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Abstract 

A new electrochemical method using differential pulse voltammetry at a boron-doped diamond electrode (BDDE) was developed for the 

quantitative determination of famciclovir in the pH range of 2.0–10.0. The experimental results from the pH and scan rate studies showed that 

the oxidation behavior of famciclovir at BDDE was irreversible and diffusion-controlled. The anodic peak current was also observed to be linear 

over the concentration range of 0.5–12 µM and 6–100 µM in pH 4.7 acetate buffer solution (ABS) for standard drug solution and human serum, 

respectively, as obtained using the differential pulse voltammetry (DPV) at BDDE. Limits of detection were found as 0.022 µM and 0.42 µM for 

standard drug solution and human serum, respectively. The repeatability, reproducibility, selectivity, precision, and accuracy of the developed 

method in all media were investigated and calculated. This method was successfully applied for the analysis of famciclovir in human serum 

samples. 
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1. Introduction

Nucleoside analogs are a pharmacological classes of 

compounds with cytotoxic, immunosuppressive, and 

antiviral properties [1]. Thus, nucleoside analogs can be 

used as therapeutic drugs, including several antiviral 

products used to inhibit viral replication in infected cells. 

In addition to these, drug resistance can develop rapidly 

in a short time as a result of a mutation during the 

treatment of various viruses [2]. To overcome the 

resistance that develops against one of the nucleoside 

analog drugs, a new drug (e.g., famciclovir, penciclovir, 

and valaciclovir) from the same drug group is employed 

throughout treatment. Famciclovir (Fig. 1) is an antiviral 

drug that distinguishes out among nucleoside analog 

treatments due to its low toxicity and high selectivity [3]. 

Famciclovir is also a penciclovir prodrug with increased 

oral bioavailability of approximately 77% [4]. It is used 

to treat the symptoms of herpes zoster (commonly 

known as shingles), a herpes virus infection of the skin, 

and recurrent herpes virus infections of the mucous 

membranes (lips and mouth) [5]. Famciclovir's structure 

and mechanism of activity are quite similar to other 

nucleoside analogs, such as the more widely used 

acyclovir. 

 

Figure 1. Chemical structure of famciclovir 

Electrochemical techniques have been proved to be 

excellent procedures for monitoring organic compounds 

in pharmaceutical forms and biological samples [6]. In 

these techniques, the quantitative analysis method is 

developed by taking advantage of the fact that many 

active compounds in dosage forms can be easily 

oxidized or reduced unlike excipients [7]. The interest in 

experimental electrochemical techniques in the field of 

drug detection is due to their relatively short analysis 

time, simplicity, and low cost compared to other 

techniques [8].  

While developing a new electrochemical-based 

analytical method in drug detection, studies were 

performed by modifying carbon electrodes with various 

nanomaterials such as metal/metal oxide [9], metal-
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organic framework [10,11], polymer [12], graphene 

[9,13], carbon nanotube [14], carbon fiber [15], and 

fullerene [16] are the most current research topics. 

Nevertheless, due to the use of extra chemical materials 

in both the synthesis and modification stages of these 

materials, the development of electrochemical methods 

using modified electrodes is far from the development of 

green analytical chemistry methods that will contribute 

to the reduction of the human footprint on Earth [17]. 

Moreover, obtaining the same modified surface, creating 

stable surfaces for a long time, and acquiring low 

reproducible results are the biggest difficulties 

encountered in the use of modified electrodes.  

Due to their inherent high thermal conductivity, 

chemical inertness, and wide electrochemical potential 

range, boron–doped diamond electrodes (BDDE) 

outperform other carbon-based electrodes such as glassy 

carbon and carbon paste [18–21]. As a result, a method 

with a low limit of detection (LOD) might be developed 

and used in drug analysis without the requirement for 

costly and time-consuming modifications to improve 

sensitivity [22–26]. 

