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Abstract-The hypothesis that l-aryl-3-methyltriazenes (monomethyltriazenes) are the active species 
responsible for the in oioo cytotoxicity of 1-aryl-3,3-dimethyltriazenes (dimcthyltriazenes) has been 
tested irl r~itro by a comparison of the toxicity of monomethyltriazenes to a tumour which is sensitive 
to the dimethyltriazenes in c~ioo (TLXSS Iymphoma) and to one which is resistant in uirlo (TLXSR 
lymphoma). The results indicate that monomethyltriazenes are non-selectively cytotoxic. In r~itro 
activation of a dimethyltriazene by a liver homogenate and cofactors was found to produce metabolites 
which are more toxic to the TLXSS tumour than to the TLXSR whereas when a 1-aryl-3,3-diethyltriazene, 
which is not an antitumour agent, was activated in the same way. cytotoxic metabolites were generated 
but the TLXSS tumour showed no preferential sensitivity. This suggests that during metabolic activation 
of dimethyltriazenes a mixture of selective and non-selective metabolites are generated. In an in oiuo 
test the TLXSR tumour was found to be resistant to a monomethyltriazene. and it is suggested that this 
may be metabolised to an active species by the host. 

The aim of cancer chemotherapy is to bring about 
a selective inhibition of tumour cell proliferation 
with minimal effect to the host cells. At present most 
clinically used drugs effect cellular damage by indis- 
criminate cytotoxic effects on all proliferating cells. 
Typical of this type is the triazene 5-(3,3-dimethyl- 
1-triazeno)imidazole-4-carboxamide (DTIC; I) 
which is used, with only limited success, in the treat- 
ment of malignant melanoma [l]. In the first paper 
of this series [2] the biomimetic oxidation and nietab- 
olism of triazenes of structure (II), where R1 and Rz 
are conjoined in a heteroalicyclic ring, was exam- 
ined. Although these compounds exhibited unusual 
chemical and metabolic features they were, in gen- 
eral, devoid of antitumour properties. l-Aryl-3.3- 
dimethyltriazenes (II; R, = R> = Me) on the other 
hand have pronounced antitumour properties in 
experimental systems [3,4] and in this study we 
report renewed attempts to establish the nature of 
the agent(s) responsible for their selective toxicity 
towards the TLXS lymphoma growing in the mouse. 

A generally accepted hypothesis for the mech- 
anism of action of dimethyltriazenes as antitumour 
agents is that they alkylate DNA [S]. This hypothesis 
parallels that for the mechanism of their carcinogenic 
action [6] where it is proposed that host-mediated 
oxidative demethylation of dimethyltriazenes occurs 
in cko to generate monomethyltriazenes (III; R, 
= Me) [7]. The monomethyltriazenes are powerful 
methylating agents [Xl. The requirement for a host- 
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mediated metabolic activation of dimethyltriazenes 
to produce cytotoxic products was demonstrated by 
observations that the dimethyltriazenes have little 
toxicity in vitro but formed cytotoxic products when 
liver fractions and cofactors were added [3]. It was 
assumed that this system demethylated dimethyltri- 
azenes to form monomethyltriazenes, compounds 
which are directly cytotoxic in vitro; it was further 
argued that the monomethyltriazenes are the species 
responsible for the in vivo antitumour activity of 
dimethyltriazenes [3]. 

There is however, evidence which does not fully 
support this hypothesis and much of it has been 
summarised by Hansch et al. [9]. Additional evidence 
relevant to this study, is that the dimethyltriazenes 
are active in vivo against the TLXSS lymphoma, a 
tumour which has a natural resistance to alkylating 
agents, and have optimal antitumour activity when 
used in a dosage schedule which resembles that for 
an antimetabolite rather than an alkylating agent- 
that is, when given in a daily dose schedule rather 
than as a single dose, although a single dose has 
some effect [4]. Furthermore, it is difficult to explain 
the absolute requirement for a methyl group at the 
terminal nitrogen of the triazene moeity (II; R, = 
Me, R2 = Alkyl) in order to elicit antitumour activity 
since monoethyltriazenes (III; R, = Et) are also 
alkylating agents and their diethyltriazene precursors 
(II; R1 = Rz = Et) are de-ethylated by liver hom- 
ogenates [4]. Although the diethyltriazenes have 
absolutely no antitumour activity against the TLXSS 
lymphoma in vivo they have a host toxicity similar 
to dimethyltriazenes [3,4] and are carcinogens like 
the dimethyltriazenes [lo]. This suggests that com- 
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parisons of the mechanism of antitumour and car- 
cinogenic activities may not be useful in this case. 

