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A novel method for sensing of methimazole
using gold nanoparticle-catalyzed
chemiluminescent reaction

Zonghai Sheng, Heyou Han* and Gaodong Yang

ABSTRACT: Based on the inhibition effect of methimazole (MMI) on the reaction of luminol-H,0, catalyzed by gold nanopar-
ticles, a novel chemiluminescence (CL) method was developed for the determination of MMI. Under the optimum conditions,
the relative CL intensity was linearly related to MMI concentration in the range from 5.0 X 108 to 5.0 X 10~° mol L. The
detection limit was 1.6 X 10 mol L™ (S/N = 3), and the RSD for 6.0 x 10~ mol L' MMI was 4.8% (n = 11). This method has high
sensitivity, wide linear range, inexpensive instrumentation and has been applied to detect MMI in pharmaceutical tablets and

pig serum samples. Furthermore, a possible reaction mechanism is discussed. Copyright © 2010 John Wiley & Sons, Ltd.
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Introduction

Chemiluminescence (CL) analysis is a simple, rapid, and sensitive
analytical method (1-3). Some catalysts, such as metal ions, metal
complex and enzymes, can be used to effectively catalyze the CL
reaction (4-7). Recent research has shown that gold nanopar-
ticles (NPs), one of the most widely used noble metal nanomate-
rials, could also participate in CL reactions as a catalyst (8-10).
Moreover, the catalytic activity of gold NPs was 100 times greater
than that of some metal ions under the same conditions (11).
Therefore, gold NPs-enhanced CL has attracted much attention in
recent years. For example, Lin’s group reported first the behav-
iour of the bis(2,4,6-trichlorophyenyl) oxalate-H,0,-gold NPs CL
system in the presence of different surfactants (12). Zhao et al.
developed a gold NPs-enhanced capillary electrophoresis—CL
assay of trace uric acid (13). Qi and coworkers reported a label-
free and homogeneous DNA hybridization analytical method
using a luminol-H,O0,-gold NPs CL system (14). Wang's group
described a flow injection CL method for the determination of
fluoroquinolone derivative using gold NPs as a catalyst (15).
However, the analytical application of the CL reaction catalyzed
by gold NPs has been little reported in drug analysis (16-18).
Methimazole (2-mercapto-1-methylimidazole, MMI; Fig. 1) is
an orally active drug used in the therapy of hyperthyreosis in
humans and against Grave’s disease (19). In addition, MMI has
been applied illegally to cattle as a fattening agent, which leads
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Figure 1. Chemical structure of methimazole.

to a reduction of the meat quality (20). The uncontrolled intro-
duction of MMI into the human food chain could have serious
health implications. Therefore, the detection of MMI in drugs
is current important. At present, several analytical methods
have been developed for the determination of MMI including
capillary zone electrophoresis, liquid chromatography, gas
chromatography-mass spectrometry, and so on (21-25). These
methods have their respective shortcomings, such as being time-
consuming and laborious and requiring complicated instrumen-
tation. Recently, Economou and co-workers reported a CL
method for the determination of MMI based on the inhibition of
the luminol-H,0, reaction catalyzed by Cu?* (26). However, the
poor selectivity and sensitivity limited the application of this
method to a wider field.

In this paper, we found that the CL intensity of the reaction of
luminol-H,0, catalyzed by gold NPs was strongly decreased in
the presence of MMI and the relative CL intensity was linearly
related to the amount of MMI added. A novel gold NPs-catalyzed
CL method for the sensitive determination of MMI in pharmaceu-
tical tablet and pig serum sample was developed. A possible
reaction mechanism was also discussed.

