r x International Journal of PharmTech Research
RESEARCH CODEN (USA): IJPRIF ISSN : 0974-4304
www.sphinxsai.com Vol.6, No.1, pp 174-184, Jan-March 2014

Optimization of Phosphate Buffer Ph 4.4-Methanol as Mobile
Phase for Analysis of Amoxicillin and Clavulanate Potassium
Mixture in Tablets by High Performance Liquid
Chromatography (HPLC)

Muchlisyam*, Fathur Rahman Harun, Alfan Martina

Faculty of Pharmacy, University of North Sumatra, Medan, Indonesia.

*Corres.author: muchlisyam@gmail.com
Indonsia Telp.: +628153077190 Fax: +62618219775

Abstract : The combination of amoxicillin dan clavulanate psiam is a combination @flactam antibiotic
andp-lactamase inhibitor. The purpose of this experineio optimize the High-performance Liquid
Chromatography (HPLC) condition using Shim-pack @BS (4.6 mm x 25 cm) column of the determinitation
of amoxicillin and clavulanate potassium mixturdablets.

To get the optimum condition of analysis, the melphase and flow rate have been varied. Optimizageult
showed the best analysis condition was the molhiés@ consisted of phosphate buffer pH 4.4-meth@h@l
with 2.0 ml/minute flow rate.

The determination of calibration curve linearityosled the correlation coefficient, r = 0.9999 withe t
regression Y = 14997.26153X + 146176.518 for amithxicand r = 0.9999 with the regression Y =
17320.23929X + 68440.92704 for clavulanate potassilihe result of determination of amoxicillin and
clavulanate mixture in four tablets dosages f@dlithe requirement of the thirtieth edition UnitSthtes
Pharmacopoeia.

In conclusion that this metohd fulfilled clausesrafidation test method to the mixture of tabledwbd percent
recovery 99.09% (RSD/relative standard deviatiod.21%) for amoxicillin and 99.71% (RSD = 0.98%) for
clavulanate potassium. Limit of detection (LOD) almdit of quantitation (LOQ) of amoxicillin = 34.23
mcg/ml and 103.74 mcg/ml. Limit of detection (LO&)d limit of quantitation (LOQ) of clavulanate pséaum

= 8.83 mcg/ml and 26.75 mcg/ml.

Keywords: amoxicillin, clavulanate potassium, high perforrmariquid chromatography, mobile phase, flow
rate, validation.
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Introduction and Experiment

Combination of Amoxicillin and Clavulanate Potassiis an antibacterial combination consisting of fhe
lactam derivatives angtlactamase inhibitors. This combination is giverorder to overcome the bacteria that
can damage thé@-lactam {-lactamase-producing bacteria). Both of these cam@ges can be analyzed
simultaneously using the method of High Performarigeid Chromatography (HPLCY-?!

Optimization is an attempt to obtain a better safiam, to obtain a faster analysis, to improve gigity and to
save costs. Optimization can be performed on skvari@bles such as mobile phase comparison, faie, the
stationary phase or column. The simplest and nmequént optimization is the comparison to the nephase
and flow raté’ Changing in the ratio of the mobile phase and ftate can affect the analysis time, pressure,
and efficiency of the columff:>®!

According to USP XXX (2007), the mixture of amoXici tablet and clavulanate potassium can be detext®
by High Performance Liguid Chromatography usingm m30 cm-L1 column (octadecyl silane) with a mebil
phase of phosphate buffer pH 4.4-methanol (95f)w rate of 2.0 ml / min and a detection is doneaa
wavelength of 220 nn¥’

Based on the above, authors are interested in igptigrthe HPLC method with Shim-pack VP-ODS (4.6 mm
25 cm) column. Optimization was done on comparisioie phosphate buffer pH 4.4 - methanol mobilasgh
and a flow rate. Then the selected comparisoneofitbbile phase and flow rate was used to estathieskevels
of amoxicillin and clavulanate potassium in tahld®esults obtained were compared with the requingsne
listed in the USP XXX (2007}"

To obtain validity of the methods used, the valwattest of accuracy is performed as expressethas
percentage and precision test specified inréfetivestandard deviation (RSD) and then, determine thi bf
detection and the limit of quantitati&h.

Materials

The materials used were methanol, narium dihydrqgessphate, 85% phosphoric acid. sodium hydroxide,
aquabidedtilata (PT lkapharmindo Putramas), amoxicilllin trinydraBPFI (PPOM Jakarta), raw potassium
clavulanate (PT Meprofarm), generic tablets (PTofatdna). ClanekSitablets (PT Sanbe), Clavanfotablets
(PT Kalbe Farma) and Augmenititablets (PT Glaxo Smithkline Beecham).

