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ABSTRACT

A simple, rapid, and accurate reversed phase Higtiggmance liquid chromatographic (RP-HPLC) methuas
been developed and subsequently validated foritheltaneous determination of Ramipril (RAM) and édipine
Besylate(AML) in Capsule dosage form. The separdticcarried out using a mobile phase consistindoffer:
Acetonitrile (70:30). The column used is Hyper€lBC8 (150 x 4.6 mm, am) with flow rate of 1.2 mL/min using
UV detection at 210nm. The total run time is 25 amd the retention time of RAM and AML is 5.9 nrid &.5 min
respectively. The described method is linear fa dssay of RAM and AML over a concentration ranfyé5
35ug/ml and 30-7Qug/mL respectively. Results of the analysis haven vedidated statistically and by recovery
studies. The results of the studies showed thatptbposed RP-HPLC method is simple, rapid, preciss]
accurate, which is useful for the routine deterntimaof RAM and AML in capsule dosage form.
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INTRODUCTION

Ramipril (2S, 3as, 6aS)-1-[(2S)-2-{[(2S)-1-ethoxyet0-4-phenylbutan-2-yl] amino}  propanoyl]-
octahydrocyclopenta[b]pyrrole-2-carboxylic acid,ais angiotensin-converting enzyme (ACE) inhibitbracts on
the renin—angiotensin aldosterone system. It itdithie conversion of the inactive angiotensin thi highly potent
vasoconstrictor, angiotensin I, and also redubesdiegradation of bradykinin[1]. Various analytioathods have
been reported for estimation of Ramipril in purermio and in combination with other compounds by
Spectroscopically[2-3] and HPLC[4-5].

Amlodipine chemically (RS)-3-ethyl 5-methyl 2-[(Zrénoethoxy) methyl]-4-(2-chlorophenyl)-6-methyl-4-
dihydropyridine-3, 5-dicarboxylate. Long- actingatam channel blocker used as an anti-hypertenaha in the
treatment of angina[6]. Like other calcium chanblelckers, amlodipine acts by relaxing the smootlsctauin the
arterial wall, decreasing total peripheral resiseaand hence reducing blood pressure, in angimariéases blood
flow to the heart muscle. Literature survey reveahk few analytical methods were reported on Rafrgmd in
combination with other compounds by Spectroscolyidab] HPTLC[10] and HPLC[11-12].

Literature survey reveals that a  variety of spmattotometric and chromatographic methods includiig,

colorimetric determination, ratio derivative, antHBLC methods have been reported for determinatid®M and
AML either single or in combination with other dsigVhereas no liquid chromatography method has twrted
for simultaneous quantitative determination of RAkW AML in capsule dosage form.
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Hence a rapid simple reproducible Ultra performardicgiid chromatography method was developed for
simultaneous quantitative determination of RAM alilL in capsule dosage form in presence of degradati
product.

EXPERIMENTAL SECTION

2.1 Reagents and chemicals

HPLC grade Acetonitrile, methanol, NaOH and HCl evprocured from Merck, Mumbai (India). Concentraitic
was of analytical grade delivered by Renkem, Inélamipril and Amlodipine besylate working standavdre
gifted from Drakt Pharmaceutical Ltd, Vadodara.

2.2 Instrumentation:

Chromatographic separation was performed using &téon LC 2010CHT high performance liquid chromatpgsa
system in isocratic mode, equipped with auto samghel a photo-diode array detector. Chromatogramaisdata
were recorded by means of LC solution software.eviths equipped with MV controller (Julabo, Seefha
Germany) was used for hydrolysis studies. Photailgtastudies were carried out in a photo stapithamber (SVI
equipments, Germany.). Thermal stability studiesewsrformed in a dry air oven (Labline, India).

2.3 Chromatographic Conditions:

The chromatographic column was a hypersil BDS &8, rhm X 4.6 mm i.d with m particles. Buffer for Mobile
phase was prepared by dissolving 3.42 g of potesslihydrogen phosphate in 1000ml of water, add 5 ml
triethylamine and adjust pH 2.5 with 10% Ortho-gituzric acid and mix. Mobile phase was prepared bynm
buffer and acetonitrile in the ration of 70:30 Viiihe flow rate of mobile phase was 1.2 mL thand the detection
was monitored at a wavelength of 210 nm. The coltenmperature was maintained af65and injection volume
was 10uL. Diluent was prepared by mixing water and methamthe ratio of (50:50).

