosome. The
markers to identify translocation and
analysis of banded chromosomes, however
dicentric in metaphase spreads.
requires
substantial
cytogenetical
knowledge and experience, and is time
3.8.3.2 Q-Banding Technique
consuming. Chromosome aberrations in the
This technique is very simple.
lymphocytes of radiation workers were
Chromosome preparations are incubated in
studied by Kumagai et al, (1990) using
an aqueous solution of the fluorescent dye
translocation
frequency as an index. The
such as quinacrine mustard dihydrochloride
trypsin banded chromosomes can be
(Caspersson et al, 1968), washed and
employed for late effects of long term
examined using a fluorescence microscopy.
exposure to low doses of radiation.
Although this method is quite simple to
Kumagai et al, (1991) have compared the
perform the stain appears to fade on
frequency of translocations in control
excitation and analysis becomes difficult.
subjects as well as in radiation workers.
Thus it is found that the application of QThe frequency was found to be
banding for biological dosimetry is very
significantly higher in radiation workers
limited.
than in the control group. These authors
have found, that the translocations were
3.8.3.3 G-Banding Technique
mainly of the chromosomes 1,2,7 and 14
This is the most widely used
in radiation workers and of 1,3,7 and 14 in
technique among the banding procedures.
control group. Similar distribution of
In simple terms the specific areas on the
translocation was observed in plutonium
chromosome are digested using trypsin, a
workers by Twan and Holdsworth (1995).
proteolytic enzyme, which produce specific
They
have pointed out possibility of
bands on the chromosomes. These bands
12

Thus it becomes important to analyse the
chromosomes at interphase stage.
In the year 1970, Johnson and Rao
have reported that the cells in mitotic phase
could induce the condensation of
chromatin of interphase cells on fusion.
This is called premature chromosome
condensation. Presently Chinese Hamster
Ovary cells (CHO) are fused with
lymphocytes using polyethylene glycol
(PEG). Earlier sendai virus was used for
fusing the cells and replacement of the
same with PEG has improved the PCC
methodology (Pantelias 1984). The factors
present in the mitotic cells, which induce
condensation of chromosomes are not yet
well characterised, however much progress
has recently been made in this area
(Dumphy and Newport 1988). The
morphology of the PCC reflects the stage
of the interphase cell at the time of cell
fusion. Cells fused at G| phase give rise to
PCC with a single chromatid per
chromosome, while cells fused at G2 give
rise to PCC with two chromatids per
chromosome. Cells fused during DNA
synthesis yield PCC with a pulverised
appearance.

occurrence of hot spots in some regions of
chromosomes. Shuqing et al, (1988) have
shown that radiation induces almost equal
amounts
of
stable
and
unstable
chromosome aberrations. Shuqing et al,
(1988) and Matsukoa et al, (1994) have
shown that the yield of unstable
chromosome aberration decreases over a
period of time or on completion of first cell
cycle where as the stable aberration does
not change.
3.8.3.4 R-Banding Technique
The staining pattern obtained with
R-banding is exactly opposite to that
obtained with Q and G-banding. This can
be achieved by incubating the chromosome
preparations either at higher temperature
or at a suitable pH. The slide containing
chromosome preparation is placed in a hot
(87°C) phosphate buffer saline for 20-60
minutes at a pH 5.1. This is stained with
Giemsa at 87°C rinsed and seen for bands.
R-banding technique has been used
to calculate the translocation frequency in
blood samples exposed to radiation (AlAchkar, 1987, 1989, Sabatier et al, 1988).
Al-Achkar (1987) has studied the effect of
low dose (0.05 Gy) gamma radiation from
samples obtained from healthy human
individuals of various age. The sensitivity
of detection of dose is poor in this method
because of high background frequencies.
This technique may be applicable in young
adults and older people only when the
doses are more than 0.1 and 0.2 Gy
respectively. Al-Achkar has found that
there is a significant increase in reciprocal
translocaiion and dicentric yield and
decrease in deletions for a dose of 0.5 Gy.

