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ABSTRACT

A rapid, quantitative and optimised high-performance thin-layer chromatographic method coupled
to mass spectrometry using electro spray ionization (HPTLC/ESI-MS) for the separation and
quantification of dexrabeprazole and domperidone in combined capsule dosage form has been
developed and validated. The formulations were separated on silica gel 60 F254 plates using a
saturated mixture of toluene: ethyl acetate: methanol (6:5:2 v/v). Densitometric quantification was
performed at 285 nm by reflectance scanning and the retention factors for dexrabeprazole and
domperidone were found to be 0.53+0.02 and 0.43+0.02. The detector response was linear in the
concentration range of 50-500 ng/band for both dexrabeprazole and domperidone with a
regression coefficient(r) of 0.9993 and 0.9990. Recoveries of spiked samples at three levels ranged
from 99.55 to 101.8% dexrabeprazole and 99.37 to 100.8% for domperidone the validated lowest
limit of detection and quantification were 21.22 ng/band and 16.95 ng/band and 70.73 ng/band
and 56.51 ng/band for dexrabeprazole and domperidone respectively. The Selectivity was
evaluated determining the peak purity by UV-spectrophotometry. Additionally the peak identities
as well as the purities were confirmed by mass spectrometry. The ESI* mass spectra showed the [M
+H]* ions for dexrabeprazole and domperidone detected at m/z 360.3 and 426.8 being acquired
directly from the sample bands by an elution-based interface. This simple, yet a reliable planar
chromatographic method with less elaborate sample preparation, enhanced separation efficiency
with an online confirmation by MS offers a good alternative for the analysis of pharmaceutical
formulations.

Keywords: Dexrabeprazole sodium; Domperidone; HPTLC; mass spectrometry.

1 INTRODUCTION Chemically, domperidone is 5-chloro-1-[1-[3-
Dexrabeprazole sodium is R (+)-isomer of (2-ox0-2,  3-dihydro-1H-benzimidazol-1-yl)
rabeprazole  (2-[[[4-(3-methoxypropoxy)-3- propyl]-piperidin-4-yl]-1, 3-dihydro-2H-
methyl-2-pyridinyl]-methyl]  sulfinyl]  1H- enzimidazol-2-one (Figure 1(b)). The drug
benzimidazole) (Figurel (a)). It is a proton is a dopamine receptor (D2) antagonist
pump inhibitor that suppresses gastric acid which is used as antiemetic drug and is
secretion by specific inhibition of the gastric official in British Pharmacopeia. It increases
H+ K+ ATPase enzyme system at the spontaneous gastric activity and
secretory surface of the gastric parietal cell*. antagonizes dopamine inhibition of gastric
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emptying®. Domperidone alone or in
combination with other drugs is reported to
be estimated by high performance liquid
chromatography (HPLC), spectrometry, high
performance thin layer chromatography
(HPTLC) and liquid chromatography-mass
spectrometry (LC-MS)**’. However, Sohan
S.Chitange et al.'® developed a
spectrophotometry method for the analysis
of domperidone and dexrabeprazole in
combine dosage form.

In pharmaceutical analysis, TLC methods
were in general, substituted by HPLC
methods and HPTLC has never been
upgraded as a powerful separation tool.
Therefore honest efforts were made to show
that HPTLC, which stands for sophisticated
instrumentation and enhanced separation
efficiency based on the reduced particle size
of the adsorbent used, could be an effective
alternative, or a real complementary method
to HPLC. Thus in the last decade the planar
chromatographic system has continually
been improved through full automatization of
various analytical steps, including
automated control of the plate activity and
highly reproducible separation efficiency.
This facilitates highly reliable quantitative
analysis with novel features like multiple
detection by UV-Vis and fluorescence, in
situ  post-chromatographic  derivatization,
and less elaborate sample preparation
making planar chromatography an effective
tool for high-throughput analysis. Further,
interfacing HPTLC with MS has gained
growing attention in the last decade and an
overview is given by Morlock and
Schwack®. Regarding interfacing MS, man
interesting methods have been developed®
* However HPTLC/UV coupled with MS
detections are now widely used for the
separation and quantitative determination of
individual chemical entities .The first such
attempt was accomplished by Anderson and
Busch®® who successfully designed an
offline extraction probe to extract samples
directly from HPTLC plates. Small
dimension of the (0.5 mm) extraction
capillary compared to the dimension of a
HPTLC zone (5 mm) was a setback.
However, Wachs and Henion®® efficiently
demonstrated a potential probe design for
surface sampling /electro spray emitter
system in the field of planar chromatography
as an online method. Based on the
fundamental research and uncompromising

