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A single intraperitoneal injection of GdCl; in doses of 14 or 28 mg/kg to mice with
intravenously transplanted Lewis pulmonary adenocarcinoma on days 3 or 8 after tumor
transplantation reduced the mean number of tumor metastases in the lungs. The effect
of GdCl; was more pronounced if it was injected at the stage of tumor dissemination
(day 8). The positive antimetastatic effect of GdCl; was presumably due to its capacity
to macrophage depression. The direct (not mediated through mononuclear phagocyte
system cells) effect of GdCl; on tumor cells cannot also be excluded.
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Gadolinium (Gd), a rare-earth metal, is widely used
in modern industrial technologies, biology, and
medicine. In medicine, complexons or chelates (most
often EDTA derivatives) with Gd salts are most
often used as contrast agents in examinations of
patients by the nuclear magnetic resonance method,
for detection of metastases of tumors of different
types. In biology, Gd salts are used for modeling
the suppression of the macrophage-mediated im-
munity in studies of the functional role of macro-
phages in the development of some pathological
processes, such as granulomatous inflammation,
fibrosis, biliary obstruction of the liver, tumor proces-
ses, etc. [5,6]. Gadolinium chloride forms a poorly
soluble Gd hydroxide colloid in the bloodstream at
neutral pH values. This colloid is eliminated from
the bloodflow mainly by resident macrophages.
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After intravenous injection, Gd is detected in Kupf-
fer’s cells, hepatocytes, hepatic polymorphonuclear
cells, pulmonary, splenic, and bone marrow macro-
phages, and mesangial cells of renal glomeruli.
Intravenous Gd induces partial depression and apo-
ptosis of liver phagocytes, splenic red pulp, and
lung vessel macrophages within 24-48 h postinjec-
tion [5,6,10]. In low doses (5-10 mg/kg), this lan-
thanide suppresses mainly hepatic macrophages.
Being injected repeatedly or in high doses, it affects
macrophages in other organs (abdominal, pulmo-
nary, splenic).

We previously showed that preinjection of GdCl,
24 h before intravenous transplantation of HA-1
tumor or pulmonary adenocarcinoma suppressed
the development of metastases and prolonged ani-
mal lifespan [2,3].

Here we studied the effect of macrophage de-
pression by GdCl; on natural metastatic process of
Lewis pulmonary adenocarcinoma (APA) forming
a solid node at the site of intramuscular transplan-
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tation of tumor cells (TC) and multiple hematogenic
metastases in 100% mice.

MATERIALS AND METHODS

Experiments were carried out on adult male C57B1/6
mice from vivarium of Institute of Cytology and
Genetics. The animals were kept in groups (n=6-8)
at natural light on PK 120-1 granulated fodder (La-
boratorsnab) and water ad libitum. Tumor (APA)
cells were transplanted into the right hip muscle
(0.5x10° TC per mouse). After 3 or 8 days, the ani-
mals were intraperitoneally injected with water so-
lution of GdCl; (14 or 28 mg/kg). Controls recei-
ved no injections. Three mutually perpendicular
sizes of tumor nodes were repeatedly measured
with a slide gage over the course of tumor growth
and its volume was evaluated. The mice were deca-
pitated 20 days after TC transplantation, body weight
was measured and tumor weight was evaluated by
the difference between the weight of the limb with
tumor and contralateral limb. The lungs were fixed
in 10% formalin and metastases were counted under
a binocular magnifying glass. The incidence of tumor
metastases was evaluated by the percentage of ani-
mals in the group with APA metastases in the lungs.

The effect of GdCl, injected in a dose of 14
mg/kg on day 10 after APA transplantation was
evaluated in a special series of experiments. The
mice were decapitated after 1, 3, 7, and 10 days.
The liver, lungs, and tumor were collected and
weighed. The concentration of Gd in organs was
evaluated by inductively-coupled plasma atomic
emission spectrometry on a PV 8490 spectrometer
(Phillips). Liver specimens were subjected to blow-
pipe and then wet ashing in a mixture of hydro-
chloric and nitric acid. GdII bands at 342.2 and
335.0 nm served as Gd analytical bands. Gado-
linium concentrations in tissues were evaluated for
the 0.002-0.100 vol.%, the threshold detection level
being 0.001 vol.% Analytical studies were carried
out at Laboratory of Spectral Analysis (Khimpoli-
tech Firm) by E. G. Obrazovskii, T. B. Sryvtseva,
and G. I. Akulova.

The results were statistically processed using
Wilcoxon—Mann—Whitney nonparametrical and
Student ¢ test.

