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ABSTRACT

A simple, sensitive and inexpensive isocratic resqhase liquid chromatographic method has
been developed for quantitative determination ohd&sartan cilexetil, as bulk drug and in

pharmaceutical dosage forms. Chromatographic segi@mavas achieved on an Octa Decyl Silyl
column (C-18, 250 mm x 4.6 mm, 5 pm particle) &i#0:80 (v/v) mixture of phosphate buffer,
pH 2.5, and acetonitrile as mobile phase. The flate was 1.0 mL / min and the detection
wavelength was 215 nm. Resolution of Candesartaretil was greater than 2.0.The drug was
subjected to forced degradation such as photochenuogidation, chemical oxidation, acid

hydrolysis, base hydrolysis, different pH rangeyemus & non aqueous solution and thermal
stress. The substantial degradation occurred iralatie and acidic media and under oxidative

and hydrolytic stress conditions and also in aque&unon-aqueous hydrolysis. The method was

validated for Accuracy, Precision, Specificity, itiraf Detection, Limit of Quantification and
Linearity Range.

Keywords: Candesartan cilexetil, Antihypertensive, Liquid GMmatography, Forced
degradation, Validation.

INTRODUCTION

Candesartan is an antihypertensive drug commercalhilable as Cilexetil (cyclohexyl 1-
hydroxy ethyl carbonate) ester form. It is a pragdand is hydrolysed to Candesartan during
absorption from the gastrointestinal tract. Candaras a selective AlTsubtype angiotensin I
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receptor antagonist. It is a non-peptide, chenyaddiscribed as (+)-1-Hydroxyethyl 2-ethoxy-1-
[p-(o-1H-tetrazol-5-ylphenyl) benzyl]-7-benzimidazolecarplate, cyclohexyl carbonate (ester)

Fig 1 Structure Candesartan cilextil

Candesartan cilexetil is white to off-white cryited powder with a molecular weight of 610.67.
It is practically insoluble in water and sparinglgluble in methanol. Candesartan cilexetil is a
racemic mixture containing one chiral center atdpeohexyloxycarbonyloxy ethyl ester group.
Following oral administration, Candesartan cilelxahdergoes hydrolysis at the ester link to
form the active drug, Candesartan, which is aclrd].

MATERIALS AND METHODS

2.1. Chemicals and Reagents

S.No | Ingredients Source

1. Candesartan cilexetil working Standard Alembic Limited

2. Sodium Dihydrogen Orthophosphate Orthophosplamiit, Acetonitrile, Hydrogen Merk
Peroxide, Potassium Permanganate, Hydrochlori¢ &cdium hydroxide

3. 0.45u Nylon Filter Pall Life Sciences

2.2. Apparatus and Chromatographic condition

HPLC analysis for method development, forced deggfad studies and method validation was
performed with an Agilent 1200 series binary punhgsuto sampler and a photodiode-array
detector (PDA). The output signal was monitored pnacessed using Chemstation software
resident in a Pentium computer (Digital Equipme@f)romatographic separation was achieved
on an Octa Decyl Silyl column  (C-18, 250 mm & #/am, 5 pm patrticle) with a 20:80 (v/v)
mixture of phosphate buffer, pH 2.5, and acetdaitts mobile phase. The flow rate was 1.0 mL
/ min[4-6].

2.3. Preparation of Solutions

2.3.1. Buffer Preparation:

1.38 g of Sodium Dihydrogen Orthophosphate was megigand dissolved in 1000ml of water
and then the pH was adjusted to 2.5 with Orthophase acid.

2.3.2. Mobile Phase:
A mixture of buffer and acetonitrile in the ratib20:80 was used as mobile phase.
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2.3.3. Standard Preparation:

A stock solution of Candesartan cilexetil (0.5 m@lj was prepared by adding about 50mg of
Candesartan cilexetil working standard into a 10@ohimetric flask and the volume was made
up to 100 ml with mobile phase. 5ml of this solatwas pipetted into a 50ml volumetric flask
and the volume was made with mobile phase.

2.3.4. Sample Preparation:

50mg of Candesartan cilexetil working standard weesghed and transferred into a 100ml

volumetric flask, 30ml of mobile phase was addedissolve the contents and the volume was
made with the same solvent. 5ml of this solutiors waken and added in to 50 ml volumetric

flask and the volume was made with mobile phase.

