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ABSTRACT

Ap investigation of the metabolism of americium (element 95)
in the rat has ~:,8('n conducted. followiLJ(3 Its administration by
intraLlc~f1~ular ~cl,i~";'Vl.on 8D1 by stoma.::h t;;:be .. Each animal
receiver.... 3 n:}·::,::'(;,;-sl'[:lL'J.S of ;.mOl3 in 1 c:c of isotonic seHne at
pE 5. ITo app2:'~G::..al'le abSC1"gtion took :rIace fr,)"ill the digerJti ve
trflc"G. ""Ti thi:c. :;::"~ hO'j.rs afL;0r parentei":'],::' administrt:i.tion, 5Y/o of
tte to+,D..L amouo;.t of &mericium abgorbeL~ from the site of injection
Wi.b lJ.(])'Jsited ~n the liver and 20% W8/:3 accumulated by the skeleton.
E';~::;rei::un occurred primar-l:"y 'by way of the digestive tract and
mOAt 0::' -:~he a;:-eeYicium elitrinated appeared to come from the 11ver,
whjr.:h release(~ this element at an almost exponenttal rate for 30
days 'with a half-time of 10 de,ys.. Thereafter, excretion became
progressively slower.. There was 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 tisoues studied that demonstrated any striking degree
of accuT!l;.1.lation of americium were the kidneys and. spleen. The
distri:.1). tl.on of americium in the bone was studied, by means of
the radiC'a~:.tographic technique and it was observed that doposi tion
of this 1'lemsnt occurred tn the region of the osteoid matrix and
about the small blood vessels of the cortex.

University of CaJ.i.fornia
, Radiation Laboratory

Berkeley, California

Contract No. W-7405-eng-48A
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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 associates (1). This new element, named
americium by its discoverer, is preceded in the periodic table by
plutonium. Like neptunium (element 93), plutonium and curium (1).
(element 96), americium is radioactive and has not been observed in
nature in appreciable amounts. During the war an extensive study
was mad~ of the metabolic properties of plutonium (2) and several
other members of the heavy elements, notably, thorium, protoactinium
(3), uranium (4) (5), and neptunium (3). Similar studies were also
made with a large number of the radioactive elements which a.rise
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 avery detailed investigation
of the metabolism of plutonium in rats and other laboratory animals.
The3e studies, initiated at the University of California at Berkeley,
were done also at the Unive~8ity of Chicago, Oak Ridge, and Los
Alamos.

The outstanding characteristic of the metabolism of plutonium
is the high degree of localiza.tion 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 significant fraction of plutonium ma.y be laid down
on the ad<1acent 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 accum~lation of plutonium in the other tissues
of the body follOWing parenteral administration is quite small as
compared to the deposition in the skeleton, and moreover, its
elimination from the soft tissues is relatively rapid as oompared
to ita extraordinary high degree of retention by the skeleton.
Plutonium is not absorbed to any appreciable extent from the diges­
tive tract. In view of these· interesting and obViously dangerous
metabolic oharaqteristics of plutonium it was felt that a study
of the behavior in the body of its recently discovered and iImnedi­
ate chemical neighbor might prove to be of interest.
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EXPERIMENTAL PROCEDURES

The isotope of americium employed, Am24l , has a half-life of
five hundred years and emits alpha particlos to form Np237 which in
turn decays by alpha partide emission '~ith a half-Efe of 2.25
million years to produce Pa~53. The presence of Np237 was of no
practical concern in the eXI>eriments to be described. since its half­
life is more than four thousand. times longer than that of the
americium isotope employed, and 'thus the existence of the neptunium
and ita radioactive descendents was not detectable by the procedures
employed in these studies.

