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Rapid quantitative analysis of letrozole,
fluoxetine and their metabolites in
biological and environmental samples by
MEKC

A micellar electrokinetic chromatographic method has been developed to analyze

biological (human serum, saliva and urine) and environmental samples (three different

water samples) for letrozole (LE), fluoxetine and their main metabolites. For this purpose

a 20 mM borate buffer (pH 9.5) containing 20 mM SDS and 12% v:v 2-propanol was used

as the background electrolyte. The samples were hydrodinamically injected for 6 s,

separated in a fused-silica capillary at 25 kV and 501C and detected at 230 nm. Under

these conditions, the migration times for all the studied compounds ranged from 3.0 up

to 8.0 min. Linearity ranges were determined as 125–1500 ng/mL, whereas detection

limits were from 37 to 120 ng/mL in biological samples and a value of 6 ng/mL in water

samples. According to the validation study, the developed method was proved to be

accurate, precise, sensitive, specific, rugged and robust. This method was applied to the

analysis of different biological fluids at clinical levels, including two urine samples from

patients undergoing treatment with LE or fluoxetine, and also to environmental samples

at potentially polluting level. Prior to the determination, the samples were purified and

pre-concentrated by means of an extraction–preconcentration step with a C18 cartridge

and by eluting the compounds with methanol.
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1 Introduction

Estrogens play important roles in the development of

hormone-dependent breast carcinomas. The postmenopau-

sal women have low levels of circulating estrogens; however,

local synthesis of estrogens takes place in breast tissue [1, 2].

Local production of estrogens in human breast carcinoma

tissues through aromatization caused by cytochrome P-450

19 (aromatase) of androgens into estrogens has been

demonstrated [3]. Intratumoral aromatase has been estab-

lished as the important target of the breast cancer endocrine

therapy in hormone-dependent postmenopausal patients.

Letrozole (LE) is an agent that blocks the production of

estrogens in this way by competitive, reversible binding to

the heme of its cytochrome P-450 unit LE is known as an

oral non-steroidal inhibitor of the aromatase [4] (Fig. 1). It is

slowly metabolized in the liver to an inactive carbinol

metabolite which is then excreted as the glucoronide in the

urine [5]. Studies recently have demonstrated that aromatase

inhibitors are affective too for ovulation induction or

augmentation of ovulation in infertile women [6, 7]. The

dose of LE is 2.5–12.5 mg daily, in the third to seventh days

of the menstrual cycle. It can cause a woman to ovulate, or

in some cases produce more than one egg for ovulation.

Fluoxetine (FLX) is known as a selective inhibitor of

serotonin reuptake [8] and is used in treating a variety of

major psychiatric and metabolic derangements including

depression [9, 10], cating disorders such as bulimia nervosa

[11] and obsessive-compulsive disorder. The metabolite of

FLX, norfluoxetine (N-demethylated form of FLX) (NFLX),

also shows inhibition of serotonin reuptake, allowing a

prolonged biological effect of the drug (Fig. 1).

Often, several disorders such as depression, anxiety,

infections, etc. are secondary effects caused by the presence

of breast cancer. Hence, associations of drugs as antic-

ancerigenic, antidepressants or antibiotics are administered

frequently in patients with breast cancer. Patients treated

with LE and a second drug as FLX may present large
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difference in the plasmatic drugs concentration may imply

in suboptimal or even no therapeutic effect [12, 13]. Such

variability requires an individualized monitoring of the

treatment, which is called, in clinical praxis, therapeutic

drug monitoring (TDM). The applicability of TDM depends

on the availability of rapid, sensitive and reliable methods

for these drugs determination in biological samples.

On the other hand, increased attention is currently

being paid to pharmaceutical substances as a class of

environmental contaminants [14–16]. LE and FLX can enter

aquatic systems in their native form or as metabolites and

cause ecotoxicological effects. In fact, several studies

demonstrate that inhibition of aromatase in fish has adverse

effects on endocrine function and reproduction [17]. Recent

studies have also shown that selective serotonin reuptake

inhibitors such as FLX are accumulated in the tissues of fish

as a result of discharges of pharmaceuticals into surface

waters from municipal wastewater treatment plants [18].

