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Abstract—A new multi-branched model Cu(II) complex based on curcumin, namely CuL2(I) (НL = (1E,4Z,6E)-
1,7-bis(4-(4-bromobutoxy)-3-methoxyphenyl)-5-hydroxyhepta-1,4,6-trien-3-one, C29H34O6Br2), was prepared
and its two-photon absorption (TPA) properties were described in the femtosecond regime. The experimental results
showed that complex I exhibited relatively strong and wide-dispersed two-photon activities in the near-infrared (NIR)
regime and the calculated TPA cross section of complex I was as high as 872 GM (1 GM = 10−50 cm4 s photon−1) in
DMF. Additionally, complex I revealed its potential application as a biological fluorescent probe due to its good
photo-physical properties and low cytotoxicity, as well as excellent stability and specificity for optical imaging of
tumors. Complex I was characterized by single crystal X-ray diffraction too (CIF file CCDC no. 1412447).
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INTRODUCTION
In the past decades, materials with large two-pho-

ton absorption (TPA) cross section have attracted sig-
nificant attention because of the very promising TPA-
based applications [1–3]. One of the most significant
applications of TPA materials is biological imaging in
living cells and tissues relying on the development of
the two-photon microscopy (TPM) technique, which
not only provides a number of advantages in biological
imaging, e.g. reduced phototoxicity, increased pene-
tration depth, and negligible background f luores-
cence, but also monitors and records molecular spa-
tiotemporal distribution, cellular biochemistry pro-
cesses and even detects earlier diseases [4–6]. Thus,
considerable research efforts have been devoted to the
development of new chromophores with large TPA
cross section for the use in biological imaging, such as
polymers, multi-branched organic molecules, semi-
conductors or nanoparticles, and metal complexes
[7–9].

In current research in the field of TPA materials,
well-accepted design approach to achieve large cross
section is generally based on the introduction of an
electron donor and acceptor to the ends of a π-conju-
gated system according to Albota [10] and Reinhardt
[11]. Based on their design strategy, a series of chro-
mophores were developed with the structures of
donor-π-donor (D-π-D) type,donor-π-acceptor

(D-π-A) type and acceptor-π-acceptor (A-π-A) type
[12–14]. On the other hand, it has been reported that
the TPA cross sections of multi-branched molecules
could be strongly enhanced compared with those of
their one-branched counterparts [15, 16]. The theo-
retical study predicted that the TPA cross section of
the metal complex should be much higher than that of
the corresponding ligand [17]. For example, a Cu(I)
complex [Cu4I4L4], led to great increase of the TPA
cross section compared with its ligand (L = (E)-(4-
diethylanilino-styryl)pyridine] [18]. However, the
syntheses of D-π-D type, D-π-A type, A-π-A type or
multi-branched compounds, as well as metal com-
plexes, were suffered from the complicated procedures
and low-yielding, which limited their practical appli-
cation. Structural stable TPA dyes exhibiting large
cross section and also emitting strong f luorescence via
direct two-photon excitation at a longer wavelength
are still few at present.

Curcumin 1,7-bis-(4-hydroxy-3-methoxyphenyl)-
1,6-heptadiene-3,5-dione, which is obtained from the
rhizome of Curcuma longa Linn, is a natural phenolic
pigment with low toxicity and good stability and also a
common ingredient used in cosmetics, spices and tra-
ditional Chinese medicines in Asian countries [19].
The compound and its derivatives have been reported
to possess good optical and electrical properties
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because of a highly π-electron delocalized system and
symmetric structure [20, 21].

In searching highly efficient TPA materials based on
the above strategies, in this article, we report a novel
multi-branched Cu(II) complex based on curcumin with
a D-π-D structure, namely CuL2 (I) (НL = (1E,4Z,6E)-
1,7-bis(4-(4-bromobutoxy)-3-methoxyphenyl)-5-hyd-

roxyhepta- 1,4,6-trien-3-one, C29H34O6Br2). Simulta-
neously, the photo-physical properties and cytotoxicity
of complex I were also investigated. In addition, the
application of complex I as a fluorescent probe in vitro
and in vivo for the biological imaging was also studied.
The synthetic route of the Cu(II) complex is presented in
Scheme 1.

