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Abstract:    Objective: Fruit of Phyllanthus emblica Linn. (PE) is widely consumed as a functional food and used as a 
folk medicine due to its remarkable nutritional and pharmacological effects. Mitomycin C (MMC) and cisplatin (cDDP) 
are the most widely used forms of chemotherapeutic drug, but their clinical use is limited by their genotoxicity to normal 
cells. We aimed to determine whether PE has potential to reduce the genotoxicity, while improving the anticancer 
effect, of MMC and cDDP. Methods: Cell proliferation was evaluated using the trypan blue exclusion assay and 
colony-forming assay. Genomic instability (GIN) was measured using the cytokinesis-block micronucleus assay. 
Results: Co-treatment (72 h) with PE at 20–320 μg/ml significantly enhanced the efficacy of MMC (0.05 μg/ml) and 
cDDP (1 μg/ml) against Colo205 colorectal cancer cells (P<0.05), and at 80–320 μg/ml significantly decreased MMC- 
and cDDP-induced GIN and multinucleation in normal colonic NCM460 cells (P<0.05). PE significantly decreased the 
mitotic index (P<0.01), blocked mitotic progression (P<0.05), and promoted apoptosis (P<0.01) in MMC- and 
cDDP-treated NCM460 cells, suggesting that PE-mediated inhibition of mitosis and induction of apoptosis may limit the 
division and survival of highly damaged cells. Also, PE was found to inhibit the clonal expansion of MMC- and 
cDDP-treated NCM460 cells (P<0.05) and decrease the heterogeneity of the surviving clones. Conclusions: PE po-
tentiates the anticancer efficacy of MMC and cDDP, while preventing their genotoxicity and inhibiting clonal expan-
sions of unstable genomes in normal cells. These data suggest that PE has the potential to reduce the risk of sec-
ondary cancers induced by chemotherapeutics. 
 
Key words:  Phyllanthus emblica; Mitomycin C; Cisplatin; Genomic instability; Cytokinesis-block micronucleus assay 
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1  Introduction 
 

Cancer is a major public health problem world-
wide and is the leading cause of death in economi-

cally developed countries (Torre et al., 2015). It has 
been estimated that about 14.1 million new cancer 
cases and 8.2 million deaths occurred in 2012 
worldwide (Torre et al., 2015). Despite our rapidly 
growing knowledge about cancer, its treatment is still 
largely based on the use of chemotherapeutic drugs 
(Cheung-Ong et al., 2013). Mitomycin C (MMC)  
and cisplatin (cis-diamminedichloroplatinum, cDDP) 
were two of the earliest forms of chemotherapeutic 
drug and are still the most widely used (Deans and 
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West, 2011). They crosslink DNA on the opposite 
strands of the double helix and form interstrand 
crosslinks (Cheung-Ong et al., 2013), and subse-
quently block transcription and replication by inhib-
iting DNA strand separation (Deans and West, 2011). 
Therefore, MMC and cDDP can induce cell cycle 
arrest or apoptosis in rapidly proliferating cell popu-
lations. However, since the actions of MMC and 
cDDP are not tumor-specific, they are deleterious to 
normal cells which have a high rate of turnover 
(Aronson, 2010; Cheung-Ong et al., 2013). 

The genotoxicity of MMC and cDDP to normal 
cells has detrimental outcomes for survivors of 
chemotherapy. Long-term exposure to MMC can 
result in transgenerational genomic instability (GIN) 
in mice, raising a concern of delayed transgenera-
tional effects in the children of survivors of anticancer 
therapy (Glen and Dubrova, 2012). Moreover, cDDP- 
induced GIN in normal cells is long-lasting (Dertinger 
et al., 2014) and can promote pro-oncogenic muta-
tions in cancer-chemotherapy survivors. This may 
lead to long-term and delayed side effects such as an 
increased risk of secondary cancers (Kempf and 
Ivankovic, 1986; Travis et al., 1999), and may also 
predispose survivors to various nonmalignant dis-
eases (e.g. reproductive disorders) (van den Belt- 
Dusebout et al., 2007; Meadows et al., 2009). Thus, 
there is an urgent need for new chemoprotective 
agents that can diminish the unwanted genotoxicity of 
chemotherapeutics in normal cells but maintain effi-
cacy against tumors.  

Unfortunately, clinical approaches that aim to 
specifically reduce chemotherapeutics-induced GIN 
are rare (Aronson, 2010; Cheung-Ong et al., 2013) 
and attempts to eliminate genotoxicity by using iso-
lated compounds have largely been unsatisfactory. 
Chinese herbal medicines composed of multiple bi-
ologically active compounds are widely used to 
counteract the side-effects of chemotherapy in pa-
tients being treated for cancer in China (Ruan et al., 
2006; Lam et al., 2010; Li et al., 2013). Phyllanthus 
emblica Linn. (PE, syn. Emblica officinalis Gaertn.) 
of Euphorbiaceae family is a fruiting plant distributed 
in tropical and subtropical areas of India, China, 
Thailand, Indonesia, and the Malay Peninsula. The 
fruit of PE is an important dietary source of vitamin C, 
minerals, and amino acids (Mirunalini and Krishna-
veni, 2010). Moreover, it contains many known me-

dicinally relevant polyphenols such as gallic acid, 
ellagic acid, quercetin, and geraniin. Many parts of 
PE plants, including the fruit, flower, seed, leaf, root, 
and bark, have been widely used in various Asia folk 
medicinal systems for thousands of years. Extracts 
from PE are thought to have numerous beneficial 
properties, including antioxidant, anticancer, anti- 
diabetic, and anti-inflammatory properties, and to 
protect multiple organs, including the brain, heart, 
liver, kidney, and stomach (Luo et al., 2011; Iamsaard 
et al., 2014; Mathai et al., 2015).  