Cells at Gi and G2 phase are most
suitable for chromosome aberration studies
because the PCC are discrete and can be
counted and analysed for structural
alterations. For example, PCC with Gi cells
gives chromosome fragments (Waldren and
Johnson 1974) while G2 cells give
chromatid gaps, breaks, and exchanges
(Hittelman and Rao 1974).
PCC offers several advantages, and
it is presented as an alternative to the
conventional cytogenetic technique. First,
the chromosomal aberration damage may
be visualised in about 2 hours. Second, the
chances for inteiphase cell death or
chromosomal repair are decreased. Third,
for PCC analysis of about 100
mononuclear blood cells are sufficient to
estimate radiation damage even at low
doses. Fourth, the linear dose- response
relationships may be standardised easily.

3.8.4
Premature
Chromosome
Condensation (PCC)
The genomic damage is usually
measured when the cells are in metaphase.
The time taken by the damaged cells to
attain mitosis may be delayed. Moreover,
slow growing or non-dividing cells are
dif/icult to study by conventional means.
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Finally the inter laboratory variation in
results are reduced in PCC as the variables
introduced by the stimulation and culture
of lymphocytes required for conventional
cytogenetic techniques are not present in
this technique. This approach thus provides
a direct and most sensitive cytogenetical
method for the estimation of radiation
injury and repair. A dose of 0.05 Gy can be
detected using this method. Of late PCC
has been effectively combined with in situ
hybridisation method to achieve more
sensitivity (Brown et al,. 1992).

lesion are obviously dissimilar (Twan and
Holdsworth 1992, Perry and Evans 1975).
However, it has been reported that high
LET radiation like neutrons (Savage and
Holloway 1987, 1988) and alpha particles
are capable of producing SCE when cells
passes into S-phase (Aghamohammadi et
al, 1988,1989). This technique finds some
application in low level radiation exposure.
The application of SCE in biological
dosimetry has been discussed by Mary and
Jeevanram 1995.
3.9 Molecular cytogenetics indicators
The technique such as fluorescent
in situ hybridisation is useful in studying
the cumulative radiation dose. The in situ
hybridisation provides a means to locate
translocations visually by identifying the
presence of certain DNA sequence of one
chromosome on another chromosome. In
this method the DNA of metaphase
chromosome is first denatured at 70°C,
dehydrated and air dried. Similarly the
biotin labelled DNA probe is also
denatured at 70°C, mixed with denatured
metaphase chromosome and incubated
overnight. The biotin labelled probes are
detected on metaphase chromosomes by
treating
sequentially
with
avidin,
conjugated to fluorescein, a monoclonal
antibody against avidin labelled with biotin
and finally a second layer of avidin
conjugated to fluorescein. This gives the
probe a bright fluorescence and is easily
seen on the metaphase chromosome. Of
late more than one chromosome probe with
different colours are used for translocation
studies. The multicoloured chromosomes
are seen visually by using multiple band
filters which are called chromosome
painting (Popp and Cremer 1992 Schmid et
al, 1992 and Yoshida 1992). This method
of chromosome painting or specific
repetitive in situ hybridisation enables the
easy study of chromosomal damages
induced by ionising radiation (Lucas et al,
1989, Gray et al, 1991, Lucas et al, 1992,
Natarajan et al, 1992, Buchinger et al,

3.8.5 Sister Chromatid Exchange (SCE)
SCE are reciprocal exchanges
between sister chromatids. Although DNA
breakage and reunion is presumably
involved, the exact molecular mechanism
remains unknown. They are produced
during DNA replication. In order to see
SCE, cells in culture are allowed to
replicate twice in bromodeoxyuridine
(BrdU). Incorporation of BrdU into newly
synthesised DNA in place of thymidine
modifies the staining properties of the
chromatids. For example, the fluorescent
stain, Hoechst 33258, stains only the
particular chromatid where in only one
strand is substituted with BrdU. If a sister
chromatid exchange (SCE) has occurred,
this is readily recognised by the bright and
dim fluorescence patterns along the
chromatids. Another technique is the
fluorescence plus giernsa staining (FPG)
which involves, the differentiaUy staining of
the BrdU treated culture with Giemsa. The
stained slide can be studied under an
ordinary microscope unlike the above,
which requires a fluorescence microscope.
SCFi are most efficiently induced by
substances that form covalent adducts with
the DNA., or interfere with DNA precursor
metabolism or repair. Where as potent
clasto^ens such as bleoniycin and ionising
radiation show poor response to induce
SCxi indicating SCE are unrelated to
sixuctural chromosome aberrations and
diese mechanisms involved in the types of
14

