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Abstract: This paper describes a stripping method for the determination of acyclovir at the submicromolar concentration level. This 
method is based on controlled adsorptive accumulation of acyclovir at thin-film mercury electrode, followed by a linear cyclic scan 
voltammetry measurement of the surface species. Optimal experimental conditions include a NaOH solution of 2.0 × 10−3 mol L−1 
 (supporting electrolyte), an accumulation potential of −0.40 V, and a scan rate of 100 mV s−1. The response of acyclovir is linear 
over the concentration range 0.02 to 0.12 ppm. For an accumulation time of 4 minutes, the detection limit was found to be 0.42 ppb 
(1.0 × 10−9 mol L−1). More convenient methods to measure the acyclovir in presence of the didanosine, efavirenz, nevirapine, nelfinavir, 
 lamivudine, and zidovudine were also investigated. The utility of this method is demonstrated by the presence of acyclovir together with 
Adenosine triphosphate (ATP) or DNA.
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Introduction
Acyclovir (Fig. 1) is a guanosine analogue antiviral 
drug, marketed under trade names such as Cyclo-
vir, Zovirax and others. Acyclovir is one of the 
most commonly used antiviral drugs, primarily for 
the treatment of herpes simplex virus (HSV) infec-
tions as well as for the treatment of herpes zoster 
 (shingles). Acyclovir was seen as the start of a new 
era in antiviral therapy,1 as it is extremely selective 
and low in cytotoxicity. Acyclovir differs from previ-
ous nucleoside analogues in that it contains only a 
partial nucleoside structure: the sugar ring is replaced 
by an open-chain structure. Acyclovir treatment in 
patients infected with both HSV and herpes simplex 
virus (HSV) has been observed to alter the disease 
course and decrease the HIV viral load. This finding 
has been attributed to indirect effects of HSV sup-
pression on HIV replication.

Spectroscopy2 chromatographic,3–7 chemilumi-
nescence,8,9 spectrophotometric,10–12 and voltammet-
ric13–18 analytical methods have been developed for 
the determination of acyclovir. With recent advance-
ments in properties of the adsorptive stripping volta-
mmetry, new methodologies have been developed for 
adenine, thymine, guanine, Adenosine triphosphate 
(ATP), DNA, and antiretroviral drugs determinations, 
employing alkaline solution with lower ionic strength 
as the supporting electrolyte.19–25 By using this alka-
line electrolyte, the present work found a new strip-
ping voltammetric procedure for trace detection of 
acyclovir based on its adsorption at the thin film mer-
cury electrode. The advantages, instrumental param-
eters, and possible limitations of this procedure are 
also explained in this paper.  Furthermore, the effects 
of a wide range of potentially interfering compounds 
such as didanosine, efavirenz, nevirapine, nelfinavir, 

lamivudine, zidovudine, some metal ions, and ATP or 
DNA are examined.

experimental
Apparatus
All voltammograms of this article were obtained using 
a voltammetric analyzer of EG&G Princeton Applied 
Research Model 384B (United States) equipped with 
an electrochemical cell and a Plotter Houston Ame-
tek-DMP-40. The electrochemical cell was performed 
with a working electrode of glassy carbon (GCE with 
3 mm diameter from BAS-Bioanalytical Systems, 
West Lafayette, IN, United States) with thin film of 
mercury, a silver/silver chloride (BAS-Bioanalytical 
Systems, Inc.) as reference electrode and platinum 
wire as auxiliary electrode. For the convective trans-
port in the accumulation process of the analytes were 
used a stirring bar (Nalgene) controlled by a magnetic 
stirrer.

Forming thin-film mercury electrode
Initially an acidified aqueous solution (5% nitric acid, 
HNO3) of mercuric nitrate, Hg (NO3)2 10−2 mol L−1, 
and a potassium nitrate, KNO3, 10−1 mol L−1 were 
prepared in the laboratory of preparation of solutions. 
After, in an adequate glass electrochemical cell, was 
added 1 mL of Hg (NO3)2, 1 mL of KNO3, and 8 mL 
of Milli-Q water. Then, the electrodes were immersed 
in this solution as describe in apparatus. The solution 
was purged with nitrogen for 240 seconds to elimi-
nate any presence of oxygen. Then, the thin mercury 
film was formed by applying a potential at −0.9 V for 
5 minutes. After checking that the film was formed, 
that is, characterized by bluish gray, the electrode was 
rinsed, leaving it ready to be used in the determina-
tion of analyte in each experiments of this article.

