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INTRODUCTION

The occurrence and development of malignant tumors 
is extremely complex. It involves different pathological 
processes, multiple genes, signal transduction pathways 
and biological molecular targets [1–2]. Attempts to treat 
malignant tumors with monotherapeutic approaches are 
not always efficient. Thus, combination of two treatments 
with different anticancer mechanisms has been proven 
to be able to improve the anticancer effect, reducing the 
rates of metastasis and recurrence, side effects and drug 
resistance [3–5]. Photodynamic therapy (PDT), a preferred 
non-invasive therapeutic modality, is approved for a series 
of tumor diseases [6–7]. The photosensitizers in PDT can 
be activated to generate reactive oxygen species (ROS) 
to kill the cancer cells only in the cancer area exposed 
to light [6–10]. This special ROS-dependent anticancer 
mechanism makes PDT an ideal cancer therapy to combine 

with chemotherapy. Combination of PDT and chemical 
therapy has been demonstrated to improve the anticancer 
effect [11–13]. However, the photosensitizers are easy 
to aggregate and poorly targeted. It is greatly desired to 
create an efficient drug delivery system which can co-load 
photosensitizers and chemical drugs to maximize the 
synergistic therapeutic effect and solve the limitation.

Metal-Organic Frameworks (MOFs) have been 
proven to be extremely valuable materials for their 
application in catalysis, drug delivery and cancer 
therapy due to their extra-large surface areas, high pore 
volumes and flexible structures [14–16]. Furthermore, 
many multifunctional physicochemical properties 
of nanomaterials can be achieved through the 
functionalization of metal-organic frameworks [17–19]. 
The Eu-based MOFs, especially EuBTC, are very useful 
carriers due to their unique physicochemical properties 
such as biocompatibility and a large drug-loading 
capacity [20–21]. The open metal sites of the central 
Eu3+ endow Eu-N MOFs with a potential functionalized 
ability through the coordination effect [22–24]. 
Specifically, EuBTC-NH2 prepared by organic ligands 
2-aminobenzene-1,3,5-tricarboxylic acid can achieve 
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chemical modification more easily by the post-synthetic 
modifications. Therefore, we hope to apply the EuBTC 
nanosystem to become a multi-functional platform for 
co-delivery of photosensitizers and chemical drugs to 
enhance the anticancer activities, and to immobilize 
targeting ligands to improve cancer targeting.

In this study, we first anchor zinc phthalocyanines 
(ZnPc), excellent photosensitizers with good singlet 
oxygen production [25–28], on the surface of EuBTC via 
amidation to avoid aggregation; less aggregation will result 
in higher singlet oxygen generation. Second, we decorate 
EuBTC-NH2 with folic acid (FA), which can target 
the highly expressed FA acceptor in cancer cells likes 
epithelial, ovarian, cervical, breast, lung, kidney, colorectal 
and brain tumors [29–31]. Finally, a well-known chemical 
drug, doxorubicin (DOX) [32–34], is loaded into the 
nanosystem. Therefore, we synthesized a multifunctional 
platform named DOX@FA-EuBTC-Pc (Scheme 1) to 
improve cancer targeting and anticancer efficacy.

RESULTS AND DISCUSSION

Synthesis

As shown in Scheme 1 and Schemes S1–S2 and 
Figs S1–S6 (see supporting information) the EuBTC- 
NH2 was prepared via a solvothermal reaction of 

Eu(NO3)3 . 6H2O, BTC-NH2 in N,N dimethyl formamide. 
Polyvinyl pyrrolidone (PVP) and sodium acetate were added 
to modulate the size of the nanoparticles. Then, a covalent 
post-synthetic method was used to achieve FA-EuBTC-Pc 
powders through chemical modification of EuBTC-NH2 
by amidation reaction with ZnPc-TCP and folic acid. The 
powders remain blue colored after washing by DMF and 
ethanol, which indicates the presence of ZnPc-TCP. ZnPc-
TCP and folic acid are on the surface of EuBTC-NH2 
nanoparticles after the amidation reaction and are expected 
to keep their photosensitivity and cancer targeting abilities. 
Finally, DOX was loaded into the nanoparticles. The 
encapsulation efficiency was 41.48% and the loading 
capacity was 41.66% as determined by UV-vis spectro-
metry. DOX@FA-EuBTC-Pc NPs was confirmed with 
high drug-loading and encapsulation efficiency.