Scheme 1.

EXPERIMENTAL
Materials and methods. All chemicals were avail-

able commercially and every solvent was purified by
conventional methods before use. Double distilled
water was used throughout all experiments. All com-
pounds were at first dissolved in DMSO to 2 mM, and
then diluted by phosphate buffer solution (PBS,
pH 7.2, Gibco) to different concentration. Each solu-
tion used for photo-physical properties is freshly pre-
pared and kept in the dark before measurement.

Melting points were determined on WRS-2
(Shanghai China). Fourier transform infrared (FTIR)
spectra were recorded on SHIMADZU IR Prestige-
21 spectrophotometer with samples prepared as KBr
(spectrum pure) pellets. 1H NMR spectrum was per-
formed on a Bruker AVII400 spectrometer with
tetramethyl silane (Si(CH3)4) as the internal standard.
The mass spectrum was obtained on FINNIGAN
LCQ Advantage MAX LC/MS (Thermo Finnigan,
American). Elemental analyses were carried out with a
Perkin-Elmer 240C analyzer.

The UV-Vis absorption spectra were recorded on a
SPECORD S600 spectrophotometer. The one-pho-
ton excited f luorescence (OPEF) spectra were per-
formed using a Hitachi F-7000 fluorescence spectro-
photometer. The one-photon absorption (OPA) and
OPEF spectra of HL and CuL2 were measured in four
organic solvents of different polarities at a concentra-
tion of 1.0 ×10−5 mol/L. The quartz cuvettes used had
a 1 cm path length. The f luorescence quantum yields
(Ф) of the compounds were measured according to lit-
erature [14]. The two-photon induced fluorescence

spectra were recorded 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, a
repetition rate of 76 MHz, and a single-scan streak
camera (Hamamatsu Model C5680-01) together with
a monochromator as the recorder. The photostability
of complex I was performed by a mercury lamp of
50 W with continuous irradiation of 2 h. ICG and LTG
molecules (two commercial dyes) were used for com-
parison.

Synthesis of HL. Curcumin (1.8 g, 5 mmol) was
added to DMF solution (30 mL) containing anhy-
drous potassium carbonate (1.30 g, 10 mmol) and
heated at 80ºC for 30 min, then redistilled 1,4-dibro-
mobutane (2.2 g, 10 mmol) and a small quantity of
potassium iodide were added into the reaction system.
The mixture was refluxed for about 6 h at 80°C and
monitored by thin-layer chromatography (TLC).
After the completion of the reaction, the resultant
mixture solution was added into 50 mL of cold water
under violent stirring. The yellow solid was obtained
by filtration. The crude product was purified by col-
umn chromatography over silica gel eluting with ethyl
acetate−petroleum ether mixture (5 : 6, v/v) as the elu-
ent to get the pale yellow microcrystal. The yield was
52%. m.p. 124−126°C.
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Table 1. The crystallographic data and structure refinement for CuL2

Parameter Value

Formula weight 1338.28

Temperature, K 296(2)

Crystal system Monoclinic

Space group P21/n

a, Å 14.098(2)

b, Å 8.4699(15)

c, Å 25.151(5)

β, deg 100.580(2)

Volume, Å3 2952.3(10)

