
Gen Physiol Biophys (1997), 16 , 261—27z 2 6 3 

Comparative Cytotoxicity of Cisplatin, Sodium Selenite 
and Selenium-Cisplatin Conjugate [(NH3)2 P t (Se0 3 ) ] ; 
Changes of Blood Platelet Activation 

B W A C H O W I C Z A N D B O L A S 

Depaitment of General Biochemistry Institute of Biochemistry 

University of Lodz Poland 

A b s t r a c t . The cytotoxic effects of a novel compound, conjugate Se-Pt [ (NHa^Pt 
(SeOj)] on blood platelet function (aggregation, iclease of adenine nucleotides) weie 
studied Cont ia iy to the action of cisplatin oi selenite alone, [(NH3)2Pt(Se03)] did 
not inhibit ADP-mduced platelet aggiegation, thiombm-mduced íelease of adenine 
nucleotides fiom platelets, and had no effect on the metabolism of platelet aiachi 
donate The tested compound seems to be less toxic than cisplatm alone and has 
no effect on blood platelet activation 

K e y words: Blood platelets — Cisplatm — Selenite — Conjugate [ (NB^^Pt 

(Sc03)] 

Introduct ion 

Cisplatm (cis-diammiiiedichloioplatmum II CDDP) belongs to the most effective 

antineoplastic compounds among all platmum-based diugs The anti tumoi activity 

of cisplatm has mainly been at t r ibuted to its ability to form adducts with DNA 

(Kepplei 1993, Lmdauei and Holler 1996) On the other hand a vanety of adverse 

effec ts may accompany the use of this diug The side effects such as nephrotoxicity, 

bone manow toxicity, ototoxicity oi haematological toxicity aie significant, and 

p ie \en t the use of high closes of cisplatin (Lowenthal and Eaton 1996) Cisplatm 

causes haematological toxicity inducing oxidative stiess and changing the function 

of blood cells, it has an mhibitoiy effect on platelet activation (Wachowicz and 

Olas 1995 Olas and Wachowicz 1996) The detailed molecular mechanism by which 

cisplatin can damage the blood cells is incompletely understood, though it has been 

established that cisplatm induces cell membrane lipid peioxidation (Wachowicz 
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1991 Spit/ et ,il 1993 Zhang and Lmdup 1994) causes a deciease in -SH gioups 
and forms complex with glutathione (Odenhaimei and Wolf 1991 Islukawa and Ah-
Gsmaii 1993 kepplei 1993 Peiuhala and C i w e n 1993 Wichowioz <T al 1995 
Olas and Waehowie/ 1996) Satoh et al (1992) ha\e pie\iouslv d< monstiate d, that 
srli mte ( oadministiation <>nai>les the w~c of mcieasmg closes of ( DDP be< ause oi 
leduced toxi< it\ without atfoc ting tne ant i tumoi ae tivitv of the chug A deciease m 
selenium intake \ la the diet has been lepoi ted to ( nham e the toxicity of cisplatm 
.•ml it is possil)le that the diffeiences m tlie sensitn it\ of patients to C D D P o b s e n e d 
tiM\ p a i t h be dui to a disc lepaiu \ m di< t a n scleinuni intake (Baldew et al 1092 i 
flu enliaiK ( nient of Se lc\els m tin < < lis ma\ \)\d\ a íole m iedu< mg the toxic ir\ of 
cisplatm The exact mechanism undeilvmg the piotective action oi Se on cisplatm 
induced cellulai toxic its lemams u n c k a i It is possible that selenium ( g i u u as 
selenite) and cisplatin oi its metabolites niď\ mteiact with each othei and that the 
toxic it\ of these (oiii]X)unds may b< m u t u a l b i educed 

Beaty vt al (1992) sugge steel that eisplatm not only leaets with sulphui con 
taming gioups but also w ith the selemum-contammg ammo-acid den\ ative> si lenol 
I methionine The tested compound a conjugate selenite with dianmimeplatmuin 
[(NHS)2 Pt(SeOj)] cliff oi s fiom the e omineicialh available platinum eomi)lexes 
We lack jihaimacological mfoimation concerning its c\ totoxictv 

