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KEYWORDS Abstract The abuse and contamination of antibiotics have long been a hot issue of global concern.
Green-synthesis; On the basis of inner filter effect (IFE), this article established the fluorescence detection system of a
IFE: mixture of Rutin-AuNPs and 7-hydroxycoumarin, realizing the rapid and sensitive detection of eti-
Etimicin; micin. The system was also successfully applied to actual samples through a smartphone sensing
Smartphone sensing platform. Due to the antioxidant property of rutin, Rutin-AuNPs were green synthesized with uni-
platform form particle size, good monodispersity, and favorable stability. As a good fluorescent quencher,
Rutin-AuNPs could effectively quench the fluorescence of 7-hydroxycoumarin based on IFE with
a quenching percent of 89.81 %. However, etimicin could bind tightly to the surface of Rutin-
AuNPs through charge attraction, Au-N bond, and affinity between sugars, leading to the replace-
ment of 7-hydroxycoumarin. In addition, one or more of the above effects caused aggregation of
Rutin-AuNPs, leading to fluorescence recovery rapidly. A linear response between the fluorescence
system and etimicin was reasonably established with detection limits as low as 0.12 pM. This system
was successfully applied to real sample detection. Moreover, the great potential smartphone sensing
platform was also built for practical application owing to its advantages of digitalization and porta-

bility.
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1. Introduction

Etimicin, a semi-synthetic water-soluble aminoglycoside antibiotic, has
good effects on the upper respiratory tract, urinary tract, skin, and tis-
sue infection caused by the gram, which can also strengthen the advan-
tages of other aminoglycoside antibiotics (Li et al., 2020; Li et al.,
2017; Hayasaki and Sato, 2014). Though etimicin appears to work well
in combination or alone, it is also associated with many side effects
such as nephrotoxicity, ototoxicity, hepatotoxicity, polymorphic ery-
thema, anaphylaxis, and hyperthermia. Especially for ototoxicity and
nephrotoxicity, these adverse reactions would be greatly enhanced by
the combination of drugs which should not be ignored. Under the
guidelines for rational use of drugs, it is necessary and urgent to mon-
itor the occurrence of adverse drug reactions (Zhuang and Zhang,
2010; Shao et al., 2021). As the side effects of etimicin are closely
related to dosage, it is of great importance to developing efficient ana-
Iytical methods. However, there were few methods for etimicin deter-
mination and most of them were high-performance liquid
chromatography (HPLC). Despite those instrumental methods having
the advantages of sensitivity and accuracy, they suffer from the draw-
backs of high cost, complex pre-treatment, and failure to realize real-
time online detection due to the particularity of large instruments (Cui
et al., 2014; Yuan et al., 2012; Li et al., 2014; Xi et al., 2006; Yao et al.,
2017; Wang et al., 2010). It is therefore essential to develop a fast, sim-
ple strategy with high sensitivity that also has the advantages of con-
venience and portability.