Experimental

Reagents and chemicals

All the solutions were prepared using reagent-grade chemicals
and Milli-Q water was used throughout. A 0.01 mol L™' stock
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solution of luminol (Sigma, USA) was prepared in 0.1 mol L™
sodium hydroxide solution without further purification. Working
solution of luminol was prepared by diluting the stock solution
with 0.01 mol L™" NaOH solution. HAuCl,-4H,0 was obtained from
Sinopharm Chemical Reagent Co. Ltd. A 0.04 mol L™ trisodium
citrate solution was prepared by dissolving trisodium citrate
(Sinopharm Chemical Reagent Co. Ltd) in water. MMI (Sigma, St
Louis, MO, USA) was prepared by dissolving it in water and the
standard solutions were obtained by diluting them to the wanted
concentration with water. Ten MMI tablets (Beiling TaiYang Phar-
maceutical Industry Co. Ltd) were powdered and dissolved in
20 mL water. The solution was centrifuged and filtered through a
Micron separation Inc. 0.22um nylon filter. The pig serum
samples were obtained from the State Key Laboratory of
Agricultural Microbiology (Huazhong Agricultural University).
Before detection, the pig serum samples were centrifuged,
and MMI with different concentrations was added to the
supernatant.

Apparatus

An MPI-B flow injection (FI) CL analyzer (Xi'an Remex Electronic
Instrument High-Tech Ltd, China) was equipped with an auto-
matic injection system and a detection system. Polytetrafluoro-
ethylene (PTFE) tube (0.8 mm i.d.) was used to connect all of the
components in the flow system. The flow cell was a coil of glass
tube that was positioned in front of the detection window of the
photomultiplier tube (PMT). The static injection analysis process
was measured with the static system of the MPI-B CL analyzer
(Xi'an Remex Electronic Instrument High-Tech Ltd, China). In the
following experiments, the voltage of PMT was 600 V. The CL
spectra were obtained using a Perkin ElImer Model LS-55 lumines-
cence spectrometer with light scours cut-off. The absorption
spectra were acquired on a Thermo Nicolet Corporation Model
evolution 300 UV-vis absorption spectrometer. The size and mor-
phology of the obtained gold NPs were determined by a Hitachi
8100 transmission electron microscopy (TEM).

Experimental procedure

Preparation of gold NPs. Before synthesis of gold NPs, all glass-
ware used was thoroughly cleaned in aqua regia (3 parts HCl, 1
part HNO:3), rinsed with Milli-Q water, and dried in an oven. Gold
NPs were prepared by the Grabar’s method with slight modifica-
tion (27). Briefly, HAuCl, solution (0.01%, 100 mL) was boiled and
trisodium citrate solution (1.0%, 2.5 mL) was added quickly with
vigorous stirring. The color of the solution changed from yellow
tored in a few seconds. The solution was heated for 15 min, then
cooled naturally to room temperature.

FL-CL procedure. A three-channel FI-CL system was used in our
experiment. One peristaltic pump (three channels) was used to
carry luminol solution, H,O and H,0,. Injection was performed
using a six-way injection valve fitted with a 0.05 mL sample loop.
The CL signal was recorded and the data were processed auto-
matically by Remax software under Windows XP. To obtain good
mechanical and thermal stability of the FI-CL system, the instru-
ments were run for 10 min before the first measurement. Gold
NPs or a mixture of gold NPs and MMI was injected into the
aqueous carrier stream. The relative CL intensity Al (Al =1, — |,
where y stands for the signal in the absence of MMI and / stands

for the signal in the presence of MMI) showed the effect of MMI
on the CL intensity of the luminol-H,O,—gold NPs system. It was
used for quantitative analysis of MMI.

Results and discussion

Effect of MMI on the reaction of luminol-H,0; catalyzed
by gold NPs

The effect of MMI on the reaction of luminol-H,0, catalyzed by
gold NPs was investigated using the static injection analysis
process. As shown in Fig. 2(a), the CL intensity of the luminol-
H,0, system was significantly increased in the presence of gold
NPs. It was shown that the as-prepared gold NPs exhibited high
catalytic activity in the luminol-H,0, CL system. When MMI was
introduced into gold NPs, the CL intensity of the luminol-H0,
system was obviously decreased. Hence, the reaction of
luminol-H,0, catalyzed by gold NPs could be used to detect
MMIL.

