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A B S T R A C T

In this work, an electrochemical sensor was fabricated for determination of an anthracycline, doxorubicin
(DOX) as a chemotherapy drug in plasma based on multi-walled carbon nanotubes modified platinum electrode
(Pt/MWCNTs). DOX was effectively accumulated on the surface of modified electrode and generated a pair of
redox peaks at around 0.522 and 0.647 V (vs. Ag/AgCl) in Britton Robinson (B-R) buffer (pH 4.0, 0.1 M). The
electrochemical parameters including pH, type of buffer, accumulation time, amount of modifier and scan rate
were optimized. Under the optimized conditions, there was a linear correlation between cathodic peak current
and concentration of DOX in the range of 0.05–4.0 µg/mL with the detection limit of 0.002 µg/mL. The number
of electron transfers (n) and electron transfer-coefficient (α) were estimated as 2.0 and 0.25, respectively. The
constructed sensor displayed excellent precision, sensitivity, repeatability and selectivity in the determination of
DOX in plasma. Moreover, cyclic voltammetry studies of DOX in the presence of DNA showed an intercalation
mechanism with binding constant (Kb) of 1.12×10

5 L/mol.

1. Introduction

In recent years, particular attention has been devoted to the
development of nanomaterials for amplification of signal in electro-
chemical sensors [1,2]. Modification of working electrodes with
nanomaterials increases electroactive surface area and as a result
enhances accumulation and sensitivity. This can be explained in terms
of increasing number of binding sites which are employed to char-
acterize a specific chemical analyte [1]. In this context, more attention
has recently been paid to the use of carbon nanotubes (CNTs) as
promising nanomaterials with unique chemical, mechanical, conduc-
tivity, geometrical, and surface characteristics which also make them
entirely appropriate for electrochemical detection [2,3]. Moreover, due
to the fact that CNTs have a large surface area and show efficient
catalytic activities, they enhance charge transfer reaction and can be
used for fabrication of electrochemical sensors [2,4–12].
Electrochemical sensors can be modified with CNTs to promote
electron-transfer reactions and sensitivity [11–13].

As an anthracycline and anti-cancer chemotherapy drug, doxor-
ubicin (DOX) is used in the treatment of various forms of sarcoma and
cancer, including bladder cancer, breast cancer, leukemia, liver cancer,
head and neck cancer, and lung cancer [14]. In the 1960s, anthracy-

clines were first introduced and used as an antitumoral drug due to
their cytostatic impact [15,16]. Although chemotherapeutic drugs are
efficient in the treatment of the diseases, they also show severe side
effects such as skin and tissue toxicity [17–19]. Through the intercala-
tion and inhibition of macromolecular biosynthesis, DOX can interact
with DNA. As a result, after using DOX, the function of the enzyme
topoisomerase II is inhibited, and DNA is unwound and transcribed.
Besides, the planar aromatic chromophore part of the molecule
intercalates between two base pairs of DNA [20].

Due to the prevalence cases of cancer in modern world, it is of great
importance to take scrutiny and surveillance on chemotherapy medi-
cines. Different anthracyclines such as DOX, idarubicin, and daunor-
ubicin are generally detected using high-performance liquid chromato-
graphy with fluorescent detector [21,22] as well as liquid chromato-
graphy coupled with tandom mass spectrometry [23,24]. Since chro-
matographic techniques are highly sensitive and selective, and long-run
sample treatments (e.g., extraction and deproteinization) and skilled
staffs are required, electrochemical techniques have been paid more
attention to in the sensors technology especially for the detection of
anthracycline moiety due to their advantages including high sensitivity,
good stability, inexpensive instrumentation, and portability for on-site
monitoring [25–31]. Although some previous works on determination
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of DOX in literature have lower detection limits and higher sensitivity,
nevertheless they have major disadvantages such as complicate sensor
fabrication [29], long time analysis [27,30], real sample analysis [25–
27,30] and exchange media during analysis [27]. Less attention has
been paid to the interaction of anthracyclines with DNA upon cyclic
voltammetry on the surface of modified electrodes.