The high selectivity and sensitivity makes LC-MS-MS

the technique of choice for determining polar pharmaceu-

ticals in environmental samples [19]. Radjenovic et al.
performed analytical methodologies based on GC-MS and

HPLC-MS applied in environmental monitoring of phar-

maceutical residues and their known degradation products.

These methodologies allow determination of a large number

of micro-pollutants in wastewater at low ng/L levels.

However, it must be emphasized that most of these method

are based on previous derivatization reactions and require

sophisticated instrumentation [20].

An analytical method based on LC with atmospheric

pressure chemical ionization and MS/MS (LC-APCI-MS/

MS) was developed and validated for the determination of

residues of paroxetine, FLX and its active metabolite, NFLX,

in fish tissues [21] and the same technique was applied for

the determination of different pharmaceutical compounds

in hospital effluent wastewaters [22].

Until now, just three methods have been reported for

the quantitative analysis of LE and metabolite in biological

fluids. Marfil et al. published an HPLC method with a

previous fully automated liquid–solid extraction and fluor-

escence detection, which offers high sensitivity for the

quantification of LE in plasma and urine, but not its meta-

bolite in neither of them [23]. Mareck et al. reported a GC/

mass spectrometric method for determining these

compounds; this method required a complex and long

treatment of the urine with different steps, e.g. extraction,

incubation of the sample during 1 h, dryness evaporation,

adding of organic solvent and finally a derivatization step

[24]. Recently, the authors of this work have also described a

method to determine LE and its metabolite in human urine

by MEKC [25]. Sun et al. [26] have studied the toxicity of the

LE to Japanese medaka eggs, larvae and breeding adults

using the method described by Marfil et al. with some

modifications.

With respect to the FLX determination, there have been

numerous analytical methods developed for determining the

concentrations of selective serotonin reuptake inhibitor in

human plasma, serum, urine and other biota samples. Berzas

et al. proposed the CE for the quantitative determination of

FLX and NFLX by MEKC using as surfactant the compound

1-decanesulfonic acid sodium salt [27] and non-aqueous CE

[28] was also used for its determination in urine sample. With

respect to the analysis of saliva no determination by CE was

found until now.

The goals of this paper are to develop and validate a

general assay using MEKC for separating endogenous and

exogenous analytes in complex biofluids, such as urine,

plasma, saliva and environmental samples. MEKC is

adequate for this purpose because it provides separation of

both neutral and charged species simultaneously. The

proposed method could be a valuable alternative to the

existing methods in bibliography, is easy, low cost, fast and

with a wide scope because of the possibility of establishing a

general method for the analysis in different kind of samples

(biological and environmental). In environmental samples

analysis the sensitivity required is a real limitation of our

MEKC method.

Owing to the fact that biological sample matrices contain

high (sometimes variable) concentrations of salts and

proteins, these characteristics can cause problems in CE

analysis. Thus, the composition of any biological sample

plays a significant role in determining the choice of which CE

analytical approach to take. A sample preparation by either

SPE or liquid–liquid extraction (LLE) should be used because

these can effectively desalt biological samples [29–31] and

provide advantages such as high selectivity, clean extracts, no

emulsions, high throughput by automatization, etc. Therefore

in this paper an SPE procedure from urine, plasma and

environmental samples and an LLE one for saliva have been

optimized prior to the MEKC separation, which obviously

was the same for all the samples.

Figure 1. Chemical structures of LE, FLX and their metabolites.
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2 Materials and methods

2.1 Instrumentation

CE experiments were performed using a Beckman P/ACE

5510 (Beckman instruments, Palo Alto, CA, USA) equipped

with a DAD and P/ACE station software was used. Fused-

silica capillaries of 75 mm id and 375 mm od with total and

effective lengths of 57 and 50 cm, respectively, were used.

The capillary cassette temperature was set at 501C and a

running voltage of 25 kV was used. UV detection was

performed at 230 nm for all analytes.

Urine samples were centrifuged in a Selecta apparatus

(Barcelona, Spain). A Crison micro-pH 2002 instrument

(Barcelona, Spain) was employed to adjust the pH of the

separation buffer.

