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Aim: The aim of this study was to prepare transferrin (Tf) and folic acid (FA) co-modified
bufalin (BF) liposomes for lung cancer treatment.

Method: In this study, (FA+Tf) BF-LPs were prepared using the high-pressure homogenization
method.

Results: The EE% and DL% of prepared LPs were 82.3% and 10.7%, respectively, and the
mean diameter was 120.4 nm from three batches. In vitro release showed that the release of
BF from (FA+Tf) BF-LPs was slow with burst effects at an early stage. In vitro cytotoxic-
ity assay showed that (FA+Tf) BF-LPs had a superior antiproliferative effect on A549 cells.
An in vivo imaging study indicated that (FA+Tf) BF-LPs had obvious targeting characteristics
on subcutaneous tumor, with the potential to actively deliver drugs to tumor tissues. In terms of
the in vivo antitumor activity, (FA+Tf) BF-LPs treated mice showed a significantly suppressed
tumor growth and no systemic toxicity in the body.

Conclusion: Through this study, it was found that the Tf and FA co-modified BF could be a
very promising lung target preparation.

Keywords: transferrin, folic acid, liposomes, bufalin, in vivo imaging, antitumor activity

Introduction

Lung cancer is the leading cause of cancer-related death among men worldwide. It is
the second leading cause of cancer-related death in women, with the 5-year survival
rate only being 18%.' Lung cancers are classified into small-cell lung cancer (13%)
and non-small-cell lung cancer (NSCLC) (87%) according to the therapeutic purpose.?
Surgical resection is still the main treatment for early stage NSCLC. Unfortunately, the
majority of lung cancers are diagnosed at an advanced stage. For advanced NSCLC,
chemotherapy is currently the standard first-line treatment.*> However, the response
rate to chemotherapy is less than 30%. What is worse, many patients suffer serious
side effects after chemotherapy.

Bufalin (BF), a soluble digoxin-like immune active component of Chansu,
is an extract from the skin and parotid venom glands of Bufo gargarizans or
Bufo melanostictus.*” It has a significant antitumor effect against various tumors,
including lung cancer,® hepatocellular carcinoma,’ colorectal cancer,' leukemia,!! and
gastric cancer.'? A large number of studies have shown that antitumor effects of BF
include inhibiting cell proliferation and inducing tumor cell apoptosis.'*!* Because of
its toxicity, insolubility in water, fast metabolism, and short half-life,'¢ its application
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in cancer treatment is limited. Thus, to further explore valu-
able and novel therapeutic strategies is in urgent need.

The nanoparticulate drug delivery system has made
significant contributions to the improvement of cancer drug
delivery.!” Targeted nanoparticulate drug delivery systems,
especially biodegradable nanoparticles, provide an oppor-
tunity to meet these existing challenges, with improved
pharmacokinetics, benefits to drug accumulation in tumor
tissue, and reduced side-effects.!® Folate receptor (FR)
combined with folic acid (FA) has high affinity and medi-
ates its intracellular transport through receptor-mediated
endocytosis.!” There are three isoforms of FR (FRa, FR,
and FRY), and type o is the main subtype of FA transport. It
is overexpressed on the surface of various types of tumors,
including pancreatic, prostate, lung, head and neck, breast and
ovarian cancers, and mesothelioma.?*?! Based on its limited
expression and distribution in normal tissue, FRot is the most
widely studied member of the FR family, and various strate-
gies for targeting FR, which is overexpressed in cancer, have
been developed.? Similarly, the transferrin (Tf) receptor has
been widely used in drug delivery to cancer cells due to its
overexpression in many types of cancer, which is the result of
its role in iron homeostasis and cell proliferation, as well as
its receptor-mediated endocytosis.”* Many chemotherapeutic
agents (such as oxaliplatin, doxorubicin, 5-fluorouracil,
ceramide, as well as DNA and siRNA)?* have been used to
inhibit tumor by Tf-mediated liposomes (LPs).