2.4 Preparation of standard solution

Accurately weigh about 25 mg of Ramipril workingustiard and 70 mg of Amlodipine Besylate (equivaters0
mg of Amlodipine) and transfer into 100 ml volunietflask. Dissolve in dilute and make up to markhait.
Several aliquots of these standard stock solutieere taken in different 50 mL volumetric flask aditlted up to
the mark with diluents to achieve final linearitpncentrations of RAM and AML were 153&mL and 30-
70ug/mL, respectively.

2.5 Preparation of sample solution

Weigh the content not less than 20 capsules and Wieigh accurately about granules equivalent t&rhg. of
Ramipril and 25mg of Amlodipine and transfer int@0&l volumetric flask. Add about 30ml of water asithke
mechanically to disperse the granules till grandissolve completely and then add about 300ml hfedi and
sonicate for 45 minutes with intermittent shakidlow to attain room temperature, make up the vatuwith
diluent and centrifuge the solution at 3000rpm I&dminutes. Filter the solution through 0.45u membréilter
(Nylon).

RESULTS AND DISCUSSION

3.1 METHOD DEVELOPMENT AND OPTIMIZAION

Some important parameters like pH of the mobilesph@ercentage and type of the organic modifier arfter,
etc., were tested for a good chromatographic séparalrials showed that an acidic mobile phasenwéverse
phase hypersil BDS C8 column gives symmetric arafsipeaks. For this reason, phosphate buffer cuntai
triethyalamine and adjust pH 2.5 with O-Phosphagid was preferred as a buffer. Acetonitrile wasseim as the
organic modifier because it dissolves drugs verly.Wée simple isocratic program was applied far tnalysis at a
flow rate of 1.2 mL/min showed good resolution. Tasolution between RAM and AML was much greatentB.0
with a decrease in peak tailing. Retention timethefdrugs obtained under these conditions weresd97.5 min
for RAM and AML, respectively. To determine the walength of simultaneous determination of RAM andlA
were injected into the HPLC system and obtainedtespectra in the range 200-400nm by DAD. The Wédra
of the solutions obtained shown maximum absorbaic210nm. For the quantitative analytical purpotes
wavelength was set at 210 nm. The typical chromratagf blank and sample is shown in Figure land 2.
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Figure 2: Typical chromatogram of Ramipril and Amlodipine

3.2 System suitability studies
The column efficiency, resolution, and peak asymynetere calculated for the standard solutions. Vhkies

obtained (Table 1) demonstrated the suitabilitthef system for the analysis of this drug combimatio

Table .1 System Suitability Parameters

Parametet RAM | AML
Retention time 5.9 7.5
% RSD(n=6) 0.9 0.7

Asymmetric factor 1.0 1.0
Theoretical plates 2800 992y
Resolution factc - 3.12

3.3 Linearity
The linearity was determined for RAM and AML. ThaliBration curve was plotted using 60%, 80%, 10028%

and 140% standard solution of RAM and AML with respto test concentration of 2®/mL and 50ug/mL,
respectively.

The linear regression equation for two drugs:

RAM:Y = 8228.0X — 10992.001(= 0.9990)(n=5)
AML: Y = 22522.71X — 22525.931(= 0.999) (n=5)

The results showed that an excellent correlatiost®between peak area and concentration of thgsdsithin the
concentration range indicated previously. The deds analyzed by “linear regression least squatgsaind the
parameters are listed in Table 2

Table .2 Linearity Study

Analyte | Concentration range R Slope Intercept
RAM 15-35pug/mL 0.999| 8228.03] -—10992.00
AML 30-70pg/mL 0.999| 22522.71 —22525.93
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3.4 Accuracy

To check the accuracy of the developed method,yaecal recovery study experiments were carried loytthe
standard addition method. From that total amourthefdrug found, the percentage recovery was caledl The
recovery values for the two drug compounds ardénrange 99.5 - 100.8 for RAM and 98.3 - 99.3 fdfLA The
Accuracy data are reported in Table 3and 4.

Table 3:- Accuracy data for Ramipril

Amount Recovery
Level Replicate | Added | Found % Recovery | Mean| % RSD
(Hg/ml) | (pg/mi)
1 14.7¢ 14.8i 100.¢
Level-1 (60%) 2 14.75 14.83 100.6 100.8 0.0
3 14.75 14.88 100.9
1 24.59 24.53 99.8
Level-2 (100%) 2 24.59 24.44 994 99.5 0.1
3 24.59 24.43 99.4
1 34.42 34.23 99.€
Level-3 (140%) 2 34.42 34.27 99.6 99.5 0.1
3 34.42 34.17 99.3

Table 4:- Accuracy data for Amlodipine

Amount Recovery
Level Replicate | Added | Found % Recovery | Mean | % RSD
(Hg/ml) | (pg/mi)