The extraction and preconcentration processes were

carried out using a device developed in our laboratories. This

apparatus consisted of a vacuum manifold (Supelco Visi-

prepTM Sep-Pack system, Madrid, Spain) coupled to a Milli-

pore XF 54 23050 vacuum pump. The SPE step was performed

using Sep-pack Plus tC18 cartridges (Waters, Milford, USA).

2.2 Reagents and solutions

LE and metabolite were obtained from Novartis Pharma

(Basel, Switzerland), and FLX and NFLX were supplied by

Sigma (St. Louis, USA).

All chemicals and solvents used were of analytical

reagent grade. All reagents were from Panreac (Barcelona,

Spain).

Standard stock solutions of LE and metabolite were

prepared by dissolving the appropriate amounts of pure

substances in 100 mL of ethanol–water 50:50 v:v to give a

final concentration of 100 mg/L. A standard solution

(100 mg/L) of FLX and NFLX was prepared in water (Milli-Q

quality). The resulting solutions were stored at 41C. Working

standard solutions were prepared daily by diluting suitable

aliquots of standard stock solution with Milli-Q water.

The running buffer in all CE experiments was 20 mM

borate, pH 9.5, containing 20 mM SDS and 12% v:v of

2-propanol. The buffer was prepared by dissolving an

appropriate amount of boric acid in water and adjusting the

pH with NaOH.

2.3 Procedures

2.3.1 Capillary conditioning

The capillary was activated for 20 min with 0.1 M NaOH

before it was used for the first time. It was rinsed for

10 min with water and 10 min with separation buffer

at the beginning for every working day. Moreover, in order

to obtain good peak shapes and reproducible migration

times, the capillary was rinsed successively with 0.1 M

NaOH for 3 min and separation buffer for 5 min after each

separation.

Different vials of electrolytes were used for rinsing and

separating operations in order to keep the electrolyte level

on the anodic side constant. The separation and rinsing vials

were changed after every six runs.

2.3.2 Electrophoretic procedure

CE separations were performed in a fused-silica capillary

(75 mm id, 375 mm od, total length 57 cm, effective length

50 cm). Samples were hydrodynamically injected at

0.5 psi (3.45 kPa) for 6 s. Separations were performed

at 501C using a separation voltage of 25 kV and the

detector was set at 230 nm, which is the optimal wavelength

for the analytes under study. Peak identification was

done by comparing both migration time and spectral

data obtained from standards and real samples and

also with spiked real samples at different concentration

levels.

2.3.3 Assay validation

In order to check the precision of electrophoretic procedure,

two sets of different spiked blanks (625 ng/mL for every

compound in urine and 1 mg/L in serum samples) were

prepared and analyzed on two separate days using the

reported method. Repeatability and intermediate precision

were evaluated in accordance with the International

Conference on Harmonization criteria. Repeatability was

studied by performing a series of eight injections of spiked

blank extracts and intermediate precision was studied by

performing eight injections of a second set of spiked blank

extracts 24 h after the first set. The precision of the overall

SPE and electrophoretic procedure was evaluated by

submitting six different spiked samples to this overall

extraction-electrophoretic process (in duplicate).

The LOD and LOQ were calculated by measuring six

blanks, using the maximal sensitivity allowed by the system

and calculating the standard deviation of this response. LOD

and LOQ were estimated by multiplying the SD of blanks by

a factor of 3 and 10, respectively.

The linearity of the response was examined by the

injection of six spiked samples after SPE treatment. Linearity

was studied for the four analytes from 125 to 1500 ng/mL.

In order to validate the accuracy of the proposed

method, several aliquots of standard solutions of four

analytes were added to different samples (185–700 ng/mL

for urine samples and 600–1400 ng/mL for serum samples).

These samples were analyzed using the extraction, precon-

centration and electrophoretic procedures described in this

work. The concentrations found in the test solutions were

then calculated with reference to the duplicate bracketing

standard solutions.

Finally, the study of robustness and ruggedness was

carried out using the Plackett–Burman fractional factorial

model.

Electrophoresis 2009, 30, 624–632626 J. Rodrı́guez-Flores et al.

& 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.electrophoresis-journal.com



3 Results and discussion

3.1 Optimization of conditions

In the optimization of the separation conditions for the

compounds (LE, metabolite, FLX and NFLX), the effects of

pH, running buffer concentration, organic modifiers,

applied voltage, temperature and injection time were

studied.

