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Fresh rice (Oryza sativa ssp. japonica) at the medium-milk stage is rich in soluble dietary fiber (SDF), leading to potential effects
on type 2 diabetes (T2D). In this study, we analyzed each monosaccharide, the relative molecular weight, and the molecular
linkages of fresh rice (grain, stem, husk, and leaf) SDF. The examined fresh rice leaf SDF consisted of 31.9% glucose, 35.7%
galactose, 15.3% arabinose, 11.7% mannose, and a small amount of rhamnose and xylose. The molecular weight (Mw) was
232:5 ± 19:1 × 104 u, and the radius of gyration (Rg) was 298:8 ± 25:4 nm. The glycosidic bonds consisted mainly of Araf and
Glc/Gal and included 1,3-Araf, 1,5-Araf, and 3,5-Araf glycosidic bonds. The effect of fresh rice leaf SDF on insulin resistance
(IR) in HepG2 cells showed that it could significantly enhance glucose consumption (P < 0:05). It also decreased the
malondialdehyde (MDA) content (P < 0:05) and increased the total superoxide dismutase (T-SOD) and glutathione peroxidase
(GSH-Px) activities (P < 0:05) in a dose-dependent manner. Therefore, fresh rice leaf SDF might be a good dietary supplement
for treating T2D.

1. Introduction

Rice (Oryza sativa ssp. japonica) is one of the staple foods in
North China, occupying more than 4 million ha of farmed
area and with 22 million tons produced in Heilongjiang
Province [1]. During the ripening period, rice grains become
hard, and the husk, leaves, and stems become completely
yellow [2]. Here, fresh rice is referred to as rice harvested
at the medium-milk stage between the maturation and wax
maturation stages [3]. Studies have shown that the bioactive
substances in rice gradually become more abundant from
early maturation to the waxy stage [4]. The protein content
in the medium-milk stage of fresh rice was the highest and
was 1.5% higher than that in mature rice [3]. The lipid con-
tent in rice first increased and then decreased, and the lipids
in the medium-milk stage of fresh rice had the highest anti-

oxidant activity [5]. Our previous studies showed that solu-
ble dietary fiber (SDF) in fresh rice at the medium-milk
stage had higher antioxidant activity, even though its struc-
ture remains unclear [6]. Therefore, research on the various
parts of fresh rice and the study of nutrient and structural
changes would be of great developmental value.

Due to the decrease in physical activity and traditional
diet consumption, the number of patients with type 2 diabe-
tes (T2D) has been predicted to increase to 642 million by
2040 [7]. HepG2 cells are a hepatoblastoma cell line with a
phenotype similar to that of hepatocytes. They retain many
biological characteristics of hepatocytes and are ideal cells
for establishing an insulin resistance (IR) model [8]. There-
fore, elaborating the potential effect of fresh rice SDF on
T2D would be useful [9]. Reports have shown that IR
HepG2 cells are a good model for studying the association
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between T2D and SDF [10, 11]. However, the structure of
fresh rice SDF and its effect on IR in HepG2 cells have not
been reported.

In this study, the structure of SDF from various parts of
fresh rice at the medium-milk stage was explored. Samples
from the appropriate period were selected and further used
to improve IR in HepG2 cells. The aim of the research was
to provide theoretical and experimental support for the
development of new types of rice products and add value
to the utilization of rice.

2. Materials and Methods

2.1. Materials. Rice (O. sativa ssp. japonica, Longjing 31,
main japonica rice variety in Heilongjiang Province) was
obtained from Luobei Mingshan Farm (longitude:
131.113320, latitude: 47.626770; Hegang City, China). The
total period of rice maturation was calculated to be 25 days
(18/8/2017-11/9/2017). Rice samples from the premilk,
medium-milk, postmilk, wax, and mature stages were iso-
lated at five-day intervals. At the medium-milk stage (18/
23/2017-8/27/2017), fresh rice (grain, stem, husk, and leaf)
samples were stored at -80°C until use. HepG2 cells were
provided by the Chinese Academy of Sciences Committee
on Type Culture Collection Cell Bank (Shanghai, China).
DMEM, penicillin, and streptomycin were obtained from
Gibco Co., Ltd. (Grand Island, NY, USA). Cell Counting
Kit-8 was purchased from Beyotime Biotechnology (CCK8,
Shanghai, China). The glucose test kit, micromalondialde-
hyde (MDA) kit, total superoxide dismutase (T-SOD) kit,
and glutathione peroxidase (GSH-Px) enzyme assay kit were
obtained from the Nanjing Institute of Bioengineering (Nan-
jing, China).

