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ABSTRACT

A rapid, specific, sensitive high-performance liqoltrtomatographic method has been developed for ahitetion
of Metoprolol Succinate and Hydrochlorothiazide urmifies and its degradation products in pharmaceails
preparation. HPLC was performed on a C18 columimwibobile phase A” consisting of 95:5 v/v of pH h6ffer
solution and methanol; while “mobile phase B” casted of 55:45 v/v methanol and acetonitrile. Thédiegphase
was pumped in a gradient manner at the flow-raté.6fmL mifi'. Ultraviolet detection was performed at 225 nm.
Metoprolol Succinate and Hydrochlorothiazide impies and degradation products along with procesguirities
were chromatographed with a total run time of 6@Gumés. Calibration showed that response of impesitivas a
linear function of concentration over the range L@§)300% of the target concentration {¢ 0.999) and the
method was validated over this range for precisiancuracy, linearity and specificity. For precisicstudy,
percentage relative standard deviation of each intpwas <15% (n = 6). The method was found to becjse,
accurate, linear and specific. The method was ssfaly employed for estimation of Metoprolol Sonaté and
Hydrochlorothiazide impurities and its degradatigmoducts in commercial available capsules and ind®
developed formulations.
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INTRODUCTION

Metoprolol succinate (METO) is chemically (RS)-5dpropylamino)-3-[4-(2-methoxyethyl)phenoxy]prop2i-

succinate, is a cardio selectiyeblocker, used in the treatment of hypertensiorgiran pectoris, arrhythmia,
myocardial infraction and heart failure. The dragailipophilic adrenoreceptor antagonist (b-blorkeith a short

half-life. The chemical structure is shown in FigurA [1]. Hydrochlorothiazide (HCTZ), chemicallys 6-chloro-

3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sulphonagtid-dioxide, is a popular diuretic drug of theattile class.
It is often used in the treatment of hypertensammmgestive heart failure, symptomatic edema arntiémprevention
of kidney stones. The chemical structure is showfRigure 2B. It is used widely alone or in combioatfor the

treatment of cardiovascular disorders, viz, hypesiten, angina, and congestive cardiac failure [2-5]

Metoprolol Succinate and Hydrochlorothiazide driags official in the British Pharmacopoeia and Utittates
Pharmacopoeia but their combination is not officgdsed on the literature survey, no official metihas yet been
developed for their separation and its impurit@s].

Several methods have been reported using HPLC withand fluorescent detection for the determinatan
Metoprolol Succinate and Hydrochlorothiazide indisally in pharmaceutical dosage forms as well dsigiogical
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fluids [9-17]. A new drug application (NDA) has lmesubmitted to FDA (U.S. Food and Drug Administraji by
AstraZeneca, a multinational pharmaceutical fiimraéspect of the above combination [18]. Thus, iappibn of an
HPLC method with high sensitivity and selectivityliind use for the determination of metoprololcsinate and
hydrochlorothiazide impurities and its degradatiooducts in pharmaceutical formulations.

MATERIALS AND METHODS

2.1 Chemicals and Reagents

Metoprolol Succinate and it impurities, Impurity Bnpurity-B, Impurity-C and Impurity-D and Hydrodthiazide
and its impurities, Chlorothizide and Benzothiazidgpurities from USP. Acetonitrile (HPLC-grade frodT.
Baker, USA), and Potassium dihydrogen phosphatdjugo Hydroxide, Hydrochloric Acid, Hydrogen Perogid
were from Merck (Darmstadt, Germany. Water wasfiatiby a Millipore (Bedford, MA, USA) Milli-Q wate
purification system and passed through a 0.22 umbrane filter (Durapore; Millipore, Dublin, Irelapdefore
use.

2.2 Equipment

HPLC analysis was performed with a Waters Alliasgstem equipped with a quaternary solvent managenple
manager, column-heating compartment, and Photodéod®y detector. This system was controlled by Vgate
Empower software.

The specificity study was conducted by using heatimen, stability chamber and heating mantel (Tloetrab,
India).

2.3 Standard and Sample Preparation

The standard stock solution of Metoprolol Succinatel Hydrochlorothiazide was prepared by dissolvamg
accurately weighed amount of working standards ilmedt, resulting in a concentration of 0.8mg/mLdan
0.2mg/mL respectively. Above solution further dédtin diluent to get a concentration of 2.4 ug'rahd0.6 pg
mL* respectively.

