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ABSTRACT

Two simple, accurate, economical and reproducible UV spectrophotomet-
ric and one HPL C method for simultaneous estimation of two-component
drug mixture of ramipril and hydrochlorothiazidein combined tablet dos-
age form have been developed. The first developed method employs si-
multaneous equation method using mixed standards and 216.5nm and
273.0nm as wavelength maxima for estimation. The second method in-
volvesfirst derivative spectroscopy using 221.5nm and 283.0nm as zero
crossing pointsfor hydrochl orothiazide and ramipril respectively. For both
spectrophotometric methods, 0.1N sodium hydroxide was used as sol-
vent. Developed HPLC method is reverse-phase chromatographic method
using C,, column and methanol: water inratio of 90:10 asmobile phase, at
aflow rate 1.3ml/min. The separation was monitored by UV detection at
214nm. Paracetamol wasused asinternal standard for HPLC method. Lin-
earity was observed in concentration range of 2-14ug/ml of ramipril and
hydrochlorothiazide. Results of analysis were validated statistically and
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by recovery studies.

INTRODUCTION

Ramipril isalong acting angiotensin converting en-
zymeinhibitor used asan anti hypertensvedrug, chemi-
cdly itis(2S,3aS,6aS)-1-[(2S)-2-[[(1S)- 1-(ethoxycar
bonyl)-3-phenyl propyl]amino]-1-oxopropyl] octahydro
cyclopenta[b] pyrrole-2—carboxylicacid. Officid meth-
odsfor thequantitativeestimation of ramipril is, UV-spec-
trophotometric!¥, HPLC1Z3 and capillary e ectrophore-
s 9% hasbeen reported. Hydrochl orothiazideis 6-chloro-
3 4-dihydro-2H-1,2,4-benzothiadiazine-7-sul phonamide
1,1-dioxide Itisused asadiureticofficia in U.S.P. and
|.P. officid methodsfor the estimation of hydrochlorothi-
azideisUV-spectrophotometric®7, HPLC1% and cap-
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illary el ectrophoresis-4 has been reported. With the
advancement inthefield of andytica chemistry and soft-
waretechnol ogy different methodshave been devel oped
for smultaneousestimation of mixturesof drugs. There
arenumber of tablet formulationsinthemarket, which
containsthesedrugs(ramipril 2.5mg and hydrochl orothi-
azide 12.5mg). Theobjectiveof thisinvestigationwasto
devel op simultaneous spectrophotometricand HPLC
methodsfor andysisof ramipril and hydrochlorothiazide
from combined tablet dosageform. Thedeve oped meth-
odswerefound to besmple, rapid, accurate, reproduc-
ibleand economical. These methods can be used suc-
cesstully for quaity control testing of thedrugsfrom com-
bined tablet dosageform.
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MATERIALSAND METHODS

Standard drugssampleof ramipril from CiplaLtd.,
Mumbai and hydrochl orothiazidefrom Ontop pharm.
Itd. New Delhi was provided. Tablets of combined
dosageform were procured from theloca market. All
other reagentsused were of analytical gradefor spec-
trophotometric methodsand of HPLC gradefor HPLC
method. Shimadzu UV/V1S spectrophotometer 1700
pharmaspec with 1cm matched quartz cellswas used
for spectrophotometric methods. A gradient high-pres-
sureliquid chromatograph (Shimadzu HPLC ClassVP
series) with LC-10AT VPpumps, variablewavelength
programmable UV/Visdetector SPD-10AVPand C18
LUNA (5micron 25cmx4.6mm) column from Pheno
menex was used for separation and quantification.

Sandard solutions

Ramipril and hydrochlorothiazide(1mg/ml) were
prepared in 0.1N NaOH for spectrophotometric
method and in mobile phasefor HPLC method. The
standard sol ution of both the drugswas subsequently
used to prepare working standard sol ution for spectro-
photometric method in 0.1N NaOH and for HPLC
method in themobile phase. All solutionswerekept in
arefrigerator at 4°C and were stablefor oneweek.

