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A B S T R A C T

The aim of this study was to develop a liposomal formulation to selectively target cancer cells. Liposomes were
prepared using thin layer method and folic acid (FA) was applied for targeted delivery of 5FU to cancer cells.
Liposomes prepared were characterized for encapsulation efficiency (EE%), morphology and their particle size.
Cellular uptake, cytotoxicity study and ROS production were evaluated using CT26 cell line. Hemolysis test was
performed on rat red blood cells (RBCs). Moreover, the efficacy of targeted liposomes were investigated by in
vivo antitumor activity and tissue toxicities were studied by histological examination. The EE% and average
particle size of liposomes were 67.88 ± 1.84% and 114.00 ± 4.58 nm, respectively. TEM image revealed that
liposomes were spherical in shape. Targeted liposomes showed higher cellular uptake, lower IC50 (12.02 μM
compared to 39.81 μM for liposomal 5FU and 39.81 μM for free 5FU) and higher ROS production than free drug
(62,271.28 vs 2369.55 fluorescence intensity) on cancer cells. Results of hemolysis assay confirmed the blood
biocompatibility of the liposomes. Moreover, folate targeted liposomes showed better tumor inhibition than free
drug (88.75 mm3 tumor volume vs 210.00 mm3) and no tissue abnormalities were found in histological ex-
amination. It can be concluded that folate targeted liposomes provide an effective and safe strategy for colon
cancer targeted chemotherapy.

1. Introduction

5-Fluorouracil (5FU), a pyrimidine analog is a cytotoxic drug which
is extensively used in the treatment of a variety of cancers such as
colon, breast, brain, ovary, head, neck and liver cancer (Mattos et al.,
2016). 5FU interferes with DNA synthesis and acts as a thymidylate
synthase inhibitor. Although its efficiency, due to short half-life
(6–20 min), wide distribution, and side effects such as cardiac toxicity,
dermatitis and damage of the central nervous system limit its medical
applications. To overcome these limitations, it is a need to develop a
drug delivery system for 5FU (Cheng et al., 2012; Nair et al., 2011).

By choosing a proper drug delivery system, controlled and targeted
access of drug delivery to the site of tumor, decreased drug clearance
and reduced systematic side effects may be provided (Pereira et al.,
2016). Liposomes are extensively considered as drug carriers for a wide

range of drugs due to biocompatibility, biodegradability, capability to
entrap both hydrophilic and hydrophobic drugs, nontoxic and lack of
immune system activation (Deshpande et al., 2013; Nogueira et al.,
2015).

The employment of nano-particles (NPs) in cancer treatment is
based on their enhanced permeability and retention (EPR(effect to
tumor tissues (Nair et al., 2011). Due to abnormal leaky vasculature and
impaired lymphatic drainage around the tumors, NPs can be penetrated
in the tumor tissue and release the drug at specific locations; as a result,
reduce the exposure to normal tissues, and decrease the side effects
(Nair et al., 2011; Nogueira et al., 2015). Nevertheless, since EPR effect
is affected by many factors such as tumor location, amount of infiltra-
tion by macrophages, as well as pore size of tumor vessels, the passive
targeting is limited to some types of tumors. Furthermore, EPR effect is
only restricted to some solid tumors which are larger than
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approximately 4.6 mm in diameter (Nogueira et al., 2015). In order to
overcome the drawbacks associated with passive targeting, active tar-
geting can also be utilized. For enhancing cell specific and intracellular
delivery, NPs can be further modified with targeting ligands (Chen
et al., 2016). Antibodies, carbohydrates, peptides, folate acid (FA) and
transferrin are among the several ligands to target cancer cells
(Deshpande et al., 2013; Nogueira et al., 2015). FA, a hydrophilic B-
complex vitamin can be considered as targeting ligand due to its unique
property including nontoxic, small size, stable in storage and in circu-
lation, compatibility with a variety of organic and aqueous solvents,
inexpensive as well as can be easily modified (Gao et al., 2015;
Shmeeda et al., 2006; Wang et al., 2013). The folate receptors (FRs) are
highly expressed in many types of cancer while its expression is limited
in normal cells (Fasehee et al., 2016; Laha et al., 2015; Yin et al., 2013).
The aim of present study was to prepare folic acid targeted liposomes
for delivery of 5FU and evaluation of cytotoxicity in vitro and in vivo.

