Nguyen and Ho-Huynh BMC Complementary and Alternative Medicine (2016) 16:220
DOI 10.1186/512906-016-1212-2 BMC Complementary and

Alternative Medicine

Selective cytotoxicity of a Vietnamese @
traditional formula, Nam Dia long, against
MCF-7 cells by synergistic effects
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Abstract

Background: Nam Dia Long (NDL) is a Vietnamese traditional formula used for the treatment of some chronic
diseases, including cancers, but which lacks evidence-based support. We investigated the selective cytotoxicity of
NDL on some tumor cell lines and possible interactions among its ingredients leading to the overall activity.

Methods: Crude aqueous extracts of NDL, its ingredients including Vigna radiata (L.) Wilczek, Vigna unguiculata (L)
Walp. subsp. unguiculata, Sauropus androgynous (L) Merr and different ingredient combinations were used for the
treatment of MCF-7, Hep G2, NCI-H460 cells and normal fibroblasts. The ICsq of NDL on tumor and normal cells
were determined by sulforhodamine B (SRB) assay and used to calculate a selectivity index (SI). Apoptosis induction
activity of NDL was determined by acridine orange - ethidium bromide (AO-EB) staining, genomic DNA and cell
cycle analysis. The combination index (Cl) reflecting the types of interactions among ingredients was calculated
based on the median-effect principle. Real-time cell growth monitoring by the xCELLigence system was used to
determine the kinetic profile of the treated MCF-7 cells.

Results: NDL exerted cytotoxicity on all tumor and normal cells, with the highest effect on MCF-7 cells. SI values for
MCF-7, Hep G2 and NCI-H460 were 645, 1.61 and 1.29, respectively, indicating a high selective cytotoxicity of NDL
toward MCF-7 cells. Profiles of cell death differed for MCF-7 cells and fibroblasts suggesting different mechanism of
action of NDL toward these two cell types. The cytotoxicity of NDL against MCF-7 cells was due to apoptosis
induction. NDL caused a cell cycle non-phase-specific effect on MCF-7 cells. Cl indicated synergistic interactions
among the ingredients leading to the overall activity of the complete formula. The real-time monitoring of MCF-7
cells growth after being treated with NDL and three-component combinations suggested that the presence of all
ingredients was needed to reach the full cytotoxic activity. The growth kinetic profile of MCF-7 cells treated with
different combinations also indicated a synergistic effect of all ingredients.

Conclusion: NDL exhibited selective cytotoxicity toward MCF-7 cells. This effect probably resulted from synergistic
interactions among the NDL ingredients. NDL should be explored for breast cancer treatment.
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Background

Vietnamese traditional medicine (VIM) is fully integrated
into national healthcare and plays an important role in
Vietnamese society. It is particularly indispensable for low-
income people and those living in rural areas with limited
or no access to Western medicine. Approximately 30 % of
Vietnamese patients are treated with traditional medicine
[1]. VIM has been strongly influenced by traditional
Chinese medicine and shares the same holistic approach
of Oriental medicine. The underpinning philosophy is to
use mixtures of ingredients in one formulation to address
different targets in the body to not only treat the disease
but also regulate homeostasis. Therapeutic effects of
multi-ingredient formulations result from interactions
among these ingredients, which can be synergistic, additive
or antagonistic [2]. A synergistic effect could have the ad-
vantage of reducing dose-related side effects while main-
taining biological efficacy. Cancer, as a multifactorial
disease, may benefit from this holistic approach.

NDL, a VIM formula, is empirically prescribed for
some cancers and arthritis. It is composed of earthworm
(Pheretima aspergillum), mung bean (Vigna radiata (L.)
Wilczek), black bean (Vigna unguiculata (L.) Walp. subsp.
unguiculata), and sweet leaf (Sauropus androgynous (L.)
Merr.). Earthworm has antithrombotic, anticancer, wound
healing, neuron regeneration, and anti-asthmatic activities
[3-5]. Condensed tannins from black bean inhibit prolif-
eration and migration of some tumor cell lines [6]. Flavo-
noids and polyphenols from mung bean seeds and sprouts
have antidiabetic, antihypertensive, antitumor, antioxidant,
anti-inflammatory, and immunomodulatory activities
[7-9]. Sweet leaf, a widely-consumed leaf vegetable in
Asia, exhibits cell toxicity through apoptosis and necro-
sis [10, 11]. There is no report on the combinatory ef-
fect of the complete formula for cytotoxicity and
antiproliferative effects on tumor cell lines.

In this study, we used the combination index - isobo-
logram equation, based on the median-effect principle,
to quantitatively analyze the interactions among ingredi-
ents of NDL that generated cytotoxic effects on some
tumor cell lines and normal fibroblasts. Based on ICjy,
values of each individual extract, we calculated the CI to
evaluate the nature of interactions among these extracts.

This investigation had two purposes. First, we deter-
mined the cytotoxic and antiproliferative activities of
NDL and its ingredients on some tumor cell lines and
normal fibroblasts. Second, we analyzed the interactions
of these ingredients leading to the ultimate cytotoxic ac-
tivity of the formula.

