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Abstract

Purpose: To investigate the effect of different extracts of Cremastra appendiculata (D. Don) Makino on
apoptosis of A549 cells, and the underlying mechanism.

Methods: The contents of colchicine in ethyl acetate and n-butanol extracts of Cremastra appendiculata
(D. Don) Makino were determined using high performance liquid chromatography (HPLC). Lung cancer
Ab549 cells cultured in vitro were divided into blank control, standard colchicine and Cremastra
appendiculata (D. Don) Makino extract groups. The effect of different extract concentrations on
proliferation of the cells was determined using methyl thiazolyl diphenyl-tetrazolium (MTT) assay, while
apoptosis of A549 cells induced by the extracts was evaluated by flow cytometry (FC).

Results: Compared with the standard colchicine group, there was no colchicine in the n-butanol and
ethyl acetate extracts of Cremastra appendiculata. Results from MTT assay showed that the extract
inhibited the proliferation of A549 cells (p < 0.05). Flow cytometry results showed that ethyl acetate
extract significantly enhanced apoptosis in A549 cells (p < 0.05). However, n-butanol extract had no
significant effect on the apoptosis of A549 cells (p < 0.05).

Conclusion: The ethyl acetate extract of Cremastra appendiculata (D. Don) Makino induces apoptosis
in lung cancer A549 cells. Therefore, there is a need for further research and development of antitumor
drugs from the extract of Cremastra appendiculata (D. Don) Makino.
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INTRODUCTION

The morbidity and mortality of lung cancer are
the highest amongst all the malignant tumors,
and its incidence is still on the rise globally,
especially with respect to lung adenocarcinoma
[1-3]. The 5-year survival of patients with lung

cancer is only about 16.8 % [4]. Since most
patients with lung cancer are not diagnosed until
at the advanced stage of cancer, they are treated
only with radiotherapy and chemotherapy. At
present, the median survival time of patients
treated with radiotherapy and chemotherapy is
only 8 - 12 months, and the adverse effects of
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chemotherapy are obvious. Therefore, it is
particularly important to develop highly-efficient
and low-toxicity drugs for enhancing the effect of
radiotherapy and chemotherapy on lung
adenocarcinoma.

Cremastra appendiculata (D. Don) Makino, a
popularly used clinical drug in Chinese and
Mongolian Tibetan medicine, is frequently used
in anticancer therapy [6]. It was first published in
Materia Medica [7]. According to the 2010 edition
of Chinese Pharmacopoeia, Cremastra
appendiculata (D. Don) Makino comes from the
orchid plant Azalea. Five new phenanthrene
compounds were isolated from the alcohol
extract of Azalea by Liu [8]. These compounds
exerted cytotoxic effects on colon cancer HCT-
116, cervical cancer Hela, and breast cancer
MDA-MB-231 cells.

Zhou Zhongying, an expert in traditional Chinese
medicine, used 453 kinds of drugs in 1374
cancer cases, and 48 types of drugs were used
more than 170 times in clinics. The drug with
highest frequency of clinical application was
Cremastra appendiculata (D. Don) Makino which
was used 1062 times, accounting for 77.29 % [6].
Cremastra appendiculata (D. Don) Makino is the
most commonly used component in the anti-
cancer prescriptions Yiqgi Tudu decoction and
mongolian medicine Wumen-17 flavor powder
[9,10].

A study by Xia Wenbin reported that compounds
isolated from the ethanol extract of Cremastra
appendiculata (D.Don) Makino exerted
cytotoxicity against human lung cancer A549
cells and breast cancer MCF-7 cells. Results
from methyl thiazolyl diphenyl-tetrazolium (MTT)
showed that the 1Cso values were 17.79 and
12.45 umol/L, respectively [11]. It has been
reported that Cremastra appendiculata (D. Don)
Makino contains many kinds of alkaloids,
including colchicine [12]. Colchicine inhibits
mitosis and proliferation of cancer cells by
increasing the level of cAMP in these cells.
Therefore, it is necessary to study the content of
colchicine in Cremastra appendiculata (D. Don)
Makino.

