Available online at www.sciencedirect.com
JOURNAL OF
SCIENCE@DIRECT° PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

Journal of Pharmaceutical and Biomedical Analysis

ESEVI 35 (2004) 31-39

www.elsevier.com/locate/jpba

Quantitative determination of Piroxicam
by TLC-MALDI TOF MS

Anna Creceliug, Malcolm R. Clencl#*, Don S. Richard?, Vic Parr¢

@ Biomedical Research Centre, School of Science and Mathematics, Sheffield Hallam University, Howard Street, Sheffield, UK
b pfizer Global R& D, Ramsgate Road, Sandwich, Kent, UK
€ Al Ltd., New EIm Lane, Manchester, UK

Received 25 June 2003; received in revised form 10 December 2003; accepted 12 December 2003

Abstract

A quantitative thin-layer chromatography (TLC)—matrix-assisted laser desorption (MALDI) TOF mass spectrometry (MS)
method for the determination of Piroxicam has been developed. Following preliminary experiments three different approaches
to the incorporation of the internal standard (Tenoxicam) into the TLC plates were investigated. These were: (a) adding the
internal standard to the mobile phase and pre-developing the plate, (b) coating the plate with internal standard by electrospraying
prior to matrix application and finally, (c) mixing the internal standard into the matrix solution and electrospraying both. The
most successful method was that where the internal standard was pre-developed over the plate. For this method linearity was
observed over the range between 400 and 800 ng of Piroxicam. The precision was found to be in the range of 1-9% R.S.D. from
the average detected value£ 5), dependent on the amount of analyte on the TLC plate. The proposed method was accurate
with £2% deviation from the known amount of Piroxicam in the sample spot.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ing thin-layer chromatography (TLC|3-6], capil-
lary electrophoresis (CHY], spectrofluorometryg],
Piroxicam or 4-hydroxy-2-methyl-(2-pyridyl)-H- derivative spectrometrf—11] and high performance
1,2-benzothiazine-3-carboxamide-1,1-di-oxide is a liquid chromatography (HPLCO)2—-15]
non-steroidal anti-inflammatory drug (NSAIDNL] In recent years there has been an increased in-
widely used in the treatment of rheumatological dis- terest in the use of matrix-assisted laser desorp-
orders [2]. Several analytical methods have been tion/ionisation mass spectrometry (MALDI MS) for
described for the determination of Piroxicam, includ- the direct analysis of TLC platg46]. There are sev-
eral issues, which have to be addressed for successful
- TLC-MALDI coupling. The first is concerned with
" | Col”fssp‘?”gmg g”:}horl- fpge_se:t a‘r’]‘;rsﬂsst:h ?;O?edig';' ﬁ"?‘”l‘c‘] the method used for the deposition of the MALDI
| | | | - . . e
Hallom atJni\(/:e?si(;;S,PocndOOSt?eet,c Sherfeld S1 fws, Uk Tels matrix onto the TLC plate. This matrix facilitates
+44-1142253054: fax:-44-1142253066. the ionisation of the analyte molecules separated on
E-mail address: m.r.clench@shu.ac.uk (M.R. Clench). the TLC plate. The application of the matrix directly
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onto the TLC plate has to be done in such a man-  We report the development and validation of a quan-

ner that analyte spreading across the silica gel layer titative TLC-MALDI TOF MS method for the analy-

is avoided. This maintains the chromatographic in- sis of Piroxicam. Tenoxicam, a structural analogue of

tegrity of the analyte spots. The second issue is the Piroxicam, was used as internal standard to compen-

requirement for efficient extraction of the analyte sate MALDI MS signal deviations and variations in

from the interior of the silica gel layer to increase the extraction efficiency of Piroxicam from the TLC

the sensitivity. The porosity of the silica gel layer, plate. To regulate the analyte signals, recorded directly

can also lead to problems, ions starting from different from the TLC plate, the internal standard has to be lo-

points in the surface can have a slight variation in cated at the same positions as the analyte. Preliminary

their flight times and hence lead to a decrease in the data obtained by spotting mixtures containing the in-

mass resolution of spectra recorded. Finally for the ternal standard Tenoxicam and the analyte Piroxicam

analysis of low molecular weight compounds, such on silica gel 60 ks4 TLC plates showed that quantifi-

