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Abstract

A sensor based on glassy carbon (GC) electrode modified with cobalt tetrasulfonated phthalocyanine (CoTSPc) and a poly-l-lysine (PLL)
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lm is proposed for diospyrin determination in nanomolar concentrations with differential pulse voltammetry (DPV) technique. The
lectrode showed excellent catalytic activity presenting much higher peak currents than those measured on a bare GC elect
esponse range, sensitivity and limit of detection (LOD) were of 1–120 nmol l−1, 220.46 nA l nmol−1 cm−2 and 0.3 nmol l−1, respectively. Th
epeatability of the proposed sensor, evaluated in term of relative standard deviation (R.S.D.), was measured as 4.4% for 10 exp
0�mol l−1 diospyrin samples. The developed sensor was applied for the determination of diospyrin in the crude extracts of the
f Diospyros montana Roxb. and the average recovery for these samples was 101.9 (±3.1)%.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Plants are repositories for bioactive organic molecules.
everal classes of natural compounds are pharmacologically
ctive ingredients and serve as drugs and/or leads for drug
evelopments. Among them, quinones, ubiquitous secondary
etabolites, play essential roles, mainly in the biochemistry
f energy production, serving as vital links in the electron

ransport by virtue of their capacity to undergo facile redox
eactions[1].

Diospyrin [2,6′-bis(5-hydroxy-7-methyl-1,4-naphthoqu-
none)], a bis-hydroxynaphthoquinonoid plant product,
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was identified to be the tumour-inhibitory constituent
the stem–bark ofDiospyros montana Roxb. [2], while its
semi-synthetic derivatives were found to be more effec
against Ehrlich Ascites Carcinoma (EAC), a murine tum
model. Some of these compounds possess signi
antiparasitic and antimycobacterial activities[3–7]. Severa
derivatives of diospyrin were found to be cytotoxic aga
human cancer cell lines, inducing apoptotic cell death[8].
Furthermore, diospyrin was found to inhibit the topo
merase I of the DNA fromLeishmania donovani parasite
in preference to the enzyme from a mammalian source[9].
Investigations were carried out on the capacity of diosp
derivatives to antagonize the camptothecin-depen
topoisomerase I-mediated DNA cleavage, and to in
the kinase activity of the enzyme[10]. It was found tha
some of these compounds were able to stall the dyn
assembly of the spliceosome, indicating the possibilit
using them to correct aberrant splicing in human gen
diseases.

039-9140/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2005.08.001
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Due to the importance of phytotherapy, a major impetus
was generated towards improving the techniques of separa-
tion and analysis of plants of commercial importance for their
standardization in terms of these recognized molecular enti-
ties[11,12].

In the case of diospyrin and its analogues, the separation
has been standardized by using a HPLC method with UV
detection[13,14]. However, the chromatographic methods
are expensive, deal with the difficulty of sample preparation
and the necessity of molecules derivatization, which limit
their utility. In contrast, electrochemical methods present the
advantages of simplicity and low cost.

The use of bare electrodes for detection of organic com-
pounds also presents a number of limitations, such as low
sensitivity and reproducibility due to the slow electron trans-
fer reaction between the electrode surface and the analyte,
and lower stability. As an alternative, the use of chemically
modified electrodes has been proposed, which improve the
electronic transfer rate, also promoting an increase in the
sensitivity of the system[15]. In this sense, a wide variety
of compounds have been used as electron transfer mediators
for electrooxidation or reduction of several target molecules
[16–18].

Metallophthalocyanine complexes are a fascinating group
of macrocyclic compounds due to their ability to exhibit
excellent physico-chemical properties that are essential for
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Fig. 1. Chemical structure of diospyrin.

fonated phthalocyanine, was prepared and purified according
to the procedure of Weber and Busch[24]. Poly-l-lysine
hydrobromide was purchased from Sigma, St. Louis, USA.
Sodium acetate anhydrous (NaOAc) was purchased from
Nuclear, S̃ao Paulo, Brazil. Acetic acid (HOAc) was pur-
chased from Vetec, Rio de Janeiro, Brazil. Dimethyl sulfoxide
was purchased from Synth, São Paulo, Brazil. The solutions
were prepared with water purified in a Milli-Q millipore sys-
tem and the actual pH values of the buffer solutions were
determined with a Corning pH/Ion Analyzer model 350.

