
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

3 
M

ay
 2

01
7.

 D
ow

nl
oa

de
d 

on
 2

/8
/2

02
6 

2:
41

:1
4 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Liposome encap
aCollege of Traditional Chinese Medicine, C

210009, China. E-mail: dja@njutcm.edu.cn

5811-116
bJiangsu Collaborative Innovation Cent

Industrialization, Nanjing University of Chi
cJiangsu Academy of Traditional Chinese Me
dBuchang Pharma., Heze 274000, China

† Electronic supplementary informa
10.1039/c7ra01820g

Cite this: RSC Adv., 2017, 7, 27431

Received 14th February 2017
Accepted 14th April 2017

DOI: 10.1039/c7ra01820g

rsc.li/rsc-advances

This journal is © The Royal Society of C
sulation attenuated venenum
bufonis induced vascular irritation in rabbit ear vein
via regulating TLR/MAPK/NF-kB pathway†

Qin Cao,ab Jianming Guo,b Dawei Qian,b Hongyue Ma,b Yunru Peng,c Erxin Shang,b

Buchang Zhaod and Jinao Duan *ab

Delisheng injection (DLS), composed of venenumbufonis (VB), Chinese blister beetle (CB), red ginseng (RG) and

Astragalus membranaceus (AM), is a Chinese medicine injection with good efficacy for the treatment of

different types of cancers, while the side effects of DLS, such as vascular irritation and inflammation, restrict

its wide clinical applications. Based on our previous study, VB is a main contributor for the vascular irritation

of DLS. To reveal the possible mechanism involved in VB-induced vascular irritation is of practical

importance. Moreover, to find a way to alleviate VB-induced vascular irritation is of great necessity. In our

present study, venenum bufonis liposome (VBL) was prepared by thin film dispersion method to attenuate

VB-induced vascular irritation. Vascular irritation of VB and its liposome were evaluated in a rabbit model.

Rabbits were divided into three groups: (1) the control group (K); (2) the VB group (VB); (3) the VBL group

(VBL). Animals administrated with VB or VBL 0.12 mg kg�1 were sacrificed at 6 h. Inflammatory cytokines and

TLR/MAPK/NF-kB pathway-related proteins were examined, respectively. Our results showed that VB

significantly increased serum proinflammatory cytokines, including interleukin-1b (IL-1b), interleukin-6 (IL-6)

and tumor necrosis factor-a (TNF-a), while it led to decreased anti-inflammatory cytokines interleukin-10

(IL-10) after intravenous administration. VB-induced vascular irritation was further confirmed by

histopathological evaluation. Moreover, the results obtained from western blot and immunohistochemical

analysis revealed that VB activated TLR/MAPK/NF-kB signaling pathway involving TLR2, TLR4, MyD88, p-Erk,

p-JNK, p-P38, p-IkBa and p-NF-kB p65 protein. VB liposome decreased the VB-induced overexpression of

TLR2, TLR4, MyD88, p-Erk, p-JNK, p-P38, p-IkBa and p-NF-kB p65. The anticancer activity of VB and VBL

was also evaluated, and VBL still showed anticancer activity both in vivo and in vitro. Taken together, our

finding demonstrated that VB induced vascular irritation was related to the regulation of the TLR/MAPK/NF-

kB signaling pathway, and liposome encapsulation significantly attenuated VB-induced vascular irritation

while maintaining its anticancer activity. The results of this study have important practical significance in

guiding the safety clinical application of Chinese medicine injection.
1. Introduction

Delisheng injection (DLS), composed of venenum bufomis (VB),
Chinese blister beetle (CB), red ginseng (RG) and Astragalus
membranaceus (AM), is developed by modern preparation tech-
nology1 and demonstrates good efficacy for the treatment of
hepatic carcinoma,2–4 lung cancer5 and some other types of
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tion (ESI) available. See DOI:
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cancers. During its clinical practice, it was found that DLS
caused varying degrees of vascular irritation, with the main
symptoms to be red, swelling, pain beyond toleration at the site
of injection and the surroundings.6–8 DLS induced vascular
irritation not only affects its therapeutic effect, but also limits
its wide range of clinical applications.

