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QUANTIFICATION OF PYRITINOL IN SOLID PHARMACEUTICAL
FORMULATION BY HIGH-PERFORMANCE THIN-LAYER
CHROMATOGRAPHY-ULTRAVIOLET DETECTION AND
SELECTIVITY EVALUATION BY MASS SPECTROMETRY

Mario Aranda1,2 and Gertrud E. Morlock1

1Institute of Food Chemistry, University of Hohenheim, Stuttgart, Germany
2Department of Food Science, Nutrition and Dietetic, Faculty of Pharmacy,
University of Concepcion, Concepcion, Chile

& A high-throughput method for pyritinol quantification in solid pharmaceutical formulation was
developed. Chromatography was performed on silica gel 60 F254 HPTLC plates using the mixture
dichloromethane – methanol – formic acid 9:1:1 (v=v=v) as mobile phase. Detection was carried
out by UV absorbance at 300nm. Calibration showed a polynomial regression with a determination
coefficient (R2) of 0.9992. For chromatography, repeatability (relative standard deviation, RSD) and
intermediate precision (RSD) in matrix were 0.4% and 3.0%, respectively. Recoveries of spiked
samples at three levels ranging from 98.5 to 101.9% with intermediate precisions of RSD 3.7 to
4.7%. Limits of detection and quantification were 0.6 and 2.0lg mL�1 (6 and 20ng=band),
respectively. The method capacity to detect degradation products and=or byproducts within routine
conditions of analysis was evaluated through forced degradation processes. Selectivity was evaluated
determining the peak purity by UV-spectrophotometry, which showed correlation coefficients
(r)> 0.9997. Additionally, peak identity and purity was confirmed by mass spectrometry. The mass
spectra showed just pyritinol ions at m=z 369 [MþH]þ and 391 [MþNa]þ being acquired directly
from the sample bands by an elution-based interface. Considering the validation results, reduced
analysis cost, accelerated analysis time, and high throughput capacity, this simple, yet reliable planar
chromatographic method is a good alternative for pyritinol analysis in pharmaceutical formulations.

Keywords high-performance thin-layer chromatography, mass spectrometry, planar
chromatography, pyrithioxin, pyritinol

INTRODUCTION

Pyritinol or pyrithioxin (Fig. 1) structurally related to vitamin B6 but
without vitamin activity, is one of the oldest nootropic drugs used in more
than 50 countries. According to the latest studies, between 2000 and 2004,
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more than 100,000 individuals in the European Union consumed pyriti-
nol[1] and an increase in the consumption is expected based on the demo-
graphic data of several countries. Since its patent by Merck, different
pharmacological activities have been ascribed to pyritinol; some of these
have been proven through successful clinical trials, e.g., in normal volun-
teers was observed an enhancement on their psychopharmacological per-
formance,[2] in patients with probable Alzheimer’s disease, pyritinol
produced a higher response to stimulation tasks[3] and it was therapeuti-
cally effective in patients with mild to moderate senile dementia of the
Alzheimer type.[4] Besides its intrinsic nootropic activity, other unusual uses
have been reported for pyritinol, viz., it was highly effective in the treatment
of patients with rheumatoid arthritis[5] and it showed scavenger activity
over free radicals.[6] However, together with its beneficial properties, some
serious adverse effects were attributed lately, i.e., cholestatic hepatitis[1] and
acute pancreatitis.[7]

Through all these years, several analytical methods have been used to
determine pyritinol in pharmaceutical formulations and other matrices,
e.g., UV[8] and Vis spectrophotometry,[9] derivative spectrophotometry,[10]

polarography,[11] ion-pair high-performance liquid chromatography
(HPLC),[12] and conductimetry.[13] Thin-layer chromatography (TLC)
has been used in combination with principal component analysis and other
chromatographic techniques for simultaneous qualitative analysis of several
drugs, including pyritinol.[14–16] Nevertheless, there was no reference avail-
able for quantification of pyritinol by planar chromatography.