The fluorescence-based methods have been broadly used in analyt-
ical and bioanalytical applications due to their high sensitivity, conve-
nient signal transduction, simple operation, rapid response, and easy
application (Chen et al., 2020; Elahi et al., 2019; Kaur et al., 2019;
Min et al., 2022; Yin et al., 2022; Wang et al., 2019; Wang et al.,
2022). Mehdi Rahimi et al. constructed a potassium ion optode based
on carbon quantum dot fluorescence quenching (Rahimi et al., 2019).
Mohamad Mahanil et al. designed a novel oligosensor was designed
using Si quantum dots (SiQDs) for the detection of miRNAs
(Mahani et al., 2022). Mohamad Mahanil et al. designed and fabri-
cated an annexin V-based probe for real-time fluorescence imaging
of apoptotic cells using carbon quantum dots as highly stable and bio-
compatible fluorescent crystals (Mahani et al., 2022). The mechanisms
for fluorescence quenching are mainly Forster resonance energy trans-
fer (FRET) and inner filter effect (IFE) (Shen et al., 2022). In general,
FRET requires a spectral overlap between the emission of the fluores-
cent donor and the absorption of the quencher and a distance between
the fluorescent donor and the quencher in the range of 1-10 nm. In
addition, the donor-quencher distance at FRET efficiency n = 50 %
is referred to as the Forster distance Ry, which is positively correlated
with the fluorescence quantum yield of the donor (), the dipole orien-
tation factor of the donor and quencher (k), the refractive index of the
test medium (n), and the spectral overlap integral of donor emission
and quencher absorption (J). In contrast, IFE describes the absorption
spectrum of the quencher/acceptor overlapping with the emission and/
or excitation spectrum of the fluorescent donor. IFE only needs to sat-
isfy the overlap of the emission spectra of the fluorescent donor and
the quencher (Xiong et al., 2022; Sajwan and Solanki, 2022; Wang
et al., 2018; Sajwan et al., 2021; Pezhhan et al., 2020). It more effec-
tively converts the absorbance response into a fluorescence intensity
change, thus helping to improve the detection sensitivity simply. As
the excitation wavelength increases, the donor molecule is excited
and enters a higher energy state, and after some time, when it returns
to a lower energy (ground) state, additional energy is emitted in the
form of photons. The light emitted by the donor is then absorbed by
the quencher/acceptor molecule and reduces the fluorescence intensity
of the donor molecule. To design an IFE-based fluorescence detection
system, a fluorescent donor and a quencher are required. Gold
nanoparticles (AuNPs) refer to gold particles with particle sizes rang-
ing from 1 to 100 nm (Cerf and Vieu, 2009). Owing to the special prop-

erty of Localized Surface Plasmon Resonance (LSPR), AuNPs
exhibited unique optical characteristics widely used in the analytical
application. LSPR is an attractive optical characteristic of some metal
nanoparticles that arises from the resonance of the collective oscilla-
tion of the conduction electrons in the noble metal nanoparticles such
as gold and silver with the incident photon frequency (Jia et al., 2018;
Salahvarzi et al., 2017; Mahani et al., 2021; Mahani et al., 2021; Kim
et al., 2018). In view of the high extinction coefficient and strong LSPR
absorption centered at 528 nm, the AuNPs are reasonably considered
to be a good quencher instead of traditional organic dyes in fluores-
cence detection (Li et al., 2016). This makes it possible to quench flu-
orescence by the principle of internal filtration effect (IFE).

As far as known, many physical and chemical methods can be used
to prepare AuNPs (Khalaf et al., 2021; Trotsiuk et al., 2020). Gener-
ally, the physical method is to directly convert massive metal gold into
nano gold according to various dispersion technologies (Hameed,
2021). The chemical method is to chemically reduce chloroauric acid
into gold atoms, which would further aggregate to form AuNPs
(JyothiKumar et al., 2019). For environmental safety and human
health, many green synthesis methods have also attracted great atten-
tion (Singh et al. (2021), Kumari and Meena (2020), Sarkar et al.
(2021), Susan Punnoose et al., 2021; Wahid et al., 2022). These meth-
ods make full use of proteins, plants, microorganisms, and bacteria, in
which natural products were most widely used (Kunoh et al., 2017;
Kumari and Meena, 2020; Brumbaugh et al., 2014; Dong et al.,
2017). Plants are rich in natural active ingredients such as flavonoids,
alkaloids, volatile oils, terpenoids, and sugars (Fouda et al., 2020;
Wang et al., 2014; Zha et al., 2017). Thus, they can not only act as
reducing agents and stabilizers during the synthesis of AuNPs but also
act as a modifier to functionalize the surface of AuNPs (Odeniyi et al.,
2020; Amjadi et al., 2021). Rutin (Rutin), is a natural flavonoid gly-
coside, which belongs to flavonol glycosomes widely existing in plants.
It widely exists in plants and has the effects of anti-inflammatory, anti-
oxidation, anti-allergy, and anti-virus, especially antioxidant proper-
ties (Lins et al., 2021; Semwal et al., 2021; Vimalraj et al., 2021; En-
Nakra et al., 2021; Pechyen et al., 2021). It has strong reducibility
owing to the abundant hydroxyl groups in the chemical structure.
Though many natural products such as green tea, fruit peel, and
kaempferia parviflora rhizome extract have been used for the green
synthesis of AuNPs (Prema et al., 2022; Anwar et al., 2021; Jiang
et al., 2022), their crude extract has the disadvantages of complexity
and diversity in ingredients. This may be the main problem existing
in a green synthesis that the complex components in crude extract hin-
der the exploration of the reaction mechanism. For the above reason,
the flavonoid monomer compound of rutin was considered, which
greatly facilitated the exploration of mechanisms both in green synthe-
sis and testing.

