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The Influence of Vay Low Doses of Cisplatin on Tumor
Cédll Proliferation In Vitro and on Some Hematological
and Enzymatic Parametersof Healthy Rats

Elzbieta Malarczyk,” Martyna Kandefer-Szerszeri!, and AnnaJarosz-Wilkolazka
Department of Biochemistry and !Department of Virology and Immunology, M. Curie-
Skfodowska University, pl. M.Curie-Sklodowska 3, 20-031 Lublin and ‘Akademicka 19,
20-033, Lublin, Poland

ABSTRACT

Healthy rats had been treated for 2 or 6 weekswith 1.0 mL of 10-® and 10-'¢ mg/
mL of cisplatin. After 2 weeks of treatment, asignificant increase in leukocyte and
erythrocyte count and also in hematocrit was observed. Among leukocytes the
number of neutrophils and eosinophils significantly increased. Biochemical analy-
ses indicated a decrease in the glycogen content in the liver and kidneys after
2 weeks of treatment with low doses of cisplatin but at the end of the experiment
(8th week of experiment) the stores of glycogenincreased significantly. Biochemi-
cal analyses concerning the activity of some enzymesin the liver revealed a signifi-
cant increase of peroxidase and acid phosphatase as wdl as catal ase activities after
2 weeksof treatment. However, catalase was induced by a very low concentration of
cisplatin, 10-'® mg/mL. After the cessation of cisplatin treatment the activity of
enzymes returned to normal values.

Human lung carcinoma cell line A, (ECACC No 86012804) was also studied
after treatment with the same doses of cisplatin and inhibition of its growth was
observed. The results of these experiments strongly indicated that low doses of
cisplatin could be stimulating for healthy cells but cytostaticfor tumor cells.

Possible mechanisms involved in the biological activity of very low cisplatin
concentrations are discussed.
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INTRODUCTION

Cigplatin is an antineoplastic agent that is used commonly in human and veteri-
nary medicine to treat a variety of malignant tumors of testicles, prostate, ovaries,
and lungs. Cisplatin is one of the most active agents in lung cancer with a high
response rate in small cell lung carcinoma (Arbaye et al. 1993; Ogilvie et al. 1992).
In the doses used for anti-tumor therapy, cisplatin is a very toxic substance that
induces nephrotoxicosis, bone marrow injury with anemia, trombocytopenia, and
other adverse effects such as blindness, deafness, severe nausea, vomiting, hearing
loss, and allergic reactions.

Because of such high toxicity of cisplatin, it was interesting to examine whether
low doses of thiscytostatic drug could inhibit tumor cell growth in vitroand whether
a long-term treatment of healthy animals with very low cisplatin concentrations
could exert a toxic effect. According to hormesis, we expected a decrease in
organism intoxication aswdl asan increase in itsvitality under the influence of very
low doses of the same substance, which is known to exert toxic effects.

Wagner € al. (1988) examined the influence of the broad concentration range
of cytotoxic and such cytostetic agents as emetin, plumbagin, azatioprine, colchi-
cine, cyclophosphamide, fluorouracil, methotrexate, and vinblastine on human
granulocytes and lymphocytesin vitro. Mogt of the examined compounds showed a
dosedependent biphasiceffect: immunosuppressiveactivity at aconcentration higher
than 100 ng/mL and immunostimulatory activity at a very low concentration below
100 pg/mlL.

Hormesis together with the inverse effect of high and low doses of toxic sub-
stances can explain this phenomenon. There are several papersin the literature
concerning this problem (Calabrese 2001; Calabrese and Baldwin 2001). Wagner et
al. (1988) showed that cytostatic agents inhibit the growth of lymphocytesat concen-
trations ranging from 100 mg/mL to 10 pg/mL, but stimulate the growth at
picogram and femfogram concentrations. A similar dose-dependent effect on phago-
cytic activity of human granulocytes was observed with emetin and plumbagin,
which were toxic at high concentrations, but at very low concentrations they stimu-
lated the phagocytosisof granulocytes. According to the paper by Davenas ¢ al.
(1987), silicaparticles, which are very toxicfor phagocytes, can stimulate macroph-
age function measured by increased amounts of platelet activating factor (PAF)
released when mice were injected with very low silicadoses (1000silica particlesor
less per mouse).

