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ABSTRACT

A simple, rapid, and precise reversed-phase high-performance liquid
chromatographic method has been devel oped for simultaneous determina
tion of Hydrochlorothiazide; Folic Acid; Atenolol; Aspirin; Enalapril
Maleate and Atorvastatin Calcium. The six drugs were separated on an
Inertsil; 150 mm; 4.6 mm; i.d. Spum particle, C8 column. The mobile phase was
buffer: methanol with a binary gradient program at a flow rate of 2.0mL
min-1. The buffer wasamixture of 0.01M Sodium Di-hydrogen Ortho-Phos-
phate (NaH,PO,); 0.01M of Di-Sodium Hydrogen Ortho-Phosphate
(Na,HPO,) and 1.0 g of Sodium-Heptane Sulphonic acidin 1000mL purified
water and pH adjusted to 2.6 with ortho-phosphoric acid. UV detection was
performed at 215nm. The method was validated for linearity, accuracy, and
precision parameters and these parameters were acceptable in the ranges
33.043pug mL-1 t0 99.129ug mL-1 for Hydrochlorothiazide, 3.659ug mL-1 to
10.977ug mL-1 for folic acid, and 126.000png mL-1 to 378.000pug mL-1 for
Atenolol, 374.000pg mL-1 to 1122.000pg mL-1 for Aspirin, 10.000pg mL-1 to
40.000pg mL-1 for Enalapril, and 49.811ug mL-1 to 149.433ug mL-1 for
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INTRODUCTION

Polypill wasused assingledoseformulationtore-
ducefour cardiovascular risk factors by modifyinglow
density lipoprotein cholesterol; blood pressure; serum
homocysteineand platelet function. Itisacombination
of Hydrochlorothiazide (6.25mg) for lowering blood
pressure; FolicAcid (Vitamin) (0.80mg) to reduce se-
rum homaocysteine; Atenolol (25.0mg) for lowering
blood pressure; Aspirin (75.0mg) asanti-platel et agent;
Enalapril Ma eate (2.50mg) for lowering blood pres-
sure; Atorvastatin Calcium (10.0mg) for LDL choles-
terol .M

Each drug has been used in medical practicefor
morethan 10 yearswith substantia evidence on safety
and efficacy. Thereare number of methodsof andysis
of each of these drugs/ andytesfor quaitativeand quan-
titetive determination fromther individua formulation
or from formulation with combination of any two or
threedrugs. However for qualitative and quantitative
anaysisof theseandytesfrom thiscombinationiswas
not available. Inthiscaseapplication of availablemeth-
odsof analysiswould be expensive and time consum-
ing. Inaddition thesemethodswoul d a so requiremodi-
fication asoneanayte might haveinterfered with the
other. Large quantity of samplewould have beenre-
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quired for separate analysisthese analytes. Therefore
an attempt was madeto develop single, smple, rapid
and method of andysison HPLC.12¥

Hydrochlorothiazide, isathiazidediuretic that acts
by inhibiting thekidneys’ ability to retain water and pre-
vent body from absorbing too much salt, which can
causefluid retention. It isalso used to treat high blood
pressure. Chemicaly asshowninFgure 1, its6-chloro-
3, 4-dihydro-2H-1, 2, 4-benzothiadiazine-7- sulfona-
mide 1, 1-dioxide; with apK valueof 7.9 and 9.2. It
hasamaximum UV detection at wavelength of Amax
226nm. It’s Molecular weight is 297.74 g/mol and it is
awhite, or practicaly white, practicaly odorless, crys-
tallinepowder. Hydrochlorothiazideisdightly soluble
inwater (0.70 mg/mL inwater), freely solublein so-
dium hydroxide solution, in n - butylamine and in
dimethylformamide, sparingly solublein methanol, and
insolubleinether, in chloroform, andin dilute minera
acids. Itissolublein DM SO and dightly solublein etha
nol. It hasapK vaueof 7.9 and 9.2. It hasamaximum
UV detection at wavelength of Amax 226nm.

