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ARTICLE INFO ABSTRACT

Background: Lymph node metastasis (LNM) remains a major obstacle to treat colorectal cancer (CRC). Increasing
evidences have suggested that bufadienolides contain several fractions displaying antitumor activity and may be
applied in lymphatic chemotherapy. However, effects of the highly efficient and lowly toxic (HELT) bufadie-
nolides on CRC in lymphatic chemotherapy have not been reported.

Methods: Adenosine triphosphate tumor chemosensitivity assays (ATP-TCA) was performed to detect the in-
hibition rate (IR) of fractions of bufadienolides to cytokine-induced killer (CIK) cells and tumor cells. HELT
fraction-loaded emulsions of different concentrations were prepared. Nude mouse bearing HCT116 tumors in
footpad received high-dose emulsion (HD-E), middle-dose emulsion (MD-E), low-dose emulsion (LD-E), control
emulsion (CE), Cinobufacini Injection (CI), or normal saline (NS), respectively. Hematoxylin and eosin (H&E)
staining, Flow Cytometry (FCM), enzyme-linked immune sorbent assay (ELISA) and hematological examination
were applied to evaluate therapeutic effects and potential toxicity.

Results: F18 and F19 were screened out as HELT fractions in vivo and F18-loaded emulsions of different con-
centrations for lymphatic administration were prepared. We confirmed that HD-E and MD-E produced obvious
antitumor activities in footpad tumors and LNM compared with other groups in vitro. We also verified the effects
of F18-loaded emulsions on activating hematopoietic function, stimulating proliferation of the spleen and nat-
ural killer (NK) cells, and promoting the secretion of IFN-y and IgG1, although HD-E performed mild toxicity on
liver.

Conclusion: The present study demonstrated that lymphatic chemotherapy with HELT fraction of bufadienolides
could be an effective approach to the treatment of CRC patients with LNM.

Keywords:

Bufadienolides
Colorectal cancer
Emulsion

Lymph node metastasis
Lymphatic chemotherapy

1. Introduction

Colorectal cancer (CRC) is the third most common cancer and the
second leading cause of cancer death according to GLOBOCAN 2018
[1]. Lymph node metastasis (LNM) is one of the determinant prognostic
factors of CRC [2]. Unfortunately, conventional intravenous che-
motherapeutics are difficult to highly concentrate in regional lymph

nodes on account of the anatomical properties of lymphatic system,
which results in limited therapeutic effects. Furthermore, the che-
motherapeutics rapidly accumulating in normal organs and tissues
could inevitably cause severe side effects [3]. Therefore, lymphatic
chemotherapy may solve these problems by distributing more drugs in
lymphatic system and less in blood circulation.

Currently, lymphatic chemotherapy has been proved to have
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satisfactory antitumor effects on various cancers [4-8]. Previous studies
showed that using several drug-loaded carriers [8-12] to absorb or
encapsulate chemotherapeutics provided a better penetration into
lymphatics. However, the lymphatic uptake rate is not high and the
biocompatibility of some carrier materials is not ideal for the lymphatic
system, which may lead to some adverse reactions [13]. Currently,
drugs rather than drug carriers that being appropriate to lymphatic
chemotherapy are needed. At this point, traditional Chinese medicine
(TCM) possesses obvious advantages [14]. Bufadienolides, the major
active components of the skin of Bufo bufo gargarizans Cantor (toad
skin) have shown high antitumor activities and also a broad spectrum to
various cancer cell lines, such as human astrocytoma, lung and gastric
tumors [15]. However, they also performed high toxicity or serious side
effects clinically [16]. Fractions of bufadienolides such as resibufogenin
have the antitumor effect as well as toxicity and other side effects
[17,18]. Thus, it is essential to identify the fractions of bufadienolides
with high antitumor activity and low toxicity for application in lym-
phatic chemotherapy, in order to decrease cytotoxicity to the greatest
extent.

In the present study, the effects of 22 fractions of bufadienolides on
tumor cells and cytokine-induced killer (CIK) cells were evaluated and
two fractions (F18 and F19) with high efficiency and low toxicity
(HELT) were screened. The anticancer efficacy, the effects on immune
function, and the potential toxicity of F18 in lymphatic chemotherapy
were assessed in a CRC model with lymphatic metastasis.

2. Materials and methods
2.1. Preparation of bufadienolides and standard solution

Bufadienolides separated and purified from the skin of Bufo bufo
gargarizans Cantor (toad skin) have been previously described in detail
[19]. Briefly, 4 kg dried toad skin was decocted with 95% ethanol. The
combined decoctions were dried with rotary evaporation at 60 °C in
vacuum. 140 g extract was dissolved in 70% methanol again, and then
extracted with n-heptane. Methanol fraction was dried and 40 g residue
was dissolved in methanol and filtered through 0.45pm membrane
filter to form the sample of 440 mg/mL. After that, the crude sample
was fractionated with preparative high-performance liquid chromato-
graphy (prep-HPLC) and 22 fractions (labeled as F1-F22) were col-
lected according to the absorption peaks. Finally, the fractions were
purified on the water purification factory. Dr. Xiuli Zhang and Prof.
Xinmiao Liang from Dalian Institute of Chemical Physics, China
Academy of Science (Dalian, China) provided these 22 fractions for
further study about pharmacological activities and toxicity in our la-
boratory. All fractions were stored at —20 °C.

