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Abstract: In present study a sensitive and fast square wave anodic adsorptive stripping
voltammetric method was developed for the trace analysis of antibacterial drug meropenem in
human plasma at glassy carbon electrode. The oxidation of meropenem gave a well-defined peak in
Britton Robinson buffer at glassy carbon electrode. The process was diffusion controlled. A linear
response was obtained between 1.0x107 to 4.0x10”° M in aqueous media. The recovery studies were
also achieved to check sensitivity and accuracy of the method. The proposed method was applied for
the determination of meropenem in body fluids without any time-consuming extraction, separation,
adsorption steps. The value of limit of detection (LOD) for human urine and human serum samples
was found to be 2.27x10 M and 1.67x10® M respectively.
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Introduction

Meropenem (Scheme 1), chemically (4R,5S,6S5)-3- [[(35,5S)-5-dimethylcarbamoyl
pyrrolidin-3-yl]- thio]-6-[(1R)-1- hydroxyethyl]-4-methyl-7-oxo0-1- azabicyclo[3,2,0] hept-
2-ene-2-carboxylic acid, is a new parenteral carbapenem antibiotic with a very broad
spectrum of antibacterial activity against the majority of gram-positive and gram-negative
pathogens'. It is more active in vitro than imipenem against Enterobacteriaceae and
Pseudomonas aeruginosa, but less active against gram positive cocci’. This antibiotic has
shown clinical efficacy in the treatment of a wide range of serious infections such as intra-
abdominal infections, urinary tract infections and lower respiratory tract infections including
patients with cystic fibrosis®*.
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Scheme 1. Chemical Structure of Meropenem

A survey of literature has revealed several analytical methods for the determination of
meropenem and its main metabolite (ICI-213689) in biological fluids, including high-
performance liquid chromatography (HPLC)’®, capillary zone electrophoresis’'® and
microbiological assay'".

Electroanalytical methods have long been used for the determination of a wide range of
drug compounds due to their simplicity, low cost and relatively short analysis time when
compared to other techniques. Additional application of electrochemistry includes the
determination of electrode mechanism. Redox properties of organic molecules can give
insights into their metabolic fate or their in vivo redox processes or pharmacological activity.
Such use of electroanalytical measurements has found a vast of applications, including
environmental monitoring, determination of a wide range of drug compounds, industrial
quality control or biomedical analysis'>*.

Electrochemical determination of meropenem with doripenem by modified electrode is
available in literature™. To date no electrochemical method is available in literature for
determination of meropenem in human plasma by square wave stripping mode. In present
study, a validated Square Wave Anodic Adsorptive Stripping Voltammetry (SWAAdSV)
method was described for determination of meropenem in spiked human urine and serum
samples.

Experimental

Meropenem was provided by Cipla India Pvt. Ltd. and was used without further purification.
A stock standard solution of bulk meropenem (1x10™*M) was prepared in water and stored at
4 °C until assay. The Working solutions were prepared daily by appropriate dilution of the
standard solution of bulk Meropenem just before use. A series of BR buffer of pH values 3
to 11 was prepared and used as a supporting electrolyte.

Instrumentation

Model 1230A (SR 400) electrochemical analyser (CHI Instrument, USA) was employed for
electrochemical techniques, with a totally automated attached to a PC with proper CHI
100W version 2.3 software for total control of the experiments and data acquisition and
treatment. A three electrode cell system was used with activated glassy carbon electrode
(¢ = 3 mm, CHI) as working electrode, Ag/AgCl (3 M KCl) as the reference electrode and a
platinum wire as the auxiliary electrode. A magnetic stirrer (CAT.NO-1250-2 LAB-LINE
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INSTRUMENT, INC. USA) and a stirring bar provided the convective transport during the
pre-concentration step. A digital pH-meter (CHINO- DB-1011) was used for measuring the
pH values of the solutions investigated.

Pre-treatment of the glassy carbon electrode

The glassy carbon electrode was polished with 0.5 pm alumina powder before each
electrochemical measurement. Then it was thoroughly rinsed with methanol and double
distilled water and gently dried with a stream of nitrogen gas.

Analysis of spiked human urine and blood serum sample

Drug-free human urine, obtained from healthy volunteers was centrifuged (4000 rpm) for
30 minutes at room temperature and separated sample were stored frozen until assay. An
aliquot of urine sample (1.0 mL each) were fortified with various concentrations of
meropenem (1x107 to 1x10™ M) in centrifuge tubes then each was mixed with a 1.0 mL
volume acetonitrile to denature and precipitate proteins. After vortexing for 30 s, the
mixture was then centrifuged for 10 min at 4000 rpm in order to eliminate protein residues.
Appropriate volumes of this sample were transferred into the voltammetric cell and diluted
up to the volume with BR buffer and subsequently analyzed according to the recommended
in the general analytical procedure. An aliquot of human serum sample was collected and
analyzed as human urine sample.

