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ABSTRACT

A simple, linear, rapid, precise and stability-indting analytical method was developed for thenestiion of
related substances and degradants of Carvedilol il tablets. The chromatographic separations veaigieved
using high performance liquid chromatograpimértsil ODS 3V, 150mm X 4.6mm, ID with 5 micromstiples
column) employingmixture of 0.1% Trifluoro acetic acid, methanol aadetonitrile (500:300:200v/v) as mobile
phase in an isocratic elution modéth a 1.5 mL/min flow rate was chosen. Five impesi were eluted within
fifteen minutes of run time. The column temperatge maintained at 55°C and a detector wavelengttZ20nm
(Amino impurity —E) & 240nm (Carvedilol & other imnties) was employed. Carvedilol was exposed id, dase,
thermal, photolytic, and oxidative stress condisioihe stressed samples were analyzed by the mwposthod.
The degradation o€arvedilol was observed under, oxidative hydrolysis, base diysis, thermal and photolytic.
The drug was found to be stable in all other stresaditions applied. Successful separation of thegdrom
organic impurities and degradation products formetler forced degradation was achieved. The devdlé{ilC
method to determine the related substances and/as$&€arvedilolcan be used to evaluate the quality of regular
production samples.It can be also used to tessthigility samples afarvedilol

Key words: Reverse Phase Liquid Chromatograpl@arvedilo| Validation, Stress conditions, Degradation
Products.

INTRODUCTION

Carvedilol is a nonselectife-adrenergic blocking agent witllL-blocking activity. It is (+)-1-Carbazol-4-yloxy3-
[[2-(o-methoxyphenoxy)  ethyllamino]-2-propanol.  @adilol is used for treating high  blood
pressure and congestive heart failure. It is rdladelabetalol lormodyne, Trandatdjigh blood pressure adds to
the workload of the heart and arteries. If it conés for a long time, the heart and arteries mayfunaction
properly. This can damage the blood vessels obthm, heart, and kidneys, resulting in a strolegrhfailure, or
kidney failure. High blood pressure may also insecsthe risk of heart attacks. These problems magdselikely to
occur if blood pressure is controlled.
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Carvedilol is also used to prevent further worsgrahcongestive heart failure. It is also used¢at left ventricular
dysfunction after a heart attack. Left ventricutgssfunction occurs when the left ventricle (the mpumping
chamber of the heart) stiffens and enlarges and¢aase the lungs to fill with blood.

Carvedilol belongs to a group of medicines callethkadrenergic blocking agents, beta-blocking agemt more
commonly, beta-blockers. Beta-blockers work by @ffey the response to some nerve impulses in cepiaits of
the body. As a result, they decrease the heard fug blood and oxygen by reducing its workloaley also help
the heart to beat more regulariyne FDA first approved carvedilol in 1995.

Literature survey reveals that there is no RP-HPi@thods reported for quantification of carvedilol i
pharmaceutical formulation. However, a few methbdge been used for quantification of carvedilobialogical
fluids. High-performance liquid chromatography (HPLwith fluorescence and mass spectrometer detedRiP-
HPLC and HPTLC with UV detector and gas chromatplyya(GC)-MS detector have been reported. Theseadeth
require longer runtime and do not represent degitadstudied in this papers. Therefore, the prestmty aims to
develop and validate a simple, fast and econoni®®aHPLC method for estimation of carvedilol in phaceutical
dosage forms.

To the best of our knowledge, no method availabléhe literature can separate all five impuritiasB,C,D &E)
together using only a 15-minute run time. The métvas validated as per ICH guidelines.

The HPLC system will significantly decrease thediand cost per sample in the analytical proceskewhproving
the quality of the results.

The chemical structures and names of Carvedilolisrichpurities A,B,C,D &E depicted in Figure 1.tAbugh five
impurities are considered for method developmedtseiectivity purposes, these impurities are nteated in the
sample of Carvedilol.

EXPERIMENTAL SECTION

2.1 Chemicals:

Samples ofCarvediloland its five impurities namely impurity A, B, C,&hd impurity E (Fig.1) was received from
Shodana Labs Pvt.Ltd, Hyderabad. Merck grade Meth&cetonitrile &Triflouro acetic acid was purclesfrom
Merck, Darmstadt, and Germany. High purity watesvpaepared by using a Millipore Milli Q plus pudétion
system.

Figure 1: Structure of Carvedilol and its impurities — A,B,C,D & E
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Structure of Imp. A Structaiof Imp. B
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Molecular formula: GgHa3N30O; Molecular formula: GgH39N3;Og
Molecular weight : 629.74 Moleaweeight :  645.7
Chemical Namel-{{9-{2-Hydroxy-3- Chemicame: 1,{[2-(2-Methoxyphenoxy)
{[2-(2-methoxy- phenoxy)ethyllamino}propyl ethytiitrilo}bis[3-(9H-carbazol-4-yloxy)-
propan-
}-9H-carbazol-4-yl}oxy}-3-{[2-(2-methoxy- 2-ol.
phenoxy) ethyl] amino}-2-propanol.