The pH of the running electrolyte has a significant

impact on the ionization of the acidic silanols of the capillary

wall and on the electrophoretic mobilities of the analytes.

Thus, the influence of pH on the separation was studied

from pH 7 to 10. It seems pH is critical because only at pH

9.5 the resolution and the analysis time were acceptable.

Therefore, pH 9.5 was selected as optimum because it

provided the best working conditions.

The effect of SDS concentration on MEKC selectivity

was studied from 10 to 40 mM. The separation of all the

analytes in the least time possible with a good resolution

was achieved at 20 mM; thus, this value was selected as

optimum.

The effect of the buffer concentration was studied in the

range from 10 to 40 mM. The best resolution for all the

analytes with the least migration times was obtained at a

buffer concentration of 20 mM.

The addition of several organic solvents to the buffer

electrolyte to improve selectivity and separation efficiency

was also evaluated. Different organic solvents such as

methanol, ethanol, acetonitrile and 2-propanol were tested.

The best results in terms of resolution, analysis time and

peak shapes were obtained with 2-propanol at a concentra-

tion of 12% v:v.

The effect of voltage applied was investigated from 10 to

30 kV in steps of 5 kV. A voltage of 25 kV was selected

because it provided the best compromise in terms of

migration times, current intensity and resolution.

The effect of capillary temperature on the separation

was tested in the range of 20–501C. The selected tempera-

ture was 501C because it provided the best resolution and

the generated current was less than 53 mA.

Finally, in order to improve the detection and quantifi-

cation limits, different injection times were tested (between

2 and 10 s) at a constant pressure of 0.5 psi. From this

study, 6 s of injection time was chosen as the optimal

value.

Figure 2 shows an electropherogram corresponding

to a standard solution of LE, FLX and their metabolites

separated under the selected conditions (5 mg/L of each

compound).

3.1.1 Optimization of extraction and preconcentra-

tion procedure

The human serum, urine and saliva samples were obtained

from different volunteers. The environmental samples were

tap, well and wastewater.

Fresh urine samples were directly submitted to the SPE

process after a preliminary centrifugation step (5000 rpm,

10 min, 201C). Extraction of LE, FLX and their metabolites

from the biological samples (urine and serum) was

performed in a reverse-phase C18 cartridge, which was

conditioned prior to use with 5 mL of methanol followed by

5 mL of 10 mM phosphate buffer solution (pH 7.0). Then,

different volumes (3 and 10 mL) of urine were slowly loaded

into the conditioned cartridge. Once the retention step had

been completed, the cartridge was washed with 8 mL of

10 mM phosphate buffer (pH 7.0) and 2 mL of MeOH/H2O

(30:70 v:v). Finally, the analytes were eluted with 2.5 mL of

MeOH. Later on, this extract was evaporated to dryness

under a gentle nitrogen stream and finally it was recon-

stituted with 1 mL of Milli-Q water and transferred to the

appropriate vials to be injected into the CE instrument. The

sensitivity of the preconcentration step is a function of

the ratio of the volume of urine loaded in the cartridge,

which cannot exceed its capacity, to the volume of extract

obtained. The maximum capacity of the cartridge was

investigated and established in 8 mL of urine; hence, it was

possible to preconcentrate eight times.

Blood samples were collected in evacuated tubes (5 mL,

BD Vacutainers) containing separated gel. The tubes were

centrifuged and the serum was transferred to 1.5 mL poly-

propylene tubes (Eppendorf, Hamburg, Germany) where it

was kept frozen at �151C and defrosted just before the

extraction and preconcentration process. The SPE process

was the same as that for the urine samples except the

volume sample, which in this case was 0.5 mL and was

reconstituted with 200 mL of Milli-Q water. Therefore, it was

possible to preconcentrate up to 2.5 times.

