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Epithelial cell proliferation has been demonstrated to be a critical modality for mucosal repair after
gastrointestinal mucosal injury. This research aimed to investigate the effect of total ginsenosides
upon the proliferation of intestinal epithelial cells (IEC-6), and elucidate its potential mechanisms
through polyamine-regulated pathway including the expression of proliferation-related proteins.
Total ginsenosides (PGE3) were extracted from Panax ginseng, a Chinese herbal medicine, whose
chromatogram was obtained by high performance liquid chromatographic method with evaporative
light scattering detection (HPLC-ELSD). The cell proliferation, cell cycle distribution and the level of
c-Myc, RhoA, Cdk2 proteins were detected to determine the effects of PGE3 at 25, 50 and100 mg/l
doses on IEC-6. Furthermore, rats model of intestinal mucosal injury were induced by the subcuta-
neous injection of indomethacin, and the effect of Panax ginseng aqueous extracts (PGE1) on intesti-
nal mucosal injury was observed. PGE3 could promote IEC-6 cell proliferation, reduce the proportion
of G0/G1 phase cells and elevate the proportion of G2/M + S phase cells, and revert the proliferation
and cell cycle arrest induced by DFMO (DL-a-difluoromethylornithine, an inhibitor of polyamines
synthesis). PGE3 exposure enhanced the level of c-Myc, RhoA and Cdk2 proteins, and reversed the
inhibition of these proteins expression induced by DFMO. The results of gross and pathological scores
showed administration of PGE1 significantly alleviated intestinal mucosal injury of rats. Our findings
indicate that total ginsenosides promoted the IEC-6 proliferation presumably via its regulation on cell
cycle and the expression of proliferation-related proteins regulated by polyamines, and provided a
novel perspective for exploring the repair effect of Panax ginseng upon gastrointestinal mucosal
injury.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Gastrointestinal mucosal injury is a common pathological
manifestation in spleen-deficiency syndrome [a classical syndrome
in traditional Chinese medicine (TCM) theory] and many
gastrointestinal diseases such as inflammatory bowel disease
(Zhang et al., 2020). Mucosal repair after gastrointestinal injury is
an important way to restore and maintain gastrointestinal barrier
function (Farré et al.,2020), of which the regulatory defects may
be the pathogenesis basis of stress ulcer, peptic ulcer, inflamma-
tory bowel disease as well as the anorexia, abdominal distension
(TCM symptoms) and so on (McElrath et al., 2021; Flemming
et al., 2020; Birkl et al., 2019). Gastrointestinal mucosal integrity
is the morphological basis of the mucosal barrier(Chelakkot
et al.,2018), and the ability to repair the gastrointestinal mucosa
after injury is an important factor in maintaining its integrity,
therefore, the role of repairing gastrointestinal mucosa after injury
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has an important pathophysiological significance (Odenwald and
Turner, 2013). The repair process is regulated by a variety of cellu-
lar factors including polyamines (Rao et al., 2020). Polyamines
(spermine, spermidine and putrescine) are the central focus of
many complex signal pathways that regulate the different
functions of epithelial cells (Grosheva et al., 2020). Besides,
polyamines play a potent role in the repair process after the gas-
trointestinal mucosal injury, such as facilitating cell proliferation,
migration, differentiation and regulating cell junctions (Gao et al.,
2013).

An increasing body of evidences have confirmed that the Chi-
nese medicine of reinforcing Qi strengthening spleen (RQSS) could
protect the gastrointestinal barrier by promoting the repair of
injured gastrointestinal mucosa. Our earlier animal experiments
had proved that the mechanism of RQSS Chinese medicine on the
repair of gastrointestinal mucosal injury was related to the increas-
ing level of polyamines. For example, the extracts from Astragalus
membranaceus, Atractylodes macrocephala, Codonopsis pilosula or
Glycyrrhiza uralensis (TCM of RQSS) could prevent gastric mucosal
injury caused by stress ulcer in rats, which was presumably asso-
ciated with the elevated content of polyamines in the gastric
mucosa (Nian, 2013). The extracts of Sijunzi decoction (Panax gin-
seng is the main medicine of this formula) had preventive and ther-
apeutic effects on indomethacin-induced gastrointestinal mucosal
injury probably by stabilizing the mucosal barrier via upregulating
polyamines content and expression level of tight junctions, adhe-
rens junctions proteins (Wang et al., 2018a; Wang et al., 2018b).
We found previously in vitro that the extracts from Astragalus
membranaceus, Atractylodes macrocephala, Codonopsis pilosula, Gly-
cyrrhiza uralensis or Sijunzi decoction promoted IEC-6 migration
and cell proliferation, differentiation and intercellular junctions
by regulating polyamines, which suggested that the effect of Chi-
nese medicines of RQSS on the repair of gastrointestinal mucosa
after injury is tied up with the polyamines (Li et al., 2010a; Zeng
et al., 2018; Song et al., 2014; Li et al., 2015a; Li et al., 2015b; Li
et al., 2016; Zeng et al., 2017; Tu et al., 2016a; Tu et al., 2016b;
Shi et al., 2019; Li et al., 2010b; Wu et al., 2017).