Based on macroscopic observation and histopathological
results, our previous study showed that DLS, VB and CB
exhibited different degrees of irritation on rabbit ear vein, and
VB was the main contributor for the vascular irritation of DLS
(ESI†). To reveal the possible mechanism involved in the
vascular irritation is of practical guidance. Moreover, to nd
a way to alleviate VB-induced vascular irritation is of great
necessity.

The application of liposomes for targeted drug delivery has
been widely used in several biomedical areas.9 Liposomes
improve medical therapies in a range of applications by
RSC Adv., 2017, 7, 27431–27440 | 27431
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stabilizing bioactive compounds, overcoming obstructions to
cellular and tissue uptake, or improving biodistribution of
substances to target sites in vivo.10,11 Due to its encapsulation
capability, liposome shows good potential in decreasing
vascular irritation of anticancer drugs12–14 in particular.

In our study, the inammatory responses and related
signaling pathways were investigated to illustrate the mecha-
nism of vascular irritation induced by VB. Furthermore, to
decrease the vascular irritation of VB, venenum bufonis lipo-
some (VBL) was prepared by the thin-lm dispersion method.
The vascular irritation as well as anticancer activity of VBL were
evaluated and compared with that of VB.
2. Materials and methods
2.1. Reagents and kits

DLS, the extractions of venenum bufomis (VB), Chinese blister
beetle (CB), red ginseng (RG) and Astragalus membranaceus (AM)
were provided by Buchang Pharma. (Heze, China). The crude
drug of VB was purchased from Anhui Boshida Agricultural
Science and Technology Co., Ltd (Anhui, China) and authenti-
cated by Jinao Duan. The VB met the qualitative and quantita-
tive stipulations of the 2010 Chinese Pharmacopoeia. Voucher
specimens were deposited in the Herbarium of Nanjing
University of Chinese Medicine, Nanjing, China. Acetonitrile
and formic acid were HPLC-grade from Merck (Darmstadt,
Germany) and deionized water was puried using an EPED
super purication system (Eped, Nanjing, China). The reference
compounds cinobufagin (110803-200605), resibufogenin
(110718-201108) were purchased from the Chinese National
Institute of Pharmaceutical and Biological Products (Beijing,
China). Bufalin (MUST-13091302), bufotalin (130828), gama-
bufalin (130809), and arenobufagin (130801) were purchased
from Beijing Putian Tongchuang Biotechnology Co. Ltd (Bei-
jing, China).

Soy phosphatidylcholine (SPC), soy hydro-phosphatidylcholine
(HSPC), and cholesterol (Chol) were purchased from AVT
(Shanghai, China).

IL-1b, IL-6, TNF-a and IL-10 were determined by ELISA kits
produced by Nanjing Jiancheng Technology Co., Ltd. (Nanjing,
China) by following the corresponding instructions. All anti-
bodies used in the present study were purchased from Cell
Signaling Technology (Danvers, USA). The details of primary
antibodies are listed in ESI.† All other reagents were obtained
from Sinopharm Chemical Reagent Co., Ltd. (Nanjing, China),
unless otherwise stated.

HepG2 cell and A549 cell were purchased from Division of
Life Science and Center for Chinese Medicine, The Hong Kong
University of Science and Technology.
2.2. The preparation of bufadienolides in VB and the
chemical analysis

VB powder was reuxed for 30 min with dichloromethane 3
times with a mass and volume ratio of 1 : 10. The extracts were
combined, concentrated under reduced pressure, dried suffi-
ciently and weighed nally.
27432 | RSC Adv., 2017, 7, 27431–27440
HPLC analysis was performed using a Hypersil ODS C18 (250
mm � 4.6 mm, 5 mm) column, and the temperature was main-
tained at 25 �C. Themobile phase was composed of A (acetonitrile)
and B (0.5% potassium dihydrogen phosphate aqueous solution,
pH 3.2) using a gradient elution of 65–58%B at 0–7.5min, 58–52%
B at 7.5–13 min, 52–35% B at 13–30 min, and 35–65% B at 30–
40 min. The ow rate was 1 mL min�1, the UV detection wave-
length was 296 nm, and injection volume was 20 mL.
2.3. The preparation of VBL

The thin lm hydration method was selected to prepare the
crude liposome suspension.15 Briey, lipid ingredients
including SPC, HSPC, Chol and VB extract were dissolved in
CHCl2 and dried on a rotary evaporation in a round-bottomed
ask at 43 �C. The lipid lm was further dried under vacuum
and hydrated with phosphate buffered saline (PBS, pH 7.4) at
50 �C for 15 min. The lipid suspension was then homogenized
at 1000 bsi for 9 cycles on a high pressure homogenizer to get
the uniformity of the liposome particle size and reach the
desired particle size range.