Oui eaihei íe suits íevealed that eisplatm leaets with platelet thiols (Waeho-
wie/ et al 1995 Olas and Wache)\\ic/ 1996) induces platelet lipid peioxidation 
rind inhibits antioxidative en/ymes (Wachowie/ 1991) Inoigame foim of selenium 
selenite (Se) m nontoxic doses (1 f.imol/1) has piotective effects against eisplatm 
action em platelets (Wachowie/ et al 1995) Theiefoie the aim of the piesent 
m\( stigations was te> evaluate m platelets the c\totoxie piopeities uf a noyol Se^-Pt 
conjugate [(NH3).; Pt(SeOj)] and to eompaie the obtained le'sults with the known 
actum e)f cisplatm and selenite1 at nontoxic cemcentiations on platelet a c t u a t i o n 
We stuelied the e'ffects of Se Pt conjugate on platelet aggiegation secietion and 
aiachidonate metabolism m mim 

M a t e r i a l s a n d M e t h o d s 

ChcniK ali> 

Cisplatm sodium selenite, benzamidme, phenylmethylsulfoiryl fluoiide (PMSF) 
DNasc I, DNA t>pe I, guanidme HCL, leupeptm and adenosine t r iphosphate weie 
obtained fiom Sigma (St Louis MO, L^SA) Conjugate of selenium with cisplatm 
[(NH3) 2 P t ( S e 0 3 ) ] synthesised at the Inst i tute of P i n e Chemicals Lachcma Bino 
(batch no 290592) was a gift obtained fiom Piof V Ivleinwachtei (Inst i tute of 
Biophysics Czech Academy of Sciences, Bino) Bovine thrombin was purchased 
fiom Polfa (Poland) 
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Isolation of blood platelets 

Human blood was collected into one-tenth volume of sodium citrate from a forearm 
vein through an 18 gauge needle Pig blood was collected into ACD solution (citric 
acid/ci t ia te /dextrose) 5 1 v/v Platelets were isolated by differential centnfugation 
of blood (20 min, at 200 x g) The platelet-rich plasma was then centnfuged foi 
20 mm at 1000 x g to sediment platelets The resulting pellet was resuspended in 
the modified Ca 2 +-f iee Tyiode's buffer (140 mmol/ l NaCl, 10 mmol/1 glucose and 
15 mmol/1 Tris/HCl, pH 7 4), and the platelets were subsequently washed three 
times with the same buffei The entire washing piocedure was peifoimed in plastic 
tubes and earned out at room temperatuie Platelet protein was estimated by a 
modified Lowry method (Vatassaiy and Smith 1987) 

Human platelet aqgregation 

The aggiegation was measured by platelet tuibidity, with 0% aggregation cah-
biated as the absoibance of platelet-rich plasma (PRP) and lOO'X aggiegation 
calibrated as the absoibance of platelet-pooi plasma ( P P P ) The aggiegation of 
human platelets in íesponse to ADP was íeeoided at 37°C at a s tnr ing la te of 
1000 ipm using a Laboi APPACT dual-channel aggregometei Foi this puipose, 
275 /il samples of P R P (2 7 x 108 platelets/ml) weie transferred into cuvettes aftei 
pieincubation foi 30 mm at 37°C with cisplatm at the concentration of 20 /niiol/1 
oi conjugate of selenite with cisplatm (Se-Pt) (20 /imol/1), selenite (1 //mol/1 10 
mm) oi without these compounds (control), and 10 //l ADP was then added to 
the hnal concentiation of 10 /tmol/1, and the extent of platelet aggiegation was 
measured 

Analysis of G-actm content m human platelets 

Contiol human platelets and platelets after 30 mm preexposure to conjugate of 

selenite with cisplatm (20 //mol/1), cisplatm alone (20 /miol/1, 30 min) oi selen

ite alone (1 /imol/1. 10 mm) at 37°C weie activated by th iombm (0 01 U / m g of 

platelet piotem, 2 mm), then lysed with an equal volume of pH 7 4 buffer contain

ing 2% Tnton X-100, 10 mmol/1 EDTA, 100 mmol/1 Tns-HCl, 2 m g / m l leupeptm, 

100 mmol/1 benzamidme and 2 mmol/1 PMSF For inactivated samples, 100 /il of 

platelet suspension in a small microcentiifuge tube was lysed as described above 

Samples weie assayed in tnphcate immediately aftei lysis by mixing a small aliquot 

with a DNase buffer, pH 7 4, at a 1 1 latio, containing 10 / ig/ml deoxynbonuclease 

I, 0 1 mmol/1 CaCl2 , 10 /tmol/1 P M S F and 50 mmol/1 Tns-HCl Twenty //l were 

immediately mixed with 3 ml of a deoxyiibonucleic acid buffer, pH 7 4, containing 

