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Abstract

The current work presents analytical procedures for simultaneous
chromatography (MEKC) and liquid chromatography (LC). For ME
uncoated fused-silica capillary with hydrodynamic injections in the

arabine PFS and adriblastina by micellar electrokinetic
ations and identifications were accomplished using
M borate/phophate pH 8.7 and 100 mM SDS. The
in, respectively. Calibration curves were established

for 10-300 ng/mL (=0.998) tarabine PFS and for 8-12@/ . a. For LC analysis, separations were performed on
teicoplanin stationary phase with reversed mobile phase coRg gool:buffer pH 4.05 (20:80%, v/v) at 285 nm. The retention times of
tarabine PFS and adriblastina were 5.18 and 7.20 min, respé Of®tion curves were establishequfpyn8--@G= 0.998) tarabine

PFS and for 10-12@g/mL (r=0.999) adriblastin C methods were applied for the simultaneous determination of analytes

in urine samples.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction coursesthat consisted of 7 days continuous infusion with tara-

bine PFS and 3 days of adriablastina, 78% of patients went

Adult acute m i emia J(AML) or acute non- into remission{3]. Tarabine PFS was also used in combina-
lymphocytic Jgaik i sease in which cancer tion chemotherapy with adriblastina for acute limphoblastic
(malignal : j e blood and bone mar- leukemia (ALL) resulting in cure rates of 30—70%. Unfor-
row. T i pongy tissue inside the largetunately, some of fatal side effects can be arisen with this

: iaakes red blood cells, white blood kind of chemotherapy, e.g. cardiotoxicity (heart damage),
flets. There are several treatments for all pa-gastrointestinal effects (nausea, vomiting, diarrhea), bleed-
; the primary treatment is chemotherapy. ing and fever. Therefore, it is necessary to evaluate simple,
eatment have resulted in substantially im- fast and reliable analytical methods for the simultaneous de-
proved complete remission rates. Perhaps the most com-termination of tarabine PFS and adriablastina in biological
mon drug treatment plan of AML is the induction regimen fluids.
consisting of combination chemotherapy of tarabine PFS  Macrocyclic antibiotics represent a relatively new class of
plus daunorubicin or adriablastifi&—3]. For the treatment  selectors in liquid chromatography (LC), which have been
introduced by Armstrong and co-workdrs5] and showed
* Corresponding author. Tel.: +20 882411377X713; fax: +20 882354130. high selectivity and sensitivity for several achiral and chiral
E-mail addressdeiaabdelhady@yahoo.com (D.A. El-Hadly). compound class€g6]. It was found that only eight antibiotics
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have been used as selectors; one of the recent selectors igobile phases was purified by a Milli-Rx apparatus (Milli-
teicoplanin phase. This column is packed with a unique pore, Milford, MA, USA).

chromatographic stationary phase produced by chemically The running buffer in MEKC analysis was prepared by
bonding the macrocyclic glycopeptide teicoplanin to a high mixing the adequate volume of 50 mM aqueous solution of
purity 5um silica gel through spacer arm of optimum chain boric acid and phosphoric acid, then adjusting pH with 1 M
length, which yields several stable ether linkages that are NaOH. An accurately weighed amount of SDS was then
non-hydrolytic. The teicoplanin is considerably more surface added and then filling up the volume with water.

active having three sugar moieties surrounding four cavities  The mobile phases used for Chirobioti€'TLC column

and a methyl dodecyl side chain. All of the defined mecha- using a polar organic phase were composed of different per-
nisms for this kind of columns include complexation, hydro- centages (0.1, 0.2, 1.0, 2.0%) of ag i and triethylamine

as the inclusion mechanism. reversed phase were compd er or 1.0% tri-
In literature, there are several reports for the determination ethylamine acetate (TE i amounts of
of tarabine PFS individually or with its metabolites or syn- methanol or acetonitri @Y1 he buffer was
thetic analogs by capillary electrophoresis (TEB] or LC i i ¥ n 200 mL water
[9-11]. Also, adriblastina was determined by QIR—15]or i acid to alljust the appropriate
LC [16-20]individually or with its major metabolites and/or i : 0 an organic modifier.

ity. Unfortunately, there are few reports for the simultaneous f urine samples for drug determination
determination of pharmaceutical compounds that are usedw,
recently in combination chemotherapy. At the best of our
knowledge, none of these reports was devoted for the simul
taneous quantification of tarabine PFS and adriblastina by C
orLC.

