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ABSTRCT: A novel multibranch Cu(II) complex CuL2 · C4H8O2(L = 

1,7-bis(4-ethyloxy-3-methyloxy-phenyl)-1,6-heptadiene-3,5-dione) was obtained and 

the crystal structure was determined. The linear photophysical properties, two-photon 

absorption (2PA), and photostability behavior of the obtained complex were 

investigated. The experimental results show the complex exhibits larger 2PA cross 

section in the NIR region, higher quantum yield and photostability and lower 

cytotoxicity. The in vitro study utilized the human breast cancer MCF-7 cell line that 

was imaged by two-photon fluorescence microscopy. The tumor targeting capability 

of the complex on tumor–bearing nude mice in vivo demonstrated its high targeting 

capability to test cancerous cells. These results suggest that the Cu(II) complex is a  

probe for vivo promising. 

Keywords: copper(II) complex of curcumin-type; crystal structure; NIR probe; cell 

imaging; early tumor imaging 
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1. Introduction 

 Material molecules with large two-photon absorption (2PA) cross sections have 

attracted increasing attention due to their versatile applications in optical power 

limiting, 3-D data storage, bio-imaging and tracking, photodynamic therapy.1 Among 

them, bioimaging as one of the most practical methods in living cells and tissues has 

given rise to great interest, which can detect biological activity in vivo, assess 

disease-related molecular expression for earlier detection of disease and evaluation of 

drug effects in clinical applications, as well as monitor the dynamic behavior of 

chemical components of tissues, understands the metabolism, structure, signal 

transduction and transmission.2 For earlier detection of disease, up to now, several 

imaging modalities have been used for investigation of disease. For example, 

computed tomography (CT) may use for tumor staging, but offers poor soft tissue 

contrast with resulting poor sensitivity and specificity in screening.3 Magnetic 

resonance imaging (MRI) offers many incline surface imaging without ionizing 

radiation, but it is too expensive to high throughput screening.3(a) Positron emission 

tomography (PET) with a very high sensitivity can interrogate various 

molecular/biochemical properties, but is more suitable for monitoring response to 

therapy than detecting early lesions due to limited spatial resolution. 3(a), 4 In addition, 

traditional fluorescence imaging using ultraviolet and visible light has many 

disadvantages, such as poor tissue penetration, a low signal-to-noise ratio and the 

images are not clear.5 In contrast, Two-photon microscopy (2PM) offers many 

advantages over current imaging techniques, such as increased penetration depth, 
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 3

lower autofluorescence and self-absorption, clear imaging, prolonged observation 

time and detecting early diagnosis of tumor 6. El-Sayed's group 7 has prepared 

anti-EGFR antibodies conjugated gold nanoparticles, which are found to distinguish 

between cancerous and noncancerous cells. Gu et al. 8 have studied demonstrated that 

the as-prepared compound resulted in high targeting capability to FR over-expressed 

tumor, it can be used as efficient probes to imaging tumor in vitro and in vivo.  

Hayashi and co-workers 9 have developed a near-infrared (NIR) fluorescent 

silica–porphyrin hybrid nanotubes (HNTs), the fluorescence of the HNTs-labeled 

macrophages was clearly detected in vivo, and even the minimum detectable number 

of cells was 200. Furthermore, Li's group 10 found that the collagen distributions in 

the nomal thyroid tissue and nodular thyroid tissue are different by using two-photon 

excited fluorescence (2PEF) and second harmonics generation (SHG) techniques . 

These results suggest the TPM imaging can distinguish between nomal thyroid tissue,  

nodular thyroid tissue and papillary thyroid carcinoma tissue, and use for rapid 

diagnosis of thyroid cancer.  