In this work, an electrochemical sensor was presented based on multi-
walled carbon nanotubes (MWCNTs) modified platinum electrode for
determination of DOX in human plasma and study on the interaction of
DOX with DNA using cyclic voltammetry. Moreover, diffusion coefficient
(Do), transfer coefficient (α), Tafel slope and DNA binding constant were
calculated. The proposed sensor was also used to study DNA binding with
DOX. To the best of our knowledge, this research is the first to be reported
on the electrochemical study of DOX in the presence of DNA to calculate
binding constant upon cyclic voltammetry.

2. Experimental

2.1. Chemicals and reagents

All chemicals were of analytical grade and used without further
purification. MWCNTs (diameter: 10–20 nm, length: 1–2 µm, purity
> 95%) were purchased from Sigma-Aldrich Chemicals (USA). DOX
was purchased from Pharmacia limited (Italy) and used as received.
The stock solution of DOX (200 μg/mL) was prepared by dissolving the
required amount of doxorubicin hydrochloride in 10 mL with distilled
water. Double stranded DNA (Sigma-Aldrich) was used without further
purification and its stock solution was prepared by dissolving an
appropriate amount of DNA strands in phosphate buffer (pH 7.4)
and stored at 4 °C. The concentration of DNA in stock solution was
determined by UV absorption at 260 nm using the molar absorption
coefficient of 6600 L/mol cm [20].

2.2. Instruments

All the voltammetric measurements were carried out using Autolab
302 N electrochemical system (Metrohm Co., Ltd., Switzerland). A
conventional three-electrode system was employed, including platinum
electrode (Pt) modified with MWCNTs film as the working electrode,
Ag/AgCl (3.0 M KCl) electrode as a reference electrode and a graphite
bare electrode as an auxiliary electrode. A pH meter (Metrohm, model
827) was used for all the pH measurements.

2.3. Modification of Pt electrode with MWCNTs

The bare Pt electrode was pretreated carefully with 0.05 µm
alumina slurry on a polishing cloth, rinsed thoroughly with HNO3–

H2O (1:1, v/v), and then washed with pure ethanol and double-distilled
water, respectively. 10 mg of the untreated MWCNTs was added to a
large amount of concentrated nitric acid (assay 68%), and then
sonicated for about 4 h. The mixture was filtered and washed with
double-distilled water until the filtrate was neutral. The treated
MWCNTs was dried in an oven at 50 °C for 2 h. Then 5.0 mg of the
treated MWCNTs was sonicated in 10.0 mL N, N-dimethylformamide
(DMF) for about 30 min to prepare a homogeneous suspension. The
pretreated Pt electrode was coated evenly with 10.0 µL of MWCNTs
suspension, and then the solvent was evaporated under an infrared
lamp. Before using, the modified electrode was washed repeatedly with
double-distilled water to remove the loosely bonded modifier [10].

2.4. Preparation of real samples

Blood samples were collected from healthy volunteers who had not
received any treatment, including operation, chemotherapy or radia-
tion therapy. Serum samples of volunteers were collected in the
morning and frozen at −20 °C until analysis. For preparation of plasma
samples, 20 mL of methanol was added to 2 mL of human serum and
centrifuged at 4000 rpm for 20 min. The resultant sample was trans-
ferred into a 25 mL calibrated flask and completed to the mark with
Britton Robinson buffer (B-R buffer, pH 4.0).

2.5. Analytical procedure for determination of DOX

10 mL of a solution containing 0.1 M B-R buffer (pH 4.0) was
transferred into an electrochemical cell equipped with Pt/MWCNTs as
working electrode. Then the solution was stirred for a period of 80 s
under open circuit. Following the preconcentration, stirring was
stopped and after equilibrium period of 10 s, cyclic voltammetry was
recorded from 1.0 to 0.4 V with a potential scan rate of 0.1 V/s. The
peak current was measured and recorded as a blank (Ib). Then, aliquot
of a sample solution containing DOX was added into the cell and a
cyclic voltammogram was recorded as described at above conditions to
determine sample peak current. The peak current was measured and
recorded as a sample (Is). The increase of the peak current at the above
potential (ΔI) was calculated and considered as an analytical signal.
Calibration graph was plotted by correlation between cathodic peak
current against DOX concentration.