It has been reported that Cremastra
appendiculata (D. Don) Makino extract induces
apoptosis of tumor cells by upregulating the
contents of Cyt-C, Bax and Caspase-3, and
downregulating the protein expression of Bcl-2
[13]. The purpose of this study was to determine
the effect of different extracts of Cremastra
appendiculata (D. Don) Makino on apoptosis of
human lung cancer A549 cells.

EXPERIMENTAL
Drugs and reagents

Human lung cancer A549 cells were obtained
from Shanghai Institute of Cell Biology, Chinese
Academy of Sciences. Cremastra appendiculata
(D. Don) Makino was purchased from Hebei
Province Yaoxing Medicinal Materials Co. Ltd.
Colchicine Standard was bought from China
Institute of Pharmaceutical and Biological
Products Control, while MTT Reagent was
product of Sigma Company. Fetal Bovine Serum
was purchased from Gibco Company. Trypsin-
EDTA Digestive fluid was bought from Hyclone

Company. Cell Culture bottles and 96-well
Culture Plate were products of Corning
Company. High performance liquid

Chromatography was purchased from Hewlett-
Packard. Annexin V FITC/PI detection kit and
flow cytometry were products of BD Company,
while CO:2 incubator was purchased from
American Thermo Company.

Experimental groups

The cells were divided into blank control group,
and groups treated with different concentrations
of ethyl acetate (Et-Ac groups), different
concentrations of n-butanol extracts group (n-Bu
groups), and as well as a group treated with
colchicine standard (control group).

Drug extraction

The crude drug of Cremastra appendiculata
(D. Don) Makino (1 kg) was refluxed and
extracted thrice with 75% ethanol (2 hours
each). The extract of Cremastra appendiculata
(D. Don) Makino was obtained by combining
the extracts, concentrating under reduced
pressure, and extracting with ethyl acetate and
n-butyl alcohol in turn, and drying. The extract
was dissolved in DMSO, mixed with mother
liquor, and sterilized by filtration through a
0.22-ym  filter. Prior to  experimental
application, the culture medium was diluted to
the desired concentration.

High performance liquid chromatography

The n-butanol extract (0.1 g) was mixed with
25 mL of methanol, and subjected to
ultrasonication for 630 min, followed by
filtration through a microporous membrane.
Then, 20 yL mixed solution was injected into
the sample. The ethyl acetate extract was
similarly treated. The HPLC conditions were:
flow rate of 1.0 mL/min, detection wavelength
of 220 nm, column temperature of 40 °C,
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injection volume of 10 yL, and concentration of
reference standard set as 59 pg/mL
(methanol).

MTT assay

The A549 cells were cultured in RPMI containing
10 % fetal bovine serum in an incubator with 5 %
COz2 at 37 °C. When the cells grew to 90 % of the
bottom area of the culture medium, they were
digested with 0.05 % trypsin and passaged at
1:3.

Cells at logarithmic growth phase were selected,
adjusted to a density of 4 x 10* cells/mL, and
inoculated and incubated in 96-well culture plate
(100  pL/well) for 24 hours. Different
concentrations of Cremastra appendiculata (D.
Don) Makino extract were added and cultured for
20 hours, followed by MTT colorimetric analysis.
The MTT solution (5 g/L) was added to the well
plate and cultured at 37 °C for 4 hours.
Thereafter, the culture medium was replaced
with DMSO (150uL/well), and the wells were
shaken for 10 min to dissolve the formazan
crystals formed. Thereafter, the absorbance of
each well was read at 490 nm, and the inhibition
was calculated as in Eq 1.

H (%) = {(Ac AtYACHOO .....ooveeve (1)

where Ac and At are the absorbance of control
and test/experimental groups, respectively.

Flow cytometry

Cells at logarithmic at growth phase were
digested with 0.25 % trypsin and collected, and
then moved into the incubator for 24 h to make
the cells adhere to the wall. The cells were
cultured with blank control group, high-dose
group, middle-dose group and low-dose group
for 24 h. When the cell density reached 1 x 10°
cells/mL/well, the cell suspensions were washed
twice with PBS. The % apoptosis of cells was
calculated according to the manufacturer's
operating instructions as indicated in Annexin
V/Pl double staining kit. In essence, 500 pL
FITC-labeled Annexin V solution and 5 pL of
propidium iodide (PIl) solution were added and
incubated in the dark for 15 min. Then, %
apoptosis was quantitatively analyzed using flow
cytometry.

