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Abstract

A capillary electrophoresis method for the determination of the dye methylene blue (tetramethylthionine, MB) in human urine depending on
liquid/liquid-extraction and diode array detection has been developed, validated, and applied to samples of healthy individuals, who hadl been dose
with methylene blue within clinical studies. After extraction with dichloromethane and sodium hexanesulfonate, sample extracts were measure
on an extended light path capillary. The dye was detected simultaneously at 292 and 592 nm using methylene violet 3 RAX as internal standare
The limit of quantification was 1.@g/ml. The accuracy of the method varied betweetb.2 and +0.8% and the precision ranged from 2.0 to
12.0%. The method was linear at least within 1.0 angd.§nl. In contrast to earlier indirect determinations no leuco methylene blue (LMB) was
directly detected in urine, whereas in aqueous test solutions containing surplus amounts of ascorbic acid leuco methylene blue was well separat
from MB in a single run.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction LMB is not available as a standard substance and has only
been obtained by diluting MB-solutions with reducing agents
Inview of the increasing drug resistance of malaria pathogengt,7,9,10]
combination therapy with the antiplasmodial dye methylene Numerous approaches have been reported to increase the
blue (tetramethylthionine, MB) has recently been under clinicakelectivity and sensitivity of MB assays. The extraction of MB
investigation[1], because it may be an effective and inexpen-from urine was improved by adding sodium hexanesulfonate
sive alternative treatment. The pharmacokinetics of MB areas ion-paring reagerif—4] compared to sodium chloride and
not well characterized and quantification of MB in biologi- otherinorganic salf®]. Most analytical assays used HPLC with
cal samples including urine was therefore deemed necessaaywide range of columns including lipophilic RP18 columns
in such a trial. In aqueous solutions, MB is in a redox equi-[6,11-15] polar cyano column§5,8], and an ion chromatog-
librium with its colourless reduced form leuco methylene blueraphy colummn16] coupled to different opticdb,6,8] or mass
(LMB) (Fig. ). MB is almost exclusively eliminated by the spectroscopic detectof$4,15] In spite of the superior sepa-
kidneys resulting in high urine concentratiofZs-5] and also ration efficiency of capillary electrophoresis (CE) and the ionic
the urinary elimination of LMB has been report§23,5,6] structure of MB only sporadic information of the electrophoretic
In these studies, LMB has only been determined in biologicabehaviour of MB has been report§tl7—22] CE has not been
liquids by indirect measurements. The direct determination oftised for routine determinations of MB in human samples thus
both MB and LMB from human samples in a single analyticalfar. Therefore, our aim was the development of a validated
run remains an unsolved problem in view of the extraction ofCE-method23,24] for the quantitative determination of ionic
bound LMB [2], the ease of oxidation of LMB to MB7,8], MB in human urine in routine analysis with a commercial CE-
and possible demethylation products of M&. Further on, instrument equipped with a diode array detector (DAD). The
relatively high concentrations of MB reported in human urine in
the course of clinical studig4—5] should facilitate this task in
* Corresponding author. Tel.: +49 6221 56 36395; fax: +49 6221 56 4642, View of the limited optical pathway and thus inferior detection
E-mail address: juergen.burhenne@med.uni-heidelberg.de (J. Burhenne). limits of CE equipped with most optical absorption detectors
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N 2.2. Preparation of solutions and separation buffers
7 cr
HAC CH Volumetric flasks made of glass were used. Care was taken
3 SN \s N~ 8 that the standard solutions, quality control solutions (QC), and
+ the solution of lower limit of quantification (LOQ) did not come
CH, CH, into contact with the highly adsorptive glass seals and connectors
+2H [12].
- HCI

2.2.1. Standard solutions
MB (24 mg) was dissolved in 10 ml high purity water. This

N stock solution was diluted with high purity water resulting
N in concentrations from 1200 to 37u®/ml. The stock solu-
tion was also added to urine to achieve the highest calibra-
tion level. Twelve milligrams of the I.S. MV were dissolved
HSC\N s N/CHs in 10ml high purity water, resulting in a concentration of
1200p.g/ml.
CH3 CH;

2.2.2. QC- and LOQ-solutions

MB (24mg) was weighed independently and dissolved
in 10 ml high purity water, resulting in a concentration of
compared to HPLC. A secondary aim was the direct separatio%400“g/m|' Aliquots of this solution were diluted to 1200, 200,
of MB from LMB at least in an artificial mixture in a single and 40.Qug/ml (LOQ).
run.

