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ABSTRACT

A simple and precise stability indicating RP-HPLG:thod was developed and validated for simultaneous
determination of Metoprolol succinate and Ramipii bulk and Pharmaceutical marketed formulation.
Chromatography was carried out on Altimag@150 x 4.6 mm, /3 particle size) column in an isocratic mode with
mobile phase containing phosphate buffer (adjuste¢pH 4.8 with dilute othophosphoric acid, acetatat and
methanol in the ratio of 35:10:55% v/v/v at a floate of 1ml/min. The analyte was monitored usingARI2tector
at 210 nm. The retention time was found to be 2108 and 3.283 min for Metoprolol succinate and Rain
respectively. The proposed method was found toabd linearity in the concentration range of 5-g@/ml for
Metoprolol succinate and 0.5-3.0 pg/ml for Ramipvith correlation coefficient value of 0.999 resjresly. The
mean % recoveries obtained were found to be 9908724 % for Metoprolol succinate and 99.64-100.08dY
Ramipril respectively. Stress testing which covexeid, base, peroxide, UV light, neutral and thermdegradation
was performed on under test to prove the spegifafithe method and the degradation was achieviee . developed
method has been statistically validated accordm$QH guide lines. Thus the proposed method casulbeessfully
applied for the stability indicating simultaneoustérmination of Metoprolol succinate and Ramipnilbulk and
combined tablet dosage form and in routine qualdptrol analysis.

Keywords: Metoprolol succinate, Ramipril, RP-HPLC, Forced@elation, Method validation.

INTRODUCTION

Metoprolol succinate

Chemically (Fig.1), it is {butanedioic acid; 1-[2-fnethoxyethyl) phenoxy]-3-(propan-2-ylamino) progaol. It
has a molecular formula of 3§Hs¢N,O;p and molecular weight of 652.8 g/mol. Metoprololcsinate is an
antihypertensive agen;fAdrenergic blocker). Adrenergic beta-antagonisésiwsed for treatment of hypertension,
cardiac arrhythmias, angina pectoris, glaucoma,ramg headaches and anxiety. Metoprolol competdh wi
adrenergic neurotransmitters such as catecholarfimdsnding atf,.adrenergic receptors in the hegxtreceptor
blockade results in a decrease in heart rate,aadiitput, and blood pressure.
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Fig.1: Chemical structure of Metoprolol succinate
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Ramipril

Chemically (Fig.2), it is (2S,3aS,6aS)-1-[(2S)-2)-1-ethoxy-1-0x0-4-phenylbutan-2-yllamino] propsl]-
3,3a,4,5,6,6a-hexahydro-2H-cyclopenta [b] pyrroleagboxylic acid. It has a molecular formula gfi€;,N,Os and
molecular weight of 416.511 g/mol. Ramigslan angiotensin converting enzyme inhibitor, usetthe treatment of
high blood pressure and congestive heart failur€E Ainhibitors inhibit the actions of angiotensinngerting
enzyme (ACE), thereby lowering the production afiatensin 1l and also decreasing the breakdowrradykinin.
The decrease in angiotensin |l results in relaxatid arteriole smooth muscle leading to a decreadetal
peripheral resistance, reducing blood pressurbeablbod is pumped through widened vessels.

Fig.2: Chemical structure of Ramipril

Literature survey revealed that few analytical rodthwere reported so far for both drugs in comimnadr in alone
like RP-UPLC [1], RP-HPLC [2-7], LC-MS/MS method ibiological fluids [8-10], GC-MS [11] and
Spectrophotometric methods [12]. The aim of thespné study was to develop a simple, precise, semsind

selective stability indicating RP-HPLC method wRIDA detection for the analysis of Metoprolol suate and

Ramipril in bulk and in combined tablet formulation

MATERIALS AND METHODS

Chemicals

The Pharmaceutical grade pure samples of Metopsoiotinate and Ramipril were received as gift samfilom
IPCA Laboratories Ltd., Mumbai. HPLC grade wateethanol and acetonitrile were purchased from E.klerc
Chem.ltd., Mumbai. All the chemicals used were oélgtical reagent grade (E.Merck). Fixed dose comitidn
tablet formulation (Starpress R XL 50) containin &g of Metoprolol succinate and 5 mg of Ramipril
(Manufactured by Lupin Laboratories Ltd., Mumbagre procured from local market.

Instrumentation

Quantitative HPLC was performed on Waters 2695 rsdjpa module Alliance Isocratic HPLC system andAPD
Detector 2996 series equipped with auto injectangi@mpower software 2. An UV-2400PC Series UV/Misi
double beam spectrophotometer with 1 cm matchedzjoells was used for all spectral measurements.

