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An AIE-active theranostic probe for light-up
detection of Ab aggregates and protection of
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Alzheimer’s disease (AD) is one of the most serious health threats in our aging society. The major

pathological feature of AD is excessive extracellular aggregation of b-amyloid (Ab) protein in the form of

Ab fibrils or plaques. The simultaneous detection of Ab fibrils and inhibition of their neurotoxicity is

highly desirable for study of Alzheimer’s disease. Although various fluorophores have been developed for

imaging of Ab fibrils or plaques, they suffer from serious self-quenching at high concentration and a lack

of neuroprotective functions. To tackle these challenges, we herein develop a multi-functional probe of

Cur-N-BF2 with aggregation-induced emission (AIE) characteristics for light-up detection of Ab fibrils

and plaques, inhibition of Ab fibrillation, disassembly of preformed Ab fibrils, and protection of neuronal

cells. The AIE-active theranostic probe is thus promising for study of Ab fibrils and plaques in Alzheimer’s

disease.

Introduction

Alzheimer’s disease (AD) is one of the most serious health
threats in our aging society.1 One major pathological feature of
AD is an excessive extracellular aggregation of b-amyloid (Ab)
protein in the form of Ab fibrils or plaques, which would trigger
the activation of neurotoxic cascades and lead to neuronal
dysfunction.2 It is thus highly desirable to develop theranostic
probes for simultaneous detection of Ab fibrils and inhibition
of their neurotoxicity. Although various imaging techniques
have been developed for detection of Ab fibrils or plaques, such

as positron emission tomography (PET),3 single photon emission
computed tomography (SPECT),4 and magnetic resonance
imaging (MRI),5 they suffer from high cost, radioactivity, and
low sensitivity.6 Compared with these imaging techniques,
fluorescence imaging has the advantages of low cost, high
resolution, and excellent sensitivity. In the last decade, a variety
of fluorophores have been developed for imaging of Ab aggre-
gates, such as Thioflavin T (ThT), Thioflavin S (ThS), oxazines,
BODIPYs, and stilbenes.7 However, these fluorophores may
suffer from aggregation-caused quenching (ACQ) drawbacks
and their accumulation at Ab aggregate sites would lead to
serious self-quenching.8 For example, the commercial ThT
would undergo serious self-quenching after binding with Ab
fibrils at a high concentration.8b

In contrast with the ACQ fluorophores, aggregation-induced
emission fluorogens (AIEgens) feature high emission efficiency
in the aggregate state, strong photo-stability, and excellent
biocompatibility.9 Based on these unique advantages, AIEgens
have found broad applications in bio-imaging.10 For example,
several TPE derivatives have been developed for monitoring of
the fibrillation process of insulin and b-amyloid proteins with a
high signal-to-noise ratio.11 However, multi-functional AIEgens
are highly desirable, which can not only be used for light-up
detection of Ab fibrils, but also can protect neuronal cells from
the damage of Ab fibrils.

Curcumin has been widely investigated for selective imaging
of Ab aggregates and inhibition of the growth of Ab fibrils,12

and several curcumin derivatives have been developed to
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improve the signal-to-noise ratio for imaging of Ab fibrils.
However, most of the curcumin derivatives for imaging of Ab
fibrils suffer from ACQ drawbacks.13 To tackle this challenge,
we herein develop a multifunctional AIE-active probe Cur-N-BF2

for light-up detection of Ab fibrils and plaques, inhibition of Ab
fibrillation, disassembly of preformed Ab fibrils, and efficient
protection of neuronal cells from the damage of Ab fibrils
(Scheme 1).

Results and discussion
Synthesis and photophysical characterization

The synthetic routes of Cur-N-BF2 and Cur-O-BF2 are shown in
Scheme 2. The reaction of curcumin with ammonium formate
first generated Cur-NH2 in 53% yield, which further reacted
with BF3�Et2O to afford Cur-N-BF2 in 31% yield. Meanwhile,
Cur-O-BF2 was prepared through the direct reaction of curcumin
with BF2�Et2O.14 All these compounds were well characterized and
unambiguously verified by NMR and HRMS analysis (Fig. S1–S3,
ESI†).