870

efforts of several authors, the research on
HPTLC-MS hyphenated approach has
reached a stage where it is today. This
mainly includes elution based interfaces
coupled to eletrospray ionization (ESI)*"%
and the same has been utilized in the
present study.

HPTLC is very fast, convenient and versatile
method for quantitative separations. In the
past, unknown substances were scraped off
from the TLC/HPTLC plate, eluted into a
tube and transferred into the MS system.
Now, a very convenient and universal TLC-
MS Interface is available which can semi-
automatically extract zones of interest and
direct them online into any brand of HPLC-
MS system. The interface is quickly and
easily connected (by two fittings) to any LC-
MS  without any  adjustments or
modifications. Questioned substances are
directly extracted from a TLC/HPTLC plate
and sensitive mass spectrometric signals
are obtained within a minute per substance
zone. The interface extracts the complete
sample zone with its depth profile and thus
allows detections comparable to HPLC
down to the pg/zone range. The present
interface has been proven to be one of the
most reliable and versatile interfaces for
TLC/HPTLC-MS coupling.

Till date no HPTLC method has been
reported for the simultaneous estimation of
dexrabeprazole and domperidone in
combination. Therefore, the objective of the
present study is to develop a HPTLC-UV-
MS method which could accomplish the
simultaneous separation and detection of
dexrabeprazole and domperidone in
combined capsule dosage form whereby the
satisfactory separation power of HPTLC
could be well proven by purity calculation of
UV-spectra and HPTLC/ESI-MS. The
proposed method is optimized and validated
according to the International Conference on
Harmonization (ICH) guidelineszg. Here in,
we describe the details of our investigative
study and the potential utility of the same.

2 EXPERIMENTAL

2.1 MATERIALS

Analytically pure samples of dexrabeprazole
and domperidone were kind a gift from Sipra
labs, Hyderabad, India, and were used
without further purification. The
pharmaceutical dosage form used in this
study was DIRAB-D capsules (Hetero
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Healthcare Ltd., Hyderabad, India) labeled
to contain 10 mg of dexrabeprazole and 30
mg of domperidone and purchased from a
local pharmacy. All chemicals and reagents
used were of chromatographic grade and
purchased from Merck Chemicals, India.

2.2 Standard Solution

Standard stock solutions of concentration 1
mg/mL (1000 ng/uL) of dexrabeprazole and
1 mg/mL (1000 ng/uL) of domperidone were
prepared separately using methanol. From
the standard stock solution, the mixed
standard solution was prepared using
methanol to contain 100 ng/uL of
dexrabeprazole and 100 ng/pL  of
domperidone.

2.3 Sample Solution

The capsules (10) were weighed accurately
and finely powdered. A quantity of powder
equivalent to 10 mg dexrabeprazole (30 mg
domperidone) was weighed and transferred
to a 100 mL volumetric flask containing
about 50 mL methanol. The solution was
ultrasonicated for 5 min, and the volume
was made up to the mark with methanol.
The solution was filtered (Whatman No. 41)
and made up to the volume.

