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Abstract

The viability of nonaqueous capillary electrophoresis (NACE) was investigated for the simultaneous determination of tamoxifen, imipramine
and their main metabolites (4-hydroxytamoxifen and desipramine, respectively). Baseline separation of the studied solutes was obtained on
a 57cm x75um capillary using a nonaqueous solution composed of 17 mM ammonium acetate and 1.25% acetic acid in 80:20 (v:v)
methanol-acetonitrile, temperature and voltage@2nd 15 kV, respectively, and hydrodynamic injection. Paroxetine was used as internal
standard. Different aspects including linearity, accuracy, ruggedness and precision was studied. Detection limits between 9u@and 15.0
were obtained for all the studied compounds. The developed method is simple, rapid and sensitive and has been used to determine tamoxifen
imipramine and their metabolites at clinically relevant levels in human urine. Before NACE determination, a solid phase extraction (SPE)
procedure with a g cartridge was necessary. Real determination of these analytes in three females urines were done.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Imipramine (Fig. 1) is a tricyclic antidepressant (TCA)
with general pharmacological properties similar to those

Tamoxifen (Fig. 1) is an oral nonsteroidal antiestrogen of structurally related tricyclic antidepressant drugs such
drug used in the treatment and prevention of breast canceras amitriptyline and doxepin. The mechanism of action of
[1-4]. Tamoxifen’s primary mechanism of action is compet- imipramine and other tricyclic antidepressants is not well es-
itive inhibition of the estrogen receptor-alpha, thereby, in- tablished, but it is thought that it might be related to their ac-
hibiting growth of malignant breast cell$,5-7]. Five years  tion on the transmitter-uptake mechanism of monoaminergic
of tamoxifen administration reduces the incidence of this ill- neurons. Imipramine is well absorbed from the gastrointesti-
ness by approximately 50p8]. Tamoxifen has a low toxicity; nal tract. Following oral administration of 50 mg three times
however, in some instances, the drug may exhibit estrogenicdaily for 10 days, the mean steady-state plasma concentration
activity and there is evidence of increased risk for endometrial was 33-85 ng mt?! for imipramine and 43—109 ng mi for
cancer in women undergoing long-term therapeutic tamox- desmethylimipramine, an active metabolite. Peak plasma lev-
ifen administratiorf9]. els are reached in 2-5 h, and plasma half-life ranges from 9 to

Often, mental disorders such as depression and anxiety20 h. Approximately 86% of imipramine is bound to plasma
may arise secondary to the presence of breast cancer and iproteins. It is excreted primarily as inactive metabolites, up
many cases, itis, therefore, necessary to provide breast cancetio 80% in the urine and up to 20% in the feces.

patients with antidepressant treatment. Several methods have been reported for the quantita-
tive analysis of tamoxifen and its metabolites in biologi-
* Corresponding author. Tel.: +34 926 29 53 00 cal fluids and pharmaceutical formulations, mostly based on
E-mail addressjuana.rflores@ucim.es (J.R. Flores). high-performance liquid chromatography (HPL[),11],
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Fig. 1. Structures of the studied molecules.

nonagueous capillary electrophoresis (CE)], potentiome- breast cancer. Roidjuez et al. have used GC for determining
try [13] and gas chromatography (G[@¥—18]. Other studies  tamoxifen together with two selective serotonin reuptake in-
include the quantification of enantiomeric forms of tamox- hibitors (SSRIs) (fluoxetine and fluvoxamine) and one TCA
ifen by HPLC[19] and its determination in the presence of (clomipramine) in uring30], and the same authors have been
anastrozole and letrozole by GC with FID detectj@]. proposed a NACE method for separating tamoxifen in the

