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Comparative Cytotoxicity of Cisplatin, Sodium Selenite
and Selenium-Cisplatin Conjugate [(NH;), Pt(SeO;)];
Changes of Blood Platelet Activation

B WacHowicz AND B OLAS

Department of General Biochemastry Institute of Biochemastry
University of Lodz Poland

Abstract. The cytotoxic effects of a novel compound, conjugate Se-Pt [(NH;z)oPt
(Se03)] on blood platelet function (aggregation, 1elease of ademme nucleotides) were
studied Contrary to the action of cisplatin o1 selenite alone, [(NHs);Pt(SeO3)] did
not mhibit ADP-induced platelet aggiegation, thiombin-induced 1elease of adenine
nucleotides fiom platelets, and had no effect on the metabolism of platelet arachi
donate The tested compound seems to be less toxic than cisplatin alone and has
no effect on blood platelet activation
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Introduction

Crisplatin (c1s-diamminedichloroplatinum II CDDP) belongs to the most effective
antineoplastic compounds among all platinum-based drugs The antitumor activity
of aisplatin has mainly been attributed to its ability to form adducts with DNA
(Ixeppler 1993, Lindauer and Holler 1996) Ou the other hand a varety of adveise
effects may accompany the use of this diug The side effects such as nephrotoxucity,
bone marow toxicity, ototoxicity o1 haematological toxicity are significant, and
prevent the use of high doses of cisplatin (Lowenthal and Eaton 1996) Cisplatin
causes haematological toxicity inducing oxidative stiess and changing the function
of blood cells, 1t has an inhibitory effect on platelet activation (Wachowicz and
Olas 1995 Olas and Wachowicz 1996) The detailed molecular mechanism by which
cisplatin can damage the blood cells 1s mcompletely understood, though 1t has been
estabhished that cisplatin mduces cell membrane lipid peroxidation (Wachowicz
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1991 Spits et ol 1993 Zhang and Lindup 1994) causes a deciease in ~-SH groups
aad forms complex with glutathione (Odenhammer and Wolf 1991 Ishihawa and Ali-
Usman 1993 Leeppler 1993 Pendyvala aud Creaven 1993 Wachowiez ¢t al 1995
Olas and Wachowic 7 1996) Satoh et al (1992) have previouslv demonstiated, that
scleuite coadmmistiation enanles the use of inereasing doses of (DDP because o1
teduced toxiaty without affecting tne antitumor activity of the diug A decrease m
selenium 1ntake via the diet has been 1eported to «nhance the tovaty of cisplatin
end it 15 possible that the differences in the sensitivity of patients to CDDP observed
way partle be duc to a discrepancy m diectrary selennun mtane (Baldew et al 19921
he enhancement of Sc levels o the «clls may play a role m reduang the tovcrs of
asplatin The exact mechaniam underlving the protective action of Se on (isplatin
mduced cellular toviaty temains unclear It 15 possible that <elemum (grven as
selenite) and asplatin o1 1ts metabolites may mteract with cach other and that the
tonacity of these compounds mav bhe mutually reduced

Beatyv ot al (1992) suggested that cisplatin not only 1eacts with sulphut con
taming groups but also with the selenim-contaiming amino-acid dervative s lenol
I methionme The tested compound a conjugate selenite with diamnuneplatinum
[(NH;) Pt(SeOy)] differs from the commetcially available platinnm complexes
We lack pharmacological information concerning 1ts ¢y totosicty

Owur cathier 1csults 1evealed that aisplatin reacts wath platelet thiols (Wacho-
wicz et al 1995 Olas and Wachowics 1996) mduces platelet hipid peroxadation
and mhibits antionaidative ensyvimes (Wachowics 1991) Inorganic form of seleninm
selenite (Se) 1 nontoxic doses (1 pmol/1) has protective effects agamst cisplatin
action on platelets (Wachowics et al 1995) Therefore the aun of the present
myestigations was to evaluate m platelets the ¢yvtotosic properties of a novel Se-Pt
comugate [(NHz), Pt(SeO;)] and to compate the obtamed results with the hnown
action of cisplatin and selenite at nontosic concentrations on platelet activation
We studied the effects of Se Pt conjugate on platelet aggiegation secretion and
arachidonate metabolism m wiro

