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ABSTRACT

One of the key goals of High Performance Liquid ddmatography technique is to achieve a consistet an
reproducible separation. A simple, precise, selectind sensitive HPLC method with UV detection deagloped
for separation of five anti-hypertensive agentgnatol hydrochloride, metoprolol succinate, hydroebthiazide,
amlodipine besylate and nebivolol hydrochloride aradidated for determination of metoprolol succmaRP-
HPLC method was developed by using Welchrggt@umn (4.6 mm i.d. X 250mm, 5um), Shimadzu LC-20AT
ProminenceLiquid Chromatograph. The mobile phasammsed of10 mM Phosphate buffer (pH3.0,adjustell wit
triethylamine): acetonitrile(50:50, v/v).The flowate was set to 1.0 ml/min with the responses medsatr 235nm
using Shimadzu SPD-20A Prominence UV-Visible dmtecthe retention times of atenolol hydrochloride,
Metoprolol succinate, hydrochlorothiazide, amlodipibesylate and nebivolol hydrochloride were fotmde 2.303
min, 2.827 min, 3.500 min, 4.253 minand 4.957 respectively. The separation was achieved withiniré frhe
statistical validation of the developed method wagied out according to ICH guidelines. Metoprokccinate
was found to give linear response in the conceiunatange of 2-10pug/ml. Recovery studies were pmgd to
ascertain the accuracy by standard addition method average recovery was found to be 99.8-100.75%.LOD
and LOQ were found to be 0.1840 pg/ml and 0.5578nlespectively. The developed method can be imed
routine quality control analysis of metoprolol suetein pharmaceutical tablet dosage form. It casoabe
extended for the determination of other most coniynprnescribed anti-hypertensive agents namely dténo
hydrochloride, hydrochlorothiazide, amlodipine basy and nebivolol hydrochloride. This method pde& a fast,
simple method with excellent peak symmetry and rieiglution.

Key words: Metoprolol, atenolol, hydrochlorothiazide, amlodigj nebivolol.

INTRODUCTION
Atenolol(ATEN), is a relatively cardio-selectii&zadrenergic blocking agent used primarily in theatment of

angina pectoris and hypertension, heart failure hedrt attacks. ATEN is chemically 2-[4-[2-hydro3y(l-
methylethylamino)propoxy]phenyllethanamide (figal)(
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Metoprolol succinate(METO), 1-(Isopropylamino)-32-methoxyethyl)phenoxy]-2-propanol succinate .(flgb))
is a selectivd;-receptor blocker used in treatment of several adise of the cardiovascular system,
especially hypertension.

Hydrochlorothiazide(HCTZ),6-chloro-1,1-dioxo-3,4hgtdro-2H-1,2,4-benzothiazine-7-sulfonamide (fig.c))1(is

a diuretic drug of the thiazide class that actsirhibiting the kidneys ability to retain water. iShreduces the
volume of the blood, decreasing blood return to lteart and thus cardiac output and by other meshemiis
believed to lower peripheral vascular resistancgdrbichlorothiazide is often used for the treatmeintongestive
heart failure, symptomatic edema, hypertensionpetis insipidus, renal tubular acidosis, and foevention

of kidney stones.

Amlodipine(AMLO), is a long-acting calcium channdllocker ofdihydropyridine(DHP) class used in the
management of hypertension, coronary artery disaaddan the treatment of angina pectoris. Amlodipatts by
relaxing the smooth muscle in the arterial wall,créasing total peripheral resistance thereby reduciood
pressure. AMLO is chemically 3-ethyl-5-methyl-2-&ninoethoxy)methyl]-4-(2-chlorophenyl)-6-methyb3,
pyridinedicarboxylate monobenzenesulphonate (fid))1

Nebivolol(NEBI), 1-(6-fluorochroman-2-yl)-{[2-(6-florochroman-2-yl)-2-hyroxy-ethyllamino}ethanol (fig
1(e)), is @;-receptor blocker. It has a nitric oxide potentigti vasodilatory effect and is used in treatment
of hypertension. Nebivolol lowers blood pressurerbgucing peripheral vascular resistance and iseeatroke
volume with preservation of cardiac output.