as pharmaceuticals, strong matrix peaks can interfere cation of Piroxicam with the chosen internal standard

with the analyte signal. was possible. The critical step was to find a suitable
Several approaches for the application of the ma- approach of incorporating the internal standard on the

trix for TLC—MALDI coupling have been compared TLC plate, so that the development of the TLC plate

including a recently developed electrospray matrix was possible. Since the internal standard did not show

deposition method17]. This electrospray method the same Rvalue as the analyte in the TLC analysis,

was found to be superior to the other techniques the following approaches were tested: development of

studied. It produced a stable signal, minimised ana- the TLC plate in the mobile phase to which the inter-

lyte spreading and hence allowed the scanning of a nal standard was added, electrospraying of a solution

TLC plate to obtain chromatographic as well as mass of Tenoxicam on to the TLC plate and electrospraying

spectral data. The use of an extraction solvent prior a mixture of Tenoxicam with the MALDI matrix.

the matrix application has been shown to enhance

sensitivity [18]. Mass measurement inaccuracies ob-

served in TLC-MALDI TOF MS can be corrected by 2. Experimental

internal recalibration on selected matrix ions during

the scanning of a TLC platfl8]. The identification 2.1. Materials

of compound spotEl9] is aided by the application of

post-source decay (PSD) techniques to MALDI-TLC  Piroxicam (PX) and Tenoxicam (TX) were obtained

MS analysis. The minimisation of matrix interfer- from Sigma-Aldrich (Dorset, UK). The chemical

ences has been addressed by applying suspensionstructures are shown fRig. 1

of particles of different materials and sizes (Co-UFP,

TiN, TiOg, graphite and S”iCOﬂ) onto eluted TLC 2.2. Instrumentation and conditions

plates[20]. To date little work has been conducted on

the quantitative determination of pharmaceuticals by  For the application of the MALDI matrix on the

TLC-MS. There appear no reports on the application silica gel surface of the TLC plate, an in-house mod-
of TLC—-MALDI TOF MS on the determination of the ified commercial robotio(_y_z.axis motion system

pharmaceutical Piroxicam. Caffeine has been quan-
tified by off-line TLC-SPE-APCI-M321]. On-line
TLC-MS techniques, which have the advantage of ob- /O
taining mass spectral as well as chromatographic infor- /O

mation with respect to the TLC spots, have been used w

for the analysis of nicerogline by TLC-SIMR2],

and the analysis of cocaine by TLC—MALI23]. In //\\ //\\

both approaches a chemical or stable isotope analogue

was used as internal standard to enable quantification
to be carried out directly on the separated TLC spots. Fig. 1. Chemical structures of Oxicam derivatives.

Piroxicam (PX, MW 331) Tenoxicam (TX, MW 337)
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(PROBOQT, BAI, Germany) was used. Modifications Methods 3 and 4: Five standard solutions of PX

to the instrument are described elsewHé&®;20] (0.4, 0.5, 0.6, 0.7 and 0.8 mg/ml) were obtained by
Mass spectra were recorded directly from TLC dilution the primary stock solution of PX of method

strips with a modified linear Laser TOF 1500 mass 1 with HPLC-grade methanol.

spectrometer (SAIl, UK), equipped with a nitrogen

laser ¢ = 337 nm). The modifications to the instru- 2.3.2. Sample preparation

ment and its software have been described previously Method 1: Aliquots of standard solutions (il) were

by this group[18]. Experiments were carried out us- applied to an aluminium-backed TLC plate coated

ing a 10kV extraction voltage. Only the positive ion with a 0.2mm layer of silica gel 60 F254 (Merck,

mode was used and the mass spectra acquired fromGermany) using disposable spotting pipettes (Camag,

the TLC surface were the results of the cumulative Switzerland). A distance of 10 mm between the ana-

acquisition of 16 shots. The TLC strips were scanned lyte spots was chosen to keep them separate, in order

over a distance of 50 or 55 mm and mass spectra wereto be able to detect 5 spots in a single experiment. Af-

recorded every 0.5 mm. A data set of 100 or 110 mass
spectra was obtained for each TLC strip.

