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The activities of reactive oxygen species scavenging enzymes, superoxide dismutases (SODs) and catalase
(in cells of two melanomas (mouse B16 and human SK23) and in Chinese hamster ovary (CHO) cells
were examined. Melanoma cells are relatively depleted in activities of superoxide dismutases and catalase
as compared to CHO cells. Short equitoxic (500 uM for CHO and B16 cells and 5 uM for SK23 cells)
paraquat treatment (15 min before the X-irradiation, 45 min in postirradiation period - the total time
of treatment was 1 h) caused an increase in radiation resistance, measured as colony forming ability,
in two of the three lines examined.
It is proposed that PQ may exert its radioprotective effect by induction of antioxidant enzymes.
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INTRODUCTION

Paraquat (PQ) is a widely used herbicide. Its high cytotoxicity for mammals is
exerted mainly by the deleterious effect on lung tissue. It is well established that
the ability of this compound to generate O, in the cell through redox cycling reac-
tions (1) is responsible for the toxic action of PQ. It was found in several studies
that paraquat induce superoxide dismutases in both bacterial (2) and mammalian
systems (3). Induction occurs rapidly and is by suppressed inhibitors of both transla-
tion and transcription (4,5).

In this study we used two melanoma cell lines (human SK23 and murine B16) and
as a reference line Chinese hamster ovary (CHO) cells. Our aim was to establish
whether there is any correlation between PQ toxicity and activities of antioxidant
enzymes, catalase and superoxide dismutases; and secondly whether a short PQ pre-
treatment would modify the radiation resistance of above mentioned cell lines as
we found previously for mouse lymphoma L5178Y cells (6).
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MATERIALS AND METHODS

Cells, Culture Conditions and Paraquat Treatment

Monolayer cultures of human melanoma SK23, mouse melanoma B16 and CHO
cells were grown in Falcon flasks in minimal essential medium (MEM) supple-
mented with L-glutamine and 15% fetal calf serum and, in the case of CHO cells,
with non-essential amino-acids. Cultures were trypsinized and passaged twice
weekly to maintain the logarithmic growth. Asynchronous log-phase cells were
taken for experiments. They were seeded in 25 ml Falcon flasks two days before
X-irradiation or PQ treatment.

PQ (Sigma) was added 15 min before X-irradiation and removed after 1 hour.
Thus, it was present for approximately 45 min after irradiation. PQ was added in
equitoxic doses i.e. doses which reduce the clonogenic survival to 30% (500 pm for
CHO and B16 cells and 5 uM for SK23 cells). For enzymes activities estimation
107 — 10® cells in log phase of growth were taken. Cultures were washed with
phosphate-buffered saline (PBS) and trypsinized. The cell suspensions were cen-
trifuged two times at 50 x g for 10 min. The cell pellets were stored frozen in liquid
nitrogen.

Estimation of Enzyme Activities

1. Cell homogenate preparation

For superoxide dismutases (SOD) estimation, cell pellets were suspended in
5 x 107*mol dm~* HEPES (Sigma), pH 7.5, and sonicated by three consecutive
10 s bursts at 20 kilocycles/s while on ice. Crude homogenates were used in SOD
assay.

For catalase estimation cell pellets were suspended in 5 x 10-*mol dm™*
phosphate buffer, pH 7.0, containing 0.1% Triton X-100, homogenized in a glass
homogenizer, frozen and thawed three times. This procedure gives, in our hands,
better results than sonication. Homogenates were centrifuged at 18,000 x g for
30 min. Catalase activity was determined in the supernatant.

