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Electrochemical Sensor for the Determination of Theophylline Based
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Abstract A novel electrochemical sensor for the determination of theophylline based on ethylene glycol
maleic rosinate acrylate as the cross linking agent and acrylic acid as functional monomer was fabricated by
molecularly imprinted technology. A molecularly imprinted polymers (MIPs) membrane was synthesized on
the surface of a glassy carbon electrode in vacuum drying oven by free radical polymerization method. The
electrochemical behavior of the membrane was characterized by cyclic voltammetry (CV), electrochemical
impedance spectroscopy (EIS) and chronoamperometry. Under optimum conditions, it was found that the

response of peak currents was linear to the concentration of theophylline in range of 2.00X 10 '~3.45X
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10~* mol/L (linear regression coefficient=0.9961) with the detection limit of 1.00X 10”7 mol/L. The sensor
not only has high selectivity, but also shows good stability and reproducibility. The sensor was applied to the

determination of theophylline in theophylline sustained release tablets samples with recovery ranging from

95.6% to 103.8%.

Keywords ethylene glycol maleic rosinate acrylate; theophylline; molecularly imprinted polymer; elec-

trochemical sensor
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Schematic representation of the preparation process of molecularly imprinted polymers (MIPs) using THEO as template
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Figure 1 Current response of the sensor to 1.0X 10™* mol/L theophylline at various potential values. (A) I~ curves, (B) I-E curves
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Figure 2 SEM images of different electrodes: bare GCE (A), nMIPs-electrode (B), MIP-modified GCE after removal the THEO mole-

cule (C)
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Figure 3 Cyclic voltammograms of different electrodes: bare
GCE (a), nMIPs-electrode (b), MIP-modified GCE after removal
the THEO molecule (c), MIP-modified GCE after interaction with
1.25X10™* mol/L THEO (d), MIP-modified GCE after interac-
tion with 2.5X 10™* mol/L THEO (e) in 0.1 mol/L KCI solution
containing 5.0 X 10 mol/L K;[Fe(CN)s)/K4[Fe(CN)s] (1 : 1,

molar ratio)
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Figure 4 Electrochemical impedance spectra of different elec-
trodes: bare GCE (a), nMIPs-electrode (b), MIP-modified GCE
after removal the THEO molecule (c), MIP-modified GCE after
interaction with different concentrations of THEO (d, e, f, g, h) in
0.1 mol/L KCI solution containing 5.0 X 10 ~ * mol/L
K;[Fe(CN)gl/K4[Fe(CN)g] (1 - 1, molar ratio)
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Figure 5 (a) Typical current-time response curve, (b) calibra-
tion curve and (c) response curve for successive addition of 1.0 X
10 mol/L THEO at —0.15V
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Table 1 Comparison with other methods for the determination of theophylline

Method Calibration range/(mol-Lfl) Detection limit/(moleL ™ l) Reference
Solid phase extraction-MIP (MAA, EGDM, 1.1X107°~1.1x10"* 5.6X10° [20]
AIBN) with HPLC

Surface plasmon resonance sensors based on 0~3.3X1072 22X1073 [21]
(MAA, EGDM, AIBN)

Oscillopolarography 40X10°~13%x10°° 20X10°° [22]
Potentiometric sensor (DBP, PPT, HOA) 1X10 °~1x1072 5.5x1077 [23]
Electrochemical capacitive sensor based on MIP 0~1.5X 10°° 1.0X107°¢ [24]
(polyphenol)

Electrochemical amperometric sensor based on  4.0X 1077 ~1.5X107>; 1.0X1077 [25]
MIP (poly-o-phenylene-diamine) 24X104~3.4X10"°

Electrochemical amperometric sensor based on  2.0X107°~4.0X10"* — [26]

MIP (MAA, EGDMA, AIBN)

CMAA(FEENIRIR), EGDM(W (a- FEENIRIR) £ —FEHE), AIBN(E 57 T 3), EDMA(Z ZFEX RN AR EE), DBP(AF R — HR T H5), PPT(2,6- (&

JE)-4(ZE )3 H-EIR), HOAGHTR), EGDMA(Z, — I — H 3L P 475 TR ).
2 ERTWRIN E 2R

Table 2 Determination results of interferences tested with the

sensor

Interference Current ratio”
Caffeine 0.15
Chloramphenicol 0.06
L-Cysteine 0.10
Ascorbic acid 0.07

“Ratio is the current for 1.0X 10 * mol/L interfering substance versus that for
1.0X 10 * mol/L theophylline.

B R GRS THR, LA B 2Bk
A BT R BRI
243 HRBGENMFIEE

FIAL %A% 1.0X 1075 mol/L RIASHRIA AT E 8
U, FEAIXTARUAE 220 1.49%, i AL R3S R BB A 1t
FA8 A £ FE ] 10 mL 50% F I Z R RUEVS 3 min,
P RS 5 Ik, ARG T 4 CUkAfT,
TR IAL A IEAT RIWTNAR, ARSI 35 dJ5, mhY.
HUL PR T 12%, X UL T itk Beas A e 1t R 4
244 MR

HERFRIL 0.0500 g ZRHREERE k¥ R T-Jo/K S BErh s
fift ), A 100 mL R IR E 2. AT
e FIRER 6 IR, INAF LA S 3 515 30 1 770 450
B (EE RN 3), nl R it gh 1 5 7 ks s
(EARSE. DRI e &5 Rk 4 Fos, tHEAF 2R
7 95.6%~103.8% [f].

F3 5P 4 R (n=6)

Table 3 Determination results of theophylline in tablets using

the sensor

Sample Indicated/g Found/g Average/g RSD/%
Theophylline 0.1012, 0.1019,

sustained-release 0.1 0.1005, 0.0991, 0.1007 1.3
tablets 0.0994, 0.1023

F4 RIS

Table 4 Determination results of recovery using the sensor

Taken/ Added/ Found®/ Recovery/
Sample (10" mols (107> mole (107> mole o Yy

L L L ’

1.39 0.50 1.93 102.2
Theophylline  1.39 1.00 2.31 96.4
sustained- 1.39 1.50 2.84 98.2
release 1.39 2.00 3.52 103.8
tablets 1.39 2.50 3.92 100.7

1.39 3.00 4.20 95.6

“The average of six measurements.

3 4
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