Methods

Preparation of NDL and its ingredients

NDL was composed of four ingredients, all in the form of
dried materials: earthworm (Pheretima aspergillum - Pa)
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10 g, mung bean seed (Vigna radiata (L.) Wilczek - Vr)
20 g, black bean seed (Vigna unguiculata (L.) Walp. subsp.
unguiculata - Vu) 20 g and sweet leaf (Sauropus androgyn-
ous (L.) Merr. - Sa) 40 g. All of these ingredients were
identified by and obtained from the Traditional Medicine
Hospital HCMC (Ho Chi Minh City, Vietnam). A water
decoction was produced for clinical use in the Traditional
Medicine Hospital HCMC. In this study, a quantity of
NDL and each of the ingredients equivalent to ten times
the normal dosage was soaked in water for 20 min, boiled
for 3 h in an automatic herbal extractor to obtain aqueous
extracts at a concentration of 1 mg raw material/mL, and
lyophilized to obtain the dried powder. The extracts yield
of NDL, Pa, Vr, Vu, and Sa was 0.08, 0.03, 0.04, 0.03 and
0.03 g/g of dried material, respectively. Dried powders
were stored at —80 °C. Before use, powders of NDL, Pa,
Vr, Vu, and Sa were dissolved in distilled water and
0.2 um filter sterilized.

Chemical fingerprint analysis by high performance liquid
chromatography (HPLC)

The method was set up as described previously [12]. Ex-
tracts of NDL and the four ingredients (100 mg) were
dissolved in HPLC grade methanol (100 mL) and filtered
through a SPE filter to remove undissoved matters. The
extracts were then eluted with methanol and recovered
after methanol elimination by a rotary evaporator. The
recovered extracts were dissolved in double distilled
water at a concentration of 30 mg/mL for HPLC ana-
lysis. The analysis was carried out on a Shimadzu HPLC
system with a SPA-M20A PDA detector. The separation
was performed on a C-18 column (150 mm x 4.6 mm,
5 pm. Supelcosil™, LC-18). The mobile phase consisted
of 1 % acetic acid in aqueous solution (A) and 1 % acetic
acid in methanol solution (B). The gradient elution pro-
gram was set as follows: 0 min, 90:10 (A:B); 24 min,
40:60 (A:B); 26 min, 0:100 (A:B); 31 min, 0:100 (A:B);
33 min, 90:10 (A:B); 40 min, 90:10 (A:B). The injection
volume was 20 pl and the flow rate kept at 1.0 mL/min.
Column temperature was set at 30 °C and the wave-
length used for detection was 300 nm. All HPLC ana-
lyses were performed at least three times.

Cell lines and cell culture

NCI-H460 (HTB-177), MCEF-7 (HTB-22) and Hep G2
cells (HB-8065) were purchased from the American
Type Culture Collection (Manassas, Rockville). Cells
were cultured at 37 °C and 5 % CO, in Eagle’s Minimal
Essential Medium (EMEM) supplemented with 10 % (v/
v) FBS (Sigma), 2 mM L-glutamine (Sigma), 20 mM
HEPES (Sigma), 0.025 pg/mL amphotericin B (Sigma),
100 IU/mL penicillin G (Sigma), and 100 pg/mL strepto-
mycin (Sigma). Cells used in this study were between
passages 4 and 20.
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Primary fibroblast culture

The method was performed as previously described with
some modifications [13]. Fresh adult foreskins were col-
lected from a healthy male donor at the Department of
Andrology in Binh Dan Hospital. The donor donating
tissue gave written informed consent, and this study was
approved by the ethical committee for biomedical re-
search of the Vietnam National University, Ho Chi Minh
city (Ref. 1387 QD-DHQG). The hospital obtained writ-
ten informed consent from the donor, giving permission
to collect his tissue and use for research purpose. Samples,
stored in PBS, were cut into small pieces of 2—-3 mm x
5 mm and incubated with 0.2 % (w/v) collagenase (Sigma)
at 37 °C for 2 h. The cell suspension was then filtered
through a cell strainer (70 pum). After centrifugation at
200 x g, 10 min, cell pellets were collected and resus-
pended in Dulbecco’s Modified Eagle Medium:nutrient
mixture F12 (DMEM/F12) (Gibco). Cells were cultured in
DMEM/F12 supplemented with 10 % (v/v) FBS, 20 mM
HEPES, 0.025 pg/mL amphotericin B, 100 IU/mL penicil-
lin G, 100 pg/mL streptomycin at 37 °C, 5 % CO,. Normal
primary fibroblasts were identified through morphological
observation and anti-vimentin/anti-cytokeratin 19 anti-
bodies (Sigma) staining. Fibroblasts used in this study
were between passages 2 and 5.

