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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 Chloridahe in bulk and combined tablet formulation.
Chromatography was carried out on Inertsil OD& (250 x 4.6 mm, Bparticle size) column in an isocratic mode
with mobile phase containing phosphate buffer (si#jd to pH 5.5 with dilute othophosphoric acid awetonitrile

in the ratio of 55:45% v/v at a flow rate of Gv8/min. The analyte was monitored using PDA detemt@19 nm.
The retention time was found to be 3.763 min ar@2#4.min for Metoprolol succinate and Chlorthalidone
respectively. The proposed RP-HPLC method was faande having linearity in the concentration rangé
12.5-75 pg/ml for Metoprolol succinate and 3.125788ug/ml for Chlorthalidone with correlation caefént value
of 0.999 respectively. The mean % recoveries obthimere found to be 99.32-99.98 % for Metoprolalcguate
and 99.52-99.84 % for Chlorthalidone respectiveyress testing which covered acid, base, peroXiié light,
neutral and thermal degradation was performed omlamtest to prove the specificity of the method #mal
degradation was achieved. The developed methodhéeas statistically validated according to ICH guitiges.
Thus the proposed method can be successfully dpfaiethe stability indicating simultaneous detemation of
Metoprolol succinate and Chlorthalidone in bulk acoimbined tablet dosage form and in routine quatiintrol
analysis.

Keywords: Metoprolol succinate, Chlorthalidone, RP-HPLC, deat degradation, Method validation.

INTRODUCTION

Metoprolol succinate

Chemically (Fig.1), it is {butanedioic acid; 1-[2-fnethoxyethyl) phenoxy]-3-(propan-2-ylamino) progzol. It
has a molecular formula of ;Hs¢N,O1p and molecular weight of 652.8 g/mol. Metoprololcsnate is an
antihypertensive agent,fAdrenergic blocker). Adrenergic beta-antagorastsused for treatment of hypertension,
cardiac arrhythmias, angina pectoris, glaucoma,raimg headaches and anxiety. Metoprolol competdh wi
adrenergic neurotransmitters such as catecholarfindsnding atp;.adrenergic receptors in the heditreceptor
blockade results in a decrease in heart rate,a@maiitput, and blood pressure.
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Fig.1: Chemical structure of Metoprolol succinate
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Chlorthalidone

Chemically (Fig.1), it is 2-chloro-5-(1-hydroxy-3«0-2, 3-dihydro-1H-isoindol-1-yl) benzene-1-sulfomae. It has
a molecular formula of gH;,CIN,O,S and molecular weight of 338.766 g/mol. It is ussdan antihypertensive
agent, diuretic and sodium chloride symporter iithib Chlorthalidone inhibits sodium ion transpaitross the
renal tubular epithelium in the cortical dilutingggment of the ascending limb of the loop of HeBlg.increasing
the delivery of sodium to the distal renal tubuhlorthalidone indirectly increases potassium etimnevia the
sodium-potassium exchange mechanism.
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0

Fig.2: Chemical structure of Chlorthalidone

Literature survey revealed that few analytical rodthwere reported so far for both drugs in comimnadr in alone
like RP-HPLC method in biological fluids [1], RP-H@ [2-5], HPTLC [6] and Spectrophotometric methddsl 2]
in pharmaceutical dosage forms. However there wasstability indicating method reported for this gru
combination and hence the present study was aimeatkvelop a simple, fast, economical, selectiveuate,
precise and sensitive stability indicating RP-HRhEthod for the simultaneous determination of Mettigrsuccinate
and Chlorthalidone in bulk and combined tablet des@arms, suitable for routine quality control grsis.

MATERIALS AND METHODS

Chemicals

The Pharmaceutical grade pure samples of Metopsoiotinate and Chlorthalidone were received assgiftples
from Sun Pharmaceutical Industries Ltd., MumbaiLBRyrade water, methanol and acetonitrile were Ipaged
from E.Merck. Chem.Itd., Mumbai. All the chemicaised were of analytical reagent grade (E.Merckedridose
combination tablet formulations (Vinicor-D) contaig 25 mg of Metoprolol and 6.25 mg of Chlorthalio
(Manufactured byPCA Laboratories Ltd Mumbai) were procured from local market.

Instrumentation

Quantitative HPLC was performed on Waters 2695 rsgjpla module Alliance Isocratic HPLC system andAPD
Detector 2996 series equipped with auto injectamguempower software. An UV-3000+ series UV/Visibleuble
beam spectrophotometer from LABINDIA with 1 cm nfe#d quartz cells was used for all spectral measemésn
using UV win 5 software.