The chemical and metabolic breakdown of dime- 
thyltriazenes is complex and may involve the gen- 
eration of a number of potentially cytotoxic species 
(Fig. l), a situation which is also true for certain 
other antitumour drugs presently in use. In order to 
identify those species which are selectively cytotoxic 
we have compared the cytotoxicity of some of these 

breakdown products to two tumour cell lines irr r+rro: 
one tumour is sensitive to the dimethyltriazenes in 
uivo (TLXSS lymphoma); the counterpart has an 
induced resistance to the effects of dimethyltriazenes 
in viva (TLXSR lymphoma). We argue that this. and 
other comparisons described below,, allow for an 
estimation of whether an agent is non-selcctivoly 
cytotoxic. and so will kill both TLXSS and TLXSR 
cells. or is selective and will kill only TLXSS cells. 

MATERIALS ANII METHODS 

Materials. The triazenes used were scnthcsised by 
literature methods [8]. Nicotimumde adenine 
diphosphonucleotide. glucose-(1.phosphate dehydro- 
gcnase and glucosc-(1-phosl~ll~~t~ \\erc purchased 
from Sigma (U.K.) Ltd. Media and serum were 
purchased from Gibco (Glasgow) I.td. 

Methods. The TLXSS lymphoma was passaged at 
seven day intervals by intraperitoneal injection of 
approximately 2 x lo’ cells into 20 g male CBA/LAC 
mice. The TLXSR lymphoma was passaged in the 
same way; this tumour had been previously made 
resistant to ethyl 5-(33dimethyl-I-triazeno)-2- 
phenylimidazole-4carboxylate [A] and was found to 
be resistant to the optimum antitumour dose of the 
dimethyltriazenes used in the present study. Cells 
were counted with a Model ZBI Coulter Counter. 

htitunmtr test. Approximately 2 x IO’ Iyn- 
phoma cells were injected subcutaneously in the 
inguinal region of 20 g female CBA/LAC mice. After 
two days drugs were administered daily for five days 
by intraperitoneal injection of 0.1 ml of a solution 
or suspension of drug made by sonication in either 
10% acetone-arachis oil or 10% dimethylsulph- 
oxide-arachis oil. The day of death of the animals, 
which were in groups of five. W;IS recorded and the 
survival time of treated animals compared with 
untreated controls. Survival time was shown to be 
proportional to the number of cells injected. 

Rioassq. Ascites cells from ;I passage of the lym- 
phoma were harvested on the seventh day. washed 
with saline and resuspended in RPM1 1640 media 
(6 parts) and horse serum (4 parts) at 2 x IO” cells 
per ml. 2ml aliquots were incubated with drugs in 

‘l‘nhlc I. Kcsults of 111 r’if:o tests 

Compound ‘l‘umoul- Optlrllllm tlow I oxic dew 

Experiment (TLXS or Per WI11 (mg’ke. (mg:‘kg, 
numb Number K K, K, 1 LXiK)-i ILS.; 5 y dail\,) 5 - kiil\) 

_~_ 

* 2 x 10’ TLXS wlls were injected \.c. into the inguinal t-e$on on day 0. Animal\ we,-c dowd daily l’rom 
day 3 to day 7 and the increase in life span of the treated ammals comlwrcd with untrcatcd controls. 

-1 TLXSS = tumour sensitive to dimethyltriazenes; TLXSR = tumour rccistant to dimcth~ltrla~er~~\ 
$ Per cent lLS = per cent increase in life span compared with contrdb. 
11 Tcsted only at optimal &se for the <en\itive (TLXSS) turnour. 
1 Only active at this dose Ic\.cl. 