In this study, Rutin-AuNPs were green synthesized with an average
size of about 19 nm and a characteristic absorption peak of 528 nm. It
was found that when excited at 340 nm, the emission spectrum of 7-
hydroxycoumarin at 458 nm overlapped with a large part of the
absorption spectrum of Rutin- AuNPs at 528 nm. Thus, 7-
hydroxycoumarin could be well quenched by Rutin-AuNPs based on
IFE. However, etimicin would strongly interact with Rutin-AuNPs,
resulting in the recovery of fluorescence. Therefore, the presumed
mechanism of action between Rutin-AuNPs and etimicin was as fol-
lows: 1) Rutin contains four phenolic hydroxyl groups, which are
acidic and partially negatively charged (Vagish et al. (2021),
Martinez and Iverson (2012), Li et al. (2022), Vimalraj et al., 2021;
Liet al., 2010), so Rutin-AuNPs synthesized from rutin are also acidic.
Etimicin contains amino groups (Xi et al., 2006), which are basic and
positively charged. The two interacted by electrostatic force. 2) There
were also sites on the surface of Rutin-AuNPs that were not bound by
7-hydroxycoumarin and etimicin was bound to the surface of Rutin-
AuNPs via Ag-N bonds (Chen et al., 2022). 3) Rutin is a flavonoid gly-
coside (Wang et al., 2014), whereas etimicin belongs to the aminogly-
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coside class (Yang et al., 2019). There might be an affinity between the
two similar to that between sugars. One or more of the above mecha-
nisms acted together, resulting in massive clustering of Rutin-AuNPs,
with 7-hydroxycoumarin being competitively replaced. Etimicin was
bound to the surface of Rutin-AulNPs. The established system was also
successfully applied for real sample detection. Furthermore, it was
worth noting that the smartphone sensing platform has been favored
in a variety of inspection areas owing to its portability and practicality
(Yang et al., 2021; Yuan et al., 2021). The relevant image software on
the smartphone allows the conversion of color information into data
information that greatly facilitates the quantification of colorimetric
detection (Xu et al., 2016). This article established the smartphone
sensing platform to realize real sample detection. The color recognizer
acquired images taken under a 365 nm UV lamp and converted image
information into digital information, building a linear relationship
between target and data. Such a smartphone platform emerging in
recent years has great potential in the analysis and testing field.

2. Experimental

2.1. Materials

HAuCly-3H,0 was purchased from Sigma Aldrich Trading
Co., Itd (Shanghai, China). 7-Hydroxycoumarin was pur-
chased from Macklin Biochemical Co., Itd (Shanghai, China).
Etimicin was purchased from Gaojiaoyan Technology Co., Itd
(Beijing, China). Rutin was purchased from Yuanye Biotech-
nology Co., Itd (Shanghai, China). All the experimental solu-
tions were prepared with ultrapure water.

2.2. Stability study

100 uL, 10 % chloroauric acid solution was dissolved in 20 ml
water. It was stirred and heated to 70 C. 0.002 g of rutin was
dissolved in 5 ml of water and added to the chloroauric acid
solution with rapid stirring at once. During the reaction, the
color of the solution gradually changed from light yellow to
purplish red. The whole reaction was stirred and heated for
10 min. The particle size of Rutin-AuNPs was about 15 nm
and the characteristic absorption wavelength was 528 nm.
The molar concentration of Rutin-AuNPs was measured to
be 1.15 nM by UV-visible spectroscopy using the molar
extinction coefficients at the wavelength of the maximum
absorption of gold colloid as reported previously [e;s
(s28nm) = 3.6 x 10% em™" M™'] (Xu et al., 2016).