SRB assay

The assay was performed as previously described with
some modifications [14]. Cells, seeded at a density of
10,000 cells/well (MCF-7, Hep G2) or 7,500 cells/well
(NCI-H460) in 96-well plates, were cultured for 24 h be-
fore being incubated with NDL or its ingredients at dif-
ferent concentrations for 48 h. Treated cells were fixed
with cold 50 % (w/v) trichloroacetic acid (Merck) solu-
tion for 1-3 h, washed, and stained with 0.2 % (w/v)
SRB (Sigma) for 20 min. After five washes with 1 %
acetic acid (Merck), protein-bound dye was solubilized
in 10 mM Tris base solution (Promega). Optical density
values were determined with a 96-well micro-titer plate
reader (Synergy HT, Biotek Instruments) at the wave-
lengths of 492 nm and 620 nm. The percentage of
growth inhibition (Inh %) was calculated according to
the formula: Inh % = (1-[ODt/ODc] x 100) %, in which
ODt and ODc are the optical density value of the test
sample and the control sample, respectively. Camptothe-
cin (Calbiochem) was used as a positive control.

Selectivity index (SI)
The degree of selectivity of the cytotoxic extracts was
expressed as SI = ICs, in normal cells/ICsq in tumor cells.

Isobologram analysis
The combinatory effect of NDL ingredients was deter-
mined based on the median effect principle analysis of
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Chou and Talalay (2006) [15]. Based on serial concentra-
tions and the corresponding Inh % of NDL and the four
ingredients, CI were calculated with the CompuSyn pro-
gram (www.combosyn.com). CI<1, CI=1 and CI>1
corresponded to synergistic, additive and antagonistic ef-
fects, respectively.

Genomic DNA analysis

Cells were seeded in 10 cm dishes at a density of 2 x 10°
cells/dish for 24 h and incubated with NDL at the ICs,
concentration. After 60 h incubation, cells were trypsi-
nized, washed and lysed in buffer containing 10 mM
Tris (pH 7.4), 10 mM EDTA, 0.2 % Triton X100. After
centrifugation at 14,000 x g for 20 min, cells were incu-
bated with RNase A (100 pg/mL) for 30 min at 37 °C.
DNA was extracted by phenol:chloroform and precipi-
tated in cold ethanol overnight at —20 °C. The DNA pel-
let was dissolved in TE buffer (10 mM Tris, pH 8.0;
0.1 mM EDTA), analyzed in 2 % agarose gel and visua-
lised by EB staining.

AO/EB double staining

Cells seeded in 6-well plates (2x 10> cells/well) were
grown at 37 °C, 5 % CO, for 24 h. Cells were then
treated with NDL at the ICs, concentration. After 60 h
treatments, cells were washed with PBS and stained with
a solution of AO-EB (100-100 pg/mL). Cell morphology
was observed by fluorescence microscopy.

Cell cycle analysis by flow cytometry

MCEF-7 cells were seeded at a density of 2 x 10° cells/
dish in 10 cm dishes. After 24 h growth, cells were incu-
bated with NDL at the ICs, concentration for 24, 36, 48,
or 60 h. Cells were then harvested, washed and fixed
with 70 % ethanol for at least 2 h. The cell cycle profile
was analyzed at 10,000 events by the BD Accuri C6 flow
cytometer (BD Biosciences). Propidium iodide (5 pg/mL)
was used for DNA labeling. Vinblastine (Sigma) was
used as a positive control.

xCELLigence assay

Real-time analysis of cell proliferation was performed
with the xCELLigence system (Roche Applied Science).
MCE-7 cells and fibroblasts were seeded at a density of
6 x 10? cells to each well of 96-well E-plates and allowed
to settle for 30 min at room temperature. E-plates were
then placed in the RTCA DP in a humidified incubator
at 37 °C with 5 % CO,. After 24 h, extracts of NDL or
its ingredients at concentrations corresponding to the
ICs5 of the NDL formula were added to the wells. Cell
index was measured every 2 min for 30 sweeps, then
every 30 min for 96 sweeps and finally every hour for
100 sweeps. Plotted curves represented mean values of
two measurements per well. The Inh % was calculated
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according to the formula: Inh % = (1-[Cit/Cic] x 100) %,
where Cit and Cic were the cell index value of the test
sample and the control sample, respectively, which were
normalized to their cell index values at 24 h.

Statistical analysis

Data were represented as means + standard error (n > 3).
The Kruskal-Wallis test followed by the Dunn’s test were
used for the analysis of NDL cytotoxicity on tumor and
normal cells (Table 1). The Student’s ¢ test was used for
the cell cycle phases analysis of MCF-7 cells (Table 2)
(Graphpad Prism software). A p-value <0.05 was ac-
cepted as a statistically significant difference.

Results

Cytotoxicity of NDL on three tumor cell lines and normal
fibroblasts

The quality control of NDL and its ingredients was per-
formed through the generation of fingerprint chromato-
grams by HPLC (Fig. 1). Fingerprint determination was
repeated at least three times. Extracts of NDL, and its
ingredients including earthworm (Pa), mung bean (Vr),
black bean (Vu) and sweet leaf (Sa) showed similar LC
profiles among the three batches tested, suggesting re-
producibility in the preparation technology and the qual-
ity of the medicinal materials.

The cytotoxicity of NDL on MCF-7, Hep G2 and NCI-
H460 cell lines and fibroblasts was determined by SRB
assay. Among tumor cells, MCF-7 was the most sensitive
to NDL, followed by Hep G2 and NCI-H460 (Table 1). Fi-
broblasts exhibited less sensitivity to NDL compared to
tumor cells (Table 1). SI values determined for MCF-7,
Hep G2 and NCI-H460 vs normal fibroblasts were 6.45,
1.61, and 1.29, respectively.

