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a b s t r a c t

The simple and cost-effective detection of uric acid in serum or urine is highly desirable as uric acid acts
as a biomarker for various diseases. Herein, we report a rationally designed, non-enzymatic probe for the
detection of uric acid in serum samples over a wide range of concentrations (lower: ~60 mM, higher:
~700 mM and normal: ~120e380 mM) with ‘turn-on’ fluorogenic behaviour.

© 2015 Published by Elsevier Ltd.
1. Introduction

In human biological fluids such as blood and urine, uric acid
(UA) is the major metabolized product of the purine base of nucleic
acids, adenine and guanine [1]. The normal concentration of UA in
human urine is around 2 mM, which is maintained by its produc-
tion and excretion from the body by various bio-processes [2]. The
normal concentration of uric acid in blood or serum ranges be-
tween 120 and 380 mM [3]. Altered concentration levels of UA
(hyperuricemia or hypouricemia) lead to various abnormalities,
and hence, are indicative of many diseases such as gout [4], kidney
disorder [5], arthritis and cardiovascular disease [6,7],
LescheNyhan syndrome [8,9], nephritis [10], hypertension, and
type 2 diabetes [11,12]. Hyperuricemia was observed in lymphoma
and leukaemia patients, resulting in potential damage to their
kidneys. Therefore, monitoring elevated levels of UA in serum and
urine is highly significant and desirable.
: þ82 2 3290 3121.
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Currently, inmedical laboratories, UA levels aremonitored using
an uricase enzymatic assay [13,14] and electrochemical techniques
[15,16]. The uricase enzyme hydrolyses uric acid to allantoin (a
water-soluble compound) and hydrogenperoxide [17,18], which are
detected by direct or indirect methods that lead to development of
colour compounds. However, strong interference from ascorbic
acid present in large amounts in body fluids, the high cost of en-
zymes, and the need to precisely control the pH make these
methods less viable for the accurate determination of UA levels
[19]. Similarly, various electrochemical methods for UA analysis
also suffer strong interference from ascorbic acid due to its similar
oxidation potential, which makes it difficult to electrochemically
differentiate between these two [20e22]. Although significant
development has been made for sensing of UA using various non-
enzymatic and enzymatic methods [23e25], there is a need to
develop a non-enzymatic, non-invasive, reliable, and simple
method that can be applied for the routine determination of UA.
Fluorescence signalling, which involves translating molecular
recognition into fluorescence signals, offers a promising alternative
to existing methods because of its high detection sensitivity, and
quick response time [26]. Among various fluorescence
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mechanisms, fluorescence enhancement is usually preferred in
order to observe a high signal output.

In the present work, we have designed, synthesized, and evalu-
ated the BODIPY (boron-dipyrromethene)-based fluorogenic probe 8
(Fig. 1a, Scheme 1) for ‘turn-on’ detection of UA in serum. Probe 8 is
highly selective for UA over ascorbic acid and other analytes present
in the serum. The design of probe 8 is based on complementary H-
bonding interactions between UA and the probe. Hydrogen bonding
plays an essential role in the construction and maintaining of the
three dimensional structure of many bio-logical molecules. Earlier
synthetic receptors which selectively bind and recognize the barbi-
turate family of drugs through several hydrogen bonding [27]. Like
barbiturate derivatives, uric acid also has several hydrogen bonding
sites that make it a desirable guest for forming complementary H-
bonds with suitable host. On the other hand, BODIPY derivatives
having high quantum efficiency, long wavelength emission and
excellent photostability, are good fluorogenic probes for specific
analytes [28]. Therefore, introduction of a selective chelating unit
into the BODIPY unit can make it suitable fluorogenic receptor for
uric acid. The presentmanuscript utilizes the H-bonding interactions
between probe 8 and UA to achieve high detection selectivity and
specificity. So far, ‘turn-on’ fluorogenic detection of UAusing a simple
and effectivemethod that can detect and discriminate UA from other
analytes has not been reported. We believe that probe 8 will be
valuable in clinical and pharmaceutical analysis of UA.

