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THE INFLUENCE OF PLUTONIUM EXPOSURE AND LUNG CANCER ON THE

FREQUENCY OF X-RAY-INDUCED MICRONUCLEI IN DOG BLOOD LYMPHOCYTES

Abstract -_ This study determined if lung cancer or

exposure to an inhaled alpha emitter, plutonium-239, PRINCfPAL INVESTIGATORS

increased the frequency of micronuclei in blood A. L Brooks

lymphocytes r altered the responsiveness of lympho- K. Rithidech

cyLes to induction of micronuclei by subsequent doses B. A. Muggenburg

of X rays in vitro. Beagle dogs inhaled 1.5 mm ABAD D. ozano

monodisperse 23 9PuO2 aerosols. The exposure resulted D. L Lundgren

in initial lung brdens of 1.8 KBq to 48 KBq and

produced cumulative alpha radiation lung doses of 14 to 10.4 Gy at the time of this study. Blood

lymphocytes were sampled and irradiated with either 0.0 or 20 Gy of X rays. The lymphocytes were

stimulated to divide by phytohemagglutinin, cytokinesis was blocked with cytochalasin B, and the

frequency of micronuclei was determined in binucleated cells. Plutonium inhalation alone produced

no significant increase in the frequency of micronuclei in blood lymphocytes. When 2 Gy of

X rays ws given to blood lymphocytes of dogs that had inhaled 2.39puo 2 , there was a inear

increase in micronuclei frequency as a function of alpha dose to the lungs; micronucleilbinucleated

cell = O. Z5 i 02 D, where D is the cumulative alpha-radiation dose to the lung in Gy. Dogs wth

23 9PuO2- induced lung cancer did not have a significant increase in the frequency of X- ray-induced

micronuclei relative to dogs exposed to plutonium that did not have lung cancer. These data

suggest that inhaled 23 9PuO2 lers the responsiveness of' blood lymphocytes to subsequent X-ray

exposure.

Extensive research has been conducted on molecular, cellular, and whole animal effects

produced by either internal ly deposited radioactive materials or acute external exposures to

ionizing radiation. However, many workers in the nuclear weapons industries and those involved in

accidents at nuclear power plants, such as Chernobyl, may receive radiation dose from both acute

external radiation and internally deposited radionuclides. This combination of external and

internal radiation exposure may result in unique radiation dose distributions. Little information

is available on potential interactions between low-dose-rate exposures from internally deposited

radioactive materials and acute external radiation exposure. Combined radiation dose from acute

and protracted radiation exposure may interact to either increaser or decrease2 the magnitude of

the response in cells following subsequent irradiation or other environmental insults. The

interaction seems to depend on the cell type, the cell stage, and the stage of neoplastic

progression.

In te current studies, the frequency of micronuclei in the blood lymphocytes of Beagle dogs

was measured as an indicator of radiation damage. This technique is u s e f u Ifor measuring

cytogenetic damage in dogs where the chromosome number is high (2n=78). The frequency of

micronuclei was determined after in vivo high-LET exposure from inhaled 239 PuO2, followed by in

yitro X-ray exposure. This design made it possible to determine if inhalation of an alpha emitter

altered the responsiveness of the blood lymphocytes to subsequent low-LET radiation exposure.
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METHODS

The inf luence of a single inhalation exposure of 239 PuO2 on te frequency of micronuclei in

blood lymphocytes was evaluated in male Beagle dogs from the IlR1 colony. Two dogs that had not

been exposed to plutonium and did not have lung cancers served as controls. lhe six dogs that

inhaled plutonium were evaluated radiographically; three had lung acer and three were normal.

The inhalation exposure methods and characterization of the aerosol have been previously

reported.3 The aerosols were monodisperse 239 PuO2 particles with an activity median aerodynamic

diameter of 1 .5 pm. The 239 PuO2 exposure occurred 5.5 to 10 yr prior to collection of blood

lymphocytes.

