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Abstract—The metabolism of 1-(4-acetylphenyl)-3.3-dimethyltriazene has been studied in vivo and in
vitro in mice. This dimethyltriazene was extensively metabolised in vivo and HPLC analysis of the
plasma revealed the presence of two metabolites, the monomethyltriazene, 1-(4-acetylphenyl)-3-meth-
yltriazene, and the arylamine, 4-aminoacetophenone. The dimethyltriazene was also biotransformed
in vitro by a 9000 g fraction of mouse liver homogenate to products which were selectively toxic to
TLXS lymphoma cells. HPLC analysis of the products of in vitro metabolism under these conditions
showed the presence of the monomethyltriazene but in an amount insufficient to account for the
observed cytotoxicity. The monomethyltriazene was itself rapidly biotransformed by a 9000 g fraction
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of mouse liver homogenate, and by isolated mouse hepatocytes.

Considerable evidence has accumulated to corro-
borate the theory that 1-aryl-3,3-dimethyltriazenes
are prodrugs—that is, they only develop antitumour
efficacy after biochemical transformation in vivo
[1,2]. The events leading to the emergence of anti-
tumour activity are still not completely understood
but the balance of published evidence points to the
active moeities being 1-aryl-3-methyltriazenes which
are known to methylate biologically significant
nucleophiles [3]. Thus, in the case of the dimethyl-
triazene used in the present work this would imply
an activation sequence (I)— (II)— (III) with the
arylamine (IV) being the by-product of the methyl-
ation reaction (Fig. 1). However, in an earlier paper
in this series [2] we showed that monomethyltri-
azenes were equitoxic in vitro to mouse TLXS lym-
phoma cells which were either sensitive (TLXSS) or
resistant (TLX5R) to dimethyltriazenes in vivo; they
do not exhibit the discriminating selectivity observed
with dimethyltriazenes, which, when incubated in
vitro with TLXS lymphoma cells together with a
mouse liver homogenate (9000g fraction) and an
NADPH generating system, liberate cytotoxic
species which are more toxic to the sensitive lym-
phoma than the resistant variant [2]. We argued that,
under these specific bioassay conditions, cytotoxic
species other than monomethyltriazenes were gen-
erated and that these species were possibly respon-
sible for the selective antitumour effects of dime-
thyltriazenes observed in vivo.

In the present study we have examined the metab-
olism of 1-(4-acetylphenyl)-3,3-dimethyltriazene (I)
both in vitro under the conditions of the bioassay
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used previously [2] or in the presence of isolated
mouse hepatocytes, and in vivo in the mouse. Using
a novel HPL.C system to separate and quantitatively
estimate the dimethyltriazene substrate (I) and its
metabolites we have been able to positively identify,
for the first time, a monomethyltriazene (I1I)
amongst the products.

MATERIALS AND METHODS

Chemicals. Triazenes were synthesised by litera-
ture methods [3]. 4-Aminoacetophenone was pur-
chased from BDH Chemicals Ltd. (Poole. U.K.).

Tumours. The TLXS5S lymphoma sensitive to
dimethyltriazenes in vivo and TLXS5R lymphoma
resistant to dimethyltriazenes in vivo were those
used in a previous study [2].

In vitro—in vivo bioassay. This has been described
previously [2]. It is worthwhile noting that biotrans-
formation experiments performed with a 9000 g frac-
tion of mouse liver homogenate and an NADPH
generating system were conducted in closed 25 ml
universal tubes (Flow Laboratories Ltd, Irvine,
U.K.) and not under the forced oxygenation con-
ditions employed by other workers [1, 4, 5].

Isolation of mouse liver cells. Female C57 Black
mice (20-25 g) were anaesthetised with pentobarbital
(100 mg/kg i.p.) and liver cells were obtained as
described by Renton et al. [6] including the perfusion
of the liver in a retrograde fashion. Cells were
counted in a Biirki chamber after staining them with
a solution of 0.1% trypan blue in physiological salt
solution. The total yield fluctuated between 4 and
6 X 107 cells per mouse. Viability, as measured by
the ability of the cells to exclude trypan blue. was
65-80%. Cells were suspended in Krebs—Henseleit
buffer [7] containing 1% bovine serum albumin satu-
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Fig. 1. Proposed metabolic activation of 1-(4-acetylphenyl)-3,3-dimethyltriazene.
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rated with oxygen and were used within 1 hr after
isolation.