'l'en micrograms of americium, which was made available to u~

by Profen~or G. T, Seaborg and his associates, was obtained as a
soluti~u of AmC13 in one cc of one normal hydrochloric acid. This
original Elolution was diluted with normal saline and carefully brought
to pH 9 oy the addition of dilute sodium hydroxide. Any further
neutraligation would have resulted in the precipitation of the highly
soluble americium hydroxide, The final solution contained, 0.3 micro­
grams of americium per cc with a radioactivity of 1 microcurie.
One ce ef this solution was administered by intramuscular injection
into.the left hind leg of each of 15 adult white rats and the same
amount by stomac11 tube to three more animals. In addition, two rats
received 5 micrograms eac~, by intramuscular injection, for the
purpose of prep8ring radioau~ographs to study the distribution of
th~>,: element in l)one. The fifteen anima.Is that received the 0.3
mic..·vgrailLs by intramuscular injection wore d.iv5.d.t:3d into groups of
thn~e and were p:,aced in metabolism cages which made it possible
to collect daily specimens of both the urine and feces. The five
gro~2s of rats were sacrificed at 1, 4, 16, 64, and 256 days.
The three rats whtch were given americium by stomach tube were
placed in one meta'bolism cage and daily collections of urine and
feces made. They were sacr1.ficed after an interval of sixteen
deys. The rats for bone radioautographic study were sacrificed
at 16 days. The rats were sacrificed by means of chloroform and
the thorax 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
site of the injection, was removed at the pelvic girdle for separate
assay. The remainder of the animal was skinned, and the follOWing
organs and tissues were removed and weighed for separate assay:
liver, kidney, spleen, heart, lungs, muscle, bones of the right
leg, and gastro:l.ntestinal tract. These tissues, the left hind leg,
excreta, skin, and remaining carcass, were dried for two days at
1000 C. and then ashed at from 500 to 6000 C. for 24 hours. Pre­
liminary tests demonstrated that no measurable 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 piece, was carefully sifted through a fine mesh screen so that
the skeleton was separated almost completely from the ash of the
other remaining tissues in the carcass, which were chiefly muscle,
blood and fat. The procedure employed for the assay of americium
in the tissues and excreta is described in the appDndix,'

The results obtained from the assaying of the content of
americium in the different organs and tissues arG expressed in terms
of the percent uptake of this element on a per organ 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 tr..e sifting procea:ure ment:i.oned earlier,
was 8s88yed as well as the r.;keleton it;::elf. The uri-no and fecos
from each group of th:ree aDina1s were Hkewise asheC!. and 88sayed
and the values obtained dL ided by three, which thug gave the
average value of exc~Gta fer each of the three animo18. The
total content of americium in all of these orgens, ti."1sues and
excreta, wa s obte ined by add.ing up the individual val"t:..es and this
was comparedagalnst the amount given. This computation is, of
course, a quantitative indication of the recovery of the administ~

ered americium and represents the fraction of americium given which
could be determined quanti tatively by the analytical proc8rlures
employed in these studies. The results were fairly satisfactory
because the average recovery value observed in the series of 18
rats was 87% and the variations in the different groups ranged.
from 75% to 100%.

The overago measured content of americium in d.ifferent organs,
tissues, and. the excreta for the intramuscular experiments are shown
in Table I. The amount in the skeleton was obtained. by adding twice
the measured americium content of the bones of the right hind leg
to the value secured. from the assay of the major portion of the
skeleton that was separated. from the carcass ash. This was d.one
to correct for the americium content of the bone of the injected
left hind. leg, which was not includ.ed in the rest of the skeleton.
The necessity for doing this arose from the fact that from ?O to
60 percent of the injected. americium was retained. at the site of
ad.ministration. Presumably this was due to the precipitation and
adsorption of insoluble compound.s of americium at the injection site.
It is of interest to note that most of the americium remaining
behind in the injected leg was found to be in the soft tissue,
although the content in the bones of that leg was of the orner of
twice that of the opposite injected. leg. It was not d.etermined
whether this was the result of extravasation of the injected solu­
tion onto the bone surfaces followed. by adsorption or occurred.
d.uring the ashing proced.ure. 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 estimated.
americium content of muscle and. blood were mad.e on the basis of the
per gram values noted. for these two structures and 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 d.eviation of the measured. recovery value from 100%. The rate
of excretion of americium is shown in Figure I for both urinary and
fecal elimination. The relative proportion of americium appearing
in the liver and feces is graphically ind.icated 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 T'urpoec of !Jncurlng 'hone ri'dtot"1utogrllnhe, tMn
histological sections, which ranged from 5 to 8 microns in thick­
ness, weTe prepared from tlle undecalcified femur by the techniques
developerl by MeLean and. Blc)(..:n (8) and 'b:

'
.4.xel:r.od (9) _ The

relati vely large:; lose of a·c1.:Jricium emp:l.L;yed WD3 necessary in order
to seClJl'''; enoui3l~. Flotiv::' ty ir, t.he secti0118 to o"ocain "otisf.3ctory
radioautographo, It 18 bel~eved to be o:ligatory to ovoii
de0alcil'ication :;>rococ'.'.:(res l:"l the preparation of the s9cti'):rls
for taki:13 the r8dioal1:~ogre:~,hs so that the poesibili:',:,r of either
leaching or mig::at:i.o::, of tt0 deposited material be 870ided.
Plate I is a p'botomi(::-L'ogrErp~ of a section of undecalcified fomur
anci. its correspOi1.dir.g radioButograph showing the distribu'::'~on of
americium in this bO:1e. In 'Plate II, a small region of th2 'bone
section and its corresponding radioautograph shown in Plate I
are pictured at a much higher megniftcation.

