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ABSTRACT

A new HPLC method has been developed for the chomgraphic separation and simultaneous quantitative
determination of anti-oxidant compounds (vitamingallic acid, rutin and ellagic acid) in pomegramafreeze
dried juice samples. Separation was accomplisheda ddg column (250 x 4.6mm, particle size 5 um, Merck,
Germany) with a gradient elution and recorded a4 2@n. The flow rate was kept as 1.0’ mAll calibration curves
showed good linear regression (#¥20.9925) within test ranges. Low LOD & LOQ valuesved the sensitivity of
the method. The proposed method was validated diteprto ICH guide lines for accuracy (97.2-102.5%),
precision (0.12-1.87% RSD), and robustness (0.26%.RSD). The results demonstrated that the praposshod

is reproducible, accurate, economic and suitable tfee quality control of different commercial prads which
contain pomegranate as an ingredient.
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INTRODUCTION

The use of herbal products for the prevention agatinent of various health ailments has been ictipgafrom time
immemorial. Generally it is believed that the resdsociated with herbal products is very less, &ports on serious
reactions are indicating to the need for develogmérffective marker systems for isolation andnitfcation of
the individual components. Standardization, stgbéind quality control for herbal drugs are feasiltdut difficult to
accomplish (1). The present study attempts to dgval multi-component HPLC assay method which wélphin
the quality control of commercially available pomegate juices.

Pomegranate is one of the largely consumed frudar the world due to its multiple beneficial &ffs on human
health. Even though fruit has been known for italthebenefits from decades, the recent scientéfsearch on its
anti-oxidant properties increased the demand ofgguemate as various food and cosmetic products. Sd@nario
brought different forms of food and beverages stufif the market like juices, jelly, molasses, caotie and
aerated beverages, syrups, wine etc., as many mensipelieve it to be a preferred food to be inetlith everyday
nutrition. This fruit is rich in anthocyanins andagitannins, which exert a protective role towacddgenerative
diseases (2-3).

Bioactive phenolic compounds such as hydrolysabimihs, monomeric anthocyanins, ellagic acid, gadlid,
rutin, catechin, kaempferol etc, have been repdrtggbmegranate. Vitamin C also found in consideramount in
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all verities of pomegranate. Presence of these glitenompounds and vitamins makes the fruit a giranti-
oxidant in nature (4).

Literature survey reveals that up to now no methuaise been reported on the quantitative analysiseeze dried
pomegranate juice on the anti-oxidant phenolic coumngs. In most of the previous studies, phenolit flavanoid
constituents in various herbal samples had beelyzsthby HPTLC (5), HPLC-CAD (6), HPLC-DAD (7), Hel-
DAD-ESIMS (8) and HPLC-PDA (9) methods with the drapis on individual components. In addition mosthef
methods reported on the quality control of dealy anith the quantification of one or two componeritie HPLC
methods reported on the simultaneous quantificatbbrmulti component products fails to suggest appro
extraction procedure in order to attain the maximugoovery of all the markers. The direct injectiohsuch
samples in HPLC will lead to interference of tasgemarker components with other moieties presetttarsample
and the compounds in lower concentrations canndebected.

Bioactive concentration and composition of pomegtanjuice are strongly influenced by cultivar, ditc
conditions, maturity status and juice extractiorthds of the fruits collected for the process (40-5o it is very
necessary to have a sophisticated quality conteihad through which the exact quantification of keas can be
made. The aim of the study is to develop a simpdiable and reproducible method on the simultaseou
determination of multiple active components presernhese commonly used commercial products foir tipgality
control as well as to propose an optimised exwagtirocedure in order to improve the recovery bfalr marker
constituents.

MATERIALS AND METHODS

Samples, chemicals, solvents and standards

HPLC grade acetonitrile and methanol (E. Merck,sadt, Germany) were used for the analysis. Desahwater
was purified by Milli-Q system (Millipore, BedfordMA, USA). Ortho-phosphoric acid @RO,) 88% was
purchased from Fisher Scientific Company (UK). #ie standards<@9% purity) were purchased from Sigma—
Aldrich, St. Louis, MO, USA.

