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Luteolin is a flavonoid reported to occur widely in many medicinal plants. The electrochemical behavior of
luteolin was studied in phosphate buffer solution (PBS) of pH 4.0 at a glassy carbon electrode (GCE) by cyclic
voltammetry (CV) and differential pulse voltammetric method (DPV). The results indicated the well-defined
redox peak of luteolin which was involving two electrons and two protons was observed and the electrode process
is adsorption-controlled. The charge transfer coefficient (@) was calculated as 0.66. The relationships between ox-
idation peak current and the concentration of luteolin are linear in the range of 1.0x1073—1.0x10"°m by DPV
method. The detection limit had been estimated as 5.0x107° m. The facile and rapid method has been success-

fully applied to the detection of luteolin in tablets.
Key words

Luteolin (3',4',5,7-tetrahydroxy-flavone) is one of the
most bioactive flavonoids (structure is shown in Fig. 1), and
found in high amounts in parsley, thyme, and peppermint, lu-
teolin appears to cause many beneficial effects on human
health, including cardiovascular protection, anticancer activ-
ity, anti-ulcer effects, anti-allergy activity, cataract preven-
tion, antiviral activity, anti-inflammatory effects and anti-al-
lergic properties.' > Now, Various analytical methods have
been reported for the determination of luteolin in flavonoids
thin-layer chromatography,” gas chromatography (GC),”
high-performance liquid chromatography (HPLC),*'* and
capillary electrophoresis (CE),'*'® coupled with various de-
tection techniques, such as UV spectrophotometry, etc. The
coupling of these techniques may provide high selectivity of
the assay, but brings also some disadvantages of operating
complexity, time and reagent consuming, high cost, etc.

Flavonoids are characterized by the number of hydroxyl
groups on the B and A ring. Therefore, flavonoids including
luteolin are electroactive, easily subject to either oxidation or
reduction electron transfer reactions, hence they can be in-
vestigated by electrochemical methods. The oxidation reac-
tion of flavonoids is strongly related to their structure, which
contains several free phenolic hydroxyl groups. It has been
shown that the antioxidant activity of flavonoids resides in
their aromatic OH groups.'” However, there are a few litera-
tures on the electrochemical behavior of luteolin and directly
electrochemical methods to determine luteolin. Howard'®
and Filipiak'” reported to investigate the electrochemical
property of luteolin. Jorgensen et al?**" studied electro-
chemical property and measured luteolin by electrochemical
method in acetonitrile and dimethylformamide (DMF).

In the present paper, the objective of this study was to in-
vestigate the mechanism of oxidation of luteolin by cyclic
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voltammetry (CV) and differential pulse voltammetric
method (DPV) at glassy carbon electrode (GCE), and finally
a DPV method was developed for the measurement of lute-
olin.

Experimental

Reagents and Solutions Luteolin was purchased form National Insti-
tute for the Control of Pharmaceutical and Biological Products (Beijing,
China). The standard solution of 1.0X 1073w luteolin was prepared by dis-
solving luteolin in SmmM NaOH, and then it was stored in the dark. All
reagents were of analytical grade and used without any further purification.
Phosphate buffer solutions (PBS) were prepared by mixing the stock solu-
tions of 0.05M NaCl and 0.05 M NaH,PO,—Na,HPO,, and then adjusting the
pH with 0.05m H;PO, or 0.05m NaOH. All solutions were prepared with
double-distilled water. Luteolin tablets (20 mg luteolin per tablet, Shanghai
Usea Biotech Co., Ltd., Shanghai, China) were purchased from local drug
store.