Panax ginseng (Panax ginseng C. A. Mey), the representative of
herbal medicines of RQSS, has been widely employed in Eastern
Asia for thousands of years. It is used to alleviate digestive condi-
tions via invigorating Qi, promoting fluid production and nourish-
ing blood, and is the main medicine of many tonifying formulas
such as Dushen decoction, Sijunzi decoction, Buzhong Yiqi decoc-
tion and so on. The active components of Panax ginseng include
saponins, polysaccharides, volatile oils, flavonoids, peptides, trace
elements and so on (Mancuso and Santangelo, 2017), of which gin-
senoside is taken into consideration as one of the major active
components (Kim et al., 2017). Ginsenoside effectively ameliorated
gastrointestinal digestion and absorption function of animals with
spleen deficiency (a syndrome of TCM), had antioxidant and anti-
inflammatory properties (An et al., 2021) and promoted the
renewal of IECs to maintain the integrity of gastrointestinal
mucosa by accelerating gastrointestinal mucosal mucus secretion
and blood flow, augmenting the number of microvilli, mitochon-
dria, endoplasmic reticulum, and increasing mitotic index of
intestinal epithelial cells (Peng and Lei, 1997; Peng and Lei,1999).
However, there are few reports about the underlying mechanisms
of ginsenoside in protecting gastrointestinal mucosa. The purpose
of this research was to observe the effect of total ginsenosides upon
the proliferation of IEC-6 cells respectively in culture media con-
taining DFMO or not, and to reveal its potential mechanisms of
action by analyzing changes of cell cycle and the expression of
proliferation-related proteins (c-Myc, Cdk2, RhoA) regulated by
polyamines. Meanwhile, the repair effects of ginseng aqueous
extracts on intestinal mucosal injury induced by indomethacin in
rats and its pharmacodynamic material basis were studied in vitro.
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2. Materials and methods

2.1. Materials

Panax ginseng (Renshen), was provided by Guangzhou Tong
Kang Pharmaceutical Co. Ltd and was identified by associate pro-
fessor Tong JY from the Department of Chinese medicine identifica-
tion in Guangzhou University of Chinese Medicine. IEC-6 cells were
purchased from the ATCC (No. 863139935, VA, U.S.A). In addition,
indomethacin, putrescine and DFMO were obtained from
Sigma-Aldrich (MO, U.S.A). Fetal bovine serum (FBS), DMEM and
streptomycin, penicillin were provided by Gibco (Mass, U.S.A).
Anti-c-Myc, Cdk2, RhoA, GAPDH antibodies and secondary anti-
body were purchased from Abcam (Cambridge, U.K).
2.2. Preparation of PGE1 (Panax ginseng aqueous extracts)

Briefly, a total of 600 g of Panax ginseng was chopped and then
immersed in twelve times the volume of pure water for 2 h. Subse-
quently, the mixture was decocted for 2 h, recovered filtrate. These
operations were repeated two times. The first and second decoc-
tion were pooled together, concentrated, and freeze-dried to pro-
duce PGE1.
2.3. Preparation of PGE2 and PGE3 (total ginsenosides extracts of
Panax ginseng)