N
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Figurel: Sructureof hydrochlorothiazide

FolicAcidisavitamin. It isused to reduce se-
rum homocysteine. Chemically asshowninFigure 2
it’s N-[p-[[(2-amino-4-hydroxy-6-pteridinyl) me-
thyl]-amino] benzoyl]-L-glutamic acid; and it’s mo-
lecular weight is441.40 g/mol. Folic acid occurs as
ayellow or yellowish-orange crystalline powder.
FolicAcidisvery dightly solubleinwater (0.0016mg/
mL inwater) and insolublein acohol. Folicacidis
readily solublein dilute solutions of alkali hydrox-
ides and carbonates and sol utions of the drug may
be prepared with the aid of sodium hydroxide or
sodium carbonate, thereby forming the sol ubl e so-
dium salt of folic acid (sodium folate). A queous so-
lutions of folic acid are heat sensitive and rapidly
decomposein the presence of light and/or ribofla-
vin; solutions should be stored in acool place pro-
tected fromlight. It hasapK valueof 4.7, 6.8 and
9.0. It hasamaximum UV detection at wavelength
of Amax 256nm.
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Figure2: Sructureof folicacid

Atenolol asshowninFigure3isasynthetic, betal-
selective (cardiosel ective) adrenoreceptor blocking
agent. Chemically it’s 2-[4-[2-hydroxy-3-(1-
methylethylamino) propoxy] phenyl] ethanamide; and
It’s molecular weight is 266.34g/mol. It is white to off-
whitesolid. Itisardatively polar hydrophilic compound
withawater solubility of 26.5mg/mL at 37°C and a log
partition coefficient (octanol/ water) of 0.23. Itisfredy
solublein IN HCI (300mg/mL at 25°C) and less soluble
inchloroform (3 mg/mL at 25°C). It has a pK value of
9.5. It hasamaximum UV detection at wavel ength of
Amax 225nm.
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Figure3: Sructureof atenolal

Agpirin, sdlicylic acid acetate, isanon-opiateand-
gesic, anti-inflammatory and antipyretic agent. Apirin,
sometimesknown asacetylsdicylicacid or ASA, is the
sdicylateester of aceticacid. AsshowninFgure4, it’s
2-acetoxybenzoic acid. It’s molecular weight is 180.16
g/mol. The compound occursasawhite, crystalline
powder or tabular or needle-like crystals. Aspirinis
dightly solubleinwater andisfredy solubleinacohal.
Itisaweak acid withapKaof 3.5.It has a maximum
UV detection at wavelength of Amax 229nm.

Sy

Figure4: Sructureof aspirin

Enalapril Maeateisindicated for essentia or Reno
vascular hypertens on and trestment of symptomeatic con-
gestiveheart failure. Itisusualy administered in asso-
ciationwith other drugs, particularly thiazidediuretics.
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AsshowninFigure5, it’s 1-[2-(1-ethoxycarbonyl-3-
phenyl-propyl) aminopropanoyl] pyrrolidine-2-car-
boxylicacidandit’s Molecular weight is 492.53 g/mol.
It’s white to off-white solid crystalline powder. It is spar-
ingly solubleinwater (pH 3.4), solublein ethanol, and
fredly solublein methanol and dimethylformamide. It’s
pK valueof 3.0and 5.5. It hasamaximum UV detec-
tion at wavelength of Amax 215nm.
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Figure5: Sructureof enalapril

Atorvastatin calcium is a lipid-lowering agent.
Atorvastatin is an inhibitor of 3-hydroxy-3-
methylglutaryl-coenzymeA (HMG-CoA) reductase.
Thisenzymecatadyzesthe converson of HM G-CoA to
meval onate, an early and rate-limiting stepin choles-
terol biosynthesis. Asshownin Figure6, Atorvadtatinis
1-[2-(1-ethoxycarbonyl-3-phenyl-propyl)
aminopropanoyl] pyrrolidine-2-carboxylic acid. It’s
molecular weight is1209.42g/moal. Atorvastatin calcium
isawhiteto off-white crystalline powder. Atorvastain
isinsolublein agueous solutions of pH 4 and below.
Atorvastatin calciumisvery dightly solublein ditilled
water, pH 7.4 phosphate buffer, and acetonitrile, dightly
solublein ethanol, and freely solubleinmethanal. It has
pK value of 4.5. It hasamaximum UV detection at
wavelength of Amax 245nm. >3
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Figure6: Sructureof atorvastatin

EXPERIMENTAL

Chemicalsand materials
Working standards of Hydrochlorothiazide; Folic

—— Fyll Peper

Acid; Atenoldl; Aspirin; Endapril; Atorvastatin wereob-
tained from Accutest Research Laboratories, Navi-
Mumbai, India. Polypill tablets, manufactured by
Macleods, Mumba, India, wereobtained. Acetonitrile,
methanol, Di-methyl Sul phoxide and orthophosphoric
acid werefrom Quaigens. Sodium Di-hydrogen Ortho-
Phosphate (NaH,PO,) and Di-Sodium Hydrogen
Ortho-Phosphate (Na,HPO,) and Heptane Sul phonic
acid was from S.D. Fine Chem. Purified water was
obtained from Milli QA 10 gradient water purification
system (Millipore, Banglore, India) and was used
throughout thework. All dilutionswere performedin
standard volumetricflasks.