The impurity stock solutions for Metoprolol impwrif, B, C and D and Chlorothizide and BenzothiaZidpurities
was prepared by dissolving an accurately weigheduain diluent, resulting in a concentration of4 1g mLof
each impurity of Metoprolol impurities and 0.6 pd frfor HCTZ impurities.

The test solution was prepared by dissolving amr@ately weighed portion of the powder, equivalenB® mg of
Metoprolol (20mg of HCTZ) in 70mL diluent. After smating for around 30minutes, volume made up to
100mL.Above solution was filtered through 0.45u RViilter to eliminate insoluble excipients. The aldiquid
used for chromatographic analysis.

2.4 Chromatography

The analytes were separated on an Waters HPLC il 5 C18 column (250 mm x 4.6 id, 5u) at colunwero
temperature of 3 with a gradient run program at a flow-rate of mD min™* (Table 1). Before use, the mobile
phase was filtered through a 0.45 pm MilliporeefiltUV detection was performed at 225 nm. The sarimpéction
volume was 10 pL in partial-loop mode.

2.5 Method Validation
The method was validated for specificity, precisiancuracy, sensitivity and linear range as perlkgrnational
Conference on Harmonization (ICH) guidelines [19].

2.5.1Specificity:

A study was conducted to demonstrate the interferdrom placebo. Sample solutions were preparethking

the placebo equivalent to the amount present in ghmple solution and analyzed as per test method.
Chromatograms of placebo preparations are not stgpwiny interference at the retention time of known
impurities as well as analyte peaks.

A study was conducted to demonstrate the known iiti@sl interference by spiking the sample solutiath all
the known impurities at 0.3% spike level and anadyas per test method. It is found that all thewkmampurities
are separated from each other and also from anadgtks.

The known impurities of Metoprolol Succinate anddrchlorothiazide were injected individually to ¢iom the
retention time.

184
Scholar Research Library



Avinash S. Patilet al Der Pharmacia Lettre, 2015, 7 (2):183-190

A study was conducted to demonstrate the effectmgaration of degradants from Metoprolol Succirete
Hydrochlorothiazide peak. The drug product was ectejd to hydrolysis by refluxing the test solution5 N
Sodium hydroxide solution at 60°C for 4 h. Simiathe acidic hydrolysis was performed by refluxiegt solution
in 5N Hydrochloric acid solution at 60°C for 4 tél'neutral hydrolysis was done in water at reflgimperature
of 60°C for 4 h. Oxidation studies were performed30 % Hydrogen Peroxide solution at Bench top4fior On
photo stability study drug product was sufficiergfyread on petri plates (1 mm thick layer) and sgdao sunlight
and UV light at ambient conditions for 7 days. Hdityi study was performed separately by exposing gmoduct
to humidity at 25°C, 90% RH for 5 days. Thermal delgtion study was performed by heating drug produ&05°
C for 24 h.

Similarly placebo samples were prepared as likdrag product by exposing formulation matrices withdrug
substance.

Stressed samples were injected into the HPLC systémphoto diode array detector by following teséthod
conditions.

2.5.2 Precision:
The precision of test method was evaluated by usingamples spiked with known Impurities at 0.3%¢el and
analyzed as per test method.

2.5.3ACCURACY:

To confirm the accuracy of the method, recoverylistsi were carried out by standard addition techmigBamples
were prepared in triplicate by spiking all knownpimities in test preparation at the level of LOG0%, 100%,
200% and 300% of the standard concentration aalyzed as per the test method.

2.5.4 Sensitivity:

Sensitivity of the method was established with eespto Limit of detection and limit of quantificati for
Metoprolol Succinate and Hydrochlorothiazide imfigs. Series of concentration of drug solution &sdmnpurities
were injected, LOD and LOQ established by Signéldise ratio method.

Precision was performed at LOQ level for all theowm impurities by injecting six replicate injectiaf each
impurity at the concentration obtained from abowthuod.

2.6 Linearity of Detector Response:
A series of solutions of all the known impuriti@sthe concentration ranging from limit of quantion level LOQ
to 300% of standard concentration were preparedraecked into the HPLC system.