Fig. 1. Reduction of methylene blue (MB) to leuco methylene blue (LMB).

2.2.3. lon-pair solution for extraction of MB and MV from
urine

Hexane-1-sulfonic acid sodium salt (2.50 g) was dissolved in
high purity water in a 50 ml volumetric flask, resulting in a 5%
solution (m/v).

2. Experimental
2.1. Chemicals

All chemicals were ordered from suppliers with offices in

Germany. 2.2.4. Separation buffer for electrophoresis and for
comparative micellar electrokinetic chromatography
(MECC)
2.1.1. All standard compounds NaH,POy-H,0 (6.90 g) was dissolved in 500 ml high purity

MB (purity >87%) was purchased from Calbiochem, Schwal-water resulting in a 1200 mM Na#PO4 concentration which was
bach, and the internal standard (I.S.) methylene violet 3ransferred to a 1000 ml volumetric cylinder. This solution was
RAX (MV, purity ca. 90%) from Aldrich, Taufkirchen. Liquid  adjusted to pH 2.50 by addition of 200mM phosphoric acid
chromatography-triple quadrupole investigations (LC/MS/MS)which was prepared by dilution of 50% phosphoric acid. Ace-
suggested an impurity of approximately 8% of azure B intonitrile was added to this buffer to make up 25% (v/v) of the
MB. Azure B (no purity notified) was ordered from Fluka. entire separation solution. For comparative ME[18] 10 ml
LC/MS/MS suggested an impurity of less than 10% of MB in of horate buffer (50 mM) were adjusted to pH 8.63 by addition

azure B. of 33mM HsPQ,. SDS and methanol were added to obtain a
concentration of 6% SDS (m/v) and 3% methanol (v/v). All
. solutions were stored at'€.
2.1.2. Other chemicals

All of the reagents and solvents were of p.a. quality or higher
with a purity of >99% including ascorbic acid, ammonium 2.3. Urine samples
acetate, hexane-1-sulfonic acid sodium salt, sodium dihydro-
genphosphate monohydrate, 50% ortho-phosphoric acid, and Blank urine samples were supplied from eight volunteers for
sodium dodecylsulfate (SDS). Optical grade (Uvasol, puritycalibrations, QC- and LOQ-samples. One hundred twenty-four
>99.9%) dichloromethane, methanol, and acetonitrile (Lichro-urine samples from 39 individuals besides numerous urine qual-
solv, purity >99.9%) were ordered from Merck, Darmstadt. Highity control samples were analyzed after approval of the study by
purity water (conductivity <0.5p.S) was supplied by a TKA the Ethics Committee of the Medical Faculty of the University of
laboratory unit (Niederelbert, Germany). Borate buffer solutionHeidelberg, after written informed consent of all volunteers was
(50 mM, pH 9.3) and 33 mM PO, were ordered from Agilent, obtained, and after validation of our CE-method. Urine samples
Waldbronn. pH buffer solutions (pH 2.0 and 7.0) were purchasetvere immediately frozen after reception and stored-20°C
from Riedel de Haen, Hannover, and Merck, Darmstadt. until analysis.
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2.4. Calibration-, QC-, and LOQ-samples Both of the wavelengths were used throughout the validation
process as well as for the analysis of all of the urine samples.
Analytical method validation was performed in accordanceOptimisation of the CE-parameters resulted in a 100 mM phos-

to international guidelineR23,24] Frozen and thawed as well phate buffer (pH 2.5) with 25% (v/v) acetonitrile as additive
as fresh blank urine samples (2 ml) of eight different individualsand a voltage of 19 kV. Extended light path (bubble) capillaries

were used. (effective length 56 cm, I.D. 7am) were used resulting in a field
strength of 295.6 V/cm. Capillaries were kept at @6 Prior to
2.4.1. Calibration samples each run the capillary was conditioned with 100 mM phospho-

