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SUMMARY 

A sensitive, selective and precise high-performance liquid chromatographic method for simul- 
taneous determination of tauromustine and its demethylated metabolites in plasma and urine has 
been developed. It is based on solid-phase extraction on Cl8 sorbent and separation on a semi- 
polar column. The analytical procedure is described m detail. The method has been validated with 
respect to linearity, recovery, selectivity, precision and detection limit. The stability of the deter- 
mined substances in various media has also been studied. 

INTRODUCTION 

Tauromustine, l- (2-chloroethyl)-3- [2-(dimethylaminosulphonyl)ethyl]-l- 
nitrosourea (TM, TCNU; Fig. 1) , is a water-soluble antitumour nitrosourea 
based on the endogenous aminoethanesulphonic acid taurine. Preclinical stud- 
ies with TM have revealed its potent antitumour activity against several ex- 
perimental tumours in vivo and in vitro [ 1,2], and its efficacy against nitro- 
sourea-resistant tumours [ 31. During phase I clinical trials in cancer patients 
[ 4,5], who received single oral doses of TM, plasma concentrations of the drug 
were monitored in 31 patients [6] using a selective and sensitive high-perform- 
ance liquid chromatographic (HPLC ) assay with UV detection, developed in 
our laboratory [ 71. This method was based on liquid-liquid extraction and 
chromatography on a reversed-phase column. Recent metabolic studies with 
TM have revealed that demethylation is one of the metabolic pathways in vitro 
and in vivo [8]. The demethylated metabolites, demethyl tauromustine 
(DMTM, LS 2724) and didemethyl tauromustine (DDMTM, LS 2715) 
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Fig. 1. Structures of tauromustine (TM), its demethylated metabolites (DMTM and DDMTM) 
and the internal standard (IS) 

(Fig. 1) possess anti-tumour activities similar to that of TM [ 11. An HPLC 
method for simultaneous quantification of TM and its demethylated metabo- 
lites in plasma and urine is described in this paper. 

EXPERIMENTAL 

Materials 
Tauromustine, its demethylated metabolites (DMTM and DDMTM) and 

the internal standard (IS.) were synthesized at the Pharmacia LEO Thera- 
peutics laboratories [ 11. Hexane, methanol and acetonitrile were of HPLC 
grade (Labscan, Dublin, Ireland), ethyl acetate was of analytical grade (BDH, 
Poole, U.K.) and 4-bromoacetanilide (BAA) was purchased from Fluka 
(Buchs, Switzerland). Water was deionized by a Mini-Q water purification 
system (Millipore, Bedford, MA, U.S.A.). All other chemicals were purchased 
from standard sources and used without further purification. Bond-Elut C,, 
extraction columns (100 mg, 1 ml) were purchased from Analytichem Inter- 
national (Harbor City, CA, U.S.A. ). 

Procedure 
A frozen plasma sample was acidified with 2 M hydrochloric acid, ca. 10 ,ul/ 

ml, and thawed in a water-bath at room temperature. When just thawed, the 
sample was thoroughly vortex-mixed and centrifuged at 2200 g for 5 min. 
Without delay, 1.00 ml was transferred to a test-tube containing 0.500 ml of a 
mixture of I.S. (2.4 pg/ml) and 4-bromoacetanilide (0.4 pug/ml) in 0.005 M 
KH,PO, and 0.50 ml of 0.5 M phosphate buffer (pH 6) were added. The mix- 
ture was vortex-mixed and applied on a Bond-Elut column, activated by flush- 
ing with 2 ml of methanol and 2 ml of 0.5 M phosphate buffer (pH 6). The 
sample was passed through under vacuum, and the sorbent was washed with 
1.0 ml of hexane and dried for 3 min under vacuum. The compounds were 
eluted with two 0.2-ml volumes of hexane-ethyl acetate (40: 60, v/v). The 
eluting solvent was evaporated under a gentle stream of nitrogen at room tem- 
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perature. The residue was dissolved in 0.1 ml of methanol-acetic acid (999 : 1, 
v/v) and 15 ~1 were injected into the HPLC system. The sample solutions were 
protected from light during the whole procedure. 

