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ABSTRACT: A simple, sensitive spectrophotometric method was developed for the determination of rabeprazole sodium
(RA) in pure form and for pharmaceutical formulations. The charge transfer interaction between RA and 2,3-dichloro-5,6-
dicyano-p-benzoquinone (DDQ) as an acceptor was investigated spectrophotometrically. Variables affecting the reaction
were studied and optimized. The proposed method was applied successfully to the determination of RA in its pure form and
pharmaceutical dosage forms with good accuracy and precision. The formation of charge transfer complex and the site of
interaction was confirmed by using UV-Visible spectrophotometry, FT-IR spectrometryHaNMR techniques. Based on

Job’s method of continuous variation plots, the obtained results indicate the formation of 1:1 charge transfer complex with a
general formula [(RA) (DDQ)]. Statistical comparison of the results with the reference method shows excellent agreement
and indicates no significant differences in accuracy or precision.

KEYWORDS: spectrophotometry, rabeprazole sodium, NMR spectroscopy, FT-IR spectroscopy, 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone

INTRODUCTION used in industrial laboratories because of their
simplicity, selectivity, and sensitivity. Therefore,
Rabeprazole (RA), or 2-[[[4-(3-methoxypropoxy)-the need for a fast, simple, sensitive, low-cost, and
3-methyl-2-pyridinyl]-methyl]sulphinyl]-1h- selective method is obvious, especially for a routine
benzimidazole, is a prodrug metabolized by P450 agquality control analysis of RA in drug formulations.
CYP450. It acts as a selective and irreversible proton This work describes a simple visible spectropho-
pump inhibitor suppressing gastric acid secretion bipometric method for the determination of RA by ex-
specific inhibition of the gastric hydrogen-potassiunploiting its basic nature and electron donating prop-
adenosine triphosphatase *(H* ATPase) enzyme erty. This method is based on the charge trans-
system at the secretory surface of the gastric parieti@r complexation reaction of RA with 2,3-dichloro-
cells. It inhibits the final transport of hydrogen5,6-dicyano-p-benzoquinone (DDQ) in acetonitrile
ions (via exchange with potassium ions) into theénedium. The formation of a charge transfer complex
gastric lumed™. RA is not officially listed in any is supported by the chemical shift i1 NMR spec-
pharmacopoeia.  The analytical techniques thdtometry as well as changes in the Fourier transform
have been reported so far for the determinatioinfrared spectrometry (FT-IR) spectra. The proposed
of this drug in biological samples as well as inmethod was validated statistically.
pharmaceutical formulations are electrophorgsis
high performance liquid chromatograghf, MATERIALS AND METHODS
UV-Visible spectrophotomet®!, and liquid
chromatography-mass  spectrométry The
literature reveals no conventional UV-Visible Spectral runs and absorbance were recorded on a
spectrophotometric method so far for theUV-2450 spectrophotometer (Shimadzu) using quartz
determination of RA in pharmaceutical formulationscells. A water 2695 separation module (Waters,
The conventional visible spectrophotometric methodslilford) with 2996 PDA detector coupled with Mi-
are the instrumental methods of choice and commontromass Q-TOF micro (Waters, Milford) was used

Apparatus
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for LC-MS experiments. 'H NMR was recorded 0.6
on an Oxford NMR AS 400 system (Varian Com-
pany) and FT-IR analysis was done on a Spectrul
100 FT-IR spectrometer (Perkin Elmer) to SUPPOr g g4 -
the charge transfer complex formation. LABOROTAE

o

5 4

m
4003-control>260 °C flash point oils (Heidolph In- § 03
struments GmbH & Co. KG) were used to evaporatﬂ 02 |
the solvent after drug extraction from pharmaceutice ’
formulations. 0.1 4
Chemicals and reagents 0 ‘ ‘
0 0.2 0.4 0.6 0.8 1

RA was kindly provided by Inogent Laboratories,
Hyderabad. Commercial dosage forms of RA werc
purchased from a local market. DDQ was purchasegly. 1 Continuous variation plot for the reaction of RA with
from Sigma Aldrich. All other reagents used wereppg.