cell system used in these assays at present
are the red blood cells and the Tlymphocytes. Somatic mutation in the
RBCs can arise in any of the nucleated
precursor cells. T-lymphocytes
are
nucleated white cells that are widely
dispersed in peripheral blood, lymph nodes
and most of the body tissues. Mature
lymphocytes arise from stem cells in the
bone marrow and migrate to the thymus,
where they differentiate. Mutation in these
cells are expressed as alteration in their
product. Mutation of a single gene is a
relatively rare event, most experimental
system are therefore designed to select out
cells carrying mutation. These assays are
broadly classified as somatic and germinal
mutation assay (See Flow Chart-1. The
various mutational assays which are

1993 and Matsuoka 1994). A more
elaborate
discussion
of
insitu
hybridisation has been discussed elsewhere
Venkatachalam et al,. (1996). Presently
fluorescence in situ hybridization offers a
method of choice for estimating cumulative
radiation exposure.
3.10 Molecular indicators
3.10.1 Mutational assay
Ionising radiation has also been
shown to induce specific locus mutations.
Measurement of the somatic mutation
frequency would serve as an indicator of
human exposure to radiation (Kushiro et
al, 1992). However, methods for the
quantitative detection of these mutations in
man are very limited. Recently, several
methods for the detection of mutations at

Flow Chart-1 Classification of various mutational assays

MUTATIONAL ASSAY

GERMINAL MUTATION

SOMATIC MUTATION

Lymphocyte
HPRT Mutation assay
(Hypoxanthine Phosphoribosyl
Transferase)
APRT Mutation assay
(Adenine Phosphoribosyl
Transferase)

Erythrocyte
GPA Mutation assay
(Glycophorin-A)

Sperm Cell
LDH'X Mutation assay
(Lactate Dehydrogenase-X)

fi-Globin Mutation assay
(Beta-Gbbin)

TCR Mutation assay
(T'Cell Antigen Receptor)
HLA-A Mutation assay
(Human Leukocyte Antigen-A)
specific loci have been established. A prerequisite for these mutational assays is to
select a suitable gene and suitable cell to
determine the mutational frequency. The

available currently are tabulated in Table-2.
The gene locus and the span length of each
gene are also compared.
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and practised only in very few laboratories.
The most commonly used systems
employ the loss of function of a gene

3.10.1.1 Somatic Cell Mutation Assay
Presently somatic mutation in genes
such as HPRT, APRT, Glycophorin-A,

Table-2 Mutational Assay
Assay

Mutational
Type

Cells used

HPRT

Somatic

APRT

Stability

Size (Kb)

Gene
Locus

Lymphocyte

Recognition
Site
Enzyme

Xq

44 (9 exons)

Unstable (1-2 yrs)

Somatic

Lymphocyte

Enzyme

16

2.5 (5 exons)

Unstable (1-2 yrs)

TCR

Somatic

Lymphocyte

Receptor

14q
7q
7p

a.8-1000
p-600
y-150

Unstable (2 yrs)

HLA-A

Somatic

Lymphocyte

Receptor

6p

5 (7exons)

Unstable (2 yrs)

GPA

Somatic

Erythrocytes

Receptor

4q

44 (4 exons)

Stable (infinite)

p Globin

Somatic

Erythrocytes

Receptor

lip

2 (3 exons)

Stable (?)

Germinal

Sperm

?

?