A total of 300 g of dried Panax ginseng powder was added
with10-times volume of 80% ethanol, and then the mixture was
refluxed for 1.5 h at 60 �C, which was repeated in three times.
The mixtures of ginseng and 80% ethanol were filtered and the fil-
trate was recovered. All decoction were pooled together and con-
centrated to a final volume of 450 ml. The decoction was
extracted with petroleum ether for 3 times and water-saturated
n-butanol for 6 times to produce PGE2. The extracts were dissolved
in a small amount of methanol by ultrasonic after it was concen-
trated and freeze-dried. Then, 80% ethanol eluent was collected
when the extracts passed through D101 macroporous resin, con-
centrated and freeze-dried to obtain PGE3 (total ginsenosides
samples).
2.4. Properties of PGE (extracts of Panax ginseng)

2.4.1. Determination of ginsenoside
Vanillin-sulfuric acid assay, which was described by Hiai S (Hiai

et al., 1975), was conducted to determine the content of gin-
senoside in PGE2 and PGE3 with ginsenoside Re as a standard.
2.4.2. Chromatographic detection of PGE3
HPLC system (Grace, USA) equipped with ELSD 3300 (Alltech

Associates, USA) was employed to determine the purity of total
ginsenosides. Briefly, a total of 20 ul PGE3 was dissolved in metha-
nol (2 mg/ml) and applied to the column after being filtered by
0.22 lm filter. The temperature of the column was maintained at
30 �C, and the mobile phase was composed of A (acetonitrile)
and B (water), gradient elution was performed on a Ecosil C18 col-
umn (5 mm, 4.6 mm � 250 mm) at the flow rate of 1 ml/min.
Finally, the data that consisted of compound Molecular Weight
(comp MW), Retention Time (RT), peak intensity and observations
(samples) were edited by excel 2019 software.
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2.5. In vitro investigation

2.5.1. Cell culture
IEC-6 cells were routinely cultured in DMEM medium with 1%

antibiotics (streptomycin,penicillin) and 5% FBS at 37 �C under a
humidified atmosphere of 95% air and 5% CO2 as described previ-
ously (Shi et al., 2019).

2.5.2. MTT assay
Cell proliferation were detected by MTT assay according to the

previous research (Shi et al., 2018). IEC-6 cells (5 � 104 cells/ml)
were seeded in 96-well plates for 24 h in the above conditions
and incubated without FBS for 24 h, and subsequently cultured
with DMEM medium containing 0.5% FBS. Furthermore, IEC-6 cells
were treated with control, PGE3 (25, 50 and100mg/l) and putres-
cine (20 lmol/l, PUT) respectively, supplemented with DL-a-diflu
oromethylornithine (2.5 mmol/l) or not at appropriate time. After
48 h of stimulation, MTT solution with a concentration of 5 mg/
ml (20 ul, Sigma) was added into each well for another 4 h and
then replaced with DMSO (150 ll, Sigma, U.S.A). At last, the absor-
bance values at 490 nm were measured by a microplate reader.

2.5.3. Flow cytometry assay
The distribution of cell cycle was determined using flow cytom-

etry assay in CytomicsTM FC 500 flow cytometry system (Beckman
Coulter, Inc.,USA). IEC-6 cells were harvested and fixed with pre-
cold anhydrous ethanol for 24 h at 4 �C. After being washed with
PBS and centrifuged, cells were treated with 100 ll RNaseA (Bio-
froxx, Germany) at 37 �C for 30 min, subsequently stained with
PI (400 ul, Biofroxx) solution in the dark for 30 min. Finally, the dis-
tribution of cell cycle was analyzed with MultiCycle software.

2.5.4. Western blotting analysis
IEC-6 cells were lysed with RIPA buffer containing PMSF (Bey-

otime, China), and subsequently the concentration of proteins were
quantified with BCA assay. Moreover, equal amount of proteins
were separated with SDS-PAGE gel, and subsequently transferred
onto the PVDF membrane. The membrane was blocked in TBST
containing 5% non-fat milk for 1 h, followed by incubating with
primary antibodies to c-Myc(1:10000), RhoA(1:5000), Cdk2
(1:5000), GAPDH(1:10000) at 4 �C overnight. Subsequently, the
membrane was incubated with goat polyclonal antibody to rabbit
IgG as the secondary antibody (1:5000) for 1 h. GAPDH was
employed as an internal control. Blots were quantified through
Image Lab software.

