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Previous work by West(1,2) has revealed
that the short half-life radiosilver isotope
Ag'! injected in the form of a soluble salt
(nitrate) intramuscularly or intravenously is
taken up by blood leukocytes and carried
into inflammatory body areas. It was pre-
sumed that combination of silver nitrate with
tissue proteins resulting from the corrosive
effect of this salt on tissues was a prerequisite
for phagocytosis of radioactive material and
its transportation in the blood stream by
phagocytes.

Tt occurred to us that microscopic particles
of an insoluble inorganic silver compound
would be equally a target for phagocytes with
the advantage of greater uniformity and of
lack of corrosive action on tissues. Moreover,
it was conceivable that this material intro-
duced in the vicinity of tumor tissue will be
carried by normal tissue lymphatics into
lymph spaces of the tumor and stored by its
phagocytic elements. Accordingly, we have
injected radioactive silver oxide (Ag'').O
into subcutaneous tissue on the periphery of
mouse tumors or into body serous cavities
(peritoneal and pleural) containing solid tu-
mor implants and exudate. Controls were
normal mice injected with the same material
in corresponding body areas by the same
routes. The fate of injected material was in-
vestigated by taking autoradiographs from
treated tumor bearing mice and controls and.
moreover, by testing radioactivity (Geiger
counts) of tumor tissue and of various organs
from the mice of each series. The results il-
lustrated the modification of radiosilver dis-
tribution in the body by the presence of tu-
mor growth near the site of radiosilver injec-
tion.

* This work was supported by grant No. C2311
from the National Cancer Institute, NIH, and by a
grant-in-aid from the American Cancer Society.

Material and methods. Radioactive Ag'!!
was separated in the form of nitrate from the
radioactive palladium target (obtained from
the pile at Oak Ridge A.E.C. Laboratories)
by a procedure developed by William F.
Clark; it was transformed into the oxide by
treatment with sodium hydroxide. The ma-
terial was washed several times with distilled
water, suspended in the same at the ratio of
1.0 or 2.0 millicurie per 10 cc and vigorously
shaken before each injection in order to break
clumps into uniform particles. Doses of 0.1
or 0.2 mc were injected subcutaneously into
mice carrying 7- to 15-day-old tumor growths
on the back, the scalp or the hind leg; the
dose was introduced in 5 fractions at various
sites of subcutaneous tissue on tumor per-
iphery and/or tumor bed. Similar doses were
injected into pleural or peritoneal cavity bear-
ing malignant tissue implants and exudate.
The following tumor strains and mice strains
were used: Sarcoma 180 and Sarcoma Mc-
Ghee (isolated in our laboratories) in Swiss
Albino strain, Carcinoma C;H/BA in CzH
mice and Carcinoma EQ771 in C57-6 mice.
In controls (normal mice) similar doses were
introduced into the same areas of the skin or
the cavities. Twenty-four hours later, the
animals were sacrificed: 2 or 3 mice of each
series (10 to 15 mice) were used for auto-
radiography, while in the remaining mice the
organs and tumor tissue were placed into tin
cups, ground, suspended in a detergent solu-
tion, dried and tested by a scaling circuit in
conjunction with a thin mica end-window
Geiger tube. Subcutaneous tumors (mostly
single spheric lumps) were cut each in 4
quarters, partly because they were bulky and
contained large amounts of radioactivity and
partly because this procedure afforded some
information on distribution of radioactive ma-
terial in the tumor tissue. Peritoneal and



TABLE 1. Distribution of Radioactive Ag''O Injected hy Various Routes into Normal and Tumor Bearing Mice.
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pleural exudates were tested separately from
intracavitary implants, but since this sepa-
ration was not complete (exudate contained
often fragments of implants) the results were
pooled (as shown in Table I). For obtaining
autoradiographs, each mouse was secured to
a cardboard in a position that presented the
best profile of the area of malignancy. It
was then quick frozen to minimize the possi-
bility of further metabolic activity. After
freezing, the surface activity was measured
by means of a precision counting rate meter
in order to determine the required exposure
time. The animals were then placed in plio-
film envelopes and secured to cardboard x-ray
film. They were placed in a deep freeze for
the required exposure time. At the end of
this period each film holder and its contents
were x-rayed intact; thus, the skeletal struc-
ture is included on the same film with the
exposure due to isotope radiation. In other
words, a photograph was taken showing lo-
calization of radioactive material on the back-
ground of an x-ray picture of the skeleton in
the body of each animal.