Chromatographic conditions

Mobile phase compositio Phosphate buffer (adjustgxH 4.8 with dilute OPA): acetonitrile: methaniol the ratio of 35:10:55 %ov/v/
Stationary phase Altima;€column (150 x 4.6mm, particle size 5u)

Detector wave length 210 nm

Run time 7 min

Flow rate 1.0 mli/min

Injection volume 10ul

Colum temperature 30°C

Preparation of Phosphate buffer

Accurately weighed quantity of 1.36 gm of Potassiditmydrogen orthophosphate was transferred int@@0dl
volumetric flask. About 900ml of HPLC grade watesissadded and degassed by subjecting to sonicatidnrhin
and final volume was made up to the mark with wafétered through 0.45u Millipore nylon filter. €h P' of the
solution was adjusted to 4.8 with dilute orthophuamjx acid solution after adding 1 ml of triethylam to the
solution.

Preparation of Mobile phase

Phosphate buffer, acetonitrile and methanol wetertan the ratio of 35:10:55%v/v/v and mixed andrtliegassed
by subjecting to sonication for 10 min and resultsplution used as mobile phase after filtratiomgsvacuum
filtration assembly.
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Preparation of diluent
Water and Methanol were taken in the ratio 50:5@8%wixed and used as diluent.

Preparation of standard solution

Accurately weighed and transferred each 10 mg ohiRd and Metoprolol succinate working standard®itwo
10 ml clean and dry volumetric flasks separatelg"&Ilume of diluent was added, sonicated to disséivelO
minutes and then made up to the final volume withedt to obtain stock solution of concentratiorOQ@g/ml.
From the above stock solution, 1 ml each was ppmit separately in to a 10 ml volumetric flaskd #ren volume
was made up to mark with diluent to obtain 1f@nl working standard solution. Then again pipeité 2 ml of
Metoprolol succinate and 0.2 ml of Ramipril workistandard solutions in to a 10 ml volumetric flasid then
volume was made up to mark with diluent to obtamalfconcentration of 2@/ml solution of Metoprolol succinate
and 2pg/ml solution of Ramipril.

Preparation of Sample solution

20 tablets were accurately weighed and calculdtecaverage weight of each tablet. The tablets warghed to a
fine powder. An amount of powder (435 mg) equivalen50mg of Metoprolol succinate and 5 mg of Rathip
were weighed accurately and transferred into a S@himetric flask, 30ml of diluent was added, satéd for 15
min and volume was made up with diluent. Filteteetigh 0.45u Millipore Nylon filter. From the filted solution,
5ml was pipette out into a 10 ml volumetric flagidahen volume was made up to mark with diluenhermagain
0.4 ml of the above solution was further dilutedlt ml in a 10 ml volumetric flask with diluent tbtain final
concentration of 2@g/ml solution of Metoprolol succinate and 2pg/miusion of Ramipril. Then Injected 10pul of
filtered portion of the sample, standard preparatind blank solution into the chromatograph sepbraRecorded
the responses for the major peaks. Calculated dhéeot of Ramipril and Metoprolol succinate preseneach
tablet.

Method validation
Analytical validation parameters for this proposeethod were determined according to ICH guidelines.

System suitability

System suitability was carried out by injectingefikeplicate injections of standard solutions of dpeblol succinate
and Ramipril. The system suitability parametersentben evaluated for tailing factor, retention tiarel theoretical
plates of standard chromatograms. % RSD for pea& af five replicate injections of standard solusiq% RSD
NMT 2) were within the limits. The results for sgst suitability studies are presented.

Specificity

The specificity of the method was performed by dtijgg blank, placebo, standard and sample prepasatnto the
chromatograph. Chromatograms were recorded. Retetitnes obtained from standard and sample prepasat
were compared for identification of analytes.

Linearity

The linearity of an analytical method was carried to check its ability to elicit test results tfaae directly, or by a
well-defined mathematical transformation, proparéibto the concentration of analyte in samples iwith given

range. Different concentration levels (25-150%]ind¢arity solutions were prepared by diluting atitgi (0.1- 0.6
ml) of standard stock solution (500ug/ml for Metmpt succinate and 50ug/ml for Ramipril) in to eab® ml

volumetric flasks (6 no’s) and diluted to final uale with diluent to obtained concentrations in ithiege of 5-30
png/ml for Metoprolol succinate and 0.5-3.0 pg/mi Ramipril respectively to demonstrate linearity &ssay and
then injected each concentration into the chromapityc system and the chromatograms were recortieg.
calibration graphs were plotted between amountrafycconcentration (ug/ml) and chromatographic pasdas
(mV) of Metoprolol succinate and Ramipril respeetiv The linearity of the proposed method was teealuated
by linear regression analysis. The correlation faciefit, slope and intercept were calculated fromgraph.

