Available online at www.derpharmachemica.com

Scholars Research Library I'_Qx@‘ma %;

S 2.

Scholars Research ) év ? S

Der Pharma Chemica, 2014, 6(1):279-289 & :
(http://derpharmachemica.com/archive.html)

==

ISSN 0975-413X
CODEN (USA): PCHHAX

Development and validation of RP-HPLC method for niiedipine and
its application for a novel proniosomal formulationanalysis and
dissolution study

Krishna Sanka®, Rakesh Gullapell?, Narmada Patif, Padmanabha Rao A and Prakash V Divarf"

“Department of Pharmaceutics, School of Pharmaaynoly Lalitha College of Pharmacy), Hyderabad, ARjia
Department of Pharmaceutical Analysis and Qualisgukance, School of Pharmacy (formerly Lalitha €géd of
Pharmacy), Hyderabad, AP, India

ABSTRACT

The aim of the present study was to develop aridatala simple RP-HPLC method to determine nifedipn a
maltodextrin based oral proniosomes, bulk and madk@reparations. A method was carried out on a fanticle
octadesyl silane (ODS) column (250 x 4.6 mm i.th) acetonitrile, 0.1% (v/v) TEA (pH 7.4) 78:22 (v&s a mobile
phase at a flow rate of ImL/min and quantificatiwwas achieved at 326 nm. The linear range and catiaah
coefficient (f) was found 625 t010000 ng/mL and 0.999 respegtiiéle proposed method was found to be simple,
precise, suitable and accurate for quantificatidmdedipine in a novel maltodextrin based oral pi@somes, bulk
drug and marketed tablets.

Keywords: Nifedipine; PDA detector; RP-HPLC method; Maltodéxbased proniosomal powder.

INTRODUCTION

Nifedipine (brand names Adalat CC and Procardiaprting to FDA Orange Book) was developed by a Ge&rm
pharmaceutical company Bayer with initial name BA&NM040. It is chemically known as 1, 4-dihydro-2jiethyl-
4-(2-nitrophenyl)-3, 5-pyridine dicarboxylic acidintethyl ester [Fig.1], a dihydropyridine calcium acimel
antagonist.

Figurel: Structure of Nifedipine
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It has been formulated as both a long- and shaitgacalcium channel blocker. It acts primarily wascular smooth
muscle cells by stabilizing voltage-gated L-typécicem channels in their inactive conformation. Bwibiting the
influx of calcium in smooth muscle cells, nifedipinprevents calcium-dependent myocyte contractiod an
vasoconstriction. A second proposed mechanism Her drug’'s vasodilatory effects involves pH-dependen
inhibition of calcium influx via inhibition of smdb muscle carbonic anhydrase. It is widely usetthéntreatment of
angina pectoris (especially in Prinzmetal's angihgpertension, and other vascular disorders sacRay-naud’s
phenomenon, premature labor, and painful spasriseeadsophagus such as in cancer and tetanus patigstalso
commonly used for the small subset of pulmonaryeligmsion patients whose symptoms respond to calciu
channel blockers.

Comprehensive literature survey revealed that rag\analytical methods have been reported for ediim of
Nifedipine (NFD) individually or in combination afther drugs in plasma and formulations which inel@@as-
Liquid Chromatography and Electron-Capture Detecfij, Capillary gas chromatography with nitrogestesttion
[2], high-performance liquid chromatography witlke@lochemical detection [3], gas chromatography ¢dpillary
gas chromatography-automated electron capture tdetgs], micellar electro kinetic chromatographyj,[#low-
injection tandem mass spectrometry (HPLC-MS-MS) [éJerse phase high performance liquid chromapiyra
[8,9,10], square wave adsorptive stripping voltagngtl], solid-phase extraction & HPLC [12,13], UGS [14],
cation exchange monolithic column [15], spectrofionetry [16], ultra performance liquid chromatoghgptandem
mass spectrometry [17], colorimetric method [1&MS/MS [19].