2. Experimental section

2.1. General synthetic materials and sample preparation

The chemicals used for the reactions were purchased from
Aldrich, Acros Organics, Alfa-Aesar, Carbosynth, and TCI, and used
as received. Analytical TLC was performed using Merck 60 F254
silica gel. For column chromatography, silica gel 60 (Merck,
0.063e0.2 mm) was used. 1H and 13C NMR spectra were measured
using CDCl3, CD3OD and DMSO on Varian 300 and 400 MHz
Fig. 1. Structure of (a) probe 8, (b) uric acid. Optimized structure of (c) probe 8 and (d)
8euric acid, calculated using B3LYP/6-31G(d) level of theory. The red, blue, grey and
white in molecular representation indicate oxygen, nitrogen, carbon and hydrogen
atoms, respectively. Black dotted lines (aen) in the 8euric acid complex indicate H-
bonds. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
spectrometers and TMS as an internal reference. Thermo Scientific
LTQ Orbitrap Mass Spectrometer was used to record the ESI-MS
spectra. The blood serum samples were provided from Dankook
University Hospital. The working solutions of compound 8 were
prepared from their stock solutions (1.0 mM) in DMSO and all the
spectra were recorded under physiological conditions (PBS buffer,
pH 7.2, 37 �C). The 6 mM of compound 8 was used to measure ab-
sorption and fluorescence spectra using S-3100 (Scinco) spectro-
photometer and RFPC-5301 spectrofluorometer (Shimadzu) at
excitation wavelength of 475 nm with slit widths of 3 and 3 nm
(excitation and emission, respectively).

2.2. Synthesis

2.2.1. Synthesis of 3,5-bis(methoxycarbonyl)benzoic acid (2)
Compound 2 was synthesized as per the reported procedure

[29], yield: 55%.
1H NMR (CDCl3, 300 MHz): d 4.01 (brs, 6H), 8.95 (brs, 3H). 13C

NMR (CDCl3, 100 MHz): 53.3, 53.4, 131.4, 132.7, 133.7, 134.0, 134.3,
165.3, 166.2, 166.3 ppm. ESI-MS: Calculated for C11H10O6 (Mþ)
240.21; found 240.95.

2.2.2. Synthesis of dimethyl 5-(hydroxymethyl)isophthalate (3)
This compound was synthesized followed by reported proce-

dure [29], yield: 45%.
1H NMR (CDCl3, 300 MHz): d 3.94 (s, 6H), 4.81 (brs, 2H), 8.23

(brs, 2H), 8.58 (s, 1H). 13C NMR (CDCl3, 100 MHz): 52.7, 64.4, 130.0,
131.0, 132.2, 142.2, 166.4 ppm. ESI-MS: Calculated for C11H12O5
224.06; found 223.00 (M�1).

2.2.3. Synthesis of dimethyl 5-formylisophthalate (4)
A mixture of dimethyl 5-(hydroxymethyl)isophthalate (500 mg,

2.23 mmol), and 0.07 mL of HBr (48%) in DMSO (15 mL) was heated
at 100 �C for 5 h in an oil bath. The reactionwasmonitoredwith TLC
and after completion, the reaction mixture was diluted with ether
and washed with brine. The solvent was evaporated under reduced
pressure and reaction mixture was purified by column chroma-
tography (Ether:Hexane 2:8e4:6) to afford compound 4 (80 mg,
16% yield) as awhite solid. 1H NMR (CDCl3, 300MHz): d 3.92 (s, 6H),
8.61 (s, 2H), 8.80 (s, 2H), 10.05 (s, 1H). 13C NMR (CDCl3, 100 MHz):
52.9, 131.9, 134.4, 135.8, 137.0, 165.3, 190.5 ppm. HRMS: Calculated
for C11H10O5 222.0528; found 223.0608 (Mþ1).

2.2.4. Synthesis of (Z)-dimethyl 5-((3,5-dimethyl-1H-pyrrol-2-
yl)(3,5-dimethyl-2H-pyrrol-2-ylidene)methyl)isophthalate (5)

To a mixture of compound 4 (230 mg, 1.04 mmol) and 2,4-
dimethylpyrrole (197 mg, 2.07 mmol) in 40 mL of CH2Cl2 solvent,
a catalytic amount of TFA was added. The reaction mixture was
stirred overnight at room temperature and monitored by TLC till
consumption of the aldehyde. A solution of DDQ (307 mg,
1.35 mmol) was added and stirred for another 1 h. After comple-
tion, the reaction was quenched by adding water, CH2Cl2 layer was
separated, evaporated under reduced pressure and purified by
column chromatography on silica gel (EtOAc:Hexane 1:1e9:1) to
give compound 5 (270 mg, 67% yield) as a blackish red sticky solid.
1H NMR (CDCl3, 300 MHz): d 1.23 (s, 6H), 2.35 (s, 6H), 3.94 (s, 6H),
5.89 (s, 2H), 8.21 (s, 2H), 8.76 (s, 1H). HRMS: Calculated for
C23H24N2O4 (Mþ1) 392.1736; found 393.1816.

