Available online at www.sciencedirect.com

SCIENCE@DIREGT° JOURNAL OF

3 CHROMATOGRAPHY A

ELSEVIER Journal of Chromatography A, 1043 (2004) 303-315

www.elsevier.com/locate/chroma

Development and validation of a capillary electrophoresis method
with ultraviolet detection for the determination of the related
substances in a pharmaceutical compound

l. Toro*, J.F. Dulsat, J.L. Fabregas, J. Claramunt

Almirall SA., Analysis Research and Development Department, C/Cardener 68-74, E-08024 Barcelona, Spain
Received 14 April 2004; received in revised form 24 May 2004; accepted 28 May 2004

Abstract

A capillary electrophoresis (CE) method was successfully developed to quantify the impurity profile of a new substance of pharmacological
interest: LAS 35917. CE method was developed in order to separate the chloromethylated, monomethylated and hydroxylated impurities
(molecules with very similar chemical structures) having the three coelution in the reversed-phase LC method initially established. Taking
into account the structure of the impurities of LAS 35917, separation by conventional liquid chromatography (LC) methods would be longer
and tedious than separation by CE, which is an appropriate and versatile technique giving easier and quicker methods. Among the three
potential impurities mentioned of LAS 35917, two are due to the synthesis route of this drug, and the third arises from degradation. These
drug-related impurities were separated using a capillary of 56 cm of effective length @and bD., a 60 mM tetraborate buffer, at pH 9.2,
and a positive voltage of 20 kV. The optimised CE method was preliminary validated with regard to specificity, linearity, limits of detection
and quantitation, repeatability and solution stability. The method allows the detection and quantitation of impurities above 0.04 and 0.08%
level, respectively. All three related substances were separated, detected and quantified from their parent drug in the analysis of real samples
of LAS 35917, stressed or not stressed, with this simple and fast CE method.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction The identification and determination of impurities is an
important aspect of drug analysis. An accurate analytical
LAS 35917 fig. 1) is a compound belonging to the profile of a drug substance must fulfil the requirements of
phenyltriazolopurine family, a selective inhibitor of cyclic Regulatory Agencies with respect to toxicity and safety as-
guanosine monophosphate (cGMP)-specific phosphodi-pects from the initial stage of the development of a poten-
esterase type 5 (PDES), synthesised by Almirall. This drug tial drug to the quality control of a marketed pharmaceutical
is intended for oral administration for the treatment of product.
erectile dysfunctiorf1-3]. Liquid chromatography (LC) is an established method
The development of efficient, selective and rapid separa- for the impurity profiling of drugs[5]. Chromatographic
tion methods requires optimisation of separation conditions separation is based on the selective distribution of analytes
especially in the preliminary steps of the development of between a liquid mobile phase and a stationary phase. One of
a given drug. Likewise, fast optimisation of the separation the mostimportant drawbacks of the bonded-phase materials
conditions is essential in the purification and characterisa- is the limited practical pH range.
tion of newly synthesised produdi4]. Nevertheless, the separation mechanism of capil-
lary electrophoresis (CE) is based on differences in the
mspondmg author. Tels 34-93-291-3604: charge.—to-.mass ratjo, gnd is useful in a wide range of pH.
fax: +34-93-291-3474. Since its introduction into the analytical laboratory, CE
E-mail address: itoro@almirallprodesfarma.com (1. Toro). has had to prove that it was capable of generating results
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ﬁ 2 ﬂ ﬁ 2.1.1. LC equipment

The chromatographic system used in the analysis of im-
LAS 35917 Monomethylated impurity (L,) purities of LAS 35917 consists of a 510 HPLC pump by
Waters (MA, USA), a 486 UV detector and an WISP 917
~l autoinjector from the same company. Data were collected
2“ Wy on NCH using Millennium software on a personal computer. The in-
SO

N)\jEn \N\j\ = jection volume was 1pl.
A IN/>—§:—> . )&H The chromatographic column was apf Kromasil
om N - o / (250mm x 4.6mm 1.D.) (Aplicaciones Andicas,
© Barcelona, Spain). The mobile phases were (A) 10mM
z phosphoric acid, pH 7.0 and (B) [acetonitrile—-methanol
(65:35)]-water (90:10). The gradient elution is indicated in

Table 2 The analyses were performed at room temperature

at a flow rate of 1 ml/min. The monitoring wavelength was
Fig. 1. Structures of LAS 35917 drug and the three impurities studied by 220 nm.
the development of CE method.

