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Abstract
A sensitive method based on gold nanoparticle-enhanced capillary electrophoresis-
chemiluminescence detection was developed for quantifying uric acid in serum. In this work, gold
nanoparticles were added into the running buffer of capillary electrophoresis to catalyze the post-
column chemiluminescence reaction between luminol and hydrogen peroxide, achieving highly
efficient chemiluminescence emission. Negative peaks were produced due to the inhibitory effects
on chemiluminescence emission from uric acid eluted from the electrophoretic capillary. The
decrease in chemiluminescence intensity was proportional to the concentration of uric acid in the
range of 2.5 × 10−7 ~ 1.0 × 10−5 M. Detection limit was 4.6 × 10−8 M uric acid. Ten human serum
samples were analyzed by the presented method. Serum level of uric acid was found to be in the
range from 204 to 324 μM for healthy subjects (n=5), and from 464 to 497 μM for diabetic
patients (n=5). The two groups were significantly different (p < 0.05). The results suggested a
potential application of the proposed assay in rapid primary diagnosis of diseases such as diabetes.
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1. Introduction
Uric acid (UA) is a primary end product of purine metabolism. Abnormal levels of UA in
human serum and urine are related to several medical conditions such as gout,
hyperuricaemia, pneumonia, kidney damage, cardiovascular diseases, and Lesch–Nyhan
syndrome [1–5]. A recently study also suggested that serum UA was a strong and
independent risk factor for type 2 diabetes [6]. Therefore, quantification of UA in human
serum is highly significant for early diagnoses of these diseases.

Methods based on high-performance liquid chromatography (HPLC) [7–9],
spectrofluorometry [10], enzymatic assay [11–13], electrochemical methods [14,15] and
capillary electrophoresis electrochemical detection (CE-ED) [16,17] have been developed
for UA determination in biological specimens. Each technique has its own advantages and
disadvantages. Enzymatic methods are attractive due to their high level of selectivity, but
this methodology is inherently expensive and poor in reproducibility. Electrochemical
methods for the determination of UA are less expensive and less time-consuming than the
other methods. However, a major problem of the electrochemical technique is the
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interference from other electroactive compounds. HPLC methods usually offer a good
selectivity, but they have shortcomings including long analysis time. CE is increasingly
recognized as an important analytical separation technique. The advantages of CE include
short analysis times, high resolution, and the compatibility of very small sample volumes.
However, a CE-based method usually requires a highly sensitive detection scheme because
only a very minute amount of the sample is injected for analysis.

Nanoparticles (NPs) have found widespread applications in the fields of electronics,
catalysis, and biosensors in recent years [18]. Use of NPs to enhance chemical analysis is
also gaining research interest. NPs were used as adsorbents to extract/enrich analytes from
sample matrices for subsequent MALDI-MS [19] and HPLC-MS [20] analyses. By using
gold nanoparticles (AuNPs)-filled capillaries, CE separations were significantly improved
[21]. In the work, AuNPs were added to the CE running buffer. They functioned as pseudo-
stationary phase, thus improving the separation efficiency and reproducibility for acidic and
basic proteins. It has been know for long that Au3+ catalyzes luminol chemiluminescence
(CL) reaction. However, AuNPs were found displaying far stronger catalytic activity on
luminol CL than Au(III) did [22]. Certain organic compounds containing OH, NH2, and SH
groups were observed to inhibit the CL signal of the luminol-H2O2-gold colloids system,
promising a sensitive CL determination of these compounds. In situ CL detection of DNA
and immunoassay of IgG based on AuNP-catalyzed luminol CL reaction was also reported
[23]. We recently reported the first study on AuNP-enhanced CE-CL technique and its
analytical potentials [24].

The present study aimed at the biomedical/clinical applications of the highly selective and
sensitive AuNP-enhanced CE-CL analytical technique. It is believed that UA levels in
physiological fluids are related to certain medical conditions such as diabetes. It was found
that trace UA inhibited AuNP-catalyzed luminol-H2O2 CL emission, which led to the
development of a novel CE-CL assay of UA in human serum. AuNPs added into running
buffer not only enhanced the sensitivity of the detection, but also improved the detection
selectivity as only a few components present in the serum matrix produced CE-CL signals.
The present AuNP-enhanced CE-CL assay was used to determine UA level in human serum
samples taken from healthy subjects and diabetic patients. Significantly different UA levels
were found for the two groups. The results suggested a potential application of the proposed
assay in rapid primary diagnosis of diabetes.

