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Abstract

C1311 (5-[[2-(diethylamino)ethyllamino]-8-hydroxyimidazo [4,5,1-de]-acridin-6-one-dihydrochloride trihydrate) is the lead compound
from the group of imidazoacridinones, a novel group of rationally designed anticancer agents. The pharmaceutical development of C131.
necessitated the availability of an assay for the quantification and purity determination of C1311 active pharmaceutical ingredient (API)
and its pharmaceutical dosage form. A reversed-phase liquid chromatographic method (RP-LC) with ultraviolet (UV) detection was de-
veloped, consisting of separation on a C18 column with phosphate buffer (60 mM; pH 3 with 1 M citric acid)—acetonitrile-triethylamine
(83:17:0.05, v/viv) as the mobile phase and UV-detection at 280 nm. The method was found to be linear over a concentration range o
2.50-10Qug/mL, precise and accurate. Accelerated stress testing showed degradation products, which were well separated from the parel
compound, confirming its stability-indicating capacity. Moreover, the use of LC—MS and on-line photo diode array detection enabled us to pro-
pose structures for four degradation products. Two of these products were also found as impurities in the APl and more abundantly in an impur
lot of API.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of the imidazoacridinones are a planar, polycyclic nucleus
(capable of DNA intercalation) and a polyethylenediamine
C1311 (5-[[2-(diethylamino)ethyl]amino]-8-hydroxyimi-  side chain. The addition of an imidazole ring to the acridi-
dazo [4,5,1-de]-acridin-6-one-dihydrochloride trihydrate) is none backbone increases the electron density af fystem,
the lead compound from the group of imidazoacridinones, making the molecule more resistant to enzymatic reduction
a novel group of rationally designed anticancer agéhjs into oxygen free radicals, which are known to lead to the
(Fig. 1). The structure of the imidazoacridinones resembles dose-limiting cardiotoxicity of the anthracycling®]. The
the anthracyclines (e.g. doxorubicin), the anthracenedioneshydroxyl group in position 8 increases DNA affinity com-
(e.g. mitoxantrone) and the anthrapyrazoles (e.g. oxantrazolepared to unsubstituted- or alkyl-substituted derivat[@4].
and biantrazole), which are known to intercalate DNA and The proposed mechanism of action of C1311 is partly topoi-
inhibit DNA topoisomerase Il. The major structural features somerase Il inhibition, induction of lysosomal rupture and
apoptosis in tumor cells without irreversible inhibition of
* Corresponding author. Tel.: +31 20 5124733; fax: +31 20 5124753.  DNA synthesig5-10] C1311 exhibited significant cytotoxic
E-mail addressapmbk@slz.nl (M.W.J. den Brok). activity in vitro toward several tumors and both in vitro and
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N 3.1.2. C1311 calibration and quality control samples
C1311 stock solution was prepared by accurately weigh-
ing 1.36 mg of C1311 API and subsequent dissolution in
10mL of mobile phase corresponding to 30§YmL anhy-
8 drous C1311 free base. Calibration samples and quality con-

N

HO 2 HCI + 3 H,0 ; "
rol samples were prepared from two separately weighed
0 N stock solutions. To obtain sample solutions containing 2.5,
HOOSAS NN 5, 10, 25, 50 and 10@g/mL C1311 (anhydrous free base),
I\ subsequently 25, 50, 100, 250, 500, and 10D®f stock so-
lution was transferred to an autosampler vial. Mobile phase
Fig. 1. Chemical structure of C1311 4§H»oN40; x 2HCI x 3H,0, was added to a final volume of 100Q. Samples were stored
My =477). at—20°C until analysis.