Method Validation

3.1. Validation of candesartan cilexetil method oénalysis[7-9]

3.1.1. Accuracy

The accuracy of an analytical procedure is theetless of the test result obtained by the

procedure to the true value. Accuracy was calcdlatethe percentage of recovery by the assay
of the known added amount of analyte in the sangl@s the difference between the mean and
the accepted true value, together with confidentevals.

Procedure
Separately the solutions were injected and detale given below.

Preparation of Standard stock solution
50mg of Candesartan cilexetil working standard waghed and dissolved in 100ml volumetric
flask and the volume was made up to the mark withila phase.

Preparation of Solution A
5mL of the standard stock solution was diluted @& in a 50ml standard flask with the same
solvent.

Preparation of Solutions B,C & D

5mL of the Solution A was taken in a 50ml stand#agk and spiked with 20% of known

concentration and the volume was made up to thé& mih the same solvent and this solution
was named as Solution B. Same way solutions C ameei2 prepared by taking 5mL of the
solution A in a 50ml standard flask and spikinghnmt0% and 60% of known concentration
respectively. The results were given in results dsdussion section.

3.1.2. Precision

The precision of an analytical procedure is theree@f agreement among the individual test
result when the procedure is applied repeatedmutiiple sampling of a homogeneous sample.
The precision of an analytical procedure is usuaXgressed as the standard deviation or related
standard deviation (co-efficient of variation) arious of measurements. Precision may be a
measure of either a degree of reproducibility orepleatability of the analytical procedure under
normal operating conditions. The ICH documents meoend that using a minimum of six
determinations at 100% of the test concentration.
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Procedure

Standard solution

100mg of Candesartan cilexetil working standard waeen in a 100ml volumetric flask,
dissolved and the volume made up to the mark withila phase. 5mL of the resulting solution
was diluted to 50ml in a 50mL standard flask witle same solvent. The above solution was
injected separately and six replicates were takerefficient of variation was calculated (RSD).
The results were given in results and discussioticge

3.1.3. Specificity

The ICH documents define specificity as the abildyassess unequivocally the analyte in the
presence of components that may be expected tadsemd, such as impurities, degradation
products, and matrix components. These comparisbosild include samples stored under
relevant stress conditions (Example: light, heamidlity, acid/base hydrolysis and oxidation).

Photochemical oxidation

The photochemical oxidation can be carried outdiggihydrogen peroxide as catalyst. 50mg of
Candesartan cilexetil working standard was takea 1900ml volumetric flask, dissolved and the
volume made up to the mark with 30% solution of kgn PeroxideThis solution was
maintained at 60°C for 24 hours, filtered throughon filter paper of pore size 0.45um and
injected.

Chemical oxidation

The chemical oxidation can be carried out by upiogssium permanganate as catalyst. 50mg of
Candesartan cilexetil working standard was takem 100ml volumetric flask, dissolved and the
volume was made up to the mark with 0.1M solutibPatassium Permanganailéis solution
was maintained at 60°C for 24 hours, filtered tigloaylon filter paper of pore size 0.45um and
injected.

Acid hydrolysis

The acid hydrolysis can be carried out by usingrbghloric acid (1M). 50mg of Candesartan
cilexetil working standard was taken in a 100mlwnoétric flask, dissolved and the volume was
made up to the mark with 1M solution of Hydrochtoacid This solution was maintained at

60°C for 24 hours and then filtered through nylibterf paper of pore size 0.45um and injected.

Base hydrolysis

The base hydrolysis can be carried out by usingusodhydroxide (1M) as catalyst. 50mg of
Candesartan cilexetil working standard was takea 190ml volumetric flask, dissolved and the
volume was made up to the mark with 1M solutionSodium hydroxide This solution was
maintained at 60°C for 24 hours and then filtetedugh nylon filter paper of pore size 0.45um
and injected. The results were given in resultsdiadussion section.

