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ABSTRACT
The global burden of cancer have encouraged oncologists to develop novel strategies for treatment.
Present study was proposed to develop Arginyl-glycyl-aspartic acid (RGD)-containing nanostructured
lipid carriers (NLC) as a delivery system for improving the anticancer capability of epigallocatechin gall-
ate (EGCG) on breast cancer cell line by attaching to integrin superfamily on cancer cells. For this pur-
pose, RGD-containing EGCG-loaded NLC were prepared by hot homogenization technique and
characterized by different techniques. Then, cytotoxic and apoptotic effects of prepared nanoparticles
and their uptake into cells was evaluated. As results, the nanoparticles with particle size of 85 nm, zeta
potential of �21mV, encapsulation of 83% were prepared. Cytotoxicity and apoptosis experiments
demonstrated that EGCG-loaded NLC-RGD possessed greatest apoptotic activity. Furthermore, it has
been shown that, EGCG-loaded NLC-RGD causes cell cycle arresting more effective than EGCG.
Therefore, loading EGCG into NLC-RGD make it more effective in both targeting and accumulation into
tumour cells, which results from specialized uptake mechanism by adhesion to avb3 integrin. The
results strengthen our hope that loading EGCG into RGD-containing NLC could possibly overcome the
therapeutic limitations of EGCG and make it more effective in cancer therapy.
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Introduction

The global burden of cancer and chemotherapy limitations
such as drug resistance have encouraged oncologists to
develop novel strategies for cancer prevention and treat-
ment [1,2]. Using natural antitumor agents which could
overcome chemotherapy limitations is one of such strat-
egies [3]. One of these natural agents is epigallocatechin
gallate (EGCG) which comprises majority of the antioxidants
in green tea [4], and its anti-proliferative [5], anti-angio-
genic [6] and apoptotic [7,8] properties have been demon-
strated in a wide range of cell cultures and pre-clinical
studies. Furthermore, EGCG interacts with P-glycoprotein (P-
gp) and hinders the binding and efflux of drugs by P-gp
[9]. In spite of EGCGs benefits, poor cell penetration, efflux
mechanisms and fast rate of glucuronide conjugation have
limited its therapeutic potential [10,11]. Therefore, employ-
ing a nanoparticulate delivery system may enhance EGCGs
bioavailability [12]. In recent years, researchers have focused
on nanoparticles as diagnosis and drug delivery systems
[13,14]. Among various effective drug delivery systems,
nanostructured lipid carriers (NLC) have concerned growing
attention as a potential drug delivery carrier due to their
high drug-loading capacity, physical stability, protection of
encapsulated bioactive compound from degradation, easy
preparation and low toxicity [15]. NLCs are Lipid-based col-
loidal systems characterized by a solid lipid core containing
a combination of solid and liquid lipids, and having a
mean particle size in the nanometer range [16]. In order to
extend the capacity of a drug delivery system, nanopar-
ticles that actively participate in the tumour targeting pro-
cess is underway [17]. As a consequence, enhanced
permeability and retention (EPR) mediated passive and pep-
tide mediated active tumour targeting have received note-
worthy attention in the last years [18]. Arginyl-glycyl-
aspartic acid (RGD) is a motif present in several adhesion
molecules, and is recognized by a certain set of integrins,
especially avb3 integrin which overexpressed in certain cell
types [19]. Integrins are a group of cell adhesion molecules
which directly interact with extracellular matrix (ECM) com-
ponents when regulating cell migration and proliferation
[20]. Integrins also have very vital roles in cancer develop-
ment and some subtypes of them, have been described to
be extremely overexpressed on various cancer cells [21]. It
is also proposed that the RGD-containing nanoparticles can
be penetrated into cells by integrin-mediated endocytosis
[22]. The aim of the present study was to prepare and
optimize RGD-containing EGCG-loaded NLC (EGCG-loaded
NLC-RGD) to increase EGCGs bioavailability and explore its
ability in enhancing the cytotoxic and apoptotic effects of
doxorubicin (DOX) on human breast cancer cell line, as a
most repeatedly diagnosed cancer in human [23].

Materials and methods

Material

EGCG, Poloxamer 407, 3–(4, 5-dimethylthiazol-2-yl)-2, 5-diphe-
nyltetrazolium bromide (MTT), RPMI 1640 and foetal bovine

serum (FBS) were purchased from Sigma Aldrich Company.
Glyceryl palmito stearate (PrecirolVR ATO 5) and DSPE-PEG
(2000) amine were supplied from Gattefosse (France) and
Avanti Polar Lipids (Alabaster, AL), respectively. MDA-MB-231
breast cancer cell line was obtained from national cell bank
of Iran (Pasteur institute, Iran). Annexin V-FITC apoptosis
detection kit was prepared from Oncogene Research
Products, (San Diego, CA).

