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MODIFYING EFFECTS OF PRE-EXISTING FIBROSIS IN RATS EXPOSED TO AEROSOLS OF 239PUO 2' II.

Abstract - We have Initiated a study using rats to

determine the modifying effects of pre-existing pul- PRINCIPAL INVESTIGATORS

monary fibrosis on the retention and biological ef- D. L. Lundgren

fects of inhaled 23 9PuO2- Pulmonary fibrosis was J. L. Hauderly

induced by intratracheal instillation of 8.5 Ilkg M. A. Gllett

body weight of bleomycin at 45 to 49 days before in- F. F. Hahn

halation exposure to an aerosol of 23 9PU02- The

clearance of 239pu from the lungs of rats was decreased significantly (p < 0.01) in rats with

pre-existing pulmonary fibrosis compared with controls. Respiratory function, lung morphometric

measurements and histological evaluations were all consistent with the presence of mild pulmonary

fibrosis in the rats treated with bleomycin. Pre-existing plmonary fibrosis resulted in an

increased retention of the initial lung burdens of 239pu, apparently by entrapping the particles

in fibrotic areas of the lung. The life span of the rats with pulmonary fibrosis was decreased by

up to 25% compared with control rats having similar initial lung burdens of 239pu.

Most studies of the deposition and clearance of inhaled insoluble aerosol particles in humans

have been done using healthy adult subjects. A few studies of deposition and clearance of

particles from humans having chronic obstructive lung disease have been conducted. However, these

studies had flaws, such as small numbers of patients examined, differing methods of study, and the

multifaceted nature of the diseases in the patients tested.1.2 Pulmonary fibrosis is one of the

obstructive lung diseases present in human populations, and in an accident involving actinide

radionuclides, some of the exposed individuals may have this disease. Pulmonary fibrosis has many

diverse etiologies,3-5 but the effect of the disease on the deposition, clearance, and biological

effects of inhaled actinide radionuclides is unknown.

This report describes the status of a life-span study in rats with pre-existing pulmonary

fibrosis that were subsequently exposed by inhalation to aerosols of 239PuO2- The study was

designed to address two hypotheses (1) pre-existing pulmonary fibrosis will decrease the rate of

clearance of 239pu inhaled as 239 PuO2, and 2 rats with pre-existing pulmonary fibrosis are more

sensitive to the carcinogenic effects of inhaled 239 PuO2-

METHODS

Details of the experimental design and methods used were presented in the 986-87 Annual

Report, LMF-120, pp. 425-429. Briefly, equal numbers of male and female, 12 ± I week old,

specific-pathogen-free F344/N rats from the Institute's breeding colony were used. Pulmonary

fibrosis was induced by a single intratracheal instillation of .5 IU/kg of beomycin (Bristol

Laboratories, Syracuse, NY) in I mL of saline. Control rats were given I mL of saline

intratracheally.

Forty-five to 49 days after the bleomycin or saline treatment (the time by which rats had

recovered from the acute effects of the treatments), groups of rats were exposed once by

inhalation to aerosols of 1.0 pm activity median aerodynamic diameter, monodisperse, 169Yb-labeled
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239 PuO2 particles to achieve initial lung burdens of either 23 or 23 nCi 5 or 850 Bq of

239pu. The initial lung burdens of 239pu were determined from whole-body counting of the 169Yb

label. Control rats were sham exposed.

Six rats 3 males and 3 females) from both the bleomycin and control groups, having initial

lung burdens of 23 nCi (850 Bq) of 239pu were sacrificed on days 0, 8, 15, 31, 64, 120, 275, 359,

and 541 to obtain information on 239Pu retention and the extent of fibrosis in the lungs. All

rats were necropsied, and selected tissues and all lesions were fixed in 10% neutral buffered

formalin for histologic examination. The lungs from the sacrificed rats were fixed by airway

perfusion at a constant pressure of 20 cm of water. Hematoxylin- and eosin-stained,

paraffin-embedded sections were prepared from the lungs of all rats. Mallory-trichrome-stained

sections and autoradiographs were also prepared from the lungs of the serially sacrificed rats.