Studies of the mode of action of antitumour triazenes and triazines 91 

Table 2. Bioassay results of triazenc\ and possible degradation products” 

Compound 
Experiment 

number Number R R, 

Tumour 
(TLXSS or 
TLXSR)i- 

Concentration 

(!qz/ml) 

Per cent 
ILSi 

II p-Me Me 
II p-Me Mc 
II p-COZMe Me 
II p-CO:Me Me 

III p-Me Me 

III p-Me Me 

III p-CO:Me Me 

III p-COzMe Me 

III p-Me Et 

IV p-Me 
IV p-CO?Me 
V p-COzMel - 

Sodium tetrafluoroborate 
VI p-Me - 

Me S 
Me R 
MC S 
Me R 

S 

R 

S 

R 

S 

- S 
S 
S 
S 
S 

0 
0 
(1 

0 

30 
31 
16 
35 
31 
24 
52 
28 
IS 

Cures: 
20 

9 
Cures!: 

50 
IO 
0 
0 
x 
0 
0 

* 2 x 10’ TLXS cells/ml were incubated with the stated concentrations of drugs for 2 hr at 37”. 2 
x 10 cells were then injected into animals and the increase in life span compared with animals which 
received untreated cells. 

t For definitions see Table I. 
1 Survival for > 30 days (approx. ILS = 200’%) when experiment terminated. 
1 Tetrafluorobate salt. 

Table 3. Bioassay* of triazenes with mouse liver 9,000 g homogenate and cofactors 

Compound Tumour 
Experiment (TLXSS or Concentration Per cent 

number Number R RI R2 TLX5R)i- (q/ml) ILSt 

I II p-CO,Me Me Me S 500* 19. 22. 58. 83 
II p-CO,Me Me Me R 500: 5. 2. 22, 40 
II p-CO,Me Me Mc S 1000 X0. Cur& 
II p-CO,Me Me Me R 1000 57. 8X 

2 II p-CO,Me Et Et s 500 40. 47. 38 
II p-CO?Me Et Et R 500 

3 
59. 34. 7911 

III p-CO,Me Me S 20 20 
III p-CO,Me Me S 2011 10 

* For details of method see Table 2 and Materials and Methods Section. 
t For definitions see Table I. 
$ Results for four separate parallel experiments. By Mann-Witney non parametric estimation (31 

variance P < 0.029. 
11 Without liver and cofactors mixtures. 
fi Four out of five animals with tumour: one animal either a ‘cure’ or a ‘no-take‘. 



the dark, with shaking, for 2 hr at 37”. Drugs were 
added in 50 ~1 of dimethylsulphoxide. 0.1 ml of the 
cell suspension was injected i.p. into 2Og female 
CBAiLAC mice in groups of five and the day of 
death of animals receiving treated cells compared tcj 
those which had received solvent alone. Equal cell 
numbers per ml were used when the toxicity of a 
drug was compared on the TLNIS :~ntl .fI.S.I;K 
lymphomas. 

When drugs were bioa~saycd with rhc I! ml~horn:i 
cells in the presence of liver homogenate I. I mt ol 
4 x 10’ lymphoma cells per mt were incubated \lith 
0.5 ml of Y.OOOg supernatant of ;I 31’; hcmogenate 
of CBA/LAC mouse li\,cr in Hank’< Buffer ( pl 1 7.4) 
and 0.4 ml of a solution of cofactors to ci\,c :I linat 
concentration of 5 mM MgCll and to ~~-OC~IILY I mhl 
NADPH. Incubations were done in closed tubes \\ith 
air. When the liver preparation was boilccl Iletorc 
its addition it was shown to hc inactive \\ith respect 
to both the production of formaldehyde [ 31 11-c)rn ;I 
dimethvltriazene. and the formatiorl of i.5 ti)tcl\ic 

metabolites in the bioassay. All bioas<a\< NC‘~C per- 
formed aseptically. 

RESULTS AND DISCUSSION 

It was the purpose of the experiments described 
here to attempt to dissect the overall cytotoxicity 
into elements of selective and non-selective cytotox- 
icity. In agreement with the results of other workers 
we have found that whilst 1-aryl-3.3-diinethyltri- 
azenes are active in viva (Table I. experiments I and 
2) they are without significant toxicity when incu- 

bated with the TLXSS tumour in laitro (Table 2. 
experiments 1 and 2). When incubated with TLXSS 
cells and a mouse liver 9,000g supernatant (with 
cofactors) in air. metabolism occurred to form cvto- 
toxic species (Table 3, experiment 1). When irl LTitro 
bioactivations were performed simultaneousI! with 
TLXSS or TLXSR cells the toxicity was consistentI> 
higher to the TLXSS cells and the results shown in 
Table 3 (experiment 1) suggest that the percentage 
increase in survival time (‘? ILS) seen with the 

TLXSR cells represent the action of non-sclccti\t. 
cytotoxic products whereas the greater ‘; I1.S seen 
with TLXSS cells suggests that the hioactivation s! s- 
tem is capable of producing metahotites to uhlch 
TLXSR cells are resistant. 

