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ABSTRACT
Among various biological dosimetry techniques, dicentric chromosome
aberration method appears to be the method of choice in analysing accidental
radiation exposure in most of the laboratories. The major advantage of this
method is its sensitivity as the number of dicentric chromosomes present in
control population is too small and more importantly radiation induces mainly
dicentric chromosome aberration among unstable aberration. This report brings
out the historical development of various cytogentic methods, the basic
structure of DNA, chromosomes and different forms of chromosome
aberrations. It also highlights the construction of dose-response curve for
dicentric chromosome and its use in the estimation of radiation dose.
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CHROMOSOME ABERRATION ANALYSIS FOR BIOLOGICAL
DOSIMETRY - A REVIEW
Solomon F.D. Paul, P. Venkatachalam and R.K. Jeevanram
1. INTRODUCTION

The discovery of the clastogenic effect of radiation necessitated study of
biological indicators to estimate radiation absorbed dose. The various biological
indicators which have been tried for the above study are reviewed by several authors
(Bender et al, 1988, Preston 1989, Greenstock et al, 1994, Rao et al, 1992) and an
update of these reviews is found elsewhere Paul et al, (1996). Cytogenetic techniques
such as dicentric chromosome aberration (CA - Plate la,b), micronuclei (MN - Plate
2a,b), premature chromosome condensation (PCC), banding (Plate 3a) and
fluorescence in situ hybridisation (FISH - Plate 3b) have gained importance in
monitoring radiation doses. Although sister chromatid exchange (SCE - Plate 4a,b)
have been used in monitoring several clastogenic insult, it is proved that ionising
radiation does not induce SCE except for high LET alpha radiation. While there are
various techniques, dicentric chromosome aberration is the one which is largely used
for dose measurement. This technique is well standardised as it is specific, sensitive,
economical and comparatively easier to carry out. This review has been compiled to
update the historical development of cytogenetical methods, induction of different
forms of chromosomal aberrations with radiation, measurement of dicentric
chromosomes, establishing the dose-response curve and its role in monitoring
accidental radiation exposures.

2. DEVELOPMENT OF CYTOGENETIC METHODS AND THEIR APPLICATIONS IN
BIODOSIMETRY

The birth of radiation cytogenetics might have taken place in 1930s while
studying chromosomal aberration in Tradescantiu microspore with x-rays (Sax-1938).
In the next few years Sax and his colleagues described dose-response curve for x-ray
and neutron. From the studies on low-dose rate exposures, these authors defined the
production of chromosomal aberration in terms of one or two hit kinetics now known
as one and two track events. In 1941, Sax defined chromosome and chromatid type of
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aberrations. In 1955, Revell proposed the concept of intra and inter chromosomal
exchanges. He indicated that two lesions are necessary to initiate the exchange, and
failure to complete the exchange will give rise to deletions.

Application of

radiolabeled thymidine helped to study sister chromatid exchange (SCE) (Taylor et al,
1957).
In 1962, Lea formulated an equation for the dose-response curve obtained with
x-ray. He showed that radiation produces more damage in cells when exposed in the
presence of oxygen compared to nitrogen. Lea also proposed that the pattern of
chromosome aberrations follows Poisson distribution.

In 1968, Caspersson et al,

developed Q-banding technique using quinacrine mustard.

In 1970, in situ

hybridization using radioisotopic method was developed by Pardue and Gall. In the
same year Johnson and Rao found the use of PCC using Sendai virus. In 1971,
banding method using trypsin (G-banding) was introduced (Arrighi and Hsu 1971,
Seabright 1971 and Summer et al, 1971). In 1972, Caspersson et al, showed the
presence of 21 trisomy using Q-banding technique. In 1972, Manolov and Manolova
used banding method and identified the translocations occurring between chromosome
8 and

14 in Burkitt's Lymphomas.

Zakhorov and Eyolina (1972) used

bromodeoxyuridine (BrdU) in place of tritiated thymidine to study the SCE. The
discovery of Hoechst 33256 method to study SCE by fluorescence microscopy was
proposed by Latt in 1973.
Rowely (1973) identified the Philadelphia chromosome (Phi) in chronic
myeloid leukemia (CML) where the translocations occur between 9 and 22. Perry and
Wolff (1974) first used fluorescence plus Giemsa (FPG) method in the study of SCE to
retain the harlequin effect for a longer period of time. Chaganti et al, (1974) found out
that the frequency of SCE is ten times higher in persons with Bloom's syndrome
compared to normal. This paved the way for Perry and Evans (1975) to demonstrate
that the effect of chemical mutagen on DNA can be studied by SCE. In 1975, Gray
proposed a method to sort chromosomes with flow cytometry and this was applied for
genome: mapping in later years.

Countryman and Heddle in (1976) showed the

monitoring of micronuclei in lymphocytes as an alternative method to estimate
radiation dose. High resolution banding using synchronised culture was developed by
Yunis (1976) for resolving the over lapping bands to identify specific translocations.
The Sendai virus, used for fusing cancerous cells and lymphocytes, was replaced by

polyethylene glycol (PEG) in PCC technique (Pantelis and Maillie 1983, 1984).
Groffen et al, (1984) proposed that the specific DNA sequences, which are formed to
occur repetitively with in short stretches might be involved in the production of
chromosomal aberrations.

From 1985 onwards a dramatic turn has taken place

through the development of fluorescence in situ hybridisation by the use of specific
locus probes, repetitive sequence probes and whole chromosome probes. Van Dilla et
al, in 1985 used the flow sorter for sorting human chromosomes at the rate of 5 x 106
individual chromosome in eight hours (High speed sorting).

Fenech and Morley

(1985a, 1985b) developed a modified cytokinesis blocked method to improve the
sensitivity of micronuclei technique. This enabled to score cells in the first cell cycle.
Construction of DNA libraries using flow sorting was developed by Deaven et al
(1986). Pinkie et al, (1986) and Moyzis et al, (1987) used the chromosome specific
DNA probes for the detection of chromosomal aberration by in situ hybridisation
method. Lucas et al, (1989) used the centromere and telomere probes to study the
reciprocal translocations and dicentric chromosomes. In 1987, Lehrman et al, and
Haluska et al, (1987), supported the work of Groffen et al, (1984) that specific DNA
sequences are involved in the production of chromosomal aberration. In 1993, Lucas
et al have developed the three colour chromosome painting system. The fluorescence
in situ hybridisation was also extended for the study of various other cytogenetical
studies like the PCC (Evans et al, 1991, Brown and Evans 1992), MN (Miller et al,
1992) and Banding (Popps and Cremer 1992) techniques.

3. THE CELL, CHROMOSOME, DNA
3.1 THE CELL

Cell is the basic unit of any living organism. Celts are like micro-factories,
which convert raw materials (amino acids, simple carbohydrates, lipids and trace
elements) into useful substances (proteins, complex lipids, carbohydrates and nucleic
acids) needed for body function.
It has been estimated that approximately 100 trillion cells are present in a
human adult. The cell has the ability to self replicate. The ce.l undergoes various
changes before replicating into daughter cells and the process is kliown as cell cycle
(Fig 1). The cell cycle is classified into two phases namely the inter and the mitotic
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phase. The interphase is further divided into G[ phase (Presynthetic phase), where the
cell is marshalling all precursor molecules necessary for the task of copying the DNA,
the S-phase (Synthesis phase) where DNA synthesis occurs and the G^-phase
(Premitotic phase) where protein synthesis occurs. Mitotic phase is also divided into
the prophase, the metaphase where the chromosomes are highly condensed, followed
by the anaphase and the telophase. At this stage the nucleus of the cell divides into
two identical nuclei. At the end of the nuclear division (karyokinensis), cytoplasmic
division (cytokinesis) occurs. This is followed by the shunting of the cell to the Ephase (Decision phase) or the G r phase according to the nature and differentiation of
the cell.

