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Ethyl acetate extract of Chinese medicinal herb Sarcandra glabra
induces growth inhibition on human leukemic HL-60 cells,
associated with cell cycle arrest and up-regulation
of pro-apoptotic Bax/Bcl-2 ratio
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Abstract. Sarcandra glabra (Thunb.) Nakai, colloquially
known as Caoshanhu, is a Chinese medicinal herb with
reported anti-tumor, anti-inflammatory, anti-viral and non-
specific immunoenhancing properties. Although the plant has
been clinically used for treating a variety of diseases, its
bioactive ingredients are largely unknown and its mode of
action has never been investigated. In this study, the anti-
tumor property of ethyl acetate (EA) extract of S. glabra was
investigated by determining its in vitro growth-inhibitory
effects on a panel of human cancer cell lines of different
histotypes. Growth inhibition of the EA extract on the cancer
cells seemed to be selective, and the leukemic HL-60 was
found to be the most responsive after 48 h of treatment
(IC5,=58 pg/ml). Flow cytometric studies further illustrated
that the extract might interfere with DNA replication and thus
arrested the cell cycle at S phase in the leukemic cells, followed
by DNA fragmentation and loss of phospholipid asymmetry
in the plasma membrane after 72 h of treatment. Concurrently,
the pro-apoptotic Bax/Bcl-2 ratio was also up-regulated by
more than 178% of the control level. All these findings
suggested that the extract had initiated apoptosis to kill the
leukemic cells. Results from this pioneer study help to establish
a scientific foundation for future research and development
of the bioactive ingredients in EA extract of S. glabra as
efficacious anti-cancer agents.

Introduction

Natural products have become increasingly important for new
pharmaceutical discoveries (1). Among all the uses for natural
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products in biomedical science, traditional Chinese herbology
has been one of the pioneers. Sarcandra glabra (Thunb.) Nakai,
a plant belonging to the family, Chloranthaceae, is a medicinal
plant in traditional herbal formulations (2-5). S. glabra is
well-known for its potency against various kinds of cancer
together with non-specific immunoenhancement effects, and
has been used clinically in mainland China as an important
anti-cancer agent (2,6). Its effect is especially prominent in
leukemia, pancreatic cancer, and cancers of the gastro-
intestinal tract, such as stomach and colon cancers (3), and the
plant has been used as complementary to conventional cancer
therapies. Despite the clinical popularity of S. glabra as an
anti-cancer agent in China, the anti-cancer mechanisms of its
bioactive components have never been investigated.
Programmed cell death, or apoptosis, is an important
regulatory mechanism that controls cell number as part of
normal development (7) and the occurrence of cancer has
been regarded as a pathological condition that is closely related
to the deregulation of apoptosis (8). Therefore, targeting the
apoptotic signaling pathways has been highly focused in
cancer therapy research. Apoptosis is distinguished from
other types of cell death by its unique morphological and
biochemical features, such as cytoplasmic condensation,
apoptotic body formation, loss of cell membrane phospholipid
asymmetry and internucleosomal fragmentation of genomic
DNA (9-11). The execution of apoptosis, on the other hand, is
tightly regulated by well-organized signaling pathways. The
proteins of the Bcl-2 family constitute the major components
in the apoptotic signaling cascades (12). This family of
proteins regulates mitochondrial membrane permeabilization
(MMP) (13-16), so that when the outer mitochondrial
membrane becomes perforated, the key effectors of apoptosis,
such as cytochrome c, are released from the intermembrane
space of mitochondria to the cytosol (15). Bcl-2 is one of the
anti-apoptotic members of this family and is a membrane
protein that integrates in the outer membrane of mitochondria
and other organelles (12,17,18). It protects cells from
apoptosis induced by the removal of survival factors and the
cytocidal effects of various cytotoxic agents, by stabilizing
the mitochondrial membrane (19-21). Bax, on the other hand,
is one of the pro-apoptotic members that accelerates apoptosis.
Bax is capable of inducing mitochondrial membrane
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depolarization and cytochrome c release, both destabilizing
the functions of mitochondria (12,22,23). The triggering of
apoptosis therefore depends on the balance between the pro-
and anti-apoptotic members inside the cells (15). For instance,
a high Bax/Bcl-2 ratio favors cell death and vice versa
(12,24).