3. Results and discussions

3.1. Characterization of electrochemical sensor

The surface morphology of Pt/MWCNTs was characterized by
scanning electron microscopy (SEM) and transmission electron micro-

Fig. 1. (A) SEM image of pretreated MWCNTs and (B) TEM image of MWCNTs on Pt electrode after drying in oven at 50 °C.
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scopy (TEM). Fig. 1 displays some network-like structure homoge-
neously dispersed on the surface of electrode due to the dispersion of
CNTs on the surface of Pt electrode.

The treated and untreated CNTs were characterized by Fourier
transform infrared spectroscopy (FTIR). The spectra of the acid treated
CNTs give an absorption peak at 1628.12 cm−1 which was weak in the
pristine CNTs before treatment ( Fig. 2). This peak at 1628.12 cm−1

belongs to C=O stretching vibration which arises due to the formation
of carboxylic group while the peak at 3433 cm−1 is that of O–H
stretching vibration.

The microscopic surface area of modified electrode (Pt/MWCNTs)
was calculated by cyclic voltammetry using Randles-Sevcik equation
(Eq. (1)) in K3[Fe(CN)]6 (1.0 mM) at different scan rates.

I n AC D=(2. 69 × 10 ) * ʋpa R R
5 3/2 1/2 1/2 (1)

Where Ipa refers to the anodic peak current, n is the electron transfer
number, A (cm2) is the surface area of the electrode, DR (cm2/s) is
diffusion coefficient, C*R (mol/cm3) is the concentration of K3[Fe(CN)6]
and ʋ (V/s) is scan rate. For 1.0 mM of K3[Fe(CN)6] in 0.1 M KCl, n is
equal to 1.0 and DR is 7.6×10−6 cm2/s; then from the slope of the
Ipa−ʋ

1/2 plot, the microscopic surface area was calculated as
0.0258 cm2 while it was 0.0193 cm2 for bare electrode.

As a complementary study, electrochemical impedance spectro-
scopy (EIS) analysis was carried out to further investigate on the effect
of MWCNTs on the electrochemical performance of electrode, because
it is an effective way of assessing the features of surface modified
electrodes. The electron transfer resistance (Ret) is an important
parameter and it can be measured by the semicircle diameter of the
Nyquist plots [32,33]. The results (Fig. 3A) show that bare Pt electrode
exhibits higher Ret, indicating lower conductivity due to sluggish
electron transfer properties while the Pt/MWCNTs shows lower Ret,
indicating an increase in conductivity which can be attributed to the
increase in electron transfer of electrode by MWCNTs.

3.2. Electrochemical activity of DOX on Pt/MWCNTs

Cyclic voltammetric responses of DOX were recorded on Pt/
MWCNTs electrode in 0.1 M B-R buffer (pH 4.0) and compared with
bare electrode. DOX has no redox peak on bare Pt electrode while a
pair of redox peaks appeared in the range of 0.5–0.8 V (vs. Ag/AgCl) on
the Pt/MWCNTs (Fig. 3B). MWCNTs as a modifier enhance the
electron-transfer rate and surface area due to their high conductivity
and nanostructured properties.

3.3. Optimization of parameters

The effect of pH on the reduction peak current of DOX was studied
in the presence of B-R buffer (0.1 M) in the range of 2.0–9.0. The
cathodic peak current was increased from pH 2.0 to pH 4.0 and then
decreased up to pH 9.0. No peak current was observed at higher pH
values due to the electrostatic repulsion between CNTs and DOX with
negative charges. The relationship between cathodic peak potential and
pH values was Epc=−0.0704 pH+0.809 (r=0.985) (Fig. 4A) in the pH
range of 2.0–4.0. The slope of this equation is close to the nernestian
value of −0.059 V/pH, indicating that the number of electrons and
protons transferred were equal in the electrochemical reaction. As a
result, pH 4.0 was chosen as the appropriate pH for determination of
DOX.