Blood lymphocytes were sampled and given either or 20 Gy of X-ray dose delivered at a dose

rate of 028 Gy/min from a Picker Vanguard deep X-ray therapy unit (Picker X-ray Corp.). This

unit was operated at 2 kVp at mA, with I mm Al and 0.5 mm Cu filters, resulting in an

equivalent X-ray energy of 135 keV. Blood lymphocytes were cultured and harvested under the

optimized conditions described elsewhere (this report, pp. 424-427).

RESULTS

The initial lung burdens, the cumulative alpha dose to lungs, the time after inhalation on

September 30, 1987, the lung cancer status of the dogs, and the frequency of micronuclei induced

in the blood lymphocytes both with and without added X-ray dose are listed in able The

frequency of micronuclei/binucleated cell was plotted as a function of plutonium dose to te lung,

with or without exposure to X rays (Fig. 1). No significant increase in the slope of the

dose-reponse relationship was detected for blood lymphocytes from dogs exposed only to plutonium.

The slope of the dose-response relationship for induction of the micronuclei following combined

exposure to X rays and plutonium alpha particles was described using a linear least squares fit of

the data. The equation that described the relationship was: micronuclei/binucleated cell

Table I

The Influence of 239 PuO2 Exposure and Lung Cancer on

the Induction of Micronuclei in the Blood Lymphocytes of Beagle Dogs

Alpha Micronuclei/

Exposure Days Dose Lungs Binucleated Cell

KBq/kg Post-Exposure (Gy) Lung _�-Ray_Doseigyj

Dog I.D. ILBa to 930/87 to 930/87 Cancer 0.0 2.0

1093Bb Control 3445 0 0.00 0.15

1062Cb Control 3613 0 0.01 0.15

122ODc 0.85 2975 137 0.01 0.17

1097Ab 0.22 3445 170 0.01 0.16

1092Cb 0.41 3444 312 0.02 0.23

1364Ac 2.07 2016 509 0.03 0.25

1217Ac 1.96 2974 555 + 0.03 0.27

1365Ac 4.81 2015 1043 + 0.05 0.34

aILB = initial lung burden.

bExposed at 360-400 days of age.

cExposed at 0-100 days of age.
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Figure I Frequency of micronuclei/binucleated cell in blood lymphocytes of dogs that received
various alpha-radiation doses to lung from inhaled 239 PU02 with and without subsequent exposure to
X rays.

0.15 02 D, where 0.15 is the response to X rays only and D is the cumulative alpha dose to the

lungs in Gy. Using the null hypothesis, the slope of the dose-response relationship was

significantly elevated (p < .05).

The influence of lung cancer on the frequency of micronuclei is seen in Figure 2 There was a

significant increase in the frequency of micronuclei/binucleated cell in the lymphocytes from dogs

that had both lung cancer and plutonium exposure above the value observed in the controls. No

significant difference was observed in the frequency of micronuclei/binucleated cell between the

animals exposed to plutonium and X rays either with or without lung cancer.
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DISCUSSION

I nhal at ion of p utonium did not sign ificantly increase the frequency of micronuc I ei in the

blood lymphocytes even though there was a substantial radiation dose to the lungs. This low

response was similar to that reported for monkeys following inhalation of plutonium oxide.4

Because of the short range of the alpha particles and the distribution of the lymphocytes in the

body, the alpha-radiation dose to the blood lymphocytes would be predicted to be low.

Other studies in progress at IlRI on cells exposed in tissue culture to both alpha irradiation

and X rays delivered at the same time demonstrated an interaction between damage done by alpha

particles and X rays. This interaction also increased the frequency of micronuclei above that

predicted by an additive model. The observed increase in the responsiveness to X-ray dose of the

lymphocytes from dogs with plutonium supports these observations and suggests several possible

mechanisms. First, plutonium may produce a differential cell killing that would change the

lymphocyte population evaluated. Second, exposure to alpha particles may damage the cell and

alter the ability of the remaining lymphocytes to repair the X-ray-induced damage. lhird,

radiation dose to cells from plutonium may have altered the cells' ability to proliferate in

culture, altering the sensitivity or population of the lymphocytes scored for the induction of

micronuclei. Finally, the alpha particles may have produced unrepaired DNA damage in lymphocytes

that was capable of interaction with the X-ray-induced damage to enhance te cells' response.

Additional research is required to evaluate these possibilities.
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