Hepatocyte incubations. The metabolic incubation
mixtures consisted of 9 ml of Krebs—Henseleit buffer
with 1% bovine serum albumin and 1ml of foetal
caif serum and contained 2 X 107 cells. The substrates
were added in 0.1 ml acetone and the final concen-
tration of triazenes was 50 uM. The presence of the
drugs at this concentration did not affect the viability
of the hepatocytes. Control incubations contained
substrate, buffer, serum and cells which had been
inactivated by boiling for 30sec. Incubations were
performed in a shaking water bath in an atmosphere
of oxygen containing 5% CO,. Under these condi-
tions the hepatocytes maintained unchanged viability
for at least 120 min. Aliquots of 1 ml of the incu-
bation mixtures were removed at different time
intervals (t =0, 10, 20, 40 and 80 min.) and were
deproteinized by addition of 1ml of ice-cold ace-
tonitrile followed by centrifugation. Samples were
then injected into the HPLC column.

In vivo metabolism  experiments.  1-(4-
Acetylphenyl)-3,3-dimethyltriazene was dissolved in
arachis oil and injected i.p. into female C57 Black
mice and the animals were killed after 15, 30, 60 and
120 min. At each time interval the blood of four
mice was collected separately into heparinised con-
tainers. After centrifugation the plasma was diluted
with an equivalent volume of ice-cold acetonitrile.
Prior to analytical determination the samples were
centrifuged to precipitate proteins.

HPLC analysis. 1-(4-Carboxamidophenyl)-3.3-
diethyltriazene was added as a marker to extracts of
the hepatocyte supensions or plasma samples. A
Waters Chromatograph Model 440 fitted with a
254 nm absorbance detector and a Lichrosorb RP18
column (Merck, Darmstadt, West Germany) was

used Senaration of triazenes and 4- amlnnam:fnnhp_

used. Separation of triazenes and 4-aminoacetoph
none was achieved with an isocratic solvent system

of 35% aqueous acetonitrile containing diethylamine
(N NS0ZY Tha Anw rata wac 1 §ml/min. The limitg

\U.UJ /Ul- L11IC 1JUVY 1Al yWaAS 1.0 L1145 3raldl. A 13 AREEIILS
of detection were 0.2 ug/ml for the triazenes and

0.3 ,ug/ml for 4- aminoacetophenone The reprodu-

~ilasl ~f thn
\AUulL_y of tne acyalauuu was tested b oy determ mining

the mean peak area ratios of four concentrations
(0.5, 1.0, 2.5 and 5 ug/ml) for the dimethyltriazene

(I), the monomethyltriazene (III) and arylamine
(IV) The S.D. obtained with four separate deter-

llllIldllUllb was lCDb l.lldIl J/O Ul I.llC imceain 1Ul l.llC
triazenes, and less than 7% for the arylamine.

RESULTS

Antitumour tests. In standard antitumour tests
using the mouse TLXS5 lymphoma in vivo [2] the
dimethyltriazene (I, Fig. 1) showed optimal antitu-
mour activity against the sensitive strain (TLXSS)
at 40mg/kg to give a 56% increase in survival time
(IST). In an exactly parallel experiment, but using
the resistant line (TLX5R), only a 6% IST was
observed.