Every fraction was weighted and completely dissolved with di-
methyl sulfoxide (DMSO; Sigma, St. Louis, MO, USA) at the solubility of
200 mg/mL, and then diluted to the final concentrations of 2, 0.5, and
0.1 ug/mL with adenosine triphosphate tumor chemosensitivity assays
(ATP-TCA) kit cell culture medium (Jinzijing Biotech Co. Ltd., Beijing,
China) and Cellix 601 serum-free medium (SIMA, Beijing, China), re-
spectively. To avoid affecting cell activity, we kept DMSO concentra-
tion < 0.1% (v/v). All solutions were filtered through 0.22 um mem-
brane filter (Pall, USA), stored at 4 °C, and brought to room temperature
before use.

2.2. Cell culture

The human colorectal adenocarcinoma cell line HCT116 was ob-
tained from the Tumor Epigenetics and Early Detection Laboratory,
Chinese People's Liberation Army (PLA) General Hospital (Beijing,
China) and cultured in RPMI-1640 medium (Sigma) supplemented with
10% heat-inactivated fetal bovine serum (FBS; Gibco Inc.), 50 U/mL
penicillin, and 50 mg/mL streptomycin at 37 °C with 5% CO,. The
human gastric adenocarcinoma cell line BGC823 and human pancreatic
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carcinoma cell line SW1990 were obtained from the Institute of General
Surgery, Chinese PLA General Hospital (Beijing, China) and cultured in
Dulbecco's Modified Eagle Medium (DMEM; Sigma) with 10% heat-
inactivated FBS and 1 U/mL gentamicin at 37 °C with 5% CO,_ Cells in
the logarithmic phase of growth were collected for the experiment.

CIK cells were isolated and cultured as described previously
[20,21]. Briefly, 50 mL of peripheral blood from healthy adult donors
was drawn. Participants in our study all provided written informed
consents. Peripheral blood mononuclear cells (PBMCs) were isolated by
density gradient Ficoll-Paque centrifugation (TBD, Tianjin, China),
washed with saline, and then cultured in Cellix 601 serum-free medium
(SIMA) for 3h. To prepare CIK cells, the non-adherent cells were har-
vested, stimulated with 1000 U/mL recombinant interferon (IFN)-y
(SIMA) in Cellix 601 serum-free medium (SIMA, Beijing, China) at 37 °C
with 5% CO, for 24h, and then activated with 20 pg/mL anti-CD3,
1 ug/mL anti-CD28 (Mabworks Biotech, Beijing, China), and 1000 U/
mL recombinant IL-2 for 12-14 days.

2.3. Co-culture and microscopy

To evaluate the effects of 22 fractions on different tumor cells and
CIK cells, 2 x 10® tumor cells and 2 x 10* CIK cells were seeded into
each well of a 96-well polypropylene microplate (Costar, USA), re-
spectively. The standard solutions of 22 fractions were added in tri-
plicate at three different final concentrations of 2, 0.5, and 0.1 pg/mL.
The plates were incubated for 72 h at 37 °C with 5% CO,_ The cells were
observed microscopically to check for overgrowth, and photographed
by TE2000-U inverted microscope (Nikon, Japan) after 24, 48, and 72 h
of co-culture.

2.4. ATP-TCA chemosensitivity assay

At the end of the 72-h incubation period, chemosensitivity was as-
sessed using the ATP-TCA kit (Jinzijing Biotech Co. Ltd., Beijing,
China). Briefly, remaining cells were lysed by the addition of 50 uL of
tumor cell extraction reagent (trichloroacetic acid; Jinzijing Biotech).
50 pL of the lysate from each well was added to corresponding wells in a
white 96-well microplate (Jinzijing Biotech) followed by the addition of
50 uL. of luciferin-luciferase reagent (Jinzijing Biotech). The level of
ATP present was measured on the basis of the absorbance (A) values at
562nm wusing a BHP9504 Luminometer (Hamamatsu Photon
Techniques Inc., Beijing, China). Luminescence measurements are di-
rectly related to ATP levels and enable to determine the percentage of
living cells. The cell growth inhibition rate (IR) was calculated using the
following equation: IR = (1 — experimental group A value / control
group A value) X 100%. Three categories of in vitro sensitivity were
defined as: (a) strong sensitivity (SS), IR = 70%; (b) partial sensitivity
(PS), 50 < IR < 70%; (c) resistance (R), IR < 50%. Thus, IR = 70%
to tumor cells was defined as high efficiency and IR < 50% to CIK cells
was defined as low toxicity.