reagents
All dilutions and sample preparations were done 
using water purified in a Milli-Q purification system 
 (Millipore, Billerica, MA, USA). All chemicals were 
of the analytical reagent grade. Acyclovir standard was 
used as received by the FarManguinhos– FIOCRUZ 
(Fundação Oswaldo Cruz–RJ). Stock solutions of 
1000 ppm were prepared by dissolving 50 mg of 
the target reagent acyclovir into 5 mL of 2 mol L−1 
NaOH. Water was added until a volume of 50 mL was 
reached. Diluted acyclovir solutions of 100 or 10 ppm 
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Figure 1. Acyclovir; [2-amino-9-((2-hydroxyethoxy)methyl)-1h-purin-
6(9h)-one].
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were prepared daily using 5 mL of 1000 or 100 ppm 
acyclovir dissolved into water until a  volume of 
50 mL was reached. Stock solutions of 1000 ppm of 
other HIV drugs were prepared by dissolving 50 mg 
of the target reagent into 5 mL of 2 mol L−1 NaOH, 
5 mL of ethylic alcohol, and dissolved into water 
until a volume of 50 mL was reached. The didanos-
ine stock solution was prepared without using ethylic 
 alcohol. A 1000 ppm sample of copper and other metal 
stock solutions (atomic absorption standard solution, 
Sigma-Aldrich São Paulo,Brazil Ltda.) were used, 
and diluted as required for standard additions. Stock 
solutions of 1000 ppm of adenosine 5′-triphosphate, 
disodium salt hydrate (ATP) were prepared by dis-
solving 10 mg of the target reagent in 2 mL of diluted 
perchloric acid (10−1 mol L−1). The subsequent solu-
tion was heated at 70 °C for 30 seconds. After being 
heated, the sample was cooled down and diluted with 
water to a volume of 10 mL. Single-stranded calf thy-
mus DNA (Cat. No. D-8899; Lot 43H67951) was used 
as it was received from Sigma-Alrich Brasil Ltda. A 
500 µg DNA/mL stock solution (around 5 mg/10 mL, 
lyophilized powder containing 63% DNA) was 
prepared according to the procedure described 
for the ATP. The final solution was stored at 4 °C.

Procedure
A known volume (10 mL) of the supporting electro-
lyte solution (2.0 × 10−3 mol L−1 sodium hydroxide 
[with 1% v/v of ethylic alcohol]) was added to the 
voltammetric cell and degassed with nitrogen for 
8 minutes (and for 60 seconds before each adsorp-
tive stripping cycle). First, the condition poten-
tial (usually −0.9 V) was applied to the electrode 
for a selected amount of time (usually 60 seconds). 
 Afterwards, the initial potential (usually −0.40 V) 
was applied to the electrode for a selected amount of 
time (usually 90 seconds). The solution was stirred 
slowly during this time. The stirring was stopped after 
30 seconds, and the voltammogram was recorded by 
applying a negative-going potential scan. The scan 
(usually at 100 mV s−1) was stopped at −1.00 V, and 
the adsorptive stripping cycle was repeated with the 
same thin-film mercury. After the background strip-
ping voltammograms were obtained, aliquots of 
the acyclovir standards were introduced. The entire 
procedure was automated, as controlled by 384-B 
Polarographic Analyzer. Throughout this operation, 

nitrogen was passed over the surface of the solution. 
All data were obtained at room temperature (25 °C).

Results and Discussion
Until now, few papers on the mechanism of electrode 
processes of guanine and acyclovir analogue for 
adsorption cathodic stripping voltammetry (ACSV) at 
the mercury electrode have been reported.26−28 In our 
paper, using a 2.0 × 10−3 mol L−1 NaOH solution con-
taining 0.05 ppm of acyclovir after accumulation time 
(eg, 120 seconds) at −0.40 V, a well-defined cathodic 
stripping peak occurring at around −0.70 V was 
observed during scanning in the negative  direction. 
From results obtained by electrochemical methods 
(such as differential-pulse, linear-scan and linear 
cyclic), we suggest that the following electrode reac-
tion processes take place during the accumulation and 
stripping steps:

1. Accumulation process
2. Acyclovir(sol) → Acyclovir(ads)
3. Acyclovir(ads) + Hg → (Hg(II)Acyclovir2)Film
4. Stripping process
5. (Hg[II]Acyclovir2)Film + e− → (Hg[I]Acyclovir) + 