The blood cells are constantly renewed during an individual's lifetime. He-
mopoiesisis a very complex process, which is regulated at different levels and by
variousfactors. The most important factorsfor the regulation of hemopoiesis were
recognized as|L-3, CS~1, GCSF, GM-CSF, and erythropoietin. They areinvolvedin
growth regulation and the differentiation of blood cell precursors (Bastide et d.
1987).

The aim of this paper is to collect and compare physiological data of healthy
animalsand tumor cell culturestreated with very low dosesof cisplatin. Proper levels
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of enzymesin the liver and proper hematological parameters are very important
markers of good health. For this reason the main hematologic parameters were
determined in the blood of rats, which had been treated per os with low doses of
cisplatin. At the same time, the activities of catalase, peroxidase, aswel as alkaline
and acid phospahatases were determined in livers because of their physiological
function in organism detoxication. T he resultsof these experiments were compared
with the reaction of tumor cellsgrowing in vitro and treated with identical dilutions
of cisplatin as those used in animal analyses.

MATERIALSAND METHODS
Preparation of Cisplatin Dilutions

One mg of cisplatin (Ciba Geigy) wes dissolved in 1 ml of double distilled water
and 100-fold dilutions from 10-% to 10-'¢ mg/mL were prepared serially and were
vigoroudly mixed after each stage. The dilutions10-* (asaconcentration of cisplatin
that can be detected by sensitive methods) and 10-1¢ mg/mL (as a concentration
approaching Avogadro's number) were chosen and used in all experiments.

Treatment of Tumor Cells

Human lung carcinomacell line A, ,, (European Collection ECACC No 86012804)
was grown at 37°C in an atmosphere containing 5% CO, in Eagle's MEM supple-
mented with 10%fetal calf serum and antibiotics (100U /mL penicillinand 100 pg/
mL streptomycin). All the experimentswere carried out on cellsthat after trypsiniza-
tion were seeded at the density of 1 x 105 cells/mL on plastic Petri dishes (82 mm
in diameter). After the adhesion of the cells, the medium was removed and 0.9 mL
of fresh medium and 0.1 mL of cisplatin dilution were added to the respective
dishes. Cell controls were treated with 0.1 mL of distilled water instead of cisplatin.
Four plastic plateswere used for each dilution and control. The experiments were
repeated three times. Cell cultures were incubated at 37°C for 72 h. The culture
medium was discarded, the cells were rinsed in phosphate-buffered saline (PBS),
and 1 mL of 0.025% solution of trypsin in PBS was added. The cells suspended in
trypsin solution were counted under the microscope in a hemocytometer and cell
viability wes determined by standard trypan blue exclusion test (Szelewicz et d.
1992). The protein level in the cells wes determined with the Lowry et d. (1951)
method after washing the cells in PBS. Absorbance at 660 nm was measured by
spectrophotometry (Shimazu Gmbh, Japan W-1202).

Animal Treatment

Forty-eight 5-week-old Lewis rats were divided into three groups, 8 male and 8
female in each group. They were fed on a standard laboratory solid diet supple-
mented with raw potatoes and carrots as a source of vitamin C and A. During the
experiment, every morningat 8 am., each animal received per osonemL of cisplatin
dilution, either 10-8 (10 picograms/mL) or 10716 (10 attograms/mL) mg/mL, instead
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of drinking water. After that they had afree access to water only during the day but
not during the night. Control ratsreceived an equivaent volume of distilled water.
Drinking water wes provided in new glass bottles with rubber stoppers and glass
tubing. Food consumption, behavior, skin lesions, diarrhea, and other external
abnormalities were recorded every day. During the 2 weeks of treatment with
dilution 10-*mg/mL of cisplatin, each rat received a total of 140 picograms of the
drug. Rats treated with dilution 107! mg/mL received a total of 140 attograms of
cisplatin per animal. After 6 weeks of treatment rats received, respectively, 420
picograms or 420 attograms per animal. After 6 weeks of treatment with cisplatin
hematol ogical and enzymatic parametersof 16 ratswere a so estimated 2 weeksafter
cessation of drug treatment (8th week of experiment). During those additional 2
weeks rats had a free access to water and food.

Hematological Variables

In the second week and the sixth week, aswdl as 2 weeks after the sixth week of
treatment (8th week of the experiment) the blood samples were collected under
deep ether anesthesia. Before blood collection, the animals had a free access to
drinking water for 24 h to prevent dehydratation. Differential blood counts were
performed using routine methods. The numbersof red and white cellswere counted
in a hernocytometer. Hernatocrit was established in a hernatocrit centrifuge and
hemoglobin content was measured by routine cyanornethemoglobin method. Dif-
ferential blood counts were performed on Giemsastai ned blood smears by counting
the minimum of 200 white blood cells per each smear.