We used the xCELLigence system for real-time moni-
toring of cell growth to further understand the selective
cytotoxicity of NDL on MCF-7 cells. This real-time sys-
tem recorded cell response to treatment in terms of pro-
liferation and phenotypic changes, such as spreading or
detachment. Based on the temporal effect of compounds
on cell growth, the real-time analysis could eventually pro-
vide predictive mechanistic information. We performed
analysis on MCF-7 cells, the most sensitive cell line, and
fibroblasts treated with different concentrations of NDL.
At a concentration of 4.3 mg/mL of NDL, MCF-7 cells

Table 1 Cytotoxicity of NDL on three tumor cell lines and
fibroblasts

MCF-7 Hep G2 NCI-H460  Fibroblast
ICs0 (Mg/mL) 063 +£0.03 **#) 255+0.19* 3.15+0.14 4.07+039
Sl 6.45+052 1.61+£027 1.29+0.15 1

Each value represents mean + SD (n = 6). The statistical differences of IC50 value
between cell lines were analyzed by the Kruskal- Wallis test followed by the
Dunn'’s test. *p<0.05 and ***p<0.001 vs fibroblast, while #p<0.001 vs NCI-H460
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and fibroblasts exhibited a drop of cell index value to near
to 0, corresponding to total cell death or detachment. At
concentrations below 4.3 mg/mL, short-term analysis of
treated MCF-7 cells showed an immediate increase of cell
index value over a few minutes (Fig. 2a), which was not
observed on control cells. This rapid response of treated
MCE-7 cells was probably due to physiological changes of
the cells rather than proliferation. On the contrary, treated
fibroblasts exhibited a cell index decrease during this
period. Long-term monitoring of cell growth for more
than 100 h showed a clear cytostatic profile of fibroblasts
treated with NDL at concentrations under 4 mg/mL
(Fig. 2b). During this period, MCF-7 cells treated with the
same concentrations of NDL maintained a slight increase
of cell index value until approximately 48 h after treat-
ment, followed by a cell index decrease to 0 at about 90 h
after treatment.

NDL induced apoptosis on MCF-7 cells

To determine the type of cell death, we performed gen-
omic DNA analysis, cell cycle analysis by flow cytometry
and fluorescence microscopy with AO-EB double-staining
on MCEF-7 treated with NDL. After 60 h treatment, MCF-
7 cells exhibited some characteristics of apoptosis. Treated
cells showed nuclear condensation and fragmentation
(Fig. 3a). Genomic DNA analysis revealed a specific “DNA
laddering” pattern (Fig. 3b). A sub-G1 peak was clearly
observed on the DNA histogram from MCEF-7 cells
treated with NDL (Fig. 3c). Results showed significant re-
duction of the percentage of treated cells in G1, S and G2/
M phases compared to control cells, which suggested a
non-phase-specific cell cycle arrest (Table 2).

Interactions among ingredients leading to the ultimate
cytotoxic effect of NDL formula

To identify the type of interactions among ingredients lead-
ing to the cytotoxicity of the complete formula, we deter-
mined CI values based on the median effect principle
method of Chou and Talalay [15]. First, the Inh % on MCEF-
7 cells, corresponding to the effect levels (or Fa (fraction af-
fected)) of different concentrations of NDL and the four in-
gredients was determined by SRB assay. The range of Fa
determined was from Fa=0.3 (ICz) to Fa=0.8 (ICg). CI
values corresponding to different Fa were then calculated
with the CompuSyn program and the Fa - CI plots were
generated (Fig. 4). CI values < 1 were observed for Fa 0.3—
0.6. CI > 1 were determined for Fa=0.7 and 0.8. All experi-
ments were repeated three times.

To analyze the contribution of each ingredient in NDL
cytotoxicity, NDL at the concentration of I1Cs, each in-
gredient, ten different two- and three-ingredient combi-
nations were prepared for MCF-7 cells treatment. All
the ingredients, in separated or mixed form, had a con-
centration equivalent to the ICsy concentration of NDL.
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Table 2 Percentage of control and treated MCF-7 cells in cell cycle phases

Percentage of cells in cell cycle phases

Sub-G1 G1 S G2/M
24 h Control 1.39+137 3468+377 2213+046 26.36+2.38
NDL 062 +0.04 32.74+073 23.76 +2.06 2411211
36 h Control 081+063 4726173 2206+ 2.11 19.56 £ 141
NDL 3.18+0.78* 49.08 =342 2126+0.22 1693 £155
48 h Control 064+047 50.00+1.49 21.04+247 16.77 £1.25
NDL 5.04 £0.90** 54.87£226 1597 £379 1523621
60 h Control 390+288 59.27 £167 17.08 £0.68 1467 £0.31
NDL 3538 £ 226" 4047 £ 1.33%%* 13.05£1.61% 8.50 £ 0.34%*

Each value represents the mean + SD (n = 3). The statistical differences between the treatment and control were analyzed by the two-tailed paired Student’s t-tests

(* < 0.05, **p < 0.01; **p < 0.001)

NDL exerted a clear inhibitory effect that was not
observed for each ingredient (Table 3, Fig. 5). CI values
calculated for NDL, two-, and three-ingredient combina-
tions showed that NDL and six combinations (Sa-Vr, Vr-
Pa, Vu-Pa, Sa-Vr-Pa, Sa-Vr-Vu, Vr-Vu-Pa) benefited
from synergistic interactions of the components with
NDL exhibiting the strongest effect. Interestingly, six out
of the seven combinations exhibiting synergistic effects
contained mung bean (Vr) (Table 3).

