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ARTICLE INFO ABSTRACT

Original paper Curcumin (CUR) and soy isoflavones (SIs) are two plant-based polyphenols that have attracted much atten-
tion, because of their extensive anticancer and health maintenance effects. However, the relevant molecular
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cation, sequence deletion, ectopic, and other types of gene damage in cells, and it is one of the main factors
causing cells to lose normal physiological functions. Therefore, we used the cytokinesis-block micronucleus
cytome (CBMN-Cyt) assay as the main research method to analyze the effects of CUR and SIs on the GIN
of human normal colon cells NCM460 and colon cancer cells SW620. Results show that CUR (12.5 uM)
could reduce the apoptosis of NCM460 and maintain its genomic stability while inhibiting the proliferation of
SW620 and promoting its apoptosis. There was no difference in the promoting effect of GIN between SW620
and NCM460 using Sls (3.125-50 uM). When the two polyphenols (v/v = 1/1, 1.5625-6.25 uM) were mixed,
they could promote the proliferation and GIN of the NCM460 and SW620 cells, but we did not find that
combining the two produced a better effect on the cells. In conclusion, CUR has more prominent health and
anticancer effects, and it may become a dietary recommendation for daily health maintenance and a potential
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adjuvant drug for cancer treatment.
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Introduction

Phytochemicals are bioactive non-nutrient compounds
widely distributed in plants with an ability to reduce the
risk of various diseases (1, 2). Polyphenolic compounds
are phytochemicals, generally discovered in plants, which
are synthesized to adapt to stressful and pathogenic envi-
ronmental situations (3). Therefore, they possess many
health-promoting properties, mainly antioxidant, anti-in-
flammatory, and antibacterial. Recently, there has been
increasing interest in polyphenols in the treatment of
different pathological states, such as cardiovascular and
neurodegenerative diseases and cancer (4-6). Many re-
searchers are enthusiastic about the anticancer properties
of polyphenols (7-9). Polyphenols exert their potential in
anticancer therapy by promoting apoptosis and cell senes-
cence, regulating autophagy, and inhibiting the prolifera-
tion and migration of cancer cells.

Curcumin (CUR) is a diketone compound extracted
from the rhizomes of some plants in the Zingiberaceae
and Araceae families. It is a rare pigment with a diketone
structure in the plant kingdom, and it is a natural dietary
polyphenol with a slightly bitter taste and insolubility in
water. CUR is mostly used as a colorant and additive in
food production. It has strong antioxidative, anti-inflam-
matory, antimicrobial (10-14), and broad-spectrum anti-

tumor pharmacological activities (15). Specifically, the
strong antitumor activity and organ-protective effect (16,
17) make CUR an attractive anticancer active ingredient in
traditional Chinese medicine.

Soy isoflavone (SIs) are secondary metabolites formed
during soybean growth, which are biologically active subs-
tances. Because they are extracted from plants and have a
similar structure to estrogen, Sls are also called phytoes-
trogens. The estrogenic effect of SlIs influences hormone
secretion, metabolic biological activity, protein synthesis,
and growth factor activity. They can effectively improve
the symptoms of osteoporosis (18), type 2 diabetes (19),
hypercholesterolemia, and cardiovascular disease (20,
21), along with a certain antitumor activity (22). In Asian
countries, where soybean is one of the most popular crops,
the recommended intake is 20—50 g per day (23, 24).

Genomic instability (GIN) is the basic cause of many
human genetic—environmental diseases, and it is highly
correlated with the increased risk of birth defects, immu-
nodeficiencies, and degenerative diseases, such as Alzhei-
mer's disease, cardiovascular disease, and tumors. A pre-
vious study by our group found that polyphenols may
induce high levels of GIN, thereby causing cancer cells
to undergo apoptosis, such as resveratrol, tea polyphenols,
and geranium. This may represent one of the mechanisms
underlying their anticancer activity (25-27). Can CUR
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and Sls also inhibit colon cancer cell growth by altering
GIN, and can the combination of the two substances exert
a better tumor suppressor effect? This study aimed to use
human colonic epithelial cells NCM460 and human colon
cancer cells SW620 as the research objects to analyze the
effects of the two active polyphenols on GIN and prolife-
ration in normal and cancer cells, in addition to providing
a theoretical basis for their application in anticancer the-
rapy and health maintenance.