The effects of different external environments on the stabil-
ity of Rutin-AuNPs were studied. The effect of pH from 1 to
14 was investigated. The pH of the solution was adjusted with
0.5 M NaOH and 0.5 M HCI. The effect of 20 °C to 90 °C on
Rutin-AuNPs was investigated. The effects of 10, 20, 30, 40,
and 50 min on the stability of Rutin-AuNPs were determined.
The color change of Rutin AuNPs solution was observed and
the UV absorption spectrum was monitored.

2.3. The quenching mechanism of 7-Hydroxycoumarin by Rutin-
AuNPs

In this section, the optimum concentration and mechanism of
Rutin-AuNPs quenching 7-hydroxycoumarin were studied.
0,100, 200, 300, 400, 450,500, 600 pL. Rutin-AuNPs were
Added to 30 uLL 7-hydroxycoumarin solution. The fluorescence
color change and fluorescence spectrum were recorded.

2.4. Stability of Rutin-AuNPs and 7-Hydroxycoumarin mixture

The pH of the mixture of Rutin-AuNPs and 7-
hydroxycoumarin was adjusted from 1 to 14 with 0.5 M NaOH
and 0.5 M HCl to study the effect of environmental changes on
fluorescence stability. Changes in fluorescence of Rutin-
AuNPs and 7-Hydroxycoumarin mixture in the range of
20 °C to 90 °C were examined to investigate the effect. The
effect of time was examined by detecting the fluorescence
intensity at 10, 20, 30, 40, 50, and 60 min. Then, Rutin-
AuNPs and 7-Hydroxycoumarin mixture with different salt
concentrations (increasing from 50 nM to 200 nM) were pre-
pared for the assay. The effect of the external environment
on the fluorescence stability was analyzed by UV lamp and flu-
orescence emission spectrum.

2.5. Fluorescence detection for etimicin

Etimicin at concentrations of 0.20 nM, 0.41 nM, 0.61 nM,
0.82 nM and 1.02 nM was mixed with 480 pL Rutin-AuNPs
and 7-Hydroxycoumarin mixture. The fluorescence spectra
were measured at an excitation wavelength of 340 nm and
an emission wavelength of 458 nm. F and F, were the fluores-
cence intensities in the presence and absence of etimicin,
respectively. A calibration curve for the fluorescence recovery
rate was established and monitored by [(F - Fg)/Fo].

2.6. Selectivity

Added 10 pL sample to 480 pL Rutin-AuNPs and 7-
hydroxycoumarin mixture, ensuring the final concentration
was 7.34 nM for all tested substances. The detection method
was the same as above.

2.7. Real samples detection via fluorospectrophotometer and
smartphones

Human urines, pears, and tomatoes samples were pretreated
depending on the usual procedure with minor modifications.
Briefly, samples were centrifuged for 10 min at 14,000 rpm.
The supernatant was filtered through a 0.22 pm membrane.
Urine samples, serum samples, tomato samples, and pear
samples were diluted 20 times, 20 times, 30 times, and 20
times respectively. Then a concentration of etimicin was
added to each of the treated substrate samples. The whole
pretreatment procedure was very simple more than ten min-
utes. The four samples were treated in the same way. Real
samples of a certain concentration of etimicin were prepared
and tested.

The smartphone was used as a portable analytical instru-
ment for the on-site testing of etimicin. It was used to analyze
the real samples by image capture and color output function.
The images of the samples were captured by the smartphone
camera under UV light. The color of the image was analyzed
by the color analyzer software on the phone. And the color
of the images was converted into data (RGB values). A cali-
bration curve of R + G + B versus the concentration of eti-
micin in the real sample was established.
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3. Results and discussion

3.1. Synthesis of Rutin-AuNPs

Scheme.1 showed the green synthesis of Rutin-AuNPs. Rutin
has strong reducing properties which belongs to flavonoid gly-
cosides with abundant hydroxyl. Therefore, in the presence of
rutin, free AuCly in the solution can be reduced to Au (0),
which was aggregated to form AuNP. The synthesized
Rutin-AuNPs solution showed a purple color. When moni-
tored under a UV-vis spectrophotometer, a characteristic
absorption peak was observed at 528 nm with an asymmetrical
and narrow shape (Fig. STA). These results preliminarily indi-
cated that Rutin-AuNPs were well-formed with good disper-
sion. FT-IR spectra confirmed that the absorption peaks of —
OH, -C=0, -C=C and -C—H appeared at 3397.8 cm™!,
1711.0 em™!, 1617.3 ecm™' and 1053.4 cm™' respectively
(Fig. S1B). This confirmed that rutin was successfully func-
tionalized on the surface of AuNPs. In conclusion, rutin
played an important role in the green synthesis as a reducing
agent, stabilizer and modifier. Subsequently, Rutin-AuNPs
were extensively characterized and their stability under exter-
nal environment was investigated. The green synthesized
Rutin-AuNPs have uniform dispersion, homogeneous particle
size, and good stability.