In this study, ethyl acetate (EA) extract was prepared from
S. glabra, and its effects on inhibiting cell proliferation and
viability of human cancer cell lines of various histotypes
were investigated. We report here the first evidence that the
bioactive components in the EA extract of S. glabra induce
cell cycle arrest at S phase in human promyelocytic leukemic
HL-60 cells, followed by apoptosis induction and up-
regulation of the pro-apoptotic Bax/Bcl-2 ratio. Results from
this study help to establish a scientific foundation for the
anti-cancer property of S. glabra. Since S. glabra is an
inherently safe herb (3), which has a long history of being used
in traditional herbal formulations in China, some novel, safer
and even more efficacious anti-cancer components may be
developed from it in the near future.

Materials and methods

Sarcandra glabra and chemicals. The dried whole plant of
S. glabra herb was obtained as short fragments from a
renowned TCM retailer in Hong Kong. The herb was then
authenticated by Professor S.Y. Hu, the botanist of the
Department of Biology, The Chinese University of Hong
Kong. Voucher specimens were also deposited at the
herbarium at the location stated above. Cell culture media,
Fungizome®, and penicillin-streptomycin were obtained from
Gibco BRL, Gaithersberg, MD. All the solvents used in
extraction and fractionation of S. glabra were provided by
Labscan Analytical, Bangkok, Thailand. Bcl-2 and Bax
antibodies, horseradish peroxidase (HRP)-conjugated
secondary antibody, and LumiGLO® substrate were obtained
from Cell Signaling Technology, Beverly, MA. A fluorescein
isothiocyanate (FITC)-conjugated annexin V apoptosis
detection kit was provided by Immunotech, Marseille, France.
All the other chemicals used, unless otherwise stated, were
provided by Sigma Chemicals, St. Louis, MO.

Cell cultures. All six cancer cell lines used in this study were
originally obtained from the American Type Culture
Collections (Rockville, MD), and cultured according to the
conditions suggested by the company. Human acute leukemia
HL-60, breast carcinoma MCF-7 and hepatocellullar
carcinoma HepG2 were grown in RPMI-1640 medium,;
human prostate carcinoma PC-3 and lung carcinoma A549, in
F12K; and melanoma A375, in DMEM. All cell cultures were
supplemented with 0.2% sodium bicarbonate, 10% heat in-
activated fetal bovine serum (Hyclone, Logan, UT), 0.1%
Fungizome, and 1% penicillin-streptomycin, and were then
incubated at 37°C in 5% CO, under fully humidified

conditions.

Extraction and fractionation of Sarcandra glabra. The dried
whole plant of S. glabra was ground with a mechanical
grinder. The ground fragments (100 g) were then immersed
in methanol at room temperature for 6 days, with replacement
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of fresh methanol every 3 days. Dissolved constituents were
completely dried into powders under vacuum at 40°C in a
rotary evaporator for 2 h and in a desiccator for 1 day (0.5 g).
The dried methanol extract was then re-suspended in 10 ml
of distilled water, making up the lower aqueous phase in a
pear-shaped separating funnel. Corresponding organic
solvent (upper organic phase) was added for partitioning for
1 h. After reaching phase equilibrium, the organic phase was
separated and kept as an extract for further studies and the
remaining aqueous phase was partitioned once more with
another more hydrophilic organic solvent in consecutive
stages of extraction. Four organic solvents, in increasing order
of polarity; petroleum ether, chloroform, ethyl acetate, and
butan-1-ol, were subsequently partitioned in the separating
funnel. The final portion, after all partitioning, was the aqueous
residue fraction. Dried extracts obtained from each of the
petroleum ether, chloroform, ethyl acetate, and butan-1-ol
fractions were weighed (0.05 g), while extract obtained from
the aqueous residue was weighed (0.3 g). In this study, only
the EA extract was investigated by re-dissolving it in dimethyl
sulphoxide (DMSO) as a stock solution of 100 mg/ml.