Chromatographic conditions and instrumentation

The analysis was carried out on a Waters Allian®2898 separating module (Waters Co., MA, USA) uding
detector (Waters 2998) with autosampler and coloren. The instrument was controlled by use of ‘EMPER’
software installed with equipment for data collestand acquisition. Compounds were separated oz eeerse
phase column (250 x 4.6mm, particle size 5 um, KMe@ermany) maintained at room temperature. Theilmob
phase consisted of solvent A (0.05%, v/v solutibrohophosphoric acid) and solvent B (acetonitdtmtaining
0.5% mobile phase A) with the elution profile alidars: 0-20% B at 0—10 min, 20-22% B at 10-15 r2i2,-30%

B at 15-20 min, 30-40% B at 20—25 min, 40-50% RBR5#30 min, 50—-60% B at 30-35 min, 60—-80% B at 35-60
min and the re-equilibration time for each gradielntion was 15 mins. The flow rate was 1.0 mL/nthe column
was maintained at room temperature.

Sample preparation

The extraction procedure was optimised prior tgparation of sample for the complete recovery ofdasired
components of analysis using different compositiohmethanol: water varying time for extraction synication,
which was monitored using proposed HPLC method.|litee was freeze-dried in a Millrock LD85 tray gyfreeze
dryer (Millrock Technology, USA) at —40°C for 24urs, and stored in air tight container at -18 °@l @xtraction,
since it is highly hygroscopic in nature. Two gefze dried samples (in triplicate) were taken seprérom each
batch in a 50 ml conical flask and 25 ml of solvéft % methanol) was added and mixed well. It veasczated for
40 minutes at room temperature and filtered usirtgaivan filter paper no. 4 (the extraction solvemd &me of
sonication was optimised and selected after setaid for maximum recovery of all four componéniEhe filtrate
obtained was transferred to a separating funndéd ¢hDvolume) and extracted with 25 mL of hexanadmove
undesired nonpolar compounds. Aqueous methandlieewas dried using rotavapor below 40°C andélselues
obtained was reconstituted in 10 mL of solvent inethanol: water (70:30, v/v), further transferted25 mL of
volumetric flask and make up the volume. All thenpde solutions were filtered through 0.22 pum syeirfigter
before injecting.

Method validation

Linearity

Linearity was assessed with the aid of seriallytéil calibration solutions of all standards. Qalilon graphs were
plotted on the basis of triplicate analysis of eaalibration solutions by using peak area agaiostentration.
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Accuracy

The accuracy of the method was determined as regdyestandard addition method. Pre-analyzed sanpkre
spiked with standards at three different conceiotndevels i.e. 50,100 and150% and the mixtureseweranalyzed
by the proposed method. Data obtained, was anafgzéd recovery.

Precision

The precision of the method was carried out by glaintermediate precision. In intermediate precisiotra-day
and inter-day precisions were carried out. Intrp-diad inter-day precisions were done by preparimd) &plying
three different concentrations of standard in itgde six times a day and similarly on six diffaredays,
respectively. Assay for each analysis was calcdlatel % RSD was determined.

Robustness

Robustness of the proposed method was determiné80apig mL* in two different ways, i.e. by changing the
detecting wavelength and analyzing temperature. Th&SD of the experiment was calculated to asdess t
robustness of the method (Table 3).

LOD & LOQ

Limit of quantification (LOQ) is the lowest amouat an analyte in a sample that can be quantitatigetermined
with suitable precision (signal to noise ratio @).1Limit of detection (LOD) is the minimum conceation of
analyte that can be detected with acceptable ogrtahough not quantifiable with acceptable precigsignal to
noise ratio of 3).

RESULTS AND DISCUSSION

Optimization of chromatographic conditions

Since the polarity range of the components is vemyow, gradient elution was carried out to segamaximum

components. The mobile phase was selected usifegatdif compositions of methanol-water and aceftaitvater

with some modifiers including orthophosphoric ad@mic acid, acetic acid, phosphate buffer, aeehatffer with

different pH values adjusted using triethyl amimal @mmonia, which were investigated under diffeignaidient

elution modes. After many trials, excellent segambf all components were achieved on solvent A%%, viv

solution of orthophosphoric acid) and solvent Befaaitrile containing 0.5% mobile phase A), in desd elution