High performance liquid chromatographic
condition

AnHPLCsygemconggingof aBinary Solvent Man-
ager (pump) and Sample Manager (autosampler) were
usedfor theentireandyds. Thechromatographic system
consisted of Inertsil C8 (150x 4.6 mmi.d., 5u particle
sze) andytica column. Theflow rateof themohbilephase
under binary gradient conditions was kept at 2.0 mL/
min. Theauto sampler temperaturewas set a roomtem-
peratureand theinjection volumeemployedwas 30 L.
Themobilephasecong sted of buffer (mixtureof 0.01M
Sodium Di-hydrogen Ortho-Phosphate (NaH,PO,);
0.01M of Di-Sodium Hydrogen Ortho-Phosphate
(Na,HPO,); 1.0gof Sodium-Heptane Sulphonicacidin
1000mL purified water) pH adjusted to 2.6 with Ortho-
phosphoric acid: methanol with abinary gradient pro-
gramasshownin TABLE 1. Detection of al analytes
was performed on ultraviolet HPL C detector. ClassVP
softwarewas used to control al parametersof HPLC.
Quantitation was performed using appropriate integra-
tion parameters. Figure 7 showstherepresentativechro-
meatogram. Thetota runtimewas20.0 min.

TABLE 1: Gradient program

Time M obile phase M obile phase
(min.) A Buffer B M ethanol
0.01 85 15
3 65 35
8 58 42
9 45 55
15 30 70
16 30 70
18 85 15
20 85 15

—— a%a['yttaa[’ CHEMISTRY
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Figure7: Representative chr omatogram
Analytical data processing

Chromatographic data were collected and
integrated using ClassV P software. Concentrations of
individua analytein unknown sampleswerecaculated
using external standard method. Peak arearesponse of
individual andytein standard and sampl e chromato-
gram was compared for calculation. The best-fit
equation (y = mx + c), wherey isthe peak areare-
sponse was aso used to calculate linearity of the
individua andyte.

Sandard and quality control preparation

Preparation of diluent: Weigh and dissolve about
1.4gmsof Di-sodium hydrogen phosphate (Na,HPO,)
inabout 1000mL water.

Preparation of standard: Standard stock solutions
were prepared by dissolving 25mg of Enalapril; 10mg
of FolicAcid; 65mgof HCTZ to 50mL volumetricflask
in10mL of Acetonitrileinthendilutingit with diluent to
giveafina concentration of 1000ug/mL. Weigh 10mg
of Atorvastatin; 75mg of Aspirin; 25mg of Atenolol in
same 100mL volumetric flask. Add 2mL of Dimethyl
sulfoxide (DM $S); sonicateto dissolve. Add 5mL of each
of Endapril andHCTZ (1000ug mL*) and4mL of Folic
Acid (1000pg mL*) and diluteit with diluent.
Samplepreparation: Weigh and crush the content of
20 Tablets and cal culate the average weight. Weigh
powder-contai ning equivalent to averageweight of a
tablet in a 100mL volumetric flask. Add 2.0mL of
Dimethyl sulfoxide; sonicatefor 5 min. Add 10mL of
Acetonitrileand diluteup tothemark with diluent. Shake
well. Filter the solution through GF/C 70 mm filter

paper.
Note: Preparefresh solution and inject immediately.

Find concentrationsof al andytesinstandard and
samplesolutionareasfollows:

Hnalytical CHEMISTRY o

Endgoril 25 pugmlL?
FolicAcid 8 pugmlL?
HCTZ 65 pgml?
Atorvadtatin 100 ugmL?
Agoirin 750 ugmL?
Atenolol 250 ugmL?

Method validation

A thorough and complete method validation of
method for s multaneousdetermination of Hydrochlo-
rothiazide; FolicAdd; Atenolol; Aspirin; Endapril Mae-
ateand Atorvastatin Caciumin formulationwasdone
following the Validation of Andytica Procedures Meth-
odology, ICH Harmonised Tripartiteguiddines, Adop-
tionon 6 Nov, 1996, The method wasvalidated for
selectivity, linearity, accuracy and precision, recovery,
dahility.

Thesd ectivity towardsendogenousand exogenous
samplematrix componentswas assessed by analyzing
diluent and sample solution at working concentration
leve.

