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Summary. The pharmacokinetics of the anticancer agent 
p-(3,3-dimethyl-l-triazeno) benzoic acid (pCOOH-DMT), 
a drug now in phase I clinical trial in Europe, was investi- 
gated in C57B1 female mice with M5076 reticulum-cell sar- 
coma that were treated i.v. with 200 mg/kg pCOOH- 
DMT. The drug disappeared from plasma with a terminal 
half-life of about 2.5 h. Plasma clearance was approxi- 
mately 6 ml/min per kg. Distribution studies showed some 
differences in drug levels in different tissues. The htghest 
levels were found in the tumor, liver, kidney and lung; 
lower levels were found in the spleen and gut, and the low- 
est, in the brain. The N-desmethyl derivative of pCOOH- 
DMT was not detectable in plasma or tissues of mice 
treated with the drug. Therefore, the previous evidence of 
low N-demethylation of pCOOH-DMT was confirmed. 
pCOOH-DMT glucuronide was identified by mass spec- 
trometry and quantified by high-performance liquid chro- 
matography (HPLC) in plasma, tissues and urine samples. 
pCOOH-DMT glucuronide appears to be the major uri- 
nary metabolite of pCOOH-DMT in mice. Another metab- 
olite identified by mass spectrometry and quantified by 
HPLC in some tissues and urine was pCOOH-DMT gly- 
cinate. 

Introduction 

5-(3,3-Dimethyl- 1-triazeno)imidazole-4-carboxamide 
(DTIC) is an anticancer agent that has been used for many 
years for the therapy of melanoma and lymphomas [2]. In 
an attempt to find more effective and less toxic analogs, 
many aryldimethyltriazenes have been synthesized and 
tested [1] for their antineoplastic activity in mice. One of 
them, p-(3,3-dimethyl-l-triazeno)benzoic acid (pCOOH- 
DMT) [10], appears to have greater antimetastatic [9, 14] 
and antitumor activity in some murine tumors [5, 6] and 

Abbreviations: DTIC, 5-(3,3-dimethyl-l-triazeno)imidazole-4-car- 
boxamide; pCOOH-DMT, p-(3,3-dimethyl-l-triazeno)benzoic 
acid; pCOOH-MMT, p-(3-methyl-l-triazeno)benzoic acid; 
pCON H2-DMT, p -(3,3 -dimethyl- 1 -triazeno)carboxamide; BSTFA, 
N, O-bis(trimethylsilyl)trifluoroacetamide; TMCS, trimethyl~ 
chlorosilane; TLC, thin-layer chromatography; FAB, fast atom 
bombardment; EI, electron impact; M5, M5076 reticulum-cell 
sarcoma; t~J3, beta-half-life; C o, concentration time 0; AUC, area 
under the concentration vs time curve; CI, total clearance; V~, 
volume of distribution 
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less toxicity than DTIC; therefore, it has been selected for 
phase I clinical trials [4]. To obtain information on the 
metabolism and pharmacokinetics of pCOOH-DMT, we 
developed a specific high-performance liquid chromato- 
graphic (HPLC) assay [7] for this drug and its probable 
metabolites in biological fluids and tissues. Using this 
method, we investigated the metabolism and pharmaco- 
kinetics of pCOOH-DMT in mice bearing M5076 
reticulum-cell sarcoma, a tumor that is sensitive to the 
drug [5, 6]. We also report the identification by HPLC and 
mass spectrometry (MS) of the two major metabolites oc- 
curring in plasma, urine and tissues. 

Materials and methods 

Chemicals. pCOOH-DMT glycinate was kindly supplied 
by Dr. D. E. V. Wilman (Institute of Cancer Research, 
CRC Laboratory, Surrey, UK). All other triazenes were 
kindly supplied by Prof. C. Nisi (Trieste, Italy), who syn- 
thesized them according to previously published methods 
[I0]. Stock solutions were prepared in methanol every 
2 weeks and stored at - 2 0  ° C. For pharmacokinetic and 
metabolic studies, pCOOH-DMT (potassium salt) was dis- 
solved in saline immediately before its administration to 
mice. The structure of pCOOH-DMT is shown in Fig. 1. 
Ammonium sulphate and N-(1-naphthyl)-ethylenediam- 
monium dichloride were obtained from E. Merck (Darm- 
stadt, FRG). N,O-bis(trimethylsilyl)trifluoroacetamide 
(BSTFA) and trimethylchlorosilane (TMCS) were ob- 
tained from Pierce Chemical Company (Rockford, Ill). 
[3-Glucuronidase was obtained from Boehringer (Mann- 
helm, FRG). 