Materials and Methods

Chemucals

Cisplatin sodium selenite, benzamidine, phenylmethylsulfonyl fluonide (PMSF)
DNasec I, DNA type I, guamidine HCL, leupeptin and adenosine triphosphate weie
obtained from Sigma (St Lows MO, USA) Conjugate of selenium with cisplatin
[(NH3), Pt(SeO3)] synthesised at the Iustitute of Pure Chemicals Lachema Bino
(batch no 290592) was a gift obtamned fiom Piof V Klemmwachter (Iustitute of
Biophysics Czech Academy of Scences, Bino) Bovine thrombin was puichased
fiom Polfa (Poland)



Cytotoxicity of Cisplatin Selenite and Se-Pt Conjugate 265

Isolation of blood platelets

Human blood was collected mnto one-tenth volume of sodium citrate from a forearm
vein through an 18 gauge needle Pig blood was collected into ACD solution (citric
acid/cit1ate/dextrose) 5 1 v/v Platelets were 1solated by differential centrifugation
of blood (20 min, at 200 x g) The platelet-rich plasma was then centrifuged fo
20 min at 1000 x g to sediment platelets The resulting pellet was resuspended 1n
the modified Ca?*-fiee Tyrode’s buffer (140 mmol/l NaCl, 10 mmol/l glucose and
15 mmol/l Tris/HC], pH 7 4), and the platelets were subsequently washed three
times with the same buffer The entire washing procedure was perfoimed 1n plastic
tubes and cariied out at room temperature Platelet protein was estimated by a
modified Lowry method (Vatassary and Smith 1987)

Human platelet aggregation

The aggregation was measured by platelet tuibidity, with 0% aggregation cali-
brated as the absoibance of platelet-rich plasma (PRP) and 100% aggiegation
calibrated as the absoibance of platelet-poor plasma (PPP) The aggiegation of
human platelets 1n 1esponse to ADP was 1ecorded at 37°C' at a sturing 1ate of
1000 1pm using a Labor APPACT dual-channel aggregometer For this puipose,
275 pl samples of PRP (2 7 x 10® platelets/ml) weie transferred into cuvettes after
premcubation for 30 min at 37°C with cisplatin at the concentration of 20 ymol/]
o1 conjugate of selenite with asplatin (Se-Pt) (20 pmol/l), selemite (1 gmol/l 10
min) or without these compounds (control), and 10 ul ADP was then added to
the final concentiation of 10 pmol/l, and the extent of platelet aggiegation was
measured

Analysis of G-actin content i human platelets

Control human platelets and platelets after 30 min preexposure to conjugate of
selenite with cisplatin (20 pmol/l), cisplatin alone (20 pmol/l, 30 min) or selen-
1ite alone (1 pmol/l. 10 mn) at 37°C weie activated by thiombin (0 01 U/mg of
platelet protein, 2 min), then lysed with an equal volume of pH 7 4 buffer contain-
mg 2% Titon X-100, 10 mmol/1 EDTA, 100 mmol/l Tris-HCl, 2 mg/ml leupeptin,
100 mmol/]1 benzamidine and 2 mmol/l PMSF For mnactivated samples, 100 pl of
platelet suspension n a small microcentifuge tube was lysed as described above
Samples wete assayed 1n tuplicate immediately after lysis by mixing a small aliquot
with a DNase buffer, pH 7 4, at a 1 1 ratio, contaiming 10 pg/ml deoxyribonuclease
I, 0 1 mmol/l CaCly, 10 pmol/l PMSF and 50 mmol/l Tris-HCl Twenty ul were
immmediately mixed with 3 ml of a deoxyiibonucleic acid buffer, pH 7 4, containing
40 pmg/ml DNA type I, 1 8 mmol/l CaCl,, 4 mmol/l MgSO4 and 100 mmol/1
Tis-HCl The 1eaction rate was approximately 102 absorbance units at 260 nm,
and the change in absorbance was recorded in a Model UV Beckman DU62 Spec-
tiophotometer The total actin content of the sample was determined by incubating
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a lysed sample with an equal volume of denaturing buffer pH 8 4 containng 15
mol/l guanidime HC! 1 mmol/l sodium adenosine triphosphate 1 mol/l sodium
acctate 6 mmol/l CaCl,, and 20 mmol/l Tiis-HCl for 5 to 15 mun on ice, and as-
saving as above The denatuiing buffer causes disassembly of F-actin into G-actin
Peicentages of G actin were calculated by dividing the 1elative mlubition of DNase
actrvity of the lysed samples by the relative inhibition of the denatured sample