In the literature, there are only a few analytical 

methods used for determining famciclovir such as        

RP-HPLC [27–31], UPLC-MS/MS [31,32], UV-VIS 

spectroscopy [33,34], MIP-voltammetry [35], 

potentiometry [36], and spectrofluorimetry [37,38] from 

pharmaceutical preparations. When the sensitivity of the 

method developed in this study was compared to the 

voltammetric approach as previously described using 

carbon paste electrode (CPE), the suggested study has 

provided the lower LOD values [35]. Furthermore, the 

proposed novel method's sample and electrode 

preparation procedure are simpler, more practical, and 

less expensive. Moreover, although the previously 

described method was utilized for the analysis of 

pharmacological forms, this work showed that it could 

also be performed with human serum samples. 

Therefore, this study aims to propose the development 

of an electrochemical method for famciclovir 

quantification in human serum samples using the 

differential pulse voltammetric method at BDDE. The 

electrochemical behavior of the drug was also 

investigated at BBDE using cyclic voltammetry (CV) and 

DPV techniques in terms of buffer solution and pH. 

Moreover, the change of the electrochemical behavior 

depending on the scan rate was examined. The proposed 

method could be an eco-friendly alternative to 

chromatographic techniques in therapeutic drug 

monitoring without any time-consuming evaporation, 

adsorption, extraction, and separation steps before drug 

assay.  

 

2. Experimental 

2.1. Apparatus  

All the electrochemical measurements were carried out 

with an AUTOLAB 204 PGSTAT electrochemical 

analyzer (Eco Chemie, Utrecht, The Netherlands), 

equipped with a three-electrode system that included 

the Ag/AgCl (BAS, 3 M NaCl) reference electrode, the 

BDDE (Windsor Scientific Ltd.; 3 mm diameter) working 

electrode, and the platinum wire auxiliary electrode. The 

clean electrode surface was obtained using alumina 

powder and a polishing cloth before each measurement. 

Cyclic voltammetry (CV) and differential pulse 

voltammetry (DPV) were employed for investigating the 

oxidation behavior of famciclovir. The parameters of 

step potential: 10 mV; modulation amplitude: 50 mV; 

modulation time: 50 ms; interval time: 500 ms were 

chosen for the measurement of famciclovir with DPV.  

2.2. Chemicals 

Famciclovir was kindly supplied by Neutec Drug A.S., 

(Istanbul, Turkey). The stock solution of 1 × 10–2 M 

famciclovir was prepared in double-distilled water. 

H2SO4 solutions (0.1 M and 0.5 M) and Britton-Robinson 

(BR) buffer solutions were prepared using H3BO4, 

CH3COOH, and H3PO4 (0.04 M, pH 2.0–10.0), phosphate 

buffer solutions were prepared using K2HPO4 and 

KH2PO4 (PBS, 0.1 M, pH 2.0, 3.0, 5.0, 6.0, 7.0, 8.0), and 

acetate buffer solutions were prepared using CH3COOH 

and CH3COONa.3H2O (ABS, 0.1 M, pH 3.7, 4.7, 5.7), 

which were preferred as supporting electrolytes and 

prepared in distilled water. Synthetic human serum 

samples were purchased from Sigma-Aldrich. Required 

solutions were prepared with high-purity chemicals. 

2.3. Analysis of human serum samples 

Human serum samples were stored frozen till analysis 

in a -20 °C refrigerator. 1.0 mL of famciclovir from the 

stock solution (1.0 × 10–2 M), 3.6 mL of serum, and 5.4 mL 

of acetonitrile were added to the test tube for 

precipitating the protein to obtain the 1.0 × 10–3 M 

standard serum solution. To eliminate protein residue, 

tubes were sonicated for 15 minutes and then 

centrifuged at 5000 rpm for 20 minutes. For 

electrochemical experiments, the supernatant was 

prepared in a selected buffer and then added to the cell. 