Real-time monitoring of cell growth showed different
kinetic profiles of MCF-7 cells treated with NDL and with
combinations lacking one of the four ingredients (Fig. 6).
The kinetic profile of cell growth can be divided into three
phases. During the first phase that lasted about 20 h after
treatment, MCE-7 cells treated with NDL, the separate in-
gredients and all three-ingredient combinations exhibited
a similar cell index increase as the control cells. During

the second phase, the ingredients alone and the combin-
ation Vr-Vu-Pa showed a similar kinetic profile to the
control cells whereas NDL and the three other three-
ingredient combinations exhibited a cytostatic profile. The
percentage of the inhibitory effect of NDL was remarkably
higher than any of its ingredients (Fig. 6a) or combina-
tions (Fig. 6b). Combinations without sweet leaf (Sa) had a
delayed and more diminished cytotoxicity than other
combinations. Combinations without earthworm (Pa)
showed a significant diminution of inhibitory effect com-
pared to the complete formula, but this was not as pro-
nounced as for the other three-ingredient combinations.
The combination without sweet leaf (Sa) gave the lowest
inhibitory effect compared to other combinations (Fig. 6b).
The onset of the last phase that was characterized by a de-
crease cell index varied depending on the combinations
and ended by a cell index value near to 0.
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Discussion

Cancer is a world-wide health issue, with growing inci-
dence due to increased industrialization and changes of
environmental conditions, including lifestyle. Sophisti-
cated methods based on chromatographic separation are

chemistry generates numerous synthetic chemicals for an-
ticancer purposes. However, only a few clinically signifi-
cant chemotherapeutic agents were discovered through
large screening projects, and the development of synthetic
drugs that have both efficacy and low toxicity were rela-

used for isolation of pure anticancer substances from tively inefficient, though extremely costly [16]. A totally

natural sources. On the other hand, combinatorial different approach, represented by various traditional
a b c
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Fig. 3 Apoptotic characteristics of MCF-7 cells treated with NDL. MCF-7 cells were treated with NDL at ICs, for 60 h. Morphological characteristics
of treated cells were observed by AO-EB double staining. Arrowhead indicated nuclear condensation; full arrows indicated nuclear fragmentation
(a). Genomic DNA fragmentation was analyzed by 2 % agarose gel electrophoresis (b). DNA histogram analyzed by flow cytometry revealed a
Sub-G1 peak (c)
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medicine systems, including VTM, assumes that maximal
therapeutic efficacy can be obtained through complicated
interactions among all ingredients of a formulation. These
interactions can be synergistic, additive or antagonistic to
each other aiming at reducing adverse side-effects, or en-
hancing and prolonging the therapeutic process [1, 17].
Since cancer is a multifactorial and highly heterogeneous
disease, polychemotherapy, such as multi-ingredient for-
mulations, is considered to be more active than single
agent treatment [2, 17]. In this study, NDL and its four in-
gredients were prepared as aqueous extracts, since in
VTM the most frequent administration form is aqueous

Table 3 Cytotoxicity of NDL, each ingredient and two- or three-
ingredient combinations on MCF-7 cells

Inh % Cl of
xCELLigence SRB Fa=05
NDL 7888 +2.17 3541 +417 055
Pa 484202 7484038
VU ~662+060 2764213
vr 7394021 4324194
sa 1706+ 236 477001
Sa-Pa 2221+ 146 0124439 164
Sa-Vu 23554292 510076 135
Sa-Vr 21,56+ 970 263+ 104 041
Vi-Pa 12314136 4264304 051
ViVu 296+ 255 536+096 121
Vu-Pa 1173+288 2313410 092
Sa-Vu-Pa 2980+316 107179 117
Sa-Vi-Pa 29444595 ~081+223 078
Sa-ViVu 45314475 030+ 194 076
ViVu-Pa 1149+4.13 13474089 073