The linearity of the method was determined by
analysisof standard solutions having aconcentration
range of 50% to 150% of the working concentration
level. Fivelinearity level s50%; 80%, 100%, 120% and
150 % of the working concentration were analyzed.
Best-fit calibration curves of peak arearesponsever-
susconcentration weredrawn. Thesmplelinear equa-
tionfor calibration levelswith respect to thedrug con-
centration without weighting factor was determined.
Correlation Coefficient was greater than 0.999 with
equation (y=mx + c¢). The peak arearesponse values
of calibration standardswerefound to be proportional
to the concentration of thedrug over therangetested.

Precision was eval uated at working concentration
level ingx different samplepreparations. Meanand dan-
dard deviation (SD) were obtained for cal culated drug
concentration at replicate sample preparation. Accu-
racy and precision wereevauated intermsof relative
error (RE).

Recovery presentsthe extraction efficiency of a
method. It was performed at working concentration
level. Theabsol uterecoverieswereeva uated by com-
paring peak area of spiked samples to that of stan-
dards.

Stability experimentswereperformed to evaluate
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the analyte stability in stocks solutions at room tem-
perature. Stock sol ution stability was performed by com-
paring arearesponse of stability sampleof analytewith
thearearesponse of sample prepared from fresh stock
solutionsand the stockswerefound to be stablefor a
minimumof 6Hrs.

RESULTSAND DISCUSSION

Method development429

For optimum detection at working concentration
level of all analytesin sample, it was necessary to ad-
just not only the chromatographic conditionsbut a so
to devel op an efficient sampl e preparation that gives
cong stent and reproduci blerecovery of analytes. The
formulation under research hassix different drugswith
varyinglabd cam. After detalled literatureand few labo-
ratory tests, it wasreveaded that al six drugs havedif-
ferent physical and chemical properties. However for
simultaneous estimation of drugsit washecessary to
prepareasingle solution of al drugswithout compro-
misingtheir sability. Dueto differencein solubility and
stability of thesesix drugs, samplepreparation to have
al anaytesinasinglesample solutionwasachalenge
andfor that, different solventsand mixture of solvents
weretriedto check solubility; stability and compatibil-
ity of analytesin resultant solution. Commonly used
solventssuch aswater, methanol, Acetonitrileweretried.

Folic acidwasinsolubleinwater therefore water
was not found to be suitablefor sample preparation.

In methanol, all drugs except Folic acid were
soluble. However, Aspirinwasfound to beunstablein
methanol asit getshydrolysed to sdicylicacid.

Acetonitrilewas preferable solventin HPLC asit
hasvery low UV absorbance. It inturnsresultsinlow
interferenceand more sensitivity. Inaddition, Aspirin
has shown some improved stability. However,
Atorvastatin was practically insoluble and Folic acid
was sparingly soluble. Thereforetherewasneed to se-
lect other sol vent, buffer preferablewith pH or combi-
nation of solvents.

Therefore, different solventsweretried to dissolve
FolicAcid and Atorvastatin with optimum stability of
Aspirin. After literature search and practicad trids, Dim-
ethyl Sulphoxidewasselected to dissolveAtorvastatin
asitisfredy solubleinit. Smilarly, FolicAcidwasfound

—= Fyll Paper

tobefreely solublein 0.01M of Di-Sodium phosphate
buffer.

However it wasrequired to prepare standard and
samplesolution having sameconcentration of individua
drug. While preparing such asolution it wasalso re-
quired to have s mpleand sametreatmentssuch asdi-
lutionsor extractionsgiven to tandard and sample so-
lution.

Therefore severa permutationsand combination of
solventsweretried. Severd trailswereperformed with
different sequenceof dilutionsand trestmentsto sample
and standards.

Finally following procedure was developed for
standard and sample preparation.

Dimethyl Sul phoxidefor Atorvastatin, 0.01M of Di-
Sodium phosphate buffer for FolicAcid and Acetoni-
trilefor other drugswere selected. 0.01M of Di-So-
dium phosphate buffer wasused asdiluent to prepare
different dilutionsand volume make up. Standard and
sampl e solutionswere prepared as described above.