Deter mining Composition of Phosphate Buffer pH 4.4 M ethanol M obile Phase and Optimum Flow rate

Chromatographic conditions were varied to obtaim dptimum results analysis. Chromatographic cooruiti
that being varied was the composition of mobilegghand flow rate. The mobile phase compositiorhef t
phosphate buffer pH 4.4 solution and 98:2 methanaek varied at 96:4, 94:6, 92:8, 91:9 and 90:16nFthe
comparison of the selected mobile phase, the fateris determined at 1.0 ml / min. 1.2 ml / mirk dl / min.
1.5 ml/ min. 1.6 ml / min. 1.8 ml / min and 2.0 hmhin.

Qualitative Analysis.

Qualitative analysis of amoxicillin and clavulangt@assium was performed by comparing the peakdhthee
nearly identical retention time from the HPLC chedogram analysis of comparison standard solution of
amoxicillin and clavulanate potassium with the sEngolution at a wavelength of 220 nm.

Determination of Calibration Curve Linearity of Standard Compar ative of Amoxicillin and Clavulanate
Potassium

The main standard solution of amoxicillin and clanate potassium was respectively pipetted 1 miCahanl,
25 mland 1 ml, 5 mland 2 ml, 7.5 ml and 3 mi;idi0and 4 ml, 12.5 ml and 5 ml. Next, put each sofuinto
a 25 ml flask and diluted with solvent up to tharknline. amoxicillin solution concentration in @wr was 100
ppm, 250 ppm, 500 ppm, 600 ppm, 750 ppm and 1260 pp
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While the concentration of clavulanate potassiura row was 50 ppm, 100 ppm, 200 ppm, 300 ppm, ppd0
and 500 ppm.

Each solution was filtered through a Qu@ Cellulose Nitrate filter membrane and sonicafiant 20 minutes.
Next, 100ul referenced standard solution filtrate was injdcieto the HPLC system through a @gDloop
injector.

Detection using a UV detector at a wavelength dd 22n. Chromatograms were recorded and made the
calibration curve of the peak area, then calcultttedegression equations and correlation coeffisie

Determination of Amoxicillin and Clavulanate Potassum in the samples

Ten tablets that had been clean of film membranese wveighed and crushed homogeneously. Weighed
powder was equivalent to 25 mg of Amoxicillin, pata 50 ml flask and solvent was added to the hiraek,
shaken and then filtered. Solution was then filletterough a membrane filters PTFE Q% and cellulose
nitrate membrane filters 0,4Bn and sonication for + 20 minutes. Then a 108olution were injected into the
HPLC system through a 2@ loop injector using isocratic elution system witloliite phase of phosphate
buffer pH 4.4 - methanol (91:9) and flow rate d &l / min. Detection using a UV detector at a wergth of

220 nm. Chromatogram was recorded and logged thle area. Levels were calculated by substitutingotiek
area into the regression equation (y = ax + b)iobtafrom the calibration curve.

Validation Methods

Validation parameters tested were accuracy, pmtiimits of detection and quantitation limits.
Accuracy

Accuracy expressed as percent recovery (% recousigy the standard addition metHt.

Precision.

Method precision expressed by relative standaréatien/RSD) of the data seri€s.

Limits of detection and quantitation limits

Limits of detection and quantitation limits werdatdated from the regression equation obtainethén t
calibration curvel*®

RESULTS AND DISCUSSION
Identification of Amoxicillin and Clavulanate Potassium

Identification is performed by spiking method witte addition of amoxicillin to the standard sadatiof
amoxicillin and clavulanate potassium mixture thad been analyzed previously. Chromatograms results
showed an increase in the area of amoxicillin. Bhiswed the chromatogram area that being increassd
amoxicillin while the chromatogram area that noingencreased was clavulanate potassium. Chrometogr
can be seen in Figures 1 and 2.

Analysis Composition oc Phosphate Buffer pH 4.4 - M ethanol M obile Phase and Optimum Flow rate

To determine whether the chromatographic conditemt®rding to USP XXX (2007) can be done by separat
mechanism of amoxicillin and clavulanate Potassiis®ms ODS column (octadecyl silane) based on theeat
of the polarity of the two components. Judgingrfrthe structure, clavulanate potassium is morerghkn
that amoxicillin. clavulanate Potassium elute firetn the column ODS rather than amoxicillin shoveegood
analysis had been performed. Next, the analyz#dseahixture of amoxicillin and standard clavulanate
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potassium with HPLC using column Shim-pack VP-ODE ahromatographic conditions according to USP
XXX (2007). Chromatogram can be seen in Figure 3.