2.6. In vivo investigation

2.6.1. Animal experiments
Adult male Sprague-Dawley rats (180 � 220 g, SPF) were pur-

chased from the Laboratory Animal Center in Guangzhou Univer-
sity of Chinese Medicine (No.44005800008169). Rats were reared
five individuals each cage with water and food freely available in
the SPF animal room provided by Guangzhou University of Chinese
Medicine under a 12 h dark-light cycle (No.00200181). All animal
procedures were performed strictly in accordance with the ‘‘Guid-
ing Principles for Research Involving Animals and Human Beings”
as well as were approved by the committee of animal ethics in
Guangzhou University of Chinese Medicine.

After 5-day acclimatization period, animals were randomly
assigned to four groups: normal group (n = 6), model group
(n = 16), PGE1 5 g/kg group (n = 12) and PGE1 15 g/kg group
(n = 12). Intestinal mucosal injury was induced by indomethacin
(6 mg/kg, i.h., Sigma) once daily for 4 days in the model group
and PGE1 groups, while rats of the normal group were given the
same volume of sterile saline. In fact, rats in each group were trea-
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ted the corresponding drug or sterile saline by intragastric gavage
1 h before the models were induced. Rats in PGE1 groups were
treated with PGE1 (5 g/kg or 15 g/kg) once daily for seven days,
while rats in other groups were supplemented with the equal vol-
ume of sterile saline.

2.6.2. Gross morphology of small intestine
Rats were sacrificed twenty-four hours after the last adminis-

tration, the mesentery was separated from the intestine after the
abdomen was opened, and then the whole small intestinal tissue
was taken and cut longitudinally. The gross morphology of whole
small intestine was observed and scored according to the severity
of adhesion and ulcer respectively (Zhu et al., 1998), as follows:(1)
adhesion grading scale:0 = normal, no adhesion;1 = mild or moder-
ate adhesion, the small intestine could be separated from other tis-
sues with a little force;2 = severe adhesion. (2) ulcer grading scale:
0 = normal, no ulcer; 1 = hyperemia and edema, but no ulcer on
local mucosal surface; 2 = mild ulcer, with no significant mucosal
edema or hyperemia or other inflammatorymanifestations; 3 = sin-
gle ulcer with inflammation; 4 = ulcers at two or more sites, with
inflammation, and the diameter of the ulcer < 1 cm; 5 = ulcers at
two or multiple sites, with inflammation, and the diameter of at
least one ulcer > 1 cm; others: the diameter of ulcer and/or
inflammation > 2 cm, and the score was increased by 1 point for
each increase of 1 cm in the lesion area. The total score was the
sum of the two.

2.6.3. Histopathological evaluation
Small intestine tissues were collected, washed with pre-cooled

PBS, fixed in 4% neutral paraformaldehyde, then dehydrated,
embedded in paraffin, and finally cut into 3um sections that could
be stained with hematoxylin and eosin (H&E). The pathological
changes of intestinal mucosal injury was observed under micro-
scope and divided into 6 grades according to Chiu et al. (Chiu
et al., 1970): 0 = normal intestinal mucosal villi; 1 = development
of subepithelial Gruenhagen’s space at the apex of villi, usually
with capillary hyperemia; 2 = extension of the subepithelial space,
often with moderate edema of lamina propria and dilatation of
central lacteal; 3 = obvious edema of lamina propria, degeneration
and necrosis of intestinal epithelial cells, with a few denuded villi
tips; 4 = denuded villi with congested capillaries and exposed the
lamina propria; 5 = loss of villi, disintegration of lamina propria,
development of hemorrhage or ulceration. The pathological score
of each field of per specimen was the mean of 10 consecutive
objects in 3 sections, which was carried out by researchers who
were blinded to the study. The more serious the mucosal injury,
the higher the score.

2.7. Statistical analysis

All data that had obtained were presented as the means ± SD.
Mean values between different groups were compared by applying
one-way analysis of variance (ANOVA) or Kruskal-Wallis H test,
followed by SNK test or Mann-Whitney U test. The P value < 0.05
was taken into consideration as statistical significance. Statistical
analysis of all data was performed by applying SPSS version 21.0.
3. Results

3.1. Yield and property of PGE

The yields of PGE1, PGE2 and PGE3 extracts were 43.8%, 3.89%
and 2.12% respectively. The content of saponins in PGE2 and
PGE3 was 50.8% and 92.2% respectively. And HPLC-ELSD of PGE3
was shown in Fig. 1.There were three main absorption peaks in



Fig. 1. HPLC-ELSD of PGE3. (A) HPLC-ELSD assay of mixed ginsenoside standards; (B) HPLC-ELSD assay of PGE3.
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PGE3 with the same retention time as ginsenoside standard sam-
ples, indicating that PGE3 samples mainly contained ginsenoside
Re, ginsenoside Rg1 and ginsenoside Rb1.

