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Molecular imprinted polymer-based chemiluminescence imaging assay 

for the determination of ethopabate residue in chicken muscle† 

Zhaozhou Li*, Zhili Li, Daomin Li, Hongli Gao, Xiujin Chen, Li Cao, Yuze Hou and Songbiao Li 

 

A new molecular imprinted polymer (MIP)-chemiluminescence (CL) method has been developed for the detection of 

ethopabate (ETP) residue in chicken muscle. The MIP microsphere was prepared using precipitation polymerization with ETP 

as a template, methacrylic acid as a functional monomer and pentaerythritol triacrylate as a cross-linker in the porogen of 

acetonitrile. The prepared MIP microspheres were characterized by the scanning electron microscope, differential scanning 

calorimeter and Fourier transform infrared spectrometer. The binding properties of ETP on the imprinted polymers were 

evaluated by the equilibrium rebinding experiment. It was revealed that two classes of the binding sites were produced in the 

resulting ETP MIP with the dissociation constants of 23.92 µg L
-1

 and 77.82 µg L
-1

, and the affinity binding sites of 8808.28 µg g
-1

 

and 14043.90 µg g
-1

, respectively. As the artificial biomimetic recognition element for ETP, the polymer microspheres were 

immobilized in microtiter plates (96 wells) with poly(vinyl alcohol) as a glue. Through the optimizations of the MIP absorption 

and CL imaging conditions, ETP was quantified based on peroxyoxalate CL reaction enhanced by imidazole. Under the 

optimum conditions, the relative CL intensity has a linear relationship with the ETP concentration in the range of 0.1 µg mL
-1

 to 

30µg mL
-1

, with a limit of detection 14.7 µg kg
-1

 and a limit of qualification 20.4 µg kg
-1

 in chicken muscle. The recoveries of 

spiked ETP are in the range of 99.80%-99.98% with the relative standard deviation of 1.7%-3.4%. For the first time, the CL 

method combined with MIP was developed to determine trace ETP in the real sample, and the results show that it can 

become a useful analytical tool for quick detection in residue analysis. 

 

Introduction 

Ethopabate (ETP), methyl 4-acetamido-2-ethoxybenzoate, is a 

coccidiostat frequently used in the prophylaxis and treatment of 

coccidiosis and leukocytozoonosis in chickens. It has a synergistic 

effect with some other anticoccidial drugs 1. Although the withdrawal 

time has been established for ETP, its residue is frequently found 

in products derived from poultry eggs and meat. At the present 

time, the application of ETP is prohibited in many countries, and 

the US Code of Federal Regulations (CFR) has established a maxi- 

mum residue limit (MRL) of 500 µg kg-1 in chicken muscles and 

1500 µg kg-1 in chicken liver 2. Since the lack of control and legis- 

lation regarding usage and residue of veterinary drugs in food, 

ETP is not phased out in many developing countries. Therefore, it 

is worthwhile to develop reliable analytical approaches for the 

measurement of ETP residue in low concentration levels in 

chicken tissue samples.  

Several analytical methods have been developed for the 

determination of ETP residue, such as spectrofluorimetric assay 1, 

gas chromatography 3, high-performance liquid chromatography 

(HPLC) with UV detection 4 or by fluorimetry 5, liquid chromatograph- 

mass spectrometry 6, 7, etc. However, the instruments of these 

methods are not only expensive and complicated, but are also 

laborious and time-consuming 8. Accordingly, there is a conside- 

rable interest in the development of simple, rapid, economical 

and selective methods that will afford the analysis of samples. In 

recent years, chemiluminescence (CL) has become very popular 

due to its simple operation, high sensitivity, wide linear range, 

and short analysis time. But the low selectivity is the dominant 

factor restricting its application in complicated sample analysis. 

Molecular imprinting is known as a template polymeriza-

tion method, of producing “tailor-made”, highly selective synthetic 

receptors for given molecules 9. Owing to its high selectivity, 

inherent stability, low cost, and simple preparation, molecular 

imprinted polymers (MIPs) have already been identified as 

chromatographic stationary phases, enzyme mimics and sensor 

components with predetermined selectivity for the target molecule. 

By using MIPs as recognition elements, the selectivity of the CL 

methods can be greatly improved and most commonly present 

interferences can be minimized. It is reported that the molecular 

imprinted polymer (MIP)-based CL assay has been developed 

to determine the analyte in real sample 8, 10, 11. However, the related  
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data are still scarce, it is necessary to conduct further studies.  