Chromatogram in Figure 3 showed the results of @halysis are quite good with a resolution of 6:38;
theorytical plate 2669 for amoxicillin and 2501 fdavulanate potassium; retention time of 4.9 mesufor

amoxicillin and 2.9 minutes for clavulanate potassi
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Figure 1. Chromatogram Identification of Amoxicillin and @laanate Potassium before spiking method
(standards additions) amoxicilin
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Figure 2. Chromatogram Identification of Amoxicillin and @ldanate Potassium after spiking method
(standards additions) Amoxicillin.
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Figure 3. Chromatogram analysis of the mixture of Amoxiailind and Clavulanate Potassium using column
Shim-pack VP-ODS. the Phosphate Buffer pH 4.4 smudnd 95:5 methanol and flow rate 2 ml/min

To get the relatively shorter analysis time witedhytical plate and resolution which meets USP irequents,
the comparison of mobile phase phosphate buffedgHnethanol had beed determined. Data analysis a
amoxicillin and standard clavulanate potassiumtunexby HPLC using different mobile phase compogitt

a flow rate of 2 ml / min can be seen in Table 1.

Column efficiency of the HPLC can be seen fromttieoretical plate parameters on each analyte pahkhe
separation power can be seen from the Resolutioamser. According to USP XXX, every peak from
theoretical plate in assays amoxicillin and clamate potassium tablets simultaneously must be erélaan
550 and resolution no smaller than 3.5. From Tablé can be seen that the ratio of phosphate bpffe4.4-
methanol (90:10) gave a good column efficiency amekbts the USP requirement. However the resulting
separation is relatively poor which is 3414. Congmar (98:2) to (91:9) gave a good column efficiemnyd
separation and meets the requirements of USP X>X30AR but the required analysis time is much longer
According to research analysis was performed latively shorter time which is 5 minutés.

Therefore, the best mobile phase comparison phtsghdfer pH 4.4-methanol for analysis is (91:9}hna
retention time of 3.9 minutes for amoxicillin and 2Zninutes for clavulanate potassium; theoretitatiepl407
to 1346 for amoxicillin and clavulanate potassiwvith a resolution of 3.88.

Table 1 show that the greater the concentratiomathanol in mobile phase, the retention time of xdnikin
and clavulanate potassium is getting shorter. Thidue to the strength of the solvéngreater methanol
concentrations will cause stronger nonpolar mophase, so on a reversed phase chromatographyreluti
process happen faster. Therefore, a shorter retetitne!®

Next, from the selected mobile phase, had beenrdeted the optimal flow rate. Data analysis of amibin
and standard clavulanate potassium mixture with GiRL various flow rates with mobile phase of phaggh
buffer pH 4.4-methanol (91:9) can be seen in Tabléust as in the determination of the comparidanabile
phase phosphate buffer pH 4.4 and methanol, pagasngich as retention time, theoretical plate asdlution
were the determent of the selection of the optinflom rate.
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Table 1. Data analysis of Amoxicillin and Standard Clavul@n@otassium Mixture by HPLC Using Various
Mobile Phase composition at a flow rate of 2 mlinm

M obile phase Retention time Peak area Theoretical Resolution
comparison Plate
Phosphate Methanol  Clavulanate ~ Amoxicillin Clavulanate ~ Amoxicillin Clavulanate  Amoxicillin
Buffer pH (%) Potassium Potassium Potassium
4.4 (%)
98 2 4 .633 9.193 643 071 2741999 1467.550 1576.913 6 .469
96 4 3.555 6 .446 667 042 2712624 1427.275 1431.872 5 .467
94 6 3.015 5.009 666 382 2706867 1392.643 1384.399 4 .628
92 8 2.780 4.429 679 084 2718066 1374.784 1247.684 4.114
91 9 2 .586 3.948 666 399 2736978 1346.643  1407.457 3.877
90 10 2 .386 3.536 680 856 2767703 1278.310 1205.748 3.414

Table 2: Data Analysis of Amoxicillin and standard Clavulem&otassium mixture by using various flow rate
with mobile phase composition of Phosphate Buffédp4 and methanol.

e Retention time Peak Area Theoretical Plate
Pressure( ]

rate . Resolution
mijmenip <Offem2 - Clavulanate - Amoxi - Clavdlanate g - Slavilanate - pgigiin