For each calibration the following procedure was performedric acid for 0.8 min and with the separation buffer for 6 min.
one blank urine sample was used as a blank control for both MBefore each run the buffer vials were automatically replenished
and MV. Another blank urine sample was only spiked withib0 to avoid depletion of the separation buffer. Aqueous samples
ofthe |.S.-solution resulting in a urine concentration of3dml  were injected to utilise sample stackif@b]. Hydrodynamic
of MV. Additional blank urine samples were spiked with|5l0  injection was performed for 2 s at 50 mbar pressure difference
I.S.-solution and with 5Q.1 of one of the standard solutions of resulting in an injection volume of about 13[@6]. The ratios
MB resulting in urine concentrations of MB of 0.94, 1.88, 3.75, of the migration timesmig ma/fmigmv Were calculated to reduce

7.50, 15.0, 30.0, and 60u@m/ml. the tolerances of the migration dg2&]. Aiming for shorter run
times a smaller extended light path capillary (1.D..50, total
2.4.2. QC- and LOQ-samples length 48.5 cm, effective length 40.0 cm) was initially applied

Each of the blank urine samples was spiked withn60f  with the same separation buffer at a field strength of 515 V/cm.
the 1.S.-solution and with 5@l of one of the QC-solutions or of Further on a comparative MECC-ruii8] was performed
the LOQ-solution. The resulting concentrations of MB in urinewith an extended light path capillary (effective length 56 cm,
were 1.0ug/ml (LOQ), 5.0, 30.0, and 6040g/ml (QC-levels). I.D. 75um) at 20.5kV resulting in electrical field strength of

The urine concentration of MV was always g8/ml. 317.8 V/icm. The buffer vials were manually exchanged during
these experiments to avoid bubble formation in view of the rather

2.5. Sample preparation high SDS concentration (208 mM18] and depletion of the
buffer.

For sample preparation the methods of recently repp#t&dl
clinical studies were adopted. For this purpose, urine samples @f8. Mass spectrometry
2 ml were spiked with 5@.1 I.S.-solution in disposable culture
glass tubes (12 ml) with screw caps and septa covered with a The HPLC system consisted of a quarternary LC pump
layer of inert Teflon. The 0.5 ml of 5% hexane-1-sulfonic acid(TSP model P4000, Thermo Electron, Dreieich, Germany) with
sodium salt in water (m/v) and 7.5 ml dichloromethane weredegasser, autosampler (Gilson Abimed XL 232), and column
added for the extraction. The liquid phases were thoroughheater. This HPLC system was coupled to a Thermo Finnigan
mixed by the test tube rotator for 20 min. After a settling time of TSQ 7000 tandem mass spectrometer via an electrospray ionisa-
about 90 min almost all of the lower dichloromethane phase wason interface. Purity measurements for the standard compounds
transferred to a disposable evaporation tube of borosilicate gla$dB and azure B were performed using a Kromasil C18 column
and evaporated to dryness at4Dunder a stream of nitrogen. 100 A 3um, 70mmx 2mm |.D. with integrated guard col-
The dried extracts were dissolved in 425high purity water  umn. Eluents were 0.1% (volume) aqueous acetic acid including
in order to benefit from stacking effed®5] during the injec- 20 mM ammonium acetate (A) and acetonitrile (B). The gradient
tion of the samples into the CE-capillary. Due to the very highused started with 95% of A (1 min isocratic) increasing linearly
adsorptivity of MB neither the urine samples nor the extracteluent B to 95% within 20 min. The mass spectrometer was set

were filtered. in the positive single MS mode (total ion scafy 150-500). For
structure elucidation in reduced and non-reduced MB solution

2.6. Reduction of aqueous test solutions of MB with direct flow injection and positive electrospray with tandem MS

ascorbic acid (MS/MS, daughter ion scan) was used. The transfer capillary

was set to 300C. Argon was used for CID-experiments.
An aqueous solution of MB (1280g/ml) was reduced with
a 256-fold excess of ascorbic a¢iD]. This solution (pH 3.06) 2.9. Further instruments
was stepwise diluted with high purity water until a pH value of