2.4 HPTLC/ESI-MS

TLC was performed on 10x10 cm plates pre
coated with 60F-254 (With 0.25mm
thickness; Merck, Darmstadt, Germany) and
the plates were washed with methanol
before use. The sample 1uL (100 ng/band
for dexrabeprazole and 300 ng/band for
domperidone) and mixed standard solution

05 puL to 5 L (50-500 ng / band
dexrabeprazole and 50-500 ng /band
domperidone) were applied by using

Linomat V applicator (Muttenz, Switzerland,
supplied by Anchrom technologists,
Mumbai), with the following settings for
eleven bands per plate: band length 4 mm,
band distance 8 mm, application rate 6
pL/sec, application position x-axis 10.0 mm
and y-axis 10.0 mm each. The mobile phase
consisted of a saturated mixture of toluene:
ethyl acetate: methanol (6:5:2 v/v) and
chromatography was carried out using 10
mL of mobile phase in a 10 x 10 cm twin
trough glass chamber with linear ascending
development. The optimized chamber
saturation time for mobile phase was 20
min. at room temperature. The length of
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chromatogram run was 8.5 cm and
subsequent to the development, the TLC
plates were dried in a current of air with the
help of a dryer in wooden chamber with
adequate ventilation. Densitometric
scanning was performed with Camag TLC
scanner Ill in the absorbance-reflectance
mode at 254 nm with a slit dimension of 3.0
mm x 0.45 mm and a scanning speed of 20
mm/sec. All instruments were operated by
win CATS software (v 143 CAMAG) resident
in the system. The source of radiation
utiized was deuterium lamp emitting a
continuous UV spectrum between 200 and
400 nm and concentrations of the compound
chromatographed were determined from the
intensity of diffusely reflected light. Further,
for digital documentation, the digistore 2
documentation system (CAMAG) consisting
of illuminator Reprostar 3 and digital camera
power shot G2 (Canon, Tokyo, Japan) was
used. After scanning the plate, the exact
position of the separated bands were
marked with a pencil.

The TLC-MS interface (CAMAG,
Switzerland) extraction head contained two
connections on the topside, one inlet and
one outlet. On the bottom surface there was
a cutting edge seal with a height of about
the thickness of the platelayer. The
extraction head was pressed onto the plate,
(circular cutting edge seal of 4 mm i.d) into
the adsorption layer to create a leakage free
seal. With the help of a laser crosshair, the
extractor head was easily positioned on a
selected zone from bypass position (Figure
2(a)). After lowering the piston, the valve
was switched to extraction position (Figure
2 (b)). Now, the solvent was pumped with a
flow rate of 0.1 mL/min through the
extraction head to elute the sample and
transported it through the integrated frit to
the MS-System. The elution was
accomplished as circular zones of 4 mm
diameter from the plate in about one minute.
Methanol was used as the extraction
solvent. The following MS parameters were
optimized in ESI" mode: source temperature
325°C, capillary voltage 1.22 kV, HV lens
3.5 kV, capillary current 17.09 nA, skimmer
voltage 40 V, nitrogen as nebulizing (35
Psi) and drying gas at a flow rate of 5.0
mL/min.
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3 RESULTS AND DISCUSSION

3.1 Method optimization and wavelength
selection

Mobile phase optimization plays a major role
in accomplishing the desired separation
profiles. Thus, different mobile phases
containing various ratios of toluene:
methanol, acetone and ethyl acetate were
examined. However, only toluene: ethyl
acetate: methanol (6:5:2 v/v) offered the
best separations with well resolved zones
but methanol content was always crucial
and any change in the ratio presented would
drastically alter the chromatographic
profiles. Chamber saturation for 20 min with
the mobile phase facilitated the best
chromatographic behavior with well defined
bands with selective retention factors for
dexrabeprazole (053+0.02) and
domperidone (0.43+0.02) respectively as
depicted in the chromatogram (Figure 3)
and also as a video image (Figure 4 (a)).
The optimum wavelength for detection and
guantification was 284 nm when scanned at
254 nm and confirmed by UV spectra of
dexrabeprazole and domperidone (Figure 4

(c)).