The columnwas sdlected depending on the nature
of the soluteand theinformation about theana yte. Re-
versed phasemodeof chromatography facilitatesawide
range of columnslike octadecylsilane (C18), cyano,
propyl, nitro, amino etc. Different columns containing
octyl, octadecyl and phenyl stationary phaseweretried
for the separation and resolution. It wasfound that octyl
silane C8 column offered more advantages over the
other columnstried. Most of drugsin thisformulation
under research werefound to be polar. As C8 column
packings are more polar compared to C18 columns
dueto availability of short carbon chainonsilanolsin
C8. Therefore, C8 column was sel ected for method. In
addition C8 columnwaschosenfor thestudy sinceitis
themost retentive, rugged and widely available.

Generdly, alonger column providesabetter sepa-
ration dueto higher theoretical plate numbers, butitis
reported that only afew centimeters of the columns
exertsthedominant effect of separation and henceshort
columnscan provide separation that are achieved on
longer columns, if the mobile phasecompositionissuit-
ably adjusted. Shorter columns packed withthesmaller
particlesareoften used for shorter anadysistimes. There-
fore, al15 cm column wasemployed for theanalysis.
For anaytical purposesa0.4-0.6 cm internal diameter
column having aparticle sizebetween 3— 10 um are

— a%a['yttaa[’ CHEMISTRY
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used. Asaparticlesizedecreasesthesurfaceareaavail-
ablefor coatingincreases. Columnswith Sum particle
Szegivethe best compromise of efficiency, reproduc-
ibility and reliability. In this case, the column selected
had aparticlesize of 5um and an internal diameter of
4.6mm.

Finally based on resultsobtained for peak symme-
try, tailing factor and resol ution of individual analyte,
Inertsil C8, (4.6 mmx 150 mm, 5u), column was em-
ployed asthe stationary phase.

Inliquid chromatography, thesol uteretentionisgov-
erned by the solutedistribution factor, which reflects
thedifferent interactionsof the solute—stationary phase,
the solute— mobile phase and the mobile phase - sta-
tionary phase. For agiven stationary phase, therdation
of the given solute depends directly upon the mobile
phase, the nature and the composition of which hasto
bejudiciously selected in order to get appropriate and
required soluteretention. Solvent polarity isthekey word
in chromatographi ¢ separationssince the polar mobile
phase, which giveriseto low soluteretention in norma
phase and high soluteretentionin reversed phaseliquid
chromatography.

The choiceof mobile phasefor agiven separation
congtitutesavery important stagein producing agood
separationin HPLC. Acetonitrileand Methanol arethe
most popularly used organic solventsin HPLC. Aceto-
nitrileisthebest initia choiceof organic solvent for the
mobile phase. Acetonitrile— Water mixtures are used
to initiate the development because it haslower UV
cut-off (185 to 210 nm) and low viscosity leading to
higher plate numbersand lower column backpressures.
However methanol which hasarelatively lower UV
cut-off (205nm) isa so areasonabledternative. Inad-
dition, during gradient analysis, ghost peaksarelarger
than whenAcetonitrileisused. Elution strength differs
with Acetonitrileand methanol and, if mixed withwa-
ter-based sol vents, Acetonitrileexhibitsthegreater e u-
tion strength. When conditionsusingAcetonitrileare
substituted for use with methanol, increased ratio of
organic solvent issuggested to use. On the other hand,
when theratio of organic solvent is100%or very close
tothis, thenature (polarity) of the solvent itself comes
totheforeand thed ution strength of methanol isgreeter.
Separation selectivity differs with Acetonitrile and
methanol, and the degree of separation and eution or-

Hnalytical CHEMISTRY o

der sometimes changes. A cause of thisisconsidered
tolieinthedifferenceof thechemica nature (methanol:
protic, Acetonitrile: aprotic) of organic solvent mol-
ecules. However, in some cases, componentsthat can-
not be separated by water/Acetonitrile solventscan be
separated by water/methanol solvents.
Becausetheviscosty of methanol ishigher than that
of Acetonitrile, the pressure applied on the column by
water/methanol solventsishigher than that of water/
Aceonitrilesolvents. However despitethisentiremetha:
nol was used as organic solvent in mobile phasefor
better and faster eution of drugssuch asAtorvastatin.
Whenever acidic or basic samplesareto be sepa-