of analytical grade. The standard solutions of RA

(0.1%) and DDQ (0.1%) were prepared in gradient

Mole fraction

grade acetonitrile and stored in a refrigerator at 4 °C. i
/OW / N\ NC cl

General analytical procedure ? ’

Stock solutions of 0.1% RA was prepared by trans- N\>/s\\ - a

ferring 50 mg of RA to a 50 ml standard flask and N O g

diluting it up to the mark with acetonitrile. Aliquots of Rabeprazole sodium DDQ

0.1% RA solution (0.1-1.0 ml) were placed in 10 ml

standard volumetric flasks. To each flask, 1.5 ml of

0.1% DDQ was added and diluted up to the mark with_o___~___.
acetonitrile. The absorbance was measured at 444 nm

within the stability period of 35 min against the

reagent blank (DDQ + acetonitrile) prepared similarly. @Y\\ NC a

Molar ratio of the reaction Charge transfer complex

/ \ NC, Cl

——N: i |

to establish the stoichiometric ratio of RA to DDQ

(Fig. 1) and was found to be 1:1. This indicates the TN 7\
presence of one n-donating centre in the RA for the =N+
charge transfer complexation reaction. Our proposed "\>/s\\ ol
reaction mechanism is given kig. 2. Neoo &

Job’s method of continuous variatitfwas employed ‘

Preparation of RA from RA sodium DQ Radical anion

(Coloured species)

Five 20 mg tablets were powdered, mixed thorouthh 2 Proposed mechanism for the reaction of RA with
and weighed accurately to an amount equivalent tBDQ.

100 mg of RA. The mixture was stirred well with

80 ml water and filtered through a piece of Whatmann

No. 42 filter paper. The residue was washed witfiound to be 96.60% with m/z ions at 360 [M+Hand
20 ml water to make the solution up to the mark381.98 [M+Na] and the spectrum was recorded at
in a 100 ml standard volumetric flask. The solutior254 nm.

was then transferred to a separation flask followed b g

neutralization to pH 7.0 by adding 0.1 N HCI. TheFrocedure for the reference method

drug was then extracted by using different volume¥arious volumes containing 10 pg/ml of the drug in
of ethyl acetate for complete recovery. Ethyl acetatacetonitrile (0.1%; 1 mg/ml) were diluted to volume
was evaporated by using a rotavapor and the filtratgith acetonitrile in 10 ml standard volumetric flasks.
was diluted to 100 ml with acetonitrile to make a 0.1%T he absorbance was measured against a solvent blank
solution. The LC/MS purity of the extracted drug wasat 262 nm, where DDQ was added to RA solution
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for the charge transfer complexation reaction and we 1
monitored at 444 nm. The amount of drug in a giver  o.9 |
sample was computed from the calibration equation. .8 |

0.7
Preparation of the complex for infrared 06 ©

[

o

c

3
measurements 5 05

3

<

To 0.5 ml of 0.1% RA in acetonitrile, 0.5 ml of < 04 (b)
0.1% DDQ solution in acetonitrile was added in € 0.3 |
round bottom flask containing 9 ml of acetonitrile anc 0.2 |
stirred for 15 min. Solvent was evaporated unde 0.1 1
reduced pressure, and the resulting residue dried o\ 0
calcium chloride. The dried residue was used for F1

IR measurements.

(a)

250 300 350 400 450 500 550 600
Wavelength, nm

Fig. 3 Absorption spectra of (a) RA (b) DDQ and (c)
reaction product of RA with DDQ in acetonitrile.
Preparation of the complex fdH NMR experiments

was done in the same way as for the IR measurements; ) N o

50 mg of complex was placed igdDMSO and stirred  Slope of the change will be positive and the limiting
for 5 min and then used directly for ted NMR ~ reactant will be the reactant being graphed. When

Solutions for 1H NMR measurements

experiment. the maximum change is reached, the other reactant
becomes limiting, and the magnitude of the change
RESULTS AND DISCUSSION drops, resulting in a negative slope.