With the further development of active targeting agents,
the strategy of modifying two ligands on the one nanocarrier
is becoming more and more popular. Inspired by the strategy
adopted by the natural virus, it is possible to develop a com-
bination of ligands that interact with a variety of cell surface
antigens to overcome the heterogeneous expression patterns
in various tumor types and to increase the number of potential
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binding sites for nanomedicines, both on the surface of and
within tumor cells.??

However, very few techniques involving nanolipo-
somes coupled with FA and Tf dual-targeting have been
described, to the best of our knowledge. In the present
study, we developed nanosized and highly efficient targeted
BF nanoliposomes modified with FA and Tf to verify the
hypothesis that targeted nanoliposomes can enhance the
effect of antitumors.

Materials and methods

Materials

BF was purchased from Pure-one Bio Technology,
Co., Ltd. (Shanghai, China). 1,2-Distearoyl-sn-Glycero-3-
Phosphoethanolamine (DSPE), DSPE-PEG2000-FA, and
DSPE-PEG2000-Tf were obtained from Ponsure Biopharma
Co., Ltd. (Shanghai, China). Egg phosphatidylcholine (EPC)
and cholesterol (CHOL) were obtained from Sinopharm
Chemical Reagent (Shanghai, China). The A549 lung cancer
cell line was provided by the Institute of Biochemistry
and Cell Biology, Chinese Academy of Sciences (Shanghai,
China). Methanol, ethanol, ammonium acetate, and ethyl
acetate were purchased from Suzhou Chemical Reagent
Factory (Suzhou, China) and were of at least analytical grade.
Watsons’ water was used in all experiments.

Preparation of LPs

FA and Tf co-modified BF nanoliposomes (FA+Tf BF-LPs)
were prepared using the high-pressure homogenization
method (Figure 1A). In brief, BF, EPC, CHOL, DSPE-
PEG2000-FA, and DSPE-PEG2000-Tf (molar ratio: 2,
55, 33, 5, and 5, respectively) were dissolved in 6.5 mL
of chloroform to form a mixed solution, then the organic
solvent was removed under reduced pressure at 40°C by

Before

Figure | A schematic diagram of the structure of nanoliposomes (A); Transmission electron microscope of (FA+Tf) BF-LPs before and after storage (50,000x) (B).

Abbreviations: FA, folic acid; Tf, transferrin; BF, bufalin; LP, liposome.
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rotary evaporation to form a thin film on the inner walls
of the round-bottomed flask. The vacuum was applied for
1 hour to ensure total removal of any solvent trace. Glucose
and mannitol (1:1, w/w) were dissolved in phosphate buf-
fer saline (PBS) (pH=7.4). The lipid film was then hydrated
with 5 mL of PBS (pH=7.4) at 55°C. After that, the mixture
was homogenized using a microfluidizer to obtain (FA+Tf)
BF-LPs before the nanoliposomes were freeze-dried for 72
hours. Meanwhile, the PEGylated nanoliposomes (PEG-
LPs), FA-BF-LPs and Tf-BF-LPs, were also prepared with
the above Materials and methods section.

Characterization

Particle morphology was investigated by transmission elec-
tron microscopy (TEM) after negative staining with phospho-
nic acid wolfram. The average particle size, zeta potential,
and polydispersity index of BF LPs were determined by the
laser light scattering method. BF was extracted from the LPs
(100 mg) with 2 mL acetonitrile, and then the extract solution
was properly diluted prior to HPLC analysis. Encapsulation
efficiency (EE%) and drug loading (DL%) were worked out
by the following equations:

/4

P+ M

W
EE% = —% x100%
w

F

where W, is the weight of initial feeding polymer, | is the
weight of drug incorporated in LPs, and W, is the weight of
initial feeding drug.

Stability

The stability of freeze-dried (FA+Tf) BF-LPs was observed
for 6 months at room temperature and 4°C respectively.
The LPs were observed mainly in regard to the following
aspects: the average particle size, zeta potential, polydisper-
sity index, EE%, and DL%. Each measurement was repeated
three times.