LDH-X

TCR, HLA-A, P Globin have been studied.
These techniqus are comparatively recent
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product (enzyme) which is not essential for
the survival of cell in culture. Thus, cell
dATP
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Fig. 6 Biosynthesis ofPurine and Pyrimidine (from Old& Primerose, 1989)
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biosynthesis involving HPRT and APRT
action.

may be challenged with a mutagen (toxic
drug or ionising radiation) that would
normally react with fatal consequences. If
mutation renders the gene producing the
specific enzyme ineffective, the cell will
survive, and thus the mutation frequency
can be obtained by measuring the
survivors. The most common of this type
are the HPRT and APRT. In HPRT
system, the loss of enzyme, hypoxanthinine
guanine
phosphoribosyl
transferase,
renders the cell resistant to the drug 6thioguanine (6-TG) and the enzyme
thymidine kinase (TK) gives resistance to
trifluorthymidine
(TFT).
Adenine
phosphoribosyl
transferase
(APRT)
mutants are resistant to 2,6-diamino purine
(DAP). Resistance enable mutant cells to
grow in TG medium where as wild type
(normal cells) are not able to survive in
these medium. The various mutants, their
resistance property and inhibitors available
for cell culture is shown below. Fig. 6
shows the purine and pyrimidine

3.10.1.1.1
Hypoxanthine
phosphoribosyl-transferase (HPRT) mutations!
assay

The gene HPRT, an enzyme
responsible for the synthesis of purine is
located on Xq chromosome arm. HPRT
gene has 44 kb and contains 9 exons and
hence it has a "large target" for mutation.
As mentioned earlier, HPRT-deficient
mutant cell can be readily recognized by
their resistance to the purine analogue, 6thioguanine (TG). This is done by cloning
of lymphocytes which are able to grow in
thioguanine (Morley et al, 1983 and
Albertini et al, 1990). HPRT can be
assayed by two methods the variant
frequency or the mutant frequency. The
variant frequency involves the cloning of
lymphocytes in presence of TG mutant
cells. The growth induced is either
measured by BrdU fluorescence labelling
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Cell grows
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Fig. 7 HPRT mutational assay

17

Decrease
colony
efficiency

or by autoradiography (Fig. 7). In mutation
frequency method, the lymphocytes are
grown along with feeder cells, in titer
plates in presence of TG and the efficiency
is determined by increased titer value
indexing for more mutation and vies versa.
Several laboratories have studied "back
ground" HPRT mutation frequencies in
normals with the T-cell cloning assay, the
range of value for adults is 3.1- 9.5 x 10'6
and the mean value for a total of 252
individuals is 5.3 (±2.7) x 10"6 (Albertini et
al, 1990). A clear age related increase in
mutational frequency has been reported. As
with the short term assay, chemo and
radiotherapy in cancer patients cause
significant rise in mutation frequency has
been reported. Atomic bomb survivors, 43
years after exposure showed significant but
small response as a function of their
estimated A-bomb radiation dose (Hakoda
et al,. 1988). It has been shown that the

mutant response in the hprt assay decay
with time (Ammenheuser et al,. 1938),
Thus it has been said that this method is
unlikely to be useful for measuring
cumulative dose.
3.10.1.1.2 Adenine phospho-riihosyltransferase (APRT) mutational assay
Adenine phosphoribosyltrausferase
(APRT), catalyses the phosphorylation of
adenine. This enzyme is encoded by a gene
present on chromosome 16. The patient
with "APRT deficiency," suffers from
kidney or ureter stone composed of 2,8dihydroxy adenine. Tatsumi et al,, (1992)
used EB virus to create immortal B
lymphocyte population to assay and
quantify the forward mutation from
APRT1 to APRT"'" that is selectable
because of its resistance to an adenine
analogue
2,6-diaminopurine
(DAPR).
APRT is assayed similar to HPRT assay
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APRT"

Stimulated
+
Diamino purlne
(DAP)

Increase
HTdR

PHA

5

Cell grows

DNA

(DAP")

Synthesis
Increase
Increase
BrdU
~~* fluorescence

+
HTdR or BrdU

PHA

Stimulated

+
Diamino purine.
(DAP)

Decrease
HTdR

Decrease
counts

Decrease

Decrease

BrdU

fluorescence

Cell killed

DNA
(DAP1) " Synthesis

16
Normol

Increase
counts

HTdR or BrdU
MUTATIONAL FREQUENCY

APRT"

PHA Stimulated
+
Diomino purine
(DAP)

Various cone.