Chromatogr aphicconditions

For HPL C method, the mobile phase was metha-
nol: water inratio of 90:10. It wasfiltered by using a
0.45um membranefilter and degassed inan ultrasonic
bath before use. Thesampleswerea sofiltered by us-
ing 0.45um membranefilters. Theflow ratewas set at
1.3ml/minand UV detector at 214nm. The columnwas
conditioned for 30min. All determinationswere per-
formed at ambient temperature 27+2°C and theinjec-
tion volumewas20pl.

Procedures
Calibration for spectrophotometricmethod

Aliquotsof standard sol ution equivadent to(4-16ug/
ml) ramipril for S multaneous equation method and de-
rivative spectrophotometric method, smilarly diquots
of standard sol ution equivalent to(8-26ug/ml) hydro-
chlorothiazideweretransferred into 10ml volumetric
flasks separately. The volume was completed to the
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mark with 0.1N NaOH. Absorbance of the aliquots
was measured at 216.5nm and 273nm of boththedrugs
at both the wavelength for simultaneous equation
method and for derivative spectrophotometric method
221.5nm and 283nm. Thecalibration curvewas plot-
ted and theregression equation was recorded.

Calibration for HPL C method

Aliguotsof standard solution(1mg/ml) equivaent
to(2-14ug/ml) of ramipril and hydrochlorothiazideand
10ug/ml of paracetamol asinternd standard weretrans-
ferredinto 10ml volumetric flasksand thevolumewas
completed to the mark with themobile phase. Tripli-
cate 20ul injectionswere made of each concentration.
Mean retention time for ramipril was found to be
5.267min, for hydrochlorothiazide 4.413min, and for
paracetamol 5.972min. Theaverage peak areaswere
cal culated and plotted versus concentrations, linear re-
|ati onship was obtaned and theregression equation was
recorded.

METHOD DEVELOPMENT

M ethod 1-Spectrophotometric method
Based on simultaneousequation method

Overlain spectra(Figure 1) of standard sol utionsof
ramipril and hydrochlorothiazide were scanned.
Ramipril showsabsorption maximaat 216.5nmand hy-
drochlorothiazide shows at 273nm. The calibration

Figurel: Overlain spectra of ramipril and hydrochlo-
rothiazide (------ Yramipril, (-) hydrochlorothiazide
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curvesfor ramipril and hydrochl orothiazide were pre-
pared in the concentration range of 4-16ug/ml and 8-
26ug/ml for both the drugs respectively. The absorp-
tivity coefficientsweredetermined for boththedrugsat
both the wavel engths and following equations were
made.

A=360.90C, | +756.47C,  ..occo (8L A y) @
AFABBAEC, | oo (@A) 7

A, andA, are absorbances at 216.5nm and 273nm respectively
and C__ and Cyuo € concentrations of ramipril and hydro-

rami

chlorothiazide respectively. The concentrations of both the
drugsin the mixture were determined by egs. (1) and (2)

Analysisof commercial formulation

Twenty tabletswereaccurately weighed and aver-
ageweight per tabl et determined. Tabletsweregrounded
to fine powder, and weighed tabl et powder equivalent
to 2.5mg ramipril and 12.5mg hydrochlorothiazidewas
transferred to 100ml volumetric flask. Thepowder was
extracted four timeswith 20ml portion of methanol. The
extract was collected in 100ml volumetric flask after
filtration through Whatman filter paper no.41. Thefilter
paper waswashed with 20ml methanol, and thewash-
ing was added to thefiltrate. The methanol was evapo-
rated on water bath and the residuewas dissolvedin
75ml of 0.1N NaOH and again filtered through
Whatman filter paper no.41. The filter paper was
washed with 20ml of 0.1N NaOH and the washing
was added to thefiltrate. Thevolume of filtrate was
madeto 100ml mark with 0.1N NaOH. In 10ml volu-
metricflask, 1.0ml of filtrate wastaken and diluted to
themark with 0.1N NaOH. The sample solutionwas
scanned over the range of 400nm to 200nm in spec-
trum mode and concentration of each component was
estimated by analysis of spectra dataof sample solu-
tion with respect to that of mixed standardsby thein-
strument. Resultsof andlysisarereportedin(TABLE 3).

