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ABSTRACT

Single-walled carbon nanotubes (SWCNTs)/poly (Evans blue)(poly-EB) film-modified glassy carbon (GC) electrodes were fabricated

for the voltammetric determination of rutin and puerarin in teas and pharmaceutical preparations. The SWCNTs/poly-EB film-modified

electrode showed excellent electrocatalytic activity towards the oxidation of rutin and puerarin. Two well-defined oxidation peaks of rutin

and puerarin appeared at 510 and 810 mV, respectively. The peak current depended linearly on the concentration of rutin and puerarin in
the range from 1.6 x 107 to 2.0 x 107> mol/L and 3.0 x 107 to 4.6 x 10”° mol/L, respectively, with the detection limit of 8.2 x 10" mol/L
for rutin and 1.2 x 10”7 mol/L for puerarin. The modified electrode was successfully applied to the determination of rutin and puerarin in

teas and pharmaceutical preparations.
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INTRODUCTION

Rutin  (3°,4,5,7-terahydroxyflurone-33-D-rutinoside)
and puerarin (4°,7-dihydroxy-8B-D-glucosylisoflavone)
are widely distributed in plants. The chemical structures
of rutin and puerarin are shown in Figure 1. Rutin exhibits
broad biochemical and pharmacological activities, including
anti-bacterial, anti-inflammation, anti-oxidant, anti-viral
and anti-tumor actions!'Y). Puerarin exerts comprehensive
biological actions, exhibiting protective effects on hyper-
cholesterolemia(6), diabetic retinopathy(7), liver ﬁbrosis(g),
inflammation® and oxidation'?). Therefore, it is important to
develop simple and reliable protocols for the determination of
these compounds in foods and pharmaceutical preparations.

A number of methods have been developed for the
determination of rutin, including spectrophotometry!),
chemiluminescence!'?, capillary electrophoresis and high
performance liquid chromatography (HPLC)!>!¥ as well
as electrochemical methods!!>"!?. For the determination
of puerarin, HPLC!3-2 capillary electrophoresis®!%),
spectrophotometry®, chemiluminescence® and near
infrared spectroscopy®® have been reported. However,
electrochemical protocols for the determination of these

* Author for correspondence. Tel: +86-451-87502837;
Fax: +86-451-87502885; E-mail: duxiaoyanha@163.com

compounds are still limited. The direct redox reactions of
these compounds at bare electrodes are irreversible and high
overpotentials are required, which results in rather poor
selectivity and reproducibility in the electrochemical deter-
mination. A possible solution for this problem may be the use
of modified electrodes. For example, Tyszczuk et al. deter-
mined rutin in tablets by adsorptive stripping voltammetry
using in-situ plated lead film-modified electrodes!').

(A)

CH,OH

Figure 1. The chemical structures of rutin (A) and puerarin (B).
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Figure 2. The chemical structure of Evans blue.

Recently, conducting polymer-modified electrodes
have been extensively studied for the development of
high-performance electrochemical sensors'®273%, Lin ez al.
used conducting polymers prepared by an electrochemical
polymerization of Evans blue (EB, Figure 2) and found
that the poly-EB film-coated electrodes can be used for the
simultaneous determination of dopamine, ascorbic acid and
uric acid®". However, there has been no report on the electro-
chemical determination of rutin and puerarin on poly-EB film-
modified electrodes. Therefore, we have prepared poly-EB
and single-walled carbon nanotubes (SWCNTs) composite
film-coated electrodes for the determination of rutin and
puerarin. In the present work, we report that SWCNT/
poly-EB composite film-modified electrodes can successfully
be used for the determination of rutin and puerarin in teas and
pharmaceutical preparations.

MATERIALS AND METHODS
I. Reagents

Evans blue (EB) was purchased from Sigma Co. (USA).
SWCNT was purchased from Chengdu Institute of Organic
Chemistry (China). Rutin and puerarin were purchased
from Tianjin Yifang Technology Co. Ltd. (China). All other
reagents are of analytical grade. All solutions were prepared
with deionized water (18.2 MQ) and solutions were deoxy-
genated by purging with pre-purified nitrogen gas.

