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The effect of chlorambucil and gamma-rays on the sister
chromatid exchanges in human lymphocytes in vitro : a
comparative study.

Chinavorn Promchainant®

Orasri Romyanan*

Promchainant C, Romyanan O. The effect of chlorambucil and gamma-rays on
the sister chromatid exchanges in human lymphocytes in vitro : a comparative
study. Chula Med J 1986 Apr; 30(4) : 335-343

Sister chromatid exchanges (SCE) in human Iymphocyte were used to
demonstrate the cytological effects of 2 agents : chlorambucil (CBC) and y-rays.
These two agents appeared to have more effects on the larger than the smaller
chromosomes, the exchanges taking place predominantly in the long arms. Multiple
SEC occurred as a result of CBC treatment. Results suggest that CBC and y-rays
causes SCE randomly on non-specific base pairs.

a YY) bl L% .

YUIF wmu‘muuﬁ, (315 b iuuxuuﬁ, The effect of chlorambucil and gamma-rays
on the sister chromatid exchanges in human lymphocytes in vitro : a comparative
study. meamtﬁnmmi 2529 INWIUH; 30 (4): 335—343

NITHAASUHAYNATTIAL badvesa e RS chlorambucil (CBC) 1o Y -rays
lﬂﬂ??/mm sister chromatid exchanges (SCE) ZIJ Iymphocyte ?/amnyr/ Wy an
aausintiinasia Taz T st i Inajannn 1iuén SEC ARz WyHm Tuuyusug ) (long
arm), chlorambucil Jearia itan SEC tuvy multiple uanmnunmnm SCE lumﬂm
aaevyiaiihuyy random was Bk uwizninya (base) Aln 7

*Department of Anatomy, Faculty of Medicine, Chulalongkorn University



336 Chinavorn Promchainant and Orasri Romyanan

Since sister chromatid exchange (SCE)
was first demonstrated autoradiographically
by Taylor(l), the technique has been widely
used with great improvements. Recently,
a new technique has been developed to de-
monstrate sister chromatids by using a 5-
bromodeoxyuridine (BrdU) labelled cell,
stained with fluorescent dye or Giemsa.(z)
This technique is advantageous in that it is
simple and permits the detection of very
small chromatid fragment exchanges. With
this technique, several mutagenic, carcino-
genic and non-carcinogenic agents were tested
for their effects upon the induction and in-
crease of SCE frequency in mammalian
cells.?? The frequency of SCE induced
by antineoplastic and antibiotic drugs such
as mitomycin, anthramycin and chlorambucil
were also increased in human lymphocytes
and Indian muntjac skin fibroblasts.®1%

Aldicarb, a highly toxic carbamate
ester, has been extensively used for insect
and nematode control and the negative
result of genotoxicity has been assayed by
the micronucleus test and Ames test, but
SCE can be induced by this agent.(“) Physi-
cal agents such as y-rays and ultraviolet
can also induce a high frequency of SCE
in human lymphocyte.(12’13) These agents
can induce SCE at a concentration well
below those required to cause an appreciable
increase in chromosome aberraton.'¥ Further
interests concern not only the sensitivity
but the elucidation of cytotoxicity of chemi-
cal agents and a reliable method for the
detection of mutagens. Occurrence of SCE
in any region of chromosome indicates the
effect of any specific agents. The purpose
of this investigation is to study the effect
of two agents: chlorambucil, an antineoplastic
drug and 7 - radiation, by studying the
groups and sites of SCE occurring in dif-
ferent parts of the long arms of chromo-
somes in vitro.

NNV

Materials and methods
Cell culture

Human leukocyte cultures used through-
out this study were obtained from 10 ran-
domly selected male medical students, aged
20 to 22 years. The male subjects were used
in order to avoid bias from hormonal vari-
ations. Leukocytes were cultured in chro-
mosome medium 1A (Lyophilized) with
phytohermagglutinin (GIBCO). The cultur-
ing was a simple dilution of the chromo-
some medium 1A (Lyophilized) with 5ml
of the chromosome diluent in a Lightton
tube. Ten drops of whole blood (hypoder-
mic needle # 22) were used in each cuiture.
The 5-bromodeoxyuridine (BrdU) at a con-
centration of 0.09 mM was added and gently
but well shaken. The tubes were wrapped
tightly in aluminum foil to avoid light and
kept for 96 hours in an incubator at 37 T.
From each subject, four cultures were pre-
pared, for control, with the diluent, with
diluent plus chlorambucil, and plus irradi-
ation.