The average diameter, polydispersity index and zeta poten-
tial were measured using aMalvern Zetasizer 3000 system. All of
the dynamic light scattering (DLS) measurements were per-
formed at 25 �C, at a scattering angle of 90�. The zeta potential
values were calculated using the Smoluchowski equation.
Transmission electron microscopy was used to estimate the
morphology of the liposome. Filtration by a microspore lm of
0.45 mm was chosen for the determination of the entrapment
efficiency of VBL.
2.4. Ethics statement

Animal welfare and experimental procedures were carried out in
accordance with the guide for the care and use of laboratory
animals (National Research Council, Washington, DC, USA)
and the guidelines of the Animal Ethics Committee of Nanjing
university of Chinese medicine. The experiment was approved
by the institutional ethical committee Center for Drug Safety
Evaluation and Research.
2.5. Animals

A total of nine rabbits (3 males and 6 females, SCXK (HU) 2014-
0004) were acquired from Shanghai Laboratory Animal Co., Ltd
(SLAC). (Shanghai). The experimental animals were allowed free
access to water and mouse chow and were housed under
controlled environmental conditions (constant temperature,
humidity, and 12 h dark/light cycle). Rabbits were acclimated to
the environment for 7 days before the experiment.
2.6. Experimental protocol

According to our previous studies, the dosage of VB was 0.12 mg
kg�1 to rabbits. In this study, animals were divided into three
groups: (1) the control group (K); (2) the VB group (VB); (3) the
VBL group (VBL). VB or VBL were injected into the veins of the
rabbit ears, and the duration of injection was 3–4 minutes.
This journal is © The Royal Society of Chemistry 2017
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At 6 h aer the administration of VB or VBL, the rabbits were
subjected to cardiac blood collection and sacriced. The blood
samples were centrifuged at 5000 rpm for 15 min. The super-
natant was collected and set aside at �80 �C for analysis of the
inammatory cytokines. Aer the sacrice of the rabbits, the ear
samples were divided into three parts: one part for the histo-
pathological observation, another for the immunohistochem-
istry analysis, and the third part for the western blot analysis.
2.7. The rabbit ear vein irritation test for VB and VBL

Macroscopic observation and pathological examination were
used to assess the vascular irritation. For macroscopic obser-
vation, the notations used were as follows: symptoms 0 for no
obvious irritation; 1 for erythema; 2 for edema; 3 for ulcers;
severity: + mild; ++ obvious; +++ severe.

For pathological examination, the ears were xed in buffered
neutral 10% formalin, embedded in paraffin and sectioned at 5
mm for staining with haematoxylin and eosin and visualized
under light microscopy (Nikon, Tokyo, Japan) at 100� magni-
cations. According to the scope and severity of the result on the
ear, it was graded on a scale of 0–3: 0 ¼ none, 1 ¼ mild, 2 ¼
moderate, 3 ¼ severe.
2.8. Determination of inammatory cytokines

The serum levels of IL-1b, IL-6, TNF-a and IL-10 were deter-
mined using an enzyme-linked immunosorbent assay (ELISA)
kit (Jiancheng Bioengineering Inc., China) in our study,
according to the manufacturer's instructions.
2.9. Western blot analysis

The samples were homogenized in ice-cold RIPA buffer (0.1%
phenylmethylsulfonyl uoride). The solution was centrifuged
and the supernatant was collected. The protein concentration
was determined using a BCA protein assay kit. Protein extracts
were loaded using SDS-polyacrylamide gel electrophoresis. The
PVDF membranes with transferred proteins were blocked with
5% skimmed milk for two hours. The membranes were incu-
bated with primary antibodies of TLR2, TLR4, MyD88, p-Erk,
Erk, p-JNK, JNK, p-P38, P38, p-NF-kB p65, NF-kB p65, p-IkBa,
IkBa and b-actin (CST, Danvers, USA) and b-actin (inner control)
at 4 �C overnight. Aer the membranes were incubated with
a secondary antibody, the bands were visualized by chem-
iluminescence detection reagents and a gel imaging system.
Densitometric measurements were obtained using Image J
soware (National Institutes of Health, USA).
2.10. Immunohistochemistry