2. SOD assay

The activity of SOD was determined by the “xanthine-xanthine oxidase” assay (7)
using nitroblue tetrazolium (NBT) as a detector of O;; HEPES (N-[hydroxy-
ethyljpiperazine-N’-[2-ethanesulfonic acid]) (Merck) was used instead of phos-
phate buffer. No NBT reductase activity was detected at the protein concentration
used in the assay. The unit of SOD activity was defined as the amount of the
enzyme which will reduce the reaction rate by 50 per cent under the assay con-
ditions. The reaction mixture contained an aliquot of sonicate, 10 *mol dm >
DTPA (diethylenetriamine-pentaacetic acid) (Merck), 5 X 10"2mol dm > HEPES
pH 7.5, 5.6 x 10 *mol dm~* NBT (Sigma), 11U of catalase (Sigma), 10~*mol
dm™? xanthine (Merck) and xanthine oxidase (Sigma). The amount of xanthine
oxidase was adjusted, so that the absorbance change was 0.020/min without SOD.
Manganese-containing SOD was assayed in the presence of 2 X 10 mol dm~* KCN
(Merck) to inhibit copper-zinc SOD activity. Samples were preincubated with
cyanide for 30 min. The amount of Cu,Zn-SOD was calculated by subtraction of
Mn-SOD activity from the total SOD activity.
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3. Catalase assay

Catalase activity was determined by monitoring decomposition of H,0, at 240 nm
during 1 min from the start of the reaction (8). One unit of catalase activity was
defined as the amount of enzyme which is required to catalyze decomposition of
1 umole of H,0, during 1 min.

4. Protein estimation
Protein was determined by a modification of Bradford’s method (9).

Irradiation Procedure

Attached cells in 25 ml Falcon flasks were irradiated at room temperature with a
Maximar X-ray machine (250 kV) at a dose rate of 1. 2 Gray per min (Gy min™'),
0.83mm Cu HVT.

Clonogenic Assay

To determine survival in terms of colony-forming ability, cells were plated in 25 ml
Falcon flasks. In control flasks 250 cells (CHO and B16) or 500 cells (SK23) were
seeded. Colonies were stained and counted after 8 days (CHO and B16) or 14 days
(SK23). Plating efficiencies of the untreated cultures were 95 per cent for CHO, 57
per cent for B16 and 19.5 per cent for SK23 cells.

Determination of Paraquat Toxicity

Cell cultures were incubated with PQ at concentrations between 1072 and 10~® mol
dm™’ for 1h and then PQ was removed by medium change. Toxicity was deter-
mined by clonogenic assay.

RESULTS AND DISCUSSION

Activities of Cu,Zn-SOD, MN-SOD and catalase are presented in table 1. We
found that human melanoma SK23 is deficient in activity of SODs, as compared
to mouse melanoma B16 and CHO cells. Activity of catalase is lower in both mice
and human melanomas than in CHO cells as well as in HeLa cells (637.29 1U/mg
protein). We estimated catalase activity in HelLa to have a reference of human
origin. The results indicate that human melanoma SK23 is deficient in both catalase
and SODs activities.

TABLE 1
Activities of superoxide dismutases and catalase in SK23, B16 and CHO cells
SODs [U/mg protein] Catalase
x + SD [ITU/mg protein]
Cell line Cu,Zn-SOD Mn-SOD x = SD
SK23 28+ 1.6 22+ 1.2 284 + 46
Bl6 6.4 +2.7 39+ 13 306 = 37
CHO 10.0 + 4.5 31 1.2 676 + 109
RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/11/11

For personal use only.

142 ALICJA JAWORSKA ET AL.

0.500

0.200

SURVIVING FRACTION

0.100

1007 1076 1075  10-¢ 1073
PARAQUAT CONCENTRATION ( M )

FIGURE 1 Toxicity of PQ in SK23, B16 and CHO cells. Cells were incubated with paraquat for 1 h.
PQ was removed by medium change. Survival was estimated, as described in Materials and Methods,
in 3 separate experiments. Bars indicate standard errors.

We then estimated paraquat toxicity for SK23, B16 and CHO cells. SK23 cells
are much more susceptible to the toxic action of PQ, than B16 and CHO cells
(Figure 1). The last finding, together with relative deficiency in catalase and SOD
activities, may be attributed to the fact that SK23 cells were derived from a relatively
early passage (6th) as compared to the established CHO and B16 cells. It is well
known that established cell lines passaged for many generations in atmospheres con-
taining oxygen at much higher partial pressures than in vivo may have adapted to
the increased oxidative stress (10). It is worth noting that the toxicity of paraquat
may be inversely related to activities of SODs in these cell lines.

Further, it was found that human melanoma SK23 cells are more radiation-
sensitive than B16 and CHO. Survival curves are presented as dashed curves in
Figure 2.