Growth-inhibition assays. The leukemic HL-60 cells were
plated in a round-bottom 96-well microtitre plate at 1x10* cells/
well. The stock solution of EA extract was then serially diluted
and added to the cells to attain a final concentration of 0.78-
200 pg/ml. Treatment with 0.2% DMSO was included as
vehicle control. The plate was then incubated for 48 h, and
the number of viable cells was determined with the aid of a
haemocytometer and a trypan blue exclusion test. The average
number of viable cells per unit volume of culture medium, i.e.,
cell density, was then calculated.

For adherent cancer cells, 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT)-based assay was
used. The cancer cells were plated in a flat-bottom 96-well
microtitre plate at 5x103 cells/well. After 24 h of acclimatization,
serially-diluted EA extract, 0.78-200 ug/ml, was incubated
with the cells for 48 h. Treatment with 0.2% DMSO was
included as vehicle control. After 48 h of incubation, the cells
were subjected to MTT assay. MTT solution was freshly
prepared by dissolving MTT reagent in sterilized PBS (5 mg/
ml). Twenty microliters of MTT solution was then added to
each well of the plate and incubated at 37°C in 5% CO,. After
5 h of incubation, 150 pl acid-isopropanol (0.04 N HCI) was
added to each aspirated well to dissolve the remaining blue
formazan crystals. Absorbance of the blue formazan solution
was then measured by a microplate reader at 570 nm after
thorough mixing.

Cell cycle analysis by flow cytometry. After treatment, 1x10°
HL-60 cells were fixed overnight at -20°C with 70% ethanol.
The fixed cells were then washed with PBS twice before
being re-suspended in 1 ml PBS, containing 0.05 mg/ml
RNase A and 10 mg/ml propidium iodide (PI). The cell
suspension was then incubated in the dark for 30 min. The
stained cells were finally analysed with EPICS XL-MCL
flow cytometer (Beckman Coulter, Miami, FL). The red
fluorescence of PI was measured at >625 nm. Cell cycle was
then analysed by MultiCycle software (Phoenix Flow
Systems, San Diego, CA).



(A)

Relative number of cells

(B)

Percentage of cells gated (%)

ONCOLOGY REPORTS 17: 425-431, 2007

a) Go/G,

c)

d) e)
] [
[——————
| [S— i
Go/G,
| Ap
& A S GJM

60
50
40
30
20

Fluorescence from PI (DNA content)

G —e— Control

=--IC50

70

T~ 3 %

60 ¥

e EF T 40

30

20

72 96 24

72 96

Ap

80

70

/ﬁ" 50

- v(\ N 40

ST 30

20

72 96 24

72 96

A 4

Incubation time (h)

v

427

Figure 1. Effects of the EA extract of S. glabra on cell cycle and apoptosis in HL-60 cells. (Panel A) Representative DNA histograms from DNA-PI flow
cytometry showing cell cycle and apoptosis in the leukemic cells after incubation in the absence, control (a), or in the presence of the EA extract at ICs, for 24 h
(b), 48 h (c), 72 h (d), and 96 h (e). The extract accumulated S and depleted G, cells, followed by induction of apoptotic cells (Ap) with fragmented DNA time
dependently. (Panel B) Proportion of G,, S, G,/M, and apoptotic cells at different times of treatment with the EA extract. Results are expressed as mean + SD of
three independent experiments. “p<0.05 and **p<0.01, compared to the corresponding time control by Student's t-test.
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Table I. IC;, values of the EA extract of S. glabra on
different human cancer cell lines.