The aim of the present work is studying and optirg
liable analytical methods for the simultaneous sepd
tarabine PFS and adriblastina using micellar elect
chromatography (MEKC) and liquid chrogim
thermore, estimating of their quantitieg
like urine samples was achieved.

tions were carried out using@CE capillary
rophoresis system (Agilent Technologies, Waldbronn,
any), equipped with a diode array detector. The data
" were collected on a personal computer using tREE-

8S  ChemStation software, Version A09. Uncoated fused-silica
capillary (Agilent Technologies) of 48.5 cm (40 cm effective
length)x 50 um i.d. was used.

2. Experimental ]
2.2.2. For LC analysis

Separations on Chirobiotic T LC (Astec, Whippany, NJ,
USA) column 250x 4.6 mm i.d. (teicoplanin) were carried

Fresh solutio e PFS (cYarabine, 99%) and out with Beckman 110B Solvent Delivery System, injector
adriblastina (d ufvdrochloride, 98%) were pre- Reodyne and Beckman System Gold 166 Detector. Data were
pared daily_in ater. Solutions were collected with Gold Nouveau Chromatography Data System,
t as required for stan- Version 1.6 (Beckman Instruments Inc.). The pH values of
S was provided by Upjohn mobile phases were gdj_usted using pH—mgter (basic 20_, Cri-
lastina was provided by Phar- son) at 2@t 2.0°C. This instrument was calibrated by using
. (Milan, Italy). Sodium dode- standard universal buffer solutions at different pHs.

sulfadimethazine (used as inter-

s@vere purchased from Fluka (Milan, Italy). 2.3. Analytical separation conditions

Sodium hydroXide, phosphoric acid, di-sodium hydrogen

phosphate, boric acid\-(1,1-dimethyl-2-hydroxyethyl)-3-  2.3.1. For MEKC analysis
amino-2-hydroxypropan-sulfonic acid (AMPSO), methanol Running buffer: One hundred millimolar SDS in 50 mM
(ultrapure for HPLC) and acetonitrile 200 (for UV) were ob- phosphate/borate buffer (pH 8.7), applied voltage; 15kV
tained from Carlo Erba (Milan, Italy). Triethylamine (99%) with anode at the inlet and cathode at the outlet, current;
was purchased from Sigma and acetic acid (99.7%) was ob-57.5uA, temperature; 25C, detection; UV—-vis absorbance
tained from Aldrich (Germany). All organic solvents were at A =260nm or 300 nm, capillary; uncoated fused-silica
used without further purifications. All other chemicals were 50pum (i.d.) x 48.5cm (effective length 40 cm) with a de-
of analytical reagent grade and were used without further pu- tection window built-in by burning off the polyimide coating
rification. Water used for the preparations of solutions and on the capillary, hydrodynamic injection; pressure 50 mbar

2.1. Materials and sol

dard
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for 5s. Before the injection into the CE system, each solu-

255

the peak heights (average value of triplicate injections at

tion (running buffer and sample solutions) was subjected to 285 nm for each solution) against the analyte concentration.

filtration through a 0.22m membrane.

Washing procedure: Prior the first use, the capillary was 2.4.2. Standard addition of tarabine PFS or adriblastina

conditioned by flushing 1 M NaOH at 5@ for 20 min fol-
lowed by a rinse with 0.1 M NaOH for 10 min and finally
washed with water at 25C for 10 min. At the beginning of
the day, the capillary washed briefly with 0.1 M NaOH for
2 min, water for 3 min and then equilibrated with the running
buffer for 5min. The repeatability of migration times was

found to be strongly dependent on the rinse procedure; theof another compound giving cong

highest reproducibility was obtained by flushing the capillary
between runs as following: 1 min with 0.1 M HCI, 1 min with
water and 2 min with running buffer. Vials of buffer were re-

placed every five injections to keep the same reservoirs level300 nm. The calibrati

the day, the capillary washed carefully with 0.1 M NaOH for
5 min and finally with water for 10 min.