1.0 86 4.884 7.189 1219086 5170048 2071.063 20%6.82 4.336

1.2 103 4,100 6.056 1052449 4364153 1949.893 1098.8 4,231

1.4 120 3.569 5.334 930630 3786725 1777.312 1885.44 4.218

1.5 126 3.326 4.876 844967 3521627 1828.749 1790.60 4.015

1.6 135 3.121 4.660 820520 3308022 1711.081 1686.78 4.038

1.8 150 2.771 4.164 743499 2935505 1594.399 1597.39 3.951

2.0 168 2.586 3.948 666399 2736978 1346.643 1407.45 3.877

The result showed that the best flow rate for aialwas 2 ml / min with a retention time of 3.9 oigs for
amoxicillin and 2.6 minutes for clavulanate potassi theoretical plate 1407 for amoxicillin and 136
clavulanate potassium; with a resolution of 3.88.

Chromatogram of the optimization results of HPLEtinod is carried out on a mixture of amoxicillindan
standard clavulanate potassium with mobile phasspiiate buffer pH 4.4-methanol (91:9) and a flote o 2
ml / min can be seen in Figure 4.

Furthermore, from the comparison of mobile phasksaiected flow rate, conducted an analysis oktmple
tablets ClavamoX .

Chromatogram analysis of amoxicillin and clavulanadtassium mixtures from Clavanfatablets with mobile
phase phosphate buffer pH 4.4-methanol (91:9) dhaherate of 2 ml /min can be seen in Figure 5.

Figure 5 shows the optimization HPLC with mobileapl phosphate buffer pH 4.4-methanol (91:9) ariova f
rate of 2 ml / min give the similar optimal resutibsthe reference standard with a retention timg.8fminutes
for amoxicillin and 2.6 minutes for clavulanatetigssium; theoretical plate 1888 for amoxicillin ak@P1 for

clavulanate potassium; with a resolution of 4:34.

From the chromatograms, all tablets that were aedlywas obtained retention time with a difference
exceed than 5% of the Amoxicillin and standardswdinate potassium is 3.9 minutes for amoxicillimd 2.6
minutes for clavulanate potassium. This means ti@tsample used in this study contains amoxicliv
clavulanate potassiufif!.
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Figure 4. Chromatogram of the optimization results of HRh€thod on a mixture of Amoxicillin and
standard Clavulanate Potassium with mobile phasspttate Buffer pH 4.4-methanol (91:9) and a
flow rate of 2 ml/min.
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Figure5. Chromatogram analysis of Amoxicillin and clavulenpotassium mixtures Clavamox ® tablets with
mobile phase Phosphate Buffer pH 4.4-methanol {#n€ a flow rate of 2 ml/min.

Calibration CurveLinearity of Standard Compar ative of Amoxicillin and Clavulanate Potassium

Injection a mixture solution of amoxicillin and stlard clavulanate potassium for the calibrationveur
performed simultaneously. The calibration curvetahdard clavulanate potassium with concentratoge of
50 ppm to 500 ppm and amoxicillin 200 ppm up toQgpm.

Chromatogram calibration of Amoxicillin and Clavoite Potassium mixture can be seen in Figure 67and
Calibration curve shows the linear relationshipweetn peak area and concentration with correlation
coefficients. R = 0.9999 for amoxicillin and claanhte potassium. The correlation coefficient is gigrwith

the requirements of greater than 0.959.

Based on the value of r is close to 1 means thatetlis a linear relationship between peak area and
concentration:¥ Therefore amoxicillin and clavulanate potassiumasmtration in the sample can be calculated
by the regression equation with the peak area isutirsg Y. 4!
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Figure 6. The calibration curve of standard clavulanate gmtam by HPLC potassium using column Shim-
pack VP-ODS (4.6 x 250mm). Mobile Phase PhosphatfeBpH 4.4 solution and 91:9 methanol

and flow rate 2.0 ml/min.
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Figure 7. The calibration curve of standard amoxicillin biPIEHC potassium using column Shim-pack VP-
ODS (4.6 x 250mm). Mobile Phase Phosphate Buffer.
pH 4.4 solution and 91:9 methanol and flow rater@l®nin

Quantitative analysis is determined by the peaksaes the obtained chromatograms are not symmniefrtoa
measurement of peak areas are not much affectdtelishromatographic condition compare to the pedailgh
excluding the flow rate. Therefore, the measurenodrthe peak areas is the best choices in the igative

analysis of HPLC!M!