Acyclovir
6. (Hg[I]Acyclovir) + e− → Hg + Acyclovir

Parameters affecting the adsorptive 
stripping behavior
Figure 2 compares differential-pulse, linear-scan, and 
linear cyclic adsorptive stripping voltammograms for 
0.05 ppm acyclovir in a 2.0 × 10−3 mol L−1 NaOH solu-
tion (with 1% v/v of ethylic alcohol) after 120 seconds 
of preconcentration, stirring at −0.40 V. A mercury film 
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Figure 2. Differential-pulse (A), linear-scan (B), and adsorptive  linear 
cyclic (c) voltammograms of 0.05 ppm acyclovir in 2.0 × 10−3 mol L−1 
NaOh (with 1% v/v of ethylic alcohol). Condition time, 60 seconds  
at −0.90 V; accumulation time, 120 seconds at −0.40 V with stirring;  
amplitude pulse, 50 mV (A); scan rate, 50 (A), 100 (B and c) mV s−1;  
thin-film mercury electrode (5 minutes at −0.9 V).
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was used as a work electrode. After an equilibrium 
time of 30 s, the differential pulse (A) and linear (B) or 
cyclic cathodic voltammogram (C) was recorded at 
50 (A) and 100 (B and C) mV s−1, respectively. Both 
scan modes offer excellent  signal-to-background 
characteristics. Linear scans, however, offer a higher 
current peak and greater speed and are recommended 
for the determination of acyclovir. The acyclovir lin-
ear cyclic cathodic peak (Ip) appears at −0.72 V (Ep) 
with half-width (b½) of 120 mV. No anodic peak was 
observed in the first scan.

Other chemical and instrumental parameters such 
as the supporting electrolyte, pH, the accumulation 
potential and time, and the scan rate (which directly 
affects the acyclovir adsorptive stripping peak 
response) were also optimized. The adsorption prop-
erties of the acyclovir vary with the composition of the 
supporting electrolyte. Various electrolytes, for exam-
ple, Briton-Robinson, phosphate and NaOH solution, 
were evaluated as suitable media for the adsorptive 
stripping measurement of acyclovir. The best results 
(with respect to signal enhancement and reproduc-
ibility) were obtained in the NaOH  electrolyte. The 
adsorptive stripping signal of acyclovir depends on 
the sample pH. The dependence of the acyclovir 
peak current on the solution pH (from 2 to 12) was 
 analyzed. The conditions utilized in this experiment 
were: 0.05 ppm acyclovir; conditions time, 60  seconds 
at −0.90 V; accumulation time, 90 seconds at −0.40 V; 
scan rate, 100 mV s−1; equilibrium time, 30 seconds; 
thin-film mercury electrode (5 minutes at −0.9 V). No 
response to acyclovir was observed in solutions more 
acidic than 5 (Ip = 0 nA). Increasing the pH level from 
5.5 to 11 resulted in rapid increases in the acyclovir 
peak current. However, the stability of the acyclovir 
peak in aqueous solutions decreased when the pH was 
above 12. Because of this, a pH of approximately 12 
(Ip = 1352 nA, Ep = −0.68 V; b½ = 110 mV) was used 
to satisfy the sensitivity and stability requirements 
throughout the experiment.

Figures 3 and 4 show a detailed study of the effect 
of the scan rate (from 10 to 200 mVs−1) on the strip-
ping acyclovir voltammograms. Several parameters 
like the potential peak (Ep), the half-width (b½) and 
the current peak (Ip) were analyzed. A negative shift 
from −0.69 to −0.74 V of acyclovir potential peak was 
also observed. A very well-defined peak with the best 
current peak and half-width/background resolution 

was shown on a higher scan rate and was used through-
out this study. With 200 mV s−1 of scan rate, the peak 
current for a 0.05 ppm acyclovir solution was about 
37.3 times larger than the  corresponding peak obtained 
with 10 mV s−1 response. Also at 10 mV s−1 several 
other instable acyclovir peaks were detected. A plot of 
Ip versus υ was linear (correlation coefficient, 0.999), 
with a slope of 25.0, over the 10–200 mV ⋅ s−1 range.

Figure 5 shows the effect of accumulation poten-
tial (from −0.10 to −0.50 V) on the stripping acyclovir 
voltammograms. Several parameters like the potential 
peak (Ep), the half-width (b½) and the current peak 
(Ip) were analyzed. When an accumulation potential 
of −0.40 V was used, a very well defined acyclovir 
peak (Ep) at −0.69 V (b½ = 110 mV; Ip = 1574 nA) 
with best half-width/background resolution was 
obtained. This accumulation potential at −0.40 V was 
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Figure 3. effect of scan rate on the potential (A), current (B) and 
 half-width (c) acyclovir (0.05 ppm) peak in solution in 2.0 × 10−3 mol L−1 
NaOh (with 1% v/v of ethylic alcohol).
notes: Conditions: time, 60 seconds at −0.90 V; accumulation time, 
90 seconds; equilibrium time, 30 seconds; thin-film mercury electrode 
(5 minutes at −0.9 V).
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then chosen and used throughout this study. No acy-
clovir peaks appeared when +0.05 to −0.10 V accu-
mulation potential ranges were used.