However, for cell imaging applications,  it is necessary that the two-photon 

absorption (2PA) materials are highly fluorescent in high polar media. A great many 

2PA materials, however, caused the fluorescent quenching in polar solvents own to 

the poor photostability and the aggregation of molecules.11 Accordingly, 2PA 

materials for cell imaging should be designed to ensure large two-photon activity, low 

toxicity and good photostability, but more importantly to overcome fluorescence 

quenching in strong polar media. By combining experiments and theoretic calculation, 
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 4

Marder 12 and Perry 13 found that molecules with donor-acceptor-donor(D-A-D), 

acceptor-donor-acceptor(A-D-A), multipolar structural motifs possess good optical 

properties, furthermore the increase of the donor strength and the conjugation length 

will lead to an increase in the 2PA cross section. However, the synthesis of multipolar 

molecules bearing π-conjugated motifs incorporating donor and acceptor moieties 

requires extraordinary synthetic skills and generally gains very low-yielding of the 

desired products, and thus are less favorable for large-scale production. 

  Curcumin is a natural pigment with low toxicity and good stability, which is 

obtained from the rhizomes of turmeric (Curcuma longa Linn.) and often used in 

spices, cosmetics and traditional chinese medicine in Asian country. In addition, 

curcumin shows good optical and electrical properties owing to symmetric structure 

containing β-diketone and large π-conjugation length in polar media.14 Based on the 

above strategy and our previous work.15 In this work, we firstly connect two 

electron-donating ethyl groups to 4, 4′-diphenolic hydroxyl group positions of the 

curcumin to get one bipolar-type D-A-D curcumin derivative [1,7-bis(4-ethyloxy-3- 

methyloxy-phenyl)-1,6-heptadiene-3,5-dione, labeled as HL in Fig. 1a] and then form 

quadrupolar-type Cu(II) complex (labeled as CuL2 · C4H8O2) by reaction with copper 

acetate. It is predicted that the multielectron-donating complex should have excellent 

one-/two-photon fluorescence properties and 2PA cross section. Furthermore, 

application of the obtained complex as near-infrared (NIR) fluorescent probes for the 

imaging of cancer cells in vitro and in vivo were also investigated.   

2. Materials and methods 
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2.1 Materials and general instruments 

  All chemicals were available commercially and every solvent was purified as 

conventional methods before use. 

  Elemental analyses were performed on Perkin-Elmer 240C analyzer. the elemental 

analysis data of metal copper is obtained by ICAP Q ICP-MS(Thermo Scientific, 

Germany). Fourier transform infrared(FT-IR) spectra were recorded on SHIMADZU 

IR Prestige-21 spectrophotometer with samples prepared as KBr pellets. The mass 

spectra were obtained on FINNIGAN LCQ Advantage MAX LC/MS (Thermo 

Finnigan, American). Single-crystal X-ray diffraction measurements were carried out 

on a Seimens Smart 1000 CCD diffractometer equipped with a graphite crystal 

monochromator situated in the incident beam for data collection at room temperature. 

The determination of unit cell parameters and data collections were performed with 

Mo Ka radiation (λ = 0.71073Å ) (shown in Table S1). Unit cell dimensions were 

obtained with least-square refinements, and all structures were solved by the direct 

method as SHELXL-97.16 The final refinement was performed by full-matrix 

least-square methods with anisotropic thermal parameters for non-hydrogen atoms on 

F2. The linear absorption spectra were measured on a UV-3600 spectrophotometer. 

The one-photon excited fluorescence(1PEF) spectra measurements were performed 

using an F-7000 fluorescence spectrophotometer (Japan). 

2.2 Synthesis 

2.2.1 Synthesis of 1,7-bis(4-butyloxy-3-methyloxy-phenyl)-1,6-heptadiene-3,5-dione 

(HL) 17a
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 6

Dimethylfomamide (20 mL) and curcumin (1.0 g, 2.7 mmol) were placed into a 50 

mL flask. After the curcumin was completely dissolved, anhydrous potassium 

carbonate(1.2 g, 0.87 mmol) was added. The mixture was stirred at 40 ℃, and then 

bromoethane (2.0 mL) was slowly added  dropwise to the above solution. Then the 

reaction mixture was stirred for 5 h at 80℃. After completion of the reaction 

(monitored by TLC), the mixture was dispersed and stirred into cold water (50 mL). 