3.2 Experimental setup

To accomplish an accurate analytical
investigation, the potential sources of error
resulting from various experimental stages
had to be reduced. Thus, the TLC sheets
were prewshed, smaller band lengths were
chosen, the chamber was adequately
saturated with the mobile phase and proper
fixation of the aluminum sheet under the
extraction head was always ensured.

3.3 Analytical response

Based on the ICH guide lines [29], a
calibration plot was arrived at with ten
analyte levels in duplicate, applying different
volumes of the mixed standard solution. The
calibration data fit a linear regression model
with a regression coefficient of 0.9993 and
0.9990 respectively (Table 1) over a
concentration range of 50-500 ng/band.
Precision was evaluated through
repeatability and intermediate precision.
Repeatability was calculated analyzing the
same pharmaceutical sample (n=6) on the
sample plate resulting in a relative standard
deviation of <2% while intermediate
precision was measured on different days
using different plates with RSD of <2%
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(Table 2). Further, the recovery studies
were carried out by spiking standard drug
solution to pre anlysed sample solutions at 3
different levels of concentration
corresponding to 50%, 100%, and 150% of
label claim. Chromatographic analysis was
carried out in triplicate. Recovery at three
levels ranged between 99.55-101.8% for
dexrabeprazole with RSD values of 0.41-
0.84,while for domperidone the recovery
results ranged from 99.37 -100.8% with
RSD of 0.39-0.72 % as presented in Table
3. Limit of Detection (LOD) and
Quantification (LOQ) were measured using
the formula LOD =3.30/S, LOQ=10 o /S
where o is the standard deviation of the
response and S is the slope of the
calibration curve. Thus, the LOD and LOQ
for dexrabeprazole were 21.22 ng/band and
70.73 ng/band and 16.95 ng/band and 56.51
ng/band for domperidone respectively
(Table 1).

3.4 Selectivity

Selectivity was evaluated determining the
peak purity and thus the compound
identification was established with the help
of Ry and UV spectra by comparison with the
standards (Figure 4 ((a), (b), (c)). A further
confirmation of adequate selectivity and
separation power was demonstrated by MS.
The sample bands were directly eluted from
the plate in to the MS through elution based
interface without any post chromatographic
protocol .The mass spectrum obtained in the
m/z range from 0-600 shows the ESI" mass
spectra of dexrabeprazole and domperidone
where the [M +H]" ions were detected at m/z
360.3 and 426.8 (Figure 5). Thus, the
identity of the bands as well as the adequate
chromatographic selectivity was confirmed.

3.5 Sample Analysis

The results obtained for the amount of
dexrabeprazole and domperidone in
capsules as against the label claims were in
good agreement suggesting that there is no
interference from any of the excipients,
which are generally present in capsules. It
may therefore be inferred that
dexrabeprazole and domperidone had no
guantifiable additional impurities in the
marketed formulations analyzed by use of
this method. The good performance of the
method was indicative of its suitability for
routine analysis of dexrabeprazole and
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domperidone in pharmaceutical dosage
forms.

4 CONCLUSION

With the onset of stringent quality
regulations for globalization, the
pharmaceutical industry now requires

sensitive and reliable analytical methods to
ensure the product quality. In this context
HPTLC-MS is a reliable alternative and
complementary to other chromatographic
methods. Therefore, this simple and rapid
high through put HPTLC/ESI-MS method for
the separation and determination of
dexrabeprazole and domperidone in
formulations has been developed validated
and the potential utility of the same has
been discussed. The presented HPTLC/ESI-
MS method with an extraction head
facilitated a quantitative extractability of both
the drugs from silica gel phases with
required analytical response and adequate
sensitivity. The current study showed that

the new hyphenation technique could be
successfully employed not only for
separation of drug molecules but also for the
drug impurity profiling as well where the
detection could be accomplished with
comparable sensitives as in other methods
like HPLC-MS. This new, convenient and
universal HPTLC-MS interface, that
facilitates  complete  substance  zone
extraction with its depth profile allows
detections with contemporary relevance and
finds great significance at a time when great
importance is given for the quality of drugs
specifically used for therapeutic intervention
and life saving competency.
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Table 1: Linear regression data
for the calibration curves (n=6)