40 / img/ml DNA type I, 1 8 mmol/1 CaCl2 , 4 mmol/1 M g S 0 4 and 100 mmol/1 

Tns-HCl The íeaction rate was approximately 10~3 absorbance units at 260 nm, 

and the change m absorbance was recorded in a Model UV Beckman DU62 Spec-

t iophotometei The total actm content of the sample was determined by incubating 
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a Used sample with an equal volume of denaturing buffer pH 8 4 containing 1 5 
mol/1 guanidme H O 1 mmol/1 sodium adenosine tr iphosphate 1 mol/1 sodium 
acetate 6 mmol/1 CaCL, and 20 mmol/1 Tns-HCl for 5 to 15 mm on ice, and as-
saving as abo\e The denatuimg buffei causes disassembly of F-actm into G-actin 
Peieentages of G actm weie calculated by dividing the icdative inhibition of DNase 
ac tu i t \ of the lysed samples b\ the relative inhibition of the denatured sample 
(Fox et al 1981) 

Release of ademnt nurleotuUs fiom piq blood platelets 

Aftei piemcubation with thiee diffeient tested compounds, the suspensions of pig 
j)latelcts weie a c t u a t e d In thrombin at the high concentration which induces the 
platelet sccietoľv piocess (10 L/mg of platelet piotem) for 2 mm at 37°C The 
platelet suspension without the tested compounds seived as a contiol Adenine nu
cleotides weie estimated spectiophotometncally m the supernatants obtained after 
centnfugation of a c t u a t e d platelets To the supernatant equal volume of HCIO4 
(1 2 mol/1) was added centnfuged and the absoibance was measured 111 the cleai 
suijcinatant at 260 urn The amount of íeleased adenine nucleotides was expressed 
as peicent of total platelet adenine nucleotides (Wachowicz 1987) 

D< termination of malonyldialdehyd( (MDA) in thrombin stimulated pig platelets 

The suspensions of pig platelets m buffeicd saline (contiol and premcubated for 
diffeient time s w ith cisj)latm selenite and conjugate of cisplatin with selenite) weie 
incubated foi 2 mm at 37°C with bovine thiombm (1 U/mg of platelet piotem) 
at a coneentiation able to stimulate the aiachidonate cascade The incubation was 
stoj^ecl by cooling the samples in an ice bath 

Samples of thiombm-aetivated platelets (m the absence of and aftei pie 
t ieatmcnt with the tested compounds) weie tiansfeiied to an equal volume of 
20'/ (\/y) cold tiichloioacetie acid 111 0 6 mol/1 HC1, and centnfuged at 1200 x g 
foi 15 mm One volume of cleai supernatant was mixed with 0 2 \olume of 0 12 
mol/1 thiobaibi tunc acid 111 0 26 mol/1 T n s at pH 7 0, and immersed 111 a boiling 
watei bath foi 15 mm \bsoi banco at 532 11m was measured, and the results were 
expiessed as nmoles of malonyldialdehyde (MDA) (Smith et al 1976, Wachowie/ 
1984) 

The data aie jnesented as means of averaged íepbcates ± S D Statistical 
a n a h s i s was peifoimed using Student s ŕ-test foi paired d a t a 

R e s u l t s 

T-ypical \DP-induced aggregation of human platelets (control platelets and pla
telets piemcubated with CDDP (20 //mol/1) and selenite (1 /imol/1) or Se-Pt (20 
//mol/1)) is piesented 111 Fig 1 4 Cisplatm (20 /tmol/1) alone caused a significant 

file:///olume
file:///bsoi
file:///DP-induced


Cytotoxicity of Cisplatin, Selenite and Se-Pt Conjugate 2 6 7 

control 
Se 
Se-Pt 

CDDP + Se 

CDDP 

12 
Time (min) 

Figure ÍA. Typical ADP-mduced aggregation of human platelets (control platelets 
platelets preincubated with CDDP (20 //mol/1), selenite (1 //mol/1) (30 mm, 37°C) cis
platin after preincubation of platelets with selenite (10 mm) or Se-Pt (20 //mol/1) (// = 5) 
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Figure I B . The effects of cisplatm alone (20 //mol/1) (30 mm, 37°C), cisplatm after 
preincubation of platelets with selenite (10 mm) and adduct of selenite with cisplatm 
(Se-Pt, 20 /tmol/1) on ADP-mduced human platelet aggregation (it = 5) 

inhibition of the ADP-mduced platelet aggregation (p < 0 01) (Figs IA and IB) 

After pieexposure of platelets to selenite (1 //mol/1, 10 mm), the inhibitory effect 
of cisplatm on platelet aggregation was decieased (p < 0 05) (Figs \A and IB) 