Currently, there is no report about using a MIP-based CL 

method for ETP residue analysis. The purpose of this work was 

to develop a selective CL imaging assay coupled with MIP for 

simultaneous determination of trace ETP in complicated samples. 

Precipitation polymerization method was used for preparing the 

imprinted microsphere with uniform shape. Then, microtiter plates 

were coated with the polymeric microspheres in place by using 

poly(vinyl alcohol) (PVA) as a glue. The amount of polymer- bound 

ETP was quantified using an imidazole (IMZ)-catalyzed peroxy- 

oxalate chemiluminescence (PO-CL) system. Furthermore, the light 

emitted by the chemiluminescent reaction was determined with a high- 

resolution CCD camera. The proposed method not only broadens 

the applicability of PO-CL system, but also presents an alternative 

approach for screening ETP residues in the foods of animal origin. 

Experimental 

Materials and reagents 

ETP standard was purchased from Hubei Widely Chemical Technology 

Co., Ltd, China. Methyl 4-amino-2-methoxybenzoate (MAM), IMZ 

and hydrogen peroxide solution (H2O2) were obtained from Aladdin 

Industrial Corporation. Methyl 4-amino-2-ethoxybenzoate (MAE) was 

received from Hangzhou Sage Chemical Co., Ltd. Methyl-4-

acetamidobenzoate (MAB) was synthesized from methyl-4-

aminobenzoate. Bis (2, 4, 6-trichlorophenyl) oxalate (TCPO) was 

prepared as described earlier 12. Functional monomers (methacrylic 

acid, MAA; acrylamide, AM; 4-vinylpyridine, 4-VP) and the cross- 

linker (pentaerythritol triacrylate, PETRA) were purchased from 

Sigma-Aldrich. Benzoyl peroxide (BPO), N, N-dimethylaniline 

(DMA), methanol, acetonitrile, acetic acid, hydrochloric acid, PVA 

and other reagents were obtained from Sinopharm Chemical Reagent 

Co., Ltd. Water used was filtered from a Millipore Milli-Q purification 

system. Chicken muscle samples were purchased from the local market. 

Apparatus  

An Agilent 8453 double-beam spectrophotometer was used for 

recording UV spectra and determining the absorbance. Microscopic 

morphology was examined on a field emission scanning electron 

microscope (JSM-6700F, JEOL Ltd., Japan), thermal stability was 

evaluated by a differential scanning calorimeter (Mettler-Toledo 

Group, Switzerland) and infrared spectra were recorded on a 

Digilab Fourier transform infrared spectrometer (FTS3000). 

Additionally, the light emitted was quantified using a PMT (operated 

at -600V) of the IFFL-D Chemiluminescence Analyzer (Xi’an Ruike 

Electronic Science Tech. Co. Ltd., China).  

The determination of ETP, MAE, MAM and MAB, whose 

chemical structures are shown in Fig. 1, was carried out on a Varian 

liquid chromatographic system (Varian Company, USA) equipped 

with a Prostar 210 pump, a LC workstation version 6.41 system soft- 

ware and a Prostar 325 UV-Vis detector. Chromatographic separation 

was performed on a C18 reversed-phase column (5 µm, 4.6 mm 

×250 mm Zorbax SB, Agilent Corporation, USA). The mobile phase 

consisted of 35% water and 65% methanol (by volume). Effluents were 

monitored at a wavelength of 268 nm. The flow rate was 1 mL min-1, 

the injection volume was 10 µL, and the column temperature was 

 
 

Fig. 1 Chemical structures of ethopabate (ETP), methyl 4-amino-2-

methoxybenzoate (MAM), methyl 4-amino-2-ethoxybenzoate (MAE) and 

methyl-4-acetamidobenzoate (MAB). 

 
maintained at the room temperature (22 °C). 

Preparation of ETP imprinted microspheres by an oxidation-reduction 

initiating system 

ETP imprinted microspheres were synthesized using precipitation 

polymerization. The template molecule (ETP, 0.5 mmol) was 

dissolved in 50 mL of acetonitrile and placed in a 100 mL flat-

bottomed flask. Afterward, 3 mmol functional monomer (MAA, 

AM or 4-VP) was added. The mixture was sealed and incubated 

at 4oC for 24 h. Subsequently, the cross-linker (PETRA, 10 mmol, 

1.886 mL) and the initiator (BPO, 0.032 mmol; DMA, 0.032 

mmol) were added stepwise. The mixed solution was poured 

into a sonication bath for 5 min to dissolve the chemicals sufficiently, 

and then purged with nitrogen for 5 min to remove oxygen 

which inhibits the polymerization. Polymerization was performed 

in a water bath with the temperature being maintained at 25oC 

for 24 h. After reaction, the resulting particles were collected by 

centrifugation (6000 rpm, 5min). The template was then removed 

by centrifuging (6000 rpm, 5 min) with methanol containing 

10% acetic acid (v/v) until no template could be detected from 

the washing solvent by HPLC. The polymeric particles were 

finally washed with acetone and dried in a vacuum chamber. 

