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Abstract

The HPLC method used for determination of mitoxantrone was validated by linearity, sensitivity,
precision, accuracy and specificity. Retention time for mitoxantrone was 4.3 min and that for
haloperidol (internal standard) 7.9 min. Calibration curves were constructed for mitoxantrone over the
concentration range 0.25-5 pg.mL™ (haloperidol, 2 pg.mL™"). For six replicate samples at 0.5, 2. 4. 5
pg.mL?, intra-day precision values were within 1.63 %. Inter-day precision values at the same
concentrations were within 1.90 %. The limit of detection of mitoxantrone was 0.1 pg.mL™". The method
was proved to be applicable to the determination of mitoxantrone.
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Introduction

Mitoxantrone (MTZ), 1,4-dihydroxy-5,8-bis[[2-[(2-hydroxyethyl) amino] ethyl]-amino-9,10-
anthracenedione dichloride, is an analogue of the anthracycline synthesized by Murdock et al.
in the 1970’s. It is a potent inhibitor of DNA and RNA synthesis. MTZ shows better antitumour
activity than the parent compounds (daunorubicin, doxorubicin) against a wide range of murine
tumours without presenting induced cardiotoxic side effects in treated patients (Payet et al.,
1988) . :

There are several high performance liquid chromatographic (HPLC) methods for the
determination of MTZ and its metabolites in biological fluids and tissues (Ehninger et al,,
1985; Choi et al., 1987; Czejka et al.,,1988; Payet et al., 1988; Yoa-Pu Hu et al., 1990; De
Vries et al., 1991; Catalin et al., 1994; Priston et al., 1994) and MTZ in pharmaceutical
formulations (Ficarra et al., 1992). HPLC, together with various sample clean-up procedures,
may better provide the required sensitivity and specifity to elucidate the pharmacokinetic
characteristics of MTZ (Ehninger ef al.,1990). Few of the published methods have utilised an
internal standard method, cresyl violet (Ostroy et al., 1980), bisantrene (Choi et al., 1987),
methylene blue (Lin et al., 1989), ametantrone (Van Belle et al., 1985; Steward et al., 1986)
and haloperidol (Yoa-Pu Hu ez al., 1990) have been used.

The stability of MTZ in human plasma has been discussed (Yoa-Pu Hu er al., 1990). Besides
the problem of stability, a significant amount of MTZ adsorbed on the surface of glassware
during sample preparation is another obstacle to be solved.
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The aim of this study was to describe an HPLC method used for the quantitation of MTZ
which was an antitumour drug of the antitumour antibiotic classification, and to determme the
related validation parameters.

Experimental
Materials and Methods

 MTZ was purchased from Sigma (St. Lois, USA). Haloperidol was supplied by Heumann
(UK). The sodium salt of 1-pentanesulphonic acid, potassium phosphate disodium salt and
HPLC grade methanol were purchased from Merck (Darmstad, Germany).

Chromatography: Determination of MTZ was performed by HPLC according to the modified
method of Yoa-Pu Hu et al (1990). HPLC system consisted of a pump (Waters 510, Millipore),
an autosampler (Waters 717 Autosampler, Millipore), a UV detector (set at 242 nm) (Waters
490-E, Millipore), a column (xBondapak C,s, 10pm particle size, 25 cm x 4 mm [.D.) and an
integrator (IBM PC/ 2,80, 386, NEC). The column was preceded by a guard column. MTZ and
haloperidol were eluted isocratically with methanol —10mA/ KH,PO, buffer (pH 3.0) (55:45,
v/v), containing 0.09 % 1-pentanesulphonic acid sodium salt as the mobile phase at a flow rate
of 1.5 mL.min". The mean peak area rafio used throughout this study was calculated by
dividing the MTZ peak area by the haloperidol peak area.

In this study, all stock solutions and dilutions of MTZ were prepared in mobile phase. To avoid
loss of MTZ due to adsorption on the surface of glassware, polypropylen flasks were used
throughout the study.

Method Validation

Accuracy and precision: For intra-day and inter-day accuracy and precision the samples (n=6)
which contained MTZ (concentration of 0.5, 2, 4, 5 ug.mL™") and haloperidol(internal standard,
2 ng.mL™"y were injected into the HPLC system at a single day and three consecutive days.

For evaluation of accuracy, the relative error percentage was calculated from the formula [(
mean of detected concentration — added concentration) / added concentration] x 100, while
precision was determined as the coefficient of variation (C.V.) (Tomiyama e al., 2000).

