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ABSTRACT

An investigation of the metabolism of americium {element 95)
in the rat hasg teen conducted followliug its administration by
intrarriscular Sujostion ant by stomach btube.. Bach animal
received .3 micrograms of imllz 4in 1 cc of isotconie galine at
PI 5. 1o appr=ciatle absciption took place from the digentive
tract. Withic 2% hours afusr parentersl administration, 5% of

ne Lotas amount of americium abgorbed from the site of inJjection
wep deposited Sn othe liver and 20% was accumulated by the skeleton.
Ficreticn occurred primariliy by way of the digestive tract and
most ol The americium eliminated appeared to come from the liver,
which rsieaged Tthis element at an alwost exponential rate for 30
days with a half-time of 10 days. Thercafter, excretion became
progregsively slower. There wag no significant change in the
content of americium in the skeleton throughout the entire
interval of the experiments, which extended for 256 days. The
only other tigsues studied that demonstrated any striking degree
of accumnlation of americium were the kidneys and spleen. The
digtritution of smericium in the bone was studied by means of

the radicautographic technique and it was observed that deposition
of this element occurred in the region of the osteoid matrix and
about the small blood vesgels of the cortex.

University of California
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THE METABOLISM OF AMERICIUM IN THE RAT

by
K. G. Scott, D. H. Copp, M.D., D. Axelrod, J. G. Hamilton, M.D.

December 15, 1947

The announcement of the discovery of element 95 was made in
1946 by Seaborg and his essociates (1). This new element, named
anmericium by its discoverer, is preceded in the periodic tadle by
plutonium. Like neptunium (element 93), plutonium and curium (1),
(element 96), smericium is radiocactive and has not been observed in
nature in apprecisble amounts. During the war an extensive study
was made of the metabolic properties of plutonium (2) and seversl
other members of the heavy elements, notably, thorium, protoactinium
(3), uranium (4) (5), end neptunium (3). Similar studies were also
made with a large number of the radiocactive elements which arise
from fission (6). This work was done at laboratories of the Man-
hattan project located in different parts of the country. Partic-
ular attention was directed towards a very detailed investigation
of the metabolism of plutonium in rats and other laeboratory animals.
These studies, initlated at the University of California at Berkeley,
were done algso at the University of Chicago, Oak Ridge, and Los
Alamos.

The outstanding characterigtic of the metadolism of plutonium
is the high degree of localization and prolonged retention of this
element in the skeleton following parenteral administration. Unlike
calcium, strontium, barium, and radium, plutonium is not deposited
primarily in the mineral structure of the skeleton, but rather is
laid down in the region of the osteoid matrix of the bone (7). At
the present time, it cannot be definitely stated whether or not all
of the plutonium so accumulated is in the organic components of the
osteoid matrix. A gignificant fraction of plutonium may be laid down
on the adjacent surfaces of the mineral structure of the bone. If
this be so, the amount of penetration in the normal adult rat has
been demonstrated by the radioautographic techniques to be less
than 25 microns. The accumulation of plutonium in the other tissues
of the body following parenteral administration is quite small ag
compared to the deposition in the skeleton, and moreover, its
elimination from the soft tissues is relatively repid as ocompsred
to its extrasordinary high degree of retention by the skeleton.
Plutonium is not absorbed to sny appreciadble extent from the diges-
tive tract. In view of these interesting and obviously dangerous
metabolic characteristics of plutonium it was felt that a study
of the behevior in the body of its recently discovered and immedi-
ate chemical neighbor might prove to be of interest.
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FXPERTMENTAL PROCEDURES

The isotope of americium employed, Am?hl, has a half-1ife of
five hundred years and emits alpha particlcs to form Np957 which in
turn decays by alpha particle emission vwith a half-life of 2.25
million years to produce Fa<35, The presence of Np?37 wag of no
practical concern in the experiments to be described since its half-
life is more than four thousand times longer than that of the
emericium isotope employed, and thus the existence of the neptunium
and 1ts radiocactive descendents was not detectable by the procedures
employed in thege studies.