Materials and Methods

Chemicals

CUR (purity > 98%) was obtained from Yuanye Bio-
Technology (Shanghai, China), SIs (HPLC > 85%) were
obtained from Solarbio® life sciences (Beijing, China),
and cytochalasin-B was obtained from Sigma Aldrich (St.
Louis, MO, USA). Stock solutions of CUR (54.3 mM),
SIs (76.5 mM), and cytochalasin-B (600 pg/mL) were pre-
pared in dimethyl sulfoxide (DMSO). The solution was
stored at —20 °C and diluted to the desired concentration in
a medium immediately before use. The final concentration
of DMSO never exceeded 0.25% (v/v); this concentration
was found to not exert any cytotoxic or genotoxic effects
(25).

Cell culture

NCM460 and SW620 are both adherent cell lines; they
were obtained from the Kunming Institute of Zoology,
CAS (Yunnan, China). They were maintained as a mono-
layer in 75 cm? flasks (Corning, NY, USA) in RPMI-1640
medium (Gibco, NY, USA) supplemented with 10% new-
born calf serum (Gibco, NY, USA), 1% penicillin (5000
IU/mL)/streptomycin (5 mg/mL) solution (Gibco, NY,
USA), and 1% L-glutamine (2 mM) (Gibco, NY, USA),
and they were kept at 37 °C in a 5% CO, environment. In
order to ensure that endogenous GIN did not occur signi-
ficantly, both cells were used at early passages (ranging
from P15 to P25) for this study.

Trypan blue exclusion assay

NCM460 and SW620 cells were both seeded into 24-
well plates (Corning, NY, USA) at a density of 1 x 10°
cells/mL and exposed to different concentrations of CUR
or SIs (0, 1.5625, 3.125, 6.25, 12.5, 25, 50, and 100 uM).
After 24 h incubation, adherent and nonadherent cells were
detached from plates and collected. Cells were incubated
with trypan blue to exclude dead cells and then counted
using a hemocytometer. This procedure was repeated three
times in duplicate for each CUR or SI concentration.

MTT assay

NCM460 and SW620 cells were both seeded into 96-
well plates (Corning, NY, USA) at a density of 2.5 x 10*
cells/mL and exposed to different concentrations of CUR
and Sls (0, 3.125, 6.25, 12.5, and 25 uM). After 24 h incu-
bation, 10 pL of 5 mM MTT was added to each well. Cells
were incubated with MTT at 37 °C for 4 h. Then, 100 pL
of DMSO was added to each well to replace MTT. After
incubating at 37 °C for 10 min, we used a microplate rea-
der to detect the absorbance of each well at 570 nm. This
procedure was repeated three times in duplicate for each
concentration.

Cytokinesis-Block Micronucleus Cytome (CBMN-Cyt)
assay

The CBMN-Cyt assay was performed as previously
described (28). In brief, NCM460 or SW620 cells were
seeded into 24-well plates at a density of 1 x 103 cells/mL
and cultured in RPMI-1640 medium containing CUR (0
and 12.5 uM), SIs (0, 3.125, 12.5, and 50 uM), or CUR
and SIs (0, 1.5625, 3.125, and 6.25 uM) for 24 h. The me-
dium was discarded after treatment, and cells were washed
twice with phosphate-buffered saline (PBS, pH 7.2). Fresh
medium with 1.5 pg/mL cytochalasin B was added to each
culture to block cytokinesis and rinsed with PBS after a
further 24 h. Cells were centrifuged onto glass slides using
a cyto-centrifuge for 5 min at 800 rpm (100% g). The final
cell density per slide was maintained between 0.5 x 10° and
1 x 10° cells. After drying briefly in air, slides were fixed
in 100% cold methanol at =20 °C for 15 min and stained
with 10% Giemsa (San’ersi, Shanghai, China). The slides
were washed twice in ddH,O and then allowed to air-dry
on a cover slip. Stained slides were encoded to ensure a
blind microscopic analysis, and the code was not removed
until the end of the microscopic analysis. All biomarkers
of CBMN-Cyt were scored under 1000x magnification
using an optical microscope (Olympus, Tokyo, Japan) by
one person, according to Michael’s (29) criteria. A total
of 1000 binucleated cells (BNCs) were scored per group
to determine the frequency of micronuclei (MNs), nucleo-
plasmic bridges (NPBs), and nuclear buds (NBUDs).