Z 2

ρcalcd, g cm−3 1.505

μ, mm−1 3.135

F(000) 1358

θmin−θmax, deg 2.54−26.30

Reflections collected 22149

Reflections unique 6094

Rint 0.0435

Data/restraints/parameters 6094/14/342

Final R indices (I > 2σ(I)) R1 = 0.0891, wR2 = 0.2676

R indices (all data) R1 = 0.1436, wR2 = 0.3114

GOOF on F2 1.043

Δρmax/Δρmin, e Å−3 2.23/−1.17
1H NMR (DMSO; 400 MHz; δ, ppm): 1.51−1.59

(s., 9H, CH3), 2.01−2.24 (m., 6H, OCH2), 3.48−3.55

(s., 6H, OCH3), 4.09−4.16 (m., 6H, CH2), 5.11 (s.,

1H, COCHCO), 7.08−7.23 (m., 6H, Ar–H),

7.56−7.63 (m., 4H, CH). MS ESI (m/z): 638.38

([M+H]+, 100).

Synthesis of CuL2 (I). HL (1.3 g, 3.0 mmol) was

dissolved in ethanol (30 mL), then solid sodium

hydroxide (0.12 g, 3.1 mmol) and a solution of

Cu(OAc)2 (0.35 g, 2.0 mmol) in ethanol (20 mL) were

added into the above solution sequentially at room

temperature. The reaction mixture was stirred at 80ºC

for 5 h. After cooling to room temperature, yellow

green solid was filtered, washed with water and etha-

nol, respectively, and then dried under vacuum at

50°C. The yield was 62%. m.p. > 250°C.

For C58H66O12Br4Cu

Anal. calcd., % C, 52.05 H, 4.97 Cu, 4.74

Found, % C, 52.35 H, 4.68 Cu, 4.52
RUSSIAN JOURNAL OF C
FTIR (KBr; ν, cm–1): 2.979 (CH3), 1.623 (C=O),

1.510 (C=C), 1.598, 1.577, 1.477 (Ar), 1.257 (=CH),
543 (Cu–O).

Single-crystal X-ray diffraction. The structure data
of complex I 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 determi-
nation of unit cell parameters and data collections
were performed with MoKα radiation (λ = 0.71073 Å).

Unit cell dimensions were obtained with least-square
refinements, and all structures were solved by the
direct method as SHELXL-97 [22]. The final refine-
ment was performed by full-matrix least-square meth-
ods with anisotropic thermal parameters for non-

hydrogen atoms on F2. The hydrogen atoms were
added theoretically and riding on the concerned
atoms. The crystallographic data for complex I are
presented in Table 1, selected bond lengths and angles
are shown in Table 2.

Supplementary material for structures HL and I
has been deposited with the Cambridge Crystallo-
graphic Data Centre (ССDС nos. 896630 and
OORDINATION CHEMISTRY  Vol. 47  No. 1  2021
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Table 2. Selected bond length (Å) and angle (deg) of complex CuL2

Bond d, Å Angle ω, deg

Cu(1)–O(3) 1.899(4) O(3)Cu(1)O(3) 180.0

Cu(1)–O(4) 1.901(4) O(3)Cu(1)O(4) 86.96(18)

C(9)–C(12) 1.438(8) O(3)Cu(1)O(4) 93.04(18)

C(12)–C(13) 1.346(8) O(4)Cu(1)O(4) 180.0(2)

C(13)–C(14) 1.462(8) C(8)C(9)C(12) 123.3(5)

C(14)–C(15) 1.371(8) C(10)C(9)C(12) 119.2(6)

C(15)–C(16) 1.392(8) C(10)C(9)C(8) 117.5(5)

C(16)–C(17) 1.478(8) C(18)C(19)C(24 124.7(6)

C(17)–C(18) 1.324(8) C(20)C(19)C(18) 117.3(6)

C(18)–C(19) 1.458(8) C(24)C(19)C(20) 118.0(6)
1412447, respectively; deposit@ccdc.cam.ac.uk or
http://www.ccdc.cam.ac.uk/conts/retrieving.html).