Accuracy

The accuracy of the test method was demonstratéd tgcovery across its range by adding a knowntityaof the
standard to the pre analysed sample. The recovasycarried out at 50%, 100% and 150% concentrigioels
using standard addition method and at each levehr3ples were prepared and total of 9 samples ingreted
separately into the chromatographic system anddhénts were then determined from respective catognams.
From the results obtained we conclude that the oaettas accurate.
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Precision

System precision (Repeatability)

System precision was established by six repliggeziions of the working standard solution at 10€8acentration
level into the chromatographic system. The corredpg peak areas of Metoprolol succinate and Ramigre
measured and % RSD were calculated.

Method precision

The method precision study was performed by injectix sample preparations of marketed formulatiois the
chromatographic system. The corresponding peals afeldletoprolol succinate and Ramipril were meadwaed %
RSD were calculated.

Inter-day precision

Inter-day precision was performéy injecting standard preparations six times i@ ¢hromatographic system on
different days by maintaining the optimized chroogaaphic conditions and calculated %RSD of retentime and
peak areas for both Metoprolol succinate and Rakmipr

Specificity

Specificity is the ability to assess unequivoc#tlg analytes in the presence of compounds thathmaxpected to
present, such as impurities, degradation produets raatrix components. The specificity of the metheas

assessed by comparing the chromatograms obtaiosdstandard and sample solutions. The retentioestiof the

analytes in standard and the sample solutions Yeened to be same, so the method was specific sl fiom

interference from excipients present in the tablets

Limit of Detection (LOD)

Limit of detection is the lowest concentration lo€ tanalyte that can be detected by injecting deargamount, not
necessarily quantity by the method, under the dtaxperimental conditions. The minimum concentratd which
the analyte can be detected is determined frortirtbarity curve by applying the formula.

LOD = 33gb.
S,is the standard deviation of intercept
b is the slope of calibration curve

Limit of Quantification (LOQ)

Limit of quantification is the lowest concentratiohthe analyte in a sample that can be estimateaitgatively by
injecting decreasing amount of drug with acceptaptecision and accuracy under the stated experahent
conditions of the method. Limit of quantitation cha obtained from linearity curve by applying ttedldwing
formula.

LOQ =10¢Db
S,is the standard deviation of intercept
b is the slope of calibration curve

Robustness

The robustness of the proposed method was detedrmbiypenalyzing aliquots from homogenous lots byediifig
physical parameters like mobile organic phase caitipa, flow rate and column temperature. The statdand
sample solutions were injected into the chromafaiyrat varied conditions of flow rate + 0.2 ml/mimobile
organic phase + 10%, mobile phase buffer pH + @ig&swand temperature by +°6. The content of the drug was not
adversely affected by these changes as evidenttfiertow value of relative standard deviation imadiieg that the
method was robust.

Stability of the solution and Forced degradation sidies:

In order to demonstrate the stability of both staddand sample solutions during analysis, bothtisols were
analyzed over a period of 24 hr at room temperafline results showed that for the solutions, thentéon time
and peak area of Metoprolol succinate and Ramipeile remained almost similar (%RSD less than 2n@) rzo
significant degradation within the indicated perititis indicated that both solutions were stabteatdeast 24 hr.,
which was sufficient to complete the whole anaBftiprocess. Further forced degradation studies weneucted
indicating the stability of the method developeddegrade the sample forcefully under the variotesstconditions
like acid, base, water, light, heat hydrolysis gretoxide oxidation. The results of the degradastudies are
presented.
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Acid degradation studies:

To 1 ml of stock solution oRamipril and Metoprolol Iml of 2N Hydrochloric acid solution was addeddan
refluxed for 30 min at 66C and then neutralized the solution with 1 ml of &dium hydroxide solution. The
resultant solution was suitably diluted with diltén a 10 ml volumetric flask to obtain final comteation of
2pg/ml & 20pg/ml solution oRamipril and Metoprolotespectively. Then 10 pl solutions were injectet ithe
chromatographic system and the chromatograms weded to assess the stability of sample

Base degradation studies:

To 1 ml of stock solution oRamipril and Metoprolol Iml of 2N Sodium hydroxide solution was added and
refluxed for 30 min at 66C and then neutralized the solution with 1 ml of Biidrochloric acid solution. The
resultant solution was suitably diluted with diltén a 10 ml volumetric flask to obtain final comteation of
2pg/ml & 20pg/ml solution oRamipril and Metoprolotespectively. Then 10 ul solutions were injectet ithe
chromatographic system and the chromatograms weegded to assess the stability of sample