The photophysical properties of Cur-N-BF2 and Cur-O-BF2

were then investigated. In THF solution, Cur-N-BF2 showed
maximum absorption at 427 nm, while Cur-O-BF2 showed red-
shifted absorption at 501 nm (Fig. 1A and B). Both Cur-N-BF2

and Cur-O-BF2 showed greatly enhanced fluorescence in
the solid state compared to in aqueous solution, which was
verified by the PL spectra and quantum yield measurement
(Fig. 1C and D). In the solid state, Cur-N-BF2 showed maximum
emission at 572 nm with a quantum yield of 14.0%, while
Cur-O-BF2 showed maximum emission at 655 nm with a much
lower quantum yield of 1.2%. The HOMOs and LUMOs of

Cur-N-BF2 and Cur-O-BF2 were then calculated based on density
functional theory (Fig. 1E and F), and a higher energy gap
was obtained for Cur-N-BF2 (3.21 eV) compared to Cur-O-BF2

(3.13 eV). The HOMO orbital of Cur-N-BF2 is mainly localized
on the oxygen atom side, which could be due to the higher
electronegativity of the oxygen than the nitrogen atom.15

We further measured the PL spectra of Cur-N-BF2 and Cur-O-BF2

in a THF/water mixture, which showed a bathochromic shift
of the emission and decreased intensity with increasing
water fraction (Fig. S4, ESI†). This could be due to their strong
donor–acceptor structural features and the twisted intra-
molecular charge transfer (TICT) effect.16 Their emission spectra
are also closely correlated with the environmental viscosity.
A 4- and 5-fold emission enhancement was respectively observed
for Cur-N-BF2 and Cur-O-BF2 in glycerol (Z = 945 mPa S)

Scheme 1 The AIE-active probe Cur-N-BF2 for light-up detection of Ab
fibrils and plaques, inhibition of Ab fibrillation, disassembly of Ab fibrils, and
protection of neuronal cells.

Scheme 2 Synthetic routes of Cur-N-BF2 and Cur-O-BF2.

Fig. 1 The UV-vis absorption spectra of (A) Cur-N-BF2 and (B) Cur-O-BF2

in THF solution; the PL spectra of (C) Cur-N-BF2 and (D) Cur-O-BF2 in the
solid state and in aqueous solution; [Cur-N-BF2] = [Cur-O-BF2] = 10 mM;
for Cur-N-BF2, lex = 427 nm; for Cur-O-BF2, lex = 501 nm; inset: the
photographs of Cur-N-BF2 and Cur-O-BF2 in aqueous solution (left) and the
solid state (right) under UV irradiation at 365 nm. The optimized molecular
orbital amplitude plots of the HOMOs and LUMOs of (E) Cur-N-BF2 and
(F) Cur-O-BF2.
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compared to in methanol (Z = 0.59 mPa S) (Fig. S5, ESI†),17 which
could be due to the restriction of intramolecular motion (RIM) in
high viscosity media.18

Biocompatibility of Cur-N-BF2

Based on MTT assay, we evaluated the cytotoxicities of Cur-N-
BF2, Cur-O-BF2, curcumin, and ThT with mouse hippocampal
neuronal cells (HT22 cells) as a model cell line. The cell viability
was B100%, 37.8%, 75.6%, and 45.2% in the presence of
20 mM Cur-N-BF2, Cur-O-BF2, curcumin, and ThT, respectively
(Fig. S6A, ESI†). These results suggest that Cur-N-BF2 is much
less cytotoxic than Cur-O-BF2 and the commercial staining
agents of curcumin and ThT. We also investigated the cytotoxi-
city of Cur-N-BF2 with human neuroblastoma SHSY5Y cells and
rat pheochromocytoma PC12 cells (Fig. S6B, ESI†), which
showed nearly B100% viability in the presence of Cur-N-BF2

at 20 mM. We then conducted the hemolysis test to evaluate the
biocompatibility of Cur-N-BF2. The hemolytic ratio was only
1.29% with Cur-N-BF2 at 500 mM (Fig. S6C, ESI†), which is much
lower than the safety limit (5%).19