The observed and the corrected data for the intremuscular
series shown in Tables I and II presents an interest:i.ng finding,
namely, the high degree of accumulation in the liver and bone.
In the CAse of the liver, most of the accumulated americium is
removed at a fairly rapid rate, presumably by way of the bile,
since the quantity of americium in tho feces paralleled that lost
by the 11vel' and this reciprocal relationship is indicated. i.n
Figure 2. After most of the americium is eliminated from the
liver, it can be seen in Figure 1 that the excretion is very slow
but still the digestive tract acts 8S the principal channel of
elimi.nation. During the entire period of these experiments,
including the 256 day interval, there was no significant decrease
in the content of americium j.n the skeleton. A comparison of the
uptake and retention of americium by the liver end bone is given
in ~~'igure 3. The 0~'11y other soft tissues that show significant
accumulatlon are -fce spleen and kidneys, whose initial content
on a per grem basi:! at the earlier time intervals, is considerably
lower than that of' the 11vel'. The fraction of 8mericium absorbed
from the digestive tract follOWing oral administrAtion was
observed 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 that 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 a very spotty localization in the cortical bone. When
this was first observed, it was felt that the americium present
in the mineral portion of the bone h~d been fixed in the region
of the small blood vessels. In Plate II, which is at a higher
magnification, it will be seen that this surmise would appear to
be correct in that there was definite evidence of accumulation of
americium in the region of the small blood vessels. The resolution
of radi08utogrephs was not sufficient to determine whether this
accumulation was limited to the blood vessel waHs or actually
extended out into the surrounding mineral structure of the bone
for 8 distance of from 10 to 20 microns. Further technical
developments in the field of radioautogrAphy must be successfully
applied to this problem before this issue can be settled.
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PLATE I

TJndecalc ified section (upper) of rat femur and corresponding ­
radioQ.ut ograph (lower)· showing the -deposition of americium in
bone. ~he element is deposited on the bone surfaces, in the
region c>f the osteoid matrix, and in or around blood vessels
of the e;haft. Hematoxylin and eosin. (x 7)
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PLATE II

f[igher .magnification of bone section and radioautograph shown
in Plate I demonstrating the deposition of americium in the
region of the blood vessels in the cortical bOlle. Hematoxylin
and eosin. (:x: 290)
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DISCUSSION

It has been shown in studies comparable to the series of
experiments described here using certain of the fission products
in the cerrier··free state as well as several members of the
heaviest elements (6), thet the high degree of accumulation and
prolonged retention by the skeleton is A phenomenon common to a
number of elements. This characteristic of a high degree of
accumulation and retention by the skeleton has been demonstrated
with the following fission products: yttrium, lanthanum, cerium,
praseodymium, element 61, zirconium, columbium, strontium, and
barium.(6). The heaviest elements that also are deposited in the
skeleton tnc1ude thorium, protoactinium, urnnium,'neptunium, and
plutonium (2) (3) (4) (5) (6). Incomplete data indicates that
the same behavior is characteristic of curium (6) (10). Strontium
has been observed to be distributed primarily in the mineral
structure of the bone (7) and it is presumed that the same histo­
logical pottern of deposition in bone takes place with barium.
Radioautographic studies of bone have been made with yttrium,
cerium, element 61 (11), zirconium, strontium, thorium, and
plutonium (6) (7). In each instance, with the exception of
strontium, there is apparently very little accumulation in the
mineralized structure of the bone. Deposition with these elements
occurs in the region of the osteoid matrix. It has already been
shown, in the case of americium, that in addition to this site of
localization, there is apparently some accumulation about the small
blood vessels of the cortical bone. This interesting characteristic
has been thus far only noted with cerium and element 61. Now these
two rare earth elements show the same very high degree of local­
ization in the liver that has been deomonstrated with americium.
It is predictable that this rcdi08utographic pattern of the bone,
which is characteristic for these three elements, should be observed
wi th la.nthanum An: praseodymium. These two rare eflrths also demon­
strate 8 similar high level of accumulation by the liver. However,
their half-liven 8~e too short to permit the preparation of satis­
factory bone radioAutographs. The reID8ining elements subjected to
both tracer and radioautograuhic studies, notably, yttriUm, zirconium,
thorium, And plutonium, exhibit A relAtively small uptake by the
liver and do not show any significant amount of deposition in the
region of the 8!lIDll blood vessels of the cort:ical bone. The
correlation between the high liver uptake and deposition of material
About the smBll blood vessels of cortical bone is a curious phen­
omena for which no obvious explanation is available. It is of
interest to note that the rates of removal of lanthanllm, cerium,
praseodymium fmd element 61 from the liver proceed at almost the
same rate that has been observed wi th ameri-cium.