Figure 2. Electropherogram for a standard mixture of 5 mg/L of
LE, FLX and their metabolites. Conditions: 20 mM borate buffer
(pH 9.5), 20 mM SDS and 12% 2-propanol, 25 kV, 501C, hydro-
dynamic injection (6 s, 0.5 psi) and detection at 230 nm.
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For saliva, 1 mL of the sample was placed in a conical

bottom glass tube and 5 mL of 0.1 M borate buffer (pH 9.3)

was added. Then the analytes were extracted with 7 mL

hexane/dichloromethane (65:35 v:v) by LLE. After vertical

agitation (10 min) and centrifugation (5000 rpm, 15 min) were

finished, the top organic layer was transferred into another

conical glass tube, evaporated to dryness under a nitrogen

stream, and finally reconstituted in 1 mL of deionized water.

Concerning the tap and well water samples, 50 mL of

them were adjusted to pH 6.5 with HCl, added 50 mM NaCl

and loaded into an SPE cartridge that was finally eluted

employing 4 mL of MeOH. The methanol extract was evapo-

rated to dryness and redissolved in 1 mL of deionized water.

In the case of wastewater the process of solid phase extraction

used was the same as in biological fluids. As a result, all the

water samples could be preconcentrated up to 50 times.

3.2 Validation of method

Repeatability and intermediate precision results for LE,

metabolite, FLX and NFLX are summarized in Table 1.

Comparison of the two sets of data with the aim of detecting

random errors was carried out by applying the Snedecor F-test

on RSD values. Significant differences were not found in any

case at a confidence level of 95% and (n–1) degrees of freedom.

The precision of the overall SPE and electrophoretic procedure

was evaluated by analyzing six different duplicate spiked

samples (625 ng/mL for every compound in urine and 1 mg/L

in serum). The results showed that the RSD of the peak area

for each compound was always less than 4.58%. Similarly, the

RSDs obtained for the migration times were less than 0.96%.

The calibration curves were linear over the range of

125–1500 ng/mL for all analytes, with a coefficient of

correlation over 0.998. Furthermore, the detection limits

were estimated to be from 37 to 400 ng/mL in all samples.

These results are summarized in Table 2.

The recoveries of LE and metabolite in all the samples

tested were over 80%. Conversely, the recoveries obtained

for FLX and NFLX were around 100% (Table 3).

Ruggedness can be regarded as a measure of the

absence of external influences on the test results, whereas

robustness measures the lack of internal influences on these

ones [32].

Table 1. Precision

Repeatabilitya) RSD (%), n 5 8 Intermediate precisiona) RSD (%), n 5 16 Precisionb) RSD (%), n 5 16

MTc) PAd) MT PA MT PA

Urine

LE 0.90 2.77 1.39 4.65 0.96 3.76

ME 0.87 4.04 1.41 3.77 0.96 4.58

FLX 0.70 2.45 1.85 5.55 0.76 4.57

NFLX 0.56 2.82 2.16 7.11 0.68 4.14

Serum

LE 0.12 1.00 0.38 3.28 0.54 1.33

ME 0.13 0.93 0.36 1.77 0.42 1.54

FLX 0.48 1.25 0.57 2.12 0.61 1.92

NFLX 0.25 1.36 0.37 1.87 0.39 1.83

a) Relative to the single electrophoretic procedure.

b) Precision of the total analytical procedure (including the SPE).

c) Migration time.

d) Peak area.

Table 2. Linearity

Urine SerumCompound

Range linear

(ng/mL)

Equation R2 LOD

(ng/mL)

Range linear

(ng/mL)

Equation R2 LOD

(ng/mL)

LE 125–1500 Y 5 (2.6� 1037182.3)X1(90.1763.2) 0.989 37.5 150–1500 Y 5 (1.7� 103797.7)X�(212.57162.4) 0.988 120

ME 125–1500 Y 5 (1.8� 1037257.6)X1(56.4783.4) 0.992 37.5 150–1500 Y 5 (1.6� 1037174.9)X1

(389.57326.3)

0.985 120

FLX 125–1500 Y 5 (1.2� 1037192.9)X�(161.6743.1) 0.995 125 150–1500 Y 5 (9.3� 1027124.4)X1

(456.27388.4)

0.982 280

NFLX 125–1500 Y 5 (1.1� 1037232.9)X�(167.5751.9) 0.992 125 150–1500 Y 5 (9.1� 102753.6)X1(35.1710.5) 0.986 400
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In this work we have tested the influence of variations at

different levels in both internal (voltage, temperature, etc.) and

external parameters (different days, different patients), that is,

to study the robustness and ruggedness, respectively. The

factors (A–K) and the variations (7) affecting the optimized

procedure selected for our model are presented in Table 4.