2.2. Extraction and Purification of Fresh Rice SDF. Extraction
and purification were performed according to a modified
method [12]. One-gram samples of fresh rice (grain, stem,
husk, and leaf) at the medium-milk stage were distilled in
30mL of water and heated in a 470W microwave for
30min. A 0.2% high-temperature-resistant α-amylase
(10000U/mL) solution at pH6.0 was added at 97°C for
32min. After cooling, the pH was adjusted to 7.0, and
0.2% neutral protease (400U/mL) was added at 60°C for
30min. The pH was then adjusted to 4.5, and 0.2% glucosi-
dase (3000U/mL) was added at 60°C for 30min. After dena-
turing the enzyme at 100°C for 5min, the enzymatic
hydrolysate was transferred to a 3μm membrane filtration
unit. After the filtrate was concentrated, 4 volumes of 95%
ethanol were added for alcohol precipitation for 24h at
room temperature. The precipitate was centrifuged at 3000
× g for 5min and dried at 95°C for 3 h. D101 macroporous
resin (Haiguang Chemical Co., Ltd., Tianjin, China) was
used to purify SDF. The specific conditions were as follows:
the sample loading flow rate was 2mL/min, and the mass
concentration of the sample loading solution was 2mg/mL
at pH10. The elution conditions were as follows: 70% etha-
nol was selected as the eluent, and the flow rate of the eluent
was 1mL/min.

2.3. Determination of the Monosaccharide Composition. The
monosaccharide composition of fresh rice SDF was deter-
mined by gas chromatography-mass spectrometry (GC-
MS, Agilent Technologies, Palo Alto, CA, USA) [13].
Briefly, one microliter of the pretreated sample standard
was injected into a GC-MS instrument for analysis. The
temperature was increased to 160°C~210°C within 10min
at a flow rate of 1.2mL/min and increased further to
240°C over 10min. Then, the temperature was gradually
increased to 250°C. An electron bombardment source
was used for the analysis at an electron energy of 70 eV
within 35-450 m/z.

2.4. Determination of the Relative Molecular Weight and
Radius of Gyration. Based on the reported method, an SDF
solution at a concentration of 2mg/mL was prepared by dis-
solution at 60°C and filtering through a 3μm membrane
[14]. The solution was examined by a high-performance size
exclusion chromatography-multiangle laser light scattering-
refractive index system (HPSEC-MALLS-RI, #321, Gilson,
Middleton, WI, USA, conducted at Gangneung Wonji
National University, Gangneung, Korea). The molecular
mass (Mw) and radius of gyration (Rg) were determined
using an online detection system. The mobile phase was
0.15mol/L NaNO3 and 0.02% NaN3, and the flow rate was
0.4mL/min. The results were analyzed using ASTRA 6.1
software (Wyatt Technology Corporation, CA, USA).

2.5. Determination of the Molecular Linkages. Fresh rice SDF
was first methylated and then treated with trifluoroacetic
acid, hydrolyzing at 100°C for 6 h. This was followed by
reduction and acetylation by sodium borohydride (NaBH4)
and anhydrous acetic acid, respectively. The sugar alcohol
acetate derivatives were partially methylated. The linkage
mode was determined by comparing the peak times in the
gas chromatography spectrum with the ion peaks in the
mass spectrum with those of SDF with various linkage
modes [15].

2.6. Grouping and Effects of Fresh Rice Leaf SDF on IR in
HepG2 Cells. An IR model of HepG2 cells was established
for preliminary experiments [16]. After digestion, a total of
5:0 × 104 cells were inoculated into a 24-well plate, and
modeling was performed when the cell culture reached
approximately 85% confluence. The blank control group
(A) was cultured in serum-free high-glucose DMEM. The
IR model group (B) was grown in serum-free high-glucose
DMEM supplemented with insulin at a concentration of 5
× 10−7 mol/L. The low-, medium-, and high-dose fresh rice
leaf SDF groups with 50μg/mL, 100μg/mL, and 200μg/mL
fresh rice leaf SDF in group B were grouped as groups C,
D, and E, respectively. The metformin-positive control
group (group B treated with 100μg/mL metformin) was
named group F. Ten microliters of the supernatant was col-
lected after 24 h. The glucose content in the culture medium
was measured using a glucose assay kit at 505 nm and calcu-
lated using equation(1). Glucose inhibition was calculated
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using equation(2).