Method 2-Fir st order derivative spectr oscopy

Fromfirst derivative spectraof ramipril and hydro-
chlorothiazide in 0.1N NaOH zero crossing points,
221.5nm and 283nm were selected for simultaneous
estimation of two drugs(figures 2 and 3). Accurately
weighed pure drug sample of ramipril and hydrochlo-
rothiazideweredissolvedin 0.1 N NaOH and diluted
with sameso asto give severa dilutionsintherangeof

Hnalytical CHEMISTRY o

Figure2: First. order derivativespectraof hydr.c.)dqi(.)rothi—
azide

Figure3: First order derivative spectra of rar'ﬁipr”ilw

4-16g/ml of ramipril and 8-26pg/ml of hydrochlorothi-
azide. Theabsorbancesof thesedilutionswererecorded
infirst derivative mode at 221.5nm for estimation of
ramipril, and 283nm for estimation of hydrochlorothi-
azide. Respective calibration curveswere prepared.
Absorbance was measured of marketed formulations
at respective selected zero crossing points, and con-
centration of two drugs, using respective calibration
curve, was determined. Validation studies gave satis-
factory results.

Analysisof commer cial formulation

Tablet samplewas prepared in similar manner as
for method 1. Absorbance of fina dilution of sample
was recorded at 221.5nm and 283nm from first de-
rivative spectra of sample and amount of two drugs
ca culated using respectivecalibration curve. Results of
analysisarereportedin (TABLE 3).
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TABLE 1: Validation report of spectrophotometricand hplc methodsfor thedeter mination of ramipril and hydrochlorothiazide

Simultaneous equation Derivative
method spectr ophotometric method HPL C method
Parameters
Ramipril Hydrothoro Ramipril Hydrothoro Ramipril Hydrothoro
thiazide thiazide thiazide
Linearity range 4-16pg/ml 8-26ug/mi 4-16pg/ml 8-26pg/ml 2-14pg/ml 2-14pg/ml
Regression eguation
Slope 0.0283 0.0513 0.0021 0.0035 23.37 63.515
S.D. of dope 0.0049 0.0069 0.0014 0.0069 4.127 2.085
Intercept 0.0629 0.0444 0.0044 0.0038 5.181 179.46
S.D. of intercept 0.0051 0.0081 0.0032 0.0071 2.061 3412
Correlation coefficient 0.9967 0.9946 0.9935 0.9985 0.9907 0.9919
S.D. of correlation coff. 0.0012 0.0022 0.0008 0.0016 0.0038 0.0041
Precision+RSD%
Intra day? 99.69+0.52 99.12+0.38  100.11+0.74 99.92+0.48 99.81+0.65  99.67+0.71
Inter day? 99.87+0.98 99.57+0.54  99.52+1.23 99.87+0.52 99.37+0.12  100.06+0.32
Accuracy (mean)’+S.E. 99.91+1.23 990.80+0.99 99.77+0.94 99.74+0.44 99.86+0.54  99.39+0.41

(a) Average of n=9. (b) Average of n=6
Method 3-High-performance liquid chromato-
graphicmethod

Thedevel oped HPLC method was appliedto the
determination of ramipril and hydrochlorothiazidein
combined dosageform. To optimize HPLC assay pa-
rameters, the mobile phase composition and pH were
studied. A satisfactory separation was obtainedwitha
mobile phase of methanol: water inratioof 90:10using
C,; column at ambient temperature. Theanalysiswas
carried out by isocratic elution with flow rate 1.3ml/
min? and detection at 214nm (Figure4). A linear range
of 2-14ug/ml of both the drugs was obtained as show
in TABLE 1.The system suitability tests of HPLC
method wereeva uated TABLE 2.