4.91 was reached. A Knick pH-Meter, type 765 Calimatic (Berlin, Germany)
was used to adjust the phosphate buffer to pH 2.50. The instru-
2.7. Capillary electrophoresis ment was calibrated with buffer solutions of pH 2.00 and

7.00. A Heidolph Reax 2 test tube rotator (Schwalbach, Ger-
A Hewlett-PackardPCE-Instrument, Waldbronn, Germany, many) was applied for the extraction of urine. Dichloromethane
equipped with a deuterium lamp, and a diode-array-detectogxtracts were evaporated under a stream of nitrogen (99.995%)
ranging from 190 to 600 nm was used. The detector was set o a Zymark Turbovap LV apparatus (Caliperii$selsheim,
292 and 592 nm with a bandwidth of 10 nm at each wavelengthGermany).
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2.10. Statistical evaluation mAU
304
Statistical tests were performed using Microsoft Excel, office fg: zoznm MV _:L
version XP. 0.
(A) o 2 4 6 8 10 12 14 16 18 20
3. Results
204 592 nm
3.1. Comparison of the separation efficiencies of CE and 104
MECC 0-
2 4 6 8 10 12 14 16 18 20
The MECC-experiments of Jing et §1.8] already could be
repeated in a bubble capillary column of 56.5 cm effective length 101 em MB
and 75.m |.D. at a field strength of 310 V/cm. A separation effi- 20 UL
ciency of 144,000 theoretical plates was achieved for MB at a 0
total run time >56 min. In spite of a relatively high sample con- (B) 3R TR 0 12 14 16 18 20
centration of 40.2.g/ml of MB an increased baseline noise was
observed in agreement with the results of the autfi8% The ;g: 592 nm J\
use of a separation mixture of 75% (v/v) 100 mM phosphate 10.
buffer (pH 2.5) and 25% (v/v) acetonitrile in a capillary of the 0.
same size at a field strength of 294 V/cm decreased the migra- 6T TR TR T e a8 18 %0
tion times by more than 50%. A separation efficiency of 23,800 40
theoretical plates was achieved for MB, 74,600 for MV and a 292 nm
resolution,R of 7.0 between bothAg. 2). 20 k
By applying the same test mixture to a smaller capillary (1.D. 0 A L
50m, effective length of 40.0 cm) at an electrical field strength © 0 2 277678 10 12 T1a 18 18 2o
of 515V/cm a decreased separation efficiency of 20,000 theo- 30
retical plates for MB, 52,500 for MV, and a resolutighof 3.8 20 s92m
was obtained at about half of the migration time. However, the 104
smaller capillaries were not robust enough for the analysis of 0- )
unfiltered urine extracts and their handling was difficult. 0 2 4 6 8 10 12 14 16 18 20 min

Fig. 2. Electropherograms of human urine extracts at detection wavelengths
of 292 and 592 nm. Blank urine spiked: (A) with methylene violet 3 RAX
extracts (MV, 1.S.) at 30pg/ml; (B) with methylene blue (MB) at 1,8g/ml and with
MV at 30pg/ml. (C) Urine sample of a healthy individual exposed to oral
The relative standard deviations of the absolute migratio[MB. Conditions: fused silica capillary I.D., 48m; 64.5/56.0 cm total/effective
times of MB (mean 16.885 min) were 7.1% and of the internal'le(;‘(?th;wb“?‘b'e IHD; ngfm? temgeéatzlge’ 133 Sefa’_":‘t_'l"” elelztctrolytlz IZS";’"Z"
. o L mM phosphate buffer; pH 2.5; 25 vol% acetonitrile; voltage, ; hydro-
standarq MV. (me_an 19.667 m|n)_8.1 %. The standard dewauor(]ymjmiC injection, 2.5/50 mbar.
of the migration time of MB relative to MV (mean 0.859) was
reducedto 1.9%, however. Inall batches the R.S.D. of the relative

migration times of MB are considerably lower than the R.S.D détécted with a S/N-ratio of 2688 at 292nm and 5% 11 at
of the absolute migration times. 592 nm ¢ =6) at the LOQ in urine. Considering the enrichment

factor of 4.7 (2 ml urine: 0.425 ml extract) this corresponds to a
calculated S/N of 44:1 at 292 nm and 11:1 at 592 nm in an aque-
ous test mixture. Liquid/liquid extraction using dichloromethane