Cell culture and cytotoxicity assay. Cytotoxicity is a
potential side effect of the dye that must be controlled
when dealing with living cells or tissues. To ascertain
the cytotoxic effect of HL and CuL2 treatment over a

24 h period, the 5-dimethylthiazol-2-yl-2,5-diphen-
yltetrazolium bromide (MTT) assay was performed.
Human breast carcinoma (MCF-7) cells were tryp-
sinized and plated to 70% confluence in 96-well plates
24 h before treatment. MCF-7 cells were seeded into a

96-well culture plate at about 2.0 × 105 cell/well.
50 mL of the sample solution diluted with DMEM at
different concentrations was added to each well,
respectively. The cells were cultivated for 24 h at 37°C,
5% CO2 and 95% air, followed by the addition of

50 mL MTT solution (5 mg/mL) to each well and
incubated for an addition 2 h (37°C, 5% CO2 and 95%

air). Then, DMEM was removed, the cells were dis-
solved in DMSO (150 mL/well), the absorbance of
each cell was determined by UV spectrometer at 540
nm. The percentage of cell viabilities was calculated by
the following equation: cell viability =
(ODtreated/ODcontrol) × 100%, where ODtreated was

obtained in the presence of sample at various concen-
tration, ODcontrol was obtained from the incubation

medium. Three independent trials were conducted,
and the percentage of viable cells was calculated aver-
agely relative to untreated cells.

Two-photon fluorescence image. Cells were seeded

in 6 well plates at a density of 5 × 104 cells per well and
grown for 96 h. For live cell imaging MCF-7 cells were
incubated with the Cu(II) complex (10% PBS/90%
cell media) at concentration of 10 μM and maintained
at 37ºC in an atmosphere of 5% CO2 and 95% air for

incubation time of 0.5 h. The cells were then washed
with PBS (3 × 3 mL per well), and 3 mL of PBS was
added to each well. MCF-7 cells were luminescently
imaged on a Zeiss LSM 510 META upright confocal
laser scanning microscope using magnification 40×
and 100× water-dipping lenses for monolayer cul-
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
tures. Image data acquisition and processing was per-
formed using Zeiss LSM Image Browser, Zeiss LSM
Image Expert and Image J. Excitation energy of
780 nm was used, and the f luorescence emission was
measured at 550−650 nm.

Animal experiments and in vivo cell imaging. Nor-
mal Kunming mice were purchased from Animal Lab-
oratory of China Pharmaceutical University (Nanjing,
China). All animal experiments were performed in
compliance with the Animal Management Rules of
the Ministry of Health of the People’s Republic of
China. Anesthetized mice were injected with HepG2

tumor cell suspension (about 4 × 105 cells in 0.2 mL of
PBS) into the left f lank area of the nude mice. After
15 days of tumor cell incubation, the tumor grew up to
a diameter of about 0.2 cm, then, 0.5 mL of CuL2 in

PBS (10.0 μM) was administered into each tumor-
bearing mouse through tail vein injection. After injec-
tion of the target compound probe (2 h), two-photon
fluorescence imaging was measured by the IVIS
Lumina system (Xenogen Co., Alameda, CA, USA).

RESULTS AND DISCUSSION

The structures of HL1 and CuL2 (Fig. 1) were fur-

ther confirmed by single-crystal X-ray diffraction.
Single crystals of two compounds suitable for X-ray
crystallography analysis were grown from ethyl ace-
tate/ethanol (6 : 1) and DMF/THF (5 : 1 v/v), respec-
tively. As shown in Fig. 1, each copper(II) center has a
square planar coordinated sphere surrounded by four
oxygen atoms from two chelating β-diketone ligands in
their enol form. The Cu(1)−O(3) and Cu(1)−O(4)
bond lengths are 1.899(4) and 1.901(4) Å (Table 2),
respectively, which are smaller than those in other
copper diketonate complexes [19]. The
O(3)Cu(1)O(4) bond angles are 86.96(18)° and
93.04(18)°, respectively, and the sum is 180°, revealing
that the Cu(II) center adopts a square planar geome-