The Mallory trichrome sections were examined with a projector microscope for quantitative

morphometry to determine the extent of the pulmonary fibrosis. Four types of structures for

morphometry purposes were identified: (1) air spaces - any open air spaces, including alveoli and

airways; 2 parenchyma - lung tissue including the alveolar walls, pleura, vessels and cellular

portions of the airways, excluding areas of collagen; 3 collagen - collagen fibers, identified

by blue staining or identified, to a lesser extent, by morphology if the stain was not totally

definitive and included all collagen, except that identified as collagenous (scar) tissue; and,

(4) scar tissue - dense, blue-staining collagenous tissue that had thickened and often

contracted. The projected image from the microscope was overlaid with a 20-point grid on a clear

plastic sheet, and the points falling on each of the structures were tabulated. In most cases

three to four lung lobes from each rat were scanned, with every fourth field being scored.

Depending on the age of the rat and size of the lung, 00 to 1200 points were tabulated per lung.

A cross-sectional study of respiratory function was done using 6 to 10 female rats from each

of the three exposure groups, with and without pre-existing pulmonary fibrosis, at 700 days after

exposure to 239 PuO2. These rats were then sacrificed to obtain data on lung retention of 239pu

and to obtain lung morphometry. Functional measurements were made using methods previously

described.6 Briefly, the rats were anesthetized with halothane, intubated with orotracheal and

esophageal catheters, and their lung functions measured by plethysmography. Breathing patterns

and dynamic lung mechanics were measured during spontaneous breathing. Positive and negative

airway pressures were used to induce other lung movements simulating voluntary maneuvers in man.

Measurements included quasistatic lung mechanics, single breath N2 washout. and alveolar-capillary

gas exchange. The significance of differences among treatment groups at each measurement time was

evaluated by multiple comparison. In addition, the data from these measurements were evaluated in

aggregate by the three-way analysis of variance to determine the significance of influences of

pulmonary fibrosis, exposure to 239 PuO2, and their interactions.

Nonlinear, least-squares fitted curves were used to describe the retention of 239pu in the

lungs of the rats. Differences in curves describing the retention of 239pu were determined using

the F test. Survival data were analyzed using a life table methods of analysis.7

RESULTS AND DISCUSSION

Slight impairment of respiratory function, consisting of stiffer lungs, nonuniform gas

distribution and impaired gas exchange in the rats measured at 700 days after exposure to 239 PuO2

(Fig. 1) was consistent with moderate focal pulmonary fibrosis. Interaction between bleomycin

treatment and exposure to 239 PuO2 was minimal. A histologic study of the lungs from rats serially

sacrificed after exposure to 239 PU02 showed mild septal fibrosis and small focal scars with a

patchy distribution throughout the lung. Morphometric measurements of the amount of collagen in
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Figure 1. Respiratory function measurements of female rats with and without pre-existing

pulmonary fibrosis at 700 days after exposure to aerosols of 239puo to achieve desired initial

lung burdens (ILB) of either 23 nCi (85 Bq) or 23 nCi (850 Bq) of 2hpu. Six to 10 rats per each

of the six groups were measured. Error bars represent the standard errors of the measurement.

the alveolar septa and in scars showed that the volume percent of these structures was relatively

constant at all sacrifice times in both the bleomycin and saline-treated rats (Fig. 2 The

differences in the volume percentages of the lungs that contained collagen deposits or scars with

a concomitant loss in the volume percentage of parenchyma were significantly different in the

bleomycin-treated rats compared with the saline-treated rats (Table 1).
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Figure 2 Diffuse collagen deposits and collagenous tissue (scar tissue) as a percentage of the

total lung volume in rats with and without Pre;euxoisting pulmonary fibrosis that were sacrificed 

to 700 days after exposure to aerosols of 23 2 to achieve desired initial lung burdens of 23

nCi (850 Bq) of 239pu. Error bars ± SD) were omitted from the data points for days to 31 for

clarity of presentation.
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Table I

Summary of Structures in the Lungs as a Percentage of the otal Lung Volume in

Rats with and without Pre-existing Pulmonary Fibrosis Sacrificed Between and

700 Days After Exposure to Aerosols of 239 PuO2 to Achieve Desired Initial Lung

Burdens of 23 nCi (850 Bq) of 239pu

Experimental Groups Significance

Control Fibrotic of Difference

Lung Structure Measured Rats Rats Between CLrqup.�a

Air Space 70 3.8bc 70 t 3.2c Not Different

Parenchyma 26 -L 5.0 1 t 39 p < .001

Collagen Deposit 4.3 ± 3.3 10.5 - 40 p < 0.001

Collagenous Scar lissue 0.001 4 0044 1.4 12 < 0.001

aSignificance determined by two-way analysis of variance.

b± one standard deviation.

CDifferences from a total 100% due to rounding of numbers.