Within a given concentration range, a calibration plot 

was obtained. The serum recovery test was performed 

using the standard addition method and repeating the 

procedure at least five times from the point on the 

calibration chart with the best reproducibility. 
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3. Results and discussion 

3.1. Electrochemical behavior of famciclovir on the 

BDDE 

Experiments were carried out using CV and DPV to 

study the redox process of famciclovir on the BDDE 

surface.  

In order to determine the anodic oxidation behavior 

of famciclovir, repetitive cyclic voltammograms of         

1.0 × 10−4 M famciclovir solutions in (a) 0.1 M H2SO4; (b) 

pH 8.0 BR buffer solution; (c) pH 4.7 ABS (d) pH 7.0 PBS 

were obtained at a scan rate of 100 mVs−1 (Fig. 2). 

Famciclovir exhibited a single well–defined oxidation 

peak for anodic direction while no peak was obtained for 

cathodic direction in all electrolyte mediums, which 

proved the irreversible oxidation reaction on BDDE. 

Moreover, as depicted in Fig. 2, when the intensity of the 

peaks obtained as a result of the scans was examined, it 

was found that the intensity of the peaks in the first scan 

was higher compared to other scans, and electrode 

surface contamination may be the reason for the 

decrease in the peak density. 

Since the best peak shape and highest current were 

obtained in pH 4.7 AB solution, scanning rate studies 

and quantification of the drug analysis were carried out 

in this buffer solution. To evaluate whether the surface 

interaction mechanism is under the control of diffusion 

or adsorption or both, scan rate studies were carried out 

by CV using 1.0 × 10–4 M famciclovir in pH 4.7 ABS buffer 

solution in the scan rate range of 5–1000 mVs−1 (Fig.3). 

Linear response for the BDDE was found with the square 

root of the scan rate as follows: 

𝐼𝑃(µ𝐴) = 0.31𝑣
1

2(𝑚𝑉𝑠−1) + 0.018 (𝑟 = 0.997) (1) 

For BDDE, a plot of the logarithm of the peak current 

versus the logarithm of the scan rate revealed a linear 

line with a slope of 0.47. The obtained value of the slope 

is close to the theoretical value of 0.5, which is assumed 

the diffusion-controlled process for an ideal reaction of 

solution species. The equation found in experimental 

data was; 

𝑙𝑜𝑔𝐼𝑃(µ𝐴) = 0.48 𝑙𝑜𝑔𝑣 (𝑚𝑉𝑠−1) − 0.464 (𝑟 = 0.996) (2) 

Considering the change in scan rate values from 5 

mV/s to 1000 mV/s, it was observed that there was a 60-

mV shift towards positive potential values related to the 

irreversibility of the electrode reaction.  

In the pH range of 2.0–10.0, changes in the graph of 

pH values against the measured current values (Fig. 4A) 

and the potential values of the anodic oxidation peak 

(Fig. 4B) were indicated. 
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Figure 2. Repetitive cyclic voltammograms of 1.0 × 10−4 M famciclovir 

solutions in (a) 0.1 M H2SO4; (b) pH 8.0 BR buffer solution; (c) pH 4.7 

ABS (d) pH 7.0 PBS, as obtained at a scan rate of 100 mVs−1. 
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When the peak heights were obtained in different pH 