2.2.5. Synthesis of 10-(3,5-bis(methoxycarbonyl)phenyl)-5,5-
difluoro-1,3,7,9-tetramethyl-5H-dipyrrolo[1,2-c:10,20-f][1,3,2]
diazaborinin-4-ium-5-uide (6)

Compound 5 (150 mg, 0.68 mmol) and DIPEA (1.8 mL,
10.2 mmol) were dissolved in 20 mL dichloromethane solvent and
stirred at room temperature for 10 min. BF3$OEt2 (1.45 mL,



Scheme 1. Synthesis pathway of BODIPY-based fluorogenic probe 8.
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10.2 mmol) was added slowly and reaction was stirred overnight.
After completion, the reaction quenched with brine, CH2Cl2 layer
was separated, evaporated under reduced pressure and purified by
column chromatography on silica gel (EtOAc:Hexane 1:9e3:7) to
give compound 6 (110 mg, 65% yield) as a red sticky solid. 1H NMR
(CDCl3, 300 MHz): d 1.33 (s, 6H), 2.56 (s, 6H), 3.97 (s, 6H), 6.00 (s,
2H), 8.21 (s, 2H), 8.82 (s, 1H). 13C NMR (CDCl3, 100 MHz): 14.8, 14.9,
15.2, 52.9, 121.9, 131.4, 131.9, 133.8, 136.1, 142.8, 142.8, 156.6,
165.7 ppm. HRMS: Calculated for C23H23BF2N2O4: 440.1719; found
440.1724.

2.2.6. Synthesis of 10-(3,5-dicarboxyphenyl)-5,5-difluoro-1,3,7,9-
tetramethyl-5H-dipyrrolo[1,2-c:10,20-f][1,3,2]diazaborinin-4-ium-5-
uide (7)

An aqueous solution of NaOH was added slowly to the solution
of compound 6 (50 mg, 0.11 mmol) in 10 mL methanol and reaction
was stirred for one day. The reaction mixture was neutralized by
aqueous HCl solution, diluted with EtOAc. The organic solvent was
separated and then removed under reduced pressure. The crude
product was washed by ether two times to give the compound 7
(40 mg, 85% yield) as a dark red solid. 1H NMR (CD3OD, 300 MHz):
d 1.34 (s, 6H), 2.48 (s, 6H), 6.08 (s, 2H), 8.14 (s, 2H), 8.76 (s, 1H). 13C
NMR (CD3OD, 100 MHz): 14.6, 15.0, 122.8, 132.3, 134.0, 134.6, 136.9,
157.5, 167.9 ppm. ESI-MS: Calculated for C21H19BF2N2O4 (Mþ1)
412.14; found 413.31 (Mþ1).

2.2.7. Synthesis of 10-(3,5-bis(6-(2-hydroxyethylamino)pyridin-2-
ylcarbamoyl)phenyl)-5,5-difluoro-1,3,7,9-tetramethyl-5H-dipyrrolo
[1,2-c:10,20-f][1,3,2]diazaborinin-4-ium-5-uide (8)

To a stirred solution of compound 7 (50 mg, 0.12 mmol), HATU
(115 mg, 0.30 mmol), and DIPEA (39 mg, 0.30 mmol) in dry DMF
(5 mL) was added compound 9 (37 mg, 0.24 mmol). The reaction
mixture was stirred at room temperature under argon atmosphere
for 24 h. After completion of reaction, EtOAc and brine were added
to the reaction mixture, EtOAc layer was separated and removed
under reduced pressure to get the crude product which was puri-
fied by column chromatography (MeOH:DCM 0.5:9.5e2:9) to give
final compound 8 (20 mg, 24% yield) as a dark red solid. 1H NMR
(CDCl3, 400 MHz): d 1.25 (s, 6H), 2.58 (s, 6H), 3.71 (t, J¼ 5.4 Hz, 4H),
4.16 (s, 2H), 4.49 (t, J ¼ 5.4 Hz, 4H), 4.56 (s, 2H), 5.68 (d, J ¼ 7.8 Hz,
2H), 5.79 (d, J ¼ 7.9 Hz, 2H), 6.00 (s, 2H), 7.08 (t, J¼ 7.8 Hz, 2H), 8.00
(s, 2H), 8.75 (s, 1H). 13C NMR (CDCl3, 100MHz): 14.9, 15.4, 40.8, 65.6,
96.2, 97.3, 121.9, 131.5, 131.8, 136.0, 139.5, 143.0, 156.5, 157.8, 158.0,
165.3 ppm. HRMS: Calculated for C35H37BF2N8O4: 682.2999; found
705.2902 (MþNa).