Imipramine and its metabolite (desipramine) has been presence of paroxetiri81].
determinate in biological fluids using techniques such as In this work, we have developed an analytically simple,
HPLC coupled with ultraviolet and electrochemical detec- sensitive and robust method that allows determination of ta-
tion [21-23], GC with nitrogen—phosphori{®4] and mass  moxifen and imipramine along with their main metabolites
spectrometry (MS) detectiof25,26]. Capillary zone elec-  in urine at clinical levels by NACE. For the first time, NACE
trophoresis (CZE) has been used to determine imipramineis utilized for determining a drug used in advanced breast
and desipraming27]. NACE was used to separate tricyclic cancer and a tricyclic antidepressants in urine.
antidepressant drugs in biological samples after at line solid
phase extractiof28] and in pharmaceutical formulations and
plasma sample29]. 2. Experimental section

Nevertheless, less effort have been put in the development
of analytical methods that allows determination of tamox- 2.1. Equipment
ifen along with antidepressants in biological samples. These
methods could be important since it is very frequent the ad-  Analysis was performed with Beckman P/ACE System
ministration of tamoxifen and antidepressants in patients with 5510 capillary electrophoresis equipment (Palo Alto) with
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diode-array detection (DAD) and controlled by a Dell Di- the separation electrolyte was replaced every six injections.
mension P133V with P/ACE station software. The 57 cm (50 When the capillary was not in use, it was washed with 0.1 M
to the detector)x 75um i.d. fused-silica separation capil- NaOH, water and dry-stored.
lary was maintained in a cartridge with a 06 x 800um
detection window.

The extraction and preconcentration process was achieved 3 2. Extraction and preconcentration procedure
with a home-made device composed by Waters manifold  The extraction of tamoxifen, imipramine and their main
Millipore Vacuum sep-pack system coupled with a Gilson metabolites from the urine samples was performed in a

Minipuls 3 automatic pump (Milford, MA, USA). reverse-phase (g cartridge (Waters Sep-Pak Plus, Milford,
_ MA, USA). The cartridge was conditioned prior to use with
2.2. Chemicals 5mL of methanol followed by 5mL of 10 mM phosphate

buffer solution (pH 7.0).

Methanol and acetonitrile (HPLC grade) was purchased Sample passage, different volumes (between 2 and
from PANREAC (Madrid, Spain). 12.5mL) of urine were slowly loaded into the conditioned

Paroxetine hydrochloride and imipramine and its metabo- cartridge. Once the retention step had been completed, the
lite were klndly Supplied by GlaxoSmithKline Laboratories Cartridge was washed with 8 mL of 10 mM phosphate buffer
(Madrid, Spain) and Novartis Pharma AG (Basel, Switzer- (pH 7.0), 4mL of a 50% methanol-water solution and
land), respectively. Tamoxifen citrate and its metabolite were g .5 mL of methanol. Finally, elution of the retained com-
supplied by TOCRIS (Bristol, UK). ponents was achieved with 2.5 mL of methanol. This extract

Standard solutions (200mgt) were prepared in  was immediately injected into the capillary electrophoresis
methanol and stored under refrigeration &4 Working equipment.
standard solution were prepared da"y by dilution of the stock Quantification was performed by evaiua’[ing the normal-

standard solutions with methanol. ized area of each studied compounds versus the internal stan-
Electrophoretic separation was performed using a gard area (paroxetine).

nonaqueous solution system composed of 80:20 (v/v)
methanol/acetonitrile containing 17 mM ammonium ac-
etate (NHOAc) and 1.25% acetic acid (HOAc). Be-
fore use, the electrolyte solutions were filtered through a
0.45um microfilter and degassed in a ultrasonic bath for
10 min.

2.3.3. Treatment of the urine samples

Fresh human urine samples were obtained from different
volunteers who had or had not taken imipramine or tamox-
ifen.

Fresh urine samples were submitted directly to solid phase
extraction after a preliminary centrifugation step (5000 rpm,
15min, 20°C).

2.3. Procedure

2.3.1. Nonaqueous CZE separation

Uncoated capillaries were used throughout. Prior to use,
they were conditioned by flushing with 0.1 M NaOH for _ .

20 min, water for 15 and 10 min with the separation elec- 3. Results and discussion
trolyte.