General analytical procedure

10 mL of the total solution containing BR buffer and the appropriate concentration of the
Meropenem were transferred into the electrochemical cell, through which a pure
deoxygenated nitrogen stream was passed for 10 minutes to remove the oxygen gas
completely before measurements. The accumulation of meropenem at the working electrode
was carried out for a selected time while the solution was stirred at 2000 rpm. The stirring
was then stopped and after a rest period square wave stripping voltammograms was recorded
in the anodic direction over the range 0.6 to 1.6V vs. Ag/AgCI/KCl reference electrode at
room temperature. Cyclic voltammetric measurements were also carried out under similar
conditions to investigate the reversibility of the redox process.

Results and Discussion

The electrochemical behaviour of meropenem was studied by cyclic voltammetry and square
wave anodic adsorptive stripping voltammetric technique (SW-AAdSV) on glassy carbon
electrode. In all electrochemical methods Meropenem gave one well defined oxidation peak
in potential range 1.1V to 1.2V vs. Ag/AgCl/KCI reference electrode at glassy carbon
electrode (GCE) in BR buffer at pH 6.

Cyclic voltammetric behaviour

Cyclic voltammograms of meropenem were recorded within a wide range of the potential
(0.6 to 1.6V vs. Ag/AgCl/KCl reference electrode) at different pH values, scan rates and
concentration. Meropenem gave one well defined oxidation peak, no peak were observed in
the reverse scans, suggesting the irreversible nature of the electrode process (Figure 1).

Effect of pH

The influence of the pH on the oxidation process was studied and only one voltammetric
peak was observed in the whole pH range. However, the best result with respect to sensitivity
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accompanied with sharper response was obtained with pH 6.0, so that it was selected for
further experiments. Figure 2 show the variation of oxidation peak current (i) with pH of
the supporting electrolyte.
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Figure 1. Cyclic voltammograms of 1.0x10* M meropenem at scan rates 50, 100, 150, 200,
and 250 mV/s at GCE in BR Buffer of pH 6
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Figure 2. Plot of Peak current (i,) as a function of pH of the supporting electrolyte (BR
Buffer)
Effect of scan rate

The cyclic voltamograms of 1.0x10™* M meropenem were recorded at different scan rates at
25 °C. Both peak potential and peak current are affected by scan rate. The whole procedure
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for cyclic voltammetry was repeated for meropenem with different scan rate ranging from
50 to 250 mVs'' while other parameter being kept constant. Graphs of peak potential (E,/V)
vs. log v (mVs™) and peak current (ip/10'5A) versus square root of scan rates (v/mVs™) 12
were plotted.

The value of peak potential shifted towards more positive potential with the increase in
sweep rate, which confirm the irreversibility of the process. For a totally irreversible
electrode process the relationship between the peak potential (E,) and scan rate v is
expressed as™:

o  2.303RT RTk 2.303RT
E =E"+ log +
r anF ankF ankF

logv (1)

Where EC is the formal potential, T the temperature, o is the transfer coefficient, n is
number of electrons involved in the rate determining step, k is electrochemical rate constant and
F is the Faraday constant. A straight line was observed when peak potential (E,/V) was plotted
against log v (mV/s) at a fix concentration and pH value of can be expressed as (Figure 3)
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Figure 3. Plot of anodic peak potential (E,/ V) as a function of log v (mVs™)
For totally irreversible process, the peak current is given by Randel Sevcik equation:
i, = (2.99 x 10°) n[an,]"* ACD"*v"? (3)

Where na is the number of electrons taking part in the rate determining step of electrode
process, a is electron transfer coefficient, A is apparent surface areaof the electrode, C is the
concentration of the electro active species, D is the Diffusion Coefficient of the electro-
active species and v is the scan rate. The value ana, as calculated from the slope is 1.049.
Generally the value of a for totally irreversible electrode process is equal to 0.5, Thus two
electrons involved in the electro oxidation of meropenem. In the proposed method, the
electro-oxidation of meropenem involves two electrons and two proton transfer process
(Scheme 2).

Plot of the peak current (i,) versus square root of the scan rates (v"?) is described by the
given equation (Figure 4):
i, (10°A) = 0.1094 v"*(mVs™)"* + 0.3375 R*>=0.999 4)
As the scan rate was increased from 50 mVs™' to 250 mVs™ at a fixed concentration of
meropenem , (i) the peak potential shifted anodically, (ii) the peak current increased steadily
and (iii) the peak current function(i,/AC v'?), exhibited nearly constancy.
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Scheme 2. Probable oxidation mechanism of meropenem
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Figure 4. Plot of anodic peak current (i,) vs square root of scan rates 1)”2(mVs'1)1/2
Square wave anodic adsorptive stripping voltammetric studies

For trace determination of meropenem square wave anodic adsorptive Stripping
voltammetric (SWAAdSV) method was optimized. Stripping voltammograms of bulk
meropenem in the BR buffer (pH 6) were recorded by SW-AAdSV method following its
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pre-concentration onto the GCE by adsorptive accumulation for 30 s. exhibited a well-
defined single irreversible anodic peak with a better enhanced peak current magnitude at pH 6.
Quantitative evaluation of meropenem in human plasma is based on the linear correlation
between the peak current and concentration. The graph of meropenem concentration vs. the
peak current gave linear calibration curve indicating a diffusion-controlled process. The
precision of the method was investigated by repeatedly (n = 5) measuring peak potential and
peak current of meropenem within a day and over three consecutive days. LOD and LOQ
were calculated by the following equations™ >,

LOD = 3s/m 5)
LOQ = 10s/m 6)

Where s is standard deviation of response and m is the slope of the calibration curve.
LOD and LOQ values confirmed the sensitivity of the proposed methods, were shown in
Table 1.