Chlormethylated impurity (I,) Hydroxylated impurity (I,)

2.1.2. LC-MSand LC-MS-MS equipment
The chromatographic system used in the identification of

comparable to LC technique. In some respects, this hasimpurities of LAS 35917 consists of a 1100 LC/MSD Trap
been one of the greatest advantages of CE, and yet one osystem by Agilent (Agilent Technologies, Waldbronn, Ger-
its greatest challenges. At the same time, however, LC is many). Data were collected using LC/MSD Trap Software
a well-developed tool, rugged and fully automated. There- version 4.1 for data analysis on a personal computer. The in-
fore, CE is presented with significant challenges relative jection volume was 1fl. The monitoring wavelength was
to replacement of LC in those areas for which LC is not 220 and 334 nm.
successful6]. The chromatographic column was auB Kromasil

Consequently, CE is rapidly becoming a routine analyt- (250mm x 4.6 mm 1.D.) (Aplicaciones An#icas). The
ical technique for the complementary analysis of pharma- mobile phases were (A) sodium acetate 0.2% (v/v), pH 7.0,
ceutical drugg7—13]. This technique is considered highly (B) methanol and (C) acetonitrile. The gradient elution is
efficient, simple, selective, versatile and well-capable of si- indicated inTable 2 The analyses were performed at room
multaneously analysing both the level of the main com- temperature at a flow rate of 1 ml/min.
ponent as well as closely related substances. Thus, nowa- The mass spectrometer was equipped with an electrospray
days CE is replacing and/or complementing conventional ionisation source and an ion trap as mass analyser. Opti-
quality control of several productd4], and as a conse- mal source working conditions for monitoring ions were as
guence it is now being described within the USA and Eu- follows: capillary voltage was fixed at 4000V, dry tempera-
ropean Pharmacopoeias (USP and Ph. Eur., respectivelyfure was 350C. The nebuliser and drying gases were both
[15,16] nitrogen. The nebulising pressure and the drying gas flow

The objective of this study was to develop and validate rate were set at 40 p.s.i and 8.0l/min, respectively (1p.s.i.
an analytical method based on CE to ensure the separation= 6894.76 Pa).
and quantitation of potential impurities arising from the par-  Full scan positive, negative and alternating ion mass spec-
ent drug synthesis (chloromethylated and monomethylatedtra were acquired over the mass ramge 100-1100. In all
impurities, coded as;land b, respectively) and its degra- cases, the acquisition was performed in centroid mode, a
dation product (hydroxylated impurity, coded a$ Whose target of 40.000, maximum accumulation time of 300 ms, a
structure is not entirely known, having the three co-eluting target mass of 400, a stability of 25 and a trap drive level of
in the LC method previously established. The identification 100.
of the impurities {, 1, and g was carried out by liquid
chromatography coupled to mass spectrometry (LC-MS and2.1.3. CE equipment
LC-MS-MS). LC—MS was used in a large number of papers  An Agilent 3°CE system equipped with a diode array de-
to identify related substances in peptides and pharmaceuti-tector was used for the CE experiments. The detection win-
cals[17-19] Likewise, the impurity 4 whose structure is  dow was positioned at 56 cm of the capillary. Separations in
not completely elucidated by LC-MS and LC-MS-MS is a CE were carried out in 5@m I.D. fused silica (FS) capil-
substituted derivative with different possibilities of position lary with extended light path (Agilent Technologies), with
in the hydroxyl group within the structure of LAS 35917.  a total length of 64.5cm and an effective length of 56 cm.
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Electrophoretic separations were performed using the Ag- water injection (50 mbar). The analysis temperature was set

ilent 3°PCE (Agilent Technologies) system. It consists of at25°C. Direct UV detection was achieved at 220 nm (band-

a diode array detector and ChemStation Software for datawidth 15nm), with a reference at 450 nm (bandwith 80 nm).

analysis. The detection wavelength was set at 220 nm (band-The current was monitored for the BGE evaluated, and was

width 15nm) for data acquisition and a reference wave- in the range 50-5pA.

length at 450 nm (bandwidth 80 nm). Samples were injected

hydrodynamically at 50 mbar for 5s. All experiments were 2.4. Preparation of buffer, sample and

conducted under normal polarity. The capillary was ther- standard solutions

mostated (air ventilation) at 2% when not indicated. The

pH of the background electrolyte (BGE) was measured with  Unless otherwise noted, all analytes were dissolved in

a Crison pH meter, Model micropH 2002 (Crison Instru- 10 mM phosphoric acid.