MCF-7 cells were treated with NDL at the ICso concentration, ingredients and
the combinations at concentrations equivalent to the ICs, of NDL for 48 h.
Cytotoxicity was measured by xCELLigence and SRB assay. Cl of the two- and
three-ingredient combinations were calculated by the Chou-Talalay method
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decoction. We used the median-effect principle of Chou
and Talalay to quantify the effect of combined ingredients
from NDL. The advantage of using this method was that
the determination of synergism, antagonism or additive ef-
fects does not require an understanding of the mechanism
of action of the complete formula or its separate ingredi-
ents [15]. NDL exhibited significantly higher activity com-
pared to the separate ingredients. Cell growth inhibition
by NDL and the four combinations, each lacking one in-
gredient, showed that all ingredients were necessary for
the overall cytotoxic effect, even though they possessed
cytotoxicity at different levels. Sweet leaf (Sa) seemed to
be the leading component for cytotoxicity of NDL, in
agreement with previous reports showing extracts from S.
androgynus induced apoptosis and necrosis on fibroblasts
and endothelial cells [10, 11]. Earthworm (Pa), with its low
cytotoxicity, possibly contributed through another activity.
CI values calculated for NDL concentrations of ICs, to
ICqp values were less than 1, indicating strong and stable
synergistic interactions among all ingredients. At the high
concentration of the ICgy, the NDL ingredients showed
antagonistic interactions. Real-time monitoring of cell
growth showed that MCEF-7 cells treated with NDL exhib-
ited a clear cytostatic profile, different from control cells,
for more than 20 h. During this period, the four ingredi-
ents alone and three-ingredient combinations shared a
kinetic profile similar to the control cells. This suggested a
different mode of action of NDL other than what is
exerted by the single ingredients and the three-ingredient
combinations. As previously reported, biological activities
of a herbal combination resulted from interactions among
the different components rather than from activities of in-
dividual ingredients [18]. Moreover, the mode of action of
a herbal formula could be more or less different from indi-
vidual ingredients, expressed by different profiles of gene
expression of treated cells [19].

In chemotherapy, high cytotoxicity toward cancer cells
with minimal harm to normal cells is the ideal approach.
The selectivity index (SI) reflects the differential cytotox-
icity of a compound against tumor and normal cells.
The greater the SI value of a compound, the more select-
ive it is. An SI value above 2 indicates cytotoxic selectivity
[20]. At the ICsq concentration, NDL cytotoxicity was sig-
nificantly greater on MCF-7 and Hep G2 cells than on
normal fibroblasts. NDL also exhibited higher cytotoxicity
against NCI-H460 than fibroblasts, though the difference
was not significant. The SI values of NDL, calculated from
the cytotoxicity of NDL against normal fibroblasts and
MCE-7, Hep-G2 and NCI-H460 were 6.45, 1.61, and 1.29,
respectively, indicating a highly selective cytotoxic effect
of NDL against MCF-7 cells and a general toxicity to
Hep-G2 and NCI-H460 cells. The high cytotoxicity of
NDL toward MCE-7 cells could be explained partly by the
presence of flavonoids in the NDL ingredients (data not
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shown). The cytotoxicity of flavonoids on breast cancer
cells, such as MCF-7 cells, is closely related to the expres-
sion of estrogen receptors [21]. In an ongoing study, we
showed that NDL upregulated the expression of estrogen
receptor beta (data not published), which was shown to
inhibit human mammary epithelial cell growth [22].
Real-time monitoring of cell growth in the short term
revealed a rapid cell index increase only on MCE-7 cells
after treatment with NDL at a concentration of 4.3 mg/
mL followed by rapid cell index decrease, corresponding
to cell detachment. This kinetic profile resembled the pro-
file generated by thapsigargin, a compound that modulates
intracellular calcium level [23]. The increase of cytosolic
calcium leads to transient changes in cell morphology,
which explains the change of cell index value [24]. Poly-
phenolic compounds induce calcium release and disrupt
mitochondrial function, leading to selective cytotoxicity
toward MCE-7 cells [25]. Long-term monitoring of MCE-
7 cell and fibroblast proliferation showed that they
responded differently to the same concentrations of NDL.
Fibroblasts maintained a better and longer survival rate

compared to tumor cells. The antiproliferative effect of
NDL was expressed through a cell cycle non-phase-
specific as indicated by flow cytometry analysis. When
cells were induced to a cytostatic status, they should re-
solve the situation either by death or by escape from the
growth inhibitory pressure [26]. Treated fibroblasts can
escape the cytostatic effect of NDL, but MCF-7 cells can-
not and underwent apoptosis as a response to NDL treat-
ment. Bioactive substances from each ingredient may
contribute directly to the overall effect. Naringin, a fla-
vonoid from mung bean, was reported to inhibit P-
gp and breast cancer resistant protein, thus improv-
ing drug absorption [27]. Quercetin, found in mung
bean seeds and sprouts, was shown to upregulate
estrogen-binding sites type-II, thus exerting an in-
hibitory effect on MCEF-7 cells even at low concentra-
tion [28]. Interestingly, naringenin, another flavonoid
identified from mung bean, exerts cytotoxic effects on
both estrogen receptor-positive and estrogen receptor-
negative cells, which coexist in most breast cancers
[21]. Breast cancer is the leading cause of cancer-
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related death among women around the world. Over
the last two decades, breast cancer has become the most
frequently diagnosed neoplasm in Vietnamese women
[29]. A specific cytotoxicity toward MCF-7 cells of NDL
could be an interesting perspective to be explored for
breast cancer treatment.