In vitro—in vivo bioassays. The results of bioassays
are recorded in Table 1. Experiments 1 and 2 with
the dimethyltriazene (I) confirm previous observa-
tions [2] that dimethyltriazenes have no cytotoxicity
to the TLXSS and TLX5R lymphoma, but are acti-
vated by incubation with a 9000 g fraction of mouse
liver homogenate and cofactors to afford product(s)
which are more toxic to the TLX5S lymphoma
(experiment 3) than to the TLXSR (experiment 4).
In contrast, the monomethyltriazene (III) is directly
toxic towards the TLXSR tumour (experiments 5-7)
and extrapolation from these results implies that the
23% ILS registered against the TLX5R tumour when
the dimethyltriazene is activated (experiment 4)
would be equivalent to the generation, by metab-
olism, of approximately 60 ug/ml of the monoethyl-
triazene. (The assumption is made that the mono-
methyltrrazene is the sole species responsible for
cytotoxicity.)

Metabolism experiments. Under cor ditions when

activation of the drmethyltrlazene to cytotoxic prod-
ucts by a 9000 g fraction of mouse liver homogenate

can be achieved (Table 1, experiments 3 and 4),

HPLC analysis (Fig. 2) of the metabolism mixture
at various time intervals confirmed the presence of
tha manamathultriozanae Haowaoeuvar whan con
lll\-r lllUllUlll\rlllyllllﬂLbllb llUWL/V\«l, ¥iivll ll lb LoulL-
sidered that these conditions engender cytotoxicity
to the TLX5R tumour equivalent to the effects
elicited Uy 60 Mg/uu of ruonomemyuriazene \\,al\,u-
lated from experiments 5~7) the actual quantity of

monomethyltriazene formed (< 2.0 ug/ml) is puz-

able icassa azenes against TLX5 lymphoma
Experiment Compound Concentration Tumour Per cent
number (special conditions) (ng/ml) typet ILS
1 I 500 TLXSS 0
2 I 500 TLX5R 0
3 I 500 TLX5S 38
(9000 g + cofactors)
4 1 500 TLX5R 23
{9000 g + cofactors)
5 I 25 TLX5R 6
6 1 50 TLXSR 16
7 11 100 TLX5R 47

* 2 X 10° TLXS5 cells/ml were incubated with the stated concentrations of drug for 2 hr at
37°. 2 X 10° cells were then injected into animals and the increase in life span (per cent ILS)
compared with animals which received untreated cells.

1 For definitions see Materials and Methods.
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Fig. 2. High pressure liquid chromatogram of (a) a solution
of 4-aminoacetophenone (A), 1-(4-acetylphenyl)-3-meth-
yltriazene (MMT), marker 1-(4-carboxamidophenyl)-3.3-
diethyltriazene (M), and [-(4-acetylphenyl)-3.3-dimethyl-
triazene (DMT), and (b) an extract of a 9000 g mouse liver
preparation incubated with 2.5mM 1-(4-acetylphenyl)-
3,3-dimethyltriazene under the conditions of the bioassay
[2] after 60 min incubation. The concentration of MMT in
the incubation mixture was less than | ug/ml.

zlingly low. One can assume that cytotoxicity towards
the TLXSR cells is due to the monomethyltriazene.
since these cells are resistant to the, as yet, uniden-
tified active species formed by metabolism of the
dimethyltriazene in vivo. This is reflected in the
enhanced cytotoxicity of the activated dimethyltri-
azene to the TLXS5S cells (Table 1, experiment 3)
compared to the TLXS5R cells (experiment 4). The
monomethyltriazene (II1) can itself potentially give
rise to a series of chemical degradation products, for
example 4-acetylbenzenediazonium ion, 4-hydroxy-
acetophenone, 4-aminoacetophenone (IV) and 1,3-
di-(4-acetylphenyD)triazene(VI). The latter com-
pound, the product of a ‘diazomigration” reaction
[3], was readily formed when the monomethyltri-
azene was chromatographed on alumina or silica gel
thin layer chromatography plates, but not when a
solution of the monomethyltriazene in phosphate
buffer (pH 7.4) was allowed to decompose at 37°.
In the latter case 4-aminoacetophenone was the sole
u.v.-absorbing product as adjudged by the identity
of the U.V. spectrum of the totally degraded mono-
methyltriazene solution with that of spectrum of
authentic amine.

