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Abstract-Mcasurcment of the etfects of cis and truns Pt(IV)diammine tctrachloridc on the 
colony-forming ability of HeLa cells showed that the cis isomer was much more toxic than 
the trcns on a dose basis. Attempts were made to correlate the ability of cis and truus Pt(IVt 
diammine tetrachloridr to cross-link isolated and cellular DNA with their observed cyto- 
toxic properties. However the dilfercnces seen in rirro and in rim were approximately the 
same, and neither was large enough to account for the observed difference in toxicity of 
the two compounds towards HeLa cells It is thercfore concluded that it is unlikely that 
the ability of cis and trttn~ Pt( 1V)diammine tctrachloride to cross-link isolated or cellular 
DNA bears any relationship to their cytotoxic properties. 

Cis AND tram Pt(IV)diammi~e tetrachloride have been shown to differ in their ability 
to force filament formation in bacteria,* inhibit DNA. RNA and protein synthesis 
in mammalian cells” and arrest tumour growth in whole animals.3 As in the case 
of the platinum(H) compounds, the cis isomer was more active than the tnms in caus- 
ing these effects. The activity of cis Pt(IV)diammine tetrachloride against various ex- 
perimental animal tumours carried in mice,3 5 and rats’ indicates that it could be 
a useful chemotherapeutic agent. Available evidence indicates that the cytotoxic ac- 
tivities of the platinum(W) compounds are probably the direct result of their reaction 
with DNA’ rather than the consequence of RNA- or protein-mediated reactions. 

Using cultured HeLa cells. the present study has thus sought to establish whether 
or not the difference in ability of eis and f~zs Pt(IV~iammine tetra~hloride to form 
interstrand cross-links in isolated or cellular DNA could be correlated with the 
observed variation in their cytotoxic properties. 

MATERIALS AND METHODS 

Cis Pt(IV)diammine tetrachloride was provided by Professor M. L. Tobe and the 
truns isomer by Professor B. Rosenberg. 

HeLa cells were cultured, and the effects of platinum(IV) compounds on their sur- 
vival determined according to the protocol given in the first paper of this series.’ 

DNA was extracted from HeLa cells, and the extent of interstrand cross-linking 
was measured as previously described.’ 
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~fl2~t.s O/I ~11 sur~~ical. HeLa ccl1 survival was rcduccd by the amou~~ts sho~vn in 
Fig. 1 following a 2 hr treatment with cithcr cY.s or II’LIIIS Pt( IV)diamminc tctrxhlor- 

ide. D, (the intcrccpt dose) and D,, (the dose incrcmcnt rcquircd to bring about ;m 
average of 1 lethal event per cell once the exponential portion of the survival curve 
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FIG. I. Surviwl curves for treatment ol‘ tlela cells in suspension culture with cithcr c,i.s Pt(IV~di;tlllmill~ 
tctrachloridc (A). or ~WIIS Pt(IV)diamminc tctrxhloridc (UI. l’or 2 hr ;II 27 

had been reached)” values obtained from these survival curves are given in Table I. 
It is apparent from these values that much more trvu~s Pt(IV)diammine trtrachloridc 
than the cis isomer must be given to HeLa cells in order to produce the same clliict 
on cell survival. 

As in the case of the platinum( II) compounds.’ the r*is isomer is more tcjric to 
HeLa cells than the trtrr~s compound. and these observntions arc in agrccmont with 
those made in bacterial and whole animal systems.‘.“ 

DNA cross-liukinq. Figure _ s 7 410~s that the diffcroncc in the ability of ci.\ and fr~s 

Pt(IV)diammine tetrachloride to cross-link DNA in rite is not great. The LY’.+ COIN- 

pound causes about 1.5 times as much cross-linking 11s the IIYIIIS isomer at the lowest 
dose invcstigatcd. but only I .I times as much at the highest dose. This vnriancc is 
of the same order as that observed for uis and torts Pt(Il)clr;l~rimine dichloride undct 
the same experimental conditions.’ However the platinum( IV) compounds arc con- 
siderably less reactive than their platinum(l1) counterparts in this system. for as can 
be seen from Fig. 3. 50 times as much of the platinum( IV) compounds arc rcquircd 



to produce the same level of cross-linking as observed with cis and tins Pt( II)diam- 
mine dichloride. As was the case with the platinum(l1) compounds.’ the difference in 
ability of cis and rrvms Pt( 1V)diammine totrachloride to cross-link isolated DNA is 
not great enough to explain the disparity in their cytotoxic properties. In view of the 
possibility that the environment of DNA within the whole cell could alter its rcacti- 
vity towards platinum compounds. the ability of cis and frarzs Pt(IV)diamminc 
tetrachloridc to cross-link cellular DNA was measured. 