Animals and tumors. Female C57BL/6J mice (mean 
weight, 20+2 g) obtained from Charles River Laborato- 
ries, Italy, received an i.m. transplant of 5 x 105 M5076 
ovarian reticulum-cell sarcoma (MS) cells supplied by 
Mason Research Institute (DTC - Animal and Human 
Tumor Bank, Worcester, Mass). For the determination of 
the plasma and tissue kinetics of pCOOH-DMT, the drug 
was dissolved in saline and injected i.v. at a dose of 
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Fig. 1. Structure of pCOOH-DMT 



200 mg/kg into M5-bearing mice 15 days after tumor im- 
plantation. At various times after injection (1, 5, 15, 30, 60, 
120, 240, 360 and 480 min), three animals per respective 
time point were killed and plasma and tissues (tumor, 
brain, lung, liver, spleen, kidney and small intestine) were 
taken, gently washed in cold saline (4 ° C), dried on filter 
paper and stored at - 2 0 ° C  until analysis. One group of 
M5-bearing mice (five animals) was housed in metabolic 
cages until 72 h after drug administration. Urine samples 
were collected at different intervals (0 -6h ,  6 -24h ,  
24-48 h, 48-72 h) and immediately stored at - 2 0  ° C until 
analysis. 

Analytical assay. The plasma HPLC assay for triazenes, 
described in detail elsewhere [7] can be summarized as fol- 
lows: tissues homogenized in water (1:4, w/v), plasma and 
urine samples were deproteinized with two equivalent vol- 
umes of ice-cold methanol and mixed in a vortex for 30 s. 
Samples were cooled to - 60 ° C using acetone and dry ice 
for 2 rain and centrifuged, and the clear methanolic solu- 
tion was injected directly onto the HPLC column. 
pCONH2-DMT was added as the internal standard. Sepa- 
ration was carried out on a Waters model 440 instrument 
equipped with a 340-nm adsorbance detector. An isocratic 
solvent system of 0.005 M tetrabutylammonium hydroxide 
in bidistilled water (buffered at pH 7.6 with phosphoric 
acid) and acetonitrile (82: 18, v/v) was delivered at the rate 
of 1.5 ml/min using a 25-cm-long (inside diameter, 4 mm) 
LiChrosorb RP18 (10~m) column (Merck, Darmstadt, 
FRG). Recovery of pCOOH-DMT and pCOOH-DMT 
glycinate was 89% + 4% in plasma and urine and 85% + 3% 
in tissues. The limit of sensitivity for pCOOH-DMT was 
0.5+_0.05 nmol/ml plasma and urine and 1+0.1 nmol/g 
tissue. 

The calibration curve for pCOOH-DMT glycinate was 
linear (r = 0.99) from 0.5 to 5 nmol/ml urine; it had a 
slope of 0.07 and an intercept of 0.055. The limit of sensi- 
tivity for this metabolite was 0.5 nmol/ml urine. Consider- 
ing all the values of calibration curves for pCOOH-DMT 
and pCOOH-DMT glycinate, that were done on different 
days during 3 months of study, we found that the maximal 
coefficient of variation was 11%. 

Thin-layer chromatography. Mouse urine was analyzed by 
thin-layer chromatography (TLC) on silica gel 60F-254 
plates (E. Merck, Darmstadt, FRG); acetone-ethyl acetate- 
water (4/1/1, by vol.) was used as the eluent. A portion of 
the plate was sprayed with N-(1-naphthyl)-ethylenediam- 
monium dichloride, a specific reagent for the detection of 
triazenes [11]. The isolated compounds were scraped off 
the TLC plate, dissolved in acetone-water (1/9, v/v), dried 
under a nitrogen stream, redissolved in acetone-water 
(1/1, v/v), redried under a nitrogen stream and analyzed 
by mass spectrometry. Co-chromatography with authentic 
samples of pCOOH-DMT and pCOOH-DMT glycinate 
was also done. 

Mass spectrometry. Electron impact (EI) mass spectra were 
determined with a VG 70-250 mass spectrometer (VG 
Analytical, Manchester, UK) by the direct inlet system. 
The electron energy was 20 eV. Fast atom bombardment 
(FAB) mass spectra were acquired using a VG 70-250 
mass spectrometer, equipped with its standard FAB source 
operating at 8 kV. Glycerol was used as a matrix and 
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xenon was the bombarding gas. The analyses were carried 
out at room temperature and 6 kV accelerating voltage. 