Reaction of RA with DDQ _Whe_n the chgnge is biphasic, there \_/viII be a
region with a positive slope for the mole fraction range

DDQ is a7-acceptor which reacts instantaneouslyn which the reactant graphed is the limiting reactant,

with basic nitrogenous compounds to form a chargeand a region with a negative slope for the range in

transfer complex of n type'**8. The spectrum of which the reactant graphed is in excess. The point at

DDQ in the acetonitrile mixture exhibits an absorptionvhich these lines intersect is the experimental value

band at 372 nm. The addition of RA to this solutionfor the mole fraction of the reactant that produces

caused an immediate shift with a new characteristijiaximum change when both reactants are limiting

band at 444 nmKig. 3). The band may be attributed to reactants and was found to be 1:1 for the RA-DDQ

the formation of a DDQ radical anion which probablycomplex. This indicated the presence of one n-

resulted from the dissociation of the donor-acceptafonating centre in the RA for the charge transfer

complex in the highly polar solvent (acetonitrile). Thecomplexation reactiorF{g. 2).

acetonitrile was selected as an ideal solvent because The molar absorptivities and association con-

it gives maximum sensitivity due to its high dielectricstants for RA-DDQ reaction products were calculated

constant, which gives the maximum yield of radicalising the Ross and Labes equatitn

anions in addition to its high solvating power of the

reagents. 1 (A1 1 1 1

The addition of DDQ to RA (n-donor) results in ~ A4D [A] + [D] ~ K¢y <[A} [M) + &

the formation of a charge transfer complex of the n-

type. This compound was believed to be an intermedwhere[A] and[D] are the molar concentrations of the

ate molecular association complex which dissociategcceptor and donor, respectivelf;'” andé, are the

in acetonitrile producing a DDQ radical anion. Inabsorbance and the molar absorptivity of the complex

Job’s method of continuous variation, absorbance wa the specified\,,.x, and K is the association con-

measured by varying the mole fraction of RA andstant of the complex. The values &f and¢), were

DDQ keeping in mind that the maximum change willobtained from the plot ifrig. 4 and were found to be

occur when each reactant is a limiting reactant. Heng#500 mot! cm~! and 308 mot!, respectively.

the graph of absorbance versus mole fraction will =~ = , .

show a region starting when the mole fraction of thi&?Ptimization of reaction conditions

reactant is zero and increasing as the mole fraction @he spectrophotometric properties of the coloured

this reactant increases until the stoichiometric molspecies formed with DDQ and the different parame-

ratio of reactants is reached. In this region, thé¢ers affecting the colour development were extensively
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Fig. 4 Plotof(1/[A] + 1/[D]) versug A][D]/([A]+[D]) x
1/A4P for 1:1 complex of RA-DDQ.
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studied. The optimum conditions for the assay methc «
were established by studying the reaction as a functic,,, , BoL1 s
of the concentration of reagent, the nature of th
solvent, and the stability of the coloured species
For the proposed method, the effect of the volum

of 0.1% DDQ was studied over the range of 0.1- *| s
2.0 ml in a solution containing 50 pg/ml RA. The
results revealed that 1.2 ml of DDQ was required t o — — — — o
achieve the maximum intensity of colour. Therefore. wavenumber (o)

1.5 ml was used as an optimum value and maintaine ] "

throughout the experiment. The reaction is stabilize *
within 2.0 min of mixing at room temperature and the =
absorbance remains constant for a further 35 min. wf