Chemical agent

Chlorambucil (CBC), donated by
BURROUGHS WELLCOME & CO;,
BANGKOK, THAILAND, we made into a
solution with 1 part ethanol and 4 parts of
phosphate buffered saline. Only freshly
prepared CBC solutions were used. The
concentration of CBC in culture medium
is 2 ug/ml. The diluent (1 part ethanol
and 4 parts phosphate buffered saline) was
also tested for its possible effects on induc-
ing SCE.

Irradiation

Theratron 80 Cobalt unit (manufactured
by Atomic Energy of Canada Limited) was
used. The exposure rate was at 83.01 rad/
min in air (measured with a Farmer dosi-
meter) at field size of 10 x 10, SSC 80 cm.
in air. Each 5 ml culture was irradiated in
a Lightton tube with a single total dose of
200 rad.
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All treatments (CBC and y-rays) were
given to the cell cultures at 72 hours of age
(second G1 phase). Then the cultures were
returned to the incubator and kept for a
further 96 hours.

Harvesting of cells

A drop of colchicine solution (0.005%)
was added to the medium 1 hr. before
harvesting. The hypotonic treatment (0.075
M.KC]) and fixation (methanol : glacial,
3:1) were performed. In order to obtain
a good metaphase, chromosome preparations
were made by dissolving the pellet in the
fixation agent (Mathanol: glacial, 6:1) and
dropped to clean, dry slide from a height
of 3 ft., then allowed to air dry.

Giemsa staining of sister chromatid

The technique for Giemsa staining
followed the method described by Goto et
al." The air-dried slides were immersed
in distilled water and then treated with 107

M 33258 Hoechst solution for 10 minutes,
rinsed in distilled water and mounted with
a cover slip in 0.16M sodium phosphate-
0.04M sodium citrate at pH7. The slides
were then exposed to sunlight for 15-20
minutes before the coverslip was removed
and the slide dipped in distilled water, stained
with 4% Giemsa in Sorensen buffer (pH 6.8),
and allowed to dry at room temperature.
All slides were blinded to avoid bias. The
metaphase of 45-46 chromosomes with and
without SCE were considered. Any gross
chromosomal aberration was ignored. In
each sample, only 50 metaphase plates were
scored. The site of SCE in each chromo-
some was observed while the group of the
chromosome was also considered.

Results

A total of 50 metaphase plates were
observed in each sample. The number of
cells with and without SCE were scored in
order to compare the effect of CBC and

The effect of chlorambucil and gamma - rays on the sister 337
chromatid exchanges in human lymphocytes in vitro

y-rays. The figures are tabulated in
Table 1. The average number of cells with
SCE was significantly higher that without
SCE in all samples, especially with CBC
treatment (p < 0.001). Chromosome groups
were also considered. In control and diluent
treated samples. the average percentage of
groups showing SCE were nearly equal and
all groups were affected. The comparison
between CBC and y-rays trated samples
showed that larger chromosomes (A, B and
C) were affected more than the smaller (D,
E,F and G) after CBC treatment. The dif-
ference was statistically siginificant (p < 0.05,
based on Sheffe’ test. Moreover CBC treat-
ment induced SCE in several chromosomes
each with multiple sites of exchanges (Figure
1). On the other hand, in (y-rays) treated
samples although larger groups of chromo-
some were significantly affected than the
smaller (p < 0.05), the frequency of SEC
site in each chromosome was lower than
with CBC treatment. Thus in y-rays treat-
ment each chromosome showed only 1-2
sites in the long arm (Figure 2).

The frequencies of SCE in both arms
of a chromosome and at the centromere
were also observed (Table 2). The frequency
in the long arm was significantly higher
than in the short arm and the centromere.

In order to determine whether the distri-
bution of the site of SCE was random or
not, the long arm was divided into three
equal parts : telomeric (T), middle (M) and
centromeric (c) regions.m The average sites
of SCE in one metaphase plate were 9.36,
9.08 and 9.02 in T, M and C regions re-
spectively for CBC treatment and 1.28, 1.94
and 1.39 respectively for y-rays treated
samples (Table 3). The differences between
these chromosomal were not statistically
significant using z-test (p < 0.001). Thus
the data seem to indicate that CBC and
y-rays induced SCE in a random fashion.
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Table 1 The average number of cells with and without SCE and average percentage of
groups showing SCE.