Application of Developed Method:

The method suitability was verified by analyzingeth different strengths of finished product afdmator and in-
house formulated product. The content of 20 Talgeisder was accurately weighted and transferedvabarit to
about 80 mg of Metoprolol succinate into a 100 nolumetric flask, add about 70 mL of diluent andisate for
about 15 minutes with intermittent shaking, diltwevolume with diluent and mix well. The solutiorasvfiltered
through 0.45 pm PVDF filter and injected.

RESULTS AND DISCUSSION

Selectivity, sensitivity, resolution, and speedcbfomatographic separation were optimized for tiR. €& method.
The retention times of Benzochlorothiazide at aba@¥, Chlorothiazide at about 10.17, impurity -afA24.59,
impurity-B at 29.06, impurity-C at 15.98, impuriy-at 39.58, Hydrochlorothiazide at about 11.48 Rtetoprolol
at 28.76 minutes respectively, under the chromagagc conditions described, and the total run timas 60 min.
Chromatograms obtained from blank, diluted standeodtrolled sample and Test sample spiked withuiities are
shown in Figures 2A, 2B, 2C, 2D and 4E respectively

HPLC system has been proved to be a promisingfeoaleparation with shorter run time. Use of ACEB3, 250 x
4.6 mm, 5 um as stationary phase enabled optimizaif HPLC for both peak selectivity and analygieed.
Hydrochlorothiazide, Metoprolol and its impuritiaere well separated with good peak shape and tésoliNo
interfering peaks were observed in blank & placeibdjcating that signal suppression or enhancenbgnthe
product matrices was negligible.
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After satisfactory development of method it wasjeated to method validation as per ICH guidelin8][IThe
method was validated to demonstrate that it isablét for its intended purpose by standard procetiuevaluate
adequate validation characteristics. The resultyefem suitability parameter was found to be complyacceptable
suitability criteria: relative standard deviatiofireplicate injection is not more than 5.0% Theutesf specificity
study ascertained the known impurities are sepérdtem each other and also from Metoprolol and
Hydrochlorothiazide peak and spectral purity ofeadbosed samples found spectrally pure [Table I3 % RSD of
replicate determination was found to be <5 duringcision study, which indicates that the methogricise and
data of precision study are shown in Table 4. ®Esailt obtained in the recovery study were foundhiwithe range
of 85% to 115% (LOQ to 300%), which indicates timethod is accurate and data for the same is giv&able 5
and 6. Sensitivity of method was verified and mdthe found to be linear, accurate and precise rait lof
guantification and data of LOD & LOQ study are givea Table 7 and 8. The calibration curve of alpimties
were obtained by plotting the peak area of indigldmpurity versus concentration over the range®@@ to 300%
and were found to be linear (r = 0.999). The dét@gression analysis of the calibration curvessti@wn in Table
9. The applicability of the method was verified e determination of impurities in Dutoprolol (inrador) and In

house formulation. The impurity content was fouadé satisfactory in both formulations and datanshin Table
9.

Figure 1A: Chemical structure of Metoprolol Succinde
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Figure 1B: Chemical structure of Hydrochlorothiazide
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Table-1. Gradient program for elution of Metoprolol and Hydrochlorothiazide and impurities

Cl

Time Solution A Solution B Elution
(minutes) (%) (%)
0-15 linear gradient
95 » 85| 5 » 15
15-40 linear gradient
85 » 40| 15 ® 60
40-50 linear gradient
40 % 30| 60 ® 70
50-53 Initial gradient
30 » 95| 70 » 5
53-60 95 5 re-equilibratior