II. Apparatus

Voltammetric measurements were carried out with
a CHI-660A electrochemical workstation (Shanghai CH
Instruments Co., China). A conventional three-electrode
configuration was used with a poly-EB film-modified GC
electrode (3 mm in diameter) as working electrode, an Ag/
AgCl electrode as reference electrode and a platinum wire
as auxiliary electrode. Chromatographic determination
of rutin and puerarin was performed with a Waters-2690
chromatographic system (Waters Co., USA) equipped with
a photodiode detector. A PHSJ-3F pH meter (Shanghai
Leici Co., China) was used to adjust the pH of buffer solu-
tions. All electrochemical measurements were carried out
in a one-compartment voltammetric cell (25 mL) at room
temperature (ca. 20°C).
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CH,
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Table 1. The determination of rutin and puerarin in teas and pharma-
ceutical preparations (n = 3)

SWCNT/poly-EB/GC
electrode (pg/mL)

HPLC Deviation

Sample Compound (ug/mL) (%)

A Rutin 7.16 (3.6)* 6.96 (2.7)* 2.9
B Rutin 8.18 (2.6)* 8.60 (2.9  -4.9
C Rutin 3.98 (3.9)* 412 (327 -34
D Rutin 2.96 (4.0)* 286 (33" 35
E Rutin 2.86 (3.3) 3.00 2.6  -4.7
F  Puerarin 3.53 (3.0)* 343 (227 29
G Puerarin 3.75 (2.8) 3.90 (2.8 3.8
H  Puerarin 3.44 (3.1) 32930 4.6

A: Maiping tablet, B: Compound rutin tablet, C: Kuding tea, D:
Languiren tea, E: Dianhong tea, F: Jiangzhining tablet, G: Daidzein
tablet, H: Tongmai pill.

Relative standard deviation (%) of 3 measurements.

Deviation refers to the relative deviation of the determination results
between HPLC and electrochemical methods.

1. Samples

Three kinds of tea and five pharmaceutical prepara-
tions were selected (Table 1) for electrochemical and HPLC
analysis for rutin and puerarin content. These samples are
commercially available. The pharmaceutical preparations
were selected because they contain puerarin or rutin that is
commonly contained in tea.

IV. Preparation of Modified Electrodes

The GC electrode was polished with 0.3 and 0.05 pum
alumina slurry, and then rinsed with ethanol, H,SO,4 (0.5
mol/L) and water successively. Poly-EB film was formed on
the surface of GC electrode by scanning electrode potential
between -0.2 and 1.8 V repeatedly in 0.5 mol/L of H,SO4
containing 1 mmol/L of EB. A typical procedure for solubi-
lizing SWCNT was as follows: SWCNT (5 mg) was dispersed
in 5 mL of N,N-dimethylformamide (DMF) and sonicated
for 40 min. SWCNT/Poly-EB/ composite film-modified GC
electrode was prepared by dropping 6 uL of the SWCNT
solution onto the surface of the poly-EB film-modified GC
electrode and the solvent was evaporated.
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V. Measurements

Cyclic voltammetry was carried out in a quiescent
solution with a scan rate of 100 mV/s. Chromatographic
analysis was performed on Cig column (25 cm x 4.6 mm
i.d.) using water: methanol mixture (4 : 6 v/v) as the mobile
phase at a flow rate of 1 mL/min. The analytes were moni-
tored at 225 nm with a photodiode detector. The procedure
for preparing rutin and puerarin samples was as follows:
teas or pharmaceutical preparations were carefully grounded
and 1.0 g of the resulting powder was put in 50 mL of 60%
methanol to extract analytes under sonication for 60 min at
60°C. The extracted solutions were filtered prior to cyclic
voltammetry and HPLC measurements.