Glucose content mmol ⋅ L−1
� �

=
ODSample
ODStandard

× standard solution concentration,

ð1Þ

Glucose inhibition rate %ð Þ = A − A1
A

× 100, ð2Þ

where A is the glucose consumption in the blank control
group and A1 is the glucose consumption in the treatment
group.

The CCK8 method was used to determine the viability of
cells in the logarithmic growth phase [17]. After digestion,
the density of the HepG2 cells was adjusted to 1:0 × 104,
and the cells were inoculated into 96-well culture plates.
The total volume per well was 150μL, and each group con-
sisted of 6 parallel wells. The cells were incubated for 24 h
at 37°C in 5% CO2 under saturated humidity. The cells were
washed with PBS 2-3 times, and 15μL of CCK8 solution was
added to each well for 1-2 h of culture. The absorbance of the
culture was tested at a wavelength of 450nm with an ultravi-
olet spectrophotometer. Cellular activity was calculated
using the following equation:

Cell viability %ð Þ = ODTest −ODBlank
ODComparison −ODBlank

× 100:

ð3Þ

The effects of fresh rice SDF on glucose consumption,
MDA content, T-SOD activity, and GSH-Px activity in IR
HepG2 cells were determined following the kit instructions.

2.7. Data Processing. The structural tests were repeated in
triplicate, and each cellular test was repeated six times. Data
processing was performed mainly with IBM SPSS 20.0
(SPSS, Inc., Chicago, IL, USA). Differences in the data were
analyzed with one-way ANOVA and post hoc Duncan’s test.

3. Results and Discussion

3.1. Monosaccharide Composition of Fresh Rice SDF. During
the ripening period, the nutrients in the various parts of rice
plants change continuously [6]. Fresh rice SDF is an interest-
ing research material at the medium-milk stage. As shown in
Table 1, the grain SDF was composed mainly of glucose
(79.2%) and small amounts of galactose (8.9%), rhamnose
(0.6%), arabinose (4.7%), mannose (5.1%), and xylose
(1.5%). The monosaccharide compositions of the stem, leaf,
and husk SDF were very similar, and they consisted mainly
of glucose (32.1%, 31.9%, and 34.2%), galactose (30.9%,
35.7%, and 35.7%), arabinose (14.4%, 15.3%, and 7.1%),
mannose (17.4%, 11.7%, and 18.2%), and small amounts of
rhamnose and xylose. The levels of monosaccharides in fresh
rice SDF were different because they originated from various
tissues [18]. In barley soluble fiber, arabinose (BSF-60,
20.5%), glucose (BSF-20, 74.5%), and xylose (BSF-40,
42.6%) were the main monosaccharides analyzed [19]. Dif-

ferences in monosaccharide compositions were observed
among different varieties.

3.2. Relative Molecular Weight and Radius of Gyration. The
two peaks of fresh rice stem SDF in the ranges of 38-
46min (peak I) and 46-49min (peak II) are shown in
Figure 1(a), and the 38-45min (peak I) and 45-49min (peak
II) peaks of fresh rice grain SDF are shown in Figure 1(c).
These results show that the polysaccharide compositions in
the stem and grain of fresh rice are not uniform. Only one
symmetrical peak was observed in the spectra of the fresh
rice husk and leaf SDF (Figures 1(b) and 1(d)). The elution
time was 46-49min, indicating the presence of homoge-
neous polysaccharides. In addition, there were obvious peaks
for the fresh rice stem, husk, grain, and leaf SDF, indicating
that these samples might have contained a small amount of
protein [15]. The largestMw was observed for peak I of fresh
rice grain SDF, with a value of 1239:8 ± 112:2 × 104 u, and
the smallest Mw was observed for peak I of fresh rice leaf
SDF, with a value of 232:5 ± 19:1 × 104 u (Table 2). Rg did
not show a large difference in any part of the fresh rice SDF.