Nuclear Divided Index (NDI) and cell apoptosis

After mounting slides as described for the CBMN-Cyt
assay, the number of mononuclear, binucleate, trinucleate,
and multinucleated cells in 500 cells for each group was
microscopically counted, and NDI was calculated. Apop-
totic cells were counted according to the criteria described
by Michael (29), with at least 500 cells per group.

Statistical analysis

All statistical analyses were performed using SPSS
22.0 for windows (SPSS, Chicago, IL, USA). The Kol-
mogorov—Smirnov test was used to test the normality of
all datasets. The differences in observed values among
the control and polyphenol-treated groups were analyzed
using an independent-sample #-test or one-way analysis
of variance (ANOVA). First, Levene’s test was perfor-
med to examine the homogeneity of variances among the
control and polyphenol-treated groups. Second, post hoc
tests (Tukey’s test was used when the equality of variance
assumption held (p > 0.05), while the Dunnett T3 test was
used otherwise (p < 0.05)) followed in case a significant
effect was detected. We only considered differences with a
p-value (two-tailed) lower than 0.05 as significant. All the
figures were graphed using GraphPad PRISM 5.0 (Gra-
phPad, San Diego, CA, USA). Of note, we used 0 uM
polyphenols to represent the vehicle-only controls (CUR:
0.185% DMSO, SI: 0.131% DMSO, CUR and SI: 0.024%
DMSO, v/v) in all figures.

Results

The inhibitory effect of CUR or SIs on SW620 cell via-
bility

The trypan blue exclusion assay revealed that some
concentrations (CUR: 6.25, 25, 50, and 100 uM, p < 0.01,
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Figure 1. Influence of CUR (A) or SI (B) treatment on the viability of
SW620 cells for 24 h. SW620 cells with a seeding density of 1 x 10%/
mL were incubated without or with CUR/SIs (0.01-100 uM) for 24
h; then, cell viability was determined using the trypan blue exclusion

assay. * p <0.05; ** p <0.01 vs. untreated control.

Figure 1A; Sls: 3.125, 6.25, 50, and 100 uM, p < 0.05,
Figure 1B) resulted in a significant decrease in SW620 cell
viability. According to the above experimental results, we
selected CUR (12.5 uM) and SIs (3.125, 12.5, and 50 uM)
for the CBMN-Cyt assay to explore the effects of polyphe-
nol treatment on cell GIN, NDI, and apoptosis.

CUR had different effects on GIN in SW620 and
NCM460 cells

By counting and analyzing the results of the CBMN-
Cyt assay, we found that 12.5 uM CUR could significantly
increase GIN (p < 0.05, Figure 2A), reduce NDI (p <0.01,
Figure 2C), and induce cell apoptosis (p < 0.05, Figure
2D). One of the main changes in GIN was an increase in
NPB (p <0.05, Figure 2B).

Subsequently, we determined the changes induced by
CUR in NCM460 cells. By counting and analyzing the
results of the CBMN-Cyt assay, we found that 12.5 uM
CUR could significantly decrease the GIN (p < 0.01, Fi-
gure 3A) and reduce cell apoptosis (p < 0.01, Figure 3D).
The changes in GIN affected all three indicators (p < 0.01,
Figure 3B).

CUR treatment for 24 h had a good inhibitory effect
on the proliferation of SW620 cells, while it could also
effectively reduce the GIN and maintain the proliferation
state of NCM460 cells. We then aimed to determine if this
potentially beneficial effect on normal colonic epithelial
cells NCM460 continued after 24 h of treatment. Accor-

@

MN
== NPE
m Nbud

2

-

¥

i 125 0 125
The concentrations of CUR(M) The concentrations of CUR[ M)

