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bstract

Menadione sodium bisulfite (MSB) is a stable water-soluble derivative of Vitamin K3, which is found to be able to enhance the ECL of luminol at
otential of 0.88 V in phosphate buffer solution. The conditions for the enhanced ECL, such as the selection of the type of buffer solution, applied
otential mode, scanning rate, the effect of pH and concentration of luminol have been investigated in detail in this paper. Under the optimum

onditions, the enhanced ECL intensity is linear with the concentration of MSB over a wide range, the detection limit for MSB is 3.0 × 10−7 mol/L.
he proposed method has been applied to determine the MSB in the commercial injection samples. A possible mechanism for the enhanced ECL
f luminol by MSB has also been proposed.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Vitamin K3 (2-methyl-1,4-naphthoquinone, or menadione,
K3) is a synthetic quinone derivative of naphthalene and is
ighly unstable. It is a fat-soluble vitamin precursor, which can
e converted into menaquinone in the liver. It has been shown
o have an anticancer activity and anticoagulation function. In
series of in vitro or in vivo animal studies, VK3 showed sig-
ificant antineoplastic activities against both malignant and a
ariety of human tumor cells [1]. Menadione sodium bisul-
te (MSB) is a water-soluble derivative of menadione and is
elatively stable. Numerous methods for the determination of

SB have been published [1–14], such as spectrophotometry
1], polarography [5], fluorometry [6] and stripping voltammetry
7,8]. Liquid chromatography with different detection systems
as also been used, such as HPLC methods with ultraviolet

UV) [1] and fluorescence [9] detection using reversed-phase
olumns with post column derivatization have been developed
or animal feeds and premixes [10]. Recently, chemiluminescent
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CL) detection methods has been developed [11–13]. The most
otable characteristics of CL methods are higher sensitivity and
arge scale of dynamic concentration range.

Electrochemiluminescence (ECL) was developed based on
L, in which an appropriate voltage is applied to an electrode

o produce the light emission, which has the advantage of high
ensitivity, high selectivity, well reproducibility and can be con-
rolled easily. ECL has been proved to be useful for analytical
pplications [15–24]. Till now, no attention has been paid to use
CL method for determination of MSB. It has been found that
SB would enhance the ECL of luminol in neutral or alkaline

hosphate buffer solution. The aim of the present study is to
nvestigate the behavior of this ECL system and to develop a
ensitive ECL method for determination of MSB. The possible
echanism of this ECL system has also been investigated and

roposed.

. Experimental

.1. Chemicals and solution
All chemicals except Menasione sodium bisulfite injec-
ion were of analytical-reagent grade, and the ultra-pure water
btained from a Milli-Q system was used throughout.

mailto:gnchen@fzu.edu.cn
dx.doi.org/10.1016/j.talanta.2007.03.038
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used. Therefore, in the present work, LSV was selected for the
subsequent studies.

Under the mode of LSV, the effect of scan rate on the ECL
of luminol/MSB system has been examined and the result was
682 Z. Lin et al. / Talan

MSB and luminol were obtained from Sigma Chemical Co.
USA) and used without further purification. Menadione sodium
isulfite injection was made by Pharmaceucical Co. Ltd. of
uxi, China. The concentration of stock solution of MSB is

.5 mmol/L and stored in dark under 4 ◦C. A luminol stock stan-
ard solution (1.0 mmol/L) was prepared by dissolving 17.72 mg
uminol (Sigma Chemical Co., USA) in 100 mL water. Working
tandard solutions were prepared daily from the stock standard
olution by appropriate dilution with the buffer.

.2. Apparatus

ECL intensity versus potential was measured by a system
ade in our laboratory, which consists of a BPCL Ultra-Weak
hemiluminescence Analyzer (the applied voltage to the PMT

s −850 V) controlled by a personal computer with BPCL pro-
ram (Institute of Biophysics, Chinese Academy of Sciences)
n conjunction with a CH Instruments model 660a electrochem-
cal analyzer (Shanghai Chenghua instrument Co., China). The
lectrochemical analyzer was used for controlling waveforms
nd potentials. A block diagram of this system is shown in
ig. 1.

