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Abstract

A simple and robust method was developed for thatime identification and
guantification of amoxicillin by micellar liquid chmatography. Amoxicillin, g-lactamase
inhibitor, is one of the most commonly prescribedgs in the treatment of urine and skin
structure infections. In this work, amoxicillin wdstermined in urine samples without any pre-
treatment step in a phenyl column using a micettabile phase of 0.10 M sodium dodecyl
sulfate and 4% butanol at pH 3. A UV detectionaae210 nm was used. Amoxicillin is eluted at
5.1 min with no interference by the protein bandeadogenous compounds. Linearities (r >
0.9998), intra- and inter-day precisions were deteed (RSD (%) 0.4-2.7% and 0.3-5%,
respectively in micellar media, and 0.14-2.6% and3®&%, respectively in urine), and
robustness was studied in the validation of thehowtLOD and LOQ were 0.06 and @ug/mL
in micellar media and 0.11 and Qud/mL in urine, respectively. Recoveries in the arimatrix
were in the range of 95-110%. The validated metvaded to be reliable and sensitive for the

determination of amoxicillin in urine samples.

1 Introduction

Amoxicillin (a-aminop-hydroxybenzyl-penicillin) is an aminopenicillin thi a broad
spectrum, and currently it is the most commonlyduaatibiotic. It differs structurally from
ampicillin only in the addition of a hydroxyl groupn the phenyl ring, which makes it
susceptible to a variety of degradative proces&esxicillin is also commercially available in

fixed-ratio combinations with clavulanate potassisait. Although clavulanic acid has only a
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weak antibacterial activity when used alone, thenlwoed use of clavulanic acid and certain
penicillins leads to a synergistic effect which amgs the spectrum of activity of penicillin
against many strains of-lactamase-producing bacteria [1]. Chemically, aimitbx is a
hydrophylic compoundl¢g Py = 0.87) whose dissociation constants lageK = 2.4, 7.4, 9.6

[2]. Structure of amoxicillin is shown here.
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Amoxicillin is used orally to treat lower respiragdract infections, otitis media, sinusitis,

HO

skin and skin structure infections, and urinaryctreafections. It is also used orally for the
treatment of chancroid and gonorrhea caused byeptiBte organisms. In the medical practice,
amoxicillin is used in the conventional tablet fomith a minimal dose of 250 mg and a
maximal dose of 875 mg [1]. After administering lbraamoxicillin is rapidly absorbed with
peak serum levels appearing within 1-2 h. About Gff%n oral dose is excreted in urine as an
unchanged drug in 6 hours and 20% as the inactetabolite (penicilloic acid and penamaldic

acid) [2].

Several analytical methods have been developedhtrdetermination of amoxicillin.
These methods include microbiological assay [3kyeratic assay [4] and polarography [5].
Most of the described methods refer to the useigii-performance liquid chromatography
(HPLC) and gas chromatography-mass spectrometryNISE; which require large volumes of

solvents, extraction and derivatizing treatment.-l8€ also involves high costs, thus limiting
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accessibility. HPLC methods were developed for nepecific assays. Early HPLC methods
involved pretreatment with imidazole [6], precolurf#, and postcolumn derivatization [8].
Later HPLC methods using reversed-phase and UVcilaete and column switching or
amperometric detection [9-15] has been developed.ornder to enhance selectivity and
sensitivity, some methods with fluorescence detectire carried out using post-columns [16-17]
or pre-columns [19]. Other techniques involve dapjl zone electrophoresis [19,20], micellar
electrokinetic chromatography [21,22], as well ashnhiques coupled with flow injection
analysis [23]. HPLC separation followed by seleztimass spectrometric detection has recently
become a method of choice [24-27]. Although thesghiods are selective, fast and sensitive,
they are not suitable for routine clinical analysecause of the requirements they involve and

for financial reasons.