However, the exhaustive literature survey reve#ihed most of the earlier analytical methods sufifem a lack of
specificity and selectivity. Some of the methode IGC and HPLC include laborious liquid-liquid asalid-phase
extraction procedures to give adequate sample -eclpathereby increasing the complexity and timeuneg for
analysis. Liquid chromatography—mass spectrometny &dquid chromatography—tandem mass spectrometry
(LC/MS/MS) are expensive and thus unavailable imyniaboratories. Though a number of methods arerteg
for estimation of NFD individually or in combinatiowith other drugs, to the best of our knowledger¢hare no
reports available for RP-HPLC method developmentl d&s validation for estimation of NFD in novel
pharmaceutical dosage form (maltodextrin based ipsomes), bulk and marketed tablets. Because RPEHPL
methods have been widely used for routine qualitytrol assessment of drugs in many laboratoriea\@wo its
sensitivity, repeatability and specificity, we féltis essential to develop a RP-HPLC method is Hrea of novel
research foreseeing the need for an analytical odefthr estimation of drugs in novel dosage forms.

The aim of the study is to develop a new, simpd@jd, economical, precise, accurate analytical otethy using
RP-HPLC for quantification of NFD in a novel maltodrin based oral proniosomes, bulk drugs and ntedke
tablets. Analytical methods must be validated befase by the pharmaceutical industry; the propédeeHPLC
method describes the validation parameters in deome with ICH guidelines, by assessing its selibyfi
specificity, linearity, precision, accuracy, andil of quantification, limit of detection, robust® and system
suitability.

MATERIALS AND METHODS

2.1 Materials

Nifedipine working standard powder was a gift saanfsyom Abbot Laboratories, Mumbai, Indénd was used
without further purification. NIFEDINE 5 tablets containing 5mg NFD as per labels clamar(ufactured by
Reddy’s laboratories, Hyderabad, India) were olet@ifrom a local pharmacyMethanols, Acetonitrile, Sodium
dihydrogen phosphate, Sodium hydroxide, Ortho phosp acid, TEA were obtained from Merck (Darmstadt
Germany). HPLC grade water was obtained by revesssis and filtration through a MillifQsystem (Millipore,
Milford, MA, USA) and the same was used to premdfsolutions.

2.2 HPLC instrumentation and chromatographic conditons

The HPLC analysis was carried out on Shimadzu HROE20AD series binary gradient pump with Shimadzu
SPD-M20A detector. The specifications of the coluane Phenomenex Luna C18(2) 250 x 4.6 mm i.d, mhekin

5 um. The injection volume of sample @0was used in all the experiments. An isocratic ileophase containing
acetonitrile and 0.1% v/v TEA pH(7.4) 78:22(v/v) ssaumped through the column with the flow rate wiLImin
and the quantification was achieved at 326 nm. Mbbile phase was filtered through @@ membrane filter and
degassed before use.
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2.3 Preparation of maltodextrin based proniosomes

Proniosomes with maltodextrin as the carrier wespared by a slurry method. The formulation congatief 250

mol of Span 60, 250 mol of cholesterol, and 20 miyeD dissolved in chloroform and methanol mixtg2el). The

mixture was added to a 250 mL round bottom flasktaiming 500 mg of maltodextrin powder. The flasksw
attached to the rotary evaporator (Hei-VAP advaetafl-01300, Heidolph, Germany) maintained at gptrature

of 65°C using water bath and the flask was rotate@0 rpm under vacuum generated by a mechanicaluva

pump until the powder appeared to be dry and feeirig. The flask was removed from the evaporatat kept in

a vacuum desiccator for 12 h. Proniosome powderstaasd in well tight container at 4°C for furtheraluation.

