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Abstract: Amyloid-beta (A) peptide as one of the main components of senile
plaques is closely related to the onset and pregmesof incurable Alzheimer's
disease (AD). In recent years, it is reported theitumin derivatives have been used
as the near-infrared (NIR) fluorescence imagingopsoof A8 plaques for the early
diagnosis of AD. To further develop a curcumin-lghBER fluorescent probe for A
plaques, in this work, we have synthesized threesinourcumin-based NIR Dyes.
Among them, the curcumin derivative Dye 2 showesigaificantenhancement in its
fluorescence intensityvém, 635 nm; 19.5-fold increase in quantum yidids 0.36;
Kg, 1.13 uM) after binding to A plaques. Additionally,in vitro and in vivo
fluorescence imaging of [A plagues strained with Dye 2 confirmed that the
compound was a potential probe to deteft daques in AD.This work opens a
perspective to rationally design novel curcumindgadNIR compound for A
detection.

Keywords: Curcumin, NIR fluorescence probe, Amyloid-bet@algts, Fluorescence

imaging, Amyloid-beta plaques, Alzheimer’s Disease

1. Introduction

Alzheimer’s disease (AD) is the most common formdefmentia in the elderly.



Pathologically, AD is a neurodegenerative disedsaracterized by extracellular
senile plaques consisting of fibrillar amyloid-bg#sp) peptides. The formation of
neurofibrillary tangles (NFTs) eventually results neurodegeneration and brain
atrophy. Furthermore, deposition off As considered to be the most important
pathophysiological hallmark of AD according to #ayloid-cascade hypothesis [1].
The diagnosis of AD has increasingly become theidaaf attention in recent years.
Currently, memory and behavioral tests are widalgdufor late-stage AD diagnosis
[2]. Up to now, computer image techniques, inahgdtomputed tomography (CT)
magnetic resonance imaging (MRI), positron emissmnography (PET) and so on,
have been employed for the early detection of ABhgagy, and considerable
progress has been achieved [3—13]. However, tt@sputer imaging techniques also
showed some limitations, such as high cost, lackserisitivity, involvement of
radioactive compounds and sophisticated instrunientaas well as data analysis
variability. On the contrary, fluorescence imagipgyrticularly near-infrared (NIR)
probe has appeared to be an attractive alternativee simple, inexpensive and rapid
technique that allows real-time monitoring of th@ Aggregation in a sensitive and
high-resolution manner.

The NIR fluorescence imaging provides enormous rgi@eas a noninvasive

method for in vivo imaging because biomolecules have low absorptiod a
autofluorescence in the NIR630 nm), which result in an optimal penetrationttiep

and high sensitivity thus there has been an increasing demand for hewmical
materials that can be used as NIR fluorescenceepry the early detection offA
plaques and interneuronal deposits of NFTs in ADisIgenerally accepted that
good NIR probes for the detection offf Aplaques should have the following
fundamental characteristics: 1) specificity t@ plaques; 2) emission wavelength >
630 nm and a large Stokes shift; 3) low cytotoyidir in vivo imaging; 4) high
guantum yield and affinity binding; 5) reasonalikebdity in blood.