Increase

in titer plates

titer value

Increase
colony
efficiency
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Fig. 8 APRT mutational assay
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complex is required. Thus any defect on
one of the two molecules that make up the
TCR heterodimer results in a loss of CD3
surface expression. The principle of the
assay is to label lymphocytes with
fluorescently tagged anti CD3 and anti
CD4 antibody to detect CD3\ CD4+ cells
among CD3+, CD4+ normal helper and

mentioned above (Fig. 8). Tatsumi et al,
(1992) showed that the mutation increases
in a dose dependent manner. The
measurement of adenine phosphoribosyle
transferase (APRT) mutation in CHO cell
did not show any changes below 2.0 Gy
(Miles and Meuth 1989). Fading of the
mutants due to the selection of the cells

MoAb-CQ4

MoAb-CD3
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FREE ANTIGEN

CD3 COMPLEX
TCR COMPLEX

A £ TCR MUTATED

NORMAL T-CELL

01 TCR MUTATED

CD.'5 Antibody
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CD4 Antibody
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expressed

expressed
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+

+

+

+

(CD3 CD4 )

|3 TCR MUTATED

(CD3~CD4 )

(CD3~CD4 )

(CD3~CD4 + )

Fie. 9 T-cell antieen receptor mutational assav
over a period of 2 years results in the loss
inducer T cells (Akiyama et al, 1991). The
of the mutant cells. As a result the
principle of TCR detection is summed up in
cumulative dose is not possible to be
Fig. 9 which shows the loss of or a
measured.
heterodimer either of which can be
detected using monocloned antibodies.
3.10.1.1.3 T-Cell Antigen Receptor
Flow cytometric analysis of Phycoerythin
(TCR) rautational assay
labelled anti leu 4 (CD3) and FITC labelled
anti leu 3 (CD4) may help to differenciate
Currently TCR gene mutation assay
CD3+4+ from CD3'4". In TCR assay, two
is used to measure the somatic mutation
MoAbs, anti-CD3 and Anti CD4 antibodies
frequencies. TCR is a heterodimer
are used as the T-cell antigen receptor.
comprising alpha and beta or gamma and
TCR mutation studies on atomic bomb
delta chains and is associated with a
survivors and persons with recent radiation
mole'cular complex referred to as the CD3
exposure have shown dose related
antigen, (cluster
of
differentiation)
response.
expressed on the surface of mature T
lymphocytes. Only one of the two alleles
'for the TCR gene is expressed in the
3.10.1.1.4
Lymphocyte
Human
majority of T cells by allelic exclusion,
leukocyte
Antigen-A
(HLA-A)
therefore TCR genes are functionally
mutational assay
hemizygous though autosomally located.
The HLA-A, B, and C molecules
For the TCR molecules to get expressed on
each consist of a 2-chain structure. The
the T cell surface, the complete CD3/TCR
alpha chain (MW 44,000) is a polymorphic
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glycoprotein determined by genes in the
HLA complex on chromosome 6. This is
noncovalently linked to a nonpolymorphic

Cells

mutant cells when exposed with 100 kVp
x-rays. Studies on the atomic bomb
survivors showed no variation compared to

Antigen
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Resell
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-•

Killed

Immuno-selection
->HLA-A 3
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[Absence of Antigen]

• HLA-A2 ——

'HLA-A2
Mutant

->• Survives

Immuno-selection
->HLA-Aj
1 Survives

,HLA-A3

Fig. 10 HLA-A mutational assay
the control. The exact mechanism by which
the mutants are eliminated in vivo is
unknown. The HLA assay is not suitable
for use as a lifetime dosimeter. However
depending on the half life of the mutants in
vivo it may be useful for evaluation of
recent exposure. The principle of the assay
has been described in Fig. 10.