2.4 Preparation of stock and standard solutions:

A stock solution of (1 mg/mL) was prepared in HPg@de methanol. The stock solution was protecteih fight
using aluminum foil and aliquots of the standaatktsolution of NFD were transferred using A-gradéb pipettes
into 10 mL volumetric flasks and the solutions werade up to volume with mobile phase to give final
concentrations of 625, 1250, 2500, 5000 and 10@0®In

2.5 Preparation of sample solution

2.5.1 For assay method

2.5.1.1 Marketed tablets

Twenty tablets were weighed, crushed and mixed moatar and pestle. A portion of powder equivalenthe
weight of one tablet was accurately weighed andsfeared into 20 mL A-grade volumetric flask and L8of

mobile phase was added to it. The volumetric fleak sonicated for 20 min to complete dissolutiothefNFD and
the solutions were then made up to the volume witibile phase. The samples were diluted appropyidtel
concentration of NFD in the range of linearity goasly described.

2.5.1.2 Maltodextrin based proniosomal powder

The powder equivalent to one dose was into a 20oiunvetric flask containing 8mL of mobile phase aniked

well. The volumetric flask was sonicated for 20 rrorcomplete dissolution of the NFD and the sohsgievere then
made up to the volume with mobile phase. The sasnpkere diluted appropriately to concentration ofONIR the

range of linearity previously described.

2.5.2 For in vitro dissolution studies

Drug release studies were performed using a USSbldison test apparatus-Il at 50 rpm and bath teaipee
maintained at 37 £5 °C. 900 mL of freshly prepaaed degassed pH 6.8 phosphate buffer with 0.5%w/8/\8as
used as dissolution medium. Dissolution samplegwetflected at 5, 10, 15, 30, 45, 60, 90 and 12@ #i each
point of time, aliquots of samples were withdrawanfi vessels and replaced with equal volume of pened
buffer to maintain sink conditions. The samplesendtered through a 0.48n nylon filter into labeled glass tubes
and further analyzed by HPLC.

2.6 Preparation of placebo solution

2.6.1 Marketed tablet formulation

The solution for placebo was prepared with commgecipgents which were used in tablet formulation tsus
lactose, starch, methyl cellulose, hydroxyl propyethyl cellulose, microcrystalline cellulose, talbagnesium
stearate using mobile phase.

2.6.2 Proniosomal powder formulation
The placebo solution for proniosomal powder forrtiata was prepared by mixing cholesterol, span 68 an
maltodextrin in mobile phase.

2.7 Validation of the method
The optimized chromatographic method was completalidated according to the procedures describelChh
guidelines Q2 (R1) for the validation of analyticaéthods (ICH, 2005).

2.7.1 Linearity and range

The standard stock solution was diluted to pregatetions containing 625-10000 ng/mL of the NFDndfly, the
solutions were injected in triplicate into the HPE@umn, using hamilton syringe with constant votuai 20ul per
injection.
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2.7.2 System suitability
20 uL of the standard solution (2500 ng/mL) was injdcsé&x times under optimized chromatographic coodgito
evaluate the suitability of system.

2.7.3 Precision

Three injections, of two different concentratiod$@0 and 2500 ng/mL), were given on the same ddyttenvalues
of relative standard deviation (R.S.D.) were calted for determining intra-day precision. Thesdlisti were also
repeatedly conducted on different days to deterrnitez-day precision.

2.7.4 Accuracy
Accuracy was evaluated by fortifying a mixture afmamon excipient solutions with two known NFD refae
standards. The recovery of the drug was determined.

2.7.5 Specificity

To ascertain specificity, a placebo solution wasppred using the same excipients as those arenpries¢he
marketed tablet without NFD. Placebo solution wajgdted into the HPLC system under the optimizest te
conditions and the chromatogram was recorded. Regsoof the peaks were noted for any possiblefémérces of
the excipient at the retention time of the NFD.

2.7.6Limit of detection (LOD) and Limit of quantificatio n (LOQ)

The limit of detection (LOD) is the lowest amouritamalyte that can be detected in a samiplg,not necessarily
quantified, under the stated experimental conditidrhe LOQ was identified as the lowest plasma eotmation of

the standard curve that could be quantified witteptable accuracy, precision and variability. They determined
by signal-to-noise method.