Characterization

The scanning electron microscopy images in Fig. 1 
show that EuBTC is shaped like a claviform raisin with 
a diameter of about 200 nm. However, EuBTC-NH2 
became spheres or short rods with much smaller size  
(20–50 nm) than that of EuBTC because of the coordination 
of the amino group and Eu3+. The morphology of the 
nanoparticles also changed after modification by ZnPc-
TCP. The morphology is consistent with that previously 

Scheme 1. Schematic illustration of the structure and assembly route of the DOX@FA-EuBTC-Pc NPs, and the mechanism 
of DOX@FA-EuBTC-Pc NPs at tumor site including 670 nm light irradiation in tumor, ROS production, and DOX release 
for synergistical anticancer effect. BTC-NH2 = 2-amino-1,3,5-benzenetricarboxylic acid, Pc = tetrakis(4-carboxylphenoxy)
phthalocyanine zinc, FA = folic acid, DOX = doxorubicin
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observed with the size almost unchanged. With the load of 
DOX, the nanoparticle size becomes larger. Further, these 
results were confirmed correspondingly by DLS (Fig. S7).

Powder X-ray diffraction (PXRD) of the EuBTC 
nanoparticles is shown in Fig. 2a. The well-defined 
diffraction peaks of all nanoparticles indicate that these 
nanoparticles have high crystallinity, in accordance with that 
of the simulated EuBTC. The post-synthetic modification 
reaction of EuBTC-NH2 was also con firmed by FT-IR 

spectroscopy. As shown in Fig. 2b, the characteristic 
double peak of the amino groups is obviously visible 
near 3317 cm-1 and 3303 cm-1 (N–H stretching vibration) 
in the FT-IR spectra of EuBTC-NH2. After modification 
with phthalocyanine, the characteristic peak of the amino 
group was nearly disappeared, and a tip peak at 3431 cm-1 
was generated, which indicates the stretching vibration 
of RCON-HR. At the same time, the amino group was 
not completely reacted, so there is still a weak peak at 

Fig. 1. SEM of (a) EuBTC, (b) EuBTC-NH2, (c) EuBTC-Pc, (d) FA-EuBTC-Pc and (e) DOX@FA-EuBTC-Pc; (f) TEM of DOX@
FA-EuBTC-Pc. Bar = 200 nm
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3310 cm-1. With conjugation to folic acid, the characteristic 
stretching vibration peak of the amino group basically 
disappeared, and only one sharp peak at 3431 cm-1 remains.

Singlet oxygen quantum yield

Singlet oxygen is the key effect factor in photodynamic 
anticancer therapy. To determine the singlet oxygen 
quantum yield, we used the singlet oxygen trapping 
agent 1,3-diphenylisobenzofuran (DPBF). The change of 
its absorbance value at 415 nm in all NPs and ZnPc-TCP 

solution was recorded by UV-vis photometry (Fig. 3). 
The singlet quantum yields (FD) of all nanoparticles and 
ZnPc-TCP are shown in Table 1. All nanoparticles have 
almost the same singlet quantum yields (0.53–0.59) as that 
of ZnPc-TCP, which indicates that all the nanoparticles 
retain the high photosensitivity of ZnPc-TCP.