A conventional three-electrode system was used for the elec-
rochemical measurement, including a glassy carbon electrode
GCE) (diameter 3 mm) as the working electrode, a platinum
ire as the counter electrode and Ag/AgCl (sat. KCl) as the

eference electrode. A commercial 5 mL cylindroid glass cell
as used as ECL cell, and it was placed directly in the front of

he photomultiplier tube. The working electrode was pretreated
efore use by polishing their surfaces with aqueous slurries alu-
ina powders (average particle diameters: 1.0 �m and 0.3 �m
-Al2O3) on a polishing microcloth and rinsed with water to
ive a smooth electrode surface.

.3. Procedure for ECL measurement

The working electrode was carefully polished and sonicated
n ethanol and water successively. The ECL cell was washed with

.2 mol/L nitric acid and water before use. The required volume
f sample solution or MSB standared solution and 0.1 mL of
.0 mmol/L luminol were added to 10 mL volumetic flask and
iluted with buffer solution to the required volume. 3 mL mixture

ig. 1. Experimental setup for ECL. (1) Counter electrode; (2) working elec-
rode; (3) reference electrode; (4) jacket for localization; (5) quartz window; (6)
hotomultiplier tube; (7) detection chamber; (8) base frame; BPCL: CL detector;
HI: CH Instruments model 660a electrochemical.
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olution was transferred to the ECL cell. Potential was applied to
he working electrode and the ECL signal was recorded simul-
aneously.

. Results and discussion

.1. ECL behavior of MSB in the presence of luminol

Our preliminary experiments showed that MSB did not give
CL at glass carbon electrode (GCE) in the absence of luminol,
ut it could enhance the ECL of luminol at GCE at 0.880 V, and
he enhanced ECL intensity was dependent on the chemical and
ther factors, such as the scan rate, the type of buffer solution,
H of media solution and the concentration of luminol. The
CL intensity of the system increased with the increasing of

he concentration of MSB in a certain of range. Fig. 2 shows
he ECL behavior of MSB/luminol system under different MSB
oncentration. So the quantitative analysis of MSB can be carried
ut based on the enhancement of the ECL intensity.

.2. Selection of electrochemical parameters

The cyclic voltammetry (CV), linear sweep voltammetry
LSV), square wave voltammetry (SWV) and differential pulse
oltammetry (DPV) were selected to examine the effect of
pplied potential waveform on the ECL signal of luminol/MSB
ystem. The potential was scanned in the range of 0.4–1.2 V.
he results showed that the ECL signals were not stable when
PV and SWV scan modes were used, but the ECL signals were

ound to be very stable and reproducible when CV and LSV were
ig. 2. (A) ECL of MSB/luminol under different MSB concentration in PBS
uffer solution (0.2 mol/L, pH 7.0). (B) The correction line between the
CL intensity and the concentration of MSB. (a) 3.5 × 10−5; (b) 2.0 × 10−5;

c) 1.0 × 10−5; (d) 6.0 × 10−6; (e) 2.0 × 10−6 of mol/L; (f) blank; luminol:
.5 × 10−5 mol/L; scan rate: 50 mV/s.
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ig. 3. Effect of the scanning rate on the enhanced ECL intensity (�I) of
SB in PBS buffer solution (pH 7.0). Luminol: 1.5 × 10−5 mol/L; MSB:

.0 × 10−5 mol/L.

hown in Fig. 3. It can be known from Fig. 3 that �I is increased
ith the increasing of scan rate below 40 mV/s, then �I reaches

he maximum and constant, so 50 mV/s was selected as the scan
ate for the subsequent studies.