(Fox et al 1981)
Releasc of ademne nucleotides from prg blood platelets

After premcubation with thiee different tested compounds, the suspensions of pig
platelets weirc activated by thrombin at the high concentration which induces the
platclct secretory process (10 U/mg of platelet protemn) for 2 mmn at 37°C The
platelet suspension without the tested compounds served as a contiol Adenine nu-
cleotides were estimated spectiophotometiically in the supernatants obtained after
centrifugation of activated platelets To the supernatant equal volume of HCIO,
(1 2 mol/l) was added centiifuged and the absoibance was measured in the clea
supernatant at 260 nm The amount of 1eleased adenine nucleotides was expressed
as percent of total platelet adenine nucleotides (Wachowicz 1987)

Dcternnination of malonyldialdehyde (MDA) in thrombin stimulated pig platelets

The suspensions of pig platelets m buffered salime (contiol and premncubated for
different times with cisplatin selemite and conjugate of asplatin with selenite) wete
meubated for 2 mn at 37°C with bovine thiombmm (1 U/mg of platelet protein)
at a concentration able to stimulate the arachidonate cascade The incubation was
stopped by cooling the samples i an 1ce bath

Samples of thiombin-activated platelets (in the absence of and after pre
treatment with the tested compounds) were tiansfeited to an equal volume of
20% (v /v) cold tuchloroacetic acid i 0 6 mol/1 HC1, and centuifuged at 1200 x ¢
for 15 min One volume of clear supcinatant was mixed with 02 volume of 0 12
mol/l thiobaibituiic acid m 0 26 mol/l Tus at pH 70, and immersed 1 a boiling
water bath for 15 nun Absorbance at 532 nm was measured, and the results were
expiressed as nmoles of malonyldialdehyde (MDA) (Smuith et al 1976, Wachowics
1984)

The data are prcsented as means of averaged rephcates £ SD  Statistical
analysis was performed using Student s ¢-test for paired data

Results

Typical ADP-induced aggregation of human platelets (control platelets and pla-
telets premcubated with CDDP (20 umol/1) and selenite (1 pmol/1) or Se-Pt (20
pmol/1)) 15 presented m Fig 14 Cisplatin (20 gmol/1) alone caused a significant
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Figure 1A. Typical ADP-induced aggregation of human platelets (control platelets
platelets preincubated with CDDP (20 pmol/1), selemite (1 pmol/1) (30 min, 37°C) cis-
platin after premcubation of platelets with selenite (10 min) or Se-Pt (20 pzmol/1) (n = 5)
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Figure 1B. The effects of cisplatin alone (20 pmol/l) (30 min, 37°C), asplatin after
premcubation of platelets with selemte (10 mun) and adduct of selenite with cisplatin
(Se-Pt, 20 pmol/l) on ADP-induced human platelet aggregation (n = 5)