2. Materials and methods

5-Fluorouracil (5FU) and soya phosphatidyl choline (PC) were ob-
tained from Acros, USA. Distearoylphosphatidylethanolamine (DSPE)
was purchased from Lipoid, Germany. N-hydroxysuccinimide (NHS),
triethylamine (TEA) and cholesterol were acquired from Merck,
Germany. Metronidazole kindly donated by Pars Darou Pharmaceutical
Co., Iran. Poly (ethylene glycol) and 2-aminoethyl ether acetic acid
(NH2-PEG-COOH) and folic acid (FA) were provided from Sigma-
Aldrich, Germany. 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide
(EDC) was obtained from Alfa Aesar, Germany. 4, 6-Diamidino-2-phe-
nylindole (DAPI), paraformaldehyde and 5 (6) - carboxyfluorescein
(CF) were purchased from Sigma-Aldrich, Germany.

CT26 (murine colon carcinoma) cell lines were obtained from
National Cell Bank of Iran (NCBI), Pastor Institute of Iran. Roswell Park
Memorial Institute (RPMI) 1640 medium and fetal bovine serum (FBS)
were obtained from Gibco, USA. Penicillin-streptomycin, 3-(4, 5-di-
methyl-2-thiazolyl)-2, 5-diphenyl tetrazolium bromide (MTT) and 2′,
7′-dichlorofluorescin diacetate (DCFDA) were purchased from Sigma-
Aldrich, Germany. Male BALB/c mice and male Wistar rats were ob-
tained from the Pasteur Institute of Iran. Other chemicals and solvents
were of analytical grade and acquired from Merck, Germany.

2.1. Preparation of liposomes

Detailed synthesis procedure of FA-PEG-DSPE is under considera-
tion for publication elsewhere (data not shown here). Briefly, folic acid
dissolved in methanol containing TEA, then EDC and NHS were added
and was stirred for 4 h. The activated folic acid and NH2-PEG-COOH
incubated for 48 h at room temperature. Solvent was evaporated and
the remained yellow color product suspended in deionized water.
Thereafter, the resultant suspension was dialyzed against deionized
water and the final product (FA-PEG-COOH) was freeze-dried. FA-PEG-
COOH then dissolved in methanol containing TEA followed by EDC
addition. After 1 h, NHS was added and the mixture stirred for 3 h
before adding DSPE. The mixture was stirred again for 24 h at room
temperature. The product was dialyzed against deionized water and
freeze-dried to obtain FA-PEG-DSPE conjugate. Conjugates were con-
firmed by Fourier transform infrared spectroscopy (FT-IR) (Vertey 70,
Bruker, Germany). The lyophilized samples were mixed with KBr and
prepared as pellets. The spectra were obtained from samples in the
range of 400–4000 cm−1 at room temperature.

5FU containing liposomes were prepared by thin film hydration
method. Briefly, PC/cholesterol and PC/cholesterol/ FA-PEG-DSPE at
the molar ratio of 2:1 and 2:1:0031, respectively were dissolved in
chloroform. After solvent removal on a rotary evaporator (Heidolph,
Germany), the thin lipid film was hydrated with 0.8 mL phosphate
buffer saline (PBS, pH 7.4) containing 5FU (1.5 mg) by sonication in a
water bath (Elma, Germany) for 30 min. In order to obtain liposomes of

a homogeneous size, the resulting liposomes were shear in a homo-
genizer (Heidolph, Germany) for another 5 min. Then, 5FU loaded li-
posomes were separated by centrifugation at 15000 rpm for 30 min
(MPW-350R, Poland).