In vitro release

The in vitro release properties of BF from different LPs
were investigated in an aqueous medium containing PBS
(pH=7.4), using the dialysis bag method. Different BF LPs
were dispersed into 2 mL of release buffer in dialysis bags
(Mol=10,000), which were then put into a tube containing
200 mL of pH 7.4 PBS. All the samples were under the sink

condition and kept in a constant shaking bath at 80 rpm
maintained at 37°C. At time intervals (0.25, 0.5, 1, 2, 4, 6,
8, 10, 24, and 48 hours), 2 mL of dialysate was taken for
analysis and then 2 mL of fresh medium was added. The
concentration of BF in the release medium was determined
by HPLC after filtration and proper dilution. At the same
time, the release of free BF and unmodified BF LPs were
monitored as a control.

In vitro cytotoxicity assay

The cytotoxicity of BF formulated in FA and Tf co-modified
LPs was assessed in A549 cancer cell lines and compared to
free BF and other LPs. Briefly, cells were seeded in 96-well
plates followed by 24 hours of incubation in RPMI-1640
medium with 10% FBS and 1% streptomycin—penicillin.
Twenty-four hours later, cells were incubated with a dif-
ferent sample with varying concentrations of free BF,
PEG-LPs, FA-BF-LPs, T{-BF-LPs, and (FA+Tf) BF-LPs
(from 0.002 pg/mL to 20 ug/mL). Cells were incubated for
72 hours and cell viability was assessed by MTT (3-(4,5-
dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide)
assay in accordance with the following procedure: 1 mL
of complete growth culture medium and 60 UL of MTT
solution (5 mg/mL in PBS) were added to each well for
4 hours of incubation. The absorbance was measured with
amicroplate reading instrument at 540 nm. The results were
expressed as percentages relative to the results obtained
with a non-toxic control. To determine whether this is due
to FA- or Tf-mediated active targeting, free FA (100 uM)
and T (100 uM) were coadded to cells with FA-BF-LPs and
T{-BF-LPs, respectively.

Cell uptake

The cellular internalization of blank LPs, free BF, PEG BF-
LPs, FA-BF-LPs, Tf-BF-LPs, and (FA+Tf) BF-LPs was
observed through confocal microscopy by using coumarin-6
as a fluorescent probe. A549 cells were grown in the RPMI
1640 medium, and 10% (V/V) FBS and 5% antibiotics
were added in the medium (100 IU/mL penicillin G sodium
and 100 pg/mL streptomycin). A549 cells were seeded in a
cell culture dish with an initial density of 4x10° cells/dish.
Cells were then incubated with coumarin-6-adsorbed blank
LPs, free BF, PEG BF-LPs, FA-BF-LPs, Tf-BF-LPs, and
(FA+Tf) BF-LPs for 2 hours at 37°C%0.5°C. Subsequently,
cells were washed several times with PBS, and fixed with
4% paraformaldehyde for 10 minutes. Finally, cells were
observed under a confocal microscope. For the quantitative
estimation of BF uptake, the density of cells inoculated on
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24-well plates was 3x10*. When they reached 70%—80%
confluence, cells were incubated with coumarin-6-adsorbed
blank LPs, free BF, PEG BF-LPs, FA-BF-LPs, Tf-BF-LPs,
and (FA+Tf) BF-LPs. After 2 hours of culture, cells were
washed several times with cold PBS. Subsequently, Triton
X-100 (0.1%) was added to dissolve the cells. Fluorescence
intensities were measured by multi-mode microplate reader
at an excitation wavelength of 440 nm and an emission
wavelength of 520 nm.

In vivo studies

Animal

All BALB/c nude mice (male, 18-20 g, 6—8 weeks) were
provided by the Shanghai Experimental Animal Center of
Chinese Academy of Sciences (Shanghai, China). All pro-
tocols were approved by the Committee on Animals of the
Tongji University School of Medicine (Shanghai, China),
and were carried out in accordance with the guidelines of
the Committee on Animals of the Tongji University School
of Medicine.