2.3.2. For LC analysis

The mobile phaseMethanol:buffer (1% TEA, acetic
acid) (20:80%, v/v, pH 4.05), temperature;Z5 flow rate;
0.8 mL/min, detection; UV-vis absorbance jJat 285 nm,
injected amount; 0.1 mg/mL of sample solution using loop
injections (5uL). Mobile phase was filtered thro
0.45pm membrane filter and degassed before using
analysis.

Washing procedurd-or the first use, the
with 20 mL water at 0.8 mL/min and the

ine (5Q@/mL) were pre-

ing solltions were prepared by dilut-
. For MEKC analysis, five mixed
ions were prepared by mixing gg0mL

of internal st&@alard solution (sulfadimethazine) with di-
luted working s®lutions to give concentrations 50-1000
and 8-20Qug/mL of tarabine PFS and adriblastina, respec-

standard

in the presence of a high constant amount of another

Standard stock solutions of tarabine PFS and adriblastina
(4000p.g/mL) were prepared in water. Working solutions
were prepared by diluting with the same solvent. For MEKC
analysis, five standard solutions have been prepared by mix-
ing 190p.L of compound wanted to 3 ess withdllo

to 3.0% (m/m). Triplicate inje
standard solution. Ultra-tr
were obtained at 260 n

analyte. For

3.

for the distinct functional groups in both compounds, it was
predicted that these compounds exist in protonated form in

fore, in the pH range (7.5-10), the simultaneous assay of neu-
tral tarabine PFS and adriblastina required the use of MEKC
to give simple, selective, reproducible and rapid analysis. In

this operational mode, micelles added to the buffer solution

form with the neutral compound a charged complex with an

effective electrophoretic mobilit{22]. The differential par-

rabine PFS, adriblastinatition of the neutral species in the retentive phase obtained

gives rise to the separation due to their differential migration
rates.

Nature and concentration of buffer and surfactant, buffer
pH and instrumental parameters such as temperature and ap-
plied voltage can all significantly influence MEKC analysis
and should be incorporated in the method development strat-
egy. Preliminary studies showed that sodium dodecyl sul-

tively. Triplicate injections were measured at 300nm for phate was a good choice as anionic surfactant in the desired
each solution and the ratios of the corrected peak areapHrange. The mostfamiliar alkaline buffers (pH 7.5-10) like
(peak area/migration time) of drug to that of internal stan- Britton—Robinson, borate, phosphate, borate/phosphate and
dard were plotted against the drug concentration to ob- AMPSO buffers were tested and the most promising results
tain the calibration graphs. For LC analysis, five mixed were obtained with borate/phosphate buffer. This latter of-
standard solutions were prepared containing tarabine PFSfered the best selectivity and in general had a good buffering
concentrations 3—1Q0g/mL and adriblastina concentrations capacity in a quite large pH interval, making it is possible to
12-200ug/mL. The calibration graphs were plotted between increase the buffer concentration and to add the desired SDS
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NH, and B) were tested keeping into consideration the analysis
time required for complete separation of both analytes. A
further increase of SDS concentration was not considered of

N — practical use because of the high current generated. The best
‘ rapid, sensitive with high resolution and acceptable morphol-
ogy of the first peak were achieved in the presence of 100 mM

N SDS. The other operational parameters, e.g. temperature and

0 applied voltage, were also optimized. The applied voltages
were tested in the range (5-20kV); the best analysis time
HOCH, with preferable current value and ity was achieved
0 by applying voltage 15kV at cg
\ The migration order of both a ked by inject-
- ing each individually; it a¥ne PFS mi-
grated first and then ina. angth was set at
300 nm for all followjgpSi gninations of tara-
bine PFS and adri @hich micfdgrams of both ana-
lytes were aché . ngth 260 nm was used
OH bine PFS in the presence
iblastina as described in the
Tarabine PFS

applied for comparison purposes and was of-
tive approach for CE. Teicoplanin stationary
d as it is known to possess good selectivity for
iral pharmaceuticals. Also, teicoplanin phases
ow a sensitive simultaneous determination of both ana-
ith rapid analysis time compared to other columns
[9-11,16-20]. This behavior may be attributed to its char-
acteristic surface activity due to the presence of four fused
macrocyclic rings, which form “semirigid basket”, four ioniz-
ible phenolic moieties and three carbohydrate moieties con-
sisting fromp-glucosamine and-mannose as well as its
rapid kinetic interactions. Furthermore, teicoplanin column
appears to be a multimodal stationary phase in that it can be
used in the reversed phase mode, normal phase mode and
polar-organic mode with great stability and capacity. This
character is very useful to visualize full picture for the sepa-
ration of two drugs and the separation mechanism.