3.2. In vitro evaluation

3.2.1. Effect of PGE3 on cell proliferation in vitro
In the research, we used the MTT method to detect effect of

PGE3 on IEC-6 cell proliferation. The results revealed that the pro-
moting effect of PGE3 (50 mg/l, 100 mg/l) on IEC-6 cell prolifera-
tion was more significant than that of control group (P < 0.05,
Fig. 2A). In addition, compared with the control group, polyamines
depletion by DFMO led to significant reduction in the number of
cells (P < 0.01). The treatment with PGE3 (50 mg/l, 100 mg/l) could
reverse the arrest of IEC-6 cell proliferation induced by DFMO,
which indicated that the effect of PGE3 on IEC-6 cell proliferation
was tied up with polyamines (P < 0.05, Fig. 2B).

3.2.2. Effect of PGE3 upon cell cycle progression in vitro
Compared to control group, the treatment with PGE3 (50 mg/l,

100 mg/l) stimulated the cell cycle progression by promoting tran-
sition from G0/G1 to G2/M + S phase (P < 0.05, Fig. 3A,B,C). Deple-
tion of intracellular polyamines by DFMO significantly enhanced
the ratio of G0/G1 phase cells and reduced ratio of G2/M + S phase
cells, compared with the control group (P < 0.05). What’s more, cell
cycle arrested by DFMO could be almost reversed by concomitant
treatment with PGE3(50 mg/l, 100 mg/l), suggesting that the effect
of PGE3 upon cell cycle progression was tied up with polyamines
(Fig. 3D,E,F).
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3.2.3. Effect of PGE3 on expression of cell proliferation-related proteins
To explore the molecular mechanisms of PGE3 on IEC-6 cell pro-

liferation, the expression of c-Myc, RhoA and Cdk2 proteins were
detected. As exhibited in the Fig. 4, the expression level of c-Myc,
RhoA and Cdk2 proteins in PGE3 (50 mg/l, 100 mg/l) groups were
much higher than that in control group (P < 0.05), suggesting that
PGE3 might promote cell proliferation by elevating the expression
level of c-Myc, RhoA and Cdk2 proteins. Compared with control
group, polyamines depletion by DFMO downregulated the level
of c-Myc, RhoA and Cdk2 proteins (P < 0.05), which were attenu-
ated by PGE3 (50 mg/l, 100 mg/l. Fig. 5).
3.3. In vivo evaluation

3.3.1. Effect of PGE1 upon small intestinal mucosal injury induced by
indomethacin in rats

As demonstrated in the Fig. 6, rats in the model group repre-
sented severe small intestinal mucosal injury characterized by sev-
ere intestinal adhesions, intestinal mucosal congestion and edema,
and multiple ulcers, while there was no obvious lesion in the nor-
mal group (Fig. 6A). PGE1 significantly reduced small intestinal
gross morphology score in rats as compared with the model group
(P < 0.05, Fig. 6A,B). The small intestinal mucosa was intact and the
intestinal villous epithelium was not exfoliated in normal group,
while rats in model group presented with obvious damage of small
intestinal mucosa such as degeneration and necrosis of intestinal
epithelium, exfoliation of villi, disintegration of lamina propria
and multiple ulcers (Fig. 6D). Compared with the model group,



Fig. 2. Effect of PGE3 upon cell proliferation in vitro. (A) The absorbance values of IEC-6 cell under different treatments; (B) The absorbance values of IEC-6 cell under different
treatments containing DFMO. (*P < 0.05 and **P < 0.01, compared with the control group; #P < 0.05 and ##P < 0.01, compared with the DFMO group. n = 3) Data were analyzed
by one-way ANOVA followed by SNK-test.
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PGE1 15 g/kg group showed better histopathological appearance
and lower pathology score (Fig. 6C,D).

