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nanoparticles

Qingxia Fua, Jiancheng Wangb and Hong Liuc

aDepartment of Pharmacy, Linyi People’s Hospital, Linyi, PR China; bDepartment of Traditional Chinese Medicine, Shandong Linyi Inspection
and Testing Center, Linyi, PR China; cDepartment of Infectious Diseases, Linyi People’s Hospital, Linyi, PR China

ABSTRACT
Esophageal cancer is the sixth most common cause of cancer-related death worldwide. Peptide modi-
fied nanoparticles have been engineered as novel strategies to improve esophageal adenocarcinoma
(EAC) therapy. This study aimed to develop a trastuzumab (TAB) modified system for the delivery of
cisplatin (CIS) and fluoropyrimidine (5-FU). In the present study, CIS and 5-FU co-encapsulated lipid–-
polymer hybrid nanoparticles (CIS/5-FU LPHNs) were prepared. TAB was conjugated to the surface of
CIS/5-FU LPHNs to achieve TAB decorated CIS/5-FU LPHNs (TAB-CIS/5-FU LPHNs). After the in vitro
assessment, a subcutaneous model was used for the in vivo study. The mean diameter of LPNHs was
around 100nm, with higher encapsulation efficacy (EE) of about 90%. The LPNHs was stable and able
to release drugs in sustained manners. 63.9% of cell uptake was achieved by TAB-CIS/5-FU LPHNs,
with the best in vivo antitumor ability. The best synergistic effect with the lowest CI value (0.68) was
achieved at the ratio of 1/1, which was determined for the dosage of drugs in the LPHNs preparation.
TAB-CIS/5-FU LPHNs provide a new strategy for synergistic treating of EAC with higher efficacy and
reduced side effects, introducing this system as a candidate for EAC therapy.
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Introduction

Esophageal cancer is the sixth most common cause of can-
cer-related death worldwide (Jemal et al., 2011). The inci-
dence and types of esophageal cancer (two types: squamous
cell carcinoma and adenocarcinoma) are different in different
regions (Siewert & Ott, 2007). High-prevalence areas include
Asia, southern and eastern Africa, etc. (Pickens & Orringer,
2003; Bosetti et al., 2008). Meanwhile, because of its inci-
dence has risen more steeply, esophageal adenocarcinoma
(EAC) has become a major public health issue, especially in
Western countries (Pohl & Welch, 2005; Lindblad et al., 2006).
The strong risk factors for EAC include obesity, high body
mass index, gastroesophageal reflux disease (GERD), and
Barrett’s esophagus. Therefore, with the improvement of
people’s living standard, the incidence and threat of EAC will
continue to increase (Chow et al., 1995; Vaughan et al., 1995;
Cossentino & Wong, 2003). Moreover, its prognosis is still
very poor and 5-year survival rate is below 20%.
Chemotherapy is the recommended choice for patients with
locally advanced or metastatic EAC.

Combination chemotherapy (cisplatin (CIS) and fluoroura-
cil) is the most investigated and most commonly applied
regimen for patients with esophageal cancer (Ychou et al.,
2011). Based on the results of ToGA trial, the guidelines

recommend the combination of trastuzumab (TAB) plus first-
line chemotherapy (category 1 for combination with CIS and
fluoropyrimidine) for patients with HER2-overexpressing
adenocarcinoma (Bang et al., 2010). The principles of tar-
geted therapy (TAB) plus CIS and fluoropyrimidine (5-FU) are
as follows: (1) CIS and 5-Fu are the chemotherapy regimen,
and CIS has demonstrated synergistic anti-esophageal cancer
activity when combined with 5-Fu (Jung et al., 2013); (2)
TAB, a HER2 targeted therapeutic antibody, in combination
with chemotherapeutic agents, can bind to HER2 receptors
on target cancer cells such as HER2-overexpressing EAC
(Moelans et al., 2010; Schoppmann et al., 2010); (3) in clinic,
patients are administrated with TAB, CIS, and 5-FU via intra-
venous (i.v.) infusion at the same time; (4) the treatment
plan is repeated every 2 weeks with several cycles to achieve
therapeutic efficacy. Although this combination has pro-
duced encouraging results and improved survival, some
severe obstacles like multi-drug resistance, side effects, and
short efficacy have hindered the application in the clinic.