3.2. Characterization of Rutin-AuN Ps

From SEM and TEM images, it was observed that most
Rutin-AuNPs were well dispersed in solution with spherical
or nearly spherical particle size at about 15 nm (Fig. SIC
and Fig. SID). XPS and EDS results illustrated the element
distribution on the surface of Rutin-AuNPs (Fig. SIE and
Fig. S2). As shown, the Au (4f;,,) and Au (4fs);) binding ener-
gies (BE) of the Rutin-AuNPs were detected at 81.3 eV and
85.0 eV, indicating the coexistence of Au (0) and Au™ in the
colloidal Rutin-AuNPs solution (Fig. S2A). Meanwhile, C
(1 s) and O(1 s) binding energies were detected at 283.0 eV
and 529.5 eV (Fig. S2B and Fig. S2C). EDX also confirmed
the presence of C, O, and Au atoms which were mainly derived

Rutin-AuNP

Green-synthesized Rutin-AuNPs.

from rutin (Fig. SIE). Combined with the above FT-IR spec-
tra, these characterization results confirmed that Rutin-AuNPs
were functionalized by rutin. The DLS and ZETA result
showed that the particle size was about 18.6 £ 1.17 nm with
a zeta potential of approximately —22.0 mV, which were con-
sistent with the electron microscope testing results (Fig. S3).
And the PDI of Rutin-AuNPs was measured to be 0.276.

3.3. Stability of Rutin-AuNPs

Rutin-AuNPs have uniform particle size and good dispersion at
room temperature, accompanied by a characteristic absorption
peak at 528 nm. As the external condition plays an important
role in the properties of nanoparticles, the stability of Rutin-
AuNPs was further studied under various conditions by adjust-
ing pH value, standing time, and temperature. As shown in
Fig. S4, the color of the Rutin-AuNPs solution hardly changed
as well as the characteristic absorption peak when the pH value
was changed from 3 to 14, illustrating that the Rutin-AuNPs
could remain stable in acid and alkaline conditions. Only under
extreme conditions (pH1-2) were Rutin-AuNPs unable to main-
tain stable dispersion. It was examined whether the reaction time
(10 min — 50 min) would affect the state of Rutin-AuNPs in the
solution. The results showed that the Rutin-AuNPs could main-
tain a stable dispersion state for a certain period (Fig. S5A and
Fig. S5B). The effect of temperature on the stability of Rutin-
AuNPs was further investigated (Fig. SSC and Fig. S5D). The
result indicated the favorable stability of Rutin-AuNPs under
the temperature ranging from 20°C to 80°C. When the tempera-
ture increased to 90°C, the absorbance value at 528 nm was
slightly changed which had almost no influence on the property
of Rutin-AuNPs. From the above, it was clear that the Rutin-
AuNPs can maintain a stable dispersion no matter how harsh
the external environment was.

3.4. Fluorescence quenching mechanism based on IFE

The quenching efficiency of Rutin-AuNPs on 7-
hydroxycoumarin based on IFE was discussed. As can be seen
in the Fig. 1A, it was found that the emission spectrum of
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(A) The absorption spectrum of the Rutin-AuNPs and the fluorescence emission spectrum of 7-Hydroxycumarin. (B)

Fluorescence decay traces of 7-Hydroxycumarin and Rutin-AuNPs and 7-Hydroxycumarin mixture. (C) The fluorescence emission
spectrum and photograph of 7-Hydroxycumarin with the different concentrations of Rutin-AuNPs.

