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Radioactive-Induced Tumors by Phosphorus-32 as
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Chromic colloidal phosphate labeled with **P, which has been proposed for the treatment of several
articular diseases, was injected intra-articularly in the knee joint of adult Wistar rats. After a 270 days
minimum latent period, tumors began to appear in the injected zone, to a 70% frequency. Ten lung
metastases were detected. In five cases, squamous cell carcinomas were induced in the injected area.
The relevance of a sound evaluation of the risk involved in treatments with radioactive isotopes, is

discussed.
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IONIZING RADIATIONS, besides being a valuable thera-
peutic medium, are capable of inducing tumor for-
mation. This induction has been reported in human
beings as well as in experimental series.'™ Among ion-
izing radiations, those which act as a constant source
are highly able to induce tumors.® In previous reports,
we have reported that intra-articular injections of col-
loidal chromic phosphate labeled with 3?P provoke se-
vere lesions in articular and paraarticular tissues.®® The
seriousness of the lesions found and the widespread uses
of intraarticular injections of colloidal solutions labeled
with P and other radioisotopes, such as '"*Au, Y,
and '®°Re, for the treatment of articular diseases®'?
make the exploration of tumoral induction in this ex-
perimental model interesting.

Materials and Methods

Fifty-five male Wistar rats of 250 g of body weight at
the beginning of the experiment, were used. Forty-five
of them received an intra-articular injection of 0.05 ml
of radioactive colloidal chromic phosphate in the left
knee joint (*?P, activity 0.25 mCi, particles 10 to 30
nm'”), while the right knee was considered as control.
The dose was calculated for the total decay of the 3°P
(half-life 14.5 days, 1.71 MeV, g8 ) considering the ar-
ticular area and the rate levels in hard and soft tissues
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as described elsewhere.®'® Twenty-four animals display-
ing tumors or ulcerations of discrete size, not smaller
than 2 cm in diameter, were killed. Samples of the tu-
mors and of both joints, besides lung and liver, were
processed for light microscopy. Samples of tumors were
taken for electron microscopy. They were fixed accord-
ing to Karnowsky’s technique,'? postfixed in osmium
tetroxide, thereafter embedded in Epon 812 and stained
following Reynold’s method.

Ten animals were injected in the left knee joint with
equivalent amounts of cold colloidal chromic phos-
phate. Samples of both knee joints were taken when the
animals were killed 56 days later.

Results

In the course of the first 200 days postinjection, eight
of 45 injected rats died through causes foreign to the
experiment itself. Hard and firm tumorations started to
appear from day 270; eight between day 270 and day
300; and another 18 on the following days up to day
730. In all, 26 tumors were detected, yielding an inci-
dence of 70%. Their aspect corresponded to nodular for-
mations, that showed an ulcerated zone in 10 cases. The
size of the tumors varied, the largest measuring 12 X 10
X 6 cm.

Microscopic observations of the tumors showed his-
tological images of sarcomatous nature. The tumors
were always characteristically aggressive showing evi-
dent atypical features, infiltrative activity and a high
number of mitosis. The features of highly malignant
fibrosarcomas appeared most frequently (Fig. 1), show-
ing remarkable irregular spindle cells in addition to col-
lagen and reticular fibers. It was not exceptional to detect
necrotic areas as well as richly vascularnizated areas. In
nine cases, areas with conspicuous osteogenic activity
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FIG. 1. Sarcomatous area of a tumor. Note ir-
regular spindle cells and mitotic figures (H & E,

showing clearly atypical trabeculae, were found, an im-
age which corresponds to predominant osteoblastic os-
teosarcomas (Fig. 2). In five cases, the histologic aspect
included extense zones where an endothelial differen-
tiation with atypical cells appeared, sparcely growing on
well defined cavities, not associated to vascular struc-
tures. Gomori’s technique for reticular fibers revealed
the lack of endothelium in these cavities. This finding
and the existence of PAS-positive areas, directly related

X 130).

to the cavities also proved the presence of glycosami-
noglycans, simulating the features of the synoviosar-
comas.