A Plackett–Burman model for the evaluation of both

robustness and ruggedness effects (11 factors and 12

experiments) was used and the effects of varying the levels

of the factors were investigated on the most critical elec-

trophoretic responses of the method (http://www.locumu-

sa.com/pdf/general/article01.pdf).

The ranked effects for every selected factor on a specific

electrophoretic response were calculated by simple addition of

its (�) and (1) assay test results, and dividing the total result

by half the number of samples. The M values are statistic

constants for any given design table with a number of 11

elements, which are the factors in our case [33]. Finally, the

obtained ranked effects for the selected 11 factors were plotted

(on the x-axis, in an increasing order) against the M values (on

the y-axis) for each critical electrophoretic response. The results

from this plot should be close to a straight line. If a value lies

outside this straight line, it can be concluded that the

method is not rugged/or robust (as classified by its corre-

sponding factor). However, if the results from the plot form a

(nearly) straight line, it can be concluded that the analytical

method is rugged and robust over the conditions tested in the

run design.

As an example, the plot corresponding to the ranked

effect of the 12 selected factors versus M values for the Rs

FLX–NFLX gave the following straight line: Y 5 4.89x–0.34

(r 5 0.989). Therefore, our analytical method was considered

robust and rugged with regard to this electrophoretic

response. Since similar results were obtained in all the

cases, it can be stated that the presented procedure is robust

and rugged in the terms explained above.

3.3 Applications of method

To demonstrate the applicability of the extraction, precon-

centration and the developed MEKC procedure, several

samples of urine, serum, saliva and water were analyzed.

The preparation of the samples is described in Section 3.

Table 3. Recoveries

Sample 1 Sample 2 Sample 3 Sample 4

Added (ng/mL) %Ra) Added (ng/mL) %Ra) Added (ng/mL) %Ra) Added (ng/mL) %Ra)

Urineb)

LE 187.5 105.770.4 2.5 102.870.9 3.5 94.770.8 4.5 104.770.6

ME 187.5 102.071.1 2.5 103.270.6 3.5 97.070.3 4.5 97.270.8

FLX 437.5 104.170.1 4.5 105.770.5 5.0 98.670.6 5.5 102.071.1

NFLX 437.5 94.670.3 4.5 105.070.8 5.0 98.771.1 5.5 102.171.3

Serumc)

LE 600 101.971.2 800 98.370.9 1000 105.870.7 1200 98.770.1

ME 600 95.970.9 800 98.170.5 1000 94.970.2 1200 101.270.3

FLX 600 96.370.7 800 100.570.9 1000 99.470.2 1200 98.970.3

NFLX 600 99.270.5 800 100.170.6 1000 97.870.3 1200 100.470.5

a) Mean value7SD; n 5 3.

b) For urine sample, the concentration factor was 50.

c) For serum sample, the concentration factor was 2.5.

Table 4. Variables selected as factors and values chosen as

levels

Factors 1 Optimal –

A – Different days 1 – 2

B – Different buffers 1 – 2

C – Different patients 1 – 2

D – %MeOH:H20 32:68 30:70 28:72

E – Velution (MeOH) 2.7 2.5 2.3

F – [Buffer] 22 20 18

G – [SDS] 22 20 18

H – %2-propanol 14 12 10

I – Injection time 7 6 5

J – Voltage 27 25 23

K – l detection (nm) 232 230 228

Table 5. Analysis of human urine samples

Compounds Woman Aa) Woman Bb)

Concentration (ng/mL)c) Concentration (ng/mL)c)

LE 166.270.3 –

ME 107.570.1 –

FLX – 130070.03

NFLX – 110070.2

a) After 11 h of administration.

b) After 4 h of administration.

c) Mean value7SD; n 5 3.
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3.3.1 Urine samples

Urine was sampled from two different women undergoing

medical treatment with LE or FLX orally. Woman A took

2.5 mg of LE per day, whereas woman B took 20 mg of FLX

per day. The concentrations found in each sample are

summarized in Table 5 and their electropherograms are

shown in Fig. 3A and B (I).