protein (MW 12,000), p2-microglobulin,
determined by a gene on chromosome 15.
The mutation on the HLA-A on the
peripheral blood lymphocyte can be
detected by autoradiography and cloning
version as well. The lymphocyte HLA-A
locus mutation assay uses monoclonal
antibodies specific to HLA-A2 and A3 plus
its complements to kill normal cell
expressing HLA-A2 and A3 antigen on the
surface, but mutant cells lacking the
antigen may survive. Morley et al, 1983
have observed a linear increase in the

3.10.1.1.5 Erythrocyte Glycophorin-A
(GPA) mutational assay
Glycophorin-A is the major cell
surface sialoglycoprotein of human
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Fig. 11 Structure of GPA, from red blood cells.
(Note the variation in aminoacids at two positions in M and N blood groups)
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erythrocyte and is present in about 5 x 105
copies per cell (Race and Sanger (1975),
Anstee (1980), Langlosis et al,. (1985) and
Merry et al,. (1986)). GPA occurs in two
allelic forms. The two forms M and N are
identical except for variation in aminoacids
at two positions in amino terminals
(Furthmayer 1978). The amino acids in
individuals with blood group M have serine
and a glycine at position 1 and 5, while

of the pure variant cells. The occurrence of
the variant cell frequency is 1 x 10'5 in
normal donors. Langlois et al, (1986). have
shown a significant dose-related increase in
mutational frequency. Similar increase in
variant cell frequencies are seen in cancer
patients after exposure to chemotherapy
Langlosis et al, (1986). This method is
applicable only in 50% of population
carrying the heterozygous allele of M and

MN BLOOD GROUP
WITH 0
MUTATION
S-SERINE
G-GLYCINE

L-LEUCINE
E-CLUTAMIC ACID

0 - N U L L MUTATION
MM,MM,MN-SLOOD CROUPS

Fig. 12 Erythrocytes with homozygous and heterozygous allelefor GPA-A
those in group N individuals are leucine
and glutamic acid, respectively (Fig. 11).
The individuals with MN blood group, the
glycophorin-A for M and N aileles are
expressed codominantly. Using mutational
assay, erythrocyte lacking expression of an
allelic form of glycophorin-A can be
enumerated (Fig. 12) (Bigbee et al, 1990).
The loss of expression on erythrocytes for
glycophorin-A is presumably due to in vivo
somatic mutational events in erythroid
precursor cells (Awa et al, 1978, Buckton
et al, 1978, Langlosis et al, 1986 and
Bigbee et al, 1990). Monoclonal antibodies
specific for M and N glycophorin-A alleles
are used to identify variant cells that lack
the expression of one allele in blood
samples from MN heterozygotes. Flow
cytometric sorting enables the enumeration

N as shown in Fig. 12. As the damage in
the gene is on the precursor cell which is
continuously replenishing RBC's carrying
these mutants, these methods can be used
to detect cumulative exposure in
occupational radiation workers.
3.10.1.1.6 Beta
globin
(p-globin)
mutational assay
p-globin method detects rare red
blood cells that contain significant
quantities of a pre-selected specific mutant
hemoglobin. It was originally designed for
sickle cell hemoglobin, using fluorescent
antibodies that can identify such cells
microscopically (Papayannopoulou et al,
1976). The detection of such altered
hemoglobin has recently been refined by
using automated scanning microscopy and
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Fig. 13 Normal and mutated gene sequence of $-globin
image analysis of a large number of RBGs
(Tates et al, 1989). This method employs
the treatment of RBCs fixed on glass slide
with fluorescent cells and defines the
hemoglobin variant frequency. Because the
involved imitations result from single
specific base changes (the smallest possible
target in the genome), the mutants are
exceedingly rare, on the order of the three
mutants per one hundred million cells. Fig.
13 shows the normal and mutated gene
sequence of P-globin. This technique
needs further validation and availability
before it can be applied for biodosimetry.
The sensitivity of the technique may be
increased by the simultaneous use of
several antibodies specific for other mutant
hemoglobins.