Recently, multifunctional nanocarriers have been engi-
neered as novel strategies to improve EAC therapy, which
include liposomes for chemo-radiotherapy, peptide modified
nanoparticles combined NP platform and confocal laser
endomicroscopy, and chitosan-coated gold/gold sulfide
nanoparticles (Li et al., 2013; Chang et al., 2015; Dassie et al.,
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2015). In our study, anti-HER2 antibody conjugated nanopar-
ticles, an attractive approach for the treatment of HER2-posi-
tive cancer, were designed for targeted, chemo-immune
synergetic therapy of EAC (Niza et al., 2019; Kim et al., 2020;
Rodallec et al., 2020).

In the present study, CIS and 5-FU co-encapsulated lipid–
polymer hybrid nanoparticles (CIS/5-FU LPHNs) were pre-
pared. TAB was conjugated to the surface of CIS/5-FU LPHNs
to achieve TAB decorated CIS/5-FU LPHNs (TAB-CIS/5-
FU LPHNs).

Materials and methods

Materials

DSPE-PEG-COOH was purchased from Ponsure Biological
(Shanghai, China). CIS, 5-FU, soy phosphatidylcholine (SPC),
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC), N-
hydroxysuccinimide (NHS), Dulbecco’s Modified Eagle’s
Medium (DMEM), and coumarin-6 (C-6) were purchased from
Sigma-Aldrich (St. Louis, MO). RPMI Medium 1640, fetal
bovine serum (FBS), and 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2-H-tetrazolium bromide (MTT) were purchased
from Invitrogen Corporation (Carlsbad, CA). All other chemi-
cals and reagents were of analytical grade or high-perform-
ance liquid chromatography (HPLC) grade and used without
further purification.

Preparation of CIS/5-FU LPHNs

CIS/5-FU LPHNs (Figure 1) were prepared using a solvent dis-
placement method with some modifications (Silva et al.,
2015). CIS (20mg), 5-FU (different ratio to CIS), and PCL
(100mg) were dissolved in acetone (20mL) (mixture 1).
DSPE-PEG-COOH (50mg) and SPC (50mg) were dispersed in
deionized water (80mL), warmed to about 60 �C and then
added dropwise to the mixture 1 stirred at a speed of 300
round per minute (rpm). The dispersion was further stirred
overnight to remove the residual organic solvent. Single
drug loaded and blank LPHNs (CIS LPHNs, 5-FU LPHNs, and
LPHNs) were prepared by the same procedure using CIS or
5-FU only. All LPHNs were isolated by centrifugation at
10,000�g for 30min at 4 �C to remove unbound drug.

Preparation of TAB-CIS/5-FU LPHNs

The TAB was chemically conjugated to CIS/5-FU LPHNs by
amido linkage (Niza et al., 2019). Briefly, TAB (20 mg) were
dissolved in PBS (5mL, pH 7.4), followed by the addition of
EDC (40mg) and NHS (10mg). CIS/5-FU LPHNs PBS suspen-
sion (2mL) was added to TAB solution and stirred at 300 rpm
for 10 h. The suspension was centrifuged at 10,000�g for
30min at 4 �C to remove the excess of EDC and NHS. TAB-
CIS/5-FU LPHNs (Figure 1), CIS/5-FU LPHNs, CIS LPHNs, and
5-FU LPHNs were stored at 2–8 �C before use.

Characterization of LPHNs

TAB conjugation of TAB-CIS/5-FU LPHNs was evaluated by
measuring the absorbance of the eluates of TAB-CIS/5-FU
LPHNs and free TAB using an enhanced BCA protein assay
kit at 562 nm (Guo et al., 2019).

The shape, morphology, and size of TAB-CIS/5-FU LPHNs
and CIS/5-FU LPHNs were characterized by transmission elec-
tron microscopy (TEM, JEM-1200EX, JEOL, Tokyo, Japan)
(CeRdrowska et al., 2020). The hydrodynamic diameter and
zeta potential of LPHNs were determined by dynamic light
scattering (Zetasizer Nano ZS DLS, Malvern, UK).

Drug loading, encapsulation efficacy, and stability
of LPHNs

The CIS drug loading (DL) and encapsulation efficacy (EE)
were measured using ICP-MS (Yang et al., 2016). CIS loaded
LPHNs were digested in 70% HNO3 and diluted in water to a
final acid content of 2%. The CIS concentration was deter-
mined according to the standard curve derived from a series
of CIS dilutions. The 5-FU DL and EE were analyzed by HPLC
using a Waters column with a guard column pumped at a
flow rate of 0.5mL/min (Fernandes et al., 2019). The mobile
phase was composed of acetonitrile and water (5:95, v/v)
and the volume of sample injected was 10lL. The detection
wavelength was 265 nm. The stability of LPHNs was eval-
uated during 3 months of storage at 2–8 �C by assessing the
particle size, and EE (Pang et al., 2020).