Curcumin is a natural yellow pigment that is dedivieom the rhizomes of

Curcuma longa. Besides its effective antioxidamtj-mflammatory, antimicrobial



and antiviral properties, the compound is also c®@red as a cancer chemopreventive
agent [14,15]. Additionally, curcumin and its detives have been reported to
possess good optical and electrical properties useceof a highlyn-electron
delocalized and symmetric structure [16,17]. Besidaircumin has recently been
recognized as a fluorescence probe foritheivo visualization of both A plaques
and intraneuronal deposits of NFTs [18,19]. Howgettee practical use of curcumin
as a NIR probe is limited due to its fluorescenoession wavelength { 530 nm)
[20] , which is outside the NIR range. To induceed-shift of the fluorescence
emission wavelength, a compound with a push/peittebn architecture is generally
designed by introducing terminal electron-rich dooo electron-deficient acceptor
groups to a highlyt-conjugated structure system according to prinapplMarder [21]
and Perry [22]. For instance, curcumin derivatif@g. CRANAD-2, CRANAD-6,
CRANAD-17 and CRANAD-58) with push/pull structurésve been devised and
prepared by Anna Moore [23] as NIR fluorescenceéesofor than vivo imaging of
AD pathology. Those compounds show fluorescencesan in the NIR range, high
affinity to AP, and better fluorescence properties (considerahlzease in
fluorescence intensity, large stokes shift and lgjgantum yield) upon binding topA
aggregates.

We are interested in searching novel curcumin-basel@cular probes that can be
used for the NIR fluorescence imaging d§ plaques. For this purpose, in the paper,
three new curcumin derivatives, 1,7-bis[(2,5-dimoaty-3-
diethylamino)phenyl]-1,6-heptadiene--3,5-dione (Dye 1),
1,7-bis[(2-methoxy-3-diethylamino-5-methyl)phengl}e-heptadiene--3,5-dione (Dye
2) and 1,7-bis[(2-methoxy-3-diethylamino-5-nitryigmyl]-1,6-heptadiene--3,5-dione
(Dye 3), were synthetized. Simultaneously, the pploysical and cytotoxic properties
of these compounds were also investigated. Additignthe application of the Dye 2
as anm vitro andin vivo NIR fluorescent probe for the imaging off Adlaques was

primarily studied. The synthetic route of Dyes IsBresented in Scheme 1.
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Scheme 1 Synthetic route of as-prepared Dyes 1-3

2. Materials and methods
2.1. Materials and general instruments

All chemicals were available commercially and eveptvent was purified by
conventional methods before use. MonomerR;-A was purchased from r-Peptide
(GA, USA). Double distilled water was used throughall experiments. All
compounds were first dissolved in DMSO to 2 mM, dnen diluted by phosphate
buffer solution (PBS, pH = 7.2, Gibco) to differaa@ncentration. Each solution used
for photophysical properties was freshly preparedi &ept in the dark before
measurement. All agueous solutions were preparedisiilled water. AD patients
brain frozen tissue (83 years old) and paraffinirbsections were obtained China
Pharmaceutical University (Nanjing, China) with ghermission for the use of tissue
and clinical information for research purposes.

Melting points were determined on WRS-2 (Shanghting). 'H NMR and**C
NMR spectra were performed on a Bruker 400 speatemwith tetramethylsilane
(Si(CHg)4) as the internal standard. The mass spectra waeened on FINNIGAN
LCQ Advantage MAX LC/MS (Thermo Finnigan, Americaikjemental analysis was

carried out with a Perkin-Elmer 240C analyzer.



2.2.Photophysical methods

Absorbance spectra were obtained on a Shimadzu839-PC spectrophotometer
(Shimadzu, Sydney NSW) and emission spectra weta@nda on a Varian CAREY
Eclipse fluorescence spectrophotometer (Varianfd@aia USA). The quartz cuvettes
used with a 1 cm path length were used for all tspkecollection. The fluorescence
quantum yields of target compounds in DMF were mess according to literature
[14].

2.3. Preparation of AB1.40 plagues and measurement of their binding constants

The preparation of By.40 plaques was carried out according to the methpdrted
previously [24]. In brief, 81.40 monomer was diluted to 5M with PBS (pH = 7.2)
and incubated at 37 °C for 3 days. TEM formatioAp1-40 plaques..