mhibition of the ADP-induced platelet aggregation (p < 001) (Figs 1A and 1B)
After preexposure of platelets to selenite (1 pmol/l, 10 mmn), the inhibitory effect
of cisplatin on platelet aggregation was decieased (p < 005) (Figs 1A and 1B)
Selemte alone, and conjugate of selenite with cisplatin (Se-Pt) had no effect on this
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Figure 2. The effec ts of welenite (I gmol/1) and cisplatin alone (20 yrmol/1) (30 nun 37°C)
cisplatin aftcr premcubation of platelcts with selemte (10 nun), and adduct of selenmite with
cisplatin (Se-Pt 20 pnol/1) on thiombin-induced release of ademmne nucleotides from pig
blood platelets (n = &)
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Figure 3. The effects of selemte (1 pymol/1) and asplatin alone (20 jymol/1) (30 mm
37°C"), asplatin after preincubation of platelets with selenite (10 min) and adduct of
selenite with cisplatin (Se-Pt, 20 pmol/1) on the platelet G-actin percent, measured by
DNase I inhibition assay (n = 5)

process {Fig 14) The tested compounds showed different actions on the platelet
secretorv process Incubation of platelets with cisplatin (20 pmol/l) o1 selenite (1
pmol/l) had an inhiitory effect on thrombin-induced 1elease of ademne nucleotides
fiom the platelets, but the conjugate of selenite with cisplatin (20 pmol/l) did not
affect the platelet secietory process (Fig 2) Pie-treatment of platelets with Se-Pt
did not change the amount of released adenine nucleotides after stimulation by
thiombin Also after the ticatment of platelets with cisplatin alone (20 pmol/l,
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Figure 4. The effects of selenite (1 umol/l) and cisplatin alone (20 ymol/1) (30 mmn 37°C)
cisplatin after preincubation of platelets with selenite (10 min) and adduct of selenite with
cisplatin (Se-Pt 20 pmol/l) on MDA levels in platelets stumulateds by thrombin (1 U/mg
platelet protein, 2 mun 37°C') (n = 8)

30 mun, 37°C) the amount of G-actin 1n the platelets was observed to be 1educed
(p < 005) (Fig 3) whereas the tested compound (Se-Pt) had a shightly protective
effect on the changes in the platelet G-actin levels (Fig 3)

Thiombin (1 U/mg of platelet protein, 2 min 37°C) induced the production
i control platelets of 0 2 0 025 nmol MDA /mg platelet protemn The tested Se-
Pt compound had no effect on the production of MDA 1 platelets stimulated by
thiombin (Fig 4) Selenmite mlubited the thiombin stimulated generation of MDA,
and had a protective effect against the inhibitory action of cisplatin on this process
(Fig 4)

Discussion

Blood platelets aire anuclear cells Their activation plays an important role 1n
haemostasis Treatment of platelets with thiombin 01 other strong platelet agonists
activates multiple intiacellular signal transduction pathways that are responsible
for the physiological response of platelets including changes in platelet shape fiom
discordal to spherical, extension of filopodia, and changes in the conformation of
mtegun a3 This allows the binding of fibrinogen, and leads to aggiegation of
the platelets The aggiegation 1esponse can be monitored 1 an aggregometer Ac-
tivated platelets seciete the contents of then mtracellular granules, 1 e protemns
and adenme nucleotides Adenne nucleotides stored i the dense granules do not
paiticipate n cellular platelet metabolism, and are released into the extracellula:
medium Acttvated platelets release from membrane phospholipids free arachidonic
acid which 15 then metabolised via cyclooxygenase pathway to thiomboxane A,
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(TXA,) and malomyldialdelyde (MDA) In platelets both, TXA, and malonvl-
dialdehy de are formed m approximatelv equumolar amounts therefore MDA serves
as a mather of arachidonate metabohsm and TXA; svuthesis mn platelets Platelet
activation o 1s accompauted by 1eorgaunisation of the ¢ytosheleton and a rapid -
c1ease of actin Ailament (F-actin) i platelets