2.2.8. Synthesis of 2-(6-aminopyridin-2-ylamino)ethanol (9)
A mixture of 6-chloropyridin-2-amine (500 mg, 3.90 mmol),

and 2-aminoethanol (286 mg, 4.68 mmol) was heated for 1 h under
neat condition in the sealed tube. DCM and brine were added to the
reaction mixture and organic layer was separated, dried and
removed under reduced pressure to get the crude product which
was purified by column chromatography (MeOH:DCM 1:9e2:8) to
give compound 9 (90 mg,15% yield) as a dark green sticky liquid. 1H
NMR (DMSO-d6, 300 MHz): d3.32 (t, J ¼ 5.5 Hz, 2H), 3.73 (t,
J ¼ 5.4 Hz, 2H), 4.66e4.67 (brs, 2H), 5.03 (s, 1H), 5.74e5.78 (m, 2H),
7.16 (t, J ¼ 7.9 Hz, 1H). 13C NMR (CD3OD, 100 MHz): 42.6, 59.7, 93.7,
94.7, 137.9, 156.6 ppm. HRMS: Calculated for C7H11N3O: 153.0902;
found 154.0980 (Mþ1).

2.3. Theoretical calculations

Density Functional Theory (DFT) was used to optimize the ge-
ometry of compound 8 and 8euric acid. These were calculated at
B3LYP/6-31G(d) level of theory. After vibration analysis of the
optimized structures, we did not find any imaginary frequency,



Fig. 2. Frontier molecular orbitals of (a) probe 8 and (b) 8euric acid. In the molecular
orbitals representation, the different phases for the HOMOs and LUMOs are indicated
by green, red, respectively and isovalue of 0.02 a.u. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)
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which indicated that each of the optimized structures was at the
real minimum on the potential energy surfaces (PES). For calcu-
lating interaction energy we corrected basis set superposition error
(BSSE) by counterpoise correction method [30] applied on an
optimized geometry. We defined the interaction energy (I.E) by the
following relation (1), where Ecomp.8 and EUA are respectively opti-
mized energies of compound 8 and uric acid, EBSSEðdimerÞ indicates
the dimeric system (8euric acid) counterpoise corrected energy,
DEdimerizationðcorr:Þ is the corrected dimerization energy, which is
the interaction energy or binding energy in this case.

I:E ¼ DEdimerizationðcorr:Þ ¼ EBSSEðdimerÞ � �
Ecomp:8 þ EUA

�
(1)

We applied the time dependent density functional theory
(TDDFT) to calculate the electronic excitation energies and oscil-
lator strengths at B3LYP/6-31G(d) level of theory. All calculations
were carried out using Gaussian 09 W program package [31].

2.4. Procedure for uric acid analysis by literature method

The ascorbic acid which interferes with detection of uric acid
was removed from the samples by incubating samples with
ascorbate oxidase. The samples were then subjected to react with
uricase enzyme which converts uric acid into allantoin, CO2 and
H2O2. In the presence of peroxidase (POD), H2O2 reacts with N-
ethyl-N-(2-hydroxy-3-sulfopropyl)-3-methylaniline (TOOS) and 4-
aminophenazone to form a quinone-imine dye. The red colour in-
tensity of this quinone-imine dye is proportional to the uric acid
concentration and is determined photometrically.

Uric Acidþ 2H2Oþ O2 ���!UricaseAllantoinþ CO2 þH2O2

H2O2 þ Hþ þ TOOS

þ 4­aminophenazone �����!PeroxidaseQuinone­diimine dyeþ 4H2O

Reagents used for this analysis: Phosphate buffer: 0.05 mol/L,
pH 7.8; TOOS: 7 mmol/L; fatty alcohol polyglycol ether: 4.8%;
ascorbate oxidase (EC 1.10.3.3; zucchini; 25 �C) � 83.5 mkat/L; po-
tassium hexacyanoferrate (II): 0.30 mmol/L; 4-
minophenazone � 3 mmol/L; uricase (EC 1.7.3.3; Arthrobacter
protophormiae; 25 �C) � 83.4 mkat/L; peroxidase (POD) (EC 1.11.1.7;
horseradish; 25 �C) � 50 mkat/L.