2.3. Quantification methods

The section is divided into four sub-sections 1, 2,
3 and 4, which describe the different approaches for
the incorporation of the internal standard Tenoxicam
into the TLC plate Method 1. Describes the prelim-
inary experiments where the internal standard was
simply mixed with the analyte solution the resulting
mixture then spotted onto the TLC platéethod 2:
Pre-development of the TLC plate in the mobile phase
to which the internal standard is added, followed by
development of the analyte in the same mobile phase.
Method 3: Electrospraying of the internal standard
prior matrix applicationMethod 4: Mixing of the in-
ternal standard with the matrix solution and electro-
spraying of the resulting solution.

2.3.1. Calibration standards

Method 1: Primary stock solutions of the analyte
PX (1 mg/ml) and the internal standard TX (2 mg/ml)
were prepared in hydrochloric acid (2.0 M), respec-
tively. Five standard solutions of PX (0.4, 0.5, 0.6, 0.7
and 0.8 mg/ml) with a constant concentration of TX
(0.4 mg/ml) were obtained by combining aliquots of
both primary solutions and diluting with HPLC-grade
methanol.

Method 2: Primary stock solution of the ana-
lyte PX (1mg/ml) was prepared in HPLC-grade
dichloromethane and five standard solutions (0.4, 0.5,
0.6, 0.7 and 0.8 mg/ml) were obtained by subsequent
dilution of the primary stock solution.

ter UV detection X = 254 nm) of the analyte spots,
a strip of the TLC plate (2 mnx 50 mm) was cut out
and attached to a modified MALDI target using dou-
ble sided tape. The organic matrixcyano-4-hydroxy
cinnamic acid ¢-CHCA) (Sigma-Aldrich, Dorset,
UK) was dissolved in HPLC-grade methanol contain-
ing 0.1% TFA. A solution of 20 mg/ml o&-CHCA
was electrosprayed on to the silica gel TLC strip and
after 30 min. drying at room temperature, the TLC
sample was subjected to MALDI analysis.

Method 2: The TLC plate described previously
was pre-developed in 25.0 ml chloroform—methanol
(9:1 (viv)), in which TX was dissolved to a mass
concentration of 0.4mg/ml. The chamber (dimen-
sions 121cm x 10.8cm x 8.3cm, Sigma-Aldrich,
Poole, UK) was lined with filter paper and saturated
for 30 min. The TLC plate was developed for 17 h in
the mobile phase to obtain a homogeneous surface
coverage of TX. After air drying, ikl aliquots of
standard solutions were applied to the pre-developed
TLC plate and the plate was developed again in the
same mobile phase to a distance of 7.0cm (The mo-
bile phase was freshly prepared and saturated for 1 h
prior use). The developed TLC plate was air dried and
electrosprayed witlx-CHCA prior MALDI analysis,
as described for method 1.

Method 3: Aliquots of standard solutions (il) were
applied to the TLC plate as described in method 1.
The plate was developed as described in method 2.
Following this a 0.25 mg/ml solution of TX dissolved
in acetone was electrosprayed onto the TLC plate and
finally the matrix solution was coated onto the plate
by electrospraying.

Method 4: A 0.1 mg/ml solution of TX dissolved in
dichloromethane was mixed into the matrix solution
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in the volume ratio 1:1 and electrosprayed on the an- 2.3.4.2. Specificity. Six blank TLC plates were
alyte spots. Chromatographic conditions as describedtested for the presence of interfering peaks arising
in Methods 1 and 2. from the silica gel layer and the matrix.

2.3.3. Calibration curves 2.3.4.3. Limit of detection and quantification. The
Standard curves were constructed for sam- limit of detection (LOD) was defined as the PX
ples spots containing 400-800ng of PX for each amount resulting in a peak area of three times the

method. Peak responses of PX and TX were mea- noise level. The limit of quantification (LOQ) was
sured in each of the mass spectra recorded. Fromdefined as the PX amount resulting in a peak area of
these data mass chromatograms of PX and TX ten times the noise level. The LOD and LOQ value
were generated for each sampleig 3), and the were estimated by extrapolation from the constructed
Piroxicam-to-Tenoxicam ratio for each single spot on calibration curve$26].

the TLC strip was calculated using the software pack-

age Origin (OriginLab Corporation). For each spot, 2.3.4.4. Range. The range was determined by se-
represented in the mass chromatograms as a peaklecting three amounts of PX (a lower, middle and up-
the Piroxicam-to-Tenoxicam ratio was obtained by per amount) and demonstrating that the analyses could
dividing the integrated area of the PX signals by the be obtained with a suitable level of precision, accu-
integrated area of the TX signals at the same positions racy and linearity.

