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Frequency of Micronuclei in Lymphocytes Following
Gamma and Fast-neutron Irradiations
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The dose response of the number of micronuclei in cytokinesis-blocked (CB) lymphocytes
after in vitro irradiation with y-rays and neutrons in the 5 dose ranges was studied for a
heterogeneous population of 4 donors. One thousand binucleated cells were systematically
scored for micronuclei. Measurements performed after irradiation showed a dose-dependent
increase in micronuclei (MN) frequency in each of the donors studied. The dose-response curves
were analyzed by a linear-quadratic model, frequencies per 1000 CB cells were (0.311+0.049) D+
(0.0022+0.0002) D*+(13.19+1.854) (r*=1.000, X?=0.7074, p=0.95) following y irradiation, and (0.
99+0.528) D+(0.0093+0.0047) D*+(13.31£7.309) (r*=0.996, X*=7.6834, p=0.1) following
neutrons irradiation (D is irradiation dose in cGy). The relative biological effectiveness (RBE) of
neutrons compared with y-rays was estimated by best fitting linear-quadratic model. In the
micronuclei frequency between 0.05 and 0.8 per cell, the RBE of neutrons was 2.37 +0.17. Since
the MN assay is simple and rapid, it may be a good tool for evaluating the y-ray and neutron

response.
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INTRODUCTION

Measurement of radiation response by simple
and informative techniques would be of great value
in studying genetic risk following occupational,
therapeutic or accidental exposure to radiation.
Biological dosimetry has a number of appli-
cations?. The most obvious one is in case of radia-
tion accidents with a lack of physical dosimetry.
Sometimes physical dosimetric methods must be
supplemented by biological assays, for example,
after partial-body exposure with the physical
dosimeter outside the radiation field.

One of the biological methods adopted for
dosimetry purposes, cytogenetic analysis has been
the most popular one'?. The occurence of chromo-
some aberrations in peripheral blood lymphocytes
(PBLs) has been used. Although this is a sensitive
method for dose estimation, it is laborious. An
alternative and simple cytogenetic technigue is the
measurement of MN frequency in cultured human
lymphocytes®. Compared to the classical
cytogenetic methods for evaluating chromosomal
damage®, the MN assay for PBLs is relatively sim-
ple and allows a rapid scoring of a large number of

cells by personnel not specially trained for
chromosomal analysis?.

The present study was performed to study
micronucleus induction in human PBLs treated with
v-rays or neutrons and to determie the RBE of
neutrons.

MATERIALS AND METHODS
1. Cell Culture

Blood was obtained from healithy donors aged
between 18 years and 33 years. PBLs seperated
from whole blood were placed on Ficoll-Hypaque
gradients, washed twice in Hank’s balanced salt
solution and resuspended in RPM| 1640 medium
(GIBCO, Grand Island, NY) containing Hepes buf-
fer, 15% heat inactivated foetal calf serum, L-
glutamine and antibiotics. The lymphocytes were
cultured in multi-well tissue culture plates (Corning,
No. 25820, NY) at concentration of 5X10° cells/ml.
An optimum concentration of phytohaemagglutinin
(PHA, 5 u/ml, Sigma, St. Louis Mo) was used to
stimulate the lymphocytes to transform and divide
in culture. The cells were cultured at 37°C in a
humidified atmosphere containing 5% CO,.
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Fig. 1. Cytoohalasnn blocked cells without a MN (A), with 1 MN (B), 2 MN (C), and 3

MN (D).

2. Irradiation

One sample was served as a control for deter-
mining the spontaneous MN frequency. The others
were irradiated with 124.8, 186.8, 280.4 and 395.6
cGy of ®°Co y-rays (Theratron-780 teletherapy unit)
at a rate of 211 cGy/min or 52.9, 75.6, 106.2 and 149.
1 cGy of neutrons at a rate of 30 cGy/min generat-
ed by cyclotron (MC-50, Scanditronix) in a 37°C
water bath, respectively. The doses were measured
with Capintec PR-06C farmer type chamber and
Capintec 192 electrometer (Capintec, U.S.A).

3. Cytokinesis-block Method

Cytochalasin B (Cyt-B, Aldrich Chemical Co.,
West Saint Paul) was made up as a stock solution
in dimethylsulphoxide at a concentration of 2 mg/
ml, divided in small portions and stored at -70°C.
The stock solution of Cyt-B was thawed, diluted in
medium and added 44 h after commencement of
the culture at a concentration 0f 3.0 xg/m!. After an
incubation period of 72 h, the cells were collected
by centrifugation and resuspended in a mixture of

methanol: Gracial acetic acid (3:1). The fixed cells
were transferred to slides air-dried, and stained
with 10% Giemsa for 10 min.

