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ABSTRACT

A simple reversed-phase high-performance liquidoofatographic (RP-HPLC) method has been developed an
validated for simultaneous determination of Enalapnaleate and Ramipril in bulk and tablet dosagenf.
Chromatographic analysis was performed on a OyB@E C18 column (250x 4.6 mmn%) column temperature
65°C with a mixture of buffer A and buffer B in tiatio 50:50 [Buffer A preparation: 2 gm of sodiuerphloride in
800ml water and add 0.5 ml tri ethyl amine, adjirst pH to 3.640.1 with phosphoric acid and add 200 of
acetonitrile. Buffer B preparation: 2 gm of sodiuenghloride in 300 ml water and add 0.5 ml tri ethyhine, adjust
the pH to 2.640.1 with phosphoric acid and add #80of acetonitrile] as mobile phase, at a floweaif 1.0 mL
min*. UV detection was performed at 208 nm. The methas validated for accuracy, precision, specificity,
linearity and sensitivity. The retention times d&nalapril maleate and Ramipril were 4.197 and 5.81h,
respectively. Calibration plots were linear overtleoncentration ranges 5-3@ mL! and 5-30ug mL* for
Enalapril maleate and Ramipril, respectively. Thinit of detection was 0.571 and 1.090 pg’ménd the
quantification limit was 1.733 pg ritland 3.303 pg mt for Enalapril maleate and Ramipril, respectivelghe
accuracy of the proposed method was determinedebgvery studies and found to be 98.06% to 100.47%.
Commercial tablet formulation was successfully gmetl using the developed method and the proposgubdnis
applicable to routine analysis of determinatiorEsfalapril maleate and Ramipril in bulk and tabletsé&ge form.
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INTRODUCTION

Enalapril

Enalapril is a prodrug which is hydrolysed in thaglp to Enalaprilat, which is an inhibitor of angiosin-converting
enzyme (ACE). It is indicated for treatment of higpasion, treatment of symptomatic heart failurd prevention
of symptomatic heart failure in patients with asyompatic left ventricular dysfunction (ejection ftem <35%) [1].

chemically it is ((S)-1-{N-[1-(ethoxycarbonyl)-3-ghylpropyl]-L-alanyl}-L-proline, (Z)-2-butenedioat¢l:1), a

derivative of two amino-acids, L-alanine and L-jmel (fig.1). It is a white to off-white crystallineodourless
powder which melts in the range of 143-2@4[2]. ACE is a peptidyldipeptidase that cataly#es conversion of
angiotensin | to the vasoconstrictor substanceiogemgsin Il, which stimulates aldosterone secrebgrthe adrenal
cortex. Blocking the conversion of the angioterigim the angiotensin Il, leads to a reduction iso@ressin activity
and a decrease in peripheral vascular resistancé][30ral enalapril is rapidly absorbed, with pesérum
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concentrations of enalapril occurring within oneshdrhe extent of absorption of enalapril from a¥ablapril tablet
is approximately 60%. The absorption of oral endlldp not influenced by the presence of food ie thastro-
intestinal tract. The determination of enalapri leeen carried out by numerous analytical methads as HPLC
[5-12], UV spectroscopic method [13].

CHy CHCOOH
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Fig. 1. Structure of Enalapril maleate

Ramipril

Ramipril is chemically (8 3aS 6a9-1-[(29-2-{[(29-1-ethoxy-1-0x0-4-phenylbutan-2-yl] amino} propatie
octahydrocyclopenta]pyrrole-2-carboxylic acidl4], (fig.2). It is white or almost white crystale powder. Freely
soluble in Methanol, Slightly soluble in Water. Whimelts in the range of 10€. It is an angiotensin-converting
enzyme (ACE) inhibitor, used to treat hypertensiad congestive heart failure. It is a prodrug anddnverted to
the active metabolite ramiprilat by liver esteraszymes. It is an official drug in IP [18hd BP [16]. There are
very few analytical methods reported for the estiomaof Ramipril which includes RP-HPLC [17-24].

HLC (@) HOOC
3 N O 2 H
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/\(N
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Fig. 2. Structure of Ramipril

But these methods are sophisticated, expensivéraecconsuming when compared to simple HPLC metfibére
is need for a interest to develop simple, accurstecific, sensitive, precise and reproduciableukaneous RP-
HPLC method for the estimation of Enalapril maleste Ramipril in bulk and its formulation.