No tumors or histologic lesions were found in the
right control knee joint. The articular and para-articular
tissues of those animals injected intraarticularly with
cold colloidal chromic phosphate showed no alterations
when studied microscopically.

The ultrastructural observations of tumors showed a

F1G. 2. Characteristic pattern of osteosarcoma
with atypical trabeculae (H & E, X90).
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great cellular polymorphism with features of cell damage
(Fig. 3). No myofibrils were detected in any of the cases
studied with this methodology.

Lung metastasis, forming nodes or miliar disemina-
tion, were found in ten cases. Histologically they cor-
responded either to fibrosarcomas or osteosarcomas
(Figs. 4 and 5).

In five animals, persistent vegetating ulcers with in-
durated base were observed, which microscopically cor-
responded to squamous cell carcinomas of a high mitotic
index, with atypical cells, horn pearl formation and in-
filtrative activity (Fig. 6).

Discussion

The oncogenic potentiality of **P has been demon-
strated in experimental models®*' as well as in humans.
It is well known that leukemia is induced in patients
treated for polycithemia vera with *P.?*?3 Our results
indicate a higher potentiality when *°P is injected as
colloidal solution. The high tumoral incidence yielded
by this experiment (70%) could be attributed to the ad-
sorption on cavity walls of the colloidal particles and the
fact that there is practically no leakage out of the cav-
ity.?*2¢ In this way, the radioisotope acts as a constant
source of irradiation until its total decay. The minimum
latent period of 270 days is similar to that reported for
osteosarcomas induced by other types and conditions
of irradiation in experimental models,>*>'*"->% as well as
in humans.?®%

We have observed 30% of metastases in the tumor-
bearing animals, but this number would probably be
higher if all the animals had been kept alive for a longer
period.

The localization of the radioisotope accounted for the
sarcomatous type of the tumors. The histologic study
has demonstrated indifferentiated forms, presumably of
synovial origin, and osteosarcomas, which as observed
in humans* display very polimorphic patterns.

The induction of malignant epithelial tumors would
be due to injections applied through a false pathway.
This finding indicates that this risk must be not under-
estimated.

[t is very interesting to note that no tumors appeared
in control noninjected knee joints nor in those injected
with cold colloidal chromic phosphate. In a previous
report, we have demonstrated that radioactive colloidal
chromic phosphate (**P) provokes severe lesions in ar-
ticular and growth cartilage, and bone marrow, 56 days
after its injection.® In the same period, cold colloidal
chromic phosphate produced no histologic alterations
in articular and para-articular tissues. The lack of lesions
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FIG. 3. Ultrastructural image of a tumor showing the irregular fea-
tures of the cell components (H & E, X4500).

in this period enables us to assume that no change will
occur later due to the colloidal nature of the chromic
solution.

This experiment defines quite clearly a model for tu-
mor induction that has a high degree of reproducibility.
In other experimental models with **P, osteosarcomas
were induced in 15% of the cases,”® whereas in the same
period, we found a tumoral incidence of 43%.

F1G. 4. Lung with metastatic nodule (arrow).
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The dose used in our experiment® is equivalent to that
employed for the therapy of rheumatoid arthritis in the
second interphalangeal joint.'® Considering that the use
of colloidal forms of B-emitter radioactive isotopes have

#
,«',,'_"l

FIG. 6. Squamous cell carcinoma developed in the injected area
showing abundant horn pearl formation (H & E, X90).
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FI1GS. 5A AND 5B. Metastatic nodule in lung,
histologically osteogenic sarcoma (H & E: A,
X30: B, x200).

been proposed for the treatment of chronic synovial ef-
fusions,” ! diffuse villonodular synovitis'"'* and rheu-
matoid arthritis'>'® it is clear that our results deserve
serious attention. The therapeutic employment of ra-
dioactive isotopes must be carefully programmed, taking
into account the severity of the lesion under treatment,
as much as the risk entailed by the use of radioactive
isotopes and the safeguard of a high security level.
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