3.1.2.1. Polar organic phase mod&his is a modification
of the polar organic mode described for cyclodextrin bonded
phases due to the presence of stronger polar groups in the
ure of drugs investigated. macrocyclic peptides. The key factor in obtaining complete
separation is the acid/base ratio. The concentrations of acid
amount wit an excessive rise in the measured current. Theand base can be varied from 2.0 to 0.001%. Above 2%, the
buffer concentfations were tested in the range (20—-80 mM) analyte becomes too polar and the system assumes typical re-
with varying the pH values (7.5-10) on the separation of versed phase behavior, whereas below 0.001% it behaves as
tarabine PFS and adriblastina considering the analysis time,in normal phase chromatograpf3]. Therefore, the vari-
sensitivity and selectivity. The best results with acceptable ation of acid and base concentrations between 2 and 0.1%
generated current(70A) were achieved in the presence in the presence of 100% methanol has been studied. It was
of 50 mM borate/phosphate buffer at pH 8.7. During the op- found that the separation of adriblastina with 1/2 (acid/base
timization, one problem related to the morphology of tarabine ratio) was not achieved. By raising the acid content, the si-
PFS peak (the first peak) was noticed due to its closeness tanultaneous separation of both analytes was evaluated but
the system peak. Therefore, several trials with high surfac- with long analysis time up to about 40 min due to the in-
tant concentrations starting from 60 up to 120 mig( 2A crease of solvent polarity. By checking the elution order of
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ts of organic modifiers in the presence
resence of organic modifiers affects

first and then adriblastina. The possible mechanism of their there are
interactions with teicoplanin phase may be due to the forma- of w

steric interactions. igiency of resolution. Acetonitrile, methanol,

I Typical concentration in the presence of
and 10% in the presence of acetonitrile or
ahydrofuranf23]. Therefore, the simultaneous separation
jne PFS and adriblastina in 20% methanol or 10%
acetonltrlle in the presence of 80% or 90% water or TEAA
buffer (pH 4.05) has been evaluated. The separation of both

3.1.2.2. Normal phase mod&he mobile phase composed

both drugs W|th long analysis time up to 50 m|n Theré
this kind of separation modes cannot be a
investigations.
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Fig. 3. Simultaneous reversed phase LC of (a) tarabine PFS and (b) adriblastina. Chromatographic conditions: mobile phase methanol:btifigaifiitietrie
acetic acid) (20:80%, v/v, pH 4.05). Other conditions as in the text.
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analytes (0.1 mg/mL) using 20% methanol and 80% water tions in the range of 50-10QdQ/mL tarabine PFS and
was achieved with retention times at 7.43 and 11.86 min 8—200w.g/mL adriblastina in the presence of 2b§/mL sul-

for adriblastina and tarabine PFS, respectively. By replacing fadimethazine (1.S.) solution were analyzed. These concen-
methanol with 10% acetonitrile under the same conditions, trations are suitable to determine both analytes in each bi-
it was found that the analysis time was reduced to 8.0 min ological matrix. The linearity between corrected peak area
but with poor resolution. The influence of TEAA buffer on  (Y) against variant concentrations of analy¢erig/mL) was

the simultaneous separation of both analytes was tested. Thénvestigated at 300 nm, pH 8.7 giving the following equa-
best separation was achieved in the presence of 80% buffettions: Y= —0.218X+ 0.009 withr? > 0.9999 (tarabine PFS)
and 20% methanol, pH 4.05 with analysis time up to 7.5 min andY=1.312X%+ 0.003 withr2 ~0.9998 (adriblastina). For
(Fig. 3. From the above studies in different media, it was ob- the quantitative applicability of LC different concen-

neutral media due to changing of the ionic nature of analytes at 285 nm, pH 4.05. The
and teicoplanin stationary phase. The suggested mechanisnted between the peak