Although the retention of 239pu in the lungs of the male and female saline-treated rats was

apparently somewhat different when used for estimating te lifetime doses, each retention pattern

resulted in similar absorbed doses to te lung. Therefore, for the purposes of this report,

retention data were combined able 2 Since there were no significant differences in the

retention of 239Pu between the male and female fibrotic rats, the data from both sexes were

Table 2

Modifying Effects of Pre-existing Pulmonary Fibrosis on the Retention of 239pu

in the Lungs of Rats Exposed by Inhalation to Aerosols of 239 PuO2

Retention Parameters (-t SD) a b

Number Al Tj A2 12

txperjment�l �Grou s of Rats ixi �_dajs)_ %) d

Control Rats

Males 130 81 21 7i 8 19 6 240 7 48

Females 126 80 20 -L 8 20 -L 5 320 7L 59

Both Combined 256 89 35 7L 7 11 -L 2 470 ± 130

Fibrotic Rats

Males 119 32 22 7L 35 68 -L 17 380 i 100C

Females 162 33 5 -t 14 67 -t 15 370 i 72c

Both Combined 281 31 13 -L 20 69 7L 12 360 -L 52c

aRetention described by the equation Y () Ale 0.0693t/1) + A2e --0.693t,/12, where

Al and A2 are in percentage of the initial lung burdens and 11 and 12 are in days

after exposure to 239 PU02-

bNo i SD was determined for Al since the sum of Al and A2 were forced to equal 100%.

CRetention of 239pu in the lungs of rats with pre-existing pulmonary fibrosis was

significantly different (F test; p < 0.001) from te retention in te respective

groups of saline-treated rats.
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combined for further analysis (Table 2 and for calculating the average alpha dose to the lungs

for different groups (Table 3. The pulmonary retention of the initial lung burdens of 239pu was

significantly altered in the rats with pre-existing pulmonary fibrosis compared with the

saline-treated rats. The differences in the retention patterns were due primarily to a larger

percentage of the initial lung burden being retained as the long-term component in the rats with

pulmonary fibrosis 69%) compared with the smaller percentage retained in the lungs of the control

rats (11%). This altered clearance pattern resulted in greater average lifetime alpha dose to the

lungs able 2.

Table 3

Modifying Effects of Pre-existing Pulmonary Fibrosis on the Survival and Lifetime Alpha Dose

to the Lungs of Rats Exposed by Inhalation to Aerosols of 239 PuO2

Median Survival Time

Number of Rats as Percentage of

Experimental Held for Life- Mean Lifetime Median Survival Saline-treated, Sham-

Groups and span_Observations Dose (rad) to Times days ± SE) exposed Rat Data

Desired ILB a b Males Females Lungs SO) Males Females Males Females

Control Rats

Sham Exposed 35 27 0 546 16 651 ± 10 - -

2.3 nCi ILB 77 66 24 ± 11 532 8 662 :L 20 97 102

23.0 nCi ILB 29 18 310 ± 120 560 23 612 36 102 94

Fibrotic Rats

Sham Exposed 34 36 0 495 17 665 17 91 102

2.3 nCi ILB 78 90 65 i 31 487 :L 10 635 16 89 98

23.0 ni IB 20 33 690 ± 310 410 -L 51 572 t 13 75 88

all-B � initial lung burden.

bl nC = 37 Bq.

Examination of autoradiographs prepared from the lungs of the sacrificed rats showed that

239 PuO2 particles were frequently within the collagen deposits and scar tissue in the rats with

pulmonary fibrosis, while these particles were generally found within macrophages in the

saline-treated control rats. It appeared that the 239 PuO2 had become entrapped within the

fibrotic areas of the lungs of the bleomycin-treated rats as these areas gradually contracted with

increasing time after the inhalation exposure. This process undoubtedly resulted in an increased

alpha dose to these areas of the lungs.

The effect of the altered retention and entrapment of 239 PuO2 particles on the long-term

biological effects of the inhaled particles remains to be observed. The survival of the rats with

pulmonary fibrosis was somewhat decreased relative to that of the saline-treated rats (Table 3.

Also, a dose-response effect on survival was evident among the rats with pulmonary fibrosis, but

not among the saline-treated rats. All rats in the study have died. This effect was more evident

among the male than the female rats. Perhaps the histological evaluations of the lungs will

reveal the causes of the altered survival rates, as well as any modifying effect of pre-existing

pulmonary fibrosis on the carcinogenic effect of inhaled 239 Pu(2-
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