4. Scoring of Micronuclei

The MN were scored in 1000 binucleated CB
cells using a 400 X magnification. For the identifica-
tion of MN published criteria were applied®. Exam-
ples of CB cells with different numbers of MN are
shown in Figure. 1. All analyses were performed
using a Graph PAD In Plot computer program
(GPIP, Graph PAD Software Inc. San Diego) and an
AT-type personal computer.

RESULTS

The data obtained in the dose-response study
for the four donors are summarized in Table 1, 2.
The MN frequency in unexposed lymphocytes was
not significant!y different from donor to donor. The
baseline number of MN per .CB cell in unirradiated
lymphocytes was very low as being 0.013+0.0002
(Mean+SE, Table 3). Figure 2, 3 show the resuits
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Table 1. Micronuclei (MN) Per 1000 Cytokinesis Blocked (CB) Cells for the Individual Donors after y-rays Exposure

Number of Frequency distribution of the number
Dose o Total number
cells within one CB cell
(cGy) without MN of MN
2 3 4 5
Donor 1: Male, 29y
0 989 10 1 12
124.8 932 61 7 75
186.8 866 115 18 1 156
280.4 799 159 35 7 250
395.6 676 210 91 19 4 465
Donor 2: Male, 28y
0 990 8 2 12
124.8 920 69 10 1 92
186.8 887 13 8 1 1 136
280.4 792 166 33 6 2 1 263
395.6 639 241 81 27 8 3 538
Donor 3: Male, 18y
0 989 9 2 13
1248 910 76 12 2 106
186.8 864 125 9 2 149
280.4 787 174 29 10 262
395.6 661 220 94 20 5 488
Donor 4. Male, 33y
0 987 12 1 14
124.8 914 79 5 2 95
186.8 878 107 13 2 139
280.4 755 189 44 12 313
395.6 688 185 100 23 3 473
600

Number of MN per 1000 CB cells
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Fig. 2. The dose-response relationship of micronuclei in binucleated
lymphocytes follwing treatment with y-rays () or neutrons
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Table 2. Micronuclei (MN) Per 1000 Cytokinesis Blocked (CB) Cells for the Individual Donors after Neutrons Exposure

Number of Frequency distribution of the number
Dose o Total number
cells within one CB cell
(cGy) without MN of MN
1 2 3 4 5 §] 7

Donor 1: Male, 29y

0 989 10 1 12
529 928 62 9 1 83
75.6 885 89 21 3 1 1 149
106.2 847 128 23 3 183
143.1 754 170 61 14 1 338
Donor 2: Male, 28y
0 990 8 2 12
529 922 69 6 3 920
75.6 872 110 17 1 147
106.2 858 109 27 6 181
1431 747 198 49 20 6 380
Donor 3: Male, 18y
0] 989 9 2 13
52.9 901 82 12 5 121
75.6 864 117 16 3 158
106.2 840 125 29 6 201
1431 752 166 61 15 5 353
Donor 4: Male, 33y
0 987 12 1 14
52.9 925 65 8 2 87
756 856 123 17 4 169
106.2 839 129 27 5 198
1431 720 193 64 18 5 395
600

500 [

Number of MN per 1000 CB cells
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Fig. 3. Dose-response for y-rays (M) and neutrons ([J) induced
micronuclei. The solid and dashed lines represent the results

of a linear-quadratic fit through the data indicated in the
figure. '



for individual donors, the curves obtained from the
pooled data of donors and best fitting linear-
qguadratic curves of y-rays and neutrons, respec-
tively. There was a significant relationship between
the frequency of induced MN and dose of y-rays
(r*=1.000, x2=0.7074, p=0.95) and neutrons (r’=
0.996, x?=7.6834, p=0.11). When analysed by
linear-quadratic model the line of best fit was:

y-ray: y=(0.31+0.049) D+(0.0022+0.0002) D?
+(13.19+1.854)

neutron: y=(0.994+0.528) D+ (0.0093+0.0047)
D?+(13.31+7.309)

Where y=number of MN/1000 CB cells and D=
irradiation dose in cGy.

In order to determine the RBE of neutrons
compared with y-rays, the equation of y=aD+
bD?+-c was transformed as

D:L—ai¢a2—4b (c=y)]
2b

The RBE of neutrons for lymphocytes was obtained
from this equation. In the MN frequency between 0.
05 and 0.8 per cell, the RBE of neutrons.was 2.37+
0.17 (Table 4).