Light-up detection of Ab1–42 fibrils

We then investigated the detection abilities of Cur-N-BF2,
curcumin, and ThT for Ab1–42 fibrils. The Ab1–42 fibrils were
prepared from Ab1–42 peptide by incubation in PBS at 37 1C for
0, 1, 4, and 7 days, respectively (Fig. S7, ESI†).20 After addition
of Cur-N-BF2, increased fluorescence was observed for the
samples with longer incubation time (Fig. 2A), which can be
ascribed to the binding of Cur-N-BF2 with the hydrophobic

domains of Ab1–42 fibrils to restrict the intramolecular motion
and inhibit the TICT effect.11 We then investigated the light-up
detection abilities of Cur-N-BF2, curcumin, and ThT at different
concentrations. An increased fluorescence intensity was
observed for Cur-N-BF2 even at a high concentration (4.0 mM)
(Fig. 2B and Fig. S8, ESI†). Meanwhile, both curcumin and ThT
underwent serious self-quenching when their concentrations
exceeded 0.05 and 0.25 mM, respectively (Fig. 2C and D). The
Cur-N-BF2 probe is thus superior to the commercial curcumin
and ThT, which suffer from the ACQ effect. We also screened a
series of proteins to verify the selectivity of Cur-N-BF2 for Ab1–42

fibrils, including human serum albumin (HSA), transferrin,
insulin, lysozyme, pepsin, and trypsin. Only Ab fibrils could
significantly light-up the fluorescence of Cur-N-BF2 (Fig. S9,
ESI†), which suggests the probe could be used for selective
detection of Ab fibrils.

Selective staining of Ab plaques in brain slices

The selective staining ability of Cur-N-BF2 for Ab plaques was
then investigated with brain slices from plaque-rich APPswe/
PSEN1dE9 transgenic mice (APP/PS1).21 The Ab plaques on the
hippocampus and cerebral cortex could be clearly observed
with a high signal-to-noise ratio by staining with Cur-N-BF2

(Fig. 3A and E). The high selectivity of Cur-N-BF2 for Ab plaques
was well verified by co-staining with the commercial staining
agent of b-amyloid antibody (Fig. 3B and F) and an excellent
overlap coefficient of 0.93 and 0.89 was respectively obtained
for hippocampus and cerebral cortex slices (Fig. 3C, G and
Fig. S10, ESI†). Moreover, a high signal synchrony was
observed for the region of interest (ROI) across the plaque
region (Fig. 3D and H). Moreover, Cur-N-BF2 could be directly
used for wash-free imaging of Ab plaques with a high signal-to-
noise ratio (Fig. S11A–D, ESI†), while a strong background
noise was observed for b-amyloid antibody without washing
(Fig. S11E–H, ESI†). The brain slice obtained from wild-type
mice (C57BL/6) was also stained with Cur-N-BF2 as a compar-
ison and no obvious fluorescence signal was observed, which
further verified the selectivity of Cur-N-BF2 for Ab plaques
(Fig. S12, ESI†).22

Fig. 2 (A) The PL intensity changes (I/I0) of Cur-N-BF2 at 565 nm for
detection of Ab1–42 fibrils formed at 0, 1, 4, and 7 days, respectively; lex =
426 nm; [Cur-N-BF2] = 10 mM, [Ab1–42] = 50 mM, ***P o 0.001; (B–D) in
the presence of Ab1–42 fibrils (20 mM), the PL intensity changes with
increasing concentrations of Cur-N-BF2, curcumin, and ThT; for Cur-N-
BF2, lex = 426 nm, lem = 565 nm; for curcumin, lex = 425 nm, lem =
530 nm; for ThT, lex = 430 nm, lem = 482 nm.

Fig. 3 The CLSM images of hippocampus and cerebral cortex slices
obtained from APP/PS1 mice and stained with (A and E) Cur-N-BF2 (100 mM)
and (B and F) b-amyloid antibody (Cell Signaling Technology, 1:200); (C and G)
the merged images; (D and H) the intensity profile of ROI lines. Scale bar =
100 mm.
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Inhibition of Ab fibrillation and disassembly of Ab fibrils

Based on ThT fluorescence assay, we then investigated whether
Cur-N-BF2 could inhibit Ab1–42 fibrillation and promote the
disassembly of Ab1–42 fibrils.23 After incubation with Ab1–42 peptide
(20 mM) at 37 1C for 7 days (Fig. 4A), a much lower light-up ratio of
3-fold was observed for the ThT assay in the presence of Cur-N-BF2