Ten micrograms of americium, which was made evailable to us
by Profeasgor G, T. Seaborg snd his associstes, was obtained as a
solutioy of AmClz in one cc of one normal hydrochloric scid. This
original solution was diluted with normal saline and carefully brought
to pH $ by the addition of dilute sodium hydroxide. Any further
neutralication would have resulted in the precipitation of the highly
soluble smericium hydroxide. The final solution conteined.0.3 micro-
grams of americium per cc with a radiocactivity of 1 microcurie.
One ce of this solution was administered by intramuscular injection
into the left hind leg of each of 15 adult white rats and the same
amount by stomach tupe to three more animals. In addition, two rats
recelved 5 micrograms each, by intramuscular injection, for the
purpose of preparing rsdiosutographs to study the distribution of
thiz element in bone. The fifteen animalg that received the 0.3
micirograas by intremuscular inJjectlon were divided into groups of
thirse and were placed in metabolism cages which made it possibdble
to colleet daily specimens of both the urine and feces. The five
grovps of rats were sascrificed at 1, 4, 16, 64, and 256 days.
The three rats which were given americium by stomach tube were
placed in one metabolism cage snd daily collections of urine and
feces made. They were sacrificed after sn interval of sixteen
days. The rats for bone radiosutographic study were sacrificed
at 16 days. The rats were sacrificed by means of chloroform and
the thorsx was immediately opened to permit the withdrawal of from
1 cc to 5 cc of blood from the heart. The left leg, which was the
gite of the inJection, was removed at the pelvic girdle for separate
assay. The remainder of the snimsl was skinned, and the following
organs and tlssues were removed and welghed for separate assay:
liver, kidney, spleen, heert, lungs, muscle, bones of the right
leg, and gastrointestinal tract. These tissues, the left hind leg,
excrote, skin, and remsining carcass, were dried for two dsys at
1000 C. and then ashed at from 500 to 6000 C. for 24 hours. Pre-
liminary tests demonstrated that no measuradble amount of the
americium was lost by volatilzation at the temperature employed
for ashing the tissues. The carcass, which was dried and ashed in
one plece, was carefully sifted through & fine mesh screen so that
the skeleton wag separated almost completely from the ash of the
other remaining tissues in the carcass, which were chiefly muscle,
blocd and fat. The procedure employed for the assay of americium
in the tissues and excreta is described in the sppendix.

The results obtained from the asseylng of the content of
americium in the different orgens and tissues arc expressed in terms
of the percent uptake of this element on & per orgen and per gram
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wet weight basis. The left hind leg, which was the site of
injection, was assayed as a unit. The carcass ash, after separa-
tion of the skeleton by the sifting procedure mentioned earlier,
was assayed as well as the ckeleton itrelf. The urine and feces
from each group of three eninals were likewlse ashea and aggayed
and the values obtained di-ided by three, which thus gave the
average value of excrata for each of the three animals. The
total content of emericium in all of these orgena, tis=sues and
excreta, was obtained by adding up the individual values and this
was comparedagalinst the amount given. This computation is, of
course, a quantitative indication of the recovery of the administ-
ered americium and represents the fraction of emericium given which
could be determined quantitatively by the analytical proccdures
employed in these studies. The results were fairly satisfactory
because the aversge recovery value observed in the series of 18
rats was 87% and the varistions in the different groups ranged
from 75% to 100%.