In vitro release of LPHNs

In vitro drug release behaviors of LPHNs were determined by
dialysis method (Wang et al., 2015). Drugs loaded LPHNs
were reconstituted in PBS (5mL, pH 7.4) in dialysis bags
(MWCO: 20 kDa) that were placed in the same PBS (30mL,

Figure 1. Scheme graphs and TEM images of CIS/5-FU LPHNs and TAB-CIS/
5-FU.
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pH 7.4) and stirred at a speed of 220 g (37 �C). At determined
time points, the dialysate (100lL) was collected and the
dialysate replenished with the same amount of fresh PBS.
The concentration of the released CIS and 5-FU was tested
using the methods in the above section.

Cells and animals

Human esophageal cancer cell line (adenocarcinoma, BE-3)
was obtained from American Type Culture Collection
(Manassas, VA) and maintained in DMEM. Xenografts of
esophageal cancer Balb/c-nude mice (4 weeks old) were pur-
chased from Laboratory Animal Center of Shandong
University (Ji’nan, China) and maintained in plastic cages in
an SPF-grade animal room with access to food and water ad
libitum. BE-3 cells were implanted in nude mice by subcuta-
neous injections of cells (5� 106 in 100lL) into the right
hind limb to achieve EAC-bearing xenograft. All animal
experiments comply with U. K. Animals Act (1986) and asso-
ciated guidelines (2010/63/EU) for animal experiments and
were approved by the Animal Ethics Committee of Linyi
People’s Hospital.

Cell uptake of LPHNs

Cell uptake extent of LPHNs was measured by encapsulating
C-6 as an indicator (Bian & Guo, 2020). C-6 encapsulated
TAB-CIS/5-FU LPHNs and CIS/5-FU LPHNs were added to BE-3
cells and incubated for 1 h. Cells were then washed with PBS
(1mL) and photographed by fluorescence microscopy. A BD
FACSCalibur flow cytometer was applied to quantitate the
cell uptake efficiency of LPHNs.

Cytotoxicity of LPHNs

BE-3 cells viability was evaluated by MTT assay to evaluate
the cytotoxicity of LPHNs (Yu et al., 2010). Cells were seeded
into 96-well plates (1� 104 cells/well). After incubation in a
5% CO2 incubator at 37 �C for 24 h, the culture medium was
replaced with of fresh DMEM (200 mL) containing various
concentrations of the LPHNs or CIS and 5-FU mixed solution
(CIS/5-FU) and incubated for an additional 24 h. MTT (5mg/
mL) was added to each well, and the plate was incubated
for another 4 h. Then the medium was removed, and the
crystals were dissolved in DMSO (100 mL). The absorbance at
570 nm was tested using a microplate reader. Untreated cells
were applied as control.

Synergistic effect of LPHNs

The half-maximal inhibitory concentration (IC50) values of
CIS/5-FU LPHNs, CIS LPHNs, and 5-FU LPHNs were calculated
by the results of BE-3 cells viability. The synergistic effect of
LPHNs was evaluated by Chou and Talalay’s method (Chou &
Talalay, 1983). Combination index (CI) was calculated accord-
ing to the IC50 values: CI¼(the concentrations of CIS in CIS/5-
FU LPHNs)/(IC50 value of CIS)þ(the concentrations of 5-FU in
CIS/5-FU LPHNs)/(IC50 value of 5-FU). CI values larger than 1

represent antagonism, less than 1.0 indicate synergy, with
values closer to zero representing increasing synergy.

In vivo antitumor ability and toxicity of LPHNs

When the tumor volume reached about 100mm3, EAC-bear-
ing xenograft were divided randomly into seven groups (10
mice per group) and treated with CIS/5-FU LPHNs, CIS
LPHNs, 5-FU LPHNs, LPHNs, TAB-CIS/5-FU LPHNs (LPNHs con-
tained 5mg CIS and/or 5mg 5-FU per g of mice), CIS/5-FU
(contained 10mg CIS and 10mg 5-FU per g of mice), and
0.9% saline solution every three days through the tail vein
(Chang et al., 2015). Tumor sizes were recorded before each
injection using a caliper to monitor the tumor growth.