2.2. Characterizations of liposomes

2.2.1. Morphology and particle size determination
The morphology of liposomes was evaluated by transmission elec-

tron microscopy (TEM, LEO 906, Zeiss, Germany). A drop of dispersed
liposome was placed onto a carbon-coated copper TEM grid and al-
lowed to dry at room temperature before measurement. Particle size of
liposomes was also determined using a particle sizer (Qudix,
Scatteroscope I system, Korea) before and after sonication in a water
bath for 5 min to evaluate the impact of sonication on the nanoparticles
size. All of measurements were performed at 25 °C. Prior to each
measurement, samples were diluted with deionized water. Sonication
was performed to prevent particles agglomeration and avoiding particle
growth.

2.2.2. Determination of encapsulation efficiency (EE%)
The supernatant obtained after centrifuging liposomes was analyzed

for the amount of un-entrapped 5FU using high performance liquid
chromatography (HPLC, Waters, USA). The analysis was carried out on
C18 column (250 × 4 mm i.d., 5 μm) and the column temperature was
set at 30 °C. The mobile phase was consisted of 0.02 M phosphate buffer
pH 4 and methanol (70:30, V/V). Injection volume was 50 μL and the
flow rate was 0.8 mL/min. Wavelength of detection was 260 nm and
metronidazole was used as internal standard. The EE% was calculated
according to eq. 1:

=
−EE TD FD

TD
% 100 (1)

where, TD is the amount of 5FU initially added to the formulation and
FD is the amount of the free drug in the supernatant after centrifugation
(Joshi et al., 2014).

2.2.3. Stability study of liposomes
The storage stability of the 5FU loaded liposomes were evaluated by

monitoring the EE% and particle size at the beginning of the experiment
and after 1 and 3 months. At the mentioned intervals, samples were
resuspended in deionized water for assaying of EE% and particle size.

2.3. Cellular uptake

The intracellular uptake of liposomes was assayed by entrapment of
CF dye in liposomes instead of 5FU that does not represent fluorescent
property. CT26 cells were seeded onto 6-well plates and incubated for
24 h in the presence of 5% CO2 and at 37 °C. After 24 h, the cells were
treated by free CF and CF loaded targeted liposome and incubated for
4 h at 37 °C. After incubation, the cells were washed with cold PBS and
fixed with 4% paraformaldehyde for 15 min. For distinction the green
color of CF, the cell nucleus was further stained with 4, 6-diamidino-2-
phenylindole (DAPI) for 10 min and then cells were washed with PBS
before imaging. The intracellular uptake of CF in the cells was observed
using fluorescent microscope (Olympus IX71, Japan).

2.4. In vitro cytotoxicity study

MTT assay was performed to evaluate cell viability. CT26 cells were
grown at 37 °C, 5% CO2 and 95% relative humidity in RPMI 1640
medium containing 10% FBS and 1% penicillin-streptomycin. Cells
were seeded into 96-well plates at seeding density of 1 × 104. After
incubation for 24 h, the medium was replaced with fresh medium
containing 5FU, liposomal 5FU and folate-liposomal 5FU at different
concentrations (10, 15, 25, 35, 50 and 75 μM) for 48 h. After removing
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the media, cells were incubated with solution MTT (5 mg/mL in PBS) at
37 °C for 4 h. Thereafter, DMSO (150 μL) was added in each well and
shaken for 20 min. The absorbance of each plate was read at 570 nm
using ELISA plate reader (BioRad, USA). Cellular viability was de-
termined according to Eq. (2) and the half maximal inhibitory con-
centration (IC50) was also calculated as cytotoxicity index.

