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Summary. Utilizing the phytohemagglutinin (PHA) stimu- 
lation assay of human peripheral blood mononuclear cells 
(PBM), the protective effect of sodium thiosulfate (STS) 
on the antiproliferative action of cis-diamminedichloro- 
platinum (II) (DDP) against human cells was investigated. 
DDP alone significantly inhibited the proliferation of 
PBM over the concentration range of 10 -7 to 5 x 10 -5 M. 
The antiproliferative effect of DDP was significantly 
blocked when STS was added to the stimulation culture at 
the time of exposure to DDP at molar STS/DDP ratios of 
more than 500. However, STS at molar ratios of less than 
100 induced minimal protection. Then, STS was added at 
various times after DDP exposure with a molar STS/DDP 
ratio of 1000. The protection was effective within 10 rain 
after exposure to DDP at a concentration of 5 x 10 -5 M, 
whereas it was not effective beyond 30 min after the expo- 
sure. The results indicate that effective protection against 
DDP cytotoxicity in human cells can be achieved by the 
concurrent presence of STS with molar STS/DDP ratios 
of more than 500, but not when a molar STS/DDP ratio of 
less than 100 is used. 

Introduction 

eis-Diamminedichloroplatinum (II) (DDP) possesses po- 
tent activities against a large variety of human malignant 
tumors. Its toxicity is, however, considerable. 

A number of sulfur-containing compounds have been 
shown to reduce the cytotoxicity of DDP [1, 2, 5, 13]. 
Among these compounds, sodium thiosulfate (STS) has 
been selected as an antagonist because of its relative safety 
and ready availability for use in man [5, 9]. Then, the re- 
gional use of DDP chemotherapy with concurrent protec- 
tion of the systemic circulation by STS was demonstrated 
to improve the therapeutic efficacy in cases of peritoneally 
disseminated tumors, metastatic liver tumor and. bladder 
tumor in animals [10-12]. Further, a clinical trial of this 
procedure in patients with intraperitoneal tumors was re- 
ported [6]. 

The present study was undertaken as a quantitative in- 
vestigation of the dose-response relationship for antagon- 
ism by STS of DDP-induced cytotoxicity in human cells in 
vitro. The assay system used was phytohemagglutinin 
(PHA)-induced blastoid transformation of human peri- 
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pheral blood mononuclear cells (PBM), since DDP has 
been shown to be a potent inhibitor of this reaction [3, 8]. 
Using the PHA stimulation assay, the protection of the an- 
tiproliferative effect of DDP by STS was examined. 

Materials and methods 

Cell preparation. Peripheral blood was taken from normal 
donors into heparinized syringes. PBM were isolated by 
Ficoll-Conray density gradient centrifugation. The cells 
were suspended in RPMI 1640 medium supplemented 
with 10% pooled human AB serum, penicillin 100 units/ 
ml, and streptomycin 100 Ixg/ml (complete medium). 

Mitogen stimulation of PBM. PBM were cultured in com- 
plete medium in a fiat-bottomed microculture plates as 
0.2-ml aliquots containing 2 x 105 cells. PHA at a concen- 
tration of 5.0 lxg/ml culture medium was used for stimula- 
tion. Culture plates were incubated for 3 days at 37 °C in a 
humidified atmosphere with 5% CO2 in air. At 6 h before 
harvesting, 1 txCi of tritiated thymidine was added to each 
well. The cells were harvested onto glass filters and the in- 
corporation of tritiated thymidine was measured in a li- 
quid scintillation counter. 

Agents. DDP was dissolved in RPMI 1640 medium imme- 
diately before use. To examine the effect on proliferative 
response, the drug was added to wells of culture plates 
24 h after the initiation of culture to give a final concentra- 
tion of 10 -7  M to 5 x 10 -5 M. STS was also dissolved in 
RPMI 1640 medium and added to the stimulation culture 
at the same time or at various times after exposure to 
DDP, the molar STS/DDP ratios used ranging from I to 
1000. 

Results 

The effect of DDP alone on the proliferation of PBM was 
examined using the PHA stimulation assay. DDP inhibited 
the proliferation, and the dose-response relationship for 
this action is shown in Fig. 1. At the concentration of 
5 x 10 -5 Mthe response was almost completely suppressed 
by the drug. On the other hand, after the addition of STS 
alone no inhibition was seen even with a concentration of 
5 x 10 -2 M. 

To determine the ability of STS to block the antipro- 
liferative effect of DDP, STS was added to the stimulation 
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Fig. 1. Effect of DDP on PHA-induced proliferation of PBM. 
Each point = mean _+SEM of measurements recorded in five 
experiments 
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Fig. 3. Temporal aspects of STS protection against the antipro- 
liferative action of DDP. Each point = mean +__SEM of  meas- 
urements recorded in five experiments  

culture at molar  S T S / D D P  ratios of  1-1000 at the t ime of  
exposure to various concentra t ions  of  DDP. As shown in 
Fig. 2, STS at the ratios of  less than 100 induced relatively 
slight protect ion against  the ant iprol i ferat ive effect of  
D D P  over the entire concentra t ion range of  10 -7 to 
5 x 10-5 M. When  STS was added  at the molar  ratio of  
500, the cytotoxici ty of  D D P  was significantly inhibited,  
and the prol i fera t ion o f  PBM was restored to almost  70% 
of  control  at any concentrat ion.  The protect ion was at al- 
most  the same level up to the ratio of  1000. 