Chromatographic conditions

Mobile phase composition  Phosphate buffer (adjutsigrH 5.5 with dilute OPA): acetonitrile in thetitaof 55:45 %v/v
Stationary phase Inertsil ODS;g@olumn (250 x 4.6mm, patrticle size 5u)

Detector wave length 219 nm

Run time 10 min

Flow rate 0.8 ml/min

Injection volume 20pl

Colum temperature 30°C (ambient)

Preparation of Phosphate buffer

Accurately weighed quantity of 1.36 gm of Potassiditmydrogen orthophosphate was transferred int@@0tl
volumetric flask. About 900ml of HPLC grade wateassadded and degassed by subjecting to sonicatidnrhin
and final volume was made up to the mark with wakéltered through 0.45u membrane filter using wanu
filtration and then P of the solution was adjusted to 5.5 with dilutthophosphoric acid solution.

Preparation of Mobile phase

Phosphate buffer and acetonitrile were mixed in d@ of 55:45 %v/v and then degassed by subjgctn
sonication for 10 min and resultant solution usedhbile phase after filtration through 0.45u meamier filter
using vacuum filtration assembly.
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Preparation of diluent
Mobile phase was used as diluent.

Preparation of standard solution

Accurately weighed and transferred 25 mg of Mettiprand 6.25 mg of Chlorthalidone reference stadslanto a
50 ml clean dry volumetric flasks separately, 30oftliluent was added, sonicated to dissolve foniButes and
then made up to the final volume with diluent tdadb stock solution of concentration of 500pg/miMeétoprolol
and 125ug/ml of Chlorthalidone respectively. Frdm above stock solution, 1 ml each was pipetteseparately in
to a 10 ml volumetric flasks and then volume waslenap to mark with diluent to obtain §ml of Metoprolol
and 12..g/ml of Chlorthalidone working standard solutioaspectively.

Preparation of Sample solution

20 tablets were accurately weighed and determinedhge weight of the tablets. An amount of powdgrialent

to 25mg of Metoprolol and 6.25 mg of Chlorthalidonere weighed accurately and transferred into al50m
volumetric flask, 30ml of diluent was added, soteédafor 10 min and volume was made up with dilu&iitered
through 0.45u membrane filter. From the filteretuBon, 1ml was pipette out into a 10 ml volumetfi@sk and
then volume was made up to mark with diluent taaobfinal concentration of %@/ml solution of Metoprolol and
12.5pg/ml solution of Chlorthalidone respectivelen Injected 20ul of filtered portion of the blardample and
standard preparation into the chromatograph seggrd&ecorded the responses for the major peaksul@sed the
content of Metoprolol and Chlorthalidone presentach tablet.

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

System suitability

System suitability test should be carried out tdafyethat the analytical system is working propedgd can give
accurate and precise results. Standard solutions prepared as per the test method and injectedifives into the
chromatographic system. The system suitability mpatars were evaluated for tailing factor, retentiomes and
theoretical plates of standard chromatograms. &helts for system suitability studies are presented

Specificity

Specificity is the ability to assess unequivocalig analyte in the presence of compounds that reagxpected to
present, such as impurities, degradation products raatrix components. The specificity of the metheds
assessed by comparing the chromatograms obtaiogdtfre drug standards with that of obtained from tdiblet
preparations. The retention times of the drug stedsland the drug from sample preparations were samthe
method was specific without interference from eiamips in the tablets.

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%)imdarity solutions were prepared by diluting atig(0.25- 1.50
ml) of standard stock solution (500pg/ml of Metdptoand 125ug/ml of Chlorthalidone) in to each 10 m
volumetric flasks (6 no’s) and diluted to final uale with diluent to obtained concentrations inrduege of 12.5-75
png/ml for Metoprolol and 3.125-18.75 pg/ml for Chilmlidone respectively to demonstrate linearity dssay.
Then injected 20ul solution of each concentratimo ithe chromatographic system and the chromatagraene
recorded. The calibration graphs were plotted betwamount of drug concentration (ug/ml) and chrogpaiphic
peak areas (AU) of Metoprolol succinate and Chhlittone respectively. The linearity of the proposeethod was
then evaluated by linear regression analysis. Bhelation coefficient, slope and intercept werkealated from the
graph and are reported.

Precision

System precision (Repeatability)

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

Method precision

The method precision study was performed by injgctix sample preparations of marketed formulatiots the
chromatographic system. The corresponding peals arelsletoprolol succinate and Chlorthalidone wersasured
and % RSD was calculated.
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Inter-day precision

Inter-day precision was performely injecting 20ul solution of standard preparatiosig times into the
chromatographic system on different days by maintgi the optimized chromatographic conditions aaltdated
%RSD of retention time and peak areas for both ptetol succinate and Chlorthalidone.