(10 mM) than that without Cur-N-BF2 (22-fold), which suggests
that the formation of Ab1–42 fibrils could be efficiently inhibited by
Cur-N-BF2. Moreover, a gradually decreased fluorescence intensity
was observed for the ThT assay after addition of Cur-N-BF2 into the
Ab1–42 fibril solution (Fig. 4B), while the ThT fluorescence intensity
continued to increase in the absence of Cur-N-BF2. These results
suggest that Cur-N-BF2 could not only inhibit the formation of Ab
fibrils, but also could promote the disassembly of preformed Ab1–42

fibrils.
We then conducted transmission electron microscopy (TEM)

to investigate the morphology changes of Ab aggregates.24 After
incubation of 20 mM Ab1–42 peptide at 37 1C for 2 days (Fig. 5A),
many short and branched Ab protofibrils were observed. After
further incubation at 37 1C for 4 days, the Ab1–42 peptide formed
a filamentous and branching network with abundant mature
fibrils (Fig. 5B). In contrast, the Ab protofibrils dissembled into
spherical and amorphous aggregates after further incubation
with 10 mM Cur-N-BF2 for 4 days (Fig. 5C). We further measured
the circular dichroism (CD) spectra to investigate the conforma-
tional changes of Ab1–42 aggregates.25 As shown in Fig. 5D, after
incubation of Ab1–42 peptide for 6 days, an obviously negative CD
band at 218 nm was observed, which is a characteristic of b-sheet
structure.26 Meanwhile, the incubation of Ab1–42 in the presence
of Cur-N-BF2 for 6 days led to a much lower CD intensity at
218 nm, which suggests that Cur-N-BF2 could efficiently inhibit
the formation of b-sheet structure. The TEM images and CD
spectra are consistent with the ThT assay results, which clearly
verified that Cur-N-BF2 could efficiently inhibit Ab fibrillation
and promote disassembly of Ab fibrils.

Protection of neuronal cells from the toxicity of Ab fibrils

We then investigated the neuronal cell protection ability of Cur-N-
BF2 with HT22 cells as a model cell line.27 By immunofluorescent

staining of microtubules with anti-tubulin antibody, an obvious
cell shrinkage and decrease of the neurite extension were
observed for HT22 cells treated with 40 mM Ab1–42 fibrils for
36 h (Fig. 6A–H) and the cell viability decreased to 55.5%
(Fig. S13A, ESI†). After further incubation with 10 mM Cur-N-
BF2 for 24 h, the cells recovered their normal morphology
(Fig. 6I–L) and the cell viability increased to 83.2% (Fig. S13B,
ESI†). These results suggest that Cur-N-BF2 could efficiently
protect HT22 neuronal cells from the toxicity of Ab fibrils.

Conclusions

In summary, we develop a multifunctional AIE-active probe
Cur-N-BF2 for light-up detection of Ab fibrils and plaques,

Fig. 4 The ThT fluorescence assay for monitoring the formation and
disassembly of Ab1–42 fibrils. (A) The monomeric Ab1–42 peptides (20 mM)
were incubated with Cur-N-BF2 (10 mM) for 0, 1, 2, 4, and 7 days;
(B) the Ab1–42 fibrils (20 mM) formed at day 2 were incubated with and
without Cur-N-BF2 (10 mM) for 0.5, 1, 2, and 4 days at 37 1C; [ThT] = 10 mM;
***P o 0.001. Fig. 5 The TEM images of Ab1–42 aggregates after incubation of Ab1–42

peptide at 37 1C for (A) 2 days; (B) 6 days; and (C) 6 days in the presence of
Cur-N-BF2; arrowheads indicate clusters of spherical structures; (D) the
CD spectra of Ab1–42 peptide after incubation at 37 1C for 6 days in the
presence and absence of Cur-N-BF2; [Ab1–42] = 20 mM, [Cur-N-BF2] =
10 mM. Scale bar = 200 nm.

Fig. 6 The morphology changes of HT22 cells: (A–D) under the control;
(E–H) treated with Ab1–42 fibrils; (I–L) treated with Ab1–42 fibrils for 36 h,
and then treated with Cur-N-BF2 for 24 h; [Ab1–42 fibrils] = 40 mM; [Cur-N-
BF2] = 10 mM; scale bar = 50 mm.
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protection of neuronal cells by inhibition of Ab fibrillation, and
disassembly of the preformed Ab fibrils. Compared with the
commercial Ab staining agents, the AIE-active Cur-N-BF2 has
significant advantages in terms of easy preparation, high
selectivity, and direct imaging of Ab plaques with a high
signal-to-noise ratio and without self-quenching drawbacks.
The excellent neuronal cell protection ability of Cur-N-BF2

further makes it promising as a theranostic agent in the study
of Alzheimer’s disease.

