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ABSTRACT

The electrochemical reduction behaviour of Acyclovir has been exploited
to devel op sensitivereliable and accurate cyclic voltammetric and differen-
tial pulse voltammetric methodsfor its quantification. To maximize the sen-
Sitivity and to minimizethe detection limit a B-cyclodextrin midified carbon
paste el ectrode has been employed which imparts a sel ective procedure for
the determination of carbonyl group contai ning compounds. The proposed
method islinear over the concentration range of 1.0 x 10°to 0.2x 10M with
adetection limit of 1.8 x 10°M. The devel oped method has been applied for

KEYWORDS

Acyclovir;
[-cyclodextrin;
Cyclic voltammetry;
Differential
pulse voltammetry;
Pharmaceutical formulations;
Urine samples,
Serum samples.

the determination of Acyclovir in pharmaceutical formulations, human urine

samples and human serum samples successfully.
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INTRODUCTION

Acyclovir (ACL), asynthetic purine nucleoside
derivativeisthemaost commonly used antivira drugfor
diseases like herpes zoster, herpes simplex and
chickenpox. It canbegiven orally or intravenously or
topically. About 15% of the drugisbound to plasma
proteins. Itisexcreted fromthe urineamost in theun-
changed form. Acyclovir undergoes phosphorylation
with thehel p of vira thimidinekinaseenzymetoform
acyclovir triphosphate and this metabol ite sel ectively
inhibitsthe DNA synthesis of thevirusand thus pre-
ventsitsgrowth. Itsstructureisgivenin Figurel
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Figurel: Sructureof acyclovir

Acyclovir hasbeen determined by HPLCI¥8, LCI79,
near | R spectroscopy!'® and spectrophotometricitt!
methods. Ontheother hand voltammetric methodshave
been shown to be excellent for the determination of
drugsindifferent samples. Concerning e ectrochemical
methods voltammetric behaviour with nanostructured
film e ectrode has been used for the determination of
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acyclovir™, Bersier et d ' reviewed thed ectrochemi-
ca behavior of CDsand CD-inclusion complexes.
Theam of the present work isto develop adiffer-
entia pul sevoltammetric method and to apply it for
determination of acyclovir in pharmaceutica formula-
tions, human serum samplesand human urine sampl es.
In thiswork bare carbon paste electrode (CPE) and
[-cyclodextrin modified carbon paste electrodes
(CDMCPE) were used asworking el ectrodes.

EXPERIMENTAL

Apparatus

Voltammogramswererecorded with Metrohm 757
VA computrace (Herisau, Switzerland). A model
Metrohm 632-pH meter was used to carry out the pH
measurements.

Chemicalsand reagents

Themodifier 3-cyclodextrin was purchased from
Fluka Paraffinoil and Graphite powder fromAldrich.
ACL ispurchased from Sigma. Stock solutions are
prepared in methanol and kept at dark place. The sup-
porting electrolyte (Britton-Robinson buffer) ispre-
pared using 0.04 M orthophosphoric acid (H,PO,),
acetic acid (CH,COOH) and boric acid (H,BO3);
pH is adjusted by the addition of 0.2 M sodium hy-
droxide (NaOH) solution. Standard solutionsare pre-
pared on dilution of the stock solutionwithtripledis-
tilled deionized water. All the chemicalsused for the
preparation of solutionsand supporting el ectrol ytes
are of reagent grade.

Process of analysis

An appropriate amount of analyte and supporting
eectrolyte (BRB) aretakeninto 50 mL dectrolytic cell
and purged with oxygen - free nitrogen for 10 min, the
voltammogramsarerecorded. After theaddition of eech
aliquot of the standard sol ution voltammogramswere
recorded. Therequired accumulation potential of-0.16
V isthen applied to theunmodified CPE and modified
CPE with astirring speed of 2000rpm. Thestirringis
stopped and after 10s of rest the voltammogramsare
recorded by scanning the potential towardsthe nega-
tivedirection. All the measurements are performed at
room temperature 21+1 °C.
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RESULTSAND DISCUSSION

Cyclicvottammetry studies

Figure 2 representsthe cyclic voltammogram for
3.2x 107" M Acyclovirin BR buffer solution of pH 3.0
at bare carbon paste electrode (CPE) and B-
cyclodextrin modified carbon paste electrode
(CDMCPE) with accumulation timesof 300sand 150s
respectively. On scanning towards negative potential,
the compound yields one peak which is dueto the
reduction of the carbonyl-group and no peak is ob-
served on theanodic branch indicating that the reduc-
tion of Acyclovir isirreversible. For the reduction
peaks observed, the voltammetric currents at
CDMCPE are higher in comparison with the bare
CPE, indicating that the CDM CPE has better effi-
ciency for accumulating drugs.
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Figure2: Typical CV of 3.2x 107 M DNZ at (a) bareCPE (b)
CDCMPE

Differential pulseadsor ptivestripping voltammetry

Figure 3 illustrates DPAdSV for 1.2x10° M
Donepezil with abare CPE and CDMCPE. The higher
stripping pesak isobserved at CDM CPE in comparison
with bare CPE. The systematic studiesof variousex-
perimental and instrumenta parametersthat affect the
adsorptive stripping voltammogram response are car-
ried out to establish the optimum conditions.