Many Vietnamese plants are recognized as possessing
anticarcinogenic, antiproliferative and cytotoxic activ-
ities. All ingredients of the NDL formula are used for
both nutritional and medicinal purposes. A good per-
spective for investigating this formula was that its ingre-
dients were easily obtainable at low cost, and could be
ingested without severe toxicity to normal cells.

Conclusions

VTM is a fully integrated part of Vietnamese health care
system but its development is hampered by the lack of
evidence-based support. Results from this study pro-
vided some scientific evidence for the cytotoxic effect of
a formulation (NDL) composed of medicinal materials in-
digenous to Vietnam against a breast cancer cell line. The
highly selective cytotoxicity of the NDL formula to MCF-
7 cells may result from synergistic interactions of the four
ingredients. We are currently working on determining the
mechanism of action of the complete formula.

Abbreviations

AO, acridine orange; Cl: combinational index; EB, ethidium bromide; Fa: fraction
affected; Inh %, percentage of growth inhibition; NDL, Nam Dia Long formula;
Pa, Pheretima aspergillum; Sa, Sauropus androgynous (L) Merr; S|, selective index;
SRB, sulforhodamine B; Vr, Vigna radiata (L) Wilczek; VTM, Vietnamese traditional
medicine; Vu, Vigna unguiculata (L) Walp. subsp. unguiculata

Acknowledgements

This study was supported by Vietnam National University (VNU-HCM) (Grant
C2015-18-22). We thank Dr. Nguyen Phuong Nam and Dr. Duong Hong To
Quyen (The Traditional Medicine Hospital HCMC) for providing decoctions of
NDL and its ingredients.

Funding
This study was supported by Vietnam National University (VNU-HCM) (Grant
C2015-18-22).

Availability of data and materials
All data and materials are contained and described within the manuscript.

Authors' contributions

M-NTN designed and carried out the study. T-DH-H participated in the design
of the study and supervised the writing of the manuscript. Both authors read
and approved the final manuscript.

Competing interests
We declare that there were no competing interests regarding the
publication of this study.

Consent for publication
Not applicable

Ethics approval and consent to participate

The donor donating tissue gave written informed consent, and this study
was approved by the ethical committee for biomedical research of the
Vietnam National University, Ho Chi Minh city (Ref. 1387 QB-DHQG).

Page 9 of 10

Received: 2 April 2016 Accepted: 29 June 2016
Published online: 16 July 2016

References

1. Woerdenbag HJ, Nguyen TM, Van Vu D, Tran H, Nguyen DT, Van Tran T, De
Smet PAGM, Brouwers JRBJ. Vietnamese traditional medicine from a
pharmacist's perspective. Expert Rev Clin Pharmacol. 2012,5:459-77.

2. Zhang A, Sun H, Wang X. Potentiating therapeutic effects by enhancing
synergism based on active constituents from traditional medicine.
Phytother Res. 2014;28:526-33.

3. ChuX XuZ Wu D, Zhao A, Zhou M, Qiu M, Jia W. In vitro and in vivo
evaluation of the anti-asthmatic activities of fractions from Pheretima. J
Ethnopharmacol. 2007;111:490-5.

4. Cooper EL, Balamurugan M, Huang CY, Tsao CR, Heredia J, Tommaseo-
Ponzetta M, Paoletti MG. Earthworms dilong: Ancient, inexpensive,
noncontroversial models may help clarify approaches to integrated
medicine emphasizing neuroimmune systems. Evidence-based
Complement Altern Med. 2012;,2012:1-11.

5. Sun Z Earthworm as a biopharmaceutical: from traditional to precise. Eur J
Biomed Res. 2015;1:28-35.

6. Bawadi HA, Bansode RR, Trappey A, Truax RE, Losso JN. Inhibition of Caco-2
colon, MCF-7 and Hs578T breast, and DU 145 prostatic cancer cell
proliferation by water-soluble black bean condensed tannins. Cancer Lett.
2005;218:153-62.

7. Hafidh RR, Abdulamir AS, Bakar FA, Jalilian FA, Abas F, Sekawi Z. Novel molecular,
cytotoxical, and immunological study on promising and selective anticancer
activity of mung bean sprouts. BMC Complement Altern Med. 2012;12:208.

8. Kim D-K Jeong SC, Gorinstein S, Chon S-U. Total polyphenols, antioxidant
and antiproliferative activities of different extracts in mungbean seeds and
sprouts. Plant Foods Hum Nutr. 2012,67:71-5.

9. Tang D, Dong Y, Ren H, Li L, He C. A review of phytochemistry, metabolite
changes, and medicinal uses of the common food mung bean and its
sprouts (Vigna radiata). Chem Cent J. 2014;8:4.

10.  Hashimoto |, Imaizumi K, Hashimoto N, Furukawa H, Noda Y, Kawabe T,
Honda T, Ogawa T, Matsuo M, Imai N, Ito S, Sato M, Kondo M, Shimokata K,
Hasegawa Y. Aqueous fraction of Sauropus androgynus might be
responsible for bronchiolitis obliterans. Respirology. 2013;18:340-7.

11. YuS, Chen T, Chen Y. Apoptosis and necrosis are involved in the toxicity of
Sauropus androgynus in an in vitro study. J Formos Med Assoc. 2007;106(7):
537-47.