Apparatus CHI 660C electrochemical workstation (Shanghai CH In-
struments, China) was used for electrochemical measurements. A conven-
tional three-electrode system was used throughout the experiments, includ-
ing a bare GCE as the working electrode, a platinum wire as a counter elec-
trode, and an Ag/AgCl (saturated) electrode as a reference. They were all
used in a conjunction with an electrochemical cell of 10ml. All potentials
mentioned in this paper were referred to this reference electrode. The experi-
ments were conducted in PBS (0.05M, pH 4.0) at room temperature
(25=1°C). All cyclic voltammetric experiments were carried out with a
scan rate of 100 mV s~ ! unless otherwise stated. The pH measurements were
carried out with a pHS-3B pH-meter (Shanghai Precision & Scientific In-
struments, China) at room temperature.

GCE Pretreatment The bare GCE was polished successively with 0.3
and 0.05 um Al,Oj; slurry on silk. Then it was rinsed with doubly distilled
water, and sonicated in 1:1 HNO,, acetone and doubly distilled water for
10 min, respectively. After being cleaned, the electrode was immersed in
0.05M H,SO, and was conditioned by cyclic sweeping from —0.4 to 1.6 V at
100mV s~ ! for 20 scan times. Then the pre-treated GCE was obtained.

Tablet Sample Preparation Ten tablets (20mg luteolin per tablet,
Shanghai Usea Biotech Co., Ltd., Shanghai, China) were finely pulverized,
then weighted a average mass of ten tablets and dispersed in a 50 ml volu-
metric flask, and was dissolve and diluted to required volume with ethanol.
After sonication, it was filtered. After that, a suitable aliquot of the clear fil-
trate was diluted with pH 4.0 PBS to prepare appropriate sample solutions.
The sample was then added with appropriate amount of luteolin for recovery
experiments.

Analytical Procedure The required volume of standard solution and
sample solution of luteolin were added with a micropipette to the electro-
chemical cell which was placed 10 ml of pH 4.0 PBS, and underwent a pre-
set adsorption potential and an adsorption time for the analyte accumulation,
before a perturbation program was applied for measurement. Then the CV
or DPV was recorded. The CV was recorded from —0.2 to 0.8 V at a scan
rate of 100mV s™!, sample interval of 0.001 and quiet time of 2's while the
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DPV was recorded from 0.0 to 0.8 V with amplitude of 0.05V, pulse width
of 0.05s, pulse period of 0.2s and quiet time of 2s. CV and DPV were
recorded in quiescent solutions at room temperature.

Results and Discussion

Electrochemical Behaviors of Luteolin The cyclic
voltammograms of luteolin on the bare GCE in PBS (pH 4.0)
were shown in Fig. 2 at 100mVs~'. The cyclic voltammo-
grams of luteolin shows that luteolin on the bare GCE had a
chemically reversible redox couple (peak 1 and peak 3) at
lower potentials (E,=0.410V, E,=0.379V), and an irre-
versible oxidation peak 2 at higher positive potentials
(E£,,=1.05V) in pH 4.0 PBS.

The reversible oxidation peak 1 of luteolin occurs at
E,,=+0.410V is corresponded to the oxidation of the 3",4'-
dihydroxy substituent on the ring-B of luteolin. The corre-
sponding reduction peak 3 of the 3’,4'-diquinone formed oc-
curs at E,=+0.379 V. The second oxidation, peak 2, oc-
curred at £,=+1.05V, corresponding to an irreversible re-
action which involves the 5,7-dihydroxy group on the ring-A
of luteolin. >~

Separation of the reversible redox peak potentials, AE;
(FE,—E,), was 31mV, AE| is close to 2.3 RT/nF (or 59/n
mV at 25 °C), so that the number of electrons involved in the
reaction was n=1.9~2, and the ratio of the anodic peak cur-
rent to the cathodic peak current is almost equal to unity

>

g 3
3 25 %2
P20 &'
= 30
3 (8]
O15{ -
2 =
104 -3
02 BR \L2aJiRg® 08
51 a 1
0+ azeoe e

'5-0.2 0.0 02 04 06 08 10 1.2 14
E/V vs. Ag/AgCl

Fig. 2. Cyclic Voltammograms of 0.5 um Luteolin in PBS (pH 4.0)