The effect of kind of buffer on the reduction peak current of 2.0 μg/
mL DOX was investigated in different types of buffer at pH 4.0. As can
be seen in Fig. 4B, the cathodic peak current in B-R buffer and acetate
buffer is the same; therefore, B-R buffer was selected as supporting
electrolyte due to higher buffer capacity.

The amount of MWCNTs on Pt surface can enhance the
sensitivity of fabricated sensor towards DOX. Fig. 4C shows that by
increasing the volume of MWCNTs up to 10 µL, the peak height
increased but at volumes more than 10 µL, the reduction peak
current decreased due to the increase of thickness. Hence, 10 µL was
chosen as the optimal volume of MWCNTs for fabrication of DOX
electrochemical sensor. The effect of accumulation time on the
cathodic peak current of DOX was studied under open circuit at pH
4.0. Increasing the accumulation time led to an increase in cathodic
peak current up to 80 s and then leveled off due to the saturation
of the electrode surface (Fig. 4D). Therefore, the solution of DOX was
stirred in open circuit for 80 s before each analysis to enhance the
sensitivity.

3.4. Tafel plot and chronoamperometry studies

The effect of scan rate on the electrochemical reduction of 2 µg/mL
DOX was investigated in the range of 0.01−0.2 V/s in B-R buffer
(0.1 M, pH 4.0). The peak current varied linearly with scan rate (ʋ) with
the regression equation of Ipc=169.51ʋ−1.3294 (Ipc: µA, ʋ: V/s,
r=0.9943), indicating that the electron transfer reaction of DOX on
the Pt/MWCNTs was under adsorption controlled process [34]. The
redox peak potentials shifted with increase of scan rate and also the
peak-to-peak separation became larger, which indicated that the redox
reaction gradually extended to more irreversibility. Therefore, scan rate
of 0.1 V/s was selected for further studies.

According to Eq. (2) [35,36], the slope of Ipc−ʋ plot is proportional
to n. Where A (cm2) is surface area of the electrode, Γ is the surface
concentration and Q (C) is the quantity of charge. The value of Q was
found to be 11.69 C as the average of integrated voltammograms at
different scan rates. Finally, the number of electron transferred was
determined as ≈2.0 based on the slope of Ipc−ν.

I n F AΓν
RT

nFQν
RT

=
4

=
4pc

2 2

(2)

Moreover, Tafel equation (Eqs. (3) and (4)) [37] was used for
calculation of electron transfer coefficient (α) where i0 (A), η (V) and n
refer to exchange current, over potential and number of electron
transfers in rate determining step, respectively. According to the slope
of Tafel plot for cathodic branch, αnF

RT
−
2.3

(equal to −9.9835), α was
estimated as 0.25 (if n=2).

η RT
αnF

Lni RT
αnF

Lni= −0 (3)

i i αnF
RT

ηlog =log −
2. 30 (4)

Fig. 2. FTIR spectra of (a) pristine MWCNTs and (b) pretreated MWCNTs with
concentrated nitric acid.

R. Hajian et al. Journal of Pharmaceutical Analysis 7 (2017) 27–33

29



The electrochemical reaction of DOX was proposed based on the
reduction/oxidation of quinone/hydroquinone moiety [30]. In buffered
aqueous media quinone-hydroquinone couples provide familiar single
step two-electron redox systems in which peak potentials vary with pH
in a straightforward Nernstian manner. This behavior was conveniently
summarized in Ep−pH study. It was shown that in aqueous buffer, at

acidic, neutral and alkaline pH, anthracyclines, anthraquinones, and
other para-quinones are reduced by two electrons generating a pair of
peaks in cyclic voltammetry. At acidic pH the reduction is a single step
two-electron and two-proton process [28,37–39].