ments, Barcelona, Spain). A maximum of five injections

were performed from each set of electrolyte vials. The vol- 2.4.1. Background electrolyte

ume of electrolyte in the electrolyte vials was about 1.5ml. A solution of 60 mM of TB with unadjusted pH was pre-
pared by weighing accurately 2.25g of disodium tetrabo-

2.2. Chemicals and reagents rate decahydrate. The amount indicated was transferred to a
100 ml volumetric flask and dissolved using water as solvent

LAS 35917 was synthesised at Almirall, S.A. Orthophos- and the aid of an ultrasound bath (10 min).

phoric acid, triethylamine, hydrochloric acid and citric acid

were supplied by Scharlau Chemie (Barcelona, Spain), tri- 2.4.2. Internal standard solution

ethanolamine was purchased from Aldrich Chemie (Stein- Weigh accurately about 50 mg of 4-aminobenzoic acid,

heim, Germany). Sodium hydroxide and disodium tetrabo- dissolve in and dilute to 20.0 ml with 10 mM phosphoric

rate decahydrate were supplied by Merck (Darmstadt, Ger-acid.

many). Internal standards (IS): caffeine, 2,5-difluorophenol

and 4-aminobenzoic acid were purchased from Aldrich 2.4.3. Dilute internal standard solution

Chemie and 2-amino-4-picoline was prepared by Almi-  Dilute 5.0 ml of internal standard solution to 50.0 with

rall. a-, B- and y-Cyclodextrins &-, B- and y-CDs) and 10 mM phosphoric acid.

derivatized CDs [-methylated-CD, -dimethylated-CD,

B-hydroxypropylated-CD, B-carboxymethylated-CD,  2.4.4. Qualitative standard

v-methylated-CD, y-hydroxypropylated-CD) were pur- A solution of approximately 0.025 mg/ml of LAS 35917

chased from Cyclolab (Budapest, Hungary). HPLC-grade and its monomethylated impurity, containing the internal

acetonitrile, methanol and isopropanol solvents were pur- standard at the same concentration, was prepared for quali-

chased from Scharlau Chemie. HPLC-grade water wastative purposes. This impurity was selected due to its practi-

provided by a Milli-Q system gradient A10 (Millipore, Bed- cally identical structure with the parent drug, and its solution

ford, MA, USA). Samples were prepared at a concentration remains stable stored in a refrigerator for 1 month.

of 2.5mg/ml in 10 mM phosphoric acid as solvent. Related

substances of LAS 35917 (intermediates of synthesis of 2.4.5. Quantitative standard

LAS 35917 and monomethylated impurity) were supplied A solution of 0.025 mg/ml of LAS 35917 containing the

by Almirall, S.A. internal standard at the same concentration was prepared.

2.3. Capillary treatment and optimal conditions 2.4.6. Samples
For the examination of the impurity profile by CE, several

New capillaries were activated by flushing them for batches of stressed or unstressed LAS 35917 were used. All
20 min with aqueous 0.1 M NaOH, followed by 15min samples were stored in the refrigerator when not in use. The
with water and 30 min with background electrolyte. Before samples were prepared at the concentration of 2.5 mg/ml and
starting, the capillary was conditioned daily, rinsing suc- containing the internal standard at 0.025 mg/ml concentra-
cessively for 5min with water, 15 min with aqueous 0.1 M tion. For this, approximately 50 mg of sample were weighed
NaOH, 10 min with water and 20 min with BGE. and transferred to a 20 ml volumetric flask. 2.0 ml of di-

Before each run the capillary was preconditioned by flush- lute internal standard solution and approximately 15 ml of
ing with water (1 min), 0.1 M sodium hydroxide (2 min), wa- 10 mM phosphoric acid were added. The sample was dis-
ter (3min) and BGE (3 min), in order to equilibrate it and solved with the aid of ultrasound (5 min). The room temper-
thereby minimise hysteresis. ature was allowed to be reached and was made up to vol-

The optimum separation buffer was 60 mM sodium tetra- ume with the same solvent. The analysis was carried out in
borate (TB) at pH 9.2 with a positive power supply of 20kV. duplicate.
Injection of the sample was achieved hydrodynamically by  Prior to use all buffer solutions and samples were filtered
applying 50 mbar pressure for 5s, followed by 1s more of through a 0.4 m poly(vinylidene difluoride) (PVDF) filter
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(Millex-HV, Millipore). They were freshly prepared every ‘ ‘
day. I

2.5. Calculations

Significant amounts of the impurities to make validation
are not available, and in consequence the validation and
the determination of the impurities is carried out with the
standard sample of LAS 35917 and response factor of LAS
35917, respectively. 41