OCH,
Structure of Imp. C
O/Y\N/\/()@ Structure of Imp. D
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Molecular formula: GH3,N,O, Molecular formula: GH13NO,
Molecular weight : 496.60 Molecular weight:9237
Chemical Name : (2RS)-1-{Benzyl[2-(2-meth- Chemidlame : 4-(2-Oxiranylmethoxy)-

9H-carbazole
oxyphenoxy)ethyl] amino}-3-(9H-carbazol-4-
yloxy)-2-propanol

Structure of Imp. E
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Molecular formula: GH13NO, - HCI - HO
Molecular weight : 221.68
Chemical Name: 2-(2-Methoxyphenoxy)ethylamine hgtitoride monohydrate
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2.2 Equipment:

The HPLC system used for the method development waalitlation consisted of gradient pumps from
ShimadzuProminence, Ultra violet detector with duahometer from Shimadzu. Singapore, with autosarrgoid
auto injector. The HPLC system was equipped witka decquisition and processing software “LC solugion
software” Shimadzu. Singapore.

2.3 Preparation of Standard solutions:

A stock solution of Carvedilol was prepared by digmg appropriate amount of substance in wateragelonitrile
(1:1). Working solutions of 1Q@ /mL were prepared from the above stock solutifmmsthe determination of
related substance and assay. Stock solutions afritigs(mixture of Impurity A, B,C,D& E) at 0.1 mgL were
also prepared in water and acetonitrile (1:1).

2.4 Chromatographic Conditions:

The Chromatographic separation was achieved onnartsil ODS 3V, 150mm X 4.6mm, ID with 5 microns
particles column. 0.1% Trifluoro acetic acid, metblaand acetonitrile (500:300 :200v/v) used as &ilaghase.
The mobile phase was filtered through nylon memébrgrore size 0.4hm) and degassed by using vaccum pump
and sonicate for 15 minutes prior to use. The ftate of mobile phase was 1.5 mL/min. The columnpemture
was maintained at 55°C and wave length was momitate220 & 240 nm. The injection volume waq.POThe
standard and the test dilutions were prepared ternvemd acetonitrile (1:1).

2.5 Validation of the method:

2.5.1 Specificity:

Specificity is the ability of the method to meastine analyte response in the presence of its patentpurities.
The specificity of the developed HPLC method fom@dlilol was carried out in the presence of its umipes
namely impurity A, B,C,D & E. Stress studies wessfprmed for Carvedilol bulk drug to provide anication of
the stability indicating property and specificity the proposed method. Intentional degradation atémmpted to
stress conditions of UV light (254nm), heat (70 ,°@gid (0.5N HCI), base (0.5NNaOH),and OxidatiorD (%6
H,0,) to evaluate the ability of the proposed methoddparate Carvedilol from its degradation produets. all
degradation studies, period was 24 hours. Assayrelated substance studies were carried out fesstsamples
against qualified Carvedilol reference standardsafswas also calculated for Carvedilol samplespikirsgall five
impurities at the specification level (i.e., 0.1%).

2.5.2 Precision:

The precision of the assay method was evaluatezhbyying out six independent assays of Carveddst samples
against a qualified reference standard and cakeute %RSD of assay. The precision of the relatdxtances
method was checked by injecting six individual mgions of Carvedilol (0.1mg/ mL) spiked with (%4 of
impurity A, B,C,D& E with respect to Carvedilol dgyte concentration. %RSD of area for each impuatyA,
B,C,D & E was calculated. The intermediate precisib the method was also evaluated using diffeagiaiyst and
different instrument in the same laboratory.

2.5.3 Limit of detection (LOD) and Limit of Quantification (LOQ):

The limit of detection and limit of quantificatiomere determined at a signal to noise of 3:1 andl@dpectively,
by injecting a series of dilute solutions with knowoncentrations. Precision study was also caoigdat the LOQ
level by injecting five individual preparationsiofp A, B,C,D& E and then calculated the %RSD of pleak area.

2.5.4 Linearity

Linearity test solutions for the assay method wmepared from Carvedilol stock solutions at fivencentration
levels from 50% to 250% of assay analyte conceaotrg50%, 100%, 150%, 200%, and 250%). The peal are
verses concentration data was treated by leastesliaear regression analysis.