Preparation of EGCG-loaded NLC-RGD

EGCG-loaded NLC-RGD was prepared by hot homogenization
method. For this purpose, DSPE-PEG (2000) Amine was dis-
solved in DMSO and RGD was added and stirred for 24 h.
After finishing point of the reaction, the solution was dia-
lyzed sequentially against Milli-Q water (membrane tubing,
molecular weight cut-off 1000Da). After dialysis, product
was lyophilized, and RGD-PEG-DSPE (yield 67.3%) was
achieved.

The lipid phase, consisting of Precirol and Miglyol were
heated up to 70 �C in a boiling water bath. EGCG was dis-
solved in ethanol and injected into the molten lipid phase.
Subsequently, RGD-PEG-DSPE was dissolved in aqueous phase
containing Poloxamer 407 in double distilled water at 70 �C
and added gradually into the lipid phase under homogeniza-
tion at 20,000 rpm for 40min (Heidolph, Germany). The
produced hot oil/water nano-emulsion was cold down
into ambient or lower temperature resulting in the lipid
phase re-crystallization, and finally the EGCG-loaded NLC-RGD
was formed.

Physicochemical properties characterization

In order to gain the suitable system for nanoparticles prepar-
ation, the mean particle size, polydispersity index (PDI) and
zeta potential (ZP) of the EGCG-loaded NLC-RGD were deter-
mined by dynamic light scattering technique (Nano ZS,
Malvern Instruments, UK). The size of the particles reported
by intensity and was expressed by the Z-Average value.
Finally, in order to study the morphological behaviours, nano-
particles were observed with scanning electron microscopy
(SEM). Briefly, samples were dropped on the glass object
(1 cm2) and allowed air dried until water completely evapo-
rated. Dried particle was put on SEM holder then coated with
gold–palladium and evaluated by SEM (KYKY-EM3200, KYKY
Technology Development Ltd., China).

Drug loading and physical stability studies

Drug encapsulation efficiency (EE) and loading capacity (LC)
were determined using centrifugal filter tube (AmiconVR

Ultra-15 with molecular weight cut-off of 100 kDa, Millipore,
USA). To determine the amount of non-encapsulated EGCG
(free drug), 1ml of formulation was taken and passed
through AmiconVR filters by centrifugation (3K30, Sigma,
Germany) at 5000 rpm for 10min to separate the free EGCG
from the encapsulated ones. The solution in the bottom of
AmiconVR tube was used for EGCG determination by ultravio-
let-visible spectrophotometer (Ultrascope 2000VR , Pharmacia
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Biotech, UK) at ømax 276 nm. The EE and LC values of formu-
lations were calculated using the following equations:

EEð%Þ ¼ winitial drug � wfree drug

winitial drug
� 100

LCðmg=gÞ ¼ Drug
Lipids

The physical stability of NLC formulations considering drug
loading (the lack of drug leakage), size and PDI (the lack of
aggregation or fusion of particles) were evaluated during
2months of storage period at 4–8 �C.

MTT cell viability assay

In vitro cytotoxicity of nanoparticles with human breast can-
cer MDA-MB-231 cells were investigated by MTT assay. In
brief, MDA-MB-231 cell line was cultured in RPMI-1640 sup-
plemented with 10% FBS at 37 �C in humidified atmosphere
with 5% CO2. Then, cells were seeded into a 96-well plate at
104 cells/well followed by 24-h incubation to allow cells
attach to the surface of the wells. Subsequently, the medium
was replaced with 200 ml fresh mediums containing various
concentrations of EGCG, DOX, EGCG-loaded NLC and EGCG-
loaded NLC-RGD. After 48 h, medium of all wells were
removed and 200 ll of fresh medium containing MTT was
added to each well and incubated for 4 h at 37 �C. Finally, the
formazan crystals were dissolved in 200 ml of DMSO and the
absorbance was measured at 570 nm using a microplate
reader (Biotek, ELX 800).

