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INHALED 239puO 2 IN RATS WITH PULMONARY EMPHYSEMA. 11.

Abstract -_ The modifying ffects of pre-existing

pulmonary emphysema on deposition, distribution, re PRrmcIPAL INVESTrGATORS

tention, nd efects of inhaled 23 9PuO2 in the rat D. L. Lundgren

were ivestigated. The presence of emphysema in the J. L. Mauderly

rats tested was indicated by respiratory function W. W. Carlton

measurements and confirmed microscopically. Initial F. P. Hahn

lung burdens of 239p pr kg body weight wre less

in rats with emphysema hn in control rats; however, the retention of 239pu was smilar in

emphysematous and control rats. Survival and lung tumor occurrence we similar in ephysematous

and control rats exposed to 23 9P102- we concluded that rats with pre-existing plmonary emphysema

were not mor snsitive Lo the effects of inhaled 23 9PuO2 than control rats.

Chronic obstructive lung diseases are a health problem in people. These diseases have many

causes including being associated with cigarette smoking. Individuals with chronic lung disease,

such as emphysema, may be more susceptible to injury from inhaled radionuclides than healthy

people. Studies of te ef f ects of inhaled radionuclides conducted to aid in estimating the

biological effects of inhaled radionuclides in man have typically used healthy young adult

laboratory animals. Changes in radionuclide deposition, local distribution, and retention in the

lungs as the result of pre-existing pulmonary emphysema may alter the radiation dose pattern and

resulting biological effects.

In a preliminary 6-mo studyl rats with pulmonary emphysema that were exposed by inhalation to

an aerosol of 239 PuO2 had lower initial lung burdens of 239pu per kg body weight than healthy

rats. The 239 PuO2 was also cleared more slowly from te lungs of rats with emphysema, and

clearance from the more central areas of the lungs was restricted compared to clearance patterns

in control rats I he present study was initiated to (1) confirm our preliminary findings on

deposition, distribution, and retention of 239pu in rats with emphysema, (2) extend these

observations through at least 2 yr, (3) include measurements of respiratory function, and

(4) determine the long-term biological effects of inhaled 239 PuO2 in rats with pre-existing

emphysema.

The ultimate purpose of tis work is to estimate the influence of pulmonary emphysema in

people on the potential biological effects of inhaled 239 PuO2- In a related study, we are also

investigating the effects of inhaled 239 PuO2 in rats with pre-existing pulmonary fibrosis (this

report, pp. 256-261).

METHODS

Details of te experimental design of this study were presented previously 1983-84 Annual

Report, LMF-113, pp. 367-371). Briefly, approximately equal numbers of male and female, 14-16 wk

old, laboratory-reared F344/Crl rats were used. Pulmonary emphysema was induced in the rats by

intratracheal instillation of 0.5 IU of elastase per g of body weight in approximately I mL of

saline. Control rats received I mL of normal saline intratracheally. Approximately 6 wk later,

262



the rats were exposed by inhalation to a monodisperse aerosol of 69Yb-labeled 239 PuO2 having an

activity median aerodynamic diameter of 1.0 lim.1 At the time of exposure to 239 PuO2, the male

saline-treated rats weighed 291 24 g, male elastase-treated rats weighed 291 - 2 g, female

saline-treated rats weighed 166 -L 15 g, and female elastase-treated rats weighed 173 2 g. The

initial lung burdens of 239pu in each rat were estimated by whole-body counting of the 69Yb label

and extrapolation of the retention of this label, corrected for decay and the Yb:Pu ratio, to the

time of exposure. One group of untreated rats and one group of rats treated with elastdse were

not exposed to 239puO 2 and were retained as controls for the serial lung function measurements.

After exposure to 23 9PuO2, the rats were assigned to one of tree groups for (1) serial

sacrifice for determinations of lung morphometry, 239Pu distribution within the lung, and early

clearance of 239pu 2 serial respiratory function measurements, or 3 for determining long-term

239pu clearance and biological effects. Groups of 6 male and 6 female rats treated with elastase

and 6 male and 6 female rats treated with saline were sacrificed on days 0, 8, 24 4 9 128,

192, 256, 352, 52, and 768 after exposure to 239 PuO2. The lungs were removed and fixed in 10%

neutral buffered formalin at 20 cm fixative pressure. Lung volumes were determined by water

displacement and sections of te lungs were used for histopathology and autoradiographs. Portions

of the lungs were analyzed radiochemically for 239pu.