7-hydroxycoumarin overlapped for the most part with the
absorption spectrum of Rutin-AuNPs. The time-resolved fluo-
rescence decay spectra of 7-hydroxycoumarin and the Rutin-
AuNPs and 7-Hydroxycoumarin mixture were characterized.
As shown in Fig. 1B, the average fluorescence lifetime of 7-
hydroxycoumarin  and the Rutin-AuNPs and 7-
Hydroxycoumarin mixture were calculated to be 5.33 ns and
5.45 ns respectively, suggesting the introduction of Rutin-
AuNPs could not change the average fluorescence lifetime of
7-Hydroxycoumarin significantly. Therefore, the IFE resulting
from the high overlap of the absorption spectra of Rutin-
AuNPs with the emission spectra of 7-hydroxycoumarins
may be the main reason for the fluorescence quenching. From
the above, Rutin-AuNPs can effectively and rapidly quench
the fluorescence of 7-hydroxycoumarin. As can be seen in
Fig. 1C, the fluorescence intensity gradually decreased and
the fluorescence color gradually darkened as the concentration
of Rutin-AuNPs increased from 0.18 nM to 1.10 nM. The
results indicated the good quenching performance of Rutin-
AuNPs on 7-hydroxycoumarin. After calculation, the quench-
ing percent was 89.81 %. Considering the fluorescence recov-
ery efficiency and system sensitivity, 0.82 nM of Rutin-
AuNPs was selected as the optimal concentration of the
quenching agent.

3.5. Stability of fluorescence detection system

The stability of the fluorescence detection system of Rutin-
AuNPs and the 7-Hydroxycoumarin mixture were investigated
(Fig. S6 and Fig. S7). The various conditions were investigated
as follows: pH from 1 to 14, temperature from 20 to 90°C, salt
concentration from 50 nM to 200 nM, and the mixed solution
was kept for 60 min. As the external conditions changed, the
fluorescence of 7-hydroxycoumarin remained quenched. Espe-
cially for some extremely harsh conditions, there was only a
slight change in fluorescence color or spectrum. The results
showed that the established fluorescence detection system
was stable in various external conditions.

3.6. Detection mechanism of etimicin

As mentioned above, in the absence of etimicin, Rutin-AuNPs
rapidly quenched the fluorescence of 7-hydroxycoumarin.
However, in the presence of etimicin, the blue fluorescence of
7-hydroxycoumarin was significantly enhanced (Fig. 2). There-
fore, the mechanism of action between Rutin-AuNPs and eti-
micin was postulated to be as follows. 1) Rutin-AuNPs
synthesized by rutin were negatively charged. Etimicin was
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positively charged. The two interacted by electrostatic force. 2)
Etimicin bound to the surface of Rutin-AuNPs through the
Ag-N bond. 3) There might be an affinity between rutin and
etimicin similar to that between sugars. One or more of the
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Ve — —
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he
P

NHy

above mechanisms acted together to lead to competitive substi-
tution of 7-hydroxycoumarins and massive aggregation of
Rutin-AuNPs (Scheme.2). TEM images of the Rutin-AuNPs
and 7-hydroxycoumarin mixture systems in the absence or
presence of etimicin were compared to further validate the
mechanism (Fig. 3). The results showed that the Rutin-
AuNPs and 7-hydroxycoumarin mixture formed massive
aggregates in the presence of etimicin. While in the absence
of etimicin, the Rutin-AuNPs and 7-hydroxycoumarin mixture
were dispersed. The results of the DLS were also compared
(Fig. 4). The particle size became much larger after the addi-
tion of etimicin which was consistent with the TEM results.
The mechanism of fluorescence detection for etimicin was clar-
ified by the above results (Fig. 5).

3.7. Fluorescence determination of etimicin

After a series of optimization for the testing system, the fluo-
rescence detection of etimicin was studied. The results were
shown in Fig. S5. 7-Hydroxycoumarin, Rutin-AuNPs, and eti-
micin coexisted in the solution. Rutin-AuNPs almost com-
pletely quenched the fluorescence of 7-hydroxycoumarin
accompanied by the absence of etimicin. The fluorescence

Fig.3 The TEM image of Rutin-AuNPs and 7-Hydroxycumarin mixture in the absence of etimicin (A) and the presence of etimicin (B).
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etimicin.