The expression of TLR2, TLR4 and p-NF-kB p65 was further
examined by immunohistochemistry staining. The procedure
was performed as follows: the paraffin sections from different
samples were deparaffinized, rehydrated and incubated in 3%
hydrogen peroxide. Then, the samples were blocked with 3%
BSA and incubated with primary antibody at 4 �C overnight. On
the next day, the secondary antibody and three antibodies were
This journal is © The Royal Society of Chemistry 2017
treated for 20 min at 37 �C. Samples were stained with DAB,
restrained with hematoxylin, and observed under a microscope.

2.11. In vitro anti-tumor activity test

The in vitro anti-tumor activity of VB and VBL was determined
using an MTT assay. Basically, human hepatocellular liver
carcinoma cell line (HepG2) and adenocarcinomic human
alveolar basal epithelial cells (A549) were transferred to 96-well
tissue culture plates at 3 � 103 cells and 5 � 103 cells per well
12 h prior to drug treatment, respectively. The culture medium
was then replaced with 90 mL of medium and 10 mL serial
dilutions of VB dissolved in dimethylsulfoxide (DMSO, the nal
concentration inmediumwas less than 0.1%) or VBL. Following
12 h incubation at 37 �C with 5% CO2, the above operation was
repeated and incubated at 37 �C with 5% CO2 for another 12 h.
Then, the medium was removed and a total of 100 mLMTT stock
solution (5 mg mL�1) was added to each well, and the plates
were incubated for 4 h at 37 �C with 5% CO2. The solution was
removed and 150 mL DMSO was added to dissolve the blue
formazan crystals converted from MTT. Cell viability was
assessed by the absorbance at 570 nm measured on a Biorad
microplate reader.

2.12. In vivo anti-tumor activity test

The tumor model was established as followed: ascitic H22 cells
of murine carcinoma were maintained in our laboratory. The
mice bearing the ascetic-type hepatoma were sacriced
following abdominal injection of the H22 cells for seven days.
The skin was sterilized and removed, and the ascitic uid was
drawn through the muscles of the abdominal wall using
a sterile syringe, which was diluted with normal saline to 10 �
106 cell solution. For solid tumor growth, 0.2 mL of diluted
solution was injected subcutaneously at the right axilla of
mice.16

When the tumors reached palpable sizes, the mice were
randomized into the following groups (10 mice per group):
control group injected daily with saline via intravenous injec-
tions; positive control group received 5-Fu (10 mg kg�1) via
intravenous injections everyday; three VB groups with different
dosages (VB-L group 1.6 mg kg�1, VB-M group 3.2 mg kg�1, VB-
H group 4.8 mg kg�1), which received VB solution daily through
intravenous injections; VBL group (1.2 mg kg�1) through
intravenous injection daily.

Throughout the experiments, the mice were weighed every 4
days. During the experiment period, side effects including
weight loss, change in behavior and dietary, response to stim-
ulation, ruffling of fur and psychosis (distress) were monitored.
When a mouse died or met an early removal criterion and
sacriced, the number of days of survival was recorded. Inhi-
bition of tumor was calculated using the formula: inhibition of
tumor (%)¼ (1� average tumor weight in treated group/average
tumor weight in control) � 100.

2.13. Statistical analysis

Data were normally distributed and presented asmean� S.E.M.
Results were analyzed by the analysis of variance (ANOVA) with
RSC Adv., 2017, 7, 27431–27440 | 27433

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c7ra01820g


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

3 
M

ay
 2

01
7.

