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Abstract

The effects of 6-gingerol on adhesive ability of probiotics to colonic epithelial cells in vitro were explored. Two strains of
probiotics were Lactophilus acidophilus and Bifidobacterium bifidum. NCM 460 cells (normal colonic epithelial cells) and Caco-
2 cells (colon cancer cells) were used in this study. Effect of 6-gingerol (5, 10, 15, 20, 25, 30, 35, 40 ug/mL on NCM 460 cells
and effect of 6-gingerol (10, 25, 50, 75, 100, 125, 150, 175 pug/mL) on Caco-2 cells were investigated. MTT assay was adopted to
analyze cell proliferation. Methods of Gram staining and plate counting were used to analyze the probiotic adhesion to colonic
epithelial cells. Results showed that 6-gingerol had no inhibitory effect on colonic epithelial cells within the non-cytotoxic dose
range. 6-gingerol could promote the adhesion of probiotics to colon epithelial cells in a dose-dependent manner, which would
be benefit for probiotics to exert continuous probiotic activity in the intestinal tract.

Keywords: 6 - gingerol; probiotics; adhesive ability; colonic epithelial cells.

Practical Application: As the candidate of functional component for improving intestinal micro-ecosystem.

1 Introduction

Intestinal probiotics are mixture of microorganisms
which have beneficial effects on the health of the host by
adjusting balance of intestinal flora, including preventing
the occurrence of intestinal inflammatory diseases and
stimulating the beneficial effects of probiotics in the gut system
(Huang et al., 2014). Several studies have demonstrated that
probiotics could inhibit the growth of harmful bacteria and
strengthen the intestinal mucosal barrier of host (Bao et al., 2010;
Kotzamanidis et al., 2010; Vazquez-Fresno et al., 2014;
Liu et al., 2016). Meanwhile, probiotic adhesion is an essential
prerequisite for physiological functions of probiotics (Zhang,
2019; Li et al., 2011; Wang et al., 2019; Bai et al., 2012). So
promoting the probiotic adhesion would strengthen the
beneficial effects of probiotics. It has been reported that
some natural foods and their extracts such as apple extracts
(peel and pulp) and their phenolic constituents increased
the adhesion of two probiotics strains to intestinal epithelial
cells (Volstatova et al., 2017).

Gingerol is a kind of phenolic substance in ginger
and 6-gingerol is the main functional components, which
has been reported to have significant anti-inflammatory,
anti-oxidant, anti-apoptotic effects, and to regulate blood
sugar and blood lipids (Li et al., 2017; Choi et al., 2018;
Rahmani et al., 2014). It has also been reported that the
duration of 6-Gingerol compounds available in the colon was
up to 12 h, which may favor their antioxidant potential and
healthy effects (Majdoub et al., 2019). Moreover, 6-gingerol
could prevent DSS-induced chronic UC via anti-inflammatory

and antioxidative mechanisms and preservation of the Wnt
/ B-catenin signaling pathway (Ajayi et al., 2018). 6-gingerol
also improved ulceration and bleeding in the gastrointestinal
tract caused by aspirin (Zhu et al., 2017). Therefore, 6-gingerol
intervention has been reported to have beneficial effect on
the health of colon.

It has been reported that treatment with ginger extracts
promoted the adhesion ability of probiotics L. acidophilus and
L. brevis to intestinal epithelial cells (Prakasita et al., 2019).
While the effects the main active component 6-gingerol
on the probiotics’ adhesion to colonic cells were unknown.
Colon tissues are the main sites where probiotics exert their
effects and colitis is the major canal disease perplexing
mankind. Therefore, the present study would explore the
effects of 6-gingerol on the adhesion activity of probiotics
(Lactophilus acidophilus and Bifidobacterium bifidum) to
colonic epithelial cells (NCM460 cells and Caco-2 cells),
which would provide the experimental basis for application
of 6-gingerol as the candidate of functional component for
improving intestinal health.

2 Materials and methods

2.1 Materials

Caco-2 cell line was purchased from the Key Laboratory
of Dairy of Northeast Agricultural University. NCM460 cell
line was purchased from Guangzhou Biotechnology Co., Ltd.
Two strains of probiotics Lactophilus acidophilus (AS1.2686)
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and Bifidobacterium bifidum (CDMCCL-1.324) were purchased
from Guangzhou Microbial Strain Collection Center.

Tween 80 (analytical grade) was from Sinopharm Chemical
Reagent Co., Ltd. Serum was from Tianjin Ouyang Biological
Products Technology Co., Ltd. Medium containing high sugar
was from Thermo Fisher Scientific (Beijing) Co., Ltd. Penicillin
solution (containing double antibody) was purchased from
American Sigma Company; Trypsin was from Beijing Solibao
Technology Co., Ltd. MRS broth medium, TPY liquid medium
and Bifidobacterium bifidus BS medium were from Shanghai
Bo Microbiology Technology Co., Ltd. MRS agar was from
Technology Co., Ltd. PBS was from Gbico Corporation and
MTT was from Beyotime Corporation.