intensity gradually recovered as the concentration of etimicin
increased from 0.20 uM to 1.02 uM, accompanied by the color
recovered from black to blue. Under the same conditions, a
calibration curve was established between the fluorescence
intensity and the concentration of etimicin: F - Fo/F, = 0.04
90 + 1.6299x, in which fluorescence intensity in the presence

and absence of etimicin was recorded as F and F, respectively.
The test system LOD was 0.12 uM and the correlation coeffi-
cient was 0.99. (LOD = 3 o/s, where o represents the standard
deviation of the blank and s represents the slope of the linear
regression equation.) Table 1 demonstrated the current detec-
tion methods for etimicin based on linear range and LOD,
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Table 1 Comparison of different detection methods of etimicin.

Various detection methods

Linear range

LOD Ref.

LC-tandem mass spectrometry

1.04 x 10%-2.09 x 10® uM

1.04 x 10 uM (Cui et al., 2014)

Silver nanoparticles for visual colorimetric detection 0.33-0.68 M 0.36 uM (Li et al., 2014)
Liquid chromatography 10.46-2.62 x 10° uM - (Xi et al., 2006)
LC-MS/MS method 0.1-4.19 uM - (Yao et al., 2017)
Resonance Rayleigh-scattering spectral method 0.04-12.56 uM 9.42 x 107 uM (Wang et al., 2010)
This work 0.20-1.02 pM 0.12 uyM -

indicating that our testing system had low LOD in a relatively
wide range. Besides, most of the reported methods suffer from
the drawbacks of expensive equipment and complex pre-
processing to some extent limiting the application of the labo-
ratory. Thus, this article established a sensitive, rapid and
visual fluorescence method, which was expected to apply in
real sample detection.

3.8. Selectivity study

To further investigate the selectivity of the fluorescence testing
system towards etimicin, common interfering substances such
as thiamphenico, roxithromycin, clarithromycin, ery-
thromycin, penicillin potassium, ampicillin, amoxicillin, sulfa-
diazine, clindamycin, ofloxacin, tetracycline, trimethoprim
were compared (Fig. 6). The final concentration of all sub-
stances was 4.09 uM. When etimicin was added to Rutin-
AuNPs and 7-hydroxycoumarin mixture, the fluorescence
intensity of the solution was significantly enhanced with the
blue fluorescence observed under a UV lamp. Whereas the
quenched fluorescence could not be restored when Rutin-
AuNPs and 7-hydroxycoumarin coexisted with other antibi-
otics, respectively. The result of color change was always con-
sistent with that of the fluorescence spectrum. From the above,
the testing system showed great selectivity towards etimicin,
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ensuring its use in practical applications. To sum up the above,
the previous discussion of the mechanism and the preliminary
experiments showed that the superior selectivity of etimicin in
this analytical system was mainly due to its superior structure.
Etimicin belongs to the aminoglycosides class, and its close
binding to Rutin-AuNPs through a unique structure restored
the fluorescence of 7-hydroxycoumarin, which ultimately
enabled fluorescence detection. It can be seen that the
detection system has a strong response value for all
aminoglycosides.

3.9. Application in real samples

To comprehensively investigate the application, various sam-
ples including pears, tomatoes, and a biological sample of uri-
nes and serums were prepared (Fig. 7). After simple
pretreatment, a series of concentrations of etimicin were spiked
into the prepared samples. The experimental operation was as
described above. As the spiked concentrations of serum, urine,
pear, and a tomato increased from 2.04 to 12.24 uM, 0.41 to
6.12 uM, 1.02 to 8.16 uM, and 0.41 to 4.08 uM respectively,
the blue fluorescence of 7-hydroxycoumarin gradually recov-
ered in all four samples, with a significant increase in fluores-
cence intensity at 458 nm. The linear ranges, linear

equations, and correlation coefficients for the actual samples
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(A) The fluorescence emission and photograph of the selectivity of Rutin-AuNPs and 7-Hydroxycumarin mixture (from a to m:

etimicin, clindamycin, sulfadiazine, clarithromycin, ampicillin, penicillin potassium, roxithromycin, trimethoprim, thiamphenicol,
ofloxacin, tetracycline, erythromycin, and amoxicillin, all of the concentration are 4.09 uM). (B) The histogram corresponds to (A), Fy is

the fluorescence intensity value of the blank.
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Fig. 7 The fluorescence emission spectrum and photograph of Rutin-AuNPs and 7-Hydroxycumarin mixture in the presence of
increasing concentrations of etimicin in serum (A) urine (C), pears (E), and tomatoes (G). The linear calibration of fluorescence recovery
efficiency [(F - Fg)/Fo] versus the concentration of etimicin in serum (B), urine (D), pears (F), and tomatoes (H).
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Table 2 The linear calibration of fluorescence recovery efficiency [(F - Fy)/Fo] versus the concentration of etimicin in the real sample