2.5. Preparation of emulsion

Emulsion has lymphatic affinity and also characteristic of coating
drugs in the internal phase, for which drugs can be protected from
hydrolysis and be improved of clinical efficacy [22]. Furthermore,
previous studies have shown that lymphatic targeting of water in oil
(W/0) emulsions after local injection is better than that of oil in water
(O/W) emulsions [23]. Thus, the W/O emulsions with various con-
centrations of HELT fractions were prepared following the previous
methods [24]. Briefly, to obtain the oil phase, 0.3 g Oleum Camelliae
(Jinhaitang Medicinal Oil Co. Ltd., Jiangxi, China) and 0.1 g soybean
lecithin (Sigma) were added into appropriate amount of ethanol and
warmed up to 60 °C in the water bath. To obtain the water phase, F18
(25 mg for high-dose emulsion, 2.5 mg for middle-dose emulsion, and
0.5mg for low-dose emulsion) dissolved in DMSO, 0.2 g poloxamer
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(Sigma), 1.5 g glycerol (Chemworks, Beijing, China), 1.5g propylene
glycol (Xilong Chemical Co. Ltd., Guangxi, China), and sterile water
were churned and heated to 60 °C. The water phase was added slowly
into the oil phase and expanded to 10 mL with sterile water to form the
colostrum. Then, the colostrum was shaken with a DS-5510DT ultra-
sonic instrument (Shengxi, Ultrasound equipment Ltd., Shanghai,
China) for 10 min to form the emulsion. The concentrations of high-
dose, middle-dose, and low-dose emulsions were 2.5, 0.25, and
0.05mg/mL, respectively. All emulsions filtered through 0.22pum
membrane filter and stored at 4 °C.

2.6. Establishment of LNM models

The experimental protocol was approved by the ethics review
committee for animal experimentation at our institution. All experi-
mental mice were raised in special pathogen free (SPF) condition in the
Experimental Animal Center of PLA 302 Hospital (Beijing, China). Six-
week-old female BALB/c nude mice were anesthetized by ether in-
halation anesthesia and then placed in a supine position. The human
CRC lymphatic metastasis model of the nude mouse was established by
injecting 4 x 10° HCT116 cells at a total volume of 40uL sub-
cutaneously into the right hind footpad, similar to previous reports
[25,26].

2.7. Effect of HELT fraction emulsions on in situ tumor and lymph
metastasis

Cinobufacini Injection (CI) is an aqueous extraction from toad skin,
which is now widely used in clinical therapy for various cancers, ar-
rhythmia, and heart diseases in China. In the present study, we took CI
as a positive control. At the 3rd day of injection, 48 tumor-bearing nude
mice were randomized into 6 groups and treated with normal saline
(NS) (blank control), control emulsion (CE) containing 1.25% (v/v)
DMSO, CI (0.4 mL/kg equals clinical therapeutically dose: intravenous
injection of 20 mL/50 kg per day for adults, equivalent to 0.5 g/mL of
herbal pieces prepared for decoction; Jinchan Biotech, Anhui, China),
F18 high-dose emulsion (HD-E; 5mg/kg), F18 middle-dose emulsion
(MD-E; 0.5mg/kg), and F18 low-dose emulsion (LD-E; 0.1 mg/kg).
Each group underwent footpad peritumoral injection (lymphatic che-
motherapy) at a dosage of 0.04 mL/20 g for 18 days. The gross tumor
volume was calculated according to the following equation: V
(mm®) = (length x width?) / 2. After treatment, the mice were killed.
The footpad tumors, subiliac lymph nodes, medial iliac lymph nodes,
and renal lymph nodes were dissected and observed by hematoxylin
and eosin (H&E) staining. The tumor inhibition rate (IR) and LNM rate
were respectively calculated according to the following equations:
IR =[1 — tumor weight (experimental)/tumor weight (con-
trol)] X 100%; LNM rate = [1 — number (metastatic) /number (de-
tected)] X 100%.

2.8. Effect of HELT fraction emulsions on immune function

The spleen is an important immune organ, and the spleen index (SI)
can reflect the immune state to a certain extent. Thus, the spleen was
removed after treatment and the SI value was calculated by (spleen
weight / body weight) x 10. Then spleen cells were cultured according
to the standard procedures. Since the lack of thymus and the loss of T
cell immunity, natural killer (NK) cells and B cells become the main
force of antitumor immunity in nude mice. The activated NK cells se-
crete IFN-y while effector B cells synthetizes and secretes antibodies.
Thus, we respectively analyzed the proportion of NK cells among per-
ipheral blood and spleen by Flow Cytometry (FCM). In addition, we
respectively detected the content of IFN-y and IgG1 in serum as well as
the splenic cell supernatant by enzyme-linked immune sorbent assay
(ELISA) according to the manufacturer's instructions.
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2.9. Evaluation of the potential toxicity

Potential toxicity treated with HELT faction emulsions at different
concentrations has been investigated. Gross measures such as weight
loss, behavior and feeding were evaluated. The blood was drawn after
treatment and the biochemical indexes of blood and liver were ana-
lyzed.

2.10. Statistical analysis

Data were expressed as the mean + SD. Differences between
groups were analyzed by one-way analysis of variance (ANOVA) and
Student t-test using the SPSS 20.0 statistical software (SPSS Inc.,
Chicago, IL, USA). P < 0.05 was considered to indicate a statistically
significant difference.