GIN %e
Frequency Y%

¥

Cell Apoplosis %

1] 125 % 125

The concentrations of CUR{jM) The concentrations of CUR{uM)
Figure 2. Influence of CUR treatment on the GIN, NDI, and apopto-
sis of SW620 cells for 24 h. SW620 cells with a seeding density of 1
x 10°/mL were incubated without or with CUR (12.5 uM) for 24 h;
then, GIN (A), cell indicators (B), NDI (C), and apoptosis (D) were
evaluated using the CBMN-Cyt assay; * p < 0.05, ** p < 0.01 vs.
untreated control.
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Figure 3. Influence of CUR treatment on the GIN, NDI, and apoptosis
of NCM460 cells for 24 h. NCM460 cells with a seeding density of
1 x 105/mL were incubated without or with CUR (12.5 uM) for 24 h;
then, GIN (A), cell indicators (B), NDI (C), and apoptosis (D) were
determined using the CBMN-Cyt assay; * p < 0.05, ** p < 0.01 vs.
untreated control.
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Figure 4. Influence of CUR treatment for 9 days on the GIN, NDI,
and apoptosis of NCM460 cells. NCM460 cells with a seeding density
of 1 x 10%/mL were incubated without or with CUR (12.5 uM) for 24 h
and then continued culturing for 9 days. GIN (A), cell indicators (B),
NDI (C), and apoptosis (D) were determined using the CBMN-Cyt
assay; * p <0.05, ** p <0.01 vs. untreated control.

dingly, we continued to culture the NCM460 cells after
24 h of CUR treatment for 9 days. The CBMN-Cyt assay
revealed that, after 9 days, CUR was still able to reduce
GIN (p < 0.01, Figure 4A) and inhibit the apoptosis (p
< 0.05, Figure 4D) of NCM460 cells. The improvement
in GIN was mainly reflected by the reduction in MN and
NBUD:s (p < 0.05, Figure 4B). Compared with 24 h, there
was a weakened reduction in GIN, but the effect remained.
Usually, when we verify whether a drug has a good anti-
cancer effect, we mainly focus on whether it persistently
inhibits the growth of cancer cells. Therefore, in this ex-
periment, NCM460 and SW620 cells were applied in the
same short-term acute treatment to observe the effect of
GIN. Then, the NCM460 cell evaluation was continued for
9 days to detect any potential negative impact of the drug
residue on normal cells. Experimental results revealed that
the metabolic retention of CUR still had no potential nega-
tive effects on normal cells.

Effect of SIs on GIN in SW620 and NCM460 cells
Using the CBMN-Cyt assay, we found that Sls at
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Figure 5. Influence of SI treatment on the GIN, NDI, and apoptosis of
SW620 cells for 24 h. SW620 cells with a seeding density of 1 x 10%/
mL were incubated without or with SIs (3.125, 6.25, or 12.5 uM) for
24 h; then, GIN (A), cell indicators (B), NDI (C), and apoptosis (D)
were determined using the CBMN-Cyt assay; * p < 0.05, ** p < 0.01
vs. untreated control.
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Figure 6. Influence of SI treatment on the GIN, NDI, and apoptosis of
NCM460 cells for 24 h. NCM460 cells with a seeding density of 1 x
105/mL were incubated without or with CUR (12.5 uM) for 24 h and
then continued culturing for 9 days. GIN (A), cell indicators (B), NDI
(C), and apoptosis (D) were determined using the CBMN-Cyt assay;
*p<0.05, ** p<0.01 vs. untreated control.

3.125-50 uM could significantly increase GIN (p < 0.01,
Figure 5A), with the increase in NBUDs as the main indi-
cator (p < 0.01, Figure 5B). MN showed a slight increase
at 3.125 uM (p < 0.05, Figure 5B). Furthermore, there was
a slight increase in NPB at 12.5 and 50 uM (p < 0.01,
Figure 5B). However, Sls at 3.125-50 uM could signifi-
cantly increase NDI (p < 0.01, Figure 5C). Whereas Sls at
3.125 puM could significantly promote SW620 apoptosis
(» <0.01, Figure 5D), SIs at 12.5 and 50 uM inhibited cell
apoptosis (p < 0.05, Figure 5D), suggesting that the inhibi-
tory mechanism of SIs toward SW620 cell proliferation is
more complicated and does not completely depend on the
change in GIN. Furthermore, the results indicated a better
anticancer effect of SIs at a lower concentration (i.e., 3.125
uM).

Moreover, we verified the effects of SIs on GIN, NDI,
and apoptosis in NCM460 cells. After 24 h of SI treatment,
we found that 3.125-50 uM concentrations could increase
the GIN of NCM460 cells (p < 0.01, Figure 6A), increase
NDI (p <0.01, Figure 6C), and promote the occurrence of
apoptosis (p < 0.05, Figure 6D). Specifically, the change
in GIN was mainly based on the increase in MN (p < 0.01,
Figure 6B).