Table 1. Analytical parameters of meropenem drug by using SW-AAdSV method

Parameters Spiked human urine Spiked human blood
serum
Concentration Range (M) 1x10° to 4.0x10” 1x10° to 4.0x10”

Slope(A/M) 0.14 0.1447
Intercept(nA) 3.988 3.855
Correlation Coefficient 0.994 0.997

LOD (M) 2.27x10°M 1.65x10°®

LOQ (M) 7.56x10° M 5.5x10°M

Assay of meropenem in spiked human urine and spiked blood serum samples

The proposed method SW-AAdSV was applied for the determination of meropenem in spiked
urine samples of healthy volunteers, but not to urine samples of patients treated with
meropenem. The recoveries from the urine samples were measured by spiking drug free urine
with known amount of meropenem and square wave stripping voltammograms were then
recorded (Figures SA & 6A). The amount of meropenem in the spiked urine samples were then
evaluated from the calibration graph. The average recovery value, higher than 98.94% and
RSD values less than 2.57%, indicate the high accuracy and precision of the proposed method.

Further, the proposed method was also applied to the assay of meropenem in spiked
human serum samples of healthy volunteers, but not to patient serum samples. For this
experiment, drug free serum samples were spiked with different concentration of meropenem;
square wave stripping voltammograms were then recorded. The amount of meropenemin each
serum sample was calculated from the calibration curve (Figures 5B & 6B). The calibration
equations for meropenem in spiked human urine and spiked human serum can be written as;

i, (LA)=0.140 C (uM) +3.988 R’ =0.994 @)
i, (LA) = 0.1447 C (uM) + 3.8555 R* = 0.997 )

The percentage recovery of drug was determined by comparing the peak currents of the
drug in serum samples with those of pure drug with the calibration curve. Under the
optimized condition a linear correlation between square wave stripping peak intensity and
the drug concentration was obtained over the range 1.0x10 - 4.0x10”° M. The results show
that the proposed method was successfully applied for the assay of meropenem in human
plasma (Table 2).
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Table 2. Results of analysis of meropenem in spiked human urine and serum samples by
SW-AAdSV method

Urine Samples

Meropenem added, uM n  Amount found, uM  Average Recovery, % RSD, %
200 5 198.52 99.26 2.57
200 5 197.88 98.94 2.45
200 5 199.82 99.91 2.25
Serum Samples
200 5 199.94 99.97 2.31
200 5 198.02 99.01 2.28
200 5 199.12 99.56 2.07
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Figure 5(A). Square wave anodic adsorptive stripping voltammograms of meropenem at
different concentration in spiked human urine at pH 6
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Figure 5(B). Plot of peak current (i/uA) as a function of concentration of meropenem (uM)
in spiked human urine

Selectivity of proposed method

For the analytical application of proposed voltammetric method, the effect of some common
excipients used in the pharmaceutical preparation was investigated. The tolerance limit was
defined as the maximum concentration of interfering compound that results an error less
than 5% for determination of meropenem. The effect of these compounds on voltammetric
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peak was carried by analysing samples solution containing fixed amount of meropenem
(1x10° M) spiked with various excess amount of each excipients under the same
experimental conditions. The analysing results (Table 3) showed that the proposed method
was able to assay meropenem in the presence of excipients, hence it can be considered
selective and specific.

Table 3. Effect of various excipients on the voltammetric peak of 1x10” M meropenem

Excipients, 1.0 mM + Drug, 1x10° M Potential observed Signal change, %

Only meropenem 1.160 0
Citric acid + Meropenem 1.172 1.03
Dextrose + Meropenem 1.173 1.12
Glucose+ Meropenem 1.153 0.60
Lactose+ Meropenem 1.168 0.68
Starch+ Meropenem 1.161 0.08
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Figure 6(A). Square wave anodic adsorptive stripping voltammograms of different
concentration of meropenem in spiked human serum at pH 6
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Figure 6(B). Plot of peak current (i/uA) as a function of concentration of meropenem (uM)
in spiked human serum
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Conclusion

The electrochemical oxidation of meropenem in BR buffer at pH value 6 was investigated.
The meropenem is irreversibly oxidized at high positive potentials. The proposed SW-
AAdSV technique for the determination of meropenem in spiked human urine and spiked
serum samples was found to be as simple and rapid as the reported method and more
selective, sensitive and validated than the reported method. The proposed voltammetric
methods can be applied directly to the analysis of drug in body fluids. The proposed method
is fully validated.
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