1 See the supplement materials.
  Vol. 47  No. 1  2021
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Fig. 1. ORTEP structure of CuL2 with 50% probability (all hydrogen atoms are omitted for clarity).
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try. It can be seen from Table 2 that the bond lengths
are intermediate, such as C(9)–C(12) 1.438(8),
C(12)−C(13) 1.346(8), C(13)−C(14) 1.462(8),
C(14)−C(15) 1.371(8), C(15)−C(16) 1.392(8),
C(16)−C(17) 1.478(8), C(17)−C(18) 1.324(8), and
C(18)−C(19) 1.458(8) Å, suggesting that there is a
highly π-electron delocalized system in the metal
complex molecule. The sum of the three CCC bond
angles is 360°, which take carbon atom (C(9)) as cen-
ter (C(8)C(9)C(12) 123.3(5)°, C(10)C(9)C(12)
119.2(6)°, C(10)C(9)C(8) 117.5(5)°). This result
demonstrates that the carbon atom (C(12)) is practi-
cally coplanar with the benzene ring. Additionally, the
deviation angle between benzene ring and the coordi-
nation plane composed of one Cu(II) atom and four
oxygen atoms is 6.52°, and the deviation angle
between two benzene rings in each ligand is 9.26°. The
structural character indicates the good coplanarity
and large π-conjugated system in the complex, which
is necessary for large TPA cross section [17, 23]. The
packing diagram of the complex shows that the adja-
cent molecules are stacked through two types of π−π
interactions along the a and c axes with the short dis-
tances of 3.468 and 3.687 Å, respectively.

The photo-physical properties of HL and CuL2

were summarized in Table 3 and Figs. 2a−2e. The lin-
ear absorption and OPEF spectra of the two com-
pounds were measured in four solvents of different

polarity at a concentration of c = 1.0 × 10−5 mol/L, in
which the solvent influence was not included.
From the linear absorption curves of the two com-
pounds in DMF, shown in Fig. 2a, we observed that
absorption maximum located at 356 nm for HL (with
the corresponding mole absorption coefficient ε =

3.42 × 104 cm−1 M−1) and 358 nm for CuL2 (ε = 3.77 ×

104 cm−1 M−1), corresponding to the n−π* transition
of the compounds. The shorter wavelength at 262 nm
RUSSIAN JOURNAL OF C
for HL (ε = 1.7 × 104 cm−1 M−1) and 263 nm for CuL2

(ε = 3.8 × 104 cm−1 M−1) originated from the π−π*
transition of oxygen atom and benzene ring [24]. The
ε value of CuL2 was significantly higher than that of

HL, which might be due to the extension of π-conju-
gation and coordination of metal ion with its corre-
sponding ligand [25].

Figure 2b is the OPEF spectra of HL and CuL2 in

DMF with the same concentration as that of the linear
absorption spectra, the maximum emission wave-
lengths of HL and CuL2 are 520 and 525 nm, respec-

tively. From Table 3, one can see that the maximum
absorption peaks clearly show a red-shift with the
increase of the polarity of the solvent for each com-
pound, which can be explained by the fact that the
excited state of these compounds may possess higher
polarity than the ground state, since the solvatochro-
mism is associated with the energy level lowering. The
increasing dipole-dipole interaction between the sol-
ute and solvent leads to the great energy level lowering
[25, 26].

The f luorescence quantum yield was performed in
solvent following the procedure described by us before
[23]. It can be seen from Table 3 that the quantum
yield of CuL2 was significantly higher than that of its

corresponding ligand, and upon increasing the solvent
polarity, the f luorescence quantum yield exhibited
obvious increase.