Limit of detection and limit of quantification : The limit of detection (LOD) was defined as the
lowest concentration of MTZ (Signal/Noise(S/N)=3). The quantification limit was set at the
lowest standard concentration on the calibration curve.

Linearity of calibration curve: For each standard curve set (n=6), a separate weighing of
powders (MTZ and haloperidol) were made and then followed by serial dilutions to the
approprlate concentrations (MTZ corcentration range 0.25- 5 pg.mL™” and haloperidol 2
pgmL™).

Stability study: In order to evaluate the MTZ stablhtv durmg the experiments, solutions
containing low (0.5 pg.mL"") and high (4 pg.mL™") concentration of MTZ were prepared and
then, injected into HPLC column immediately after its preparation and 6 h.

Results and Discussion

Retention time for MTZ was 4.3 min. and that for haloperidol was 7.9 min and smooth peaks
were ot:iained by the HPLC method descrlbed (Figure 1).

The LOD (S/N=3) of MTZ was 0.1pg.mL" . The linear response of the method was evaluated
in the range of the concentrations (0.25- 5 pg.mL") used. A good determination coefficient (r*>
0.999) was obtained with the calibration curve, where the mean peak area ratio
(MTZ/haloperidol) was plotted versus concentration of MTZ (ug.mL™). The parameters are
shown in Table 1.
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Intra-day and inter-day accuracy and precision were determined to evaluate reliability of the
analytical method. The results are listed in Table 2. Intra-day accuracy for MTZ at
concentrations of 0.5, 2, 4, 5 pg.mL" was between —1.80 and 0.36, with CV being 1.63 % or
less. Inter-day accuracy ranged from —1.93 to —1.14 and inter-day precision was less than 1,94
%. Validation experiments showed very good precision and accuracy of the method with
coefficients of variation and relative errors of less than 2 %. Stability studies revealed no
appreciable degradation of MTZ (Table 3).

Finally, results demonstrated that the method was accurate, precise and sufﬁmentlv specific and
sensitive for the quantitation of MTZ.
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Figure 1. HPLC chromotogram of mitoxantrone. (A: mitoxantrone, lug.mL™; B:
haloperidol, 2 pg.mL™)

Table 1. Linear regression data for the HPLC method (n=6).

Parameters : Results
Range of concentrations 0.25 ygmL" - 5 pg.mL’
Slope® 1,4933 + 0.0596
Intercept” -0,0715 +0,1262
(Correlation coefficient)® (1) 0.9997
Limit of detection 0.1 pg.mL’
Limit of quantitation 0.25 pgmL’

? + confidence interval of the slope (P =0.05) ,
S by confidence interval of the intercept (P =0.05)
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Table 2. Intra-day and inter-day assay of MTZ.

\

Concentration | Concentration | Accuracy” [Precision®
Sample added determined
(ug.mL™) (pgmL” )
0.5 0.4981 - 0.3605 1.5600
Intra-day® 2 1.9733 - 1.3340 1.6362
4 3.9276 - 1.8083 1.5694
5 49272 - 1.4543 1.4764
0.5 0.4903 -1.9344 1.9470
Inter-day* 2 1.9752 -1.2357 | 1.9729
: 4 3.9395 -1.5123 1.5423
. 5 49428 - 1.1437 1.6065
? Relative error (%)
" C.V. (%)
°n = 6 for each concentration for intra-day assay
4 n=3 for each concentration for 3 days ( inter-day assay)
Table 3. Stability results of MTZ during the experiments
Time Concentration Concentration C.V.
(hours ) added determined (pug.mL™) (Yo)
(pg.mL” ) (X£SD)
0 0.5 0.4761 +0.0076 1.6004
6 0.5 0.4845 +0.0055 1.1488
0 4 3,8547 £0.0645 1.6746
6 4 3.8037 £0.0212 0.5593
X :mean

SD: Standard deviation
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Ozet

MTZ’un HPLC ile miktar tayininde kullanilan yontem dogrusallik, duyarhilik, kesinlik, dogruluk ve
ozglinliik ¢alismalan ile valide edildi. Alitkonma zamanlart MTZ i¢in 4.3 dakika ve haloperidol (internal
standart) i¢in 7.9 dakika olarak tespit edildi. Kalibrasyon dogrulart MTZ konsantrasyonunun 0.25-5
pg.mL" (haloperidol, 2 pg.mL") oldugu aralikta elde edildi. 0.5, 2, 4, 5 pg.mL™ konsantrasyondaki 6
ornek igin giin i¢i kesinlik % 1.63 olarak tespit edildi. Ayn1 konsantrasyonlarda giinler arasi kesinlik %
1.90 olarak bulundu. MTZ i¢in saptama smurt 0.1 pg/mL olarak tayin edildi. Kullamlan metodun

MTZ un miktar tayini icin uygun oldugu gosterildi.