Thein vitro binding constants of Dyes 1-3 wit3A4 plaques were determined as
below. A solution of A plaques (a final concentration of p®1) was mixed with
different concentrations of each Dye (0, 20, 4Q,&8Dand 10QM) and incubated at
room temperature for 5 min. Emission spectra ofréselltant mixture were measured
by a fluorescence spectrometer. The apparent diggoc constants (§ resulted
from the saturation experiments were calculateddfiware Prism 3.0 with nonlinear
one-site binding regression.
2.4.Cytotoxicity and stability in mouse plasma experimats

The cytotoxic effects of the obtained compound vemsessed using the MTT assay.
Human breast cancer (MCF-7) cell lines were seaadkeda 96-well culture plate at
about 1.0 x 10 cell/well. 50 uL of the sample solution diluted with DMEM at
different concentrations was added to each welpeetively. The cells were
cultivated for 24 h at 37 °C, 5% G@nd 95% air, followed by the addition of 50 L
MTT solution (5 mg/mL) to each well and incubated &n addition 2 h (37 °C, 5%
CO, and 95% air). Then, DMEM was removed, the cellsendissolved in DMSO
(150 pL/well), the absorbance was determined by UV spewogter at 540 nm. The
percentage of cell viabilities was calculated bg tbllowing equation: cell viability
(%) = (ODyeatedODcontro) * 100%, where ORaeqWas obtained in the presence of
sampleat various concentration, Qfo Was obtained from the incubation medium.
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Three independent trials were conducted, and tkeage percentage of viable cells
was calculated relative to untreated cells[25].

Normal Kunming mice were purchased from Animal Laory of China
Pharmaceutical University (Nanjing, China). All axal experiments were performed
in compliance with the Animal Management Ruleste Ministry of Health of the
People's Republic of China. Thevitro stabilities of Dyes 1-3 in mouse plasma were
determined as follows. After peritoneal injectidrpentobarbital sodium (40 mg Ry
plasma samples were drawn from cardiac puncturth@fmouse and mixed with
heparin (China) to prevent clotting. Each dye waddea to the mouse plasma (400
L), and the plasma samples were incubated at Ior°C h. After incubation, plasma
samples were mixed with equal volumes of acetdmjtfollowed by centrifugation
for 10 min to remove the denatured proteins. Theeswatant was filtrated using a
0.50 v m filter (Millipore; Billerica, MA, USA). Then, thdiltrate was collected and
determined at different time points by fluoresceggectrometer.

2.5. AD patients brain tissue sections staining

Dye 2 was selectively used for bioimaging studiesanise of low cytotoxicity,
strong fluorescence intensity, high quantum yietd &®inding to A plaques. The
paraffin tissue of AD patients was sliced intarh by a microtome (Leica RM2235,
Germany). Theparaffin brain sections were washed with xylene%?8ethanol
solutions and PBS (pH = 7.2), respectively. Autoofescence of the tissue was
guenched using potassium permanganate (0.20% i) fBR0 min, followed by
washing with PBS, then the sections were washell potassium metbisulfite (1%)
and oxalic acid (1%) until the brown color was remd, and then washed with PBS.
The sections were stained with Dye 2 (@d@) for 1 h, washed by PBS three four
times to remove unlabeled molecules, and sealdd 8@d%o glycerin and coverslips.
The sections were imaged using a fluorescence suope (Olympus 1X81, Tokyo,
Japan) and a SPOT digital camera (Diagnostic Instnis, USA). Under the same
condition, the adjacent section was also stainek sviver reagent, a pathological dye
commonly used for stainingfplaques in the brain [26].

2.6. In vivo NIR imaging



In vivo imaging studies were carried out with the IVIS Lamisystem (Xenogen
Co., Alameda, CA, USA) fellowing the reported prdeee [27-29]. The images were
acquired with a 600 nm excitation filter and a 680 emission filter. Data analyses

were proformed using the KodakTM1D Analysis softvar

Mice (n = 4 for APP/PSI transgenic mice) were skiawefore background
imaging, and each mouse was intravenously injeatid solution of Dye 2 (3.0
mg/kg, 20% DMSO, 80% PBS). Fluorescence signals fitte brain were recorded at
0 h, 1.0 h, 2.0 h, 3.0 h and 4.0 h after injecbbthe compound Dye 2.