At the start of each sequence of anaiysesy the Capi”ary The first eXperlmentS to Separate tamoxifen, Imipramine
was washed for 5min with 0.1 M NaOH, 5min with wa- and their metabolites were carried out in aqueous buffer so-
ter and 5 min with running electrolyte. The applied potential lutions, but due to the hydrophobic nature of tamoxifen and
was 15kV, average current of 154 and the capillaries  its metabolite (4-hydroxytamoxifen), baseline separation of
were thermostated at 2€. The detection was performed at  the investigated compounds was not possible neither to pH
211 nm. The injections of the samples were hydrodynami- basic nor acid.
cally for 6s. An advantage of using organic solvents is the increase in

The running electrolyte was a nonaqueous system of 80:20selectivity compared to aqueous separations, there are two
methanol—acetonitrile (V/V), Containing 17 mM ammonium main reason for this. First, the influence on the acid—base
acetate and 1.25% acetic acid. Electrolyte solutions were pre-properties of the analytes varies among the solvents for dif-
pared freshly and not used after long storage periods. FresHerent groups. Thus, there is a possibility of separating sub-
running electrolyte were used to flush the capillary before stances thathave very similar pialues in agueous systems
each run. and that would not be separated in water. Second, the organic

Duplicate injections of the solution were performed and Solvents show a different solvating power relative to each
relative peak areas (analyte area/paroxetine area) were usefither and to water. Since the migration velocity of substances
for the quantification. in the electric field depends on the radius of the solvated ions,

As the electrolysis of the electrolyte solution can oc- higher selectivity results through the use of organic solvents
cur and subsequently change the electrosmotic flow (EOF),[32—34].
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3.1. Optimisation of the NACE procedure currents higher than 20-25A implicate bubble formation
and solvent evaporation, and therefore, current cuts.

3.1.1. Selection of BGE

Several mixtures ACN/MeOH containing 20mM ammo- 3.1.3. Selection of temperature
nium acetate and 1% acetic acid were tested for the separation Capillary temperature control is important in CE, since
of the investigated compounds in order to explore the rela- changes in capillary temperature can cause variations in effi-
tionship between separation selectivity of the studied com- ciency, migration times, electric currents and resolution be-
pounds and the ACN/MeOH composition in the BGE. As tween peaks. The study of this parameter on the separation
expected, varying the methanol percentage in acetonitrile in-was tested in the range 18-28. Generally, when the temper-
duced changes in terms of migration time and resolution due ature increases, the resistance of the buffer goes down, and as
to concomitant modifications of viscosity and dielectric con- the electric field is constant, the generated electric current in-
stant. In particular, resolution increase with the MeOH per- crease. Solute migration times increased because of changes
centage, but also migration times of the studied compounds.in the viscosity the medium but the decrease in the migration
Beyond 70% of acetonitrile in the mixture, paroxetine and times of the studied drugs at higher temperatures results in
4-hydroxitamoxifen change their order of elution. poor resolutions between all the peaks. The selected temper-

A 80:20 (v/v) MeOH-ACN solution was selected as a ature was 22C because it provided the best resolution, run
good compromise in terms of resolution, efficiency and sep- time not too long and generated electric current is lower than
aration time. 20pA.

A mixture of acetic acid (HOAc) and ammonium acetate
(NH4OAcC) was investigated as BGE because it is a suitable 3 1 4. Selection of the washing step

electrolyte for direct UV-detection of anions and cations in To prevent difficulties owing to adsorption of the sample
the most organic solv_ents. Therefore, the i_onic strength of the components and to ensure a consistent EOF, the capillary is
electrolyte is depending on the concentration ofiAcand  flyshed between injections with the electrolyte during 1 min
HOAc added to the BGE. (when samples were dissolved in methanol). But, when it
~ In order to investigate the electrolyte effect on separa- works with urine samples, a rinse step of 1 min of electrolyte
tion performance; first, the influence of the concentration of \as inadequate because the matrix is very complex and ad-
NH4OAc (8—20 mM) on the migration time and resolution be- sorption onto the capillary surface is higher than methanolic
tween peak of the investigated compounds was studied. All sagmples. In this case, it was necessary a rinse step of 3 min