Parameters Dexrabeprazole Domperidone
Linear range 50-500 ng/band 50-500 ng/band
. - 00072
Correlation coefficient (r) +SD 0.9993+0.00072 0.9990+0.00059
Slope+SD 5.440.51 7.3+0.86
Confidence limit of slope ? 5.91-4.89 8.16-6.44
Intercept+SD 36.2+3.4 183.3+ 4.7
Confidence limit of intercept * 39.6-32.8 188.0-178.6
LOD (ng/band) 21.22 16.95
LOQ (ng/band) 70.73 56.51
* 95% confidence limit

Table 2: Precision studies (n=6)

5 Amount - R(i)eatability Ir':/ltermidiate precision
ru ean Area ean Area
9 | (ng/band) (AU +SD) | %RSD | (a0 +sp) | %RSD
50 588.8+8.20 1.39 565.40+6.30 1.11
DRA 100 1150.9+14.1 1.22 1181.7+16.8 1.42
150 1740.5+ 18.9 1.08 1723.6+20.3 1.17
150 14541+ 12.4 0.85 1484.6+13.8 0.92
DOM 300 2531.8+ 18.6 0.73 2380.5+ 16.4 0.68
450 3333.4+ 21.7 0.65 3279.2+24.1 0.73

DRA = Dexrabeprazole, DOM = Domperidone

873



I

J

R

PC 2016, 6(4), 869-878

Krishnaji Rao et al.

Table 3: Recovery studies (n=6)

ISSN: 2231-2781

Drug Atrgl(:gnm A;;gggt Tm?'gﬁ?:éwm Recovery % RSD %

DRA 100 100 203.70 101.8 0.56
100 200 305.44 101.8 0.84
100 300 398.22 99.55 0.41

DOM 200 100 298.13 99.37 0.39
200 200 402.91 100.7 0.72
200 300 504.18 100.8 0.46

L

DRA = Dexrabeprazole, DOM = Domperidone

N 0O
»>—S  N=
N

(a)

\__ N

(b)

M

NH

Cl

Fig. 1: Structure of dexrabeprazole (a) and domperidone (b)
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HPLC Pump Bypase

delivering solvent —

Forced controlled position
in upper position

Laser projects

a crosshairs \
—_— e

TLC/HPTLC plates or foil with separated substance zone

@)
Extraction

HPLC Pump

delivering solvent MS-system

Forced controlled position
in lower position

Frit

TLC/HPTLC plates or foil with separated substance zone

(®)

Fig. 2: (a) TLC-MS interface in bypass position, (b) TLC-MS interface in
extraction position

0.00

0.20 0.40 0.60 0.80 1.00p¢

Fig. 3: A typical densitogram of domperidone (R;0.43+0.02) and
dexrabeprazole (Rf 0.53+0.02) of formulation (DIRAB-D)
showing no interference of excipients analysis
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Fig. 4: (a) Video image of dexrabeprazole standard (1, 2, 3), domperidone standard
(4, 5, 6), mixed standard (7) and sample (8, 9). (b) Densitogram of dexrabeprazole (R;
0.53+0.02), domperidone (R;0.43+0.02) in standard and sample. (c) Insitu UV spectra of
dexrabeprazole, domperidone standard and sample

Grsuoum|

(a)

|
A

e skl

o
all ol

268

MH]=

160 180

200 220 240 260 280 300

120 340 360

mz

876

380 400

420 430 460 450 SO0




IJRPC 2016, 6(4), 869-878 Krishnazi Rao et al. ISSN: 2231-2781

(b)

-
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D 400
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Fig. 5: Mass spectra of domperidone sample zone (50ng) (a)
and dexrabeprazole sample zone (50ng) (b) obtained by HPTLC/ESI-MS
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