3.2 CHROMOSOMES AND ITS STRUCTURE

The nucleus of human cell contains 22 matched pairs of chromosomes
(autosomes) and two sex chromosomes. The female carries two X chromosomes and
the male carries both X and Y chromosomes. One from each pair of autosomes, plus a
sex chromosome, is derived from each of the parent at the time of conception. The
chromosomes in body (somatic) cells are in the diploid state, i.e., the chromosomes
are paired whereas those in gametes (egg or sperm) are in the haploid state, i.e., the
chromosomes remain single. The number of chromosomes present in a cell varies in
different animals, for example bovine-60, equine-64, canine-78. Pairs of chromosome
are termed as homologous because a copy of a given gene resides at the same position
(locus) on both the chromosomes of the homologous pair. If both the genes are
identical they are the called homozygous, and if they are different then they are called
heterozygous. The total length of the DNA of all the chromosomes of interphase cell
nuclei, estimated as 174 cm, becomes condensed about 10,000 fold into a metaphase
chromosome. To make the description of chromosome condensation more concrete,
consider the size of the longest chromosome (no. 1), and the shortest chromosome (no.
21). Chromosome 1 contains about 2.5 x 108 base pairs (bp) oif DNA, and would be
about 15 cm long if it were fully extended and chromosome 21 contains 0.5 X 10 bp
of DNA, and would be about 3 cm long. The 15crn long DNA molecule of
chromosome 1 is condensed in such a manner that the length of this chromosome at

metaphase stage is only few micrometers.

The state of condensation of the

chromosome can provide an indication of how the DNA fibre is arranged within the
nucleus. During the first level of condensation, 146 bp DNA sequences are wound
twice around a closely packed histone core to form units known as nucleosomes.
Successive nucleosomes are separated by linkers, giving a beads on a string structure
containing about 200 bp per unit. The packing ratio at this stage is about 10, that is
the DNA in chromosome 1 is now condensed to 1.5cm and chromosome 21 is to
0.3cm.
At the second level of condensation, the nucleosomes are further compacted to
form a thick helical fibre termed a solenoid, with six or seven nucleosomes per turn.
Formation of the solenoid may be controlled by cross linkage of the histones attached
to adjust nucleosomes. At this stage the packing ratio is increased to about 50.
Chromosome 1 is now condensed to 0.3cm and chromosome 21 to 0.06cm.
The solenoids are next packed into loops or domains surrounding a protein
matrix or scaffold. The loops are the beginning of the chromomeres, the bead like
thickening observable under the microscope in early prophase chromosomes.

It

appears that in these domains the genes required to be expressed for the cell formation
are primarily in the outer part of the loops, while the suppressed genes, those not
needed for cell function are buried on the inside. In other words, one level of the
control of gene expression depends in some way on how genes are packed into
chromosomes, and their association with chromosomal proteins in the packing
process Unlike the chromosome seen in stained preparations under the microscope or
in photographs, the chromosomes of living cells are flexible, dynamic structure
intimately involved in the selective expression of genes.
The chromosome condenses further at metaphase. At fhis phase, the length of
chromosome 1 is 10-15|^m and chromosome 21 to 2-3}im in length. Each chromatin
ha,s three major regions known as euchromatic, heterochromatic and intercalating
heterochromatic regions. They are present at specific regions on the chromatin. The
euchromatic regions of the chromosome stain lightly with Giemsa.

The

interchromomeric regions of the prophase chromosomes are the regions that tend to
replicate early in the DNA synthesis and are transcribed into RNA.

The

heterochromatin region in contrast, is more condensed and stained deeply with
Giemsa. The heterochromatic regions are usually inactive and composed of satellite
DNA, which have highly repetitive sequences.

3.3 DNA AND ITS STRUCTURE

The DNA according to Watson and Crick is a double helix structure with two
complementary strands linked by hydrogen bonds. These bonds are readily broken by
heating for a few minutes at 95 to 100°C and will reform when the temperature is
brought down to about 65°C. The basic unit of DNA molecule is the nucleotide,
consisting of a base (adenine, guanine, thymine or cytosine), deoxyribose and a
phosphate group. Adjecent nucleotides on a strand linked covalently between the 5'
carbon on the deoxyribose of one nucleotide and the 31 carbon of the deoxyribose on
the neighbouring nucleotide and form a long DNA strand.

The DNA molecule

Fig.2 DNA- Nucleotide
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strands are critical to DNA replication, because the strands can be melted or separated
and each can act as a template for the production of a new double stranded molecule.
The human genome (diploid) consists approximately 6xlO9 bp, and 25,000-100,000
genes. DNA provides two basic functions, it is a blueprint for assembling aminoacids
into proteins and it provides a template for the reproduction (self-replication) of both
somatic and germ cells (Fig 2).

4. TYPE OF DNA DAMAGES

Fig. 3 DNA Lesions caused by various Mutagens
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4.2 CHROMOSOME ABERRATIONS

Where as when cells are exposed to high dose-rate or high LET radiation a
double strand break is induced.

A double strand break, when it occurs at two

positions either on single or on two separate chromosomes, could result in
chromosome aberration. Such aberrations are produced by both low as well as high
linear energy transfer (LET) radiations (Fig 4). In the case of high LET radiation, the
two lesions are produced by the traversed of single ionising track where as with low

Fig. 4 Single and Double track Events of Ionising Radiation
Single TVack Event
Double Track Event

a
©

Dose
a - Dose-response curve with high LET radiation
b - Dose-response curve with low LET radiation having high dose-rate
c - Dose-response curve with low LET radiation haying low dose-rate
Y - Aberration frequency
C - Aberration frequency in Control
I)-Dose
a and ft - Fitted Coefficients
aD - Linear Component, Dose-rate Independent (Time indepe ndent)
2
- Dose Squared Term, Dose-rate Dependent (Time dependent)
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LET radiation the two lesions are produced either by the traversal of single or two
ionising tracks. The aberration yield with respect to low and high LET radiation dose
is discussed under the heading dose-response curve (7.1). Lehrman et al, (1987) and
Groffer et al, (1984) have shown specific DNA sequences are involved in
chromosome aberrations. Such break points are distributed randomly throughout the
chromosome (Lucas et al, 1992). The aberration frequency is directly proportional to
the size of the chromosome or its DNA content. The formation of various types of
chromosome aberrations is depicted in Fig 5. and described in detail in the following
paragraphs.
Fig.5 Chromosme Aberrations
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4.2.1 RESTITUTION

The break occurring in chromosome due to radiation may simply rejoin and
retain the original configuration or rejoin in a wrong manner resulting in a change in
the shape of the chromosome. During rejoining if the chromosome gets back to its
original configuration then it is called restitution (Fig 5b). The term restitution implies

11

that no harm has been done to the chromosome. However, there may be some damage
to the function of the genes present in the region of the break.

4.2.2 TERMINAL DELETION

The sheared piece of one end of a chromosome, if it has not been rejoined to
the main body, leads to a break called terminal deletion. During division both the
residual chromosome and the deleted piece will duplicate.

The change in the

chromosome structure due to deletion is seen at metaphase in the form of shortened
chromatids (provided the deleted piece was large enough) and of two acentric
fragments (Plate lb, 5a). The terminal deletion is usually caused by one track event
when compared to the interstitial deletions which requires two single tracks events
spaced few distances apart on the chromatin. Generally the cells carrying a deleted
chromosome will die, but some cells can live for longer period. Small sheared piece
of chromosome may result in structure called minutes (Plate 6a).

