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MODELING THE EFFECT OF CONTINUOUS INFUSION DTPA THERAPY ON THE

RETENTION AND DOSIMETRY OF INHALED ACTINIDES

Abstract - A biokinetic model of the treatment of

dogs that inhaled .241AMO2 aerosols with continuously PRINCIPAL INVESTIGATORS

infused DTPA has been adapted from a model previously R. A. GuIlzriette

published by Bewhinney and Griffith. This model sim- B. A. Muggenburg

ulated both the tissue retention and excretion of

241Am, and was used to estimate the cumulative radiation doses to tissues at risk from 241AM alpha

radiation. The results showed that at 64 days after exposure, the liver dose of the TPA-treated

animals was 3 that of the corresponding controls, the skeletal dose was 2 the kidney dose was

4%, and the lung dose was 67% of controls.

This paper describes a biokinetic and dosimetric model that was adapted from a previously

published model.1 It was developed to provide a means of estimating radiation doses for cases

where continuously infused DTPA therapy is used to reduce radiation dose. The model was

formulated for the case of 241AM02 inhalation, a physicochemical form of Am that is moderately

soluble in vivo, and one to which people have been exposed. Because adequate human data,

particularly tissue data, are not available from cases of accidental human exposure to 24IAm, two

published data sets from experiments in which Beagle dogs inhaled 241AM02 aerosols have been used

to obtain parameter estimates for the model. The model simulations were then used to provide dose

estimates with and without infused-DTPA therapy.

METHODS AND MATERIALS

Animal Experiments

The first data set used here was derived from the study of Mewhinney et a.2 in which male and

female beagles, 15-40 mo of age. inhaled a polydisperse aerosol of 241Am02 (I .8 pm activity median

aerodynamic diameter, AMAD; 1.7 geometric standard deviation, 19). The second data set was

derived from the study of Guilmette and Muggenburg3 in which 7-yr old beagles also inhaled a

polydisperse aerosol of 241AM02 17 Jim AMAD; 16 ag). The two DTPA-treated dogs received a

single intravenous injection of the Ca form of DTPA at h after exposure. followed by

subcutaneous implantation of osmotic pumps that delivered the equivalent of 30 pmoles Zn-DTPA per

kg body weight per day throughout the study. Two other control animals received twice weekly

injections of saline. All four dogs were sacrificed 64 days after exposure, and the 24lAm content

of tissue and excreta samples was determined by either gamma counting or alpha liquid

scintillation counting.

Biokinetic Model

The compartmental model used to describe the biokinetics of 24lAm both with and without DTPA

administration is shown diagramatically in Figure 1. It has been adapted from a Cm biokinetic

model'4 which in turn was derived from the original 241Am model of Mewhinney and Griffith.2

Detailed descriptions of the basis for formulating these semi-empirical models are provided in the

appropriate references.
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Model Parameterization

The values for the different parameters of the model were determined sequentially by first

modeling the retention kinetics of 24lAm in dogs that inhaled 24lAmO2 and were serially sacrificed

through 2 yr after exposure.2 Then, the same set of model parameters was used in modeling the

data from dogs that received saline injections in the study of Guilmette and Muggenburg,3 allowing

for changes in parameters that related to the different particle sizes used in the respective

experiments. Modifications to some of the rate constants were needed to bring the model

simulations into accord with the data on control dogs given saline. Finally, the adjusted model

parameters for the control dogs were used as the basis for simulating the data from the

DTPA-treated animals. For this latter case, changes in values were limited to those parameters

that could reasonably be expected to have been affected by the presence of OTPA in the body.

The model was implemented using the GASP IV simulation lanquage5 programmed in Fortran IV.

The cumulative radiation doses to the different organs of the dog were calculated using the

numerical methods available in the GASP IV software.

RESULTS

The results of the model simulations for both the saline- and DTPA-treated dogs are shown in

Figure 2 for the tissues and Figure 3 for the excreta. For the urine and feces, where there were

time-related data, the agreement between the simulations and the data sets was good. For the

tissues, where all animals were sacrificed only at the end of the study, the agreement for both

the control and DTPA-treated groups was similarly good.

