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L X -RAY MEASUREMENT OF ACTINIDE 
METABOLISM USING 243Am IN MICE 

Stephen R. Wright 

Donner Laboratory, Lawrence Berkeley Laboratory. 
University of California, Berkeley, California 94720 

January 1972 

A method is described which uses L X-ray counting, rather than 

a-counting, for studies of the metabolism of certain actinide elements 

in mice. To demonstrate the effectiveness of this lllethod, mice were 

injected with citrated 243 Am and two separate llletabolic patterns were 

deterlllined based on data obtained frolll two different photopeaks: .one 

was from the L X-rays and the other frOlll the 74 keY '{-ray. The re-

suits were comparable, and indicate L X-ray counting will be useful 

in studie s of actinide elements that do not elllit abundant '{ - rays, 

", 
<'This work was done under the auspices of the U. S. Atomic Energy 
COlllmis sion. 
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INTRODUCTION 

Until recently only a few of the actinide elements were used in 

industry or laboratories. However, newfound practical applications 

and increasing studies of the actinides have brought these elements in-

to more common usage: As a result, a greater potential exists for 

accidentill human exposure to these nuclides. Because the a-emitting 

transuranic elements are the most toxic radionuclides available to man, 

it becomes essential that we predict their metabolic behavior in man. 

Several programs have been designed to study the metabolism of 

the actinides in selected animal species from which, hopefully, we can 

extrapolate the results to man. The study of actinide metabolism in 

mice (1) is 'an integral part of our comparative investigation of the 

metabolism of these elements. 

Some of the more important actinides (2) do not emit abundant y

rays, (3) and so study of their metabolic patterns require's laborious, 

time-consuming, a-counting procedures. (4) In such instances it is 

desirable to seek methods which will save time and still produce accurate 

results. Measurement of the L X-rays is such an alternate method that 

. 253 243' 
we have' used succes sfully to study the metabohsm of Es and Am 

in mice. For rapid asses sment of the results of various therapeutic 

treatments, this counting method could be particularly useful. This 

paper desc~ibes the method in detail in. a study of the metabolism of 

243A · . m In mIce. 

MATERIALS AND METHODS 

Detectipn System 

The detection system consisted of two NaI crystals (12-cm dia. 

X 3 -mm thick) mounted inside a special, small animal, whole -body 
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counter. The detectors were horizontally opposed, and their separation 

could be varied from 1 to 430 mm. The signals from the detectors went 

through a summing amplifier and then into a 400 -channel puIs e -height 

analyzer~ The digital ~eadout of the spectrum was by standard teletype 

and punch paper tape, which was processed by a CDC 6600 computer. 

The computer program was designed to plot each spectrum and integrate 

any photopeak that was designated as a regio~ of interest hy the investi-

gator. 

In this study all counts were accumulated with the crystals separated 

a distance of 180 mm and each sample placed at the midpoint of the 

separation. In this position the counting efficiency is the same for a 

source of activity whether distribute4 in a O.1-ml or a 30-ml volume. 

Animal Study 

. 243 
Seven syringes were prepared, each With a 100 nCi dose of Am 

sodium citrate in a O.1-ml volume. The sy:t;'inges were counted before 

and after the injections were made. Five 20 -g female mice were each 

injected intramuscularly in the left hind leg. To be certain that all 

animals were counted at the same postinjection time, single animals 

were injected at intervals of 15 min, placed In separate plastic vials, 

and whole-body counted 5 min after they were injected. Then they were 

housed in metabolism cages designed for separate collection of urine 

and feces. The remaining two doses were used to make counting 

standards: One dose was emptied into a small plastic vial and the 

volum·e left unchanged; the final dose was injected into a mouse that 

was allowed to live for 5 min to permit some circulation of the nuclide. 

Thereafter, the dead animal was sealed in a plastic vial and maintained 
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as the whole -body reference standard for this specific experiment. 

The animals were counted again at 2-hr postinjection, and then counted 

on Days 1,2,3,4,7,9,11, and 14. 