Conventional HPLC methods using aqueous-organigilmphases for the determination
of drugs in physiological fluids with direct injéah present many problems. Drugs are often
strongly bound to proteins, in a complex matrix,enéhinterference from numerous endogenous
compounds is expected. This technique usually reg@laborate sample pretreatment due to the
proteins’ tendency to denature and precipitath@injection valve or inside the column, thus,
obstructing or clogging the system. Micellar ligwdromatography (MLC) allows the analysis
of complex matrices without the aid of extractidficelles tend to bind proteins competitively,
thereby releasing protein-bound drugs and protestier than precipitating into the column,
they are solubilized and washed away harmlesslgltive with the solvent front. Another
advantage of using micellar mobile phases is thay tare nontoxic, nonflammable,
biodegradable and relatively inexpensive in congumariwith aqueous-organic solvents [28].
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MLC has proved to be useful technique in urinege¢hselected studies are an example of using

micellar mobile phases with direct injection [29}31

The purpose of the present work is to develop @drand sensitive quantitative
chromatographic method for the determination of @mldin in urine using a new MLC method.
The procedure developed herein could also be useftthe area of quality control, routine

analysis and pharmacokinetic studies.

2 Experimental

2.1 Apparatus

The pH of the solutions was measured with a CriSbR 22 (Barcelona, Spain) equipped
with a combined Ag/AgCl/glass electrode. The batamsed was a Mettler-Toledo AX105
Delta-Range (Greifensee, Switzerland). The vorteaksr and sonification unit were from
Selecta (Barcelona, Spain). The chromatographitesysvas an Agilent Technologies Series
1100 (Palo Alto, CA, USA) equipped with a quateynpump, thermostatted autosampler tray
and column compartments, and a diode-array detdcamge 190-700 nm). Columns were:
phenyl, amino and C18. The dimensions of all colsiBcharlab, Barcelona) were 150 mmx4.6

mm, 5um particle size.

2.2 Materials and Reagents



Amoxicillin was purchased from Sigma (St. LouisDMUSA). Sodium dodecyl sulfate
(SDS) and sodium hydroxide were from Merck (Darmist&ermany). Sodium dihydrogen
phosphate, propanol, butanol and n-amyl alcohol Wwas Scharlab. Hydrochloric acid,
methanol and ethanol were from J.T. Baker (Deveritee Netherlands). Ultrapure water was
used throughout (Millipore S.A.S., Molsheim, Francéhe pharmaceuticals Normon (Madrid,

Spain) and Alter (Madrid) were purchased in a Igtermacy.

2.3 Standard, samples and mobile phase preparation

The micellar mobile phases were prepared by disgpl6DS in water, which were
buffered with sodium dihydrogen phosphate 0.01 Nbprt3 using 0.1 M of hydrochloric acid.
Finally, butanol was added to achieve the desigettentration of the organic solvent and then

water was added up to the mark-up of the voluméask.

A stock solution of 10@g/mL of amoxicillin was prepared by dissolving tempounds
in a few milliliters of ethanol, with the aid of aritrasonic bath, and was finally filled up with
0.05 M SDS-pH 3. Urine samples were collected imn&rCollection Cup (BD Vacutainer
Systems, Plymouth, UK). Spiked urine stock solugjoralso containing 10Qug/mL of
amoxicillin, were prepared by dilution of 1 mL ueiin a factor 1:100 using 0.05 M SDS-pH 3.
Solutions were prepared daily. For analysis, stotkellar or urine-micellar solutions were
diluted to the desired concentration with the OM5SDS pH 3 or urine: 0.05 M SDS-pH 3
(1:100) solutions, respectively. Analyses of patieme were performed diluting urine with 0.05
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M SDS-pH 3 (1:100), which was injected directlyarhe chromatographic system. All solutions
were filtered through 0.45 um nylon membranes (bicSeparations, Westboro, MA, USA)

before analysis.

2.4 Recommended chromatographic conditions

Separation was performed in a reversed-phase Biygarenyl column (150 mmx4.6
mm, 5um particle size) thermostated at 25°C. The mobiasp was 0.10 M SDS, 4% (v/v)
butanol, NaHPQO, 0.01 M at pH 3. The flow-rate, injection volumedadV wavelength were 1
mL/min, 20 uL and 210 nm, respectively. Under these conditidhg, retention time for
amoxicillin was 5.1 min. Chromatographic signalgevacquired and processed with an Agilent
ChemsStation (Rev. A.10.01). Michrom software [33] Svas used for chromatographic data

treatment.