Non-imprinted reference polymer (NIP) was synthesized under 

identical conditions except for omission of the template ETP 13.   

Characterizing ETP imprinted microspheres  

Study of the adsorption behaviour. Substrate recognition had 

been studied by static adsorption test. A 25 mg of MIP or NIP was placed 

into a 10mL plastic centrifuge tube and mixed with 5 mL of an ETP 

solution (0.5 mmol L-1). After 24 h adsorption at 25oC, the substrate 

concentrations were quantified by calibration curve developed with 

HPLC at the concentrations of 0.01 mmol L-1-0.1 mmol L-1 of ETP 

standard solutions, with 6 calibration levels. The different amounts of 

substrates bound to MIPs (Q, µg g-1) were detected in triple and 

calculated by the following equation 14:   

 

0s s(C - C ) V
Q =  

m

×  
                                               (1) 

 

Here, Cs0 and Cs are the concentrations of substrates in the initial 

solution and in the supernatant after treatment for a certain period of time 
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(mmol L-1), respectively. V is the volume of ubstrate solution (mL), and 

m is the weight of the dry MIPs used (g).  

The imprinting factor (IF) of the imprinted polymer was calculated 

by the following equation:  

 

MIP

NIP

Q
IF

Q
=

 
                                               (2) 

 

Where QMIP and QNIP are the static adsorption amounts of MIP and 

NIP (µg g-1), respectively. 

Selective assessment. Selective assessment test was performed 

by choosing the ETP-imprinted microsphere with the highest IF value. 

The MIP (50 mg) was added into a plastic centrifuge tube containing 

5 mL of 0.5 mmol L-1 ETP or a structurally related compound. After 

24 h oscillation in a constant temperature air bath shaker at 25 oC, 

the mixtures were centrifuged at 15000 rpm for 15 min. Subsequently, 

the concentrations of the free molecules were detected by the HPLC, 

and the adsorptive parameter of selectivity index (SI) was calculated 15, 16.  

 

analyte

template

IF
SI

IF
=

 
                                               (3) 

 

Where IFanalyte and IFtemplate are the IF values of MIP and NIP, 

respectively. 

Isotherm and Scatchard analysis. Ten batches of 50 mg polymers 

were weighed into plastic centrifuge tubes and mixed with 5 mL 

acetonitrile solutions of ETP respectively (the ETP concentration 

varied from 0.1 mmol L-1-1 mmol L-1). In the constant temperature air 

bath shaker, the mixtures had been shaken for 24 h at 25 oC, and then 

centrifuged at 15000 rpm for 15 min. The resulting supernates were 

determined using the HPLC method. The obtained data were fitted by 

equation (4), and the isotherm was plotted based on the ETP concentrations 

in supernatants versus the amount of substrate bound to MIPs.   

 

max

D D

QQ Q
= -

C K K

 
                                               (4) 

 

KD is the equilibrium dissociation constant, C is the free equili-

brium concentration of ETP (mmol L-1), and Qmax is the apparent maximum 

number of binding sites (µg g-1). 

Development of standard curve by CL assay 

ETP imprinted microspheres (30 mg) were suspended in 1mL water 

containing 0.1% PVA. A 100 µL aliquot of this suspension was applied 

onto the inner surface of microplate wells and dried at 60oC for 30 min 17. 

A volume of 50 µL of ETP solution was added into the well of 

the microtiter plate coated with the microspheres and adsorbed for 30 

min. The plate was then rinsed thoroughly with ethanol. Subsequently, 

the chemiluminescent substrates of 50 µL TCPO, 50 µL H2O2 and 25 

µL IMZ solutions were immediately added. After vortex shaking for 

8s-10s, the light emitted was quantified using the Chemiluminescence 

Analyzer until it reached a plateau. The background value was obtained 

by imaging an equally sized region outside the region of interest and 

was subtracted from each measurement. Date acquisition and treatment 

were performed with the IFFL-D software. The standard curve was 

generated by plotting the average signal intensities obtained for ETP 

standard on the vertical (Y) axis versus the corresponding ETP concen- 

trations on the horizontal (X) axis. 