Procedurefor analysisof formulations

Twenty tabletsof theformulationwereweighed and
the average weight per tablet wascal culated. Twenty
tabletswere crushed and ground to afine powder. Pow-

TABLE 2: Resaultsof system suitability testsof HPL C method

Value
Hydroc
Parameters Ramipril hloroth Comments
iazide
L 5.267+ 4.413+ L
Retention time 0.029 0.038 +Standard deviation
Injection 0 0 T
repeatability 0.71% 0.38% RSD of 6 injections
K 1.743 1.298 Capacity factor
Selectivity factor  0.744  0.744  Selectivity factor
Theoretical plate Column efficiency
(N) 2656 4030 plate/column
Height equiva ent
HETP 0.0094 0.0062 theoretical plate

der equivaent to 2.5mg of ramipril and 12.5mg hydro-
chlorothiazidewasweighed and transferred to a100ml
volumetric flask containing about 75ml mobile phase.
Tothisvolumetric flask, accuratel y weighed 10mg of
pure standard paracetamol was added. The powder
mixturewasdissolvedinthemobilephasewiththead
of ultrasonication. The solution wasfiltered through

=

Vollage [m.V]
T T = 3 %2

Hydro

T
n 2

TimJe(mi n)
Figure4: HPL C chromatogram of ramipril and hydrochlorothiazide
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TABLE 3: Determination of ramipril and hydr ochlorothiaz-
idein marketed formulations

Sample Simgltaneous spect[r)g)llf\/gtté)\rlw?etric HPLC method
no. equation method method
rami  hydro rami hydro rami  hydro
1 100.0 100.36 100.0 1000 10029 99.94
2 1032 99.96 98.0 100.2 99.98 100.91
3 97.0 100.44 99.0 99.64 101.08 99.52
4 100.0 100.36 98.0 100.0 99.12 100.09
5 1046 100.04 100.8 99.88 99.26  99.68
6 1016 100.12 98.0 100.0 99.54 100.08
Mean 101.067 100.21 98.96 99.95 99.87 100.03
RSD 2659 0.198 1.202 0.184 0.421 0.289
SD. 2683 0.287 1215 0.287 0.367  0.309

rami-Ramipril, hydro-Hydrochlorothiazide
TABLE 4: Compilation of resultsof drugrecovery study

% Recovery*

Sarr]T:)ple Simultaneous  Derivative | o ~
. equation spectrophoto
method metric method

rami _hydro rami hydro rami hydro

1 990.73 99.94 99.68 100.0 99.84 99.47

2 98.0 100.05 97.77 100.0 99.97 100.89

3  100.13 99.94 100.31 99.77 100.26 99.99

4  100.53 99.84 99.68 99.70 99.59 100.03

5 98.0 100.05 100.31 99.77 101.36 99.41

6 99.73 99.94 99.68 100.07 99.12 99.63

Mean 99.35 99.96 99.57 99.88 100.02 99.90

RSD 1.096 0.079 0.939 0.155 0.084 0.068

SD. 1089 0039 0621 0069 0.037 0.149

*Average of six determinants, rami-Ramipril, hydro-Hydrochlo-
rothiazide

Whatman filter paper no. 41 into another 100ml volu-
metric flask. Thefilter paper waswashed with mobile
phase and washingswere added to thefiltrate. Volume
of filtrate was made up to the mark with the mobile
phase. To another 10 ml volumetricflask, 1.0ml of this
solution wastransferred and the volumewas made up
to themark with the mobile phase. This solution was
filtered through a0.2u membranefilter.