At various times throughout the experiment each animal was also 

counted with the semiconductor defector to determine any change in the 

ratios of the discrete LX-rays. (5) 

One animal was sacrificed on Day 1, two on Day 4, and two on 

Day 14 postinjection. The spleen, liver, lungs, kidneys, and hind legs 

were removed from the animal; the remaining tissues were left together 

as the II carcass. II The activity in each tissue and excreta sample was 

determined by the whole -body counting system with the same crystal 

separation and calibration settings used for whole -body counting. of the 

mice. The tissue distribution and whole-body retention were -calculated 

from the integrated photopeak counts from the L X-rays, and the re-

suUs were compared to those based on the photopeak from the 74 keY 

y -ray. 

A question arose as to whether there was Compton scattering into 

the LX-ray photopeak from the higher energy photons. It was 

convenient to establish this empirically using 19
5
Au and some tissue-

equivalent absorbers. Gold-195 has a photon energy spectrum similar 

to that of 243 Am with the exception of the L X -ray region where 195 Au 

has no significant emissions. We placed 1 mm each of bone-equivalent 

and tissue -equivalent material over a thin source of 195 Au and deter-

mined that the higher-energy areas did not significantly contribute 
, 

counts to the LX-ray photopeak (Fig. _ 1). 
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RESULTS 

Whole - bbdy Retention 

The retention curves were plotted as true net counts per min 

(Fig. 2a) and then as a per cent of the initial dose in the II mpus'e 

whole ",body standardll (Fig. 2b). 

Figure 2a shows that a consistent relationship exists between counts 

in the LX-ray photopeak and the counts from the 74 keY '{-ray. 

At the time of injection, the counts in the 74 keY photopeaks from 

each animal and each standard agreed within ±1 percent of each other. / 

This was expected due to the counting geometry of the samples. While 
, , 

on the other hand, the LX-ray photopeaks from these same spectra in-

dicated a30 per cent decrease in counts a few minutes after the isotope 

was injected into the animal thus showing that the greatest percentage 

of the attenuation by the tis sues occurs almost immediately. By one day 

after injection the attenuation los s amounted to approximately 40 per cen~. 

Thereafter, the attenuation did not change a significant a~6unt, as can be 

seen from the parallel relationship of the retention curves. 

l ' 
Tissue Distribution 

The tissue distribut,ion is more difficult to relate to the whole -body 

retention due to the differences in attenuation that result from the varia-

tion in sample size. To determine the correction factors for losses due , 

to self-absorption, we diluted O.i-ml samples of activity seriallyby 2 -ml , 
increments to a maximum volume of 25-ml, and plotted the change in 

count rate as a function of volume. All tissue samples were normalized 

u:.. ing this curve and tabulated as a per cent of the initial dose as con-

tained in a O.i":ml volume. Table 1 shows the tissue distribution pattern 

based on the 74 keY '{ -ray and L X --ray data. 
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Excreta 

The excreta were. normalized in the same manner as the tissues and 

t1:le amount of activity present in each ~ample correlated with the losses 

determined by whole-body counting of the animals. The urine-to-fecal 

. ratio on Day 1 was about 5:1, but thereafter the radioactive material 

. was predominantly excreted in the feces. 

DISCUSSION 

This experiment required a nuclide which had not only LX-ray 

emissions similar to that of the more widely used actinides, (5) but also 

a higher-energy ,(-ray emission that could be used to compare with the 

L X-ray data. Therefore, it was not acceptable to use 241Am in our 

study be_callse counts from the 26-:keV '(-ray interfered with the counts 

from the LX-ray component. We chose 243 Am because it has a 74 keY 

'( -ray emission and no significant photons which would contribute counts 

tothe LX-ray photopeak. By obtaining two groups of data, one based 

on. the L X-rays and one based on the higher-energy ,(-ray, it is pos-

sible to define the error due to attenuation in the lower-energy region. 

These values agree quite closely with those obtained from the sel£-

absOJ;ption curve described in the tis sue section. This curve indicates 

_that. 25 mlof water absorbs 36 per cent of the ph?tons from the L 

.X -:rays, which is slightly lower than the 40 per cent absorption obtained 

from the difference in the two whole -body curves based on the separate 

photopeaks. 

If the whole-body counts are plotted as a per cent of the mouse 

whole -body standard, the initial losses from self -absorption are corrected, 

as can be observed in Fig. 2. A further correction is necessary at Day 1 
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postinjection; this additional 10 per cent loss is probably due to absorp..:. 

tion of the nuclide into the bone.' This last correction factor should 

apply to other actinides, provided theJretention curves are plotte9- as a 

function ofa ITlouse standard. 