2.7. Preparation of compounds

2,5-dimethoxy-N,N-diethylamino. 2,5-dimethoxyaniling(0.61 g, 4.0 mM) and
20 mL of acetone solution containing anhydrous gstan carbonate (1.2 g, 8.2 mM)
and bromoethane (0.5 mL) were added into a rourimoflask equipped with a
magnetic stirrer. The resultant mixture was stifadl5 h at 80 °C, cooled to RT, and
then filtered. The crude product was purified byuom chromatography (ethyl
acetate : petroleum ether mixture = 3:2) to gi&mdimethoxyN,N-dimethylaniline
as colorless powder. Yield: 61.3%.

2,5-dimethoxy-3-diethylaminobenzaldehyde5 mL of dry DMF was cooled to
0 °C and treated dropwise with PQ@.9 mL, 10.0 mM). The solution was stirred at
0 °C for 1 h and at room temperature for anothdr. Absolute ethanol (20 mL)
solution containing 2,5-dimethoxy-N,N-diethylamiti2.4 g, 10.0 mM) was added
dropwise into the mixture and refluxed at 70 °C 1@ h, then cooled to 5 °C. A
solution of 20 g of sodium acetate in 200 mL ofdcalater was added slowly with
stirring. The reaction mixture was then stirred doradditional hour and the resulting
solution was extracted with diethyl ether. The comal extract was washed with
saturated anhydrous NaHg@nd then washed with water. The organic layer was
dried over anhydrous magnesium sulfate and theesblwas removed under reduced
pressure. The residue was purified by column chtognaphy (hexane : ethyl acetate

= 5:2) on silica gel. 1.08 g of colorless microt¢aysvas obtained. Yield: 51.7%.



2-methoxy-3-diethylamino-5-methylbenzaldehyde. 2-methoxy-3-diethylamino
(0.35 g 20 mmol), a small quantity of KI and GH1.0 mL) were placed into a 20
mL. The mixture was stirred for 5 h at’60 filtered and the crude product. Absolute
ethanol (20 mL) solution containing crude produutl areated dropwise with POLI
(0.9 mL, 10.0 mM). was added dropwise into the mrtand refluxed at 80 °C for 8
h and treated dropwise with PQ@0.9 mL, 10.0 mM), then cooled to 5 °C, give a
2-methoxy-3-diethylamino-5-methylbenzaldehyde asger. Yield: 51.8%.
2-methoxy-3-diethylamino-5-nitrylbenzaldehyde. 2-methoxy-3-diethylamino
(0.35 g 20 mmol) and hydrogen nitrate were placed into 30ahdry DMF. The
mixture was stirred at 5 h at 7Q filtered and the crude product. Absolute ethanol
(20 mL) solution containing crude product and tedadropwise with POCI3 (1.5 mL,
15.0 mM), was added dropwise into the mixture afliixed at 80 °C for 7 h, filtered
and give a 2-methoxy-3-diethylamino-5-nitrylbenzdigide as powder. Yield: 48.9%
1,7-bis[(2,5-dimethoxy-3-diethylamino)phenyl]-1,6eptadiene--3,5-dione (Dye
1). Potassium tertbutoxide (0.10 g, 8.0 mM) was addeal $olution of acetylacetone
(0.3 mL, 3.5 mM) in DMF (5 mL) and the resultantxtoire was stirred at room
temperature for 1 h under nitrogen atmosphere.
2,5-dimethoxy-3-(diethylamino)benzaldehyde (1.747¢) mM) was added and the
reaction mixture was stirred at 40 °C for 15 h. Taaction mixture was poured over
saturated aqueous ammonium chloride and then éadragith ethyl acetate. The
organic layer was washed with water and anhydrogS®j, respectively. The
solvent was removed under reduced pressure, anésltkie was purified by column
chromatography (hexane ethyl acetate = 4:3) to give Dye 1 (1.83 g) as pallow
microcrystal. Yield: 53.8%. m.p. 152-154 &l NMR (400 MHz, DMSO-d6}: 7.85
(d, J = 15.0 Hz, 2H), 7.46 (d, J = 12.8 Hz, 2HB666.65 (M, 4H), 5.77 (s, 2H),
3.68-3.45 (m, 12H), 3.20-3.15 (m, 8H), 2.90 (s, L2fC NMR (75 MHz, DMSO-d6)
0: 190.2, 154.4, 150..2, 145.1, 132.0, 131.7, 13128.2, 125.5, 122.7, 115.9, 115.3,
88.7, 44.4, 41.7, 24.5, 21.3; MS (ESI) m/%39.65 ([M + H, 100); Anal. calcd for
Cs31H42N206: C 69.12, H 7.86, N 5.20; found: C 68.89, H 783%.06.
1,7-bis[(2-methoxy-3-diethylamino-5-methyl)phenyl]i,6-heptadiene-3,5-dione
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(Dye 2). The synthesis method of Dye 2 is similar to thlaDge 1. The compound
was obtained starting from 2-methoxy-3-diethylartnmethylbenzaldehyde. The
crude product was purified by column chromatograpétyyl acetate : petroleum
ether mixture = 9:5) to get pale yellow microcrys¥eld: 51.6%. m.p. 145-147 °C.
'H NMR (400 MHz, DMSO-d6%: 7.78 (d, J = 15.0 Hz, 2H), 7.42 (d, J = 12.8 Hz,
2H), 6.82-6.64 (m, 4H), 5.68 (s, 2H), 3.63-3.42 (r2H), 3.18-3.13 (m, 8H), 2.88 (s,
12H); °C NMR (75 MHz, DMSO-d6): 190.0, 154.3, 150.1, 144.9, 131.7, 131.4,
131.1, 127.9, 125.2, 122.3, 115.5, 115.0, 88.£2,441.5, 24.1, 21.1; MS (ESI) m/z
507.63 ([M + HT, 100); Anal. calcd for &H,N,O4: C 73.48, H 8.36, N 5.53; found:
C 73.26, H 8.21, N 5.34.