2.2. Voltammetric measurements

The voltammetric measurements were obtained with
a Autolab PGSTAT-30 potentiostat from Echo Chemie
(Utrecht, The Netherlands) coupled to a PC microcomputer
with GPES 4.9 software. An electrochemical cell contain-
ing 5.0 ml of acetate buffer solution + DMSO (1:1) with a
Ag|AgCl|Cl− (saturated solution) electrode as reference, a
Pt wire as auxiliary and the modified GC as working elec-
trode were used for all measurements. Oxygen was removed
by bubbling nitrogen through the solution.

2.3. Electrode preparation

The glassy carbon electrode, with geometrical area of
0 nd
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arious important applications, such as electrochemical
ors[19]. These complexes have acquired most interes
o their singular properties, including high thermal stab
nd catalytic efficiency for a greater number of molec

20–23]. Based on these properties, this work reports
evelopment of an efficient and stable sensor for diosp
etermination in nanomolar concentrations using a gl
arbon (GC) electrode modified with cobalt tetrasulfon
hthalocyanine (CoTSPc) and poly-l-lysine (PLL) fi
here presumably a strong interaction is established by
air formation between the amino group (NH3

+) of the PLL
nd the sulfonic group (SO3−) from the CoTSPc molecule

. Experimental

.1. Chemical and solutions

All used chemicals were analytical grade. Diosp
Fig. 1) was isolated from the stem–bark ofD. montana Roxb.
ollected from Bolangir district in Orissa, and purified,
escribed earlier[2]. Briefly, the plant material was extract

n a Soxhlet apparatus with petroleum ether (b.p. = 60–80◦C),
ollowed by chloroform. The residue obtained by remov
he solvent from the chloroform extract, under reduced p
ure, was processed through repeated leaching with ac
nd ethanol to yield a crude product which was crystall

rom chloroform to yield pure diospyrin (m.p. 258–260◦C). It
as then dissolved in dimethyl sulfoxide (DMSO) to prep
solution of diospyrin (200�g ml−1). Cobalt(II) tetrasul
.071 cm2, was acquired from Metrohm-Switzerland a
sed for sensor construction. Prior to the modification
lectrode surface was treated according to the proce
escribed by Zhu and Nan-Qiang[25]. After cleaning the
lectrode, 10�l of a solution, prepared by mixing CoTS
nd PLL solutions (1:1, v/v) with concentrations: 0.4,
.8, 1.0 or 1.5 mmol l−1 for CoTSPc and 0.25, 0.4, 0.5, 0.6
.75 mmol l−1 for PLL, was put onto electrode surface a

et to dry at 80◦C temperature for 8 min.

.4. Sample preparation

For diospyrin quantification in crude plant chloroform
xtract, 0.63 mg of each sample was weighed and di
ith 5 ml of acetate buffer + DMSO (1:1). An aliquot of 50�l
as added into the measurement cell. After this step,
ral additions of standard solution also prepared in ac
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Fig. 2. Cyclic voltammograms performed in acetate buffer + DMSO (1:1)
pH 5.4 for the GC bare electrode in absence (a) and presence of diospyrin
(d), GC bare electrode + PLL, in the presence of diospyrin (c) and CoT-
SPc/PLL modified electrode in absence (b) and presence of diospyrin (e).
Scan rate = 0.02 V s−1 and potential amplitude = 0.01 V.

buffer/DMSO (1:1), were performed and the current density
values were interpolated in an analytical curve, previously
obtained.

2.5. Analytical curve development

After optimising experimental parameters for the pro-
posed sensor, the analytical curve was constructed by addition
of aliquots of diospyrin (stock solution of 2× 10−7 mol l−1)
into measurement cell containing acetate buffer + DMSO
solution at pH 5.4. The technique employed was differen-
tial pulse voltammetry (DPV).