Optimization of CL reaction conditions

The reaction conditions of the luminol-H,0,-gold NPs CL system,
including reaction time of gold NPs and MMI (Fig. 2b), luminol
concentration (Fig. 2c), H,O, concentration (Fig. 2d), NaOH con-
centration (Fig. 2e), gold NP concentration (Fig. 2f) and flow rate,
were carefully investigated. The binding of MMI to gold NPs
results in ligand-induced aggregation of gold NPs, which had an
obvious influence on the CL intensity of the luminol-H,0,-gold
NPs system. Therefore, the effect of the reaction time of gold NPs
and MMI was first considered in our CL system. As shown in
Fig. 2(b), the relative CL intensity (Al) increased with prolonged
reaction time, and reached a plateau in 20 min. Therefore, 20 min
was chosen in the following experiments. Furthermore, the
effects of the luminol, H,O, and NaOH concentrations on the
luminol-H,0,-gold NPs CL system were also studied. The opti-
mized values were 6 x 107, 0.1 and 0.01 mol L™, respectively. As a
catalyst of the luminol-H,0, CL system, gold NPs with different
concentrations has an effect on the luminol-H,O,-gold NPs CL
system. The relative CL intensity increased steadily with increas-
ing concentration of gold NPs. Considering the CL intensity and
the consumption of the gold NPs, the concentration of 1.0 x 10~
mol L™ gold NPs was used in this experiment. Finally, the effect of
flow rate was also considered. The relative CL intensity markedly
increased along with the increase of flow rate in the range of
1.3-4.0 mL min~'. However, if the flow rate was more than
4.0 mL min™", the relative CL intensity reduced along with the
increase in the flow rate. Therefore the flow rate of 4.0 mL min™'
was used in this experiment.

Calibration and sensitivity

Under the optimal experimental conditions, a good linear rela-
tionship (R = 0.9931) was observed up to MMI concentrations
ranging from 5.0 X 1078 to 5.0 x 10~° mol L™ and the detection
limit was 1.6 X 108 mol L' (S/N = 3; Fig. 3). The RSD of the pro-
posed method is 4.8% for 11 times determination of 6.0 x 10°°
mol L' MMI under the same conditions. Compared with previous
reports, the proposed method has a higher sensitivity for the
determination of MMI (26,28-32).
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Figure 2.  Effect of MMI (a), reaction time of gold NPs and MMI (b), luminol concentration (c), H,O,

concentration (d), NaOH concentration (e) and gold NP concentration (f) on the reaction of luminol-H,0,
catalyzed by gold NPs.

8004 Table 1. Tolerable concentration ratios with respect to 5.0 x
10 M MMI for some interfering species (<5% error)
:3 600+ Substance Tolerance
g concentration ratio
'z 4001 Na*, K*, NO5~, NH,", SO 1000
g Arginine, aspartic acid 100
= 2004 > Starch 20
Ca?, Mg* 10
04 . . . . . Glucose 5
0 1 2 3 4 5 Cu®, Zn*, Mn%, Cr** 1

MMI concentration (10°° mol L)

Figure 3. Linear calibration plot for methimazole. Conditions: luminol, 6.0 x 10~
mol L™'; H,0,, 0.1 mol L™'; NaOH, 0.01 mol L™"; gold NPs, 1.0 x 10> mol L™; flow rate,
4 mL min~"; reaction time, 20 min; PMT, 600 V. Each data point was repeated five
times.

Interference studies

To evaluate the practical application of the proposed method,
the influence of foreign species was studied under the same con-

ditions by adding appropriate amounts of some foreign species
t0 5.0 x 107 mol L' MMI. A substance was considered to have no
interference if the variation of the CL intensity was within =5%.
The tolerable concentration ratios of foreign species to 5.0 x 10
mol L' of MMI were over 1000-fold for Na*, K*, NOs~, NH4* and
S0,*, 100-fold for arginine and aspartic acid, 20-fold for starch,
10-fold for Ca?" and Mg?*, 5-fold for glucose and 1-fold for Cu?",
Zn*, Mn*" and Cr** (see Table 1). It can be seen that some saline
ions in the reaction system (Na*, K*, NO;~, NH,*, SO,*) did not

wileyonlinelibrary.com/journal/luminescence

Copyright © 2010 John Wiley & Sons, Ltd.