Haemolysis assay

Haemolytic activity of nanoparticles (NPs) was assessed accord-
ing to Wang et al. method [24]. The fresh blood was collected
and centrifuged at 1000 rpm for 10min to remove the plasma.
The resulted precipitation was washed several times with 5ml
of cold PBS by centrifugation. Next, 0.1ml of the diluted RBC
suspensions were added separately to 900lL of each samples
(EGCG-loaded NLC-RGD diluted in PBS) and followed by gentle
shaking and incubating for 2 h at room temperature. PBS and
water was used as the negative and positive control respect-
ively. Finally, absorbance of the haemoglobin in supernatants
was determined by UV-vis spectrophotometer at 541 nm.
The percentage of haemolysis was calculated as

Haemolyisð%Þ ¼ Atest � Aneg

Apos � Aneg
� 100

where Atest, Aneg, Apos are the absorbance values of the test
sample, negative control (PBS) and positive control (water),
respectively.

Cell uptake study

To confirm the uptake of NLC into the cells, rhodamine-B
(0.01%w/w with regarding to the weight of the lipids) was
used as a fluorescence probe to produce fluorescent NLCs for
in vitro uptake studies. Unloaded rhodamin-B was removed
by filtration using centrifugal filter devices. Then, the cultured
cells in 6-well plates were treated with fluorescent NLC and

NLC-RGD for 2 h. Thereafter, the cells were washed five times
with PBS and analyzed by FACS caliber flow cytometer
(Becton Dickinson Immunocytometry Systems, San Jose, CA)
and fluorescence microscope (Olympus microscope Bh2-
RFCA, Japan). All the experimental steps were performed in
dark to avoid fluorescent dequenching.

Apoptosis assay

In order to detect necrosis, early and late apoptosis, FITC-
labelled annexin V assay was carried out. In brief, MDA-MB-
231 cells were treated with 1 mM of DOX and 10 mM of EGCG-
loaded NPs for 48 h, and then, cells were detached, washed
and were incubated with 200 ll of binding buffer containing
5ml FITC-labelled Annexin V in the dark for 14min at 37 �C.
Cells were washed again with 500 ml binding buffer and were
treated by 200 ml binding buffer with 5 ml propidium iodide
(PI). Finally, the samples were analysed by Becton Dickinson
FACS Calibur System (San Jose, CA).

Cell-cycle arrest analysis

Cell-cycle arrest was assessed by PI staining of cells. Cells
incubated for 24 h with DOXþ EGCG loaded NPs. Then, cells
were collected and fixed in 1.5ml aqueous ethanol (70%) at
4 �C overnight. Cells were then stained with PI in the pres-
ence of ribonuclease A for 30min in dark. Finally, the cell
population was analysed by Becton Dickinson FACS Calibur
System (San Jose, CA).

DAPI (40, 6-diamidino-2-phenylindole dihydrochloride)
staining

MDA-MB-231 cells in six-well plates were treated with EGCG,
DOX and EGCG-loaded NPs for 48 h and then fixed with 4%
paraformaldehyde and permeabilized in 0.1% (w/v) Triton X-
100, washed with PBS and treated by DAPI for 30min in the
dark. Nuclear morphology was evaluated under a fluores-
cence microscope to identify cells suffering apoptosis.

Statistical analyses

Experiments for each sample were performed three times,
and all results were presented as the means ± standard devi-
ation (SD) that was calculated by MicrosoftVR Excel 2013.
Mean values were compared using Student’s t-test to com-
pare mean differences between two groups and ANOVA was
used to multiple comparisons. A value of p< .05 was consid-
ered to be statistically significant.

Results

Preparation and characterization of EGCG-loaded
NLC-RGD

RGD containing EGCG-loaded NLCs were successfully prepared
through the hot homogenizing method using diverse percent
of Percirol, Miglyol and Poloxamer. Regarding to nanoscale
particle size, and narrow polydispersity and higher LC, the best
formulation was composed of 10mg Miglyol, 100mg Precirol
as a core material for the NLCs and 50mg Poloxamer as
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aqueous phase surfactants and stabilizer of particulate system.
The DLS graph (Figure 1(a)) of optimized formulation displayed
that the mean size of NPs are 85nm with a polydispersity
index (PDI) of 0.21 that proposes a relatively narrow size distri-
bution. Generally, PDI <0.5 confirms the monodispersed par-
ticles [25]. Scanning electron microscope (Figure 1(c)) imaging
confirmed these results. Average zeta potential value of nano-
particles was �21.6mV (Figure 1(d)).

