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h i g h l i g h t s

� A new platform for the visual
detection of entecavir was realized
through their interaction with citrate-
capped AgNPs.
� The concentration of entecavir could

be determined with naked eye or UV–
vis spectrometer.
� This method was simple and fast,

with good selectivity and sensitivity.
� The proposed method was used to

on-site screening of entecavir in
human urine samples.
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a b s t r a c t

A simple, rapid, field-portable colorimetric method for the detection of entecavir was proposed based on
the color change caused by the aggregation of silver nanoparticles. Neutralization of the electrostatic
repulsion from each silver nanoparticle resulted in the aggregation of AgNPs and a consequent color
change of AgNPs from yellow to wine-red, which provided a platform for rapid and field-portable
colorimetric detection of entecavir. The concentration of entecavir could be determined with naked
eye or UV–vis spectrometer. The proposed method can be used to detect entecavir in human urine with
a detection limit of 1.51 lg mL�1, within 25 min by naked eye observation without the aid of any
advanced instrument or complex pretreatment. Results from UV–vis spectra showed that the absorption
ratio was linear with the concentration of entecavir in the range of 5.04–25.2 lg mL�1 and 1.01–
5.04 lg mL�1 with linear coefficients of 0.9907 and 0.9955, respectively. The selectivity of AgNPs detec-
tion system for entecavir is excellent comparing with other ions and analytes. Due to its rapid, visible
color changes, and excellent selectivity, the AgNPs synthesized in this study are suitable to be applied
to on-site screening of entecavir in human urine.

� 2014 Elsevier B.V. All rights reserved.

Introduction

Hepatitis B virus (HBV) is a deoxyribonucleic acid (DNA) virus
that produces both acute and chronic infection of the liver in hu-
mans, HBV infection is a major global health concern [1,2]. Enteca-
vir which is a novel antiviral agent used in the treatment of HBV, is
a guanosine nucleoside analog with selective activity against the
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HBV. It selectively inhibits the HBV, by blocking all three steps in
the replication process. Moreover, entecavir suppresses HBV repli-
cation more rapidly and effectively than lamivudine or adefovir in
compensated patients and has less resistance in chronic therapy
[3,4]. The quantification of entecavir is usually required in clinic
medical assay.

In recent years, analytical methods for the detection of
entecavir have been established including reversed phase high
performance liquid chromatography (RP-HPLC), liquid chromatog-
raphy–electrospray ionization–tandem mass spectrometry (LC–
ESI-MS/MS) [5], liquid chromatography coupled to tandem mass
spectrometry (LC–MS/MS) [6,7], hydrophilic interaction chroma-
tography-ultra-high-performance liquid chromatography tandem
mass spectrometry (HILIC-UHPLC-MS/MS) [8]. These methods
have advantages of high sensitivity and selectivity, but most of
them demand expensive instruments and time-consuming purifi-
cation, preconcentration, derivatization of the analyte by tedious
traditional isolation procedures, making it difficult for on-site
and real-time determination of entecavir. Therefore, it is desirable
to develop a simple, rapid, and field-portable method for the detec-
tion of entecavir.

Recently, many colorimetric assay methods for detection of
heavy metal ions based on gold or silver nanoparticles have been
reported [9–11]. The major advantage of Au/AgNP-based assays
is that the molecular recognition events can be transformed into
color changes, which can be observed by the naked eye, therefore
sophisticated instruments are not required. However, AgNPs have
shown some unique characters and advantages over AuNPs to a
certain degree since they possess much higher extinction coeffi-
cients than AuNPs of the same size. When the silver nanoparticles
approach each other and aggregate, the color of the AgNPs changes
from yellow to red [12,13]. A lot of colorimetric sensors have been
established for detection of metal ions [9,14], small molecular
[15–19], proteins [20–22], chiral compounds [13,23,24] and bio-
logical applications [7,21,25]. AgNPs have attracted great interests
as a colorimetric probe, which can directly detect analytes by
monitoring the color change, using UV–vis spectroscopy, or even
with naked eyes. Apparently, nearly no complicated instruments
are involved in the detection procedures. A large number of
researchers have started to explore small molecular detection
method based on gold or silver nanoparticles.