The average measured content of americium in different organs,
tlssues, and the excreta for the intramuscular experiments are shown
in Table I. The amount in the skeleton was obtained by sdding twice
the measured americium content of the bones of the right hind leg
to the value secured from the agsay of the major portion of the
gkeleton that wag separated from the carcegs ssh. This was done
to correct for the americium content of the bone of the injected
left hind leg, which was not included in the rest of the skeleton.
The necessgity for doing this arose from the fact that from 20 to
60 percent of the injected americium was retsined at the site of
adminigtration. Presumsbly this was due to the precipitation snd
adsorption of insoluble compounds of americium &t the injJection site.
It is of interest to note thst most of the americium remsining
behind in the injected leg wes found to be in the soft tissue,
although the content in the bones of that leg was of the order of
twice that of the opposite injected leg. It was not determined
whether this was the result of extravasation of the inJjected solu-
tion onto the bone surfaces followed by adsorption or occurred
during the ashing procedure. The relatively small excess of
americium in the carcass ash over the estimated value derived from
the measured samples of blood and muscle was probably due to the
presence of small fragments of carcass skeleton which passed through
the screen employed for sifting out the bones. The estimeted
americium content of muscle and blood were mede on the basis of the
per gram valuee noted for these two structures end assuming that
their total weights in the intact animal were 45% and 6% respectively
of the total body weight. In Table II the data is presented after
correcting for the unabsorbed fraction in the injected leg and for
the deviastion of the measured recovery value from 100%. The rate
of excretion of americium is shown in Figure I for both urinary end
fecal elimination., The relative proportion of emericilum appearing
in the liver and feces i1s graphically indicated in Figure 2 and
the change of total americium content in the liver and skeleton
appears in Figure 3.
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~ For the purposc of securing bonc rrdiorutogronhs, thin
histological sections, which ranged from 5 to 8 microns in thick-
nesg, were prepared from the undecalcified femur by the techniques
developed by Mcisan and Blooum (8) and by axelrod (9). The
relatively lerge dose of susricium employed wez necessary in order
to secure enougn activily in the sections to obtain satisfactory
radiosutographa. It 13 beiieved to be orligatory to avoil
decalcification prococures in the preparstion of the sectlons
for taking the radioantogrerwhs so that the possibilivy of either
leaching or migration of tihe deposited material be avoided.
Plate I is a photomicrograph of a section of undecelcified fomur
ani its corresponding radioautograph showing the distribution of
smericiuvm in this bone. In Plate II, a small region of tho bone
- section and its corresponding rediocsutograph shown in Plate I

arse pictured at a much higher magnification.

The observed and the corrected data for the Intramuscular
geries ghown in Tables I and ITI presents an interegting finding,
namely, the high degree of accumulation in the liver and bone.

In the cage of the liver, most of the sccumulated americium is
removed at a fairly rapid rate, presumadly by way of the bile,
gince the quantity of americium in the feces parslleled that lost
by the liver and thils reciprocal reletionship is indicated in
Figure 2. After most of the americium is eliminated from the
liver, it can be seen in Figure 1 that the excrevion 1s very slow
but gtill the digestive tract ascts as the principsl channel of
elimination. During the entire period of these experiments,
including the 256 day intervel, there was no significant decrease
in the content of emericium in the skeleton. A comparison of the
upteke and retention of smericium by the liver end bone is given
in #igure 3. The oaly other soft tissues that show significant
accumulation are tuoe spleen and kidneys, whose inlitisl content

on & per gram basizy at the esrlier time intervals, is consideradly
lower than that of the liver. The fraction of americium absorbed
from the digestive tract following oral edministration was
obaserved to be less than .01% of the 0.3 microgram dose given

to each rat. '

The radioautographic studies of the deposition of americium
in the femur of the rat suggests thet this substance is deposited
in the region of the osteoid matrix, Plate I. In addition to the
fixation of this element in this structure, it will be noted that
there is 2 very spotty locslization in the corticel bone. When
thig was first observed, it was felt that the samericium present
in the minersl portion of the bone had been fixed in the region
of the smell blood vessels. In Plete II, which is at 2 higher
magnification, it will be seen thet this surmise would eppear to
be corrcct in that there was definite evidence of accumulation of
emericium in the region of the small YPlood vessels. The resolution
of radioautogrephs was not sufficient to determine whether this
accumulation wes limited to the blood vessel walls or actually
extended out into the surrounding mineral structure of the hone
for a distance of from 10 to 20 microns. Further technical
developments in the field of radiceutography must be successfully
applied to this problem before this issue can be settled.
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PLATE T