1,7-bis[(2-methoxy-3-diethylamino-5-nitryl)phenyl]-1,6-heptadiene--3,5-dione
(Dye 3).The synthesis method of Dye 3 is similar to thaDge 1. The compound
was obtained starting from 2-methoxy-3-diethylaminoitrylbenzaldehyde. The
crude product was purified by column chromatograpéiyyl acetate : petroleum
ether mixture = 7:6) to get pale yellow microcrys¥eld: 43.7%. m.p. 125-127 °C.
H NMR (400 MHz, DMSO-d6%: 7.90 (d, J = 15.0 Hz, 2H), 7.51 (d, J = 12.8 Hz,
2H), 6.92-6.71 (m, 4H), 5.83 (s, 2H), 3.71-3.50 @Hl), 3.23-3.15 (m, 8H), 2.94 (s,
12H); ¥ NMR (75 MHz, DMSO-d6)5: 190.5, 154.7, 150.5, 145.4, 132.3,131.9,
131.7,128.5, 125.8, 122.9, 116.1, 115.6, 88.9,441.9, 24.8, 21.5; MS (ESI) m/z
569.60 ([M + HT, 100); Anal. calcd for &H3sN4Os: C 61.25, H 6.38, N 9.86; found:
C 60.98, H 6.22, N 9.64. .

3. Results and discussion
3.1. Preparation and characterization of Dyes 1-3

Synthetic route of as-prepared Dyes 1-3 and thmt@rmediates are shown in
Scheme 1. The high reactivity of acetyl acetonalkaline condensation reactions
with aldehyde is well-known. In the light of the am@anism from the literature [30],
Dyes 1-3 were prepared by the condensation reatiiween acetyl acetone and
2,5-dimethoxy-3-(diethylamino)benzaldehyde, andme&thoxy-3-diethylamino-5-
methylbenzaldehyde, and 2-methoxy-3-diethylaminatBAbenzaldehyde,
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respectively. The structures of Dyes 1-3 were ditareed by NMR, MS
spectroscopic methods and elementary analysesthendatisfactory analysis data
were obtained (Supporting Information).