discussed in polar organic phase with the tendency to form (mg/mL) giving th [ ion&€ 1.134%+0.034
hydrophobic interactions. Therefore, simple, rapid, sensitive with r? ~ .388X%+ 0.021 with
and selective simultaneous separation of tarabine PFS and?~ 0.999
adriblastina was achieved by reversed phase LC in the pres-
ence of 20% methanol and 80% TEAA buffer, pH 4.05 with 3.2.2.2. ddition of tarabine PFS or adriblastina

flow rate 0.8 mL/min at 28C. These optimal conditionswere in igh constant concentration of another.
operated for all further LC experiments. e applicability of our systems for the
etermination of each analyte down to 0.1%
of another compound, the following proce-
structed. For MEKC analysis, five working

3.2. Method validation

The validation principles that usually apply in clyfis concentrations ranged from 10 to 300 ng/mL
graphic analysi$22], also apply to CE methods. T of tarabine PFS corresponding to 0.1-3.0% (m/m) have been
procedure under optimized conditions for CE and g ¢ red inthe presence ofld@/mL adriblastine at 260 nm.

quired the assessment of selectivity, robu i 2tc.The same procedure was repeated for five concentrations of

adriblastine ranged from 8 to 12@/mL in the presence

of 4000pg/mL tarabine PFS at 300 nrifable lindicates

es data collected by applying above procedures. Each value is

: repeatab|llty of an average of triplicate determinations per three consecutive

under optimal days. For LC analysis, five reconstituted mixtures of tarabine

5 of arecon- PFS (3-9Qug/mL) in the presence of 30QQy/mL adriblas-

FS and adriblastina tine corresponding to 0.1-3.0% (m/m) and 10—Lg0mL

ine as an internal adriblastine in the presence of 4006/mL tarabine PFS have

rent days. The ob- been measured at 285 nm, pH 4.05. All obtainable results are

ere 4.0 and 4.4% for tarabine reported inTable 1.

PFS and 3.2 and i tina regarding migration

[ respectively at 300 nm with3.2.3. Accuracy

. For LC analysis, 10 repli- The accuracy was determined by applying the optimized
ituted mixture of g.§/mL tarabine analytical approaches with three injection replicates to recon-

aumblastina were carrled out at 285 nm, stltuted mlxtures of both drugs at three concentration levels

Multiple injections (10 times) fr

conditions. For MEKC an
stituted mixture of 16.
in the presence of
standard were ¢

for adriblastin® regarding migration time and peak height, of data collected by replicating the procedure three consecu-
respectively with correlation coefficiert0.9991. The above  tive days ranged from 99.4 to 100.4%. As a further confirma-
results with acceptable R.S.D. values for both MEKC and tion of both accuracy and linearity, the response of tarabine
LC approaches give an indication of the applicability of both PFS or adriblastine as a function of its concentration was

procedures for analytical estimations. evaluated in the presence of a high and constant amount of
another drug. These experiments were carried out by means
3.2.2. Linearity of the standard addition method as described in the linearity

3.2.2.1. Simultaneous standard addition of tarabine PFS section. The accuracy was also evaluated by recovery studies;
and adriblastina.For evaluating the quantitative applica- urine solutions were spiked with known quantities of the re-
bility of MEKC method, five mixed different concentra- lated substances in the presence of internal standard (in case
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Table 1

Calibration graph data of tarabine PFS and adriblasgiranX+ g; where slope (m) and intercept (q)~«5)

Analyte Method m(S.D.) g(s.D.) r Concentration range (ng/mL)
Tarabine PF3% MEKC 7.232 (0.156) —0.005 (0.002) 0.998 0.01-0.30

Adriblastin@ MEKC 6.481 (0.077) 0.007 (0.012) 0.999 8.00-120.00

Tarabine PFS LC 6.132 (0.098) 0.015 (0.022) 0.998 3.00-90.00

Adriblastind LC 5.552 (0.045) 0.009 (0.008) 0.999 10.00-120.00

2 In the presence of 4@g/mL adriblastina at 260 nm.

b In the presence of 40Q0y/mL tarabine PFS at 300 nm.
¢ In the presence of 30Q0g/mL adriblastina at 285 nm.

d In the presence of 40QQy/mL tarabine PFS at 285 nm.

of MEKC method). The fortified solutions were analysed and For LC analysis, there are foul\ga were varied

the obtained recoveries ranged from 99.1 to 101.2%. There-in small ranges to check t analytical
fore, our analytical methods give sufficient accuracy. applicationsTable 3su perimental
data.