Toxicity was observed every three days by the changes in
mouse weight and other indicators. Immunological toxicity
was examined by counting the white blood cells (WBCs).
Hematological toxicities representing the functions of liver
and kidneys were measured by detecting the alanine amino-
transferase (ALT) and creatinine (CRE).

Statistical analysis

Comparison of the two groups was performed using
Student’s t-test (SPSS Software, Chicago, IL). Multiple groups
were compared by one-way ANOVA with Dunnett’s post-test.
The results are expressed as the mean± standard deviation.
A value of p<.05 was considered significant and p<.01 was
considered highly significant.

Results

Characterization of LPHNs

The absorbance curves of TAB-CIS/5-FU LPHNs and free TAB
are put together in Figure 2 for comparison. Free TAB
showed one peak, which was also existed in the TAB-CIS/5-
FU LPHNs absorbance curve. One of the two peaks in the
curve of TAB-CIS/5-FU LPHNs is overlapped with the peak of
TAB, illustrated the TAB conjugation on the LPHNs surface.
TEM images of TAB-CIS/5-FU LPHNs and CIS/5-FU LPHNs are
presented in Figure 1. TAB-CIS/5-FU LPHNs had one more
dark coating on the particles than that of CIS/5-FU LPHNs,
which could prove the successful TAB decoration on the
other side. After decoration, the zeta potential of LPHNs
decreased than that of CIS/5-FU LPHNs, this may be
explained by the negative charge of TAB (Table 1). The mean
diameter of LPNHs was around 100 nm, with higher EE of
about 90%. The particle size, and EE exhibited negligible
changes during 3 months of storage, which could demon-
strate the stability of LPHNs.

In vitro release behavior

In vitro drug release behaviors of LPHNs are illustrated in
Figure 3. TAB-CIS/5-FU LPHNs showed more sustained release
pattern than their CIS/5-FU LPHNs counterparts, which may
be influenced by the TAB on the surface of the particles. It
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took 48 h for CIS to complete the release from CIS/5-FU
LPHNs, while the time of CIS to release from TAB-CIS/5-FU
LPHNs was 60 h. The same behaviors were found on the 5-
FU release profiles.

Cell uptake efficiency

Cell uptake efficiency of TAB-CIS/5-FU LPHNs and TAB-CIS/5-
FU LPHNs are of significant differences as shown in the flor-
escence images (Figure 4(A)). Figure 4(B) exhibits that 63.9%
of cell uptake was achieved by TAB-CIS/5-FU LPHNs, which
was higher than that of CIS/5-FU LPHNs (31.6%) (p<.05).
Higher uptake capacity may increase the cytotoxicity of the
system which was evaluated in the next section.

In vitro cytotoxicity and synergistic effect

Blank LPHNs showed negligible cytotoxicity, while drugs con-
tained formulas exhibited dose-dependent cell inhibition
effects (Figure 5). Free CIS/5-FU exhibited remarkable higher
cytotoxicity than the control (p<.05). CIS/5-FU LPHNs inhib-
ited the tumor cell growth better than CIS/5-FU (p<.05).
TAB-CIS/5-FU LPHNs illustrated the most prominent cytotox-
icity, which is more cytotoxic than CIS/5-FU LPHNs (p<.05).
To evaluate the synergistic effect of the dual drugs loaded

LPHNs, CI values were calculated due to different CIS to 5-FU
ratios. When CIS to 5-FU ratios were between 5/1 and 1/5,
dual drugs loaded CIS/5-FU LPHNs showed synergy effects
(Table 2). The best synergistic effect with the lowest CI value
(0.68) was achieved at the ratio of 1/1, which was deter-
mined for the dosage of drugs in the LPHNs preparation.

In vivo antitumor ability and systemic toxicity

In vivo antitumor ability of TAB-CIS/5-FU LPHNs was signifi-
cantly better than that of CIS/5-FU LPHNs and other formulas
(Figure 6(A), p<.05). The combination of CIS and 5-FU in CIS/
5-FU LPHNs inhibited tumor growth greater than single drug
contained CIS LPHNs and 5-FU LPHNs (p<.05). No obvious
body weight change was found in LPHNs groups (Figure
6(B)), indicating there are no serious systemic toxicity.
However, remarkable reduction in weight was found in free
CIS/5-FU group, which is also found an increase of CRE
(Table 3). The WBC and ALT values of all the samples tested
are in the normal range (Table 3).