Figure 6 shows the dependence of the linear cyclic 
current peak a long with the pre-concentration time. 
With 240 s of preconcentration, the peak current for a 
0.05 ppm acyclovir solution was about 10.1 times larger 
than the corresponding peak obtained with a direct 
(0 second) response. The resulting plot of peak cur-
rent versus accumulation time (0–210 seconds) is linear 
(slope 33.63 nA s−1 and correlation coefficient, 0.999).

Quantitative utility
The effect of preconcentration associated with the 
adsorption process results in a significantly lower 
detection limit compared to the corresponding solu-

tion  measurements. A detection limit of 0.42 ppb 
(1.0 × 10−9 mol L−1) was estimated from quantification of 
0.01 ppm after a 4-minute accumulation (S/N = 2). Thus, 
4.2 ng could be detected in the 10 mL of solution used.

The reproducibility was estimated by 10 succes-
sive measurements of a stirred 0.05 ppm acyclovir 
solution (other conditions: supporting electrolyte, 
2.0 × 10−3 mol L−1 NaOH (with 1% v/v of ethylic 
 alcohol); condition time, 60 seconds at −0.9 V; 
 accumulation time, 90 seconds at −0.4 V; final poten-
tial, −1.0 V; scan rate, 100 mV s−1;  equilibrium time, 
30 seconds and thin-film mercury  electrode). The 
mean peak current was 3430 nA with a range of 3370 
to 3500 nA and a relative standard deviation of 4.1%. 
These  measurements compare similarly with those 
reported for other compounds measured by adsorp-
tive  stripping analysis.19–25 The Ep and the b½ remain 
the same at −0.72 V and 130 mV, respectively.

Figure 7 displays voltammograms for increasing 
acyclovir concentration (A,0.08 and B,0.16 ppm) 
after 60 seconds of accumulation. Well-defined strip-
ping peaks (at −0.69 V) were observed between the 
0.02 and 0.12 acyclovir concentration ranges. The 
resulting plot of peak current versus concentration 
is linear (slope 8334 nA/ppm; correlation coef-
ficient, 0.999). Such linearity prevails as long as 
linear isotherm conditions (low surface  coverage) 
exist. A separate experiment was performed to 
test linearity at the higher scan rate and accumula-
tion time resulting in well-defined stripping peaks 
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Figure 4. effect of scan rate at 10 (A), 50 (B) and 200 (c) mV s−1 on the 
linear cyclic adsorptive stripping voltammograms of 0.05 ppm acyclovir 
solution in 2.0 × 10−3 mol L−1 NaOh (with 1% v/v of ethylic alcohol).
note: Other conditions same as Figure 3.
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 adsorptive stripping voltammograms of 0.05 ppm of acyclovir in 
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are relative to accumulation times of 0, 60 and 120 seconds,  respectively.
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 equilibrium time, 30 seconds; thin-film mercury electrode (5 minutes 
at −0.9 V). Also shown is the resulting of accumulation time versus 
 current acyclovir peak plot.
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between 0.02 and 0.14 ppm acyclovir (accumulation 
time, 90 seconds; final potential, −1.0 V; scan rate, 
100 mV s−1; other conditions same as in Fig. 7). The 
resulting plot of peak current versus concentration 
also showed linearity (slope 17141 nA/ppm; correla-
tion  coefficient, 0.999).

To check interferences’ problems as the formation of 
complexes between the metal ions (cobalt II, nickel II, 
iron [III], lead [II], cadmium [II] and Copper [II]) 
and acyclovir or verify the presence of overlapping 
between the acyclovir and other antiretroviral drugs 
(didanosine, efavirenz, nevirapine, nelfinavir lami-
vudine and zidovudine), potential peak were studied 
these effects in the proposed method. Measurements 
of 0.05 ppm acyclovir (other conditions: supporting 
electrolyte, 2.0 × 10−3 mol L−1 NaOH [with 1% v/v of 
ethylic alcohol]; condition time, 60 seconds at −0.9 V; 
accumulation time, 90 seconds at −0.30 or −0.40 V; 
final potential, −1.0 V; scan rate, 100 mV s−1; equi-
librium time, 30 seconds and thin-film mercury 
 electrode) were not affected by the addition of up to 
0.02 ppm of cobalt (II) or nickel (II); up to 0.04 ppm of 
iron (III) or lead (II); up to 0.06 ppm of cadmium (II) 
or copper (II) or up to 0.10 ppm of zinc (II). The 
acyclovir peak increase in the presence of higher 
nickel (II) or cobalt (II) concentration indicates a pos-
sible formation of a Ni or Co-acyclovir complex. The 
presence of higher iron (III) concentration in acyclo-
vir solution presents a new and well-defined peak 