The response factor of LAS 35917 is calculated using the
following formula:

a4
LogD

g
-5-*/ i
_ \NRAP|tmp r :;'J

D1Aptmpi B

ACID MEDIUM BASIC MEDIUM
pH

whereFr is the response factor of LAS 3591 the mass Fig. 2. logD vs. pH for LAS 35917 and its chloromethylated; Xl

of the sample in the preparation of the standard solufian,  monomethylated ) and hydroxylated §) impurities.

the volume of solvent used in the preparation of the standard

in ml, Rthe assay relative to unity of the standard expressed  The structure of LAS 35917 and its impuritieskgpand

as basefy the area of the LAS 35917 peak in the electro- |5 D) renders the use of CE as an appropriate technigue.
pherogram of the standawllp, the area of the peak of the in-  The values of experimentakg values of LAS 35917 are

ternal standard in the electropherogram of the stand@gd,  shown inTable 1 The representation of theoretical Ibg
the migration time of LAS 35917 in the electropherogram ajyes versus pH of the studied impurities and LAS 35917 is
of the standard anthp| the migration time of the internal  ghown inFig. 2 The separation of the three impurities and

Fr

standard in the electropherogram of the standard. LAS 35917 is possible in both acid and basic media, marked
~ The response factor used is the mean of the initial and i, Fig. 2 pecause LAS 35917 and its impurities present more
final standards. _ o differences in lo@. Likewise, it can be observed frofig. 2
The percentage (P of each impurity is calculated as  tyat the conditions of separation obtained in basic medium
follows: (pH 9.2), were slightly better than in acidic medium. CE
i — FrA;tmpiD2 100 allows work with both media,. differently.(.)f the cgnventional
= T At W HPLC _columns (by degradation of the silica stationary phase
at basic pH).
where % is the percentage of impurity”; Fr the response To check these theoretical results, the optimisation of the
factor of LAS 35917,A; the area of impurity i in the BGE was performed using the following acid and basic con-

electropherogram of the samplip the area of the inter-  ditions:
nal standard in the electropherogram of the santplg,the
migration time of the internal standard in the electrophero
gram of the sampléy,; the migration time of impurityi” in

the electropherogram of the sampléthe mass of the sam-
ple in mg expressed as base dhglthe volume of solvent

(A) To optimise the BGE in acid conditions several parame-
ters such as ionic strength, pH, cyclodextrin type and con-
centration, organic solvents and temperature were varied
in order to evaluate the separation of the impurities from

mixture used in the preparation of the sample in ml. B :;AS 55917_' N f the BGE at basi diti
“Total CE” is the sum of the %corresponding to4l I (B) For the optimisation of the at basic conditions, pa-
and k. rameters such as ionic strength, pH, voltage, injection

time, capillary conditioning (initial and before each run)
and internal standard were modified in order to optimise
the separation of the impurities mentioned from LAS

3. Results and discussion 35917,

The purpose of this study was to show the method de- Table 1
velopment strategies for the separation and quantltatlon OfPotentiometric Ka values of LAS 35917 and their corresponding equi-
related substances of LAS 35917 that cannot be determinedipyia (sirius Analytical Instruments)
separately by conventional LC method. Taking into account

the very much alike structure of LAS 35917 and its impuri- - Equilibria

ties together with the similarity of loD values in the overall ~ 2.06 thsi+ & XHp* + H*

pH scale Fig. 2), separation by LC would be more difficult /-84 XH™ < XH +H
8.52 XH& X~ +HT

than separation by CE.
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Fig. 3. Chromatogram of a LAS 35917 drug sample submitted unde€ & temperature for 2 months at the optimal LC conditions. Chromatographic
system: column: Kromasil £fg, 250mm x 4.6 mm. Mobile phase: (A) 10 mM phosphoric acid pH 7.0 and (B) [acetonitrile-methanol (65:35)]-water
(90:10). Injection volume 1pl, wavelength 220 nm. Gradient as indicatedTmble 2

3.1. Development and optimisation of the analysis method other hand, to obtain the impurity semi-quantitation (quan-
titation with normalised areas of peaks). In the case of LAS
3.1.1. LC background 35917 it was not possible to isolate some of the impurities