Figure 2c shows the two-photon fluorescence of
two compounds in DMF with a concentration of c =

1.0 × 10−3 mol/L. Comparing the TPEF spectra
(Fig. 2c) with their corresponding OPEF spectra
(Fig. 2b), we find there are obviously many similari-
ties. Firstly, the TPEF spectrum shape of any of the
compounds is similar to the corresponding OPEF
spectrum shape. Secondly, the TPEF peak position of
OORDINATION CHEMISTRY  Vol. 47  No. 1  2021
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Table 3. The photo-physical properties of HL and CuL2 in different solvents*

*  and  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 (Φ = 0.56 in
ethanol) as a reference in DMF. b Stokes shift in cm−1. c TPA cross section in GM (1 GM = 10−50 cm4 s photon−1 molecule−1).

Compound Solvent , nm ε/104
, nm , m Φa Δνb σmax

c

HL CH2Cl2 371 491 6583 425

EtOH 380 4.13 499 0.18 6280 417

DMF 356 520 520 6719 374

DMSO 381 3.82 520 0.31 7009 391

CuL2 CH2Cl2 386 493 5626 1128

EtOH 391 3.64 500 0.43 5570 1051

DMF 358 525 521 6309 1036

DMSO 404 3.42 520 0.54 6519 1042

4.36 0.22

4.13 0.37

3.92 0.48

3.77 0.64

abs
maxλ 1f

maxλ 2f
maxλ

abs
maxλ 1f

maxλ
two compounds is basically the same sequence of λ
(HL) < λ (CuL2) as the corresponding OPEF peak

position. Thirdly, the relative TPEF intensities of

these compounds show the same spectral sequence of

HL < CuL2 as those of OPEF. These similarities

between TPEF and OPEF indicate that both the emis-

sions for a given compound are from the same excited

state, though their initial Frank-Condon states may be

different. The difference between TPEF and OPEF is

mainly at the excitation process: two-photon absorp-

tion vs. single photon absorption [26]. From Table 3, it

can be seen that the peak positions of TPEF show red

shift compared to those of OPEF, which can be

explained by the effect of reabsorption in the high con-

centration solution [23].

Two-photon f luorescence spectra of complex I in

DMF pumped by femtosecond laser pulses at 600 mW

through different excitation wavelengths are also pre-

sented in Fig. 2e. The excitation wavelengths are in the

NIR region (690−860) due to their more extensive π-

conjugation and the presence of intramolecular charge

transfer (ICT) process [27]. No linear absorption was

observed in the range from 500 to 1000 nm, so the

emission excited by NIR laser wavelength can be

attributed to the TPEF mechanism. The two-photon

cross section σ was measured by the method reported

based on the comparison of f luorescence intensity

(PL) [25], as shown in Fig. 2d. The calculated largest

TPA cross section σ of the obtained complex in DMF

is 872 GM (1 GM = 10−50 cm4 s photon−1) at 780 nm

(Fig. 2d), which is about 1.6 times larger than that of

the corresponding ligand (σ = 546 GM), which can be

explained by the enlarged coplanarity and the follow-

ing increased π-electron polarization when the Cu2+
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
cations are coordinated with the ligands, eventually
leading to an increase in the TPA cross section values.

To verify the f luorescence stability as a cellular f lu-
orescent probe, the photostability of complex I was
determined. As exhibited in Fig. 2f, the PL intensities
of complex I maintained over 80% of the original PL
intensity after 2 h of continuous irradiation by a mer-
cury lamp of 50 W. For comparison, ICG and LTG
molecules (two commercial dyes) were determined,
only less than 15% of original PL intensities were
maintained under the same conditions. The results
show the superior photostability of complex I com-
pared with ICG and LTG, implying its potential appli-
cation for long-term biomedical imaging.

Figure 3a displays the cell viability of tested MCF-7
cell lines when treated with different concentrations of
each compound for 24 h. The results clearly indicated
that no obvious cell viability decreased, even when the
concentration of the two compounds HL and CuL2

reached up to 20 μmol/L (two times of the concentra-
tion used for bioimaging in our study), the cell viability
was still greater than 80%. The low cytotoxicities of the
obtained compounds indicate they are suitable for cel-
lular imaging applications.