It is more difficult for SDF with a large Mw to enter an
organism to exert its biological activity, while low Mw SDF
is not active [20]. Generally, polysaccharide fragments with
an Mw between 100 and 200 kDa have higher biological
activity [21]. Therefore, fresh rice leaf SDF is more likely
to be functional than other kinds of SDF.

3.3. Molecular Linkages in Fresh Rice SDF. The GC-MS
results are shown in Table 3. Most of the main-chain glyco-
sidic bonds in fresh rice grain SDF are glycosidic and 1,6-
glycosidic bonds, accounting for 59.6% and 17.3% of bonds,
respectively. The glycosidic bonds in fresh rice stem SDF
were mainly Glc/Gal bonds, accounting for 28.7% of the
total, as well as 1,4-Man/Glc/Gal, 1,6-Man/Glc/Gal, and
3,6-Man/Glc/Gal bonds, together accounting for 37.1% of
the total. The glycosidic bonds in fresh rice husk SDF were
mainly composed of Glc/Gal, as well as 1,6-Glc/Gal, 3,4-
Glc/Gal, 4,6-Glc/Gal, and 3,6-Glc/Gal bonds, corresponding
to a peak area of 69.9%. In contrast, the fresh rice leaf SDF
glycosidic bonds consisted of Araf and Glc/Gal and included
1,3-Araf, 1,5-Araf, and 3,5-Araf glycosidic bonds, corre-
sponding to a peak area of 20.9%. The other bonds in fresh
rice leaf SDF were 1,4-Glc/Gal, 1,6-Glc/Gal, 3,4-Glc/Gal,
4,6-Glc/Gal, and 3,6-Glc/Gal glycosidic bonds, accounting
for a peak area of 55.6%.

Table 1: Monosaccharide compositions in fresh rice SDF.

Type Grain (%) Stem (%) Husk (%) Leaf (%)

Rhamnose 0.6 1.9 3.4 2.2

Arabinose 4.7 14.4 7.1 15.3

Xylose 1.5 3.3 1.4 3.2

Mannose 5.1 17.4 18.2 11.7

Glucose 79.2 32.1 34.2 31.9

Galactose 8.9 30.9 35.7 35.7
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Most polysaccharide materials with strong biological
activity are linked by 1,3- and 1,6-glycosidic bonds, which
exhibit a higher tumor inhibition rate than other bond types
[22]. Other linkages, such as 1- and 4-linkages, are rarely
active. In this study, fresh rice grain SDF had the lowest
activity, and fresh rice leaf SDF had the highest activity.

3.4. Effect of Fresh Rice Leaf SDF on the Growth of IR and
Glucose Consumption in HepG2 Cells. According to the
above results, fresh rice leaf SDF is a potential candidate
for further study. As shown in Table 4, the IR model group
(B) showed 85.51% cell viability. The viability was not signif-
icantly different between the metformin-positive control
group (F) and the blank control group (A), which indicated
that metformin improved the IR in the HepG2 cells, as the
cell viability in this group reached more than 99%. The
low-dosage fresh rice leaf SDF group (C) and medium-

dosage fresh rice leaf SDF group (D) showed improved cell
viability in comparison to the IR model group (B)
(P < 0:01) after 24 h, and the cell viability was over 92.02%.
The high-concentration fresh rice leaf SDF groups (E) signif-
icantly decreased cell viability (P < 0:01).

Glucose consumption by HepG2 cells is shown in
Table 4. The IR model group (B) consumed the least glucose
at 7.78mmol/L. Glucose consumption by low- or high-
dosage fresh rice leaf SDF (C or E) was greater than that in
the IR model group (B) (P < 0:01), indicating that fresh rice
leaf SDF could increase glucose consumption by HepG2
cells. The metformin-positive control group (F) also inter-
fered with the inhibitory effect of insulin on the cellular
uptake of glucose (P < 0:01). The effect of fresh rice leaf
SDF in alleviating this effect of insulin was lower than that
of the metformin-positive control group (F). The amount
of glucose consumed by cells treated with different concen-
trations of SDF also differed. As the concentration of SDF
increased, the amount of glucose consumed also increased.
The group treated with a high-dosage of fresh rice leaf SDF
(E) consumed 0.96mmol/L more glucose than the IR model
group (B). Furthermore, the group treated with 50μg/mL
SDF (C) consumed 1.81mmol/L more glucose than the
group treated with 200μg/mL SDF (E).