the electrolytes were prepared maintaining 1.0% of HOAC wjith electrolyte in order to obtain an unchanging EOF.
constant in acetonitrile—methanol, 20:80 (v/v). As expected,

when the concentration of NfDAc increases the migration
times of tamoxifen, imipramine and their metabolites and the
generated electric current also increases. A 17 mMOQlAc
concentration was selected as optimal since this value main-
tains good peak shape, very low generated electric currente Electrolyte: 8:2 methanol-acetonitrile containing 17 mM
(<20pA) and the better resolutions between peaks for allthe ~ammonium acetate and 1.25% acetic acid,;
studied compounds. e \Dltage: 15kV, current: 15.4A;

In the same way, the influence of increasing amounts of e Capillary: fused-silica (57 cnx 75umi.d.);
HOAc (0.5-1.5%) over resolution and migration times was e Injection: hydrodynamic, 6s;
studied with electrolytes that contain 17 mM of MBIAC in e Temperature: 22C;
acetonitrile—methanol, 20:80 (v/v). With high values of per- e Detection wavelength: 211 mm.
cent HOAc in the BGE decreases the migration times of the
compounds studied and increase the generated electric cur3.2. Solid phase extraction of the human urine samples
rentand resolution between peaks. Avalue of 1.25% of HOAc (SPE)
was selected as a good compromise in terms of resolution,
generated electric current and separation time for the drugs The optimisation of the SPE method requires a detailed

3.1.5. Summary of optimum conditions
From the studies described above, the electrophoretic con-
ditions selected were:

studied. study of the composition of the injection medium. Vari-
ables such washing stages using different solvents for elu-
3.1.2. Selection of the voltage applied tion of the analytes free from interferences, the percentage

The effect of the voltage applied from 8 to 25kV was in- of acetonitrile—methanol and concentration of )d#c and
vestigated. When the voltage increases, the migration time of ACOH in the injected sample (extract) were studied.
all the drugs decreases, this effect is too observed in CE in  The best results were obtained when the cartridge charged
aqueous buffer. A voltage of 15kV yielded the best compro- with the urine sample was washed with 8.0 mL of 10 mM
mise in terms of run time, low generated electric current and phosphate buffer (pH 7.0), 4.0 mL of a 50% methanol-water
resolution between peaks. Voltages higher than 23 kV gener-solution and 0.5 mL of methanol in order to minimise in-
ate currents higher than 28\. It was verified that in NACE, terferences. Finally tamoxifen, imipramine and their mains
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4000 As consequence of the previous studies, determination of
all the studied drugs can be performed by direct measurement

E = s from the calibration graph.
= < -
il s fr 3.3.2. Recovery
@ In order to test the accuracy of the proposed method, sev-
S 2000 - e eral aliquots of tamoxifen, imipramine, their metabolites and
< < . . . .
g o paroxetine standard solutions were added into human urine

samples. These samples were analysed using the extraction,
preconcentration and electrophoretic procedures described in
this work. The concentration found in the test solutions were
calculated by reference to the duplicate bracketing standard
04 u solutions and the recoveries obtained (upon relative peak ar-
M k,h'u : M eas measurements with regard to the internal standard) for
6.0 7.0 8.0 these test solutions are shownTiable 2. As it can be seen,
Migration time (min) recoveries (mean of three values) very close to 100% were

obtained in all cases.
Fig. 2. Electropherogram for the extract from a urine spiked with
0.25mgL-! of tamoxifen, imipramine, their metabolites and paroxetine

(1S). Operating conditions: nonaqueous system of 80:20 methanol—aceto-3'3'i' Prec!s!on fth d hodi di
nitrile containing 17 mM ammonium acetate and 1.25% acetic acid; hydro- The precision ofthe proposed method s expressed interms

dynamic injection, 6, 15kV and 2Z. of relative standard deviation (R.S.D.).