In pharmaceutical analysis, TLC methods were, in general, substituted
by HPLC methods without giving high-performance thin-layer chromato-
graphy (HPTLC) a real chance. This was criticized by experienced HPTLC
experts.[17,18] Thus, the intention was to show that HPTLC, which stands
for sophisticated instrumentation and enhanced separation power based
on the reduced particle size of the adsorbent used, could be an alternative,
or at least a complementary method, to HPLC. It is worth to follow such an
intention because in the last decade the planar chromatographic system
has continually been improved through full automatization of its
single steps, including automated control of the plate activity and chamber

FIGURE 1 Pyritinol chemical structure (3,30-[dithiobis(methylene)] bis [5-hydroxy-6-methyl-4-
pyridinemethanol]).
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climate for highly reproducible developments. Consequently the repro-
ducibility was severely increased accomplishing highly reliable quantitative
analysis. Together with other well-known features, viz., multiple detection
by UV=Vis and fluorescence,[19] in situ post-chromatographic derivatiza-
tion,[20] and less extensive sample preparation than other chromato-
graphic techniques,[21–24] planar chromatography seems to be an
effective tool for high-throughput analysis. In addition, coupling of
HPTLC with mass spectrometry (MS) has gained growing attention in
the last decade and an overview is given in Morlock and Schwack.[25] Vari-
ous desorption-based techniques have been reported for coupling, e.g.,
fast atom bombardment (FAB),[26] secondary ion mass spectrometry
(SIMS),[27] matrix assisted laser desorption=ionization (MALDI),[28–30]

desorption electrospray ionization (DESI),[31] electrospray-assisted laser
desorption=ionization mass spectrometry (ELDI-MS),[32] continuous wave
diode laser desorption=atmospheric pressure chemical ionization
(LD-APCI),[33] direct analysis in real time (DART),[34] easy ambient
sonic-spray ionization mass spectrometry (EASI-MS),[35,36] and laser
ablation inductively coupled plasma mass spectrometry (LA-ICP-
MS).[37,38] Elution-based approaches include an automatic sampling
surface probe coupled with electrospray ionization (ESI) by a
micro-junction,[39] or elution-based interfaces coupled to APCI[40] or
ESI.[41,42] The latter approach was successfully proven for qualitat-
ive[19,43,44] and quantitative analysis,[34,42] and, hence, it was used in this
work. The objective of this work was to develop a quantitative high-
throughput method for pyritinol determination in solid pharmaceutical
formulation by HPTLC-UV-MS. In doing so, the identity of the separated
zone and the satisfying separation power of HPTLC should be proven by
purity calculation of UV-spectra and by HPTLC=ESI-MS spectra.

EXPERIMENTAL

Reagents and Samples

Pyritinol dihydrochloride (>99%) was purchased from Sigma
(Steinheim, Germany), methanol (HPLC grade), ammonium formate
(>99%) and formic acid, were obtained from Fisher Scientific (Loughborough,
UK). Dichloromethane was purchased from Acros Organics (Geel, Belgium).
Ultra-pure water (18 MX � cm) was produced by Synergy System from
Millipore (Schwalbach, Germany). Sodium hydroxide (�99%) and hydro-
chloric acid (37–38%) were obtained from Merck (Darmstadt, Germany).
Chromatography was performed on 10� 10 cm HPTLC plates from Merck,
coated with a 0.2 mm of silica gel 60 F254. The pharmaceutical samples
(different lots) were purchased in Chilean pharmacies.
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Standard Solution

Pyritinol dihydrochloride was prepared in methanol for a given concen-
tration of 0.1 mg mL�1. This solution, stored refrigerated and protected
from light, was stable for at least 5 days.

Sample Preparation

Five tablets were weighed and ground in a mortar. A fraction equivalent
to one tablet (�0.5 g, containing 200 mg of pyritinol) was accurately
weighed and transferred to a 250 mL Erlenmeyer flask, completely covered
with aluminum foil. Pyritinol extraction was performed with 80 mL of
methanol – water (7:3, v=v) in a KS 125 basic shaker from IKA (Staufen,
Germany) at 500 (min�1) for 20 min. The suspension was transferred to
a 100 mL volumetric flask and filled up with methanol – water (7:3, v=v).
An aliquot was filtered (0.45mm pore size) and diluted 1:20 times with
methanol prior to HPTLC analysis. This diluted solution, stored refriger-
ated and protected from light, was stable for at least 3 days.

Chromatography

Samples and standard solution were applied by means of Automatic
TLC Sampler 4 (ATS 4) from CAMAG (Muttenz, Switzerland), with the
following settings for 12 tracks per plate: band length 4.0 mm, track dis-
tance 7.2 mm, dosage speed 150 nL s�1, application position x-axis
8.0 mm and y-axis 10.0 mm each. Sample and standard application volumes
were 3 mL and from 0.5 to 5 mL, respectively. Chromatography was carried
out in a 10� 10 cm twin trough chamber (CAMAG) using 5.5 mL dichloro-
methane – methanol – formic acid 9:1:1 (v=v=v) as mobile phase, up to a
migration distance of 50 mm. After development, the plate was dried in a
stream of warm air for 1 min. Detection was performed with TLC Scanner
3 (CAMAG) in UV-absorption mode at k¼ 300 nm with a slit dimension of
3.0 mm� 0.1 mm and a scanning speed of 20 mm s�1. All instruments were
controlled via software platform winCats 1.4.2 Planar Chromatography
Manager (CAMAG). Statistical analysis was carried out with GraphPad
Prism 4.0 software (San Diego, CA, USA).