Respiratory function was measured by methods described previously.2 Briefly, the rats were

anesthetized with halothane, intubated with orotracheal and esophageal catheters, and measured

while prone in a volume-displacement plethysmograph. 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

lung volumes, quasistatic lung mechanics, intrapulmonary gas distribution, alveolar-capillary gs

exchange, and forced exhalation.

The forced exhalation test was used to screen and select rats for long-term study. This test

was sensitive to elastase-induced emphysema, and the function results were closely correlated with

morphological changesl.2 1981-82 Annual Report, LMF-102, pp. 450-453). Additionally, humans have

been judged to have "clinical emphysema" based on the results of te forced exhalation tests.3

All rats entered ito the serial sacrifice study were screened by forced exhalation at wk after

elastase instillation and before exposure to 239 PuO2 (termed "baseline"). The selection criteria

were set at 2 standard deviations from the means of the first control arid elastase-treated

groups. The same limit values were used for subsequent groups.

Six males and 6 females from each of the 4 experimental groups and from the untreated control

group (C), elastase-instilled control group (E), the saline-instilled, 239 P1-102-exposed (SPU) group

and from the elastase-instilled, 239 PuO2-exposed (EPU) group were evaluated at 12, 18, and 2 mo

after exposure to 239 PuO2- The significance of differences among treatment groups at each

measurement time were evaluated by multiple comparison. In addition, te data from all three

measurements were evaluated in aggregate by three-way analysis of variance to determine te

significance of the influences of emphysema, 239 PuO2 exposure, time and the interactions among the

three.

RESULTS AND DISCUSSION

The effects of pulmonary emphysema on respiratory function were consistent with tose observed

in previous studies,3,4 and were evident throughout the study in both of the eastase-treated

groups. The emphysematous groups had larger volumes at high distending pressures (total lung

capacity, Fig. 1), larger end-expiratory lung volumes (functional residual capacity, Fig. 1),

increased lung compliance (fig. 2), and reduced forced expiratory flow rates (forced expired

volume in 0.1 sec . , Fig. 2). Although several values of the emphysematous groups differed
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Figure I Physiological subdivisions of lung Figure 2 Maximum quasistatic (deflation) lung
volume at 22 mo after exposure to 239 PuO2 compliance and the percent of forced vital ca-
(mean -L SE) . (C control (n = 5), E = emphy- pacity ex�ired in 0.1 sec at 22 mo after expo-
sema n 3 pu = 239 PuO2 exposed (n 7), sure to 39 PuO2 (mean SE) Group designa-
EPu emphysema 239 PuO2 expos u re ( n b) , tions and sizes are the same as in Figure .
ILC total lung capacity, FRC = functional
residual capacity, and REV residual volume)

significantly from those of te unexposed controls, there were no significant differences between

the 239 PuO2-exposed and unexposed-emphysematous groups. Respiratory function values of the

nonemphysematous, 239 PuO2--exposed group did not differ significantly from those of the controls at

any measurement time (Figs. I and 2.

lhe analysis of variance test demonstrated significant influences of emphysema on numerous

respiratory function variables, but few significant interactions between emphysema and time. This

suggests that the emphysema was stable, neither progressing nor regressing during the course of

the study. lhe analysis of variance test demonstrated significant influences of 239 PuO2 exposure

on only functional residual capacity, residual capacity, and residual volume. Although these

volumes tended to be larger in 239 PuO2-exposed rats than in controls, they tended to be smaller in

nonemphysematous than in emphysematous 239 PuO2-exposed rats (Figs. 1 and 2). There were no

significant interactions between 239 PuO2 exposure and emphysema among the respiratory function

data. 1he presence of mild emphysema was confirmed microscopically in all of the elastase-treated

rats on which respiratory function measurements were taken and in the rats that died spontaneously

after testing.