DISCUSSION

The mutagenic and carcinogenic risk associat-
ed with exposure to ionizing radiation has stimulat-
ed considerable interest in measuring genetic alter-
ation in human cells. Analysis of MN in lymphocytes
is a simpler and faster method for measuring chro-
mosome damage than any other methods. How-
ever, MN originates from acentric fragments or
whole chromosomes, and this provides a measure
of both chromosome breakage and toss, which is a
somewhat different spectrum of damge from that
obtained by chromosome analysis. Enumeration of
MN in CB cells allows chromosome damage to be
analysed in lymphocytes which have divided only
once. This can be achieved in metaphase analysis
only if bromodeoxyuridine uptake and differential
staining is included in the protocol, to distinguish
between first and second division metaphases. The
CB method has already been shown to be simple,
reliable and, above all, very sensitive®~® as a result
of the statistical power afforded by the high scoring
rate achievable (usually 1000 CB cells/30 min). The
technique does not require highly specialized staff
and should, therefore, be-readily implemented for
routine dosimetry'®~'®. Furthermore, automated
scoring of MN should be relatively simpler than
automated metaphase analysis and image analysis
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Table 3. Frequency of Micronclei in Binucleated
Lymphocytes Following Treatment with y-rays
or Neutrons

Dose (cGy) Micronuclei per cell (M+SE)
y-ray
0 0.013+0.0002
124.8 0.092+0.0032
186.8 0.145+:0.0023
280.4 0.272+0.0070
395.6 0.4914+0.0082
Neutron
0 0.013+0.0002
52.9 0.095+0.0044
756 0.156+0.0025
106.2 0.191+£0.0026
1431 0.367 £0.0064

Table 4. Relative Biological Effectiveness (RBE) of
Neurtrons and y-rays in Inducing Micronuclei
(MN) in Lymphocytes

Neutron dose  y-ray dose

MN per (Dn) (Dr) RBE
cell required required (Dr/Dn)
(cGy)* (cGy)"
0.05 2914120 76.29+209 262+0.13
0.1 57.04+1.47 139.484+259 2.45+0.08
0.2 98.13+150 228.49+276 2.33+0.05

0.4 155.18+355 3538 2985 2284006
0.8 24244+055 53072+308 219+0.14

*Calculated from best fitting linear-quadratic model.

systems are being developed for this purpose'*!®.

The characteristics of the dose-response rela-
tionship obtained with the CB method for human
lymphocytes exposed in vitro to ionizing radiation
have been evaluated by different researchers. The
relationship of MN in CB cells with X-ray, gamma-
ray or beta-ray dose is linear up to about 2 Gy,
which is in contrast to the linear quadratic relation-
ships usually observed for chromosome-type
aberrations™®'>1¢~1® Progser et al.'> have demon-
strated that up to 1 Gy of exposure the frequency of
induction of MN per CB cell is very similar to that
observed for the frequency of total aberrations, but
beyond 1 Gy the level of aberrations becomes
relatively higher. This could be explained by the fact
that at low doses damaged cells will not contain
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more than one acentric fragment, and this would
have a finite probability of becoming a micronu-
cleus. However, at higher doses, where a damaged
cell may be expected to contain two or more
acentric fragments, it becomes possible that more
than one fragment will be incorporated in a mi-
cronucleus, especially if the fragments are very
close each other. This will have the effect of depres-
sing the extent of observable damage, and thus
may explain why beyond 1 Gy the MN frequency
dose-response remains vitually linear while the
chromosome-type aberrations dose-response
shows an obvious quadratic component.

The absolute MN frequencies quoted by Almas-
sy et al.® are systemically lower than those shown
by our y-ray data. Differences in baseline fre-
quencies among donors, in interpreting the critieria
for scoring MN, in culture technique, and in fixing
and staining procedures are possible explanations
for differences in MN yields reported by our labora-
tories. it seems that a higher degree of international
cooperation and standardization of the CB MN
assay is required to eliminate the reported differ-
ences. Several recent technical developments may
further enhance the use of the CB method for in
vitro dosimetry. Identification of kinetochores with-
in MN using anti-kinetochore antibodies'® or
centromeres using centromeric probes?® provides
a means of distinguishing MN containing whole
chromosomes from MN containing acentric frag-
ments, thus providing a better definition of the
endpoint scored.

In conclusion, the ideal biological dosemeter
should be rapid, easy and all the different radiation
qualities should be covered by method?. From this
viewpoint, the CB MN assay may have the potential
to complement metaphase analysis of chromo-
somes for estimating chromosome damge in
human lymphocytes following in vivo irradiation.
Automation of the CB MN technique and dicentric
chromosome analysis are real possibilities that
would enhance the combined application of these
methods for population monitoring.
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