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SUMMARY

The electron-affmic drug, metronidazole, preferentially
killed noncycling cells in multicellular spheroids as determined
using histology-autoradiography and colony-formation
methods. This and other similar chemicals may be cytotoxic to
the noncycling cells, due to their specific metabolic state and
local environmental conditions, and should be useful in
combination with cell cycle-specific agents in chemotherapy.

INTRODUCrION

A major problem in chemotherapy of tumors is the presence
of resistant,clonogemcrestingor noncylcingcells.Therearea
limited number of drugs available that are effective against
these cells at concentrations that are also nontoxic to growing
cells in normal tissues such as bone marrow. These cells in the
tumor are often located farthest away from blood vessels.
Thus, the drugs are required to diffuse in effective concentra
tions to the noncycling cells through layers of growing,
actively metabolizing cells that may inactivate the drug.
However, since the noncydling cells may also be relatively
hypoxic or otherwise differ metabolically from normal cycling
cells, it may be possible to use these differences in the cells
and their local environments to synthesize chemical agents
that are selectively cytotoxic.

Growth of cells in vitro as multicellular spheroids closely
resembles the morphology and growth characteristics of these
regions in tumors, where heterogeneous populations of cells
develop at a distance from blood vessels (9). Clonogenic
aerobic and hypoxic noncylcing cells are located in the central
areas of spheroids surrounded by several layers of actively
growing cells (3, 8). This growth system provides a rapid,
economical method for screening of chemotherapeutic agents.

Metronidazole is a drug that is well known for the treatment
of Trichomonas infection in humans. Recently, this agent and
its analogs, as well as other similar classes of chemicals, have

been shown to sensitize selectively hypoxic cells to damage by
ionizing radiation (1 , 2, 4, 6, 7). They all have the property of
high electron affinity. There is great interest in the use of these
agents as adjuncts to radiotherapy in the treatment of tumors
that contain highly radioresistant hypoxic cells. During the
course of experiments to test radiosensitization we studied the
effect of metronidazole on cells in spheroids after longer
exposures than are generally required to modify radiation
effects.

MATERIALS AND METHODS

Spheroids of Chinese hamster V79-1 71b cells were grown
for 15 days to an average diameter of 350 pm when necrotic
centers began to appear (8). They were then treated
continuously in suspension in spinner flasks with metroni
dazole at 15 mM (2.6 mg/ml) in Eagle's basal medium 1- 5%
fetal calf serum in air at 37Â°.At 4 and 24 hr, thymidine-3H
(20 Ci/mmole) was added to give a final concentration of 0.1
pCi/ml to label the fraction of cells that were synthesizing
DNA in order to determine whether the drug significantly
altered the cycling population. Untreated and treated sphe
roids were exposed to this isotope for 20 hr, which is about
double the normal cell cycle time of 10.5 hr. Samples were
taken at 24 and 44 hr and prepared for autoradiography and
histological examination (Fig. 1). Untreated spheroids were
exposed to thymidine-3H in the periods 4 to 24 hr and 24 to
44 hr, but only the results for the latter period are shown since
measurements showed no apparent differences because of the
additional 20 hr of growth in the relative sizes of the necrotic,
noncycling, and cycling fractions. This would be expected
because the spheroids of this age and size are in a very slow
â€œexponentially retardingâ€• growth phase (9). Spheroids were
also reduced to single cells with trypsin and analyzed for
colony-forming ability. All experimental procedures have been
described previously (3, 8, 9).
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Analysis of histological sections through the centers of
spheroids showed that the necrosis expanded to decrease the
viable rim of cells from 168 Â±9 pm in untreated spheroids
(Fig. 1A) to 86 Â±2 and 65 Â±4 ,im in spheroids treated with
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Fig. 1. Autoradiographic sections through centers of 15-day cultures
of multicellular spheroids of Chinese hamster V79-17lb lung cells.
Demonstrates central necrotic region and DNA synthesis in peripheral
cells labeled with thymidine-3 H. X 215. a, untreated spheroids exposed
to thymidine-3 H for 20 hr (from 24 to 44 hr; b, treated with 15 mM
metronidazole for 24 hr and exposed to thymidine-3 H for 20 hr (from
4 to 24 hr). c, Treated with 15 mM metronidazole for 44 hr and
exposed to thymidine-' H for 20 hr (from 24 to 44 hr).

metronidazole for 24 hr (Fig. 1B) and 44 hr (Fig. 1C),
respectively. In addition to the greater expansion of necrosis
by 44 hr, it was obvious that pyknosis and cell dissolution
were more pronounced after this longer treatment. The loss of
central cells represents about 25% of the volume of cells in the
spheroid as calculated from measurements of changes in rim
thickness and diameter of the necrotic centers. The efficiency
of colony formation of the intact cells remaining in the treated
spheroids after 44 hr was 67% of the efficiency of the cells in
the untreated spheroids. Thus, by this method 33% of the cells
had been killed. This is somewhat greater than the 25% killing
calculated on the basis of histological observations and
measurements of areas of overt necrosis. It would be expected
that the colony formation assay of reproductive ability would
be a more sensitive test of cell killing by the drug than
microscopic observations of necrotic areas. Thus, the 2

methods gave essentially confirming results.
There was little or no effect on the cell cycling of the

external cells, as indicated by the fact that the cells in treated
spheroids incorporated thymidine-3H to about the same
extent as did untreated spheroids during the 20-hr labeling
period. There were no obvious differences in the thickness of
the zone of labeled cells, although there is a suggestion of
greater uptake of thymidine-3H per cell in the treated
spheroids. The label is localized to the nuclei and quantitative
experiments are underway to assess whether there is a true
increase due to treatment.

DISCUSSION

The preferential killing of noncylcing cells may make
metronidazole a most useful drug in chemotherapy of cancer
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in combination with known agents, such as methotrexate, that
are cell cycle specific. The concentration required for this
cytotoxic effect is much greater than the concentration used
as a trichomonicide. However, this concentration is not toxic
in mice and concentrations on the order of 10 times the
trichomonicidal dose are being used in trials as a radiation
sensitizer in humans. This drug is not selectively stored or
metabolized rapidly and has a long half-life of 6 to 12 hr in the
blood in humans.

Other experiments have demonstrated a decrease in the rate
of growth of a transplanted mammary adenocarcinoma
growing in C3H/HeJ mice (5). Experiments are in progress
using spheroids to determine the concentration and dose
scheduling dependency for this selective cytotoxic effect.
Other electron-affinic chemicals are also being tested for this
property. It is not known whether the effect is due to the state
of noncycling, the tumor-like environment, hypoxia, or
possibly a combination of these factors. Determination of the
cellular mechanism of its selective cytotoxic effect could lead
to other chemicalagentswith similarproperties.
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