.3. Selection of chemical reaction conditions

It is well known that medium plays an important role in ECL
eaction. The ECL of luminol/MSB system in different buffer
edia (pH 7.0), such as Britton–Robinson buffer solution (BR),

hosphate buffer solution (PBS), H3BO3–NaOH buffer solution
BS) were investigated in detail. The experimental results shown
hat in BR buffer solution, the ECL signals were not stable.
lthough the ECL signals were stable both in PBS and BS buffer

olution, a higher enhanced ECL intensity could be obtained in
BS buffer solution, so the PBS buffer solution was selected
ubsequently.

pH of the solution can also affect on ECL of luminol greatly,
uminol will give ECL in neutral or alkali solution, and with

ncreasing of pH, the ECL intensity of luminol will be increased
oo. In PBS buffer solution, the effects of MSB on the enhance-

ent of ECL of luminol have been examined under different pH,
he results are shown in Fig. 4. When the pH of buffer solution

ig. 4. Effect of pH on the ECL of luminol/MSB system in PBS buffer solu-
ion. Scan rate: 50 mV/s. 1: pH 5.0; 2: pH 6.0; 3: pH 7.0; 4: pH 8.0. Luminol:
.5 × 10−5 mol/L; MSB: 1.0 × 10−5 mol/L; scan rate: 50 mV/s.
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s 5.0, luminol will not give light emission, so there was no ECL
ignal in the luminol/MSB system. When pH was in the range of
.0–7.0, there was an ECL signal at about 0.88 V, and the ECL
ntensity at pH 7.0 is stronger a little bit than that at pH 6.0. This
CL peak is affected by MSB, since if there is no MSB, there is
o ECL too. When the pH was changed to pH 8.0, except the peak
ppeared at 0.88 V, another shoulder peak appeared at 0.54 V,
nd the peak at 0.88 V was become much higher. If the solution
oes not contain MSB, luminol also give an signal at 0.54 V in
BS (pH 8.0), so the shoulder peaks maybe come from luminol

tself in the alkaline solution. This peak has been confirmed to
e due to the reaction between the production of the reduced dis-
olved oxygen and luminol in solution [25]. If the pH is higher
han 10.0 (not shown in Fig. 4), the chemiluminescent of this sys-
em is very strong, which will interfere the measurement of ECL
ignals. Considering the interference of the chemiluminescent,
H 7.0 was selected as the optimum pH for subsequent experi-
ents.
In pH 7.0 PBS buffer solution, luminol would not give any

CL signal in the concentration of 1.0 × 10−6 mol/L and below,
owever, with the increasing of the concentration of luminol, the
CL of luminol was enhanced by MSB. The effect of luminol
oncentration on the enhanced ECL intensity has been investi-
ated when MSB is 3.0 × 10−5 mol/L, and the results are shown
n Fig. 5. Fig. 5 indicates that �I is increased with the concentra-
ion of luminol in the range of 1.0 × 10−6 to 1.4 × 10−5 mol/L,
fter 1.4 × 10−5 mol/L, �I reaches maximum and constant.
herefore, 1.5 × 10−5 mol/L of luminol was used for subsequent
xperiments.

.4. Interferences

In order to apply the proposed method to determine MSB in
harmaceutical formulations samples, the interference of some
ossible co-existing ions was examined. A foreign ion was con-
idered not to interfere if it caused a relative error <5% during

he measurement of 2.0 × 10−5 mol/L MSB solution. It was
ound that 1000 times Na+, K+, NO3

−, Cl−, 100 times glucose,
g2+ and Ca2+ have no interference with the determination of
SB.

ig. 5. Effect of the concentration of luminol on the enhanced ECL intensity (�I)
f MSB in PBS buffer solution (0.2 mol/L, pH 7.0). MSB: 1.0 × 10−5 mol/L;
can rate: 50 mV/s.
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Fig. 6. The LSV behavior of (a) 1.0 × 10−5 mol/L MSB; (b) 1.5 × 10−5 mol/L
luminol; (c) 1.5 × 10−5 mol/L luminol + 1.0 × 10−5 mol/L MSB; (d)
1.5 × 10−5 mol/L luminol + 1.0 × 10−6 mol/L H2O2. Scan rate 50 mV/s;
0.2 mol/L pH 7.0 PBS solution.
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.5. Linear response range and detection limit

Under the optimum conditions, the enhanced ECL inten-
ity was linear with the concentration of MSB in the range of
.0 × 10−7 to 7.0 × 10−5 mol/L. The regression equation was

I = 7.5 + 184C × 10−5 mol/L, R = 0.9986

here C is the concentration of MSB. The relative standard devi-
tion for 6.0 × 10−6 mol/L MSB was 2.9% (n = 8). The detection
imit (defined as the concentration that could be detected at the
ignal-to-noise ratio of 3) was 2.0 × 10−7 mol/L.