RESULTS AND DISCUSSION

3.1 Method development:The introduction of hew HPLC methods are oftenfulsan regular quality control
assessment of pharmaceuticals which may conveywamieinformation in establishing optimal experinsnt
conditions for the better usage of pharmaceuticaparations. In the present study, RP-HPLC metlodtie

determination of NFD in novel maltodextrin base@rmposomes, bulk and marketed tablets was develaped
validated.

Different organic solvents such as methanol, adkilenand buffers such as 20Mm orthophosphoriad agnd
aqueous TEA were used as mobile phase. A mixtuseetonitrile : 0.1% v/v TEA solution (78:22) waped to
be the most suitable of all the combinations sitiee chromatographic peaks obtained were bettenetfand
resolved and free from tailing factor. An optimizedromatogram showing the separation is given g Biand
optimized chromatographic conditions were tabulatetable 1.

Table 1: Optimized chromatographic conditions

Stationary phase (column) Phenomenex Luna C12) (250x4.5mm i.d., packed witt pm)
Mobile phase Acetonitrile, 0.1% (v/v) TEA (pH 7.48:22 (v/v)

Detection wave length (nm) 326

Run time (min) 10

Flow rate (mL/min) 1

Volume of injection loop (al 20

Column temperature Ambieni

Nifedipine R (min) 3.783
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Figure 2: Standard chromatogram of Nifedipine
3.2 Linearity

From the standard stock solution, the various idihg of NFD in the concentration of 625, 1250, 258000, and
10000 ng/mL were prepared. The solutions were faegeasing 20L injection volume in to the chromatographic
system at a flow rate of 1 mL/min and the effluemtsre monitored at 326 nm with PDA detector and
chromatograms were recorded. Calibration curve d@ase by plotting the peak area ratio versus thdiegpp
concentrations of NFD. The linear correlation cméht was found to be 0.999 and shown in Fig. Bearity

parameters were tabulated in Table 2.
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Figure 3: Linearity curve of Nifedipine
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Table 2: Linearity parameter for Nifedipine

Conc. (ng/mL) Area
625 17157
1250 32385
2500 66439
500( 13930:
10000 269738

3.3 System suitability

System suitability tests were carried out on fregitepared standard stock solutions of NFD andas walculated
by determining the standard deviation of NFD stadsldy injecting standards in six replicates atiButes interval
and the values were recorded and represented ie Bab

Table 3: System suitability parameters

Concentration Injection Area R
Inj-1 66439 3.78
Inj-2 66501 3.76
Inj-3 66582 3.76
2500 ng/mL. Inj-4 66654  3.79
Inj-5 66719 3.78
Inj-6 66786 3.76
Mean 66613
SD 131.62485 3.77167
Statistical Analysis %RSD 0.1976  0.01329

Tailing Factor 0.899 0.352
Plate Count 1771.634

3.4 Precision

Precision of the method was tested by performitigiday and inter-day studies. For intra-day stsidéetriplicate
of prepared samples of tablet preparation was aedlwithin the same day. For inter-day variaticg@snples were
analyzed to observe the changes in peak area gfsdriution on three different days. The intra-day @nter-day
variations were calculated in terms of percentafmtive standard deviation (%RSD) and were showreinle 4.