=Cell viability% 100
Abs
Abs

sample

control (2)

2.5. Intracellular reactive oxygen species (ROS) production

ROS generation in cells was determined by using 2′, 7′-dichloro-
fluorescin diacetate (DCFDA). DCFDA passively diffuses into cells and
cleaves by esterases to non-fluorescent compound which further oxi-
dizes by intracellular ROS into fluorescent 2′, 7′-dichlorodihydro-
fluorescein (DCF) (Mulik et al., 2010). Briefly, cells at a density of
1 × 105 were seeded into 6-well plate and allowed to attach for 24 h.
Then, the cells were treated with IC50 dose of free 5FU and folate-li-
posomal 5FU for 1, 3, 24 and 48 h. After treatment, cells were washed
with PBS and exposed to 10 μM DCFDA for 45 min at 37 °C. Fluores-
cence was monitored at excitation wavelength of 485 nm and emission
wavelength of 530 nm using spectrofluorimeter (PerkinElmer, USA).

2.6. Hemolysis assay

The impact of liposomes on red blood cells (RBCs) was evaluated by
a hemolysis assay test. Fresh blood was collected from male Wistar rats
and centrifuged at 1500 rpm for 10 min. The RBCs were further washed
three times with PBS. The suspension obtained (2%) was used for he-
molysis study. Liposomes at different concentrations (0.1, 0.25 and
0.5 mg/mL) were added in RBCs suspension and incubated for 3 h at
37 °C. After that, the mixtures were centrifuged at 1500 rpm for 10 min.
The supernatant was collected and the amount of hemoglobin released
was determined by spectrophotometer (Biochrom WPA biowave II,
England) at 540 nm. Double-distilled water was used as positive control
and PBS was used as negative control. The hemolysis percentage was
calculated according to Eq. (3):

=
−

−

Hemolysis% 100 A A
A A

s nc

pc nc (3)

where, As is the absorbance of sample, Anc is the absorbance of negative
control and Apc is the absorbance of positive control.

2.7. In vivo antitumor effect and histopathological study

In vivo experiments were performed with permission of the Animal
Ethics Committee Jundishapur University of Medical Sciences, Ahvaz,
Iran (ref no. IR.AJUMS.REC.1395.643). The BALB/c male mice were
subcutaneously injected with 100 μL of cell suspension containing
1 × 106 CT26 cell in the right flank. After the tumor volume was
reached to 100 mm3, the mice were randomly divided into three
groups: control, 5FU and folate-liposomal 5FU. Different formulations
of 5FU were given at the same dose of 20 mg/kg and administered via
intraperitoneally in every other day (6 injections for period 12 of days).
The tumor volume was measured by a caliper and calculated using the
Eq. (4):

= ×V (W L)/22 (4)

where L and W are is the longest shortest diameter, respectively.
At the end of treatment (day 21), mice were sacrificed and the

tumor, heart and kidney were dissected, fixed with 10% paraf-
ormaldehyde, embedded in paraffin and sectioned. The tissue slices
were strained with hematoxylin and eosin (H&E) and observed using
optical microscope (Olympus IX50, Japan).

2.8. Statistical analysis

All the measurements were done in triplicate and data were ex-
pressed as mean ± SD. One way ANOVA test was used for comparison
of the results and the statistical significance was indicated by p < 0.05.

3. Results and discussion

The objective of the present study was to develop liposomal 5FU
anchored with folic acid for their selective localization at cancer cells.
Compared to the previous works, this is the first comprehensive study
on the folate-liposomal 5FU regarding in vitro cellular uptake, cytotoxic
study, ROS production, hemolysis assay, in vivo antitumor effect and
histopathological study.