3. Results and discussion

3.1. Theoretical calculations of probe 8 with uric acid

Prior to the synthesis of probe 8, we carried out density func-
tional theory (DFT) and time dependent density functional theory
(TDDFT)-based calculations [31] to elucidate the interactions be-
tween probe 8 and UA at the molecular level. Fig. 1 shows the
optimized structures of probe 8 and its UA complex (8euric acid
complex). Probe 8 binds to UA via its two flexible chelating units i.e.
pyridinium arms through H-bonds. As predicted from theoretical
calculations, the 8euric acid complex forms nearly 14 comple-
mentary H-bonds with each other (Fig. 1d). The H-bonds were
defined by two geometric parameters [32,33]: the H/A distance
<3.0 Å and the DeH/A angle >110� (Table S1, ESI). The calculated
binding energy in the gas phase (�25.19 kcal/mol) indicates mod-
erate interactions between probe 8 and UA. Average binding energy
(calc.) for each H-bond is ~1.8 kcal/mol, which matched well with
the H-bond energy revealed in the studies of barbiturate drug
complexation with some synthetic hosts [27]. TDDFT calculations
revealed that transitions from the ground state to the first singlet
excited state in probe 8 are associated with the following excita-
tions in molecular orbitals: HOMO-2/ LUMO, HOMO-1/ LUMO,
and HOMO / LUMO (Table S2). The electron densities of HOMO-1
and HOMO-2 are located mainly in the chelating units, whereas in
the case of HOMO and LUMO, they reside on the BODIPY unit
(Figs. 2 and S1). This indicates that photo-induced electron transfer
(or photo-induced charge transfer) may take place from the
chelating unit to BODIPY, which accounts for the weak fluorescence
property of probe 8. When UA interacts with probe 8, molecular
orbitals HOMO, LUMO, and LUMOþ1 are involved in the electronic
transition (Table S2). Upon interactionwith UA, the HOMO of probe
8 no longer resides on the chelating units and thus PET is no longer
possible. The calculated oscillator strength increases from 0.05 to
0.202 (Table S2), indicating a probable increase in the absorbance of
probe 8 in the visible spectra after chelating with UA. The above
theoretical prediction motivated us to synthesize probe 8 and
investigate it further.

3.2. Synthesis of probe 8

Probe 8was synthesized as shown in Scheme 1. The oxidation of
compound 3 [29] with pyridinium chlorochromate (PCC) in
dichloromethane gave dimethyl-5-formylisophthalate 4 in 16%
yield. The reaction of compound 4 with 2,4-dimethylpyrrole in the
presence of DDQ and TFA furnished 5, which on reaction with
BF3$OEt2 gave a BODIPY derivative, 6. The hydrolysis of 6 to form 7
followed by HATU coupling with 9 yielded the required compound
8 (24% yield) as a dark red solid. All the compounds have been
characterized and confirmed by 1H NMR, 13C NMR, ESI-MS, and
HRMS (Figs. S2eS24).

3.3. Binding studies of probe 8 with uric acid

We investigated the photophysical behaviour and binding in-
teractions of probe 8 with UA under physiological conditions (PBS



Fig. 4. Fluorescence spectra of probe 8 (6 mM, black line) with different concentrations
of uric acid (0e700 mM, PBS solution, pH ¼ 7.2). lex ¼ 475 nm, Slit: 3 nm/3 nm.

Fig. 5. Fluorescence changes of probe 8 (6 mM) in the presence of different analytes in
aqueous solution (1. Probe 8 only, 2. Uric acid (100 mM), 3. Xanthene (100 mM), 4.
Hypoxanthine (20 mM), 5. Creatinine (100 mM), 6. Ascorbic acid (100 mM), 7. Cysteine
(100 mM), 8. Homocysteine (100 mM), 9. Glutathione (100 mM), 10. Glycine (100 mM), 11.
L-tyrosine (100 mM), 12. L-arginine (100 mM), 13. L-glutamic acid (100 mM), 14. L-aspartic
acid (100 mM), 15. L-serine (100 mM)). lex ¼ 475 nm, Slit: 3 nm/3 nm.
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buffer, pH 7.2, 37 �C) using UVeVis and fluorescence spectros-
copies. Compound 8 exhibited a weak absorption band at 507 nm
( 3¼ 13666.7 M�1 cm�1) in aqueous solution (Fig. 3). With the
addition of UA (20 mM), an increase in the absorption was observed
at 507 nm ( 3¼ 23033.3 M�1 cm�1 Fig. 3). The change in the ab-
sorption indicates the binding of UA with probe 8.