Literature survey reveals that for the determimatid above said five anti-hypertensive agents oidgjical fluids
like plasma, blood, wurine and pharmaceutical dosagerms by spectrophotometry[1-4],
spectrofluorimetry[5],TLC[6-7], HPTLC[8], High Peafmance Liquid Chromatography (RP-HPLC) with UV
detection[9-21], fluorimetric detection[22], ionipadPLC[23], RP-UPLC[24] and Liquid ChromatograpMass
Spectrometry[25-26].In fact there is a need for tlevelopment of a novel, simple, rapid, efficier-RPLC
analytical method with reproducibility for deterration of metoprolol in pharmaceutical dosage forms.
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Fig.1(a). Atenolol Fig.1(b). Metaprolol succinate
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Fig.1(c). Hydrochlorothiazide Fig.1(d). Amlodipine besylate

Fig.1(e). Nebivolol

Fig.1. Structures of Anti-hypertensive agents investidan the present study
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When developing a new method one of the most premtigoals is to achieve a consistent reproducigpastion.
The selection of a highly reproducible HPLC methedssential if this goal is to be attained. Litera survey
revealed thatthere was noRP-HPLC method reportedidte for separation and subsequent estimatiothef
METOin pharmaceutical dosage forms.Thus the presteny illustrates development of a novel, simpdpid and
efficient RP-HPLC analytical method with successfaparation of five most commonly used anti-hypesites
agents with short retention time.This method alsavides rapid separation with good resolution, #goé peak
shape, use of smaller sample volumes and buffarnves$, providing cost savings. The established ndetbo
determination of METO was validated with respecspecificity, linearity, precision, accuracy, romess, LOD
and LOQ according to ICH guidelines[27].

MATERIALS AND METHODS

Chemicals and Reagents:

The reference standards of ATEN, METO, HCTZ, AMLKEBI were kindly supplied as gift sample by Hetero
Drugs Ltd., Hyderabad, Andhra Pradesh, India. A# themicals were analytical grade. Potassium diiyeh
orthophosphate from Rankem Ltd., Mumbai, India, levtacetonitrile (HPLC grade) and triethylamine (HPL
grade) from Merck Pharmaceuticals Private Ltd., NdamIndia. O-Phosphoric acid used was of HPLC gradd
purchased from Merck Specialties Private Ltd., Mambndia. Commercial tablets of METO formulatiorasv
procured from local market. METOLARtablets contamimetoprolol succinate (50mg) are manufacture€ipja
Ltd., Mumbai, India.

Instruments:

Quantitative HPLC was performed on a isocratic hggtformance liquid chromatograph (Shimadzu LC-20AT
Prominence Liquid Chromatograph) with a LC-20AT Wamp, manual injector with loop volume of 20 pl
(Rheodyne), programmable variable wavelength Shimz&@PD-20A Prominence UV-Vis detector and Welchrom
Cig Column (4.6 mm i.d. X 250mm, 5um particle size).eTHPLC system was equipped with “Spinchrom”
software. In addition an electronic balance (ShimadX223L), digital pH meter (Systronics model 802)
sonicator (spectra lab, model UCB 40), UV-VisibleeStrophotometer (Systronics model 2203) were usdlis
study.

Chromatographic conditions:

METO was analyzed by various reversed phase collike$sand Gg columns. Among €and Gg columns, Gg

(4.6 mm i.d. X 250 mm,5um patrticle size) column gatected. Various combinations of acetonitrilepgghate
buffer and methanol with triethylamine as columndifier were tested. The mixture of 10mM Phosphatédn (pH

adjusted to 3.0 using triethylamine) and Acetoleitm ratio of 50:50, v/v was selected as mobilagghand UV
detection wavelength was 235nm with a flow rate lofl/min. Injection volume was 20 with ambient
temperature, run time was 6min. and retention tiras 2.827 min.