1 30.2¢ 29.9¢ 98.¢

Level-1 (60%) 2 30.28 30.10 99.4 99.3 0.12
3 30.28 30.18 99.7
1 50.48 49.41 97.9

Level-2 (100%) 2 50.48 49.70 98.5 98.3 0.2
3 50.4¢ 49.71 98.€
1 70.67 69.6: 98.t

Level-3 (140%) 2 70.67 69.85 98.8 98.6 0.1
3 70.67 69.67 98.6

3.5 Precision

Precision was determined by studying the repedtabihd intermediate precision. Repeatability resuidicate the
precision under the same operating conditions avarort interval time inter assay precision. THatire standard
deviation, were calculated for two drugs. The rssate mentioned in Table 5. Intermediate precisias carried
out by doing intra and inter day precision studiesthe intraday study, the concentrations of twagd were
calculated on the same day at interval of lhr.hi@ inter day study, the concentrations of drug emist were
calculated on three different days, and the stugyesss with in laboratory variation in differentydaln both intra
and inter day precision studies for the methods,RS® values were not more than 2%, which indicgmsd
intermediate precision (Table 5).

Table 5:- Precision data for Ramipril and Amlodipine

Ramipril Amlodipine
Replicate | Repeatability | Intermediate Precision| Repatability | Intermediate Precision
1 104.3 104.4 101.5 100.3
2 104.5 104.3 102.0 100.9
3 102.f 105.2 102.( 104.5
4 102.¢ 104.5 102.¢ 104.%
5 102.2 104.0 101.1 104.1
6 103.6 103.2 103.4 104.7
Statistics-Set level
Mean 103.3 104.3 102.1 103.1
% RSC 0.¢ 0.7 0.t 1.6
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3.6 Specificity:

Specificity of the method was assessed by compatiegchromatograms obtained from standard and sampl
solution. Retention time of RAM and AML in standaadd sample solution was same, so the method vezsfisp
The method was selective because no interfereneroiient was found.

3.7 Robustness

The robustness of the method was established bynmaleliberate minor variations in the flow ratesaéhanged
by 10%, change mobile composition + 2% absolutkjmo oven temperature changed+$°C and pH change by
0.2 unit absolute. The result shows that %RSD, fiérdince in assay were not more than 2%.

Table 6:- Results of Robustness parameter

Condition % RSD %Recovery %Difference in Assay
LIMIT NMT 2.0 98 to 102% NMT 2%

1) Change in Flow rate Ramipril | Amlodipine | Ramipril | Amlodipine | Ramipril | Amlodipine
Normal Condition(1.2 ml per minute) 0.1 0.1 104.3 0156 - -
Change in flow rate by - 0.12 ml per minute

(1.08 ml per minute) 0.1 0.1 103.4 102.7 0.9 1.2
Change in flow rate by + (_J.12 ml per minute 0.1 0.2 104.9 1025 0.6 10

(1.32 ml per minute)
2) Change in Mobile Phase composition
Normal Condition
Buffer: Acetonitrile(70:30) 01 01 104.3 101.5
Change in organic pha&atio by -2.0
Buffer: Acetonitrile(68:32) 08 17 102.9 102.7 1.4 16
Change in organic phase Ratio by +2.0
Buffer: Acetonitrile (72:2€ 02 02 101.3 101.8 02 03
3) Change in column oven temperatur
Normal Condition (55°C) 0.1 0.1 104.3 101.5 - -
Change in oven temperature by -5°C (50°C) 0.4 0.2 04.7 103.3 0.4 1.8
Change in oven temperature by +5°C (609C) 0.2 0.1 05.1 103.2 0.8 1.7
4) Change in pH
Normal Conditioi(pH 2.£) 0.1 0.1 104.2 101.f - -
Change ir-0.2 unit (2.3 0.€ 0.2 102.¢ 99.¢ 1.7 1.7
Change in +0.2 unit (2.7) 0.9 0.6 103.9 99.8 1.3 7 1.

3.8 Forced Degradation Studies:

Stress testing of a drug substance can help taifigéme likely degradation products, which canghed establish the
degradation path ways and the intrinsic stabilftthe molecule. All stress decomposition studiesengerformed at
initial drug concentration 2/ml of RAM and 50ug/ml of AML. The degradation conditions were sedecon the
basis of literature survey.

3.8.1 Hydrogen Peroxide Induced Degradation

For hydrogen peroxide-Induced degradation, theiesudiere carried out at 1%D temperature in 5% Hydrogen
Peroxide for 15 min and Showed the minor degraddtond at RT 4.9min. All the major and minor destation
products were well separated from RAM and AML Pedikgire no 3, 4). The peak Purity is checked féiMRand
AML. The results are summarized in Talile

3.8.2 Acid Induced Degradation

Acid hydrolysis was performed in 0.1N HCI at £00for 30min under reflux condition showed the minor
degradation found at RT 2.6, 2.9 and 4.8min anthallmajor and minor degradation products were seplarated
from RAM and AML peaks (figure no. 5, 6). The Pgakity is checked for RAM and AML and the resulte a
summarized in Table 7.