Pharmacokinetic analysis. Plasma and tissue data were 
fitted using a general nonlinear fitting program running on 
a microcomputer [13], minimizing the sum of squared er- 
rors. The beta-half-life (t,/2[~), total clearance (C1), and vol- 
ume of distribution (V~) were computed as follows: 
t,/213 = 0.693/[3; C1 = dose/AUC; V~ = C1/[3. Co was the 
concentration extrapolated at time 0, whereas the peak lev- 
els were the experimentally determined maximal concen- 
trations. The AUC (nmol/ml or g × min) was calculated 
by the trapezoidal rule, extrapolating from the last sam- 
pling time to infinity with the formula 

j' oo C *  C(t)dt : C * / [ ~ ,  

where C* is the plasma or tissue concentration measured 
at the last time point. 

Results 

Distribution of pCOOH-DMT 

Table 1 shows the main pharmacokinetic parameters of 
pCOOH-DMT after i.v. doses of 100 or 200 mg/kg. The 
drug disappeared from plasma with a biexponential decay. 
Clearance values were similar after both doses. Figure 2 
shows plasma and tissue levels of pCOOH-DMT at differ- 
ent intervals after the i.v. injection of 200 mg/kg in M5 re- 
ticulum-cell-sarcoma-bearing mice. Table 2 shows the 
peak levels and AUC values of pCOOH-DMT in plasma 
and different tissues, pCOOH-DMT levels varied in differ- 
ent tissues. In the tumor, liver, kidney and lung, relatively 
high levels were found; lower levels were found in the 
spleen and gut, and the lowest, in the brain. The 72-h cu- 
mulative urinary excretion of pCOOH-DMT as un- 
changed drug corresponded to approximately 0.5% of the 
delivered dose (200 mg/kg). 

Table 1. Plasma pharmacokinetic parameters of pCOOH-DMT 
after 100 and 200 mg/kg i.v. 

Dose Tt/2 [3 Co AUC C1 V~ 
(mg/kg) (min) (~mol/ml) (~tmol/mlxmin) (ml/min/kg) (1/kg) 

100 157 1.58 81 6.4 1.46 
200 146 2.95 177 5.8 1.24 

For details see Materials and methods 

Table 2. Plasma and tissue levels of pCOOH-DMT after 200 mg/kg 
i.v. 

Peak level AUC 
(lxmol/ml or g+ SE) (lxmol/ml or g x min) 

Plasma 4.52_+0.46 174.2 
Tumor 1.15 ___ 0.1 93.3 
Liver 1.58_+ 0.1 83.9 
Small intestine 1.11 _+0.1 38.8 
Kidney 1.44 _+ 0.2 69.7 
Spleen 0.64 _+ 0.04 33.4 
Lung 2.47 +_ 0.5 82.8 
Brain 1.11 +0.3 28.4 
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Fig. 2. Kinetics of pCOOH-DMT concentration in plasma and tis- 
sues (mean of three animals per time point) 

Identification of the metabolites as pCOOH-DMT ~z 
glucuronide and pCOOH-DMT glycinate 

z 

Under the HPLC conditions described, in addition to the 
peaks corresponding to pCOOH-DMT and the internal r- 
standard (pCONH2-DMT) in plasma, urine and most 

laJ 

tissue extracts, we observed two other peaks with retention = 
times of 7.7 and 9.4 min (for example, see the chromato- 
gram of urinary extract 6 h after 200 mg/kg  pCOOH- 
DMT; Fig. 3). The HPLC retention times of  these metabo- 
lites were different from that of  1-p-(3-methyl-l-tria- 
zeno)-benzoic acid (pCOOH-MMT),  the N-desmethyl 
derivative of  pCOOH-DMT, which was 4 rain. Under 
our laboratory conditions, the pCOOH-MMT peak was 
never seen in chromatograms of  the,extracts analyzed. By 
using HPLC separation, we repeatedly collected the frac- 
tion corresponding to the unknown metabolites and con- 
centrated it by freeze-drying. Mass spectrometry (MS) was z 
used to identify the metabolites. 

We derived metabolite I using BSTFA and TMCS in 
. J  

pyridine. The EI mass spectrum of the silylated metabolite 
is reported in Fig. 4; it presents a molecular ion at m / z  
657, corresponding to the silylated glucuronide of  
pCOOH-DMT. The ion at m / z  217 is attributable to the 
silylated glucuronide moiety [3]. The base peak at m / z  176 
is probably due to the loss of  the glucuronic group through 
cleavage of  the acyl-oxygen bond. The ion at m / z  147 
(Me3Si-O = SiMe2) + is common to silylated polyols [12]. 