Undecalc ified section (upper) of rat femur and corresponding -
radiomit ograph (lower) showing the~deposition of americium in
boné. The element is deposited on the bone surfaces, in the
region of the osteoid matrix, and in or around blood vessels
of the shaft. Hematoxylin and eosin. (x 7)
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DISCUSSION

It has been shown in studies compsrable to the series of
experiments described here using certain of the fission products
in the carrier-free stoate as well as several members of the
heaviegt elements (6), that the high degree of sccumuletion and
prolonged rcetention by the gkeleton ls a phenomenon common to a
number of elements. This cheracterietic of & high degree of
accumulation and retention by the skeleton hes been demonstrated
with the following fission products: yttrium, lanthanum, cerium,
praseodymium, element 61, zirconium, columbium, strontium, and
berium.(6). The heaviest elements that also are deposited in the
skeleton include thorium, protoactinium, uranium, neptunium, and
plutonium (2) (3) (&) (5) (6). Incomplete deta indicates that
the same behavior is charascteristic of curium (6) (10). Strontium
has been observed to be distributed primarily in the mineral
structure of the bone (7) end it is presumed that the seme histo-
logical pattern of deposition in bone tekes place with barium.
Radioautographic studies of bone have besn made with yttrium,
cerium, element 61 (11), zirconium, strontium, thorium, and
plutonium (6) (7). In each instence, with the exception of
strontium, there is apparently very little sccumulation in the
mincralized structure of the bone. Depogition with these elements
occurs in the region of the ostecid metrix. It has already been
shown, in the cese of emericium, thet in addition to this site of
localization, there is epparently some accumulation sabout the small
Plood vessels of the cortical bone. This interesting characteristic
has been thus far only noted with cerium end element 61. Now these
two rare earth elements show the same very high degree of local-
ization in the lliver that hos heen deomonstrated with americium.

It is predictable that this rzdioautographic pattern of the dbonse,
which ig characteristic for these three elements, should be observed
wlth lanthanum an? praseodymiuvm. These two rare esrths also demon-
strate 2 similer nigh level of accumulation by the liver. However,
thelr half-lives are too short to permlt the preparation of satis-
factory bone radloautogrephs. The remeining elements subjected to
both tracer and redioautogravhic gtudies, notably, ytirium, zirconium,
thorium, and plutonium, exhibit a relatively small upteke by the
liver and 3o not show any significant smount of deposition in the
region of the smrll blood vessels of the cortical bone. The
correlation between the high liver upteke and deposition of material
about the small blood vessels of cortical bone ig a curious phen-
omena for which no cbvious explanation isg availedble. It is of
interest to note that the rates of removel of lanthenum, cerium,
praseodymiun and element 61 from the liver proceed at a2lmoet the
same rate that has been obaserved with americium,

It would appear that in the case of smericium, asg well as
with lanthanum, cerium, preseodymium, and element 61, that there
must exist 2 competition between the liver and the skeleton for
an accumulation of these elements. Moreover, it is unlikely thet
any significant fraction of the very constant level of americium
in the skeleton is due to transfer of this element from the liver
to the bone. Evidence that may be cited for this deduction is
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based on a fact that by the 64 and 256 day intervals there is
no appreciable loss in the skeleton, although by 64 days, the
emericium content of the liver has fallen to a relatively low
value. Tt would be of interest to explore this hypothesis
further by performing tracer studies with americium upon
hepatectomized animals. Under these conditions with the liver
not present, one would expect from 60% to 80% of the americium
abgorbed from the inJection site to be deposited in the
skeleton. An additional item of evidence for the reagonablencss
of this concept 1s the fact that those elements of somevwhat
gimllar metsbolic properties, except for their limited deposi-
tion in the liver, notably, zirconium, yttrium, thorium,
neptunium, and plutonium, show an accumulation by the skeleton
of the order of 65% to 70%. The possibility thet emericium
and the other substances for which the liver shows such a

high affinity are entrapped by the reticulo-endothelial gystem
appears highly unlikely, since the per gram concentration in
the spleen in the earlier phases of these experiments is
roughly a fiftieth of the concentration in the liver.