As can bc seen from Fig. 4 the 1 Z-fold difference in the ability of cis and trms 

Pt(IV)diammine tctrachloride to form interstrand cross-links in the DNA of whole 
HcLa cells is much the Same as that observed on trcatmcnt of isolated DNA (Fig. 
3). These results are to bc contrasted with those obtained for the platinum(Il) com- 
pounds. which diffcrcd far more in their ability to cross-link cellular DNA than they 
did in their ability to cross-link isolated DNA. This is apparent from Fig. 5. Further- 
more. Fig. 5 shows that the abilities of platinum(I1) compounds and platinum(lV) 
compounds to form interstrand cross-links in cellular DNA arc of the same order. 
This is in contrast to the situation obtaining irl vitro where the platinum(IV) com- 
pounds were very much less reactive than their plntinum(I1) counterpnrts.(Fig. 3). 

Concn of agent, pM 

FIG. 2 Proportion of isolated HeLa cdl DNA cross-link& hy cis Ptl IV)diamminc tetrachloridc (A) and 
WLIII\ Pt(lVkii~~mminc tctrachloritlc (AI fnllowinp trcnlmcnt in nwtral plwsplx~tc hulTcr for 2 hr at 37 
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FIG. 5. Comparison of the abilities of platinum II compounds and platinum IV compounds to cross-link 
cellular DNA. Proportion of DNA cross-linked hy 500 HIM cis Pt(ll)diammine dichloride. 500 PM rrun.s 
Pt(II)diammine dichloride. 500 PM ci.s Pt(lV)diamminc tetrachloride and 500 /tM rrun.s Pt(lV)diammine 

tetrachloride following treatment of HcLa cells in suspension culture for 2 hr at 37 

In Table 2 the concentrations of cis and trarrs Pt(lI)diammine tetrachloride and 
cis and trcms Pt(IV)diammine tetrachloridc required to produce 10 per cent cross- 
linking of isolated and cellular DNA are recorded. It can be seen that the ratios of 
the in cirro to the irr ~:it:o doses required to produce an equal amount of DNA cross- 
linking are much larger for the platinum(H) compounds than for the platinum(W) 
compounds, chiefly owing to the increased ability of the former to form interstrand 
cross-links in isolated DNA. 

TAHLI 1. 

Compound 

Dose required to 
produce IO”,, DNA 

cross-linking 
iu rilro (A) (HIM) 

Dose required to 
product IO”,, DNA 

cross-linking 
iu riro (B) (/tM) 

Ratio of 
A:B 

Cis Pt(Il)(NH1)ZC12 0.5 150 
Trtrns P~(ll)(~i.H~)~Cl~ 

I :300 
I.0 I900 I:1900 

Cis Pt(lV)(NH,),CI, 334 420 l:l’.7 
7rtrr~s Pt(lV)(NH3)JJ, 674 570 I :x.5 

DISCUSSION 

Ejjfi~fs ofz w/l .sz~~~iwl. Cis Pt( IV)diammine tetrachloride has been shown to pos- 
sess activity against the following experimental tumours: sarcoma 180,3*” leukaemia 
L12103 and reticulum cell sarcoma.’ all of which are carried in the mouse, and lym- 
phatic and myeloid leukaemias in rats.h It has also been shown to be immunosup- 
pressive,” give rise to uraemia and kidney damage’ and affect intestinal crypt cell? 
in treated animals. By contrast the rrurls isomer does not possess antitumour activity. 
nor cause toxic side effects.” These facts. together with the data presented in Fig. 1 
concerning the effects of cis and II’UIIS Pt(IV)diammine tetrachloride on HeLa cell 



survival. would suggest that the antitumour activity exhibited by ~.i.s Pt(IV)diamminc 
t~tr~l~lll~~rid~ is unlikely to he sclcctivc. but rathcr is the c~~~scyuc’z~cc ~tl’ its pcncr:l] 

c\i’totowic properties. 
I):%‘.4 c’l’o.~s-li/r~irr!f. III comparing the innctivntion of bactcriophagc T2 and ()X I74 

by nitrogen mt~stnrd Ed musl~1rd gas. Loveless and Shields li~.~nd lhal inlcrstri1nd 

DNA cross-linking was the most importilnt inactivating reaction where it \vils poss- 
iblc. a11d could bc assumed to uccount iit Icast partly for the considerably greater 
s~lisitivit~ of T2 b~l~t~ri~?pl~il~~ to thcsc rIgcnls. Noil~tly~i~ss with Iiitr~~~Ii mustard. 
CIX 174 owed some pert of its inactiv:rtion 10 the bifii~i~ti~)li~if chnractcr of the agent 
indicating that intrastrand linkiigc wuld be more cfGctivc that1 two scpnriltc alkyla- 
tions.’ ” Studies OII 111~ inactivation of bilctcriophilg~s T7 and R I7 by the platinum(11) 
COI~I~OU~~S IliI\‘c S~OWII that DNA intcrstrimd cross-linking is unlikely to hc the 
major cytotoxic lesion in lhesc OrgilIlisllls bccausc it is ii rclnlivciy inl’rquenl cvcnt. 
and it is therefore proposed that i~~tri~str~~~~d IiIlkiti~ of nucleic acid hnscs may bc the 
most iIllj~OI%illl iIlnCtiviItiIlp rGl&>Il.l ’ 