4.2.3 INTERSTITIAL DELETION

If there are two breaks in one of the arms of a chromosome then this will result
in the formation of terminal chromosome, intermediate chromosome and a large bulk
of the residual chromosome. There is a possibility that the terminal piece may join the
residual chromosome and the intermediate piece remain deleted (Fig 5c). The deleted
intermediate piece is referred to as interstitial deletion. The ends of the deleted piece
unite and appear either as minute or acentric ring depending on the length of piece.
The distinction between minute and acentric ring is merely an indication of the
different size of interstitial deletion. This type of damage can be detected by banding
or fluorescent in situ hybridization technique. The dose-response curve is linear up to
0.5 or 1 Gy as single track events dominate in this type of aberrations.

4.2.4 PARACENTRIC INVERSION

In interstitial deletion, the terminal piece joins the main part of ti'ie chromosome
and intermediate piece is deleted.

There is another possible combination.

12

The

intermediate piece may turns around and join the bulk of the chromosome and the
terminal piece (Fig 5d). The process of reassembly, is known as paracentric inversion.

4.2.5 PERICENTRIC INVERSION

Consider a break in both the arms of the chromosome. The entire body of the
residual chromosome turns around, and joins with terminal pieces i.e., the piece
broken off of the long arm joins to the short arm of the chromosome and vice versa.
The resultant chromosome is said to have undergone a pericentric inversion (Fig 5e).
Any biological effect that results from paracentric or pericentric inversion must be due
to the changes occurring in the genes present in break region or due to the variation in
the position of the genes within the arms of the chromosome.

4.2.6 RING CHROMOSOME

Consider a break in both the arms of the chromosome as in the case of
pericentric inversion. The two ends of the double deleted chromosome can join and
form a centric ring chromosome. The two deleted pieces may join and form an
acentric fragment (Fig 5g, Plate 5a). Another possibility is the large interstitial deleted
chromosome fragments may bend and fuse at the broken ends resulting in a acentric
rings (Fig 5f, Plate 5b).

4.2.7 DICENTRIC CHROMOSOME

Consider two chromosomes A and B with a break occurring in one arm of each
chromosome. During the repair process, the bulk of one chromosome (A) may join
with the bulk of another chromosome (B). The composite chromosome thus formed
will have two centromeres. The terminal pieces, left over from both chromosomes
may join and form acentric fragment (Fig 5h, Plate lb, 5a, 10a,b). The dose-response
curve obtained with dicentric chromosome is discussed in detail later in this report.

4.2.8 TRICENTRIC CHROMOSOME

A more rare, but definitely occurring, chromosome aberration is the tricentric
chromosome. As mentioned earlier a dicentric chromosome is formed first. Imagine
13

one end of the dicentric chromosome is broken off and simultaneously one end of a
third chromosome is also broken off. The broken end of the dicentric chromosome
may join the bulk of third chromosome resulting in the formation of tricentric
chromosome (Plate 10b). A tricentric chromosome will be considered as equal to two
dicentric chromosome in estimating the dose.

4.2.9 TRANSLOCATIONS

The terminal break occurring on two chromosome similar to that of dicentric
chromosome may inter change the broken fragments and results

a reciprocal

translocation (Fig 5i). These aberrations are quite stable and are found to produce
clones of aberrated cells over a period of time (Natarajan et al 1991).

The

translocation can be detected efficiently using conventional banding (Plate 3a)
methods (Kumagai et al, 1990) or chromosome painting (Plate 3b) techniques (Lucas
et al, 1989, Lucas et al. 1993, Lucas and Sachs 1993).

4.2.10 ISOCHROMOSOMES

The aberration in the centromeric region of the chromosome may give rise to
isochromosome. Centromere is a specialised portion of the chromosome which holds
both the chromatids together. At anaphase both the chromatids separate to become
chromosomes of the two new cells. At the same time the centromere also replicates
itself in such a manner that each daughter chromosome of the pair will have its own
centromere.
Any aberration in centromeric region will cause it to divide at right angles to
the normal division. This results in two new types of chromosomes. In one type both
the arms are longer and in another type both the arms are shorter. In other words the
arms of the chromosome form mirror image to each other, and hence is called
isochromosome. The resulting daughter cells are highly unbalanced and hence there is
a deficiency in the genetic information.

14

4.3 CHROMATID-TYPE ABERRATIONS

Chromatid type aberrations are classified similar to chromosome type
aberrations. The various chromatid aberrations like deletions, acentric, dicentric and
centric rings are shown in Fig 6.
Fig.6 Chromosomal and its equivalent Chromatid type aberrations

CENTROMERE

ACENTRIC
FRAGMENT

CENTROMERE

ACENTRIC
FRAGMENT

CENTROMERE

4.3.1 TERMINAL AND INTERSTITIAL DELETIONS

The chromatid fragment formed during terminal deletion may be displaced
distal (Plate 10b) to the aberrated region or may be close to the region. In case it is
close to the aberrated region, the gap between the centric and acentric region should
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Fig.7 Schematic Representation of various Chromosomal aberration and
Chromatid aberration
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be greater than the width of the phrornatid for considering it as a terminal deletion
(Plate 6b). This latter definition is used to distinguish between terminal deletions and
achromatic lesions or gaps as explained later (Fig 7).
Chromatid type interstitial deletions are not as readily observable as their
chromosome-type counterparts, mainly because the small deleted fragment is often
separated from the chromosome and is not observed.

4.3.2 ACHROMATIC LESIONS

The non-staining or reduced staining regions present in one or both chromatids
at apparently identical loci which do not lead to an acentric fragment at subsequent
anaphase are called achromatic lesions or gaps (Plate 6b). If the width of non-stained
region is less than that of a chromatid, then the event is recorded as an achromatic
lesion. This is only a working definition. It is generally suggested that achromatic
lesions be recorded, but always separately from chromatid deletions. The frequency
of achromatic lesions are not considered as true aberrations may be because these
lesions do not result in acentric fragment formation.

4.3.3 ISOCHROMATID DELETIONS

In isochromatid deletions the breaks occur at the same position on both
chromatids. This looks similar to chromosome type terminal deletions. It is however
possible to differentiate chromosome type terminal deletion and iso-chromatid
deletion. The convention is all paired acentric fragments are classified as chromosome
type terminal deletions where as in the case of iso-chromatid deletion, the acentric
fragments are most often not associated with the deleted centric part of the
chromosome.

Since the frequency of isochromatid deletions will be low in

lymphocytes, this convention is not unreasonable.

4.3.4 TRIRADIALS

The chromosome with three arms which is equivalent to chromosome type
dicentric. They can be described as the interaction between one chromosome having
an isochromatid deletion and a second having a chromatid deletion fusing to form a
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chromatid type dicentric.

The two illustrated triradial are more common in the

mammals viz. the dicentric triradial and the monocentric triradial (Fig 7,
Plate 7a,b, 8a,b).

4.4 ENDOREDUPLICATION

Endoreduplication is a mechanism that leads to exact doubling of the
chromosomes. The chromosomes in endoreduplicated cells can be distinguished from
polyploids by the paired arrangements of the homologous chromosomes (Plate 9b)
whereas in polyploids the homologous pairs are randomly distributed in the spread
(Plate 9a, 10a,b). Endoreduplication is recognised as a major biological factor in the
evolution of the plant kingdom. Endoreduplication is also common in animals and
occurs in tissues associated with high metabolic activity.

4.5 TYPES OF CHROMOSOMAL DAMAGES

The damages induced by various mutagens may be classified according to the
configuration, the stage of the cell cycle at which the damage is induced, stability,
number of chromosome involved and the pattern formed.

4.5.1 CLASSIFICATION BASED ON THE CONFIGURATION

4.5.1.1 NUMERICAL
Chromosome aberration can be classified into numerical and structural
aberrations. Aneuploidy and polyploidy come under numerical aberration. This is
caused by improper separation of chromosome during anaphase non-disjunction, i.e.,
both chromatids of one chromosome go to one daughter cell, instead of one chromatid
to each daughter cell. The result is production of one daughter cell lacking one
chromosome, and the other having one extra chromosome.