The amperometric response of Pt/MWCNTs in 100 μg/mL DOX at
potential of 0.5 V in B-R buffer (pH 4.0) was studied to determine the

Fig. 3. (A) EIS Nyquist plots of bare Pt electrode and Pt/MWCNTs in 1 mM Fe(CN)6
3−/4− solution containing 0.1 M KCl, with frequency of 100 kHz to 0.1 Hz and amplitude of 0.01 V.

(B) Cyclic voltammogram of 2.0 µg/mL doxorubicin on (a) bare Pt electrode and (b) Pt/MWCNTs in 0.1 M B-R buffer (pH 4.0) at scan rate of 0.1 V/s.

Fig. 4. (A) The relationship between cathodic peak potential and pH value in 0.1 M B-R buffer in the pH range of 2–4 at scan rate of 0.1 V/s. (B) The effect of kind of buffer on the
reduction peak current of 2.0 µg/mL doxorubicin in the presence of 0.1 M of different buffers at pH 4.0. (C) The effect of drop casting volume of MWCNTs on the reduction peak current
of doxorubicin in B-R buffer (pH 4.0) at scan rate of 0.1 V/s. (D) Effect of accumulation time on the cyclic voltammogram cathodic peak currents of 2.0 µg/mL doxorubicin in B-R buffer
(pH 4.0) solution at scan rate of 0.1 V/s.
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diffusion coefficient (Do) of DOX (Fig. 5). Based on Cottrell equation
(5) [34], the slope of the Ip versus t−1/2 plot (Fig. 5, inset) was
2.75×10−6, so diffusion coefficient (Do) for DOX was calculated as
2.60×10−5 cm2/s. Based on the results reported by Kaowumpai et al.
[40] on development of a 3D mathematical model for a DOX controlled
released system, the diffusion coefficient was predicted as
2.7×10−1 cm2/s in breast tissue using a sigmoid function.

I nFAC D πt= * ( )p o o
1
2 − 1

2 (5)

3.5. Evaluation of the method

In order to study the feasibility of the fabricated sensor for
quantitative analysis of DOX, the relationship between the cathodic
peak current and the concentration of DOX was studied using cyclic
voltammetry. Under the optimum conditions, the calibration curve
(Fig. 6) showed two linear ranges including 0.2–2.0 and 2.0–4.0 μg/
mL with equations of Ipc(μA)=6.43 C (μg/mL)+0.9316 (R=0.9924) and
Ipc(μA)=3.20 C (μg/mL)+7.2362 (R=0.9416), respectively. The acti-
vated surface area for the modified electrode deceased due to the

adsorption of DOX during accumulation step. As a result, the sensi-
tivity decreased at higher DOX concentrations. The detection limit
(3Sb/m) was found as 0.002 μg/mL.

As is shown in Table 1, the analytical terms of the fabricated sensor
such as limit of determination (LOD), accuracy and linear calibration
range are better than or comparable with those of some previous
reports in the literature for electrochemical analysis of DOX. Through
some works on the determination of DOX in biological samples, the
results show that the modified electrode (Pt/MWCNTs) can be used for
determination of DOX without any extraction steps. In most cases, the
resulting LODs were significantly higher than that of the proposed
sensor. The electrochemical DNA sensor based on electropolymeriza-
tion of Neutral Red on polycarboxylated thiacax [4] aren for determi-
nation of DOX [29] could be used for sensitive determination of DOX
with LOD value of 0.1 nM. However, the fabrication process is too
complicated and time consuming. Moreover, it can be stored for a short
time with limited working range due to instability of DNA. Although
dynamic linearity range of the proposed sensor is not as wide as the
previous work [29], LOQ is capable of covering the therapeutic
purposes. Herein, the fabricated sensor is rapid, simple, inexpensive,
and sensitive enough for determination of DOX in spiked human
plasma and can be compared in terms of reproducibility, applicability,
fundamental electrochemical study (diffusion coefficient, transfer coef-
ficient and Tafel plot) and DNA binding interaction.