Experimental
Synthesis of Cur-NH2

Curcumin (1.10 g, 3.0 mmol) and ammonium formate (1.16 g,
15 mmol) were dissolved in a mixture of ethanol (30 mL) and
dimethyl formamide (5 mL). The mixture was then heated under
reflux under nitrogen overnight. After completion of the reaction,
the mixture was cooled to room temperature and evaporated under
reduced pressure. The residue was extracted with dichloromethane
(50 mL � 3) and the combined organic layers were dried over
anhydrous MgSO4 and concentrated under reduced pressure. The
product was then purified by silica gel column chromatography
using dichloromethane as the eluent to afford a yellow solid of Cur-
NH2 in 53% yield (587 mg). 1H NMR (DMSO-d6, 500 MHz): d 9.84
(br s, 1H), 9.45 (br s, 2H), 7.50 (br s, 1H), 7.28–7.37 (m, 2H), 7.23 (d,
J = 2.0 Hz, 1H), 7.18 (d, J = 2.0 Hz, 1H), 7.05 (dd, J1 = 8.0 Hz, J2 =
2.0 Hz, 1H), 6.98 (dd, J1 = 8.5 Hz, J2 = 2.0 Hz, 1H), 6.78–6.82 (m, 2H),
6.70 (d, J = 15.5 Hz, 1H), 6.52 (d, J = 16.0 Hz, 1H), 5.50 (s, 1H), 3.83
(s, 3H), 3.82 (s, 3H); 13C NMR (DMSO-d6, 125 MHz): d 186.3, 158.8,
148.2, 148.0, 147.8, 137.3, 135.4, 127.0, 126.5, 122.0, 121.7, 121.4,
115.7, 115.6, 110.8, 110.1, 96.6, 55.6; HRMS (MALDI-TOF): m/z
[M + H]+ calcd for C21H22NO5, 368.1492, found 368.1491.

Synthesis of Cur-N-BF2

Boron trifluoride etherate (426 mg, 3.0 mmol) was added into
the THF solution (10 mL) of Cur-NH2 (367 mg, 1.0 mmol), and
the mixture was heated under reflux under nitrogen for 2 h.
After completion of the reaction, the mixture was cooled to
room temperature and evaporated under reduced pressure. The
residue was then purified by silica gel column chromatography
using dichloromethane as the eluent to afford a yellow solid of
Cur-N-BF2 in 31% yield (129 mg). 1H NMR (DMSO-d6, 500 MHz):
d 9.81 (s, 1H), 9.58 (d, J = 8.5 Hz, 2H), 7.77 (d, J = 16.0 Hz, 1H),
7.47 (d, J = 15.5 Hz, 1H), 7.31 (d, J = 2.0 Hz, 1H), 7.23 (d, J =
2.0 Hz, 1H), 7.13 (td, J1 = 9.0 Hz, J2 = 1.5 Hz, 2H), 6.88 (d, J =
8.5 Hz, 1H), 6.82 (t, J = 6.5 Hz, 1H), 6.78 (d, J = 5.5 Hz, 1H), 6.22
(d, J = 1.5 Hz, 1H), 3.84 (d, J = 2.0 Hz, 6H); 13C NMR (DMSO-d6,
125 MHz): d 168.3, 166.1, 149.9, 149.0, 148.0, 147.9, 143.0,
138.7, 126.6, 126.0, 123.0, 122.5, 119.7, 118.2, 115.9, 115.7,
111.2, 111.0, 94.5, 55.6; HRMS (MALDI-TOF): m/z [M + H]+ calcd
for C21H20BF2NO5, 415.1397, found 415.1402.