2.2 Effects of 6-gingerol on the growth of colonic
epithelial cells

The effect of 6-gingerol on growth of NCM460 cells and
Caco-2 cells by MTT assay were investigated. Colonic epithelial
cells suspension 200 pL with the concentration of 1 x 10°/mL
were inoculated into a 96-well cell culture plate. As the cells
adhered to the plate wall for 24 h, the cells were washed with
sterile PBS. Then 6-gingerol with the concentration gradient
and DMEM complete culture solution (containing 10% fetal
bovine serum) were added, and then were cultured in a 37 °C, 5%
CO, cell incubator. After 24 h of incubation, the morphology of
cells were observed under the microscope. Then 20 uL of MTT
solution (5 mg/mL) was added to each well and was incubated
at 37 °Cfor 4 h. Absorbance (A) of each well at a wavelength
of 570 nm was measured by the full-wavelength microplate
reader. Cell inhibition rate was calculated. Cell inhibition rate
(%) = (1- A /A,) x 100%, Where A is the average absorbance
value of experimental group and A is the average absorbance
value of control group. The concentration of 6-Gingerol with
the inhibition rate below 10% (IC, ) was selected for the
subsequent experiments.

2.3 Preparation of probiotics suspension

Bifidobacterium bifidum or Lactobacillus acidophilus
was inoculated in the liquid medium and then cultured in
an anaerobic box at 37 °C for 48 h. Then the bacterial were
collected and were centrifuged at 4 °C, 4500 rpm for 5 min.
The bacterial were washed three times with sterile PBS and
were suspend in DMEM culture medium without serum and
antibodies. The concentration of bacterial suspension was
adjusted to 1 x 10® CFU/ml.

2.4 Effects of 6-gingerol on adhesive ability of probiotic with
colonic epithelial cells

The cells were inoculated into 6-well plates containing
cell slides. The cells of control group were added with 2 mL
of DMEM complete culture solution, and the cells of 3
treated groups were added with a certain concentration of
6 - Gingerol and DMEM complete medium. After the cells
were cultured at 37 °C in a 5% CO, incubator for 24 h, the
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supernatant was discarded and each well was washed twice
with PBS. Then the probiotic suspension 1 mL and DMEM
culture medium1 mL (without antibodies) were added to
each well. The cells were incubated in incubator at 37 °C, 5%
CO, atmosphere. After 1-2 h, the supernatant was discarded
and washed for 5 times with PBS to remove non-adherent
bacteria. Finally, bacteria were fixed with methanol for
30 min and were stained by Gram’s method until naturally
dried. The adhesion of probiotics was observed under the
microscope (Liu et al., 2013).

2.5 Effects of 6-gingerol on adhesion rate of probiotic with
colonic epithelial cells

Probiotics and cells were treated the same as above.
Bacterial suspension was added directly to cells in a 6-well
plate (without the slides). The cells were washed with PBS for
3 times, treated with trypsin and were counted. The average
number of probiotics adherent to cells was calculated according
to the following formula (Gopal et al., 2001). Adhesion number
(CFU/cell) = Number of adherent colonies in culture plate /
Number of cells in culture. Adhesion rate (%) = (N,/N;) x 100%,
Where N is the number of colonies after adhesion and N is
the number of colonies before adhesion.

2.6 Statistical analysis

Data were expressed as means * s.d. Statistical analysis
was evaluated using SPSS 16.0 software by one-way analysis of
variance, followed by the Student-Newman-Keuls test for multiple
comparisons, which was used to evaluate the difference between
two groups. P < 0.05 was considered significant.

3 Results and discussion

3.1 Effects of 6-gingerol on the growth of NCM460 cells and
Caco-2 cells

The effect of 6-gingerol on the growth of NCM460 cells
and Caco-2 cells and the inhibition rate were measured by

Table 1. Effects of 6-gingerol on the growth inhibition rate of
NCM460 cells.

Group Concentration Absorbance Inhibition rate
(ng/mL) (ux *s) (%)
Control group - 2.848 +0.009
6-gingerol 5 2.712 £ 0.006° 4.747
10 2.679 £0.016* 5.903
15 2.606 +0.019* 8.485
20 2.567 £0.013* 9.856
25 2.470 £ 0.008* 13.265
30 2.346 £ 0.011* 17.628
35 2.214 £0.013* 22.246
40 2.074 + 0.099* 27.153
Compared with control group,* P < 0.05.
679
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MTT method. The results were shown in Tables 1 and 2.
IC,, of 6-gingerol was the non-cytotoxic dose, which was the
concentration of 6-gingerol whose inhibition rate was less

Table 2. Effects of 6-gingerol on the growth inhibition rate of Caco-2 cells.