Previously, we found that the extract of PE fruit 
has the potential to suppress proliferation and pro-
mote apoptosis in human colorectal cancer (CRC) 
cells by inducing a catastrophic level of GIN (Guo  
et al., 2013). Meanwhile, PE shows no obvious cy-
totoxicity to normal colon epithelial cells and actually 
protects against the spontaneous GIN in them (Guo 
and Wang, 2016). These results demonstrate that PE 
possesses a high selectivity against cancer cells. 
However, no studies have examined whether PE can 
protect normal human cells from MMC- and cDDP- 
induced GIN. The aim of this study was to address 
this issue by using colon mucosal epithelial cell line 
NCM460 as an in vitro model. The use of colon 
mucosal epithelial cell lines is an appropriate model 
for this study for several reasons: (1) the gastrointes-
tinal tract appears to be the main target organ for the 
toxic effects of chemotherapeutic drugs (Eng, 2010; 
Lam et al., 2010); (2) colon mucosal epithelial cells 
are highly sensitive to the genotoxicity of chemo-
therapeutic drugs due to the intrinsic factors such as 
low ability to repair DNA damage and a higher 
proliferation rate (Aronson, 2010; Cheung-Ong et al., 
2013); and (3) CRC is one of the most common can-
cers in developed countries (Torre et al., 2015) and 
the mucosal layer typically is the origin of CRC and 
GIN is linked to its initiation and progression 
(Lengauer et al., 1997; Li and Lai, 2009). Moreover, 
NCM460 cells were used because they were sponta-
neously immortalized (Moyer et al., 1996). This 
property makes NCM460 valuable in analysis of 
many cellular functions, in particular those related to 
genomic integrity, since virus-transformed cells are 
associated with spontaneous GIN that differs from 
their normal counterpart. 

In this study, we firstly tested the potential of PE 
to enhance the efficacy of MMC and cDDP against 
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Colo205 CRC cells. Secondly, we evaluated the  
inhibitory effects of PE on MMC- and cDDP- 
induced GIN and multinucleation in NCM460 cells. 
Thirdly, we investigated the effects of PE on the 
mitotic index, mitotic progression, and apoptosis 
induction in MMC- and cDDP-treated NCM460 cells. 
Finally, we examined the potential of PE to prevent 
the clonal expansion of genome-damaged NCM460 
cells. 

 
 

2  Experimental methods 

2.1  Preparation of PE extract 

Dried fruits of PE were provided by the Yunnan 
Phytopharmaceutical Co., Ltd. (Kunming, China). A 
sample of 50 g of mashed PE fruit was kept in 500 ml 
of distilled water for 2 h and then boiled for 10 min 
and allowed to cool to room temperature for 30 min. 
This procedure was repeated twice to ensure maxi-
mum extraction. The supernatant was filtered through 
0.45-μm filters (Merck Millipore, MA, USA) and 
concentrated through lyophilisation. A stock solution 
of PE was prepared by dissolving the powder in 
RPMI 1640 medium (Gibco, NY, USA) at 5 mg/ml. 
The solution was filtered through a 0.22-μm pore size 
hydrophilic polyethersulfone membrane (Merck Mil-
lipore, MA, USA) and stored at −20 °C. 

2.2  Chemicals 

MMC and cDDP were purchased from Sigma- 
Aldrich (MO, USA) and dissolved in RPMI 1640 
medium at concentrations of 0.1 and 1.0 mg/ml, re-
spectively. The stock solutions were thawed at 4 °C 
and diluted to the concentration specified for the 
medium immediately before use. 

2.3  Cell line and cell culture 

The NCM460 cell line was obtained from 
INCELL (San Antonio, TX, USA). Colo205 was 
obtained from the Cell Bank of the Kunming Institute 
of Zoology (Chinese Academy of Sciences, Kunming, 
China). NCM460 and Colo205 cells were maintained 
as monolayers in 75-cm2 flasks in RPMI 1640 me-
dium (Gibco, NY, USA) supplemented with 10% (v/v) 
newborn calf serum (Gibco, NY, USA), 1% (v/v) 
penicillin (5000 IU/ml)/streptomycin (5 mg/ml) so-
lution (Gibco, NY, USA), and 1% (v/v) L-glutamine 

(2 mmol/L) (Sigma, MO, USA), and kept at 37 °C in a 
humidified atmosphere containing 5% CO2. 