3.1. Characterizations of 5FU loaded liposomes

The FTIR spectra of FA, FA-PEG and FA-PEG-DSPE are shown in
Fig. 1A–C. In FTIR spectra of Fig. 1B, the band at 1470 cm−1 represents
the stretching in backbone of aromatic ring of folic acid. The band at
2958 cm−1 is corresponded to CeH stretching of aromatic ring of folic
acid. The peak at 1103 cm−1 indicates the presence of CeO group in
the PEG. Moreover, the peak at 2961 cm−1 is associated to the CeH
groups of PEG. As shown in the Fig. 1C, absorbance peaks at 1468 and
1564 cm−1 are related to aromatic C]C stretching vibrations rings in
the folic acid. A sharp peak at 1178 cm−1 is related to P]O stretching
vibrations in DSPE. The bands at 1643 and 1736 cm−1 are corre-
sponded to the ester and amide (C]O) groups in the DSPE, respec-
tively. The broad band at 3374 cm−1 is attributed to OH acid groups on
the ring of folic acid. The peaks at 2851 and 2919 cm−1 represent the
CeH stretching bands in the aliphatic structure of the PEG, FA and
DSPE. Synthesis pathway of FA-PEG-DSPE and also preparation of li-
posomes are illustrated in Fig. 2A.

Fig. 1. FTIR spectra of A) folic acid, B) FA-PEG and C) FA-PEG-DSPE.
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The amount of drug encapsulated in liposomes, particle size and
stability of liposome are important parameters that should be con-
sidered during preparation of liposome as drug delivery systems
(Pereira et al., 2016). EE% of 5FU in liposomes was found to be
67.88 ± 1.84%. This encapsulation efficiency indicates that the lipo-
somes are suitable as drug carriers. Liposomes were spherical in shape
and were well dispersed as observed in the TEM image (Fig. 2B). The
mean particle size of liposomes was 114.00 ± 4.58 nm and size dis-
tribution graph of liposomes are presented in Fig. 2C. There was no
significant change in particle size after conjugation with FA. It is well
known that the size of liposomes is a main factor for the tissue tar-
geting. Larger liposomes are often taken up by phagocytes; while, small
liposomes (100 to 200 nm) can penetrate easily in tumor tissue due to
enhanced permeability and retention (EPR) effects (Nogueira et al.,
2015; Shigehiro et al., 2014). Moreover, no significant difference was
observed in the EE% and particle size of liposomes after 3 months,
confirming the good physical stability of the prepared liposomes.

3.2. Cellular uptake

In the study, CF was selected as the fluorescent dye for labeling the
liposomes. The selection of the dye was also based on the similarity of
its nature (hydrophilicity) with 5FU. As shown in Fig. 3, the green
fluorescence was very strong in cells which treated with CF loaded
folate-targeted liposomes, indicating that a large amount of dye was
accumulated in the cells compared to cells that were exposed to free CF.
The results revealed the efficiently of targeted liposomes. Low bioa-
vailability and low membrane permeability of hydrophilic drugs limit

their therapeutic efficacy. Entrapment of hydrophilic drugs in drug
delivery systems such as liposomes can improve the delivery and
bioavailability of the drugs (Eloy et al., 2014). On the other hand, in-
creased intracellular uptake of drugs loaded in targeted liposomes may
confirm the idea that folate- targeted liposomes are internalized in the
cells via endocytosis (Zeng et al., 2014). While, drugs in solution form
penetrate in the cells by passive diffusion; therefore, this difference may
affect intracellular uptake of drugs (Mulik et al., 2010).

3.3. In vitro cytotoxicity study

MTT assay was performed to evaluate in vitro cytotoxicity of 5FU,
liposomal 5FU and folate-liposomal 5FU. In the study CT26 cell line was
selected as it overexpresses the FRs on surface (Benns et al., 2001). As
shown in Fig. 4A, it was found that 5FU loaded targeted liposomes
exhibited higher cytotoxicity than free drug and non-targeted liposomes
(p < 0.05). The IC50 values for 5FU, liposomal 5FU and folate-lipo-
somal 5FU were 39.81, 37.15 and 12.02 μM, respectively. In all for-
mulations the viability of cells decreased with the increasing of the drug
concentration. Also, as displayed in the Fig. 4A, no significant differ-
ence was found between cytotoxicity of 5FU and liposomal 5FU that
may be a result of poor cellular internalization of non-targeted lipo-
somes. Similar results were observed by Gupta et al. (2007) which
showed that there was no significant difference between free 5FU and
non-targeted liposomes on B16F10 melanoma cells. While, targeted li-
posomal 5FU with folic acid increased cytotoxicity of the drug sig-
nificantly. Although, the IC50 of folate-liposomal 5FU on cancer cell in
their study was lower than IC50 obtained in our study. This difference