In order to test the precision of the nonagueous elec-
metabolites were eluted with 2.5mL of methanol. The sen- trophoretic procedure, eight injections of a standard of
sitivity of the preconcentration step is a function of the ratio 2mgL~1 of tamoxifen, imipramine their metabolites and
of the initial volume of urine sample charged in the cartridge paroxetine were carried out sequentially. This operation was
(capacity of the cartridge) and volume of extract obtained. repeated over 3 days. The precision of the migration times
In our work, maximal capacity of the cartridge was investi- and relative peak areas were good with a R.S.D= (24)
gated and established in 12.5mL, therefore, it was possiblebetween 0.20 and 0.24% for retention times and between

to preconcentrate five times. 1.49 and 2.87% for relative peak areas for all the studied
Fig. 2 shows the electropherogram corresponding to the compounds.

extracts from 10 mL of human urine spiked with 0.25 mg'L To evaluate the precision of the overall process (extraction,

of each studied compounds. preconcentration and NACE step), eight different urine sam-
ples belong to two different women, spiked with 1.0 mg'L

3.3. Validacion of the NACE procedure of the drugs under study were subjected to independent
triplicate analysis varying the extraction volume, therefore,

3.3.1. Linearity varying the factor of concentration. The average recoveries

The linearity of the response was examined by the injec- obtained from the spiked urine samples were very good (near
tion of seven spiked urine samples after SPE treatment (nto 100%) with a standard deviation (S.D.) between 1.67 and
= 7). The linearity was tested over the range from 0.05 to 2.83 for all the studied drugs.

1.0 mg L1 for each substance in the urine. In all the cases,  To determine the precision in the recoveries of tamoxifen,
0.4 mg L1 of paroxetine was added as internal standard. This imipramine and their metabolites, a mixture of five different
process was repeated two different days. The first day, it wasurine samples (taken in the morning and in the afternoon)
analysed of a young woman urine and the second day a mix-were spiked with three different concentration (from 0.5 to
ture of four different persons (one man and three women 2 mgL™1) of each drug. Excellent recoveries were obtained
with different ages). The results were given in terms of rela- (between 96.5- 3.5% and 101.& 4.6%) for determination
tive peak areas and the obtained regression lines pass throughbf each substance in the mixture of urine samples. Similar re-
the origin in all the cases. coveries of tamoxifen, imipramine and their metabolites were

An analysis of variance (ANOVA) test was performed to obtained for the same mixture of urine samples submitted to
compare the different regression lines obtained, to determinea frozen process. So, there are not significant differences be-
whether the data could be combined to enable estimation oftween drugs recoveries from sanguinus urine (morning sam-
appropriate quantities by use of a comprehensive regressiomles) or the afternoon urine nor between fresh or frozen urine
line. Fexp compares the deviation between set lines with the samples.
deviations within each set from the set lines. In all the cases,
the experimental value &fis lower than the theoretical value  3.3.4. Specificity
of F for different urines. For this reason, we can propose a As in any separation technique, co-elution of peaks is
global calibration graphs with representative slopes (Table 1). possible in capillary electrophoresis; and therefore, it was
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Table 1
Linearity (n= 7): LODs and LOQs for the four study drugs
Global equatioh Coefficient of correlation LOD (ugL™1) LOQ (pgL™1)
DES y =(0.672+0.146) + (4.210+0.070)x 0.987 15 50
IMI y =(0.057+0.063) + (4.387+0.008)x 0.982 11 35
TAM y =(0.206+0.524) + (5.473+0.009)x 0.991 10 33
4-HT y =(0.489+1.052) + (6.225+0.150)x 0.984 9 31

* Concentration (x, mgt?) vs. relative peak area (y).