2.4  Tests of cell viability and colony forming ability 

After treatment, both rounded-up and attached 
cells were harvested by trypsinization and washed 
twice with phosphate buffer saline (PBS, pH 7.2). 
Cell viability was tested by trypan blue exclusion. 
Cell suspensions were stained with trypan blue 
(Boster, Wuhan, China) for 2 min and then counted 
using a hemocytometer. Each experiment was re-
peated twice. Five hundred cells per well (in 6-well 
plates) were seeded in triplicate into fresh medium for 
the determination of colony forming ability. After  
14 d of incubation, colonies were fixed with ethanol, 
stained with Giemsa (San’ersi, Shanghai, China), and 
counted (only aggregates of >30 cells were scored as 
colonies), and their survival was calculated as a per-
centage relative to the untreated control. 

2.5  Cytokinesis-block micronucleus assay 

The cytokinesis-block micronucleus (CBMN) 
assay was performed essentially as described previ-
ously (Guo and Wang, 2016; Guo et al., 2017). 
NCM460 cells were treated by PE alone or in com-
bination with MMC (0.05 μg/ml) or cDDP (1 μg/ml) 
for 72 h. After the treatment periods ended, the me-
dium was aspirated and cells were washed three times 
with PBS. To artificially induce binucleated cells 
(BNCs), the cells were placed in fresh medium con-
taining cytochalasin B (Sigma-Aldrich, MO, USA; 
1.5 μg/ml). The cytochalasin B was rinsed out with 
PBS after a further 24 h and cells were detached from 
plates with trypsin to generate a single-cell suspen-
sion. To ensure accuracy in identifying BNCs, cells 
were centrifuged using of a cytospin apparatus 
(Xiangyi, Hunan, China) at 800 r/min for 5 min to 
glass slides with the final density being kept between 
0.5×105 and 1×105 cells per slide. After drying briefly 
in air, the slides were fixed in 100% methanol at 
−20 °C for 15 min and air-dried. Fixed cells were then 
stained with 5% (v/v) Giemsa (San’ersi, Shanghai, 
China) in PBS (pH 6.8). The slides were destained 
twice in ddH2O and air-dried, and then a cover slip was 
applied. Before scoring, slides were stored protected 
from light. Stained slides were encoded to ensure a blind 
microscopic analysis, and the code was not removed 
until the whole microscopic analysis was finished. 
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To determine the frequency of micronuclei 
(MN), nucleoplasmic bridges (NPBs), or nuclear buds 
(NBs), at least 1000 interphase BNCs with well- 
separated nuclei were scored based on criteria pre-
viously described (Fenech et al., 2003) using an 
Olympus 1000 CX21 microscope (Tokyo, Japan). 
The capacity of PE to reduce MMC- or cDDP-induced 
MN, NPBs, and NBs was calculated according to a 
formula adapted from Waters et al. (1990): R=[A− 
B−(C−D)]/(A−C)×100%, where R is the percentage 
of reduction; A is the frequency of MN, NPBs, or NBs 
after treatment with MMC or cDDP; B is the fre-
quency of MN, NPBs, or NBs after treatment with PE 
and MMC or cDDP; C is the frequency of MN, NPBs, 
or NBs in the negative control; and D is the frequency 
of MN, NPBs, or NBs after treatment with PE. 

In addition, at least 500 cells were scored for the 
nuclear division index (NDI), an estimated measure 
of the proliferative status of the viable cell fraction. 
The NDI was calculated as: NDI=(M1+2M2+3M≥3)/N, 
where M1, M2, and M≥3 represent the number of cells 
with one, two, and ≥three nuclei, respectively, and N 
is the total number of viable cells scored. 

2.6  Analyses of mitotic index and mitotic progression 

Analyses of mitotic index and mitotic progres-
sion were performed essentially as described previ-
ously (Guo et al., 2017). After treatment, both 
rounded-up and attached cells were harvested, cen-
trifuged to slides, fixed, and stained as described 
above. Each slide was coded and scored blindly. Cell 
mitotic activity was assessed by the frequency of 
mitotic figures in 500 randomly counted Giemsa- 
stained nuclei. Mitotic cells with condensed chro-
mosomes were microscopically distinguished from 
interphase cells. For the analysis of mitotic progres-
sion, at least 100 mitotic cells were counted and the 
frequencies of prophases, prometaphase, metaphase, 
and ana-telophase cells were scored.  

2.7  Apoptosis examination and multinucleation 
analysis 

Analysis of apoptosis was performed on the 
same slides prepared for mitotic index analysis. In 
Giemsa-stained cells, nuclei of apoptotic cells were 
conspicuously different from those of viable cells. 
Cells with chromatin condensation and intact cyto-
plasmic and nuclear boundaries as well as cells ex-

hibiting nuclear fragmentation into smaller bodies 
within an intact cytoplasmic membrane were classi-
fied as apoptotic. Multinucleated cells are defined as 
cells with two or more nuclei. The microscopic 
evaluation of the multinucleation index was per-
formed on the same slides as those prepared for mi-
totic index analysis. Mono- and multinucleated cells 
were enumerated in an average of 50 fields counting 
at least 250 cells per slide when viewed at 1000× 
magnification. 