The coelution of LAS 35917 impurities (monomethylated, (such as hydroxylated and chloromethylated impurities), so
hydroxylated and chloromethylated impurities) obtained by making LC—MS very useful for the corroboration of the CE
the LC method is shown iRig. 3. It can be seen that all of  results.
them coelute at a relative retention timg)(of 0.38. The Consequently the identification of such impurities by
chromatographic system and experimental conditions usedthe CE method was performed by means of the rela-
for the analysis of LAS 35917 are indicatedSection 2.1 tive migration times t,;) and with the analytical aid of
Table 2and in the caption ofig. 3. Unless otherwise noted, semi-quantitation obtained with LC-MS. So that, samples
all samples were analysed with the same chromatographiccontaining only impurity 4 or Iz (identified by LC-MS

system indicated ifrig. 3. system), respectively, were injected on CE system. In this
way, the peak obtained on the LC—-MS system were corre-
3.1.2. Impurities elucidation sponded to the only impurity observed on CE system. Thus,

The structure of the impurities was elucidated by LC-MS the semi-quantitative analysis by LC-MS of this impurity
and LC-MS-MS taking into account the difference between was equivalent (in terms of normalised area of peaks) to the
the molecular mass of LAS 35917 and each impurity. Nev- analysis (in terms of normalised area of peaks) obtained by
ertheless, the position of the —OH group (corresponding to CE method.
hydroxylated impurity) is yet not clear. No significant amounts ofzlwere obtained as isolated

The LC-MS technique was used, on the one hand, to iden-form, so that, the identification of this impurity by CE was
tify the impurities coeluting in the LC method; and on the performed only by means of the relative migration time.

Table 2
Gradient A used for the LC analysis and gradient B used for the LC-MS—MS analysis of LAS 35917 drug at optimal conditions
Time (min) Gradient A Gradient B
Mobile phase A (%) Mobile phase B (%) Mobile phase A (%) Mobile phase B (%) Mobile phase C (%)
0 55 45 60 14 26
40 55 45 60 14 26
45 20 80 28 25 47
55 20 80 28 25 47
57 55 45 60 14 26
70 55 45 60 14 26

@ Chromatographic system: column: Kromasik250 mmx 4.6 mm. Mobile phases: (A) 10 mM phosphoric acid, pH 7.0 and (B) [acetonitrile—methanol
(65:35)]-water (90:10). Injection volume: 1%, wavelength 220 nm.

b Chromatographic system: column: KromasigC250 mmx 4.6 mm. Mobile phases: (A) 10 mM sodium acetate, 0.2% (v/v), pH 7.0, (B) methanol
and (C) acetonitrile. Injection volume: 18, wavelength 220 and 334 nm.
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Range of optimised CE parameters in acid and basic conditions

Acid conditions,
buffer: phosphate

Range

Basic conditions,
buffer: borate

Range

lonic strength
pH
CD type

CD concentration
Organic solvent

Temperature

25, 50, 100 and 150 mM
2.5,3.0and 3.9
a-,B- and y-CDs, B-methylated-CD,
B-dimethylated-CD,
B-hydroxypropylated-CD,
B-carboxymethylated-CD,
vy-methylated-CD,
v-hydroxypropylated-CD

10, 25 and 50 mM

5, 10 and 20%

15 and 2&

lonic strength
pH
\oltage

Injection time
Internal standard

20, 40 and 60 mM
8.5, 9.2 and 9.5
20 and 30kV

5and 10s
Caffeine, 2,5-difluorophenol,
4-aminobenzoic acid, 2-amino-4-picoline

3.1.3. Development and optimisation of the
electrophoretic method

with that obtained by LC—MS in order to corroborate the
identification of the two impurities named asdnd k with-

Several batches of stressed or unstressed LAS 35917 wer@ut synthetic isolation.
analysed by LC-M$20], so obtaining a semi quantitative Since the best signal-to-noise ratio obtained with the UV
impurity profiling for the three related substances studied spectrum was at 220 nm, this wavelength was used through-
[5]. The impurity profiling obtained by CE was compared out the study.

DAD1 B, Sig=220,15 Ref=450,10 (9170109F\031-0201.D)
mAU-
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Fig. 4. Effect of the pH on the separation of a qualitative standard solution with the BGE 60 mM tetraborate at (A) pH 8.5, (B) pH 9.2 and (C) pH 9.5.
\oltage 20kV, temperature 2%, wavelength 220 nm, hydrodynamic injection 5s.
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The resolution between LAS 35917 and its monomethy-  DAD1 B, Sig=220, 15 Ref=450, 10 (91701N6A\037-1102.D)
lated impurity is thoroughly discussed because this sepa- ™AV
ration is probably one of the critical points in the method
development. Once the separation between these two peak:25
was achieved, the optimised method was demonstrated to
be useful for the separation of other impurities which show 20
coelution in the common reversed phase LC method (hy- &
droxylated and chloromethylated impurities). Consequently,
for the optimisation of the CE method several variables were
evaluated. 10 I, Unm{% $

ot

The three impurities studied were coded g@sl3 and k 2 >
depending on the order of their migration. They correspond i \ﬂ m