In the fluorescence spectra, probe 8 exhibits a weak emission
band (fs ¼ 0.004) at 510 nm when excited at 475 nm (Fig. 4). The
weak fluorescence of probe 8 can be attributed to PET from amino-
pyridine units to the BODIPY unit; this result is consistent with
theoretical calculations. The fluorescence of probe 8 significantly
enhanced (fs ¼ 0.029) with the addition of UA (10e700 mM, Fig. 4)
and showed a good linear relationship (Fig. S25). The enhancement
in fluorescence emission induced by UA is due to the inhibition of
PET from amino-pyridine units to the BODIPY unit. The stoichi-
ometry of the probe 8 and UA was 1:1 evaluated by method of
continuous variation (Job's plot, Fig. S26) using fluorescence
changes of probe 8 with UA.

The selectivity of probe 8 towards UA was investigated by
observing the changes in the fluorescence intensity at 512 nm in the
presence of various bioanalytes such as xanthene, hypoxanthine,
creatinine, ascorbic acid, cysteine, homocysteine, glutathione,
glycine, L-tyrosine, L-arginine, L-glutamic acid, L-aspartic acid and L-
serine in aqueous solution. Amongst all the analytes tested, probe 8
was found to be highly selective for UA (Fig. 5). Importantly,
potentially competing analytes such as ascorbic acid (which cause
strong interference in the electrochemical detection of uric acid due
to very small difference in oxidation potentials of UA and AA),
xanthene, hypoxanthine, and creatinine (which have the structural
similarity with the uric acid) showed relatively insignificant change
in the emission intensity of probe 8. The complexation of probe 8
with UA was investigated as a function of pH and found to be quite
stable over the biological pH range of 5e9 (Fig. S27), validating the
utility of probe 8 under various biological conditions.

Prior to exploring the use of probe 8 in serum, it is important to
calibrate fluorescence intensity changes with UA concentration.
The fluorescence intensity of probe 8 increases with uric acid
concentration (0e700 mM; Figs. S25 and S28) and the variation can
be fitted with linear equation. We have used the correlation curve
(Fig. S25) to estimate UA concentration in serum samples. This also
indicates the high sensitivity of probe 8, which is enough to detect
UA at a 10 mM level under physiological environment. The UA
concentration in serum was further quantified from eight different
serum samples collected from normal humans, hyperuricemia, and
hypouricemia patients. No pre-treatment of the serum samples was
Fig. 3. Absorption spectrum of (a) probe 8 (6 mM, black solid line) and after addition of uric acid (20 mM, red solid line) and (b) uric acid only (6 mM and 20 mM PBS buffer, pH ¼ 7.2).
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)



Table 1
Uric acid concentration in serum samples. Comparison between a previously re-
ported method and our method.

Sample No. Literature method (mM) Our method (mM)

1 773 >700 (917 ± 30)
2 666 630 ± 17
3 500 576 ± 12
4 476 469 ± 20
5 303 325 ± 15
6 196 217 ± 18
7 131 181 ± 21
8 63 145 ± 10
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carried out for the quantification. The spectral profile of probe 8 in
the presence of serum UA showed a significant increase in fluo-
rescence intensity at 510 nm (Fig. S29), which is similar to fluo-
rescence changes shown in Fig. 4. We subtracted the background
fluorescence of serum samples from the fluorescence intensity of
probe 8 to obtain the net fluorescence intensity for quantifying UA
in serum samples (Table 1, Fig. S29). In order to compare our results
with those reported in literature [34], we tested the same samples
with The Roche Uric Acid Assay (current commercial method using
Uric Acid Assay Kit). We found our method to be as efficient as the
current commercial method for the determination of UA in serum
(Table 1). However, the simplicity and non-enzymatic nature of our
method make our probe well suited for clinical applications in the
future.

4. Conclusions

We developed a highly selective non-enzymatic “turn-on”
fluorescent probe for UA detection in serum samples. Probe 8 binds
UA through several complementary H-bonds, which reduce PET
from the chelating units to the BODIPY unit, resulting in “turn-on”
fluorescence. Probe 8 has been found to be efficient in detecting a
wide range of UA concentrations in serum samples (lower: ~60 mM,
higher: ~700 mM and normal: ~120e380 mM). The detection limit
and sensitivity of our method are similar to that of a commercial
clinical analyser and could be useful in routine clinical and phar-
maceutical analysis.
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