Group Concentration Absorbance Inhibition
(ug/mL) (ux *s) rate(%)
Control group - 2.227 £0.017 -

6-gingerol 10 2.178 £ 0.079 2.209
25 2.156 £ 0.012° 3.181

50 2.116 £ 0.007* 4.990

75 2.096 + 0.089* 5.871

100 2.077 £0.033* 6.750

125 2.048 £ 0.16* 8.062

150 2.012 £ 0.034* 9.682

175 1.960 + 0.087* 11.977

Compared with control group,* P<0.05.

than 10%. Addition of 6-gingerol at different concentrations
significantly inhibited the proliferation of cells. With the
increase of concentration of 6-gingerol, the inhibitory effect
on cell proliferation gradually increased in a dose-dependent
manner. When the concentration of 6-gingerol was < 20 pg/mL,
the inhibition rate of NCM460 cells was less than 10%.
When the concentration of 6-gingerol was <150 pg/mL, the
inhibition rate of Caco-2 cells was less than 10%. After treated
with the above range concentrations of 6-gingerol for 24 h,
the cells were observed under microscope. Figure 1 and 2
showed that as the concentration of 6-gingerol was less
than IC,,, the cells adhered to the plate well and the status
of cells were good.

According to the previously reported (Zhu et al., 2019),
to investigate the effects of food products on the adhesion of
intestinal probiotics, the foregoing cytotoxic experiments should
be done to test the adverse effect of different concentration
of the products on intestinal cells, and moreover, to select
the appropriate working concentration of the products.

Figure 1. Effects of different concentration of 6-gingerol on growth of NCM460 cells (200x). (A) Normal group; (B) 6-gingerol (5 pug/mL) group;

(C) 6-gingerol (10 pg/mL) group; (D) 6-gingerol (20 pg/mL) group.
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Therefore, through the foregoing cytotoxic experiments,
6-gingerol concentration of 5, 10, 20 pg/mL was used to
treat NCM460 cells, and 6-gingerol concentration 50, 100,
150 pg/mL was used to treat Caco-2 cells for the subsequent
experiments of probiotic adhesion.

3.2 Promotive effect of 6-gingerol on adhesion ability of
probiotics with NCM460 cells

Lactophilus acidophilus and Bifidobacterium bifidum
are two kinds of important sources of probiotic strains.
Compared with the normal control group, addition of

Figure 2. Effects of different concentration of 6-gingerol on growth of Caco-2 cells (200x). (A) Normal group; (B) 6-gingerol (50 ug/mL) group;

(C) 6-gingerol (100 pg/mL) group; (D) 6-gingerol (150 ug/mL) group.

Table 3. Effects of 6-gingerol on adhesive ability of Lactobacillus
acidophilus with NCM460 cells.

Table 4. Effects of 6-gingerol on adhesive ability of Bifidobacterium
bifidum with NCM460 cells.

Concentration Adhesive number /
of 6-gingerol (CFU/cell) Adhesive rate (%) C(?ncentration of Adhesive number / Adhesive rate (%)
(ug/mL) 6-gingerol (ug/mL) (CFU/cell)

0 0.722 £ 0.009 0.018 £ 0.000 0 2.676 £0.021 0.067 £ 0.001
5 0.807 + 0.040% 0.020 £ 0.001% 5 2.880 + 0.040¢ 0.072 £ 0.001¢
10 0.885 + 0.052 0.022 £ 0.001%® 10 3.325 +0.005° 0.083 + 0.000°
20 0.974 + 0.004* 0.024 + 0.000° 20 3.717 £ 0.134° 0.093 £ 0.003*

Compared with control group,»®< P < 0.05. Compared with control group, P < 0.05.
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6-gingerol (5, 10, 20 pg/mL significantly increased the
number of adherent probiotics Lactobacillus acidophilus and
Bifidobacterium bifidum with NCM460 cells and the adhesion
rate. The differences were significant (P <0.05). The results
were showed in Tables 3 and 4. Addition of 6-gingerol could
promote the adhesion of these two probiotics strains to
NCM460 cells in a dose-dependent manner.

Gram staining of probiotics adhering to colonic epithelial
NCM460 cells were shown in Figure 3 and 4. Two kinds of
probiotics (Lactobacillus acidophilus and Bifidobacterium
bifidum) were multi-shaped or rod-shaped adherent on or
around NCM460 cells. There had some cross-linkings between

the cells. Compared with the normal group, the number of
Lactobacillus acidophilus or Bifidobacterium bifidum attached
to 6-gingerol treated-NCM460 cells significantly increased.
This is consistent with the results of the adhesion count and
adhesion rate in Table 3 and Table 4.