It has been suggested that fresh rice leaf SDF adsorbs
glucose, which reduces the concentration of glucose, pro-
moting the uptake and metabolism of glucose by HepG2
cells and significantly improving their IR. SDF is also
believed to improve the intestinal environment, increase
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Figure 1: Refractive index and UV chromatography profiles of fresh rice SDF in various parts of rice.

Table 2: Molecular weight (Mw) and radius of gyration (Rg) in
fresh rice SDF.

Sample Mw × 104 (u) Rg (nm)
Peak I Peak II Peak I Peak II

Stem 1239:8 ± 112:2 578:0 ± 9:2 309:4 ± 10:2 315:0 ± 11:2

Husk 274:1 ± 5:9 — 327:5 ± 13:1 —

Grain 1417:0 ± 158:5 539:8 ± 89:6 307:7 ± 14:6 297:7 ± 20:8

Leaf 232:5 ± 19:1 — 298:8 ± 25:4 —
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the body’s sensitivity to insulin, and improve methods of
glucose consumption, resulting in an increased glucose con-
sumption rate [23].

3.5. Effect of Fresh Rice Leaf SDF on the MDA Content and
T-SOD and GSH-Px Activities of IR HepG2 Cells. Oxidative
stress (OS) is positively correlated with IR, which plays a
key role in the pathogenesis of T2D [24]. Antioxidant
enzymes (such as SOD and GSH) and lipid peroxidation
(such as MDA) can be used as OS evaluation markers [25].
The MDA content of the IR model group (B) was the high-
est, indicating that OS damage was the highest in this group
among all the groups (Table 5). The MDA levels in the blank
control group (A) and other groups of fresh rice leaf SDF
and the metformin-positive control group (F) were signifi-
cantly lower than that in the IR model group (B) (P < 0:01
). These results suggest that both fresh rice leaf SDF and
metformin could reduce the release of MDA in IR HepG2
cells. The MDA content in group E was 4.10 nmol/mg pro-
tein, which was lower than that in the IR model group (B)

(P < 0:01). Thus, fresh rice leaf SDF could reduce the release
of MDA and improve IR in HepG2 cells.

The T-SOD activity in the IR model group (B) was the
lowest, and those in the fresh rice leaf SDF and metformin
groups were significantly higher than that in the IR model
group (B) (Table 5). Additionally, the T-SOD activity in
group E was 38:99 ± 1:44mg/protein, which was signifi-
cantly higher than that in the IR model group (B)
(P < 0:01). This result indicated that fresh rice leaf SDF
could enhance the T-SOD activity of IR in HepG2 cells
and significantly improve the degree of cell damage. These
results were similar to those for SDF from whole-grain bean,
whole soybean, whole-grain wheat, and whole-grain
corn [26].

The GSH-Px activity was lowest in the IR model group
(B), indicating that the POD activity was decreased in IR
HepG2 cells. The GSH-Px activity in the fresh rice leaf
SDF groups (C and D) (P < 0:05) and metformin-positive
control group (F) (P < 0:01) was significantly higher than
that in the IR model group (B) (Table 5). The GSH-Px activ-
ity in the group treated with 200μg/mL SDF (E) was 24:10

Table 3: Types of glycosidic bonds in fresh rice SDF at the medium-milk stage and corresponding peak areas.

Grain Peak (%) Stem Peak (%) Husk Peak (%) Leaf Peak (%)