Drug loading and physical stability

The average value of EE and LC for optimum formulation
were 83.03 ± 2.51% and 75.48 ± 2.28mg/g, respectively. EGCG-
loaded NLC-RGD displayed a good stability for 2months
when stored at 4–8 �C (Figure 1(b)). During this time, there
was no noteworthy change in clarity and phase separation.
The size, PDI and EE of samples were 92 nm, 0.27 and

Figure 1. Physical characterization of the EGCG-loaded NLC-RGD. Size and polydispersity index (PDI) of nanoparticles, (a) after preparation, (b) after 2months of stor-
age at 4–8 �C, (c) scanning electron microscopy (SEM) image of NPs, (d) Zeta potential distribution of nanoparticles.
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78.12 ± 3.21, respectively, which showed that characteristic of
nanoparticles had no significant alteration compared with
fresh formulae (p< .05).

Cell viability assay

The cytotoxicity of EGCG, EGCG-loaded NLC, EGCG-loaded
NLC-RGD and the synergistic effects of combinatorial treat-
ment of DOX and EGCG-loaded NPs were evaluated by MTT
assay. Data analysis of the cytotoxicity assay revealed that
IC50s of DOX, EGCG, EGCG-loaded NLC, EGCG-loaded NLC-
RGD on MDA-MB-231 cells are 3.0, 49.3, 45.2 and 38.2lM,
respectively (Figures 2(a,b)). As revealed in Figure 2(c), com-
bination treatment of the cells with [10lM EGCGþ 1 lM
DOX], [10 lM EGCG-loaded NLCþ 1 lM DOX] and [10 lM
EGCG-loaded NLC-RGDþ 1lM DOX] results in 46.61%,
44.85%, 37.48% cell viability, which shows that [EGCG-loaded
NLC-RGDþDOX] has 9.13% and 7.37% more cytotoxicity in
comparison to [EGCGþDOX] and [EGCG-loaded NLCþDOX]
respectively. No apparent cytotoxicity of blank NLC and NLC-
RGD was considered which indicating the biocompatibility of
the nanocarriers.

Haemocompatibility assay

Haemolytic test was performed to evaluate haemocompati-
bilty of synthesized NPs. As shown in Figures 3(a) and 3(b),
there is no considerable (less than 5%) haemolytic activity for
EGCG-loaded NLC-RGD up to 45 mg/ml. It was reported that
up to 5% haemolysis is accepted for nanoparticles [24].
Optical microscopic images of RBCs confirmed these results
(Figure 3(c)). The morphology of RBCs incubated with NPs at
concentration of 500–600 mg/ml was the same as negative
control but after enhancing the concentration to 600 mg/ml

some of the cells exhibit some degree of deformation and
membrane disruption.

Uptake of nanoparticles into cells

In order to examine the impact of RGD in internalization of
NLC inside MDA-MB-231 cells, the in vitro cellular uptake of
rhodamin-loaded nanoparticles were analysed by FACS and
fluorescence microscopy. As shown in Figure 4(a), higher cel-
lular uptake into MDA-MB-231 cells was detected for EGCG-
loaded NLC-RGD with respect to EGCG-loaded NLC. The red
fluorescence strength in the cells, which treated with EGCG-
loaded NLC-RGD (Figure 4(c)), was higher and displayed more
red dye in cytoplasm than cells which treated by EGCG-
loaded NLC (Figure 4(b)).

Synergistic efficacy of DOX and EGCG-loaded NPs
in apoptosis induction

To compare the percentage of apoptosis and necrosis induc-
tion by DOXþ EGCG-loaded NLC with DOXþ EGCG-loaded
NLC-RGD, flow cytometry analysis Annexin V/PI double stain-
ing was performed. The fraction of viable cells (bottom left),
early apoptotic cells (bottom right), late apoptotic cells (top
left) and necrotic cells (top right) are presented in a quad-
rants in Figure 5(a). Treating cells with DOXþ EGCG-loaded
NLC and DOXþ EGCG-loaded NLC-RGD, induced apoptosis in
about 49% and 58% of cells respectively. These results
showed the delivery capability of NLC-RGD into tumour is
more precise than NLC.

Effect of EGCG loaded NLC-RGD on cell cycle arrest

Effect of EGCG-loaded NLC-RGD on the cell cycle was exam-
ined by PI staining. As shown in Figure 5(b), exposure of cells
to DOXþ EGCG-loaded NLC-RGD resulted in increase in the

Figure 2. Cytotoxic effects of EGCG, EGCG-loaded NLC, EGCG-loaded NLC-RGD (a), DOX (b) and synergistic effects of combinatorial treatment of 1mM DOX and
10mM of EGCG and EGCG-loaded NPs for 48 h on MDA-MB-231 cells (c). The figure illustrates that EGCG-loaded NLC-RGD are more anti-proliferative when compared
with EGCG-loaded NLC (p> .05). Data are presented as mean ± standard deviation (n¼ 3).