3.1.4. Limit of detection

It is the lowest amount of analyte in a sample tbah be detected, but not necessarily
guantitated, under the stated experimental conditidhus, limit tests merely substantiate that
the amount of analyte is above or below a cermll The detection limit is usually expressed
as the concentration of analyte (e.g., percentages per billion) in the sample. The minimum
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concentration at which the analyte can reliablydbeected is established. Typically acceptable
signal-to-noise ratios are 2: 1 or 3: 1. Other apphes depend on the determination of the slope
of the calibration curve and the standard deviabiresponses.

Procedure
Limit of detection was carried out with 0.5mcg @0ppb solution.

Preparation of 500ppb solution

50mg of the Candesartan cilexetil working standetas taken in a 50ml standard flask,
dissolved and the volume was made with mobile phasesml of the previous solution in to
50ml volumetric flask, made up to volume with meljphase. To 5ml of the previous solution in
to 50ml volumetric flask made up to volume with rilelphase. To 5ml of the previous solution
in to 100ml volumetric flask made up to volume witiobile phase. Separately 20ul solution
was injected and the height of signal peak (S) moide peak (N) was calculated. The results
were given in results and discussion section.

3.1.5. Quantification Limit

The quantification limit is a characteristic of qu#ative assays for low levels of compounds in
sample matrices, such as impurities in bulk drugstances and degradation products in finished
pharmaceuticals. It is the lowest amount of anaigta sample that can be determined with
acceptable precision and accuracy under the swatpdrimental conditions. The quantitation
limit is expressed as the concentration of analyte.the case of instrumental analytical
procedures that exhibits background noise. Quaatitin limit will normally higher.

Preparation of Standard stock solution: (for Quantfication limit)

50mg Candesartan Cilexetil standard was taken @ml®olumetric flask, dissolved and the
volume was made with mobile phase. To 5mL of prewisolution in 50mL volumetric flask,
made volume with mobile phase.

Sample solutions

Iml, 2ml, 3ml, 4ml & 5ml of the standard stock g@un were taken in four 50ml volumetric

flasks and the volume was made with mobile phag@eépare 1mcg/mL, 2mcg/mL, 3mcg/mL,

4mcg/mL & 5mcg/mL solutions respectively. The réswlhere given in results and discussion
section.

3.1.6. Linearity and range

Linearity of an analytical procedure is its aliliio elicit test results that are directly, well
defined mathematical transformation, proportioraltiie concentration of analyte in samples
within the given range. The range of the analytmalcedure is the interval between the upper
and lower levels of the analyte (including theseelg) that have been demonstrated to be
determined with a suitable level of precision, aacy, linearity using the procedure as written.
The range is normally expressed in the same usites result (E.g.: percent, part per million
obtained by the analytical procedure).

Procedure
The concentration of the analyte was given in thex{s and corresponding in Y- axis.
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Standard stock solution: (for Linearity range)
50mg Candesartan cilexetil standard was taken Gml®olumetric flask, dissolved and the
volume was made upto the mark with mobile phase.

Sample solutions:

2ml, 3ml, 4ml, 5ml, 6ml, 7ml, 8ml of standard stos#lutions were taken separately in seven
50ml volumetric flasks and the volume was adjustéti mobile phase to prepare 20mcg/mL,
30mcg/mL, 40mcg/mL, 50mcg/mL, 60mcg/mL, 70mcg/mDpeg/mL solutions respectively.
The results were given in results and discussioticge

RESULTS AND DISCUSSION

4.1. Accuracy:

The average of 6 replicates 8blution A was the known concentration of the 100%. The
average of 6 replicates 8oblution A was 5282.03. The results showed that the presetitath
was accurate when analyzed for its recovery agtiegperformed Range.

Table 1: reports of accuracy

Solutions Qu%rgﬂg/wand)ded (olﬁ\;?r?e d) Average Recovery (in %) | Accuracy
6392.69

Solution B 20% 6391.91 | 6391.557 121.006% 100.84%
6390.07
7469.42

Solution C 40% 7462.31 | 7499.083 141.97% 101.41%
7565.52

Solution D 60% 8565.7 8561.083 162.08% 101.30%

HPLC Chromatograms
Fig. 3 :Accuracy

Flow Rate: 1.0 mL/min
Vial: 2
Inj volume: 20 uL
Sample Info: Precision Accuracy
Column: C18, 250X4.5mm 5um
1500 1500
Name
1000 1000

mAU
mAU

g
( Candesartan
g
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4.2. Precision
The present method was validated for its precisidre RSD (Relative Standard Deviation) of
the standard area was within the Limit. RSD: 1.48f4it: NMT: 2%)]