Biochemical Deter minations

Liverswere taken from rats after blood sampling, washed in phosphate-buffered
saline, and homogenized in a glass homogenizer in cold buffer and centrifuged.
Enzyme activities were determined in the supernatant. Also, kidneys were taken
from rats after the last blood sampling, washed in phosphate-buffered saline, ho-
mogenized in a glass homogenizer in cold buffer, centrifuged, and the level of
glycogen was measured.

Catalase activity was measured according to the Hamilton et a. (1961) method.
Two mL of the supernatant were mixed with 7 mL of distilled water and 2mL of 1%
H,0,. The rate of H,O, degradation was measured at 240 nm. One unit of the
activity was considered as the amount of the enzyme, which degraded one rng of
H,0,.

Peroxidase activity was measured in accordance with Clairborne and Fridovich
(1979), the method based on o-dianisidine oxidation in the presence of 0.003%
H,0,in 0.1 M acetic buffer, pH 5.5. The relative activity wes calculated on the basis
of the absorbance coefficient = 11.3.

Alkalineand acid phosphatase activitieswere calculated on the basis of the rate
p-nitrophenol release from 2.5 mM nitrophenyl phosphate at pH 5 or pH 8.6,
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respectively, according to Szadewicz et d. (1992). The hydrolysis of one UM of the
substrate per minute was considered as the activity unit.

Thelevd of glycogenin liversand in kidneysof the tested animal s was measured
according to the Babcock and Cardell method (1974) and calculated in lig per mg
of tissue dry weight.

The Student's t test was used for statistical analysis of the results.

RESULTS
Cell Cultures

Asshown in Figure 1, cisplatin tested at concentrations of 1 pg/mL inhibited the
growth of A, cells, when compared with control cultures treated with water. Cell
numbers and protein levelswere lower in the cultures treated with cisplatin, com-
pared with control cultures treated with water. Compared with control where few
dead cellswere present and the viability of cellswas99%, the number of viablecdlls
after a treatment with cisplatin concentration of 1 pg/mL decreased to 78%.
Moreover, low concentrations of cisplatin equal to 10 pg and 0.1 ag/mL were aso
activeand inhibited cell growth. Especially the concentration of cisplatin 0.1 ag/mL
significantly decreased cell numbers and protein concentration. This dilution of

35

o Cell number

Protein

30

4+

25

20

15

10

Cells (x 10°); Protein (A660x100)

control 1 ug/ml 10 pg/mi 0,1 ag/ml
Cisplatin concentratios

Figure 1.  Thenumber (mean 3SD) of tumor cellsline Ay, and the level of cell protein
(OD660 x 10%) after the treatment with pico- and atto-grams/mL of cisplatin (*
satigticallysignificant differenceat p<0.05 compar ed with control). Error bars
indicate standard deviation (SD).
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cisplatin was cytostatic rather than cytotoxic, because the viability of cellsin cultures
was between 95% and 97%.

Observationsof Animals Treated with Cisplatin

All tested animals were observed during the treatment with low cisplatin doses.
No significant statistical differences were observed between control and experimen-
tal animalsconcerning food consumption and behavior; no weightloss, skin lesions,
diarrhea or other specific abnormalities were noticed.

Hematological M easurements

Theinfluence of low dosesof cisplatin on some hematological parametersin rats
wes examined. Two dilutions of cisplatin were chosen for experiments: 10® mg/mL
and 101 mg/mL. Rats treated with both dilutions of cisplatin had increased total
erythrocyteand leukocyte count, and a higher hematocrit and hemoglobin concen-
tration (Table1). The differences were especially visible and statistically significant
in comparison with control after treating rats with picogram doses. After 6 week of
treatments this dilution weas still more active than the atfogram doses; however, the
differencesin comparison with control were not statistically significant. Differential
leukocyte counts reveal ed increased numbers of neutrophils and eosinophilsin the
blood (Table 2). It should be stressed that al hematological parameters were ill
within the range considered as normal in rats. These parameterswere also eval uated
2 weeksafter the cessation of drug treatment. Asshownin Tablel and Table 2, they
returned to normal and no statistically significant differences between control and
experimental animals could be observed. Blood cell counts, hematocrit index, and
the number of neutrophils and eosinophils returned to the values observed in
control animals.