3. Results and discussion

3.1 pH and column selection

In order to select the best analysis conditionsetlcolumns (C18, phenyl and amino),
several mobile phases and pH were checked. In allaricchromatographic system with the
anionic SDS, the stronger attraction of the doudihyarged cationic drugs to the surfactant

adsorbed in the stationary phase, in relation ¢éontiicelles in the mobile phase, increases their
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retention at a decreasing pH. The influence ofntiobdile phase pH on the amoxicillin retention
was studied at different pH values (3 and 7) upimge micellar mobile phases of SDS (M): 0.05,
0.10, 0.15 and 0.20. Characteristics are summaiizélchble 1. As seen, amoxicillin at pH 7
elutes either near or in the dead volume in allicwis, which is the reason why pH 3 was finally

chosen.

The modification of the stationary phase by adsibrbarfactant can have profound
implications with regard to retention, selectivaetgd asymmetry in MLC. In the C18 column, the
hydrophobic alkyl tail of the SDS is associatedmwtite bonded phase, with the sulfate group
oriented away from it [34]. So with its polar hegrdup projecting away from the bonded phase
toward the mobile phase, this would greatly aftbet polarity of the bonded phase, and would
also lead to the formation of an anionic hydroghilyer, which would explain the high
resolution achieved by SDS for hydrophilic compaain@n the other hand, the shorter retention
times of compounds are due to an increase in tteipoof the stationary phase which occurred

as a result of surfactant adsorption.

While developing the method of polar compoundshsas amoxicillin, and using C18
columns, the octadecyl alkyl chain often collap&sdhe agueous mobile phases. This can lead
to poor retention and selectivity as well as tomrpeeproducibility. This problem can be
addressed by the amino columns; these are aminggitaonded to the silica polar stationary
phases [35]. Amine bonded stationary phases wilpimonated at neutral and acidic mobile
phase pH values. The amino columns retain longkr pompounds than non-polar compounds

when the mobile phase is polar.



The chromatographic behavior of phenyl columns édl wescribed by hydrophobic and
n-m interactions. Phenyl columns have a high retentiveracter because of their high aromatic
nature and also due to their spatial circumstaasdhe molecule is planar, so it enables stronger
retention through-n interactions. In phenyl columns, the preferenténtion of aromatic and
polar compounds is observed in aromatic phaseslessdetention of saturated hydrocarbons is

noted compared to alkyl phases.

The retention of amoxicillin on phenyl, amino anti8columns was studied using pure
micellar mobile phases containing SDS (M): 0.03000.15, 0.20, or SDS (M)—propanol (%):
0.05-2, 0.05-6, 0.10-4, 0.15-2 and 0.15-6. Repenfactors, efficiencies and asymmetry factors
are shown in Table 1. The usual behavior in MLCW8DS was observed in all the columns and
mobile phases. Thus, the retention factors decras8DS and alcohol while increasing the
concentration of both. On the other hand, efficienaecreased when surfactant concentration
increase conversely efficiencies increased at higbeacentrations of the modifier. Retention
times, efficiency and asymmetry were checked tadaethe optimum column. All columns
show an appropriate retention factor for the anglygood efficiency and asymmetry. A C18
column presents a lower retention factor, but angheolumn presents higher efficiency. In the
amino and C18 columns on the other hand, the arfioxipeak overlapped with the protein
band and the endogenous compounds of the urinéxrmatrearly all the mobile phases. For this

reason, the phenyl column was selected for fudhatysis.



3.2 Optimization strategy and mobile phase selection

First of all, SDS was selected for many reasonbgerothan being the most used
surfactant, its high sensitivity and easy desorpénd clean up. The use of pure micellar mobile
phases originates moderate retention times. Thei@uef a small amount of organic solvent
was seen suitable to decrease the analysis tintesoancrease efficiencies. The use of hybrid
micellar mobile phases of variable concentratiofissarfactants and the modifier usually
produces changes in the retention factors, effateésnand asymmetries of the chromatographic
peaks. A suitable control of the additives conadidn is therefore necessary so that

chromatograms show a good resolution and suffi@krion strength.