The reproducibility of the constructed sensor was studied under the
optimum conditions by recording the reduction peak current of a
sample containing DOX at 2.0 μg/mL. The relative standard deviation
(RSD) for six measurements was 2.59%. After each measurement, the
constructed sensor (Pt/MWCNTs) was polished with 0.05 mm alumina
slurry on a polishing cloth, rinsed thoroughly with HNO3–H2O (1:1, v/
v), and then washed with pure ethanol and redistilled water (each for
1 min). Finally, the MWCNTs suspension (10 µL) in DMF was drop
casted on Pt electrode and dried in an oven at 50 °C for 2 h.
Consequently, the RSD for six successive measurements was 2.16%,
indicating good repeatability with the same sensor.

The influence of some common compounds found in plasma such
as some ions and drugs on the determination of DOX was studied
under the optimum conditions (Table 2). As is shown, all investigated
compounds have no serious interference for determination of DOX
excluding losartan at 2.5 (%, m/m), indicating that the constructed
sensor is selective for determination of DOX in biological fluids.

To investigate the applicability of the constructed sensor for
practical analysis, some real samples including human plasma were
analyzed using standard addition method (Table 3). As it can be seen,
the recovery of the spiked DOX is in the range of 91.3%–105%,
showing that the fabricated sensor based on Pt/MWCNTs is a reliable
sensor for analysis of DOX in blood samples.

3.6. DOX-DNA interaction

The electrochemical behavior of DOX in the presence of DNA at Pt/
MWCNTs was also studied by cyclic voltammetry. The anodic and
cathodic peaks appeared at 0.631 and 0.560 V (Ag/AgCl) with a formal
potential (E0) of 0.595 V. The redox peak currents for DOX decreased
significantly after successive addition of DNA up to 4.16 µM and the
reduction peak potential shifted in the negative direction (Fig. 7A). The
anodic peak potential shifted to cathode direction indicates that the
reduced state of DOX is easier to oxidize in the presence of DNA
because its oxidized form is more strongly bound to DNA than its
reduced form. The binding of drugs to DNA leads to a significant
decrease in peak current due to the formation of drug-DNA adduct with
smaller diffusion coefficient. The diffusion coefficient for DOX in the
presence of DNA was calculated as 1.09×10−5 cm2/s by chronoam-
perometry studies [20,41–43].

The mode of interaction between drugs and macromolecules can be
well known from the variation in formal potential. In general, the

Fig. 5. Amperometry study of doxorubicin (100 μg/mL) in 0.1 M B-R buffer (pH 4.0) at
applied potential of 0.5 V. Inset: Cottrell plot in the interval time from 1.5 s to 5.0 s.

Fig. 6. Calibration curve for doxorubicin under optimized conditions in the concentra-
tion range of 0.2–2.0 and 2.0–4.0 μg/mL. Conditions: 0.1 M B-R buffer (pH 4.0);
accumulation time, 80 s; scan rate, 0.1 V/s.
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positive shift (anodic shift) in formal potential is caused by the
intercalation of the drug with DNA [44], while negative shift is
observed for the electrostatic interaction of molecules with DNA [45].
Therefore, this is evident that negative shift in peak potential (cathodic
shift) in the CV behavior of DOX by the addition of DNA (E0=0.559 V)
is due to the intercalation of DOX with DNA.

Based upon the decrease in DOX peak current by the addition of
DNA (Fig. 7B), the binding constant was calculated according to the
following equation [46].

⎛
⎝⎜

⎞
⎠⎟log

DNA
logK log

I I
1

[ ]
= + ( 1

−
)b

0 (6)

where Kb is binding constant, I0 and I are the peak currents of free
DOX and DOX–DNA complex, respectively. The plot of log (1/[DNA])
vs. log (1/(I0−I)) was constructed and from the linear fitting, the
binding constant (Kb) was estimated as 1.12×105 L/mol. The calculated
binding constant is in agreement with the previous reports on the DNA
binding studies of DOX and daunorubicin by spectrophotometry
[20,47]. The equilibrium concentration of free DOX in the presence
of DNA decreases due to formation of DOX-DNA adduct with smaller
diffusion coefficient. This work provides some significant information
for clinical research on DOX and the theoretical basis for new drug
design.