Although the ITlain purpose of this study was to cOITlpare data ob-
" 

tained froITl the two different photopeaks, it is of interest to note that the 

whole -body retention and tis sue distribution data based on the 74 keY photo-

peak were significantly different froITl'the results of an earlier ITlouse 

study(1) using 241 AITl. To elucidate these differences, it would be 

neCes sary to use larger groups of aniITlals in order to obtain statistically 

significant nUITlbers. The L X:"'ray technique is not concerned with the 

74 keY photopeak and could not contribute to thls variance. 

SeITliconductors, whose value is hot fully appreciated by ITlany in-

vestigators, can be used in aniITlal studies to provide a general idea 

about the extent of photon attenuation in any saITlple. The L X -ray 

spectruITl froITl a saITlple is easily resolved into 3 or 4 distinct photo

peaks, the relative heights of which are a function of the ITlagnitude of 

the ph~ton attenuation. (5) The s~miconductor spectra in Fig. 3 show 

the effects of soft tissue and bone attenuation on the individual photopeaks 

. (7) . 
froITl the L X-rays. In earlier studies we observed that 1 ITlITl of COITl-

pact bone reITloves approxiITlately 85 per cent of the 14 keY X-ray. The 

spectra froITl our 243 AITl ITlice indicated only about one -half this ITlagnitude 

of attenuation. 

We have very little evidence to indicate that attenuation by ITlouse 

bone cannot be treated as a soft tissue at'tenuation, when studied under 

experiITlental conditions as used by the author. To the contrary, it has 
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6 
been shown that the mean diameter of mouse bones ranges from 0.2 mm 

for the scapula to only 1.5mm for the femur. Other evidence indicates 

that the actinides are bone-surface rather than bone-volume seekers. 

These two factors can explain the minimal degree of attenuation ob-

served in this study. 

Because the L X-ray attenuation losses are a function of energy, 

once they have been determined for a specific system, they should be 

1· bl t t d' . 238p 239p 244C and 253'Es. Even app lca e 0 s u les uSIng u, u, m, 

though these nuclides deposit in different ratios in soft tis sue and 

bone, the attenuation should not change a significant amount. 

CONCLUSIONS 

The results of this study have demonstrated that measurement of 

the L X-rays provides not only a quantitative, but rapid means for 

studying the metabolism of actinide elements in mice. The rationale 

for using this method in mice is that the attenuation of the L X - rays 

by their bones is not great, and it is possible to make corrections for 

such losses. Although this method does not produce the high degree of 

accuracy needed in some instances, it does produce quite reasonable 

results which are adequate for many metabolism studies especially 

those where enhancement of radionuclide elimination is under investiga-

/,' tion. 

In a recent study8 of the effect of DTPA on the metabolism of 253 Es 

in mice, we used the routine a-counting procedures as well as this L X-

ray counting technique. The results were quite similar and we plan to 

use L X-ray counting as a routine procedure for more mouse studies. 



\. 

-8-

ACKNOWLEDGMENTS 

The author acknowledges with pleasure the constructive reviewing 

by Drs. H. G Parker and Patricia W. Durbin. In addition I wish to 

thank Anne DeG. Low-Beer and David J. Yeager for the purification and 

preparation of the 243 Am. I am indebted to Mary Wildensten for her 

valuable editorial advice. 

• 
.) 

-1:..-



u jj u p , ~I 

U .,;} ,. ,J ..,,) ") ;.J "' <}" 

-9-

REFERENCES 

1. Parker H. G., Low-Beer A. deG. and Isaac E. L. Hlth Phys. 8, 

" d 679 (1962). 

2. Seaborg Glen T. Isotopes and Radiat. Techno!. 6, 1 (1968). 

3. Vaane J. P. Actinides Review . .!., 337 (1969). 

4. Low-Beer Anne deG. and Story Troy Jr. Method for determining 

1 1 1 t "'t f 241A 244C · d 252 Cf ' b' 1 . 1 ow eve a-ac lVl y rom m, m, an in 10 oglca 

materials. In: Proc. 8th Annual Meeting of Bioassay and Analytical 

Chemistry. DuPont de Nemours & Company Report No. DP-831, 

1962. 

