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Abstract

AHPLC method has been developed for the determination of epirubicin hydrochloride, doxorubicin hydrochloride and idarubicin hydrochlo-
ride in the presence of four other anthracyclines. This method ensures the rapid determination of seven anthracyclines. It is simple and rapid
and does not require any preliminary treatment of the sample. The method was fully validated.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction raw materials appears to be extremely valuable for the
pharmaceutical industry.
Anthracyclines were originally isolated from a pigment- This paper reports a HPLC method with DAD detection

producing Streptomycesnd are among the most widely that has been developed for the simultaneous determination
used anticancer agents. From the 1960s to the presenbf seven anthracyclines: on one hand, epirubicin hydrochlo-
day, more than 200 anthracyclines, which occur naturally, ride, doxorubicin hydrochloride, idarubicin hydrochloride as
have been identified and hundreds of derivatives have beermajor compounds, and on the other hand, doxorubicinone,
synthesized in order to overcome their high toxicity and daunorubicinone, daunorubicin and epi-daunorubicin as
multi-drug resistance. To the best of our knowledge, the mostrelated substances. The method was fully validated according
frequently used of anthracyclines is at present epirubicin to the ICH ruleq14].
hydrochloride [1,2]. A judicious scrutiny of scientific
literature has revealed the fact that epirubicin hydrochloride
is a drug with a more favourable therapeutic index than
doxorubicin hydrochlorid¢3]. At present, there is only one
official monograph in pharmacopoeia for the quality-control
of epirubicin hydrochloride[4] even if many scientific
papers have reported chromatographic methods like HPLC
with DAD [5-8], electrochemical or fluorescence detection
[9,10] and, more recently, LC-MS methofisl-13]

It is for this reason that a rapid, accurate, selective
and sensitive quality-control method for anthracycline

2. Experimental
2.1. Materials

The study was conducted with seven standards from
the European Pharmacopoeia (Strasbourg, France): epiru-
bicin hydrochloride; doxorubicin hydrochloride; idarubicin
hydrochloride; doxorubicinone; daunorubicinone; daunoru-
bicin; epi-daunorubicin. The water used for chromatography
was purified by means of a MilliQ ultra-pure water-system
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Germany). The phosphoric acid 85%<1.71 g mL-1) was tion of the mobile phase was: solvent A:solvent B =40/60.
purchased from Riedel de Ba (Seelze, Germany) and The injection volume was 20L, and the mobile phase flow
sodium dodecylsulfate (Ph. Eur., DAB, BP Pharm.) from rate was kept constant at 2 mL mih
Merck (Darmstadt, Germany).
2.4. Stock solutions

2.2. Equipment

All the samples were prepared by dissolution in the

Two Hewlett-Packard 1100 chromatographic systems mobile phase and were filtered by a 0 4B filter. The con-

(Boeblingen, Germany) were employed. System 1 consistegcentration of the stock solution for epirubicin hydrochloride,
of aquaternary pump G 1311A, a PDA detector G 1315A, an doxorut_)icin hydrochloride and idarubicin herochIoride,
automatic injector G 1313A, a column thermostat G 1316A 'espectively, was 1.00mgmt and the solutions were
and an on-line degasser G 1322A. The chromatographic sys-Prepared by dissolving an appropriate quantity of each
tem 2 consisted of a binary pump G 1312A, a PDA detector compound in the mobile phase. The concentration of each
G 1315A, an automatic injector G 1313A, a column ther- of the stock solutions of doxorubicinone, daunorubicinone,
mostat G 1316A and an on-line degasser G 1322A. The daunorubicin and epi-daunorubicin was 0.50 mgrhL
chromatographic separations were carried out using a col-
umn purchased from Agilent Technologies (Waldbroun, Ger- 2.5. Validation of the method
many) type Zorbax Eclipse XDB-C88m, 25 cmx 4.6 mm
with column temperature 3%. The detection was at 2.5.1. Linearity and range
A =254+ 2nm, referencer =360+ 2nm. The data were Aliquots of the stock solutions of each compound were
acquired and processed by means of HP ChemStation forplaced in 10 mL volumetric flasks, which were filled up with
LC software. The ORIGIN program (Micro Cal Inc., Version water. For the calibration graph, successive dilutions were
4.10.) was employed for the linear regression analysis. performed using 10 or 5 mL volumetric flasks.