Preparation of solutions and Reagents

a. Mobile phase:

A 10mM Phosphate buffer was prepared by dissol6if$6 g of potassium dihydrogen orthophosphatedi ml

of HPLC grade water. To this 55ml of 0.1M phosphoaicid was added and pH was adjusted to 3.0 with
triethylamine. The above prepared buffer and adetie were mixed in the proportion of 50:50, vénd was
filtered through 0.45 pm nylon membrane filter aledjassed by sonication.

b. Stock and Working Standard Solutions:

Accurately weigh 100 mg of METO, dissolve in a 100wmlumetric flask with mobile phase. This is stastkndard
solution of METO with concentration of 10Q@/ml. Prepare five working standard solutions fafiiration by
adding defined volumes of the stock standard soiuind diluting with mobile phase. The concentratiof METO
are 2.0, 4.0, 6.0, 8.0, 10.0 pg/ml, respectivelpil@rly 10 pg/ml of each standard Anti-Hyperteresiagent were
prepared from 1000 pg/ml stock standard solutidmST&EN, HCTZ, AMLO and NEBI respectively into eadbrhl
volumetric flask.

c. Tablet Sample preparation:

Accurately weighed and grind 20 tablets of METO (MBLAR) in a mortar and triturated to a fine powderom
this, tablet powder which is equivalent to 50 mgMETO was taken and the drug was extracted intanb®f
mobile phase in a beaker, stir and place in aasdtmic bath until dissolution is complete. Transfiés solution into
a 100 ml volumetric flask, rinse the beaker withbilte phase a few times, and transfer into the saoh@metric
flask. Add mobile phase to bring to volume. Theuhixsg solution was filtered using 0.2 um filtercadegassed by
sonication. This solution was further suitably tild for chromatography.
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Selection of detection wavelength:

The overlain UV spectra of various diluted solusaf ATEN, METO, HCTZ, AMLO and NEBI in mobile phas
were recorded using UV spectrophotometer. The sabpoint of maximum absorbance was observed an@3
This wavelength was used for detection of METO athetr anti-hypertensive agents.

Calibration curve for Metoprolol succinate:

Replicates of each calibration standard solutié)4,6,8,10 pg/ml) were injected using a 20ul fixedp system
and the chromatograms were recorded. Calibratiovesuwwvere constructed by plotting concentratioM&TO on
X-axis and peak areas of standard METO on Y-axisragression equations were computed for METO

VALIDATION OF THE PROPOSED METHOD

The developed method of analysis was validated eastipe ICH for the parameters like system suitbhili
specificity, linearity, precision, accuracy, romess and system suitability, limit of detection @Qand limit of
guantitation (LOQ).

System suitability:

System suitability tests are an integral part obaotatographic method which was used to verify rdpoibility of

the chromatographic system. To ascertain its éffess, certain system suitability test parameten® checked
by repetitively injecting the drug solution at tbencentration level 10pug/ml for METO to check thenoducibility
of the system. At first the HPLC system was stabdifor 40 min. One blank followed by six replicatd a single
calibration standard solution of METO was injectied check the system suitability. To ascertain tiistesm
suitability for the proposed method, the parameseich as theoretical plates, peak asymmetry, ietetime and
parameters were taken.

Specificity:

The effect of wide range of excipients and otheditiaces usually present in the formulations of MET®the
determinations under optimum conditions was ingeséid. The specificity of the RP-HPLC method waal#shed
by injecting the mobile phase and placebo soluiiptriplicate and recording the chromatograms. Thenmon
excipients such as lactose anhydrous, microcrirsatiellulose, purified talc and magnesium steahaiee been
added to the placebo solution and injected anéde§the chromatogram for placebo indicating thecifipéty of

developed method is presented in fig. 2.

[m*].