3. Results and discussion

3.1. Immobilization of CoTSPc on the electrode surface

CoTSPc was adsorbed on the electrode surface using PLL
polymer. After this step, successive cyclic voltammograms
were performed in a potential range between 0.100 and
−0.300 V. The variation of the peak current was evaluated
as the relative standard deviation (R.S.D.). After 20 cycles, a
R.S.D. < 5% was observed, suggesting a good stability of the
modified electrode. Based on these aspects, presumably the
i ups
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Table 1
Influence of the [CoTSPc] used in film preparation on the peak cur-
rent density obtained with the sensor for 50�mol l−1 diospyrin in acetate
buffer + DMSO solution (pH 5.4) and 0.5 mmol l−1 PLL

[CoTSPc] (mmol l−1) −j (nA cm−2)

0.40 1742
0.60 1830
0.80 1124
1.00 899
1.50 729

Scan rate = 0.02 V s−1; pulse amplitude = 0.09 V.

behaviour of the modified electrode with PLL only (c), bare
electrode (d) and modified electrode with CoTSPc (e), in
presence of diospyrin.Fig. 2b shows a voltammetric wave at
∼−0.160 V, most probably associated to reduction of immo-
bilized [Co(II)TSPc]2− into [Co(I)TSPc]3− species, since
these reductions are known to occur at the central metal
in Co(II) phthalocyanine complexes[26,27]. Fig. 2c and d
shows the voltammetric behaviour of the diospyrin on mod-
ified electrode with only PLL and on the bare GC electrode,
respectively. As can be seen, the voltammetric responses were
similar and the modified electrode with PLL only does not
promote a catalysed diospyrin reduction. In this range of
potential the diospyrin presented two redox couple: one about
−0.100 and−0.160 V and other at 0 and−0.05 V. These
redox couples can be associated with the reduction and oxi-
dation of one of the quinonoid groups present in diospiryn,
leading to the corresponding hydroquinone. The former redox
couple should be associated with the adsorbed diospyrin. On
the other hand, the last redox couple can be attributed to the
dissolved diospyrin. The complete investigation of the redox
mechanism is out of the scope of the present paper and will
be reported elsewhere. InFig. 2e, a significant increase in the
cathodic current peak (−0.160 V) was observed at the mod-
ified electrode with CoTSPc and PLL. The increase in this
reduction potential caused the disappearance of the cathodic
peak at−0.050 V and indicates that the film can suppress the
a t was
a ctrode
( ivity
o yrin
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t ce of
[

3
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t dify-
i om-
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nteraction between the polyelectrolyte and the four gro
SO3

− should be by ion pairing between the amino gr
NH3

+) of the poly-l-lysine and the anionic moiety of t
hthalocyanine.

.2. Electrocatalytic reduction of diospyrin on the
odified electrode

Fig. 2 shows the cyclic voltammograms recorded
cetate buffer + DMSO (1:1) pH 5.4 for the GC bare elect
a) and the modified electrode with CoTSPc (b) in abs
f diospyrin. For comparison, this figure also presents
dsorption of diospyrin. The increase in the peak curren
bout 60% of the peak current measured on the bare ele
Fig. 2c) in presence of diospyrin. Therefore, the high act
f the modified GC electrode for the reduction of diosp

n the mixed solution can be associated with the low ch
ransfer resistance of the CoTSPc/PLL film and presen
Co(II)TSPc]2− as electroactive sites.

.3. Influence of CoTSPc and PLL concentrations in the
ensor response

The influence of the CoTSPc and PLL concentration
he sensor response for diospyrin was investigated by mo
ng the electrode surface with films containing different c
ositions. Initially, the electrode surface was modified w
lms prepared from solutions containing different concen
ions of CoTSPc solution (0.4, 0.6, 0,8, 1.0 and 1.5 mmol−1)
nd a fixed concentration of PLL at 0.5 mmol l−1 (Table 1)
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Table 2
Influence of the PLL concentration used in film preparation on the peak
current density obtained with the sensor for diospyrin in the same conditions
as reported inTable 1

[PLL] (mmol l−1) −j (nA cm−2)

0.25 1200
0.40 1313
0.50 1832
0.60 1296
0.75 1245

[CoTSPc] = 0.6 mmol l−1.

The results indicated that the best responses were obtained
with 0.6 mmol l−1 CoTSPc solution and, therefore, this con-
centration was chosen for membrane preparations.