2.5.2. Precision
Six different concentrations of each compound were anal-
Separations were achieved with a mobile phase formedysed on the same day and the values of R.S.D. were calculated
by mixing the solvent A (aqueous solution with pH 2.00, todetermine the intra-day precision. The same procedure was
containing 0.4% sodium dodecylsulfate) with the solvent B performed on different days; thus, the inter-day precision was
(mixture of methanol:acetonitrile =1:1, v/v). The composi- determined, too.

2.3. Separation studies

oH
Aglycone
R4 O OH o
o R
4 3 Sugar
NH,
OH
Daunosamine
No*. Anthracycline Ry Rg R7
1 Doxorubicinone ~OCH; —C(=0)CH,0OH -OH
2 Daunorubicinone —0OCH; -C(=0)CH; —-OH
3 Doxorubicin ~OCH; —C(=0)CH,0H Daunosamine
4 Epirubicin ~0OCH; —C(=0)CH,0H Daunosamine (4’ epimer)
5 Daunorubicin —OCH; —C(=0)CH; Daunosamine
6 Epi-Daunorubicin —0OCH; —-C(=0)CH,; Daunosamine
7 Idarubicin -H C(=0)CH3 Daunosamine

*The number of compound according to the elution order

Fig. 1. The chemical structure of anthracyclines.
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mAU. Table 1
400 1 1 Results of the linearity studies
350 - 34
300 - . Compound y=A+BX R
250 - 2
200 1 5 6 A B
1 55% ; AN /\ Doxorubicin 21507 2404392 09991
0- Epirubicin 10548 2072446 09992
N 4 s a 10 min Idarubicin —28938 4210634 09994
Doxorubicinone —0.08 1353954 09985
Fig. 2. Chromatogram for system suitability: solvent A/solvent B =40/60; Daunorubicinone @0 4915814 09976
the injection volume, 2L ; temperature, 35C; the flow rate, 2 mL min?; Da_unorublcm_ . -0.15 3614651 09968
(1) doxorubicinone; Z) daunorubicinone;3) doxorubicin; @) epirubicin; Epi-daunorubicin 31 3587441 09953
(5) daunorubicin; §) epi-daunorubicin;7) idarubicin. a R, coefficient of correlation.
2.5.3. Accuracy The chromatograms obtained in this manner are similar to

Accuracy was evaluated by fortifying a mixture con- the one presented Fig. 2 The method is selective by regard
taining epirubicin hydrochloride, doxorubicin hydrochloride to the excipients for lyophilization.
and idarubicin hydrochloride with known concentrations
of doxorubicinone, daunorubicinone, daunorubicin and epi- 3.1.2. Linearity and linear dynamic range
daunorubicin. The recovery of each compound was calcu-  The linearity of the method used for each anthracycline

lated. assay was evaluated on a calibration curve of the peakwrea (
mAU s) versus the concentration of the analyterig mL™1).
2.5.4. Ruggedness Each sample was prepared in triplicate and nine different con-

The ruggedness of the procedure was checked aftercentrations were used for the linearity studies. The equations
the following parameters had been altered deliberately; Of linear regression obtained for various concentrations in
the composition of the mobile phase, the temperature andthe range of 10-120% of the normal analytical working con-
the mobile phase flow rate in the following variants: 1.8 centration are summarized Table 1 The intercept is very
and 2.2mLmin!. These variants represettl0% of the small and the correlation coefficient is close to unity. The
proposed flow rate (2 mL mirt). values that have been obtained show a good linearity and the

fit of Beer’s law.
The detection limit was established by assessing the
3. Results and discussion signal-to-noise ratio level in a proportion of 3:1 and the quan-
titation limit for the signal-to-noise ratio in a proportion of

The chemical structure of the epirubicin hydrochloride, 10:1. The results are presentedable 2
doxorubicin hydrochloride, idarubicin hydrochloride, which
it is possible to find as a major compound in pharmaceu- 3.1.3. Precision
tical forms, is shown inFig. 1L The composition of the Precision was estimated by determining repeatability and
mobile phase was adjusted until a proper separation betweerintermediate precision. Repeatability, also defined as ‘intra-
those anthracyclines and doxorubicinone, daunorubicinone,assay’ precision, was evaluated by six consecutive measure-
daunorubicin and epi-daunorubicin was obtained. All the ments performed on simulated solutions at a concentration
compounds under examination were separated rapidly andof 100% of the normal analytical working value. Intermedi-

completely. ate precision was determined by evaluating the repeatability
of the investigated method (analytical procedure), which was