3. Results

3.1. Physical property and effects on cell growth of fractions of
bufadienolides

The physical property of 22 fractions of bufadienolides was shown
in Table 1. F1-F5 were water-soluble. F6-F22 were soluble in DMSO, an
effective solvent for a wide array of organic materials.

The effects of these 22 fractions on three different tumor cells of
digestive system and CIK cells were observed by microscope. Four ca-
tegories of fractions were divided: (a) fractions promoted growth of
tumor cells and CIK cells, namely F1; (b) fractions inhibited growth of
tumor cells and CIK cells, namely F4-F17; (c) fractions inhibited growth
of tumor cells but not obviously inhibited growth of CIK cells, namely
F18 and F19; (d) unstable fractions susceptible to concentration,
namely F2-3 and F20-22. Representative photomicrographs of each
category from HCT116, BGC823, SW1990 and CIK cells co-cultured
with three concentrations of 22 fractions were shown in Fig. 1.

3.2. Screening of HELT fractions of bufadienolides

Based on in vitro ATP-TCA experiments, the cell growth inhibition
by 22 fractions was examined. As the definition we described pre-
viously, fractions whose IR = 70% to tumor cells and IR < 50% to CIK
cells were considered as HELT fraction. The results indicated that cell
growth inhibition of each fraction on tumor cells and CIK cells were

Table 1
Physical property of fractions from bufadienolides.

Fraction Color Property Solubility

1 Brown Meliceris Water-solubility
2 Puce Meliceris Water-solubility
3 Brown Meliceris Water-solubility
4 Brown Granular Water-solubility
5 Brown Granular Water-solubility
6 Beige Granular Liposolubility
7 Beige Granular Liposolubility
8 Beige Granular Liposolubility
9 Brown Granular Liposolubility
10 Beige Granular Liposolubility
11 Beige Granular Liposolubility
12 Brown Meliceris Liposolubility
13 Beige Granular Liposolubility
14 Beige Granular Liposolubility
15 Ecru Powder Liposolubility
16 Brown Meliceris Liposolubility
17 Brown Granular Liposolubility
18 Puce Meliceris Liposolubility
19 Puce Meliceris Liposolubility
20 Puce Meliceris Liposolubility
21 Puce Meliceris Liposolubility
22 Puce Meliceris Liposolubility
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Fig. 1. Representative photomicrographs were obtained from HCT116, BGC823, SW1990, and CIK cells co-cultured respectively with F1, F11, and F18 at con-
centration of 0.5 pg/ml for 3 days. Original magnification, x 100 for tumor cells, x 200 for CIK cells.
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Fig. 2. Assessment of the in vitro cell growth inhibition of treatment with representative factions. HCT116, BGC823, SW1990, and CIK cells were respectively treated
with F1, F11, F18, and F19 at concentrations of 2, 0.5, and 0.1 pg/mL for 3 days. The cell growth inhibition rate was evaluated by ATP-TCA. The data are presented as
the mean + SD of three independent experiments. The red dashed line represents IR = 70%. The green dashed line represents IR = 50%. Negative value illustrates a
promoter action to cells. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

reduced with the reduction of concentration. In addition, the four ca-
tegories of fractions observed by microscope were proved by ATP-TCA
(Fig. 2). Among these 22 fractions, F1 promoted the growth of tumor
cells and CIK cells. F11 intensively inhibited the growth of tumor cells
and CIK cells. These two categories and the unstable fractions were
undesirable in antitumor research. However, the other categories that
inhibited growth of tumor cells but not obviously inhibited growth of
CIK cells met the requirements of antitumor treatments. Specifically, at
concentration of 2 pg/mlL, IRs of F18 were 96.24 *= 3.92% to HCT116
cells, 98.84 + 1.28% to BGC823 cells, 79.67 + 7.65% to SW1990
cells, and 45.00 *+ 1.48% to CIK cells; IRs of F19 were 98.88 *+ 1.63%
to HCT116 cells, 98.39 = 2.29% to BGC823 cells, 77.43 + 2.20% to
SW1990 cells, and 37.32 + 3.03% to CIK cells. At concentration of
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0.5ug/mL, IRs of F18 were 95.24 + 5.14% to HCT116 cells,
87.68 = 1.40% to BGC823 cells, 77.09 + 3.13% to SW1990 cells, and
15.00 + 1.48% to CIK cells; IRs of F19 were 95.63 + 5.01% to
HCT116 cells, 85.63 + 5.01% to BGC823 cells, 68.91 = 0.50% to
SW1990 cells, and 22.99 + 2.24% to CIK cells. Thus, in view of the
high IR (=70%) to tumor cells and low IR (< 50%) to CIK cells, we
screened F18 and F19 as the HELT fractions.