rated it isadvisableto control mobilephasepH by add-
ing abuffer solution. For reverse phase chromatogra-
phy, abuffer concentration of 10-50 mM isusualy ad-
equate. Reversed phase HPL C separationsare gener-
aly carried out with pH ranges 2.0 and 8.0. Thus buff-
ers ableto control pH between 2.0 to 8.0 are desir-
able. Inthat respect for smultaneouse ution of Sx drugs
different phosphate buffersat concentration ranging
from 10mM to 30mM weretried with varyingmobile
phasepH ranging from 2.5t06.0. Findly smultaneous
elution of drugsexcept Atorvastatin, in combination of
0.01M Sodium Di-hydrogen Ortho-Phosphate
(NaH,PO,) and 0.01M of Di-Sodium Hydrogen Ortho-
Phosphate (Na,HPO,) with pH 2.6 adjusted with
Ortho-phosphoric acid and methanol in theratio of
60:40v/v was found to be satisfactory. However the
resol ution and peak symmetry was not satisfactory. In
addition the sixth drug Atorvastatin was not el uted.
Therefore 1.0 g of Sodium-Heptane Sulphonicacidwas
used in addition to other buffersto get better resolution
among hydrochlorothiazide, Atenolol, End april andfolic
acid. However still Atorvastatin wasretained on col-
umn. Thereforefindly gradient program wasemployed
to mobile phase composition with buffer 0.01M So-
dium Di-hydrogen Ortho-Phosphate (NaH2PO4) and
0.01M of Di-Sodium Hydrogen Ortho-Phosphate
(Na2HPO4) and 1.0 g of Sodium-Heptane Sulphonic
acidin 1000mL purified water pH adjustedto 2.6 with
Ortho-phosphoric acid and methanol as organic sol-
vent. It gave better resol ution among drugsespecially
between Aspirin and SdlicylicAcid. Thesmultaneous
determinationof druginshort andysstimewasachieved
using following mobile phaseand gradient program.
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Whilesd ecting thewavel ength, theinterest of mi-
nor component in the formulation or component with
low extraction co-€efficient needs specid consideration.
Variablewavel ength detector or aphoto diode array
detector isused.

Wavel engths of maximum absorbance(s) of six
drugsareasfollows:

Hydrochlorothiazide : 226 nm

FolicAcid : 256 Nnm
Atenolol : 225n$m
Aspirin : 229nm
Endapril : 225nm
Atorvaddin : 245n$m

Inthis particular method, 215nm wavel ength was se-
lected as a detection wavel ength because Enal april
among six drugshavelow absorbanceat low UV range
and other five drugs exhibited good absorbance at this
waveength.

Method validation

A thorough and complete method validation of
method for s multaneousdetermination of Hydrochlo-
rothiazide, Atenolol, FolicAcid, Aspirin, Endapril and
Atorvastainfrom polypill tablet usng HPLC wasdone
following thel CH guiddines. Themethod wasvaidated
for specificity, linearity, accuracy and precision, recov-
ery, solution stability.

System suitability

Systemsuitability testingisanintegra part of many
anaytical procedures. Thetestsare based on the con-
cept that the equipment, electronics, analytical opera-
tionsand samplesto be analyzed congtitute anintegral
system that can be eval uated assuch. System suitability
test parametersto be established for aparticular pro-
cedure depend on the type of procedure being vali-
dated. It should be performed prior toinitiation of anay-
gs

Standard sol ution having assay concentration of in-
dividua anaytewas prepared asdescribed in method
detailsandinjected to HPLC. System suitability pa-
rameters (e.g., Tailing factor, Capacity Factor, theo-
reticd plates) wereestablished to ensurethevalidity of
theana ytica procedureevenin controlled or non-con-
trolled variationsin the method parameters. Pleasere-
fer TABLE 2.

—— Fyll Peper
TABLE 2: System suitability parameters

Name Capacity Tailing Theoretical

Factor  Factor Plates
Acceptancecriteria NLT 1.5 N2M0T NLT 5000
Hydrochlorothiazide 1.66 1.04 9581
Folic Acid 2.63 1.08 9625
Atenolol 3.84 0.86 21823
Aspirin 571 1.00 11808
Enalapril 10.68 1.02 71064
Atorvastatin 14.25 0.96 77196

TABLE 3: Resultsof thelinearity
Drug Name Slope Intercept cgc(e)f:‘irg:r?to(rr])
Hydrochlorothiazide 65726 955340 0.9992
Folic Acid 48933 803 0.9997
Atenolol 22543 17002 0.9998
Aspirin 19689 -1335070 0.9998
Enalapril 5404 -7161 0.9991
Atorvastatin 36150 -265694 0.9997
Specificity

Specificity isameasure of thedegree of interfer-
ence (or absencethereof) in theanalysis of complex
sample mixturessuch asan analyte present in matrix
contai ning endogenous substances, and rel ated chemi-
cal compounds, etc.

