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DISCLAIMER
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reflect those of the United States Government or any agency thereof or the Regents of the
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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-coun.ting,' for studies of the metabolism of certain actinide elements
in mice. To demonstrate the effectiveness of this method, mice were

injected with citrated 243

Am and two separate metabolic patterns were
determined based on data obtained from two different photopeaks: One
was from the L. X-rays and the other from the 74 keV y-ray. The re-

sults were comparable, and indicate LL X-ray counting will be useful

in studies of actinide elements that do not emit abundant y-rays.

~¢

“This work was done under the auspices of the U. S. Atomic Energy
Commission.
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INTRODUCTION
Until recently only a few of the actinide elements Were used in
inciustry or laboratories. However, newfound practical applications
and increasing studies of the actinides have brought these elements in-
to more commeon usag‘e: As a result, a greater potential exists for

accidental 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(z) do not emit abundant y-
' 3)

rays, and so sfudy of their metabolic patterns requirels laborious,

pe . . (4) . e
time-consuming, a-counting procedures. 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 successfully to study the metabolism of Es and Am
in mice. For rapid assessment of the results of various therapeutic

treatments, this counting method could be particularly useful. This

~ paper d.escxjibes the method in detail in a study of fhé metabolism of

243Am in mice.
MATERIALS AND METHODS

Detection System

The detection systerﬁ cohsisvted of two Nal crystals (12-cm dia.

X 3-mm thick) mounted inside a special, small énimal, 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

’i.‘

)

through a summing amplifier and then into a 400-channel puls e'-héight

.

analyzer. The digital readout of the épecfr&rn- was by standard teletype
and i)unch pap_er tape, which was processe;iby a CDC 6600 éomputer.
The computer program w.as designed to plot each >spéctr1'1m and integrate
any phb.topeak' that was deéiénated as a regiori of interest by the inve sti-
gator.

In t.h‘isv study all counts were accumu'la.te‘dwith'th’e crystals separgted
a distance of 180 mm and each sample placed at the midpoint of the
separatién. In this position the counting efficiency is the same for a

source of activity whether distributed in a 0.1-ml or a 30-ml volume.

Animal Study

Seven syringes were prepa'\red, each with a 100 nCi dose of 2‘][:‘)’Arn

sodium citrate in ’a 0.1-ml volume. The syringes were counted before
and a-Lfterv the injections we):'e made. Five ZO-g female mice were each
injecte.dv .intramuscularly-in\the left hind lég. To be certain that all
animals were counted at the same pc;stinjbection time, singlé é.nimals
‘were injected at ihtervals of 15 min, piaced in .sevparate plastic vials,
and wholé—body counted 5 vmin'afte_i' they were ilnjected. Then the‘y were
housed in metabolism cages devsigned for separate collection of uriné
and fec;'és. The remaining two doses were 'use’d to make countingv 4
standards: One dose was emptied irito.a small plastic vial and the

volum'é_. 1ef;c 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 wifh the semiconductor detector to determine any change in the
5) :

ratios of the discrete Lh X-rays.

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 ”'c'a.l_'cass. " The activity in each tis sué and excret.a ;ample was
determinevd 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-
sults were compared to those based on the photopeak from the 74 keV
Y -ray.

A quéstion arose as to whether there was Compton scattering into

the L X-ray photopeak from the higher energy photons. It was

convenient to establish this empirically using 195Au 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—r'ay region where 195Au
has no significant emissions. We placed 1 mm each of bone-equivalent
and tissue-equivalent material over a thin source of 195Au. and deter-

mined that the higher-energy areas did not significantly contribute

counts to the L X-ray photopeak (Fig..1).
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RESULTS

Whole —b‘ody Retention

>

» .

The retention curves were plotted as true net counts per min

.

(Fig. Za'/)‘and then as a per cent of the initial do‘s.e" in the " rn‘o“u:s"e‘
Whole—.bbdy stancié.rd" (Fig. Zb,). |

Fig.u.rge-Za shows that a consistent relatio’.nship. exists Between counts
in the L XQray photopgak and the couﬁts from the 74 keV y-ray.

At thé time of injectioﬁ, the counts in the 74 keéV photopeaks from
each anirﬂal and each standard avgree'd \;vithin +1 percent of e._ach other.
This was expected- due to the counting .geometx.'y of the samplés. While
on the ofhér hand, the L X-ray photopeaks frqm these same spectra .in-
dicated_a 30 per centrdecgrease in counts a few minutes after the isotope _
was inje~.ctAed into the animai thﬁs sh'oWing that the greatest percéntage
of the attenuation by the tissues occﬁrs almost immediately. By'dne day
after injection the attenuation loss émountedrto appfOXimately 40 per cent.
The révafte;', the attenuation d\i‘d not lchange' a significant aﬁldunf, as canbe

seen from the "parallel relationship of the retention curves.

L o
Tissue Distribution

The tissue distribution is moré difﬁvcult to relate to the whoie -body
ref:entidn~ due to the differences in attenuation that result from the varia-
tiop in ,svample size. - To determine the corréction factors for 1ossés due
to self—abs.orption, we diluted 0.1 -\.;nl samples of activity serié,lly b;)r\Z-rnl ' | ‘(_ '
increments to a‘m.a.x.imum volume of 25-ml, and plotted the change in
count rate as a func/tionvof volume. All tissue samples were nor,malized.
u;‘ingy this curve and fabu_.lafed as a per cen.t of the initial dose as con-
tained in a 0.1 -ml volume.. Table 1 shoWs the ,tvissue. diét'ribution pattern

based on the 74 keV y-ray and L X-ray data.