Although the inhibitory effect of SIs on SW620 cells
and the protection of NCM460 cells after 24 h treatment
were not as good as expected, we continued culturing
NCM460 cells after 24 h treatment for 9 days. As a result,
we found that the abovementioned unfavorable effects of
NCM460 persisted. The 12.5 and 50 pM concentrations
could increase the GIN (p < 0.05, Figure 7A) of NCM460
cells, with the 12.5 pM concentration also inhibiting cell
apoptosis (p < 0.05, Figure 7D), whereas there was no si-
gnificant effect on NDI (p > 0.05, Figure 7C).

CUR plus SIs can promote cell viability in SW620 and
NCM460 cells

Furthermore, we were interested in the combined effect
of CUR plus SIs to explore whether the anticancer and
beneficial effects of CUR could be maximized through
synergism with SI. Therefore, we administered a combi-
nation of CUR plus SIs in equal volume (1:1) at different
concentrations (3.125-25 pM) to SW620 or NCM460
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Figure 7. Influence of SI treatment for 9 days on the GIN, NDI, and
apoptosis of NCM460 cells. NCM460 cells with a seeding density of
1 x 10°/mL were incubated without or with SIs (3.125, 12.5, and 50
uM) for 24 h, and then continued culturing for 9 days. GIN (A), cell
indicators (B), NDI (C), and apoptosis (D) were determined using the
CBMN-Cyt assay; * p <0.05, ** p <0.01 vs. untreated control.
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Figure 8. Influence of CUR plus SI treatment on the viability of
SW620 (A) and NCM460 (B) cells for 24 h. The two cell lines with a
seeding density of 2.5 x 10%/mL were incubated without or with CUR
plus SIs (3.125-25 uM) for 24 h, and then cell viability was determi-
ned using the MTT assay; * p <0.05, ** p <0.01 vs. untreated control.

cells. With the exception of the 25 uM concentration,
which had a certain inhibitory effect on the two cells (p
< 0.01, Figure 8), the other concentrations (3.125 and
6.25 uM) could significantly promote the proliferation of
SW620 and NCM460 cell lines (p < 0.01, Figure 8). This
result was completely opposite to the effect of individual
CUR or SI treatment.
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Figure 9. Influence of CUR plus SI treatment on the GIN, NDI, and
apoptosis of SW620 cells for 24 h. SW620 cells with a seeding density
of 1 x 105/mL were incubated without or with CUR plus SIs (1.5625,
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0.05, ** p <0.01 vs. untreated control.

[

MN
= NPE
.| == nBUDs

GIN %
g

352 ¢
Q

Froquency %e
.
5

It II |I

) 15625 3426
The concentrations of CUR plus SHiM)

15625 3428 628
ntrations of CUR plus Si(ud)

1]
The cancel

o

NDI
"

Apoptosis %
"

o 1.5625 3128 6.25
The concentrations of GUR plus SI(uM )

o 1.5625 3128 625
The cancentrations of GUR plus SI(d}

Figure 10. Influence of CUR plus SI treatment on the GIN, NDI, and
apoptosis of NCM460 cells for 24 h. NCM460 cells with a seeding
density of 1 x 10mL were incubated without or with CUR plus Sls
(1.5625, 3.125, and 6.25 uM) for 24 h. GIN (A), cell indicators (B),
NDI (C), and apoptosis (D) were determined using the CBMN-Cyt
*p<0.05, ** p<0.01 vs. untreated control.

assay;