ARTIFICIAL CELLS, NANOMEDICINE, AND BIOTECHNOLOGY S287



proportion of apoptotic cells as reflected by the sub-G1 peak
(apoptotic cells). The values of sub-G1 of DOXþ EGCG-loaded
NLC treatment group increased from 15.33% to 24.44% when
loaded into NLC-RGD. As displaying in Figure 5(b), percentage
of cells was decreased at G0/G1 and S phase after treatment
with DOXþ EGCG-loaded NLC-RGD. These results established
that EGCG-loaded NLC-RGD causes cell-cycle arresting more
effective than EGCG-loaded NLC on cancerous cells.

DAPI staining

To examine synergistic effect of DOX and EGCG-loaded NPs
on nucleus morphology, a simple factor for the determination
of healthy and apoptotic cells, DAPI staining was carried out.
The obtained results confirmed the results of flow cytometry.
Fluorescent images of DAPI stained cells showed that
DOXþ EGCG-loaded NLC-RGD induce nucleus condensation
or chromatin degradation more noticeably than DOXþ EGCG-

loaded NLC and DOXþ EGCG at the equal concentration and
time treatment (Figure 5(c)). Untreated cells as a negative
control showed no sign of fragmentation and segmentation
after DAPI staining (Figure 5(c)).

Discussion

This study identified a RGD-containing NLC formulation for
improved tumour accumulation of EGCG and compared
apoptotic effects of EGCG-loaded NLC-RGD with free EGCG
and EGCG-loaded NLC. RGD is a common integrin-binding tri-
peptide which has been widely used as a targeting molecule
for anticancer therapies [17]. The characterization of prepared
nanoparticles (size, ZP, EE, LC) approves the appropriateness
of the preparation process. The size of nanoparticles used in
a drug delivery system should be large enough (>30 nm) to
prevent their elimination by renal excretion, but small
enough (up to 200 nm) to escape rapidly taken up by the

Figure 3. Haemolysis assay of RBSs exposed to different concentration of NLC-RGD. (a) There is no considerable (less than 5%) haemolytic activity for EGCG-loaded
NLC-RGD up to 45 mg/ml. Error bars represent the standard deviation of three measurements (n¼ 3). (b) Photographs of each treated sample as well as positive and
negative controls. (c) Microscopic images of red blood cells treated by NLC-RGD.
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Figure 4. Cell uptake study of EGCG-loaded NLC versus EGCG-loaded NLC-RGD into MDA-MB-231 cells (a). Fluorescence microscope images of treated MDA-MB-231
cells with Rhodamine B-loaded NLC (b) and NLC-RGD (c).

Figure 5. (a) The percentage of apoptosis and necrosis in MDA-MB-231 cells induced by combinatorial treatment of DOX and EGCG-loaded NPs. (b) Effects of
combinatorial treatment of DOX and EGCG-loaded NPs on cell-cycle distribution of MDA-MB-231 cells. (c) Fluorescent images of DAPI stained cancerous cells
following a 48 h exposure by DOX and EGCG-loaded NPs.
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mononuclear phagocyte system (MPS) cells [26]. Zeta poten-
tial is an important factor for predicting the stability of nano-
particles. High zeta potential value implies high electric
surface charge on nanoparticles which can lead to strong
repulsive forces among nanoparticles to prevent it from
aggregation [27]. In contrast, low value of the zeta potential
is indicated to display better permeability across cell mem-
branes [28]. The zeta potential of selected formulation in this
study was -21.6mV, therefore the system showed reasonable
stability and drug release pattern, either even it is not too
high to afraid from cell membrane.

