
Journal of Pharmaceutical and Biomedical Analysis
24 (2001) 461–468

High-performance liquid chromatographic analysis and
stability of anti-tumor agent temozolomide in human

plasma

Hong Kim a,*, Paul Likhari b, Donald Parker a, Paul Statkevich a,
Aliceann Marco a, Chin-Chung Lin a, Amin A. Nomeir a

a Department of Drug Metabolism and Pharmacokinetics, Schering-Plough Research Institute, 2015 Galloping Hill Road,
Kenilworth, NJ 07033, USA

b Bioassay Laboratory, Houston, TX 77099, USA

Received 25 April 2000; accepted 2 August 2000

Abstract

Temozolomide (SCH 52365; TEMODAL™) is an antineoplastic agent with activity against a broad spectrum of
murine tumors. This compound is currently marketed in the European Union for the treatment of patients with
glioblastoma multiforme and anaplastic astrocytoma, which are serious and aggressive types of brain cancers. It has
been postulated that temozolomide exerts its in vivo activity via the decomposition product MTIC, which is believed
to alkylate nucleophiles, and in the process is converted to AIC. A high-performance liquid chromatographic (HPLC)
method was developed and validated for the analysis of temozolomide in human plasma. The determination of
temozolomide involved extraction with ethyl acetate followed by separation on a reversed phase C-18 column and
quantification by UV absorbance at 316 nm. The calibration curve was linear over a concentration range of 0.1–20
mg/ml. The limit of quantitation was 0.1 mg/ml, where the coefficient of variation (CV) was 0% and the bias was
10.0%. The method was precise with a coefficient of variation ranging from 2.5 to 6.9% and accurate with a bias
ranging from −5.0 to 10.0%. Temozolomide was unstable at 37°C in human plasma with a degradation t1/2 of 15
min; however, it was stable at 4°C for at least 30 min. Temozolomide was stable in acidified human plasma (pHB4)
for at least 24 h at 25°C, and for at least 30 days at −20°C. Moreover, temozolomide was stable in acidified human
plasma after being subjected to three freeze–thaw cycles. The assay was shown to be specific, accurate, precise, and
reliable for use in pharmacokinetic studies. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Temozolomide (SCH 52365, 8-carbamoyl-3-
methyl - imidazo- [5,1 -d] -1,2,3,5 - tetrazin -4 - (3H)-
one, Fig. 1) is an alkylating agent of the* Corresponding author.
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imidazotetrazine derivatives that exhibits broad-
spectrum antitumor activity against murine tu-
mors [1]. The lead compound in this series,
mitozolomide, 8-carbamoyl-3-(2-chloroethyl)-imi-
dazo-[5,1-d]-1,2,3,5-tetrazin-4-(3H)-one has dem-
onstrated antitumor activity in patients with small
cell carcinoma of the lungs and malignant
melanoma; however, severe and unpredictable
myelosuppression effects precluded its further de-
velopment [2–4].

Temozolomide, a 3-methyl analog of mitozolo-
mide, was developed as a potential alternative to
dacarbazine, 5-(3-dimethyltriazen-1-yl)-imidazo-4-
carboxamide (DTIC) in view of its demonstrated
antitumor activity and better safety profile in
preclinical assessments [5,6]. Both temozolomide
and DTIC are cytotoxic alkylating agents. It has
been suggested that they both exert their antitu-
mor activity through the linear triazine, 5-(3-
methyltriazen-1-yl)-imidazo-4-carboxamide [5,6]
(MTIC, Fig. 1). DTIC is metabolically converted
to MTIC in the liver (N-demethylation), whereas
temozolomide undergoes chemical degradation to
MTIC at physiological pH [6]. The cytotoxicity of
MTIC is thought to be primarily due to alkyla-
tion at the O6 and N7 positions of guanine [7–10].
In this process, MTIC itself is converted to 5(4)-
aminoimidazole-4(5)-carboxamide [6] (AIC, Fig.
1).