Tovdidaespecificity of method following samples
were prepared as described abovein method details:
Blank solutioni.e. diluent
Blank +individua drug having assay concentration of
individud drug
Blank + al drugs having assay concentration of indi-
vidud drug
Samplesol ution having assay concentration of individud
drug
Todemongtratetheability of themethod to specificaly
determineindividua drugsfrom other sample compo-
nentsabovesampleswereindividudly injectedtoHPLC
and chromatogramswererecorded. Therewerenoin-
terferencesat theretention time of individual dugsdue
to other components of sample solution and also from
gradient changes. Resol ution between subsequently el ut-
Ing ana yteswas determined.

Hydrochlorothiazide- FolicAcid
FolicAcid-Atenolol

: 7.56
: 8.60
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Atenolol-Aspirin : 9.92
Aspirin—Enalapril : 2353
Enalgpril —Atorvastatin : 18.09

Specificity wasa so examined during solution sta:
bility at 12 hrs. and found that therewas no interfer-
ence of degraded products of any of drugs. Salicylic
acid degraded from Aspirinwaswell resolved with a
resol ution between aspirinand sdicylic acidwas4.70.
Based on resultsit was concluded that the method is
specific.

Linearity, accuracy and precision, recovery

The peak arearatiosof calibration standardswere
proportiona to the concentration of anaytein each as-
say over thenominal concentration rangeof 33.043ug
mL-1 to 99.129ug mL-1 for Hydrochlorothiazide,
3.659ug mL-1 to 10.977ug mL-1 for folic acid, and
126.000pg mL-1 to 378.000png mL-1 for Atenolol,
374.000pg mL-1 to 1122.000pug mL-1 for Aspirin,
10.000pg mL-1 to 40.000pug mL-1 for Enalapril, and
49.811ug mL-1 to 149.433ug mL-1 for Atorvastatin.
Thecalibration curves appeared linear and werewel |
described by lineswith correl ation coefficient > 0.99
for individual analyte. The results obtained were as
showninTABLE 4.

Theprecisonand accuracy of thedeve oped method
was determined by analysis of six samplesin each of
method precision and intermediate precison. Asapart
of Method Validation, Intermediate precison wasa so
examined by carrying out the sameassay procedureon
adifferent instrument on adifferent day. The experi-
mental conditionswere kept the same but theHPLC
systemwaschanged. Inthisexercise, Ssx sampleswere
prepared separately just asin Method Precision and
andysed. Theva uesthus obtained werecompared with
those obtained from Method Precision. The results
obtained wereasshownin TABLE 9. Thepercent rela
tivestandard deviation of individua drugson compar-
ing both Method Precision and Intermediate Precision
arelessthan 2.0 hence it can be concluded that the
method isprecise.

Similarly during the above exercise comparison of
method precis onand Intermediate Precision showsmeean
percent assay were100.21 for hydrochlorothiazide, 99.75
for FalicAdd, 99.69forAtenolol, 99.51for Agpirin, 100.04
for Enalgpril and 99.68 for Atorvadtatin. The percentage

vauefor theassay liesclosetothetheoretica vaue (100
%), which indicatesthat the method isaccurate. There-
sultsobtainedwereasshownin TABLE 4.

TABLE 4: Result of comparison between method precision
and inter mediateprecision analysis

% ASSAY
Folic Acid Atenolol Aspirin
100.23 99.11 98.25
99.55 99.63 100.54
100.15 99.04 100.26
99.48 99.67 99.13
99.03 100.77 98.21
98.49 100.41  100.13
100.43 99.85 99.85
100.19 100.96  100.96
101.17 100.29  100.29
99.70 99.30 99.30
98.24 98.52 98.52
100.32 98.67 98.67
98.24 98.52 98.21
101.17 100.96  100.96
99.75 99.69 99.51
0.85 0.80 0.95
0.85 0.80 0.96

HCTZ
98.89
100.73
100.16
98.50
100.68
99.45
100.07
100.72
100.65
100.71
100.88
101.09
98.50
Max. 101.09
MEAN 100.21
S.D 0.84
R.S.D. 0.83

Enalapril Atorvastatin
98.82 100.64
100.40 100.21
99.27 98.55
98.82 98.12
100.57 100.77
100.18 100.36
100.71 99.54
101.03 99.61
100.26 99.64
99.10 99.72
100.92 100.48
100.44 98.48
98.82 98.12
101.03 100.77
100.04 99.68
0.81 0.89
0.81 0.89

M.P1
M.P2
M.P3
M.P4
M.P5
M.P6
I.P1
1.P2
1.P3
1.P4
I.P5
1.P6
Min.