 D
ow

nl
oa

de
d 

on
 2

/8
/2

02
6 

2:
41

:1
4 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
Tukey's post hoc test using SPSS 17.0 (SPSS Inc., USA). P value <
0.05 was considered to be signicant.
3. Results
3.1. The characterization of bufadienolides in VB

Bufadienolides such as cinobufagin, resibufogenin, bufalin,
bufotalin, gamabufalin and arenobufagin are the main
components in the VB extract. The total mass of the six major
bufadienolides is 15.07% of VB. Cinobufagin, resibufogenin,
bufalin, bufotalin, gamabufalin and arenobufagin accounted
for 5.73%, 2.84%, 2.06%, 1.77%, 0.87%, and 1.80% of VB,
respectively. Cinobufagin and resibufogenin, the marker
components for the quality control of VB, account for 8.57% of
VB, and 56.88% of the six bufadienolides. The representative
chromatogram of VB is shown in Fig. 1.
3.2. The preparation of VBL

We successfully prepared the composite phospholipid liposome
of VB with the following characterizations: the mean size VBL
was 99.51 � 4.23 nm with the zeta potential �2.68 � 0.29 mV,
and the liposome seemed to be of spherical or ellipsoidal shape.
The particle size distribution and the transmission electron
micrographs of the VBL are shown in Fig. 2. The encapsulation
efficiency (EE) values were all >80%.
3.3. Rabbit ear vein irritation test of VB and VBL

Macroscopic observation showed that aer single injection of
VB and VBL to rabbits, both the ear vein in the two groups
showed different degrees of erythema. Overall, VBL group
Fig. 1 The chromatogram of mixed standard compounds and VB extrac
arenobufagin; (3) bufotalin; (4) bufalin; (5) cinobufagin; (6) resibufogenin

27434 | RSC Adv., 2017, 7, 27431–27440
showed less irritation than the VB group. No irritation symptom
was observed in the rabbits in the control group (Table 1).

Pathological examination showed that irritation of VBL was
less severe than that of the VB group. The main pathological
features were swelling of the vascular endothelium swelling,
vascular edema, bleed and inammatory cell inltration. No
pathological change was found in the control group (Fig. 3,
Table 2).

Considering the macroscopic observation and the histo-
pathological results: VB and VBL exhibited different degrees of
irritation on the rabbit ear vein, and VB induced vascular irri-
tation was alleviated aer liposome encapsulation.
3.4. Effects of VB and VBL on inammatory cytokines

The levels of serum pro-inammatory cytokines IL-1b, IL-6 and
TNF-a exhibited a notable augment in the VB group, while anti-
inammatory cytokine IL-10 exhibited a decreasing trend,
compared with control group (P < 0.01). Liposome encapsula-
tion could signicantly reverse the elevations of these pro-
inammatory cytokines induced by VB (Fig. 4). These results
suggested that the release of VB induced pro-inammatory
cytokines can be attenuated aer liposome encapsulation.
3.5. Effect of VB and VBL on histological changes

The histological changes of the vein in rabbit ears between the
normal control, VB and VBL groups are depicted in Fig. 5. These
results suggested that VB induced vascular irritation was
attenuated aer liposome encapsulation.
t analyzed by HPLC. (A) Six standard compounds: (1) gamabufalin; (2)
. (B) The chromatogram of VB extract.

This journal is © The Royal Society of Chemistry 2017
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Fig. 2 The size distribution (A) and transmission electron micrographs of VBL (B).

Table 1 Visual evaluation after VB and VBL administration

Groups Number Weight (kg) Sex Before Aer

Control 1 2.2 _ 0 0
2 2.3 \ 0 0
3 2.3 \ 0 0

VB 1 2.1 _ 0 1(++)
2 2.5 \ 0 1(++)
3 2.0 \ 0 1(++)

VBL 1 2.2 _ 0 1(++)
2 2.0 \ 0 1(++)
3 2.1 \ 0 1(+)

Table 2 Pathological evaluation after VB and VBL administration

Groups Number Edema Bleeding Inammatory cell inltration

Control 1 0 0 0
2 0 0 0
3 0 0 0

VB 1 2 1 2
2 2 1 3
3 2 1 3

VBL 1 1 1 1
2 2 0 2
3 1 1 1

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

3 
M

ay
 2

01
7.

 D
ow

nl
oa

de
d 

on
 2

/8
/2

02
6 

2:
41

:1
4 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
3.6. Effects of VB and VBL on TLR/MAPK/NF-kB signaling

Next, we examined the related signaling pathway underling the
VB-induced inammation. Our results demonstrated that the
increased expression of TLR2, TLR4, and MyD88, p-Erk, p-JNK,
p-P38, p-NF-kB p65 and p-IkBa was observed aer VB injection,
compared with control group. On the contrary, decreased
expression of TLR2, TLR4, and MyD88, p-Erk, p-JNK, p-P38, p-
NF-kB p65 and p-IkBa was observed in the VBL group,
compared with VB group (Fig. 6).