To examine the tempora l  aspects of  STS protect ion,  
STS was added  to the culture at a molar  S T S / D D P  ratio of  
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Fig. 2. Protective effect of STS on the antiproliferative action of 
various concentrations ( 1 0  - 7  t o  5 × 1 0  - 5  M )  o f  DDP. Each point = 

mean + SEM of measurements recorded in seven experiments 

1000 at various times after exposure to D D P  (Fig. 3). Addi-  
t ion of  STS within 10 min after D D P  exposure induced 
protect ion of  almost the same level as that seen fol lowing 
concurrent  addi t ion  of  STS even at the highest concentra-  
t ion of  D D P  (5 x 10 .5 M). However,  the drug cytotoxici ty 
could be significantly b locked 30 rain after exposure of  
this concentra t ion of  DDP. At this concentra t ion of  
10 .5 M, protect ion by STS was effective within 1 h after 
drug exposure. Then, cytotoxici ty of  D D P  at 10 .6 M was 
protected by STS within 6 h after exposure. 

D i s c u s s i o n  

The results of  the present  s tudy demonst ra te  that the anti- 
prol i ferat ive effect of  D D P  was significantly inhibi ted by 
STS at molar  S T S / D D P  ratios of  more than 500, whereas 
the cytotoxici ty of  the drug was slightly b locked at molar  
rat ios of  less than 100. With such low ratios STS had to be 
added  within 10 min after drug exposure to induce effec- 
tive protection.  

Several sulfur-containing compounds  have been re- 
por ted  to be capable  of  forming a D D P - D N A  complex 
and reducing the cytotoxici ty of  D D P  [1, 2, 13]. STS was 
shown to produce  a dose-related decrease in the toxici ty of  
D D P  in the mouse, which was reflected in a reduct ion in 
weight loss, nephrotoxici ty ,  and toxici ty for marrow co- 
lony-forming units in culture and in increased survival af- 
ter an otherwise lethal dose of  D D P  [5, 9]. The protect ive 
effect against  the lethal toxici ty of  D D P  was also investi- 
gated in bacter ia  [9]. 

To examine the avai labi l i ty  for clinical use, the protec-  
tive effect of  STS on D D P  cytotoxici ty in human cells 
must  be investigated. The antagonism by STS of  the DDP-  
induced decrease in growth rate o f  a human lymphoblas-  
to id  cell line was repor ted  by Howell  et al. [6]. These au- 
thors showed that  molar  S T S / D D P  ratios of  280-950 
were required to restore the growth rate of  these cells to 
50% of  that in control  cells. In the present  study we chose 
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the exper imental  system of  nucleic acid synthesis in hu- 
man  PBM under  mitogenic  stimulus of  PHA in vitro, since 
D D P  has been shown to be a persistent and  selective inhi- 
b i tor  of  D N A  synthesis [4, 7] and  also a potent  inhibi tor  of  
PHA- induced  prol i fera t ion  o f  PBM [3, 8]. Our  results 
showed that STS at molar  S T S / D D P  ratios o f  more  than 
500 significantly b locked the ant iprol i fera t ive  effect of  
D D P  and restored prol i fera t ion  to a lmost  70% of  control.  
However ,  the protec t ion  was min imal  when STS was 
added  at molar  ratios of  less than 100. 

Burchenal  et al. [1] repor ted  that  th iourea  reduced the 
overall  toxici ty when injected into the mouse 2 h after 
D D P  adminis t ra t ion.  Under  some in vitro condi t ions  the 
thio compound  can dissociate establ ished D N A  inters- 
t rand  crosslinks and reverse the lethal lesions caused by 
D D P  [2]. However ,  Howell  and Taetle [5] showed that  STS 
was effective in provid ing  protec t ion  against  nephrotoxic i -  
ty in the mouse only over a rather  l imited t ime span ex- 
tending from 1 h before  to 30 min after DDP.  The present  
results demons t ra ted  that  the add i t ion  of  STS within 
10 min after the drug exposure  in vitro was necessary to 
achieve the effective pro tec t ion  of  D D P  cytotoxici ty 
against  human PBM, especial ly in the presence of  a high 
concentra t ion of  DDP.  Thus, the cytotoxici ty caused by 
D D P  was not  reversed by STS. This fact is consistent  with 
the hypothesis  that  STS reduces toxici ty by combining  di- 
rectly with D D P  to form a complex  no longer  capable  of  
crossl inking macromolecules ,  rather  than by displacing 
D D P  that was a l ready bound  [5]. 

Effectiveness of  regional  D D P  chemotherapy  in com- 
b ina t ion  with the inact ivat ion of  D D P  reaching the sys- 
temic circulat ion by STS has been repor ted  in animals  
[10-12] and humans  [6]. The present  results appear  to 
show that  the s imultaneous presence of  STS in the system- 
ic circulat ion at molar  S T S / D D P  ratios of  more  than 500 
is necessary to achieve effective protect ion against  D D P  
toxici ty in humans.  Fur thermore ,  the suppression of  D D P  
toxici ty in the target  area  of  regional  chemotherapy  may 
be minimal  in the presence of  STS at molar  rat ios of  less 
than 100. These f indings may  provide  useful informat ion  
for clinical  app l ica t ion  of  the combina t ion  of  regional  
D D P  chemotherapy  and systemic STS. These results have 
been taken account  of  in the design of  a clinical  trial that  
is now under  way. 
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