Mass Spectrometry

The complete system setup has been described in details elsewhere.[42]

Briefly, after scanning the plate, the pyritinol bands position was marked.
Using an HPLC pump HP 1100 from Agilent (Palo Alto, CA, USA) and
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the modified[45] plunger-based extractor ChromeXtrakt from ChromAn
(Holzhausen, Germany), the HPTLC plate was online coupled to the elec-
trospray ionization interface of the VG platform II single-quadrupole mass
spectrometer from Micromass (Manchester, UK). The compound was
eluted from the sorbent with a mixture of methanol and ammonium for-
mate (10 mmol L�1, pH 4.0) 19:1 (v=v) at a flow rate of 0.1 mL min�1.
The MS system was operated in the full scan mode with the following para-
meters for ESIþ: source temperature 120�C, capillary voltage 3.5 kV, HV
lens voltage 0.5 kV and cone voltage 55 V. Data were processed with Mass
Lynx 3.2 software from Micromass.

RESULTS AND DISCUSSION

Mobile Phase Optimization and Wavelength Selection

Following a systematic approach for mobile phase optimization,[46]

three mobile phases were selected, i.e., acetonitrile – water (8:2, v=v), ethyl
acetate – methanol (9:1, v=v) and dichloromethane – methanol (9:1, v=v).
Due to peak tailing, each mobile phase was assayed with one part (about
10%) of acetic acid, formic acid or ammonia (25%). The best separation
and chromatographic behavior was obtained with dichloromethane –
methanol – formic acid (9:1:1, v=v=v). The intrinsic blue fluorescence of
pyritinol, when irradiated at UV 366 nm, was lost in the acid medium,
whereas it was conserved in alkaline ambience. Nevertheless, the acid
medium was preferred because detection by UV-absorbance was still
adequate. The optimal wavelength at 300 nm was ascertained by recording
the pyritinol spectra (Fig. 2).

FIGURE 2 UV-spectra comparison of pyritinol standard (300 ng) and sample (300 ng), showing a
correlation coefficient (r)> 0.9998.
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Validation

Following the International Committee on Harmonization (ICH) guide-
lines,[47] a calibration plot was established with six analyte levels in duplicate
(according to the data pair method), applying different volumes of the stan-
dard solution (Fig. 3). Pyritinol calibration data fit a polynomial regression
model with a determination coefficient (R2) of 0.9992 (Table 1). For routine
analysis, a three-point calibration was used, applying in duplicate the lowest,
middle and highest point of the calibration plot on both sides of the
HPTLC plate (Fig. 4). Precision was evaluated through repeatability and
intermediate precision. Repeatability of chromatography was calculated
measuring the same pharmaceutical sample (n¼ 6) on the same plate,
showing a relative standard deviation (RSD) of 0.4%. Intermediate precision
of chromatography was determined analyzing the same sample during three
days in sextuplicate on different plates, showing a RSD of 3.0%.

In order to evaluate the entire procedure, the recovery and the
intermediate precision over the whole analysis system were calculated spik-
ing ground samples, equivalent to one tablet (200 mg of pyritinol), with

FIGURE 3 Pyritinol calibration plot. Each calibration level was determined in duplicate according to
the data pair method (12 data points). Polynomial regression equation is described as y¼ (ax2þbxþ c).

TABLE 1 Pyritinol Calibration Established by Peak Height

Range
(ng=band)

Equation
y¼ ax2þbxþ c

95% Confidence interval

Compound a b c

Pyritinol 50–500 y¼�0.0012x2

þ 1.39xþ 27.94
�0.0013 to �0.0011 1.32 to 1.46 20.05 to 35.83
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pyritinol standard powder (>99%) at three different concentration levels.
Each level, corresponding to 20, 40 and 60% of the labeled content, was
prepared daily during 3 days and measured in duplicate. Recovery at three
levels ranged between 98.5–101.9% (Table 2). Combined recovery (n¼ 9)
showed a mean value of 100.3% with a standard deviation (SD) of 4.0%.
Mean recovery evaluated with Student’s t-test (two tails at 95% of confi-
dence) did not show a significant difference with the true value
(t¼ 0.2323, df¼ 8, P¼ 0.8221), therefore no correction factor for the
recovery was applied. From these experiments, the intermediate precision
for the entire procedure and for different concentration levels can be
deduced to be within 4.7% (Table 2).