3.2.4. Selectivity and sensitivity The system stabi ecked by Tnjecting the con-
The selectivity of the analytical methods was demon- Centration corr itation limit of both
strated by the use of certified commercially available ref- analytes dug g the collected results
erence compounds for each considered analyte. The pealvith data epared reconstituted stan-
identity was attributed on the basis of the migration or re- dard mixtlres. TIRgQ.S.D. was found to be 3.6-4.3% in-
tention times and it was also confirmed by the UV spectra dicg t our sy s were stable for a long analysis

recorded with a diode-array detector. It should be pointed !l
out that the optimized conditions offer a baseline resolution
without interference by other excipients or essential ions or 3!
organic compounds existing in urine medium.
The sensitivity of the CE method was evaluated ed methods were suitable for the drugs quanti-
detection for simultaneous tarabine PFS and adribla ; io biological fluids like urine samples. The most recent
300 nm. However, the sensitivity of LC method was te ] P@atment plan of AML and ANLL is the induction reg-

imen consisting of combination chemotherapy of tarabine

days continuous infusion with tarabine PFS and 3 days of
adriablastine were realized. After oral administration, only
about 20 and 25% of tarabine PFS and adriblastine, respec-
evaluated tiyely reach the circulatiofi27]. Less than 10 and 15% of
ese data the jnjected dose of tarabine PFS and adriblastine, respec-
e PFSand8.0& tively, is excreted unchanged in the urine. By applying our
, respectively.  proposed approaches, it was found that 8-10% of the in-
jectedtarabine PFS dose and 13-15% of the injected adriblas-
tine dose were determined in urine samples with recoveries

Table 2
Robustness test of micellar electrokinetic chromatography method (injectinguaf/#8. tarabine PFS and 4@/mL adriblastina at 300 nm)
Parameter Tarabine PFS Adriblastina Recovery for Tarabine PFS Adriblastina Recovery for

(time, min) (time, min) time (%) (corrected peak ar8p (corrected peak ar@a area (%)
SDS concentration (99-101mM)  2.70-2.71 6.39-6.40 99.92-100.12 0.075-0.076  0.079-0.081 99.49-100.01
Buffer concentration (49-51mM) 2.69-2.70 6.39-6.40 99.75-100.05 0.074-0.075 0.078-0.080 99.51-100.00
Buffer pH (8.65-8.75) 2.68-2.70 6.38-6.40 99.63-99.84  0.074-0.076 0.078-0.079 99.55-99.85
Temperature (24-2€C) 2.70-2.72 6.37-6.39 99.84-100.37 0.075-0.077 0.077-0.079 99.73-100.04
Applied volt (14-16) 2.69-2.70 6.38-6.39 99.75-100.07 0.074-0.075 0.078-0.080 99.78-100.05

2 Corrected peak area was calculated by the ratio of corrected peak area of analyte to corrected peak area of internal standard.
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Table 3
Robustness test of reversed phase LC method (injecting @§AfL tarabine PFS and 3B/mL adriblastina at 285 nm)
Parameter Tarabine PFS  Adriblastina Recovery for Tarabine PFS Adriblastina Recovery for
(time, min) (time, min) time (%) (peak height, AU) (peak height, AU) height (%)

Methanol concentration 5.17-5.19 7.19-7.21 99.82-100.10 0.014-0.016 0.011-0.012 99.64-100.10

(19.5-20.5%)
Buffer pH (4.00—-4.10) 5.17-5.18 7.20-7.22 99.83-100.25 0.013-0.014 0.011-0.012 99.85-99.95
Temperature (24-2€C) 5.18-5.19 7.20-7.21 99.74-99.95 0.014-0.016 0.010-0.011 99.63-100.04
Flow rate (0.7-0.9) 5.17-5.19 7.19-7.20 99.95-100.17 0.014-0.015 0.011-0.012 99.88-100.05
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