This chromosome

imbalance leads to various autosomal aneuploidy like PaUu's syndrome, Edward's
syndrome, and Down's syndrome and sex chromosomal aneuploidy like Klinefelter's
syndrome and Turner's syndrome. Certain human cancers are characterised by 47
chromosomes per celh although no single chromosome has been identified as
consistently in excess in such cases. The evidence concerning tne induction of non18

disjunction by radiation is not consistent. The other numerical alterations like triploidy
and tetraploidy are mostly common in plants.

Polyploidy cells can be identified by

the presence of 92 (4n) chromosomes in a single spread and are of similar
condensation. Few polypoidy can be seen in controls and also radiation exposed
sample (Plate 9a,b 10a,b). In case of exposed samples mainly carrying homologous
pairs of aberrated chromosomes (e.g. dicentrics).

4.5.1.2 S T R U C T U R A L
Structural aberrations are the one used in the measurement of radiation dose.
Structural aberrations include translocation, para- and pericentric inversion, ring and
dicentric chromosome.

4.6 CLASSIFICATION BASED ON THE STAGE OF THE CELL CYCLE

Chromosome-type aberrations are induced when the cells are in stage prior to
DNA synthesis and chromatid type aberrations are induced during or after replication
of DNA (mostly single chromatid is involved) (Sax 1941).

4.7 CLASSIFICATION BASES ON THE STABILITY

The cells carrying certain types of aberrations like dicentric and ring die during
cell division and are called unstable aberrations. The aberrations like translocation,
pericentric and paracentric inversion survive during cell division and are referred to as
stable aberrations.
In the case of dicentric chromosome, there is a possibility that one centromere
may move to one centriolar pole and the other centromere may move to the opposite
pole during cell division. The result will be the dicentric chromosome stretched
between the two poles, known as anaphase bridge. In such situations the division may
be inhibited i.e., instead of forming two cells, a cell it may form a single cell with
tetraploid. In case the cell completes the division the of daughter cells will have 44
chromosomes as two chromosomes are lost in the formation of the dicentric. The
other possibility is that both the centromeres may be drawn into a single daughter cell
and in such condition the formation of anaphase bridge is not there. 1 he resultant cell
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will be highly unbalanced and does not survive. The rings formed are also lost during
cell division by a similar mechanism (Bender et al 1988) (Fig. 8). Acentric fragments
are often lost during cell division as they are not included in the daughter cells. They
develop into small micronuclei and are lost rapidly from the cell during cell division.
Fig.S Anaphase bridge formation resulting in cell death

I

METAPHASE

ANAPHASE

4.8 CLASSIFICATION BASED ON THE ABERRATION PATTERN

(Asymmetrical and Symmetrical)
The chromatid type aberration involve both asymmetrical and symmetrical
pattern of exchange (chromatid type dicentric) (Fig. 7 Plate 8a,b). Chromatid type
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symmetrical interchanges involves exchange of chromatids similar to chromosometype reciprocal translations.

The aberration maintains a constant association

between both the chromosomes unlike the chromosomal type symmetrical
translocation and are readily seen by the conventional staining method (Fig 7). The
possibility of intrachanges occurring with symmetrical and asymmetrical are also
possible.

4.9 CLASSIFICATION BASED ON THE NUMBER O F CHROMOSOME INVOLVED

(Intra and inter chromosome)
The chromosome aberration as well as chromatid aberration are further
classified into intra exchanges i.e., damage followed by exchanges within a
chromosome e.g. inversions and ring. Inter exchanges involve the exchanges of
chromatin between two chromosomes e.g. dicentric and translocations.

4.10 CLASSIFICATION BASED ON THE ARMS (p OR q) INVOLVED

(Intra and inter arms)
These are normally seen in chromatid type of aberration where exchange is
between the same arm (intra arm exchange) or between p and q arms (inter arm
exchange).
The aberration produced by radiation are of random pattern and may involve
various combination of classification depending on the stage of cell cycle at which the
aberration is induced. More detailed explanation of the various forms of aberration
can be had from Savage (1975), TR-260 IAEA (1986).

5.

BIOLOGICAL

HALF-LIFE

OF

LYMPHOCYTES

CARRYING

DICENTRIC

CHROMOSOME

The disappearance of lymphocytes carrying unstable aberrations depends
largely on the half-life of the lymphocytes. The half-life of lymphocytes vary between
130 and 1600 days (Norman 1966, Buckton 1967 and Sasnki 1983).

The cells

carrying dicentric aberrations are eliminated from the body witl' a biological half-life
of 1 to 2 years (TR-260 IAEA 1986). Lloyd et al (1980;, Ben ier et al, (1988) has
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both shown that the biological half life of cells carrying unstable aberrations is about
one year upto for a period of about 3 years.

In a recent report Ramalho and

Nasclmento (1991) have found that the half-life of lymphocytes carrying unstable
aberrations disappear at a rate of 130 days. Recently Natarajan et al, (1991) have
shown that the dicentric chromosome disappears from circulation with a biological
half-life of 150 to 280 days. Sreedevi et al, (1993) have also observed similar results
with dicentric frequency reduces rapidly to one half, one third and one fourth of the
initial value after 160 days, 240 days and 1 year respectively. There are reports
indicating that dicentric chromosomes are seen in circulation even after few decades
following irradiation. The presence of dicentrics have been shown in survivors of
Hiroshima and Nagasaki, even after 20 or 30 years later (Ohtaki et al 1982). The
aberrations studied may belong to long lived fraction of lymphocytes which survive
for decades and obviously the cells had no chance to divide during this period.
Although there is a continuous turnover of lymphocytes by the addition of millions of
new lymphocytes per day, a fraction of the lymphoid cells live for decades without
undergoing proliferation (Bender et al 1988). This may be the important reason why
chromosomes with unstable aberrations are seen decades after exposure (Awa 1971).

5.1 ADVANTAGE OF DICEMRIC CHROMOSOME METHOD

The best studied method in most laboratories is the measurement of dicentric
chromosome aberrations for the estimation of dose. This is because this method is
relatively easy to perform and comparatively sensitive, as the presence of dicentric
chromosome in control population is very small.

Radiation exposure gives rise

predominantly the dicentric type of chromosome aberration, compared to other
unstable type aberrations. Though equal number of translocations do take place with
radiation exposure they can be studied only by special techniques such as
chromosome banding or by FISH.

Identification of translocation, through

chromosome banding requires good experience.
expensive chemicals.

The FISH technique involves

These techniques are however suitable for monitoring

cumulative doses. Thus, monitoring dicentric chromosomes appeals to be the best
method to estimate radiation dose immediately after accidental exposures
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5.2 USE OF LYMPHOCYTES IN THE ESTIMATION OF DOSE

Lymphocytes compared to other cells, are more sensitive to radiation. An
important reason for this sensitivity to radiation is due to the large nuclear size of
lymphocytes. Lymphocytes generally remain at non-dividing (Go) stage of the cell
cycle and this property helps in retaining the information such as unstable aberrations
for a longer period. Lymphocytes can be cultured in a controlled condition easily.
These

cells

can

be

stimulated

to

divide

using

various

stimulants

like

Phytohemagglutinin (PHA-C, M, P or W), Concanavalin-A (Con-A), Lectin,
Pokeweed Mitogen (PWM), Lipopolysaccharides (LPS), Wheat Germ Agglutinin
(WGA) and Soybean Agglutinin (WGA).

These stimulated lymphocytes can be

arrested at various stages of cell cycle, like S-phase using excess thymidine and
methotrate, metaphase with colchicine, demecolcine or colcemid and cytokinesis using
cytochalasine-B. Thus, lymphocytes are ideal for study of radiation damages.