Average percentage of group of chromosome
No. of cells No. of cells showing SCE.
Treatment )
with SCE without SCE
A B C D E F G
CONTROL 48.50 1.50 20.20 18.00 10.86 6.56 2.60 0.50 0.50
DILUENT
47.40 2.60 15.44 12.75 10.17 4.75 2.31 0.65 0.15

(DIL)
CBC + DIL 50 - 63.33 55.50 62.80 41.6 35.00 16.50 10.00
IRRADIATED 48.90 1.10 25.67 | 2285 | 13.86 | 910 | 447 | o080 | 075

(y-ray)

gl

Figure 1 Miltiple sister chromatid exchange occured in a chromosome (arrows) affer treatment

with chlorambucil in concentration 2 mg/ml, ( x 100)
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Figure 2 Site of sister chromated exchange occured in arm of a chromosome (arrows), after

irradiation with 200 R. of gamma rays. SCE is produced only one site in the arm

( x 100).

Table 2 Average number of chromosome showing SCE sites on the long arm, short arm
and centromere per one metaphase plate in each treatment.

The effect of chlorambucil and gamma - rays on the sister
chromatid exchanges in human lymphocytes in vitro

Treatment Long arm Short arm Centromere
CBC 26.94 4.98 0.58
Irradiated
(y-rays) 4.70 0.83 0.48

Table 3 Average number of distribution of SCE sites on the long arm of chromosome per

one metaphase with CBC and y-rays treatments.

Long arm
Treatment
Telomeric Middle Centromeric

(T) (M) ©)
CBC 9.08 9.02
Irradiation

1.38 1.94 1.39

(y-rays)
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Discussion

Results showed that the number of
cells with SCE were nearly equal in all
samples. This may have been due to of
several factors. For instance, spontaneous
SCE occurring about 15-18% of metaphase
may have been one of the major factors.1®
BrdU, an agent added to the medium for
detecting SCE, was also known to cause
SCE. Kim” reported 25% of SCE after
three cycles in BrdU medium. On the other
hand, the metabolism of the erythrocyte
was known to have an influence in producing
SCE.(®

In human chromosomes, SCE have
been found predominantly in large chromo-
somes both in control and in experiment.
This can be interpreted as partly being due
to the larger amount of DNA content in a
larger chromosome. Moreover, SCE found
in a larger chromosome could be the direct
results of the CBC treatment. CBC was
known as a bifunctional alkylating agent
with a high efficiency in inducing SCE. Many
authors have postulated that the high effeci-
encies of alkylating agents in inducing SCE
are inportant factors in forming different
DNA adducts."®?? It is believed that an
alkylating agent has many efficiencies for
inducing SCE at the same time. Thus SCE
in a chromosome can be induced at multiple
sites. However, other factors may be in-
volved in causing SCE. Incorporation of
BrdU into DNA seems to enhance the sensi-
tivity of bases to be damaged by a alkylating
agent and especially CBC. It has been
found that there was a slight tendency toward
synergism between MMC and BrdU ant it
was observed in cells lebelled with BrdU
and trated with MMC.? Other factors
such as mitogen, an agent for stimulating
culture growth, and some influent enzymes
involved in both the detoxification and
activation of chemical carcinogen(24) may
enhance the potency of CBC and hence

VNNV

increase its abilities to induce SCE. In Con-
trast, the distribution of SCE induced by
y-rays was not multiple. The effects due
to the property of an ionizing radiation were
therefore poor.(zs) Another factor in the
irradiation of Gl cells in that chromatid
exchange has rarely been observed.?® With
respect to the effects of ionizing radiation
and SCE, it has been demonstrated that
radiation could induce SCE more or less at
the same level regardless of dosage.(27) Wolff
et all showed that if 150 rad of radiation
was given to a G cell, 0.68 false SCE could
be expected They observed 2.56 SCE
per cell after 150 rad treatment but 1.56
SCE per cell in the control. The radiation
causing the SCE increase was thus 0.60 per
cell, which turned out to be approximately
the number of false SCE predictable from
the aberration data. Therefore, it appears
that y-irradiation of a G1 chromsome does
not induce the persistent lesion leading to

an increase in SCE. However if the dose
was higher than 200 rad, a marked increase
in the frequency of SCE was observed.®
It seems that the ionizing radiation effect
in inducing SCE occured in a stepwise

manner.

On the distribution of SCE, we used
the long arm of chromosomes for researching
this phemomenon. The average value of
all chromosomes was used to determine the
effect of both CBC and y-rays. With
respect to the CBC effect, the guanine base
is the site of alkylation by this substance,
so the distribution of G-C base pairs are
not clustered in the long arm. From the
study of Crossen et al.,(30) using BrdU, they
found that the distribution of exchanges
concentrated in the centromeric region which
was enriched with A-T base pairs. On this
basis it can be envisaged that in the long
arm of a human chromosome the distribution
of G-C base pairs was scattered while A-T
base pairs were concentrated around the
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centromeric region. With respect to the
effect of y-rays, the distributions of SCE
can be regarded as random and similar to
that of other ionizing radiations causing
chromosome aberrations.
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