For further evidence, we analyzed this extract sample 
with FAB MS. Figure 5 a shows the FAB mass spectrum of 
the metabolite. A pseudo-molecular ion at m / z  414 is very 
probably attributable to the addition of  2Na to the gluc- 
uronide o f p C O O H - D M T  (MNa + + Na - H). The ion at 
m / z  238 (the base peak) probably originated from the 
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Fig. 3. HPLC chromatogram of mouse urinary extract before 
(panel A) and after treatment with pCOOH-DMT (panel B). 
Urine samples were collected between 0 and 6 h after an i.v. dose 
of 200 mg/kg. Peaks a, b, c and d are due to the internal standard 
(pCONH2-DMT), pCOOH-DMT, metabolite II and metabolite I, 
respectively 
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Fig. 4. The EI mass spectrum of pCOOH-DMT metabolite I (gluc- 
uronide) after derivation 

100- 23B a ) 

166 ) 

i i 1 i t I - " ' ' 'i 

200 300 400 500 

50" 

I 

600 
392 

1001 ~ x 5  b) 

I zTs aTO 19/. 512 

o , . . . . .  , ,  ,, . . . .  . 
200 300 400 500 600 

m l z  

Fig. 5.a The FAB mass spectrum of the pCOOH-DMT glucuro- 
nide. b As in a after the addition of ammonium sulphate 
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pCOOH-DMT group + 2Na - H. Similarly, the ion at 
m/z  166 could be due to the benzoyl moiety + 2Na - H. 

To shift these ions and confirm this interpretation, we 
added ammonium sulphate to the metabolite, obtaining 
the spectrum reported in Fig. 5 b. A peak appeared at m/z  
370, corresponding to the protonated molecular ion of the 
glucuronide; the occurrence of this peak strongly supports 
the identification of the metabolite as the glucuronide. The 
ion at m/z  392 (base peak) is due to the ( M +  Na) + species. 
A new peak appeared at m/z  490, corresponding to the ad- 
duct (MH + NaHSO4)+; this cluster ion is further evi- 
dence of the proposed structure for the metabolite. The 
ions at m/z  512 and 534 are the adducts (M + Na + 
NaHSO4) + and (M + 2Na + NaHSO4 - H) +, respec- 
tively. The ions appeared at m/z  194 (pCOOH- 
DMT + H) + and at m/z  216 (pCOOH-DMT + Na) +, 
which confirms that the metabolite is the glucuronide. 

In addition, when biological samples (e.g. urine) were 
incubated overnight at 37°C with ~-glucuronidase, the 
pCOOH-DMT glucuronide peak disappeared with a cor- 
responding increase in the peak of pCOOH-DMT. The re- 
tention time of metabolite II  corresponds to the glycinate, 
and its mobility on TLC was also identical to that of the 
glycinate. We further confirmed its identity on the basis of 
its FAB mass spectrum. The positive FAB spectrum of 
standard glycinate presents the (M + H) + peaks at m/z  
251; a negative FAB spectrum shows (M - H) -  at m/z  
249. Positive and negative FAB spectra of the second me- 
tabolite presented the typical ions of glycinate, confirming 
the characterization on the basis of its chromatographic 
behavior. 

Kinetics of pCOOH-DMT glucuronide and 
pCOOH-DMT glycinate 

Figure 6 illustrates the kinetics of pCOOH-DMT glucuro- 
nide in the plasma, small intestine, liver, kidney and lung 
of M5 tumor-bearing mice after the i.v. administration of 
200 mg/kg pCOOH-DMT. Since we did not have the stan- 
dard for pCOOH-DMT glucuronide, we could not esti- 
mate the absolute concentrations of this metabolite; the 
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Fig. 6. Kinetics of pCOOH-DMT glucuronide in plasma (©), 
small intestine (O), liver (A), kidney (A) and lung ([]) after an 
i.v. dose of 200 mg/kg pCOOH-DMT. The dotted line represents 
the kinetics of pCOOH-DMT glycinate in the small intestine 
(mean of three animals per time point) 

data are therefore given in nmol equivalents, assuming the 
same extinction coefficient for pCOOH-DMT glucuronide 
and pCOOH-DMT. 

