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THE COMBINED EFFECT OF ALPHA PARTICLES AND X RAYS ON

THE INDUCTION OF MICRONUCLEI IN LUNG EPITHELIAL CELLS

Abstract -_ nderstanding the interaction of hgh-

and low-lh,T radiation in the induction of cellular PRINCiPAL rmVESTICATOR

damage is important in the evaluation of health A. L. Brooks

risks from ionizing radiation. Rat lung epithelial B. R. ScoLt

cells were grown to confluency on Mylar films and

exposed to both X rays and alpha particles given either alone or simultaneously. Alpha particles

and X rays given alone or in combination caused a dose-related increase in cell-cycle time.

Killing by X rays and alpha particles could be represented by single exponential functions Do =

6.7 t 044 and Do � 1.0 t 009 y. The cell killing by X rays had a shoulder on the dose-response

curve with an extrapolation number of 4. The combined exposure had a Do of 125 019 Gy.

Micronuclei produced by alpha particles or X rays given alone produced linear dose-response

relationships with slopes, based an preliminary estimates of alpha dose, of 077 ± .08 and 0.1 ±

0.02 micronucleilbinucleated cell/Gy for the alpha and X rays, respectively. Comparing these

slopes indicated an alpha relative biological effectiveness (RBE) of 37. when graded doses of X

rays were given t the same time as the alpha particles, the frequency of micronuclei increased

linearly as a function of X-ray dose with a slope of 076 ± .05, which was similar to the slope

produced by alpha particles alone. These studies demonstrated that chromosome breaks produced by

X rays can interact wth damage from alpha particles to increase chromosome aberration frequency.

A potential for exposure o f workers to internally deposited alpha-emitting radioactive

materials combined with external exposure to X or gamma rays exists in the nuclear industry. The

type of cellular damage produced by high- and low-LEI radiation seems to be different in their

kinetics of induction and ability to repair.1 There is, however, evidence that damage from X rays

and alpha particles can interact to increase the level of damage above that predicted by a simple

add it i ve mode I 2 It is important to understand this interaction to be able to predict its

potential impact on health risks from combined radiation exposures. This study was designed to

evaluate the magnitude of the cellular damage produced by alpha particles and X rays given alone

and in combination using mitotic delay, cell survival, and micronuclei as biological endpoints.

METHODS

Rat lung epithelial cells, previously isolated and characterized,3 were used. lhese cells

were selected because they are epithelia] cells from the respiratory tract and grow well on Mylar

films where they can be exposed to alpha particles. They were grown in Ham's F12 media

supplemented with 10% fetal calf serum in an incubator maintained at 37'C with 5% C02. The cells

were plated on culture dishes with thin (1.5 pm) Mylar bottoms and grown for 710 days so that

they were confluent at the time of the radiation exposure. The cells were exposed to a 238pu

alpha source with a dose rate of 0.18 Gy/min or to X rays from a Picker Vanguard Console Therapy

Unit (Picker X-ray Corp., Cleveland, OH). This unit delivered a dose rate of 075 Gy/min at 59.5

cm from the port. Dose-response studies were conducted with the cells exposed to either radiation

type alone or to two types of radiation simultaneously. For the simultaneous exposure, the cells
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were exposed for 5.5 min to del i ver a cons tan t a pha ex posu re (I 0 Gy) . During the alpha

exposure, graded levels of X rays (0.0, 0.1, 025, 075 or 1.5 Gy) were delivered at a fixed

dose-rate. After exposure, cells were subcultured to stimulate cell proliferation and 24 h after

exposure 3 jig cytochalasin B/mL of media was added. The cells were harvested at 48 h, slides

prepared and stained with 3 Giemsa, and the frequency of binucleated cells and micronuclei

measured on 1000 cells per experiment per treatment on coded slides. Each experiment was repeated

at least twice. The data were evaluated by the least squares method using a linear dose-response

model. The slopes and standard errors were determined for the induction of micronuclei as a

function of dose for each exposure type.

RESULTS

The percent reduction in dividing binucleated cells in exposed cultures relative to controls

is illustrated in Figure 1. Alpha particles caused a greater inhibition of the cell cycle than

X rays.

Alpha particles caused an exponential decrease in cell survival with a Do = .0 009 Gy.

The X rays had an apparent shoulder with an extrapolation number (N) of 1 4 L 0. 21 and

subsequently a lower slope 0 = 67 :L 044 Gy for the dose-response relationship. Combining the

two radiation types resulted in a cell survival curve with no shoulder and a slope Do 1.25 

0.19 Gy similar to that observed for alpha particle exposure (Fig. 2.
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Figure 1. Percent binucleated LEC cells as a function of radiation dose from alpha and X rays
given alone or simultaneously.
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As a measure of te amount of damage in dividing cells, the frequency of occurrence of

micronuclei/binucleated cells is shown in Figure 3 Data for X rays and the alpha particles giver

alone and for the combined effect of X rays and alpha particles given simultaneously are plotted.

The dose-reponse relationships for both radiation types given alone could be described by linear

relationships with slopes of 077 0.08 and 0.18 0.05 micronuclei/binucleated cell/Gy for thE!

alpha particle and X-ray exposures, respectively. When the cel Is were exposed to I 0 Gy of al pha

at the same time tat the X-ray exposures were delivered, there was again a linear increase in the

frequency of micronuclei as a function of X-ray dose. The slope of the X ray plus alpha-induced

dose-response relationship was 075 0.05 micronuclei/binucleated cell/Gy.
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DISCUSSION

The decrease in the frequency o f binucleated cells following the 24-h collection with

cytochalasin suggests that tere was a lag induced in the cel 1 cycle associated with te

radiation exposure. The degree of this mitotic lag was higher per unit dose for alpha particles

than X rays and may influence the results of the micronuclei data presented. Small X-ray doses

(below 1.5 Gy) either with or without alpha particles did not alter the cell cycle time.

The linear slope of te dose-reponse relationships for both the alpha- and X-ray-induced

micronuclei provide a ready method to calculate the relative biological effectiveness for these

exposures. When the slopes were compared, a preliminary estimate of the relative effectiveness of

alpha particles in producing micronuclei was about 40 times that observed for the X rays. ]his

value is much less than te RBE of 515 observed for chromosome aberrations induced in the liver

cells of the Chinese hamster by plutonium-239 alpha particles compared to cobalt-60 gamma rays.4

The difference in RBE may be related to te high dose rates delivered in the present study

relative to those used to induce chromosome aberrations, to differences in cel I type or to

differences in response relative to in vitro vs. J_q vivo exposure.

The slope of the dose-reponse relationships for alpha only and the slope of te X ray plus

alpha were similar. This supports the hypothesis of a synergistic interaction between te alpha

and X rays. If alpha particles alter the ability of the cell to repair X-ray exposure produced

damage, the slopes of the combined exposure could be similar to that observed after high-LEI

radiation. The X-ray-induced damage may remain open long enough to interact with alpha damage and

produce an excess of aberrations and micronuclei. The present study demonstrated that chromosome

damage induced by X rays is interacting with damage produced by alpha particles to increase te

frequency of chromosome breaks and the subsequent formation of micronuclei. Ihe implications of

this observation for risk to combined exposure are very significant and te mechanisms involved

are being investigated.
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