Fig. 2. A) Schematic illustration of synthesis pathway of FA-PEG-DSPE and preparation of liposomes, B) TEM image of liposomes and C) particle size distribution.
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may be related to the dissimilarity of cell lines used in the two studies
(Gupta et al., 2007). The finding proves that targeted liposomes are
more efficiently up taken by cancer cells than non-targeted liposomes.
The results can be attributed to the presence of FA in the liposomes,
which may facilitate the drug accumulation in the cells due to the
presence of FRs on surface of cancer cells (Ai et al., 2017). The higher
cytotoxicity of drug loaded targeted liposomes may be also related to
the higher cellular uptake via endocytosis. On the other hand, the low
particle size of NPs permits their accumulation in cells and retarded
release of the drug, extends their action for a longer time period; while,
due to its hydrophilicity, free 5FU in solution is poorly absorbed and
washes out quickly (Mattos et al., 2016). The similar results were re-
ported by Le et al. (2015). They found that no significant difference was
between cytotoxicity of 5FU and 5FU loaded NPs on cancer cells.
However, the cytotoxicity of folate-targeted NPs was significantly in-
creased compared to free drug and non-targeted NPs. They also sug-
gested that folate-targeted NPs may probably enter tumor cells by folate
receptor-mediated endocytosis (Le et al., 2015). The effect of FAs
blocking on the efficiency of folate- targeted NPs was reported in the
study of Varshosaz et al. (2014). They observed that by addition of free
folic acid to the folate-free culture medium of CT26 cells, cell viability
was increased to 51.98 ± 6.3%. These results indicated that free folic
acid inhibited FR-dependent binding and uptake of NPs, which con-
firmed the uptake of folic acid targeted NPs by FR-mediated

endocytosis in cancer cells (Varshosaz et al., 2014). Lv et al. (2017)
expressed that capsaicin loaded folate-targeted NPs exhibited a re-
markably higher toxic effect compared to non-targeted NPs. Moreover,
they demonstrated that anticancer effect of drug loaded-targeted NPs is
attributed to the efficient cellular uptake of NPs via FRs-mediated en-
docytosis pathway which resulting in the higher amount of NP present
in the cancer cells in comparison with non-targeted NPs (Lv et al.,
2017). The present results are also in agreement with Zhang et al.
(2016a, 2016b) observation which reported that cytotoxicity of eto-
poside loaded in folate-targeted NPs was significantly higher than non-
targeted NPs and etoposide solution (Zhang et al., 2016b).

3.4. Evaluation of intracellular ROS production

It has been reported that 5FU significantly increase the generation
of ROS in cancer cells (Liu et al., 2016). Increase of ROS in cells has
been found as an activator of cell apoptotic signaling (Jin et al., 2016).
Therefore, we evaluated the effect of 5FU and folate-liposomal 5FU on
generation of ROS in time dependent manner. It should be mentioned
that based on MTT results, no significant differences in cell viability
were observed between 5FU and liposomal 5FU; therefore, evaluation
of intracellular ROS production was only carried out for 5FU and folate-
liposomal 5FU. It was found that folate-liposomal 5FU induced higher
ROS with increasing in the time of treatment; while, in 5FU treated cells

Fig. 3. Cellular uptake of free CF and CF loaded folate-targeted liposomes in cancer cells. (Left to right: green fluorescent signals are related to CF that is accumulated in the cytoplasm of
the cells, the blue is corresponded to DAPI which is accumulated in the nuclei of cells, and final images at right show the merged CF and DAPI accumulation). (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)

Fig. 4. A) cytotoxicity of different formulations of 5FU on CT26 cells and B) ROS production.