6.

PREPARATION

OF METAPHASE SPREADS OF LYMPHOCYTES EXPOSED TO

RADIATION

In in vitro culture the cell spend the first initial 24 hours to get acclimatise.
The presence of PHA in culture initiate the lymphocytes to enter cell cycle which
takes another 24 hours for the completion of the first cell division. The chromosomes
are visible clearly under microscope only when the cells are in metaphase. In order to
obtain a fairly good amount of metaphase spread, an optimal quantity of colchicine or
colcemid (synthetic product of colchacine) should be used because excessive
treatment will condense the chromosome to a great extent and it will appear like the
English letter ' C ('C Mitosis, Plate lla,b). Colcemid also inhibits the formation of
the spindle fibres during the anaphase, and thus prevents movement of chromosomes
to their respective poles.
It is important to block the growth of the cells before the end of the first cell
cycle as the cells carrying unstable aberrations are likely to be lost during cell
division. This will reduce the dicentric frequency at second eel) division. Fig 1 shows
the schematic representation of the cell cycle of lymphocytes, the fate of damaged and
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undamaged cells and the action of different chemicals used to block the cell cycle at
various stages. Blocked cells are fixed with Cornoy's fixative for post fixative study
and a mild hypotonic treatment to swell the cells. This enables better spread of the
chromosomes while casting. Slides cast are stained with Giemsa and mounted with
DPX.

7. SCORING THE METAPHASE SPREADS

The number of metaphase spreads to be scored would depend on the amount of
dose received. A large number of metaphases are needed to be scored to estimate a
dose of a person who has received just above the detection limits.

This will be

difficult to achieve and hence in a practical situation it has been suggested that one
should score 500 metaphases or 100 dicentrics to estimate dose reliably. Scoring more
than 500 metaphase spread is needed in cases where there is evidence of exposure.
The dicentric frequency obtained by this method is used to estimate dose by
comparing it with a dose-response curve.

7.1 DOSE-RESPONSE CURVE

It has been shown that the number of dicentrics obtained with a given amount
of dose is the same when irradiated either in vitro or in vivo condition (Bender et al
1988).

Thus the dose-response curve constructed under in vitro condition is

applicable for estimating the accidental radiation exposure to plant personnel.
However each laboratory should generate its own dose-response curve as this include
the dicentric frequency of the control population living in that area. In order to
estimate accidental exposures the dose-response should be constructed from the result
obtained with blood samples irradiated in less than 15 minute;;. The dose response
curve follows the equation Y = C + odDorY = C + aD + (3D2 depending on the nature
of radiation (Fig 4). The linear component (aD) often interpreted as the number of
aberration caused by effects with in the same particle track, is expected to be
independent of dose-rate.

The dose squared term is commonly regarded as an
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interaction term between effect from two independent particle track and its magnitude
depends on the time interval between the two tracks. Thus the PD2 is time dependent
as delay of time permits repair of damage there by decreasing the yield of aberration
involving interchanges between two chromosomes. In the case of high LET radiation
the dose-response curve mostly follows the equation Y = C + aD. The dose responsecurve obtained in different laboratories with neutrons of different energies are shown
in Table-1. Among the 24 dose-response curves 12 follows the equation Y = C + aD
and another 12 studies the p values are shown (Table-1). In case of low LET radiation
such as x-radiation

(Table-2) and y radiation (Table-3), the dose response curve

generally follows the equation Y = C + aD + (3D2. Among the 21 results obtained
with x-radiation, the ratio a/p is between 0.42 and 1.86. The a/p value obtained in
our laboratory with 0.27 Gy/min and 1.0 Gy/min also showed values between 0.4 and
1.86. Table-3 shows the a and p coefficients obtained in 23 studies with y radiation.
The a/(3 value agreed very well in 21 studies. Only two studies showed higher a
values. The reason for the higher a value in these two laboratories has been explained
by Lloyd et al (1987). They have examined the data and found that these are due to
larger number of dicentrics seen at 0.5, 1.0 and 2.0 Gy than in most other laboratories.
Whereas at 3.0 Gy and 4.0 Gy similar values are observed. The unusually high cc
coefficient is therefore accompanied by an exceptionally low p coefficient. The ot/p
value 0.86, obtained in our laboratory agrees well with most laboratories Paul and
Jeevanram (1996).
Among x and y radiation, x-radiation is more potent in producing the
aberrations. The results obtained in various laboratories arc shown in Table-4. The
ratio of a component obtained between y and x radiation is less than 1 in most
laboratories indicating that x-ray is more potent than gamma radiation.
The results obtained with electrons and K mesons are given in Table-5. With
respect to P radiation among the two results only one had lower a' value compared to
P. In case of n mesons both studies showed higher a value compared to P component.
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Table-1 a and P coefficients obtained with dicentric dose-response curve for high let
radiation in various laboratories

1.

Bauchinger et al

1975

a x lO'2 Gy 1
(±SE)
14.10

2.

Lloyd et al

1976

47.80

6.40

7.47

Neutron

...

3.

Lloyd et al

1976

26.10

8.88

2.94

Neutron

—

4.

1981

25.50

16.10

1.58

Neutron

...

1981

Bauchinger et al

1983

6.40
(2.00)
8.80
(2.80)
25.00
(7.00)
7.40

2 42

Neutron
7.6 MeV
Neutron
14.7 MeV
Neutron
0.25 MeV
Neutron

...

8.

47.80
(3.30)
26.20
(4.00)
15.00
(3.00)
17.90

7.50

7.

Prosser &
Stimpson
Lloyd & Purrott
(D-Be Cyclotron)
Lloyd & Purrott
(D-T Generator)
Vulpis & Bianchi

9.

Lloyd et al

19.50

11.40

1.71

Neutron

—

10.

Fabry et al

1984
(b)
1985

41.60

9.00

4.62

Neutron

...

11.

Fabry et al

1985

18.40

9.20

2.00

Neutron

—

12.

Fabry et al

1985

13.90

7.30

1.90

Neutron

—

13.

Bender & Gooch

1966

---

—

Biola et al

1974

---

—

Neutron
0.5 MeV
Neutron

—

14.
15.

Biola et al

1974

—

—

Neutron

...

16.

Biola et al

1974

—

...

Neutron

—

17.

Biola et al

1974

56.00
(6.00)
90.10
(0.30)
87.40
(0.40)
64.80
(0.30)
33.80

—

...

Neutron

...

18.

Lloyd et al

1975

—

...

19.

Lloyd et al

1976

—

—

Lloyd et al

1976

---

...

21.

Lloyd et al

1976

7.2.

Vulpis et al

1978

23.

1980

24.

Barjaktarovic &
Savage
Lloyd & Purrott

Neutron
0.4 MeV
Neutron
0.7 MeV
Neutron
2.13 MeV
Neutron
0.9 MeV
Neutron
0.4 meV
Neutron

0.0020.007
0.5

20.

90.00
(7.00)
83.00
(1.00)
60.00
(2.00)
72.80
(2.40)
89.60
(6.90)
45.80

1981

25.

Du Irain et al

1979

26.

Purrott et al

1980

S.No.

5.
6.

Author

Year

1981
1982

P x 10-2 Gv'2
(±SE)
3.80

a/p
3.71

Radiation
Type
Neutron

Dose Rate
(Gy/min)
...

3.00
0.60

—
...

...

---

...

83.50
(1.00)
4.90

—

—

—

37.50
(2.40)

...

26

—
0.003
...

...

0.0025
—
...
—
—

—

N.utron
0.70 MeV
a "Am

—

a^9Pu

---

...

Table-2 a and B coefficients obtained with dicentric dose-response curve for
X-radiation in various laboratories
S.No.

Author

Year

1.

Brewen & Luipplod

2.