— Detector 1
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Yoltage

200+
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Fig 2: Chromatogram of placebo

Linearity:

The linearity graphs for the proposed assay methate obtained over the concentration range of 2@dnl of
METO. Method of least square analysis was carrigidfar getting the slope, intercept and correlatioefficient,
regression data values. A calibration curve wadtgdobetween concentration and area response atistisal
analysis of the calibration curve was performed.
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Precision:

Intra-day and inter-day precision study of METO wasried out by estimating corresponding respof3si@sies on
the same day and on 2 different days for the cdaraon of 1Qug/ml. The percent relative standard deviation (%
RSD) was calculated which is within the acceptabiteria of not more than 2.0.

Accuracy (Recovery studies):

The accuracy of the method was determined by catiogl recovery of METO by the standard addition hoelt
Known amount of METO at 80%, 100% and 120% was dddea pre quantified tablet sample. The recovery
studies were carried out in the tablet in tripkcatch in the presence of placebo.

Robustness:
The Robustness was evaluated by the analysis ofM&fder different experimental conditions such aking
small changes in flow rate (+ 0.2 ml/min), detestiwavelength (5 nm) and Mobile phase compositis94).

LOD and LOQ:

Limit of Detection is the lowest concentration isample that can be detected, but not necessaidytified under
the stated experimental conditions. The limit o&ufitation is the lowest concentration of analyteaisample that
can be determined with acceptable precision andracg. Limit of Detection and Limit of Quantitatiowere
calculated using following formula LOD= 3.3(SD)/®caLOQ= 10 (SD)/S, where SD=standard deviation of
response (peak area) and S= slope of the calibratiose.

RESULTS AND DISCUSSION

[m]
7 — CISPIHCHROM BRAVISAHKAR'MIXTURES'ATEH+MET O0+HCTZ+AMLO+HEEI PH-3
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4253 4

2303 1
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200+
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Fig. 3: A typical chromatogram of Mixture of five standard Anti-Hypertensive agents

The goal of this work was to create one method @pagate five anti-hypertensive agents applicableéhto
determination of ATEN, METO, HCTZ, AMLO and NEBIarnd various combinations. Preliminary experiments
were carried out to achieve the best chromatogcapbinditions for the simultaneous determinationthsf drug
substances. Several column types and lengths wedecbnsidering other chromatographic parame@gscolumn
with a 4.6 mm inner diameter andirB particle size was chosen. Spectroscopic anabfsidrugs showed that
ATEN, METO, HCTZ, AMLO and NEBI had maximum UV abibancely.) at237 nm, 243 nm, 235 nm, 240 nm
and 282 nm respectively. UV overlain spectra ob¢hdrugs showed that these drugs absorbed appgyeata®35
nm, so that this wavelength was selected as thexiited wave length. Chromatographic conditions vwgremized

by changing the mobile phase composition & buffased in the mobile phase.Different experiments were
performed to optimize the mobile phase but adegseparation of drugs could not be achieved. Byialjethe pH

of buffer from 4.5 to 3.0, a best separation wdsea@d. Different proportions of solvents were gestEventually
the best separation was obtained by the isocradiior system using a mixture of phosphate buffed 3.0):
acetonitrile (50:50, v/v). pH of buffer was adjustes 3.0 using triethylamine.Flow rate used was limm. A
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typical chromatogram for simultaneous estimatiorthaf five drugs obtained by using a fore mentionsabile
phase. Under these conditions ATEN, METO, HCTZ, AMand NEBI were eluted at 2.303min, 2.827 min, 8.50
min,4.253 minand 4.957 min respectively. Fig 3 sh@avseparation of all five anti-hypertensive comnmuisuin 6
minutesand results are summarized in Tablel.

TABLE 1: CHROMATOGRAM RESULTS OF PROPOSED COMBINATI ON OF FIVE ANTI-HYPERTENSIVE AGENTS

T ]

Name of the Compound| Retention timeg), min | Peak No.| Asymmetry (theg;‘gg?;lcglates) Resolutiorf
ATEN 2.303 1 1.062 5465 -
METO 2.827 2 1.084 8231 4.210
HCTZ 3.500 3 1.026 10604 5.182
AMLO 4.253 4 1.092 12373 5.229
NEBI 4.957 5 1.188 13611 4.368

*acceptance criteria for Asymmetry> 2.0, for Effigig > 3000 and for Resolution > 2.0.