Immunohistochemistry analysis suggested the up-regulation
of TLR2, TLR4 and p-NF-kB p65 in the VB group, compared with
the control group. VBL administration decreased VB induced
overexpression of TLR2, TLR4 and p-NF-kB p65. These results
Fig. 3 Histopathological examination after VB and VBL administration (H

This journal is © The Royal Society of Chemistry 2017
suggested that VB-induced vascular irritation through medi-
ating TLR/MAPK/NF-kB signaling pathway can be attenuated
aer liposome encapsulation.

3.7. In vitro anti-tumor activity of VB and VBL

Proliferation of HepG-2 and A549 cells was inhibited by both VB
and VBL in a concentration-dependent manner. IC50 of VB and
VBL for HepG-2 cell were 1.511 mg mL�1 and 0.579 mg mL�1,
respectively; IC50 of VB and VBL for A549 cell was 5.744 mg mL�1

and 1.430 mg mL�1, respectively. These data showed that the
cytotoxicity of liposomes encapsulated with VB was better than
that of VB in both cells. In addition, the cytotoxicity of VB and
E � 100).

RSC Adv., 2017, 7, 27431–27440 | 27435
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Fig. 4 Effects of VB and VBL on the cytokines of IL-1b (A), IL-6 (B), TNF-a (C) and IL-10 (D). The serum pro-inflammatory cytokines IL-1b, IL-6,
TNF-a and IL-10 from different groups were analyzed by ELISA kits. All values given are the mean� SD. ##p < 0.01 vs. control group (n¼ 3), and
**p < 0.01 vs. VB group (n ¼ 3).

Fig. 5 The effect of VB and VBL on the TLR/NF-kB pathway studied by immunohistochemistry analysis. The expression of TLR2, TLR4 and p-NF-
kB p65 was investigated by immunohistochemical analysis.
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VBL was concentration-dependent, as shown in Fig. 7. No
cytotoxicity of VB unloaded liposome was observed in either
cell-line.
27436 | RSC Adv., 2017, 7, 27431–27440
3.8. In vivo anti-tumor activity of VB and VBL

The treatment began the day aer the mice were transplanted
with tumor cells. As Fig. 8 shows, inhibitive rate of tumor
This journal is © The Royal Society of Chemistry 2017
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Fig. 6 The effect of VB and VBL on the TLR/NF-kB pathway (A–C). The expressions of related proteins in the TLR/NF-kB pathway were studied
by western blot analysis in rabbits. The quantification was performed based on the data of three separated experiments. All values given are the
mean � SD. ##p < 0.01 vs. control group (n ¼ 3), and **p < 0.01 vs. VB group (n ¼ 3).
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growth in VBL group was similar to that in the VB high dosage
group (p < 0.05). At 11 days post-treatment, the mice in the
control, VBL, and VB groups were all alive. There were no
signicant abnormalities in psychosis, status of activity, reac-
tion to stimulation, appetite or depilation of mice in VB, control
or VBL group. However, compared with VBL and VB groups, the
mice in 5-Fu group lost more weight, as shown in Table 3. The
results showed that VB still had antitumor activity aer lipo-
some encapsulation, and no side effects such as weight loss
were observed in both VBL and VB groups.
4. Discussion

Anticancer drugs are generally administrated intravenously, oen
resulting in induced infusion phlebitis, which is the most
common side effect of intravenous therapy.17,18 Some methods
such as a change of formulation or pharmaceutical interven-
tion19,20 can alleviate the vascular irritation symptoms but the
problem is not fundamentally solved. As reported previously,
toxicities of brucine solution, BSL-SPC (brucine stealth liposomal-
soy phosphatidylcholine), BSL-DPPC (brucine stealth liposomal-
dipalmitoyl phosphatidylcholine), BSL-HSPC (brucine stealth
This journal is © The Royal Society of Chemistry 2017
liposomal-hydrogenated soy phosphatidylcholine), and BSL-DSPC
(brucine stealth liposomal-distearoyl phosphatidylcholine) were
evaluated and compared; their LD50 values were 13.17, 37.30,
37.69, 51.18, and 52.86 mg kg�1, respectively, which proved that
liposome encapsulation alleviated the toxicity of brucine.21