Determination of ETP in chicken muscle with a CCD camera 

The chicken muscle samples were cut into pieces and homogenized, and 

ETP standard was spiked in the samples with the concentrations of 250 

µg kg-1, 500 µg kg-1 and 1000 µg kg-1. An accurately weighed 5 g 

amount of the tissue was mixed with 20 mL acetonitrile in a centrifuge 

tube and 2 g anhydrous Na2SO4 added. After 10 min of vortex mixing, 

the mixture was centrifuged 5 min at the speed of 5000 rpm. Then the 

supernatant was filtered in a 100 mL conical flask, and the residue was 

extracted for 15 min in water bath by ultrasonic wave. Subsequently, 

the extracts were combined and evaporated at 35 oC under vacuum 18. 

The dry residue was dissolved by 5% methanol-water, transferred in a 5 

mL centrifuge tube, and added 3 mL n-hexane. Followed by a 10 min 

vortex mixing, the mixture was allowed the phases to separate into 

two layers, and the supernatant liquid was finally decanted. The same 

procedure was repeated. Then the residual layer was made up to 2 

mL with 5% methanol-water, and the extracts were purified by a 3 

mL solid phase extraction (SPE) column (Oasis® HLB). The SPE 

microcolumn was preconditioned with 3 mL methanol and 3 mL 

water, rinsed with 6 mL 10% acetonitrile-water, and eluted by 6 mL 

acetonitrile. The eluent was evaporated at 35 oC under vacuum.    

ETP concentrations in chicken muscle were determined using 

the CL assay described above. The concentration of ETP in the real 

sample was calculated with the equation of the calibration curve obtained 

with the standard.       

Results and discussion 

Evaluation of imprinted microspheres 

Adsorption parameters of ETP imprinted microspheres. Uniform 

MIP microspheres were readily obtained using precipitation polymerization 

when appropriate amounts of print molecule, functional monomer 

and cross-linker were utilized. The adsorption parameters of ETP MIPs 

are shown in Table 1. The highest IF polymer (P1) was synthesized with 

MAA and the cross-linker, which displayed the most specific recognition of 

ETP. The adsorption amounts of P1-M and P1-N were 8541.0 µg g-1 and 

3321.5 µg g-1, respectively.    

 

 
Table 1 The adsorption capability and imprinting factor of ETP MIPs

a
. 

MIPs Monomer Cs (mmol L
-1

) Q (µg g
-1

) IF 

P1-M MAA 0.32 8541.0 
2.57 

P1-N MAA 0.43 3321.5 

P2-M AM 0.39 5219.5 
1.83 

P2-N AM 0.44 2847.0 

P3-M 4-VP 0.42 3796.0 
1.60 

P3-N 4-VP 0.45 2372.5 

a Q, adsorption capacity, Q = (Cs0-Cs)×(loading solution volume [mL]/adsorbent mass [g]), 

Cs0 and Cs represent concentrations of the substrates in the initial solution and in the supernatant 

after treatment for a certain period of time (mmol L-1), respectively. IF, imprinting factor, IF = 

QMIP/QNIP, QMIP and QNIP are the static adsorption amounts of MIP and NIP (µg g-1), respectively. 
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Fig. 2 shows the relationship between adsorption capacity and 

adsorptive time. The adsorption amounts of P1 increased most quickly 

in the period of 0 h-2 h, and the saturated adsorption was observed 

after 4 h.  

Inventory ratio has a dramatic effect on ETP imprinting process. 

The molar ratio between the functional monomer and template has 

been found to be important with respect to the number and quality of 

MIP recognition sites. Lower ratios between template and functional 

monomer can result in a relatively decreased yield of high-affinity 

binding site, and higher ratios often promote the non-specificity of 

MIPs. Moreover, according to the reports, the high performance 

polymers were obtained when the ratio between functional monomer 

and cross-linker was 1:5 13.   

FT-IR spectra. Fig. 3 provides structural information about the 

molecular interactions between ETP and MAA. The spectrum of NIP 

was similar to MIP absorption bands at the same wavenumber but 

with less absorbance. Due to H-bond formation between the C=O 

group of MAA and the O-H group of ETP, the stretching vibrations of 

C=O and O-H are shifted in different extent. The FT-IR spectra of the 

polymers are similar, but the locations, strengths and widths of the 

vibrational peaks for the C=O and O-H groups in MAA are significan-

tly different. In the FT-IR spectrum of MIP, the stretching vibrations of 

O-H (3500 cm -1-3400 cm-1) and C=O (1760 cm-1-1700 cm-1) were the 

characteristic absorption of COOH of MAA. These peaks moved 

slightly when adding an ETP (template) molecule in the imprinting 

system, which indicated that H-bonds formed between these molecules. 