3.1.3. C1311 API

in vivo toward a range of colon tumors (both murine and hu- C1311 drug substance sample was prepared by accu
man)[5—7,11,12] The pharmaceutical development of a par- _ . o
)l ] P P b rately weighing 0.68 mg of API and subsequent dissolution

enteral dosage form for C1311 necessitated the availability of . . .
an assayl13,14]for the quantification and purity determina- in 10 mL of mobile phase, corresponding to5g/mL anhy—
tion of C1311 active pharmaceutical ingredient (API) and its drous (.:1311 free base. Samples were storec?at’C unti
pharmaceutical dosage form. The development of a reversed—"’malyS's'

phase liquid chromatography (RP-LC) method with ultravio-
let detection (UV) for this purpose is described in this paper.
Validation of the analytical method was performed accord-
ing to international guidelined 5,16] On-line photo diode
array (PDA) detection and LC coupled to mass spectrometry
(MS) were used to attain more information on the observed
impurities and degradation products of C1311.

3.1.4. Pharmaceutical dosage form

C1311 (anhydrous free base) 100 mg/vial lyophilised
powder for intravenous use was dissolved in 25 mL of mo-
bile phase. One hundred and twenty five microliters of the
resulting solution was diluted to 10 mL with mobile phase.
The resulting solution, corresponding to a C1311 concentra-
tion of 50pg/mL (anhydrous free base), was transferred to
an autosampler vial. Samples were stored-20°C until
i analysis.
2. Materials and methods

3.2. Liquid chromatograph
2.1. Chemicals q graphy
o . . The HPLC system consisted of an 1100 Series bi-

C1311 asits dihydrochloric salt (trihydraté}, 477)was 4y Hp|c pump, Model G1312A (Agilent Technologies,
provided by Xgnthus Life Sciences, Inc. (Cambrldge, MA, Amstelveen, The Netherlands), a Model SpectraSERIES
USA). C1311 final product was manufactured in-house (De- Ag53000 automatic sample injection device, equipped with
p?‘rtme”t of Pharmacy and Pharmacology, Sloter\(aart Hos-5 100uL sample loop (Thermo Separation Products, Breda,
pital, Amsterdam, The Netherlands) by freeze-drying. Ace- The Netherlands), and a photo diode array detector (PDA)

tonitrile and methanol were purch_ased fro_m Biosolve Ltd. Model Water&™ 996 (Waters Chromatography B.V., Etten-
(Amsterdam, The Netherlands). Triethylamine and water for Leur, The Netherlands). Chromatograms were processed

chromatography were obtained from Merck (Darmstadt, Ger- using Chromeleon software (Dionex Corporation, Sunny-
many). All chemicals were of analytical grade and used with- vale, CA, USA). Separation was achieved using a Zor-

out further purification. bax SB-Gg analytical column (150 mm 4.6 mm ID, par-
ticle size 3.5um, Rockland Technologies Inc., Newport,
DE, USA), which was protected by a guard column packed

3. Methods with reversed-phase material (3 mrlO mm) (Chrompack,
Middelburg, The Netherlands). The mobile phase con-

3.1. Sample preparation sisted of phosphate buffer (60mM; pH 3 with 1M cit-
ric acid)—acetonitrile—triethylamine (83:17:0.05, v/v/v). The

3.1.1. C1311 standard reference solution flow rate was 0.8 mL/min and UV-detection was performed

C1311 standard reference solution was prepared by ac-at 280 nm. The injection volume was @Q. A run time of
curately weighing approximately 0.68 mg reference standard 20 min was employed for the standard samples (C1311 stan-
and subsequent dissolution in 10 mL of mobile phase, to ob- dard reference solution, C1311 calibration and quality con-
tain a final concentration of §8g/mL C1311, corresponding  trol samples), and a run time of 60 min to determine any late

to 50pg/mL anhydrous C1311 free base. The standard ref- e|uting impurities and degradation products in the API or
erence solution was stored-aR0°C until analysis. pharmaceutical dosage form.
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3.3. Liquid chromatography/mass spectrometry Between-run precision (%)
. . — EmrM
The mobile phase used for the LC/MS experiments was = 100 x \/(DayMSGM rMS)/n (2)

composed of formate buffer (pH 3; 60 mM)—acetonitrile—
triethylamine (83:17:0.05, v/v/v). The LC system consisted
of an HP1100 liquid chromatograph (Agilent Technologies) 3.4.3. Stability-indicating capability