Selenite alone, and conjugate of selenite with cisplatm (Se-Pt) had no effect on this 
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CDDP 
F i g u r e 2. T h e efľec ts of selenite (1 //mol/l) and eisplatm alone (20 //mol/1) ( 30 m m 37°C) 
cisjjlatm aľt< i J3iein< ubat ion of jjlatek t s with selemtc (10 min) , a n d adduct of selenite with 
cisplatin (Se-Pt 20 //mol/1) on thioinbin-mduced release of adenine nucleotides horn pig 
blood platelets (n = 8) 

os 

• control 
• Se 
• CDDP 
• CDDP+ Se 
• Se-Pt 

CDDP 
F i g u r e 3. T h e effects of selenite (1 //mol/1) and cisplatm alone (20 //mol/1) (30 m m 
37°C), cisplatin after preincubat ion of platelets with selenite (10 m m ) and a d d u c t of 
selenite with cisplatin (Se-Pt, 20 //mol/1) on the platelet G-actm percent, measured by 
DNase I inhibition assay (rz = 5) 

piocess (Fig L4) The tested compounds showed diffeient actions on the platelet 
secietoiv piocess Incubation of platelets with cisplatin (20 /tmol/1) oi selenite (1 
/tmol/1) had an mhibitoiy effect on thrombm-induced release of adenine nucleotides 
fiom the platelets, but the conjugate of selenite with cisplatm (20 /tmol/1) did not 
affect the platelet secietory piocess (Fig 2) Pie-treatment of platelets with Se-Pt 
did not change the amount of released adenine nucleotides aftei stimulation by 
thiombm Also aftei the tieatment of platelets with cisplatm alone (20 //mol/1, 
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F i g u r e 4 . The effects of selenite (1 //mol/1) and cisplatin alone (20 //mol/1) (30 m m 37°C) 
cisplatin aftei preincubat ion of platelets with selenite (10 mm) and adduct of selenite with 
cisplatm (Se-Pt 20 //mol/1) on MDA levels in platelets s t imulateds by th rombin (1 U / m g 
platelet jirotein, 2 m m 37°C) (?? = 8) 

30 mm, 37°C) the amount of G-actm in the platelets was observed to be íeduced 

(p < 0 05) (Fig 3) whereas the tested compound (Se-Pt) had a slightly protective 

effect on the changes in the platelet G-actm levels (Fig 3) 

Th iombm (1 U / m g of platelet piotem, 2 mm 37°C) induced the production 

in contiol platelets of 0 2 ± 0 025 nmol MDA/mg platelet protein The tested Se-

P t compound had no effect on the production of MDA in platelets stimulated by 

thiombin (Fig 4) Selenite inhibited the th iombm stimulated generation of MDA, 

and had a piotective effect against the mhibitoiy action of cisplatin on this piocess 

(Fig 4) 

Discuss ion 

Blood platelets aie anucleai cells Their activation plays an impoi tant íole in 

haemostasis Treatment of platelets with th iombm oi othei strong platelet agonists 

activates multiple mtiacellulai signal transduction pathways that are responsible 

foi the physiological response of platelets including changes in platelet shape fiom 

discoidal to spherical, extension of filopodia, and changes in the confoimation of 

mtegim QnbÄ This allows the binding of fibimogen, and leads to aggregation of 

the platelets The aggiegation íesponse can be momtoied in an aggregometer Ac

tivated platelets seciete the contents of then mtiacellulai gianules, i e piotems 

and adenine nucleotides Adenine nucleotides stoied m the dense gianules do not 

pait icipate m cellulai platelet metabolism, and aie released into the extracellulai 

medium Activated platelets release fiom membrane phospholipids free arachidomc 

acid which is then metabolised via cyclooxygenase pathway to th iomboxane A2 
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(TXA2) and malom ldialdeln do í MDA) In platelets both, TXA2 and malonvl-

dialdelu dc a ie foi med m appioximatelv eqmmolai amounts theiefoie MD \ sei \es 

as a maikei of aiachidonate mrtabolism and TXA2 s\nthesis 111 platelets Platelet 

ac tua t ion o is accompanied by leoiganisation of the cvtoskeleton and a rapid 111-

c lease of actm filament (F-aetin) 111 platelets 

Maiu phaimacological agents counteiaet platelet activation (aggiegation se-

(let 1011 ac tm poh mensation aiachidonate cascade") t luough luteifeience with spe-

c ífic steps 111 the signal piocessing cascade Cisplatin a wideh used chemothcra-

j)Cutic agent effectue against main human cancels can affect platelet function 

C isplatm was found to inhibit of platelet aggiegation sec íetioii aiachidonate path

way and to diange the platelet cvtoskeleton ])iotom composition as anahsed by 

p o h a n y launch1 gel eleetiophoiesis (Wachowicz and Olas 1995) This drug induced 

lipid i)oioxidation and fiee ladieals generation m platelets (Wachowie/ 1992) 