2. Experimental
2.1 Reagents and apparatus

UA and Luminol were obtained from Sigma (St. Louis, MO, USA). Hydrogen peroxide
(H2O2) was obtained from Taopu Chemicals (Shanghai, China), Chlorauric acid
(HAuCl4·4H2O) was obtained from National Pharmaceutical Group Chemical Reagents
Company (Beijing, China). All other chemicals used in this work were of analytical grade.
Water was purified by employing a Milli-Q plus 185 equip from Millipore (Bedford, MA,
USA), and used throughout the work. AuNPs approximately 38 nm in diameter were
prepared by the trisodium citrate procedure [25]. The electrophoretic buffer was 12 mM
Na2HPO4 buffer (pH 9.3, adjusted with 1M NaOH solution) containing 0.12 mM AuNPs
(expressed as HAuCl4 mM) and 0.2 mM luminol. The post-column oxidizer solution was 3
mM NaOH solution containing 35 mM H2O2. The stock solution of UA was prepared in 10
mM NaOH solution. All solutions were filtered through 0.45 μm membrane filters before
use.

Determination of UA was carried out by using a laboratory-built CE-CL system described
previously [24,26]. Briefly, a high-voltage supply (0–30 kV, Beijing Cailu Science
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Instrument, Beijing, China) was used to drive the electrophoresis. Uncoated fused silica
capillaries (55 cm × 75 μm id, Hebei Optical Fiber, China) were used for the separation. The
polyimide on the 5-cm end section of the capillary was burned and removed. After etching
with 10% hydrogen fluoride (HF) for 1 h, this end of capillary was inserted into the reaction
capillary (320 μm id, Hebei Optical Fiber). A four-way Plexiglass joint held a separation
capillary and a reaction capillary in place. The CL solution was siphoned into a tee. The
grounding electrode was put in one joint of the tee. The CL solution flowed down to the
detection window, which was made by burning 2 cm of the polyimide of the reaction
capillary and was placed in front of the photomultiplier tube (PMT, R374 equipped with a
C1556-50 DA-type socket assembly, Hamamatsu, Shizuoka, Japan). CL emission was
collected by a PMT and was recorded and processed with a computer using a CT-21
Chromatography Data System (Beijing Cailu Science Instrument Company, Beijing, China).

2.2 Preparation of human serum samples
Human blood samples were centrifuged at 2000 rpm for 15 min to obtain serumsamples.
These samples were stored at −20 °C until analysis. A 200-μL portion of a serum sample
was diluted with 400 μL of acetonitrile and shaken vigorously for 5 min to precipitate out
proteins. After centrifuging at 12,000 rpm for 20 min, the supernatant was transferred into
an 1.0-ml vial and dried with a N2 stream. The residue was re-dissolved in 200 μL of water.
The solution was thoroughly vortexed and then diluted 100 times with the CE running buffer
before being injected into the CE-CL system.

2.3 CE-CL assay
New capillary was preconditioned by flushing with 1 M NaOH solution for 30 min before its
first use. Between two consecutive injections, the capillary was rinsed sequentially with 100
mM NaOH solution, water and running buffer for 2 min each. The reaction capillary was
rinsed with oxidation reagent solution for 2 min. Samples were injected into the capillary by
hydrodynamic flow at a height differential of 20 cm for 10 s. Running voltage was 20 kV.
Electrophoresis running buffer was 12 mM Na2HPO4 buffer (pH 9.3) containing 0.12 mM
AuNP and 0.2 mM luminol. The oxidizer solution was 3 mM NaOH solution containing 35
mM H2O2.

3. Results and discussion
3.1 CL reaction between luminol and hydrogen peroxide in the presence of AuNPs and uric
acid

It was found that AuNPs catalyzed the CL reaction between luminol and H2O2, and that UA
displayed an inhibitory effect on the catalyzed CL emission. CL inhibition resulted in an
inverted CE-CL peak as shown in Fig. 1. The degree of CL suppression was proportional to
UA concentration, which formed the basis for UA quantification. To maximize the
sensitivity of UA assay, the effects of luminol, H2O2, AuNPs, and NaOH concentrations on
the CL inhibitory signal were investigated. In these experiments, a 4.0 × 10−6 M of UA
solution was injected into the CE-CL system, and then the CL intensity was recorded. It was
noticed that AuNPs had to be added to the CE running buffer instead of to the post-column
introduced oxidizing reagent solution in order to observe enhanced CL emission. This
suggested that binding of luminol molecules to AuNPs prior to their reaction with the
oxidizing agent was essential for CL enhancement. Concentration of AuNPs in the running
buffer also affected CL emission. AuNPs at a concentration in the range from 110 to 130
mM increased CL emission by a factor of > 20 compared with AuNPs at a concentration
below 50 mM. The influence of luminol concentration (from 2.0 × 10−5 to 4.0 × 10−4 M) on
the CE-CL signal was studied while keeping H2O2 concentration at 35 mM, phosphate
concentration at 12 mM, and NaOH concentration at 3 mM. It was found that the
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background signal increased tremendously with the increase in luminol concentration. UA
inhibited the CL emission resulting in a negative peak. The peak height also increased
slightly with the increase of luminol concentration. However, a higher baseline noise was
observed when the concentration was higher than 2.0 × 10−4 M. It was, therefore, chosen for
further experiments. Changing the concentration of H2O2 from 10 to 50 mM, it was
observed that the relative height of UA peak increased first and then decreased. The
maximum signal was obtained when the concentration was 35 mM. In the presence of
AuNPs, luminol reacted with H2O2 emitting CL in alkaline solutions. Therefore, a NaOH
solution was selected as the CL reaction medium. The effects of NaOH concentration on the
analysis of UA were investigated by varying NaOH concentration from 0.5 mM to10 mM.
Maximum peak height was recorded when the concentration of NaOH was at 2 mM or
above.