MATERIALS AND METHODS

Pure standard drug of Enalapril maleate and Rah{idssigned purity 99.98%) was obtained as a gifhple from
Hetero labs Pvt. Ltd, Baddi, India. The gift sanspleere used as standard without further purificatidPLC grade
methanol (Qualigens), sodium per chloride, phosphacid and tri ethyl amine (S.D. fine chemicalsyrbai,
India), were used throughout the experiment. Coroiakepharmaceutical preparation (ENVAS RB (Enalapri
Ramipril), VOLTA (CADILA)) which was claimed to cdain 10mg of Enalapril maleate and 10 mg of Rarhipri
used in analysis. The chemical structure and pofithe sample obtained was confirmed by TLC, IRltMg point
studies. HPLC grade Acetonitrile from Merck speasl Pvt Ltd, Mumbai. Water HPLC grade was obtaifredh
Rankem laboratories.

2.2. Instrumentation and Chromatographic Conditions

High performance liquid chromatography, HPLC (WATERG695), UV-VIS detector was used. Isocratic elutf
mobile phase comprising of Chromatographic anaklysis performed on a Oyster BDS C18 column (256xm,
5um) column temperature 65°C, with a mixture of bufeand buffer B in the ratio 50:50 [Buffer A prepgion: 2
gm of sodiumperchloride in 800 mL water and addriL5tri ethyl amine, adjust the pH to 3.6+0.1 withosphoric
acid and add 200 mL of acetonitrile. Buffer B pnegimn: 2 gm of sodiumperchloride in 300 mL watedadd 0.5
mL tri ethyl amine, adjust the pH to 2.6+£0.1 wjthosphoric acid and add 700 mL of acetonitrilefrexbile phase,
at a flow rate of 1.0 mL mih UV detection was performed at 208 nm. The retertimes of enalapril maleate and
ramipril were 4.197 and 5.819 min. The column terapge was maintained at ambient and the volumejetion
was 20uL. Prior to injection of analyte, the column wasidigrated for 30 min with mobile phase.
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2.3. Preparation of mobile phase

The HPLC grade solvents were used for the preparadf mobile phase, isocratic elution of mobile @ha
comprising of with a mixture of buffer A and buff@& in the ratio 50:50 [Buffer A preparation: 2 gnfi o
sodiumperchloride in 800mL water and add 0.5 mlethiyl amine, adjust the pH to 3.6+0.1 with phosjhacid
and add 200 mL of acetonitrile. Buffer B prepanatia gm of sodiumperchloride in 300 mL water and 8cb mL
tri ethyl amine, adjust the pH to 2.6+£0.1 with ppboric acid and add 700 mL of acetonitrile] as ieogbhase and
filtered before use through a 0.46n membrane filter, sonicated and pumped from theesb reservoir to the
column at a flow rate of 1 mL mi

2.4. Standard solution

Standard stock solutions 1 mg thiof enalapril maleate and ramipril were preparednivbile phase and further
diluted in mobile phase. The working standard soh# were prepared in mobile phase to contain mexif
Enalapril maleate and Ramipril in over the lingaringe from 5-30 pg nitand 5-30 pg mt.

2.5. Assay in formulation

Twenty tablets each containing and their averagmyiwewvas calculated. The tablet were crushed toisbr a
homogeneous powder and a quantity equivalent totabkst were weighed in to a 100 mL volumetric Klas
dissolve in mobile phase, sonicated for about 1% anid then made up to volume with mobile phase. Stihation
was stirred for 10 min using a magnetic stirrer dittdred into a 100 mL volumetric flask through48.um
membrane filter. The residue was washed 3 times ¥WitmL of mobile phase, and then the volume waspteted
to 100 mL with the same solvent. Further add mopliase to obtain an expected concentration ofigénL™
enalapril maleate and 1@ mL™ ramipril. All determinations were conducted irpticate.

RESULTS AND DISCUSSION

The proposed HPLC method required fewer reagerdsraterials and it is simple and less time consgmilinis
method could be used in quality control test inrpteceutical industries. The chromatogram of endlamaleate
and ramipril were shown in (Fig.3). There was clesolution between enalapril maleate and ramigth retention
time of 4.197 and 5.819 minutes, respectively.