Linearity test solutions for the related substamethod were prepared by dilution of stock solutiothe required
concentrations. The solutions were prepared at ¢imecentration levels from LOQ to 150% (1@§/mL) of
specification level of impurities namely - impuri#y, B,C,D& E(LOQ 50% 75%, 100%, and 150%). Abovstte
were carried out for 3consecutives days in theesaoncentration range for both assay and relatbdtances
method.The % RSD value for the Slope and Y-intdrogthe calibration curve was calculated.
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2.5.5 Accuracy:

The accuracy of the assay method was evaluatatplitate at three concentration levels50%,100% &5d % of
test concentration (0.1 mg/mL).The percentage odveries were calculated. The accuracy study ofinitips was
carried out in triplicate at50%, 100%, & 150% ogsffication level (0.1%) to the Carvedilol analytencentration
(100ug /mL).The percentages of recoveries for impuritiese calculated from the slope and Y- Intercepthef
calibration curve.

2.5.6 Robustness:

To determine the robustness of the developed metixqekerimental conditions were deliberately alteagd the
resolution between Carvedilol and its impurity A,CED& E was recorded. The effect of the methantibrin
mobile phase preparation studied on resolution dyixag by-5 to + 5 %, while other mobile phase comgnts
were held constant as stated in Chromatographiditons. The column temperature was varied by -5 8C and
flow rate of the mobile phase varied from — 0.%@21 mL/min.

2.5.7 Solution stability and Mobile phase stability

The solution stability of Carvedilol in the assagtirod was carried out by leaving both the testtsmia of sample
and reference standard in tightly capped volumdtesks at room temperature for 24 hrs. The sarmmepka
solutions were assayed for 6 hours interval uin¢ostudy period. The mobile phase stability was e¢sried out by
assaying the freshly prepared sample solution agdieshly prepared reference standard solution6fdrours
interval up to 48 hours. Mobile phase prepared kegt constant during the study period. The % RSOiHe assay
of Carvedilol was calculated during mobile phasel aolution stability experiment. The solution slifpiof
Carvedilol and its impurities in the related subsgmethod was carried out by leaving spiked samsgligtion in
tightly capped volumetric flasks at room temperatiar 24 hours. Content of Impurity A, B,C,D& E weethecked
in the test solutions.

RESULTS AND DISCUSSION

3.1 Optimization of Chromatographic conditions

The main objective of Chromatographic method isséparate Carvedilol from its impurities- A, B,C,D &
Impurities were co-eluted using different statignphases such as, Symmetry C18, 250mm X 4.6, 5urabag
C8, 150mm X 4.6, 5um and X-Terra C18, 100mm X 4.6mwm as well as different mobile phases. The
Chromatographic separation was achieved on a Ih@BS 3V, 150mm X 4.6mm, ID with 5 microns partsl
column using a mixture of 0.1% Trifluoro aceticdanethanol and acetonitrile (500:300 :200v/v) abie phase
in an isocratic elution mode. The flow rate of thebile phase was 1.5 mL / min, at 55 °C column temafure, the
peak shape of the Carvedilol was found to be symaoaétin optimized chromatographic conditions afr@edilol,
Imp —A,B,C,D& E were separated wither solution geedhan 2, typical relative retention times webewt .0.65,
454, 2.68,2.23 & 0.42respectively(Fig 2).The systuitability results are given in Table-land depeld HPLC
method was found to specific for Carvedilol andfiite impurities namely Imp —A,B,C,D &E(Fig .2).

Table-1:System suitability data

System suitability] Carvedilo] Imp.A Imp.B  Imp.C mp.D | Imp.E
Rt 3.05 1.99 13.86 8.2 6.83 1.28
RRt 1 0.65 4.54 2.68 2.23 0.42
Rs 4.05 3.05 7.60 2.9¢ 11.62 -
T 1.1¢ 1.12 1.1 1.1t 1.1 1.52
N 2500 2090 3468 3578 5200 2015
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Fig.2:Chromatograms of (a) Carvedilol standard (b)Carvedilol sample (c)Carvedilol sample spiked withmpurities

(a) Carvedilol Standard chromatogram
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(b) Carvedilol sample chromatogram
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(c) Carvedilol sample and spiked with impurities chomatogram
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Fig.3: Stress study Chromatograms of Carvedilol aperoxide blank b) peroxide degradation c) in base)dPhotolytic degradation e)
thermal f) acid degradation

(a) Hydrogen peroxide blank chromatogram
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(b) Hydrogen peroxide degradation chromatogram
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(c) Base degradation chromatogram
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(d) Photolytic degradation chromatogram
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(e) Thermal degradation chromatogram
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3.2 Results of forced degradation studies:

Degradation was not observed in Carvedilol samphenvsubjected to stress conditions like acid hydisl
Carvedilol was degraded to impurities A, B, C, D&BEinknown impurities under Oxidative hydrolysis, base
hydrolysis and heat and photolytic hydroly¢iKig.3).Peak purity test results confirmed that the Cateédieak is
homogenous and pure in all the analyzed stresslsanifhe assay of Carvedilol is unaffected in thespnce of
impurities and its degradation products confirms #tability indicating power of the method. The suany of
forced degradation studies is given in Table 2.