upto 60 minutes, the representative HPLC chromatogrof all the four reference compounds and sangies
shown in Figure 1 & 2. In order to detect all fasomponents with good sensitivity, 254 nm wavelengts

selected as the detecting wavelength for the aisalys

Table 1. Linearity of the method

Compound Linearity range Corre_la_tion LOD LOQ
(ug/mL) coefficient | (ug/mL) | (ug/mL)
Vitamin C 0.10-500 0.9985 0.07 0.095
Gallic acid 10-1000 0.9965 4.50 9.50
Rutin 1-500 0.9925 0.45 0.85
Ellagic acid 1-500 0.9986 0.40 0.95

Table 2: Recovery analysis of the method (n=3)

Compound Amount of drug spiked | %of recovered drug %RSD
(Hg/mL) (Hg/mL)

24 100.2 0.12

Vitamin C 32 97.2 0.81
40 98.3 0.35

105.6 101.5 1.51

Gallic acid 140.8 102.5 0.98
176 99.6 0.55

8.64 98.6 0.87

Rutin 11.52 97.9 0.32
14.4 99.2 0.67

55.2 100.1 0.55

Ellagic acid 73.6 98.5 0.48
92 101.9 0.28
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Table 3. Precision of the method (n=3)

Analytes Retention time (RSD) % Peak area RSD (%)

Intra-day Inter-day | Intra-day | Inter-day

Vitamin C 0.22 1.85 0.55 0.48
1.24 1.35 0.68 0.64

0.25 0.89 1.24 0.63

077 0.64 0.12 1.11

Gallic acid 0.33 0.58 0.48 1.54
1.7 0.25 0.28 0.88

0.92 0.34 1.62 0.27

Rutin 1.10 0.49 0.45 1.58
0.56 0.84 0.36 0.91

0.87 1.27 1.44 0.87

Ellagic acid 0.54 1.87 1.28 0.88
0.67 0.62 0.87 0.48

Table 4.Robustness of the method by changing detent wavelength and column temperature

Parargg;f;;f)nents Actual Useli Mean area £ SD| % RSD of area

252 575799430501 0.53

Vitamin C 254 254 | 5754823+11904 2.07

256 5768007+15059 0.26

252 452768+ 6448 1.42

Galllic acid 254 | 254 457830+4487 0.98
Detecting wavelength (nm 256 45659645692 1.25
252 35276816448 1.83

Rutin 254 254 354496+1801 0.51

256 356596+5692 1.60

252 3767994+15037 0.40

Ellagic acid 254 | 254 3721496185697 2.30

256 3734674+70062 1.88

30 5723994+88389 1.54

Vitamin C 30 25 5634490+56363 1.00

35 5748007+39906 0.69

30 44810242380 0.53

Galllic acid 30 25 45116314163 0.92
Temmperature (°C) 35 46159619921 2.15
30 355102+2716 0.76

Rutin 30 25 354163+3430 0.97

35 350596+492 0.14

30 3731327145804 1.23

Ellagic acid 30 25 372149663930 1.72

35 3761341+20380 0.54

Optimization of extraction procedure for sample prgparation

The optimization of extraction methodology needsbto investigated in order to obtain satisfactoryraction

efficiency, which must enables complete extractiérihe compounds of interest avoiding chemical rficalion

(11). In attempt to find the optimum solvent conipor and extraction time, different solvent ratiesre tried for
extraction and the recoveries all components & rifit time intervals were also monitored by thd_8Rnethod.
Aqueous methanol was supposed to be a suitablersoler the extraction of phenolic and flavanoidngmunds
than 100% methanol (14, 15, 16). Moreover, aghpesolubility studies aqueous methanol found teuitable for
the other compounds also hence the extracts obtaifter extracting with 5 different compositions sflvents
including, methanol-water (80:20, 70:30, 60:40 &Ad0 v/v) and methanol at different time intervai<0, 20, 30,
40, 50 and 60 mins were washed with hexane. Itabserved that the concentrations of all four conepts were
remarkably affected by the variations in the conitpms of methanol: water. Optimization of extractiprocedure
was aimed to maximize the recovery of all the congmds, 70% methanol in water found to be optimumtltie

extraction of all the components. The content bé@nponents were increased from the time of O-#tsrand then
there was not any considerable difference in the@esd from 40-60 min. So the optimum extractiondifor the
samples was set as 40 mins in 70% methanol.