3.2. The photophysical properties of Dyes 1-3

The photophysical data of Dyes 1-3 are showedainle 1. Fig. 1a displays the
linear absorption spectra of Dyes 1-3 in DMF witeadution concentration of 1.0 x
10" mol/L. From Fig. 1a, one can see that the absmrptiehaviors of the three
compounds are almost the same because of theiasistiucture. The three curves
show that absorption maximum at 328 nm for Dye3ll, Bm for Dye 2, and 330 nm
for Dye 3, corresponding to thenfi<transition of the compound [31].

As expected, with introduction of terminal electmoch donor or electron-deficient
acceptor groups, these compounds exhibited a Bigees shift (more than 130 nm)
with  their emission maximum (shown in Table 1),iebhfell in the range for NIR
probes. Particularly, the compound Dye 2 displagé¢argest Stokes shififhax(ex) =
499 nm\ max (em) = 635 nm). Furthermore, by comparingfiiln@escence intensity,
the quantum vyield of Dye 2 was significantly higliean that of curcumin and other
Dyes, which may be explained by better coplanarapd the stronger

electron-donating ability (methyl) of the Dye 2 raclle.
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Table 1 The optical properties of the compounds uponibmevith and without &

plaques
Unbouu Bou
d° nd®
(free)
Compd A &Px N Fold
aabs 104 A dex A eem f & A«em
1 @, (nm D, (Dof
(n (M7c| (nm) (nm) (nm)
1 ) @)
m) m)
Dye 1 32 ]
8 3.24 479 609 0.018 479 609 0.32 17.8
Dye 2 33 L
1 3.86 499 635 0.019 499 635 0.37 19.5
Dye 3 33
0 3.18 497 633 0.016 497 633 0.29 18.1
Cur 31 L
5 2.87 421 522 0.014 428 521 0.22 15.7

2 absorption spectra of the compounds determined F.D’> Molar extinction
coefficient determined in DME.Fluorescence properties of the compounds measured
in PBS in absence offAplaques® Maximum excitation wavelength of the compound
measured in DMF® Maximum emission wavelength of the compouh@uantum
yield of the compound were measured in DMFFluorescence property of the

compound measured in PBS in presencefpoplaques.

3.3. Fluorescence response of NIR probe towardi®plaques

Scanning electron microscopy (SEM) had been usew he analyze the
morphology of dyes (dye 1, dye 2 and dye 3). ThM$HBages of dyes were given in
Fig.S6. The shape of the particles is regular &edoarticles are of variable diameter
ranging from 25 to 37 nm. In phosphate bufferethea(PBS, PH = 7.2) at 37 °C,
dye(dye 1, dye 2 and dye 3) remained and maintateeatiginal compound size for
up to 12 days, indicating the excellent stabilitylges probe in aqueous conditions.

Table 1 exhibited that curcumin and the Dyes 1-8spesed significant increases
of quantum yield after mixing with the fAplaques. Curcumin showed a 15.7-fold

increase in quantum yield and a Stokes shift (98 innfluorescence upon binding to
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AP plagues, but the maximum emission wavelength visemwed only at 521 nm.
Among the compounds, Dye 2 with methoxy and me#ufstituents showed the
most notable fluorescence propertieeni, 635 nm, 136 nm of Stokes shift and
19.5-fold quantum vyield increase), which indicatkdt it had the desired optical
properties of a useful fluorescence probe f@ #flaques. However, Dyes 1 and 3
displayed relatively small increase in fluorescemuensities and quantum yields
upon mixing with A plaques. Compared with the low fluorescence quanteld (<
0.2%) of the free compound in DMF, the curcumindshdNIR probes exhibited
significant fluorescence increase upon binding t@8:.4 plagues (Supporting
Information). The fluorescence enhancement mightatiebuted to the restricted
rotation of the photo-excited dyes upon bindingAt® plaques, resulting in a large
reduction in the fluorescence decay [32]. The tessuggested that these dyes would
be “turned on” upon interacting with a host.