In the next step, with the CoTSPc concentration fixed at
0.6 mmol l−1, the influence of the PLL solution concentra-
tion on the sensor (0.25, 0.4, 0.5, 0.6 and 0.75 mmol l−1)
was investigated. The results showed a better response of the
sensor with a PLL concentration of 0.5 mmol l−1 (Table 2).
Lower PLL concentrations produced smaller and unstable
responses, which was attributed to CoTSPc leaching out the
PLL film, once under such conditions, the amount of PLL
may be insufficient for CoTSPc immobilization. In conclu-
sion, glassy carbon surfaces modified from solutions prepared
from a mixture of 0.6 mmol l−1 CoTSPc and 0.5 mmol l−1

PLL solutions allowed to obtain chemically modified elec-
trodes with good sensitivity, repeatability and stability.

3.4. Influence of buffer concentration

The influence of different concentrations of acetate buffer
was studied, using 50�mol of diospyrin solution. The studied
concentrations were 0.07, 0.10, 0.15 and 0.2 mol l−1. Table 3
shows the results obtained from differential pulse voltamme-
try measurements. These results showed a better response
of the sensor with a concentration of acetate buffer from
0 −1 l−1
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Fig. 3. (a) Plot of the potential scan rate (ν) vs. current, with fixed ampli-
tude (0.01 V). (b) Plot of the potential amplitude vs. current, with a fixed
scan rate (0.035 V s−1). CoTSPc/PLL modified electrode, under optimized
conditions.

The peak current/peak half width ratios (jp/W−1
1/2, �A

cm−2 V−1) values presented a linear increase with the scan
rate variation from 0.005 to 0.035 V s−1 (Fig. 3a). On the
other hand, when the scan rate is >0.035 V s−1, the current
peak value remained almost constant, accompanied by
broadening and distortion of the peaks. As it sets the best
voltammetric profile with higher sensitivity, the scan rate of
0.035 V s−1 was chosen and subsequently used throughout
the present study. The current values of peak were also found
to vary with pulse amplitude of 0.005–0.100 V (Fig. 3b)
applied on DPV at a scan rate of 0.035 V s−1 for the modified
electrode. The use of the pulse amplitude >0.090 V led to
current peak values almost constant and to an increase in
the capacitive current. In this sense, the best voltammetric
sensitivity was obtained with 0.090 V and therefore, this
value was chosen for further studies. As can be seen, the peak
current increases rapidly by increasing the pulse amplitude
and the step potential (scan rate) when small amplitudes and
step potential are used, however the response soon level off
when higher values of amplitude and step potential are used
[28]. This behaviour has been verified by other researchers
and has been attributed to exponential relation between the
current density with the amplitude and the step potential
[29,30].
.15 mol l . In this sense, the concentration of 0.15 mol
as chosen for further experiments.

.5. Influence of the potential scan rate (ν) and potential
mplitude (a)

The effect of the scan rate and potential amplitude
he differential pulse voltammetry response of the C
Pc and PLL modified glassy carbon electrode, in ac
uffer + DMSO solution were verified.

able 3
nfluence of the acetate buffer concentration with DMSO on the peak cu
ensity obtained by DPV with the sensor for 50�mol l−1 diospyrin

Acetate] (mol l−1) −j (nA cm−2)

.07 1830

.10 2049

.15 3410

.20 2710

can rate = 0.02 V s−1; [CoTSPc] = 0.6 mmol l−1; [PLL] = 0.5 mmol l−1.
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Fig. 4. Calibration plot obtained by DPV for diospyrin determination with
CoTSPc/PLL modified electrode under optimized conditions at concentra-
tions of: (1) 1, (2) 6.76, (3) 10.4, (4) 17.4, (5) 23.8, (6) 35.4, (7) 50.2, (8)
73.0, (9) 103.0 and (10) 120.0 nmol l−1. Scan rate = 0.035 V s−1 and poten-
tial amplitude = 0.090 V.