with a binary pump, autosampler, and degasser. Other LC The stability-indicating capablllty of the LC method was
conditions were as described above. The eluate was led into€sted by subjecting C1311 stock solutions in the concentra-
the interface of an API 2000 triple quadrupole MS equipped tion of 10mg/mL C1311 (anhydrous free base) in water to
with an e|ectrospray ionisation (ES|) source (Scie)(, Thorn- several stress conditionsfor1 h (oxidation) or24h (acid, alka-
hill, Ont., Canada)_ The MS was operated in the positive Iine, and heatl}16]. Heat: 1 mL of C1311 stock solution was
ion mode. The ion spray voltage was 5500V and the source€xposed to 100C. Oxidation: to 1 mL of C1311 stock solu-
temperature was set at 450. A range ofm/z 30—-800 was tion, 1 mL of a 30% hydrogen peroxide solution was added.
scanned for the identification of unknown degradation prod- Acidic: to 1 mL C1311 solution 0.5 mL of 4 M hydrochloric
ucts, using a stepsize of 0.10amu with dwell times of 3s. acid (HCI) was added. Samples were neutralised using 4 M
The nebulizer gas (Compressed air), turbo ge@,(mnain sodium hydroxide (NaOH) Alkaline: similar to the method

gas (\), and collision activated dissociation gasjNvere described under “acidic”, using 4 M NaOH as alkalizer and
operated at 40, 80, 30, and 2 psi, respectively. 4 M HCl to neutralise the sample solution. All samples were

diluted with mobile phase to a theoretical concentration of

3.4. Validation procedure 50pg/mL C1311 (anhydrous free base) before analysis.

The LC method was validated with respect to the fol- 3.4.4. %ta%'“ty of standarld r.eference solutlc()jns bi
lowing parameters: linearity, accuracy, precision, stability- Standard reference solutions were stored at ambient tem-

indicating capability, and stability of standard reference so- Perature (20-25C) and ambient light (day—night cycle) con-

lutions[15,16] ditions and C1311 area and purity were monitored in time.
' The C1311 content and purity of C1311 standard refer-

ence solutions stored a20°C (in the dark) was determined

3.4.1. Linearity . _ after 24 days and compared with freshly prepared standard
Calibration curves at six concentration levels (2.5, 5, 10, (eference solutions.

25, 50 and 10@Q.g/mL C1311 (anhydrous free base) in mo-
bile phase) were analysed in duplicate in three separate runs.

Least-squares analysis of concentration, weighted by [1/con-4  reasuits and discussion
centration], versus the area of the C1311 peak was applied.

The linearity ofthe calibration curves was evaluatedby means 4 1 | c_uv method development
of back-calculated values of the calibration standards, the de-
viation in response factors at different concentration levels
and the observed correlation coefficients of the calibration
curves[17].

The HPLC method with fluorescence detection devel-
oped for the analysis of C1311 in mouse and human plasma
[18] was taken as a starting point in the development of a
stability-indicating method for the quantification and purity
3.4.2. Accuracy and precision determination of C1311 API and its pharmaceutical dosage

Accuracy, within-run and between-run precisions of the form. To achieve the sensitivity required for the analysis
method were determined by assaying quality control sam- of C1311 in biological samples, fluorescence detection was
ples at three concentration levels (5, 10 angu§0mL C1311 employed. For the analysis of C1311 API and pharmaceu-
(anhydrous free base) in mobile phase) in triplicate in three tical dosage form with relatively high drug concentrations
separate analytical runs. Accuracy was measured as the perand possible impurities and degradation products present a
cent deviation from the nominal concentration. The within- less specific mode of detection, e.g. UV, was preferred. The
run and between-run precisions were calculated by analysisabsorption spectrum of C1311 showed maxima at approxi-
of variance (ANOVA) for each test concentration using the mately 252, 280, and 422 nm. Using a mobile phase com-
analytical run as the grouping variable. From the ANOVA position of phosphate buffer (60 mM; pH 4 with 1 M citric
analysis the day mean square (DayMS), error mean squareacid)—acetonitrile—triethylamine (80:20:0.07, v/v/v), C1311
(ErrMS) and grand mean (GM) were obtained. Within-run eluted as a single peak with a retention time of approximately
and between-run precisions were defined using Bgsand 20 min. Peak fronting, however, was considerable. Exclud-