Synthesis of Cur-O-BF2

Boron trifluoride etherate (227 mg, 1.6 mmol) was added into
the THF solution (10 mL) of curcumin (184 mg, 0.5 mmol), and

the mixture was then heated under reflux overnight under
nitrogen. The mixture was cooled to room temperature and
then evaporated under reduced pressure. After addition of
10 mL hexane into to the residue, a red precipitate was
obtained. After filtration and drying under a vacuum, Cur-O-
BF2 was obtained in 79% yield (164 mg). 1H NMR (DMSO-d6,
500 MHz): d 10.12 (br s, 2H), 7.94 (s, 1H), 7.91 (s, 1H), 7.48
(d, J = 2.0 Hz, 2H), 7.35 (dd, J1 = 8.5 Hz, J2 = 1.5 Hz, 2H), 7.04
(s, 1H), 7.01 (s, 1H), 6.88 (d, J = 8.0 Hz, 2H), 6.46 (s, 1H), 3.86
(s, 6H); 13C NMR (DMSO-d6, 125 MHz): 178.7, 151.3, 148.2,
147.0, 126.0, 125.3, 117.9, 116.0, 112.4, 101.1, 55.8; HRMS
(MALDI-TOF): m/z [M + Na]+ calcd for C21H19BF2NaO6, 439.1135,
found 439.1137.

Theoretical calculation method

The optimized molecular structures and molecular orbital
amplitude plots of the HOMOs and LUMOs of Cur-N-BF2 and
Cur-O-BF2 were calculated using density functional theory (DFT)
at the B3LYP/6-31G(d,p) level with the Gaussian 09 package.

Fluorescence light-up detection of Ab fibrils

The Ab1–42 fibrils were prepared according to a modified protocol
reported in the literature.20a The Ab1–42 peptide (1.0 mg) was
dissolved in hexafluoroisopropanol (0.22 mL) and then put
in quiescence for 2 h. After sonication for 30 min to destroy
the pre-existing aggregates, the solution was kept at �80 1C for
1.5 h and then lyophilized by vacuum freeze-drying to obtain a
thin film at the bottom of the tube. The film was dissolved with
DMSO (44.4 mL) to obtain a 5.0 mM stock solution and then
diluted with PBS (4.396 mL) buffer to obtain 50 mM monomeric
Ab1–42 solution, which was incubated at 37 1C for 0–7 days to
induce the formation of Ab1–42 fibrils. The fluorescent probes of
Cur-N-BF2 (1.0 mL, 10 mM in DMSO) and ThT (1.0 mL, 10 mM in
80% ethanol and 20% PBS buffer) were respectively added into
Ab1–42 solution (1.0 mL, 50 mM in PBS buffer) and the fluores-
cence signals were then measured with a multi-mode microplate
reader. To further investigate the concentration effect of fluo-
rescent probes for the detection of Ab1–42 fibrils, different
concentrations (0–4.0 mM) of Cur-N-BF2, curcumin, and ThT
were respectively added into the solution of Ab1–42 fibrils (20 mM)
and then the fluorescence intensities were measured with a
microplate reader. To investigate the selectivity of Cur-N-BF2

toward Ab fibrils, the fluorescent probe of Cur-N-BF2 (1.0 mL,
10 mM in DMSO) was added into Ab1–42 fibrils and human
proteins [human serum albumin (HAS), transferrin, insulin,
lysozyme, pepsin, and trypsin] (1.0 mL, 100 mg in PBS buffer)
respectively and the fluorescence signals were then measured
with a microplate reader.

Fluorescence imaging of Ab plagues in brain slices

8 month-old double transgenic B6C3-Tg (APPswe, PSEN1dE9)
85Dbo/J (APP/PS1) mice and C57BL/6 mice (wild-type, WT) were
obtained from Guangdong Medical Laboratory Animal Center
(Guangdong, China). The mice were sacrificed under deep
anesthesia using 10% chloral hydrate. The brain was removed
and post-fixed in 4% paraformaldehyde. The brain tissue was
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cryoprotected and stored in PB containing 30% sucrose, and
then was cut into 20 mm serial sections in a coronal plane with a
Leica SM2000R microtome (Leica Microsystems Inc., Nussloch,
Germany). After mounting of tissue sections onto glass slides
and drying overnight under air, the tissue sections were rehy-
drated with PBS (pH 7.4) for 5 min and then treated with H2O2

(3 wt%) for 10 min to inhibit endogenous peroxidase activity.
After further washing with PBS three times, the brain tissue
sections were incubated with 0.3% Triton X-100 at 37 1C for 1 h
and then blocked with bovine serum albumin (BSA) at 37 1C
for 1 h.