Cell line Histotype 1Cs, (ng/ml)
A375 Melanoma 175
A549 Lung carcinoma >1000
HepG2 Hepatocellular carcinoma 490
MCE-7 Breast carcinoma 309
PC-3 Prostate carcinoma >1000
HL-60 Acute promyelocytic leukemia 58

Bivariate annexin V/PI flow cytometry. All procedures were
followed as stated in the manual of the apoptosis detection kit
(Immunotech, Marseille, France). Briefly, the treated HL-60
cells were centrifuged and washed with 3 ml ice-cold PBS
twice before being re-suspended in the provided binding
buffer at density 1x10° cells/ml. One hundred microliters of
the cell suspension were then stained with 5 ul FITC-
conjugated annexin V and 2 ul PI (both were provided with
the kit) for 20 min in the dark at room temperature. The
stained cell suspension was then diluted with 400 ul of the
binding buffer before being subjected to flow cytometry
analysis. Green fluorescence from FITC and red fluorescence
from PI were then measured at 525 nm and >625 nm
respectively by the flow cytometer.
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Western-blot analysis. The treated HL-60 cells were lysed,
and the protein content of the cell lysate was determined by
the standard bicinchonic acid (BCA) assay. Fifty micrograms
of the proteins were then resolved by SDS-PAGE and
transferred onto a nitrocellulose membrane (Amersham Life
Science, Burkinghamshire, UK) by electroblotting. The
membrane was first blocked with 0.2% Aurora® blocking
reagent (ICN Biomedicals, OH) and 0.1% Tween-20 solution.
Bcl-2 or Bax antibody was then incubated with the membrane
for 1 h with shaking at room temperature. 3-actin was also
measured as loading control. The membrane was then
washed and incubated with HRP-conjugated goat secondary
antibody for 1 h at room temperature. The washed membrane
was incubated with 10 ml LumiGLO substrate. Protein bands
on the membrane were finally visualized by X-ray film
exposure. A densitometer was used to scan and quantify the
intensity of the protein bands in arbitrary units.

Statistical analysis. The difference in means between the
control and experimental groups from three independent
experiments was compared using the two-tailed Student's t-
test, p<0.05.

Results

The EA extract of Sarcandra glabra inhibits human cancer
cell growth. In this study, the in vitro growth-inhibitory effect
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Figure 2. Representative bivariate dot plots from annexin V/PI flow cytometry showing pro-apoptotic effect of the EA extract on HL-60 cells. At 48 h of
treatment with the EA extract at ICs, both early phase apoptotic cells in quadrant H4 and late phase apoptotic cells (or necrotic cells) in quadrant H2 were
prominently elevated (b), compared to the control (a). The pro-apoptotic effect of the extract increased time dependently, so that at 72 h of treatment even more
apoptotic and necrotic cells were found in the treated group (d) than in the control group (c). Proportion of total analyzed cells undergoing early-phase and

late-phase apoptosis are also shown.
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of the EA extract of S. glabra was investigated for a panel of
human cancer cell lines of different histotypes. Five of these
cancer cells were adherent; skin melanoma A375, lung
carcinoma A549, hepatocellular carcinoma HepG2, breast
carcinoma MCF-7, and prostate carcinoma PC-3; and one
was in suspension, acute promyelocytic leukemia HL-60.
Values of IC, i.e. the concentration of the extract required
to inhibit cell growth by 50% of the control level, for each of
these cancer cells was estimated from the corresponding
concentration-and-growth-inhibition plot. The ICy, values
after 48 h of treatment are shown in Table I. It seemed that
the growth-inhibitory effect of the EA extract was selective
as it did not retard growth of the lung and prostate cancer
cells (IC5,>1000 g g/ml). On the other hand, of all the cancer
cell lines tested in this study, HL-60 was found to be the
most responsive (IC5,=58 ug/ml), compared to the others
(IC5>170 pg/ml). Therefore, mechanisms for the growth
inhibition were further investigated in the leukemic cell line.