Enzymatic Activity Detection

Theleve of activity of four enzymes: catalase, peroxidase, and two phosphatases
were measured in theliver homogenates after 2 and 8 weeksof treatment of ratswith
low doses of cisplatin. Figure 2 shows the results of enzymatic experiments. The
patterns of every enzyme activity were different. When rats were treated with pico
concentrations of cisplatin, peroxidase and acid phosphatase were significantly
higher than in control, but they decreased after 8 weeks (6-week treatment + 2 weeks
of interval). Compared with the enzymes mentioned above, alkaline phosphatase
activity was higher at the end of the experiment rather than at the beginning. After
2 weeksof treatment, the activity of catal ase was stimulated with alow concentration
of cisplatin (10-'*mg/mL}). It isworth mentioning that the levelsof acid and alkaline
phosphatases, catalase, and peroxidase at the end of the experiment, 2 weeks after
cisplatin cessation, were more similar to controls than at the beginning. However,
they never fell below the level observed in control.

Figure 3 shows the glycogen levels in the liver and kidneys during and after
cisplatin treatment of rats. Thedifferencesin thelevels of glycogen during and after
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Table 1. Theleves of leukocyte, erythrocyte, hematocrit and hemoglobin in the blood of ratsafter 2, 6, and 8

weeks (2weeks after 6 weeks of cisplatin treatment) (‘satigically sgnificant differencein comparison
to control a p<0.05). Theresultsare presented asamean £ SD.

. . R Leukocyte ,
uration o . o yer e i
Duration of cisplatin Cisplatin dilution count Erythrocy]tze count Hemftocnt Hb (g/dI)
treatment 9 (x107°N)) (%)
(x 10°71)
108 * 13.150+/-1.555% | 8.200+/-1.626* 52.0 +-0.5% | 17.410+/-0.353
2 weeks Control 5.800+/-1.555 6.170+/-0.692 435+-21 | 15.290+/-0.989
n=16 10716 #+ 6.1004/-0.707 7.700+/-0.452 470+-14 | 15.670+-0.424
Control 5.450+/-0.212 6.005+/-0.643 450+-14 | 14.720+/-1.994
10°% 13.0+/-3.535% 8.550+/-1,485% 48.0 +/-1.4* | 16.500+/-0.566
6 weeks Control 6.050+/-0.778 6.310+/-0.749 43.7+-25 | 15.500+/-0.707
n=16 107 6.550+/-1.060 8.125+/-0.141 470+-05 | 16.825+/-0.629
Control 5.60+/-1.556 6.172+/-0.696 435+/-2.1 | 15.290+/-0.990
10® 7.750+/-0.919 8.275+/-1.096 44.0 +/-0.5 14.625+/-0.742
8 weeks
(2 weeks after Control 6.0+/-0.141 7.060+/-1781 450+/-05 | 15.050+/-0.212
6 week "elagmem) 10716 6.175+/-0.247 8.275+/-0.106 485+-07 | 14.750+/-0.919
n —
Control 5.800+/-0.424 7.010+/-0.862 470+-14 | 14.900+/-0.282

*- 140picograms **- 140 attograms
* - gatigically sgnificant differenceat p< 0.05 in comparison to contral.

Published by ScholarWorks@UMass Ambherst, 2007

oudnuy

upepdst)

SUONIPUO)) WESH [EWIUY PUE [[3)



Table 2. Theinfluence of cisplatin treatment on differential leukocyte count in rats after 2, 6,

Dose-Response: An International Journal, Vol. 1 [2007], Iss. 1, Art. 7

and 8 weeks (2 wesks after the 6 wesk treatment) of pi ce and atto-grams/mL of
ciplatin (* statistically Significant differenceat p < 0.05 in comparison to contral).
The resultsare presented asamean *+ SD.