Method validation

Linearity

Standard stock solution of four reference standaras prepared by dissolving them in methanol (10§0mL).
Working curves were constructed by plotting thekpaeas of analytes versus their concentrations.e§ponding
linear regression equations and correlation cdefits are listed in Table 1.
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Fig. 1. Representative HPLC chromatogram at 254 nrof four reference standards

Accuracy
The accuracy of the method was determined by regoseidies using standard addition method. Preyagdl

samples were spiked with standards of vitamin dicgacid, rutin and elagic acid at three differesincentration
levels i.e. 50,100 and150% and the mixtures wearalkyzed by the proposed method. Data obtained analyzed
for % recovery (Table 2).

Precision of the method
Intra-day and inter-days precision were studiedripyicate assay at three different quantities (500, 200 pg mL

Y. Low RSD values indicated the method was pre@iséle 3).

Gallic acid
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Fig. 2. HPLC chromatogram of freeze dried pomegrani juice at 254 nm

LOQ and LOD.

Limit of quantification (LOQ) is the lowest amouat an analyte in a sample that can be quantitatigetermined
with suitable precision. The accuracy analyte pgakponse) was identifiable, discrete, and repritiavith a
good precision. The LOQ for the all four analytesrevless than 0.095ug/mL, which indicated thatahalytical
method was acceptable with sufficient sensitivitymit of detection (LOD) is the minimum concentiati of
analyte that can be detected with acceptable ogrtathough not quantifiable with acceptable priecisand
statistically determined as a trice of the standdediation of sample blanks spiked at lowest acd@pt
concentration measured. The LOD for the all foualgies were less than 0.07ug/mL, which indicateat the
analytical method was acceptable with sufficiemisg#vity (Table 1).
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Robustness

Robustness of the method was carried by introdugarg small changes in the analytical methodologgiagle
concentration level. Robustness of the proposedadetvas determined in two different ways, i.e. bgkmg
deliberate change in the detection wavelength esldmn temperature. The % RSD of the experiment was
calculated to assess the robustness of the metladdie(4).

Application in real samples

The freeze dried juice of pomegranate was analypzedeveloped HPLC method. The content of vitamirgéllic
acid, rutin and ellagic acid was found 0.020+0.002%4 0.088 +0.011, 0.0072+0.0001 and 0.046%0.001%/%%,
respectively.

CONCLUSION

The HPLC-PDA method was developed and successtutigloyed for the identification and quantificatiohfour
major marker components in freeze dried pomegraoate samples. All the samples were analyzed adcgrto
the optimized extraction procedure described eaitiethe section. Identification of the peaks ire tkample
chromatograms were carried out by comparing reiantif each component. The content of each analge w
calculated from the corresponding calibration cufiieere were no remarkable differences in the duesitof all
these components in the three batches.

An increase in demand in the usage of pomegramatdts various products has been found worldwideeirent
years mainly due to the high anti-oxidant properti8y considering this fact in mind a RP-HPLC metheported
here represents; a simple, accurate and rapid iteehrfior the simultaneous determination of four eanaparker
constituent responsible for the anti-oxidant atfiyvitamin C, gallic acid, ellagic acid and rutifjhis was the first
report on the simultaneous determination these rkena in freeze dried extract of pomegranate juidee main
advantage of the method includes the simplicitgxifaction procedure, simultaneous detection armhiification
of all the bioactive components in a single chragedphic run. The quantification limits were fouttdbe low
enough for the successful employment of the methalifferent products which contains these comptsenen in
very minute quantities The efficiency of the methwas evaluated from conducting recovery experimants the
results found to be promising, which indicates thatmethod can be executed successively in vapomsegranate
products with high accuracy and precision. Thediitg experiments conducted proved the method eaapplied
for the samples which contain these componentsaidea range. In conclusion, the proposed methagsésul as a
reliable, fast and effective tool for the qualiyntrol as well as standardization of different wahdded products of
pomegranate. This simple multi-component assay adetban also be extended for the pharmacological,
biopharmaceutical and pharmacokinetic studies.
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