The EA extract induces S phase arrest followed by apoptosis
in HL-60 cells. To investigate the mechanisms for growth
inhibition, HL-60 cells were incubated with the extract at
ICy, for 24-96 h. Cells in different cell cycle phases and in
apoptosis were then determined with DNA-PI flow cytometry.
The extract arrested S phase cells from 24-72 h, accompanied
by decreases in G, phase cells (Fig. 1). Strikingly, cells
undergoing apoptosis with fragmented DNA (appearing as a
subG, peak in the DNA histogram) were observed at 72 h
following the S phase arrest. Furthermore, the number of
apoptotic cells was elevated time dependently, so that they
were increased by 4-fold of the control level at 72 h and by
35-fold at 96 h of treatment.

The pro-apoptotic activity of the EA extract of S. glabra
was further confirmed by using annexin V/PI flow cytometry.
At 48 h of treatment with EA extract at IC,,, early-phase
apoptotic cells were elevated by 330% and late-phase
apoptotic cells (or necrotic cells) were increased by 70% of
the control levels (Fig. 2a and b). Comparable to the above
DNA study, results from the annexin study also illustrated
that the pro-apoptotic activity of the extract was time-
dependent, so that the early- and late-phase apoptotic cells at
72 h of treatment were increased by 2210% and 593%,
respectively (Fig. 2¢ and d).

The EA extract elevates pro-apoptotic Bax/Bcl-2 ratio in HL-60
cells. Pro-apoptotic Bax and anti-apoptotic Bcl-2 are two
members of the Bcl-2 family that regulate the mitochondrial
pathway in apoptosis (12). These proteins interact so that
their relative abundance has been implicated in the
sensitization of leukemic cells to apoptotic stimuli (15). In
this study, Bax and Bcl-2 protein levels in HL-60 cells were
measured semi-quantitatively with immunoblotting and
densitometry. At 48 h of treatment with EA extract at ICs,
bel-2 was down-regulated by 13% and bax was up-regulated
by 65% so that the pro-apoptotic Bax/Bcl-2 protein ratio was
elevated by 90%, compared to the control (Fig. 3). Although
the extract did not continue up-regulating Bax expression at
72 h, Bcl-2 protein was down-regulated prominently by
>63%, so that the bax/bcl-2 ratio was elevated dramatically
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Figure 3. Effects of the EA extract on Bcl-2 and Bax expression in HL-60
cells. The leukemic cells were incubated in the absence, i.e., control, or in the
presence of the EA extract at ICy, for 48 and 72 h. Anti-apoptotic Bcl-2 and
pro-apoptotic Bax proteins in the cell lysate were then measured semi-
quantitatively with immunoblotting and densitometry. (Panel A) The extract
mildly up-regulated Bax and down-regulated Bcl-2 protein at 48 h, followed
by prominent depletion of Bcl-2 protein only at 72 h. B-actin was also
measured for normalizing expression of other proteins. Densitometric
readings of the Bax and Bcl-2 protein bands are also shown. (Panel B) Based
on the readings from densitometry, pro-apoptotic Bax/Bcl-2 protein ratio
was also calculated, showing that the extract might up-regulate this ratio to
sensitize the leukemic cells to apoptotic stimuli. Results are expressed as
mean + SD of three independent experiments. “p<0.05 and **p<0.01, compared
to the corresponding time control by Student's t-test.

by >178% of the control level. Therefore, induction of
apoptosis in HL-60 cells at 48 and 72 h of treatment with the
EA extract of S. glabra was associated with elevation of the
pro-apoptotic Bax/Bcl-2 protein ratio, suggesting that the
extract may up-regulate the ratio to sensitize the leukemic
cells to apoptotic stimuli.

Discussion

The efficacy of traditional Chinese medicine (TCM) is beyond
doubt, since it has been used clinically for thousands of years
in China for treating various kinds of diseases. However, the
lack of scientific proof on the mode of action of TCM has
become the major impediment in its modernization and
introduction to the western countries. Therefore, analysis of
the bioactive ingredients and elucidation of the mechanisms
involved in TCM therapies are crucial in paving the road for
developing new pharmaceuticals from TCM.