In plasma, pCOOH-DMT glucuronide reached a 
maximum 60 min after drug injection, then started slowly 
to decline. The concentration of this metabolite in the 2 h 
following drug injection was relatively high in several tis- 
sues, in some cases being similar to those found in plasma 
(e. g. small intestine and kidney). The level of the glucuro- 
nide disappeared rapidly from all of these tissues except 
the small intestine, where the levels were still high at 
360 rain. In the tumor, spleen and brain, the levels of 
pCOOH-DMT glucuronide were negligible. In urine (col- 
lected for 72 h after drug treatment), the cumulative excre- 
tion of the glucuronide corresponded to approximately 4% 
of the delivered dose. 

pCOOH-DMT glycinate was not detectable in plasma 
or in any of the other tissues analyzed except the kidney 
and small intestine. In the kidney, however, these concen- 
tations were too low for a quantitative determination 
(<  1 nmol/g). The kinetics of this metabolite in the small 
intestine is illustrated in Fig. 6 (dotted line). The 72-h uri- 
nary excretion was 2.5% of the delivered dose. 

Discuss ion  

Although pCOOH-DMT is now undergoing phase I trial, 
no published information is available on the biotransfor- 
mation pattern or kinetics of this drug in animals. Using a 
specific HPLC assay [7], we investigated the pharmaco- 
kinetics of pCOOH-DMT in M5076 reticulum-cell-sarco- 
ma-bearing mice receiving the drug i.v. pCOOH-DMT dis- 
appears from plasma biphasically, with a terminal half-life 
of 2.5 h. Plasma clearance was approximately 6 ml/min per 
ks after doses of 100 or 200 mg/kg. Plasma levels were 
higher than tissue levels. 

Interesting differences were observed among the vari- 
ous tissues tested. Drug levels in the tumor were relatively 
high and long-lasting, still being measurable 8 h after the 
i.v. administration of 200 mg/kg. In the live, which is the 
main site of M5 metastasis, relatively high concentrations 
were found, pCOOH-DMT concentrations were also high 
in the lung, which is the site of metastatic involvement of 
Lewis lung carcinoma, a mouse tumor that is particularly 
sensitive to the antimetastatic activity of this drug [9, 14]. 
The lowest drug AUC values were found in the brain, 
where pCOOH-DMT reached high concentrations just 
after injection but was cleared very rapidly, being unde- 
tectable by 6 h after treatment. 

The mechanism of action of pCOOH-DMT is un- 
known. However, it is generally assumed that dimethyl- 
triazenes require metabolic activation with the formation 
of N-demethylated metabolites, which are potent alkylat- 
in S agents [17]. If  this also holds true for pCOOH-DMT, 
the distribution data of the parent compound (e.g. 
pCOOH-DMT tumor levels) may be unimportant in rela- 
tion to the activity of the drug, the concentrations of the 
active metabolites being much more important. 

However, pCOOH-DMT appears to differ somewhat 
from other triazenes. Previous work has in fact shown that 
the 9,000 g mouse-liver fraction produces N-demethyla- 
tion of pCOOH-DMT much less efficiently than other 
dimethyltriazenes with similar structures [15, 16]. For exam- 
ple, Farina et al. [7] reported that after an 80-rain incuba- 
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tion with 9,000 g mouse-l iver  fraction and N A D P H ,  only 
24% of  p C O O H - D M T  was metabolized,  compared  with 
79% of  p-(3 ,3-dimethyl- l - t r iazeno)acetophenone.  In addi-  
t ion, after t reatment with p-(3,3-dimethyl-1-tr iazeno)aceto- 
phenone,  the N-desmethyl  metaboli te  was present at ap- 
preciable  concentrat ions in mouse plasma. In contrast,  
p C O O H - M M T  was undetectable  in p lasma or tissues of  
mice treated with p C O O H - D M T  when the sensitivity of  
the assay was 0.5 n m o l / m l  in p lasma or about 1 n m o l / g  in 
tissues. The low N-demethyla t ion  rate of  p C O O H - D M T  
[7, 15, 16] argues against  the hypothesis that p C O O H -  
M M T  is responsible for p C O O H - D M T ' s  ant i tumor 
activity. 

p C O O H - D M T  undergoes conjugat ion with glucuronic 
acid and glycine. MS studies provide  unequivocal  evi- 
dence that p C O O H - D M T  glucuronide is present in urine, 
p lasma and some tissues of  mice treated i.v. with pCOOH-  
DMT. MS studies also confirm the presence of  pCOOH-  
D M T  glycinate in the urine and small intestine of  these an- 
imals. Although the lack of  a s tandard  made an absolute 
quantif icat ion of  p C O O H - D M T  glucuronide impossible,  it 
is certainly the major  ur inary metabol i te  of  p C O O H -  
DMT. Clearance of  p C O O H - D M T  from the body is likely 
to be greatly influenced by the format ion and el iminat ion 
of  these metaboli tes,  which have also been recently found 
in large amounts  in the urine of  cancer patients receiving 
p C O O H - D M T  in phase I clinical trials [4, 8]. 
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