The yellow solid was obtained by filtration. The product was purified by 

chromatography on a silica gel column with ethyl acetate/petroleum ether mixture 

(v/v: 2/3) as the eluent, then light yellow microcrystals were obtained, yield 65.4%. 

MS, m/z (%): 424.47(M+, 100). Anal. Calcd for C25H28O6: C, 70.74; H, 6.65; found: 

C, 70.53; H, 6.84. 

2.2.2 Preparation of the Cu(II) complex (CuL2  · C4H8O2)  

  Cu(OAc)2 ·3H2O (0.13 mmol) and HL(0.06 mmol) were dissolved in 5 mL of ethyl 

acetate. The solution was stirred at room  temperature until a  lot of precipitation 

formed and hen filtered. The crude product was washed by dichloromethane (15 mL × 

3), CH3CN (15 mL × 3) and EtOH(15 mL × 3), respectively. yield 67.3%. IR (KBr), 

ν(cm-1) ：2979, 1625, 1510, 1598,1577, 1477 (Ar)，1252, 541;  Anal. Calcd for 

C54H62CuO14: C, 64.99; H, 6.21; Cu, 6.37; found: C, 64.64; H, 6.13; Cu, 6.18.  

2.3 Cell Viability Tests  

  Human MCF-7(breast cancer) cells were seeded  into a 96-well culture plate at 2.0 

× 104 cell/well. Then 50 µL of CuL2 diluted with DMEM at different concentrations 

was added to each well, respectively. The cells were incubated for 24 h at 37 °C and 
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 7

5% CO2, followed by the addition of 40 µL MTT solution(5 mg/mL) to each well and 

incubated for an additional 4 h (37 °C, 5% CO2).Then, DMEM was removed, the cells 

were dissolved in DMSO (150 µL/well), the absorbance of each cell was measured by 

UV spectrometer at 570 nm. The percentage of viable cells was calculated relative to 

untreated cells.  

2.4 Cell Culture and Staining  

  MCF-7 cells were passed and plated on a 35-mm cell culture dish with a coverslip 

and cultured in Dulbecco’s Modified Eagle Medium (DMEM) (Gibco) supplemented 

with 10% fetal bovine serum (Sigma), penicillin (100 µg mL-1), and streptomycin 

(100 ug mL-1) at 37 °C in a humidified atmosphere with 5% CO2 and 95% air for 24 h 

prior to staining. Immediately before labeling, cells were washed with PBS 

(phosphate buffered saline, pH =7.1, Gibco) 3 times to remove the growth medium, 

and then 10 µL of the CuL2 complex in DMSO(0.2 mM) and 190 µL of PBS were 

added into the dish. After 30 min of incubation at 37 °C, 5% CO2, the cells were 

washed with PBS to remove unlabeled molecules, and then the cells were taken to a 

two-photon microscope for imaging. 

2.5 Animal Experiments and In vivo Cell Imaging  

  Normal Kunming mice were purchased from Laboratory Animals of China 

Pharmaceutical University.(Nanjing, China). All animal experiments were carried out 

in compliance with the Animal Management Rules of the Ministry of Health of the 

People’s Republic of China. Tumor-bearing mice were prepared by following the 

previously described method.18 Briefly, 20 Kunming nude mice (weighed 35 ~ 40 g, 
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 8

equal number of male and female subjects) were divided into 2 groups. One group 

was experiment groups (n = 10, 5 males and 5 females in each group), another group 

was used as normal control groups (n = 10, 5 males and 5 females in each group). 