Drug release

We suspect that DOX is not simply adsorbed in the 
carrier channel of EuBTC, but is coordinated with the 
remaining Eu ion sites, and the strength of coordination 
is affected by pH. The pH value of cancer tissues and 
cells is 5.0–6.0, which is lower than that of blood and 
normal tissues (pH = 7.4). Therefore, the release of DOX 
from DOX@FA-EuBTC-Pc was analyzed by membrane 
dialysis in phosphate-buffered saline with different pH 
(Fig. 4). We use pH = 5.0 and 6.0 to mimic the cancer 
tissues and cells, and pH = 7.4 for bloodstream and 
normal tissues. Less than 12% of DOX was released at 
pH 7.4. By comparison, markedly increased release rates 
and amounts were observed when the pH was lowered 
to 6.0 and 5.0. More than 60% of DOX released around 
8 h and the drug release content within 24 h was nearly 
to 80% at pH 5.0. This result demonstrates that DOX@
FA-EuBTC-Pc can only release DOX in cancer cells and 
not leak into the blood and normal tissues.

Cellular uptake and subcellular localization

To verify the cancer-targeting properties of the 
nanoparticles, a relative cellular uptake experiment was 

Fig. 2. (a) XRD patterns of EuBTC, EuBTC-NH2, EuBTC-Pc, 
FA-EuBTC-Pc, and DOX@FA-EuBTC-Pc. (b) IR spectra of 
EuBTC, EuBTC-NH2, EuBTC-Pc, FA-EuBTC-Pc, and DOX@
FA-EuBTC-Pc

Fig. 3. The UV-vis absorbance change of DPBF at 415 nm in 
ZnPc-TCP and all NPs solution

Table 1. FD of ZnPc-TCP and all NPs obtained by chemical quenching of DPBF at 
415 nm

Compound ZnPc-TCP EuBTC-Pc FA-EuBTC-Pc DOX@FA-EuBTC-Pc

FD 0.54 0.59 0.57 0.53
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performed (Fig. 5). We choose HeLa cells with high 
expressions of FA receptors and A549 cells with low 
expressions of FA receptors. As expected, the cellular 
uptake of FA-EuBTC-Pc in HeLa cells is much higher than 
that in A549 cells with significant difference. A significant 
difference between the uptake of FA-EuBTC-Pc and 
EuBTC-Pc can also be found. However, there is no 
obvious difference between the cellular uptake of 
EuBTC-Pc, which has no FA moieties, in HeLa cells and 

A549 cells. The result indicates that the introduction of 
folic acid targeting groups can improve cancer targeting, 
and then significantly increase the cellular uptake in high 
FR-receptor-expression cancer cells.

In order to demonstrate that FA-EuBTC-Pc can target 
the FA receptor and then be endocytosed and localized in 
lysosomes, we used confocal laser scanning microscopy 
to study subcellular lolization. As shown in Fig. 6, the 

Fig. 4. Release curve of DOX from DOX@FA-EuBTC-Pc 
nanoparticles in the different pH PBS Fig. 5. Cellular uptake of EuBTC-Pc and FA-EuBTC-Pc at 

10 μM in A549 cells and HeLa cells (***p < 0.001)

Fig. 6. Confocal laser scanning microscopy images of HeLa cells incubated with FA-EuBTC-Pc for 24 h
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fluorescence images of lysosomes were overlapped 
well with that of FA-EuBTC-Pc, which means good 
colocalization. There is almost no colocalization 
between mitochondria and FA-EuBTC-Pc. Therefore, 
FA-EuBTC-Pc can enter into cancer cells by FA receptor-
mediated endocytosis and be mainly distributed in the 
lysosomes.

Cytotoxicity experiment

To study the anticancer effect of all nanoparticles, a 
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazo-
lium bromide (MTT) cell viability assay was used to 
detected the half-maximum inhibitory concentration value 
(IC50) values. In Fig. 7 there was nearly no cytotoxicity 
of other nanoparticles in the dark condition, except for 
DOX@FA-EuBTC-Pc, which has chemical toxicity 
because of DOX. The result indicates that EuBTC-NH2, 
EuBTC-Pc, FA-EuBTC-Pc are biocompatible and non-
cytotoxic in dark. After 670 nm irradiation, EuBTC-NH2 
still showed no obvious cytotoxicity towards HeLa 
cells, suggesting that EuBTC is also biosafe under light 