Table 1gives an overview of seven calibrations, each per_and the ion pair reagent hexane-1-sulfonic acid was used with

formed at the minor UV-maximum of MB at 292 nm and at '€SP€ct to good results in recent clinical stufes]. The recov-
592 nm, i.e. the lower falling edge of the absorption maximumeries varied between 42 and 66% at a urine concentration of

at 665 nm. 30pg/ml and between 67 and 80% at a urine concentration of
60p.g/ml. Fig. 2shows electropherograms of a urine blank sam-
ple, a LOQ run, and a urine sample from a clinical study at 292
and 592 nm. All samples were spiked with MV as |.S. at a urine
concentration of 3Q.g/ml.

The results of the six LOQ urine samples of six different
individuals with a nominal concentration of MB of Ju@/mlare  3.5. Specificity and assignment of MB
shown inTable 2 The within-batch results of the three validation
batches with a total of 18 urine QC-samples of eight individu- In the course of the validation process blank urine samples
als and the batch-to-batch results are listedidhle 3 MB was  of six volunteers were spiked at the LOQ level of L@ ml and

3.2. Repeatability of migration times in runs of urine

3.3. Calibration in urine matrix

3.4. QC-samples, LOQ-samples, signal-to-noise ratios,
linear range, and recoveries
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Table 1
Overview of seven calibration regressions at 292 and 592 nm

Calibration linesy=mx + b (y = peak area ratidvs :Amv ); m = slope;b = intercept)

Purpose Calibration no. 292nm 592 nm n
Slope y-intercept R? Slope y-intercept R?

Validation 1 0.0730 —0.0052 0.9998 0.0572 —0.0121 0.9995 8
Validation 2 0.0797 —0.0364 0.9975 0.0608 —0.0321 0.9975 8
Validation 3 0.0701 —0.0096 0.9994 0.0547 —0.0143 0.9997 8
Study K077 4 0.0743 —0.0035 1.0000 0.0573 —0.0082 1.0000 7
Study K102 5 0.0719 —0.0005 0.9998 0.0559 —0.0055 0.9998 8
Study K102 6 0.0721 —0.0328 0.9999 0.0586 —0.0474 0.9987 8
Study K102 7 0.0763 —0.0305 0.9998 0.0607 —0.0305 0.9997 8
Table 2 2 S.D. stillthree of the five peaks in questiorad. 3A remainin

Accuracy and precision of MB at the LOQ-level (nominal concentration the corresponding time window (15.46—16.95 min). In contrast
1.00pg/mi) at 292 and 592 nmi = 6) the trace at 592 nm of the same sample only shows the peak of

Parameter (nm) 292 592 spiked MB with a migration time of 16.01 miifr{g. 3B). About

meg_n @%/”}') ) g-ggg i-ggg 20% of the entire samples revealed small artefact peaks with sim-
edian @ug/m . . . . . .

Accuracy (%) 54 +5.0 ilar migration times of MB at 292 nm well belowdg/ml assum-

Precision (CV, %) 3.9 238 ing the same response at this wavelength. In contrast, hardly any
artefact peak was detected at the trace of 592 nm and no artefact
peak was registered for the I.S at either wavelength. No separa-
analyzed. Both signals of 292 and 592 nm were used throughion of MB (tetramethylthionine) from azure B (trimethylthion-
out the validation process as well as for the analysis of 124ne) was achieved by employing our CE parameters.

