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ABSTRACT

A simple and sensitive high performance liquid chromatographic method with
electrochemical detection is described for the quantitative determination of the
amoxycillin and clavulanic acid in pharmaceutical dosage forms. Separation of
sample components occurs on a reversed phase C18 column with a mobile phase
consisting of methanol-water-phosphate buffer. For the amperometric detection,
the potentials of +1.180 and +1.250 V were set on the working electrode for
amoxycillin and clavulanic acid, respectively. High linearity over a concentration
range of (25 ng to 250 ng, r = 0.998) and (31.25 ng to 1 pg, r = 0.999) was
observed. This method is convenient and reproducible for analysis of these two

components in different dosage forms.

Introduction

Amoxycillin, an aminopenicillin, is commonly
prescribed with clavulanic acid as potassium salt, the
naturally occurring B-lactamase inhibitor produced by
fermentation of Streptomyces clavuligerus, for
treatment of infection caused by B-lactamase producing
bacteria that are resistant to amoxycillin alone.

Determination of antimicrobial drugs is mainly
carried out using microbiological technique [1]. A
disadvantage of this technique is relatively long time
required for analysis, especially when results are
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urgently needed. In addition, when there are more than
one antibiotic in formulation, some interactions may
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occur.

In addition to microbiological assay, a number of
other analytical methods have been reported for the
determination of these two components in pharma-
ceutical preparation which include; enzymatic assay [2],
iodometric titration [3], spectrofluorometry [4,5], UV
spectrophotometry [6,7], polarography [8,9] and HPLC
assay involving pretreatment of amoxycillin and
clavulanic acid with imidazole [10]. Some precolumn
[11] and postcolumn derivatization [12-15] and ion-pair
HPLC methods [16] have been introduced. Methods for
simultaneous assay of these two components in
pharmaceutical products by RP-HPLC with UV
detection [17] or B -cyclodextrin stationary Phase [18]
have also been reported.

The present study describes a new determination
method by using RP-HPLC column for separation and
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amperometric detection for quantitative analysis of both
components as raw materials or in pharmaceutical
preparations. Electrochemical methods such as normal
and differential pulse polarography have been used for
estimating  clavulanic acid in  pharmaceutical
preparations. Unfortunately the polarographic waves for
this compound overlapped, severely limiting the
usefulness of these electrochemical techniques. Liquid
chromatography with amperometric detection (LCEC)
provides significant improvements by combining the
resolution of a chromatographic system with the
sensitivity of electrochemical measurements and is
suitable for determining trace levels. The usefulness of
this technique has been demonstrated in the analysis of
various classes of electrochemically active compounds,
most notably aromatic amines and phenols. In this
regard LCEC has been used for analysis of those
antibiotics or NSAIDs having phenolic or amine
functionality such as, tetracycline, piroxicam and
indomethacin [19, 20].

Experimental

Instrumentation

The HPLC system consisted of pumping system
(Model Perkin-Elmer series 4), loop injector (Model
7125-075 Cotati. California), and glassy carbon liquid
chromatographic detector (Model TL-5A) which
controlled by a potentiostat (Model LC-4b). It was
operated in the direct current mode at +1.180 V vs.
Ag/AgCl for amoxycillin and at +1.25 V vs. Ag/AgCl
for clavulanic acid at attenuation range of 100-500
nA/V. The column used was 15 cmx4.6 mm i.d.
stainless steel prepacked with Octadecyl Silane (Perkin-
Elmer/HS-5 C18). Chromatographic recording was
made on an integrator (Model Perkin-Elmer LCI-100).

Materials

All materials were of analytical reagent grade. The
methanol was obtained from Merck Co. (Frankfurt,
Germany). Amoxycillin  trihydrate and Lithium
clavulanate were purchased from U.S.P.C. INC
Rockville MD. Augmentin tablets (Beecham, Jurong,
Singapore), Co-amoxyclav (Kosar Co. Iran) and the
suspension of Co-amoxyclav (Kosar Co. Iran) were
purchased from a local drug store. Each tablet was
labeled as containing 500 mg amoxycillin (as trihydrate)
and 125 mg clavulanic acid (as potassium salt), while
the suspension was labeled as containing 125 mg
amoxycillin (as trihydrate) and 31 mg clavulanic acid
(as potassium salt) per each 5 ml after reconstitution.
Chromatographic Conditions

The mobile phase used was 5%(v/v) methanol in
0.05 M phosphate buffer (pH 3.2-3.4). The isocratic
mobile phase at flow rate of 1 ml/min was used and 50
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ul sample solutions were injected. The optimal detector
cell potential for the oxidation of amoxycillin and
clavulanic acid was explored by using reference
standards dissolved in mobile phase. The resulting
hydrodynamic voltammograms are shown in Figures 1
and 2. Based on these results +1.180 and +1.25 V was
chosen for amoxycillin and clavulanic acid,
respectively.
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Figure 1. Voltammogram of Amoxycillin.
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Figure 2. Voltammogram of Clavulanic acid.
Standard Solutions
Amoxycillin trihydrate and Lithium clavulanate were
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accurately weighed and added to a volumetric flask for
preparing the stock solution. Amoxycillin standard
solutions were prepared by diluting stock solution with
mobile phase. Five standard solutions containing 0.5,
1.0, 2.0, 40 and 5.0 pg/ml of amoxycillin were
prepared. Clavulanic acid standard solutions were
similarly prepared, concentration of clavulanic acid
solutions were 0.625, 1.25, 2.5, 5, 10 and 20 ug/ml.
Duplicate reading of 50 pl injections for each sample of
these two components were recorded and calibration
curves (peak area or height vs. concentration) were
constructed.