Moreover, pathological results showed that melittin liposomes
modied with poloxamer 188 exhibit enhanced bioavailability,
effective anticancer activity, reduced vascular irritation caused by
MLT.13 Aer administration of CAP (capsaicin) or CAPLIP (lipo-
somes with capsaicin), the histological analysis of wistar rats in
the CAP group showed intense inammation and ulcer formation
in almost all bladder layers. Conversely, the CAPLIP group showed
a smooth inammatory reaction and hyperemia; liposome
encapsulation alleviated the toxicity of capsaicin and effectively
protected the bladder against the irritative action of the drug.12

Similar vascular irritation symptoms were also found in Chinese
medicine injections containing VB such as DLS,22,23 and the inci-
dence of the vascular irritation of DLS limits its treatment effect
and continuation therapy. The pathogenesis of VB-induced
vascular irritation is not fully understood, and thus a systematic
study to reveal related mechanisms is of great practical
signicance.
RSC Adv., 2017, 7, 27431–27440 | 27437
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Fig. 8 Anti-tumor activity test in vivo.

Table 3 Effect of VB and VBL on the H22 mice

Groups

Number of mice Body weight (g)
Inhibition
(%)Beginning End Beginning End

Control 10 10 20.88 � 1.48 21.60 � 1.32 0
VB-L 10 10 21.21 � 1.27 22.29 � 1.13 33.48
VB-M 10 10 20.91 � 1.24 21.82 � 1.13 46.95
VB-H 10 10 20.52 � 1.30 22.03 � 1.16 62.31
VBL 10 10 20.73 � 1.90 22.55 � 1.70 61.90
5-Fu 10 10 20.51 � 1.18 19.61 � 1.05 68.57

Fig. 7 Cytotoxicity of VB and VBL.
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Liposomes exhibit diverse characteristics, such as the
improved biocompatibility, enhanced capacity for self-assembly,
capability to carry large drug payloads, and more importantly,
27438 | RSC Adv., 2017, 7, 27431–27440
potential physicochemical and biophysical properties which can
regulate or control the drugs' biological characteristics.24,25 Lipo-
somes are traditionally considered to be pharmacologically inac-
tive with minimal toxicity because of the composition of natural
phospholipids.11,26 Composite phospholipids, with characteristics
such as enhancing the activity, improving the entrapment effi-
ciency and increasing the stability have been applied more and
more in recent years.27–29 Based on the above characteristics of
liposome encapsulation, reasons why liposomes can improve or
maintain the activity of the drug can be explained from the
following reasons. One is the natural targeting of the liposome,
which can improve drug efficacy while decreasing distribution to
non-target site. Low distribution of drugs at the non-target site
will reduce the toxicity of drugs in non-target tissues, and natural
phospholipids with good biocompatibility of the liposome
composition also explains why liposomes are traditionally
considered to have minimal toxicity. The reason why liposomes
can reduce the vascular irritation is that encapsulation of drugs
can avoid its direct contact with blood vessels. Compared with
other traditional Chinese medicine injections, the release proce-
dure from the liposome can avoid the rapid increased drug
concentration in blood, which could be another factor leading to
vascular irritation. In our study, composite phospholipids
composed of SPC andHSPC ratios were optimized to prepare VBL,
and bufadienolides in VB was further encapsulated into these
lipids according to the best optimized composition.

Aer injecting VB into rabbit ears, the inammatory process
is initiated. The activated inammatory cytokines then promote
the expression of inammatory mediators, which might
damage the lysosomal membranes, leading to the release of
lysosomal enzymes, free radicals, and pro-inammatory cyto-
kines, which further intensify the inammatory responses. The
inammatory stress was implicated in the VB group by evident
elevation of IL-1b, TNF-a and IL-6. Liposomes encapsulation
signicantly attenuated VB-induced IL-1b, TNF-a and IL-6
elevation in serum, which indicated that liposome encapsula-
tion could attenuate VB induced inammatory reaction.