(A) a, b: cyclic voltammograms in the presence of 0.5 um luteolin in pH 4.0 PBS; c,
d: the absence of luteolin in pH 4.0 PBS; (B) inset is enlargement of (A). Scan rate:
100mVs~'.
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Fig. 3.
(B) The Relationship between the Scan Rate and Peak Current
Scan rates: 20, 40, 80, 100, 120, 140, 200, 300, 400, S00mV's™".
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(Iyg:1,,=1.28:1~1:1). The transfer coefficient (&) can be
deduced from the peak width at half-height by adopting the
method developed by Laviron.”® According to this method,
the width at half of the anodic peak was 62.5/(1—o)mV. We
found that the width at half of the anodic peak was 92 mV at
a scan rate of 100mV s~ !, so =0.66 can be obtained.

The cyclic voltammograms (CVs) of the luteolin on glassy
carbon eletctrode at different scan rates are shown in Fig. 3A.
There appear a well defined redox couple and the peak cur-
rent increases with increasing the scan rate from a to f (20,
40, 80, 100, 120, 140, 200, 300, 400, 500mV s™'). Plots of
reversible redox couple currents versus scan rate (shown in
Fig. 3B) yielded straight lines in the range 20—500mVs™!
(g 1teotin~ (1A)=0.36921+0.0123v,  r=0.9989; I 1ycolin
(HA)=-0.15219-0.01113v, r=-0.9998). Therefore, the
adsorption-controlled surface adsorption kinetics played a
more important role in the electrode process. Luteolin was
also adsorbed strongly on the electrode surface and this ad-
sorption process was observed with all the voltammetric
methods used.

What is more, anodic peak potentials for the oxidation of
luteolin shifted towards negative direction with an increase in
pH and the relationship between E,, and pH is well linear
(E,,=—0.05814 pH+0.62597, r=0.998) (in Fig. 3C). The
linear segment was found with slope values of —58.1 mV/pH
in the pH ranges of 2—9, following the Nernst equation
slope. It can therefore be concluded that equal number of
electron and proton is involved in the electrode reactions.
Based on the discussion mentioned above, the mechanism for
oxidation of luteolin at a bare GCE can be illustrated (shown
in Fig. 1). The mechanism of electrooxidation of luteolin in-
volves in losing a proton to give the monoanionic species fol-
lowed by a one electron, one proton oxidation of the
monoanionic species to form a radical anion, and then yield
the final product of 3'4’-diquinone.?”

DPV Determination of Luteolin at GCE. Preconcentra-
tion of Luteolin For consideration of the electrode process
of luteolin at the GCE surface being an adsorption-controlled
surface adsorption kinetics. DPV technique coupled with
preconcentration procedure was used for study. Both poten-
tial (£,4,) and time (f,4) of the preconcentration were investi-
gated for obtaining optimal DPV signals.

Effect of preconcentration time on DPV peak current of
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(A) CV of 0.5 um Luteolin on Glassy Carbon Eletctrode at Different Scan Rates

(C) The Effect of pH on the Potential of Luteolin Oxidized Peak in Phosphate Buffer Solutions with Different pH
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Fig. 4. (A) Effect of Preconcentration Time on Peak Current of 0.5 um Lu-
teolin by DPV in pH 4.0 PBS

E =04V

ads
(B) Effect of Preconcentration Potential on Peak Current of 0.5 um Luteolin
by DPV in pH 4.0 PBS, 7,,,=240s

Scan rate: 100mV's™ .

0.5 um luteolin is shown in Fig. 4A. The peak current of lute-
olin increases slightly to the preconcentration time within a
range of 0—240s. The preconcentration time around 240s
was obviously favorable for obtaining the maximal peak cur-
rents. With the preconcentration time for more than 240 s, the
peak current for luteolin decreases significantly. The results
demonstrate that 240s of the preconcentration time is se-
lected. But further enhancing the adsorption time will lead
the peak current to become decreasing. The response sensi-
tivity is significantly improved about 30 times by increasing
the preconcentration time at 240 s (in Fig. 4A).