After setting the chromatographi c conditionsand
stabilizing theinstrument to obtain asteady baseline,
thetablet sample solution wasloaded inthe 20ul fixed
sampleloop of theinjection port. Thesolutionwasin-
jected and achromatogram was recorded. Theinjec-
tionswererepeated fivetimesand the pesk areasswere
recorded. A representative chromatogram has been
givenin (Figure4). The peak arearatiosof each of the
drugstotheinternal standard were cal culated and the
amount of each drug present per tabl et was estimated
from therespective calibration curves. Theresults of

analysisarepresentedin TABLE 3.
RESULTSAND DISCUSSION

The proposed methodsfor simultaneous estima:
tion of ramipril and hydrochl orothiazidein combined
tablet dosageform werefound to be simple, accurate,
rgpid and economical. Thevauesof coefficient of vari-
anceweresatisfactorily low and recovery wascloseto
100%, indicating reproduci bility of the methods. First
method involving s multaneousequation method isspe-
cifictoinstrument having softwarefor provison of such
determination. Sdlection of proper samplingwave engths
and concentration of componentsin mixed standardis
critical. Sincecal culations are done by theinstrument
itsdlf, chancesof manua error arenil; furthermore, the
method isquiterapid.

Second method involvingfirst order derivative ul-
traviolet spectroscopy requiresrecording spectropho-
tometer with data processing mode. Proper selection
of zero crossing point in derivative spectracompletely
eliminatestheinterference of unwanted component, and
thus, concentration of two components can be easily
cal culated without prior separation of componentsfrom
combined dosageform.

Third devel oped method for s multaneousestima:
tion of two drugsfrom combined dosageformisre-
verse phase chromatographic method utilizing C , col-
umn and methanol : water as mobile phase. Detection
of duent wascarried out usng UV detector. Themethod
wasdevel oped using paracetamol asinternal standard.
Theruntimeper sampleisjust 8min. Theexcipientsin
theformulation did not interferein the accurate estima-
tion of ramipril and hydrochlorothiazide.

Since noneof themethodsisreported for smulta
neous estimation of ramipril and hydrochl orothiazide
from combined dosage form, these devel oped meth-
ods can be used for routine analysis of two compo-
nentswithout prior separation.

METHODSVALIDATION

Linearity/Range

Aliquotsof different dilutionswere prepared for the
linearity test. Each sol ution was measured(or injected)

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 6(2) December 2007

Swarnlata Saraf et al. 91

—=> [yl Paper

threetimesandlinear regressonandysisof ramipril and  and hydrochlorothiazide respectively.

hydrochlorothiazidewasdriven (TABLE 1).
Precision

The precision of the methods were assessed by
determining RSD values of intra-day and inter-day
andysig(n=9) of ramipril and hydrochlorothiazide stan-
dard solutionsover 3days(TABLE 1).

Accuracy

Thecal cul ated t-test and F-test are not exceeding
their theoretical valuesat p=0.05, indicating that there
isno significant difference between each method.

Sandard addition technique

The proposed methodswere gpplied for theanay-
ssof thedrug in pharmaceutical dosageform (TABLE
3). Thevdidity of themethodswas assessed by apply-
ingthestandard additiontechniqueat different leve (viz;
50%, 100% and 150%). Theresults(TABLE 4) indi-
catenointerferencefrom tabletsexcipientssuch ascal-
cium carbonate, hydroxypropyl cellulose, aluminium
magnesium silicate, povidone, sodium starch glycolate,
saccharin sodium and magnesium stearate.

CONCLUSION

The presented work describesvalidated spectro-
photometric and HPLC methods for the assay of
ramipril and hydrochlorothiazidein pharmaceutica dos-
ageform and bulk drug. The suggested methods are
smple, selective, and accurate can be used for therou-
tinequality control analysisof thecited drug either in
bulk or in dosage form without any interferencefrom
common excipients. The spectrophotometric method
israpidwithlow cost for both identification and quan-
tification.
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