The praltor cytotoxicity oI’ di(_‘-chlorooth~l)suIphidu compared to hilIT sulphur 
mustard gas towards bacteria’ ’ NIP mi~mm~~liim CCIIS’” H’IIS ascribed to its ;tbility 
to form ;I cross-linked guaninc product. di-(~~-g~lanin-7-~l)cthyl sulphide. However 
the relative proportions of rii-(l~--guanin-7-~l)ctltyl sulphide arising from DNA intcr- 
strand cross-linkage and DNA ii~tr~Istr~iIl~i ~r~~ss-Iiilki1~~ were not determined. 

The first condition to be satisfied if DNA cross-linking is to be i1n important cyto- 
toxic reaction in the ~1s~” of the inorganic pli\tinum compounds. is that these com- 
poulids shall cxcrt their cell killing effecl by reacting directly with DNA. That this 
is probably the C;ISC hiIs been indicated by obsorvutions concerning lhc cfrccts of 
several pl~itiil~i~~i ~~~~l~l~~~~~~~ds on DNA. KNA and protein synthesis in ~l~lln~lii iminion 
AV, CCIIS. Thus. tr~~ltni~lit with low dososofactivc ~l[~tit~iti~(~ilr 1~I~~ti~~~~~ii compounds 
resulted ~1~ in inhibition of DNA synthesis. RNA and protein syithcsis being unaf- 
~cc~L\c~.~ WC lla\;c confirmed ~IICSC’ findings it1 HcL~I CCIIS.” ilnd I~;IVC ~ho\vn thitt 
ildlninistr;ltil~n of’doscs of’ c,i.s I’tfIV)diaml~~i~l~ tctrachlorid~ h:1vinp m~:tsuritblc cc11 
killing clTccts resulted in significant and persistent inhibition ol’ DNA s>nlhcsis. l-‘ur- 
tli~riii~~r~ \YL‘ have shown thiit ~~~~/~.s Pt( lV)di~ttiiIiiiIi~ t~tr~I~lli(~ri~i~ cauld alst> inhibit 
DNA synthesis ii‘trattmcnt Wits carrictt out with doses high cnou& to C;I LISL’ mcasur- 
able ccl1 killing.+ In view of the ncgligiblc cfliicts of the inorganic plittinum com- 
pounds nn RNA and protein sythcsis it would SCCIII unlikely that inhibition of DNA 
synthesis is the result oI’ RNA- or protein-lnedint~d rclctions. and thcrcforc thilt the 
cytotosic propel-tics of the inclrganic platinum co~npouncis are most probably the 
result of their direct reaction with DNA. 

IL’ DNA intorstrand cross-linking wits the most important toxic lesion introduced 
into mi~mmitli:tn cells by 111~ inorgimic platinum compounds. it might bc supposed 
that difliircnccs in the ability ol’a series of rcliltcd compounds to form DNA intcr- 
strand cross-links could bc corrclatcd with difFcrcnocs in their cytotoxic properties. 
it is apparent however that the small dill&cncc in the abilit) of his and tmw Pt( IV)- 
di~~nirnili~ t~tr~i~hl~~rid~ to cross-link isolated DNA is not great enough to account 
for the much largrr difliircnce in their cytotoxic propertics as mcasurod in the HcLa 
cell system. Ncithcr is the smitll difl?rcnce in the abilit\; of the two compounds to 

* I M. I~n~~ou anti J. .I. K~hxth. ~~npt~hl~sl~~~d ohswvalion~. . 
t .I. M. P;ISCOC ;tnJ .I. .I. Rohcrl4. unpuhlishcd rcwllc. 
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cross-link cellular DNA (whcthcr it results from similar extents of activation of cis 
and trtx~~~ ~t(IV~i~mminc tetr~chloride within whole cells to species capable of 
cross-finking DNA, or from some other rnech~~l~isrn) large enough to account for the 
difference in their abilities to kill HeLa cells. Therefore. in contrast to the situation 
obtaining in the case of the plutinum( 11) compounds.’ it would appear that the ability 
to form intcrstrand cross-links in the DNA of whole HcLn cells bears little, if any. 
relationship to the cytotoxic propcrtics of cis or ~~‘LWS Pt(IV)diammine tctrachloride. 
It is thus possible that variations in the abilities of these conlpounds to carry out 
some other bifunctional reaction. perhaps to form intrastmnd DNA cross-links or 
DNA-protein cross-links, could account for their different cytotoxic properties. 
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