Araf-(1→ 2.6 Araf-(1→ 10.6 Araf-(1→ 5.0 Araf-(1→ 12.0

Rha-(1→ 0.9 Rha-(1→ 2.5 Rha-(1→ 2.8 Rha-(1→ 2.9

Glc-(1→ 59.6 →3)-Araf-(1→ 1.7 Xyl-(1→ 1.2 →3)-Araf-(1→ 1.8

Man-(1→ 2.6 →5)-Araf-(1→ 4.0 →3)-Araf-(1→ 1.5 →5)-Araf-(1→ 6.3

→2)-Glc-(1→ 2.1 Glc/Gal-(1→ 28.7 →5)-Araf-(1→ 2.2 Glc/Gal-(1→ 17.5

→3)-Glc-(1→ 0.5 Man/Glc/Gal-(1→ 5.4 Glc/Gal-(1→ 33.6 Man/Glc/Gal-(1→ 5.1

→4)-Glc-(1→ 6.6 →3,5)-Araf-(1→ 2.1 Man/Glc/Gal-(1→ 6.7 →3,5)-Araf-(1→ 0.8

→2)-Araf-(1→ 2.2 →2)-Man/Glc/Gal-(1→ 3.6
→2)-Man/Glc/Gal-

(1→
3.1

→2)-Man/Glc/Gal-
(1→

1.6

→6)-Glc-(1→ 17.3 →3)-Man/Glc/Gal-(1→ 1.3
→3)-Man/Glc/Gal-

(1→
0.9

→3)-Man/Glc/Gal-
(1→

2.1

→6)-man-(1→ 1.6 →4)-Man/Glc/Gal-(1→ 17.8 →4)-Glc/Gal-(1→ 6.9 →4)-Glc/Gal-(1→ 17.8

→2,5)-Araf-
(1→

1.3 →3)-Man/Glc/Gal-(1→ 3.0
→3)-Man/Glc/Gal-

(1→
6.6

→3)-Man/Glc/Gal-
(1→

4.8

→3,6)-Glc-(1→ 2.6 →6)-Man/Glc/Gal-(1→ 6.3 →6)-Glc/Gal-(1→ 12.8 →6)-Glc/Gal-(1→ 5.1

→6)-Man/Glc/Gal-(1→ 5.4 →6)-Glc/Gal-(1→ 3.5 →6)-Glc/Gal-(1→ 5.5

→3,6)-Man/Glc/Gal-
(1→

7.6 →3,4)-Glc/Gal-(1→ 1.4 →3,4)-Glc/Gal-(1→ 1.2

→4,6)-Glc/Gal-(1→ 6.4 →4,6)-Glc/Gal-(1→ 3.2

→3,6)-Glc/Gal-(1→ 5.3 →3,6)-Glc/Gal-(1→ 5.3

Table 4: The effect of fresh rice leaf SDF on the growth and glucose consumption of IR in HepG2 cells.

Type
Blank control
group (A)

IR model
group (B)

Low-dose SDF
group (C)

Medium-dose SDF
group (D)

High-dose SDF
group (E)

Metformin positive
control group (F)

Cell viability (%) 100:00 ± 3:24∗∗ 85:51 ± 0:93 92:71 ± 3:61∗∗ 92:02 ± 4:42∗∗ 77:48 ± 1:78∗∗ 99:02 ± 6:25∗∗

Glucose
consumption
(mmol/L)

8:79 ± 0:43∗∗ 7:78 ± 0:27 10:55 ± 0:24∗∗ 8:12 ± 0:18∗ 8:74 ± 0:36∗∗ 8:86 ± 0:37∗∗

Data were presented as means ± SE (n = 6). ∗P < 0:05, ∗∗P < 0:01 vs. the IR model group (B).
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± 10:12mg/protein, which was not significantly different
from that in the IR model group (B) (P > 0:05). Therefore,
fresh rice leaf SDF at low concentrations could effectively
improve IR in HepG2 cells and upregulate GSH-Px activity.

Animal experiments showed that dietary fiber from soy-
bean okara could reduce insulin levels in T2D and induce IR,
improving liver total antioxidant capacity (T-AOC) and
SOD and GSH-Px activities and decreasing the MDA con-
tent [27]. Fresh rice leaf SDF could improve IR in HepG2
cells, providing a reference for the application of rice.

4. Conclusions

The amount of glucose among monosaccharides from the
SDF of medium-milk-stage fresh rice grains was 79.2%,
and the stem, leaf, and husk were mainly composed of glu-
cose, galactose, and arabinose. Grain SDF is mainly linked
through glucose and 1,6-glycosidic bonds, and stem, leaf,
and husk SDF is mainly linked through glucose, 1,6-glucose,
arabinose, and galactose. Additionally, fresh rice leaf SDF
improved cell activity, significantly enhanced glucose con-
sumption, reduced the MDA content, enhanced SOD activ-
ity, and increased GSH-Px activity, and these effects were
enhanced with increasing concentrations. Therefore, this
study demonstrated that fresh rice leaf SDF had a beneficial
effect on IR in HepG2 cells. Although the mechanism was
not clearly revealed, these results lay a foundation for future
experiments to elucidate the specific mechanism.
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