(2), respectively, whera is the number of replicates: ing triethylamine resulted in extensive peak tailing, probably
due to the ionic interactions with the silanol groups of the

o - ~ErrMS i I : . -
Within-run precision (%)= 100 x 1) stationary phase. For both conditions (with and without tri

GM ethylamine), peak width at baseline was >3 min. Next, pH,
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Table 1
Results of C1311 quality control samples<3 per concentration level)
Concentration Within-run Between-run Accuracy
@ (nominal,p.g/mL) precision (%) precision (%) (%)
3 5.05 0.9 0.2 99.4
;,‘5, 10.10 0.3 0.2 98.6
2 50.51 0.3 n.a. 99.0
s n.a.: no significant additional variation due to the performance of the assay
L in different runs.
L 1 L J
0 ° o 1 20 level. Within- and between-run precisions wer@.9% with
Retention time (min) accuracies between 98.6 and 99.4Pake 1.
Fig. 2. Representative chromatogram ofu&mL C1311 drug substance B )
solution. The retention time of C1311 is approximately 11 nkn 6.1). 4.2.2. Stability of the standard reference solution
Detection: 280 nm. The C1311 area of the standard reference solutions was

constant during at least 34 h when stored at ambient light
buffer concentration, and triethylamine concentration were (day—night cycle) and temperature (20<°£5. C1311 pu-
optimised for C1311 peak shape. The optimised mobile phaserity, however, declined after 8 h of storage, with increasing
consisted of phosphate buffer (60 mM; pH 3 with citric acid peak area percentages at relative retention times of 0.60 and
1 M)-acetonitrile-triethylamine (83:17:0.05, v/v/v). This re- 1.14 corresponding to products 4 and 8 observed during ac-
sulted in acceptable tailing factors (<1.8), theoretical plates celerated stress testing (see Sectich3.
(>10,000), and peak width at baseline (<1.5 min). The C1311 content of standard reference solutiors)

The calibration curves in the range of 10-2&/mL stored at—20°C (dark) was stable for at least 24 days
C1311 (anhydrous free base) all showed negative inter-(98.840.7% of the initial content) with no significant in-
cepts. For C1311, which was shown to adsorb to severalcrease in degradation products.
materials when solubilised at neutral pH in earlier exper-
iments (data not shown), adsorption of the analyte to the 4 5 3 Stability-indicating capability
injecti.on device_ was suspected. Indeed, after injection of Tpe stability-indicating capability of the assay was exam-
the highest calibration standard 2.1% of the C1311 areajneq py accelerated stress testiigble 2lists the relative
found was recovered after subsequent injection of mobile peak areas of C1311 and additional impurities or degrada-
phase at pH 3. When, however, the solvent used for the ion products observed during accelerated stress testing. Ad-
calibration samples (water—acetonitrile 83:17, v/v) was re- gitional products were only included in the table when present
placed by phosphate buffer (60mM; pH 3 with 1M citric 4t yejative peak areas of at least 0.1% in one of the analysed
acid)-acetonitrile-triethylamine (83:17:0.05, v/vv) the in- samples. For the accelerated stress testing at elevated tem-

tercepts became zero. perature, only additional products with relative peak areas
Arepresentative chromatogram of C1311 (anhydrous free exceeding 0.6% are given.
base) S5qvg/mL is given inFig. 2 Only minor degradation was observed after subjecting
C1311 stock solution to oxidation with hydrogen peroxide
4.2. Validation for 1 h, and to acidic and alkaline conditions for 24 h, with
all degradation peaks well separated from the parent peak.
4.2.1. Linearity, accuracy and precision After exposure to heat for 24 h, extensive decomposition was