Then Bel-7402 tumor cells (2~ 4 × 105 cells per mouse) was implanted on the left 

axilla of experiment group nude mice. At about fifteen days after transplantation, the 

tumor grew up to a diameter of reached about 0.1~ 0.2 cm, then, the mice were 

selected under anaesthetic for in vivo optical imaging, including the normal control 

group (3 males and 3 females in each group) and Bel-7402 tumor-bearing mice group 

(3 males and 3 females in each group). The Cu(II) complex probe (20 µM, 0.2 mL) 

was administered into each tumor-bearing and  normal mouse through tail vein 

injection. Forty minutes after injection of the probe, fluorescence imaging was 

acquired using the IVIS Lumina system (Xenogen Co., Alameda, CA, USA).   

3. Results and discussion 

3.1 Structural features  

  The structures of HL and CuL2 · C4H8O2 were further confirmed by single-crystal 

X-ray diffraction. Single crystal of the obtained complex suitable for X-ray 

crystallography analysis was grown from ethyl acetate/1,4-dioxane (Fig. 1b). 

Compound HL crystallizes in the monoclinic space group P2(1)/n. This kind of 

structure has been described by us before.17a As shown in Fig. 1b, each copper(II) 

center has a square planar coordinated sphere surrounded by four oxygen atoms from 

two β-diketonato fragments. As shown in Table S1 (Supporting Information), the 

Cu1-O3 and Cu1-O4 bond lengths are 1.9031(18) and 1.9282(18), respectively, which 
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 9

are smaller than those in other copper diketonate complexes.19 Two β-diketonate 

ligands oriented at the equatorial positions in the quadrupolar-type copper(II) complex 

are almost coplanar with the torsion dihedral angle from 172° to 175°. In addition, the 

bond lengths are intermediate, such as C5-C7 [1.465(3) Å], C7-C8 [1.337(4) Å], 

C8-C9 [1.474(3) Å], C9-C10 [1.402(4) Å], C10-C11 [1.410(3) Å], C11-C12 [1.474(3) 

Å], C12-C13 [1.337(3) Å] and C13-C14 [1.468(3) Å]. The structural character of the 

complex indicates there is a almost coplane and large π-conjugated system, which is a 

necessary for large 2PA cross-section. The packing diagram of the complex (Fig. 1c) 

shows that the adjacent molecules are stacked through two types of π–π interactions 

along the a and c axises with the short distance of 3.846 and 3.897 Å, respectively 

(more information shown in Supporting Information, Fig. S3)  

 

Fig. 1 (a) Molecular structure of HL. (b) ORTEP structure of CuL2 · C4H8O2 with 
50% probability(all hydrogen atoms are omitted for clarity). (c) The packing diagram 
of the Cu(II) complex. 
 

3.2 Linear absorption and one-photon excited fluorescence(1PEF) of the compounds  
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 10

  The linear absorption spectra of the compounds HL and its Cu(II) complex in DMF 

(c = 10 µM) were shown in Fig. 2a. It is clearly exhibited that the absorption 

behaviors of the two compounds are almost the same because of their similar 

structures. The wavelengths of two peaks are 265 and 384 nm for HL, 267 and 387 

nm for the complex. The longer-wavelength peak in each compound is attributed to 

the π→π* absorption of larger π-conjugated main chain (log ε = 3.5 – 4.0),20 and the 

second peak is attributed to the n→π* absorption associated with p–π conjugation 

between oxygen lone-pair electrons and benzene. Moreover, the obtained complex 

showed relatively stronger absorbance than the pure ligand, this can be easily 

understood because the complex compound contains two ligand molecules. Fig. 2b 

shows one-photon excited fluorescence (1PEF) spectra of the two compounds in DMF 

solution (c = 10 µM), and the maximum emission wavelengths both locate at about 

520 nm. Their 1PEF spectra are also similar due to structural comparability and show 

the same sensitivity to the polarity of solvent molecules. The linear absorption and 

1PEF spectra of the two compound in several solvents with different polarity exhibit 

significant solvatochromic phenomenon (Table 1，Figures S4 and S5 ). The positive 

solvatochromism illustrates a larger stabilization of the excited state than the ground 

state in a polar solvent. It implies that a significant charge redistribution takes place 

upon excitation, which is in conformity with  multidimensional intramolecular 

charge transfer (MDICT). 21
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 11

    

Fig. 2 Linear absorption(a), 1PEF(b) and 2PEF(c) spectra of the two compounds in 
DMF. (d) 2PA cross-section of the compounds in DMF versus excitation wavelengths 
of identical energy of 0.380 W.    
 