Duration of ] Cisplatin dilution } Differential leukocyte counts(9o)

Z cisplatin (total dose per
Q .
5 treatment animal) N L E M B
=
[¢]
B 2weeks e 249%-13% | 67.57/-02% | 3.5%-0.5* 35%-05 | 05%-05
3 n=16

Contrd 16*/- 10 78%-10 207%/-1 30 -1 0
=
2 10710 *+ 235%-05% | 73%-10% | 05%-05 2.0%-1 0
3
— Control 19.0%-2 | 78%-4.0 1.5%-1 1.5%-0.5 0
=]
»
5 6 weeks 10* 200%-2% |757%-20%| 20%-1 | 22705 0
5 n=16
@ Control 17071 | 7907%-20 2071 15 */-05 05 */- 05

107 2107-05% | 74%-1%* 2.5%-0.5 2.5%-0.5 0

=
& Control 17.0 /-1 78%1-2 20%-1 2.57%-0.5 0.5%-05
0.
B 8 weeks 10 125%-0.5% | 835 */-05 | 20%-0 20'-0 0
< (2 weeks
= after Control 1542 81.5%-2 1.5 -1 20 -0 0
= 6 week — " - -
Z treatment) 10 165"F 1 | 805 "/-05 1.07-0 2.0"-0 0
- n=16 Qntrol 155%-2 | 81.5%-15 10*-0 25 %-05 0

* - 140 picograms; ** - 140 attograms; N - neutrophils, L lymphocytes E  eosinophils, M — monocytes, B — basophils;
* . datidically significantdi ff erence at p< 0.05 in comparison 10 conirol,
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deviation (SD).
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experiments with cisplatin exceeded no more than 10 ug in kidneys. I n theliver, the
level of glycogen waslower than control after 2 weeksof treatment and higher after
finishing cisplatin administration.

DISCUSSION

It has been shown that cisplatin induces oxidative stress in the organism by
generating oxygen free radicalsin macrophages, platelets, and kidney cellsand by
i nhibiting antioxidant enzyme activity, such as peroxidase and superoxide dismutase
(Sonand Kim 1995; Sugiharad al. 1987; Wachowiczand Szwarocka1994; Wachowicz
é al. 1995). It is wel known that antioxidant enzymes play a fundamental role in
protecting cellsand tissuesagainst oxidativedamage (Andersen et al. 1997; Scandalios
1992; Batzer and Aggarwal 1986; Bishayi et al. 2002). The activity of these enzymes
increases in the organism when reactive oxygen species are generated. As high
concentrations of cisplatin can inhibit at least some of the antioxidant enzyme
activity, it wasimportant to examineif low concentrations of cisplatin can influence
such activity. Two so-called “stress enzymes', catalase and peroxidase, were chosen
for experiments.

Mammalian catalaseisabundant in the liver, where the enzyme residesmainly in
peroxisomes and playsan important role in eliminating H,O, generated during the
dismutation of superoxide anion by SOD. Peroxidase worksin a similar way, how-
ever, it acts when the amount of hydrogen peroxide is low. In our experiments
picogram doses of cisplatin inhibited catalase activity in rat liver. However, lower
attogram dosesof cisplatin significantly stimulated itsactivity, especially after 2weeks
of treatment. When peroxidase activity was measured by oxidation of aromatic
compoundssuch as o-dianisidine, asignificantincrease in its activity was detected in
the liver of the rats which received the picogram doses of cisplatin. The attogram
doses of cisplatin were not active. These observations suggest that cisplatin at very
low doses can stimulate the activity of the antioxidant enzyme system in the liver.
This phenomenon can be explained by the reverse activity of the high dose, which
can inhibit the activity of cellsand enzymes, and of the low dose, which stimulates
it.

Hepatotoxicity is not considered as adose-limiting toxicity for cisplatin, but liver
toxicity can occur when the antineoplastic drug is administered at a high dose
(Charalabopoulos e al. 2002; Cersosimo 1993; Bishayi & al. 2002; Zicca et al. 2002;
Uedaet al. 1998). Alkaline phosphataseand especially itsisoform presentin theliver
(LALP) are very often used as markers of hepatic subacute toxicity of antineoplastic
agents (Pispirigosd al. 1993). It has been detected that ciplatin inhibits strongly
LALPin theliver of dogs suffering from appendicular osteosarcoma (Garzottod al.
2000) and also alkaline phosphatase and acid phosphatasein rat kidneys (Fenoglio
é al. 2002). Therefore, we decided to measure the activity of two phosphatases,
akaline and acid isoforms, present in the liver. A significant increase in peroxidase
activity wes al'so accompanied by a significant increase in the activity of acid phos-
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phatase. It should be pointed out that in our experiments the activity of alkaline
phosphatase, which increasesin theliver duringinfections and can also be induced
by stress, was rather inhibited by low-dose cisplatin treatment and returned to
normal level after cessation of drug treatment. It seemslikely that different enzymes
may be regulated differently by low doses of cisplatin.