Once the phenyl column was selected to find thé @@mposition of the mobile phase,
amoxicillin was injected in the mobile phases atgHvhich contained SDS (M) / modifier (%,
v/v): SDS/propanol (0.05/2, 0.05/6, 0.1/4, 0.1%J2,5/6), SDS/butanol (0.05/2, 0.05/6, 0.75/5,
0.10/4, 0,125/3, 0.125/5, 0.15/2, 0.15/6) and SBsgnol (0.05/2, 0.10/4). Retention factdds (

efficiencies N) and asymmetry factor8fA) were measured and summarized in Table 2.

The chromatographic data obtained were treated Witthrom, and the factor of
maximum resolution and the minimum analysis timeaentaken into account. The accurate
prediction of the retention behavior, based on eckbd model, can speed up the process of
finding the optimal composition of the mobile phdse a given compound. The following
equation has proved to be adequate to describeetlietion of many compounds in MLC with
hybrid mobile phases with errors in a range of 2{3j:
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1+ K o ¢
Asl+KAD¢
1+ Ky ¢
1+ Ko

k =

1+ K .y

wherek is the retention factor, [M] ang are the concentrations of the surfactant and nedifi
respectively; Ks and Ky describe the association equilibria between theateson bulk water
and the stationary phase or micelle, respectiviélys and Kyp are constants that measure the
relative variation in the concentration of solutebulk water and micelles given the presence of

the modifier, and refer to a pure micellar solution

Propanol was not used as an organic modifier asetb@ution was good. However, the
retention time was not short enough and resultedlong analysis time as opposed to what was
expecting without using a high percentage of altoWihen pentanol was used, an overlapping
of amoxicillin with urine matrix and endogenous k&dook place in almost all the mobile
phases. Thus, pentanol does not show any speaahathristic to change to a longer carbon
chain. Therefore, butanol was selected as the argaadifier which allows for less analysis
time and allows the complete resolution. The optmunobile phase was: SDS 0.1 M — 4%
butanol — NaHPO, at pH 3 and the chromatographic parameters for aitioxin this mobile

phasel, N andB/A) were: 2.4, 2940 and 1.1.

3.3 Urine blank behavior
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Several urine blanks from males and females wejected directly into a micellar
chromatographic system in order to check the backgt. The profile of the protein band and
the endogenous compounds for all the samples werigaisto that shown in Figure 1A. No

additional peaks were found in subsequent analyses.

3.4 Method Validation

Validation was done following the Food and Drugaiysis (FDA) validation guide [37].
The parameters evaluated were: linearity, detectind quantification limits, precision and

accuracy, selectivity, robustness, and the stglwfithe drug.

3.4.1 Linearity

Calibration curves were constructed using the amfashe chromatographic peaks
obtained at seven different concentrations (nipdiaates), in the range of 0.4-%@/mL in two
different matrices: micellar solution and urine-giiar solution (1:100 dilution factor). To study
the variability of the calibration parameter, clswsere obtained for 5 days over a 2-months
period for a different set of standards. The resunlthe two matrices were similar. The slope and
intercept were determined by the method of leastasas linear regression analysis, with
averages of 0.6525+0.005 and -0.04+0.09, respégtivéne regression coefficients (r) were

always higher than 0.9998.
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3.4.2 Detection and quantification limits

The limit of detection (LOD) for amoxicillin in S®and urine (n = 10) was determined
with the 3s criterion using a series of 10 solutions containing a lowcemtration of amoxicillin
(0.1 pg/mL). The results were based on the standevéhtion of the response and also on the
slope of a specific calibration curve containing #nalyte. The limit of quantification (LOQ) of
amoxicillin in SDS and urine was selected as tlveeki concentration used in the calibration
curve for which the RSD (%) was5.42 LODs of amoxicillin in SDS and urine-SDS were:®.0
and 0.11 pg/mL, respectively. LOQs in both mediaemM@.4 pg/mL, according to the FDA

validation guide [37].