RESULTS AND DISCUSSIN

L.Redox Reaction of [Fe(CN)gJ’-Ion on SWCNT/poly-EB
Film-Modified Electrode

Redox reactions of [Fe(CN)¢]>~ ion were studied on a
bare GC and SWCNT/poly-EB film-modified GC electrodes.
The electron transfer characteristics of the [F e(CN)6]3' ion
should be influenced when the electrode surface was modi-
fied. Figure 3 shows the CVs of 5.0 mmol/L of [Fe(CN)¢]>
solution on bare GC and SWCNT/poly-EB/GC electrodes as
well as that on the electrode modified with SWCNT. A couple
of well-defined redox peaks of [Fe(CN)6]3 “ion were observed
on bare GC electrode (curve a), while the peak currents on the
SWCNT/poly-EB/GC electrode (curve c) markedly increased
in comparison with those on the bare electrode. This suggests
that the SWCNT/poly-EB/GC electrode exhibited higher
activity in electron transfer between the [F e(CN)6]3' ion
and electrode surface. The higher response of the SWCNT/
poly-EB/GC electrode may be ascribed to the joint effects of
poly-EB and SWCNT, because the redox current of SWCNT/
poly-EB/GC film-modified electrode was significantly
increased than that of SWCNT/GC electrode (curve b). These
results suggest a possible use of the SWCNT/poly-EB/GC
electrode for trace analysis of ions and molecules.

II. CV of Rutin and Puerarin on SWCNT/poly-EB/GC
Electrode

Figure 4 compared the CV responses in the mixed solu-
tion of 0.8 x 10 mol/L of rutin and 1.9 x 10 mol/L of
puerarin on bare GC and SWCNT/poly-EB/GC electrodes.
The electrochemical response of rutin and puerarin on
unmodified GC electrode was rather poor (curve a), probably
due to a low concentration of the samples. In contrast, the
CV on the SWCNT/poly-EB/GC electrode (curve b) gave
rise to well-defined oxidation peaks at 510 and 810 mV for
rutin and puerarin, respectively. The oxidation peak currents
at the SWCNT/poly-EB/GC electrode were significantly
higher than those on unmodified GC electrode. It should be
noted here that the oxidation peaks for rutin and puerarin are
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Figure 3. Cyclic voltammograms of SWCNT/poly-EB/GC (c),

SWCNT/GC (b) and bare GC electrode (a) in 5.0 mmol/L of
[Fe(CN)g]*"*"; scan rate: 100 mV/s.

2.4«
-1.8 4 puerarin
b
1.2 4
< Rutin
3
=
§ -0.6 {
5 a
O
-0.0
0.6 _M’/
0.1 0.3 05 07 0.9 11
Potential / V

Figure 4. CVs of 0.8 x 10°% mol/L of rutin and 1.9 x 10 mol/L of
puerarin in the phosphate buffer solution (pH 4.0) at a scan rate of
100 mV/s. a) bare GC electrode; b) SWCNT/poly-EB/GC electrode.
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Figure 5. The effect of pH on oxidation peak currents of analytes
(a) 0.8 umol/L of rutin; (b) 1.9 umol/L of puerarin; scan rate: 100 mV/s.
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Figure 6. (A) CVs for increasing concentrations of rutin and puerarin on the SWCNT/poly-EB/ GC electrode, the concentration of rutin (from 1 to
5):1.6 x 107, 1.6 x 107, 5.0 x 107, 1.0 x 10> and 2.0 x 10 mol/L; the concentration of puerarin (from 1 to 5) : 3.0 x 107, 3.0 x 107, 1.0 x 107,
2.0 x 107 and 4.6 x 10~ mol/L, (B1) a calibration plot over the range for rutin and (B2) a calibration plot over the range for puerarin.

well separated from each other, suggesting a possible use
of the modified electrode for simultaneous determination of
rutin and puerarin.

III. Effects of pH

The effect of pH on the electrochemical response of
rutin and puerarin on the SWCNT/poly-BE/ GC electrode
was evaluated in the pH range from 2.0 to 6.0. Figure 5
plots the oxidation peak current for 0.8 x 10°® mol/L of rutin
and 1.9 x 10 mol/L of puerarin. For both compounds, a
higher response was observed at pH 4.0. Therefore, pH 4.0
phosphate buffer solution (disodium hydrogen phosphate-
potassium dihydrogen phosphate) was used as the supporting
electrolyte in the following measurements.