RESULTS

Single intraperitoneal injection of GdCl; did not
modify the growth of primary APA node: the mean
weight of the tumor on day 20 after transplantation
and changes in its volume in the course of its growth
were virtually the same in experimental and control
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Fig. 1. Effect of a single intraperitoneal injection of GdCI, (14 mg/kg)
on the dynamics of APA growth in C57BI/6 mice. 1) control;
2) injection on day 3; 3) on day 8.

animals (Table 1, Fig. 1). However, GdCl,, injected
according to all protocols, did not the incidence of
tumor metastases, but 2-4-fold reduced their mean
number in the lungs (Table 1). Antimetastatic acti-
vity of GdCl; depended mainly on the time of in-
jection and was more pronounced after GdCl; in-
jection on day 8 after TC transplantation. The mean
number of metastases in this group was 2-fold lower
than in animals injected with GdCl; on day 3 after
tumor transplantation and 4.3 times lower than in
controls (Table 1). No stimulation of antimetastatic
activity of GdCl; with increasing its dose was de-
tected, though the general toxic effect increased,
judging by animal mortality.

We previously showed on models of experi-
mental metastases of HA-1 tumor in the liver and
of APA in the lungs that injection of GdCl; 24 h
before intravenous transplantation of TC signifi-
cantly inhibited metastasizing of these tumors. In
these experiments the effects of macrophage stimu-
lation and depression on the metastatic process was
realized at the level of colonization of the meta-
stasis target organs by TC [2,3]. In the present ex-
periment, a more pronounced antimetastatic effect
of GdCl; was obtained when the drug was used at
the stage of tumor dissemination (on day 8 after
tumor transplantation). According to published data,
the first micrometastases of APA in mouse lungs
emerged on days 6-8 after intramuscular transplanta-
tion of the tumor; no signs of tumor metastases were
detected on day 3 after tumor transplantation [11].

More pronounced antimetastatic effect of GdCl,
injected on day 8 after tumor transplantation was
presumably explained by its effect on TC which
already migrated into lung tissue, but not on the
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Fig. 2. Content of Gd in the liver (a), lung (b)
or tumor (c) during different periods after single
intravenous injection of GdCI, (14 mg/kg). The
content of Gd in organs is expressed in % of
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10 injected dose in conversion to 1 g wet tissue.
*p<0.05; **p<0.01 compared to day 1 after
GdCl, injection.

TABLE 1. Effect of GdCI, on the Growth and Metastasizing of APA in Mice (M+m)

. . Number of mice
GdCI3 dose, Day Tumor weight on Mean number Incidence dead by day 20
L day 20 after tumor of metastases of tumor
mg/kg of injection . o after tumor
transplantation, g per mouse metastases, % .
transplantation, %

Control — 5.40+0.22 16.90+1.01 100 10
14 3 5.50+0.29 7.70+1.31* 100 20
8 5.40+0.19 3.90+0.67* 100 30
28 3 5.10+0.19 7.80+1.19* 100 40
8 5.60+0.39 5.20+1.81* 100 40

Note. *p<0.05 compared to the control.

primary node cells. On the other hand, it is highly
probable that the antimetastatic effect of this agent
is mediated by its macrophage-suppressing activity.
According to published reports, GdCl; in the stu-
died doses suppressed macrophages not only in the
liver, but also in the lungs [5-7]. Significant inhi-
bition of experimental HA-1 and APA metastases
was attained in the above-mentioned studies by
using GdCl; and other compounds, reducing func-
tional activity of macrophages, while preinjection
of macrophage stimulators stimulated metastasizing
of these tumors [2,3]. A similar effect of tissue
macrophages stimulation and suppression on me-
tastatic activity of experimental tumors was pre-
viously described [1,7,9]. As for experimental
metastases, we can assert that the antimetastatic ef-
fect was due to GdCl; capacity to macrophage sup-
pression (because the organs were colonized by TC
over the first 24 h after its injection, when signs of
macrophage suppression were maximally mani-
fest). However, in spontaneous metastatic process,
when lung colonization by TC is slower and the du-
ration of macrophage suppression induced by Gd
is limited by 2 days, after which not only the count
and functional activities of macrophages in the liver

and other organs are restored, but even signs of
stimulation of the macrophage component of
immunity appear, this seems to be less likely.

In order to clear out the probability of direct
effect of Gd on TC located in the primary tumor
nodule and on lung cells (main target for APA), we
studied the time course of Gd accumulation in li-
ver, lung, and tumor tissues after intravenous injec-
tion of GdCl,. It was found that Gd was captured
from the blood stream mainly by liver cells: its
percentage in the liver 1, 3, 7, and 10 days after
injection into the tail vein changed from 35.5 to
21.7% of the injected dose, while in the lung and
tumor tissue, it was just 2.9-1.1% during different
periods (Fig. 2). Hence, despite the fact that Gd
content in the tumor and lung tissue was by one
order of magnitude lower than in the liver, the me-
tal was present in these tissues and could have
some effect on TC and on lung and tumor macro-
phages.
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