4. Discussion

The gastrointestinal mucosa, the most rapidly self-renewing
tissue in the human body, completely renewed every 3–4 days
under physiological condition through the dynamic balance of
IECs proliferation and apoptosis. Cell proliferation is involved
in the fundamental process of mucosal restitution after wound-
ing, whereas epithelial cell proliferation is known to be depen-
dent on the cell cycle. The cell cycle is controlled by many
regulator molecules, of which polyamine-regulated c-Myc (tran-
scription factor), Cdk2 (cyclin-dependent kinase 2) and RhoA
(RhoGTP enzyme) are positive regulators (Weiger and
Hermann, 2014; Liu et al., 2009).

Intestinal epithelial cells could quickly repair injured mucosa
through modifying the patterns of expressed genes. The activation
of transcription factors is essential to control a range of specific
genes expression that regulate cell proliferation, migration, junc-
tions and epithelial barrier. c-Myc as a transcription factor is an
important regulator of cell proliferation. Repair of gastric and duo-
denal mucosal injury after stress is bound up with the enhanced
level of the c-Myc gene following elevated content of intracellular
polyamines, whereas the restrain of c-Myc expression caused by
intracellular polyamines depletion leads to the decrease of cell pro-
liferation and the delay of mucosal healing (Liu et al., 2012).
Epithelial cell proliferation stimulated by c-Myc exerts a significant
role in promoting intestinal mucosal repair via polyamines-
regulated pathway. The depletion of polyamines induced by DFMO
could decrease c-Myc gene transcription and cell proliferation,
which could be reversed by exogenous polyamines, suggesting that
the c-Myc induced by polyamines exerts a significant influence on
stimulation of IECs proliferation (Liu et al., 2005). c-Myc also impli-
cates in the modulation of cell cycle. It could trigger the entry in
cell cycle progression of quiescent cells by regulating target genes
encoded (Chan et al., 2010) and antagonizing the activity of cell
cycle inhibitors (Bretones et al., 2015; Butt et al., 2005; Ohtani
et al., 1995), inducing DNA replication and involving in the mitotic
control (Zhang et al., 2019; Kim et al., 2018).

Cdk2, a member of cyclin kinase family, is not only one of the
core factors in regulating cell cycle but also involves in stimulating
cell proliferation via facilitating the accurate transition through G1
phase to S phase and from S phase to G2/M phase of the cell cycle.
The depletion of intracellular polyamines by exposure to DFMO
could inhibit cell proliferation, and the percentages of IEC-6 cells
distributed in the G1 phase were enhanced while the percentages
in the G2/M and S phase were reduced, indicating that most of the
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intestinal epithelial cells cycle were arrested in the G1 phase.
Meanwhile, Cdk2 expression was also inhibited (Ray et al., 2001).
RhoA, Rho GTP enzyme, not only participates in driving cell migra-
tion, but also exerts a significant influence on the regulation of cell
proliferation. Overexpression of RhoA significantly stimulated cell
proliferation, increased the expression of Cdk2 protein and pro-
moted G1/S transition in IEC-6 cells, while these positive effects
of activating RhoA on cell proliferation could be significantly inhib-
ited by polyamines depletion (Guo et al., 2003).

Ginseng is mainly used in the form of aqueous decoction in tra-
ditional clinical applications. In this study, aqueous extract of gin-
seng was selected as the test drug for animal experiments to
observe the preventive and curative effects of ginseng herbs on
indomethacin-induced small intestinal mucosal injury, and the
main points for consideration include: the aqueous extract of gin-
seng is consistent with the traditional use of ginseng in dosage
form, and we observed the protective effect of ginseng herbs on
intestinal mucosa at the animal level; in addition, the aqueous
extract of ginseng also conforms to the characteristics that the
action of the original herb is directly observed in animal experi-
ments, which provides a basis for further extraction of different
components of ginseng and exploration of its pharmacodynamic
substances. Total ginsenosides was selected as the test drug for cel-
lular experiments to observe the effects of total ginsenosides on
the proliferation and cell cycle of intestinal epithelial cells, and
the main points for consideration include: the composition of total
ginsenosides is relatively clear, we could explore the possible
potential mechanisms of ginseng fractions promoting mucosal
repair after injury at the cellular level, and further explored the
specific pharmacodynamic substance of ginseng on the basis of
animal experiments. Ginsenosides and ginseng polysaccharides
are the main active components of ginseng. It is reported that gin-
senosides could increase the number of microvilli, mitochondria,
and endoplasmic reticulum in small intestinal epithelial cells of
rats with spleen deficiency model, which indicated that ginseno-
sides have a protective effect on gastrointestinal mucosa (Peng
and Lei, 1997). In another animal experiment, we chose ginseng
polysaccharides as the test drug to observe its effect on
indomethacin-induced mucosal injury in the small intestine of
rats. The results showed that ginseng polysaccharides could reduce
the degree of ulcer damage, increase the Ca2+ content of small
intestinal mucosa (study results to be published). And the results
of Brdu expression showed that ginseng polysaccharides could
promote the migration of small intestinal epithelial cells in rats
(study results to be published). These results suggested that the
efficacy results of the active fraction of ginseng (ginseng polysac-
charide) on the indomethacin-induced small intestinal mucosal
injury model in rats were similar to those of the ginseng herb.