P. FARINA et al.

@
O
I

60~

Concentration of MMT, ug/ml

ry
(s}
T

#
‘\ S

!
10 2C
Incubation time, min

O

Fig. 3. Metabolism of 1-(4-acetylphenyl)-3-methyltriazene
by a mouse liver 9000 g fraction. 0.5 mM methyltriazene
was incubated with liver homogenate cquivalent to .2 ¢
of liver in Earl's buffer with cofactors generating 1 mM
NADPH and with 3 mM MgCl. under access of air. The
methyltriazene was determined in mixtures of the liver
fraction with () and without (@) cofactors and in buffered
solutions of the cofactors without the 9000g super-
natant (M).

However, although these chemical degradation
products have not been examined for activity against
the TLX5S and TLXS5R tumours in the present study,
structurally related compounds have been shown to
have no significant cytotoxicity when tested under
comparable conditions [2]. One attractive explana-
tion for the discrepancy between observed cytotox-
icity of the activated dimethyltriazene to the TLX5R
cells and the low amounts of monomethyltriazene
found in the bioassay incubation mixture is that the
monomethyltriazene is, in fact, generated in sub-
stantial amounts but is then further metabolised,
perhaps to another cytotoxic species. This possibility
has been advanced by ourselves [2] and by Pool [§]
and is supported here by the observation that the
monomethyltriazene is indeed a substrate for further
metabolism by a 9000 g fraction of mouse liver hom-
ogenate (Fig. 3) Alternatively. levels of free mono-
methyltriazene may be depleted by interaction with
cellular nucleophiles thus leading to the formation
of the arylamine metabonate (IV) which was also
detected (HPLC) in the products of metabolism
under the conditions of the bioassay.

Metabolism of the dimethyltriazene to monome-
thyltriazene and arylamine was also observed in sus-
pensions of isolated mouse hepatocytes (Fig. 4): this
system was also capable of further metabolising the
monomethyltriazene (Fig. 5). In the latter case con-
trol experiments indicated that disappearance of
monomethyltriazene was a truly metabolic process
since nucleophile promoted chemical degradation of
the substrate in the manner illustrated in Fig. 1 was
comparatively slow. For example, the half-life of the
monomethyltriazene in Krebs buffer at 37° was
107 min and in the presence of hepatocytes inacti-
vated by heating 6! min (Fig. 5).
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Fig. 4. Metabolism of 1-(4-acetylphenyl)-3,3-dimethyltri-
azene by isolated mouse hepatocytes. The initial concen-
tration of the triazene was 0.05 mM, the hepatocyte con-
centration was 2 X 10¢cells/ml. Symbols indicate the
disappearance of the dimethyltriazene (@), and the appear-
ance of the metabolites 1-(4-acetylphenyl)-3-methyltri-
azene (%) and 4-aminoacetophenone (A ). Values are the
mean of two experiments.

An HPLC analysis of plasma collected 30 min after
the i.p. injection of dimethyltriazene into mice con-
firmed the presence of monomethyltriazene and
arylamine (Fig. 6). Plasma concentrations measured
after administration of the optimum in vivo anti-
tumour dose (40 mg/ml) afforded estimates of the
areas under the plasma concentrations vs time curve
for the drug and its metabolites up to 2 hr after drug
administration. These values, calculated by the trap-
ezoidal rule [9], were very similar: 100 gg/min/ml for
the dimethyltriazene; 98 ug/min/ml for the mono-
methyltriazene; and 91 ug/min/ml for the arylamine.
No monomethyltriazene was detected in the plasma
2 hr after drug administration (Fig. 7).
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Fig. 6. High pressure liquid chromatogram of extracts of

mouse plasma samples 30 min after injection of (a) 1-(4-

acetylphenyl-3,3-dimethyltriazene (40 mg/kg) dissolved in

arachis oil, and (b) arachis oil. For the explanation of the

peak identifying letters see legend of Fig. 2. Details on the

sample preparation and chromatography under Materials
and Methods.