Results. Autoradiographs 1-6 illustrate
the tendency of radioactive silver from the
oxide injected subcutaneously to be retained
by the injected area with only a minor por-
tion of material to be distributed into distant
tissues and organs. However, the radiosilver
injected into subcutaneous tissue on the per-
iphery of a subcutaneous tumor (Fig. 2) was
shown to be retained not only by the injected
area but in a still greater proportion, by tu-
mor tissue; the same material injected intra-
peritoneally or intrapleurally was retained
within the cavity and mainly within tumor
implants and exudate containing tumor cells
(Fig. 4 and 6). Serous cavities of normal
mice have equally retained the injected radio-
active material but stored it mainly in the
liver and other organs (Fig. 3 and 5). Geiger
counts (Table I) provided interpretation for
the data supplied by autoradiography: it ap-
pears from Table I that in normal mice
(Series I) the subcutaneously injected radio-
active silver oxide was transported by the
blood stream into liver and spleen with a ma-
jor portion of the material remaining in the
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PLATE I. Distribution of Ag™Q inj. by various routes into normal and tumor-bearing mice.
(Autoradiographs.)
FIG. 1. Inj. into subcut. abdominal tissue of normal mice.
FIG. 2. Inj. into periphery of tumor on baek.
FIG. 3. Inj. into normal pleural cavity.
FIG. 4. Inj. into pleural cavity containing malignant exudate and implants.
FIG. 5. Inj. into normal peritoneal cavity.
FIG. 6. Inj. into peritoneal cavity bearing malignant exudate and implants.
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subcutaneous tissue at the injected area.
However, the material injected into tumor
bed and periphery (series 2, Table I) was
stored in the tumor tissue in much higher
proportion than in the injected subcutaneous
tissue; only insignificant amounts were taken
up by abdominal organs. In the pleural cav-
ity of a normal animal (series 3) the radio-
silver was stored mainly in the lung and the
mediastinal nodes, but a significant portion of
the material was translocated into the liver;
a much larger portion of injected radioactive
material was stored in the pleural cavity con-
taining malignant growth (series 4), the stor-
age taking place in the first line in tumor im-
plants and exudate. Similar difference in dis-
tribution of radioactivity was recorded in
mice with or without peritoneal malignant
growth (series 5 and 6).

Microscopically, particles presumably of
silver oxide were found inside macrophages
of malignant exudates (pleural and peri-
toneal) of tumor tissue, but also abundantly
as free particles in the exudate and tissue
fluids; many lymphatics in the injected area
of subcutaneous tissue were filled up with
the material.

Discussion. Distribution of our radioactive
material in normal mice reveals the role of
tissue spaces, lymphatics and macrophagic
elements in the storage of silver oxide par-
ticles; a large portion of material was found
in organs rich in reticulo-endothelial elements
(liver, spleen, lungs) and another portion was
retained in the injected area, in particular
after subcutaneous injection, presumably as
a result of clogging of lymphatics. Tumors
in the vicinity of an injected subcutaneous
area drained the injected area by absorbing
the particles into macrophages and inter-
spaces of malignant tissue, thus decreasing
the deposit at the site of injection and the
output into the blood stream.