2.8  Statistical analysis 

The differences in observed values between cells 
exposed only to PE, MMC, or cDDP (positive control) 
and the untreated group (negative control), as well as 
between cells exposed to PE plus MMC or cDDP and 
cells treated only with MMC or cDDP were analyzed 
using one-way analysis of variance (ANOVA). First, 
Levene’s test was performed to examine the homo-
geneity of variances among the control and treated 
groups. When a significant effect (one-way ANOVA, 
P<0.05) was detected, post-hoc tests were then  
applied: Tukey’s test was used when the assumption 
of equality of variances held (P>0.05), and the Dun-
nett T3 test was used otherwise (P≤0.05). Regression 
analysis was carried out to determine the dose- 
response relationship. We considered as being sig-
nificant only differences having a P-value (two-tailed) 
lower than 0.05. All statistical analyses were per-
formed using SPSS 17.0 for windows (SPSS, Chicago, 
IL, USA). 
 
 
3  Results 

3.1  PE enhances the efficacy of MMC and cDDP 
against Colo205 CRC cells 

To obtain clinically relevant doses of MMC and 
cDDP for our studies, CRC cells were treated with 
various doses of MMC and cDDP for 72 h. The re-
sults showed that MMC at 0.05 μg/ml and cDDP at  
1 μg/ml induced an over 80% reduction in Colo205 
growth relative to corresponding controls (P<0.001; 
Figs. 1a and 1b). Because the toxicities of MMC and 
cDDP limit further dose escalation under clinical 
conditions, we chose 0.05 μg/ml and 1 μg/ml to 
mimic the clinically relevant concentrations of MMC 
and cDDP, respectively, for our experiments. 
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To be able to use PE as a co-drug to prevent 
genotoxicity of MMC and cDDP, we firstly needed to 
evaluate its potential effects on the anti-cancer activ-
ity of MMC and cDDP. When Colo205 cells were 
exposed to the combination of PE (20–320 μg/ml) and 
MMC (5 ng/ml) or cDDP (10 ng/ml), greater inhibi-
tion of Colo205 proliferation was evident compared  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

to cells exposed to PE alone (P<0.05; Fig. 1c). 
Moreover, PE consistently potentiated MMC- or 
cDDP-induced inhibition of Colo205 proliferation 
(P<0.05; Figs. 1d and 1e) at a concentration that had 
no single-agent effect (20 μg/ml). Together, these 
data demonstrate that PE enhances the efficacy of 
MMC and cDDP against CRC cells. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  Effects of mitomycin C (MMC), cisplatin (cDDP), and P. emblica (PE) alone or in combination on cell growth of 
Colo205 cells 
(a, b) Viability of Colo205 cells incubated with indicated doses of MMC (a) or cDDP (b) for 72 h. (c) Viability of Colo205 cells 
treated with PE either alone or in combination with MMC (5 ng/ml) or cDDP (10 ng/ml) for 72 h. (d, e) Viability of Colo205 cells 
treated with MMC (d) and cDDP (e) either alone or in combined with PE (20 μg/ml) for 72 h. Cell viability was expressed as a 
percentage of live cells relative to control cell suspensions treated with only solvent (medium). Cell numbers were determined by 
counting live cells on a hemacytometer with the inclusion of trypan blue. Data represent the mean of three independent experi-
ments±standard error of mean (SEM), n=3. In (c), values that do not share the same letter are considered significantly different 
from each other (P<0.05). In (d) and (e), asterisks represent statistically significant differences from the group treated with MMC 
or cDDP alone: * P<0.05, *** P<0.001 
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3.2  PE protects against MMC- and cDDP-induced 
GIN in NCM460 normal colonic cells 

Because PE at doses beyond 40 μg/ml had 
dominate anticancer potential (Fig. 1c), we focused 
on PE at 80, 160, and 320 μg/ml for the following 
experiments. The effects of PE on MMC- and cDDP- 
induced GIN were investigated by CBMN assay. 
Photomicrographs of the different endpoints of GIN 
scored are shown in Fig. 2. The yields of both MMC- 
and cDDP-induced GIN in the presence or absence of 
PE obtained with the CBMN assay are presented in 
Table 1.  

There was a bell-shaped dose response to MN 
(Fig. 2a), NPBs (Fig. 2b), and NBs (Fig. 2c) when 
NCM460 cells were treated with PE alone (Table 1). 
The frequencies of MN, NPBs, and NBs after expo-
sure to MMC or cDDP were significantly higher than 
those found in corresponding controls (P<0.001). 
These results demonstrate that colon mucosal epithe-
lial cells are highly susceptible to MMC- and cDDP- 
induced GIN. 

The frequencies of MN, NPBs, and NBs in 
samples treated with PE and MMC or cDDP were 
lower than those in cultures treated with MMC or 
cDDP alone (Table 1). In particular, PE at 320 μg/ml 
decreased MMC- or cDDP-induced NPBs and NBs to 
a level comparable to those of the corresponding 
negative controls (medium). In addition, PE could 
protect cells against severe GIN from MMC and 
cDDP. In cDDP-treated cells, 44% of micronucleated 
BNCs harbored two or more MN (Figs. 2d–2f; Table 1). 
This was decreased to less than 22% by 160 and  
320 μg/ml PE (P<0.01; Table 1). PE was also found to 
have potential to reduce the percentages of BNCs 
containing two or more NPBs (Fig. 2g) and nuclear 
fusion (Fig. 2h) in MMC- or cDDP-treated cells 
(P<0.05; Table 1). Moreover, PE had a remarkable 
ability to reduce the frequencies of BNCs simulta-
neously expressing MN and NPBs (P<0.05; Fig. 2i), 
MN and NBs (P<0.05; Fig. 2j), NPBs and NBs 
(P<0.05; Fig. 2k), and MN, NPBs, and NBs (P<0.05; 
Fig. 2l) induced by MMC and cDDP (Table 1). Note 
that PE at 320 μg/ml decreased the frequencies of 
these endpoints to a level comparable to correspond-
ing negative controls (P>0.05). From these results, it 
was evident that co-treatment of NCM460 cells with 
PE and chemotherapeutics led to a significant de-
crease in GIN induced by the latter. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

