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Carcinogenic Properties of Radioactive
Fission Products and of Plutonium®

HERMANN LISCO, M.D.,, MIRIAM P. FINKEL, Ph.D., and AUSTIN M. BRUES, M.D.
Chicago, NI

Asamns OF STUDIES dealing with the
late effects of internal and external
irradiation upon experimental animals were
undertaken by the Biology Division of the
Clinton Laboratories at Oak Ridge and by
the Biology Division of the Metallurgical
Laboratory, University of Chicago. The
results of the studies concerned with ex-
ternal gamma and beta rays and neutrons
have been discussed by Dr. P. S. Henshaw
and Dr. J. R. Raper. In the experiments
at Chicago a number of representative
radioactive isotopes were chosen for study,
isotopes which are released in the fission of
uranium. One of the end products of the
fission process is plutonium (Pu®®), and
particular attention was paid to this sub-
stance. At the time these chronic experi-
ments were undertaken, a limited amount
of information was available concerning
acutely toxic levels and distribution of
plutonium,

An intelligent appreciation and evalua-
tion of heaith hazards, whether by inges-
tion or inhalation or by way of wound
contamination with minimal amounts of
radioactive substances while working in
potentially contaminated laboratories, is,
of course, difficult without experimenta-
tion. It was with this in mind that the
following experiments were undertaken,
even though it was realized that it is no-
toriously difficult to design animal experi-
ments which precisely duplicate the human
hazards.

The late effects of various modes of
treatment with Sr%, %, Yv, Cel%¢, Ra,
and Pu' were studied in mice, rats, and
rabbits. Sr® V", and Ce!4‘ are pure beta
emitters with energies of 1.5, 1.5, and 0.35

|V The work reported herein was done in the Metallur
Biology Division of the Argonne National Laborstory, C
brief version of material to be published in the Plutonium Project Record of

Mev., respectively, and half lives of 33, 57,
and 275 days, respectively. Plutonium is
an alpha emitter with a half life of about
25,000 years.

Radiostrontium, like radium, was largely
concentrated in bone, and the average
total retention at fourteen days was 15 per
cent for the mougg, 50 per cent for the rat,
and 21 per cent for the rabbit; these figures
are corrected for decay. Almost all of the
retained Sr® was found in the skeleton, and
consequently bone tumors were readily
produced. The incidence of bone tumors
was approximately proportional to the
dose administered, and the latent period—
in no case less than about 200 days—in-
creased gradually with decreasing dose.
In the animal species studied, single and
multiple bone tumors were observed, and in
many individuals widespread metastases
occurred, especially in rats and rabbits.
Bone tumors were produced in considerable
numbers by doses ranging from 5.0 to 0.05
microcuries per gram, both with single and
with monthly repeated injections. Osteo-
genic sarcoma induced by Sr¥ involved the
long bones in preference to the spine, a fact
which will be discussed briefly later.

It is not clear as yet whether Sr* had
any effect on the incidence of spontaneous
lymphoma in mice.

Radio-yttrium and cerium, after either
intravenous or subcutaneous administra-
tion, also produced sarcomas in the skeletal
system. These tumors localized primarily
in the long bones.

When plutonium and yttrium (YPO,)
were given subcutaneously or intramuscu-
larly to mice, various manifestations of
radiation damage were observed locally.

Eiul Laboratocy of the University of Chicago and the

cago, under the Manhattan Project. This paperis a

the Manhattan Project Technical

Series. Presented at the Thirty-Second Annual Meeting of ths Radiological Society of North Americs, Chicago,

1., Dec. 1-8, 1946,
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These included graving of hair. ¢pilation,
uleeration of the skit, and destruction and
atrophy of nuscles, often followed by spon-
tancous amputation of the injected leg.
Of particular intcerest has been the occur-
rence locally of malignant fibrosarcomas in
a very high percentage of animials at doses
ranging from 0.3 to 0.05 ugm per gram of
Pu® and at doses of 1.5 to 01.05 ue per gm
of YPO. In other words. a total of
1 pgm of plutonium or tuc of VPO, injected
locally under the skin induced fibro-
sarcomas even though a cortain portion of
the injected dose wus removed from the
site of injection and was  distributed
throughout the body and partially ex-
creted,

Bone tumors were secn frequently in
mice, rats, and rabbits injected with plu-
tonium ut levels ranging irom 4.5 to (.03
pgin per gram.  The mininal litent pericd
aguin was gbout 200 days. The majority
of the pluteniwm-induced timors necurred
in the spine. often producing hind ey
paralysis and urinary retention as the first
clinical symptoms.  Au oxplanation for
this difference in localization probubly lies
in the fact that plutonivm has a greaeer
affinity for collagenous tissue than for hone
proper. This fact has been clearly demon.
strated by radioautographs.

The distribution of bone tumors in the
skeleton of rats and mice with various
radioactive isotopes is summarized in
Table I.

Tang 1 Disrkuivtion oF Bove Tosurs (PER CEND
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Agent Spine  Long Boms  Pelvic flone j:-u——_kﬁ;o
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Pu 2 N 15 Ty TS
S 22 [} “ L 1
Ay 14 Riy 1 o u
Ce 1t T4 3 v 3

_Both plutonium and cerium showed a
consistently high concentration in the liver.
Hence, liver damage was frequently noted
in animals at the higher dose levels, but no
true liver tumors have been seen to date.
Small adenomata have, however, occurred
in the liver in the process of regeneration

Septeinier |47

and repair. The liver damage produced
was unigque, as it probably represented
direct rudintion damage of this organ,
which is not very vulnerable to high doses
of external irradiation. A third compound
which alsu produced liver damage upon
intravenous iujection was the insoluble
salt, yttriumn phosphate. An interesting
corollary to these experimental studics is
the fact that “thorotrast’ {a colloidal sus-
pension of thorium dioxide) is frequently
used in muuan diagnostic work. It be-
haves not unlike the aforcmentioned sub-
stances in its distribution in the Intman and
animmul body,  Therefore, it may be well
to keep this in mind, particularly in diag-
nosts of ghose patieats who do not suffer
fromn an incurable discase.

Anather example of the carcinogenic
properties of internal irradiation was the
oceurrence of carcinoma of the coloi in rats
which had been fed Y2 This substance
was practically not absorbed from the in-
testine and, when fed by stomach tube, re-
mained longest in the colon. Oue group of
rats reecived a single feeding of from 1.0 to
6.0 millicuries.  Of a total of 31 animuls,
4 died with adenovarcitioma of the colon.
The carliest tumor was seen 135 and the
tast 306 davs after feeding. A second
group of animuls was given repeated fecd-
ings of 0.46, 11.20, or 0.0 millicuries of Y*!
per feeding over o period of three months,
so that the total accumulated doscs were
31.20, 15.60, and’ 4.68 millicurics, respec-
tively.  Clinically all animals appeared
well during the feeding period and growth
was not imupaired.  Six of the S animals at
the two higher dose levels died with carci-
noma of the colon bLetween 304 and 548
davs after the first feeding.  No malignant
lesions were observed at the lowest fevel.

[t would not have Lieen possibile tu carry out these
experiments without the help of many people, tho
numerous to mentivn here.  Their enthusiastic co-
aperation in these studies iy gratefully acknowledged.

Argonne National Laboratery
Chicago, Il
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