For staining with b-amyloid antibody, the brain tissue sec-
tion was incubated with b-amyloid antibody (Cell Signaling
Technology, 1:200) at 4 1C overnight. After washing and incu-
bating with the secondary antibody (goat anti-rabbit IgG Rho-
damine, 1:100) for 90 min at 37 1C, the sample was further
washed with PBS three times and then was cover slipped with
50% glycerol. The fluorescence images were taken under a
confocal microscope through irradiation at 543 nm with 50%
laser power. The emission filter was 560–650 nm.

For staining with Cur-N-BF2, the brain tissue section was
incubated with 100 mM Cur-N-BF2 at room temperature for
10 min and then cover slipped with 50% glycerol. The fluores-
cence images were taken under a confocal microscope through
irradiation at 488 nm with 10% laser power. The emission filter
was 500–620 nm.

For the co-staining experiment, the brain tissue section
was first incubated with b-amyloid antibody (Cell Signaling
Technology, 1:200) at 4 1C overnight and then washed with PBS
three times. After incubation with the secondary antibody (goat
anti-rabbit IgG Rhodamine, 1:100) for 90 min at 37 1C, the
sample was washed with PBS three times and further incubated
with 100 mM Cur-N-BF2 at room temperature for 10 min. Then
the sample was cover slipped with 50% glycerol and further
imaged under a confocal microscope.

ThT fluorescence assay

The monomeric Ab1–42 (100 mM) in 1.0 mL PBS buffer was
mixed with Cur-N-BF2 (5.0 mL, 10 mM in DMSO). The mono-
meric Ab1–42 (100 mM) in 1.0 mL PBS buffer without Cur-N-BF2

(addition of solvent only) was used as the control group. After
incubation at 37 1C for predetermined time intervals, 20 mL of the
incubation solutions containing Ab1–42 and ‘‘Ab1–42 + Cur-N-BF2’’
were respectively mixed with 80 mL PBS buffer containing 10 mM
ThT. The fluorescence intensity of ThT was then measured by a
microplate reader. To explore the effects of Cur-N-BF2 on the
disassembly of Ab fibrils, the monomeric Ab1–42 (100 mM) in
1.0 mL PBS buffer was incubated for 2 days at 37 1C to pre-form
Ab1–42 fibrils and then was mixed with Cur-N-BF2 (5.0 mL,
10 mM in DMSO). Ab1–42 pre-formed fibrils without Cur-N-
BF2 were used as the control group. After incubation at 37 1C for
predetermined time intervals, 20 mL of the incubation solutions
containing Ab1–42 fibrils and ‘‘Ab1–42 fibrils + Cur-N-BF2’’ were
respectively mixed with 80 mL PBS buffer containing 10 mM ThT.
The fluorescence intensity of ThT was then measured by a
microplate reader.

Cell viability

To investigate the optimum concentration of Ab1–42 fibrils for
the in vitro AD cell model,28 the differentiated HT22 cells were
seeded in a 96-well plate at a density of 1 � 104 cells per well.
After incubation at 37 1C for 24 h, the cells were exposed to
different concentrations of Ab1–42 fibrils (0, 10, 20, and 40 mM)
for 36 h to evaluate the cell viability by MTT assay.

The effect of Cur-N-BF2 on Ab1–42-induced cytotoxicity was
then evaluated by MTT assay. After incubation with 40 mM of
Ab1–42 fibrils for 36 h, Cur-N-BF2 (0, 5, 10 mM) was added into
the culture media and further incubated for 24 h. MTT assay
was then conducted to evaluate the cell viability of HT22 cells.

Cell morphology imaging

The effect of Cur-N-BF2 on Ab1–42-induced cytotoxicity was also
evaluated by observation of the cell morphological changes.
The differentiated HT22 cells were seeded on cover slips in a
24-well plate at a density of 5 � 104 cells per well for 24 h, which
were then treated with 40 mM Ab1–42 fibrils for 36 h. After
further addition of 10 mM Cur-N-BF2 and incubation for 24 h,
the HT22 cells were then fixed on cover slips with 4% para-
formaldehyde for 20 min, permeabilized with 0.1% Triton
X-100 for 10 min, and blocked with BSA for 1h. The cells were
then incubated with anti-tubulin antibody (abcam, 1:300)
at 4 1C overnight. After washing and incubating with the
secondary antibody (goat anti-rat IgG rhodamine, 1:50) for
90 min at 37 1C, the cells were washed with PBS three times
and then stained with Hoechst 33342 for 10 min. The bright
field and fluorescence images were then taken under a confocal
microscope.
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