3.3  PE protects against MMC- and cDDP-induced 
multinucleation in NCM460 cells 

Because multinucleation/polyploidy is a genet-
ically unstable intermediate state that will lead to 
massive GIN in the cell’s offsprings (Storchova and 
Kuffer, 2008), we set out to determine the potential of 
PE for protecting against MMC- and cDDP-induced 
multinucleation. NCM460 cells not treated with 
MMC or cDDP reached a confluence of 90% after  
72 h, with cells showing a typical epithelial-like 
morphology (Fig. 3a). MMC- and cDDP-treated cells  

Fig. 2  Photomicrographs of various endpoints used for 
evaluation of genomic instability in the cytokinesis-block 
micronucleus assay 
Examples of binucleated cells (BNCs) induced by cyto-
chalasin B, containing a micronucleus (MN, a), a nucleo-
plasmic bridge (NPB, b), or a nuclear bud (NB, c) are indi-
cated by arrows. Examples of BNCs with severely damaged 
chromosomes included BNCs containing 2 MN (d), 3 MN (e),
or more than 3 MN (f), as indicated by arrows; BNCs with 2 
NPBs (g) or nuclear fusion (h), as indicated by arrows; and 
BNCs simultaneously harboring MN and NPBs (indicated by 
arrow and arrowhead, respectively; i), MN and NBs (indi-
cated by arrow and arrowhead, respectively; j), NPBs and 
NBs (indicated by arrow and arrowhead, respectively; k), or
MN, NPBs, and NBs (indicated by arrow, black arrowhead, 
and white arrowhead, respectively; l). Cells were stained with 
Giemsa, showing DNA in red and cytoplasm in blue (Note: 
for interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article)
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showed enlarged cell and nuclear size, flattened cell 
morphology, and the appearance of multinucleated 
cell forms (Figs. 3a and 3b), indicating the existence 
of binucleate tetraploid/near-tetraploid and multinu-
cleate polyploidy cells, caused by cytokinesis failure. 
When combined with PE, we found that PE signifi-
cantly reduced the generation of BNCs in MMC- and 
cDDP-treated NCM460 cells (P<0.01; Fig. 3c), in-
dicating that PE may reduce MMC- and cDDP- 
induced cytokinesis failure. Moreover, we found that  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PE could significantly prevent NCM460 cells from 
becoming tri- and tetra-nucleated cells upon MMC 
and cDDP exposure (P<0.05; Fig. 3d), suggesting that 
PE may protect against MMC- and cDDP-induced 
multipolar division. 

3.4  PE prevents clonal expansions of MMC- and 
cDDP-treated NCM460 cells 

Besides GIN, the clonal expansion of a genet-
ically unstable cell in a premalignant neoplasm will  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3  Effects of Phyllanthus emblica (PE) on mitomycin C (MMC)- or cisplatin (cDDP)-induced multinucleation
NCM460 cells were incubated with PE alone or in combination with MMC or cDDP for 72 h before the analysis of multinu-
cleation. (a) Representative phase-contrast images of NCM460 cells treated with PE, MMC, cDDP or in combination for 72 h. 
(b) Morphology of NCM460 cells treated with PE, MMC, cDDP or in combination for 72 h. Representative photomicrographs 
of cells stained with Giemsa dye are shown. Note that there are many multinucleated cells in MMC- and cDDP-treated cells 
(arrows). Bars (a and b), 100 μm. Quantification of the binucleation (c) and multinucleation (≥ three nuclei; d) frequency after 
treatment with PE, MMC, cDDP or in combination for 72 h. The symbols “+” and “–” represent cells treated with or without 
the indicated components, respectively. Data represent the mean±SEM from at least three independent experiments. * P<0.05; 
** P<0.01; *** P<0.001 vs. the MMC-treated group; # P<0.05; ## P<0.01; ### P<0.001 vs. the cDDP-treated group 
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have an associated risk of progression to cancer 
(Maley et al., 2004). Thus, we set out to examine 
whether PE could prevent clonal expansion of ge-
netically unstable cells derived from MMC- or cDDP- 
exposure. The colony forming ability of NCM460  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