Sarcandra glabra is an important herb used in TCM
formulations. With reported anti-tumor, anti-inflammatory
and anti-viral activities (2-6), S. glabra has recently been
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refined and developed as an over-the-counter pharmaceutical
and nutraceutical in China (2). In addition to its efficacy
toward various diseases, S. glabra was proven to be non-toxic
with acute toxicity, murine sperm malformation, and Ames
tests (3). However, the modes of action for its anti-tumor and
other pharmacological properties are still largely unknown.
Therefore, before S. glabra is further developed as an anti-
tumor agent, the anti-tumor activities and mechanisms of its
bioactive ingredients should firstly be elucidated.

We demonstrated in this study for the first time that the
EA extract of S. glabra retarded the growth of cancer cells
selectively; of all the human cancers of different histotypes
tested in this study, leukemic HL-60 was found to be the most
responsive to the growth inhibition. The DNA study further
illustrated that the extract seemed to interfere with DNA
replication and thus arrested cell cycle progression at S phase
in the leukemic cells, followed by apoptosis induction. The
pro-apoptotic activity of the EA extract of S. glabra was
further evidenced by the loss of phospholipid asymmetry in
the plasma membrane of the leukemic cells. Apoptosis is a
control mechanism that regulates the balance between cell
proliferation and cell death for achieving normal tissue
homeostasis (25). Defects in apoptotic pathways have been
identified as one of the major causes of malignancies (7,26).
Many contemporary anti-cancer approaches, such as radio-
therapy, chemotherapy, and immunotherapy, exert their
therapeutic actions through apoptosis mediation in the target
cells (27). The initiation of apoptosis is functionally
characterized by the mitochondrial membrane permea-
bilization (MMP), in which both Bcl-2 and Bax have played
crucial roles. Bcl-2 is an anti-apoptotic, membrane-associated
protein that is present in the endoplasmic reticulum and the
nuclear and outer mitochondrial membranes. It participates in
the formation of transient pore complex and protects cells
from apoptosis induced by survival factor removal and
cytocidal effects of a variety of toxic agents by stabilizing the
mitochondrial membrane via the formation of Bcl-2
homodimers (19,28). Bax, on the contrary, stimulates release
of apoptogenic molecules from mitochondria either by
heterodimerizing with bcl-2 and thereby hinders the
stabilizing effect of Bcl-2 homodimers on the mitochondrial
membrane, or by direct induction of MMP (20,21). The
released apoptogenic molecules, such as cytochrome c, AIF,
and EndoG, initiate the apoptotic cascades, leading to the
various biochemical and morphological changes in apoptotic
cells (15). Therefore, the relative abundance of Bax and Bcl-
2 proteins determines the cellular sensitization to apoptotic
stimuli (12,15). Our results showed that the EA extract of S.
glabra induced elevation of the pro-apoptotic Bax/Bcl-2
protein ratio at the time of or prior to the loss of phospholipid
asymmetry and DNA fragmentation in the apoptotic cells,
suggesting that the bioactive ingredients in the extract might
have induced MMP and the release of apoptogenic molecules
from mitochondria. The leukemic cells were thus sensitized
and apoptosis was induced.

In conclusion, our findings support the previous report that
the anti-cancer activity of S. glabra is particularly prominent
on leukemia (3). Results from this scientific study further
show that the bioactive ingredients in EA extract of S. glabra
may exert an anti-cancer effect at least by inducing cell cycle
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arrest and apoptosis. In order to identify the actual
efficacious components, further purification of the bioactive
ingredients in EA extract should be performed. Further
elucidation of the apoptosis signaling pathways can also help
to depict the modes of action of S. glabra for its anti-cancer
property. Although S. glabra has been previously shown to
be non-toxic (3) and its EA extract was found in this study to
have selective growth inhibitions on certain human cancers
only, preclinical studies are still required to evaluate its
toxicity to animals and to normal human tissues before it is
clinically introduced for treating cancers.
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