Fig. 3. Effect of PGE3 upon cell cycle in vitro. (A)The cell cycle distribution with different treatments analyzed by flow cytometry assay; (B) The percentage of G0/G1 phase
IECs in different groups; (C) the percentage of G2/M + S phase IECs in different groups; (D) The cell cycle distribution analyzed by flow cytometry assay with different
treatments containing DFMO; (E) The percentage of G0/G1 phase IECs in different groups containing DFMO; (F) the percentage of G2/M + S phase IECs in different groups
containing DFMO. (*P < 0.05, compared with the control group; #P < 0.05, compared with the DFMO group. n = 3) Data were analyzed by one-way ANOVA followed by
SNK-test.
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Fig. 4. Cell proliferation-related proteins levels assessment in normal culture. (A)Western blotting analysis of Cdk2, RhoA and c-Myc expression in different treatments; The
bar graph reflected Cdk2(B), RhoA(C) and c-Myc(D) proteins expression in each group. (*P < 0.05, compared with the control group. n = 3) Data were analyzed by one-way
ANOVA followed by SNK-test.

Fig. 5. Cell proliferation-related proteins levels assessment in culture containing DFMO. (A) Western blotting analysis of Cdk2, RhoA and c-Myc expression in different
treatments containing DFMO; Semi-quantitative analysis of Cdk2 (B), RhoA (C) and c-Myc (D) in each group. (*P < 0.05, compared with the control group; # P < 0.05, compared
with the DFMO group. n = 3) Data were analyzed by one-way ANOVA followed by SNK-test.
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Although the effect of total ginsenosides on indomethacin-induced
small intestinal mucosal injury in rats was not observed in this
study, combining the results of the above related studies, we
hypothesize that total ginsenosides also have similar pharmaco-
logical effects to ginseng herbs in this animal model. We will sub-
sequently consider observing the effect of total ginsenosides on
1229
indomethacin-induced small intestinal mucosal injury in rats to
enrich our understanding of the protective effect of ginseng on
intestinal mucosa and the material basis of its pharmacological
effects.

c-Myc, Cdk2 and RhoA are not only important regulators of cell
cycle and cell proliferation, but also the targets of total



Fig. 6. Evaluation of small intestinal mucosal injury in rats. (A) Gross morphological manifestation of small intestinal mucosa in each group; (B) Gross morphology score of
small intestinal mucosa in each group; (C) Histopathological score of small intestinal mucosal injury in each group; (D) Histopathological features of small intestinal mucosa
in each group by H&E staining. (*P < 0.05 and **P < 0.01, compared with the normal group; ▲P < 0.05 and▲▲P < 0.01, compared with the model group. normal group n = 6,
model group n = 9, PGE1 5 g/kg group n = 7 and PGE1 15 g/kg group n = 8.) Data were analyzed by Kruskal-Wallis H test followed by Mann-Whitney U test.
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ginsenosides in promoting IEC-6 cell proliferation, which are regu-
lated by polyamines. In the present study, PGE3 (total ginseno-
sides) promoted the proliferation of IEC-6 cells as well as
reversed the cytostatic effect of DFMO on cell proliferation. What’s
more, PGE3 treatment resulted in decreasing percentage of IECs in
G0/G1 phase as well as more cells in G2/M + S phase, which pro-
moted the transition of IEC-6 cells from resting state to mitotic cell
cycle. The results in the current study revealed that the expression
1230
level of cell proliferation-related proteins c-Myc, Cdk2 and RhoA
were enhanced by the administration of PGE3. Besides, PGE3 could
restore low expression of c-Myc, RhoA and Cdk2 induced by DFMO
to the normal level. These findings suggested that total ginseno-
sides was beneficial to cell proliferation partially through regulat-
ing the related proteins c-Myc, Cdk2 and RhoA expression. We
further detected the preventive effect of PGE1 (ginseng aqueous
extracts) on intestinal mucosal injury, results indicated that PGE1
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accelerated mucosal healing in vivo, possibly by promoting cell
proliferation, which may provide valuable reference for exploring
the protective mechanism of total ginsenosides on gastrointestinal
mucosa in vivo.