For the comparative evaluation of retention timed peak areas of anti-hypertensive drugs, chromaag) of these
five anti-hypertensive drug standards were recordedividually. The representative individual startla
chromatograms of the five anti-hypertensive driandards are shown in fig numbers 4 to 8 and theltscare
presented in Table 12.

TABLE 2: INDIVIDUAL CHROMATOGRAM RESULTS OF STANDAR DS OF FIVE ANTI-HYPERTENSIVE AGENTS

L . Efficiency
Name of the Compound| Retention time ), min. | Assymmetry (theoretical plates)
Atenolol hydrochloride 2.310 1.064 5497
Metoprolol succinate 2.827 1.082 8231
Hydrochlorothiazide 3.473 1.028 10443
Amlodipine besylate 4.293 1.090 12238
Nebivolol hydrochloride 4.957 1.182 13739
[m*]
— CIOSPINCHROMBAVISAHKAR'ATEHOLOL ATEHOLOL 10MCG PH-3
200+
150~ g j
,%' 100
S0+
D | L
o 2 i 8 g

Time [min.]

Fig. 4: Standard chromatogram of Atenolol standard(10 pg/ml)
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Fig. 5: A typical chromatogram of Metoprolol succirate standard (10 pg/ml)
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Fig. 6: Standard chromatogram of Hydrochlorothiazide standard (10 pg/ml)
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Fig. 7: Standard chromatogram of Amlodipine standad (10 pg/ml)
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Fig. 8: Standard chromatogram of Nebivolol standard10 pg/ml)

The mobile phase consisting of phosphate buffer §6): acetonitrile (50:50, v/v) atlml/min flow eatwas
optimized which gave sharp peak, minimum tailingtda with short runtime for METO. The retention &nfor
METO was 2.827 min. UV spectra of METO showed tthet drug absorbed maximum at 235 nm, hence this

wavelength was selected as the detection wavele8g#tem suitability parameters and optimized clatographic
conditions were shown in Table no 3.

TABLE 3: OPTIMIZED CHROMATOGRAPHIC CONDITIONS AND S YSTEM SUITABILITY PARAMETERS OF PROPOSED RP-
HPLC METHOD FOR METOPROLOL SUCCINATE

Parameter Chromatographic conditions
Instrument SHIMADZU LC-20AT prominence liquid chratograph
Column WELCHROM G Column . '
(4.6 mm i.d. X 250mm, 5um particle size)
Detector SHIMADZU SPD-20A prominence UV-Vis detacto
Diluents 10mM Phosphate Buffer(pH3.0) : Acetonétii50:50, v/v)
Mobile phase 10mM Phosphate Buffer (pH 3.0) : Angtide (50:50, v/v)
Flow rate Iml/min.
Detection wave length UV at 235nm.
Run time 6 minutes
Column back pressure 128-130 kgf
Temperature Ambient temperaturei@b
Volume of injection loop 20pl
Retention time ) 2.827 min
Theoretical plates[th.pl] (Efficiency 8,231
Theoretical plates per meter[t.p/m| 164,621
Tailing factor (asymmetry factor) 1.082

The calibration data in Table 4 show linear peaaaresponse for METO.The calibration curve for MEWN@s

found to be linear over the range of 2-10 pg/mike Bata of regression analysis of the calibratiawecis shown in
Table 5.