Real Samples Linear curve

Linear range R
Urine F - Fo/Fo = 0.0140 + 0.1458 x 0.41-6.12 uM 0.99
Serum F - Fo/Fy = 0.0549 + 0.0291 x 2.04-12.24 uM 0.99
Pears F - Fo/Fy = -0.0700 + 0.1389 x 1.02-8.16 uM 0.99
Tomatoes F - Fo/Fg = 0.0247 + 0.2031 x 0.41-4.08 uM 0.99
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Fig. 8 The linear calibration of values of R + G + B (analyzed by the color recognizer of the smartphone) versus the etimicin
concentration in urine (A), serum (B), pears (C), and tomatoes (D). The fluorescence photographs (taken by a 365 nm UV lamp) were

processed by a smartphone sensing platform (E).
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Table 3 The linear calibration of the values of R + G + B versus the etimicin concentration in the real sample based on a

smartphone sensing platform.

Real Samples Linear curve Linear range R

Urine F - Fo/Fy = 208.4 + 28.81 x 0.41-6.12 M 0.99
Serum F - Fo/Fo = 205.7 + 5.966 x 2.04-12.24 uM 0.99
Pears F - Fo/Fy = 92.71 + 25.27 x 1.02-8.16 uM 0.99
Tomatoes F - Fo/Fy = 181.15 + 59.80 x 0.41-4.08 pM 0.99

were shown in Table 2. The results showed that the fluores-
cence detection system was highly sensitive with correlation
coefficients of 0.99 in all cases. The detection system could
establish a good linear relationship with all four samples. It
was able to quantify different types of actual samples and
had good application prospects in actual sample detection.
The smartphone sensing platform that emerged in recent years
greatly facilitates the quantification of colorimetric detection.
In this paper, the smartphone camera acted as a high-
performance light detector. The images of the samples were
captured by the smartphone camera under 365 nm UV light.
The color of the image was analyzed by the color analyzer soft-
ware on the phone. And the color of the images was converted
into data (RGB values). Analysis by the RGB channel was per-
formed by a mobile application app on the smartphone. The
app used for RGB analysis was developed by XiYi Technology
Co., Itd. in Xiamen, China (named Colour Identifier). The
value of R + G + B was used to reflect the concentration
of etimicin. A linear relationship between R + G + B and
the concentration of the target was established (Fig. 8E). The
results showed a good linear relationship between the
R + G + B value and the concentration of etimicin spiked
in the actual samples (Fig. 8A, Fig. 8B, Fig. 8C, and
Fig. 8D). Table 3 showed the linear ranges, linear equations,
and correlation coefficients for the actual samples. The results
showed that the sensing platform was highly sensitive with
good correlation coefficients of 0.99. Thus, the smartphone
sensing platform could quantitatively, conveniently, intu-
itively, and sensitively detect etimicin in real samples.

4. Conclusion

The established fluorescence system based on Rutin-AuNPs
had the following advantages: 1) Rutin-AuNPs were green
synthesized by a one-pot method with uniform particle size
and good stability. 2) The article used the monomer compound
of rutin rather than the crude extract of a plant which was ben-
eficial to the in-depth study of the reaction mechanism. 3) The
fluorescence of 7-hydroxycoumarin could be effectively
quenched by Rutin-AuNPs based on IFE. 4) A strong covalent
bonding would occur between Rutin-AuNPs and etimicin,
leading to the replacement of 7-hydroxycoumarin and the
rapid recovery of fluorescence. 5) The established fluorescence
system was successfully applied in real sample detection and a
portable smartphone sensing platform was established.
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