Discussion

LPHNs are new-generation core–shell nanostructures with a
polymer core enveloped by a lipid layer (Wang et al., 2019).

Figure 2. The absorbance curves of TAB-CIS/5-FU LPHNs and free TAB. Values represented as mean ± standard deviation (n¼ 10).

Table 1. Physicochemical properties of nanoparticles.

Nanoparticles Mean diameter (nm) PDI Zeta potential (mV) EE of CIS (%) EE of 5-FU (%) DL of CIS (%) DL of 5-FU (%)

CIS/5-FU LPHNs 101.9 ± 4.8 0.15 ± 0.2 13.6 ± 1.5 90.1 ± 2.8 89.5 ± 3.2 5.9 ± 0.5 4.1 ± 0.6
CIS LPHNs 102.6 ± 4.5 0.16 ± 0.1 15.1 ± 2.1 91.3 ± 3.1 – 6.2 ± 0.4 –
5-FU LPHNs 98.9 ± 4.3 0.13 ± 0.2 12.9 ± 1.8 – 90.4 ± 2.5 – 5.3 ± 0.7
LPHNs 100.3 ± 3.2 0.11 ± 0.1 14.6 ± 1.7 – – – –
TAB-CIS/5-FU LPHNs 105.2 ± 5.1 0.18 ± 0.2 28.5 ± 1.9 89.7 ± 2.9 90.1 ± 3.7 4.3 ± 0.7 4.1 ± 0.6

Values represented as mean ± standard deviation (n¼ 10).
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It was reported that LPHNs with uniform particle distribution
and sizes between 100 and 200 nm (Thanki et al., 2019). The
surface morphology of TAB-CIS/5-FU LPHNs in this study
showed uniform particles with dark coating on the surface
compared with CIS/5-FU LPHNs, this may prove the existence
of TAB on the surface. The efficacy and safety of TAB were
proved for patients with HER2-positive EAC, due to the HER2
receptors overexpressed on EAC cells (Soularue et al., 2015;
Doi et al., 2017). In the present study, TAB was conjugated
onto CIS/5-FU LPHNs surface through amido linkage.

The core–shell structured LPHNs may affect the release
behavior of the systems (Zhang et al., 2017). The surface
modifier is reported as a molecular fence that helps to retain
the drugs inside the particles (Miao et al., 2014). The sus-
tained release manner of TAB-CIS/5-FU LPHNs could protect
the drugs for a relatively longer time from being degraded
in the circulation system, prevent premature drug release
prior to reaching the tumor sites and thus may perform per-
sistent therapeutic effect.

The therapeutic effects of the drug loaded NPs would
depend on the uptake of the particles by cancer cells (Hong
et al., 2019). Coumarin 6 (C-6) is a fluorescent probe, which
was used to represent the particles internalized the cells
(Makwana et al., 2011). TAB-CIS/5-FU LPHNs showed higher
uptake than that of CIS/5-FU LPHNs, which revealed that the
LBL NPs had excellent ability to enter cancer cells. This char-
acteristic could improve the therapeutic efficacy of the sys-
tem. These findings were in accordance with the research
carried by Ruan et al, who argued that substance P modified
nanoparticles achieved higher uptake efficiency that non-
modified nanoparticles (Ruan et al., 2018). Their peptide
could act with the NK-1 receptors on tumor cells, resulting in
higher cellular uptake results.

Significant cytotoxic actions were expected for a nanopar-
ticle system. The higher cytotoxicity of TAB-CIS/5-FU LPHNs
than CIS/5-FU LPHNs could be explained by the cellular
uptake results (Oh et al., 2013). The use of multiple drugs in
combination may present, synergism, additive, or antagonism

Figure 3. In vitro CIS (A) and 5-FU (B) release behaviors of LPHNs. Values are expressed as the mean ± standard deviation. Values represented as mean ± standard
deviation (n¼ 10).
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Figure 4. Cell uptake efficiency of TAB-CIS/5-FU LPHNs and TAB-CIS/5-FU LPHNs photographed by fluorescence microscopy (A) and quantitated through a flow
cytometer (B). Values represented as mean ± standard deviation (n¼ 10).