3.3. Antitumor activity of lymphatic chemotherapy with HELT fraction
emulsions in animal model

We used CRC lymphatic metastatic model to investigate the anti-
tumor effect of HELT fraction in vivo. The animal model was established
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Fig. 4. In vivo antitumor effects of the HELT fraction. A. Tumor size was mea-
sured and gross tumor volume was calculated as (width? x length) / 2. The data
are presented as the mean + SD (n = 8). ANOVA analysis results indicated
that tumor volume in the mice treated with HD-E and MD-E were significant
smaller than that treated with LD-E (P < 0.05), CE (P < 0.001), and CI
(P < 0.05), respectively. The tumor volume of CI group was significant smaller
than NS group (P < 0.001). B. Tumor weight was measured at the end of
treatment. The data are presented as the mean + SD (n = 8). HD-E and MD-E
produced significantly greater antitumor effects than LD-E (P < 0.05), CE
(P < 0.001), and CI (P < 0.05), respectively. The tumor weight of CI group
was significant smaller than NS group (P = 0.004). C and D. H&E staining of
footpad tumor sections. C. X 100 magnification. D. X 400 magnification, black
arrow presents a pathological mitotic figure. NS: normal saline; CI: Cinobufacini
Injection; CE: control emulsion; LD-E: low-dose emulsion; MD-E: middle-dose
emulsion; HD-E: high-dose emulsion.

by inoculating HCT116 cells into the right hind footpad of BALB/c nude
mice. The in-situ tumor grew continuously into a palpable mass 3 days
after tumor challenging and the tumor initiation rate was 100%. After

tastasis in CRC, we mainly observed the subiliac lymph node, medial
iliac lymph node, and renal lymph node in the mouse.

After the 18-day treatment, we dissected the mice, counted the
number of lymph node and confirmed the metastatic lymph node with
H&E staining. The results indicated that HD-E and MD-E produced a
significantly greater inhibition effect on LNM (P < 0.05) (Fig. 5). No
difference was found between CI and NS. The concrete regional LNM
rate of each group was shown in Table 2.

In addition, we also discovered the order and time of LNM. The
HCT116 cells first move to subiliac lymph node, and then to medial
iliac lymph node, finally to the renal lymph node. 5days after in-
oculation, granule size of subiliac lymph node was palpated in each side
of inguinal region (Fig. 6A) and another 5days later, the metastatic
ones were confirmed by H&E staining. At the end day of the experi-
ment, 2 to 5 medial iliac lymph nodes were observed in iliac angio-
somes (Fig. 6B) and O to 2 renal lymph nodes were observed in renal
hilum after nephrectomy (Fig. 6C). However, the metastatic lymph
node was only confirmed in minority of detected medial iliac lymph
nodes. No renal lymph node metastasized was found until 6 weeks after
inoculation. Histological analysis showed a massive tumor cells in-
filtrated within the lymph nodes (Fig. 6D and E).

3.5. The effects of HELT fraction emulsions on immune function

To assess the effects of F18 emulsions at different concentrations on
immune function, we analyzed the SI value, NK cells and B cells. HD-E
and MD-E promoted the proliferation of spleen cells as shown in Fig. 7.
Moreover, the proportion of NK cells among peripheral blood was sig-
nificantly higher in HD-E and MD-E group than others (P < 0.01,
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Fig. 5. Number of lymph node metastases per mouse of each group. Closed
circles indicate one mouse with histologically-positive lymphatic metastasis.
Opened circles indicate one mouse with histologically-negative lymphatic me-
tastasis. The lymph node metastasis rate was significantly reduced in HD-E
group (P = 0.006) and MD-E group (P = 0.012). NS: normal saline; CI:
Cinobufacini Injection; CE: control emulsion; LD-E: low-dose emulsion; MD-E:
middle-dose emulsion; HD-E: high-dose emulsion.

Table 2

Regional lymph node metastases in different groups.
Group  Subiliac In. (m/d) Medial iliac In. (m/d) Renal In. (m/d) Rate (%)
NS 10/16 6/25 0/13 29.65
CI 5/16 4/23 0/12 17.65
CE 10/16 5/21 0/13 30.00
LD-E 6/16 4/22 0/14 19.23
MD-E 4/16 1/19 0/16 9.80"
HD-E 2/16 2/19 0/13 8.33*"

Ln.: lymph node; m/d: metastatic/detected; NS: normal saline; CI: Cinobufacini
Injection; CE: control emulsion; LD-E: low-dose emulsion; MD-E: middle-dose
emulsion; HD-E: high-dose emulsion.

* P < 0.05 versus control emulsion.

** P < 0.01 versus control emulsion.

Fig. 8A). The proportion of NK cells among spleen cells was also sig-
nificantly higher in comparison of LD-E, CE, and NS group (P < 0.05,
Fig. 8B). The proportion of B cells among peripheral blood and spleen
cells was accordingly reduced.

To evaluate the secrete function of NK cells and B cells, the content
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Fig. 7. The spleen index (SI) of each group. The spleen index was significantly
higher in HD-E group (P = 0.007) and MD-E group (P = 0.002). NS: normal
saline; CI: Cinobufacini Injection; CE: control emulsion; LD-E: low-dose emul-
sion; MD-E: middle-dose emulsion; HD-E: high-dose emulsion.

of IFN-y and IgG1 in serum and the splenic cell supernatant were also
respectively detected (Table 3). The results suggested that HD-E and
MD-E significantly enhanced the secretion of IFN-y in serum and the
splenic cell supernatant as well as IgG1 in serum.