Schmid et al

1971
(a,b)
1972

3.

Lloyd et al

1975

4.

Lloyd et al

1975

5.

Schmid et al

1976

6.

Muramatsu &
Maruyama
Lenoard et al

1977

1980

9.

Barjaktarovic &
Savage
Lloyd & Purrott

10.

Bauchinger et al

1984

11.

Fabry et al

1985

12.

Lloyd et al

1986

13.

Brown

1987

14.

Horvat

1987

15.

Koteles & Almassy

1987

16.

Krepinslsky

1987

17.

Littlefield et al

1987

18.

Sasaki

1987

19.

Sreedevi

1988

20.

Paul & Jeevanram

1996

21.

Paul Si Jeevanram

1996

a x 1 0 2 Gy 1
9.10
(2.00)
7.80
(1.30)
4.80
(0.50)
4.57
(0.54)
7.90
(0.40)
3.70
5.20
(3.00)
3.80
(2.90)
4.10
(0.50)
4.04
(3.00)
4.16
(1.14)
3.64
(0.53)
6.86
(1.46)
3.64
(0.53)
5.62
(0.72)
4.34
(0.81)
4.96
(0.96)
3.31
(0.33)
3.80

7.20
(1.10)
7.20
(0.90)
2.60
(0.40)
5.98
(0.17)
5.48
(2.21)
6.70
(0.22)
6.53
(0.95)
6.67
(0.22)
5.79
(0.59)
6.55
(0.39)
! 1.78
(0.60)
4.07
(0.20)
6.08

0.72

3.61
(0.59)
3.99
(1.48)

4.87
(0.31)
7.13
(0.74)

0.74

(±SE)

7.
8.

1977

1981

a/p

P x 10° Gy"2
<±SE)
6.00
(0.70)
4.20
(0.30)
6.20
(0.30)
6.45
(0.33)
5.40
(0.20)
8.00
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1.52
1.86
0.77
0.71
1.46
0.46

0.53
1.58
0.68
0.76
0.54
1.05
0.55
0.97
0.66
0.42
0.81
0.63

0.56

Radiation
Type
X-ray
250 kVp
X-ray
250 kVp
X-ray
250 kV^
X-ray
250 kVp
X-ray
220 kVp
X-ray
200 kVp
X-ray
250 kVp
X-ray
250 kVp
X-ray
250 kVp
X-ray
220 kVp
X-ray
250 kVp
X-ray
250 kVp
X-ray
250 kVp
X-ray
250 kVp
X-ray
150kVp
X-ray
220 kVp
X-ray
150kVp
X-ray
200 kVp
X-ray
250 kVp
X-ray
250 kVp
X-ray
250 kVp

Dose Rale
(Gy/min)
—
—
—
1.0
—
—
-—

0.2
0.5
-1.0
—
—
—

—
—
—
0.5
0.27
1.0

Table-3 a and (3 coefficients obtained with dicentric dose-response curve for
y-radiation in various laboratories

1.

Brewen et al

1972

2.

Lloyd et al

1975

3.

Lloyd et ai

1975

4.

Bauchinger et al

1979

5.

Lloyd et al

6.

Lloyd et al

7.

Lloyd et al

8.

Lloyd ? / al

9.

Fabry e-f a/

1984
(a)
1984
(a)
1984
(a)
1984
(a)
1985

10.

Littlefield et al

1986

11.

Lloyd ef al

1986

12.

Lloyd e? a/

1987

13.

Barjaktarovic

1987

14.

Horvat

1987

15.

Ismail

1987

16.

Koteles & Almassy

1987

17.

Krepinsky

1987

18

Kucerova

1987

19.

Mukherjee

1987

20.

Natarajan

1987
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Sasaki

1987

2?

Sreedevi

1988

axlO-Gy1
(±SE)
3.93
(1.00)
1.60
(0.30)
1.80
(0.80)
2.70
(0.70)
1.13
(0.54)
1.74
(0.53)
1.83
(0.67)
2.94
(064)
2.54
(0.98)
1.60
(0.70)
1.42
(0.44)
10.98
(1.49)
16.37
(2.17)
1.42
(0.44)
1.97
(0.82)
1.59
(0.31)
1.57
(0.66)
2.00
(0.86)
5.34
(1.63)
2.25
(0.77)
2.14
(1.88)
2.70

2.1.

Dc Campos et al

1990

4.34

2,4.

Paul & Jeevanram

19%

3.71
(1.11)

S.No.

Author

Year
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(} x 10"2 Gy 2
(+SE)
8.20
(0.40)
5.00
(0.20)
2.90
(0.50)
4.80
(0.30)
4.96
(0.31)
3.75
(0.29)
3.41
(0.28)
1.60
(0.24)
6.11
(2.11)
5.70
(0.30)
7.59
(0.27)
2.77
(0.66)
1.98
(1.00)
7.59
(0.27)
5.33
(0.40)
4.99
(0.21)
5.70
(0.29)
4.65
(0.38)
7.56
(1.00)
3.74
(0.65)
5.73
(1.03)
5.80

a/p

Radiation
Type

Dose Rate
(Gy/min)

0.48

60

Co

--

0.32

60

Co

0.5

0.62

60

Co

0.003

0.56

60

Co

—

0.23

60

Co

0.090

0.46

60

Co

0.028

0.54

60

Co

0.014

1.84

60

Co

0.007

0.42

60

Co

--

0.28

60

Co

--

0.19

60

Co

0.5

3.96

60

Co

1.0

8.27

60

Co

--

0.19

60

Co

--

0.37

60

Co

—

0.32

60

Co

—

0.28

60

Co

—

0.43

* J Co

--

0.71

60

Co

--

0.60

60

Co

—

0.37

60

Co

—

0.47

60

Co

0.5

3.56

\:?.2

137

4.30
(0.57)

0.8«

60

Cs

0.005

Co

0.60

Table-4 Comparison of a. coefficients obtained with dicentric doseresponse curve of 'y f°Co) and X-radiation
S.No

Author

Y

1.

Barjaktarovic et al

2.

Bauchinger et al

3.

Brewen et al

4.

Fabry et al

5.

Horvat et al

6.

Koteles & Almassy

7.

Krepinsky et al

8.

Littlefield et al

9.

Lloyd et al

10.

Lloyd et al

11.

Paul et al

12.

Paul et al

13.

Sasaki et al

14.

Sreedevi et al

1

1

a x 10" Gy"
16.37
(2.17)
2.70
(0.70)
3.90
(1.00)
2.54
(0.98)
1.42
(0.44)
1.59
(0.31)
1.57
(0.66)
1.60
(0.70)
1.60
(0.30)
10.98
(1.49)
3.71
(1.11)
3.71
(1.11)
2.14
(1.88)

2.70

X
axlO'Gy"'

Ratio

3.80
(2.90)
4.04
(3.00)
9.10
(2.00)
4.16
(1.14)
3.64
(0.53)
5.62
(0.72)
4.34
(0.81)
4.96
(0.%)
4.80
(0.50)
3.64
(0.53)
3.61
(0.59)
3.99
(1.48)
3.31
(0.331
3.80

4.31

Dose Rate
(Gy/min)
../..

0.67

- / 0.5

0.43

../..

(Y«)

0.61
../..

0.39
0.28
0.36
0.32

../..

0.33

0.5 / 0.5

3.01

1.0/1.0

1.03

0.6/0J7

0.93

0.6 /1.0

0.65

../..

0.76

0.5/0.5

Table-5 a and fi coefficients obtained with dicentric dose-response curve for high LET
radiation in various laboratories
S.No.

Author

Year

ax 10° G/ 1
(±SE)
0.60
(1.10)
5.37
(0.58)
23.00
(2.00)
13.00
(2.00)

1.

Purrott et al

1977

2

Prosser et al

1983

3.