The practical aspectes, with reepect to the dangers that
might be encountered by those who may work with smericium, are
faeirly obvious. In the firet place, it is not absorbed to any
significent degree from the digestive tract, which therefore
places the hazard of ingesting this material by mouth at &
relatively low level. The property of gelective locslization
and prolonged retention in the region of the osteoid matrix
~ makes it a highly dangerous sgent should it gein entry into
the body through cuts, a2brasions, etc., due to the close
proximity of the radio-sensitive bone merrow. In the light of
the work with other elements showing a close metsbolic similarity
to americium, it seems probable that soluble compounds of this
element will be absorbed through the alveolae of the lunge (12).
On the bagis of experience with plutonium and mixtures of the
fiselon products, it is likely that if any soluble compound of
this element should gein entry into the lungs by inhalation
from 10% to 30% would be absorbed into the blood stream and
roughly & fifth of this smount would eventually find its way
to the gkeleton where it has slresdy been demonstrated there
is an extrsordinerily high degree of retention.
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APPENDIX

Method of Agsey of Americium in Materiels of Biological Origin.

The detection and quantitative measurement of alphe part-
icles is reletively simple with the appropriate equipment. How-
ever, due to the very short range of this type of radiation, it
is not possible, in most instances, to simply place semples of
biological materiels in the counting device and obtdin an
accurate determination of the number of disintegrstiohs taking
place. The sample must be gpreed out in e thin and even film
whose mass does not exceed two to three milligrams per asquare
centimeter. If thils preceution is not obveerved, a fraction of
the emitted alpha particles will not be able to enter the
detection chember. Most of the tissues and orgens, even after
aghing, contein far too much material to meske it possidble to
gpread out the sample in a sufficiently thin film to permlt
accurate alpha particle counting. This problem may be met by
separating the radicactive meterial, in this case emericlum,
from the bulk of the assh from the samples. Since the total dose
of americium given was only .3 microgrems, 1t was necegsary to
add to the somples a small smount of a non rediocactive element
wlth similar chemical properties to act as & carrier for the
tiny traces of smericium present. The chemical properties of
lanthanum and americium are very much alike in meny respects.
In these particular experiments, the ashed tissues were
dissolved in dilute nitric acid, two milligrams of lanthenum
nitrate added, and this followed by the eddition of hydro-
fluoric acid. The americium was cerried down quantitetively
by the insoluble lanthenum fluoride precipitate. Thus, the
americium could be quentitatively seperated from several grams
of tissue. The lanthanum fluoride precipitete was then spread
out in 2 thin film on the counting dishes and the americium
alpha particles measured. The specific deteils of this
procedure appear in the following paragraph.

1. The tissue ash wes disgolved in 2 normal HNOz with e
concentration of 20 milligrams of tissue ash per cc of acid
golution.

2. Two milligremg of La (NO5)3*were stirred into the ash
golution used for any particulsr assay, this ranged from 1 to
5 cc of ash solution.

3. The golution in Part 2 is mede 2.5 normal in hydrofluoric
acid by the addition of en edequate emount of 8 molar HF.

4. The precipitate formed is sepsrsted by centrifugation, and
the supernatant fluid is discerded.

5. The precipitate 1s mounted on a gold dish by redissolving
it in 8 molar HNO3, transferring the solution to the dish and
adding en excess of HF to reprecipitate the lanthanum which
results in e thin film upon drying on a hot plate at a temperature
low enough to prevent spattering.