3.1. Validation of the method reproduced in the same laboratory, but under different oper-
ational conditions: with a different investigator, a different

3.1.1. Specificity and selectivity column (different batch, same manufacturer), or with the

The specificity/selectivity of the analytical method was
confirmed by the analysis of solutions that contained 100%
of the normal working concentration (0.1 mg mt) of the
epirubicin hydrochloride, doxorubicin hydrochloride and

Table 2
Determinations of LOD and LOQ for doxorubicin, epirubicin, idarubicin,
doxorubicinone, daunorubicinone, daunorubicin and epi-daunorubicin

. . . Compound LOD (hgmLt? LOQ (hgmL?

idarubicin hydrochloride and 25% of the related substances,D P - 110 (gmt) 38( 9 )
i.e. doxorubicinone, daunorubicinone, daunorubicin and epi- E;’;ﬁ[)‘fcif'n 128 pps
daunorubicinkig. 2). Thg parameters of the separation were |4arubicin 162 55
the same for the solution containing 100% of the normal Doxorubicinone 36 144
working concentration and 0.1% of the related impurities. ~ Daunorubicinone 29 75
Samples containing the above-mentioned seven anthracy-Paunorubicin 42 138
Epi-daunorubicin 75 250

clines and excipients for lyophilization have been analysed.
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Table 3 changes on the performance of the chromatographic system

Results of the precision and accuracy studies for doxorubicin, epirubicin and inthe area of interest and on the retention time was evaluated.

idarubicin _ — — No important changes in resolutioft.15) and areaif2%)

Doxorubicin  Epirubicin Idarubicin were observed, when modifications in the temperature and

Precision (%t S.D.) ~ 100.0+0.10  99.3+ 1.03 99.6+ 1.32 flow rate were studied. The variation of the composition of

| trepeactjabtlllty . the mobile phases determines a dramatic change in the whole

ngramyT iate precision 99.04 039  99.8+ 045  100.24 140 time of the analysisTables 5 and 6 Method ruggedness,
Day Il 1003+ 1.20 98.8+ 1.56  99.7+ 1.80 checked after deliberate alterations of the mobile-phase com-

position, flow rate and temperature shows that the changes of
the operational parameters do not lead to essential changes
of the performance of the chromatographic system (resolu-
analysis carried out on another day. The precision of the tjon, retention time for the peak of interest), butto an increase
method had a relative standard deviation (R.S.D.) below of the time of analysis, when the composition of the mobile
2%, which complies with the acceptance criteria proposed phase has been changed.

(R.S.D.: not more than 2.0%). The results are presented in

Tables 3 and 4

Accuracy (%+S.D.)  98.9+ 0.68 99.8+ 125  100.0+ 1.62

3.1.6. Stability of the solution

The chemical stability of anthracyclines in the stock solu-
tion was studied for a period of 12 days. The solutions were
kept both at 2-8C and at room temperature. The solutions
studied were stable in a solution stored for 12 days af2Z-8
and in a solution stored for 5 days at room temperature. The

3.1.4. Accuracy
Accuracy was determined on the range of 80-120% of
the analytical working concentration of each compound by
means of calculating the recovery. Mixtures of the studied
anthracyclines — corresponding to three concentration levels : . . S
. . retention time of each compound was in the range: initial
namely 80, 100 and 120% of analytical working concentra- o : .
. . retention timet 0.5 min, and the area of each peak was in
tion —were analyzed. Each concentration level was prepared S
. the range: initial area 2%. No other peaks were observed
for three times. during the stability studies
Method accuracy, determined in the interval 80—120% of 9 y '
the working concentration and evaluated by the parameter o
“recovery” was within the proposed limits (1802%). The ~ 3.1.7. Applications

results are presented Tables 3 and 4 The method has been applied to pharmaceutical for-
mulations containing epirubicin hydrochloride, doxorubicin
3.1.5. Ruggedness hydrochloride, idarubicin hydrochloride as major com-

The ruggedness of the procedure was checked after thePounds, doxorubicinone, daunorubicinone, daunorubicin and
following parameters had been altered deliberately: the com-€pi-daunorubicin as related substances and excipients for
position of the mobile phase, the mobile phase flow rate in Iyophlllzatlon.The recoveries were between 99.5and 101.2%
the variants: 1.8 and 2.2 mL mif, which represent=10% for the major compounds and between 98.6 and 101.9% for
of the proposed flow (2 mL mirt) and the temperature in ~ related substances. These values are in agreement with those

the range 33—-37C (+2°C). For each case, the influence of Obtained, when the official monograph was applied