I
to chloromethylated, monomethylated and hydroxylated im- Unknown l
| L é T

—_

5 B &

purities, respectively.;land b are impurities formed dur- -
ing the synthetic process of LAS 35917. Nevertheless, |
appears only when the LAS 35917 is under stressed con- 4 5 6 7 9 o " 1imin
ditions of temperature (40 and 8Q), probably due to the Fig. 5. Electropherogram corresponding to the stressed sample of LAS
presence of water molecules in the hydration sphere of thessg17 drug under 4aC for 3 months at the optimal conditions explained
LAS 35917 molecule. in Section 2.5
Separation in acid medium was investigated by varying
several parameters such as ionic strength, pH, cyclodextrinthe improvement on the resolution obtained in the case of
type and concentration, organic solvent type and concentra-acetonitrile[6].
tion as well as temperatur&able 3 A solution consisting Furthermore, the effect of temperature on separation was
of LAS 35917 and monomethylated impurity was used to stydied with the BGE optimised up to date. In this way, the
check the initial impurity profiling. Once the separation be- resolution was not improved, and consequently the initial
tween these two compounds was achieved, stressed or Ungyorking at 25°C temperature was selected as the optimum
stressed real samples were analysed to check the separatiogmperature for sample analysis.
of LAS 35917 from the other two impurities (hydroxylated  The resolution obtained in acid conditions of the BGE
and chloromethylated impurities). for LAS 35917 and its monomethylated impurity was only
A 50mM phosphate buffer with pH 3.0 adjusted by tri- partial, and as a result of this, a BGE with basic pH was
ethanolamine was used as starting BGE. The variation in thegg|ected in order to improve separation. An excellent sepa-
ionic strength and pH of the buffer was unable to resolve ration of LAS 35917 from its monomethylated impurity was

the impurities of interest from the LAS 35917. obtained with a 40 mM tetraborate buffer without adjusting
On the other hand, the addition of a native cyclodex- the pH and with a short analysis time.
trin, such as beta-cyclodextrig{CD) and the alkylated CD In order to improve separation, the applied voltage was

such as dimethyB-CD (DM-B-CD), to the BGE allowed a  yaried from 30 to 20kV. The separation improved by ap-
slight resolution by optimising the cyclodextrin concentra- plying the latter capillary voltage. The applied voltage was
tion. These buffer additives can be employed to change thejinear from 7 to 30 kV and the Joule heating was within the
selectivity of the separation In this sense, most of the CD |imits for the given type and length of capillary.

added to BGE only affected the migration times of LAS  an jonic strength of 60 mM of tetraborate buffer was se-
35917 (increasing migration times) but did not have any |ected since a better symmetrical electrophoretic peak was
effect on impurities resolution. In consequence, the inter- gptained for LAS 35917 than with the other ionic strength.
action of the CD with the three impurities is similar and The effect of the ionic strength on the mobility has been
non-selective. reported by several authof21,22] But, the reason of this

The addition of organic modifiers such as methanol symmetrical peak for LAS 35917 could be related to de-
(MeOH), acetonitrile (ACN) and isopropanol (IPA) at con-

centrations of up to 20% (v/v) was also tested. The addition Table 4

of small _amounts Qf ace’Fonltrlle to the background elec- Migration times {n) and relative migration timesty,) of the related
trophoretic buffer slightly improved the separation of LAS substances of LAS 35917 drug

35917 from its methylated impurity. Similarly, the addition

to the BGE of 20% (v/v) of each solvent studied resulted in Compound tm (i) foe
resolution loss. Organic solvents interact with the capillary Chloromethylated impurity 7.7 0.35
wall and, as a result of that slows down the electroosmotic Menomethylated impurity 9.0 0.41
o Hydroxylated impurity 9.5 0.43
flow (EOF). Acetonitrile is the solvent that slows down EOF 4 A ninobenzoic acid (S) 220 10

less than the other alcohols, and consequently its effect on

S . . . .~ LAS 35917 10.0 0.45
the resolution is sometimes different. This could explain
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DAD1B, Sig=220, 15 Ref=450, 10(J:\DATA\91711292\023-0101.D

mAU ]
201 LAS 35917 @
LS. g
154 12 13 \
10 I l
~
&1«\) oy 3
) m
od (o))
0 e A i
_5_
0 25 5 75 10 12.5 15 17.5 20 225 " 'min

Fig. 6. Electropherogram corresponding to the unstressed batch of LAS 35917 drug at the optimal CE conditions exBaicishi2.51.S., internal
standard.

crease of the interactions with the capillary wall when the 35917 (optimal pH 9.2 andiy, = 8.5) could cause an un-
buffer concentration increases. robust method.