To further demonstrate the influence of solvent on fluorescence, Table 1 lists the 

Stokes shift of the two compounds in different polar solvents. The Stokes shift is 

defined as the loss of energy between absorption and emission of light, which is a 

result of several dynamic processes. These processes include losses arising from the 

dissipation of vibrational energy, redistribution of electrons in the surrounding solvent 

molecules induced by the altered dipole moment of the excited chromophore, 

reorientation of the solvent molecules around the excited state dipole, and specific 

interactions between the chromophore molecular and the solvent or solution 

molecular. The Lippert equation [Eq. 1] is widely used to describe the effects of the 

photophysical properties of the solvent on the emission spectra of a chromophore.22  
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 12

 ∆ν ＝ νabs － νem ＝ (2/cha3) ∆f(ue－ug)
2﹢const.              (1) 

Where c is the speed of light, h is Planck′s constant, and a is the radius of the cavity 

in which the chromophore resides. νabs and νem (in cm-1) are the wavenumbers of the 

absorption and emission, respectively. In aprotic solvents, Stokes shifts are 

approximately proportional to the orientational polarizability.23 

Table 1  The photophysical properties of HL and CuL2 in different solvents 

Comd. Solvent Λmax
abs    

  / nm 

 ε/104 λmax
1f 

 /nm 

λmax
2f 

 /nm 

Φ a  ⊿ν b  σmax 
c 

HL 

 

 

 

CuL2 

CH2Cl2 

EtOH 

DMF 

DMSO 

CH2Cl2 

EtOH 

DMF 

DMSO 

  371 

  380 

  384 

  381 

  386 

  391 

  387 

  404 

  4.13 

  3.82 

  3.64 

  3.42 

  4.36 

  4.13 

  3.92 

  3.77 

  491 

  499 

  512 

  520 

  493 

  500 

  512 

  520 

 

 

 520 

 

 

 

 521 

  0.18 

  0.31 

  0.43 

  0.54 

  0.22 

  0.37 

  0.48 

  0.64 

 6583 

 6280 

 6719 

 7009 

 5626 

 5570 

 6309 

6519 

425 

417 

374 

391 

1128 

1051 

1036 

1042 

λmax
abs and λmax

1f represent the maximum wavelength of linear absorption and 

single-photon fluorescence, respectively. It is filtered through a 0.2 mm Gelman 

acrodisc CR filter. 
a quantum yield (Φ) at room temperature was determined with Coumarin(Φr = 0.56 in 

ethanol) as a reference in DMF. 
b Stokes shift in cm-1. c two-photon absorption cross-section in GM (1GM= 10-50 cm4 
s photon-1 molecule-1).  
 

3.3 Two-photon absorption propert (2PA) and 2PA cross section  

  Fig. 2c shows the two-photon excited fluorescence(2PEF) spectra of two 

compounds in DMF with a concentration of c = 10 µM. The 2PEF measurement was 

taken with a certain laser beam from a mode-locked Ti:sapphire laser (Coherent Mira 

900 F) as the pump source with a pulse duration of 200 fs. The excitation wavelengths 

of HL and its Cu(II) complex are 820 and 840 nm, respectively. From Fig. 2b and Fig. 

2c, it was found that the 2PEF spectra of the two compounds in DMF are essentially 
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 13

the same as their 1PEF spectra, confirming that both emissions are from the same 

excited state. 