E. Moghimipour et al. European Journal of Pharmaceutical Sciences 114 (2018) 166–174

170



the ROS generation decreased after 24 h (Fig. 4B). The data obtained
confirmed the results of cytotoxicity and cellular uptake study which
exhibiting the increased generation of ROS with folate-liposomal 5FU,
makes the encapsulated drug to be continuously release and increases
uptake of targeted liposomes by FR-mediated endocytosis. The findings
of present study confirm the results of Jin et al. (2016) which reported
that folate-targeted chitosan NPs induced overproduction of ROS and
resulted apoptosis pathway in MCF-7 cells.

In order to examine the contribution of ROS generation to folate-
targeted NPs induced apoptosis, they co-cultured MCF-7 cells with
these NPs and N-acetyl-L-cysteine (as a ROS inhibitor). They observed
that N-acetyl-L-cysteine considerably reduced the capability of targeted
NPs to inhibit cellular viability of cancer cells (Jin et al., 2016). Malhi
et al. (2012) indicated that folate-liposomal doxorubicin significantly
increased ROS production in cancer cells more than the free drug. They
demonstrated that folic acid present on the surface of the liposomes
improved the intra cellular delivery of doxorubicin and as a result in-
creasing of ROS generation (Malhi et al., 2012). The findings of Fasehee
et al. (2016) are also accordant with our results. They found that in-
tracellular ROS level of cancer cells treated with disulfiram loaded fo-
late-targeted NPs was more than free Disulfiram, indicating more dis-
ulfiram was transformed into the cells and induced higher ROS
production (Fasehee et al., 2016). Considering these results, folate-li-
posomal 5FU induced death of cancer cells seems to correlate with ROS
production.

3.5. Hemolysis assay

Hemo-compatibility assay is necessary to evaluate any possible
hemolytic potential of liposomes with RBCs which determine their in
vivo fate and influence their therapeutic efficacy (Raveendran et al.,
2016). As displayed in Fig. 5A, there was no significant hemolysis
caused by liposomes at different concentrations (below 5% of hemolysis
induced by positive control), which indicating their good hemo-com-
patibility and further promised their application in vivo. Also, as shown
in Fig. 5B, in the positive control (H2O) and negative control (BPS)
group, there was complete and non-significant hemolysis of RBCs, re-
spectively. The results of Kuznetsova et al. (2012) study in this field are
in accordance with our findings which reported that liposomes ex-
hibited good hemotolerance (Kuznetsova et al., 2012). Similar results
were reported by Clares et al. (2013). They indicated that liposomes can
be considered as suitable delivery system for parenteral administration,
because they exhibit a negligible effect on hemolysis (Clares et al.,
2013). Bharti et al. (2017) also implied that liposomes revealed no
significant hemolytic effect in RBCs (Bharti et al., 2017).

3.6. In vivo antitumor effect and histopathological study

At the end of treatment, the average volume of tumors was 1173.75,

210.00, and 88.75 mm3 for control, 5FU and folate-liposomal 5FU, re-
spectively (Fig. 6A). According to the Fig. 6B, the tumor volumes of
folate-liposomal 5FU groups were significantly smaller than free 5FU
and control groups (p < 0.05). These results are in consistent with
data obtained from in vitro cytotoxicity study, confirming that folate-
targeted liposomes induced higher anticancer activity both in vitro and
in vivo. Moreover, there was no difference in the body weights or
change in feeding and movement between the treated and the control
groups (data not shown). These findings support the results of Gupta
et al. (2007) which showed that folate-liposomal 5FU had greater
tumor-inhibitory effect than free drug (Gupta et al., 2007). The en-
hanced 5FU efficacy by using folate-targeted liposomes may be attrib-
uted to the passive and active targeting. Due to the leaky nature of the
tumor-associated blood vessels, NPs can present higher permeability to
tumor tissues based on their enhanced permeability and retention (EPR)
effect (Mattos et al., 2016). Moreover, lack of lymphatic vessels around
the tumor region reduces the exposure of other tissues to the drug
which result reducing side effects (Mattos et al., 2016; Nair et al.,
2011). As mentioned in the Section 3.1, the NPs with the size of 100 to
200 nm are more efficiently accumulated in solid tumors than normal
tissues. In the present study, liposomes with about 114.00 nm effec-
tively targeted cancer cells mainly due to the EPR effect in tumor tis-
sues.