irradiation. EuBTC-Pc, FA-EuBTC-Pc and DOX@
FA-EuBTC-Pc all showed significant phototoxicity. 
According to the cytotoxicity curve, we can obtain the 
IC50 values and the results are shown in Table 2. The 
IC50 values of EuBTC-Pc, FA-EuBTC-Pc and DOX@
FA-EuBTC-Pc were 24.91 ug/mL, 15.79 ug/mL, 6.508 
ug/mL, respectively. Because of FA cancer targeting, 
increased uptake of FA-EuBTC-Pc makes it more 
cytotoxic. The anticancer ability of DOX@FA-EuBTC-Pc 
has been greatly improved by combination of DOX and 
ZnPc-TCP. The results indicate that the synergistic 
anticancer effect of photosensitizers and DOX in this 
nanosystem and the introduction of folic acid improve 
cytotoxicity towards cancer cells because of cancer 
targeting.

EXPERIMENTAL

Materials and methods

All reagents and solvents were obtained from 
commercial sources (Alfa Aesar, Sigma-Aldrich, 
Aladdin) and used without further purification. 

The morphology of the sample was investigated by 
field emission scanning electron microscopy (SEM) 
(Hitachi S4800, Tokyo, Japan). TEM images were taken 
on a high-resolution transmission electron microscope 
(HR-TEM, Tecnai G2 F20 S-TWIN, 200 kV, FEI 
Company, USA) operated at an acceleration voltage 
of 200 keV by dropping solution onto a carbon-coated 
copper grid. Powder X-ray diffraction (PXRD) was 
carried out on a Bruker D8-Focus Bragg–Brentano X-ray 
Powder Diffractometer equipped with Cu Ka1 radiation 
(k = 1.5406 Å). X-ray photoelectron spectroscopy 
(XPS) data were obtained on Thermo ESCALAB250 
instrument with a monochromatized Al Ka line source 
(200 W). Fourier transformed infrared (FTIR) spectra 
were recorded on BioRad FTS 6000 spectrometer using 
KBr pellet in 400–4000 cm-1 range. UV-vis spectra were 
recorded on Beijing PuXi Tu-1901 spectrophotometer. 
Fluorescence spectra were recorded on a Varian Cary 
Eclipse spectrometer with a Xe lamp as the excitation 

Table 2. IC50 values of EuBTC-NH2, EuBTC-Pc, 
FA-EuBTC-Pc, and DOX@FA-EuBTC-Pc towards 
HeLa cells

Nanoparticles IC50 (μg/mL)

Dark Light

EuBTC-NH2 > 100 > 100

EuBTC-Pc > 100 24.91

FA-EuBTC-Pc > 100 15.79

DOX@FA-EuBTC-Pc 31.51 6.508

Fig. 7. Cytotoxic effects of EuBTC-NH2, EuBTC-Pc, 
FA-EuBTC-Pc, and DOX@FA-EuBTC-Pc NPs towards HeLa 
cells in (a) dark and (b) light irradiation

J.
 P

or
ph

yr
in

s 
Ph

th
al

oc
ya

ni
ne

s 
20

19
.2

3:
61

9-
62

7.
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 U

N
IV

E
R

SI
T

Y
 O

F 
SA

SK
A

T
C

H
E

W
A

N
 o

n 
07

/0
5/

19
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



1st Reading

Copyright © 2019 World Scientific Publishing Company J. Porphyrins Phthalocyanines 2019; 23: 625–627

 FUNCTIONALIZED EU(III)-BASED NANOSCALE METAL-ORGANIC FRAMEWORK  625

source at room temperature. The singlet oxygen quantum 
yields were determined a UV-vis spectrophotometer (TU-
1901). The fluorescence intensity of zinc phthalocyanine 
in the cells was monitored by flow cytometry (C6, BD 
BioSciences). Cell Counting Kit-8 (CCK-8) was obtained 
from Beyotime Institute of Biotechnology. Confocal laser 
scanning microscopy (CLSM) images were performed 
on an Olympus FV1000-IX81 CLSM and a Leica TCS 
SP confocal system (Leica, Germany).