on the TLC plate. The Piroxicam-to-Tenoxicam ratios

obtained by this methodology, were plotted versus

the corresponding PX quantity. The calibration curve 3. Results and discussion

was determined by least-square linear regression

analysis. 3.1. Matrix selection

2.3.4. Method validation The suitability of the MALDI matricesx-cyano-4-
Methods 1 and 2 were assessed by the following hydroxy cinnamic acidq-CHCA), 2,5-dihydroxyben-
criteria [24]: accuracy, precision, specificity, limit of  zoic acid (DHB), 3-hydroxypicolinic acid (3-HPA),
detection, limit of quantification, linearity and range 2(-4-hydroxyphenylazo)benzoic acid (HABA) for the
of measurement. The robustness could not be deter-quantitative analysis of PX by TLC-MALDI TOF MS
mined since the methodology is currently unique to was studied. The selection of the matrix was based on
our laboratory. examination of their MALDI-MS behaviour on stain-
less steel substrates, as previously desciibéd The
2.3.4.1. Accuracy and precision. To evaluate the  matrix a-CHCA was found to give the best results
accuracy and precision of the proposed methods based on the criteria described in referefitd, i.e.
three quantities within the previously determined lin- absence of interfering peaks in the spectral region of
ear range (450, 600 and 750ng PX) were selected interest and reproducible analyte signal intensity from
and analysed. From each quantity ten determinationslaser spot to spot over the target (good crystal homo-
(method 1) or 5 determinations (method 2) were per- geneity).
formed. The accuracy of the method was defined as
the amount of Piroxicam determined by TLC-MALDI  3.2. Internal standard selection
MS expressed as a percentage of the “true” amount
of PX in the sample spot. To be acceptable, mea- For quantitative MALDI analysis an internal
sures should be withirt15% at all concentrations standard is required to improve shot-to-shot and
[25]. The precision of the method was expressed as sample-to-sample reproducibility. The selection of an
the relative standard deviation (R.S.D.) of replicate appropriate internal standard is critical for the suc-
analyses, carried out within one working day. To be cess of such an analyg47]. An isotopically labelled
acceptable, measures should be lower thad®% at analogue is an ideal internal stand428] in mass
all concentration$25]. spectrometry, however these are seldom available



A. Crecelius et al. / Journal of Pharmaceutical and Biomedical Analysis 35 (2004) 31-39 35

and structural analogues are often employed e.g.3.3. TLC-MALDI analysis
for the quantification of biomoleculd29] or small
moleculeq30] by MALDI-MS. 3.3.1. Method 1

The selection of a suitable internal standard for  These preliminary experiments involving spotting
quantification using TLC—MALDI was based on two mixtures containing 400-800 ng of PX and the same
important properties of the internal standard. Firstly amount of TX (400 ng) on untreated silica gel TLC
it needs to be chemically similar to the analyte so plates were carried out to prove that quantification
that similar extraction efficiencies out of the silica gel of PX with TX as internal standard is possible by
phase are achieved. Secondly, for these experiments,TLC—-MALDI TOF MS and to show that the method
a reasonable, mass separation between analyte and ineould be validated. The mass chromatograms ob-
ternal standard signal was required, since the linear tained for the analyte PXn{z range: 331-333) and
TOF instrument employed in these investigations has the internal standard TXn{z range: 337-339) using
a mass resolution of only425 (FWHM). For these  this approach are presentedHriy. 3A. PX showed a
reasons Tenoxicam (TX) a structural analogue of PX higher signal response compared to TX, and appears
was chosen. TX is also afrheterocyclic carboxamide to give a better MALDI response. PX was increased
derivative of benzothiazine-1,2-dioxide and has been in the spots from the left to the right side fig. 3A,
previously used as internal standard for the quantita- a steady increase in the recorded signal intensities
tive HPLC analysis of PX{15]. The mass difference  was not obtained. Moreover, all five spots contained
of 6 mass units gave adequate resolution of the proto- the same amount of TX, but the signal responses