DISCUSSION

That tumour-inhibitory and carcinogenic dime-
thyltriazenes undergo oxidative N-demethylation to
monomethyltriazenes, which may be the ultimate
cytotoxic or carcinogenic species, was originally pro-
posed by Preussman in 1969 [5] and has since been
supported by several studies [1, 4, 8, 10, 11]. How-
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Fig. 5. Metabolism of 1-(4-acetylphenyl)-3-methyltriazene by (a) isolated mouse hepatocytes, and (b)

by hepatocytes inactivated by heating. The graphs show the disappearance of the monomethyltriazene

(@) and the appearance of 4-aminoacetophenone (A). The initial concentration of the monomethyl-

triazene was 0.05 mM, the hepatocyte concentration of 2 x 10° cells/ml. Values are the mean = S.E.M.
of three experiments.
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Fig. 7. Plasma concentrations of 1-(4-acetylphenyl)-3,3-

dimethyltriazene (@) and its metabolites 1-(4-

acetylphenyl)-3-methyltriazene (X ) and 4-aminoacetophe-

none (A) in mice after i.p. administration of 40 mg/kg of

the dimethyitriazene. Values are the mean of four
experiments.

ever, the intermedicacy of monomethyltriazenes has
not been demonstrated directly but instead the
measurement of formaldehyde, produced by oxi-
dative demethylation, has been used as a presump-
tive measure of their production (Fig. 1). A recent
study described the isolation of an N-acetylated
derivative of a monomethyitriazene from an in vitro
metabolism experiment, but not the monomethyl-
triazene itself [8].

The results presented here establish unequivocally
that monomethyltriazenes are metabolites of dime-
thyltriazenes and are liberated both in virro (Figs.
2 and 4) and in vivo (Fig. 6). After administration
of the dimethyltriazene (I) in vivo the emergence
of the monomethyltriazene metabolite (IIT) and the
arylamine (IV) in the plasma was followed by the
rapid disappearance from the plasma of both the
dimethyltriazene and the monomethyltriazene (Fig.
7); a pattern of metabolism similar to that observed
with isolated mouse hepatocytes (Fig. 4).

In view of our previous work [2] we were particu-
larly interested in noting any biotransformations
occurring under conditions in vitro where metab-
olites are formed which are more toxic towards the
sensitive TLXSS tumour than the resistant TLX5R
tumour (Table 1, experiments 3 and 4). Metabolism
of a dimethyitriazene under these bioassay condi-
tions, utilising a 9000 g fraction of mouse liver hom-
ogenate, did however result in the death of resistant
cells (experiment 4), presumably due to metaboli-
cally generated monomethyltriazene. This is con-
sistent with our earlier study (2] in which we showed
that a series of monomethyltriazenes are toxic to
both sensitive and resistant cell lines. However
HPLC analysis of the metabolism mixture at various
times showed that only a very small quantity of the
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monomethyltriazene was present (less than 2 ug/ml
incubation medium). Comparisons of the cytotox-
icities observed when the dimethyltriazene was
activated (experiment 4) with the direct action of the
monomethyltriazene (experiments 5-7) suggested
that a titre of 60 pug/ml of the monomethyltriazene
would account for the observed cell death. However,
the levels of monomethyitriazene actually quantified
(HPLC) in comparable metabolism mixtures were
insufficient to achieve this antitumour effect.

It is extremely difficult to relate cytotoxicity under
these different conditions however, and one possible
explanation for this degree of discrepancy is that the
addition of genuine monomethyltriazene to a bio-
assay is not equivalent to its cumulative production
by metabolism in situ (complicated by its disap-
pearance due to chemical breakdown). We believe
that a possible alternative explanation is that as the
monomethyltriazene is generated by metabolism it
is then rapidly removed by further metabolism (Figs.
3 and 5). This is a novel observation and work is
currently in progress to identify the product(s) of
this intriguing metabolic transformation. It is per-
tinent to note that formaldehyde could hardly be
detected when monomethyltriazenes were metabol-
ised in vitro [1, 4]. It is possible that a stable mono-
hydroxymethyltriazene (VI, Fig. 1) could be formed
which may be a candidate for the truly ultimate,
selective toxic species generated under the bioassay
conditions, and also possibly in vivo.
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