urine samples of 39 volunteers of two clinical studies. The

simultaneous observation of these two wavelengths substantiall/6. Reduction of MB in test solutions with ascorbic acid

improved the assignment of peaks of this analytical method. This

is demonstrated ifrig. 3which shows an electropherogram of ~ One milliliter of 100 mM ascorbic acid was added to 1 mlof a
blank urine spiked with MB at the LOQ concentratiéfig. 3A  0.39 mM solution of MB in watef10]. Within 5 min after addi-
represents the trace registered at 292 nm. Five peaks occur ahemh of this 256-fold excess of ascorbic acid the dark blue colour
ofthe huge peak of the I.S. Considering the R.S.D. of 2.3% of thef the MB solution faded to an almost colourless solution of a pH
relative migration times of this batch and a confidence interval 0bf 3.0. The electropherogram of this solutidtg. 4A) revealed

Table 3
Within-batch resultsi{=6) of MB-validation at QC-levels and batch-to-batch resuits 7)
Batch Nominal urine concentration
5.0pg/ml 30.0pg/ml 60.0p.g/ml
292nm 592nm 292nm 592nm 292nm 592nm
Within-batch results
1 Mean {.g/ml) 4.51 4.48 27.6 27.4 54.8 55.6
Median .g/ml) 4.49 4.44 28.1 27.8 54.7 55.5
Accuracy (%) -9.8 —-10.4 -7.9 -8.8 —-8.7 —-7.4
Precision (R.S.D.%) 6.1 5.1 5.9 6.1 2.0 3.8
2 Mean .g/ml) 5.00 5.04 26.4 26.2 50.9 51.3
Median (.g/ml) 5.10 5.15 26.2 26.0 50.5 51.1
Accuracy (%) 0.0 0.8 -12.0 -12.7 -15.2 —-145
Precision (R.S.D.%) 6.0 6.6 6.9 6.8 4.0 4.4
3 Mean .g/ml) 4.59 4.62 29.2 28.7 56.0 55.3
Median (.g/ml) 4.55 4.59 28.8 28.5 57.1 56.1
Accuracy (%) -8.2 -7.6 -2.8 —-4.2 —-6.7 -7.8
Precision (R.S.D.%) 2.7 2.6 12.0 10.9 7.2 5.7
Batch-to-batch result
Mean (g/ml) 4.70 4.72 27.7 27.4 53.9 54.1
Median (.g/ml) 4.61 4.64 28.0 27.6 54.7 55.5
Accuracy (%) —-6.0 -5.6 7.7 —-8.7 -10.2 -9.9

Precision (R.S.D.%) 6.8 7.1 9.3 8.8 6.3 5.8
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mAU 4 mAU
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292 nm
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592 nm 50 1 «—— MB
3 MV ——p
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20
1 MB ey
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01 D-"L"‘I"'\“‘I"'\"'E“'I“'I"‘I"'E
W (B) 220 240 260 280 300 320 340 360 380 nm
-1 T T T T Fig. 4. Electropherogram at: (A) 292 nm and (B) UV spectra of methylene blue
(B) 0 5 10 15 20 min (MB) and leuco methylene blue (LMB) in ascorbic acid. Conditions: fused

silica capillary 1.D., 75.m, 64.5/56.0 cm total/effective length; bubble I.D.,
Fig. 3. Electropherogram of a blank urine sample spiked with methylene violeboo,.m; temperature, 16C; separation electrolyte, 75 vol% 100 mM phosphate
3 RAX (MV, I.S., 30pg/ml) and methylene blue (MB,jig/ml) analysed at (A)  puffer; pH 2.5; 25 vol% acetonitrile; voltage, 19 kV; hydrodynamic injection,
292 and (B) 592 nm. Conditions: fused silica capillary |.D.u#B; 64.5/56.0cm 2 5/50 mbar.
total/effective length; bubble 1.D., 2Q0m; temperature, 16C; separation elec-

trolyte, 75 vol% 100 mM phosphate buffer; pH 2.5; 25v0|%acetonitri|e;voltage,"ght capillaries of 56 cm length and 8 and a field strength
19kV; h ic injection, 2 . _ .
9 kV: hydrodynamic injection, 2 /50 mbar of 294.6 V/cm proved to be a good optimisation for reasonable

two major peaks at 13.77 and 19.69 min each of them precedqrglgrauon times of MB and MV, for high separation efficiencies