Peroxide degradation studies:

To 1 ml of stock solution oRamipril and Metoprolel1l ml of 20% Hydrogen peroxidgd,0,) was added and
kept for 30 min at 6&. The resultant solution suitably diluted withudint in a 10 ml volumetric flask to obtain
final concentration of 2ug/ml & 20pug/ml solution Rlmipril and Metoprolorespectively. Then 10 ul solutions
were injected into the chromatographic system dmedchromatograms were recorded to assess theitstadfil
sample

Thermal degradation studies:

The standard drug solution of Ramipril and Metopkatas placed in an oven at 105°C for 6 hrs to sty heat
degradation. For HPLC study, the resultant soluti@ssuitably diluted with diluent in a 10 ml volumetriiask
to obtain final concentration @ug/ml and 20 pg/ml solution of Ramipril and Metlpt and 10u solutions were
injected into the system and the chromatograms vemr@rded to assess the stability of the sample

Photo stability studies:

It is carried out by exposin ml of stock solution oRamipril and Metoprolol to UV light, by keeping theaker
in UV Chamber for 7days or 200 Watt houréimphoto stability chambeThe resultant solution walitably diluted
with diluent in a 10 ml volumetric flask to obtafimal concentration of 2ug/ml & 20ug/ml solution Rmipril
and Metoprolol respectivelyand 10 pl solutions were injected into the systmmd the chromatograms were
recorded to assess the stability of sample.

Neutral degradation studies:

Stress testing under neutral conditions was stubiedefluxing the drug solution on water bath fdrré at a
temperature of 60°c. For HPLC study, the resultsmitition wassuitably diluted with diluent in a 10 ml
volumetric flask to obtain final concentration ofi@ml & 20pg/ml solution ofRamipril and Metoprolol

respectivelyand 10 pl solutions were injected into the system the chromatograms were recorded to assess the
stability of sample.

RESULTS AND DISCUSSION

From this study, it was found that a simple, prec&ccurate, sensitive and efficient stability @ading RP-HPLC
method has been developed and validated for sinedizs estimation of Metoprolol and Ramigril bulk and
pharmaceutical dosage form. Chromatographic separavas carried out using mobile phase composed of
phosphate buffer (adjusted to pH 4.8 with diluteARpRacetonitrile: methanol in the ratio of 35:18:%0v/v/v on
Altima C.g (150 x 4.6 mm, f particle size) column at a flow rate 1.0 ml/msing PDA detection at 210 nm. The
retention time was found to be 2.203 min and 3288for Metoprolol succinate and Ramipril respeelyv System
suitability chromatogram as shown in figure 3 aeduits are shown in table 1. Linearity was evalliatethe
concentration range of 5-30 pg/ml for Metoprolot@nateand 0.5-3.0 pg/ml foRamipril. The calibration curves
were described by the equation y = 35395.8x +42afidl y = 194275x +1564.78ith correlation coefficient of
0.99992and 0.99971 fomMetoprolol succinateand Ramipril respectively as shown in figure 4 and fagb
respectively. The standard and sample chromatognartge specifity studies are shown in figure 6 digdre 7.
The Limit of detection (LOD) and limit of quantifition (LOQ) are shown in figure 8 and figure 9. Aacy data
as shown in table 2. The validation summary parareetnd assay results obtained from the marketetufation is
shown in table 3 and table 4. The results of rolmsst studies are shown in table 5. The %RSD inigioec
accuracy and robustness studies were found tosbeHan 2 %, indicating that the method was preaiseurate and
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robust. The stress testing chromatograms for batkoptolol succinate and Ramipril are shown fronufeg10 to
figure 15 and results are shown in table 6 ancet@bl
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Fig.3: Typical chromatogram of system suitability slution
Table 1: System suitability results
S.No. | System suitability parameters| Metoprolol sudnate | Ramipril
1 Tailing factor (T) 1.32 1.27
2 Resolution (Rs) 4.32
3 Retention time (Min) 2.203 3.283
4 Theoretical plates (N) 5469 6515

Table 2: Accuracy data

Sample Level| Peakarea*) Amount addedug/ml) | Amount recovered fig/ml) | Mean % Recovery *+ SD
50% 355712 10 10.00 100.07 +0.67
Metoprolol succinate | 100% 719542 20 19.97 99.87+0.48
150% 1057456 30 30.07 100.24+ 0.34
50% 198524 1 1.00 100.08+0.44
Ramipril 100% 397125 2 1.99 99.64+0.84
150% 587420 3 2.99 99.91 +0.62
*Mean of three determinations
Linearity:

R? values were found to be 0.99992 and 0.99971 an@ssign equation y = 35395.8x +42.714 and y = 19427
+1564.78for Metoprolol succinate and Ramipril respectively

Linearity graph of Metoprolel succinate
1200000 -
1000000 - v=2353058x+42.714
5 500000 - r!=0.99992
= 600000 -
E 400000 -
200000 -
] T T T T T 1
] 5 10 1 20 25 A0
Concentration (ug/ml}

Fig. 4: Linearity Graph of Metoprolol succinate (530 pg/ml)
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Fig. 5: Linearity Graph of Ramipril (0.5-3.0 pg/ml)

Table 3: Validation Parameters of the proposed RP-RLC Method

Parameter Metoprolol succinate Ramipril
Regression equation y = 35395.8x +42.714 y = 194271%564.78
Correlation coefficient 0.99992 0.99971
LOD (pg/ml) 0.004 0.27
LOQ (ng/ml) 0.01 0.81
System precision (% RSD) 0.12 0.14
Method precision (% RSD) 0.53 0.74
Inter-day precision (% RSD 0.72 0.46

Table 4: Results of Assay in Marketed Formulation

Standard peak | Sample peak | Labelled amount Amount found % o "
Brand Drug area area (mg/tab) (mg/tab) Assay RSD
Starpress R | Metoprolol 763905 765721 50 49.84 99.67%  0.24
XL 50 succinate
Ramipril 406534 406766 5 4.965 99.33% 0.3§
*Mean of three determinations
Specificity studies:
1 (]
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Fig.6: Typical chromatogram of standard
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Fig.7: Typical chromatogram of sample
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Limit of detection (LOD) and Limit of Quantificatio n (LOQ):
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Fig.8: Typical chromatogram of Limit of detection (LOD) solution
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Fig.9: Typical chromatogram of Limit of Quantification (LOQ) solution

Robustness:

The developed method was robust with deliberate@és in variation of mobile organic phase compasijtilow
rate and temperature for bdi#etoprolol succinate and Ramipril respectively.

Table 5: Results of Robustness Study

Metoprolol succinate Ramipril
S.No. Parameter Change Leve . Tailing R; Tailing
R (min) )
factor (min) | factor
. 0.8 2424 1.28 3.544 1.22
1. Flow rate (0.2 ml/min) 12 5057 131 3104 127
. . " 33:11:54 2.439 1.22 3.598 1.34
0, A
2. Mobile organic phase composition (+10%v/viv) 35056 > 364 126 3.388 119
o 25°C 2.257 1.34 3.291 1.28
8. | Temperatre (+5°C) 35°C 2.209 130 | 3124 124
Forced degradation studies:
gooe] | £
“—0}: ;I| 'l
118 |
DUD—J@A&—A%— I —

Minutes

Fig.10: Chromatogram of Acid hydrolysis
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Fig.11: Chromatogram of Base hydrolysis

=] =]

&

o
=}

AU
8.8 .8 8 ., .7...8

o
=]

b:1.78

rolol - 2.085

Ramipril - 2.923

T T
8.00 16.00 18.00

Minutes

T T T T T T T T
10.00 12.00 14.00 20,00 22.00 2400 2600 2800 30.00

Fig.12: Chromatogram of Oxidation (peroxide)egradation
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Fig.13: Chromatogram of thermal degradation
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Fig.15: Chromatogram of Neutral degradation

Table 6: Degradation Study of Metoprolol succinate

Stress condition % Assay| Purity angle| Purity thresbld

Acid hydrolysis 92.20 0.125 0.331
Base hydrolysis 93.33 0.237 0.662
Peroxide degradation 94.01 0.247 0.264
Thermal degradation| 95.05 0.112 0.308
UV Exposure 98.54 0.250 0.480
Neutral degradation 99.21 0.200 0.358

Table 7: Degradation Study of Ramipril

Stress condition % Assay| Purity angle| Purity thresbld

Acid hydrolysis 92.38 0.265 0.412

Base hydrolysis 93.15 0.124 0.456

Peroxide degradation 94.10 0.211 0.341

Thermal degradation| 95.37 0.041 0.340

UV Exposure 98.13 0.256 0.680

Neutral degradation 99.38 0.170 0.487
CONCLUSION

From this study, it is concluded that the propoSgability indicating RP-HPLC method was found to dimple,
accurate, precise, rapid and useful for routinelyais of Metoprolol succinate and Ramipril in bulik
Pharmaceutical dosage form. The statistical paenseind recovery studies were carried out and teghom he
obtained results were satisfactory as per ICH duiels.
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