Table 2
Recovery of human urine sampfes

Sample Desipramine Imipramine Tamoxifen 4-Hydroxytamoxifen

Added (mgl-1) Recovery (%) Added (mgt!) Recovery (%) Added (mgt!) Recovery (%) Added (mgt!) Recovery (%)

1 0.05 97.5+4.0 0.05 96.2+4.7 0.05 100.7+3.2 0.05 99.8+1.9
2 0.1 95.1+4.2 0.1 100.4£5.0 0.1 100.5£ 3.6 0.1 95.5£15
3 0.3 98.1+3.8 0.3 98.1+4.9 0.3 98.24+3.5 0.3 101.7£1.6
4 0.5 99.6+4.7 0.5 94.6t£4.7 0.5 100.8+3.6 0.5 99.9+1.6
5 0.7 99.3+3.6 0.7 98.44+4.9 0.7 97.5+3.5 0.7 97.9+1.5
6 0.9 97.9+4.1 0.9 96.9+4.8 0.9 96.8+3.4 0.9 94.4+1.5
7 10 98.5+3.9 1.0 101.2+5.0 1.0 100.1£3.5 1.0 95.4+1.5

* Mean valuet S.D. (n= 3).

interesting and useful investigate the homogeneity or purity to the analytical procedure. The obtained relative errors were
of the obtained peak. Specificity can also be determined byless than 10% in all the cases.

measurement of homogeneity peak. Because of the differ-

ent techniques available in a DAD are not equally effective 3.3.6. Ruggedness/robustness

for the detection of possible impurities or interferencesinan  The aim of a ruggedness/robustness test may be to pre-
electrophoretic peak, the use of several techniques is recomdict reproducibility or intermediate precision estima&s).
mended35]. Fractional factorial designs developed by Plackett and Bur-

Inthis work, the techniques used to validate the peak purity man[38] were used, based on balanced incomplete blocks
of the studied compounds present in urine samples [8éle according to procedures described by Youdner and Steiner
[39].

The choice of variables and the levels at which to test
them is very important if the ruggedness test is to be of value.
Variables must be those which are likely to be significant in

Both techniques showed that the purity of the peaks cor- practice, and the levels must reflect the variation which are
responding to the compounds studied in urine present a highusually observed. The variables and levels selected in our
level of purity. Therefore, no interference by matrix effect study are:

were observed. Voltage (12-1), 150, 180:1)) (KV).

Injection time (%_1), 6(0), 7(+1)) (S)-

. Concentration of NGOAC (14_1), 170), 2041)) (MM).
Percent acetic acid (4.0y), 1.250), 1.81)).

. Percent ACN (15.1), 2Q0), 25+1))-

- absorbance at two wavelengths;
- normalization and comparison of spectra from different
peak sections.

3.3.5. Limit of detection (LOD) and limit of
quantification (LOQ)
The limits of detection (LODs) and quantification (LOQSs)

were calculated by measuring in six urine blanks. The stan- . o
dard deviation (S.D.) of six noise’s electropherograms at ta- - Temperature of the separation (2, 220), 2411)) (°C).

moxifen, imipramine and their metabolites migration times Detection wavelength (209, 21%0), 213+1)) (nm).

using the maximal sensitivity allowed by the system was ob-  The three values used for each variable are shown in paren-
tained. LODs was estimated by multiplying the S.D. by a theses, where level (—1) is the minimum value studied, level
factor of 3 whereas the LOQ was defined as 10 times the (0) is the optimal value for the method and level (+1) is the
S.D. maximum value tested in this experiment.

The LODs and LOQs obtained, taking into accountacon-  The mean value of each variable is the average difference
centration factor of 5 for all the studied compounds (from between observation made at the extreme levels and those
the extraction—preconcentration process), are summarised irmade at the optimal level. Mean effects and standard errors
Table 1. The LOQs were subsequently experimentally eval- (DA, DB, DC, . ..) were calculated using the procedures de-
uated by the analysis of two different samples prepared by scribed by Youden and Steiner.
adding concentrations corresponding to the LOQ for each  The ruggedness was determined from triplicate injec-
studied drug to urine samples and subjecting these samplesions of a methanolic solution of 2.0 mgL of tamoxifen,

O@mMmOOw>
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imipramine and their metabolites in presence of paroxetine 1500
(internal standard). Results of the effect of each factor’s levels

over efficacy, resolution, areas and relative peak areas were PAR (I.S.)
calculated.