Moreover, a comparison between the FT-IR spectra found that the 

intensity of some signals in the range of 3000 cm-1-4000 cm-1 was lower 

in the case of NIP than in MIP, or some signals were slightly shifted. 

This can be attributed the fact that the multiple H-bond interactions of 

functional monomers were disrupted after the addition of template in 

the imprinting process. 

Selectivity of ETP imprinted microspheres. The selectivity of an 

imprinted polymer is of major importance for a successful analytical 

application. It is governed mostly by the equilibrium that exists at the 

polymer-solution interface, and can be determined experimentally by 

calculating the SI values. The resulting data reflect the ability of 

microspheres to differentiate ETP from species that interfere in the 

analysis. It is suggested that the lower SI value implies the higher 

specificity. The imprinting parameters of all the substrates are presented  

 

 

 
Fig. 2 The kinetic adsorption curves of ETP microspheres. 

 
Fig. 3 The infrared spectra of NIP and MIP. 

 
in Table 2. ETP-imprinted microsphere had a high affinity for the template. 

However, as for the structurally related compounds, the binding specificity 

toward other substrates was relatively low. It is estimated that the SI 

values were no more than 0.7 19. 

Affinity analysis. Fig. 4a shows the binding isotherms for ETP on 

the MIP and NIP. The binding amounts increased gradually with the 

ETP concentration in the initial solution. It can be seen that the amount 

of ETP bound to the MIP was more than that to the NIP, which can be 

ascribed to the imprinting effect of template.  

The obtained data were plotted according to the Scatchard equation. 

Fig. 4b shows two distinct sections within the plot, which indicated that 

there were two kinds of the binding sites in the MIP, one was high-affinity 

site (KD1 = 23.92 µg L-1, Qmax1 = 8808.28 µg g-1), and the other was 

low-affinity site (KD2 = 77.82 µg L-1, Qmax2 = 14043.90 µg g-1). However, 

there was only the low-affinity site in NIP (KD = 9.19 µg L-1, Qmax = 

3632.77 µg g-1). 

Micrographs of ETP imprinted microspheres. Fig. 5 shows the 

surface morphology of ETP MIP (a) and NIP (b) microspheres, respectively. 

Based on the result, it can be deduced that the template has a great 

influence on the size and appearance of the imprinted microspheres.  

 

 
Table 2 Test for selectivity assessment of ETP microspheres 

a
. 

MIPs Substrates  Cs (mmol L
-1

) Q  (µg g
-1

) IF SI 

MIP-1 ETP 0.32 8541.00 2.57 1.00 

NIP-1 ETP 0.43 3321.50   

MIP-1 MAB 0.36 4232.48 1.56 0.60 

NIP-1 MAB 0.41 2720.88   

MIP-1 MAM 0.41 3261.42 1.50 0.58 

NIP-1 MAM 0.44 2174.28   

MIP-1 MAE 0.37 5075.72 1.63 0.63 

NIP-1 MAE 0.42 3123.52   

a
 Q, adsorption quantity, Q = (Cs0-Cs) ×V/m, Cs0 and Cs are the concentrations of substrates in 

the initial solution and in the supernatant after treatment for a certain period of time, respectively. 

V is the volume of substrate solution and W is the weight of the dry MIPs used. IF, imprinting 

factor, IF=QMIP/QNIP, QMIP and QNIP are the static adsorption amounts of MIP and NIP (µg g-1), 

respectively. SI, selectivity index, SI=IFanalyte/IFtemplate, IFanalyte and IFtemplate are the imprinting factors of 

MIP and NIP, respectively. 
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(a)                   (b)   

Fig. 4 Isotherm (a) and Scatchard plots (b) of ETP adsorption on MIP and NIP. 

 
 

The porous solvent plays an essential role that influenced the 

size, surface morphology and distribution of pores in the polymer. To a 

great extent, all these properties depend on the solubility of the growing 

polymer chains in the solvent. Specifically speaking, the volume, 

viscosity and polarity of solvent affect the polymer structure and 

micrograph without exception 20. Above all, the high polarity solvent can 

interfere with the bonding formation of template and binding sites, which 

leads the binding amounts of polymers to decrease. Besides, the high 

viscosity and small volume of solvent would be more inclined to prepare 

large-sized and high-polymerization-degree MIPs. For example, the large 

diameter microspheres were polymerized by using methanol instead of 

acetonitrile in the preliminary test.  