Effect of pH

Theeffect of pH on the peak current (ip) and peak
potential (Ep) at 1.2x10° M Acyclovir isevaluated.
The peak current increases gradua ly withtheincrease
of pH respect of the solution until it reachesthe maxi-
mum valueat pH 3.0; but for pH valueshigher than 3,
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peak current decreases. Hence BR buffer of pH 3.0is
selected for further studies.
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Figure3: Typical DPAdSV of 1.2x 10°M ACL at (a) bare
CPE (b) CDCM PE

Effect of other parameters

Theother experimental parametersthosethat di-
rectly affect the voltammetric response such as scan
rate, stirring rate, pulse amplitude and rest period are
optimized. All theexperimenta conditionsaregivenin
TABLE 1.

TABLE 1: Chosen experimental conditions

Variable Chosen Value
pH 3.0
Buffer volume (ml) 10
Temperature (°C) 21
Purge time (min) 10
Accumulation potential (V) -0.4
Accumulation time (s) 150
Rest time (s) 10
Stirring rate (rpm) 2000
Scan rate (mVs?) 10
Pulse amplitude (mV) 50

Deter mination of ACL in phar maceutical formula-
tionsby DPAASV

The standard addition procedureisemployed to
thedirect determination of Acyclovir in pharmaceu-
tical formulationsby using CDM CPE and the recov-
eries are satisfactory. Thismeansthat the proposed
technique can be applicableto the analysis of the
above mentioned formulations containing Acyclovir

with great success.
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TABLE 2: Experimental data of acyclovir

Acvclovir CPE CDMCPE

Linearity range (M) 2.0x 10%o0 1.0x 100
2.2x 107 0.2x10°®

Calibration curve Y (nA)=0.8373X+ Y =0.8333 X +
equation 0.00913 0.01381
Correlation coefficient 0.9998 0.9997
L.0.D(M) 1.9x 108 1.8x 10°
L.0.Q(M) 0.633x 10" 0.6x 10°®
Repeatability of 5.29 5.48
peak currents
%RSD]
Repeatability of 0.56 0.62
Peak potentias
%RSD)
Reproducibility of 5.20 5.44
peak currents
%RSD)
Reproducibility of 0.52 0.57
potentials %6RSD)
"Numbers of assays 12 12

TABLE 3: Determination of ACL in pharmaceutical for-
mulationsby DPAdSV

Average

Amount Recovery
Name of Spiked amourlt percentage £ SD RSD
thedrug (ng/L) found (%)
" (wg/L)
Acyclovir 8 7.94 99.21 0.07 0.881
10 9.97 99.73 0.05 0.462
12 1191 99.27 0.06 0.505

*Each value is an average of three determinations

Determination of ACL in spiked human serum
samplesby DPAdSV

Human serum sampl esare obtained from healthy
individualsand are stored frozen until assay. An ali-
quot volume of serum sampleisspiked withAcyclovir
solution individually. 2x10 M concentrated drug so-
lutionsarediluted to 1 ml volumewithacetonitrileina
2.5ml centrifugetube, thisisvortexed for 10 minand
centrifuged for 5 min at 2000 rpm for removing of
protein residues. The separated supernatant of the
samplewastaken carefully. From thissamplerequired
volume of supernatant solutionistransferredinto the
electrolytic cell containing BR buffer of pH 3.0. The
voltammograms are recorded by the method differ-
ential pulse adsorptive stripping voltammetry and the
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dataareshowninthe TABLE 4.

TABLE 4: Determination of ACL in spiked human serum
samples

Average
Amount Recovery
Name of Spiked amourlt Percentage £+ SD RSD
thedrug (wg/L) found (%)
' (ng/L)
Acyclovir 8 7.923 99.03 0.066 0.839
10 9.97 99.7 0.035 0.347
12 11.906 99.21 0.065 0.545

*Each value is an average of three determinations.

Determination of ACL in human urinesamplesby
DPAdSV

Blank urinesamplesarecollected (for 24 hrs) from
healthy male voluntaries. Thisisadded to the 50ml
voltammetric cdl containing BR buffer of pH 3.0. Frgly
blank urine sampleisintroduced and voltammograms
arerecorded, and then spiked with donepezil. Each
time, the differential pulse adsorptive stripping
voltammetric Sgndsarerecorded and thedataaregiven
intheTABLES.

TABLE 5: Determination of ACL in spiked human urine
samplesby DPAASV

Amount Average Recovery
Name of Spiked amourlt percentage +S.D RSD
thedrug (wg/L) found (%)
- (wg/L)
Acylcovir 6 5.93 98.83  0.036 1.607
8 7.917 98.96  0.087 1.103
10 9.957 99.57 0.032 0.032

*Each value is an average of three determinations.

CONCLUSION

The present method certainly isused asan dterna-
tiveto the col orimetric, spectrophotometric and chro-
meatographic methods. Electrochemicd techniqueiseasy
to handle, cheaper and time saving. Thedetermination
in pharmaceutical formulationsand spiked urineand
blood serum sampleswithout any preliminary trestment
by DPAdSV with a CDMCPE isasuitable method.
Further dueto CDM CPE stahility, accuracy and low
cogt, it offersagood possibility asasubstitutefor the
previous approachesusedinroutineanalyss.
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