Purrott et al

1975

4.

Purrott et al

1975
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[5x l(T2Gy-2
(+SE)
5.70
(0.60)
2.18
(0.32)
4.80
(9.00)
2.80
(1.10)

Radiation
Type
Electron
15MeV

Dose Rate
(Gy/min)
1.0

2.46

pHTO

—

4.79

V Mesons
(.°.?ak)
JC M-osons
(Platave)

0.2

a/p
0.11

4.64

0.0125

In the above equation a and P are the coefficients of the equation C the
dicentric frequency obtained in control population. The various LET dose response
curves obtained by NRPB of UK is shown in Fig 9. To estimate the coefficients a
good curve fitting is required. In order to get adequate curve fitting it is recommended
Fig. 9 In-vitro Dicentric Dose-response curves obtained for various Energies/Dose-rates of
Ionising Radiation (LloydD.C, NRPB, Chiiton, Oxon, UK.)
Neutron mean energies
0 7M«V 7.6M«V U.7M«V
250 kVp X-rays
ot 1.0 Gy min'l
Co 7-rays
ot 0.5 Gy min"1

250 kVp X-rays
at 0.2 Gy h"1
60

C o -Kays at 0.18 Gy h"1

to have about ten points in the dose range of 0.25 to 5.0 Gy. It has been suggested
that for most type of radiation it is not necessary to have data above 5.0 Gy. In the
case of low LET radiation the 3 coefficient gets distorted if the dose is above 5 Gy
(Bender et al, 1988). This may be attributed to the mitotic delay of the damaged cells
to enter the cell cycle or can be attributed to the cell death. The lower end of the
dose-response curve is particularly important as most of the radiation accidents
involve doses less than 1.0 Gy.

The statistical uncertainty associated with a

coefficient ss reduced by having at least four points in the range of 0.25-1.0 Gy. It is
important to have data points below 0.25 Gy. Another important point is the study of
aberration frequency in control population.
The background chromosome aberration depends on various factors such as
age, smoking, alcoholic usage etc Several authors have studied the relation between
the factors mentioned above and chromosome aberration. The findings are given in
the following paragraphs.
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7.2 BASE LINE CHROMOSOME ABERRATION FREQUENCY

The background chromosome aberration frequency is very important when
radiation exposure to be determined is of the order of 0.05 to 0.25 Gy. Table-6 shows
base line frequency obtained by various authors.

The background frequency of

chromosome aberrations are generally not available for comparison while determining
accidental exposures. If the exposure is more than 0.25 Gy and the blood sample is
collected very shortly after exposure then the non availability of the individual's
background chromosome aberration frequency may not pose problem.

On the

contrary if the exposure is lower than 0.25 Gy then the reliable estimation of dose will
depend heavily on the background frequency (Bender et al, 1988).

Thus it is

necessary to establish the background chromosomal aberration frequency of
individuals, who work with radiation and radioactive sources.

7.2.1 AGE
It has been shown by several authors that the base line chromosome aberration
varies with age (Bender et al, 1988, Galloway et al, 1986, Tonomura et al, 1983,
Evans et al, 1979). The dicentric frequency is absolutely zero in new born individuals
(Patil et al, 1972 and Brandom et al, 1972) (Table-6).
This indicates that chromosome aberration increases with age due to chances of
clastogenic insult. Though it has been said that chromosome aberration increase with
age, there is an apparent plateau in the middle years indicating the response is not
lineai with age. It is not known whether the increase in chromosome aberrations at
old age is due to the gradual accumulation of aberrant cells or due to the reduced
capacity of natural repair of damage at that age.

7.2.2 SEX
The studies on the frequency of dicerntric chromosome have not demonstrated
any significant difference between males and females.

However, the selection of

background frequency for males or females would' present little problem if sufficient
data for males and females are available. Since the vast majority of the veterans in
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Table-6 Base-line dicentric frequency in various population
S.No.

No. of
Samples
scored

Place/Authors/Year

1. UK, Edinburgh (Brown et al, 1966)
2 UK, Edinburgh (Buckton et al, 1967)
3.
4.
5.
6.
7.

8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22
23.
24.
25.
26
27.
2?:.
2<).
30.

438
51

UKAEA Controls
USSR (Bochkov et al, 1968)

59

USA, New Haven, CN (Lubs & Samuelson 1967)
Australia, New South Wales (Brown & McNeil 1969)
USA, Grand Junction, CO (Brandom et al, 1972)
USA Albany, NY (Hook et al, 1972)
USA, Denver, CO (Patil et al, 1972), Mother
Japan, Hiroshima/Nagasaki (Awa 1974)
Oxford (Blackwell et al, 1974)
Brazil, Saquarema (Barccinski et al, 1975)
USSR (Luchnik & Sevankaev 1976)
USSR (Pilinskaya & Zhurkov 1977)

10
10
15
130
602
213
156
147
—
27

No. of
Cells
scored
12414
2660

Dicentric
per 1000
Cells
7
0.60
1
0.40

No. of
Dicentric

8000

11

1.40

3720
1000
1430
3198
5957
20707
17394

4
1

1.10
1.00
0.00

3
47
7

9001

5

23500

12

0.31
0.50
2.00
0.40
0.56
0.50

5280
16267
7401

1
11
11

0.20
0.70
1.50
1.30
0.34

0
1

Sofia (Ivanov et al, 1978)
Austria, Badgastein (Pohl-Ruling & Fischer 1979)

105
49

Harwell (Llyod et al 1980)
Berlin (Obe & Beek 1982)
Mol (Leonard et al, 1984), Power Plant Workers
Hiroshima-1968-69 (Awa 1986)
Hiroshima-1970-71 (Awa 1986)
Munich (Bauchinger 1986)

316
83
23
263
82

23300
14652
11500
24414

68
44

36000
8800

30
5
13
58
18
15
25

431

76900

134

1.74

736
59

754?
2944

11
3

1.50
1.00

79

7900

12

1.50

304

31503

62

2.00

81
...

16215
10000
24061

26

5

1.60
0.50

26

1.08

0
0

0.00
0.00

Brookhaven / Oak Ridge (Bender & Preston 1986)
Love Canal Control
Brookhaven / Oak Ridge (Bender & Preston 1986)
BNL Employees
Edinburgh (Buckton & Evans 1986),General Practice
Edinburgh (Buckton & Evans 1986)
Ankyl Spondylitis
Edinburgh (Buckton & Evans 1986)
Rosytli Dockyard Pre-employment
Oxford (Galloway et al, 1986)
Ethylene Oxide Controls
ORAU (Littlefield 1986)
BARC, Bombay (Sreedevi 1990)
1GCAR, Kalpakkam (Paul et al, 1996)

63

7897

L

I.IO
2.38
2.28
0.42
2.80

Base-line dicentric freauencx in new born
:-i2.

USA, Denver CO (Patil et al, 1972), New Bom
Edinburgh (Buckton & Evans 1986), Newborn
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522

14262

4501

15403

question are male, the most prudent approach would be using the data obtained only
from males (Bender 1988).

7.2.3 SMOKING HISTORY

A large number of studies have found no significant difference in aberration
frequency between smokers and non-smokers (Bender and Preston 1986). However,
there are studies which have shown that the aberration frequency in smokers are
higher compared to non-smokers (Obe 1980b, Vijayalakaxmi and Evans 1982, Obe
and

Beek 1982, Obe et al, 1982, Galloway et al, 1986). It has been reported

chromatid type aberrations are significantly higher in smokers compared to non
smokers. Though a similar tendency can be seen with respect to the chromosome type
aberrations but they are not significantly different between these two groups (Obe et
al, 1980). It may be appropriate to calculate background aberration frequencies for
smokers and non-smokers separately irrespective of whether or not an increase was
observed.