Table 1
Literature review on the electrochemical study of doxorubicin.

Electrode Modifier Method Linear range (μM) LODa (μM) Application Ref.

GCEb MWCNTs/AgNPsc CV, DPV 0.0008–0.019 0.002 – [25]
GCE PSd/Fe3O4-GO-SO3H DPV 0.043–3.5 0.0049 Plasma [26]
CPEe Carbon paste DPV 0.1–10 0.01 Urine [27]
CPE No modifier CV, DPV 0.01–100 – – [28]
GCE DNA sensorf DPV, Impedimetric 0.001–100 0.0001 Drugs, artificial plasma [29]
HMDEg No modifier SWVh 0.5–10 0.1 – [30]
GCE GODi CV, DPV 0.02–3.6 0.016 Plasma [31]
Pt MWCNTs CV 0.09–7.36 0.003 Plasma This work

a Limit of detection.
b Glassy carbon electrode.
c Multi-walled carbon nanotubes/Silver nanoparticles.
d Polystyrene.
e Carbon paste electrode.
f Electropolymerized Neutral Red/polycarboxylated thiacax[4] aren/DNA.
g Hanging mercury drop electrode.
h Square wave voltammetry.
i Graphene quantum dots.

Table 2
The effect of some common compounds on the determination of doxorubicin using
fabricated sensor.

Species Tolerance limit (%, m/m)

Caffeine, ascorbic acid, azithromycin, urea, Mg2+,
Na+, Ca2+

10

Fe2+, amoxicillin, propranolol, ibuprofen 5
Losartan 2.5

Conditions: doxorubicin concentration, 2.0 μg/mL; B-R buffer (pH 4.0), 0.1 M; scan rate,
0.1 V/s.

Table 3
Determination of doxorubicin in plasma samples of two healthy volunteers using Pt/
MWCNTs (n=3) under optimum conditions.

Sample Added concentration
(μg/mL)

Found concentration
(μg/mL)

Recovery (%)

Plasma (1) – < LOD –

0.2 0.21 105.0
0.4 0.39 97.5

Plasma (2) – < LOD –

1.5 1.37 91.3
3.0 3.08 102.7

Fig. 7. (A) Cyclic voltammograms of doxorubicin after successive additions of double stranded DNA. CDNA=0.416, 0.832, 1.248, 1.664, 2.08, 2.496, 2.912, 3.328, 3.744, and 4.16 μM;
Cdoxorubicin=2 µg/mL, scan rate=0.1 V/s. (B) The variation of reduction peak current for doxorubicin at different concentrations of DNA.
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4. Conclusion

In this work, an electrochemical sensor was fabricated based on
modification of Pt electrode with MWCNTs for determination of DOX as
a chemotherapy drug. The unique structure of MWCNTs exhibited a
suitable electroactive substrate for oxidation/reduction of DOX. The
electrochemical parameters including pH, kind of buffer, amounts of
deposited MWCNTs and scan rate have been optimized. Under the
optimum conditions, there was a good linear relationship between
cathodic peak current and concentration of DOX in the range of 0.05–
4.0 μg/mL with a detection limit of 0.002 μg/mL. The proposed method
displayed excellent characteristics as simplicity, economy, good sensi-
tivity, selectivity, reproducibility and rapid response, so it is recom-
mended as a suitable sensor for analysis of DOX in biological samples.

In preliminary study of interaction with macromolecules using
fabricated sensor, it was observed that the presence of DNA in a
solution of DOX reduces the equilibrium concentration of free DOX
and produces a DOX-DNA adduct with smaller diffusion coefficient due
to the intercalation mechanism. This work provides some significant
information for clinical research on DOX and the theoretical basis for
new drug design.
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