Effect of CUR plus SIs on GIN in SW620 and NCM460
cells

We expected the combined effect of CUR plus Sls to be
synergistic. As shown in Figures 1 and 8, the toxic effects
of CUR and SIs on cells were slightly different in a dose-
dependent manner. Therefore, for the CBMN-Cyt assay,
in addition to choosing 3.125 uM and 6.25 pM concen-
trations for the MTT experiment (Figure 8), we explored
a lower concentration (1.5625 uM) to obtain the expected
results. The CBMN-Cyt assay was performed after the
cells were treated with different concentrations of CUR
plus SIs for 24 h. We found that 1.5625-6.25 pM could
significantly increase cell GIN in SW620 (p <0.01, Figure
9A), mainly represented by increases in NPB and NBUDs
(p <0.01, Figure 9B). Concentrations of 1.5625 and 6.25
uM could reduce NDI (p < 0.05, Figure 9C), whereas
the 3.125 uM concentration could also induce apoptosis
(p < 0.05, Figure 9D). In the same experiment, we also
found that different concentrations of CUR plus Sls could
increase the GIN of NCM460 cells (p < 0.01, Figure 10A).
The increase in MN was most significant (p < 0.01, Figure
10B), whereas there were no significant effects on NDI or
apoptosis (p > 0.05, Figure 10C, D).

Furthermore, we explored the combined maintenance
effect of CUR plus Sls. After 24 h of CUR plus SI treat-
ment, the NCM460 cells were cultured for 9 days. Accor-
ding to the results of the CBMN-Cyt assay, the 3.125 and
6.25 pM concentrations could significantly increase the
GIN of NCM460 cells (p < 0.01, Figure 11A), mainly
through significant changes in MN and NBUDs (p < 0.05,
Figure 11B). Whereas the 6.25 uM concentration could
reduce NDI (p < 0.01, Figure 11C), the 1.5625 and 3.125
UM concentrations could inhibit cell apoptosis (p < 0.05,
Figure 11D).

Discussion

The ultimate goal of cell division for most noncance-
rous somatic cells is to accurately duplicate the genome and
then evenly divide the duplicated genome into two daugh-
ter cells. This ensures that the daughter cells have exactly
the same genetic material as their parent cell. Failure to
achieve this purpose or an abnormally high frequency of
errors during this process will result in various forms of
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Figure 11. Influence of CUR plus SI treatment for 9 days on the GIN,
NDI, and apoptosis of NCM460 cells. NCM460 cells with a seeding
density of 1 x 10%/mL were incubated without or with CUR plus SIs
(1.5625, 3.125, and 6.25 uM) for 24 h, and then continued culturing
for 9 days. GIN (A), cell indicators (B), NDI (C), and apoptosis (D)
were determined using the CBMN-Cyt assay; * p < 0.05, ** p <0.01
vs. untreated control.

genomic alterations in the daughter cells. These alterations
include but are not limited to, various forms of mutations
on specific genes, amplifications, deletions or rearrange-
ments of chromosome segments, and gain or loss of an
entire chromosome. The accumulation of these genomic
alterations may cause dysregulation of cell division, an
imbalance between cell growth and death, and cancer.
GIN is defined as a process prone to genomic changes
or an increased propensity for genomic alterations. Thus,
GIN plays a key role in health maintenance, aging, and
disease progression. A large rate of cell death destroys
the homeostasis of the body’s tissues, leading to a series
of diseases, such as many monogenic diseases, autism,
schizophrenia, epilepsy, emphysema, Parkinson’s disease,
Alzheimer’s disease, and aging (30-33). This study ana-
lyzed the mechanism underlying the effects of CUR or Sls
on the proliferation of SW620 cells from the perspective
of cell GIN changes, revealing that CUR (12.5 uM) could
increase the GIN of SW620 cells and promote cell apop-
tosis while promoting the proliferation and decreasing the
GIN of NCM460 cells to a certain extent. Several concen-
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trations (3.125, 6.25, 50, and 100 uM) of SIs had a cer-
tain degree of inhibition toward SW620 cell growth; for
other concentrations selected in the experiment (3.125-50
uM), there was no expected effect on GIN and apoptosis
in NCM460 cells, albeit a slight positive effect on NDI.