Table 4: Intra-day, inter-day precision and accuray (%) of QC standards at 1500, 2500ng/mL

Intra-day (n=3) Inter-day(n=3)
Theoretical Conc. Mean Conc.xSD % Accuracy Mean Conc.xSD
(ng/mL) (ng/mL) RSD (%) (ng/mL) %RSD  Accuracy (%)
1500 1550 + 15.42 0.9948 104.20 1592 +10.71 0.672 106.13
2500 2564+28.82 1.124 102.57 2533 +28.78 1.13 3801,

3.5 Accuracy

In order to examine the accuracy of the methodtartheck the interference from the excipients lsdtie tablet
dosage form, the recovery studies were performeddiyg standard addition method. NFD referencedstals
were accurately weighed and added to a mixturéetdblets excipients, at different concentraterels (500 and
1000 pg/mL). At each level, samples were prepared iitapge and the recovery percentage was determindd a

given in Table 5.
Table V Recovery studies

Actual Conc.(ug/mL)  Calculated Conc.fug/mL) + SD  %RSD  Recovery (%)
500 504.06+3.06 0.022 100.80
1000 1018+4.90 0.103 108.00

3.6 Specificity and selectivity

Specificity was tested against standard compoundspassible interference peaks in the presencéaocépo under
optimized test conditions. The comparison of theoptatograms of the placebo mixture and the spiked d
solution revealed that there were no additionakpe@o-eluting with the peaks of NFD in sample solu No
interference was observed from the placebo atetention time of the NFD (Fig. 4 and Fig. 5). THere, it can be
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concluded that the method is specific and can assesquivocally the analyte of the interest in phesence of
possible interferences. Peak purity indices fongmsomal power and marketed tablets were showiging-
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Figure 4: Specificity chromatograms of A) NIFEDINE® 5 B) Placebo C) Mobile phase
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Figure 5: Specificity chromatograms of A) Proniosoral powder B) Placebo C) Mobile phase
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3.7 Robustness

To determine the robustness of the method, thresmpeters (flow rate, composition of mobile phasel pH of the
mobile phase) from the optimized chromatographioditions were varied. Statistical analysis showed n
significant difference between results obtained legipg the analytical conditions established foe tihethod and
those obtained in the experiments in which vaneiof parameters were introduced. Thus the methoded to be
robust the results were presented in Table 6.

Table 6: Robustness study

System suitability parameters %RSD Peak area Mean Tailing factor Mean R (min)

(\variations) (n=6) (n=6) (n=6)
. 7.2 0.1946 0.875 0.321
Varied pH (£ 0.2%) 7.6 0.1994 0.858 0.336
Varied flow rate (+0.2%) 0.9 0.1998 0.891 0.338
(mL/min) 11 0.1952 0.915 0.346
Varied mobile phase 73 0.1989 0.912 0.328
Composition (£5%) 83 0.1966 0.945 0.336

3.8 Limit of detection (LOD) and Limit of quantific ation (LOQ)

The LOD and LOQ were determined using the signaldise (S/N) method by comparing results of the ¢ds
samples with known concentrations of analyte tmblsamples. The LOD & LOQ wegenerated by LCsolutions
Version 1.25 (Shimadzu Corporation, Japan). A digmaoise ratio of 3:1 is used for LOD whereasignal-to-
noise ratio of 10:1 is used for LOQ. The LOD & LQ:@lues for NFD were found to be 232.03 ng/mL and.¥P
ng/mL respectively.

3.9 Dissolution study

Dissolution studies were performed on pure drugnimsomal powder and marketed tablets as desciib8dction
2.5.2. The percentage cumulative drug release (29G@pure drug was not more than 25.8 + 3.42 whsifrom
novel maltodextrin based proniosomal powder andkated tablets were found to be 96.33+3.88 and #2.3@
respectively at 1B min. The % CDR profiles of pure drug, proniosomaider and marketed tablet were shown in
Fig. 7
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Figure 7: In-vitro drug release profile of pure drug, proniosomal powder and marketed tablet
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CONCLUSION

A new RP-HPLC method has been developed and vatidatcording to ICH guidelines for the estimatiéiN&D

in novel maltodextrin based proniosomes, bulk arafketed tablets. The proposed method is simpledrap
accurate, precise and specific. Therefore, it carcéncluded that the developed method is suitatdedutine
analysis of NFD in pharmaceutical dosage forms.
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