On the other hand, comparison of the fluorescespmetra of NIR probes upon
binding to A3 plagques provided a clue for understanding thiseresting
structure—property relationship. The compound wdthall fluorescence increases
(Dye 1 and 3) shared a common feature: there &relfewithdrawing groups in the
molecular structure. In particular, electron wittadmg ability of the nitryl group in
Dye 3 was stronger than that of methoxy group ie Dy

In order to quantitatively evaluate the binditignity of Dyes 1-3 with A plaques,
an in vitro saturation-binding assay was condutigdhe fluorescence titrations and
the Ky constants were measured by using saturation aasagported previously [33].
As shown in Fig. 1b, the nonlinear curve fittinglicated that these Dyes possessed
stronger binding affinities toward theBAplaques, and the fluorescence enhancement
upon binding to B plaques is in the order obfz 2 (Kg4,1.36 uM) > Fpye 1 (Kg,2.68
uM) > Fpye 3(Kg,3.43uM). Interestingly, Dyes 2 bound topAplaques more favorably
than Thioflavin-S, a widely used agent for detegfprotein and A aggregation (i
1.90uM) [34].
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Fig. 1 (a) Absorption and fluorescence emission speatr®yes 1-3 (1.0 x 10
mol/L). (b) Saturation binding curves oBA4 plagues (5@M) to the concentration
of each dye (0-10QuM) (c) Fluorescence intensity changes of Dyes 1d8ngd
irradiation time. (d) Cytotoxicity of obtained comymnds against MCF-7 cell line (24
h). (e) Cytotoxicity of obtained compounds agaiMCF-7 cell line (48 h) at

different concentrations from the MTT assay.

3.5. Cytotoxicity and stability studies

In order to evaluate the potential application geB 1-3, the cytotoxicity of these
dyes towards human breast cancer (MCF-7) cellsewakiated using the MTT assay.
Different concentrations in the range of 0-40@ of Dyes 1-3 were given to cells
upon exposure for 24 h and for 48 h. The resultsewsbown in Fig. 1c. No obvious
cell viability decrease was observed and the dability(< 40 uM) was still greater
than 85% when the concentration of the compounchezhup to 8@M, which is 4
times of the concentration used for cell imagingur living cell imaging. The low
cytotoxicity of the obtained target compound intésaits suitability for biological
imaging applications.

We investigated too thén vitro stability of Dyes 1-3 in mouse plasma by
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monitoring their fluorescence intensity for 3 hgFid). Dyes 1-3 existed as a hardly
degradation form, suggesting these compounds weladively stable in mouse
plasma. On the whole, Dyes 2 showed promising piadeapplication for the imaging
of Ap plagues.
3.6. Fluorescent staining of AD brain tissue sectis

In order to assess bioimaging, Dye 2 was seleaethdnitor intracellular A
plaques. Post-mortem human frontal cortex tissoenfa subject diagnosed with
clinical Alzheimer's disease were sliced intou® by a microtomeand, and then
stained with Dye 2 (2Q@M). With confocal microscopy observation, the icgbular
expression of A plaques was confirmed by yellow green fluorescestagned with
Dye 2 (Fig. 2b). It is spacing needed that the samoeillar vacuole-like subcellular
structures were also observed when stained wittsitiier reagent (white arrows in
Fig. 2a). In contrast, the adjacent section watumiy stained in the negative control

(normal group) (Fig. 2c¢). The results of the col@edion in thein vitro fluorescence

images suggested that Dye 2 specifically detecfedlaques in live cellr.