Synthesis

Preparation of tetrakis (4-carboxylphenoxy) phthalo
cyanine zinc (ZnPcTCP). ZnPc-TCP was carried 
out under conditions reported by Ke et al. [35] using 
3-nitrophthalonitrile, 4-(butoxycarbonyl) phenol and 
anhydrous K2CO3 in dry DMSO, followed by filtration 
and washing. Zinc acetate and DBU were reacted with 
the above procedure, finally followed by hydrolysis. 
Compound ZnPc-TCP was obtained as a green solid 
(Yield 22.5%). 1H NMR (400 MHz, DMSO) d9.00 (s, 
2H), 8.38 (d, J = 22.0 Hz, 2H), 7.92 (d, J = 37.5 Hz, 14H), 
7.29 (d, J = 63.3 Hz, 10H). MS (ESI): (m/z) 1121.1473 
{80%, [M + H]+}.

Preparation of 2amino-1,3,5-benzenetricarboxylic 
acid. Synthesis of 2-aminotrimethylenetricarboxylic acid 
ligands was carried out under conditions reported by 
Peikert et al. [36], with some improvements.

Preparation of trimethyl 2-bromobenzene-1,3,5-
tricarboxylate (Y2). 5 g (25 mmol) of 2-bromo-1,3,5-  
trimethylbenzene and 300 mL of boiling water were 
mixed and stirred for 10 min, 26 g (0.16 mol) of 
potassium permanganate added, and then all mixtures 
were heated to reflux. After 72 h, 50 mL of methanol 
was added, and the reaction was stirred at 60 °C for 5 h 
to remove unreacted potassium permanganate. Next, the 
mixture was filtered and washed with boiling water, then 
the collected filtrate was removed by rotary evaporation 
and acidified to pH = 1 with 50% sulfuric acid. The 
white powder was precipitated to obtain a solid powder 
of 3.4 g 2-bromobenzene-1,3,5-tricarboxylic acid. 3 g 
(10.4 mmol) of 2-bromobenzene-1,3,5-tricarboxylic acid 
was dissolved in 60 mL methanol, and 3 mL concentrated 
sulfuric acid was added dropwise. The mixture was 
heated under reflux for 6 h, and then was poured into 
ice water. The pH was adjusted to neutral with saturated 
sodium hydrogen carbonate, and the precipitate was 
collected by filtration to yield 1.8 g of white powder. 1H 
NMR (400 MHz, CDCl3) d8.35 (s, 2H), 3.98 (s, 6H), 
3.96 (s, 3H).

Preparation of trimethyl 2-(benzylamino)benzene-
1,3,5-tricarboxylate (Y3). 2 g (6.1 mmol) of Y2 was 
dissolved in a mixed solution of 30 mL of methanol, 
15 mL of dioxane, and 4.5 mL of benzylamine, and stirred 
at room temperature for 10 min, then transferred to an 
oven at 40 °C for 4 h. After the reaction was completed, 
the solvent was spun off, 50 mL of water was added, 

and the precipitate was acidified by adding 1 M of dilute 
hydrochloric acid to collect a solid to obtain 1.6 g white 
powder. 1H NMR (400 MHz, CDCl3) d 8.56 (s, 2H),  
7.36–7.27 (m, 5H), 4.28 (s, 2H), 3.89 (s, 3H), 3.87 (s, 6H).

Preparation of Trimethyl 2aminobenzene-1,3,5-
tricarboxylate (Y4). 2 g (5.6 mmol) of Y3, 0.56 g of 
Pd/C was dissolved in a mixed solution of 65 mL of 
tetrahydrofuran and 20 mL of isopropanol and reacted 
at room temperature for 2 days under a hydrogen 
atmosphere. After the reaction was completed, the 
mixture was filtered through celite and washed with 
dichloromethane. The filtrate was spun dry to obtain 
1.25 g white powder. 1H NMR (400 MHz, CDCl3) d8.76 
(s, 2H), 8.60 (s, 2H), 3.91 (s, 6H), 3.90 (s, 3H).