-
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- Excreta
The excreta were normalized in the same manner as the tissues and
. the amount of activity present in each sample correlated with the losses
determined by whole —body counting of the animals. The urine-to-fecal
,. ra?:io 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 L X—raf
emissions similar to that of thg more widely used actinides, (,5) but also
~a higher;-ehgrgy Y-ray emission that could be used to compare with the
L X-ray _déta. Therefore, it was not acceptable to use 241Am in our
v study because counts from the 26-keV y-ray interfered wif:h the counts
from the LX—ray_component. We chose 243Arn because it haé a ‘74 kev
. Y-ray .emission and no s_v_'igni‘ficant photons which wou_ld contribute counts
to the L X-ray photopeak. By obtaining two grdups of data, one based
on the L X;rays and one based on the higher-energy y-ray, it is pos-
:sible to‘defi.ne the error due to attenuation in the lower—epergy regioﬁ.
‘These values agree quite closely with those obtained from the self-
_,absox;pti‘o_‘nvcurve described in the tissue section. This curve indicates
,T_-tha.xt,ZS rpl of water nabsorbs 36 per cent of the phgtons 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
photopéaks.

If thé whole-body counts are plotted as a per cent of the mouse
whole-body standard, the initiallosses from seif—absorption are corrected,

as canbe observedinFig. 2. Afurther correctionisnecessaryatDay1
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postinjection; this vadditionel 10 po1‘ cent loss is probably due to absorp-
tion of th_e nuclide into the bone.” This le.st corree_tion factor should
apply to.ethel; actinides, provided the’retenti'on.cu‘rves. are p‘lottlei:d as a
fuﬁction. ofv:a ﬁlouse standard. o . |
Aithough the main pufpose of this study wa's‘ to compare data ob-
tained frdm the ewo different photepeaks, it is ef interest fo note that the
whole -b():.d}; retent‘ionland tissue distribetion databased on the ?4 ker- photo-
peak were significantly different from:the resqlfe of an earlier mouse
study( ) u31ng 41Am. To e_jlucidate these diffel"enc:es,. it would be.,
necessary to use larger groups vof animals in order to obtain statistically
significant numbers. The L X-ray Atechn‘ique is not concerned with the
74 keVv phe_topeak and cbou'ld not contribute to thi/s' ve.riance.
Serhieonductors, whose _vaiue is not fuvlly appreciated by many in-
vestigators, can be used in animal studies to pfevide a geﬁeral idea
about fhe.exte’nt of ‘photen attemiation.in any s%mrﬁple. 'fhe L X-ray
spectfum ‘from a sample is easily resolved into 3 or 4 distinct photo-
peaks’,- the relative heights of which are a funetion of the magnitude of
the photon attenuat1on. (5) The semlconductor spectra in F1g 3 show
the effects of soft tissue and bone - attenuatlon on the 1nd1v1dua1 photopea.ks

(7)

from the LL X-rays. In earlier studies we observed that 1 mm of com-

pact Bone_ removes approximately 8‘5'pe‘r cent o.fi the 14 keV X—ray. The
sPecfra from our ?43Am mice iﬁdicated only aboet' one-half this magnitude .
of attenuation. o | |

We have very littie evidence to indicate that attenuation by ‘mouse

bone cannot be treated as a soft tissue aftenuation, when studied under

experimehtal conditions as used by the author. To the contrary, it has

LA
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been shown6 that the meandiameter of mouse bones ranges from 0.2 mm
for the scapula to only 1.5 mm for the femur. Other evidence indicates
that the actinides are bone-surface rather than bone-volume seekers.

These two factors can explain the minimal dég;‘ee' 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.vsystem, they should be

238Pu 239Pu, 244 253‘E

applicable to studies using Cm, and s. Even

though these nuclides deposit in different ratios in soft tissue 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
accuraéy 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 253Es
in mice, we used the routine a-counting procedures as well as this L X-
ray countihg technique. The results were quite similar and we plan to

use L X-ray counting as a routine procedure for more mouse studies.
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Table 1. Mouse tissue distribution and excretion of

243

Am calculated as a per cent of the initial dose

: Day of o
‘experiment SR |

14

Numbe rk of
mice 1

2 (mean value )

2 (mean value)

Attenuation Attenuation
uncorrected corrected

Attenuation Attenuation .
uncorrected corrected

Attenuation Attenuation
uncorrected corrected

74 keV

-0~

L X-ray L X-ray 74keV L X-ray L. X-ray 74keVv I X-ray L X-ray

Urine ,
(cumulative) 14 17 19 15 ‘ 19 21 16 21 22
Feces

(cumulative) 2.6 2.8 2.8 5.4 6.0 6.6 15 17 16
Carcass _ _ ‘ :

and skeleton 45 44 41 42 47 48 36 41 37
Injected leg 6.6 4.3 4.4 2.6 1.8 2.1 3.1 2.2 2.6
_ Uninjected : | |

leg 1.3 0.87 1.1 1.8 1.2 1.6 2.2 1.6 1.8
Liver 35 31 "32 35 21 30 23 19 19
Spleen - - - - - - - - -
‘Lungs 1.1 - 0.7 0.7 - - - - - -
Kidneys 2.3 . 1.5 1.9 1.9 1.4 1.4 0.45 0.31 0.3
Total 107.0 101.7 101.9 103.9 102.7 105.4 9(76.3 101:3 98.9
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FIGURE LEGENDS

4

1. Nal spectra of 2 3Am and 195Au photons after passing through

1 mm of soft tissue and 1 mm of bone. The higher energy photons

- do not contribute significéntly to the L X-ray photopeak.

2a. 243Arr1 whole-body retention, plotted as the true net cpm from.

the L. X-ray photopeak and the 74-keV gamma-ray photopeak.
243

. 2b. Am whole-body retention, plotted as a per cent of the

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

initial dose and sacrificed five minutes after injection.

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

passing through soft tissue- and bone-equivalent material.
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