Fig. 2. Fluorescent staining of adjacent brain tissue@esiof AD patients. a) silver
staining, b) Dye 2 staining, c) the negative cdnffbe white arrows indicatefA

plaques. The scale bars are 5m.

3.7. Curcumin binding in control and AD brain tissue

It was observed that curcumin binding on human rbriggésue presented no
background staining and auto-fluorescent signatgeumrons. In brain tissue of EOAD,
LOAD and AD cases with CAA (CAA type 1), the compals strongly bound to
amyloid plagues and CAA (Fig. 1). Curcumin stainigyealed different types of
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plaques. We observed intense staining of primitm@pact plagues and moderate
staining of the cores in cored plaques. In AD casesirofibrillary tangles (NFTs)
showed a weak detection by the Dyes. Adjacent @extiwere assessed by
immunohistochemistry for the presence of And pTau in a corresponding area,
which confirmed the presence of these pathologitraictures. The binding of the
dyes to these pathological structures were invaigyby co-stainings for dyes and
ApB (IC-16) or pTau (AT8). Primitive/compact plaqudsowed almost a complete
overlap of dyes signal and immunodetection I (kig. 2). Classic cored plaques
presented co-labeling of the core, while the corasfathese plaques were
immuno-labelled by anti-A and not by dyes. No binding of the dyes were oleskr
in diffuse A3 deposits. CAA affected blood vessels were stamedt intensively by
dyes and showed a complete overlap with the deteati CAA by A3. While
compact plaques showed moderate neuritic changegresented by anti-pTau
immuno-labeling, no co-labelling of anti-pTau angesd were present in these plaques
(Fig. 3). Neuritic cored plagues showed a strongnimodetection of pTau around the
core. The core of neuritic plaques showed a strbmgling of the dyes while
co-labelling with anti-pTau were absent. A strongding of dyes were observed in
CAA, however, no co-labelling with anti-pTau, obsst around CAA affected
capillaries, was detected. Co-labeling with antypTanfirmed that curcumin weakly
detects NFTs, they showed slightly less apparerdiniag of fibrillar,
primitive/compact plagues and NFTs compared to flanm-S (Fig. 2).

3.8. In vivoimaging

To investigate whether Dye 2 had the capacitgetect A8 plaques in the mouse
brain, APP/PSI mice, which most studied transgé&iicmouse model [35,36], were
used as a NIR imaging of Dye 2. Previous reportsvshthat the APP/PSI mouse
carried double humanized APP/PSI genes and devsigpificant amyloid plagques
and displays memory deficits around 10 - 12 mowthage [24,37]. In this studied,
we use 17- month of age mouse modelifovivo NIR imaging. As shown in Fig. 3,
one can be seen that th@ plagues site was recognizable within 1 h aftexatipn of
the compound Dye 2. Interestingly, as time progrgesshe probe increasingly
accumulated in the fAplaques and the fluorescence reached the hightestsity at

15



about 2 h after injection. However, the fluoreseeimrcthe A plaques position began
to wear off, and then the fluorescence almost cetefyl disappeared from thepA

plagues at about 4 h after injection. The resultgyest that the compound is able to

detect the @8 plaques in AD.

Fig. 3. Representative images of APP/PSI mice and colitterimates at different
time points before and after intravenously injectath Dye 2

4. Conclusions

In summary, three curcumin-based NIR dyes 1-3 fpiplaques were synthesized
which exhibited obvious fluorescence enhancemetdr dfinding to 4 plaques.
Interestingly, Dye 2 with methoxy and methyl sutbsints shows the intense
fluorescence, low cytotoxicity and high quantumdgjeood stability in mouse serum,
as well as fluorescent imaging offlaques reveal its potentially suitable for use in

the early diagnoses offiplaques.
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Resear ch highlights

* Three novel compounds curcumin-based was synthesized
* These compounds shown obvious fluorescence change after binding to A plaques.
* These compounds have Cytotoxicity..

* Imaging strained with Dye 2 confirmed that it could be to detect Ap plaguesin AD.