TABLE 4: CALIBRATION DATA OF THE PROPOSED HPLC METH OD FOR ESTIMATION OF METOPROLOL SUCCINATE

S] Concentration, pg/| Retention time, (r)m Peak area, m
0 - 0

Y 2 2.813 209.904

4 2.810 427.096

4 6 2.813 636.383

4 8 2.813 869.278

[ 10 2.827 1062.739
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TABLE 5: LINEAR REGRESSION DATA OF THE PROPOSED HPL C METHOD OF METOPROLOL SUCCINATE

Parameter Method
Detection wavelengthi{na,) UV at 235nm
Linearity range (pg/ml) 2-10pg/ml

Regression equation (Y = a + bX|

Y=-1.559 + 107.[LX

Slope(b) 107.1
Intercept(a) -1.559
Standard error of sloped)S 0.987211
Standard error of intercept S 5.977864
Standard error of estimation]S 8.259607
Regression coefficient R 0.9997
% Relative standard deviation* i.g., 1.127212
Coefficient of variation(CV)
Percentage range of errors*
(Confidence limits)
0.005significance level 1.183296
0.001 significance level 1.846085

*Average of six determinations

The developed method was applied to the assay af@itablets and results are shown in Table 6. Theuatnwas
between 100.586 and 101.682%.

TABLE 6: ASSAY RESULTS OF METOPROLOL SUCCINATE FORM ULATION

S. . % Assay

No Formulations Labelled amount | Amount found +SD*
METOLAR

1 (CIPLA Ltd., Mumbai) 50mg 50.56 mg 101.134 £ 0.548

o

*Average of 6 determinations; SD is standard deorati

The USP monograph for this product specifies thatd should be not less than(NLT) 98.0% and notemor
than(NMT) 102.0% of the Active Pharmaceutical Imtjemt (API) in the drug product on dried basis. Hasay
results demonstrated that formulation met the USBr@. The representative standard and samplenzdtograms
of METO are shown in Fig. 5 and fig. 9 respectiveélyie regression equation was found to be Y = 9855
107.1X with correlation coefficient was?R=0.9997 which indicates this method had good lingarThe

representative chromatograms of the calibrationdsteds of METO are shown in Fig. 10 to 14. Theleation plot
is shown in Fig.15.

Yoltage
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4o
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— CrSPINCHROMRAVISANKARMETOPROLOL ' METOPROLOL SAMPLE PH-3

Metoprolol

T T
2 3

Time

[min.]

Fig. 9: Chromatogram of market formulation (METOLAR 50 mg tablets) of Metoprolol succinate
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Fig. 10: Standard chromatogram of Metoprolol succiate (2 pg/ml)
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Fig. 11: Standard chromatogram of Metoprolol succiate(4ug/ml)
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Fig. 12: Standard chromatogram of Metoprolol succiate(6 pg/ml)
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Fig. 13: Standard chromatogram (T)'?eMetoproIoI succiate (8 pg/ml)
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Fig. 14: Standard chromatogram of Metoprolol succiate (10 pg/ml)
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Fig. 15: Calibration plot of Metoprolol succinate
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The specificity was studied for the examinatiortha presence of interfering components, while tramarison of
chromatograms there was no interference from placeith sample peak. They do not disturb the elution
quantification of METO; furthermore the well-shappeaks were also indicative of the specificity lod tmethod.
Therefore, it was concluded that the method wasipeThe specificity results are summarized irblea7.

TABLE 7: SPECIFICITY STUDY

Name of the solution Retention time, §)min.
Mobile phase No peaks
Placebo No peaks
Metoprolol succinate, 10 pg/ml 2.827 min.

Precision was studied to find out intra and intay gariations in the test methods of METO for theeé times on
the same day and different day. The intra-day atet-day precision obtained was % RSD (< 2) indisahat the
proposed method was quite precise and reproduaraeaesults are shown in the Table 8 and Tabls@eaively.

TABLE 8: RESULTS OF PRECISION STUDY (INTRA-DAY)

Sample Concentration (ug/ml) Injection no. Peak ar@ (mV.s) %RSD
536.743
532.975
533.405
538.885
530.643
532.643
% RSD is percentage of relative standard deviafamteptance criteria < 2.0).

0.563803

Metoprolol succinate 10

OO [W[(N| -

TABLE 9: RESULTS OF PRECISION STUDY (INTER-DAY)

Sample Concentration (ug/ml) | Injection no.| Peak ar@ (mV.s) | %RSD
540.332
538.408
542.086
546.819
536.273
539.197
% RSD is percentage of relative standard deviatamteptance criteria < 2.0).