Table 2: Results Of Precision

X — axis Y — axis
Area—1 5246.00
Area — 2 5172.76
Area—3 5238.13
Area—4 5325.81
Area-—5 5357.11
Area—6 5352.36
Average 5282.028333
Std deviation 74.38455147
RSD% 1.408257335

Fig.4:Low range precision accuracy

Flow Rate: 1.0 mL/min
Vial: 71
Inj volume: 20 uL
Sample Info: LRP Accuracy 10mcg
Column : C18, 250X4.5mm 5um
150 150
Nare

mAU
mAU

IS} 1S
.
>I Candesartan
3

0 2 4 6 8 10 12
Mrutes

Fig. 5:High range precision accuracy

Flow Rate: 1.0 mL/min

Vial: 11

Inj volume: 20 uL

Sample Info: HRP Accuracy(100mcg)
Column : C18, 250X4.5mm 5um
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100 100
Nae
= — =
2 5o g 2
1S3 1S3

20 § r 20
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0 2 4 6 8 10 2
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Fig. 6:Intraday Precision
Flow Rate: 1.0 mL/min
Vial: 51
Inj volume: 20 uL
Sample Info: Intraday Precision
Column : C18, 250X4.5mm 5um
150 1500
Nare
1000+ 1000
2 g 2
£ ‘% £
g
500+ S I 500
O
—
O T T J\J T T 0
0 2 4 6 8 10 12
Mrutes

4.3. Specificity

Exposing to various stress condition has yieldeshenous degradation products. Peaks of such
degradative products observed by the present metHedce the method was specific for
detecting the active and its degradants.

4.4. Limit of detection:

The ratio of signal to noise (S/N) was within thenlt of 2: 1 or 3: 1.
Height of signal (500ppb solution) = 4.2

Height of Noise (500ppb solution) 0.61
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Inference:  The present method was validated for its LimiDetection. The ratio of signal to
noise (S/N) was within the Limit.

4.5. Quantification limit:
The limit of quantification was performed from 1mtm 5mcg. It obeys as per the Ordinates
plotted in the graph.

Fig.7:Limit of quantification

Flow Rate: 1.0 mL/min
Vial: 56
Inj volume: 20 uL
Sample Info: LOQ
Column : C18, 250X4.5mm 5um
Nare
A0 r 40
201 g -0
[
g
3
O
—
0 T T —\r = T T T O
0 2 4 6 8 10 12
Mrutes
FIG.8: Limit of quantification
Limit of quantification
600

500 -
R® = 0.9997
400
300 - /
200 /

(o] 1 2 3 a4 5 6
Concentration (mcg/mL)

AeaiA)

100

4.6. Linearity and range
The concentration was plotted in the graplg@re2) which pertains a linear line and hence the
linearity range was from 20mcg to 80mcg.
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Flow Rate:
Vial:

Inj volume:
Sample Info:
Column :

Table.3: limit of quantification

Concentration | Area
(mcg/ml) (mAU)
1 113.32
2 219.25
3 335.50
4 452.84
5 564.27

Table 4: reports of linearity

X — axis Y- axis

mcg/Ml | (Area) mAU
20 2171.08
30 3289.77
40 4380.52
50 5357.16
60 6387.26
70 7475.08
80 8575.09

1.0 mL/min

61

20 uL

Linearity 10mcg

C18, 250X4.5mm 5um

Fig. 9:Linearity

10

mAU

I Candesartan
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Fig.10: linearity and range

Linearity range

10000
8000 R2 = 0.9997 d

=) /
2 o000 -
N
§ 4000
Z /

2000

O T T T T
o} 20 40 60 80 100

Concentration (mcg/mL)

CONCLUSION

A simple and accurate reversed-phase HPLC methsdé&an developed for determination of
Candesartan Cilexetil. The method was validatedtdsting accuracy, precision, limits of
detection, limit of quantification, specificity adithearity Range. The Retention Time (RT) was
7.3 minutes which enables its application for noaitanalysis of Candesartan Cilexetil in bulk
drug analysis as well as in pharmaceutical dosaigest
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