In vivo imaging

The noninvasive optical imaging systems were used to
observe the real-time distribution of the functional targeting
LPs in A549 cells of xenograft mice. DiR was encapsulated
into LPs as a fluorescence probe. 1x10° A549 cells were
injected into the right forelimb flank of mice according to
the previous report, in order to build the tumor-bearing mice
models. When the tumor volume reached ~100-150 mm?,
the mice were injected with blank LPs, FA-BF-LPs, Tf-BF-
LPs, and (FA+Tf) BF-LPs (0.2 mg/kg) via the tail vein (three
each group). Prior to in vivo imaging, the mice were anes-
thetized with phenobarbital sodium. At 2, 8, and 24 hours,
an in vivo imaging system was used to scan the images
of animals. Fluorescence imaging was performed with an
excitation wavelength of 490 nm and emission wavelength
of 535 nm. The exposure time was 1 minute.

The antitumor activity

Briefly, on day 0, 1x10° A549 cells were injected SC into
BALB/c nude mice. By day 14, the average tumor volume
of each mouse reached about 100 mm?. From day 14, the
mice were treated with different BF LPs or free BF at a
dose of 15 mg/kg via the tail vein, and the drugs were given
once every 3 days for 10 times. The tumor size and body
weight were measured three times per week during the study.
On day 50, the mice were euthanized, followed by excision
and weighing of the tumors. The tumor volume (V) was

calculated using the following formula: (W*xL)/2, where
W was the widest tumor measurement value and L was the
longest tumor dimension. The relative tumor volume (R)
was calculated by the following formula: Vi/V0, where VO
is the tumor volume on day 14, and Vi is the tumor volume
at the measurement point. Antitumor activity was analyzed
by the relative tumor inhibitory rate (%), and the formula
was as follows: (I1-[R(treatment group)/R(negative control
group)])x100%.

Statistical analysis

The experimental data were expressed as mean and standard
deviation (meantSD), and the significance of differences was
analyzed using unpaired Student’s 7-test at P<<0.05.

Results and discussion

Preparation and characterization

Previous researchers reported on similar FA- and Tf-based
LPs formulation for various other anticancer drugs.>”* In this
study, the FA and Tf co-modified BF LPs were prepared by
the high-pressure homogenization method and the particle
morphology was screened by TEM. As shown in Figure
1B, (FA+Tf) BF-LPs had a uniform spherical morphology.
The mean particle size and polydispersity index of prepared
(FA+Tf) BF-LPs were determined to be 120.4 nm and 0.121,
respectively. According to the literature, particle size is an
important parameter as, although nanoparticles below the
400 nm size range can extravasate out of circulation into
the tumor microspace, smaller sizes can internalize into the
cell via endocytic vesicles more efficiently.’*3!' Zeta poten-
tial of the reconstituted (FA+Tf) BF-LPs was determined
to be —16.8 mV. Quantitative analysis of EE% and DL%
of (FA+Tf) BF-LPs and determination were finished by the
RP-HPLC method. The EE% was 82.3% and DL% rate was
10.7% (Table 1). The zeta potentials of LPs were negative,
due to the addition of DSPE-PEG2000. High EE% and DL%
of drugs from the LPs would be beneficial to the prevention
of the rapid leakage during the process of drug delivery and
the accumulation of drug in tumor tissues.

Stability

The stability of the (FA+Tf) BF-LPs was important for
storage. In our study, there were no significant differences in
the average particle size, zeta potential, polydispersity index,
EE%, and DL% in 0, 1, 3, and 6 months (P>0.05) (Table 1).
At the same time, the surface morphology showed that the
shape of (FA+Tf) BF-LPs did not change after 6 months
(Figure 1B).
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Table | The characteristics and stabilities data of different BF formulations before and after storage at different temperatures (n=3)