It would appear that in the case of americium, as well as
With lanthanum, cerium, praseodymium, And element 61, that there
must exist a competition between the liver and the skeleton for
an accumulation of these elements. Moreover, it is unlikely that
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 bono. Evidence that may be cited for this deduction is
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based on a fact that by the 64 and 256 day 1.ntorvals there ie
no a.ppreciable 10s8 in the skeleton, although by 64 days, the
americium content of the 11ver has fallen to a relat:i.vely low
va.lue. It would be of :i.nterest to explore this hypothesis
further by performing tracer studies with americium upon
hepa tectomized animals. Under these condl ti ons wi th the 11vcr
not present, one would expect from 60% to 80% of the americium
absorbed from tho injeotion site to be deposited in the
skeleton. An additional item of evidence for the reasonableness
of this ooncept is the fact that those elements of somewhat
similar metabolic properties, except for their lim'lted deposi~

tion in the liver, notably, ziroonium, yttrium, thorium,
neptunium, and plutonium, show an accumulation by the skeleton
of the order of 65% to 70%. The possibility that americium
and the other substanoes for which the liver shows such a
high affinity are entrapped by the retioulo-endothelial system
appears highly unlikoly, since the per gram concentration in
the spleen in the earlier phases of these experiments is
roughly a fiftieth of the concentration in the 1ivcr.

The practical aspects, with respect to the dangers that
might be encountered by those who may work wi th americium, are
fairly obvious. In the first place, it is not absorbed to any
significant degree from the digestive tract, wh1.ch therefore
places the hazard of ingesting this material by mouth at a
relati~ely low level. The property of selective localization
and prolonged retention in the region of the osteoid matrix
makes ita highly dangerous agent should it ge in entry into
the body through cuts, abrasions, etc., due to the close
proximity of the radio··sonsitive bone marrow. In the light of
the work with other elements showing a close metabolic similarity
to americium, it seems probablf) that soluble compounds of this
element will be absorbed through the alveolae of the lungs (12).
On the baeis of experience with plutonium and mixtures of the
fission products, it is likely that if any soluble compound of
this element should gain entry into the lungs by inhalation
from 10% to 30% would be absorbed into the blood stream and
roughly 8 fifth of this amount would eventually find its wsy
to the skeleton where it has already been domonstrated there
is an extraordinarny high d.egree of retention.
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APPENDIX

M.ethod of Assay of .Am0rici,~in~0riels of Biological Orisin .

The detection and quantitative measurement of' alpha part­
icles is relatively si~ple 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 samples of
biological materials in the counting device and obtain an
accurate determination of the number of disintegratiohs taking
place. The sample must be spread out in 8 thin and even film
whose mass does not exceed two to three milligrams per square
centimeter. If this precaution is not observed, a fraction of
the emitted alpha particles will not be able to enter the
detection chamber. Most of the tissues and organs, even after
ashing, contain far too much material to make it possible to
spread out the sample in a sufficiently thin film to permit
accurate alpha particle counting. This problem may be met by
separating the radioactive material, in this case americium,
from the bulk of the ash from the samples. Since the total dose
of americium given was only., micrograms, it was necessary to
add to the samples a small amount of a non radioactive element
wi th similar chemical properties to act as a carrier fon the
tiny traces of americium present. The chemical properties of
lanthanum and americium are very much alike in many respects.
In these particular experiments, the ashed tissues were
dissolved in, dilute nitric acid, two milligrams of lanthanum
ni trate added, and this followed by the addition of hydro­
fluoric acid. The americium was carried down quanti tatively
by the insoluble lanthanum fluoride precipitate. Thus, the
americium could be quantitatively separated from several grams
of tissue. The lanthanum fluoride precipitate was then spread
out in a thin film on the counting dishes and the americium
alpha particles measured. The specific details of this
procedure appear in the follOWing paragraph.