at −0.55 V, and the characteristic acyclovir peak is 
displaced from −0.72 to −0.80 V (Fig. 8).

Preliminary studies were developed for the 
determination of acyclovir in the presence of other 
antiretroviral drugs for the treatment of human immu-
nodeficiency virus (HIV): didanosine,  efavirenz, 
nevirapine,  nelfinavir, lamivudine, and  zidovudine. 
Measurements of 0.05 ppm acyclovir (other con-
ditions: supporting electrolyte, 2.0 × 10−3 mol L−1 
NaOH [with 1% v/v of ethylic alcohol];  condition 
time, 60 seconds at −0.9 V; accumulation time, 
90 seconds at −0.40 V; final potential, −1.0 V; scan 
rate, 100 mV s−1; equilibrium time, 30 seconds and 
thin-film mercury  electrode) were not affected by 
the addition of up to 0.08 ppm of didanosine or up to 
0.10 ppm of zidovudine, efavirenz, lamivudine, nelfi-
navir, or nevirapine.

Figure 9 illustrates how this method is suitable for 
the determination of acyclovir through linear cyclic 
adsorptive stripping voltammetry in a synthetic sample 
that contains several antiretroviral drugs (efavirenz, 
nevirapine, didanosine, lamivudine, zidovudine, and 
acyclovir, all with 2.0 ppm of  concentration). In an 
electrochemistry cell with supporting electrolyte 
and small aliquot of the mixed sample was succes-
sively added 0.1 ppm of standard acyclovir  solution. 
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Well-defined linear cyclic adsorptive stripping volta-
mograms were obtained (Fig. 9), presenting increas-
ing current peak at the same potential. As the new 
proposed method is very sensitive to acyclovir, 
only 60 seconds of preconcentration were used. The 
 analytical procedure was performed 5 times obtaining 
an average value of 2.8 ppm with a standard deviation 
of 0.5 ppm. The yield in this experiment is somewhat 
different from the value of 2.0 ppm of acyclovir.

Another functions these preliminary studies is to 
examine the determination of acyclovir in the pres-
ence of ATP and DNA. The current measurements 
of 0.05 ppm acyclovir (other conditions: supporting 
electrolyte, 2.0 × 10−3 mol L−1 NaOH [with 1% v/v of 
ethylic alcohol]; condition time, 60 seconds at −0.9 V; 
accumulation time, 90 seconds at −0.4 V; final poten-
tial, −1.0 V; scan rate, 100 mV s−1; equilibrium time, 
30 seconds and thin-film mercury electrode) were not 
affected by the addition of up to 0.06 ppm of ATP 
and up to 0.10 ppm of DNA. Using the accumulation 
potential at −0.30 V the DNA (0.08 ppm) in the pres-
ence of copper (II) (0.10 ppm) shows one peak at the 
same location as the acyclovir peak at −0.67 V.22

conclusions
This paper has thoroughly described an effective 
means for the determination of trace levels of acy-
clovir. The use of the simple and diluted alkaline 

electrolytes provided a sensitive and selective adsorp-
tive stripping voltammetric method for acyclovir 
determination. Studies of interferences indicate the 
possible determination of acyclovir in the presence of 
other antiretroviral drugs for the treatment of human 
immunodeficiency virus (HIV), such as didanosine, 
efavirenz, nevirapine, nelfinavir, lamivudine, and 
zidovudine. The acyclovir peak increases in the pres-
ence of higher nickel (II) or cobalt (II) concentration, 
indicating a possible formation of Ni or Co-acyclovir 
complex. In particular, this approach offers similar 
efficiency as compared with chromatographic meth-
ods.3–7 The behavior of the acyclovir peak is similar 
to the DNA-copper peak.22 Also, further studies using 
diluted alkaline solution as the supporting electrolyte 
and film mercury electrode modified in situ by metal-
lic ions can be used for detection of other drugs and 
DNA-intercalating dyes, as well as amino acids, pep-
tides, and proteins determinations.
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