In mice, temozolomide administered intraperi-
toneally (i.p.) was active in survival-time models
and in solid tumor models [5]. On a 5-day sched-
ule of i.p. or oral dosing, temozolomide produced
significant increases in survival time of leukemia
or lymphoma-bearing mice compared to un-
treated control animals. A treatment schedule at
100 mg/kg per day administered i.p. over 5 days
increased survival times by 176 and 235% com-
pared to controls against P388 and L1210
leukemia, respectively.

Since temozolomide is chemically converted to
MTIC both in vitro and in vivo, it is absolutely
necessary to ensure the stability of these two
analytes in plasma during sample processing prior
to HPLC analysis. Because it is believed that
temozolomide exerts its antitumor activity via its
biologically active degradation product MTIC, it
is imperative to determine plasma concentrations
of both temozolomide and MTIC in humans fol-
lowing administration of temozolomide. Previ-
ously, we have reported on an HPLC method for
the analysis MTIC in human plasma [11]. This
study was initiated to develop and validate an
HPLC method for the analysis of temozolomide
in human plasma, and to evaluate its stability in
this matrix.

2. Experimental

2.1. Reagents

Methanol, acetonitrile, ethyl acetate, phospho-
ric acid, hydrochloric acid and glacial acetic acid
were purchased from Fisher Scientific (Fair Lawn,
NJ, USA). Temozolomide and ethazolastone (in-
ternal standard, I.S.) were provided by Schering-
Plough Research Institute (Kenilworth, NJ, USA)

2.2. Calibration standards

Stock solutions of temozolomide and I.S. were
prepared in 20% aqueous methanol containing
0.1% glacial acetic acid at 100 mg/ml. The stock
solutions were stored at −20°C. Eight calibration
curve standards (0.1, 0.2, 0.5, 1, 2, 5, 10, and 20
mg/ml) were prepared in triplicate on each of the 3
days of validation. Three sets of quality control
samples (QC samples) at concentrations of 0.2
(low), 1.5 (medium) and 15.0 mg/ml (high) were
prepared in bulk from a separate weighing,
aliquotted and stored at −20°C for use during
the entire validation process and sample analysis.

2.3. Sample preparations

A 0.5-ml aliquot of human plasma standard,
QC sample or unknown was placed into a 15-mlFig. 1. Chemical structures of temozolomide, MTIC and AIC
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screw-capped test tube containing 0.5 ml of inter-
nal standard solution in water (1.0 mg/ml). A
50-ml volume of 1 N HCl was added to the tube
followed by 5.0 ml of ethyl acetate. The tubes
were vortexed mechanically for 10 min followed
by centrifugation at 4500×g for 5 min. The
organic layer was transferred into a 15-ml conical
test tube, the solvent was evaporated to dryness
under a stream of nitrogen at 45°C, and the
residue was dissolved in 0.3 ml of mobile phase.
The samples were transferred to autosampler vial
inserts and 20 ml was injected onto the HPLC
column for analysis.

2.4. Chromatographic conditions

The HPLC system consisted of a Shimadzu
LC-9A pump and a Model 3200 absorbance de-
tector (Shimadzu, Scientific Instruments, Prince-
ton, NJ, USA) set at 316 nm. Separation was
accomplished on an Ultrasphere ODS, 5 mm,
150×4.6 mm column that was preceded by an
on-line filter. The absorbance detector output was
connected to a Model 3392A Hewlett Packard
integrator. The mobile phase consisted of 0.1%
aqueous acetic acid–acetonitrile (90:10, v/v) and
was delivered at 1.0 ml/min.