cells in samples treated with PE alone was not  
significantly different from the control (medium) 
(Figs. 4a and 4b). These data demonstrate that PE at 
doses up to 320 μg/ml did not inhibit the proliferation 
and colony forming ability of NCM460 cells.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4  Effects of Phyllanthus emblica (PE) on the colony-formation ability of mitomycin C (MMC) or cisplatin 
(cDDP)-treated cells 
NCM460 cells were treated with PE alone or in combination with MMC (0.05 μg/ml) or cDDP (1 μg/ml) for 72 h. Five 
hundred cells per well were seeded into fresh medium for 14 d for determining their colony formation ability. (a) Repre-
sentative images of Giemsa-stained colonies formed 14 d after drugs removed. (b) Quantification of the percentage of 
clonogenic survival of the indicated groups. Results shown are the mean±SEM of three independent experiments. Values 
that do not share the same letter are considered significantly different from each other (P<0.05). (c) Representative mor-
phology of colonies from the indicated groups. Bar: 100 μm 
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As expected, the colony forming ability of 
NCM460 cells was significantly reduced (P<0.001) 
by MMC and cDDP, by about 86% and 93%, respec-
tively (Figs. 4a and 4b). These results indicated that 
MMC and cDDP induced a long-lasting cytotoxicity 
to normal cells. However, in cells treated by com-
bined MMC or cDDP and PE, the colony forming  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ability was reduced further as the concentration of PE 
increased (P<0.01; Figs. 5a and 4b). In addition, we 
found that compared to clones formed from control 
cells, clones from MMC- and cDDP-treated cells did 
not compact into a tight sheet but instead formed a 
wide, loose sheet and showed temporal alterations in 
cell morphology associated with profound changes in  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5  Effects of Phyllanthus emblica (PE) on proliferation, mitotic index, and apoptosis of mitomycin C (MMC)- or cis-
platin (cDDP)-treated cells 
NCM460 cells were incubated with PE alone or in combination with MMC (0.05 μg/ml) or cDDP (1 μg/ml) for 72 h before the 
cell viability (a), nuclear division index (b), mitotic index (c), mitotic progression (d), and apoptosis (e) were determined. (d) Cells 
were observed in all stages of mitosis and were classified into the different mitotic stages as depicted in the bottom images. 
P: prophase; PM: prometaphase; M: metaphase; A: anaphase; T: telophase. The insert in (e) shows a representative image of 
apoptotic cell. Figures (f) and (g) show the relationship between genomic instability and mitotic index (f) and apoptosis (g), 
respectively. Results shown in (a–e) are the mean±SEM of at least three independent experiments. Bars (d and e): 10 μm. Values 
in (a–c) that do not share the same letter are considered significantly different from each other (P<0.05). In (e), * P<0.05,
** P<0.01, *** P<0.001; # P<0.05, ## P<0.01, ### P<0.001 vs. the MMC-treated group; $ P <0.05; $$ P<0.01, $$$ P<0.001 vs. the 
cDDP-treated group 
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size and increased nuclear/cytoplasmic ratio. The 
resulting clones contained substantial numbers of 
giant mononucleated cells and multinucleated cells 
(Fig. 4c). In contrast, clones formed from cells treated 
with the combination of PE and MMC or cDDP had a 
regular cell size, a decreased level of multinucleation, 
and a compact morphology (Fig. 4c). Together, these 
results suggest that PE could prevent the clonal ex-
pansion of genome-damaged cells induced by MMC 
or cDDP and decrease the intercellular heterogeneity 
in surviving clones. 

3.5  PE decreases the mitotic index, blocks mitotic 
progression, and promotes apoptosis in MMC- 
and cDDP-treated NCM460 cells 

Although PE at 80–320 μg/ml was highly cyto-
toxic to Colo205 cells (Fig. 1c), it was only slightly 
cytotoxic to NCM460 cells (Fig. 5a). Notably,  
320 μg/ml PE inhibited cell proliferation by up to 
85% in Colo205 cells (Fig. 1c) but by only 28% in 
NCM460 cells (Fig. 5a). These data suggest that PE 
has a high selectivity to target CRC cells.  

A statistically significant (P<0.05) decrease in 
proliferation was found in samples treated with PE 
plus MMC or cDDP in comparison with cultures 
treated with MMC or cDDP alone (Fig. 5a). This 
finding was further supported by NDI (Fig. 5b) and 
mitotic index (Fig. 5c) data. We also monitored the 
capacity of PE to modify the distribution of cells in 
different phases of mitosis. We found a significant 
increase in the frequencies of prometaphases and 
metaphases with a concomitant decrease in ana- 
telophases in cells treated with a combination of PE 
and MMC or cDDP, when compared to that of cells 
treated by MMC or cDDP alone (P<0.05; Fig. 5d). 
This result indicates that PE forces MMC- and cDDP- 
treated cells to spend longer time in prometaphase and 
metaphase, possibly in trying to repair the aberrant 
mitosis. 

In addition, the frequency of apoptotic cells was 
significantly increased after treatment with MMC or 
cDDP (P<0.05). For MMC and cDDP, the frequency 
of apoptosis observed with 80, 160, and 320 μg/ml PE 
was significantly greater than that observed after 
treatment with PE alone (P<0.01, P<0.01, and 
P<0.001, respectively; Fig. 5e). This result suggests 
that combined treatment with PE could increase the 
apoptogenic effects of MMC and cDDP.  

We found that GIN (the frequency of BNCs 
harboring any biomarker of MN, NPBs, or NBs) was 
positively correlated with the mitotic index (r=0.876, 
P<0.001; Fig. 5f) and negatively correlated with 
apoptosis (r=−0.74, P<0.001; Fig. 5g). These data 
suggest that preventing mitosis exit and promoting 
apoptosis might contribute, at least in part, to the 
chemoprotective action of PE. 