3.4.3 Precision and Accuracy

The intra and inter-day precisions of the methodewdetermined by analyzing the
amoxicillin at seven concentrations in the range30D pg/mL in micellar media and in urine-
SDS (1:100). The intra-day analysis was determimethjecting these seven test solutions nine
times in the same day, while the inter-day analy&is the average of nine measurements of the
intra-day values taken on 5 days over a 3-montiogegverformed by different analysts and
equipment at the same seven concentrations. Thétsieexpressed as the percentage of the
relative standard deviation, for intra- and intexdvalues were 0.4-2.7% and 0.3-5%,

respectively in micellar media, and 0.14-2.6% ari@@%, respectively, in urine.

3.4.4 Sectivity
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Five selected control drug-free human urine samplese processed directly into the
chromatographic system and analyzed to determmextent to which endogenous components
may contribute to interfere with the retention tiwfethe drug. No interference for endogenous

compounds was found in the physiological matrixd&td.

3.4.5 Robustness

The robustness of the method was examined by egplimjections (n=6) of standard
solution at 10 pg/mL concentration with slight ches made to the chromatographic parameters.
Insignificant differences in the peak areas and leariability in the retention time were
observed. The results, shown in Table 3, indida# the selected factors remain unaffected by

the slight variations made to these parameters.

3.4.6 Sability

Degradation of amoxicillin, after one week of stggaof SDS and urine stock solutions,
was confirmed by new peaks emerging in the chrogmatos (retention times at 4.58 and 5.30
min); no interferences were found between thes&spanad the analyte. All solutions were kept
at a low temperature (4°C) until required, and wesed within a week. Amoxicillin was
analyzed immediately after preparation and at sstettime intervals after storage over the study
period. After 24h, 48h and 1 week, 4%, 19% and @&4%ecomposition of amoxicillin in urine
were observed, respectively.
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3.4.7 Analysis of the marketed pharmaceutical formulation

The pharmaceutical formulations analyzed (Normaoh Alter) were tablets containing a
mixture of amoxicillin (875 mg) and RA-lactamase inhibitor (clavulanic acid, 125 mg). The
experimental results of the amount of amoxicilimtablets, expressed as a percentage of the
label claimed by the manufacturer, were in goocagrent, therefore suggesting that there was
no interference of clavulanic acid and excipientsich are normally present in tablets. The drug
content found (mgx sd was 878+0.6 (n=6) and 880+0.6 (n=6) for themum and Alter drugs

respectively.

3.4.8 Determination of spiked urine samples

Amoxicillin recoveries from urine were determiney ¢piking drug-free urine diluted in
a 1:100 factor with 0.05 M SDS at pH 3 with knowmants of the drug at seven different
concentrations (0.4-5(g/mL) within the calibration range (nine replicaties each standard).
The spiked samples were processed and analyzedtivatideveloped procedure. The relative
(analytical) recovery was calculated by comparing toncentration obtained from the drug-
supplemented urine with actual added amounts. @teabtained showed satisfactory recoveries
for the amoxicillin, and the results were in theaga of 95-110%. Figure 1B shows the
chromatogram of a spiked urine sample containingxaeiilin analyzed with the optimum

mobile phase.
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3.4.9 Drug control in real urine samples

Urinary studies were conducted following the ordin@istration of a single dose of a
conventional tablet containing 875 mg of amoxigilio volunteers. Urine samples were taken 9
times a day, approximately every 1 h, and the veluvas measured. Dilution of urine samples
by 1:100 was performed, and the solution was iageclirectly into the chromatographic system
without any other treatment except filtration. Naterferences from clavulanic acid were
observed since this compound has a poor absor@ign= 201 nm in water) in the UV-region.
Figure 2 depicts the elimination curve. The maximeoncentration excreted in urine was found
4 h after oral administration, and this concentrativas 803 pg/mL. The final quantity of
amoxicillin eliminated after 8.5 hours as 517 migattis, 59% of the dose taken. Figure 1C
shows the chromatogram of amoxicillin excretedre?td of oral administration in an unchanged
form. These results show that pharmacokinetic studan be performed under the proposed

chromatographic conditions.