2.5. Stability studies

The stability of temozolomide in human plasma
was evaluated at 4°C without pH adjustment, and
at 25 and −20°C in plasma that had been ad-
justed to pHB4. Freshly prepared plasma sam-
ples containing temozolomide at concentrations
of 0.2, 1.5 and 15.0 mg/ml were incubated under
the appropriate conditions of pH and temperature
and aliquots were analyzed for temozolomide as
described above. For in vitro decomposition–time
profile of temozolomide to MTIC and AIC in
human plasma at 37°C, the analysis was carried
out using an HPLC system, which separated
temozolomide, MTIC and AIC. A cyano column
(150×4.6 mm) and UV (242 nm) detector were
used. The mobile phase consisted of 8% methanol
in 10 mM ammonium phosphate (pH 6.5) and
was delivered at 1.3 ml/min. Human plasma con-
taining temozolomide (:100 mg/ml) was incu-

bated at 37°C for 0, 5, 10, 20, 30, and 45 min. The
compound was diluted with the mobile phase (1:9,
v/v) right before injection onto the HPLC column
one sample at a time.

2.6. Administration of temozolomide and sample
collection

As part of a clinical study to evaluate safety,
tolerability and pharmacokinetics of temozolo-
mide, three patients with advanced cancer re-
ceived temozolomide orally at a dose of 250
mg/m2, once daily for 5 days. On days 1 and 5,
blood samples (5 ml) were collected using pre-
chilled syringes at 0, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4,
6, 8, and 12 h post-dose for the analysis of
temozolomide. Blood samples were placed into
pre-chilled heparinized tubes and immediately
centrifuged at 4°C. Following centrifugation, a
2-ml volume of plasma was transferred into a
plastic tube containing 0.06 ml of 8.5% phospho-
ric acid. The plasma samples were vortexed
briefly, frozen immediately in a dry ice–methanol
bath and stored at −20°C pending analysis.

2.7. Pharmacokinetic analysis

Plasma concentrations equal to or above the
lower limit of quantitation (LOQ, 0.1 mg/ml) were
used for pharmacokinetic analysis using model-in-
dependent methods [12]. The maximum plasma
concentration (Cmax) and time of maximum
plasma concentration (Tmax) were the observed
values. The area under the plasma concentration–
time curve from time zero to the time of the final
measurable sample [AUC(tf)] was calculated using
the linear trapezoidal method.

3. Results

Typical chromatograms of drug-free human
plasma and plasma spiked with temozolomide
and the internal standard, and a plasma sample
from a subject dosed with temozolomide and
spiked with the internal standard are illustrated in
Fig. 2. The retention times of temozolomide and
the internal standard were approximately 2.7 and
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Fig. 2. Typical HPLC chromatograms of blank human plasma
(A); and blank human plasma spiked with the internal stan-
dard (IS) and temozolomide at the LOQ (B); plasma from a
patient at 12 h (C) and 3 h (D) following oral administration
of temozolomide that has been spiked with the internal stan-
dard.

of variation (CV) of 51.3% and bias values of
510.0% (Table 2). Inter-day precision and accu-
racy were evaluated at the same concentrations as
above and the samples were analyzed on 3 sepa-
rate days. The results demonstrated satisfactory
inter-day precision and accuracy as shown by CV
and bias values of 56.9 and 57.3%, respectively
(Table 2). The LOQ, defined as the lowest concen-
tration in the calibration curve that could be
determined with acceptable precision and accu-
racy, was 0.1 mg/ml. At this concentration, the
precision and accuracy from back-calculated con-
centrations were satisfactory (CV=0.0%, bias=
10.0%; Table 1). The recovery (47–50%) was
consistent over a concentration range of 0.1–20
mg/ml.