Samplepowder equivaent to onetablet weight was
weighed and transferred to 100mL standard volumet-
ricflask. Tothisflask, ImL, 2.5mL and 5mL of stan-
dard solutioni.e. mixture of drugshaving assay con-
centration of individua drugswasaddedto achievedif-
ferent levelsnamely 10%, 25% and 50% of the esti-
mated amount of thedrug. Solutionswerefurther pre-
pared asdescribed inthe method details. Threerepli-
catesof each level were prepared.

From each of thethree samplesprepared at each
level, two replicateinjectionsweremade and themean
of thetwo valueswas considered for statistical analy-
Ss. The% recovery was cal cul ated using theformula,

Per centage _ Amount of drug found 100
Recovery — — Amountof drug
(Labd Claim + added)

Theresultsobtained wereasshownin TABLEDS.
TABLE5: Result of percent recovery

Name Level-1 Level-2 Leve-3
(10%) (25%) (50%)
Hydr‘g"zgﬁg;'az'de 100.08 9945  99.95
Folic Acid (0.8mg) 100.05  100.46 101.02
Atenolol (25mg) 101.61  100.47 99.70
Aspirin (75 mg) 101.44  100.85 99.37
Enalapril (2.5mg) 100.03  100.00  100.56
Atorvastatin(10.0mg) ~ 99.65  100.04  100.35
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Sability

For checking the solution stability, standard and
samplesolutionshaving assay concentration of individua
analytewas prepared as per the method given above.
Injectionsfrom these solutionswere anaysedinitialy
and at different timeintervalsof 6 hrsand 12 hrs at
laboratory temperature.

Theareasof individua drugsin samplesol ution af-
ter eachtimeinterva were compared against theareas
obtained at theinitia timepoint. Theresultsobtained
for thesample solution werewel | within the acceptance
criteriaindicating thehigh stability of drugsuntil about 6
hrs. Theresultsobtained wereaslistedinthe TABLE
11 and 12 for 6hrs and 12 hrs respectively. Percent
assay of individua anaytewasd so cong stent until about
6 hrs. Theresultsobtained wereasshownin TABLE 6
and 7 for 6hrsand 12 hrs. respectively.

TABLE 6: Result of solution stability experiment 6Hrs.

HCTZ Folic Acid

Drug Atenolol  Aspirin  Enalapril Atorvagtatin

Area Initial 4489206 358266 5667028 14534451 134512 3382375

6hrs 4464259 358753 5674738 14251904 131997 3346543

Mean 4476733 358510 5670883 14393178 133255 3364459
S.D. 17640 344 5452 199791 1778 25337
R.SD. 0.39 0.10 0.10 1.39 133 0.75
%Diff. -0.56 0.14 0.14 -1.94 -1.87 -1.06
% Assay 98.13 98.82 98.2 98.41 99.38 99.14

TABLE 7: Result of solution stability experiment 12Hrs.

Drug HCTZ Folic Acid Atenolol Aspirin Enalapril Atorvastatin
rea Initial 4489206 358266 5667028 14534451 134512 3382375
12 hrs 4435950 357451 5668706 13340030 131984 3450433
Mean 4462578 357859 5667867 13937241 133248 3416404

SD. 37658 576 1187 844583 1788 48124
R.SD. 0.84 0.16 0.02 6.06 134 141
%Diff. -1.19 -0.23 0.03 -8.22 -1.88 2.01

% Assay 98.06 98.32 97.85 97.04 99.09 99.13
Application

Thevalidated method has been successfully used
to quantitate Hydrochl orothiazide; FolicAcid; Atenoldl;
Aspirin; Endapril Mdeate Atorvagtain Cdcuminthear
combined dosageforms. In addition to thisit can be
applied for as estimation tool for the dissolution of
polypill teblet.

CONCLUSION

Thedevel oped s multaneous HPL C assay for Hy-
drochlorothiazide; FolicAad; Atenolol; Aspirin; Endgporil
Mdeate; Atorvastatin Cal ciumissdective, rugged and

—— Fyll Peper

suitablefor routineandyssof polypill formulations. This
method hass gnificant advantagesintermsof singleand
reproduci blesampl e preparation and asinglechromato-
graphicruntimeof 20 min. Thesamplepreparation gave
cons stent and reproduci blerecoveriesfor andytes. The
gradient chromatography |leadsto the better resolution
among pesksof dl andytesinadditiontotheimpurities
and other co-duting peeks. Thismethod can beextended
for andlysisof therel ated substancesof formulations of
combination of thesesix drugs.
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