In this study, a simple, economical and field-portable visual
method for the detection of entacavir was developed. The method
is based on a rapid color change from yellow to wine-red when
label-free AgNPs is mixed with entecavir. Citrate-capped AgNPs
have electronegative charged surface exhibiting yellow color for
the plasmon resonance absorption. However, the presence of
positive charged entecavir would induce the aggregation of AgNPs
owing to the electrostatic attraction, causing a color change of
AgNPs suspension. Therefore, the selective colorimetric detection
of entecavir can be established by visualizing the color of AgNPs
suspension by naked eye without any equipment. To our knowl-
edge, although there are some reports of quantification of entecavir
in human plasma or human urine, this work represents the first at-
tempt of on-site screening of entecavir in human urine.

Materials and methods

Chemical and reagents

A 29.5 lg mL�1 stock solution of the entecavir was prepared by
directly dissolving the commercially purchased from Sinopharm
Chemical Reagent Co., Ltd. (Shanghai, China) product into super-
purified water (18.2 MX). Silver nitrate (AgNO3 P99.8%) was ob-
tained from Nanjing Chemical Reagent Co., Ltd. (Nanjing, China).

Sodium borohydride (NaBH4 P96.0%) was purchased from Sinop-
harm Chemical Reagent Co., Ltd. (Shanghai, China). Sodium citrate
was purchased from Shanghai Rongrun Chemical Reagent Co., Ltd.
(Shanghai, China). All chemicals used were of analytical reagent
grade without further purification, and solutions were prepared
with Milli-Q-purified distilled water.

Apparatus

Surface Plasmon resonance (SPR) absorption data of Ultraviolet
and visible spectrophotometer (UV–vis) were performed using a
Shimadzu UV-1800 spectrophotometer (Shimadzu, Japan)
equipped with 1.0 cm quartz cells. All pH measurements were han-
dled with a pHS-25 digital pH-meter (Shanghai Wei Ye Instrument
Factory, China). Transmission electron microscope (TEM) was used
to characterize AgNPs.

Preparation of citrate-stabilized AgNPs

All the glassware used in the experiment was soaked in aqua re-
gia and rinsed thoroughly with Milli-Q water and dried in air prior
to use. AgNPs were synthesized according to previous method [26].
Briefly, 25 mL AgNO3 solution (1.0 mM) was added dropwise into
75 mL NaBH4 solution (2.0 mM) under vigorous stirring. Ten
minutes later, 5 mL 1% (w/w) sodium citrate aqueous solution
was added to stabilize the colloid. The colloid was stirred for an-
other 20 min and then left for 2 days at 4 �C. Finally, AgNPs were
washed by deionized water and centrifuged for three times to re-
move the excess sodium citrate. At last, AgNPs were dispersed in
100 mL water for further investigation. The size of AgNPs was
about 22 nm and the concentration was 1.15 nM. AgNPs were also
quantified using a molar extinction coefficient of e = 3.35 �
109 M�1cm�1.

Detection of entecavir

For detection of entecavir using AgNPs suspension, typically,
0.4 mL AgNPs dispersion was added into a mixture of 1 mL enteca-
vir aqueous solution and 0.5 mL of Britton–Robinson buffer solu-
tion (pH � 3.78). Then the total volume of the mixture was
1.9 mL. Finally, the mixture was maintained at room temperature
for five minutes, and then the color changed from yellow to
wine-red gradually. Then the solution was transferred into a
1 cm optical quartz cell for the measurements of the UV–vis
absorption on UV–vis spectrophotometer. The photographs were
captured with a digital camera 25 min later.

Results and discussion

Mechanism of the colorimetric sensor

Typically, colloidal solution of sliver nanoparticles is yellow ow-
ing to its SPR absorption band extended from 400 to 600 nm. The
SPR band is not only dependent on the size of the particle and
the refractive index of the surrounding media, but also gets signif-
icant changes with shape, and inter-particle distance. If aggrega-
tion of AgNPs gets accrued, the SPR absorption band would
change obviously for the decreasing of inter-particles distance,
causing color change of AgNPs solution. It was reported that the
AgNPs in aqueous solution can be stabilized by coating with nega-
tive-charged citrate ions [27].

The reasons for the aggregation of AgNPs were also investigated
in this paper. It was found that the citrate-capped AgNPs prepared
in this study are electronegative charged, and dispersed from each
other symmetrically by the electrostatic repulsion of each
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