.6. Analytical application

The optimized procedure was applied for the assay of MSB in
he commercial injection samples. The measurement procedure
as the same as the measurement of standard MSB solution. The

amples were diluted appropriately with the PBS buffer solution
efore measurement. The determination results are shown in
able 1. The values obtained by the calibration method, as well
s the standard addition method, were in excellent agreement
ith the reference value. The relative standard deviation of the

ame sample (labeled amount 4.0 mg/mL) for 8 measurements
s 3.1%.

.7. Possible mechanism

In order to explain the reason for the enhancement of the
CL of luminol by MSB, LSV mode has been applied to study

he electrochemical behaviors of luminol, MSB, luminol/MSB
ystems in pH 7.0 buffer solution (see Fig. 6). From the fig-
re we knew that MSB has no oxidation wave in the studied
otential range (Fig. 6a), luminol has a oxidation wave at about
.5 V (Fig. 6b), but when the MSB is added to the luminol solu-
ion, another oxidation wave appears at about 0.7 V (Fig. 6c),
his oxidation wave maybe come from the oxidation of H2O2,
ince there has a oxidation wave at about 0.7 V in luminol/H2O2
ystem (Fig. 6d).

Bubbled the high pure Ar gas into the solution for 10 min to
ipe off the dissolved oxygen in the solution, and Ar gas flow

as maintained during the experiment. It was found that at pH
.0 or 7.0, there was no ECL signal to be found, which indicated
hat the enhancement ECL of luminol was related closely to the
issolved oxygen.

s
e
t
[

able 1
nalytical results for determination of MSB in injection

amples Labeled amount (mg/mL) Amount founda (mg/mL)

D R

4.00 3.96 3.97
4.00 3.98 4.01
4.00 3.95 3.98

a Average of five determinations. D: proposed ECL methods; R: reported methods
ig. 7. ECL spectrum of luminol/MSB system in PBS buffer solution (pH 7.0).

The ECL emission spectrum was examined under the air-
aturated conditions and was obtained by using a series of
lters. The maximum emission of the ECL peak is shown in
ig. 7. It can be known from Fig. 7 that the maximum emis-
ion wavelength is 425 nm, which is corresponding to the light
mission of 3-aminophthalate. Therefore, it can be concluded
hat the ECL signals are initiated by ECL reaction of luminol

13].

Added amount (mg/mL) Founded amount (mg/mL) Recovery (%)

2.00 1.96 98.0
3.00 2.98 99.3
4.00 3.95 98.8

[27].
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Fig. 8. The proposed mechanism for

It has been reported that there is an equilibrium reaction as
ollows [2]:

(1)

In neutral and weakly alkaline solution, a oxidation can occur
y reaction with oxygen [26]:

(2)

And it is well known that the present of H2O2 can enhance
he ECL intensity of luminol [28]. So the present of MSB can
nhance the ECL intensity of luminol. The mechanism of lumi-
ol/MSB system is shown in Fig. 8.

. Conclusions

MSB has been found to be able to enhance the ECL of lumi-
ol at a glassy carbon electrode in phosphate buffer solution,
ased on which a novel ECL method for determination of MSB

as developed. Compared with the previous methods for the
etermination of MSB, the method in this paper is simple, rapid
nd convenient and can also be well applied for analysis of phar-
aceutical sample. The preliminary experiments revealed that

[

[
[

L reaction of luminol/MSB system.

he dissolved oxygen was a key factor in this ECL system, in
hich the dissolved oxygen oxidized VK3 first to produce the
ydrogen peroxide, which would enhance the ECL of luminol
n the glassy carbon electrode at 0.88 V.
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