102378

1639.70

1703.53

1824.11 746.29

62059

Spectroscopic investigations for the structure of ® T e

charge transfer complex %T50 119103
156365 1322.81

The structure of the donor-acceptor complex was ir * e

vestigated by both FT-IR antH NMR spectroscopy.
The majority of the FT-IR measurements of the com
plex were concerned with shifts in vibrational fre-
guencies in the donor, acceptor, or both. The F1
IR spectra of the complex showed some difference 3000 o 1000 a6o0
compared with the sum of the individual spectra oy

the two components. These differences were used 't:bg' 5 Infrared spectra of (a) DDQ (b) RA (¢) RA-DDQ
distinguish between the weak charge transfer compl&’mplex'

and the products of the charge transfer reaction. In

the IR spectra of free DDQ and its complex between

RA and DDQ, decrease in the vibrational frequencyipon the formation of the charge transfer compfex
of the cyano band and carbonyl band were observathe two new bands at 1824.11 and 1703.53 tmoc-
from 2232.52 cm! (in DDQ) t0 2219.01 cm* (inthe  curred as a result of the red shift of the CN frequency
complex) and 1674.29-1621.06 th respectively. in comparison to the free DDQ.

Along with this, some other changes were also ob- In the'H NMR spectra of the complex, generally
served in the fingerprint region of the FT-IR spectrahe protons of the donor are shifted to downfield
as shown irFig. 5. These changes could be due to th¢paramagnetic shiftf8. The'H NMR spectra of the
expected symmetry and electronic structure changebarge transfer complex of RA with DDQ as an accep-

1453.08
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regression equatiosl = 0.0019 + 1.3979C with

a correlation coefficient of 0.9999, indicating the

excellent linearity of the calibration curve. The 95%

confidence limité! for slopes and intercepts of the

regression lines pointed towards a high reproducibility
of the proposed method. In order to verify that
the developed method is free from procedural errors,
the experimental intercept,, of the regression line
was tested for significance of the deviation from the
expected value zero. For this justification, a simplified
method was used to calculate the quantity from the
relationt = a/S,?? and its comparison with the
tabulated data from thedistribution. Thet-value for

the proposed method was found to be 0.217, which

did not exceed the 95% criteriom & 2.365, when

v = 7). It confirmed that the intercept for the

proposed method is not significantly different from

zero. Thus the present method is free from constant
errors independent of the concentration of RA.

. The detection limit® for the proposed method
Le 1 e L "= was calculated and found to be 0.298 ug/ml. The
small value of the variance (2 10 ug/ml) confirmed

Fig. 6 *H NMR spectra of (a) RA-DDQ complex (b) RA.  the small degree of scatter of experimental data points

around the line of regression. Both the detection limit

and the slope of the calibration graphs indicated the

(@

tor was recorded ingdDMSO along with the spectra o
of the free drug Fig. 6). In free RA, the protons good sensitivity. . o .
attached to the sulfinyl group are dissymmetric and The error Gc) in the determination of_the given
the spectrum shows an AB type of quarted at 4.44, concentration of RA was calculated by ustfig

4.47, 4.66, and 4.69 ppm with coupling constéut, . 1/2

= 13. However, in the spectra of the complex, the g — So [1 + 1 (A— A) _

doublet of the proton at high field is shifting towards b b2 ,(Ci—C)?

another proton doublet and giving an overlapped AB i i
quartet with2J = 6.2 to§ = 4.65. A change The value ofS. may be used to establish the confi-

in coupling constant for the multiplet of propoxyden_ce limit for_the determination of unknown concen-
trations by usingC; + tS.. The results are shown

protons from 6.2 to 7.2 with a shift of 0.137 ppm; - - "
was observed. The change in coupling constant {8 Fig- 7 by plotting percentage uncertainty versus
tration of R® at 95% confidence level.

due to two-bond geminal coupling as described b€ concentratio N & :
Karplus?®, and depends on the H-C-H bond angle! ence, the confidence limits established for the above

The formation of charge transfer complex seems to gypethod can be used to evaluate the relative uncertainty

reducing the coupling constant value. The decrease
in 2.J for protons attached with sulphinyl group from
13 to 6.2 reveals the involvement of a lone pair o
nitrogen in the benzo-imidazole ring of RA for the
formation of n« complex with DDQ. Similar shifts Amount of RA (ug/ml) Recovery RSD SAE® CL°

F’able 1 Test of precision and accuracy of the proposed
method.