Formulations Temperature Time Particle Zeta Encapsulation Drug Polydispersity
(months) size potential efficiency (%) loading (%) index
(nm) (mV)
PEG BF-LPs Room temperature 0 |16.6+8.4 —17.240.7 81.9+6.2 9.7£1.3 0.114
FA BF-LPs Room temperature 0 118.2+7.1 —18.8+0.6 82.2+4.9 10.4+1.2 0.118
Tf BF-LPs Room temperature 0 119.7+6.3 —19.3£0.4 83.11+4.7 10.5£1.3 0.124
(FA+Tf) BF-LPs Room temperature 0 120.4£9.1 —16.8+0.5 82.315.3 10.7£1.1 0.121
| 120.8+8.5 —17.2+0.7 82.1+6.1 10.5+1.3 0.123
3 121.1+6.7 —17.1+0.3 81.7+6.7 10.8+1.4 0.119
. 6 121.6£7.4 —17.5+0.6 80.8+4.6 10.3+0.9 0.120
+c | 120.9+6.6 —16.9+0.3 81.9+6.3 10.5+1.2 0.1'9
3 121.2£7.2 —16.8+0.9 81.5+7.2 10.4%1.1 0.123
6 121.9+5.7 —16.9+0.4 80.3+6.5 10.3£1.3 0.122

Abbreviations: FA, folic acid; Tf, transferrin; BF, bufalin; LP, liposome.

In vitro release

The release profiles of LPs with different BF formulations
at 37°C are shown in Figure 2. The release of free BF was
also studied as a control. In vitro release data showed that
free BF was released faster than BF LPs, and the release of
free BF hit 90% after 4 hours. For (FA+Tf) modified BF
LPs, a low BF burst release of 20% was noted at 1 hour.
For unmodified LPs (PEG BF-LPs), the initial burst of drug
release (30%, 1 hour) was obvious, which was attributable
to the rapid diffusion of free drugs adsorbed on the particles.
Compared with the unmodified, the release rate of BF from
LPs was slower, with an extended drug release rate of over
10 hours, after which a plateau was observed till 48 hours.

105

This might be attributed to the surface adsorption coating,
which could impede the diffusion of encapsulated drugs in
the nanoscale system. It is worth noting that there is no sig-
nificant difference between the release of (FA+Tf) BF-LPs,
FA-BF-LPs, and Tf-BF-LPs in vitro. This was probably
because their space structures did not vary much. It possibly
suggested that the total drug-release amount from the LPs
depended on the drug solubility and the penetration from
the core of LPs.

In vitro cytotoxicity assay
Figure 3 shows the antiproliferative effect of different BF
preparations on A549 lung cancer cells. The cells were

Released percentage (%)

-—t— Free BF
—&-— PEG BF-LPs

30 e FA-BF-LPs
—tr— Tf-BF-LPs
15 ~—te— (FA+Tf) BF-LPs
0 ' 1 1 ' L 1 ' '] ' 1 1 J

0 4 8 12 16 20

24 28 32 36 40 44 48

Time (h)

Figure 2 In vitro drug release profile of BF from different formulations (PEG BF-LPs, FA-BF-LPs, Tf-BF-LPs, and (FA+Tf) BF-LPs) at pH 7.4 (data presented as mean+SD, n=3).
Abbreviations: FA, folic acid; Tf, transferrin; BF, bufalin; LP, liposome; SD, standard deviation.
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Figure 3 In vitro cytotoxicity analysis of blank LPs, free BF, PEG BF-LPs, FA-BF-LPs, Tf-BF-LPs, and (FA+Tf) BF-LPs on A549 cell lines.

Notes: Cell viability assay was performed by MTT assay. Incubation time=72 hours.

Abbreviations: FA, folic acid; Tf, transferrin; BF, bufalin; LP, liposome.

treated with different BF preparations, and the cytotoxicity
was measured by MTT after 72 hours. All BF preparations
showed time and concentration dependent cytotoxicity on
AS549 cells. As summarized in Table 2, The IC, was 4.58,
1.67,1.25,0.84,0.92, and 0.44 ng/mL for blank LPs, free BF,
PEG BF-LPs, FA-BF-LPs, Tf-BF-LPs, and (FA+Tf) BF-LPs,
respectively. BF-loaded FA-Tf co-modified LPs were the
most potent among all the BF formulations with respect to
cell growth inhibition. It has been reported that 100 uM free
FA can block more than 99% of the binding by FA recep-
tor.* Indeed, the presence of excess free FA decreased the
cytotoxicity of FA-BF-LPs, suggesting that the greater in
vitro cytotoxicity of FA-BF-LPs could be attributed to the