TABLE 2 Recovery Analysis Using Pyritinol Standard Powder

Amount
Added (mg)

Amount
Added (%a)

Recovery Meanb

� SDc(RSD) (%)

40 20 98.5� 3.6 (3.7)
80 40 101.9� 4.8 (4.7)

120 60 100.6� 4.5 (4.5)

aPercentage of the content labeled.
bMean of three different determinations on different plates and days.
cStandard deviation and relative standard deviation (RSD).

FIGURE 4 Pyritinol routine analysis on both sides of the HPTLC plate silica gel 60 F254. S1 to S6 are
pharmaceutical samples (3mL, �300 ng=band pyritinol), St1 to St3 are pyritinol standard levels of 50,
300 and 500 ng=band, respectively.
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Detection and quantification limits were calculated using signal to
noise ratios (S=N 3 and 10, respectively). Considering an application
volume of 10mL, the detection and quantification limits were 0.6 and
2.0 mg mL�1 (6 and 20 ng=band), respectively. For lowering the detection
limit, higher application volumes can be chosen, however 10 mL were highly
adequate in this case.

Regarding robustness, the mobile phase should be freshly prepared,
which is obvious due to its composition. Formic acid was crucial for a good
chromatographic performance, and volume parts from 0.8 to 1.2 in the
mobile phase led to successful separations. Lower acid volumes reduced
the pyritinol retardation factor (RF) and higher ones produced only a
marginal RF increase. In order to prevent peak tailing other acids, e.g.,
acetic acid, should not be used instead of formic acid. The increase of
the methanol volume was directly related with the pyritinol RF values, but
also with an increase of peak tailing. Varied migration distances as well as
different plate lots from the same manufacturer did not influence pyritinol
quantification. Temperature and relative humidity are potential factors of
influence in planar chromatography, temperatures between 18�C and
24�C, and relative humidities from 28% to 60% had not influence on the
chromatographic performance.

Even though ICH describes the term specificity, which can be con-
sidered as special case of 100% gain in selectivity, due to general agreement
and IUPAC recommendation, the preferred and promoted term is selec-
tivity. Compound identification was established by RF and UV-spectra com-
parison with the standard (Fig. 2). Selectivity was evaluated determining the
peak purity. The correlation (r) of the UV-spectra within a peak between
peak start and peak maximum was >0.9999 and between peak maximum

FIGURE 5 Mass spectrum of a pyritinol sample zone (300 ng=band) obtained by HPTLC=ESI-MS.
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and peak end was >0.9997. Thus peak purity was assured in the UV-range.
A further proof of adequate selectivity and separation power was given
by MS. Through the elution-based interface sample bands were
directly eluted from the plate into the mass spectrometer without any
post-chromatographic protocol. The mass spectrum acquired in the m=z
range from 160 to 500, showed only the protonated molecule of pyritinol
at m=z 369 [MþH]þ and its sodium adduct at m=z 391 [MþNa]þ without
any other relevant fragments (Fig. 5). Thus, the bands identity and an
adequate chromatographic selectivity were confirmed. This was achieved
even when using a circular elution-head, which was demonstrated to
capture also adjacent zones, if any present. Whereas a band-shaped
elution-head was demonstrated to be better sized and more selectively
eluting band-shaped zones of interest[48] as given for this study.

Sample Analysis

Two lots of pyritinol samples were analyzed in sextuplicate on different
plates. Figure 6(A) depicts a typical chromatogram obtained by routine
analysis at k¼ 300 nm. Table 3 shows that the content of both lots fulfill
the typical range between 90% and 110% stipulated for several pharmaceu-
tical tablets by the United States Pharmacopeia.[49] The presence of
unknown impurities was evaluated applying the sample extraction solution
without dilution (�2 mg of pyritinol). No impurities were observed in the
chromatogram of those samples compared with the standard chromato-
gram at the same concentration. The excipients used in this pharmaceuti-
cal formulation are molecules like lactose, cellulose, etc., which lack of
relevant chromophore groups and do not interfere with the evaluation in
the UV-range.