4 Conclusions

In conclusion, our results indicate that the ML@gadure can be used for the analysis of
amoxicillin, a frequently prescribed penicillin, imine samples, with an analysis time below 6
min.

Validation including linearity, sensitivity, selé@dty, accuracy, stability and robustness were
developed efficiently with satisfactory results amsked for assaying amoxicillin in urine. The
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method is sensitive enough to undertake qualitytrobmoutine analysis and pharmacokinetic
studies of the drug if we take into account tha thine samples were injected without any

previous treatment to separate or concentraterthlytas.
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Table 1

Retention factor, efficiencies and asymmetriesmobxicillin in three different columns

Phenyl Amino C18
k N B/A k N B/A N B/A

pH 3

0.05 M 159 3140 1.1 162 2180 0.87 17.7 820 0.72
0.10 M 72 2350 1.1 81 1500 0.87 797 750 0.82
0.15M 399 1920 1.1 52 1400 0.997 5.1 750  0.90
0.20 M 3.1 1530 1.1 39 1460 0.995 3.9 750  0.90
pH7

0.05 M 0.3 1590 1.6 1.8 3260 1.8 0.5 770 1.0
0.10 M 03 1570 1.6 1.4 2620 1.4 0.4 770 1.1
0.15M 0.3 1520 1.2 1.2 2130 1.2 0.4 740 1.0
0.20 M 0.3 1430 1.2 1.2 2100 1.2 0.4 910 1.2
pH3

0.05 M — 2% 9.1 3270 1.1 103 2010 099 9.97 2920 1.1
0.05 M — 6% 7.4 3660 1.2 7.3 2400 0.80 82 3510 1.0
0.10 M — 4% 45 2550 1.1 4.7 1800 0.90 46 1790 1.1
0.15M — 2% 35 1900 1.1 4.8 1870 0.93 32 1350 1.1
0.15M — 6% 32 3100 1.2 30 1900 094 298 1870 1.1

% propanol



Table 2

Retention factors, efficiencies and asymmetry fiesctd
amoxicillin in the method optimization.

SDS (M) — alcohol (%) k N B/A
0.05-2 9.1 3270 1.1
0.05-6 7.4 3660 1.2
0.10-4 4.5 2550 1.1
0.15-2 35 1900 1.1
0.15-6 3.2 3100 1.2
0.05-2 7.5 2940 1.2
0.05-6 3.8 3490 1.3
0.075-8% 3.5 3310 1.3
0.10-% 2.4 2940 1.1
0.125-% 2.9 2690 1.1
0.125-% 2.2 3190 1.1
0.15-2 2.6 1815 1.2
0.15-6 2.0 2780 1.2
0.05-2 4.6 3450 1.1
0.10-4 2.2 2390 1.4

¥ propanol ”) butanol,” pentanol



Table 3
Robustness evaluation of MLC method

Chromatographic changes Level g (min)
A: Flow rate (mL/min)
0.9 -0.1 5.67
1 0 5.10
1.1 +0.1 4.56
Mean + SD 5.1+0.6
B: SDS concentration (M)
0.095 -0.01 5.23
0.1 0 5.10
0.0105 +0.01 5.01
Mean + SD 5.11+0.11
C: Percentage of butanol in the mobile phase (v/v)
3.9 -0.1 5.29
4 0 5.10
4.1 +0.1 4.99
Mean + SD 5.12+0.15
D: pH of mobile phase
2.9 -0.1 5.31
3 0 5.10
3.1 +0.1 4.92
Mean + SD 5.11+0.19
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Figure 1. Chromatograms of urine blank (a), uripiked (15 pg/mL) (b) and amoxicillin
excreted (6 pg/mL) in urine as unchanged drug &dr aral ingestion (c). Mobile phase:
0.1 M SDS-4% butanol-pH 3.
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Figure 2. Elimination curve of amoxicillin in urine