Table 4
Results of the precision and accuracy studies for doxorubicinone, daunorubicinone, daunorubicin and epi-daunorubicin
Doxorubicinone Daunorubicinone Daunorubicin Epi-daunorubicin

Precision (%t S.D.) repeatability 99.8& 0.26 99.1+ 1.09 99.4+ 0.67 100.0+ 1.08
Intermediate precision

Day | 98.9+ 1.64 100.1+ 1.51 99.5+ 1.80 99.3+ 1.72

Day Il 99.2+ 0.45 99.5+ 1.18 98.7+ 1.09 99.6+ 0.50
Accuracy (%t S.D.) 98.6+ 0.59 99.4+ 1.53 98.1+ 1.65 99.0+ 1.24
Table 5
Results of robustness studies for doxorubicin, epirubicin and idarubicin
Solvent A/solvent B tr £ S.D. (min)

Doxorubicin Epirubicin Idarubicin

40/60 3.55+ 0.15 3.87+ 0.85 9.50+ 0.21
50/50 6.58+ 0.69 11.44+ 0.65 31.18+ 0.28

60/40 13.09+ 0.98 18.84+ 0.43 48.19+ 0.34
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Table 6
Results of robustness studies for doxorubicinone, daunorubicinone, daunorubicin and epi-daunorubicin
Solvent A/solvent B tr £ S.D. (min)
Doxorubicinone Daunorubicinone Daunorubicin Epi-daunorubicin
40/60 1.17+ 0.20 1.70+ 0.57 6.49+ 0.08 7.34+ 0.43
50/50 243+ 0.15 4.56+ 0.31 22.68+ 0.48 27.04+ 0.37
60/40 5.36+ 0.23 9.25+ 0.84 26.03+ 0.24 32.59+ 0.22
4. Conclusion [3] J. Robert, Drugs 45 (1993) 20-30.

[4] European Pharmacopoeia, fourth ed., 2002, pp. 1109-1111.
The suitability of the HPLC method for the determination  [2] S- Eksborg, B. Nilsson, J. Chromatogr. 488 (1989) 427-434.

. . 6] G. Nicholls, B.J. Clark, J.E. Brown, J. Pharm. Biomed. Anal. 10
of seven anthracyclines has been studied. The HPLC method ! (1992) 949-957

has adequate selectivity, good linearity, sensitivity, precision, (7] p.T. Rossi, B.A. Phillips, J.R. Baldwin, P.K. Narang, Anal. Chim.
accuracy and ruggedness. Acta 271 (1993) 59-68.

The validation report confirms the fact that the proposed [8] I.K. Barker, M. Crawford, A. Tell, J. Chromatogr. B 681 (1996)
HPLC method can be used as a method for the determina- _ 323-329-

ti f h t l duri f lati in finished [9] R. Ricciarello, S. Pichini, R. Pacifici, I. Altieri, M. Pellegrini, A.
lon of such antracyclines during rormulation or in finishe Faltorossi, P. Zuccaro, J. Chromatogr. B 707 (1998) 219-225.

products. [10] O. Kuhlmann, S. Hofmann, M. Weiss, J. Chromatogr. B 728 (1999)
279-282.
[11] M. Loadman, R.C. Calabresse, J. Chromatogr. B 764 (2001)
References 193-206.
[12] F. Lachatre, P. Marquet, S. Ragot, J.M. Gaulier, P. Cardot, J.L.
[1] V.T. De Vita, in: V.T. De Vita, S. Hellmann, S.A. Rosemberg (Eds.), Dupuy, J. Chromatogr. B 738 (2000) 281-291.
Cancer Principles and Practice of Oncology, Lip-Pincott, Philadel- [13] G. Zagotto, B. Gatto, S. Moro, C. Sisi, M. Palumbo, J. Chromatogr.
phia, 1989, pp. 376-382 (Chapter 18). B 764 (2001) 161-171.

[2] G. Cassinelli, E. Configliacchi, S. Penco, G. Rivola, F. Arcamone, [14] ICH Topic Q 2 B Validation of Analytical Procedures: Methodology
A. Pacciarini, L. Ferrari, Drug Metab. Dispos. (1984) 506-510. CPMP/ICH/281/95, pp. 1-8.
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