nated moleculesHig. 2). varied greatly. These variations are caused by local
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Fig. 2. TLC-MALDI mass spectrum of 600 ng of Piroxicam (method 2). The internal standard Tenoxicam (0.4 mg/ml in mobile phase)
was pre-developed on the TLC plate. The insert shows the region around Piroxi¢ai33¢) and Tenoxicamnf/z 338).
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Fig. 3. Mass chromatograms obtained by different approaches of incorporating the internal standard: (A) method 1; (B) method 2; (C)

method 3 and (D) method 4 (the methods are explaine8eation 2. In method 1, 3 and 4 the quantities of Piroxicam (400-800 ng)
were spotted on the TLC plate.
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concentration changes of the compounds in the crys-the preliminary data of method A= 0.0047). The

tal structurg[27]. The reason for these variations can full equations for the calibration curves in these cases

be explained as follows. The solvent in which the were method 1y = 0.0047x — 0.6633 R? = 0.9992)

matrix is dissolved acts as an extraction solvent of and method 2 = 0.0012x — 0.2530(R? = 0.9969).

the compounds spotted on the TLC plate (analyte and Fig. 2 shows the MALDI mass spectrum recorded

internal standard). The extraction efficiency of the at45mm of the scanned TLC plate, with theJNH]*

solvent throughout the scanned TLC strip varies from ion of PX clearly visible atrVz 332 and that of TX at

position to position and causes these variations. This m/z 338. Three matrix peaks of-CHCA: [M-H,0 +

shows how important the use of an internal standard H]* atm/z172, [M+ H]* atm/z 190 and [2M4 H] ™

is to normalise MALDI signals from a TLC plate atm/z 379 were used as “Lock Masses” to overcome

when attempting quantification. the degradation in mass measurement accuracy and
An effect where the signal from a less concentrated mass resolution, observed when analysing TLC plates

component is suppressed by that from a more concen-by TLC-MALDI MS, as previously reportefl7,18]

trated one has been described for MALDI-NES,29]

In our TLC-MALDI experiments this effectlead tothe  3.3.3. Method 3

limited linear range (400-800 ng) obtained in the con-  When the internal standard is electrosprayed on the

structed calibration curve. Suppression of the analyte analyte spots, care has to be taken to minimise planar

occurred when a higher concentration than 0.4 mg/ml spreading of the analyte. This can be achieved by us-

of the internal standard was used. Similarly the ana- ing a non-polar solvent, in which the analyte is only

lyte concentration can also cause suppression of thesparingly soluble but which has reasonable solvating

internal standard signal, e.g. a quantity qf@of PX properties for the internal standard. This criterion is

suppressed 0489 of TX. difficult to achieve due to the chemical similarity of
analyte and internal standard. It was found that ace-

3.3.2. Method 2 tone is a suitable candidate, since its polarity index is

The mass chromatograms obtained by method 2 are5.4[31] and the solubility of TX is 2 mg/ml in if32].
shown inFig. 3B. Since TX has a smalldr; value The concentration of TX in acetone was reduced from
(R = 0.37) than PX Rf = 0.63), pre-development 0.4 to 0.25mg/ml, since analyte suppression occurred
of the silica gel TLC plate with the internal standard at higher concentrations.
was necessary to achieve the same location for ana- In the mass chromatograms shownFig. 3C the
lyte and internal standard. The variation of the sig- increase in the internal standard response at the ana-
nal responses of the internal standard was 90% R.S.D.lyte spots containing 600, 700 and 800 ng of PX is sig-
from the averaged value throughout the scanned TLC nificant. A possible explanation could be as follows.
strip. However, only the surface coverage at the lo- The internal standard molecules are located at a layer
cation of the PX spot was of interest; and there the above the analyte molecules, and when the solvent of
variation tracked the variation of the analyte. the matrix solution is extracting the analyte molecules

Even with the matrix electrospray deposition from the inner part of the silica gel layer to the sur-
method, which we have previously shown to produce face, they have to pass through the layer of the internal
a homogenous layer, compared to other methods of standard molecules. An increase in the concentration
matrix application studieflL 7], variation of the matrix ~ of the analyte molecules possibly causes an increase
signals throughout the scanned TLC plate is observed. of internal standard molecules desorbed on the TLC
The variation of the signals of the internal standard plate surface. The variation of the internal standard
tracks this as indicated by plotting the signal intensi- signals along the TLC strip varied around 102% from
ties of the sodium adduct ef-CHCA (m/z 212) and the average value. The calibration curve exhibited an
the protonated molecular signal of TX against the R.S.D. of 50% for the lowest amount of PX (400 ng)
position on the TLC plate (data not shown). spotted on the TLC plate and one of 38% for the high-