Linearity, accuracy, within-run and between-run preci- observed. Several degradation peaks evolved and some exist-
sions of the LC-UV method over the concentration range ing impurities increased. C1311 peak area decreased to 40%
of 2.50-10Qug/mL was examined. This range corresponds of the initial value after 24 h of heat (10C) exposure. All
to 5-200% of the intended test concentration ofs0mL for degradation peaks were well separated from the parent peak
the pharmaceutical quality control of C1311 APl and the drug (product 7 inFig. 3A).
in its pharmaceutical dosage form. The assay was linear with  In the chromatogram of C1311 API lot C1-090204 in mo-

a relative standard deviation of 1.4% in the response factorsbile phase, products 3, 4, 6 and 8-12 were visible in addition
(area divided by concentration) obtained in the tested con-to C1311 (product 7)Table 9. Products 3, 4, 8 and 10-12
centration range and correlation coefficients >0.9999 found were more abundantly present after exposure to one or more
for all three calibration curves. The average back-calculated of the stress conditions, indicating that these products are
concentration for the different calibration concentration lev- degradation products of C1311. The chromatogram of C1311
elsin the six analytical runs varied between 98.8 and 101.6% API lot C1-100703, which showed a relatively high content
of the theoretical concentration for the tested concentrationin products 4 and 8-12 in comparison to API lot C1-090204
range. The maximal deviation from the nominal concentra- resulted in the rejection of this lot of APl for manufacture
tion was 3.2%, which was found in the lowest calibration (Table 3.
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Table 2
Relative peak areas (%) of C1311 (compound 7), impurities and degradation products in C1311 API and after exposure of APl C1-090204 in solution to
oxidation, heat, acidic, and alkaline conditions compared to C1311 reference standard

Compound Rrt Reference standard API lot Acidic Alkaline Oxidation Heat
C1-090204 C1-100703

1 0.26-0.29 - - - a1 - - 067
2 0.30-0.32 - - - 04 041 011 1034
3 0.36-0.38 m6 051 058 - Q09 025 3131
4 0.58-0.60 - m4 122 - - - 892
5 0.61-0.62 - - - - - - o7
6 0.69 006 010 006 010 012 011 008
7 1.0(C1311) 992 9861 9506 9898 9846 9837 4055
8 1.13-1.16 a6 010 059 018 009 019 111
9 1.55 - 009 059 - - - -

10 1.79-1.87 - 5 019 - - - 264

11 3.36-3.49 - @4 099 024 036 035 -

12 4.57-4.74 - 06 073 012 022 026 -

Rrt: relative retention time.

The UV spectra of the C1311 peak recorded during the of phosphate—citrate buffer was tested with HPLC-UV. The
forced degradation studies at the different conditions were chromatogram obtained after injection of C1311 standard ref-
identical to the initial spectrum. LC—MS analysis also showed erence solution was similar to the chromatogram obtained
no additional ions. This indicates that there were no degra- with phosphate—citrate buffer with respect to retention and
dation products co-eluting with C1311. peak shaperig. 3depicts the chromatograms of a degraded

To elucidate some of the structures of the degradation C1311 solution (24 h of heat (10C) exposure) obtained
products observed during the forced degradation studies, thewith phosphate—citrate buffer (A) and formate buffer (B) in
LC systemwas coupled to MS. For MS detection, buffer com- the mobile phase. Degradation peaks were matched using the
ponents present in the mobile phase are preferably volatileUV spectra obtained with on-line PDA detection. A solution
in order to prevent signal suppression and pollution of the of 1 wg/mL of C1311 in 80% (v/v) methanol was continu-
MS interface and quadrupoles. The mobile phase used forously infused (wL/min) into the ESI source and mass spectra
the HPLC-UV analysis containing 60 mM of phosphate were recorded in the first quadrupole (Q1) of the N#g(4).
buffer was therefore not suitable for introducing the ana- C1311 contains secondary and tertiary amine moieties, sug-
lytes into the MS interface. To render a mobile phase com- gesting uncomplicated positive ionisation in the electrospray
patible with MS detection and with comparable chromato- source. Indeed, the [M + Hlion of C1311 anhydrous base
graphic properties, 60 mM volatile formate buffer instead (m/z 351) was most abundantly present in the spectrum and