Chromatogram of injection results of a mixture solu of amoxicillin and standards clavulanate psita®s in
producing of calibration curves, shows a peak ¢éx#tnds to the rear (tailings). Parameters thabeansed as
an indicator of not symmetric peak is tailing fact@ailing factor of chromatograms injection of axwillin
and standard clavulanate potassium for producitigration curve obtained ranged from 1.729 to 1.4315
amoxicillin and 1.859 up to 1.929 for clavulanatggssium. The analysis results are acceptable sedailing

factor smaller than 2
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Analysis Result of Amoxicillin and Clavulanate Potassium Mixturein Tablets.

Assay results of amoxicillin and clavulanate psita® in a variety of tablets on the market usirggistical
calculations can be seen in Table 3.

Amoxicillin and clavulanate Potassium levels in thblet which were determined based on the overalh
meets USP XXX requirements (2007). The amoxicélid clavulanate potassium contain not less thad?®0.
and not more than 120.0% of the amount listed erahel.

Table 3. Assay results of Amoxicillin and Clavulanate Pstam in a variety of tablets.

No Name Clavulanate potasium (%) Amoxicillin (%)

1 Generic Tablet (PT Indofarma) 93.5245 + 2.5351 100.5742 + 3.0142

2 Claneks? Tablet (PT Sanbe) 92.8401 + 2.5458 100.6710 = 2.5007

3 ClavamoX Tablet (PT Kalbe Farma) 91.3741 + 1.2008 112.1678 £ 2.2739

4  Augmentif Tablet (PT Glaxo Smithkline 97 1150 + 2.5457 107.7703 + 2.5001
Beecham)

Results of the Validation test

Validation parameters tested were accuracy, pmetidimits of detection and quantitation limits. AAzacy
method expressed as percentage recovery whichndetat by using standard addition method. Precigon
expressed in relative standard deviation. Dataracguand precision test results can be seen ireFabhd 5.

Tables 4 and 5 show that the average percent réeswvebtained are qualified for the accuracy vaidtaof
analytical procedures because the average is bet@@d02% range which is 99.09% for amoxicillin and
99.71% for clavulanate Potassium. Relative standawihtion obtained are qualified precision foridation of
analytical procedures because less than 2% whicB.28% for amoxicillin and 0.98% for clavulanate
Potassiun-¥

The detection limits and quantitation limits of arwillin analysis are respectively 34.23 mcg / mbal03.74
mcg / ml. While The detection limits and quantitatiimits of clavulanate potassium analysis arpeegvely
8.83 mcg / ml and 26.75 mcg/ml.

This shows that the work concentration of amoxitilb00 mcg / ml) and clavulanate potassium (12§ mul)
can be detected and quantified by the HPLC metised.u

From the above discussion. It can be said thaytoal procedures that had been done in this sisighglid and
can be used to assay the mixture of amoxicillin atalulanate potassium in tablets as it has met the
requirements of method validation.

Table 4. Data accuracy and precision test results of Ambixiaising added standard analyte

No.. Added Analyte (ug / ml) Peak area Recovery (%)
1 252 11438921 99.1262
2 244 11453309 98.7748
3 248 11377394 99.0707
4 254 11476636 99.3357
5 254 11461869 98.9480
6 256 11505171 99.3029

The mean recovery 99.0930

Standard deviation (SD) 0.2130

Relative standard deviation (RSD) 0.2149
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Table 5. Data accuracy and precision test results of Ambixiand Clavulanate potassium added standard

analyte.
No.. Analyte is added (Ug / ml) Peak area Recovery (%)
1 68 3614832 98.4162
2 66 3605623 100.5929
3 62 3536457 100.6418
4 70 3668019 99.9910
5 72 3685364 98.6044
6 72 3703305 100.0430
The mean recovery 99.7148
Standard deviation (SD) 0.9731
Relative standard deviation (RSD) 0.9759
Conclusion

The optimization results obtained that the comparf mobile phase pH 4.4 phosphate buffer-meth¢@ioD)
with a flow rate of 2 ml/min can produce good sagfian with retention time 3.9 min for amoxicillimd 2.6
min for clavulanate potassium; theoretical platé6LBr amoxicillin and 1407 for clavulanate potassiwith a
resolution of 3.88. The assay of amoxicillin andvcllanate potassium mixture were analyzed in 4 glosa
tablets with obtained optimum HPLC conditions caeglwith the requirements of USP XXX (2007).

The conclusion of this method that validation testthod results obtained percent recovery 99.09% for
amoxicillin (RSD = 0.21%) and 99.71% for clavulangbtassium, (RSD = 0.98%). Thus this method can be
used to assay mixture of amoxicillin and clavularattassium in a tablet.
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