Similarly, the pH of the buffer was changed from 8.5 Therefore, a 60 mM sodium tetraborate buffer with pH
(adjusting with HCI) to 9.5 (adjusting with NaOH). As can unadjusted was found to provide the best option for the
be seen irFig. 4, the migration times for LAS 35917 and determination of electrophoretic profiling impurities of
its monomethylated impurity decrease at a lower pH and LAS 35917. Electropherograms of real samples of LAS
increase at higher pH. This result could be explained taking 35917 where the studied impurities are separated can be
into account the deprotonation of the cited compounds whenobserved inFig. 5. The migration times for the identified
the pH of the buffer increases. impurities in the CE method are giveniable 4 In Fig. 5

A 60 mM sodium tetraborate buffer was selected for the impurity I3 shows two overlapped peaks, corresponding
separation of impurities of LAS 35917. Nevertheless, using to different isomers which can be explained by taking
an electrolyte with a optimum pH close of thEpfor LAS into account the different hydroxylation positions of this
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Fig. 7. Electropherograms of the synthesis intermediates of LAS 35917. I.S., internal standard.
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degradation product. On the other handFig. 5 impuri- Table 5 _

ties b and b also show two overlapped peaks that would Quality parameters of CE method for the analysis of LAS 35917 drug

arise from another impurity present in the real samples Linear range jtg/ml) 2-65

analysed. Correlation coefficient 0.9996
Slope 0.0271

As it has been predicted froiig. 2, the conditions of

separation in the basic media (optimal pH) are slightly better 'antgcfspltN _45 6 0.0025
. - . L2 o =4. g/ml) 1.00
than in acidic medium because LAS 35917 and its impurities | o (s/N = 12.0) @g/ml) 2.00
have more differences in Idg,. %R.S.D.A (n=7) 1.51
Likewise, the migration time of these three impurities %R.S.D.tmr (n =7) 1.10

could be explained by its different electrophoretic mobility.

The structure of the impurities is very similar, nevertheless, early migration time. The impurityslpresents a secondary
the net charge differs in these impurities. In this way, the | amine instead of the tertiary amine of LAS 35917, having
present an additional positive charge due to the position of a lower negative charge than the LAS 35917. Finally the
the quaternarium amine group and this one could explain its I3 is the impurity with the net charge more similar to LAS
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Fig. 8. Chromatogram and electropherogram of a batch of LAS 35917 drug. Optimal LC and CE conditions indicated in the cRjgtidhanid Section
2.5, respectively. IS, internal standard.
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35917, so that would explain the migration order obtained 3.2. Method validation
at the optimal conditions.

Other variables such as the internal standard were also The method was designed to provide analytical data on
studied in order to quantify the desired impurities by means related substance determination for LAS 35917. The qual-
of a standard method. Several compounds were evaluatedty parameters considered for preliminary validatj@g,24]
with the optimised method. For this, 2-amino-4-picoline, were selectivity, linearity, limit of detection (LOD), limit
caffeine, 2,5-difluorophenol and 4-aminobenzoic acid of quantitation (LOQ), repeatability test and stability of the
were tested. 4-Aminobenzoic acid was selected as in-samples.
ternal standard because it does not present selectivity Significant amounts of these impurities for validation are
problems with LAS 35917 or with its related substances not available; as a consequence the validation and the deter-
(Fig. 6). mination of the impurities is carried out with the standard
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Fig. 9. Chromatogram and electropherogram of a batch of a stressed sample of LAS 35917 drug v@der 80months. Optimal LC and CE conditions
indicated in the caption ofig. 3 and Section 2.5 respectively.
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sample of LAS 35917 and response factor of LAS 35917, degradation product. As can be seerFig. 5, the related

respectively. substances can be separated from the LAS 35917 without
o difficulty. The CE method is also selective with regard to
3.2.1. Sectivity the intermediate synthesis productig( 7). The migra-