only asmall peak of the sodium adduct was observed. MS/MS

3 J . analysis was performed by selecting tim& value for the
2 / / molecular ion and inducing it to fragment in the collision
5
8 6.0e+6
M (B) [M+H]*
o 351
] 3 4 7 5.0e+6 [
< /
Q
= 2 4
3 5 4.0e+6
{ —_
1 / k 8 8
6 (A) < 30e+6 |
2
@
&
2 20e+6
1 1 ] =
0 5 10 15
Runtime (min) 1.0e+6 |-
Fig. 3. Degradation chromatogram of C1311 exposed to heat°@p0 0.0e+0 . ]l 1 TR
for 24h using (A) phosphate buffer (60 mM; pH 3 with citric acid 200 250 300 350 400

1 M)-acetonitrile—triethylamine (87:13:0.05, v/v/v) or (B) formate buffer
(60 mM; pH3)—acetonitrile—triethylamine (87:13:0.05, v/v/v) as the mobile

phase with detection at 280 nm. The nhumbers correspond to the compounds
given inTables 2 and 3 Fig. 4. Positive Q1 spectrum of C1311 using continuous infusion.

m/z (amu)
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3.0e+6
100
2.5e+6 [
260
2.0e+6 [

1.5e+6

Intensity (cps)

1.0e+6

2 o2 22 260
5.0e+5 | B
4

44 1 N J
30 80 130 180 230 280 330 380

m/z (amu)

278

4
T

0.0e+0

Fig. 5. Positive MS/MS spectrum of C1311. The molecular infz351) was selected for MS/MS analysis.

Table 3

MS and UV data of C1311 (product 7) and degradation products 2-5 obtained after exposure to heat

Product m/zvalues MS [M +HT mvz values MS/MS [M + Hf UV maxima (nm)

2 367 338; 309; 294; 281; 266 261; 276; 333; 432
3 339 310; 295; 281; 267; 254 261; 282; 343; 434
4 340 311; 296; 282; 267 259; 282; 348; 443
5 349 320; 305; 291; 277 255; 280; 365; 415
7 351 278; 260; 251; 224, 100; 72; 44 251; 282; 379; 422

cell using nitrogen gas, after which the fragments were de- polyethylenediamine side chain. The evefz value of 340
tected in the third quadrupole of the MS. In the product ion observed for degradation product 4 indicates the presence of
mass spectrum of C131Eif). 5 the most intense peakmatz an odd number of nitrogen atoms in the molecule. This to the
100 is indicative of cleavage of the diethylaminoethylamino contrary of degradation products 2, 3, and 5, with even molec-
side chain from the molecule. This fragmentation reaction ular masses indicating an even number of nitrogen atoms in
also occurred in Q1 of the MS when the declustering poten- the molecule, like C1311.

tial was increased from 26 to 81V, demonstrating the ease The UV spectra of the different degradation products ob-
of this reaction and offering the potential to perform MS/MS tained with on-line PDA detection are giverfig. 6. The UV

for this particular fragment. The product ioniz 100 gener- spectrum of degradation product 5 was found quite similar
ated fragmentsvz 72 andnmvz 44, confirming thatr/z 100
corresponds to the diethylaminoethylamino side chain. The
subsequent elimination of carbon monoxide from the phe-
nol moiety resulted in fragmemyz 224. Partial elimination

of the diethylaminoethylamino side chain resulted in frag-

mentm/z 278 and subsequent water elimination in fragment

m/z 260. Partial elimination of the diethylaminoethylamino 2
3
4
5
7

chain in combination with elimination of the fragment NCH
from the imidazole ring with hydrogen re-arrangement may
have resulted in fragment/z 251.

For the degradation products susceptible to positive ionisa-
tion, Table 3ists the most abundant’zvalues recorded inthe
first quadrupole and their corresponding MS/MS fragments
observed in the third quadrupole. K@z values correspond-
ing to the formation of dimers were observed. The most strik-
ing difference between the fragmentation pattern of C1311
and the degradation products was the absence of fragnient 240 340 440 540
100 in the product ion scan of the degradation products, cor-
responding to cleavage of the diethylaminoethylamino side
chain from the molecule. The loss of neutral fragments with rig 6. Uy spectra of the products 2-5 and 7 (C1311). The numbers corre-
masses of 58 and 44 did indicate partial elimination of the spond to the compounds givenTables 2 and 3andFig. 3.