Panax ginseng has been reported to have complex chemical com-
ponents and a wide range of pharmacological effects with multi-
target andmulti-pathway characteristics. Ginsenosides and ginseng
polysaccharides are responsible for the multiple pharmacological
activities of Panax ginseng (In et al., 2017; Zhao et al., 2019). Our pre-
vious studies revealed that ginseng polysaccharides could promote
the IEC-6 migration and the mechanism was related to its effect on
Ca2+ related regulators in the polyamines signaling pathway. Gin-
seng polysaccharides could enhance the expression of TRPC1, Cav-
1, PLC- c1, RhoA and Rac1 proteins and the level of RhoA/TRPC1,
Rac1/PLC- c1, Cav-1/TRPC1 complex. Moreover, ginseng polysac-
charides were also effective in alleviating indomethacin-induced
intestinal mucosal injury and enhancing Ca2+ content in small
intestinal mucosa of model rats (Zhu, 2020). We also observed the
effect of total ginsenosides (50,100,200 mg/l) on the IEC-6 migra-
tion. The results showed that total ginsenosides (50,100 mg/l) had
no significant impact on cell migration, however, high-dose total
ginsenosides (200 mg/l) could promote cell migration, which sug-
gested that the pharmacodynamic effect of total ginsenosides on
promoting cell migration was comparatively weak, as compared
with promoting cell proliferation. In addition, the expression level
of c-Mycwas upregulated by treatmentwith total ginsenosides dur-
ing cell migration (Zhu, 2019). Thus, combined with our current
work, ginseng polysaccharides tend to promote cellmigrationwhile
total ginsenosides tend to promote cell proliferation, indicating that
different ingredients from Panax ginseng may have different active
effects. However, the effects of both total ginsenosides and ginseng
polysaccharides on IEC-6 cells are associated with polyamines
related regulators, and someof the targets are the same. The increase
of RhoAprotein expression occurs not only in the process of cell pro-
liferation promoted by total ginsenosides, but also in the process of
cell migration promoted by ginseng polysaccharides. Total ginseno-
sides could enhance c-Myc protein expression during both cell pro-
liferation and cell migration. Gastrointestinal mucosal repair after
injury is a complex process. Panax ginseng contains complex chem-
ical components and a wide range of pharmacological effects with
multi-target and multi-pathway characteristics (Shin et al., 2018;
Kim, 2012;Wang, 2018; Zhao et al., 2020; Sung et al., 2020). The var-
ious components from Panax ginseng may have different active
effects on IEC-6 cells, but polyamines related regulators are the com-
mon action targets of total ginsenosides and ginseng polysaccha-
rides, which may also be one of the mechanisms and
pharmacodynamic material bases for Panax ginseng to play a com-
prehensive role in the repair of gastrointestinal mucosal injury.
5. Conclusion

Our findings demonstrated that total ginsenosides could pro-
mote cell proliferation and regulate cell cycle via decreasing propor-
tion of G0/G1 phase cells and increasing the proportion of S + G2/M
phase cells, and upregulate cell proliferation-related proteins(c-
Myc,RhoA,Cdk2) that are regulated by polyamines. What’s more,
total ginsenosides could also reverse the cytostatic effect of DFMO
upon cell proliferation, cell cycle and c-Myc, RhoA, Cdk2 proteins
expression. Panax ginsenghad a positive effect on themucosal repair
in rats model of intestinal mucosal injury induced indomethacin.
These findings are more likely to provide a fundamental novel
insight into the underlying mechanisms and clinical therapeutic
strategies of Panax ginseng in repairing intestinal mucosal injury.
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