MCF-7 cells were selected toward complex I for
biological imaging. MCF-7 cells were cultured and
stained with the complex, and then the image was
taken after 0.5 h staining (Fig. 3b, left). It can be seen
that the complex probe went through the membrane
and localized uniformly in the cytoplasm while a few
bright spots in the nucleus, implying the cell cyto-
plasm can be labeled mainly by the obtained complex
probe. For comparison, MCF-7 cells were stained
with a nuclear dye Hoechst 33342 (a commercially
available organic dye) and the image was performed
  Vol. 47  No. 1  2021
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Fig. 2. Linear absorption (a), OPEF (b) and TPEF (c) spectra of HL and complex I in DMF; the TPEF spectra of CuL2 in DMF
pumped by femtosecond laser pulses at 600 mW at different excitation wavelengths (d); TPA cross section of the compounds in
DMF versus excitation wavelengths of identical energy of 0.380 W (e); f luorescence intensities of CuL2, ICG and LTG during
irradiation time (f).

200

300

400

500

600

700

800

900

680 720 760

σ,
 G

M

800 840 880

Wavelength, nm

(e)

HL
CuL2

0

20

40

60

80

100

120

140

0 0.5

In
te

n
si

ty
 

1.0 1.5 2.52.0

Irradiation, hr

(f)

ICG
LTG

CuL2

0

100

200

300

400

500

350 400 450 500 550 600

Wavelength, nm

(c)

HL
CuL2

HL
CuL2

HL
CuL2

0

100

200

300

400

500

450 500

In
te

n
si

ty
 

550 650600

Wavelength, nm

(d)

680
700
720
740
760
780
800
820
840
860

0

0.3

0.6

0.9

1.2

250 300 400

A
b

so
rp

ti
o

n

450 500 600550350

Wavelength, nm

(a)

0

200

400

600

800

1000

350 400

In
te

n
si

ty
 

450 500 600550

Wavelength, nm

(b)

In
te

n
si

ty
 

under the same condition (Fig. 3b, middle). The
merged image (Fig. 3b, right) showed that the com-
plex probe emitted bright green fluorescence outside
the nuclei and the dye Hoechst 33342 emitted blue
fluorescence inside the nuclei.

To validate the feasibility of CuL2 as a NIR imaging

probe, the tumor targeting ability of the complex I was
carried out with a model of HepG2 liver tumor-bear-
RUSSIAN JOURNAL OF C
ing mice. Mice images were taken before and after

intravenous injection of CuL2 at 10.0 μM dosage by

the IVIS Lumina imaging system in a dark room at

specific time intervals. Figure 3c shows the in vivo

imaging of complex I after injection in living mice.

The tumor sites were identifiable within 2 h postinjec-

tion of the complex probe. Interestingly, the probe

increasingly accumulated in the tumors and the stron-
OORDINATION CHEMISTRY  Vol. 47  No. 1  2021
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Fig. 3. Cytotoxicity data results of HL and CuL2 against MCF-7 cell lines (24 h) from the MTT assay (a); f luorescence images of
MCF-7 cells incubated and stained for 0.5 h: green (left)—imaging stained with 10 μM of CuL2, blue (middle)—cell nuclei
stained with Hoechst 33342, merged image (right) (all the scale bars represent 10 nm) (b); f luorescence images of nude mice
bearing HepG2 tumor at different time after injected with CuL2 (c).
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Tumor
gest f luorescence signal was detected in the liver tumor
of mice 4 h after injection. However, as time goes on,
the blue light signal decreases slowly, which may suffer
from relatively intense absorption and scattering
caused by the animal tissue and body f luids. The signal
still can be clearly observed even after 6 h post injec-
tion of probe. The in vivo imaging results exhibit the
potential applications of the as-prepared compound
toward tumor tissues though intense background
luminescence or autofluorescence might be encoun-
tered.
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