TLRs belong to a super-family of pattern recognition recep-
tors, and TLRs signaling is the host's important detector of
foreign pathogens that controls the initial type-1 IFN reactions
in the innate immune responses.30 A diverse range of TLR
subtypes, such as TLR2 and TLR4, has the abilities to detect
inammatory stimulus and initiate an innate immune response
against the inammatory damages.31,32 Myd88 is a primary
adaptor for almost all TLR signaling, besides the activation of
TLR3 and Myd88-independent TLR4. Inammation is an intri-
cate progression with the activation of multiple signaling
cascades. Upon activation, TLR induces the stimulation of
interferon regulatory factors (IRFs) and NF-kB signaling, which
subsequently drives the production of pro-inammatory cyto-
kines. In the present study, VB injection signicantly increased
the levels of TLR2, TLR4, MyD88, and VB liposome treatment
reversed the elevation.

Upon activation, TLR2 and TLR4 interact with MyD88 and
initiate intricate cascades, including the activation mitogen-
activated protein kinases (MAPKs) signaling. The p38 mitogen
activated MAPK family is one of the most well investigated
This journal is © The Royal Society of Chemistry 2017
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intracellular signal transduction cascades that monitor the
maturation of proinammatory cytokines. In VB group, the
expression of p-Erk, p-JNK, and p-P38 was remarkable
increased. Aer liposome encapsulation, the overexpression of
these proteins induced by VB was signicantly decreased. The
maturation and production of pro-inammatory cytokines is
primary mediated by the NF-kB cascades.33 In quiescent cells,
the NF-kB protein is inert when it interacts with the inhibitory
kappa B (IkB) family in the cytoplasm. When stimulus is
detected, IkBa is degraded by the activated IkB kinase complex,
which leads NF-kB to translocate into the nucleus and interact
with the target genes.34 The processed NF-kB up-regulates the
gene expression of pro-inammatory cytokines, biological
substrates, and chemokines enzymes etc., which ultimately
leads to the inammatory damages.35,36 In our present study,
the results indicated that VB induced over-expression of p-IkBa,
while VBL treatment abrogated the IkBa phosphorylation and
degradation. At the same time, VB-induced nuclear trans-
location of NF-kB p65 was also aer liposome encapsulation.

In summary, our study has demonstrated that VB induced
vascular irritation, and increased serum levels of proin-
ammatory cytokines was related with the TLR/MAPK/NF-kB
pathway. Liposome encapsulation of VB signicantly attenu-
ated VB induced pathological changes and inammation.
Moreover, the in vivo and in vitro anticancer activity of VB was
also maintained aer liposome encapsulation.
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DLS
This journal is
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VB
 Venenum bufonis

CB
 Chinese blister beetle

RG
 Red ginseng

AM
 Astragalus membranaceus

VBL
 Venenum bufonis liposome

IL-1b
 Interleukin-1b

IL-6
 Interleukin-6

TNF-a
 Tumor necrosis factor-a

IL-10
 Interleukin-10

TLR2
 Toll-like receptor 2

TLR4
 Toll-like receptor 4

MyD88
 Myeloid differentiation factor 88

p-Erk
 Phosphorylation extracellular regulated protein

kinases

Erk
 Extracellular regulated protein kinases

p-JNK
 Phosphorylation c-Jun N-terminal kinase

JNK
 c-Jun N-terminal kinase

p-P38
 Phosphorylation mitogen-activated protein kinase

P38

P38
 Mitogen-activated protein kinase P38

p-NF-kB
p65
Phosphorylation nuclear factor kB p65
NF-kB p65
 Nuclear factor kB p65
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p-IkBa
 Phosphorylation inhibitor of kB alpha

IkBa
 Inhibitor of kB alpha

MAPK
 Mitogen-activated protein kinase

NF-kB
 Nuclear factor kB

SPC
 Soy phospholipids

HSPC
 Hydrogenated soy phospholipids,

Chol
 Cholesterol

EE
 Encapsulation efficiency

PBS
 Phosphate buffered saline

ELISA
 Enzyme-linked immunosorbent assay

BCA
 Bicinchoninic acid

HepG2
 Hepatocellular liver carcinoma cell line

A549
 Alveolar basal epithelial cells

DMSO
 Dimethyl sulfoxide

MTT
 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetr

azolium bromide

H22
 Hepatoma 22

IC50
 Half maximal inhibitory concentration
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