Preparation of 2aminobenzene-1,3,5-tricarboxylic 
acid (Y5). 3 g (11.2 mmol) of Y4 was dissolved in 50 mL 
of tetrahydrofuran and 100 ml of water, and 30 mL of a 
2 M KOH solution was added, and the mixture was heated 
to 50 °C overnight. After the reaction was completed, the 
organic solvent was removed and the aqueous phase was 
acidified with dilute hydrochloric acid to give a white 
powder (2.1 g). 1H NMR (400 MHz, CDCl3) d13.06  
(s, 3H), 8.61 (s, 2H), 8.58 (s, 2H).

Preparation of EuBTCNH2. The precursor solu-
tion 60 mg (0.135 mmol) Eu(NO3)3 . 6H2O, 20 mg 
(0.090 mmol) Y5 and DMF (3 mL) were placed in a 
centrifuge tube. Then 0.73 g polyvinyl pyrrolidone 
(PVP) and 24.6 mg sodium acetate were dissolved in a 
mixed solution containing DMF (3 mL), ethanol (4 mL) 
and H2O (4 mL). The precursor solution was added to the 
mixed solution. Next, the final solution was shifted to a 
glass vial and heated to 120 °C for 18 h. The precipitates 
were washed with DMF three times, ethanol two times, 
then the sample powder was dried under vacuum and a 
pale yellow powder was obtained.

Preparation of EuBTCPc. 20 mg ZnPc-TCP was 
dissolved in 4 mL DMF and 8.5 mg (0.05 mmol) 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide (EDCI) and 
6.0 mg (0.05 mmol) 1-hydroxybenzotriazole (HOBT) 
was added. The mixed solution was kept stirring at 0 °C 
for about 30 min. Then 5 drops of triethylamine were 
added to maintained the system pH at 7–8. Next, 20 mg 
EuBTC-NH2 was added and stirred overnight when the 
temperature was raised to room temperature. After the 
reaction, the sample was collected by centrifugation, 
washed with DMF and ethanol. The sample was dried 
under vacuum and a blue powder was obtained.

Preparation of FAEuBTCPc. 35.0 mg (0.08 mmol) 
FA was dissolved in a water-DMSO mixture (1:1v/v, 
8 mL), and 0.2 mL triethylamine was added to keep the 
pH at about 8. Then 32 mg (0.17 mmol) 1-Ethyl-3-(3′-
dimethylaminopropyl) carbodimi-de (EDC) and 18 mg 
(0.16 mmol) N-Hydroxysuccinimide (NHS) were added. 
The mixture was stirred for 4 h at room temperature 
under dark conditions. After 4 h, 20 mg EuBTC-Pc was 
added to the FA solution and the mixture was stirred for 
24 h under dark. The sample was washed with H2O and 
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ethanol. The sample was dried under vacuum and a pale 
blue powder was obtained.

Preparation of DOX@FAEuBTCPc. 16 mg DOX 
was dissolved in 4 mL water and 20 mg FA-Eu-BTC-Pc 
was added. The mixture was stirred for 24 h. After 24 h, 
the powder was isolated by centrifugation, washed several 
times with H2O and ethanol and dried in a vacuum.

Singlet oxygen quantum yields

The photosensitizing efficiencies of ZnPc-TCP, 
EuBTC-Pc, FA-EuBTC-Pc, and DOX@FA-EuBTC-Pc 
were investigated using 1,3-diphenylisobenzofuran 
(DPBF) as the singlet oxygen sweeper agent to test their 
singlet oxygen quantum yields in DMF. The oxygen-
saturated DMF solution (3 mL) of DPBF (25 mM) was 
mixed with ZnPc-TCP (about 0.1 mmol, the same for 
NPs for 0.4 mg) in a cuvette. A 670 nm light source was 
used and the typical zinc(II) phthalocyanine (ZnPc) was 
selected as the standard with a value for singlet oxygen 
quantum yields std = 0.56. 670 nm light was irradiated 
60 s and the change of the absorbance value at 415 nm 
was recorded by UV-vis photometers.