 
 

4  Discussion 
 

DNA cross-linking agents like MMC and cDDP 
were one of the earliest, and are still the most widely 
used forms of chemotherapeutic drug (Deans and 
West, 2011). However, a potential hazard, so far only 
scarcely investigated, is uncontrolled adverse geno-
toxicity in non-cancerous tissues (Cheung-Ong et al., 
2013), which will lead to an increased risk of sec-
ondary cancers in survivors (Kempf and Ivankovic, 
1986; Travis et al., 1999). In this context, strategies to 
protect against MMC- or cDDP-induced genotoxicity 
are of clinical interest. We have reported previously 
that PE can protect against spontaneous GIN in 
NCM460 cells (Guo and Wang, 2016). In this study, 
we therefore focused on the potential protective ac-
tivity of PE against GIN induced by MMC and cDDP. 
We provided compelling evidence showing that PE 
can diminish the genotoxicities of MMC and cDDP 
on normal colon epithelial cells but still potentiate 
efficacy against the CRC cells.  

As DNA reactive genotoxins, MMC and cDDP 
are known for their ability to induce DNA interstrand 
crosslinks after bio-activation (Cheung-Ong et al., 
2013). These simple lesions can readily induce point 
mutations, chromosome breakage, amplifications, 
deletions, and translocations, through processing of 
the damaged base either spontaneously or by various 
DNA repair pathways (Brüsehafer et al., 2014). Thus, 
a wide spectrum of GIN events can be produced by 
MMC and cDDP. To measure these GIN events, we 
used the well-regarded CBMN assay, in which the 
numerical and structural chromosomal aberrations 
can be detected by using biomarkers of MN, NPBs, 
and NBs (Fenech, 2006; 2007). MN may result from 
whole chromosomal loss or chromosomal fragmen-
tation. NPBs are thought to be sensitive indicators of: 
(1) chromosome rearrangements originating from 
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dicentric chromosomes that result either from mis-
repair of chromosome breaks or from telomere-to- 
telomere end fusions, and (2) failed chromosome 
decatenation when one sister chromatid persistently 
adheres to its sibling as late as anaphase (Guo et al., 
2013). NBs are a direct manifestation of the nuclear 
elimination of amplified DNA or chromatin (Fenech 
et al., 2011). The simultaneous expression of MN, 
NPB, and NB is an indirect measurement of break-
age-fusion-bridge cycles (Fenech, 2007).  

For a substance to be classified as antigenotoxic, 
it must first be evaluated for genotoxicity. In our study, 
the two concentrations of PE (80 and 160 μg/ml) could 
actually reduce GIN level when compared with the 
baseline control. These results were consistent with 
our previous observations (Guo and Wang, 2016). 
Moreover, PE at 320 μg/ml showed no significant 
effect on the frequency of GIN in NCM460 cells.  

We found that co-treatment of NCM460 cells 
with PE could decrease GIN induced from MMC and 
cDDP, confirming that PE is a good chemoprotective 
agent. Coupled with our previous results, the anti-
genotoxic activity of PE may result from the preven-
tion of mitosis exit by activating the spindle assembly 
checkpoint (Guo and Wang, 2016). Based on the 
previous reports, the antigenotoxic activity of PE may 
also be attributable to the inhibition of cytochrome 
P450 (Sharma et al., 2000; Banu et al., 2004), a re-
ductase involved in the bio-activation of MMC, 
thereby reducing MMC bio-activation. In addition, 
we found that PE could prevent the generation of 
MMC- and cDDP-induced BNCs. The underlying 
molecular mechanisms may be: (1) the reduction of 
MN and NPBs, thereby reducing the frequency of 
spontaneous furrow regression caused by chromatin 
localized to the cleavage plane (Pan et al., 1984);  
(2) the prevention of defects in cytokinetic apparatus 
in NCM460 cells (Guo and Wang, 2016). 

Chemotherapy using MMC and cDDP is largely 
associated with an increased risk of secondary can-
cers that may manifest decades after treatment 
(Kempf and Ivankovic, 1986; Travis et al., 1999), but 
the molecular basis of this process remains elusive. 
Clonal evolution is a model devised to explain the 
emergence of multidrug resistance and relapse after 
initial efficient chemotherapy (Greaves and Maley, 
2012). This model can also be used to explain the 
emergence of secondary cancers in chemotherapy 

survivors. After a chemotherapy challenge, individual 
normal cells will have distinct proliferative states, 
depending on the balance of oncogenic and tumor 
suppressive genes in the genome. Most of these cells 
will die in the following few days; however, an un-
defined number of cells will gain the capability to 
proliferation and clonal expansion. Among the sur-
viving clones, only those with large size and marked 
heterogeneity of genetic lesions are more likely to 
progress to cancer because they have a greater selec-
tive advantage against cancer-suppressive mecha-
nisms (Maley et al., 2004). Therefore, the combina-
tion of GIN and clonal expansion is a predictor of 
chemotherapy-induced secondary cancers, and in-
terventions that limit the emergence of GIN cells and 
their clonal expansion may reduce the risk of pro-
gression to cancer 

In this study, we found clones formed from 
MMC- and cDDP-treated NCM460 cells exhibited 
intercellular heterogeneity in cell size and GIN, in-
dicating the risk of oncogenic transformation after 
exposure to MMC and cDDP. Moreover, our findings 
that PE protected against MMC- and cDDP-induced 
GIN and inhibited their clonal expansion indicated 
that PE may be a therapeutic drug that suppresses the 
progression of MMC- and cDDP-treated normal cells 
towards the malignant state (secondary cancer).  