In vitro decomposition–time profile of temo-
zolomide (103 mg/ml) to MTIC and AIC in hu-
man plasma at 37°C is illustrated in Fig. 3.
Initially, there was only a negligible amount of
AIC present with no detectable amount of MTIC.
The amount of temozolomide decreased at a rate
corresponding to a t1/2 of 15 min, with a propor-
tional increase in the amount of AIC. Negligible
amounts of MTIC were detected at 5, 10 and 20
min, but none was detected at 30 and 45 min.
Almost all of the temozolomide was converted to
AIC after 45 min of incubation at 37°C in human
plasma. There was less than 10% decrease in the
concentration of temozolomide in plasma after 30
min at 4°C, indicating that temozolomide at con-
centrations of 0.2, 1.5 and 15.0 mg/ml was stable
at 4°C for at least 30 min without pH adjustment
(Table 3). However, at 60 and 120 min, 14–30%

5.0 min, respectively. There were no endogenous
peaks in control plasma that coeluted with temo-
zolomide or the internal standard, indicating that
the method was selective. The linearity was evalu-
ated over a concentration range of 0.1–20 mg/ml.
Linear regression parameters of the peak height
ratios versus concentrations along with back-cal-
culated concentrations of nine calibration curves
are presented in Table 1. The results showed
highly reproducible calibration curves with corre-
lation coefficients of \0.99. Back-calculated val-
ues for the calibration standards of the method
were also evaluated. The coefficient of variation
ranged between 0.0 and 3.7%. The bias ranged
from −10.0 to 7.5%. Intra-day precision and
accuracy were evaluated at temozolomide concen-
trations of 0.2, 1.5 and 15.0 mg/ml. Three samples
were analyzed at each concentration on the same
day. The results showed satisfactory intra-day
precision and accuracy as indicated by coefficients

Table 2
Intra-day and inter-day precision and accuracy for the analysis of temozolomide in human plasma

Concentration found (mean) (mg/ml) Precision (% CV)Nominal concentration (mg/ml) Accuracy (% bias)

Intra-day (n=3)
0.00.190.2 −5.0

1.651.5 0.6 10.0
15.515.0 1.3 3.3

Inter-day (n=9)
2.5 0.00.2 0.20

1.5 3.01.61 7.3
15.0 6.914.7 −2.3



H. Kim et al. / J. Pharm. Biomed. Anal. 24 (2001) 461–468466

Fig. 3. In vitro decomposition–time profile of temozolomide
to MTIC and AIC in human plasma at 37°C.

Table 4
Stability of temozolomide in acidified human plasma

Nominal concentration Observed concentration (mg/ml)
(mg/ml)

Mean % CV % change

24 h at 25°C (n=6)
4.40.190.2 −5.0

1.57 2.91.5 4.7
15.0 14.9 3.4 −1.3

30 days at –20°C
(n=4)

0.23 11.0 15.00.2
1.681.5 3.0 12.0

16.9 12.715.0 0.5

Three-cycle freeze–thaw
(n=6)

0.200.2 5.0 0.0
1.5 1.55 1.5 3.3

14.1 1.1 −6.015.0

was decomposed to AIC. Temozolomide in
plasma adjusted to pH\9 was completely de-
composed within 5 min at ambient temperature.
The stability of temozolomide in human plasma
at concentrations of 0.2, 1.5 and 15 mg/ml was
evaluated at 25°C after acidification with phos-
phoric acid to pHB4 (Table 4). Temozolomide at
all three concentrations was stable in acidified
human plasma (pHB4) for at least 24 h at 25°C

and for at least 30 days at −20°C (Table 4). The
stability of temozolomide in acidified plasma was
also evaluated through three freeze–thaw cycles
at concentrations of 0.2, 1.5 and 15.0 mg/ml. After
three cycles, the changes from nominal concentra-
tions were 0.0, +3.3 and −6.0% for the 0.2, 1.5
and 15.0 mg/ml concentrations, respectively,

Table 3
Stability of temozolomide in human plasma at 4°C (not acidified)

Time (min) Concentration founda (mg/ml)Parameter

1.5 (mg/ml)b0.2 (mg/ml)b 15.0 (mg/ml)b

Mean 0.21 1.60 14.910
% change from zero time 5.0 6.7 −0.7

Mean 0.2120 1.65 15.1
% change from zero time 5.0 10.0 0.7

0.21Mean 14.830 1.64
−1.3% change from zero time 9.45.0

Mean60 0.14 1.12 12.2
% change from zero time −30.0 −25.3 −18.7

Mean 0.14120 1.13 12.9
% change from zero time −30.0 −24.7 −14.0

a n=2.
b Nominal concentration.
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demonstrating that temozolomide was stable in
acidified plasma through three freeze–thaw cycles
(Table 4).