-11-

6. The sample is ageayed for smericilum hy detexrmining the
alpha particles emitted by the use of 2 parsllel plate alphe
counter,

* Because of the presence of alpha emitting contaminants in
gsome of the C.P. La (NOz), available, the La (NOz)z must be
checked for alpha emittérg by running blenks on &ath batch of
La (NO )3. The vrediosctive contamination present is believed
to be actinium, whose chemical properties resemble clogely those
of lanthanum as well as americium.
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TABLE I

THE OBSERVED DISTRIBUTION OF AMERTCTUM (Am’*l)
FOLLOWING THE INTRAMUSCULAR INJECTION OF .3

MICROGRAMS OF A SOLUTION OF AmCl5 INTO THE HIND

LEG OF THE RAT

1 Day 4 Days 16 Days 6L Days

% per % per % per % per % per % per % per % per

organ gQram  orgen  gram organ gram oOrgen gram
Lungs .13 .096 .18 1L AN .003
Heart J11 .12 .0k5 056 083 ,088 .0ho .okl
Liver %20.8 3.41 %1.0 3.68 10.6 13 1.6 13
Spleen .28 .39 .08% .18 079 .11 .085 .13
Kidney 2.b9 1,29 1.97 1.13 1.0 .52 72 3k
G.I. Tract 1.5k 068 L4.06 .19 1.56 075 .32 012
Bone 13.1 57  16.6 57 17.7 .88 18.9 T3
Skin 1.84 056 1.46 039 1.4y .037 .33 ,008
Muscle .83 006 1.60  ,01h 2.06 ,018 1.53 .012
Blood 57 .053 .12 008 .10 .007 L068 .004
Balance 3,68 2.51 1.61 1.59
Unabsorbed
in injected
leg 43,5 12.9 5,37 5.1%
Urine 3,12 2.80 2.34 . o7
Feces 2.66 27.% 32,1 7.6
% Recovery
of injected
doge 103.92 100.9 4.1 80.6

256 Deys

% per % per
organ gram

.11 .0%6 065 .017

.012
.53
.0l5
.27
.12
19.2

A7
ok
.01

1.13
1.45
4.67

51.6

19.3

.010
. 063
.081
.13

.005
.13

.005
.008

.001
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TABLE II

THE DISTRIBUTION OF AMERICIUM (Am?hl) IN THE RAT
FOLLOWING INTRAMUSCULAR INJECTION. THE DATA IS
TAKEN FROM TABLE I AND HAS BEEN CORRECTED FOR THE
FRACTION OF AMERICIUM UNABSORBED AT THE SITE OF
INJECTION AND THE DEVIATION OF THE RECOVERY VALUES

FROM 100%
1 Day 4 Daye 16 Days 64 Days 256 Days

Tissue % per. % per % per % per % per % per % per % per % per % per

organ gram organ gram  organ grem organ gQram organ gram
Lungs .23 A7 .21 .13 .21 13 .15 ~.ok8 .08Lk T 1022
Heart .19 21 052 .065 .12 .13 065 .058 .015  .013
Liver 54.8 6.07 35.7 h.oh 15.3 1.64 1.9% .18 .68 .081
Spleen .50 .70 095 .21 .11 .15 a1 .7 058 .11
Kidney L.hz  2.29 2.27 1.30 1.47 75 96 kb 3k .16
G.I. Tract 2.73 12 b.66 .22 2.25 .11 A3 .016 .15 .008
Bone £3.? 1.01  19.1 66 25.6 1.5 25.0 .96 24.8 .9k
Skin 3.26 .10 1.68  .0k5  2.10 .053 Aho 011 .22 .006
Mugcle 1.46 010 1.84 017 2.97 095 2.03  .016 1.21 .010
Blood 1.00  .095 .1k .009 .16  .010  .090 .005 .01 <.001
Urine 5.53 3.21 3.38 5.66 6.02

Feces L.73 31.5 L6 b 63.9 66 .4
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