Selenium e (impounds selectneh icduce the side-efieets of cisplatin without 

affecting its antitumoi aetnity (Shenl)eig et al 1989 Baldew et al 1992 Y01-

meuleu et al 1993) Oui cvuhei íesults showed the p iotoctuo effects of sodium 

selenite1 at nontoxic doses <() 1 1 //mol/1) against c lsplatm-indueed platelet lipid 

peioxidation and fiee oxygen ladieals geneiation 111 those1 cells (Wachowie/ and 

Szwaiocka 1994) Sodium selenite lepiosents an moiganic foi 111 of selenium that 

is wideh used 111 the pie\ention and therapy of Se deficiency Howe\ei there is a 

small diffonnee between Sc c oncentiations that aie pin siologically essential and 

those1 that aie toxic to cells In doses higher than 1 //mol/1 selenite cause's \ a n o u s 

toxic effects 111 platelets (Zbikowska et al 1994) and the toxicity ma\ be due1 to the 

formation of selcriols since selenite 111 the cells undeigoes loductno metabolism In 

the cell selenite is metabolised to selcriols Ma selenodiglutathioue (GSSoSG) Both 

íoac tions piocc ed nonem/v matic alh if suffic lent GSH is available Seleuol is scquen-

tialh metlrylatecl \ i a metlu lselenol to dimetlnlselemde and timietln Iselcrionmm 

(Baldew et al 1992) Selenite does not íeact with eisplatm (Baldew et al 1992, 

Beaty c t al 1992) but methylselonol (CHjSeH) a liucleophihc metabolite of selen

ite1 is able to foini complex with eisplatm 111 mho The ehemopioteetne ac tmt i e s 

of Se compounds seem to be mamh a t tnbu ted to the1 foimation of selcriols (Spall-

hol/ 1994) In oui expeiimonts, we used a nontoxic dose of selenite (1 //mol/1) 

The exposuie of pig blood platelets to sodium selenite significantly decieased the 

level of both 1 educed glutathione and fiee -SH gioups of platelet piotems 111 a 

time- and dose-dependent mannoi (Zbikowska et al 1994) Cisplatm, like selen

ite quiekh leaets with thiol gioups 111 platelets competition may exist between 

selenium compounds and cisplatm foi sulflrvchyl gioups 

Oui piosonted íesults indicate that selenite at nontoxic c oncentiations has pio-

t ec tne effect against c lsplatin-mducod inhibition of platelet aggiegation (Figs L4 

and 12?) When an impioved method was used 111 oui expciiments to deteimine 

the actm content the levels of G-actm 111 platelets piemcubated with selenite weie 
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not changed, wheieas pieincubation of platelets with cisplatin caused a deciease 
of G-actm The novel Se-Pt conjugate did not change the level of G-actin Cis
platin mteifeiing with cytoskeletal piotems, probably via SH gioups, seems to 
affect the state of platelet actm polymeiisation (Fig 3) We suggest an important 
íole of -SH gioups m the mechanism of cisplatm and selenite action Contiaiy to 
Se 01 cisplatm action, the tested Se-Pt conjugate, did neither change endogenous 
aiachidonate metabolism m platelets (Fig 4) The piedominatmg effect of cis
platm at the studied concentiation (theiapeutic dose) is the inhibition of platelet 
responses Oui data show (Figs 14, IB, 2 and 4) that Se-Pt conjugate admin
istered at the same concontiation as cisplatm (20 //mol/1) had less toxic effects 
on ADP-mduced platelet aggiegation adenine nucleotides íelease and endogenous 
aiachidonate metabolism m platelets than cisplatm alone (Figs 1 4, IB, 2 and 4) 
The differences m the actions of the studied compounds may be due to the different 
ways of then metabolism m the cell and to reaction with thiol gioups The novel 
Se-Pt seems to be potentially safe and nontoxic and thus a piomismg candidate 
foi futuie evaluations of its chemopieventive and phaimacological activities 

A c k n o w l e d g e m e n t s . We with to t h a n k Professor V Klemwachter (Academy of Sciences 
of t h e Czech Republic) for 1he donation of conjugate [ ( N H ; ) 2 P t ( S e 0 3 ) ] used in this s tudy 
and Professor C Ciennewski (Medical Univeisity of Lódz) for his assistance with the 
aggiegation studies 
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