According to the previously reported (Volstatova etal., 2017),
the adhesiveness of two potentially probiotic strains to epithelial
cells was increased upon treatment with apple pulp extracts
and apple phenolics, which strengthened the evidence for a
new mechanism by which natural food products such as apple
polyphenols affected the human microbiota. These findings were
in accordance with our results.

(c)

(d)

Figure 3. Effects of 6-gingerol on the adhesive ability of Lactobacillus acidophilus to NCM460 cells (Gram staining, 1000x). (a) Normal group;
(b) 6-gingerol (5 ug/mL) group; (c) 6-gingerol (10 pug/mL) group; (d) 6-gingerol (20 pug/mL) group.
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probiotics with Caco-2 cells
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150 ug/mL) significantly increased the number of adherent
probiotics with Caco-2 cells and adhesive rate. The differences

The results were showed in Tables 5 and 6. Compared =~ were significant (P<0.05). Results showed that addition of
with the normal group, addition of 6-gingerol (50, 100,  6-gingerol could promote the adhesion of Lactobacillus

(c)

(d)

Figure 4. Effects of 6-gingerol on the adhesive ability of Bifidobacterium bifidum to NCM460 cells (Gram staining, 1000x). (a) Normal group;
(b) 6-gingerol (5 ug/mL) group; (c) 6-gingerol (10 pug/mL) group; (d) 6-gingerol (20 pug/mL) group.

Table 5. Effect of 6-gingerol on adhesive ability of Lactobacillus Table 6. Effect of 6-gingerol on adhesive ability of Bifidobacterium

acidophilus with Caco-2 cells.

bifidum with Caco-2 cells.

R R I R e R
0 7.099 £ 0.016 0.177 £ 0.000 0 9.114 £ 0.081 0.228 £ 0.002
50 8.103 £ 0.063¢ 0.203 £ 0.001¢ 50 12.216 £ 0.141¢ 0.305 £ 0.003¢
100 9.145 £ 0.115° 0.229 + 0.003° 100 13.330 £ 0.077° 0.333 £ 0.002°
150 10.400 + 0.014* 0.260 + 0.004* 150 13.980 + 0.063* 0.350 = 0.001*

Compared with control group,**< P < 0.05.
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(d)

Figure 5. Effects of 6-gingerol on the adhesive ability of Lactobacillus acidophilus to Caco-2 cells (Gram staining, 1000x). (a) Normal group; (b)
6-gingerol (50 pg/mL) group; (c) 6-gingerol (100 pg/mL) group; (d) 6-gingerol (150 ug/mL) group.

acidophilus and Bifidobacterium bifidum to Caco-2 cells in
a dose-dependent manner.

Gram staining of probiotics adhering to colonic
epithelial Caco-2 cells were showed in Figure 5 and Figure 6.
Two kinds of probiotics (Lactobacillus acidophilus and
Bifidobacterium bifidum) were all nearly adhered to Caco-2
cells. Compared with the normal group, the number of
Lactobacillus acidophilus or Bifidobacterium bifidum attached
to 6-gingerol treated-Caco-2 cells significantly increased in
a dose-dependent (Figure 5, Figure 6). This is consistent

684

with the results of the adhesive count and adhesive rate in
Table 5 and Table 6.

Previously reports assessed the influence of polyunsaturated
fatty acids (PUFA, linoleics, arachidonic, and docosahexaenoic
acids) at physiological concentrations in the growth media on
the growth and adhesion of probiotics Lactobacillus GG and
Lactobacillus casei Shirota, which indicated that the action
of probiotics in the gut may be modulated by dietary PUFA
(Kankaanpdd et al., 2001). These findings confirmed the present
research, which indicated the adhesion to mucosal surfaces being
pivotal in health promoting effects by probiotics.

Food Sci. Technol, Campinas, 41(3): 678-686, July-Sep 2021
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(c)

(d)

Figure 6. Effects of 6-gingerol on the adhesive ability of Bifidobacterium bifidum to Caco-2 cells (Gram staining, 1000x). (a) Normal group; (b)
6-gingerol (50 pg/mL) group; (c) 6-gingerol (100 pg/mL) group; (d) 6-gingerol (150 ug/mL) group.

4 Conclusion

The effects of 6-gingerol on adhesive promotion of probiotics
to colonic epithelial cells were investigated. 6-gingerol had no
damage to colonic epithelial cells within a certain range of
concentration. 6-gingerol promoted the adhesion of probiotics
(lactophilus acidophilus and bifidobacterium bifidum) to
colonic epithelial cells (NCM460 cells and Caco-2 cells) in
a dose-dependent manner. These suggested that 6-gingerol
can promote healthy function of probiotics and make them
exert probiotic activity continuously. Further investigations of
6-gingerol on the improvement of intestinal micro-ecosystem
would be done in the future studies.
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