2 o.2mf
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0.104
o.os—f
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Minutes
Fig. 3. Typical chromatogram of Enalapril maleate ad Ramipri.
3.1. Linearity

The response was determined to be linear overahgerof 5ug mL-1 to 30pg rtL(5, 10, 15, 20, 25, 30) for
Enalapril maleate and 5- 30 pg ti5, 10, 15, 20, 25, 30) for Ramipril. The solusomere injected into HPLC
system. Each of the concentration was injectedyetoreproduciable response. The run time was 15améhthe

peak areas were measured (Table 1 & 2). The ctibhraurve was plotted as concentration of the gespe drug

versus the response at each level. The purposdtbchetas evaluated by its correlation coefficiend amercept

value calculated by statistical study. They wemesented by the linear regression equation (Rigd5 calibration

curve).
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Y enaiaprii = 53087x - 98013 Coefficient of correlatiof) (value = 0.999
Y ramiprii= 65905x - 16789 Coefficient of correlatioR) (value = 0.999

Table 1. For Peak area of Enalapril maleate Table 2. For Peak area of Ramipri
Conc in g mL? Area Conc in pg mL? Area
0 0 0 0
5 2431068 5 2967718
10 5161578 10 6325745
15 7885747 15 9721440
20 10589529 20 13133747
25 13206310 25 16235347
30 15781198 30 19641463
Linearity of Enalapril Linearity of Ramipril
18000000 - y=53087x- 98013 25000000 + y = 65905x- 16789
R?=0.99¢ R? =0.999
16000000 - 20000000 -
14000000 -
12000000 - / 15000000 -
o o
£ 10000000 - et
= =
= 8000000 - / =4 10000000 - //
$ 6000000 - o
A A~ 5000000 -
4000000 -
2000000 - /‘/ /
0 y 0 ‘ T T T 1
I ' ' 10 20 30 40
-2000000 20 40 -5000000 -
Conc in pg mL-! Conc in ng mL!
Fig. 4. Calibration curve for Enalapril Fig. 5. Calibration curve for Ramipril

3.2. Accuracy:

The accuracy is the closeness of the measured talthe true value for the sample. Accuracy wasébaut by
recovery study from prepared solution (three reypéis) with standard solution, of the label clairtig@ots of 50%,
100%, 150% weight of sample drug solution were pgakinto each of three volumetric flasks and prephe serial
dilution to get 2Qug mL™. To prepare for two each standard drug solutiorevpépetted into each of six volumetric
flasks. To this 10 mL of enalapril standard drutygon of 100ug mL™ was added to each of three volumetric flask
respectively. To this 10 mL of ramipril standardigiisolution of 10Qug mL™* was added to each of three volumetric
flask respectively. The volume was made up to 1Q0nith mobile phase. 20 pL of each solution wagatg¢d and
chromatograms were recorded. The range was foutvdebr 98.06 % to 100.47 % respectively. The valfes
recovery justify the accuracy of the method. Theetovery values were obtained within the standand Wwhich
confirms that the method is accurate and free faompositive or negative interference of the exaips (Table 3).
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Table 3. Result of recovery studies

Recovery studies| Enalapril Ramipril

Accuracy std 10588754 13154765
10587895 13161276
10578943 13170432

Avg 10585197.3 | 13162157.6
Accuracy sample | 10586587 13157863
50%spike 15720959 19763154

15821783 19778034
15830256 19768790

Avg 15790999.33] 19769992.67
Amt recovere 49.17 50.2¢
%Recover 98.33 100.47 %
100%spike 20825663 26358495

21031548 26364587
21041432 26370032

Avg 20966214.3 | 26364371.3
Amt recovere 98.0¢ 100.3¢
%Recovery 98.06 100.34 %
150%spike 26760044 32893798

26762154 32893798
2577084: 3289108:

Avg 26431013.6 | 32892893.3
Amt recovered 149.68 149.94
%Recovered 99.79 99.96 %

3.3. Limit of Detection and Quantification

Limit of detection is determined by the analysis s#fmples with known concentrations of analyte agd b
establishing the minimum level at which the analgtan be reliably detected. The detection limit (DO&hd
guantitation limit (LOQ) may be expressed as:

L.O.D. = 3.3(SD/S)
L.0.Q. = 10(SD/S)

Where, SD = Standard deviation of the response S®pe of the calibration curve. The slope S mag$ténated
from the calibration curve of the analyte.

The LOD was found to be 0.571 pg thand 1.090 pg mt and LOQ was found to be 1.733 pg Ténd 3.303 pg
mL™ for enalapril and ramipril respectively which regents that sensitivity of the method is high.