0.672324

Metoprolol succinate 10

OO W|IN|F-

Recovery studies of the drug was carried out ferabcuracy parameter at three different conceatratievels i.e.,
multiple level recovery studies. A known amountMETO standard was added into pre-analyzed sampde an
subjected them to the proposed HPLC method. Theeptage recovery was found to be within the lifigted in
Table 10. Generally the mean percentage recovel§EafO at each level was not less than 99% and moe rthan
101%. In this case percentage recovery of METOfaasd to be in the range of 99.11 to 99.8%.

TABLE 10: RECOVERY DATA OF THE PROPOSED METOPROLOL SUCCINATE BY RP-HPLC METHOD

Recovery level| Amount added (mg)| Total amount nfg) | Amount found (mg) | Mean % Recovery + SD*| % RSO
89.6
80% 40 90 89.8 99.75+0.9013 0.9036
90.3
100.2
100% 50 100 98.9 99.80+1.7776 1.7812
100.6
109.2
120% 60 110 108.7 99.11+1.5485 1.5624
110.5
SD is standard deviation; % RSD is percentage lafite standard deviation (acceptance criteria 9.

Robustness was done by small changes in the chograghic conditions like mobile phase flow ratg,,, mobile
phase composition. It was observed that there wermarked changes in the chromatograms. The pésesrie
within the limits indicates that the method hadustiness and was suitable for routine use. The Rodss results
are presented in Table 11.
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TABLE 11: ROBUSTNESS RESULTS OF METOPROLOL SUCCINATE

S. . Retention Plate

no Parameter® Optimized Used Peak area time (ta), min count Peak asymmetry

0.8 ml/min 556.634 2.980 8482 1.130

1 Flow rate 1.0 1.0 ml/min 540.332 2.827 8231 1.082

: (£0.2 ml/min) ml/min 1.2 ml/min 522.754 2.638 8078 1.084

Detection wavelength 230nm 518.584 2.824 8210 1.120

2. (£5nm) 235 nm 235nm 540.332 2.827 8231 1.082

- 240nm 526.540 2.821 8254 1.116

Mobile phase 55:45, viv 518.478 2.972 8486 1.112

3. composition 50:50, viv 50:50, viv 540.332 2.827 8231 1.082

(£5%) 45:55, viv 524.626 2.678 8142 1.107

2 three parameters were slightly changed at threele(-1,0,+1).

The limit of detection (LOD) and limit of quantitah (LOQ) was calculated based on the standardatewi (SD)
of the response and the slope (S) of the calibratigve at levels approximating the LOD and LOCheTimit of
detection (LOD) was 0.184088/mland the limit of quantitation (LOQ) was 0.5548dg/ml shows that this
method was very sensitive. The results are predent€able 12.

TABLE 12: LIMIT OF DETECTION (LOD) AND LIMIT OF QUA  NTITATION (LOQ)

Limit of Detection(LOD) 0.184088y/ml
Limit of Quantitation(LOQ)| 0.55784gg/ml

CONCLUSION

The developedmethod successfully separated allaintehypertensive drugs with a relatively shotengion time,
provides decorous resolution, excellent peak shggee consistent and highly reproducible resultse Thethod
overall proved to be economical, simple, rapid,cjs®, very sensitive, cost- effective, time savinghust and
accurate. It can be reliably used for determinatibthe said five anti-hypertensive drugs in shatiod and even in
small concentrations. By using this method one @ate all the five drugs within six minutes. Thigtimod was
completely validated shows phenomenal results dsml feee from interference of the other additivegdiin the
formulations. The ease in constitution of mobitege and economy of the components of mobile pinase this
method the best choice in routine analysis of ATENETO, HCTZ, AMLO, NEBI in their pharmaceutical dage
forms. This method would also be applied for thenbmations of any two or three of the above saitl-an
hypertensive drugs, irrespective of their conceimndevels.
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