Drug loading and release

16 mg of DOX and 20 mg of FA-EuBTC-Pc NPs were 
dissolved in a mixture of H2O and mixed by a magnetic 
stirrer at room temperature for 2 h. Next the mixture 
was centrifuged at 3000 × g for 5 min to separate the 
unloaded material from nanoparticles, and then this 
step was repeated 3 times. DOX@FA-EuBTC-Pc NPs 
were quantified using a UV-vis spectrophotometer at 
497 nm. The encapsulation efficiency was determined by 
a suitable amount supernatant of DOX@FA-EuBTC-Pc 
NPs in 3 mL H2O and was analyzed by the UV-vis 
spectrophotometry. The drug-loading content was also 
analyzed by the UV-vis spectra and analytical balances. 

For in vitro release of DOX from nanospheres, 10 mg 
of DOX@FA-EuBTC-Pc NPs was placed in a dialysis 
bag (Mw cutoff of 1000 Da), then suspended in different 
beakers containing 50 mL of different pH PBS (0.01 M, 
pH 5.0, pH 6.0, pH 7.4) and mixed by a magnetic stirrer 
at 37 °C. At 0, 1, 4, 6, 8, 10, 12, 16, 20, 24 h, a sample 
of 3 mL was withdrawn from the beaker and taken the 
place of the same amount of fresh release medium. Next, 
the sample was analyzed by UV-vis spectometry and the 
real-time absorbance of DOX was calculated.

Cellular uptake

A549 and HeLa cells were plated at 60,000 cells per 
well in 96-well plates and 6 duplicate holes were set. 
EuBTC-Pc and FA-EuBTC-Pc stock solutions in water 
containing 5% Tween (10 mg/mL) were diluted to give 
100 ug/mL in medium (the final DMSO concentration 
was 1% in medium). The old medium was discarded 
and the above mixed solution was added into the plate. 

After incubation for 24 h, the medium was removed and 
washed three times with PBS, then the cells were lysed 
with 2% SDS (200 uL) for 2 h to give a homogenous 
solution. The fluorescence of the cell extract was then 
measured on a Bio-Tek microplate reader at 562 nm. We 
used the BCA protein method to get the corresponding 
cell number data.

Confocal microscopy

Approximately 60 000 HeLa cells in the culture 
medium (1 mL) were plated on a culture dish and 
incubated for 24 h. Then, the medium was replaced by 
a fresh medium with FA-EuBTC-Pc and incubated for 
another 24 h. After incubation, the cells were rinsed 
with physiological saline and incubated with 75 nM 
LysoTracker Green, 50 nM Mito-Tracker Green for 
30 min, or 1 ug/mL DAPI for 5 min. Then corresponding 
fluorescence images were taken.

Cytotoxicity assay

HeLa cells were seeded onto 96-well plates at 60,000 
cells per well and incubated overnight. EuBTC-NH2, 
EuBTC-Pc, FA-EuBTC-Pc and DOX@FA-EuBTC-Pc 
NPs were diluted to the needed concentration and 
added to six plicate wells. After 24 h incubation, the 
media containing drugs were replaced by fresh media 
and the cells were exposed to a light dose of 2 J/cm2. 
After irradiation, the cells were incubated again for 24 h, 
and then 10 uL MTT solution was added to each well 
followed by incubation for 4 h. 100 uL DMSO was then 
added into each well. The plate was incubated at room 
temperature for 20 min. The absorbance at 570 nm of 
each well was measured by a microplate reader. For dark 
toxicity, the procedures were almost the same as above, 
expect that there was no irradiation.

CONCLUSION

In summary, we have fabricated and fully characterized 
DOX@FA-EuBTC-Pc nanoparticles via post-synthetic 
modification. These nanoparticles show high singlet 
oxygen generation and DOX release efficiency, good 
cancer targeting and enhanced anticancer activity. 
Therefore, the DOX@FA-EuBTC-Pc nanosystem is a 
promising agent for cancer therapy. It is hoped that our 
work can provide a novel method for the design and 
preparation of MOFs for targeted combination therapy, 
which may offer more elicitation for MOFs in cancer 
treatment applications.
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