Figure 4B shows the influence of the peak current of
0.5 um luteolin on preconcentration potential. The peak cur-
rent changes when the preconcentration potential is varied in
the range of —0.2 to +1.0V, indicating that the adsorption
potential has influence on the oxidation peak height of lute-
olin. It can be seen from Fig. 4A that the DPV peak current
of luteolin increases slightly until the preconcentration po-
tential reaches 0.4V, and then it decreases when the precon-
centration potential increases further. Thus, an optimal pre-
concentration potential was performed under 0.4 V.

The Effect of pH of Luteolin on the Peak Current by
DPV The effect of the pH value of the supporting solution
on the electrochemical response of the GCE towards the de-
termination of 0.5 um luteolin was studied, and variations of
peak current with respect to the change in pH of the elec-
trolyte in the pH range from 2.0 to 9.0 are shown in Fig. 5. It
can be seen from Fig. 5 that the DPV peak current of luteolin
increases slightly with an increase in the solution pH until it
reaches 4.0, and then it decreases when the pH increases fur-
ther; therefore, pH 4.0 was selected as the optimum pH value
in the subsequent process.

Linearity, Detection Limit and Reproducibility Under
the optimum conditions (0.4V preconcentration potential
and 240 s preconcentration time and pH 4.0), the peak cur-
rent of luteolin was measured by DPV; a series of DPVs are
shown in Fig. 6A. When the concentration of luteolin in-
creased, the peak current increased. The peak current in-
creased linearly with the concentration of luteolin within a
range of 1.0X107*—1.0X10"m (I, (uA)=0.055+4.584C
(um), =0.9933), the detection limit 1s 5.0X 10~ m (S/N=3).
Nine repetitive measurements of standard solution containing
0.5 um luteolin resulted in a R.S.D. of 2.54% for the current
response of luteolin, showing good reproducibility.
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Fig. 5. Effect of pH of PBS on Peak Current of 0.5 um Luteolin by DPV,
E, =04V, t,=240s
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Fig. 6. (A) DPVs of Different Luteolin Concentrations at a Glassy Carbon
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(B) The Relationship between Luteolin Concentrations and Peak Current
Scan rate: 100mVs™ .

Table 1. Determination of Luteolin in Tablet (n=6)
Analyst Labeled Added Found R.S.D. Recovery
(mg) (mg) (mg) (%) (%)
Luteolin 20 0 19.8 2.5
20 5 25.2 2.6 108
20 10 29.6 2.4 98
20 15 35.4 32 104
Interferences To evaluate the interferences of some for-

eign species on the determination of the current response of
luteolin. Other possible interferents, such as 100 um lysine,
100 um cysteine, 100 um citric acid, 100 um tartaric acid,
100 um  glucose, 100 um cyclodextrin, 100 tm lactose,
100 um saturated starch, were individually and simultane-
ously added into a standard solution containing 0.5 um lute-
olin. The results indicated that on interference effect (signal
change <5%) on the determination of luteolin was observed.

Samples Analysis Luteolin in tablets was determined by
above DPV method. The results are listed in Table 1. From
the Table 1, it can be seen that the recovery and RSD
(<3.0%) were acceptable, showing that the proposed meth-
ods could be used efficiently for the determination of luteolin
in tablet.

Conclusion
The electrochemical behavior of luteolin was studied at a
glassy carbon electrode by CV and DPV. The experiments
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showed a reversible process corresponding to oxidation of
the catechol 3',4’-hydroxyl group and another irreversible at
high potentials corresponding to the oxidation of the 5,7-
dihydroxyl groups. And novel and rapid electrochemical
method to determine the luteolin was established. In conclu-
sion, the results obtained from the determination of luteolin
showed a good stability, sensitivity and the possibility of de-
termination of pharmaceuticals.
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