Table-2: Summary of forced degradation

Stress conditior Time (hours | Assay ofActive substanc (%) | Total impuritie: (%) | Massbalance Assay + impuritie (%))
Normal 24 100 - 100
Acid hydrolysis 24 99.97 0.03 100
Base hydrolysis 24 79.10 20.9 100
Oxidation(3%HO,) 24 46.90 53.1 100
Thermal at 76C 24 99.87 0.13 100
UV light 24 99.8¢ 0.12 10C

3.3 Precision

The % RSD of assay of Carvedilol during the assathod precision study was within 0.10% and the %R8Dhe
area of impurity—-A, B, C, D & E in related substaaanethod precision study was within 3.42 %, 2.12%6%,
0.67% & 3.0%. The % RSD of the assay results obthiim the intermediate precision study was witl6#d,.
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%RSD for the area of A, B, C, D & E were well with8.51%, 2.25, 3.0, 0.95 & 3.18 conforming goodcgien of
the method.

3.4 Limit of detection (LOD) and Limit of Quantific ation (LOQ):

The limit of detection of all impurities A,B,C,D &ere achieved1.59, 1.59, 1.51, 1.55 &L 4ImL respectively
for 20 pL injection volume. The limit of quantification ampurities namely A, B, C, D & E are 4.81, 4.8160@..
4.66 & 4.27,ug/mL for 2QuL injection volume. The precision at the LOQ corteations for Imp -A, B, C, D & E
were below 7.5%.

Table-3 : Limit of Detection and Limit of Quantific ation

Name | Imp. A| Imp.B| Imp. Imp. Imp.
LOD 1.59 1.59 1.51 1.55 141
LOQ 4.81 4.81 4.6 4.66 4.27

3.5 Linearity:

The linearity calibration plot for the assay methweaks obtained over the calibration ranges tested50 to 25Q.g/
mL and correlation coefficient obtained was gre#tan 0.999. Linearity was checked for assay methad same
concentration range for 3 consecutives days. Th&BoRalue of the Slope and Y-Intercept of calibnatmurve
were 1.4 and 2.5 respectively. The result shows dhaexcellent correlation existed between the pala and
concentration of the analysis. Linear calibratidot dor the related substances method was obtatent the
calibration ranges tested i.e. LOQ to 150 % for by B, C, D & E. The correlation coefficient obtad greater
than 0.999. Linearity was checked for the relatgostances method over the same concentration rdogdsee
consecutives days. The %RSD values of the Sloperantercept of calibration curve were 3.42, 2.22/6, 0.67,
and 3.0 respectively. The above results showsahatxcellent correlation existed between the peaia and the
concentrations of Imp - A, B, C, D & E.

Table-4: Linearity data

Name Carvedilol | Imp.A| Imp.B Imp.C|  Imp.D|  Imp.H
Linearity (n=3)
Intercept 1328283.5) -38.12) 819.94 -160843 -78.24 0.5%4
Slope 145565681 2483.7B 24992.Jl6 16644.54 33436.¥293.52
r 0.99978 0.9992] 0.99969 0.99943 0.99972 0.99972

n, number of determinations
3.6 Accuracy
The percentage recovery of Carvedilol in bulk desmples was ranged from100 to 100.5% (Table-5).The
percentage recoveries of all five impurities in &alilol samples varied from 98.5-100.8%.

Table-5: Accuracy data

Name Carvedilo Imp.A Imp.B Imp.C Imp.D Imp.E
Accuracy % Recove | 10C-100.f | 98.5-100. | 99.(-100.f | 99.5-100.F | 99.(-100.f | 99.1-100.¢

3.7 Robustness

In all the deliberate varied chromatographic cdodi (flow rate, composition of organic solvent &lumn
temperature) the resolution between critical pag, Carvedilol and imp A,B,C,D&E was greater tharD,
illustrating the robustness of the method.

3.8 Solution stability and Mobile phase stability

The % RSD of assay of Carvedilol during solutioabgity experiments were within 0.1%. No signifitaahanges
were observed in the content of impurities namely + A,B,C,D &E during the solution stability andhile phase
stability experiments when performed using theteglassubstance method. The solution stability andilmghase
stability experiment data confirms that the sangakition and mobile phase used during the assayhandelated
substance determination were stable for 48 hours.
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CONCLUSION

The RP HPLC method developed for quantitative agldted substance determination of Carvedilol igdm
accurate, precise, rugged, rapid and specific. Mie¢hod was fully validated showing satisfactoryadé&tr all

method validation parameters tested. The develapattiod is stability indicating and can be convettyeased by
quality control department to determine the relagalistance and assay in regular Carvedilol proolugamples
and also stability samples. In the RP HPLC techmigluthe impurities were separated within a shore.
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