Table-2. Chromatographic Conditions

LC Column ACE 5 C18, 250 x 4.6 mm, 5 ym
Flow Rate 1.0mL/minutes

Run Time 460 minutes
Wavelength 225nm

Column oven Temperaturg 30°C

186
Scholar Research Library



Avinash S. Patilet al

Der Pharmacia Lettre, 2015, 7 (2):183-190

Table 3. Results of Specificity Study

Individual % Degradation
- % Metoprolol Hydrochlorothiazide
>-No Stress conditions Degradatior| % IMP- |% IMP- | % IMP- |% IMP-
%Benzo.|%Chloro
A B Cc D
1 ;I;gie:;ed with 5N HCI solution at 60°C temperature dbout 4 522 0.09 0.36 0.08 018 451 ND
2 Igiz:;ed with 5N NaOH solution at 60°C temperatoreabout 4 37.07 ND ND 0.05 ND 36.82 ND
3 | Treated with 30% D, solution for about 4 hours on bench top. 3.46 0.570.27 0.18 ND 0.19 0.21
4 | Treated with water at 60°C temperature for adduburs. 8.55 0.02 ND ND ND 8.32 0.03
5 | Exposed to humidity at 25°C/90% RH for about &riso 0.03 ND ND ND ND 0.03 ND
6 | Exposed to heat at 105°C temperature for abohbRés. 2.83 ND 0.30 0.01 1.50 0.03 ND|
7 | Exposed to UV light for about 200 Watt hours/Squaetre 0.03 ND ND ND ND 0.03 ND
8 | Exposed to White light for about 1.2 million Ihgurs. 0.03 ND ND ND ND ND 0.03
Table 4. Percentage of RSD of impurities in precisn study
— 5
Nominal concentrations fig mL™) PreC|S|((r)]n:(I§)S D, %)
Benzochlorothiazide 0.3
Chlorothiazide 0.3
IMPURITY-A 0.7
IMPURITY-B 0.7
IMPURITY-C 0.6
IMPURITY- D 0.7
Table 5. Percentage Recovery of impurities at diffent level
Nominal concentrations % Mean Recovery of (n =3)
Benzochlorothiazidg Chlorothiazide| IMP-A | IMP-B | IMP-C  |IMP-D
Low@50% 105.3 102.1 108.1 108.1 105)5 10Q.0
Midle@100% 103.1 102.0 105.5 105.9 105/4 103.7
High@300% 102.1 98.6 103.6 104.4 106|1 104.3
Table 6. Percentage of Recovery & precision at LO@vel
Nominal concentrations | Benzochlorothiazidg Chlorothiazide| IMP-A | IMP-B_ | IMP-C  |[IMP-D
% Recovery 99.4 102.4 99.8 102.8 103}4 98|0
% RSD on precision (n=6 0 0 0 0 8.2 11.1
Table 7. Limit of detection (LOD) and limit of Quantification (LOQ) of impurities in percentage
Nominal concentrations | Benzochlorothiazidg Chlorothiazide| IMP-A | IMP-B | IMP-C  [IMP-D
LOD in % 0.002 0.002 0.002 0.001 0.00p 0.001
LOQ in % 0.005 0.008 0.006| 0.004 0.007 0.004
Table 8. Correlation Coefficient of impurities
Parameters (n=5) Benzochlorothiazidg Chlorothiazide| IMP-A | IMP-B  |IMP-C  [IMP-D
Slope 187172 129331 36526 50836 43147 44063
Y intercept 760 645 1112 171@ 431 4147
Correlation Coefficient 0.9999 0.9999 0.9998  0.999®.9999 | 0.9997
Table 9. Impurity profile of different formulation
Product Name % of % of % of % of % of % of % of Total
Benzothiadiazine Chlorothiadiazine IMP-A IMP-B IMP-C IMP-D Impurity
Dutoprolol
25mg/12.5mg 0.152 0.092 0.2 ND ND 0.041 0.569
Dutoprolol
50mg/12.5mg 0.174 0.025 0.083 0.013 ND 0.042 0.384
Dutoprolol
100mg/12.5mg 0.165 0.032 0.045 0.007 ND 0.033 0.338
In house
formulations 0.023 ND ND ND ND ND ND
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Figure 2A: Typical Chromatogram of Blank
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Figure 2B: Typical Chromatogram of Standard Solutian
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Figure 2C: Typical Chromatogram of Placebo Solution
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Figure 2D: Typical Chromatogram of Control Sample $lution
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Figure 2E: Typical Chromatogram of Spiked Sample Slution
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CONCLUSION

A rapid, specific, sensitive high-performance liqaitomatographic method has been developed forrdetation

of Metoprolol Succinate and Hydrochlorothiazide imipes and its degradation products in pharmacalgi
preparation. A number of analytical approaches Hman previously described to determine MetoprBladcinate
and Hydrochlorothiazide individually in pharmaceati dosage forms as well as in biological, howettds is the
first study reporting a validated reversed phaséhatke for impurity quantification in Metoprolol Sucate and
Hydrochlorothiazide formulation. Metoprolol Sucdi@aand Hydrochlorothiazide drugs are official ire tBritish