4. Sensor characteristics

Under optimised conditions, in order to obtain an analyti-
cal curve for the developed sensor, differential pulse voltam-
mograms for reduction of diospyrin were carried out at differ-
ent concentrations in 0.15 mmol l−1 acetate buffer + DMSO
solution at pH 5.4. The proposed sensor showed a good linear
response range from 1 to 120 nmol l−1 (Fig. 4), which can be
expressed according to the following equation:

jp(�A cm−2) = 0.8 (±0.2) + 220.5 (±2.8)

× [diospyrin] (�mol l−1) (1)

with a correlation coefficient of 0.999 (forn = 10) and sen-
sitivity of 220.46 nA l nmol−1 cm−2. Such good sensitivity
can be attributed to the efficiency of the electron transfer
between the modified electrode and diospyrin due to the cat-
alytic effect and low charge transfer resistance of the film.
A limit of detection (LOD) of 0.3 nmol l−1 was determined
using a 3σ/slope ratio and limit of quantification (LOQ) was
1.0 nmol l−1 using 10σ/slope, whereσ is the standard devi-
ation (S.D.) of the mean value for 10 voltammograms of the
blank, determined according to the IUPAC recommendations
[31].

The stability of the CoTSPc/PLL film modified electrode
was checked by recording successive cyclic voltammograms.
A met-
r nce

Fig. 5. Relative response (%) as a function of the number of determinations
under optimized conditions.

of diospyrin, the modified electrode remained stable and
the voltammograms reproducible after 80 successive cycles
(Fig. 5). Furthermore, no significant change in the current
response was observed in experiments performed with mod-
ified electrode stored in air for at least 1 month.

The modified electrode presented a good repeatability for
diospyrin determinations. The relative standard deviation of
the peak current for ten determinations in solutions con-
taining 50�mol l−1 diospyrin was 4.4%. These experiments
indicate that the GC electrodes modified with CoTSPc/PLL
films have good stability and repeatability, probably asso-
ciated with the ability of the PLL to fix and protect the
CoTSPc molecule on the electrode surface by strong elec-
trostatic interactions.

4.1. Application to samples

This method was applied for diospyrin determination in
two samples of the same crude chloroformic extract ofD.
montana Roxb. in triplicate (Table 4). The samples presented
value of 20.2 (±3.0) ng g−1 and 36.3 (±1.9) ng g−1, respec-
tively. The concentration of diospyrin was determined using
the standard addition method. The results suggest that the
method is very effective for diospyrin determination in lower
level of detection.

4

vel-
o very

T
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S ) D )

A 54
16

B 97
19
fter 80 cycles, no change was observed in the voltam
ic profiles of the modified electrode. Even in the prese

able 4
ddition and recovery of diospyrin in two crude extract samples (n= 3) obt

amples Diospyrin added (nmol l−1) Diospyrin expected (nmol l−1

0 –
100 154

0 –
100 197
.2. Recovery studies of diospyrin in the samples

For an additional check on the accuracy of the de
ped method and the matrix interferences, analytical reco

ith the modified electrode

iospyrin found (nmol l−1) Diospyrin found (ng g−1) Recovery (%

(±8) (20.2± 3.0) –
0 (±14) 103.9 (±7.0)

(±5) (36.3± 1.9) –
6 (±22) 99.5 (±8.1)
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experiments were performed by adding known amounts of
diospyrin in two samples of the crude chloroformic extract of
D. montana Roxb. The percentage of the recovery values were
calculated by comparing the concentration obtained from the
samples with actual and added concentrations according to
the equation:

Recovery (%)= concentration found

concentration expected
× 100.

The recovery study for the samples is shown inTable 4. It
can be clearly observed that the matrices did not influence in
the sensor response.

5. Conclusion

This work demonstrated that glassy carbon electrode
modified with CoTSPc/PLL film is a feasible alternative
for analytical determination of diospyrin in a mixed aque-
ous + DMSO solution. The modified electrode exhibited high
electrocatalytic activity when compared to the reduction on
the bare electrode. Under optimized conditions differential
pulse voltammetry measurements in acetate buffer + DMSO
(pH 5.4) solutions yield limits of detection and of quantifica-
tion for diospyrin of 0.3 and 1.0 nmol l−1, respectively, and
good sensitivity (220.46 nA l nmol−1 cm−2). The good sen-
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