: . r MB and MV, and for a satisfactory robustness for routine
by a smaller peak. The peak at 19.69 min has the same migration L ' : S .
analysis in unfiltered urine extracts in view of the high adsorp-

gTGE 561 rr:gqtgr? dsgmz.gyg;;fﬁjggg ;v2|t2 r?mmzlirs]ol\r/lg a_l)_(r']rgl“('jrgn?i&ion of MB to various filter materials. While our CE parameters
: J ‘ ' were independently established from earlier studi®@20]sep-

nantpeak at 13.77 min shows a somewhat different UV-spectrum .. -
. : . . . aration voltage and buffer turned out to be similar. However, we
with a major maximum at 256.5nm and minor maximum at

: chose acetonitrile as an additive to the acidic separation buffer
igzrﬁ?\/lnr;sgclngrlbif:B;.ci-lc;hdeobrlnz?I?e(\e/lsglt r;)rﬁ)heré)skragz Zfatlé)(;) rZZi because it has two advantages over alcohols in the analysis of
: : : y peax. kep fis. Firstly, acetonitrile does not have reducing properties, thus
tions of MB starting with a 256-fold excess down to a 3.1-fold

. S o %reventing the possible reduction of MB and MV during CE-
excess of ascorbic acid yielded very similar electropherogram L . .
. . X runs. Secondly, acetonitrile does not react with acids to esters
and UV-spectra, although the latter reaction mixture stlllshowe(\jNhich mav slowlv chanae the composition of the separation
a bluish colour and a pH of 4.34 after 80 min. Y y 9 P P

buffer and thus the migration times in the course of long sam-
ple sequencefl9,20] Although MECC with relatively high
amounts of SDS in the separation buffer exhibited a superior
separation efficiency we doubt its usefulness for the routine anal-
ysis of low concentrations because of greatly increased baseline
noise, substantially prolonged migration times, and the neces-

The separation mixture of 75% 100 mM phosphate buffersity of manual replenishment of the buffer. Smaller extended
(pH 2.5) and 25% acetonitrile in combination with extendedlight path capillaries (effective length 40 cm, I.D. fhth) were

4. Discussion

4.1. Separation buffer, capillary dimensions, and field
strength
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not robust enough for routine analysis of MB in urine in spite ofalthough the authors detected MB at its most intense absorption
the option of using higher field strengths which generally resultmaximum at 660 nm. A LOQ of 1@g/ml would have missed

in shorter run times. detection of MB in 17% of all our urine samples.
The recoveries varied between 42 and 80% partly depend-
4.2. LOQ, detection limit, and recovery ing on concentration. This is in accordance with recent studies

[4,5] and requires the use of an appropriate internal standard.

The LOQ of 1pug/ml in urine was sufficient in several clini- Indeed, the rather good accuracy ddiables 2 and Bconfirms
cal studieq1,3-5], because humans excrete more than 50% ofhat methylene violet 3 RAX as an internal standard with very
administered MB in uringg]. In comparison to our results Hu et Similar properties compared to methylene blue very well reflects
al. [20] reported a lower detection limit (10 ng/ml; S/N = 2) for the loss of analyte during sample processifaple 3addition-
MB by applying an indirect photothermal interference detectorlly reveals that the accuracy tends to worsen with increasing
with an estimated 5—10-fold lower detection limit compared toconcentrations of MB within the accepted limits of the valida-
the DAD of our CE instrument. On the other hand, our methodion process. This is in agreement with earlier findif¢jsand
is 10 times more sensitive than the assay of Hamai andSHto can be explained by adsorption of MB especially on plastic sur-
which had an inferior detection limit of approximatelyl@/ml,  faces, whereas MB solutions are stable in polyethylene bottles at
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refrigerator temperaturg$6]. Another reason for this loss may exposed to therapeutic doses of MB was demonstrated using a
be the limited water solubility of MB atincreased concentrationscommercial CE instrument equipped with a DAD covering the

and low temperatures. wavelength range from 190 to 600 nm. Moreover, in contrast to
all other assays reported so far the presented method separates
4.3. Specificity and assignment of MB in urine extracts LMB from MB in ascorbic acid solutions.
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