The resulting calibration curve obtained by method est amount (800 ng) which discounts this method for
2 shows a four times smaller slope valée=f 0.0012) validation. The full equation for the calibration curve
in comparison to calibration curves constructed from in this case was = 0.0009 — 0.3173R2=0.9969).
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Precision and accuracy of the TLC-MALDI methods for the determination of Piroxicam

Piroxicam (ng) Method 1

Method 2

Detected (nd) R.S.D. (%) Accuracy (%) Detected (g) R.S.D. (%) Accuracy (%)
450 438+ 28 6.4 2.7 457+ 41 8.9 15
600 617+ 32 5.2 2.8 586+ 20 35 2.3
750 728+ 23 3.2 2.9 745+ 10 1.3 0.7

2 Values are mean of 10 determinatio#sS.D.
b Mean of five determinations: S.D.

3.3.4. Method 4
Since electrospraying of the internal standard with

responding mass spectra showed no interfering peaks
between 330 and 340 Da (data not shown). Both meth-

the matrix solution caused a high degree of analyte ods exhibited linearity between the respongeand
suppression, the concentration of TX was reduced the corresponding amount of PX){ over the range

from 0.25 to 0.05 mg/ml i-CHCA. Even at this level
suppression effects could not be preventeid.(3D).

of 400—-800 ng. The mean correlation coefficient was
0.9992 { = 3, method (1) or 0.996%(= 4, method

However at lower levels the internal standard signal (2), respectively. The LOD for PX was calculated as
was not detected in a high number of mass spectra1l6ng and the LOQ as 53ng (method 1). Method 2
acquired during the scan. The high variation of the in- showed two fold higher values: LOER= 39ng and

ternal standard signal in the recorded mass spectra isLOQ = 131 ng. The latter values are similar to the

shown inFig. 3D (values vary from 0 to 53, which
corresponds to an R.S.D. of 111%). This method like

ones described for the quantitative HPTLC determi-
nation of PX (LOD = 40ng, and LOQ= 150ng)

method 3 was not considered as suitable for the quan-[5]. Table 1shows the assay results for the analysis of

titative analysis of PX, since R.S.D. of 87% for the
lowest and 28% for the highest point of the calibration
curve were obtainedi(= 3). The equation of the line
in this case was = 0.0004x — 0.134QR? = 0.9970).

Comparing the three usable methods of incorpo-

rating the internal standard into the TLC plate, i.e.

three different quantities of PX. Good accuracy and
precision was obtained for both methods.

4. Conclusions

methods 2—4, the question arises why method 3 and Four methods for quantification by TLC-MALDI

4 are not suitable for the quantification of PX by
TLC-MALDI. A possible explanation lies in the
MALDI process itself. The incorporation of the an-
alyte into the matrix crystals is not a requirement,
but improves the overall MALDI performand83].

In method 3 and 4 the location of the internal stan-
dard and analyte molecules differ from each other.
This highlights how important it is that analyte and
internal standard are applied on the TLC plate in
the same manner, by spotting (method 1) or by TLC
development (method 2).

3.4. Method validation

The specificity of method 1 and 2 was tested on six
blank TLC-MALDI samples respectively, and the cor-

TOF MS have been compared. The drug Piroxicam
could be successfully quantified by TLC-MALDI
TOF MS when the internal standard was mixed into
the mobile phase of the TLC analysis. The results of
the method validation demonstrated that good; accu-
racy, precision, linearity and sensitivity could all be
obtained using this method. The best precision for the
standard calibration curve (400-800ng Piroxicam)
was obtained by incorporating the internal standard in
the mobile phase (7-28% R.S.b.,= 4). The other
methods investigated showed higher R.S.D. values up
to 87% for the lowest point of the calibration curve
and hence were not considered as suitable.

The simplicity of pre-developing the TLC plate with
an appropriate internal standard to perform quantifica-
tion in TLC—MALDI TOF MS makes this technique
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particularly attractive to the pharmaceutical industry,
where TLC is a standard analytical method for quality
control samples (QC samples).
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