3.6. The potential toxicity of lymphatic chemotherapy with HELT fraction
emulsions

We performed the hematological examination and evaluation of
liver and renal function. As shown in Fig. 9, HD-E and MD-E

Fig. 6. Regional lymph nodes in mouse. A. Enlarged
subiliac lymph nodes (red dotted circles) 5 days after
tumor challenging. B. Enlarged medial iliac lymph
nodes (yellow dotted circle) 21 days after tumor
challenging and iliac vessels (yellow arrows). C.
Renal lymph nodes (yellow dotted circles) 21 days
after tumor challenging. D and E. H&E staining of
metastasized lymph node sections showed numerous
lymphocytes accumulating in lymph node. D. x 100
magnification. E. X400 magnification. (For inter-
pretation of the references to color in this figure le-
gend, the reader is referred to the web version of this
article.)
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Fig. 8. The flow cytogram of NK cells among peripheral blood and spleen of each group. A. The proportion of NK cells among peripheral blood was significantly
higher in HD-E and MD-E group than others (P < 0.01). B. The proportion of NK cells among spleen cells was also significantly higher in comparison of LD-E, CE,
and NS group (P < 0.05). NS: normal saline; CI: Cinobufacini Injection; CE: control emulsion; LD-E: low-dose emulsion; MD-E: middle-dose emulsion; HD-E: high-

dose emulsion.

significantly increased red blood cells, hemoglobin, white blood cells

4. Discussion

and platelet by activating hematopoietic function. In addition, HD-E

and MD-E significantly increased the ratio of lymphocyte, meanwhile,
reduced the ratio of neutrophil (Fig. 10A). However, the obvious side
effects on liver function were also observed. The level of ALT and AST
were significantly higher in HD-E group than other groups (Fig. 10B).

Anti-cancer researches of traditional Chinese medicine (TCM) have
been progressing greatly with the development and guidance of con-
temporary evidence-based medicine [14]. Constituent manufacture of
TCM is vital for its modernization. Arteannuin and its derivation
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Table 3

The content of IFN-y and IgG1 in serum and the splenic cell supernatant.
Group IFN-y (ng/mL) IgG1 (ug/mL)

Serum Splenic cell supernatant Serum Splenic cell supernatant

NS 993.65 = 62.15 1077.21 + 119.18 68.18 + 5.06 70.42 + 6.42
CI 1217.30 = 112.15 1242.00 = 392.49 73.76 * 6.97 73.93 * 6.20
CE 1052.52 *+ 63.56 1119.55 + 123.02 70.65 + 8.58 72.99 + 6.22
LD-E 1083.82 + 112.54 1155.90 + 113.09 73.13 + 2.23 75.64 = 7.02
MD-E 1257.16 + 166.19 1587.65 = 151.95* 79.62 + 5.88 76.89 = 5.94
HD-E 1303.28 + 89.85 1734.61 + 65.60"* 79.87 * 7.94 77.92 * 5.83

NS: normal saline; CI: Cinobufacini Injection; CE: control emulsion; LD-E: low-dose emulsion; MD-E: middle-dose emulsion; HD-E: high-dose emulsion.
* P < 0.05 versus CE.
** P < 0.01 versus CE.
" P < 0.05 versus CL

extracted from abrotanum are currently the most effective drugs to The skin of Bufo bufo gargarizans Cantor is a well-known TCM toad
treat malaria, which is a successful case of constituent TCM [28]. In the widely used in China. Toad skins consist of epidermis and dermis. The
first part of our study, we collected 22 fractions of bufadienolides se- epidermis, exuviate of toad skins, possess little effective constituent,
parated and purified from the skin of Bufo bufo gargarizans Cantor (toad while the dermis containing venom gland and mucous gland is the es-
skin) based on the theory of constituent TCM. We haven't seen similar sential constituent. CI (Cinobufacini Injection), also known as
articles concerning such quantities of antitumor fractions of bufadie- Huachansu, is the aqueous extract from the skins and parotid venom
nolides published domestically or internationally. glands of Bufo bufo gargarizans Cantor. It has been officially approved
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Fig. 9. The hematological examination of each group. A. HD-E and MD-E significantly increased red blood cells. B. HD-E and MD-E significantly increased he-
moglobin. C. HD-E and MD-E significantly increased white blood cells. D. HD-E and MD-E significantly increased platelet. NS: normal saline; CI: Cinobufacini
Injection; CE: control emulsion; LD-E: low-dose emulsion; MD-E: middle-dose emulsion; HD-E: high-dose emulsion.
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Fig. 10. The ratio of lymphocyte and neutrophil and the level of ALT and AST of each group. A. HD-E and MD-E significantly increased the ratio of lymphocyte and
reduced the ratio of neutrophil. B. ALT and AST were significantly higher in HD-E group than other groups. NS: normal saline; CI: Cinobufacini Injection; CE: control
emulsion; LD-E: low-dose emulsion; MD-E: middle-dose emulsion; HD-E: high-dose emulsion.