Luminescence 2011; 26: 196-201



Sensing of methimazole using gold nanoparticle-catalyzed chemiluminescence

LUMINESCENCE

The Journal of Biological and Chemical Luminescence

H0, + OH® —> HO, + H,0

O 0
Hl\IJ + OH =
T +
HN. H]L H0
0 NH, 0 NH,

H H
_..-<|)” _____ o HO,'
o G- o —=
H -N |
HN
O NH,

l coo w1/
" gt

425 nm

CcoO”

an
o “,
A\ Y,
Y

NH,

Figure 4. Scheme of a possible reaction mechanism of luminol-H,0,-gold NPs

CL system.

affect the reaction of luminol-H,0, catalyzed by gold NPs, and
commonly used excipients (starch, glucose and Ca?") exhibited
little influence on the determination of MMI. Therefore, the pro-
posed method is suitable for the determination of MMI in phar-
maceutical tablet.

Real sample analysis

Commercially available pharmaceutical tablets and pig serum
samples were chosen to test the proposed method (Table 2).
There were no significant differences between the label contents
and the results obtained by the analysis of the samples. The
results showed that the proposed method was suitable for analy-
sis of pharmaceutical tablet and pig serum sample.
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Figure 5. The UV-vis spectra of gold NPs (a) and a mixture of gold NPs and MMI
(b) (gold NPs, 5.0 x 107> mol L™'; MMI, 1.0 X 10~ mol L™").
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Figure 6. The TEM of gold NPs in the absence (a) and prescence of MMI (b).

Mechanism discussion

The major CL-generating mechanism of luminol-H,0, catalyzed
by gold NPs has been reported by Cui and co-workers (Fig. 4) (8).
Gold NPs as catalyzer could break up the O-O bond of H,0, that
adsorbed on the surface of gold NPs into double HO radicals,
which reacted with luminol anion and HO, to facilitate the
formation of luminol radicals. Therefore, the CL signal of the
reaction of luminol and H,0, increased in the presence of gold
NPs.

When MMl is mixed with gold NPs, the CL intensity of luminol-
H.0, catalyzed by gold NPs was decreased obviously. Moreover,
the wavelengths emitted in the CL reaction luminol-H,0,,
luminol-H,0,-Au NPs and luminol-H,0,-Au NPs-MMI were
425 nm. We deduced that the possible mechanism was as
follows: the binding of gold NPs to MMI resulted in aggregation
of gold NPs, which reduced catalytic activity of gold NPs in the
luminol-H,0, CL system. To confirm our hypothesis, the UV-vis
spectra and TEM of gold NPs were conducted in the presence of
MMI. As shown in Fig. 5, when MMI was mixed with gold NPs, a

Table 2. Results from determination of MMI in pharmaceutical tablets (1-3) and pig serum samples (4 and 5) (n = 5)

Sample Label (mg) Found (mg) Added (mg) Recovered (mg) Recovery (%) RSD (%)
1 10.0 11.7 10.0 214 107.0 3.8%
2 25.0 26.1 25.0 52.1 104.0 4.1%
3 50.0 53.8 50.0 107.4 107.2 3.5%
4 0 0.2 10.0 10.8 106.0 4.6%
5 0 0.2 25.0 26.4 104.8 4.2%
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Figure 7.  Scheme of a possible reaction mechanism of luminol-H,0,-gold NPs—-MMI CL system.

new UV-vis absorption peak of gold NPs appeared at 650 nm.
This indicated that conglomeration of gold NPs may have
occurred. The TEM image of mixtures of gold NPs-MMI also
clearly showed that gold NPs aggregate with short interparticle
distance through the interaction with MMI (Fig. 6). Taking into
consideration adsorption of H,0, on the surface of gold NPs, we
can deduce there must be competitive adsorption on the surface
of gold NPs between MMI and H,0,, which leads to a decrease in
catalytic activity of gold NPs (Fig. 7). In addition, the direct con-
sumption of H,O, by MMI may be another matter, resulting in CL
inhibition. Therefore, the CL intensity of the reaction of luminol-
H,0, catalyzed by gold NPs was decreased in the presence of
MMIL.

Conclusions

A novel method for the determination of MMI was developed
based on the reaction of luminol-H,0, catalyzed by gold NPs.
Under the optimum conditions, the detection limit was 1.6 x 1078
mol L™ (S/N = 3). Utilizing the method, the MMI content in phar-
maceutical tablets and pig serum samples was determined with
reasonable selectivity and sensitivity. The CL method proposed
here is relatively simple and shows higher sensitivity.
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