were also observed for other protoisd. 6). added  foundt SD (%)
DEVELOPMENT AND VALIDATION OF 28 jg-gaki 8-23 2%0'7%5 é'g’i g'igf 8'232
ANALYTICAL METHOD 80 80.05+0.29 100.06 0.36 0.117 0.302

libration curves, linearity, an nsitivit - .
Calibration curves, linearity, and sens y 2 relative standard deviation

The linear calibration curves were obtained over the P standard analytical error
concentration range of 10-90 pg/ml of RA. The ©95% confidence limit with 5 degrees of freedom=£
least square treatment of calibration data yielded the 2.571)
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0.014 common excipients present in formulations did not
0.012 - interfere. The applicability of the proposed method

for the determination of RA in commercial dosage
0.010 - ) .

i 0.008 form was examined by qnalysmg marketed products
g - such as Rabez-20, Genix Pharma Ltd. (Hyderabad),
0.006 | Rabicip-20, Cipla Ltd. (Bombay) and Rabitop-20,

0.004 Aristo Pharma Ltd. (Hyderabad).

0.002 The results of the proposed method were com-

0.000 ‘ pared with those obtained by the reference method and
0 50 100 150 are summarized ifable 3 It is evident from the table

concentration of rabeprazole sodium (ug/ml) that the calculated and F' values are less than the
Fig. 7 Plot of the variation of the 95% confidence limits for theoretical ones at 95% confidence level, indicating no
the proposed method, presented as uncertainty percentag@nificant difference between the proposed method
on the concentration of RA. and reference method.
The proposed method is quite selective as the drug
contains a basic centre, which preferentially interacts
directly on the concentration over the full range of thavith DDQ. A substance having no nitrogen (no basic
concentration tested. centre) in the organic moiety will not give any colour
The reproducibility of the proposed method waseaction with polyhalo/polycyanoquinones.  The
checked by estimating three different concentratiomethod shows no interference from the common ex-
levels within the Beer’s law limit Table ). The cipients and additives. The statistical parameters and
standard deviation, relative standard deviation, anhe recovery data reveal good accuracy and precision
standard analytical error are very satisfactory. of the proposed method.
The validity of the proposed method for the deter-
mination of the drug in commercial dosage forms wagONCLUSIONS
tested by applying the standard addition technique. hhe proposed method is simple, sensitive, and rapid
this study, a known amount of pure RA was addedbr the determination of RA in pure form and com-
to 30 mg of pre-analyse commercial dosage formsnercial dosage forms. Hence, the present approach
The recoveries were obtained in the range 99.93ncourages their successful use in routine analysis of
100.22%. The results are summarizedable 2 The the drug in quality control laboratories.

Table 2 Standard addition method for the determination of RA in dosage forms.

Formulation Amount (pug/ml) Recovery RSDP (%) SAE CL
Added Foundt SD

Rabez 20 mg 30 60.080.28 100.13t 0.46 0.113 0.291
50 79.98+0.34 99.9A-0.42 0.138 0.356

Rabicip 20 mg 30 60.0£0.21 100.010.34 0.085 0.220
50 80.05+0.33 100.06t 0.40 0.133 0.343

Rabitop 20 mg 30 59.96 0.28 99.93+ 0.45 0.111 0.286
50 80.18+0.30 100.22£ 0.38 0.125 0.321

@ Mean+ SD for six independent analyses.

Table 3 Comparison of proposed method with reference method.

Formulation Proposed method Reference method

Recovery SB(ug/ml) SAE CL t-valu® F-valu® Recovery SB(ug/ml) SAE CL
Rabez 20 mg 100.18 0.228 0.56 0.239 0.381 2.30 99.56 0.346 0.141 0.363
Rabicip20mg  100.06 0.302 0.06 0.166 0.432 1.78 99.6 0.404 0.164 0.424
Rabitop 20 mg  100.26 0.187 0.08 0.196 0.338 221 99.56 0.278 0.113 0.291

@ Mean= SD for six independent analyses.
Theoreticak-value ¢ = 10) andF'-value ¢ = 5) at 95% confidence level as 2.228 and 5.05.
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