7.2.4 ALCOHOLIC HISTORY

Alcoholics have an elevated frequency of both chromosome and chromatid type
aberrations compared to non-alcoholics (Obe 1980a; Obe and Ristow 1979). It is also
shown that the frequency of aberration increases with the duration of alcohol
consumption (Obe et al, 1980). The aberration frequency has been shown to be
significantly higher in smoking alcoholics compared to non-smoking alcoholics (Obe
etal 1980).
The chromatid exchange were more compared to the chromosome type. This
has been attributed to continuous production of single strand lesions due to chronic
consumption of alcohol.

Experiments have shown that acetaldehyde, the first

metabolite product of ethanol, is probably responsible for the chromosomal aberration
(Obe and Ristow, 1979, Obe et al, 1979). The mechanism could be as follows:
acetaldehyde acts as cross linking agent and during the repair of cross links, SSB can
arise (Cole 1973, Cole et al 1978), which can be converted into DSB enzymatically,
chemically or mechanically.

The chances of conversion of SSB into DSB are
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relatively high in peripheral blood lymphocytes compared to the proliferating cells
(Obe et al, 1980).

In proliferating cells the chances of getting chromatid type

aberrations are high (Obe et al, 1980).

7.2.5 ROGUE CELL

While screening a large number of cells obtained from control population there
is a possibility that one may see a cell having several chromosome aberrations. Such
cells are called rogue cells. The term rogue was coined by Neel and Awa (1993a) to
describe these cells. Webster's dictionary defines rogue as an individual exhibiting a
chance biological variation or deviating from the type of a variety or breed. The
history of this rogue cell goes back to 1962-1970 and relates to initial work by Bloom
(1969) and Idia (1969). The frequencies of rogue cell observed in different population
are shown in Table-7.
Table-7Summary of Rogue cell frequencies in various Populations
PUCE

POPULATiON
TYPE

AUTHOR

YEAR

TECHNIQUE

CHROMOSOME
INVOLVED

SUBJECT
SCORED

CELLS
SCORED

OBSERVATION
OF ONE
ROGUE CELL

FREQUENCY
ROGUE CELL/
1000 CELLS

RERF

AMERINDIANS
(YANOMAM)

A.BLOOM
S.IIOIA

1969

CA
(GIEMSA)

46

49

3175

1/200

5.0/1000

RERF

AMERINDIANS
(YANOMAM)

A.BLOOM
S.IIOIA

1970

CA
(GIEMSA)

46

49

5652

1/2826

0.35/1000

A.BLOOM
S.IIDIA

197'

CA
(GIEMSA)

46

49

9716

1/9716

0.1/1000

FOX etol

I 984

CA
GIEMSA

46

290

SERF

NORTHSEA
OILFIELD

AMFRINDIANS
(YANOMAM)
OIL RIG ic
DEEP SEA
DIVERS

i

6 +VE CASES
ALL DIVERS
UNITED
KINGDOM

I3RITISH
I'iUCLEAR
CORPORATION

T.JANET
etol

I 985

CA
GIEMSA

46

12

---

—
6000
E>CH SUB.
5 0 0 CELLS

2 +VE CASE

2 MONTHS
LATER

12

6C00
EACH SUB.
500 C X L S

ALL
-VE CASE

---

---

---

- —

_._

—

---

- —

---

—

__-

JAPAN

CONTROL
INDIVIDUAL
RERF

A.AWA

I 984

CA
GIEMSA

46

___

102170

1/4257

0.23/1000

UNITED
KINGCOk*

BHNL
EMPLOYEES

BENDER
etc'

1988

CA
GIEMSA

46

500

100000

NIL

NIL

UKKAMIAN

CONTROL
VILLAGE
(KRASILDVKA)

IAEA

1990

CA
GIEMSA

46

2+

4789

1/532

1.88/1000

KALFAKKAM
.NDIA

IGCAR
CONTROL

PAUL
eto!

1996

CA
CIEMSA

46

170

6B493

NIL

NIL

JAPAN

HIROSHIMA
SURVIVORS

M.NAKANO

1993

FISH

46
(WCP1.244)

ONE
+VE CASE

-__

---

34

—

The possible aetiology for presence of the rogue cells could be viral infection
of some kind.

Lymphocytes are likely to be exposed to high concentrations of

restriction enzymes during such infections leading to multiple chromosome type
aberrations. Bender et al, (1988) concludes that the presence of rogue cell does not
appear to be related to a known exposure to a clastogen, and at present the mechanism
whereby these multiple aberrations arise is unknown. Recently Neel and Awa (1993b)
and Major (1993) have shown sera obtained from rogue cell carriers (11 cases) have
higher titre for human polyoma virus, or JC virus compared to those obtained from
control subjects (8 cases).

8. AUTOMATION OF CA SCORING

Automation in chromosomal aberration analysis was initiated in early 1960.
Selection of good metaphase spreads by metaphase finder and recognition of dicentric
chromosome by slit scan flowcytometer were some of the automated techniques
introduced in this field. A brief description of the devices developed till today for
scoring chromosomal aberrations are given below.

8.1

SLIT

SCAN

FLOW

scan

flow

CYTOMETRY

Slit

1 .3|im LASER BEAM

cytometry provide signal
based on the shape of the
chromosome

when

passes

through

scanning

region

it
the

CHROMOSOME

of the

FLUORESCENCE
DETECTOR

system Fig 10 (Lucas et al
1991).

Using

such a

system, information about
the shape of chromosomes
has been obtained and the
relative

position

and

TIME

Fig. 10 Slit Scan Flowcytometry
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number of centromeres have been determined (Gray ex al, 1984). X-ray induced
frequency of dicentric has been accurately estimated using this technique (Gray et al
1984). The disadvantage is poor sensitivity. Its useful range is for doses above
0.5 Gy.

8.2 METAPHASE FINDER

This instrument scans and provides a good metaphase spread required for
analysis which is vitally important for the dose estimation. The metaphase finder
relieves the tedious of scanning of metaphase spreads manually. This involves (i)
selection of good metaphase spread at lOx objective and (ii) locates excellent spread
in lOOx objective for analysis.

8.3 IMAGE ANALYSER

Not all the chromosome spreads found on a cast are of good

quality.

Distinction of dicentric chromosomes from twisted arm, overlapping chromosomes
and so on can be resolved and confirmed by image aided devices. The poor quality of
spreads may also be modified by semi-automated image analysing systems. The
above ambiguous spreads are normally rejected during scoring which in turn may
reduce the sensitivity and may introduce bias in scoring by the scorer. Conventional
method involves photography of the spread and analysis of the chromosomes on
plates.

The charge coupled device (CCD) enables to capture these images also

analyses them with the help of image processing computing system. The image
analyser has high resolution television camera with interactive software's for
karyotyping of conventional and banded metaphase chromosomes. It is also useful in
the analysis of SCE, micronuclei and FISH images. The image processing system has
provision to store and retrieve the images for scoring and analysing during leisure
period. This is particularly useful in analysing the images obtained with fast fading
stains. The automated scoring and analysis is gaining more importance in cytogenetic
dosimetry in recent times. This may aid in building up a data base- for persons working
with low cumulative doses, over a period of time.
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% CONCLUSION

Though various types of physical dosimeters are available for monitoring
radiation exposures, none of these can be a proper substitute for a biological
dosimeter. Among the biological dosimeters, dicentric chromosome assay plays an
important role as it is simple, reproducible and specific. This technique is particularly
useful in the estimation of dose arising from accidental exposure, for cross verification
of data from physical dosimeters and to determine whether the exposure is to the
whole body or part of it. Though dicentric chromosomal aberration method has
certain limitations such as inapplicability for estimating exposures accumulated over a
very long period. It still remains as an authentic method for estimation of dose during
accidental exposures.
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