Our data also showed that the combination of PE 
and MMC or cDDP was more efficacious than either 
drug alone in inhibiting the proliferation of Colo205 
CRC cells. These results agreed with the finding that a 
PE has synergistic effect with doxorubin and cDDP 
against human hepatocellular carcinoma and lung 
cancer cells (Pinmai et al., 2008), as well as the 
finding that PE acts synergistically with cDDP to 
reduce cell proliferation of human ovarian cancer 
cells (De et al., 2013). These results suggest that PE 
can enhance the anticancer potential of MMC and 
cDDP in a broad range of cancer types. However, the 
mechanisms involved in the interaction between 
chemotherapeutic drugs and PE still remain unclear. 
We have found that PE could elevate the GIN rate in 
human CRC cell lines Colo320 (Guo et al., 2013) and 
Colo205 (unpublished data). Although GIN is a 
hallmarker of cancer cells and is crucial to cancer 
evolution (Heng et al., 2013), elevating GIN level in 
cancer cells is a way to kill them (Janssen et al., 2009; 
Guo et al., 2013) and will further sensitize tumor cells 
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to chemotherapy (Zaki et al., 2014). Therefore, we 
expect that, by inducing GIN in Colo205 cells, PE 
makes them more sensitive to MMC and cDDP. This 
activity is interesting and warrants further investigation. 

Like many other herbal medicines, the multi- 
component and multi-target nature of PE hinders its 
in-depth investigation and translation. Therefore, it is 
important to identify the individual chemical com-
pounds responsible for the ability of PE to protect 
against chemotherapeutic-induced GIN. However, 
the chemical nature of the compounds responsible for 
the protective effects of PE is difficult to identify, 
since a wide range of mechanisms could be operating 
in this complex mixture. Some of the components in 
PE may play critical roles in the chemoprotective 
effect of PE. For example, vitamin C and quercetin 
have been reported to reduce the frequency of MN 
induced by MMC or cDDP in bone marrow cells of 
mice (Giri et al., 1998; Attia, 2010; Mazumdar et al., 
2011), ellagic acid (Aiyer et al., 2008) and quercetin 
(Min and Ebeler, 2009) have been shown to activate 
the DNA repair system, and geraniin has the potential 
to reproduce the effect of PE in protection against 
GIN in NCM460 cells (unpublished data). Despite 
these findings, we expect that the remarkable chem-
opreventive potential of PE is more likely to result 
from the combination of a wide range of bioactive 
compounds, with various intracellular targets and 
various additive or synergistic activity. 
 
 
5  Conclusions 

 
In conclusion, our current investigation provides 

evidence that under the condition of simultaneous 
treatment, PE potentiates the efficacy of MMC or 
cDDP against CRC cells, while having an important 
role in protecting the genome from instability and 
inhibiting the clonal expansion of unstable genome 
induced by MMC and cDDP in normal colon cells. 
These results suggest that PE holds great promise for 
circumventing the huge challenges associated with 
the chemotherapy of tumors. Further studies, mainly 
in vivo, are needed to clarify the biological im-
portance of the observed effects. The challenges for 
the future are: (1) to define the precise molecular 
mechanisms through which PE prevents GIN and 
clonal expansion induced by chemotherapeutic drugs, 

and (2) to identify the active compounds that are 
responsible for these effects of PE. We expect that 
overcoming these challenges will lead to new dis-
coveries in the biological and biomedical sciences. 
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中文概要 
 
题 目：余甘子提取物增强丝裂霉素C和顺铂的抗癌作用

并降低其对正常细胞的遗传毒性 

目 的：评估余甘子提取物（PE）对丝裂霉素C（MMC）

和顺铂（cDDP）抗癌活性及其遗传毒性副作用的

影响。 

创新点：首次发现PE能减弱MMC和cDDP对人正常结肠上

皮细胞基因组的损伤以及降低基因组受损细胞

的克隆形成能力和克隆异质性。 

方 法：人结肠癌Colo205细胞和人正常结肠上皮NCM460

细胞分别经PE、PE+MMC组合或PE+cDDP组合

处理72 h。细胞增殖用台盼蓝拒染法和克隆形成

法测定，遗传毒性用胞质分裂阻断微核分析法

（CBMN）测定。 

结 论：结果显示，PE可以显著增强MMC和cDDP的抗

Colo205细胞增殖能力（图1）。同时，PE显著降

低MMC和cDDP诱导的NCM460细胞基因组不稳

定现象，包括降低微核、核质桥和核芽（表1和

图2）以及多核化细胞（图3）。此外，PE显著降

低经MMC和cDDP处理的NCM460细胞克隆性扩

增能力，并降低克隆的异质性（图4）。综上所

述，PE不仅能增强MMC和cDDP的抗癌能力，还

可能具有减弱它们诱发正常细胞恶性转变的潜

力。 

关键词：余甘子；丝裂霉素C；顺铂；基因组不稳定；胞

质阻断微核分析 