References

Catalin, J., Peloux, A.F., Coloma, F., Payet, B., Lacarelle, B.and Cano, J.P. (1994). Direct
determination of mitoxantrone in plasma by high performance liquid chromatography
using an automatic precolumn-switching system as sample clean-up procedure.

46

Biomed. Chromatography 8:37-41.




Choi, K.E., Sinkule, J.A., Han, D.S., McGrath, S.C., Daly, M.K. and Larson, R.A. (1987).
High-performance liquid chromatographic assay for mitoxantrone in plasma using
electrochemical detection. J. Chromatography 420:81-88.

Czejka, M.J.and Georgopoulos, A. (1988). Mitoxantrone determination using high-performance
liquid chromatography: improved sensitivity by loop-column injection for dual-dose
pharmacokinetic studies. J. Chromatography 425:429-434.

De Vries, A.J.and Nooter, K. (1991). Quantification of mitoxantrone in bone marrow by high
performance liquid chromatography with electrochemical detection. J.
Chromatography 563:435-442. ,

Ehninger, G., Proksch, B.and Schiller, E. (1985). Detection and seperation of mitoxantrone and
its- metabolites in plasma and urine by high performance liquid chromatography. J.
Chromatography 342:119-127.

Ehninger, G., Schuler, U., Proksch, B., Zeller, K.P. and Blanz, J. (1990). Pharmacokinetics and
metabolism of mitoxantrone: a review. Clin. Pharmacokinet. 18:365-380. ‘

Ficarra, R., Ficarra, P., Calabro, M.L., Altavilla, G., Giacobello, T.and Fiore, A. (1992). A
novel HPLC method for the determination of mitoxantrone in pharmaceutical
formulations. Boll. Chim. Farm. 131:419-423.

Lin, K.T., Rivard, G.E. and Leclerc, J.-M. (1989). High-performance liquid chromatographic
determination of mitoxantrone in plasma utilizing non-bonded silica gel for solid-
phase isolation to reduce adsorptive losses on glass during sample preparation. J.
Chromatography 465:75-86. '

Ostroy, F..and Gams, R.A. (1980). An HPLC method for the quantitative determination of 1,4-
dihydroxy-5,8-bis-{[2-[2-hydroxyethyl) amino ]ethyllamino}-9,10-anthracenedione
in serum. J. Liguid Chromatography 3:637-644.

Payet, B., Amoux, P.H., Catalin, J. And Cano, J.P. (1988). Direct determination of
mitoxantrone and its mono- and dicarboxylic metabolites in plasma and urine by high

‘ performance liquid chromatography. J. Chromatography 424:337-345.

Priston, M.J. and Sewell, G.J. (1994). Improved LC assay for the determination of
mitozantrone in plasma:analytical considerations. J. Pharm.& Biomed Anal.
12:1153-1162.

Stewart, D.J., Green, R M., Mikhael, N.Z., Montpetit, V. and Thibault, M. (1986). Human

' autopsy tissue concentrations of mitoxantrone. Cancer Treat. Rep. 70:1255-1261.

Tomiyama, N., Tsuji, H., Watanabe, M., Takeda, M., Harada, T. and Kobayashi, H. (2000).
High-performance liquid chromatographic method for determination of DDT and its
degradation products in rat plasma, liver and brain: ‘validation and application to a
pharmacokinetic study. J. Chromatography 748:361-368.

Van Belle, S.J.P., Schoemaker, T.J., Verwey, S.L., Paalman, A.C.A. and McVie, J.G. (1985).
Ion- paired high-performance liquid chromatographic determination of mitoxantrone
in physiological fluids. J. Chromatography 337:73-80.

Yoa- Pu Hu, O., Chang, S.-P., Song, Y.-B., Chen, K.-Y.and Law, C.-K. (1990). Novel assay
method for mitoxantrone in plasma, and its application in cancer patients. J.
Chromatography 532:337-350.

Received:30.09.2003
Accepted:10.12.2003

47