Statistical analysis
Statistical analysis was done with SPSS 19.0.

Data are expressed as mean + standard
deviation (SD). Two-group comparison was

carried out using t-test. Values of p > 0.05 were
considered statistically significant.

RESULTS
Colchicine content

Ethyl acetate extract and n-butanol extract were
obtained after evaporating the solvents under
reduced pressure. The chromatographic results
of colchicine content in the extracts determined
using HPLC are shown in Figure 1.
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Figure 1: HPLC peaks of EtAc and n-butanol extracts
of Cremastra appendiculata (D. Don) Makino.
Absorption spectra showing colchicine content of
control sample (A); colchicine content of n-butanol
extract (B, and colchicine content of ethyl acetate
extract (C)

Inhibitory effect of Cremastra appendiculata
(D. Don) Makino extracts on A549 cells

The ethyl acetate and n-butanol extracts of
Cremastra appendiculata (D. Don) Makino had
different inhibitory effects on A549 cells. The
percentage inhibition by Et Ac (1250 ug/ml) on
A549 cells was 92.4 %, while the effects of
different concentration gradients of n-Bu on A549
cells were similar. These results are shown in
Figure 2.
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Figure 2: Inhibitory effects of ethyl acetate and n-
butanol extracts on A549cells, as determined using
MTT assay. Et Ac = ethyl acetate extract of Cremastra
appendiculata (D. Don) Makino in blank control group;
n-Bu = n-butanol extract of Cremastra appendiculata
(D. Don) Makino

Effect of Cremastra appendiculata (D. Don)
Makino extract on apoptosis of A549 cells

The results in Figure 3 and Figure 4 show that
different  concentrations of EiAc extract
significantly  increased = percentage  early
apoptosis and total apoptosis of A549 cells (p <
0.05), but the effects of different concentrations
of n-Bu extract on early apoptosis and total
apoptosis of A549 cells were not significantly
different from those of the blank control group (p
> 0.05).

DISCUSSION

Although it has been reported in the literature
that Cremastra appendiculata (D. Don) Makino is
rich in colchicine, this alkaloid was not
detected by high performance liquid
chromatography (HPLC) in the present study.
The reason for this inconsistency with
literature reports may be related to the
differences in the origin of Cremastra
appendiculata (D. Don) Makino used. Lijiang
Mountain Cremastra appendiculata (D. Don)
Makino was used in the literature reports,
while Hebei Cremastra appendiculata (D. Don)
Makino was used in the present study. The
ethanol extract of Cremastra appendiculata (D.
Don) Makino can be re-extracted with
petroleum ether, ethyl acetate and n-butanol.
Although the anti-LA795 cell effects of some
petroleum ether monomers were screened
using MTT test in vitro, the doses used were
large. Due to the fact that the total amount of
petroleum ether extract was small, it was
difficult prepare solutions using the petroleum
ether extract. Therefore, only EtAc and n-Bu
extract were chosen for use in this research.
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Figure 3: Effect of the different extracts on A549 cell
apoptosis, as determined using flow cytometry. A:
control; B: EtAc 125 pg/mL; C: EtAc 12.5 pg/mL; D: Et
Ac 1.25 pg/mL; E: n-Bu 1250 ug/mL; F: n-Bu 125
pg/mL; H: n-Bu 12.5 pg/mL
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Figure 4: Effect of different extracts on apoptosis of
A549 cell, as determined using flow cytometry. A:
Effect of Et Ac and n-Bu extracts on apoptosis of A549
cells; B: effect of ethyl acetate and n-butanol extracts
of Cremastra appendiculata (D. Don) Makino on early
apoptosis of A549 cells. *p < 0.01, *p < 0.05,
compared with the blank control group

The results showed that the extracts of
Cremastra appendiculata (D. Don) Makino had
different inhibitory effects on A549 cells. The
percentage inhibition of EiAc extract (1250
ug/ml) on A549 cells was 92.4 %. Hence, the
concentration of Et Ac extract chosen was less
than 1250 pg/mL. The percentage inhibition
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values of different concentrations of n-Bu on
A549 cells were similar, so a high dose was
started with. It has been reported in the
literature that Xiaoai jiedu recipe used in clinics
inhibited the growth of lung cancer cells in
nude mice by reducing the content of serum

VEGF [14]. Research on Cremastra
appendiculata (D. Don) Makino is mainly
focused on its water decoctions and

polysaccharides. The inhibitory effect of
Cremastra appendiculata (D. Don) Makino on
breast cancer and lung cancer cells in mice
have been demonstrated via MTT assay
[15,16].