Selectivity, described as the ability of a method to dis- tion times obtained for related substances are shown in
criminate the analyte from all potential interfering sub- Table 4

stances, was evaluated, confirming that the signal measured

is caused only by the analyte. Selectivity was demon- 3.2.2. Linearity

strated with regard to synthesis precursors, synthesis in- Linearity was established by injecting solutions of LAS
termediates, synthesis by-products, starting materials and35917 with concentrations ranging from the quantita-
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Fig. 10. Chromatogram and electropherogram of a batch of stressed sample of LAS 35917 drug t@der 80months. Optimal LC and CE conditions
indicated in the caption ofig. 3 and Section 2.5 respectively.
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tion limit up to 0.065 mg/ml (2.5% w/w of the 2.5mg/ml  3.2.4. Repeatability

target concentration). The specific concentration lev- A repeatability test was performed to determine intra-day
els are 0.002, 0.004, 0.01, 0.015, 0.02, 0.03, 0.05 andvariation in corrected areas and migration times. The statisti-
0.065mg/ml and each concentration level is injected in cal evaluation was carried out with the data from seven runs
duplicate. Resulting ratios of corrected peak areas wereobtained on the same day and was determined by injecting
evaluated by linear regression analysis £ 0.9996, y LAS 35917 at a concentration of 0.025 mg/ml in the opti-

=0.027X + 0.0025), wherey is the relative corrected mal experimental conditions. The precision was calculated
area andx the LAS 35917 concentration expressed as as a percentage of relative standard deviation (%R.S.D.)
pg/ml. For all calculations the internal standard method of migration times and corrected areas obtained for LAS
was applied with weighed regression of the corrected areas35917 which were 1.51 and 1.10%, respectively (see
(Table 5. Table 5.

3.2.3. Limits of detection and quantitation 3.2.5. Sability of the analytical solutions

The LOD calculated by using a signal-to-noise ratio  The solution stability was established by injecting a
of approximately 3 and the LOQ calculated by using a 0.025mg/ml standard of LAS 35917 over 24h. The cor-
signal-to-noise ratio of approximately 10 are presented in rected areas of injected samples were between 90 and
Table 5 The limit of quantitation is about 2g/ml and the 110% (internal criterion) of the corrected area of the initial
limit of detection is about jug/ml. standard. No degradation of target analyte was observed.

I, I LAS 35917
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Fig. 11. Electropherograms of a LAS 35917 drug sample (A) unstressed sample and (B) stressed sample. Optimal LC and CE condition indicated in the
caption of Fig. 3 and Section 2.5 respectively.
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in the LC method previously established. No buffer additives

Results of the analysis of stressed and unstressed batches of LAS 3591%,,are needed to attain adequate resolution for the analysis

Table 6

Batch h (%) I (%) I3 (%)

Unstressed
GR-0471-36 0.54 0.35 0.25
GR-0471-31 0.43 0.30 0.49
RO02A 0.59 0.23 0.17
R002 0.44 <LOQ <LOQ
GR-0471-40 0.40 0.36 <LOD
GR-0471-24 0.23 0.18 <LOD
GR-0471-62 0.43 0.11 <LOD
GR-0471-70 0.13 0.18 <LOD
GR-0471-67 0.16 <LOD <LOD
GR-0471-57 0.62 0.15 0.20
R0O01 0.91 0.31 <LOD

Stressed
GR-0400-19 a <LOD <LOD 14.21
GR-0400-19 b 0.22 <LOD 15.5
GR-0423-77 0.71 0.13 <LOD
GR-0423-53 0.61 0.23 <LOD

3.3. Application of the CE method to the analysis of
several preparations of LAS 35917

The application of the CE method to the analysis of real

samples of LAS 35917 was demonstrated by means of the
analysis of several batches of the mentioned drug. Data about

determination of impurities of these batches are shown in
Table 6 Fig. 8 presents one chromatogram and one electro-
pherogram of the same batch of LAS 35917 using optimum
electrophoretic conditions. The chromatographic conditions
are detailed irSection 2.1and in the caption oFig. 3. As

can be observed, the impurity detected in the correspond-

ing chromatogram is separated into two impurities in the

performed. This is a simple, reproducible, sensitive, quick
and selective method. The CE method was preliminary val-
idated. Examples of the usefulness of the CE method have
been given by means of the analysis of several stressed or
unstressed samples of LAS 35917.

The identification of these impurities, coded asl$ and
I3 was carried out by LC-MS and LC-MS-MS. Neverthe-
less, the structure oflwas not completely elucidated.

To conclude, the CE system provides high separation
power and can be used in a general impurity profiling ap-
proach. Furthermore, this technique can be regarded as an
excellent starting point for impurity profiling, serving as a
useful complementary technique to more established tech-
nigues such as LC.
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