Pharmacopoeia and United States Pharmacopoeishéutdombination is not official. Based on the rittre

survey, no official method has yet been developedHeir separation and its impurities The simpRLE method
developed in this study makes it suitable for safi@n and estimation of impurities without integfiace from
excipients and other related substances presehtipharmaceutical matrices. The analytical peréorce and the
result obtained from analysis of two different fadations demonstrated that the method is reliabtesufficiently

robust. In conclusion, the high sensitivity, goaglestivity, accuracy and reproducibility of the HPLmethod

developed in this study makes it suitable for duationtrol analysis of complex pharmaceutical prapan

containing Metoprolol Succinate and Hydrochlorotide and its impurities.

Acknowledgements
We wish to express our sincere thanks to Mr. DuRasl, of Mylan Laboratories Ltd. India and Dr.l#sranjan
Acharya of VerGo Pharma Research LaboratoriesLidt.India.

REFERENCES

[1] Maryadele, J. O'Neil., Eds., In; The Merck B.xd An Encyclopedia of Chemicals, Drugs and Bidta{g, 14th
Edn., Merck & Co., Inc., Whitehouse Station. 006 6151: 1060.

[2] Niopas I, Daftsios ACJ. Lig. Chrom. Rel. TechnpP002 25(3): 487-494.

[3] Speight TM, Holford NHG. Avery’s Drug Treatmerith Ed, Auckland, N.Z.: Adis International997.

[4] Hardman JG, Limbird LE. Goodman and GilmanslseTPharmacological Basis of Therapeutics, 10th Ed.
London, England: McGraw HilR001

[5] Sweetman SC. Martindale’'s The Complete DrugeReice Pharmaceutical Press, 34th Ed, London, REehgla
2002 p 957.

[6] British Pharmacopoeia. The Stationery Officalfehalf of Medicines and Healthcare Products Régula
Agency (MHRA), London, Englan@007, (vol.1) pp. 1036-1037, (vol. Il) pp 1384-13850K3) pp 2643-2644.

[7] United States Pharmacopoeia and The NationamBlary. Asian edition; United States Pharmacopeial
convention, INC 12601, Twinbrook Parkway, Rockyillé D, USA2003 pp 909-911, 1220-1222.

[8] Indian Pharmacopoeia. Ministry of Health andrilgt Welfare, New Delhi, Indial996 Vol. 1,pp 371-372.

[9] P.M. Cerqueira, E.J. Cesariono, C. Bertuccs.Bonato, and V.L. Lanchote, Chirality, 15, 520@3.

[10]Van Der Meer MJ, Brown LW]. Chromatogy, 1987 423:351-357.

[11]Richter K, Oertel R, Kirch WJ. Chromatogr.,1996 A729: 293-296.

[12] Ozkam SAJ. Chromatogr. Rel. TechnpP00L 24: 2337-2346.

[13] Cooper SF, Masse R, Dugal R.Chromatogr, 1989 489: 65-88.

[14]G. D. Johnston, A. S. Nies and J. Gal, Chromatogr B. 278 (983 204-208; DOI:10.1016/S0378-
4347(00)84776-3.

189
Scholar Research Library



Avinash S. Patilet al Der Pharmacia Lettre, 2015, 7 (2):183-190

[15]M. Delamoye, C. Duverneuil, F. Paraire, P. Mazancourt and J. C. Alvare3ci. Int 141 Q004 23-31;
DOI:10.1016/j.forsciin00312.008.

[16]J. Fang, H. A. Semple and J. SohgChromatogr. B809 004 9-14; DOI: 10.1016/j.jchromB00405.029.
[17]1Erk N. J. Chromatogr, 2003 B784: 195-201.

[18] Papademetriou V, Hainer JW, Sugd\th J Hypertensio@00518(5 Pt 2 Suppl S): 91A (Abs P237).
[19]ICH.Validation of Analytical Procedure: Tekethodology ,U.S Food and drug Administration, IFPMA
Geneva2005

190
Scholar Research Library