Short PQ pretreatment and the presence of the compound during irradiation and
for about half an hour in the postirradiation period caused an increase in radiation
resistance in two of the three cell lines examined (SK23 and CHO). We did not find
any significant difference in radiation sensitivity in the case of B16 cells. The respec-
tive survival curves (normalized to survival of unirradiated cells treated with PQ)
are presented in Figure 2.

Parameters of the curves have been estimated according to the linear-quadratic
model, reported to be most suitable for melanoma cells (11); they are presented in
Table 2. In the last column the /3 ratio as a radiation response parameter is shown.
It is worth noting that this ratio decreases for all three cell lines examined. It
decreases also in the case of B16 cells although the difference between PQ treated
and untreated cells in terms of colony forming ability is very small. This case shows
that a/f ratio is not always a good measure of radiation sensitivity. It can be
misleading, if both the slope and the shoulder of the curve are changing as a result
of combined treatment.

Results of this work indicate that a connection exists in the cell lines examined
between activities of antioxidant enzymes removing O, and H,0,, PQ toxicity
and sensitivity to ionizing radiation. Firstly, in SK23 cells, which are more sensitive
to X-rays than the other two cell lines (B16 and CHO) we found a relatively low
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FIGURE 2 X-ray survival curves for PQ treated (solid lines) and untreated (dotted lines) cells: A. SK23,
B. B16, C. CHO cells. Mean results from 4 experiments, with standard errors indicated.
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TABLE 2
Parameters of X-ray survival curves, estimated with linear-quadratic equation In $ = —aD — 8D2 for
cells treated ( +) or untreated with PQ (—). Conditions of PQ treatment as described in Materials and
methods
Cell PQ a + SD 8 = SD a/B
line treatment Gy~ Gy 4 (Gy}
SK23 - 0.549 + 0.117 0.055 + 0.029 10.0 + 4.5
+ 0.222 + 0.055 0.220 + 0.024 1.0+ 1.4
Bil6 - 0.209 + 0.027 0.051 + 0.009 4.1 £0.2
+ 0.097 @ 0.049 0.082 + 0.017 1.2 + 0.4
CHO - 0.382 + 0.086 0.015 + 0.025 25.5 + 9.4
+ 0.102 + 0.024 0.114 + 0.014 0.9 + 0.1

activity of SODs and catalase. Secondly, activity of SOD correlated inversely in
these lines with the toxic action of PQ. This confirms that the toxic action of PQ
is due O; ' generation in SK23, B16 and CHO cells. We did not find such connec-
tions in the case of catalase. However, we found lower catalase activity in melanoma
cells both human and mouse than in CHO and HeLa cells.

The exact mechanism of PQ action is still under discussion, although the genera-
tion of O, seems to be proven (12,13). It was proposed that after superoxide
production the subsequent events may be production of hydroxyl radical, singlet
oxygen, tetravalent iron radical, alteration in nucleic acid metabolism, inhibition
of DNA synthesis, intracellular lipid peroxidation, thiol oxidation, disulfide produc-
tion and decreases in decreased nucleotide concentration such as NADPH (14 and
references therein).

PQ may exert its toxic action by its influence on the scavenging potential in
the cell. It was recently found that, apart from induction of SODs, PQ can affect
H, 0, metabolism by induction of selenoenzyme glutathione peroxidase (15); at the
cellular level it is difficult to discern this effect from the induction of SOD. This
finding may explain why the higher activity of SODs itself, as in the cells over-
expressing SOD (16), is not a sufficient condition for removing of reactive oxygen
species, if not followed by scavenging of H,0,. Hence, the discrepancy can be
explained between the results confirming (17,18) and discrediting antioxidant
enzymes and, in particular, SODs as modulators of radiation resistance (16,19).

The same arguments can be applied to the discrepancy in the results of PQ
influence on radiation resistance. In some reports PQ was found to be a weak
radiosensitizer (4,20,21). However, it should be pointed out that high doses of the
compound or prolonged treatment were used. In both cases O, accumulates in
the cell and elevated enzymatic defence may not be sufficient to counteract its
deleterious effects.
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