Chromatography 
The chromatographic system consisted of a Spectra Physics (Santa Clara, 

CA, U.S.A) SP 8780XR autosampler and an SP 8800 ternary HPLC pump, a 
Kratos (Westwood, NJ, U.S.A.) Spectroflow Model 757 variable-wavelength 
UV detector, set at 250 nm, and a Spectra Physics SP 4270 integrator. The 
HPLC column was an APEX II Cyano (250 mmx 4.6 mm I.D., 5 pm particle 
size ) matrix cartridge column (Jones Chromatography, Hengoed, U.K. ) pre- 
ceded by an APEX II Cyano (10 mm x 4.6 mm I.D., 5 pm particle size) precol- 
umn matrix cartridge. The mobile phase was prepared by mixing 60 ml of 
methanol with 80 ml of acetonitrile and diluting to 1000 ml with 0.005 M 
KH2P04. The pH of the mobile phase was adjusted by addition of 1 M H,PO, 
or 1 M NaOH to a chosen value between 4.0 and 6.4. The flow-rate was 1.6 ml/ 
min. All experiments were carried out at ambient temperature. 

Calibration 
Calibration solutions were prepared using blank plasma or urine. The solu- 

tions were processed as described above. Calibration graphs were established 
by plotting the peak-height ratios of TM, DMTM and DDMTM to I.S. versus 
the amounts of the substances added in the calibration solutions. The graphs 
were evaluated by the least-squares linear regression method, and the slope 
coefficients (lz, ) from the regression equations y = Iz,x + b were used to calculate 
the concentrations of TM, DMTM and DDMTM in unknown plasma or urine 
samples. The second internal standard, BAA, was used for calculation only if 
evaluation using I.S. was impracticable. 

RESULTS AND DISCUSSION 

Extraction procedure 
Like other nitrosoureas, TM shows optimal stability in slightly acidic solu- 

tion. Frozen plasma was therefore acidified before thawing, although this was 
normally not necessary when urine samples were analysed. However, it turned 
out that interference originating from endogenous sources was minimized at 
pH ca. 6, therefore the extraction on Bond-Elut sorbent was carried out at that 
pH. The extraction efficiency was determined using human plasma (P) and 
aqueous buffer samples ( W), spiked with ca. 800 ng/ml TM, DMTM and 
DDMTM. The samples were treated accordingly and the results were com- 
pared with those obtained for aqueous samples directly injected to the HPLC 
system. The average absolute recovery was 92.6 + 2.2% (n= 27) for P samples 
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and 93.2 + 1.9% (n= 27) for W samples, which 
eries were not influenced by the plasma matrix. 

Selectivity 

demonstrates that the recov- 

TM and its demethylated metabolites are well separated. Chromatograms 
obtained for plasma from a cancer patient before treatment and 90 min after 
oral administration of TM and for human urine spiked with TM and the me- 
tabolites are shown in Fig. 2. The method was tested for the presence of inter- 
fering peaks originating from various sources. Drug-free plasma from humans, 
dogs and rats, as well as human urine, were tested for interference from en- 
dogenous components. Unidentified peaks interfering with the DDMTM peak 
appeared on some chromatograms. These disturbances could often be elimi- 
nated by adjusting the pH of the mobile phase. Normally, a pH value of ca. 4 
was chosen for plasma samples and of ca. 6 for urine samples. The k’ values 
and retention times of the determined substances and internal standards were 
not influenced by these pH variations. Denitrosated products, which may arise 
by metabolism or by chemical degradation, as well as other possible degrada- 
tion products, were not detected owing to lack of UV absorption at the wave- 
length of measurement. No interference was obtained from metoclopramide, 
an anti-emetic drug, or from 5-fluorouracil, a drug often used in combination 
therapy with nitrosoureas. 

Linearity 

Calibration graphs using seven different concentrations in the range O-5 ,ug/ 
ml TM, DMTM and DDMTM in human plasma or urine were established. 
Nine calibration graphs were obtained over a period of a month, seven of them 
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Fig. 2. Chromatograms of plasma from a cancer patient before treatment (A) and 90 min after 
oral administration of TM (B) and from drug-free human urine (C) and the urine spiked with 
400 ng/ml DDMTM, DMTM and TM (D). 
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from plasma and two from urine. The calibration data were subjected to the 
least-squares linear regression analysis. Typical regression lines were de- 
scribed by the equations JJTM= 1.275~ + 0.001, ynMTM = 1.778~ + 0.004 and 
ynnMTM = 2.359x + 0.010, all with T > 0.9999 (y = concentration in pg/ml) . 