The cumulative alpha radiation doses for several tissues of treated and control dogs are

summarized in Table 1. Also included are similar doses calculated for the 2-yr data set of

Mewhinney et al.2 for comparison with the doses for the control dogs. The differences in doses

for the two untreated dog groups were between 2 and 13 percent.
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Figure 2 Simulation of uptake and retention Figure 3 Excretion of 24lAm in urine and
of 24lAm in tissues of dogs that inhaled feces (b) for dogs that inhaled 4 AmO2

24lAm02 aerosols. Tissues are (a) lung, aerosols and received either saline (controls)
(b) liver, (c) skeleton, (d) kidney, (e) soft or DTPA. Individual points are from Guilmette
tissue, (f) TBLN. Data points are from the and Muggenburg;3 curves are from the model
study of Guilmette and Muggenburg.3 simulation.

Table 

Cumulative Radiation Doses to 64 Days After Exposure in Dogs

That Inhaled 24lAmO2 Aerosols and Were Treated With Continuous DTPA Therapy

mGY/kBq Deposited Percent

Tissue 2 Yr a Saline b DTPA b Dose Reduction c

Lung 24 23 15 35

Liver 2.0 1.7 0.046 97

Skeleton 0.62 0.65 0.013 98

Kidney 0.68 0.76 0.030 96

aFrom Mewhinney et al.2

bFrom Guilmette and Muggenburg.3

CDose reduction = dose(saline) - dose(DTPA)]/
dose(saline) x 100.

DISCUSSION

The rationale for constructing a model for 24lAm decorporation therapy rests on the assumption

that treatment of a contaminated individual with the chelating agent DTPA does not create new

metabolic pathways for 24lAm. As such, the structure of the previously described biokinetic model

is applicable. The main effect of DTPA therapy from the modeling point of view was to alter the

values of the rate constants for the various solubilized 24lAm transport pathways. In addition,

for the particular treatment modality used in this modeling example, i.e., continuous subcutaneous

DTPA infusion, it may also be assumed that constant concentrations of the chelator in blood and
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extracellular fluid are achieved, and that these levels are sufficient to alter the relative rates

of transfer of 241Am between blood, urine and the tissues that are the deposition sites for

soluble Am. Unlike the case of repeated DTPA injections, where the pharmacodynamics of rapid

excretion of DTPA must be considered in the model formulation, the assumption of at least

quasi-constant concentration of DTPA in blood and extracellular water considerably simplifies the

model.

Assuming that the above assumptions apply, then the kinetic curves that are obtained for the

uptake and retention of 24lAm can be used as measures of the time-dependent organ content of Am,

even in the absence of data from serially sacrificed animals. The model simulations gave good

representations of both urinary and fecal excretion patterns for both DTPA-treated and untreated

dogs. As further evidence for the accuracy of the model fit, the predicted cumulative excretion

of 24lAm in urine and feces for the DTPA-treated animals was 78% and 15% of the initial pulmonary

burden (% IPB), respectively; the corresponding experimentally measured amounts were 78% and 13%

IPB. Similarly, for the control animals, the predicted cumulative excretion in urine and feces

was 8% and 12% IPB, whereas the measured amounts were both 10% IPB.

On the basis of the cumulative radiation doses calculated from this model, it is apparent that

the dose-sparing effect of continuously infused TPA treatment was significant for liver, skeleton

and kidney. The 64-day dose for the liver of the DTPA-treated dogs was about 3% that of the

untreated controls, 2 for skeleton and 4 for kidney. For the lung, the dose for the treated

animals was 67% that of the untreated animals. In the case of the TBLN, there was no apparent

effect of DTPA therapy based on the model predictions, or on the measured tissue levels. This is

reasonable considering that the 24lAm present in TBLN would be expected to be particulate Am.

Similarly, the 24lAm that remained in the lung at the end of the DTPA treatment is also believed

to be particulate, i.e., the largest particles of the polydisperse aerosol to which the animals

were exposed.
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