IV. Calibration, Lower Detection Limit, Reproducibility and
Storage Stability

Figure 6A plots the peak currents for rutin and
puerarin as a function of the concentration. It can be seen

that the peak currents increased with the concentrations
of rutin and puerarin. Under the above optimum condi-
tions, the modified electrode exhibited a linear relationship
between the peak current and the concentrations of rutin
and puerarin in the range of 1.6 x 107~ 2.0 x 10 mol/L and
3.0 x 107- 4.6 x 10 mol/L, respectively, as shown in
Figure 6B1 and B2. For evaluating the reproducibility of the
response, the electrochemical determinations were performed
10 times repeatedly with an identical electrode in the solution
containing 0.8 x 10" mol/L of rutin and 1.9 x 10°® mol/L of
puerarin at pH 4.0. The relative standard deviations were
4.57 and 4.26% for the 10-time measurements of rutin and
puerarin, respectively, showing that the reproducibility of the
present protocol is satisfactory. The storage stability of the
modified electrode was also evaluated by measuring response
after storing the modified electrode for 8 days. The peak
currents for rutin and puerarin decreased very slightly (ca.
1.5% of the original response for 5.0 x 10" mol/L of rutin and
puerarin was reduced after 8 days), showing an acceptable
stability of the modified electrode.
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V. Interference Studies

In order to assess the possible use of the electrodes for
the analysis of real samples, the interference of contaminants
on the response signals was studied. The effect of possible
interfering compounds on the CV response was verified using
5.0 x 10" mol/L of rutin and puerarin solutions containing
excess amounts of interfering compounds. It was found that
interference from metal ions and organic compounds was rather
low. For example, interfering current originating from 1.0 X
10"* mol/L of metal ions (or 200-times higher concentration
than rutin and puerarin) (i.e., Na*, K¥, Ca®", Mg**, Zn*",
Cu2+, Cd2+, Pb2+, Fe?" and Hg2+ ions) was less than 5% of the
oxidation current for 5.0 x 10" mol/L of rutin and puerarin. The
interfering signals from the organic compounds including
ascorbic acid, oxalic acid, glucose, tartaric acid, tannin and
starch were slightly higher than those from the metal ions,
though more than 100-times higher concentrations were
required for inducing 5% deviation. Thus, SWCNT/poly-EB
film-modified GC electrode was found to be rather insensi-
tive to foreign substances, suggesting the usefulness of the
electrode in the analysis of real samples.

VL. Determination of Rutin and Puerarin in Teas and Phar-
maceutical Preparations

The SWCNT/poly-EB film-modified GC electrode was
used for the determination of rutin and puerarin in teas and
pharmaceutical preparations and the results were compared
with the data obtained by HPLC (Table 1). The results
obtained by the two methods were in good agreement with
small deviation (less than 5%), demonstrating the usefulness
of SWCNT/poly-EB/GC electrode as an electrochemical
sensor for rutin and puerarin determination.

CONCLUSIONS

The present study demonstrated that SWCNT/poly-EB
composite film-coated GC electrode exhibited electro-
catalytic activity in the oxidation of rutin and puerarin.
The composite film-modified electrode showed a good
performance for the determination of rutin and puerarin in
teas and pharmaceutical preparations. The composite film-
modified electrode exhibited a selective response to rutin
and puerarin, even in the presence of metal ions and organic
small molecules. Therefore, simultaneous or independent
measurements of the two compounds are possible without
interference. The present protocol may be useful for sensi-
tive, simple and inexpensive determination of rutin and
puerarin in foods.

ACKNOWLEDGMENTS

The authors are grateful to the financial support of the
National Science Foundation of China (No. 30972488).

10.

I1.

12.

13.

615

REFERENCES

. Hossain, M. A., Salehuddin, S. M., Kabir, M. J., Rahman,

S. M. M. and Vasantha, H. P. 2009. Sinesetin, rutin,
3’-hydroxy-5,6,7,4 -tetramethoxyflavone and rosmarinic
acid contents and antioxidative effect of skin of apple
fruit. Food Chem. 113: 185-190.

. Gene, R. M., Cartana, C., Adzet, T., Marin, E., Panella,

T. and Canigueral, S. 1996. Anti-inflammatory and
analgesic activity of Baccharis trimera: identification of
its active constituents. Planta Med. 62: 232-235.

. Liang, Y., Ma, W,, Liu, J. and Wu, Y. 2001. Comparison

of chemical compositions of llex latifolia Thumb and
Camellia sinensis L. Food Chem. 75: 339-343.