12. Stefova M, Stafilov T, Kulevanova S. Flavonoids : HPLC Analysis. In Cazes J,
Eds. Encyclopedia of Chromatography. New York: Marcel Dekker; 2010. p.
882-9.

13. Takashima A. Establishment of fibroblast cultures. Curr Protoc Cell Biol. 2001;
Chapter 2:Unit 2.1.

14.  Skehan P, Storeng R, Scudiero D, Monks A, McMahon J, Vistica D, Warren JT,
Bokesch H, Kenney S, Boyd MR. New colorimetric cytotoxicity assay for
anticancer-drug screening. J Natl Cancer Inst. 1990;82:1107-12.

15. Chou T-C. Theoretical basis, experimental design, and computerized
simulation of synergism and antagonism in drug combination studies.
Pharmacol Rev. 2006;58:621-81.

16.  Ulrich-Merzenich G, Panek D, Zeitler H, Vetter H, Wagner H. Drug
development from natural products: exploiting synergistic effects. Indian J
Exp Biol. 2010;48:208-19.

17. Hsiao WLW, Liu L. The role of traditional Chinese herbal medicines in cancer
therapy—from TCM theory to mechanistic insights. Planta Med. 2010,76:1118-31.

18. Wong AM, Zhang Y, Kesler K, Deng M, Burhenn L, Wang D, Moro A, Li Z,
Heber D. Genomic and in vivo evidence of synergy of a herbal extract
compared to its most active ingredient: Rabdosia rubescens vs. oridonin. Exp
Ther Med. 2010;1:1013-7.

19.  Ulrich-Merzenich G, Panek D, Zeitler H, Wagner H, Vetter H. New perspectives
for synergy research with the “omic’-technologies. Phytomedicine. 2009;16:
495-508.

20. Badisa RB, Darling-Reed SF, Joseph P, Cooperwood JS, Latinwo LM, Goodman
CB. Selective cytotoxic activities of two novel synthetic drugs on human breast
carcinoma MCF-7 cells. Anticancer Res. 2009;29:2993-6.

21, Sak K. Cytotoxicity of dietary flavonoids on different human cancer types.
Pharmacogn Rev. 2014,8:122-46.

22. Treeck O, Lattrich C, Springwald A, Ortmann O. Estrogen receptor beta
exerts growth-inhibitory effects on human mammary epithelial cells. Breast
Cancer Res Treat. 2010;120:557-65.



Nguyen and Ho-Huynh BMC Complementary and Alternative Medicine (2016) 16:220 Page 10 of 10

23.

24.

25.

26.

27.

28.

29.

Roche. xCELLigence System Applications [Internet]. 2016. Available from:
https://www.olsbio.de/media/pdf/Application_Book_09082014_OLS_xs.pdf.
Accessed 30 Mar 2016.

Pavillon N, Benke A, Boss D, Moratal C, Kiihn J, Jourdain P, Depeursinge C,
Magistretti PJ, Marquet P. Cell morphology and intracellular ionic homeostasis
explored with a multimodal approach combining epifluorescence and digital
holographic microscopy. J Biophotonics. 2010;3:432-6.

Hakimuddin F, Paliyath G, Meckling K. Treatment of MCF-7 breast cancer
cells with a red grape wine polyphenol fraction results in disruption of
calcium homeostasis and cell cycle arrest causing selective cytotoxicity. J
Agric Food Chem. 2006;54:7912-23.

Rixe O, Fojo T. Is cell death a critical end point for anticancer therapies or is
cytostasis sufficient? Clin Cancer Res. 2007;13:7280-7.

Kang MJ, Cho JY, Shim BH, Kim DK, Lee J. Bioavailability enhancing activities of
natural compounds from medicinal plants. J Med Plants Res. 2009;3:1204-11.
Piantelli M, Maggiano N, Ricci R, Larocca LM, Capelli A, Scambia G, Isola G,
Natali PG, Ranelletti FO. Tamoxifen and quercetin interact with type I
estrogen binding sites and inhibit the growth of human melanoma cells. J
Invest Dermatol. 1995;105:248-53.

Trieu PDY, Mello-Thoms C, Brennan PC. Female breast cancer in Vietnam: a
comparison across Asian specific regions. Cancer Biol Med. 2015;12:238-45.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central



https://www.olsbio.de/media/pdf/Application_Book_09082014_OLS_xs.pdf

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Preparation of NDL and its ingredients
	Chemical fingerprint analysis by high performance liquid chromatography (HPLC)
	Cell lines and cell culture
	Primary fibroblast culture
	SRB assay
	Selectivity index (SI)
	Isobologram analysis
	Genomic DNA analysis
	AO/EB double staining
	Cell cycle analysis by flow cytometry
	xCELLigence assay
	Statistical analysis

	Results
	Cytotoxicity of NDL on three tumor cell lines and normal fibroblasts
	NDL induced apoptosis on MCF-7 cells
	Interactions among ingredients leading to the ultimate cytotoxic effect of NDL formula

	Discussion
	Conclusions
	show [b]
	Acknowledgements
	Funding
	Availability of data and materials
	Authors' contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	References