Cremastra appendiculata (D. Don) Makino
polysaccharides exerted anti-tumor effects by
activating NK cells and inducing innate
immune response of breast and lung cancer
cells [17]. Phenanthrene and
dihydrophenanthrene, and bibenzyl
compounds contained in the ethanol extract of
Cremastra appendiculata (D. Don) Makino
exert cytotoxicity and anti-angiogenesis [18].
These may also be important chemical bases
for its anticancer effect. In this study, in order
to determine the anti-tumor effect of Cremastra
appendiculata (D. Don) Makino, its ethanol
extract was further fractionated into EtAc and n-
Bu extracts.

Bibenzyl compounds are present in the EtAc
extract of Cremastra appendiculata (D. Don)
Makino [19]. These compounds exerted
significant cytotoxicity against small cell lung
cancer NCI-H187 cells [20]. It has been
reported that the E:Ac extract exerted inhibitory
effect on LA795 cell line (mouse lung
adenocarcinoma cell line, as confirmed using
MTT assay). Cymbidium is one of the sources
of Cremastra appendiculata (D. Don) Makino.
Gastrodia elata aglycone in n-butanol extract
of Cremastra appendiculata (D. Don) Makino
produced a good anti-tumor effect by inhibiting
the production of nitric oxide (NO) and
inducible nitric oxide synthase (iNOS)
expression in lipopolysaccharide-activated
RAW264.7 macrophages [21]. This is also an
important reason why researchers choose the
n-butanol extract of Cremastra appendiculata
(D. Don) Makino. However, literature reports
suggest that the n-BuAc extract produced no
anti-LA795 cell effects at both high and low
concentrations, which is slightly different from
the results of the present study [21].

At present, there are no related literature reports
in China and abroad on the direct anti-lung
cancer effect of Cremastra appendiculata (D.
Don) Makino extract with respect to apoptosis of

lung cancer cells. Apoptosis is a process of cell
death controlled by genes in organisms. It leads
to uncontrolled growth, excessive proliferation
and tumorigenesis. Therefore, enhancement of
apoptosis of A549 cells is helpful in inhibiting the
occurrence and progression of tumor. Giard et al
first established the A549 cell model [22]. This
model was derived from lung adenocarcinoma of
human alveolar cells, making A549 cells the
most widely used in the study of lung cancer [23].

This study found that Cremastra appendiculata
(D. Don) Makino promoted the apoptosis of lung
cancer A549 cells, thus delaying the progression
of lung cancer. In order to understand the
mechanism involved in the anticancer effects of
E:Ac and n-Bu extracts against A549 cells, the
effects of different concentrations of EtAc and n-
Bu extracts on A549 cells were determined. It
was found that the EiAc extract significantly
inhibited increase in early apoptosis and total
apoptosis of A549 cells, while n-Bu extract had
no obvious effect on A549 cells.

These results showed that the inhibitory effect of
EtAc extract on the growth of A549 cells was
consistent with that reported by Xia Wenbin
through MTT assay. However, the latter did not
mention the effect of n-Bu extract on A549 cell
apoptosis. This study was aimed at investigating
the anti-lung cancer effect of Cremastra
appendiculata (D. Don) Makino, and the
underlying mechanism. This would also unravel
its anti-lung adenocarcinoma effect, thereby
providing a pharmacological basis for the clinical
development and utilization of Cremastra
appendiculata  (D. Don) Makino, and
pharmacological basis for the development of
ethnic medicine.

CONCLUSION

The findings of this study show that the ethyl
acetate extract of Cremastra appendiculata (D.
Don) Makino EtAc promotes apoptosis of lung
cancer A549 cells. This finding provides a basis
for further investigation of antitumor drugs related
to Cremastra appendiculata (D. Don) Makino.
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