solutions, it was seen that the values obtained in pH 3.0 

PBS, pH 4.7 ABS, pH 6.0 PBS, and pH 6.0 BR buffer 

solutions were very close to each other. However, the 

peak obtained in pH 4.7 ABS was slightly higher but has 

more reproducible values. The peak potential value of 

pH 4.7 was also found lower than other pH values, 

which indicated that famciclovir oxidizes more easily at 

this pH medium. Thus, pH 4.7 ABS was used as working 

pH in further studies. The peak potential of famciclovir 

seems to be pH-independent between pH 8.0 and 10.0 

means that there are no proton transfer steps before the 

electron transfer rate-determining step.  Furthermore, 

the plot of the peak potential (Ep) vs. pH gave two 

straight lines (Fig. 4A). The first linear line of Ep vs pH 

2.0 to 5.0 was observed to be linear with a slope 

indicating that the electrochemical reaction contained an 

equivalent number of protons and electrons. On the 

other hand, the slope of the change in drug peak 

potential between pH 5.0–8.0 indicates that the number 

of protons in the electrochemical reaction is half the 

number of electrons. In addition, the intersection point 

of Ep-pH lines was found to be around 5, and this value 

was determined to be compatible with the monograph 

pKa value of the drug [39]. 

𝐸𝑃(𝑚𝑉) =  −64.3 𝑝𝐻 + 1535.8; 
𝑟 = 0.9960 (𝑝𝐻 2.0 − 5.00 𝑤𝑖𝑡ℎ 𝐷𝑃𝑉) 

(3) 

𝐸𝑃(𝑚𝑉) =  −22.3 𝑝𝐻 + 1348.5; 
𝑟 = 0.9914 (pH 5.00 − 8.00 with DPV) 

(4) 

3.2. Analytical performance parameters 

To evaluate the analytical performance of the developed 

method, parameters such as specificity, linearity, linear 

dynamic range (LDR), precision, accuracy, the limit of 

detection (LOD), and limit of quantification (LOQ) were 

calculated under optimized conditions. Thus, the linear 

relationship between changing the drug molecule 

concentration and the measured current value was used 

to determine these parameters. The experiments were 

carried out in pH 4.7 ABS, where the best peak symmetry 

and the highest peak current were obtained. The 

linearity was achieved in the concentration range of 0.5–

12 µM (Fig. 5). The following was the related equation 

between peak current and concentration:  

ip (µA) = 0.045 C (µM) – 0.00894 (n: 10, r = 0.9987) (5) 
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Figure 3. Ip vs v1/2 (A) and log Ip vs log v (B) graphs of 1.0 × 10–4 M 

famciclovir in pH 4.7 ABS obtained in the range of 5–1000 mV/s 

0 1 2 3 4 5 6 7 8 9 10

1.2

1.3

1.4

1.5

E
p

 (
V

) 
v

s 
A

g
/A

g
C

l

 

 

 
pH

E
p

 (V
) v

s A
g

/A
g

C
l

A

 

0 1 2 3 4 5 6 7 8 9 10

2.0

2.4

2.8

3.2

3.6

 

 pH

I p
 (
m

A
) 

v
s 

A
g

/A
g

C
l

B

 
Figure 4. Effects of the pH on the famciclovir peak potential (A) and 

peak current (B) in different supporting electrolytes, (●) Britton–

Robinson buffer; (▲) phosphate buffer; (■) acetate buffer; (▼) H2SO4 

solutions (0.1 M and 0.5 M). These experiments were performed using 

DPV with the famciclovir concentration of 1 × 10–4 M 
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 Statistical data of the calibration are given in Table 1. 

Repeated measurements of the famciclovir peak 

potential and peak current within and between days 

illustrate the developed method's precision. The 

formulas of 3 s/m and 10 s/m were used to determine the 

LOD and LOQ values, where "s" represents the standard 

deviation of the response and "m" indicates the slope of 

the calibration curve. The LOD and LOQ values (Table 

1) indicated the sensitivity of the method. The 

performance of the developed method is also compared 

with the previous analytical methods.  

As can be seen from Table 2, the developed method 

is the most superior in terms of sensitivity while          

most  other  methods  include   time-consuming  sample  

 

preparation, high consumption of harmful solvents, and 

expensive equipment.  