 

 

(a)  

(b)  

Fig. 5 SEM image of ETP MIP (a) and NIP (b) microspheres at 50000 

magnification. 

In addition, the average diameter of NIP microsphere was a little 

larger than that of MIP microsphere, suggesting that the template had an 

important influence on the particle growth during the polymerization. 

This is not surprising given that the template and MAA could form 

hydrogen bonds, which would affect the growth of the cross-linked polymer 

nuclei to result in smaller polymer beads 21. 

Thermal stability. To investigate the thermal stability of the ETP 

microspheres, the differential scanning calorimetry (DSC) was carried 

out between 25 oC and 250 oC under a nitrogen atmosphere. The DSC 

curve of the polymer is shown in Fig. 6. With the temperature 

increasing, the endotherm increased gradually. It can be seen that the 

endothermic peaks of NIP and MIP appeared at the temperatures of 79.4 
oC and 65.7 oC, respectively. The occurred peaks can be defined as the 

phase transition process. However, the addition of template in the 

preparation of MIP led to low cross-linking degree and low phase 

transition temperature. After passing the maximum endothermic 

peaks, each DSC curve showed a slight slope relative to a flat 

baseline, reflecting the endotherm was decreased or even disappeared. 

When the temperature was above 200 oC, an exothermic process 

occurred for the polymers, suggesting different levels of decomposition 

appeared. The DSC plot indicates that the MIPs are sufficiently stable 

in laboratory and on-site detections.  

 

 

 
Fig. 6 The DSC spectra of ETP MIP and NIP microsphers. 
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Optimization of the CL imaging conditions    

The CL imaging assay was developed by optimizing the solvent and 

concentrations of TCPO, H2O2 and IMZ used in the determination. 

Several solvents, namely methanol, acetonitrile, acetone and ethyl 

acetate, were investigated. It is believed that the low polar solvent was 

favorable for the recognition of ETP with the microsphere. Considering 

the solubility and the influence of swelling process, acetonitrile was 

finally chosen as the solvent. Fig. 7 shows the light intensity-time profiles 

for the PO-CL system of ETP with varying concentrations of TCPO. It 

can be seen in the Fig., the CL intensity enhanced gradually as the 

TCPO concentration increases. In view of the limited solubility of 

TCPO, a final concentration of 5 mmol L−1 was selected as the optimum. 

Fig. 8 shows the typical response curves for the PO-CL system of ETP 

in the presence of varying concentration of H2O2. Keeping the 

concentrations of TCPO (5 mmol L−1) and ETP (1 µg mL−1) 

constant, and adjusting correspondingly the H2O2 concentration from 

0.2 mmol L−1 to 4 mmol L−1, the CL intensity increased initially as the 

H2O2 concentration increased. The high CL background was observed 

when the H2O2 concentration was higher than 1 mmol L−1. It makes no 

sense for overhigh H2O2 concentration. Therefore, 1 mmol L−1 H2O2 was 

determined as the optimal concentration. 

As one of the most efficient catalysts for TCPO reaction, imidazole 

(IMZ) has been used successfully in the CL analysis 22. Under the 

constant concentrations of H2O2 (1 mmol L−1), TCPO (5 mmol L−1) 

and ETP (1 µg mL−1), the response of the PO-CL system was measured 

in the presence of varying concentration of IMZ. The resulting CL 

intensity–time plots are shown in Fig. 9 for a temperature of 25 oC. As 

shown in the Fig., with the concentration of IMZ increasing, the maximum 

signal intensity increased, and the time to reach the maximum signal 

decreased. However, the profile area decreased when the IMZ 

concentration was higher than 5 mmol L-1. Therefore, 5 mmol L-1 was 

chosen as the final optimum IMZ concentration. 

The exposure time was also investigated from 5 s to 200 s under 

the optimal conditions described above. As the exposure time prolonged, 

the imaging intensity increased, however, the resolution reduced acc-

ordingly. Therefore, taking sensitivity, resolution and analytical efficiency 

into consideration, an exposure time of 50 s was selected as the 

optimum in the detection. 