In the other hand, the higher antitumor activity of folate-liposomal
5FU might be due to high binding affinity of folate in the liposomes and
FRs in the cancer cells which resulting in higher concentration and
accumulation of the folate-targeted liposomes in tumors tissues (Wang
and Kim, 2015). Our findings seem to agree with Jin et al. (2016) re-
sults. They reported that folate-targeted NPs had size about
100–200 nm which may easily internalized into cancer cells owing to
EPR effect. Moreover, they found that folate-targeted NPs could be
internalized in tumors tissues through FRs-mediated endocytosis
pathway (Jin et al., 2016). The similar results have been reported by Le
et al. (2015). They implied that the average tumor volumes of the mice,
treated with entrapped 5FU in folate-targeted NPs were smaller than
control groups. In addition, they observed that the uptake of targeted
NPs into the cells was through FRs-mediated endocytosis (Le et al.,
2015). The present results also confirm previous research of Zhang et al.
(2016a, 2016b) which indicated that the higher anticancer activity of
doxorubicin loaded folate-targeted NPs is related to the EPR effect and
high binding affinity of folate conjugated NPs with FRs on surface of
cancer cells (Zhang et al., 2016a). According to the finding of previous
studies and our results, it can be concluded that effective antitumor
activity of folate-liposomal 5FU may be associated with EPR effect, the
presence of FA molecules on the surface of liposomes which further
enhances their specific internalization in cancer cells and induction of
apoptosis pathway (Fig. 7).

Histological analysis of heart and kidney showed the integrity of
tissues structures and no obvious abnormality and no remarkable

Fig. 5. Hemolysis assay: A) hemolysis (%) and B) image of RBCs treated with different concentrations of liposome, PBS (−) and H2O (+).
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pathological change was observed (Fig. 8). Also, as can be seen in
Fig. 8, the folate-liposomal 5FU treated group exhibited lower cell
density in tumor tissue compared with control group. These results
indicated that targeted liposomes could effectively inhibit tumor
growth. Based on these results, it can be concluded that the folate-
targeted liposomes can be employed as carrier for anticancer agents in
cancer therapy.

4. Conclusion

The results of cellular uptake showed that targeted liposome

internalized much more CF than CF solution. Compared with 5FU,
targeted liposome revealed higher cytotoxic activity on cancer cells.
Moreover, targeted liposomes significantly enhanced ROS level in
cancer cells. Hemolysis assay confirmed that liposomes were hemo-
compatible which supporting its use as intravenous injection. Folate-
liposomal 5FU exhibited high in vivo antitumor activity as compared
with free drug. Selective and enhanced accumulation of targeted lipo-
somes in cancer cells may be due to combined EPR and more selective
receptor-mediated endocytosis. The results of histopathological analysis
displayed that targeted liposomes did not show any obvious damage to
heart and kidney. According to the results, folate-targeted liposomes

Fig. 6. Evaluation of tumor growth inhibition of free 5FU and folate-liposomal 5FU: A) tumor volume, B) image of solid tumor.

Fig. 7. Schematic representation of antitumor activity of folate-liposomal 5FU in cancer cells.

E. Moghimipour et al. European Journal of Pharmaceutical Sciences 114 (2018) 166–174

172



might be a promising approach for treatment of colon cancer.
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