3.3. Determination of famciclovir in spiked biological 

samples 

Drug detection from serum samples is a time-consuming 

process that necessitates the use of expensive organic 

solvents and other reagents. To demonstrate the 

applicability of the proposed techniques to human 

serum samples, the calibration equation was obtained 

for spiked biological samples.  
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Figure 5. Calibration curve of DP voltammograms for famciclovir 

(standard solution) in different concentration ranges from 0.5 µM to 12 

µM (A) and calibration curve of standard famciclovir (B) in pH 4.7 ABS 

Table 1. Correlation data for famciclovir calibration was produced 

using DPV at BDDE from standard solution and serum samples 

Parameters Standard Serum 

Anodic potential (mV) 1206 1210 

Linearity dynamic range (µM) 0.5–12 6–100 

Slope (µA M-1) 0.045 0.004 

Intercept (µA) –0.00894 0.0148 

Correlation coefficient (r) 0.9987 0.9909 

LOD (µM) 0.022 0.42 

LOQ (µM) 0.066 1.38 

Intra-day precision of peak current (RSD%)* 1.51 1.09 

Inter-day precision of peak current (RSD%)* 1.63 2.36 

* Each value is the mean of five experiments   

Table 2. Comparison of the analytical performance of BDDE electrode 

for the determination of famciclovir with other analytical methods 

reported previously 

Analytical Method Linearity range LOD Sample Ref. 

HPLC 5–40 g/mL 0.18 µg/mL tablets [27] 

HPLC 5–40 µg/mL 0.19 µg/mL tablets [28] 

HPLC 20–240 µg/mL 0.60 µg/mL tablets [29] 

UPLC-MS/MS 0.1–10 µg/L 0.02 µg/kg 

chicken 

muscle 

samples 

[31] 

UV-spectrophotometry 2–10 µg/mL - tablets [33] 

MIP-voltammetry 2.5 µM–1.0 mM 0.75 µg/mL tablet [35] 

Spectrofluorimetry 100–1000 ng/mL 0,051 g/mL tablets [37] 

Spectrofluorimetry 2–100 ng/mL 0.56 ng/mL drug [38] 

DPV 
0.5 – 12 µM 0.022 µM Human  This  

6 – 100 µM 0.42 µM serum study 
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Figure 6. DP voltammograms of serum samples in different 

concentration ranges from 6 µM to 100 µM (A) and calibration curve 

of serum samples (B) in pH 4.7 ABS 
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The preparation of the samples and measurements of 

famciclovir are explained in Section 2. Calibration 

equation parameters and related validation parameters 

are indicated in Table 1. The DP voltammograms 

obtained from spiked serum samples at different 

concentrations of famciclovir with BDDE is shown in 

Fig. 6. No oxidation substances, as well as extra noise 

peak, was monitored from human serum samples in the 

potential range where the analytical peak emerged (Fig. 

6).  

The peak current was linearly related to famciclovir 

concentrations over the range of 6 µM to 100 µM (A) for 

DPV measurements. 

Ip (µA) = 0.004C (µM) + 0.0148 (n:6, r = 0.9909) 

The proposed procedures achieved repeatable results 

that were simple to use, and sensitive enough to detect 

famciclovir in human serum samples (Table 3). 
 

Table 3. Results of recovery studies in developed DPV method in BDDE 

from serum samples 

Parameters DPV 

Added concentration (µM) 20 

Found concentration (µM) 21.69 

Average recovered % 108.47 

Number of experiments 5 

RSD% of recovery 4.04 

Bias% 8.47 

4. Conclusion 

It was shown for the first time in this study that 

famciclovir is oxidized irreversibly on a boron-doped 

diamond electrode. The obtained results indicated that 

the electrochemical method developed in this study 

could be applied for the determination of famciclovir in 

conventional electrolytes as well as in more complex 

matrices such as human serum samples. Thus, the 

developed DPV technique enables a more convenient 

and efficient application of famciclovir analysis in 

human body fluids. The proposed method for drug 

analysis has several advantages, including simplicity, 

sensitivity, reproducibility, ease of sample preparation, 

and quick analysis. 
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