4. Discussion

Temozolomide undergoes chemical degradation
at physiological pH to generate MTIC (the active
metabolite of dacarbazine), which methylates
DNA, producing among other products, O6-
methylguanine that is thought to be responsible
for temozolomide’s antitumor activity [8,9]. The
subsequent cytotoxic effects are thought to in-
volve aberrant repair of the methyl-DNA adducts
[13]. MTIC is produced from dacarbazine by
metabolism in the liver, whereas temozolomide
undergoes chemical degradation at physiological
pH without the need for hepatic metabolic activa-
tion. As hepatic metabolism can be affected by a
wide variety of genetic, physiological and environ-
mental factors, it is anticipated that plasma con-
centrations of MTIC will be more consistent
during treatment with temozolomide than during
dacarbazine treatment.

Earlier, an HPLC method was reported for the
determination of temozolomide in human plasma
and urine using solid phase extraction and UV
detection at 330 nm [14]. The LOQ values for that
method were 0.4 mg/ml in plasma and 2.0 mg/ml in
urine. The method showed good overall intra-day
and inter-day reproducibility. The precision and
accuracy for the medium and high concentrations
were satisfactory, but CV and bias were signifi-
cantly higher and close to 20% at low concentra-
tions in either plasma or urine. In addition, that
method involved a manual solid phase extraction
as the clean-up procedure, thus limiting the
throughput.

Initially, the UV spectrum of temozolomide
was determined, which showed a maximum ab-
sorbance (lmax) at 316 nm. Therefore, the analysis
was carried out at 316 nm. The HPLC analysis by
UV absorbance showed that the limit of quantita-
tion (LOQ) was 0.1 mg/ml of plasma, which pro-
vided adequate sensitivity to conduct
pharmacokinetic studies.

Results of previous studies have shown that
MTIC was unstable in human plasma at 25°C
(t1/2=25 min) or in human plasma adjusted to
pH 12 (t1/2=50 min), while MTIC was stable in
human plasma at 4°C for at least 1 h and at
−80°C for at least 70 days. AIC was stable in
human plasma at room temperature [11]. Results
of the present study showed that temozolomide
was stable in human plasma acidified to pHB4
for at least 24 h at 25°C. Due to the differences in
the stability profiles of temozolomide and MTIC,
two separate blood samples from patients treated
with temozolomide were collected at each time
point (one for temozolomide and one for MTIC),
and the samples were treated differently for the
two analytes. For the analysis of temozolomide,
blood samples were placed on ice immediately
after collection, centrifuged at 4°C within 30 min,
and the plasma adjusted to pHB4 with phospho-
ric acid and stored frozen at −20°C pending
analysis. For the analysis of MTIC, blood sam-
ples were collected in prechilled tubes, immedi-
ately centrifuged at 4°C and plasma was quickly
frozen in a dry ice–methanol bath and stored at
−80°C pending analysis.

The analytical method was used to characterize
the pharmacokinetic profile of temozolomide in
advanced cancer patients treated orally with
temozolomide at a dose of 250 mg/m2 per day for
5 consecutive days. Temozolomide was quan-
tifiable in plasma between 0.25 and 12 h after oral
administration (Fig. 4). On day 1, the mean Cmax

of temozolomide was 13.7 mg/ml, which was at-
tained at a mean Tmax of 1.0 h. On day 5, the
pharmacokinetic parameters were similar to those
observed on day 1. The apparent elimination half-
lives of temozolomide were 1.91 h for day 1 and
1.85 h for day 5. Overall, the pharmacokinetic
parameters were similar on days 1 and 5, and
temozolomide did not accumulate in plasma upon
multiple dosing (Table 5).