. lacopini, P., Baldi, M., Storchi, P. and Sebastiani, L.

2008. Catechin, epicatechin, quercetin, rutin and resve-
ratrol in red grape: content, in vitro antioxidant activity
and interactions. J. Food Composit. Anal. 21: 589-598.

.Ren, W., Qiao, Z., Wang, H., Zhu, L. and Zhang, L. 2003.

Flavonoids: promising anticancer agents. Med. Res. Rev.
23:519-534.

.Yan, L. P, Chan, S. W., Chan, A. S., Chan, S. L., Ma,

X. J. and Xu, H. X. 2006. Puerarin decreases serum
total cholesterol and enhances thoracic aorta endothelial
nitric oxide synthase expression in diet-induced hyper-
cholesterolemic rats. Life Sci. 79: 324-330.

. Teng, Y., Cui, H., Yang, M., Song, H., Zhang, Q., Su,

Y. and Zheng, J. 2009. Protective effect of puerarin
on diabetic retinopathy in rats. Mol. Biol. Rep.
36: 1129-1133.

. Zhang, S., Ji, G. and Liu, J. 2006. Reversal of chemical-

induced liver fibrosis in Wistar rats by puerarin. J. Nutr.
Biochem. 17: 485-491.

.Kim, K. M., Jung, D. H., Jang, D. S., Kim, Y. S., Kim, J.

M., Kim, H. N., Surh, Y. J. and Kim, J. S. 2010. Puerarin
suppresses AGEs-included inflammation in mouse
mesangial cells: a possible pathway through the induc-
tion of heme oxygenase-1 expression. Toxicol. Appl.
Pharmacol. 244: 106-113.

Guerra, M. C., Speroni, E., Broccoli, M., Cangini, M.,
Pasini, P., Minghett, A., Crespi-Perellino, N., Mirasoli,
M., Cantelli-Forti, G. and Paolini, M. 2000. Comparison
between Chinese medical herb Pueraria lobata crude
extract and its main isoflavone puerarin antioxidant
properties and effects on rat liver CYP-catalysed drug
metabolism. Life Sci. 67: 2997-3006.

Hassan, H. N. A., Barsoum, B. N. and Habib, I. H. I.
1999. Simultaneous spectrophotometric determination
of rutin, quercetin and ascorbic acid in drugs using
a Kalman Filter approach. J. Pharm. Biomed. Anal.
20: 315-320.

Song, Z. H. and Hou, S. 2002. Sensitive determina-
tion of sub-nanogram amounts of rutin by its inhibition
on chemiluminescence with immobilized reagents.
Talanta 57: 59-67.

Jiang, H. L., He, Y. Z., Zhao, H. Z. and Hu, Y. Y. 2004.
Determination of chlorogenic acid and rutin in cigarettes



616

14.

15.

16.

17.

18.

19.

20.

21.

22.

by an improved capillary electrophoresis indirect chemi-
luminescence system. Anal. Chim. Acta 512: 111-119.
Ishii, K., Furuta, T. and Kasuya, Y. 2001. Determina-
tion of rutin in human plasma by high-performance
liquid chromatography utilizing solid-phase extrac-
tion and ultraviolet detection. J. Chromatogr. B
759: 161-168.

Tyszczuk, K. 2009. Sensitive voltammetric determina-
tion of rutin at an in situ plated lead film electrode. J.
Pharm. Biomed. Anal. 49: 558-561.

Wang, G. F., Hu, N. J., Wang, W., Li, P. C., Gu, H. C.
and Fang, B. 2007. Preparation of carbon nanotubes/
neutral red composite film modified electrode and its
catalysis on rutin. Electroanalysis 19: 2329-2334.
Sun, W., Yang, M., Li, Y., Jiang, Q., Liu, S. and Jiao,
K. 2008. Electrochemical behavior and determination
of rutin on a pyridinium-based ionic liquid modi-
fied carbon paste electrode. J. Pharm. Biomed. Anal.
48: 1326-1331.

Ren, F., Jing, Q., Shen, Y., Ma, H. and Cui, J. 2006.
Quantitative determination of puerarin in dog plasma
by HPLC and study on the relative bioavailability of
sustained release tablets. J. Pharm. Biomed. Anal.
41: 549-553.