1. The tissue ash was dissolved in ? normal HN03 with a
concentrE'Ition of 20 milligrams of tissue ash per cc of acid
solution.

2. Two milligrams of La (NO,)3*Were stirred into the ash
solution used for any particular assay, this ranged from 1 to
5 cc of ash solution.

,. The solution in Part 2 is made 2.. 5 normal in hydrof'luoric
acid by the addition of an adequate amount of 8 molar HF.

4. The precipitate formed is separated by centrifugation, and
the supernatant fluid is discarded.

5. The precipitate is mounted on a gold dish by redissolVing
it in 8 molar HN03, transferring the solution to the dish and
adding an excess of HF to reprecipitate the lanthanum which
results in a thin film upon drying on a hot plate at a temperature
low enough to prevent spattering.
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6. The sample is assayed for americium by determin~ng the
alpha particles emitted by the use of a parellel plate Illpha
counter.

* Because of the presence of alpha emitting contaminants in
some of the C.P. La (N03)3 available, thoLe. (N03h must be
checked for alpha emitters by running blanks on each batch of
La (N03)3' The radioactive contamination present is believed
to be 8ct:tnium, whose chemical properties resemble cloSely those
of lanthanum as well as amer:i.cium.
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TABLE I

THE OBSERVED DISTRIBUTION OF AMERICIUM (Am241 )
FOLLOWING THE INTRAMUSCULAR INJECTION OF .3
MICROGRAMs OF A SOLUTION OF Ame1, INTO THE HIND

LEG OF THE RAT

1 Day 4 Days 16 Days 64 Days 256 Da.ys

'to per %per %per %per %per %per %per %per %per %per
organ gram organ gram org'tC gram organ gram organ gram

Lungs -.1, .096 .18 .11 .1 ---:093 ----:Tl .035 -:-m:;5 --:017

Heart .11 .12 .045 .056 .083 .088 .049 .044 .012 .010

Liver 30.8 3.41 31.0 3.68 10.6 1.13 1.46 .13 .53 .063

Spleen .28 .39 .083 .18 .079 .11 .085 .13 .045 .081

Kidney 2.49 1.29 1.97 1·.13 1.02 .52 .72 .34 .27 .13

G.!. Tract 1.54 .068 4.06 .19 1.56 .075 .32 .012 .12 .005

Bone 13.1 ·57 16.6 .57 17·7 .88 18.9 .73 19·2 .73

Skin 1.84 .056 1.46 .039 1.47 .037 .33 .008 .17 .005

Muso1e .83 .006 1.60 .014 2.06 .018 1.53 .012 .94 .008

Blood ·57 .053 .12 .008 .10 .007 .068 .004 .01 .001

Balance 3.68 2.51 1.61 1.59 1.13

Unabsorbed
in injected
leg 43.5 12·9 5.37 5.13 1.45

Urine 3·12 2.80 2.34 4.27 4.67

Feces 2.66 27·] 32.1 47.6 51.6

%:Recovery
of injected
dose 103.2 100·9 74.1 80.6 79.3
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TABLE II- . -
THE DISTRIBUTION OF AMERICIUM .(An?41) 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 DEVTATION OF THE RECOVERY VALUES

FROM 100%

1 Day 4 Days 16 Days 64 Days 256 Days

Tissue %per__ ;, per %per %per %per % per %per %per %per %per--- orgs!: . grsm orgs~ gram 2rgan gram ~z: gram organ gram
Lungs .23 -:17 .21 .13 .21 .13 .15 -:0413 -:084 .022

Heart .19 ('21 .052 .065 .12 .13 .065 .058 .015 .013

Liver 54.8 6.07 35.7 4.24 15.3 1.64 1.94 .18 .68 .081

Spleen ·50 .70 .095 .21 .11 .15 .11 .17 .058 .11

Kidney 4.43 2.29 2.27 1.30 1.47 .75 .96 .44 ·34 .16

G.I. Traot 2.73 .12 4.66 .22 2.25 .11 .43 .016 .15 .008

Bone 23·2 1.01 19.1 .66 25.6 1.25 25·0 .96 24.8 .94

Skin 3.26 .10 1.68 .045 2.12 .053 .44 .011 .22 .006

Muscle 1.46 .010 1.84 .017 2.97 .025 2.03 .016 1.21 .010

Blood 1.01 .095 .14 .009 .16 .010 .090 .005 ,~.01 (.001

Urine 5.53 3.21 3.38 5.66 6.02

Feces 4.73 31.5 46.4 63.2 66.4
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