Absorbance

Wavelength (nm)
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= 6.0e+3 2 30e+df
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Fig. 7. Positive MS/MS spectrum of the products 2-5 with their proposed structures. The numbers correspond to the compoundatges and 3and
Figs. 3and 6

to the spectrum of C1311, suggesting preservation of the im-4.2.4. System suitability parameters

idazoacridinone ring system. The appearance of the spectra The observed linearity of the analytical method supports
of degradation products 2—4, however, clearly deviated from the use of a single standard reference concentration for the
the C1311 spectrum, indicating a modification of the electron standardised quantitative analysis of C1311. The system suit-
density of the heterocyclic ring system. ability will consist of one blank injection (mobile phase), six

The proposed structures of the degradation products 2-5injections of the C1311 standard reference solution and one
are given irFig. 7together with their MS/MS spectra. For all  injection of a separately weighed C1311 standard reference
degradation products, cyclisation of the diethylaminoethy- solution. Criteria for retention factor, theoretical plates, tail-
lamino side chain is proposed, which could explain the ob- ing factor, %rsd in area (six injections), and ratio between
served resistance to cleavage at this site. A similar degradathe area of the separately weighed standard reference solu-
tion was earlier seen for mitoxantrone, which showed cycli- tions were defined as: 55k’ <6.7,N> 3000, 0.8< T < 2.0,
sation of the alkylamino side chain upon degradafi®y. %rsd < 1.0%, ratio 0.98-1.02, respectively.

The proposed degradation products differ from the struc-  The C1311 content of sample solutions will be calculated
tures observed after peroxidase-mediated enzymatic oxida-using the bracket mode, in which the areas of two preceding
tion, in which complete dealkylation or deethylation of the and two following standard reference solutions are used.
diethylaminoethylamino side chain and dimer-like products
were observef?0].

The presence of degradation product 3 and 4 as impuritiess. Conclusion
in C1311 API lot C1-090204 was confirmed with LC-MS,
as well as the more abundant presence of these degradation In conclusion, a stability-indicating analytical method
products (especially product 4) in the impure C1311 APl lot comprising of separation with RP-LC and subsequent
C1-10070s. UV-detection was developed for the novel investigational



M.W.J. den Brok et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 46-53 53

anticancer agent C1311. The method was found linear in the [9] N. zaffaroni, C. De Marco, R. Villa, S. Riboldi, M.G. Daidone, J.A.
range of 2.5-10Q.g/mL, precise and accurate. Accelerated Double, Eur. J. Cancer 37 (2001) 1953-1962.

stress testing showed degradation products well separated] J- Dziegielewski, B. Slusarski, A. Konitz, A. Skladanowski, J.
Konopa, Biochem. Pharmacol. 63 (2002) 1653-1662.

fromthg parent compound, confirming its stability-indicating [11] W.M. Cholody, S. Martelli, J. Konopa, J. Med. Chem. 35 (1992)
capability. Moreover, the use of LC-MS and UV spectra en- 378-382.

abled us to propose structures for four degradation products12] B. Berger, H. Marquardt, J. Westendorf, Cancer Res. 56 (1996)
Two of these products were also found as impurities in the ~ 2094-2104. _ o

API and more abundantly in an impure lot of API. [13] ICH Steering Committee, ICH Q3A(R) Impurities in New Drug

S . Substances, European Agency for the Evaluation of Medicinal
The devebped Stablllty'mdlcatmg LC-UV method will Products, International Commission on Harmonisation, London

be used for the pharmaceutical quality control of C1311 API (CPMP/ICH/2737/99), 2002http://www.ich.org

and its pharmaceutical dosage form. [14] ICH Steering Committee, ICH Q3B(R) Impurities in New Drug
Products, European Agency for the Evaluation of Medicinal
Products, International Commission on Harmonisation, London
(CPMP/ICH/2738/99), 200&http://www.ich.org
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