Liu, X., Zhi, H., Du, F., Ye, Z., Wang, N., Qin, W. and
Li, J. 2010. A HPLC-UV method for the determination
of puerarin in rat plasma after intravenous administra-
tion of PEGylated puerarin conjugate. J. Chromatogr.
B 878: 3297-3302.

Prasain, J. K., Jones, K., Kirk, M., Wilson, L., Smith-
Johnson, M., Weaver, C. and Barnes, S. 2003. Profiling
and quantification of isoflavonoids in kudzu dietary
supplements by high-performance liquid chromatog-
raphy and electrospray ionization tandem mass spec-
trometry. J. Agric. Food Chem. 51: 4213-4218.

Li, C., Chen, A., Chen, X., Chen, X. and Hu, Z. 2005.
Separation and simultaneous determination of rutin,
puerarin, daidzein, esculin and esculetin in medicinal
preparations by non-aqueous capillary. J. Pharm.
Biomed. Anal. 39: 125-131.

Chen, G., Zhang, J. and Ye, J. 2001. Determination of
puerarin, daidzein and rutin in Pueraria lobata (Wild.)
Ohwi by capillary electrophoresis with electrochem-
ical detection. J. Chromatogr. A 923: 255-262.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Journal of Food and Drug Analysis, Vol. 20, No. 3, 2012

Cao, Y., Lou, C., Zhang, X., Chu, Q., Fang, Y. and
Ye, J. 2002. Determination of puerarin and daidzein
in Puerariae radix and its medicinal preparations by
micellar electrokinetic capillary chromatography
with electrochemical detection. Anal. Chim. Acta
452:123-128.

Wang, C. Y., Huang, H. Y., Kuo, K. L. and Hsieh, Y. Z.
1998. Analysis of Puerariae radix and its medicinal
preparations by capillary electrophoresis. J. Chrom-
togr. A 802: 225-231.

Zhang, Q., Myint, A., Liu, L., Ge, X. and Cui, H. 2004.
Flow injection-chemiluminescence determination of
puerarin in pharmaceutical preparations. J. Pharm.
Biomed. Anal. 36: 587-592.

Chen, B., Zhao, L. L., Li, J. H. and Yan, Y. L. 2002. The
rapid analysis of functional components of P. lobata
by near infrared spectrum. Spectrosc. Spectr. Anal.
22:976-979.

Ma, J., Wang, S., Wang, M., Zhang, J., Wang, L. and
Du, X. 2010. Polyluminol/single-walled carbon nano-
tube composite filmed-modified electrodes for simul-
taneous determination of propyl gallate and ascorbic
acid. Sensor Lett. 8: 672-676.

Zheng, Y. L., Huang, Y. F., Jiang, J. H., Zhang, X. B.,
Tang, C. R., Shen, G. L. and Yu, R. Q. 2007. Function-
alization of multi-walled carbon nanotubes with poly
(amidoamine) dendrimer for mediator-free glucose
biosensor. Electrochem. Commun. 9: 185-190.

An, K. H., Jeong, S. Y., Hwang, H. R. and Lee, Y.
H. 2004. Enhanced sensitivity of a gas sensor incor-
porating single-walled carbon nanotube-polypyrrole
nanocomposites. Adv. Mater. 16: 1005-1009.
Manesh, K. M., Santhosh, P., Komathi, S., Kim, N.
H., Park, J. W., Gopalan, A. I. and Lee, K. P. 2008.
Electrochemical detection of celecoxib at a poly-
aniline grafted multiwall carbon nanotubes modified
electrode. Anal. Chim. Acta 626: 1-9.

Lin, L., Chen, J., Yao, H., Chen, Y., Zheng, Y. and Lin,
X. 2008. Simultaneous determination of dopamine,
ascorbic acid and uric at poly (Evans Blue) modi-
fied glassy carbon electrode. Bioelectrochemistry 73:
11-17.



	Determination of rutin and puerarin in teas and pharmaceutical preparations using poly (Evans blue) film-modified electrodes
	Recommended Citation

	tmp.1655584996.pdf.QyBP5

