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SUMMARY 2 ©

The herbicide, paraquat (methyl viologen, 1-1°
dimethyl<4, 4'-bipyridinium dichloride), stimu-
lates the production of superoxide anion (Q, }in
acrobic cells and therefore mimics some effects
of ionizing radiation. In addition, concentrations
of cellular glutathione are reduced by reaction
with Oy . It is reported here that paraquat ,
toxic in its own right to aerobic cells, acts as a
radiosensitizer when cells are exposed to nontoxic
concentrations of the drug prior to and during
irradiation. ‘ '

The radiomimetic effect of paraquat, alone and
in combination with X-rays, was examined.
Paraquat affects aerated cells (hamster lung V79
cells) in a dose-dependent manner. Doses in
excess of 1 mM for two hours cause significant
cell killing. In combination with radiation,
sublethal doses of paraquat, given for two hours
prior to irradiation, enhance the lethal effects of
radiation, However, if cells are exposed to the
same concentration 'of paraquat following
irradiation, no additional lethal effect is observed.
Paraquat is a useful tool to study the effects of
0, and may lead to a better understanding of
the mechanisms of radiation-induced energy
deposition in cells.

INTRODUCTION

The herbicide, paraquat, stimulates the produc-
tion of Oy in aerobic cells'™ and therefore
mimics the effects of ionizing radiation. Paragquat,
toxic in its own right to aerobic cells, acts as a
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radiosensitizer when cells are exposed to nontoxic
concentrations of the drug prior to and during
irradiation. Paraquat is a useful tool in studying
the mechanisms of interaction between radiation
and cells and may have clinical application.

MATERIALS AND METHODS

Hamster lung V79 cells were used in these
experiments, Cell cultures were maintained in
minimum essentizl medium (MEM), supplemented
with 10% heat-inactivated fetal bovine serum.
Cell suspensions were made from stock cells
trypsinized while in log phase growth. Paraquat
(methyl viologen, 1-1° dimethyl<4, 4 'bipyridinium
dichloride) was dissolved in complete growth
medium. Aerated cells were exposed to various
concentrations of the drug for two hours at 37°C.
Cell suspensions were irradiated with soft X-rays
(40 kVp, 5 mA, with 0.2 mm Al external
filtration and a dose rate calculated to be 468
rad/min) either immediately before or at the end
of a 2-hour exposure to 1 mM of paraguat and
incubated at 37°C. Paraquat exposure was
terminated by serial dilution of the drug during
cell plating. The final concentration of the drug
was diluted by at least a factor of 500. After
seven days incubation at 37°C in a 95% air 5%
CO, humid incubator, cells were fixed in
formalin and stained with Giemsa. Survival of
reproductive integrity was determined by colony
formation macroscopically.

RESULTS
The lethal effects on cells of a 2-hour exposure
to paraquat in various concentrations are shown
in Figure 1. Exposure of aerated cells to low
. concentrations of the drug resulted in little cell
killing. However, a precipitous exponential drop
in cell survival occurred when higher concentra-
tions of the drug were added to the cell
suspension. Whereas 1 mM of the drug had
very little effect on cell survival, 2 mM reduced
survival substantially.

The radiosensitization to X-rays of aerated cells
by exposure to 1 mM paraquat for two hours is
shown in Figure 2. The reciprocal of the slope,
Dy (the dose necessary to reduce survival on the
straight portion of the survival curve to 37%)
and n values (number of independent critical
targets that must be hit per cell to produce an
effect) of cells exposed to radiation alone or
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Figure 1. Cellular lethal effects after a 2-hour

exposure at 37°C to various concentrations of
paraquat. Experimental points represent the
mean of 3 to 5 experiments * 1 standard
error of the mean.
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radiation followed by paraquat, were similar.
However, if cells were first exposed to paraquat
for two hours prior to or during irradiation, the
initial portion, or shoulder, of the survival curve
was reduced. The Dy (130 rad) for this
treatment was only slightly changed from the D,
(150 rad) of cells treated with X-rays only. At
the 0.1 survival level, the enhancement ratio for
cells pretreated with paragquat was 1.6. In
addition to the reduction of the shoulder of the
dose-effect curve, the extrapolation number (n)
dropped slightly from 2.8 to 2.0.
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Figure 2. X-ray dose-response curves of V79
cells with or without exposure to I mM of
paraquat for two hours. Cells were exposed tfo
X-rays alone (®); paraquat followed by X-
irradiation at the end of the 2-hour exposure
(A); or X-irradigtion followed by paraquat
exposure {u), :
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Figure 3. Schematic of the chemical structure of stable paraquat

(PO}, and its oxygen sensitive form (PQT").
production of oxygen radicals

paraquat end oxygen (O, ).

Also shown is the

(05) from the interaction of

3 % paraquat( PQ™) & B %% 2 % paraquat (PQ” ) DL MER, * &,
paraquat & BEE (O ) PHEBAII L3 A -/ —F F 4 4 F(O, Yo EmERT.

DISCUSSION

Microsomal stimulation in cells by paraguat
promotes paraquat reduction® and the subsequent
generation of toxic products including O
(Figure 3).. These products react with DNA
molecules, interfere with cell function, and
result in substantial cell killing even at low
concentrations of the drug. In addition, cellular
glutathione (GSH) concentrations are reduced in
the presence of paraquat. Gibson et al’ have
shown that when paraquat undergoes reduction-
oxidation, the subsequent reduction of oxygen
to Oy stimulates lipid peroxidation and the
resulting lipid hydroperoxides are reduced and
detoxified by the oxidation of GSH. The
.depletion of GSH, a known scavenger of
radiation-produced Q, , may be related to the
enhanced radiosensitivity of cells exposed to
nontoxic concentrations of the drug prior to
irradiation.

Understanding of the combined effects of
radiation and chemicals on cells is important to
radiobiologists and radiotherapists alike. Modula-
tion of radiosensitivity of cells exposed to
chemicals is currently under active investigation
in research laboratories and clinics.®™'! Although
paraquat in high concentrations has the potential
to cause diffuse pulmonary fibrosis, its special
affinity to lung tissue® may prove useful as an
adjunct to radiotherapy.
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Radio-activation of oxygen and the production
of highly reactive O, make aerobic cells up to
three times more sensitive to sparsely ionizing
radiation than anoxic cells. Pretreatment of cells
with paraquat additionally sensitizes cells to
radiation. A substantial reduction of the shoulder
of the dose-response curve for cells exposed to
paraquat prior to irradiation indicates a loss of
repair and/or protection of critical radiosensitive
targets.
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