CUR is the rhizome extract of herb turmeric. It is wi-
dely used as a food pigment. It has a positive effect on
arthritis, metabolic syndrome, obesity, and neurodege-
nerative diseases (34). Furthermore, it has also received
attention from researchers due to its broad-spectrum an-
titumor activity. Some researchers have confirmed that
it can prevent and treat prostate cancer by targeting the
androgen receptor pathway (35). Both in vivo and vitro
experiments have confirmed that it can improve the degree
of genomic methylation in breast cancer cell lines (MDA-
MB-231, MCF-7, T47D, etc.), thereby improving breast
cancer preventive treatment and chemotherapy sensitivity
(36). Therefore, this study aimed to detect whether the
inhibitory effect of CUR on SW620 was through increa-
sing GIN. The results confirmed our conjecture that CUR
promotes apoptosis by increasing the GIN of SW620 cells,
thus achieving the purpose of suppressing tumors. In addi-
tion to testing the antitumor activity of CUR, this study
tested the effect on matched normal cells. It was found that
CUR had a strong inhibitory activity on the proliferation
of SW620 cells, along with a good effect on the colorec-
tal epithelial cell line NCM460, exhibiting the ability to
reduce GIN and promote cell proliferation. The experi-
mental results are consistent with the related literature.
Therefore, we speculate that CUR confers a certain degree
of protection to intestinal epithelial tissue, in addition to
its strong anti-colorectal tumor ability. However, the cur-
rent experimental results are limited to in vitro settings,
using individual cell types. It is necessary to further ex-
pand the investigation to additional types of tumor cells
and conduct extensive in vivo experiments to explore their
reliability and safety. At present, CUR-related drugs are
undergoing clinical research (37), effectively showing that
CUR has good application prospects.

SIs are the products of secondary metabolites naturally
formed during the growth of plant soybeans, which are
also called soybean phytoestrogens. They have the ability
to reduce glucose absorption (38) and the risk of cardio-
vascular disease (21). Some scholars found that they also
have biological effects such as combating atherosclerosis
(21), improving female menopausal symptoms (18, 39)
and preventing tumors (40). Through further research, it
has been discovered that SIs play an important role in tu-
mor prevention and treatment. Using an animal model, it
was discovered that SIs could inhibit tumor cell prolifera-
tion and migration, thereby inhibiting tumor development
(40) by activating ATM and P53 and other tumor suppres-
sor gene-related pathways, inducing cell-cycle arrest and/
or apoptosis, as well as inhibiting human colorectal cancer
cell proliferation (41). However, large amounts of SIs may
also result in negative effects, such as digestive tract reac-
tions or allergic reactions, in addition to influencing sexual
development in animals (42) and promoting the progres-
sion of prostate cancer in patients (43). Therefore, in-depth
research on its anticancer activity and safety effects is par-
ticularly important. This study, from the perspective of cel-
lular GIN, analyzed the molecular mechanism and safety
effects of SIs against colorectal cancer. The experimental
results revealed that, although SI treatment of SW620 cells

could increase cell GIN, this was not reflected in the level
of cell apoptosis. With regard to NCM460 cells, Sls treat-
ment not only increased cell GIN, but also had a certain
promotion effect on cell apoptosis. Both effects continued
to manifest 9 days later. Although Sls have the potential
to increase GIN in colorectal cancer, they can negatively
impact normal cells. These results were also reported in
other studies. The beneficial or anticancer effects differ to
a certain extent according to drug concentration, some-
times even exhibiting opposite effects (44, 45). Therefore,
with regard to the anticancer mechanism and safety effects
of SI, investigations need to be expanded to other types of
candidate tumor cells, while experimental conditions need
to be refined and other strategies need to be explored.

The experimental design of the mixed treatment using
CUR plus SI was based on the good anticancer activity
of CUR and the ability of a low concentration of SIs to
change GIN. Therefore, we aimed to test whether CUR
plus SIs could produce a synergistic effect. Accordingly,
we combined SIs and CUR in equal volumes (1.5625,
3.125, and 6.25 puM) using low concentrations of Sls, so as
to achieve a better anti-colorectal cancer effect. However,
the results revealed that combining the two treatments did
not produce a synergistic effect on cells, instead causing
the loss of their independent antitumor effects. Combina-
tions are sometimes less effective than monotherapy (46),
although better results are typically more common (47-
50). More in-depth investigations are needed to clarify the
specific relationship of CUR and SIs.

In summary, this study analyzed the effects of two plant
active ingredients on the proliferation of normal and can-
cer cells from the perspective of GIN, providing a theore-
tical and scientific basis for their use in health maintenance
and tumor adjuvant therapy. In our research, we found that
the strong anticancer activity of CUR is consistent with
the existing literature, while its safety effect in normal tis-
sues is also an important discovery. However, these results
were limited to colon cells cultured in vitro; thus, whether
uniform results can be obtained in vivo or in other cell
types remains to be further explored.
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