Figure 5. The cytotoxicity of LPHNs evaluated on BE-3 cells by MTT assay. Values represented as mean ± standard deviation (n¼ 10).
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outcomes (Cao et al., 2019). CI values were applied to evalu-
ate the possible effect of the drug combinations. All CI val-
ues of CIS/5-FU LPHNs were less than 1.0, indicating the
tested combination ratios tested all have synergistic effects.
The smaller the CI value was, the stronger the synergistic
efficacy. The best synergism effect was recorded as the IC
value of 0.68 at the CIS to 5-FU ratio of 1:1. This result deter-
mined the amounts of drugs used in LPHNs preparation.

It has been reported that rational drug scheduling plays
an important role in combination cancer therapy, which may
result in optimized therapeutic effect (Mukthavaram et al.,
2013). Owing to the high degree of potency in vitro, LPHNs
were expected to exert useful therapeutic effects even with
lower concentrations of drugs (Li et al., 2014). CIS/5-FU
LPHNs inhibited tumor growth greater than free CIS/5-FU
with lower drug contents. Ligands modified LPHNs were
proved to exhibit the most potent anti-tumor activity among
all the groups related to the targeted ability of the ligands
(Duan & Liu, 2018). The same phenomenon was found in this
section that TAB-CIS/5-FU LPHNs inhibiter the in vivo tumor
growth better than that of CIS/5-FU LPHNs and other formu-
las. This was explained by Mandal et al. that the lipid shell

enveloping the core of LPHNs is biocompatible and exhibits
behavior similar to that of cell membranes, which has higher
affinity to the lipid structured cell surface, promote the
fusion of the nanocarriers to the cell membrane and deliver
drugs more efficiently into the tumor site (Mandal et al.,
2013). Considered about the lower toxicity of LPHNs due to
the body weight lost test and the data of CRE, WBC and ALT,
LPHNs exhibited improved anticancer activity along with
lower toxicity than the free drugs.

Conclusions

In the present study, TAB-CIS/5-FU LPHNs were prepared.
The LPNHs were stable and able to release drugs in sus-
tained manners. 63.9% of cell uptake was achieved by TAB-
CIS/5-FU LPHNs, with the best in vivo antitumor ability. The
best synergistic effect with the lowest CI value (0.68) was
achieved at the ratio of 1/1, which was determined for the
dosage of drugs in the LPHNs preparation. TAB-CIS/5-FU
LPHNs provides a new strategy for synergistic treating of
EAC with higher efficacy and reduced side effects, introduc-
ing this system as a candidate for EAC therapy.

Table 2. IC50 and CI50 values of CIS/5-FU LPHNs with different CIS to
5-FU ratios.

Nanoparticles
CIS to 5-FU
ratios (w/w)

IC50 of
CIS (lM)

IC50 of
5-FU (lM) CI

CIS LPHNs – 29.3 ± 1.5 – –
5-FU LPHNs – – 31.5 ± 1.8 –
CIS/5-FU LPHNs 5–1 23.9 ± 1.3 4.78 ± 0.5 0.97
CIS/5-FU LPHNs 2–1 18.6 ± 0.8 9.3 ± 0.4 0.93
CIS/5-FU LPHNs 1–1 10.3 ± 1.1 10.3 ± 1.2 0.68
CIS/5-FU LPHNs 1–2 8.6 ± 0.5 17.2 ± 1.7 0.84
CIS/5-FU LPHNs 1–5 5.06 ± 0.4 25.4 ± 1.3 0.98

Values represented as mean ± standard deviation (n¼ 10).

Figure 6. In vivo antitumor ability of LPHNs (A) and body weight changes (B). Values represented as mean ± standard deviation (n¼ 10).

Table 3. WBC, ALT, and CRE measurements.

Formulation WBC (K/mL) ALT (U/L) CRE (mg/dL)

CIS/5-FU LPHNs 3.5 ± 0.8 13.4 ± 1.3 0.11 ± 0.03
CIS LPHNs 3.1 ± 0.9 14.1 ± 1.5 0.13 ± 0.03
5-FU LPHNs 3.0 ± 0.7 12.9 ± 1.1 0.12 ± 0.02
LPHNs 2.9 ± 0.5 12.5 ± 1.9 0.10 ± 0.03
TAB-CIS/5-FU LPHNs 3.3 ± 0.6 14.1 ± 1.3 0.13 ± 0.04
CIS/5-FU 3.7 ± 0.6 14.4 ± 2.1 0.29 ± 0.05
0.9% saline 2.8 ± 0.3 13.1 ± 1.8 0.11 ± 0.02

Values represented as mean ± standard deviation (n¼ 10).
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