According to the opposite activity of high and low doses of certain biologically
active substances, we expected that cisplatin, an anticancer drug, would stimulate
tumor cell growth in vitro. To our surprise, cisplatin at attogram concentrations
inhibited tumor cell growth in vitro in comparison with untreated control. The
activity of low cisplatin concentration was not as strong as cisplatin used at micro-
gram concentrations; however, the effect measured by two different methods was
detectable.

There arose a question whether the changes observed in the hematological
parametersin the blood of experimental animalswere the consequence of adirect
action of cisplatin on progenitor cellsin bone marrow or whether cisplatin is able
to influence the production and action of several growth factors. The toxicity of
cisplatin, at therapeutic doses, to bone marrow cellsisevidentand probably cisplatin
can trigger apoptosis and affect cell cycle causing anemia and a decrease in leuko-
cyte count. These effects are reversible after drug discontinuation (Holdack et al.
1992; Mazur ¢t al. 2002; Sachsand Lotem 1994). In our experiments cisplatin at low
dosesacted as mild stimulator of bone marrow function that resulted in an increase
of the total number of leukocytesand erythrocytes. Differential leukocyte counts
revealed that this increase was caused mainly by an increase in the number of
neutrophils and eosinophils. The results of our experiments on rats are in agree-
ment with the observationsof Wagner et al. (1988), Holldack et al. (1992) and Sodhi
and Pai (1992). They indicated that very low doses of cisplatin could stimulate bone
marrow to produce red cellswith higher hemoglobin content and high numbers of
white blood cells.

The blood cells are constantly renewed during an individual's lifetime. He-
mopoiesis is a very complex process that is regulated at different levels and by
different factors, such aslL-3, M-CS-, GCSF, GM-CSF, erythropoietin. Thesecytokines
are involved in growth regulation and the differentiation of blood cell precursors
(Sodhi and Pai 1992; Holldack et a. 1992). We can only speculate that low doses of
cisplatin can influence cell cycles or cytokine production and in the final effect
stimulate bone marrow activity.

It has been detected recently that, depending on the concentration, cytokines
may exert opposite effects. For example, M-CS-at a high (5U/mL) concentration
activatesthe extracellular signal-regulated kinase (ERK) pathway, while alow (0.05
U/mL) concentration reduces ERK phosphorylation and affects cell proliferation
(Rovidaet al. 2002). Moreover, tumor necrosisfactor (TNF) at alow concentration
(1U/mL) decreases myofibrillar protein content, while at rel atively high concentra-
tions (100 U/mL or more) increases protein content in muscle cell line (Alvares et
a. 2001). Cisplatin, at high concentrations, possesses clastogenic activity in bone
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marrow; however, by modulation of cytokine production it may exert an opposite
effect on bone marrow cells. It is worth mentioning that aflatoxin B, a natural
cytotoxic substance, also exerts opposite effects: at high doses (280 ppb) stimulates
bone marrow, while at alow dose (140 ppb) decreases total number of white blood
cellsin piglets (Marin et d. 2002).

All these results strongly indicate that low doses of toxic substances such as
cisplatin could stimulate healthy cells but inhibit tumor cell growth. It is possible
that these opposite reactions of animal cells to toxins used at low or high concen-
trations are the result of differential influence on the apoptotic mechanism in
normal and pathological cells (Calabrese 2001).

The protective effect of high dilutions of metal on cultured cells was demon-
strated by Delbancut et d. (1997). Cisplatin was used at a cytotoxic concentration
(10-5 M), but protective doses of cisplatin or cadmium were used at high dilutions
(10 and higher). The protective index of cadmium against cisplatin cytotoxicity
was weak, but it was more pronounced for the cells pretreated with low doses of
cisplatin. It means that 10-5 M cisplatin killed only 63% of cisplatin-pretreated cells,
whileit killed 68.4%of cadmium-pretreatedcells. These experimentsconfirmed the
rule that the effectiveness of the pretreatment requires the use of the same sub-
stance for protecting cells against the toxic effect (Van Wijk and Wiegant 1997).

The results of the experiments, showing that very low doses of cisplatin are not
dangerous to animal health but are toxic to tumor cells, opened the possibility of
using low dosesfor protecting patients agai nst adverse effects of anticancer therapy.
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