5. Parker Howard. , Wright Stephen R. and Low-Beer Anne deG. 

Actinide element studies with a Si(Li) "wound counter". .In: 

Semiannual Report, Biology and Medicine, Donner Laboratory, 

Lawrence Radiation Laboratory, Berkeley, California, 

UCRL-18793, Fall 1968. 

6. Parmley W. W., Jensen J. B. and Mays C. W. Skeletal self-

absorption of beta-particle energy. In: Some Aspects of Internal 

Irradiation (Edited by Thomas F. Doughtery), pp. 437 -453 (1962). 

7. Unpublished studies with semiconductors. 

8. Parker H. G., Wright S. R., Low-Beer A; deG. and Yaeger D. J. 

The metabolism of 253Es in mice. Eleventh Hanford Biology 

Symposium, The Biological Implications of the Transuranium 

Elements. Sept. 26-29 (1971). Accepted for publication in the 

Symposium volume of Health Physics, June 1972. 



Table 1. Mouse tissue distribution and excretion of 243 Am calculated as a per cent of the initial dose 

Day of 
experiment 1 

Number of 
mice 1 

Attenuation Attenuation 
uncorrected corrected 

Urine 
(cumulative) 

Feces 
(cumulative) 

Carcass 
and skeleton 

Injected leg 

Uninjected 
leg 

Liver 

Spleen 

Lungs 

Kidneys 

Total 

LX-ray 

14 

2.6 

45 

6.6 

1.3 

35 

1.1 

2.3 

107.0 

~ \ 

LX-ray 

17 

2.8 

44 

4.3 

0.87 

31 

0.7 

1.5 

101. 7 

'>' 

74 keY 

19 

2.8 

41 

4.4 

1.1 

r 32 

0.7 

1.9 

101. 9 

-4 14 

2 (mean value) 2 (mean value) 

Attenuation Attenuatlon Attenuation Attenuation 
uncorrected corrected uncorrected corrected 

LX-ray LX-ray 74keV LX-ray LX-ray 74 keY 

15 19 21 16 21 22 

5.4 6.0 6.6 15 17 16 

42 47 48 36 41 37 

2.6 1.8 2.1 3.1 2.2 2.6 

1.8 1.2 1.6 2.2 1.6 1.8 

35 27 30 23 19 19 

1.9 1.4 1.4 0.45 0.31 0.3 

103.9 102.7 105.4 96.3 101.3 98.9 

c. ... .. 

I 
~ 

0 
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FIGURE LEGENDS 

Fig. 1. 
243" 195 

NaI spectra of Am and Au photons after passing through 

1 mm of s oft tis sue and 1 mm of bone. The highe rene r gy photons 

do not contribute significantly to the LX-ray photopeak. 

Fig, 2a. 243 Am whole-body retention, plotted as the true net cpm from. 

the LX-ray photopeak and the 74-keV gamma-ray photopeak. 

Fig. 2b. 
243 ' 

Am whole -body retention, plotted as a per cent of the 

counts from the mouse whole -body standard injected with the same 

initial dO-se and sacrificed five minutes after injection. 

243 
Fig. 3. Semiconductor spectra of the Am photons before and after 

pas sing through sbft tissue - and bone -equivalent material. 
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Counts do not change 
after injection into mouse 

----74 keV Y-ray photopeok 
-L X-roy photopeak 

• Standard in 0.1 ml volume -- ----...-L ... ___ .... ____ _ -----.. - ~------ .... ----
-----------..:::-------- .... 
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} 
30% Self-absorption t 5 min 
after injection into mouse 

Fig. 2a 

XBL722-2380 



-14-



\-(~ 

103 

(/) 

clO I 
:::J 
o 
u 

) 
r. "\..). 0~ . 

I aDO 40 s'o' 120 160' 200 ' 240 I 280 ' 320 I 360 ' 400 
Channel number 

XBL 722- 2382 

Fig. 3 

t 
~ 

U1 



" 

r------------------LEGALNOTICE---------------------. 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights. 



TECHNICAL INFORMATION DIVISION 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 