cell mutation assay was employed by
Mendelsohn
(1984)
for
biological
dosimetry. This method is still in the initial
stage of development, and the literature
pertaining to this is found to be meagre.
3.10.2 Unscheduled DNA synthesis as a
molecular indicator
The biological effects of low level
radiation are not clearly understood. The
effects such as chromosomal aberrations
are perceptible only at levels above 50
mGy. There is considerable interest in
identifying
possible
physico-chemical
effects at lower exposure levels for
application for dosimetry purposes. It has
been shown that persons receiving low
levels of ionising radiation show enhanced
rate of DNA repair of their lymphocytes.
This has been studied using Unscheduled
DNA synthesis (UDS). The intrinsic
capacity to repair UV induced thymine
dimer formation has been calibrated and
quantified in vitro by Kang (1988). To
measure UDS, Tritiated
thymidine
3
( HTdR) is used as an indicator. 3HTdR
gets incorporated into the newly
synthesised DNA during repair process.
The extent of incorporation of 3HTdR into
DNA depends on the repair capacity of the
cell. 3HTdR is incorporated in DNA also

3.10.1.2 Germinal cell mutation
This mutation is only one of the
kind so far used in the estimation of the
dose using germinal cell expression. This
has a disadvantage compared to the
somatic mutation expression that it would
be studied only in the male population who
are exposed to radiation.
3.10.1.2.1 Lactate Dehydrogenase-X
(LDH-X) sperm cell mutation assay
The application of LDH-X sperm
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during semiconservative DNA synthesis.
But the addition of hydroxyurea in the
culture medium inhibits semiconservative
DNA synthesis, and helps in discriminating
the incorporated 3HTdR in newly
synthesised DNA due to UDS. This
method of UDS has been found to be a
suitable method in the estimation of low
radiation dose.
Various methods are
available for the measurement of UDS like
autoradiography,
liquid
scintillation
counting, BND (benzoylated naphthoylated
DEAE) cellulose method, equilibrium
sedimentation technique and fluorescence
technique has been reviewed by Mary and
Jeevanram (1995) in depth.

laboratories. Mutational assays may be
sensitive but refined methods to identify
various mutational genes need to be
developed. Except for GPA mutational
assay, all the other assays present particular
difficulties in studies of the effect of dose
rate when exposures can be spread over
varying period of time. GPA is confined to
the estimate of dose to 50% of the
heterozygote population. The ESR study
of free radicals is quite stable and sensitive
and can estimate the cumulative dose. In
general no biodosimetry technique can
fulfil all the criteria for the ideal dosimeter.
One has to resort to combination of several
biological indicators to achieve best
sensitive estimate of doses.

4.0 Conclusion
From the review of various
biological indicators for
measuring
radiation dose, it is that no single biological
indicator can satisfactorily meet all the
requirements explained in section 2.0.
Prodromal indicators are evident in high
dose exposure as in Goiania accident
where people showed radiation sickness.
These cannot be used to detect low levels
of radiation. Hematological indicators are
also mainly used in accidental exposures
and are applicable for doses of the order of
0.5 Gy and above.
Spermatogenesis
indicators are not suitable for long term
biodosimetry as the restoration of fertility
reaches normalcy very fast. The changes in
the levels of biochemicals in cells due to
radiation too have limited application as
there are problems of establishing a clear
dose effect relationship. Prodromal and
cellular indicators lack sensitivity and
reprodudbility. Physiological changes are
restored quite fast. Immume response
varies from person to person and hence
these indicators are not ideal for dosimetry.
The review clearly indicates that
cytogenetic studies are the ones which can
be relied on the estimation of radiation
absorbed dose. Currently, FISH assay
appears to be more promising to evaluate
the dose received during a long period of
time. It is yet not within reach of all
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