Stability-Indicating Capability

The method capacity to detect degradation products and=or bypro-
ducts within routine conditions of analysis was evaluated through forced
degradation processes. 10 mL aliquots of 1 mg mL�1 pyritinol solution were
mixed with 10 mL of 0.5 mol L�1 HCl, 10 mL of 0.1 mol L�1 NaOH or
10 mL of aqueous hydrogen peroxide solution (30%, v=v). The mixtures
were heated at 60�C for 60 minutes. The pyritinol molecule (peak 1) suf-
fered a major degradation when subjected to the three stressing conditions
(Fig. 6 b–d). One degradation product (peak 2) was observed under acidic
and another (peak 3) under alkaline conditions. Two degradation products
were generated when hydrogen peroxide was present (peaks 4 and 5).
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TABLE 3 Results of Sample Analysis

Sample Lot
Amount

Labeled (mg)
Amount Found

Meana� SDb (mg)

04092883 200 203.5� 2.4
05047635 200 197.8� 2.7

aMean of the same sample measured in sextuplicate.
bStandard deviation.

FIGURE 6 Chromatograms of pyritinol and its degradation products. (a) Pyritinol chromatogram of
routine analysis. (b), (c) and (d) are pyritinol chromatograms obtained after forced degradations under
acid, alkali and oxidative conditions, respectively. Peak 1: pyritinol. Peak 2: degradation product under
acidic conditions. Peak 3: degradation product under alkaline conditions. Peaks 4 and 5: degradation
products under oxidative conditions.
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Figure 6 showed that the newly developed method allowed detecting any
degradation product, if present, during routine analysis.

High-Throughput Capacity

Using this validated method, 6 samples (12 tracks, including 3
standards in duplicate) were simultaneously analyzed in less than 25 min
on a 10� 10 cm plate from one side. In other words, this meant a ‘sample
run time’ of 2.1 min at a solvent consumption of 0.4 mL=sample. This good
efficiency data were still improved when doubling the sample throughput
by development from both plate sides (Fig. 4).

An even higher sample throughput and cost-reduction can be obtained
by using a plate size of 20 cm� 10 cm. Compared to the 10� 10 cm twin
trough chamber, the 20� 10-cm twin trough chamber (CAMAG) offered
a 1-cm wider vapor space width, and chamber saturation was now required
for separation. The twin trough chamber was saturated with 20 mL of
mobile phase, using wetted filter paper on both sides, and the Horizontal
Development Chamber (CAMAG) with 17 mL of mobile phase placed in
the chamber bottom, apart from 4 mL on each side for chromatography.
Both chamber saturations were done for 20 min, being essential to conserve
the chromatographic behavior accomplished in the 10� 10 cm twin trough
chamber without any saturation. On the 20� 10 cm plate, 18 samples (24
tracks, including 3 standard levels in duplicate) were analyzed in 31 min.
In other words, this meant a ‘sample run time’ of 1.3 min at a solvent
consumption of 0.8 mL=sample. Using development from both sides in
the Horizontal Development Chamber, 36 samples (48 tracks, including
3 standards in duplicate on each side) were determined in 53 min. Again,
in other words, this meant a ‘sample run time’ of 1.1 min at a solvent
consumption of 0.5 mL=sample.

Regarding HPLC methods, pyritinol retention times were 2.9 min[12] at
flow rates of 1.8 mL min�1 and 5.0 min[50] at flow rates of 1 mL min�1 using
4-min and 8-min runs, respectively. Therefore, 7.2 mL and 8 mL of mobile
phase were required for the respective runs. Comparing the mobile phase
volumes per sample run, the required HPTLC volumes were in the worst
case by a factor of 9 (0.8 vs. 7.2 mL=sample) and in the best case by a factor
of 20 (0.4 vs. 8.0 mL=sample) lower than the required HPLC volumes.
Considering that both methods have approximately similar asset costs,
the running costs of the newly developed HPTLC method were clearly
reduced demonstrated simply on the mobile phase costs, and the gain is
even better having in mind disposal costs of <0.01 Cent per sample and
by up to another factor of 5 reduced stationary phase costs. Additionally,
the HPTLC analysis times per ‘sample run’ were in the worst case by a
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factor of 2 (2.1 vs. 4 min) and in the best case by a factor of 7 (1.1 vs. 8 min)
reduced compared to HPLC.

CONCLUSION

Quality control laboratories appreciate fast, reliable and low cost
analytical methods. Considering the validation results, throughput capacity
and analysis costs, this HPTLC method could be considered as a good alter-
native for pyritinol analysis in solid pharmaceutical formulations. Pyritinol
identification by HPTLC=ESI-MS was successfully achieved for the first time
using an universal (integration in all common HPLC-MS systems), versatile
(options for further couplings, e.g., with NMR or ATR-FTIR[51]), plug &
play (integration via two fittings) HPTLC-MS interface. The separation
power of HPTLC can be proven to be adequate by the purity of mass spec-
tra or by the purity correlation of UV-spectra. This new high-throughput
method for pyritinol quantification was developed with common planar
chromatographic equipment using regular reagents and could be
employed at any quality control laboratory.
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