Accuracy

The accuracy of the test method was demonstratéd tgcovery across its range by adding a knowntityaof the
standard to the pre analyzed sample. The recovasyoarried out at 80%, 100% and 120% concentrédiozls
using standard addition method and at each levehrples were prepared and total of 9 samples ingreted
separately into the chromatographic system ana@dhéents were then determined from respective catognams.
From the results obtained we conclude that the oaettas accurate.

Limit of Detection (LOD)

Limit of detection is the lowest concentration loé 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 frortirtearity curve by applying the formula.

LOD = 338
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 =109Db
S.is the standard deviation of intercept
b is the slope of calibration curve

Robustness

The robustness of the proposed method was detedrbiypenalyzing aliquots from homogenous lots byediifig
physical parameters like mobile organic phase caitipa, flow rate and column temperature. The séadd
preparations were injected into the chromatograpyaged conditions of flow rate £ 0.2 ml/min, mtgbiorganic
phase + 10%, mobile phase buffer pH * 0.2 units@idmn temperature by +%. The content of the drug was not
adversely affected by these changes as evidenttfiertow value of relative standard deviation imdiieg 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, thentén time
and peak area of Metoprolol succinate and Chlddbaé were remained almost similar (%RSD less théh and
no significant degradation within the indicatedipéy thus indicated that both solutions were stdbteat least 24
hr., which was sufficient to complete the whole lgtigal process. Further forced degradation studiese
conducted indicating the stability of the developt-HPLC method by degrading the sample forcefuligier the
various stress conditions like acid, base, watght,| heat and peroxide oxidation. The resultshaf tlegradation
studies are presented.

Acid degradation studies:

Transferred sample quantitatively equivalent ton2p of Metoprolol and 6.25 mg @hlorthalidonein to a 100
ml round bottom (RB) flask, added 50 ml of frespikepared 0.1 N HCL. After keeping the solution 1dr hrs,
filtered and then neutralize the solution up to tb&ume with 0.1 N NaOH. Further diluted 1.0 mitbé filtrate
to 10 ml with a diluent in a 10 ml volumetric flatk obtain final concentration of 50pg/ml & 12.5mgjsolution
of Metoprolol and Chlorthalidongespectively. Then 20 pl solutions were injectatb ithe chromatographic
system and the chromatograms were recorded tosassestability of sample

Alkali degradation studies
Transferred sample quantitatively equivalent ton2p of Metoprolol and 6.25 mg @hlorthalidonein to a 100
ml RB flask, added 50 ml of freshly prepared 0.INBIOH. After keeping the solution for 10 hrs, fikd and
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then neutralize the solution up to the volume viith N HCL. Further diluted 1.0 ml of the above s$@n to 10
ml with a diluent in a 10 ml volumetric flask to talin final concentration of 50pug/ml & 12.5ug/ml gobn of
Metoprolol and Chlorthalidongespectively. Then 20 ul solutions were injecteith ithe chromatographic system
and the chromatograms were recorded to assestathiétg of sample

Oxidation degradation studies:

Transferred sample quantitatively equivalent ton2p of Metoprolol and 6.25 mg @hlorthalidonein to a 100
ml RB flask, added 50 ml of freshly prepared 1% kygpbn peroxide solution. After keeping the solution10

hrs on a bench top, filtered and then again dilute®l ml of the filtrate to 10 ml with a diluent & 10 ml

volumetric flask to obtain final concentration dibg/ml & 12.5ug/ml solution ofietoprololand Chlorthalidone
respectively. Then 20 pl solutions were injectet ithe chromatographic system and the chromatograens

recorded to assess the stability of sample

Photolytic degradation studies:

Transferred sample quantitatively equivalent tavpof Metoprolol and 6.25 mg @hlorthalidoneon to a clean
and dry petri plate. Kept the petri plate in UV @izer for 10 hrsThen transferred contents in to a 50 ml
volumetric flask, added 30 ml of diluent and soteéci for 10 minutes and made up to the volume wittiluent.
Filtered and again diluted 1.0 ml of the filtrateX0 ml with a diluent in a 10 ml volumetric flagk obtain final
concentration of 50ug/ml & 12.5ug/ml solution Nfetoprolol and Chlorthalidonerespectively. Then 20 pl
solutions were injected into the chromatographistesy and the chromatograms were recorded to a#sess
stability of sample

Thermal degradation studies:

Transferred sample quantitatively equivalent ton®$ of Metoprolol and 6.25 mg @hlorthalidoneon to clean
and dry petri plate. Kept the petri plate in anroe¢ 100°C for 10 hrs. Then transferred the costanto a 50 ml
volumetric flask, added 30 ml of diluent and sotéci for 10 minutes and made up to the volume \aitfiluent.
Filtered and again diluted 1.0 ml of the filtrateX0 ml with a diluent in a 10 ml volumetric flatk obtain final
concentration of 50ug/ml & 12.5ug/ml solution Metoprolol and Chlorthalidonerespectively. Then 20ul
solutions were injected into the chromatographisteyn and the chromatograms were recorded to afisess
stability of sample

Neutral degradation studies:

Stress testing under neutral conditions was stubiedefluxing the standard stock solution of Mewpt and
Chlorthalidone on water bath for 6 hrs at a tempeeaof 60°c. For HPLC study, the resultant solutivas
suitably diluted with a diluent in a 10 ml volumietflask to obtain final concentration of 50pug/ml1&.5ug/ml
solution of Metoprolol and Chlorthalidonerespectively. Then 20 ul solutions were injectettoi the
chromatographic system and the chromatograms weegded to assess the stability of sample

RESULTS AND DISCUSSION

From this study, it was found that a simple, precaccurate, sensitive and efficient stability @ading RP-HPLC
method has been developed and validated for sinadias estimation of Metoprolol and Chlorthalidoméulk and
combined tablet dosage form. Chromatographic sé@paravas carried out using mobile phase composed of
phosphate buffer (adjusted to pH 5.5 with diluteApBnd acetonitrile in the ratio of 55:45%uv/v oreitsil ODS Gg
(250 x 4.6 mm, f particle size) column at a flow rate 0.8 ml/msing PDA detection at 219 nm. The retention
time was found to be 3.763 min and 4.924 min fotd@eolol and Chlorthalidone respectively. The Isstirepoint

of Metoprolol succinate and Chlorthalidone was fibun be 219.2 nm ( as shown in figure 3) after soan
10pg/ml working standard solutions of both Metoptaluccinate and Chlorthalidone in the UV regior260-400

nm against reagent blank and was utilized for HRh€thod development. System suitability chromatogesm
shown in figure 4 and results are shown in tabléidearity was evaluated in the concentration ranfj@2.5-75
pg/ml for Metoprolol and 3.125-18.75ug/ml f@hlorthalidone. The calibration curves were desatilby the
equation y = 79331.9x-6434.2 and y = 77857.25x ¥1®¥with correlation coefficient of 0.9999Pr Metoprolol
succinateand Chlorthalidone respectively as shown in figure 8 figure 6 respectively. The standard and sample
chromatograms in the specifity studies are showfigre 7, figure 8 and figure 9. Accuracy datashewn in table

2. The validation summary parameters and assajtseshtained from the marketed formulation are shawtable

3 and table 4. The results of robustness studestawwn in table 5 and table 6. The %RSD in pregjsiccuracy
and robustness studies were found to be less annglicating that the method was precise, accuaaterobust.
The stress testing chromatograms for both Metopmalacinate and Chlorthalidone are shown from gl to
figure 15 and results are shown in table 7 ancetabl
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Fig. 3: Isobestic point of Metoprolol succinate andChlorthalidone (1=219.2 nm)
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Fig.4: Typical chromatogram of system suitability slution

Table 1: System suitability results

SS'NN(;' System suitability parameters | Metoprolol succinate| Chlorthalidone
1 Tailing factor (T) 1.18 1.16
2 Resolution (Rs) 412
3 Retention time (Min) 3.763 4.924
4 Theoretical plates (N) 3572 4345
5 Peak Area 3977745 978651
Table 2: Accuracy (recovery) studies
% . Peak Amount added Amount Mean % Recovery *+
Sample Concentration Area* (mg/tab) recovered SD
Level (mg/tab)
Metoprolol 80 3179604 20 20.00 99.98 +0.28
succinate 100 3973062 25 24.99 99.94+0.37
120 4737591 30 29.97 99.32+ 0.44
80 780185 5 4.99 99.72+0.54
Chlorthalidone 100 976466 6.25 6.24 99.84+0.31
120 1167930 7.50 7.46 99.52 +0.42
*Mean of three determinations
Linearity:

R? values were found to be 0.99997 and 0.99997 an@ssign equation y = 79331.9x-6434.2 and y = 7 7854.
+1977.64for Metoprolol succinate and Chlorthalidone respecgivel
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Lincarity graph of Mctoprolol
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Fig. 5: Linearity Graph of Metoprolol succinate (125-75 pg/ml)
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Fig. 6: Linearity Graph of Chlorthalidone (3.125-1875 pg/ml)