The probable breakdown products after oxidative 
N-demethylation in the dark of a dimethyltrlaLene 
are shown in Fig. 1. reactions (Il)+(III)--*(IV). 
An obvious candidate that ma\ he considered 
responsible for the selective in I’~L.O and if? Ctro 
cytotoxicity of the dimethyltriazencs is the mono- 
methyltriazene (III: R, = Me). Howc\.cr. It thi\ i\ 
the active selective spccics generated in. ,rlltl ~mcr~- 
ing from the liver to act at a distal site then It \vould 
be expected to show cytotoxicity to the TI.NjS Turn- 
our but to have no effect on the TLXSK tumour i/l 
oitro. This was not the case (Table 2. cxpcl imcnt\ 
3 and 4) and the almost equi\,alcnt toxIcit! to both 
tumours suggest\ that \+;hilst the monometll!~ltr~- 
azenes are cytotoxic to the TLXYS t!mphc~ma irr 
(~irro. possibly because of their chemical IcactiCt) 
as methylating agents. theit- c!,totouicit\ i\ not 
responsible for the .$&c.fic c ) J antituniour action of the 
dimethyltriazenes. 

The ift vitro cytotoxiclty ot the monotneth~ltri- 
azcnes may be due to some of their metaholites or 
chemical degradation products (Fig. I ). Two ar!Iam- 
ines (IV), a diazonium salt (1’) and ;I phenol I \‘I) 
related to the rriarenes under tc*\t \+cI-c hioa\saccd 
but had no toxicit>, at concentration\ c~~n~iclc’r-t~d 
likely to be generated i/l rGr?o (Table 2. c3pcrimcnt 
0). It i\ anyway unlikeI! that thc~ cc~nlpound~ ;I~C 
involved 111 the antitumotrr eftcct\ of thcs trl;ltcnc’\ 
when there i\ the absoluk ~reclulrcmc~nt for ;I mcth\ I 
group in the molcculc and \vhcn thc\c tlcgr;rd;ltion 
products mav also be gener;lt~d l’r-om cthyltriaLenc~\. 

The finding that the monc)rneth\ Itrlarencs ;Ire 
equally toxic ii* i’rtro to TLSIS and T‘I.MR cells did 
not extend to the irr ixil~t ~t‘\t (Table I. c\;perimcnt 
4). I Iere it was found that the Tl.SSl< tumc)ur \+;I\ 
resistant to the monomethvltria~~~ic. ;I puylling 
result which supports the hyp<)lhcsis that this i\ the 
active species responsible for \electivc cvtotoslcilv. 
Possible explanations for thi\ rc\ult. \vh-ich cc)ntl-il- 
diets the aforementioned results. ;Irc th:rt citht%r thcs 
irk r’itro bioassay is not a v;ilid \\‘\tcni c;ipabIC of 
allowing comparison betuccn 111 I 11’t/ and i/l ~,ir,-cj 
cytotoxicity and selectivity, or that i/r I,~I,O the mono- 
methyltriazenes are yet further metabotised to \t‘lcc- 
tivrlv active species. 

It isimportant to comment upon the first possihititb 
since this type of bioassay systent has been widely 
used in studies of cytotoxic drug action. Its LISC may 
be inappropriate when studies are made of the mech- 
anism of action of compounds which. like the tri- 
azenes, require regimes of repeated administration 
for optimal effect in l,iw. since in the bioassay onI> 

acute toxicity is measured. With respect to the pres- 
ent studv a comparative analysis of the results fol 
the actidities of ethyltriazenes both irl ri~‘o and i/l 
vitro is relevant 