Lung morphometric data substantiated the respiratory function findings that emphysema was

present in the elastase-treated rats and that the emphysema did not progress with time. Mean

linear intercepts (lable 1) were consistently greater in the elastase-treated rats than in the

saline-treated rats. Although te lung mean linear intercepts were not significantly greater in

the elastase-treated rts at all intervals, as determined by the t. test, when all of the data were

tested for significance using the two-way analysis of variance, the difference was significant

( p < 0. 001 ) . lhere were no interactions of emphysema with time; i e. , the lung alveolar mean

linear intercepts in both the elastase-treated and saline-treated control rats increased at

similar rates, reflecting the growth of the rats with time.

lhe median survival times of the rats treated with either saline or elastase were similar to

the median survival of control rats that had been sham exposed in other studies (this report,
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Table 

Lung Mean Linear Intercept vm) in Rats Sacrificed After Inhalation Exposure to

239 PuO2 and Induction of Pulmonary Emphysema by 1ntratracheal Instillation of Elastase

Sex and Mean Linear Intercept ± SD) by Days Post Exposure to 239puo 2 (n 3 rats per group)

Treatment 0 8 24 64 96 133 196 252 355 511

Males

Saline 71 ± 12 70 ± 8 80 t 15 82 ± 12 78 12 78 ± 8 8 ± 79 88 11 98 ± 26

Elastase 92 ± 13 109 4 14 124 ± 34 Ill ± 23 110 17 114 ± 28 131 ± 22 122 ± 17 131 ± 39 131 ± 36

Females
0)
Cn Saline 76 ± 15 77 ± 6 75 8 78 4 5 82 5 78 11 79 9 91 4 23 102 29 8 ± 

Elastase 113 ± 25 114 ± 21 116 4 21 138 26 93 4 31 11 4 19 129 15 123 4 25 1 33 31 11 17

Both Sexes

Saline 74 ± 13 74 ± 81 77 12 80 9 80 ± 9 78 ± 9 81 9 85 ± 18 94 ± 21 91 4 22

Elastaseab 103 ± 22 112 17 120 27 124 4 28 102 25 115 ± 23 130 18 122 20 132 ± 33 124 ± 29

aSignificantly greater (t test; p < 0.01) than saline-treated control rats when data from rats of both sexes were combined and
compared at each day post exposure.

bMean linear intercepts in the elastase-treated rats were significantly greater when the entire data set was compared (two-way
analysis of variance; p < 0.001).



pp. 25b-2bl 1985--86 Ann ua I Report, LMF -II 5, pp. 263-2b6) , conducted in para II e I with this work

(I able 2 When rats were grouped by initial lung burdens of less than or greater than 10 nCi

(370 8q), the median survival times of both the saline and the elastase-treated rats were slightly

decreased relative to both the sham-exposed control rats and to those with initial lung burdens of

less than 10 nCi 370 Bq).

In a previous 6-mo-long sudy,] we observed that 239pu inhaled as 239 PuO2 was cleared more

slowly from the lungs of rats with emphysema than from te lungs of saline-treated control rats.

The present life-span study did not confirm the earlier observation, even when only the data from

rats sacrificed or that died between 0 mo were compared (Table 3 The clearance of 239pu from

the lungs of male and female rats in the saline- and elastase-treated groups was not significantly

different (F test; p > .05). Data from both sexes were then combined to compare the effect of

emphysema on 239pu clearance. Clearance of 239Pu from the lungs of elastase-treated rats was not

different (F test; p > 0.05) from that in saline-treated rats. Therefore, the retention

parameters for combined data were used to calculate the alpha doses to the lungs of each rat. The

Table 2

Survival of Rats With Pre-Existing Pulmonary Emphysema

After Exposure by Inhalation to 239 PuO2

Median

239pu Survival lime Median Survival

Experimental 11-Bab nCi in Days of Age Time as Percent

Grou N SO) SE) C of Sham Exposed

Sham Exposed d

Males 118 0 866 -L 17

Females 120 0 903 7 -

Saline Treated

11- < i

Males 29 6.3 -t 2.6 894 :L 14 103

Females 71 4.8 - 25 881 19 98

11-B > 0 nCi

Males 44 16.5 59 786 34 98

Females 18 16.1 ± 5.2 814 -i 19 90

Elastase Treated

11-B < 0 nCi

Males 48 5.6 28 877 7 101

Females 81 4.1 23 919 7L 35 102

11-B > 0 nCj

Males 45 17.7 -L 7.0 831 7L 45 96

Females 13 12.9 -i 2.7 772 ± 99 86

al nCi = 37 Bq.