5. Conclusion

An HPLC assay for the determination of temo-
zolomide in human plasma was validated and was
shown to be accurate and reliable over a concen-
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Fig. 4. Mean (n=3) plasma concentration–time profiles of
temozolomide in cancer patients on days 1 and 5 after oral
administration of temozolomide at a dose of 250 mg/m2 of
body surface area/day for 5 days.

temozolomide in humans following oral adminis-
tration at 250 mg/m2 per day.

Acknowledgements

The authors thank Dr. Ronald White for his
support and for reviewing the manuscript.

References

[1] M.F.G. Stevens, J.A. Hickman, R. Stone, N.W. Gibson,
G.U. Baig, E. Lunt, C.G. Newton, J. Med. Chem. 27
(1984) 196.

[2] E.S. Newlands, G. Blackledge, J.A. Slack, C. Goddard,
C.J. Brindley, L. Holden, M.F.G. Stevens, Cancer Treat.
Rep. 69 (1985) 801.

[3] G. Blackledge, J.T. Roberts, S. Kaye, R. Taylor, J.
Williams, B. De Stavola, B. Uscinska, Eur. J. Cancer
Clin. Oncol. 25 (1989) 391.

[4] M. Harding, D. Northcott, J. Smyth, N.S.A. Stuart, J.A.
Green, E. Newlands, Br. J. Cancer 57 (1988) 113.

[5] M.F.G. Stevens, J.A. Hickman, S.P. Langdon, D. Chubb,
L. Vickers, R. Stone, G. Baig, C. Goddard, N.W. Gibson,
J.A. Slack, C. Newton, E. Lunt, C. Fizames, F. Lavelle,
Cancer Res. 47 (1987) 5846.

[6] L.L.H. Tsang, C.P. Quarterman, A. Gescher, J.A. Slack,
Cancer Chemother. Pharmacol. 27 (1991) 342.

[7] N.W. Gibson, J.A. Hickman, L.C. Erickson, Cancer Res.
44 (1984) 1772.

[8] J.A. Hartley, N.W. Gibson, K.W. Kohn, W.B. Mattes,
Cancer Res. 46 (1986) 1943.

[9] L. Meer, R.C. Janzer, P. kleihues, G.F. Kolar, Biochem.
Pharmacol. 35 (1986) 3243.

[10] J.L. Skibba, G.T. Bryan, Toxicol. Appl. Pharmacol. 18
(1971) 707.

[11] H. Kim, C. Lin, D. Parker, J. Veals, J. Lim, P. Likhari, P.
Stakkevich, A. Marco, A.A. Nomeir, J. Chromatogr. B
703 (1997) 225.

[12] M. Gilbaldi, D. Perrier, Pharmacokinetics, second ed.,
Marcel Dekker, New York, 1982, pp. 409–417.

[13] J.C. Baer, E.S. Newlands, Br. J. Cancer 67 (1993) 1299.
[14] F. Shen, L.A. Decostered, M. Gander, S. Leyvraz, J.

Biollaz, F. Lejeune, J. Chromatogr. B 667 (1995) 291.

.

Table 5
Mean pharmacokinetic parameters of temozolomide in cancer
patients following oral administration of temozolomide at a
dose of 250 mg/m2 per day for 5 consecutive days

Mean* (% CV)Parameter (unit)

Day 1 Day 5

13.7 (17) 12.2 (15)Cmax (mg/ml)
1.00 (0)Tmax (h) 1.33 (78)

t1/2 (h) 1.91 (8) 1.85 (5)
AUC(tf) (mg h/ml) 42.3 (8) 41.9 (3)

* n=3.

tration range of 0.1–20 mg/ml with a low coeffi-
cient of variation (0.0–6.9%) and bias (−5.0–
10.0%). Temozolomide was stable in acidified
human plasma (pHB4) after three freeze–thaw
cycles and for 30 days at −20°C. The method
was used to determine plasma concentrations of