Additionally, a volunteer was administered with 20 mg of

FLX and their urine was sampled at different times after

administration for a pharmacokinetic study. The results showed

that the highest concentrations of FLX and its metabolite were

found 4 h later after the dosing. The pharmacokinetics showed

that the presented analytical methodology is useful to obtain

relevant and complex clinical information related to bioactivity,

t1/2, excretion, etc., for this drug and its main metabolite.

3.3.2 Serum samples

In order to extend the scope of the presented procedure,

different experiments have been successfully carried out in

Figure 3. I: Electropherograms corresponding to extracts from biological samples analyzed. (A) Urine of voluntary undergoing medical
treatment with FLX (woman B). (B) Urine of voluntary undergoing medical treatment with LE (woman A). (C) Serum spiked with 2 mg/L of
four analytes. (D) Saliva spiked with 5 mg/L of all analytes. II: Electropherograms corresponding to extracts from environmental samples
analyzed spiked with 0.2 mg/L of four analytes. (A) Tap water. (B) Well water. (C) Wastewater. Operating conditions: 20 mM borate buffer
(pH 9.5), 20 mM SDS and 12% 2-propanol, 25 kV, 501C, hydrodynamic injection (6 s, 0.5 psi) and detection at 230 nm.
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spiked serum samples with LE, FLX and their metabolites of

healthy volunteers.

The obtained recoveries for all the studied compounds

ranged between 96.3 and 102.0%. Fig. 3C (I) shows an

electropherogram of a serum sample spiked with 2 mg/L of

the four compounds.

3.3.3 Saliva

The saliva of several volunteers was added different

concentrations of LE, metabolite, FLX an NFLX. These

samples were submitted to the proposed method in this

work. Recoveries ranged between 50.2 and 80.5% were

obtained. An electropherogram corresponding to spiked

saliva is shown in Fig. 3D (I).

3.3.4 Waters

These samples were fortified with several amounts of the

studied drug and submitted to the analytical procedure

described in this work. The recoveries obtained ranged from

72.4 up to 101.8%.

Initially, 50 mL of tap water was passed through an SPE

cartridge and eluted employing 4 mL of MeOH. The MeOH

extract was evaporated to dryness and redissolved in 1 mL of

Milli-Q water. The recoveries obtained for LE, metabolite,

FLX and NFLX were 93.5, 98.0, 55.2 and 93.0%, respectively.

Below, well water samples were submitted to the same

extraction process as that of the tap water. The recoveries

obtained were 99.5, 99.7, 72.4 and 90.1% for LE, metabolite,

FLX and NFLX, respectively.

Finally, for wastewater sample analysis, the same SPE

method as that for urine and serum samples were applied.

The electropherograms obtained for each water sample

are shown in Fig. 3 (II).

4 Concluding remarks

A simple, rapid and sensitive method has been developed

for the determination of LE and FLX, which are used

for breast cancer and depression, respectively, and their

metabolites in biological and environmental samples.

Although LE and FLX have been previously determined by

MEKC, this is the first work reporting the simultaneous

determination of both compounds, which can be useful for

an effective TDM in the clinical practice. MEKC proved to be

an effective technique for this simultaneous analysis of LE,

FLX and their metabolites. The presence of 2-propanol and

electrolyte concentration had a significant effect on resolu-

tion, sensitivity and separation time.

The sample preparation techniques were SPE for urine,

serum and water, and LLE for saliva. These steps allowed

the quantification of these compounds at clinical levels.

The MEKC separation was reliable in terms of linearity,

accuracy, specificity, sensitivity, precision, robustness and

ruggedness, and it was validated in human urine and serum

without any matrix interference. Moreover, the recoveries

obtained for spiked samples were excellent.

This analytical methodology can be of interest not only

in clinical toxicology but also in forensics because the

metabolites of several drugs are often involved in intoxica-

tions. Similarly, this method can be used for pharmacoki-

netic studies in humans to understand the metabolic

capacity and the synergy between both drugs.

It could be concluded that MEKC can be a method for

the determination of LE, metabolite, FLX and NFLX in

different types of samples.

The authors have declared no conflict of interest.
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