by the Chinese Food and Drug Administration since 1991 [29]. The
antitumor mechanism of Cinobufacini includes inhibiting tumor cell
proliferation, inducing differentiation and apoptosis, influencing au-
tophagy-related genes expressing, EKR path, NA +-K +-ATPase and so
on [30-34]. It may also alleviate paclitaxel-induced peripheral neuro-
pathic pain and promote therapeutic efficacy of chemotherapy [33].
However, due to technical limitations, certain aqueous crude extract of
toad exuviates applied in clinic have limited effects and serious adverse
reactions [18]. It's known that the skins of toad Bufo bufo gargarizans
Cantor is rich in bufadienolides, peptides and alkaloids [17]. Recently,
bufadienolides have been shown to have the best antitumor activity
with less adverse reaction for the treatment of liver and gastric cancers,
compared to other components [35]. Bufadienolides, a C-24 steroid
with a a-2-pyrone ring at its C-17 position, contain bufalin, cinobu-
fagin, resibufogenin and telocinobufagin [17,36]. Previous studies
showed that some fractions of bufadienolides such as resibufogenin
have antitumor effect as well as toxicity and other side effects [17,18].
Our study aimed to screen constituents of bufadienolides with higher
efficacy and lower toxicity and confirm its effects in lymphatic che-
motherapy for CRC in a lymphatic metastatic model.

During the procedure of dissolving constituents, constituent 1-3
were totally dissolved in physiological saline and constituent 4-22 had
to dissolve within DMSO. We found both inhibition effect and promo-
tion effect in 22 constituents in vitro. The water-soluble constituent 1-3
and liposoluble constituent 21 and 22 had little antitumor effect and
even promoted the growth of tumor cells. On the contrary, most of the
liposoluble constituents, 4-20, obviously inhibited the tumor cells,
especially the intermediate constituents such as 11. Meanwhile, CIK
cells were inhibited by the intermediate constituents but were unin-
hibited or promoted by the ambilateral constituents. It thus indicated
that both concentration and physical property of constituents were
concerned with the effects on tumor cells and CIK cells. This result
might explain why Cinobufacini, water-soluble medicament of toad
skin, had limited antitumor effects and severe side effects in clinical
practice.

According to in vitro ATP-TCA experiment, we screened two HELT
constituents of bufadienolides namely F18 and F19 for further in vivo
test. In recent years, lymphatic tract metastasis model has become a
quite functional experiment tool in basic studies of cancer. There are
profuse lymphatic tracts under pulvilli of nude mice and they can form
monodirectional reflux including popliteal fossa, inguen, iliac blood
vessel and renal hilus, eventually throughout the body. Wang L et al.
has successfully established lymphatic tract metastasis model of breast
cancer in nude mice by implanting MDA-MB-231 cells into mammary
fat pads [26]. Long J et al. established a pancreatic cancer cell and
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mouse model with high lymphatic metastasis potential using BxPC-3-LN
subline, derived from BxPC-3 human pancreatic cancer cell line. Re-
searchers injected these BxPC-3 cells via footpads through serial pas-
sages in nude mice and found notable lymphatic metastasis was de-
veloped with 100% rate of success [37].

In the second part of our research, we applied F18 to prepare HELT
anti-cancer ingredients emulsion and injected them into surroundings
of pulvilli to assess its influence on both cancer cells and immune cells
of BALB/c nude mice bearing HCT116 human colon adenocarcinoma
cells. Results showed significantly higher inhibition effects on growth of
xenograft tumors and LNM of group HD-E and MD-E compared to group
LD-E and CI. Our research confirmed that HELT fraction F18 had an-
titumor effect and suggested that such effect was dose-dependent,
which was in line with the findings of previous study [38]. Another
point that should be mentioned was that Fig. 5 showed CI didn't sig-
nificantly inhibit lymph node metastasis owing to several reasons:
firstly, although Cinobufacini Injection had already been commercia-
lized and applied clinically, the purity of active ingredient was still
unclear; secondly, the difference between CI, NS, CE and LD-E might be
small, for which the P value wasn't significant, yet we could notice a
trend that inhibitory effect on LNM of CI and LD-E was similar and also
higher than that of NS and CE; thirdly, as specification of CI showed,
the pharmacological action of CI concerned three aspects including
inhibiting tumor, promoting immunologic function and exerting anti-
viral effect, and water-solubility of CI might be the reason that drug
density in lymph nodes was low for which anticancer effect wasn't
noticeable.

Currently, drugs commonly used in clinical chemotherapy such as
oxaliplatin, 5-fluorouracil have the ability of killing tumor cells effec-
tively as well as inducing side effects and depressing the activity of
immune cells [3]. It's crucial that ideal chemotherapeutics are found,
maximizing the antineoplastic effect and minimizing the im-
munosuppressive influence. In our study, the SI value, the ratio of
lymphocytes, the proportion of NK cells among peripheral blood and
spleen, as well as the secretion of IFN-y in NK cells and IgGl in B
lymphocytes of HD-E and MD-E were significantly higher compared
with other groups, which indicated that HELT fraction of bufadieno-
lides could stimulate immunologic function of nude mice, and thus
might exert important influences on antitumor immunotherapy.