As mentioned in the Introduction. I-;rr\I-i..:-due- 
thvltriazenes and their monorth!ltri;lLcr;c metal>- 
oljtes hare no acti\.it> on the TIX5S I\ mphc)ma it, 
rlir~j 141. This suggests that this turnou;. is naturalI> 
resistant to cthvltriazcnes irl IGCYJ. (Ail :rlternati\c 
hypothesis is that the shorter halt-li\,cs of mono- 
ethyltriazenes in cornpal-ison to their meth\ I hc~nl~l- 
logues may prevent them from attalniiig 8 \ti-tticiciitl! 
high concentration in ;I turnour: wc cori\ider ttils 

unlikelv \ince amongst the dinieth\ltri~r/enc~ $1 hich 
arc actl\.c there arc riionc)nicth~ttriarcnc :rnalogues 
which. it generated i/l /micro. II;I\.c half-li\c\ cornpar- 
able to monoethyltriazcilcs 1 I I]. ) In the bio;l\sa). 
nionomethvl- and nionc)eth\,ltr.i~i~ciic~ \\tsre totind 
to ha\r similar tcjxicity (Tahlc 7. cspcriments .3. 1 
and 5) which suggests asf;in thal eithcl the bioac\;r\ 
s\stent is incapahlc of dittcrenTi;rting tlc‘t\\ccii \c’Ic’~.- 
tivc ;~nd non-sclccti\c ;igciit\ 01 lh;lt n~c~nc~rll\! ttri- 
iilcncs in geneI-al :11-c non--\clccti\ c’ ;igcrlt\ C~iid \\ hcri 
generated in lii~~o arc I-cspon\ihle ~)nl\ for- \\holc 
animal toxicitv and not fat- antittimour cfft.ct\. 

The ability if the bioassay sy\tcm to diffcrcntiate 
between selective and noti-%clccti\ e rnct;tholitc~ \%;Is 
confirmed bv ;I comparison of the tosicir! of ;I 
dimethvl- and ;I diethyl- triarcnc irr rilro \\hen 
metabdlically activated (Table .?. experimcn~s I ancl 
2). When the dimrthyltriazene wa\ activated b\ the 
liver homogenate the TLXSS turnour provc’cl ;,l be 
more sensitive than the TI MR. :ilThou~h. a\ mt?~~- 
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tioned above, the TLXSR is affected by what must 
be non-selective cytotoxic metabolites (Table 3. 
experiment 1). In the case of the activation of the 
diethyltriazene cytotoxicity to both tumour lines was 
observed but there was no preferential toxicity to 
the TLXSS tumour (Table 3. experiment 2). This 
shows that activation of a diethyltriazene generates 
biologically-active species, as would be expected, 
but that they are not related to antitumour effects. 
Only a dimethyltriazene appears to be capable of 
forming selective antitumour metabolites and this is 
reflected in the greater sensitivity of the TLXSS 
tumour in the bioassay when compared to the 
TLXSR tumour. 

The second possibility which may explain the in 

vivo resistance of the TLXSR tumour to a mono- 
methyltriazene is that the monomethyltriazene is 
metabolised in viva. Some evidence has been 
adduced to support this possibility [12]. However, 
it should be noted that we failed to activate a mono- 
methyltriazene in the bioassay system (Table 3, 
experiment 3), and the reduction of cytotoxicity seen 
with the liver homogenate may be due to non-selec- 
tive ‘mopping up’ of the monomethyltriazene. 

In conclusion, the experiments reported here sug- 
gest that chemical species other than monomethyl- 
triazenes may be responsible for the selective anti- 
tumour effects of dimethyltriazenes. We are 
currently analysing the metabolities of dimethyltri- 
azenes which are formed in I&O under the conditions 
which give rise to selective cytotoxicity. In addition, 
we have recently focussed our attention on 1-aryl-3- 
alkyl-3-hydroxymethyltriazenes (VII; R = range of 
electron-attracting substituents, R1 = alkyl). This 
type of compound has long been postulated [7] as 
a crucial intermediate in the oxidative demethylation 
of l-aryl-3,3-dimethyltriazenes (II; R1 = R2 = Me) 
and the precursor of monomethyltriazenes (III; R, 
= Me). Hitherto, hydroxymethyltriazenes have been 

considered as exceedingly fugitive species incapable 
of significant persistance in a cellular environment. 
This is not the case however: synthetic routes have 
been developed for the preparation and purfication 
of these compounds [13.14] and we will report on 
their properties in the next paper in this series. 
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