3.4. Precision

Repeatability involves analysis of replicates bg #nalyst using the same equipment and method @mdlicting
the precision study over short period of time whégroducibility involves precision study at diféeit occasions,
different laboratories, and different batch of reaty different analysts, and different equipmeiitse repeatability
study which was conducted on the solution havirggdbncentration of about 10 pg thor enalapril and 10 pg
mL™ for ramipril showed a RSD of 0.09 % for enalaprild 0.17 % for ramipril. It was concluded that amalytical
technique showed good repeatability (Table4).
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Table 4. Results of reproducibility analysis (Methd precision )

Enalapril Ramipril

S.No. RT Area S.No. RT Area
1 3.602 10591539 1 6.897 13176780
2 3.601 10553534 2 6.893 13138144
3 3.601 10569019 3 6.887 131728p5
4 3.602 10592134 4 6.897 13169845
5 3.602 10565347 5 6.895 13141542
6 3.602 10570126 6 6.895 13153265

Avg 3.601667| 10573617 Avg 6.894 13158730

SD 0.000516| 15291.34 SD 0.003742| 16712.44
%RSD 0.01 0.14 % %RSD 0.05 0.13%

Table 5.Results of Repeatability analysis (Systenrexision)

Enalapril Ramipril

S.No. RT Area S.No. RT Area
1 3.608 10616395 1 6.933 13170043
2 3.603 10597338 2 6.915 13175060
3 3.604 10603294 3 6.905 132043p0
4 3.606 10621453 4 6.935 13165763
5 3.602 10605438 5 6.902 13211543
6 3.602 10602543 6 6.902 132121p4

Avg 3.604167| 10607744 Avg 6.915333 13189419

SD 0.002401| 9200.346 SD 0.01524 | 21769.45

%RSD 0.07 0.09 % %RSD 0.22 0.17%

3.5. Reproducibility and Ruggedness

The ruggedness of an analytical method is detedniyeanalysis of aliquots from homogenous lots Wiexknt
analysts using operational and environmental canditthat may differ but are still within the sffesil parameters
of the assay. The assay was performed in diffesemdition, different analyst, and different daf€able 6).

Table 6. Results of reproducibility

Parameters Enalapril | Ramipril
Average Percentage Recovery 98.71%, 100.25%
SD between set of analysis on same date 152911.34712184

SD between set of analysis on different date 92D0{321769.45
RSD between set of analysis on same datg 0.14% %0.13
RSD between set of analysis on different date 0.09% 0.17%

3.6. Robustness

The robustness of the method was determined bigrdé&di changes in the method like alteration in pkhe mobile
phase, percentage organic content, changes indkelength. The robustness of the method showshbeat were
no marked changes in the chromatographic parametbish demonstrates that the method developeabigst.

3.7. Specificity

The selectivity of an analytical method is its @pito measure accurately and specifically the yeabf interest in
the presence of components that may be expectbd fwesent in the sample matrix. If an analyticalcpdure is
able to separate and resolve the various compopémrtsnixture and detect the analyte qualitatitbly method is
called selective. It has been observed that thexena peaks of diluents and placebo at main peélésice, the
chromatographic system used for the estimationnafapril and ramipril is very selective and specHpecificity
studies indicating that the excipients did not rifgiee with the analysis. For demonstrating the iy of the

method for drug formulation the drug was spiked @r@drepresentative chromatogram (Fig.6).
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Fig. 6. Specificity Chromatogram of Enalapril and Ramipril

3.8. System Suitability

A binary solution of 1Qug mLof enalapril and 1Qug mL* of ramipril (in triplicate) was prepared and sawes
injected, then the system suitability parametdses fesolution factorR9, tailing factor {f) and theortical plates\j
were calculated and recorded in Table 6. The valoesystem suitability parameters showed feasjbihif this
method for routine pharmaceutical application.

Table 7. Results of system suitability parameters

S.No. | Parameters Enalapril values| Ramipril values
1. Theoritical Plates (N 4155.00 7641.00
2. ResolutionR9 5.03 12.36
3. Tailing factor Tf) 111 1.02

CONCLUSION

The proposed RP-HPLC method is found to be simpbeurate, precise, linear, and specific for quatni
estimation of enalapril and ramipril in bulk and formulation. The proposed RP-HPLC method is effgtctive
and less time consuming. The values for systenalsility parameters showed feasibility of this metHor routine
pharmaceutical application. Hence the present HRle@hod is suitable for routine assay of enalamd eamipril in
raw materials and in pharmaceutical formulationthaquality control laboratories.
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