Taking into account the deviations calculated for the differ-
ent checked results when the selected operating factors were
tested upon the experimental design of Plackett—-Burman and 750
the statistical treatment of Youden—Steiner, this analytical
method for measuring of tamoxifen, imipramine and their
metabolites has proved to be rugged to all the variations tested
in this work. The validity of the Plackett—Burman design is
confirmed for the purpose of ruggedness testing.

The main interaction effects over area measurementis pro-
duced by voltage and injection time; for this reason, in elec-
trophoresis, itis recommendable to work with corrected peak N T " T N
areas or internal standard. The main interaction effects over 6.0 70 80 9.0
resolution are produced by injection time (as it was proved in Migration time (min)
the optimisation section) and as it was expected in NACE, by
the composition of the mobile phase (% of acetonitrile (DE)
% of acetic acid (DD), concentration of NBAc (DC)) be-

cause the electrolyte composition is the most important pa- statistical differences. Consequently, there is no evidence of

rameter in NACE in order to have a good resolution and the systematic error affecting the determination of tamoxifen

best efficacy. But ruggedness obtained in all cases (using the ) S .
statistical method of Youden and Steiner) allow to use this and 4-hydroxytamoxifen in urine by the proposed method.

method by different laboratories. analvsts or instrument with- Concentrations found using standard addition are shown in
y difiet 1es, y instru W Table 3and as can be seen, they coincide with those obtained
out any appreciable error.

by direct measurement by the proposed method. One electro-
pherogram of this experiments under conditions optimised in
this paper is shown iRig. 3, as it can be seen no interference

Several urine samples of different voluntaries (patients from the matrix was observed. . _
undergoing medical treatment) were analysed in order to  Also,the urmefromellvolunteerunderg0|.ngtreatmentwnh
demonstrate the applicability of the extraction, preconcen- imipramine (25 mg day") was analysed at different times af-
tration and NACE procedure developed. ter administration of imipramine, in order to make a pharma-

The use of photodiode detector allowed us to confirm the cOKinetic study. The concentrations of imipramine and de-
identity of the peaks, not only by its migration time, but also SiPramine found using this method at different time intervals

by the overlay of the UV-vis spectra of the samples with a &€ shown in a typical time course of urine imipramine and

mAU
TAM
4-HT

Fig. 3. Electropherogram of a urine sample from a woman on tamoxifen
' treatment (2 months) after 7 h of the administration of 20 mg dosage.

3.4. Applications

standard. desipramine levels ifig. 4.
Firstly, urine of two different voluntaries undergoing med-
ical treatment with tamoxifen were analysed. Woman A 200

receives 20 mg day of tamoxifen orally (2 months of treat-
ment), and woman B takes 20 mg dayof tamoxifen orally
(6 months of treatment).

The results obtained from urine samples are given in
Table 3. All determination were carried out in triplicate. In
order to evaluate the possible matrix effect, the method of
standard addition was used for the determinations of these
compounds in human urine. In all cases, the application of
thet-test for the slopes of the calibration graphs showed no

Concentration (ppb)

Table 3
Analysis of human urine samples

Volunteer  Standard addition (ugtt) Direct measurement (ugil) v T

TAM 4-HT TAM 4-HT 0 400 800

Excretion time (min)
WomanA 52.0+1.3 36.2+-1.8 53.1+ 0.9 37.4+1.8
WomanB 70.0:1.6 84.2+1.5 65.0£2.1 85.3+1.2

Fig. 4. Time course of urine imipramine and desipramine levels in a volun-
* Mean valuet S.D. (n=3). teer receiving 25 mg of the drug orally.
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ficity, sensitivity, precision and ruggedness of the test vali-
dation demonstrate the reliability of the electrophoretic pro-

cedure for its intended application. Due to the breast cancer

lanta 45 (1997) 273-378.

[14] R. Mihailescu, H.Y. Aboul-Enein, M.D. Efstatide, Biomed. Chro-
matogr. 14 (2000) 180-183.
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urine.
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