3.8.3 Base Induced Degradation

Base hydrolysis was performed in 0.1N NaOH at rdemperature for 5 min and showed the major degi@uat
found at RT 2.6 min and all the major and minorrdédgtion products were well separated from RAM AL
peaks (figure no.7, 8). The Peak purity is chedbedRAM and AML and the results are summarized &bl 7.
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3.8.4 Photo degradation
Photo degradation studies were carried out at expts light for an overall illumination of 1.2 mdh lux hours.

Samples were withdrawn at appropriate time andestdjl to HPLC analysis after suitable dilution(@nl of
AML and 50ug/ml of AML). The drugs RAM and AML were stable wrdPhotolytic condition (figure no. 9). The
peak purity is checked for RAM and AML and the tesare summarized in Table 7.

3.8.5 Thermal Degradation
Thermal degradation studies were carried out at@@d0r 72 hours Samples were withdrawn at appropriene

and subjected to HPLC analysis after suitable iditu(25.9/ml of AML and 50ug/ml of AML). The drugs RAM
and AML were stable under thermal degradation d@wifigure no. 10, 11). The peak purity is chetker RAM
and AML and the results are summarized in Table 7.

Table 7:- Degradation condition for Ramipril APl and Amlodipine APl and Formulation

Sample Name Peak purity index
Ramipril AP1, Amlodipine APl and Formulation—Acide@radation (0.1N HCI at 100 °C for 30 minutes) 0.00
Ramipril API, Amlodipine APl and Formulation —BaBegradation (0.1 N NaOH at room temperature fotiftutes) 1.000
Ramipril AP1, Amlodipine APl and Formulatii—Oxidative degradation (5%.0, at 100°C for 15minute 1.00C
Ramipril API, Amlodipine API and Formulation —ThearDegradation (100°C for 72 hours) 1.000
Ramipril API, Amlodipine APl and Formulation —Phddegradation (1.2 million lux hours) 1.000
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Figure 3: - Chromatogram of Sample treated with 5%H,0, at 100°C for 15minutes
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Figure: 4 Typical HPLC chromatogram of Oxidative hydrolysis - degraded sample preparation of Formulatn (1), Ramipril API (2) and
Amlodipine API (3)
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Figure 5: - Chromatogram of Sample treated with 0.l HCI reflux for 30 minute at 100°C

v %
o000 E
40000 —
Jooon
20000 —
1ooo0 —
| - 4
IR z
° 3
T T T T T T T T T
L) s 0 75 100 1 170 17 00 ns

i

Figure: 6 Typical HPLC chromatogram of Acid hydrolysis — degraded sample preparation of Formulation (1 Ramipril API (2) and
Amlodipine API (3)
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Figure 7: - Chromatogram of Sample treated with 0. NaOH for 5 minutes at room temperature
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Figure: 8 Typical HPLC chromatogram of Alkali hydro lysis - degraded sample preparation of Formulatior{1), Ramipril API (2) and
Amlodipine API (3)
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Figure 10: - Chromatogram of Sample treated with 10°C for 72 hours (Thermal Degradation)

3.9 Solution stability and Mobile Phase stability
The solution stability of RAM and AML was carrieditoby leaving the test solution in tightly cappeslumetric

flask at room temperature for 24hrs. The same sarpglution was assayed after 12 hrs interval ughéostudy
period against freshly prepared standard solutfoRAM and AML. The percentage RSD of assay of RAMIa
AML was calculated for the study period during simn stability experiments. The % RSD of the asshiRAM

and AML during solution stability experiment wasthvin 1% and it indicated that both standard antigesparation

were stable for 1 days on bench top at room tenyera
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Figure: 11 Typical HPLC chromatogram of Thermal - degraded sample preparation of Formulation (1), Ranmril API (2) and
Amlodipine API (3)

CONCLUSION

The proposed method gave good resolution betweel RAd AML. Solution stability studies showed thhet
active pharmaceutical ingredients remained stabte2# hr at room temperature. The changes in flate,r
composition of mobile phase, and temperature afroal did not affect the percentage assay of drugfjrooing the

robustness of the method. High percentage recowérgirug shows the method is free from interferente
excipients present in the formulation. Thus theppsed method is simple, rapid, sensitive, spedficurate, and
precise, and does not involve complicated samm@pagration procedures.
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