The compounds HL and Cu(II) complex of the photoluminescence quantum 

efficiencies in DMF solvents were determined by using Coumarin ethanol solution as 

standard(Φ = 0.56, 1.0 × 10-5 mol L-1 ) on a Perkin–Elmer LS-55B fluorospectrometer 

by comparison of the fluorescence intensities with that of the compound of known 

quantum yield under same experimental conditions(shown in Table 1). 1 × 10-6 mol 

L-1 compounds HL and Cu(II) complex dilute solutions were prepared in order to 

avoid possible self-absorption and aggregation. It can been seen from Table 1, upon 

increasing the solvent polarity, the fluorescence quantum yields exhibit obvious 

decrease. This behavior accord with previous reports. 24  The quantum yield was 

calculated according to the following equations: 25 

( )
( )

( )
( )

r

s

r

s

s

r

ss

rr
rS

F

F

n

n

I

I

A

A

∫

∫


























Φ=Φ

2

2

λ
λ

λ
λ

                (2) 

σs = σr FΦr cr nr / FrΦs c ns                                   (3) 

The two-photon cross section σ was measured by the method reported based on 

the comparison of fluorescence intensity upon one- and two-photon excitation.8b,15 

From Fig. 3b and Fig. 3c, it can be seen that the 1PEF and 2PEF spectra both located 

in the same spectral region and have almost identical shapes, which confirm that the 

emitting states are the same for both processes. Thus, it can be assumed that the 

fluorescence quantum yield does not change with 1PA or 2PA. The calculated largest 

T2PA cross-section of the obtained complex in DMF is 1036 GM (1 GM = 10-50 cm4 

s photon-1) at 760 nm (Fig. 2d), which is about 3 times larger than that of the 
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corresponding ligand (σ = 374 GM). The experimental result illustrates that the 

multielectron-donating complex molecular possesses better fluorescence properties at 

NIR range, which is in agreement with the theoretic result published by Marder 12 and 

Perry. 13  

3.4 In vitro toxicity and tumor cell imaging study  

  Cytotoxicity is a potential side effect of the compound that must be controlled 

when dealing with living cells or tissues. In order to this end, cytotoxicity of the 

prepared complex was investigated against MCF-7 cell lines by the MTT assay (Table 

2). As shown in Table 2, for MCF-7 cell line, at low concentration range (10–20 

µM), the the survival rate of Cu(II) complex is same as propidiumiodide. However, at 

hight concentration range (40-80 µM), the survival rate of complex slightly highter 

than that of propidiumiodide. The results suggested that the complex at low- 

micromolar concentrations did not cause significant reduction in cell viability over a 

period of 24 h, or even 48 h, and should be safe for further biological studies (more 

information is shown in Fig. S6). All measurements were performed three times with 

different wells of plates. The averaged values were presented along with standard 

deviations. 
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Table 2  Data of MCF-7 cell survival % (24 h and 48 h) 

 

   As the copper complex has relatively low toxicity toward living cells, fluorescent 

images of two-photon microscopy of MCF-7 cells labeled with the complex was 

captured. The human cell lines MCF-7 were cultured and stained with 10 µM of Cu(II) 

complex. A bright-field (BF) image (Fig. 3a, left) of the cells was obtained 

immediately prior to the two-photon microscopy imaging. The NIR fluorescence 

images in vitro indicated that the complex was photoexcited to emit green 

fluorescence (Fig. 3a, middle), which was clearly observed to locate in the cytoplasm, 

while a few bright spots in the nucleus. 