As for side effects, group MD-E, LD-E, CI and CE had no significant
difference compared to NS group and only group HD-E had apparent
influence on liver function. The results implied that liver injury caused
by HD-E was mainly related to doses instead of emulsion type. In ad-
dition, emulsion could be applied as potential delivery system of che-
motherapeutics in anticancer treatment with reduced toxicity [12].
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Moreover, HD-E and MD-E significantly increased red blood cells, he-
moglobin, white blood cells and platelet, which indicated that hemo-
poiesis function of marrow was distinctly promoted. The HELT con-
stituent F18 is better than cinobufagin injection considering both
influences on cancer cells and immunological function as well as other
side effects.

Out of the purpose for drug development and synthesis, Dalian
Institute of Chemical Physics conducted experiments screening active
fractions of bufadienolides from toad skin [19] and kindly provided us
those 22 fractions obtained through their study. Our researches mainly
focus on pharmacodynamics experiments such as anticancer effects and
side effects, as well as further clinical application. Finally, we screened
two HELT constituents of bufadienolides namely F18 and F19. Specific
composition of F18 or F19 needs further researches. By means of liquid
chromatography-mass spectrometry (LC-MS) analysis, Dalian Institute
of Chemical Physics has successfully identified several compounds in
F13 [19]. In our pharmacodynamics study, F13 exerted significant anti-
tumor functions as well as immunosuppressive effects. So far, among
known compounds in F13, y-bufarenogin could notably restrain cancer
through inhibiting EGFR and c-Met without obvious side effects [39]. In
addition, y-bufarenogin could inhibit liver cancer stem cells (CSCs)
through downregulating Sox2 expression [39]. Arenobufagin was cap-
able of inhibiting cancer metastasis through regulating epithelial-me-
senchymal transition (EMT) with decreasing expression of ZEB1, vi-
mentin, and slug and increasing E-cadherin by targeting 3-catenin [40].
Also, the author found that inhibition effect on EMT of Arenobufagin
could be counteracted by overexpression of (3-catenin while knocking
down [-catenin strengthened this effect [40]. Telocinobufagin could
significantly stimulate splenocyte proliferation, promote NK cells and
macrophage activation, increase ratio of CD4+ and CD8 + cells among
splenocytes, and what's more, Thl cytokines such as IL1, IL12, IFN-y
and TNF-a were up-regulated while Th2 cytokines such as IL4 were
down-regulated, which suggested that telocinobufagin could positively
regulate immunologic function and might be clinically applied to treat
cancer and immune-related diseases [41]. Cinobufotalin had strong
antitumor effect and whether it's concerned with apoptosis remained
inconsistent between different researches [42,43]. Heba Emam et al.
revealed that Cinobufotalin could induce caspase-dependent apoptosis
in U937, a human lymphoma cell, in which Fas played an important
role, and moreover, using either Fas/FasL antagonist or pan-caspase
inhibiter further verified their findings [43]. Besides, among other
known constituents of bufadienolides, bufalin exerted prominent lethal
effects on tumor cells and showed no obvious toxic side effects in vivo
even though its concentration was as high as 0.4 mg/kg [44]. After
treatment of bufalin, the researcher observed DNA condensation, de-
creased mitochondrial membrane potential and anti-apoptotic B-cell
lymphoma 2 protein level, as well as increased reactive oxygen species,
Fas/FasL, apoptosis protease activating factor 1, caspase 3/9, growth
arrest- and DNA damage- inducible 153 gene expression. Further ex-
periment in vivo verified anticancer effect of bufalin [44]. Cinobufagin
could not only produce strong anti-tumor effects through inducing
apoptosis and G1 phase arrest, but activate immunologic system like
telocinobufagin [45,46]. Resibufogenin was able to inhibit cancer
proliferation and metastasis through RIP3-mediated necroptosis, yet
with some side cytotoxicity [47,48]. To summarize, we speculate that
F18 and F19 are more likely to contain compounds with anticancer
effects such as y-bufarenogin, Cinobufotalin and bufalin, as well as
compounds with effects of motivating splenocyte proliferation and
positively regulating immunologic functions such as telocinobufagin
and cinobufagin. As for compounds with strong cytotoxicity such as
resibufogenin, HELT fractions like F18 might have quite few or none
contents like that. Nevertheless, experiments of HELT constituent F19 in
vitro haven't been conducted yet and research about identification of
exact compounds contained in F18 and F19 needs to be done further.
What's more, specific mechanisms underlying HELT-induced anti-tumor
and pro-immune effects remain undetermined and have yet to be

International Immunopharmacology 70 (2019) 241-251

investigated in the future.

In conclusion, the present study demonstrated the HELT con-
stituents of bufadienolides exhibited high antitumor activity against
three kinds of cancer cells and low toxicity to CIK cells. Moreover, we
verified the effects of HELT constituent F18 on activating hematopoietic
function, stimulating proliferation of the spleen and NK cells, and
promoting the secretion of IFN-y and IgG1 in a lymphatic metastatic
model. These findings provide an experimental basis for clinical ap-
plication of HELT bufadienolides in lymphatic chemotherapy.
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