VMany pharmacological agents counteract platelet activation (aggtegation se-
cretion actin polymensation arachidonate cascade) thiough terference with spe-
afte steps 1 the signal processing cascade Cisplatin - a widels used chemothera-
peutic agent effective agast many human cancers can affect platelet function
Crsplatm was found to minbit of platelet aggregation secietion araclidonate path-
way and to «hange the platelet ¢ytoskeleton protem composition as analysed by
polyaciylamde gel electiophorests (Wachowicz and Olas 1995) This drug wduced
lipid peroaidation and fiee 1adicals generation m platelets (Wachowics 1992)

Selenium compounds selectively reduce the side-eftects of cisplatin without
affecting 1ts antitwimor activity (Shenberg et al 1989 Baldew et al 1992 Ver-
meulen et al 1993) Om ecather 1esults showed the protective cffects of sodium
selemite at nontoxac doses (01 1 jmol/l) aganst asplatin-induced platelet hpid
peroxidation and free oxvgen 1adicals generation m these cells (Wachowics and
Szwarocha 1994) Sodium selentte represents an morganw form of selemmm that
1~ widely uscd m the prevention and therapy of Se dehiciency However there 1s a
small difference bhetwecn So concentrations that are physiologically essential and
those that ate toxac to cells In doses higher than 1 gmol/l selenite causes varlous
tos1c cffects i platelets (Zbikowsha et al 1994) and the toxiaty may be due to the
formation of selenols smee selenite m the cells undergoes 1eductive metabolem In
the cell selemte 15 metabolised to selenols via selenodiglutatluone (GSSeSG) Both
1eactions procced nonensy matically if suthaent GSH 1s availlable Selenol 1s sequen-
trally methylated via methylselenol to dimethylselenide and timmethylselenonim
(Baldew et al 1992) Seclenite does not react with asplatin (Baldew et al 1992,
Beaty ¢t al 1992) but methylselenol (CH;SeH) a nucleoplulic metabolite of selen-
ite 15 able to form complex with asplatim on ;tro The chemoprotective activities
of Se compounds scem to he mamly attiibuted to the formation of selenols (Spall-
Lols 1994) In om expermments, we used a nontoxic dose of selemite (1 pmol/1)
The exposwie of pig blood platelets to sodium selenite significantly decreased the
level of both ieduced glutathione and fiee -SII groups of platelet proteins m a
tine- and dose-dependent manner (Zbikowsha et al 1994) Cisplatin, like selen-
ite  quickly reacts with thhol groups m platelets competition may exist between
selentum compounds and cisplatin for sulfhvdivl groups

Our presented results mdicate that selemte at nontoxic concentrations has pro-
tective effect aganst asplatin-induced mhibition of platelet aggregation (Figs 1.4
and 1B) When an mmproved method was used m our experiments to determine
the actin content the levels of G-actin i platelets premcubated with selenite weic
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not changed, wheireas preincubation of platelets with cisplatin caused a deciease
of G-actin The novel Se-Pt conjugate did not change the level of G-actin Cis-
platin interfering with cytoskeletal pirotemns, probably via SH gioups, seems to
affect the state of platelet actin polymensation (Fig 3) We suggest an important
role of -SH gioups in the mechanism of cisplatin and selenite action Contialy to
Se o1 asplatin action, the tested Se-Pt conjugate, did neither change endogenous
arachidonate metabolism i platelets (Fig 4) The piedominating effect of cis-
platin at the studied concentiation (therapeutic dose) 1s the inhibition of platelet
responses Owm data show (Figs 14, 1B, 2 and 4) that Se-Pt conjugate admn-
istered at the same concentiation as cisplatin (20 pmol/1) had less toxuc effects
on ADP-induced platelet aggiegation adenine nucleotides 1elease and endogenous
arachidonate metabolism 1 platelets than cisplatin alone (Figs 14, 1B, 2 and 4)
The differences i the actions of the studied compounds may be due to the different
ways of thenr metabolism 1 the cell and to reaction with thiol gioups The novel
Se-Pt secems to be potentially safe and nontoxic and thus a promising candidate
for future evaluations of 1t chemopreventive and phaimacological activities
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