After immobilizing the microspheres with different concentrations 

 

 

 
Fig. 7 CL intensity-time profiles of varying TCPO concentrations with 1 

µg mL
-1

 ETP, 5 mmol L
−1

 IMZ and 1 mmol L
−1

 H2O2 at 25 
o
C. 

 

 
Fig. 8 CL intensity-time profiles of varying H2O2 concentrations with 5 

mmol L
−1

 TCPO, 5 mmol L
−1

 IMZ and 1 µg mL
-1

 ETP at 25 
o
C. 

 
 

of PVA, the influence of PVA concentration on binding of ETP to 

the imprinted microspheres (750 µg per well) was investigated. Fig. 

10 shows the imaging intensities from the experiment in which the 

PVA concentrations were varied. Relative signal was plotted on the 

vertical axis against PVA concentration on the horizontal axis. As 

the PVA concentration increased, the imaging intensity increased 

initially but then decreased gradually. Moreover, the maximum signal 

was observed at 0.1% PVA. This can be illustrated by a PVA layer 

which formed around the microspheres and masked some binding sites 

on the polymer. However, the immobilized layer would be unstable 

when the PVA used in this work was lower than 0.1%. Therefore, 0.1% 

PVA was used for immobilization of microsphere on the plate.  

Optimization of the absorption conditions   

Due to the swelling effect of polymer, ETP imprinted microspheres were 

exposed to the same conditions as those used for polymerization. Both 

imprinting and rebinding experiments were performed in acetonitrile. The 

relationship between CL intensity and adsorption time within the range of 

5 min-60 min was investigated using 1 mmol L−1 H2O2, 5 mmol L−1  

TCPO and 1 µg mL−1 ETP in a microtiter plate which was coated with the 

 

 

 
Fig. 9 CL intensity-time profiles of varying IMZ concentrations with 1 

mmol L
−1

 H2O2, 5 mmol L
−1

 TCPO and 1 µg mL
−1

 ETP at 25 
o
C. 
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Fig. 10 Effect of PVA concentration on CL imaging intensity. 

 
 

microspheres by 0.1% PVA. As can be seen in Fig. 11, the CL intensity 

raised as the adsorption time increased to 30 min. When the time was 

over 30 min, the intensity remained constant and the non-specific 

adsorptions increased. Therefore, 30 min was chosen as the adsorption 

time for this method. However, it should be mentioned that for the 

analysis of a sample with trace ETP, the sensitivity could be improved 

by increasing the adsorption time.   

Analytical characteristics of ETP standard curve 

With the optimized conditions, a microtiter plate-based imaging assay 

was developed. As can be seen in Fig. 12, the imprinted polymer has 

sensitive response to the template. The standard curve of ETP was 

linear over a concentration range of 0.1 µg mL-1-30 µg mL-1. It can be 

described by the linear regression equation (Y=994.15X+224.14, 

r=0.9999), where Y is the relative CL imaging intensity (AVG) and 

X is the ETP concentration (µg mL-1). 

Interference study 

In a real sample, the analyte (1 µg mL-1 ETP) will be investigated in the 

presence of interferents. Although they have no significant effect on the 

intensity, there is a strong possibility that the synchronous signal is 

 

 

 
Fig. 11 Effect of adsorption time on CL imaging intensity. 

 
Fig. 12 Corresponding imaging intensity (AVG) for the different ETP 

concentrations with the imprinted microspheres. 

 
 

suppressed or enhanced by them. The tolerable limit of a foreign 

species was taken as a relative error less than 5%. Many metal ions 

could strongly catalyse the CL reaction and could interfere with ETP 

detection by use of this CL system. The results were summarized in 

Table 3. From the Table it could be seen that the influences of anionic 

ions on the CL intensity were slight, most cationic ions, 1500-fold 

Na+, K+, Ca2+, Mg2+, Zn2+, Pb2+, 1200-fold Ba2+, Al3+, and 900-fold 

Co2+, Cu2+, have no influence on the determination of 1 µg mL-1 ETP. 

Other substances existing in chicken muscle, such as glucose, acetic 

acid, citric acid, tartaric acid, glycine, glutamic acid and asparagic acid, 

were examined to assess their interferences in the detection 23. The 

tolerable concentration ratios of these coexisting compounds were 

higher than 5000. Thus, the proposed procedure is able to sense ETP in 

the presence of several possible interferences with high selectivity. 

CL assay of ETP in chicken muscle 

The application of this method was validated by detecting the recovery  

 

 
Table 3 The tolerable ratios of interfering substances to ETP in chicken 

muscle samples. 