Table 3: Validation summary Parameters of the propesed RP-HPLC Method

Parameter Metoprolol succinate Chlorthalidone
Regression equation y = 79331.9x-6434.2 y = 7787+A977.64
Correlation coefficient 0.99997 0.99997
LOD (pg/ml) 0.624 0.127
LOQ (ug/ml) 2.26 0.442
System precision (% RSD) 0.22 0.27
Method precision (% RSD) 0.18 0.35
Inter-day precision (% RSD| 0.17 0.12

Table 4: Results of Assay in Marketed Formulation

Labelled Amount
Brand Drug Stan(;?(rec;peak Sam;l:apeak amount found % Assay %RSD*
(mg/tab) (mg/tab)
Vinicor-D Metoprolol succinate 3977254 3971328 25 24.94 99.76 0.18
Chlorthalidone 977603 976965 6.25 6.24 99.86% 0.26
*Mean of three determinations
Specificity studies:
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Fig.7: Typical chromatogram of standard
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Fig.8: Typical chromatogram of sample 1
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Fig.9: Typical chromatogram of sample 2

Robustness:
The developed method was robust with deliberate@és in variation of mobile organic phase compasijtilow

rate and temperature for bd#etoprolol succinate and Chlorthalidone respecyivel

Table 5: Results of Robustness Study of Metoprolol

Metoprolol
Parameter Change Level| Rt Peak USP USP
S.No. . P

(min) area Tailing | Plate count

. 0.6 4.684| 4974304 1.16 3870

L Flow rate (x0.2ml/min) 1.0 3.144] 3307259 117 3688
> Mobile organic phase 65:35 3.918| 4273664 1.15 3531
) composition (£10%v/v/v) 45:55 3.452| 3725698 1.18 3947
25°C 3.746 | 3968974 1.17 3629

o)
8. | Column temperature (+5°Gr—3g0c 3.785| 3983948  1.16 3458
Table 6: Results of Robustness Study of Chlorthaliwhe
Chlorthalidone
Parameter Change Level| Rt Peak UsP USP
S.No. ) P

(min) area Tailing | Plate count

. 0.6 6.116| 1227253 1.18 4430

1. Flow rate (£0.2ml/min) 10 2104 818621 116 3887
2 Mobile organic phase 65:35 5.874| 104873 1.19 4118
) composition (x10%v/v/v) 45:55 4.327| 968572 1.17 4625
25°C 5.198| 984570 1.15 4987

oM\
8. | Column temperature (£5°Cy—3z0= 4.945| 987738  1.16 4310
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Forced degradation studies:
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Fig.11: Chromatogram of Base hydrolysis
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Fig.12: Chromatogram of Oxidation (peroxide)degradation
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Fig.13: Chromatogram of thermal degradation
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Fig.15: Chromatogram of Neutral degradation

Table 7: Degradation Study of Metoprolol succinate

. System Suitability parameters .
. Retention Peak degradation % % Net
S.No. Stress Condition time (min) Area U_S_P USP Plate 9 Assay degradation
Tailing count
1 Acid Hydrolysis 3.766 3783252 1.15 3561 94.84 4.92
2 Base Hydrolysis 3.767 374014 1.18 3516 93.76 6.10
3 Peroxide degradation 3.466 383563 1.16 3485 96.15 3.61
4 Thermal degradation 3.765 397045 1.18 3678 97.20 2.62
5 UV Exposure 3.763 385360 1.16 3691 96.60 3.16
6 Neutral degradation 3.762 390875p 1.18 3565 97.52 2.35
Table 8: Degradation Study of Chlorthalidone
- Retention time Peak System Suitability parameters degradation % % Net
S.No. Stress Condition (min) Area U'S_P USP Plate Assay degradation
Tailing count
1 Acid Hydrolysis 4.907 g 1.14 4248 95.74 4,12
2 Base Hydrolysis 4.924 92537 1.16 4266 94.45 5.41
3 Peroxide degradation 4.938 92814 1.16 4252 94.73 5.13
4 Thermal degradation 4.924 96587 1.15 4286 97.14 2.78
5 UV Exposure 4.924 95273 1.14 4247 97.24 2.62
6 Neutral degradation 4.928 958426 1.16 4345 97.46 2.47
CONCLUSION

From this study, it is concluded that the propoSeability indicating RP-HPLC method was found to dimple,
accurate, precise, rapid and useful for routinelyaig of Metoprolol succinate and Chlorthalidone bolk &
combined tablet dosage form. The statistical patarseand recovery studies were carried out andrieghoThe
obtained results were satisfactory as per ICH dinieg.
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