bILB = Initial lung burden.

cSurvival times in days of age.

dSham-exposed control rats from studies conducted in parallel with
this study (see text).
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Table 3

Pulmonary Retention of the Initial Lung Burdens (ILB) of 239pu in Rats

With Pre-Existing Pulmonary Emphysema After Inhalation Exposure to 239 PuO2

Retention Parameters a (± SO) b

A 11 A2 T2

Experimental Group Sex N (%) (days) M (days)

Saline reated M 69 92c 56 ± 6 8 ± 3 1,700 2,200

F 68 87 56 ± 9 13± 4 1,200 ± 1,100

Both 137 90 56 ± 5 10 -L2 1,800 ± 1,700

Elastase reated M 83 92 64 ± 10 8t 4 4,400 i 20,000

F 57 82 51 t 10 18± 5 1,600 ± 1,600

Both 140 86 55 4 13 14± 4 1,700 4 2,100

All Groups Combined 277 88 55 ± 5 12± 2 1,600 4 1,00(d

aRetention described by the equation:

ILB(t) � Ale-(.b93t/11 + A2eO b93t /T2,

where Al and A2 are in percentages and and 12 are in days.

b1here were no significant differences (F test; p > 0.05) in the retention
of 239Pu among the rats in the various groups.

cNo SD was determined for Al since Al and A2 were forced to total 00.

detention parameters used in calculating the alpha dose to the lungs.

mean lifetime alpha doses are summarized in able 4 along with the numbers and incidence of lung

tumors found in the rats.

Several different types of lung tumors were found in both the emphysematous and

nonemphysematous rats exposed to 239 PuO2, including one or more of te following; adenoma,

adenocarcinoma, squamous cell carcinoma, adenosquamous carcinoma, mesothelioma, and keratinizing

cysts. The incidence of these individual tumor types among the two groups of rats appeared to be

similar and was typical of the types of lung tumors previously found in rats exposed to 239 PuO at

this Institute (unpublished data). Neither the incidence of lung tumors nor the excess number of

rats with lung tumors per 106 rad 104 Gy) were significantly different when the saline- and

elastase-treated groups were compared (Table 4 Although the analysis of the effect of emphysema

on the distribution of inhaled 239 PuQ2 particles is still in progress, as are further analyses of

the data presented, it can be concluded that rats with pre-existing pulmonary emphysema may have

lower initial lung burdens of 239pu than control rats exposed simultaneously to aerosols of

239 PuO2, and tat they are not more sensitive to the carcinogenic effects of inhaled 239 PuO2-
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Table 4

Incidence of Lung Tumors and Excess Number of Rats With Lung Tumors

Per Unit of Absorbed Alpha Bose to the Lungs of Rats With and Without

Pre-Existing Pulmonary Emphysema Exposed by Inhalation to 239 PuO2

Mean Lifetime Excess Numbers of

Dose (rad) Number With Lung Tumor Rats With ung

Experimental Number to Lungs Lung Tumors Incidence Tumors Per 106 radb

Groups and 11-B a Examined (t SD) Benign Malignant SE) (t SE)

Sham Exposed 238 0 1 4 2 ± 09

Saline Treated

ILB < 0 nCi 46 110 4 59 1 8 20 ± 6 1600 i 600

ILB > 0 nCi 27 340 i 130 1 8 33 ± 9 910 :t 270

Elastase Treated

ILB < 0 nCi 59 87 58 0 4 7 ± c 540 d

ILB > 0 nCi 35 310 t 110 1 7 23 :, 7c 670 t 230d

aILB = Initial lung burden.

bl rad = 0.01 Gy.

cIncidence not significantly different from the saline-treated rats (Chi square; p > 0.05),
relative to the saline-treated groups of rats with similar ILBs.

dExcess numbers of rats with tumors not significantly different (p > 0.05) from the saline-
treated rats using the asymptotic normal approximation to the binomial distribution relative
to the saline-treated groups of rats with similar ILBs.
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