Procedure for Samples

Tablets. Ten tablets of each (Augmentin 625 and Co-
amoxyclav 625) were weighed and grounded to powder.
Six samples from the each powder were accurately
weighed. As each sample of them contained about 50
mg amoxycillin and 12.5 mg clavulanic acid. Each
sample transferred quantitatively into a 100 ml
volumetric flask and mixed with 80 ml of mobile phase.
The solution was shaken for 30-40 min, then the
volume of each was adjusted to 100 ml and filtered. The
filtrate was diluted with mobile phase to reach a suitable
concentration for each drug. Duplicate injections (50 pl)
were carried out and average peak responses were
computed. The concentrations of the unknown sample
were calculated using the standard calibration curve.

Suspensions. Each of six samples containing about 125
mg amoxycillin and 31 mg clavulanic acid were
separately weighed and transferred quantitatively into
six 100 ml volumetric flask and adjusted to desired
volume with mobile phase. Further dilutions were made
and assayed as above.

Results and Discussion

Combination of HPLC with the oxidative
amperometric detection yields a highly sensitive and
specific assay for amoxycillin and clavulanic acid.
Typical chromatograms of amoxycillin and clavulanic
acid standard solutions and formulation samples are
shown in Figs. 3 and 4. There is not any interaction
between the peak of these compounds and other
additives presenting in pharmaceutical preparations.
The linearity of the chromatographic system was
verified by injection of five solutions containing
amoxycillin from 0.5 to 5 pg/ml and six solutions
containing clavulanic acid from 0.625 to 20 pg/ml.
Straight lines for amoxycillin and clavulanic acid were
obtained when the area or height of the peak plotted
versus concentration (Table 1). Conducting replicate
measurements using standard solutions gives a RSD
value of less than 8.03%, which indicates a good
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reproducibility of the proposed method.

Determination of intra-day variations of assay was
carried out by injection of standard solution in three
occasions in the same day. For inter-day study the
standard solutions of amoxycillin were assayed in three
different days. The results of this study are shown in
Tables 2 and 3. Due to lack of stability, inter-day
variation of clavulanic acid assay was not performed.
This compound will be decomposed in less than one
week at 8 °C and two days at room temperature [21].

Three types of formulation were assayed as
represented in Table 4. These results indicate that the
variation between the amount detected in this study and
the amount claimed by the manufacturer are in the range
of USPXXIV standard.
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Figure 3. Typical chromatograms of (a) blank mobile phase,
(b) amoxycillin standard solution (5.0 pg/ml) and (c)
amoxycillin (about 2.5 pg/ml) in sample solution of Co-
amoxyclav 625 tablets (Applied potential E=1180mV).
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Figure 4. Typical chromatograms of (a) blank mobile phase,
(b) clavulanic acid standard solution (2.5 pg/ml) and (c)
clavulanic acid (0.625ug/ml) in sample solution of Co-
amoxyclav 625 tablets (Applied potential E=1250mV).
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Table 1. Calibration data for the standard curves of the peak response Vvs.
concentration of amoxycillin and clavulanic acid

Concentration  Correlation

Compound (ug/ml) coeff.(r) Slope Intercept
Amoxycillin 0.5-5 0.9987 597193 47931
Clavulanic acid 0.625 - 20 0.9994 13.493 -2.0121

Results are the mean of six replicate analysis.

Table 2. Intra - day variability of assay for amoxycillin and clavulanic acid

Initial Measured concentration (ug/ml)
Compound concentration
(ng/ml) Mean S. D. R.S.D (%)
Amoxycillin 1.0 0.97 0.02 2.23
4.0 3.86 0.31 8.03
5.0 5.11 0.27 53
Clavulanic acid 2.5 2.54 0.08 3.1
5.0 4.55 0.23 5.14
10.0 9.88 0.545 5.52

Results are the mean of six replicate analysis.

Table 3. Inter - day variability of assay for amoxycillin

Initial Measured concentration (ug/ml)
Compound concentration
(ng/ml) Mean S. D. R.S.D (%)
Amoxycillin 1.0 0.93 0.06 6.45
4.0 3.91 0.28 7.16
5.0 5.09 0.27 5.3

Results are the mean of six replicate analysis.

Table 4. Determination of amoxycillin and clavulanic acid in pharmaceutical dosage forms
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Claimed amount ~ Assayed amount  Assayed amount (%)

Dosage Form

(mg/unit) (mg/unit) Mean S.D.

Augmentin (Tablet) Amox. 500.0 510.28 102.06 1.28
Clav. 125.0 124.88 99.90 0.82

Co-Amoxyclav (Tablet) Amox. 500.0 515.18 103.04 2.12
Clav. 125.0 128.23 102.58 1.18

Co-Amoxyclav (powder for susp.) Amox. 125.0 126.43 101.14 0.98
Clav. 31.0 32.45 104.67 1.08

Results are the mean of six replicate analysis.
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Conclusion

In summary, the LC procedure reported here has
shown to be simple, concise and reproducible. The
method described can be the method of choice for
analysis of electroactive antibiotics amoxycillin and
clavulanic acid as raw materials and in dosage forms. It
is superior to any previous method in terms of
sensitivity and specificity.
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