3.2 Analytical figures of merit
Under the selected CE-CL conditions, 5-point calibration curves were prepared by using UA
standard solutions ranging from 2.0 × 10−7 to 1.0 × 10−5 M. Linear regression resulted in
the following regression equation: H=2.54746 × 105 C + 0.0842 (r2 = 0.9971), where H was
peak height (mV) and C was the UA concentration in M. The detection limit was calculated
to be 4.0 × 10−8 M (signal/noise = 3). It is worth noting that compared with the previously
reported methods for UA quantification, the present method was one of the most sensitive
methods (see Table 1). Reproducibility was investigated by analyzing a standard solution of
UA at 4.0 × 10−6 M six times. The relative standard deviation (RSD) in peak height was
found to be 3.8%.

3.3 Quantification of UA in human serum samples
Ten samples, five from healthy subjects and five from diabetic patients, were analyzed. A
typical electropherogram from these analyses is shown as trace 1 in Figure 2. As can be
seen, the electropherogram was relatively simple with only four peaks. Considering many
endogenous components in this sample matrix including amino acids and biogenic amines
could affect luminol-H2O2 CL emission, these results indicated that AuNPs enhanced CL
detection offered an improved selectivity. The proposed CE-CL assay of UA was highly
selective and also quick with a run time of < 6 min. The analytical results are summarized in
Table 2 and 3. Recovery of UA from these samples was studied. UA was spiked to each
sample analyzed. Fig. 2 (trace 2) shows the electropherogram obtained from a serum sample
spiked with UA. The recovery results (shown in Table 2 and 3) were in the range of 94–105
%. The UA level in the serum samples from healthy subjects was found be in the range of
204 ~ 324 μM. However, it was found in the range from 464 ~ 497 μM for diabetic patients.
Varian analysis with the Student-Newman-Kleuls test showed a significance difference in
serum UA level between the two groups (P < 0.05).

4. Concluding remarks
In the present work, a new method based on AuNP-enhanced CE-CL technique was
developed for the determination of UA in serum samples. AuNPs were added into the
running buffer of CE to catalyze the post-column chemiluminescence reaction between
luminol and hydrogen peroxide, achieving highly efficient chemiluminescence emission.
The presence of AuNPs not only enhanced the sensitivity of the detection, but also improved
the selectivity as only a few endogenous components in the serum sample matrix produced
CE-CL signals. Sample analyses carried out in this work showed that serum UA level for
diabetic patients was significantly different from that for healthy subjects. These results
indicated that the CE-CL assay proposed in this work was promising as a diagnostic tool for
certain diseases such as diabetes.
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Figure 1.
Analysis of a standard UA solution at 4.0×10−6 M. Electrophoresis running buffer was 12
mM Na2HPO4 buffer at pH 9.3 containing 0.12 mM AuNPs and 0.2 mM luminol; oxidizer
solution was 3 mM NaOH solution containing 35 mM H2O2; separation capillary was 50 cm
× 75 μm id; voltage applied was 20 kV.
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Figure 2.
Electropherograms obtained from the separation of a human serum sample (trace 1) and the
sample spiked with UA at 1.5 × 10−6 M (trace 2). CE-CL conditions were as in Figure 1.

Zhao et al. Page 8

Electrophoresis. Author manuscript; available in PMC 2010 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhao et al. Page 9

Table 1

Comparison of UA assays

Method* Linear range (M) Detection limit (M) Sample type Reference

CE-ED 5.0×10−7 ~ 5.0×10−4 3.3×10−7 Human saliva Guan et al (17)

HPLC-UV NA 3.7×10−7 Human urine Zuo et al (27)

HPLC-MS NA 9.5×10−8 Human serum Dai et al (28)

Electrochemistry 1.0×10−6 ~ 5.0×10−4 1.0×10−7 Human urine Fang et al (29)

Electrochemistry 1.0×10−6 ~ 3.2×10−5 1.0×10−7 Human urine Huang et al (30)

CE-CL 2.0×10−7 ~ 1.0×10−5 4.0×10−8 Human serum This work

NA: not available.
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