In this study, MDA-MB-231 cell line was used to evaluate
the efficacy of EGCG-loaded NLC-RGD in the treatment of
breast cancer in vitro. The MDA-MB-231 is a highly expressed
avb3 integrin human breast cancer cell line which do not
express any of human epidermal growth factor receptor 2
(HER2), oestrogen receptor (ER) and progesterone receptor
(PgR) [29,30]. The avb3 integrin receptor is specifically overex-
pressed in some tumour cells and has been implicated in the
promotion of tumour growth, neovascularization, angiogen-
esis and the initiation, progression and metastasis of solid
tumours [31,32]. It allows tumour cell adhere to blood vessels
by interacting with aIIbb3 expressed on platelets via fibrino-
gen leading to metastasis of breast cancer to bone marrow
[31]. Therefore, targeting drug via NLC-RGD not only enhance
delivery of drug to the cell, also can potentially hinder cell
adhesion and invasion by inhibition avb3 integrin receptor.
The results (Figure 4) showed that the uptake of RGD-con-
taining NPs by cells is marginally greater than that of the
NPs, which suggested RGD have a high binding affinity for
cells and enhance endocytosis. Data of MTT assay confirmed
that EGCG-loaded NLC-RGD has more cytotoxicity than EGCG-
loaded NLC because of more accumulation of EGCG in cells.
For a cancer treatment to be curative, the delivery system
must competently internalize the tumour tissue to reach all
of the viable cells [33,34] and our findings indicated that RGD
could intensify the uptake and penetration of NPs into integ-
rin positives tumour cells. The results also showed that EGCG-
loaded NLC-RGD beside Dox possessed the greatest synergis-
tic apoptotic activity, which may benefit from its increased
uptake by tumours and cause escape from the influence of P-
glycoprotein pumps. Another possible mechanism through
which EGCG increase the apoptotic effect of DOX, is downre-
gulation of P-glycoprotein, a pump which efflux the drugs
[35]. In in-vivo systems and clinical trial, in addition to the
high uptake (active targeting), NLC-RGD may benefit passive
targeting which indicate that the transport of nanoparticles is
mediated by Peyer’s patches (M cells) in the small intestine,
and they enter the systemic circulation through lymphatic
transport which enhances oral drug absorption [36].
Moreover, bypassing the liver through lymphatic transport
leads to a reduced first-pass metabolism and consequently
enhances oral drug bioavailability [37]. In accordance to this
study, Coa et al. [22] also reported that RGD modified lipo-
somes was more efficaciously penetrated into tumour sphe-
roids than liposomes in prostate cancer cells. Observations of
nucleus morphology and result of apoptotic assay illustrated
the high apoptotic activities of EGCG-loaded NLC-RGD in
comparison with EGCG-loaded NLC, which is probably related

to high endocytosis of RGD containing NPs. Results of cell
cycle test confirmed that the effects of EGCG-loaded NLC-
RGD on induction of apoptosis is associated with modifica-
tions in the cell cycle progression by triggering Sub-G1 arrest.
Similar to this result, arresting cell cycle in sub-G1 by EGCG
was reported on HCT116 cell line by Thakur et al. [38]. EGCG
in combination with chemotherapeutic agent such as DOX
[39], Paclitaxel [40] and trastuzumab [41] exhibits a synergistic
activity in blocking the growth of cancerous cells and reduc-
ing the IC50 values of these chemotherapeutic agents.
Improved targeting of EGCG will intensify the DOX effects
that can lead to use of low dose of DOX in cancer treatment
which in turn will cause decreasing the undesirable side
effects of DOX. In accordance to this investigation, folate-
mediated EGCG bovine serum albumin nanoparticles [42] and
chitosan-based nanoparticles [43] have been prepared to
improve EGCGs efficacy on cancer cells. Although chitosan is
a safe biopolymer for the delivery of therapeutic agents [13],
In comparison to chitosan delivery system, NLC is less toxic
due to the biocompatible lipids composition. Furthermore,
NLC systems have less cost, aqueous solubility and easy prep-
aration method. Additionally prepared NPs in this study are
haemocompatibile and experiments showed no haemoglobin
released into the plasma when nanoparticles come into con-
tact with erythrocytes. Our results verified that NLC-RGD
could be a hopeful drug delivery system in cancer treat-
ments, but Shuhendler et al. [44] showed that cyclic RGD
increased clearance of nanoparticles by the mononuclear
phagocytic system. However, further study is still needed to
investigate the removing rate of NLC-RGD.

Conclusions

EGCG improves the apoptotic and anti-proliferative activity of
DOX. Present study demonstrated that loading EGCG into
NLC-RGD make it more effective in targeting and accumula-
tion into tumor cells due to their specialized uptake mechan-
ism by adhesion to avb3 integrin. We suggest that applying
EGCG-loaded NLC-RGD along with chemotherapeutic drugs
can be considered as a significant adjuvant to increase the
efficacy of chemotherapeutics in cancer treatment.
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