Precision 
Human plasma and urine were spiked with a mixture of TM, DMTM and 

DDMTM at two different concentrations, ca. 50 and 5000 ng/ml. Six to seven 
replicates of each were analysed on the same occasion. The coefficients of vari- 
ation (C.V.) ranged from 1.4 to 5.1% (low concentration) and from 0.5 to 2.1% 
(high concentration ). In another experiment, human plasma and urine were 
spiked with 480 ng/ml TM, DMTM and DDMTM. Aliquots of 1.0 ml were 
frozen and stored at ca. - 65’ C. Plasma samples were analysed in triplicate on 
six different occasions within a period of eight days. Urine samples were ana- 
lysed on two different occasions ten days apart. The results are presented in 
Table I. 

Detection limit 
Initially, the detection limit was estimated roughly from the signal-to-noise 

ratio in chromatograms obtained in the normal way. In order to get more exact 
values, aqueous buffered solutions containing TM, DMTM and DDMTM in 
concentrations near the estimated detection limit were prepared, frozen and 
stored at ca. - 65 ’ C. Four to five samples were then analysed on four occasions 
together with plasma samples, routinely analysed in our laboratory. The de- 
tection limit, expressed as three times the standard deviation, was ca. 2 ng/ml 
for TM and ca. 5 ng/ml for DMTM and DDMTM. 

TABLE I 

INTER-DAY PRECISION OF THE HPLC METHOD FOR TM AND ITS METABOLITES 

The S.D. and C.V. were calculated from triplicate analyses. 

Compound Matrix Concentration 
added 
(ng/ml) 

Concentration found 
(mean k S.D.) 

(ng/ml) 

TM Plasma 480 4795 7 
Urine 492 481+ 4 

DMTM Plasma 481 484 + 10 
Urine 491 431+ 3 

DDMTM Plasma 479 478 k. 19 
Urine 493 4s1+ 4 

C.V. n 
(So) 

1.5 6 
0.9 2 
2.0 6 
0.6 2 
4.0 6 
0.8 2 
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TABLE II 

STABILITY OF TAUROMUSTINE AND ITS ANALOGUES IN SOLUTION 

Results from the linear regression analysis, log y = kr + log b. T2 (!I’,,,, Z’,,,) = time after which the 

content of the drug has decreased about 2% (95% confidence limits). 

Matrix Temper- k 

ature (h-i) 

(“C) 

logb r S.D TZ T,,, T,,, n 
(h) (h) (h) 

0.005 M KH,PO, 5 - 0.00054 2.0024 -0.97087 0.002601 16.2 19.2 14.0 13 

(PH 5.2 1 
0.5 M Phosphate 6 -0 001626 1.98415 -0.93726 0.010281 5.4 66 46 21 

buffer (pH 6) 
0.1% Acetic acid 25 -0.000415 1.99924 -0.7650 0.002723 21.1 25.2 18.2 44 

in methanol 

Stability 
Nitrosoureas are labile compounds that are easily degraded when in solution. 

The rate of the degradation is pH-dependent [ 91. Therefore the stability of 
TM and its analogues in various media used during the analytical procedure 
was studied. Solutions were kept at constant temperature, protected from light, 
and analysed after different times of storage, using HPLC or UV spectroscopy. 
The same rate of degradation of TM, DMTM, DDMTM and I.S. was presup- 
posed, and all the experimental data were pooled. Semi-logarithmic plots of 
the percentage of intact substance as a function of time were established, and 
the data were evaluated using the least-squares linear regression analysis (line 
equation log y = k~ + log b ) . The rate of degradation of TM and its analogues 
is demonstrated by the calculated slopes of degradation curves, k, and by the 
time ( T2) after which the content has decreased by ca. 2% (Table II). 

The stability of TM and its metabolites in plasma at low temperature was 
also studied. Samples containing ca. 500 ng/ml TM, DMTM and DDMTM in 
plasma from various sources (human, dog and rat) were prepared, frozen and 
stored at ca. - 65 ‘C. Samples were analysed on the day of preparation, on the 
following day and then after various times of storage. The results of this ex- 
periment indicate that TM and the metabolites in plasma are stable for at least 
six months when kept at temperatures below - 65°C. 

CONCLUSIONS 

The described procedure provides good linearity, recovery, selectivity, sen- 
sitivity and precision for the determination of tauromustine and its demethyl- 
ated metabolites in plasma and urine. The method is therefore suitable for 
pharmacokinetic studies with tauromustine in animals and humans. 
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