Substances With NIP With MIP 

Glucose 730 10000 

Acetic acid 870 9700 

Citric acid 760 8000 

Tartaric acid 650 7800 

Glycine 750 7700 

Glutamic acid 800 7400 

Asparagic acid 760 5900 

Na
+
 400 1500 

K
+
 400 1500 

Ca
2+

 430 1500 

Mg
2+

 390 1500 

Zn
2+

 390 1500 

Pb
2+

 410 1500 

Ba
2+

 350 1200 

Al
3+

 350 1200 

Co
2+

 330 900 

Cu
2+

 330 900 
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of known amounts of ETP in the samples of chicken muscle. Samples 

were measured in triplicate using 96-well plates. Recovery and relative 

standard deviation (R.S.D.) at each spiked concentration were recorded 

in Table 4. After detecting 30 blank samples, the limit of detection 

(LOD) was calculated as the concentration of analyte that results in 

the response equal to three standard deviations of the background 

noise. The LOD for ETP was 14.7 µg kg-1. Furthermore, the limit of 

qualification (LOQ) was defined if only the recoveries and variability 

could meet the requirements of CL determination. Its value was determined 

as 20.4 µg kg -1 for chicken muscle.   

Although the molecular imprinting CL method (MI-CL) could be 

used in ETP residue analysis, the variation was higher than the CL method 

based on biological antibody. This can be attributed to the surface inhomo- 

geneity of microplate and microsphere, the imprecision of recognition, 

the monotony of the repetitive polymer structure, and the rigid recog- 

nition cavity which lacked induced fit interaction and the flexible 

docking process. These characteristics were just different from the 

exact identification of biological antibody. But the greatest strength 

of the MI-CL is the simplification for MIPs preparation which will 

promote its application in the analysis of residues.  

Influence of matrix interference on assay performance 

Matrix interference on veterinary residue analysis is a common problem 

in CL detection. As described in previous reports, the simplest approach 

to avoid the matrix interference is to properly dilute sample extract 

with water or buffer 24. However, the sensitivity of the MI-CL 

method may be reduced. The problem will also be resolved by giving 

appropriate sample pretreatment such as SPE, liquid-liquid 

extraction, or column chromatography etc. in the determination 25. 

But these methods as described above do not show the selectivity of 

the target component. According to the report, it has been proved to 

be effective and practicable by using molecular imprinting SPE 

columns for the selective extraction of analyte from heterogeneous 

biological matrices 13. Moreover, the specificity of the SPE procedure 

on MIP columns allowed the further analysis of the ETP residue by 

applying the MI-CL method. It is suggested that the application of 

molecular imprinting SPE column in routine analysis could be a real 

tool to improve analytical specificity 26. 

The procedures for reducing the interferences include the extraction 

and clean-up steps. Generally, the extraction of ETP from real samples 

has been performed with organic solvents, such as chloroform, methylene 

chloride, acetone, acetonitrile or ethyl acetate etc. 18. Some of them 

also denature the sample protein, which results in a cleaner extraction 

and helps release any drug residues bound to proteins. In this study, 

it was found that the use of acetonitrile in extraction could improve 

the recovery and purification of real samples. For the clean-up of ETP, 

the SPE column showed robust repetition and high recovery efficiency. 

 

 
Table 4 Recovery and precision data for spiked ETP in chicken muscle 

samples. 

Sample 
Spiked concentration 

(µg kg
-1

) 

Found concentration 

(µg kg
-1

) 

Recovery 

(%) 

R.S.D. 

(%) 

1 250 249.5±1.3 99.80 3.4 

2 500 500.7±0.9 99.94 2.9 

3 1000 1001.1±0.7 99.98 1.7 

Conclusions 

The CL imaging assay based on ETP imprinted microsphere has been 

developed for the first time. It will enable simultaneous measurement 

and high-throughput screening of fluorescent compounds in a large 

number of samples. This method was validated by calculating the 

recoveries of known amounts of ETP in real samples. It has shown a great 

potential application prospect in measurement of other native fluorescent 

compounds and fluorescent derivatized compounds which could be 

detected in the PO-CL system. Furthermore, this system may be particularly 

useful in cases where biological antibodies are difficult to obtain or where 

long-term stability and cost of the assay is of importance. Even though 

this assay is still less sensitive than some recently developed biological 

antibody-based assays, it is believed that the findings would increase the 

potential of MIPs for bionic immunoassay-type applications, and the 

present approach or similar ones could provide useful analytical system in 

many instances 27.  
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