  To distinctly verify their fluorescence stability as fluorescent cellular probes, 

MCF-7 cells were labeled with both the Cu(II) compound and a nuclear dye 

propidiumiodide (PI, a commercially available organic dye) simultaneously. The 

fluorescence of Cu(II) complex and PI in the same cells were monitored under the 

   Compd.   Concen.(µM)      24 h     48 h 

HL 

 

 

 

  CuL2 · C4H8O2 

 

 

 

propidiumiodide 
 

  10 

  20 

  40 

  80 

  10 

  20 

  40 

  80 

  10 

  20 

  40 

  80 

     98.43 

     90.17 

     80.53 

     61.76 

     97.62 

     87.24 

     74.47 

     55.32 

     97.53 

     86.84 

     73.21 

     53.21 

96.46 

87.21 

77.52 

58.45 

95.83 

85.68 

73.63 

53.16 

95.25 

85.37 

70.36 

51.84 
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same continuous light exposure (480 nm). It can be seen that the Cu(II) complex 

emitted bright green-colored fluorescence outside the nuclei and the dye PI emitted 

red-colored fluorescence inside the nuclei from Fig. 3b. We can also find that the 

green fluorescent signal of the complex was very stable against photobleaching 

throughout the imaging period of 240 s, while the red fluorescence signal of PI 

disappeared in 90 s. The results further confirmed the photostability of the obtained 

complex. 

3.5 In vivo tumor targeting capability study 

   It is well-known that the curcumin could effectively be delivered to tumor tissues 

by Epidermal Growth Factor Receptor(EGFR) effect and taken up by tumor cells as 

proved in previous papers.26 As a novel metal complex of curcumin-type, the 

targeting ability of the Cu(II) complex was investigated with a model of Bel-7402 

tumor-bearing mice. In order to quantify the targeting ability of the prepared complex 

probe, a series of images were collected with the IVIS Lumina imaging system in a 

dark room at specific time intervals during 10 h after the complex injection. As the 

blank control group, the images of normal nude mice were also collected at the same 

time intervals and experimental conditions, which were shown in Figure 3d. 

.  As shown in Fig. 3c, it can be seen that the live tumor sites were recognizable 

within 1 h after injection of the probe. As time went on, the probe increasingly 

accumulated in the live tumor cell and the tumor fluorescence reached the highest 

intensity at about 5 h after injection. Nevertheless, the tumor fluorescence in the live 

position began to wear off at about 6 h after injection, and then the fluorescence was 
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almost completely disappeared from the tumor at about 10 h after injection. The 

results suggest that the complex is able to target tumor for fluorescent tumor imaging 

and remains so between 8 and 10 h. Interestingly, the fluorescent intensity from the 

tumor was found to be significantly stronger than that of corresponding normal mouse, 

this was mainly due to the higher binding ability of the copper complex (as the 

monoclonal anti-EGFR antibody, which is the same as the curcumin) to the tumor 

cells than the noncancerous cells. As many published studies report, most cancerous 

cells accumulate significantly higher amounts of EGFR during the carcinoma process, 

and result in different concentration of EGFR on the surface of the cancerous and 

noncancerous cells.27 

Fig. 3 (a) Cellular uptake and bright-field image of 10 µM CuL2. (b)  The 
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fluorescent imaging of the MCF-7 cells labeled with the complex (green) and PI (red) 
at different times under continuous light exposure. (c) The NIR images of Bel-7402 
tumor-bearing mice after intravenous injection of the obtained complex. (d) The NIR 

images of normal nude mice after intravenous injection of the complex. ( all the scale 
bars represent 10 µM). 

 

4. Conclusions 

   In summary, a novel copper(II) complex containing π-conjugated multibranches 

has been successfully synthesized and characterized. The Cu(II) complex was 

investigated both experimentally and theoretically. More intensive 1PEF and 2PEF, 

and much increased of TPA cross section values σ, were obtained for the moninuclear 

Cu(II) complex in strong polar media compared to that of the free ligand because of 

ring system of the complex may favor the ICT and result in an enhanced two-photon 

absorption. In addition, the NIR fluorescence imaging of the complex in vivo was also 

performed. It was found that the complex can distinguish between cancerous and 

noncancerous cells, which makes the complex potentially use for cancer diagnoses at 

the early stage.   
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A table of contents entry. 

           

  The results of TPEF imaging in tumor-bearing mouse model demonstrated the 

potential of obtained complex for in vivo tumor diagnosis. 
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