Table 2 IC, values of BF different formulations in A549 cells
following 72-hour treatments, respectively (n=6)

Formulations A5491C
(ng/mL)
Free BF 62.615.4*
PEG BF-LPs 54.146.2%
FA BF-LPs 51.2+4.9%
FA BF-LPs+FA (100 uM) 59.7+4.8*
Tf BF-LPs 49.8+5.3*
Tf BF-LPs+Tf (100 uM) 55.446.5%
(FA+Tf) BF-LPs 21.4+2.7
(FA+Tf) BF-LPs+FA (100 uM)+Tf (100 uM) 38.7£3.2%

Note: *P<<0.05 vs the group of (FA+Tf) BF-LPs.
Abbreviations: FA, folic acid; Tf, transferrin; BF, bufalin; LP, liposome.

specific ligand—-receptor interaction. The same phenomenon
occurred in the group of Tf-BF-LPs.

Cell uptake

Since the coumarin-6-labeled different BF formulations
were developed to trigger receptor-mediated internaliza-
tion in tumor cells, we compared the uptake of the targeted
group and the control group in A549 cell lines (Figure 4A).
A strong green fluorescence was observed in the cytoplasmic
region after the incubation of (FA+Tf) BF-LPs for 2 hours.
Cell internalization in A549 cells was higher for FA and
Tf co-modified BF LPs than others. On the contrary, in the
control group, a few green fluorescent spots representing
the blank NPs were observed on the cell membrane. The
results showed that surface modification could reflect when
the cell internalization process changed, and more drugs
entered the cell successfully. In quantitative cell uptake
studies, coumarin-6 was quantified by recovering the drug
LPs from cells and measuring their fluorescence on the five
formulations (normalized to per mg of the total cellular
protein contents). The quantitative results were consistent
with the confocal images (Figure 4B).

In vivo imaging study

The in vivo tumor accumulation profiles of DiR-loaded BF
LPs were clearly visualized by monitoring the whole body
fluorescent intensity in subcutaneous xenograft bearing
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100 Fluorescence intensity

Figure 4 (A) Confocal images of cellular uptake of blank LPs (a), free BF (b), PEG BF-LPs (c), FA-BF-LPs (d), Tf-BF-LPs (e), and (FA+Tf) BF-LPs (f) by a 549 cells. Incubation
time was 2 hours. (B) Mean fluorescence intensities for blank LPs, free BF, PEG BF-LPs, FA-BF-LPs, Tf-BF-LPs, and (FA+Tf) BF-LPs in quantitative cell uptake studies. *P<<0.05

vs (FA+Tf) BF-LPs.
Abbreviations: FA, folic acid; Tf, transferrin; BF, bufalin; LP, liposome.

nude mice model (Figure 5). In the group of blank LPs, the
fluorescence intensity gradually decreased in a short time.
At 10 hours, the fluorescence intensity of tumor sites was
almost invisible (the value of fluorescent intensity was close
to 500). During the observation period, both FA-BF-LPs
and Tf-BF-LPs showed certain fluorescence intensity. This
indicated that the surface modification of LPs could play an
active targeting function. However, the surprise appeared
in the FA+Tf co-modified group, where the results showed
that (FA+Tf) BF-LPs had stronger fluorescence in nude
mouse subcutaneous tumor site than the other BF LPs at
all times (the value of fluorescent intensity at the end of the
observation period was close to 200-300). This phenom-
enon indicated that (FA+Tf) BF-LPs had obvious targeting
characteristics on subcutaneous tumor, with a potential to
actively deliver drugs to tumor tissues.

The antitumor activity

The tumor developed approximately 2 weeks following the
subcutaneous injection of A549 cells, and the antitumor
efficacy of blank LPs, free BF, PEG BF-LPs, FA-BF-LPs,
Tf-BF-LPs, and (FA+Tf) BF-LPs was investigated in
mice bearing A549 xenograft, when the tumor volume
reached ~100 mm?. During the experiment, the body weight

and tumor volume were assessed every 3 days in order to
evaluate the safety and efficacy of different treatments.