The competition between subcutaneous
tumors and their hosts’ tissues for peritumor-
ally injected radioisotopes has been described
in our report on the effect of radioactive
Yttrium (Y%CIP) in tumor bearing animals
(3). The intracavitary retention of particu-
late isotopes and the role of macrophages in
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storage of their particles has been described
for radiogold (Au'®®) by Goldie, West et al.
(4,5,6) and for radioactive chromic phos-
phate (CrP320,) by Gabrielli(7) and by Mc-
Cormick, Jaffe and Sied(8); the topical lo-
calization of radioactive Yttrium in the mus-
cle and the cavities with only insignificant
translocation into organs was described by
Lahr, Olsen, Gleason and Tabern(9). Our
present investigation adds an Ag''! particu-
late compound to the group of radioisotopes
suitable for topical application. It should be
noted also that Ag!!l shares with the Aul%,
P32 and Y the advantage of being short lived
(half life 7.5 days) and with the latter two
isotopes an additional advantage of being a
pure beta (short wave) emitter, thus more
suitable for selective topical application than
isotopes with some proportion of gamma
(long wave) irradiation which is liable to ex-
ert distant action on hematopoietic organs.
Summary and conclusions. (1) Radioac-
tive silver (Ag!!!) was injected in the form of
the insoluble oxide into subcutaneous tissue
and serous cavities of normal and tumor bear-
ing (Sarcoma 180, Carcinoma CgH/BA,
Sarcoma McGhee, Carcinoma EQ771) mice,
in doses of 0.1 or 0.2 millicurie. Twenty-four
hours later the animals were sacrificed; in
each series some mice were used for autora-
diography and others for testing radioactivity
of their tissues and organs with Geiger
counter, (2) Subcutaneously injected
(Ag'1),0 is stored in normal mice mainly
in the injected area and in smaller proportion
by liver and spleen; in subcutaneous tumor
bearing mice, the major portion of silver oxide
injected in vicinity of the malignant growth
is taken up by malignant tissue. (3)
(Ag“l)gO injected into the normal pleural
cavxty is stored mainly by lungs and liver,
and in tumor bearing cavity—by malignant
exudate and implants. Similar difference
in distribution was recorded for normal and
tumor bearing peritoneal cavities. (4) It
was concluded that radioactive (Ag!!l).0
deposited subcutaneously or inside serous
cavities is drained by tissue or exudate fluid
into adjacent malignant tissue where it is
stored by intercellular fluid and by macro-
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phagic elements.
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The whole blood sugar value for the domes-
tic chicken varies over a wide range(1). A
portion of this variation has been attributed
to a sex difference. It has been reported(2)
that immature fowls of both sexes and the
mature hen have a similar glycemic level
which is significantly higher than that of the
adult male. Orchidectomy increases the whole
blood sugar value to within the range of the
hen(3). In a comparative study(4) with
normal and testosterone propionate injected
laying hens it was observed that androgen de-
pressed the blood sugar level significantly. A
sex variation in red cell volumes, counts, and
hemoglobin values has also been reported for
this species(5,6). Immature fowls of both
sexes and the mature hen have a lower
packed-cell volume, red cell count and hemo-
globin percentage than the adult male. Coin-
cident with maturation the cockerel shows a
steady increase in packed-cell volume. The
mature value represents an increase of ap-
proximately one-third.  Sinistral poulards
also have a high red blood cell value, whereas
bilaterally ovariectomzied hens remain with-
in the normal range for the hen(6). Andro-
gen injection into immature chickens and
into adult layving hens results in a marked and
fairly rapid increase in red cell volume, red
cell count, and hemoglobin level, all of which
may attain the normal male adult range.

Castration in the male results in values which
do not significantly vary from those of the
hen(7). This discussion suggests an intimate
relationship between whole blood sugar levels
and blood cell concentration. This associa-
tion is supported by reports of an unequal
plasma-cell glucose partition. One such re-
port(8) for the hen indicates only 16.3% of
the glucose in the circulating cells. Similar
findings have been recorded in the pigeon(9).
Little or no glucose has been found in the
cells of swine, dog, cat, rat, guinea pig, and
human(10,11).

It was decided to study plasma glucose lev-
els in the chicken and to test the hypothesis
that the sex variation reported for whole
blood glucose values is a direct function of
the cell concentration, and further that the
androgen hypoglycemic effect is likewise a
function of its red-cell-increasing capacity.

Materials and methods. Nineteen White
Leghorn laying hens were used. Feed and
water were offered ad libitum. Fifteen to 30
ml blood samples were taken in the morning
after a 16-hour fast by heart puncture with a
heparin-wetted syringe. The plasma was
separated within 15 minutes. Packed-cell
volumes were determined with Wintrobe tubes
spun at 2500 rpm for 30 minutes. Since an
error of approximately 109% is incurred by
this-low speed technic, high speed centrifuga-