As illustrated in Figure 6A, the tumor showed an exces-
sive growth in the control group treated with blank LPs and
reached 6531112 mm?® in 32 days, while the tumor growth
rate was inhibited remarkably in animals treated with free
BF, PEG BF-LPs, FA-BF-LPs, Tf-BF-LPs, and (FA+TY)
BF-LPs. Also, there was a significant difference between the
efficacy of (FA+Tf) BF-LPs and other treatments; in that,
the minimal tumor volume was observed in the group treated
with the (FA+Tf) BF-LPs delivery system (94£23 mm?),
which was significantly less than in other groups treated
with free BF, PEG BF-LPs, FA-BF-LPs, and T{-BF-LPs.
Figure 6B represents the changes of body weight in dif-
ferent groups during the 50-day study. During the entire
period of the in vivo study, there were no significant body
weight changes in all treatment groups compared with the
blank LPs group. The average tumor weights and volumes
are shown in Table 3. Compared with the control group, all
treatment groups showed significantly (P<<0.05) inhibited
tumor volume, with the greatest effect seen in the (FA+TT)
BF-LPs group. Similarly, both BF LPs could significantly
inhibit the tumor weights. In the (FA+Tf) BF-LPs group, the
effect was most obvious. Overall, our results indicated that
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Figure 5 In vivo optical imaging of xenografts at different time intervals after administration of different DiR-labeled BF LPs.
Note: The range from blue to red represents the changes in fluorescence intensity from weak to strong.
Abbreviations: FA, folic acid; Tf, transferrin; BF, bufalin; LP, liposome.
A 1,200 —— Free BF B 307
’ —&— PEG BF-LPs
;,g 1,050 | | —— FA-BF-LPs 27 1 T r T i
—4— Blank LPs =5
m L - + - L + - L
E 900 1|+ rrgRLps beglY B S A 1
2 750 | | —— (FA+Tf) BF-LPs < AN [ A AN
3 o 21 N
o 600 3
> >
5 450 S 18 ¢
€ 300 @
3 —4— Blank LPs —+— Free BF —&— PEG BF-LPs
F s 15+ | +— TR-BF-LPs —+— FA-BF-LPs —e— (FA+Tf) BF-LPs
0 n L n L n 1L n L L " L 3 1 1 1 1 1 1 1 1 1 1 1 L ]
14 17 20 23 26 29 32 35 38 41 44 47 50 14 17 20 23 26 29 32 35 38 41 44 47 50
Days after treatment (d) Days after treatment (d)

Figure 6 (A) A549 xenograft tumor growth inhibition by BF in different formulations. (B) Animal body weights. The body weights of treated animals were continuously
monitored to investigate systemic cytotoxicity of BF in different formulations.

Note: Data=meantSD (n=8).

Abbreviations: FA, folic acid; Tf, transferrin; BF, bufalin; LP, liposome.
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Table 3 Effect of different BF LPs on A549 cells in nude mice

Formulation TV (mm?d) Tumor weight (g) R IR (%)
dl4 DSO

Blank LPs 12034 1,202+112 0.875+0.121 10.01£1.65

Free BF 1174£22 832£101* 0.645+0.111° YANEINES 28.9
PEG-BF-LPs 110+23 654+67° 0.519+0.109** 5.95+1.16*° 40.6
FA-BF-LPs 10919 4314430 0.383£0.112%>< 3.95+0.98%0< 60.5
Tf-BF-LPs 10526 3324472b< 0.371£0.104>< 3.16+0.78*< 68.4
(FA+Tf)-BF-LPs 120431 9442 32bede 0.201£0.034b<de 0.7840.19bcde 922

Notes: P<<0.05, compared with blank LPs; ®P<0.05, compared with free BF; P<0.05, compared with PEG-BF-LPs; ¢P<<0.05, compared with FA-BF-LPs; ©P<<0.05, compared
with Tf-BF-LPs.
Abbreviations: FA, folic acid; Tf, transferrin; BF, bufalin; LP, liposome; R, relative tumor volume; TV, tumor volume.

bifunctionally modified BF-LPs had a better antitumor effect
in vivo than the single modified BF LPs.
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