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Abstract: This study evaluated the effects of AS-IV on high glucose induced-gastric mucosal lesions compared to the
effects of the Bu-zhong-yi-qi pill and the Xiaoke pill, which are already in clinical use. STZ-induced diabetic SD rats
were treated with drugs for 12 weeks. Diabetes serum (DS) was used to mimic high glucose conditions in GES-1
cells in vitro at different concentrations and time points. The drugs were set at three concentration gradients for
24,48 and 72 h before being added to DS-induced GES-1 cells. The proliferation activity and inhibition ratio of cells
were measured by the CCK-8 assay. Gastric tissues were examined by H&E staining. Cell morphology was observed
by inverted phase contrast microscopy. Apoptosis of cells was detected by annexin V-FITC/PI. In addition, expres-
sion levels of inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2) and mucinl (MUC1) were measured
by Western blots. We found that the drugs significantly alleviated the pathological damage in STZ-induced gastric
mucosal lesions. DS inhibited the viability of the cells in a dose and time-dependent manner, while pretreatment
with drugs reversed these effects. Pretreatment with drugs also ameliorated the changes in cell morphology and
inhibited cell apoptosis. Furthermore, the drugs decreased the expression levels of iNOS, COX-2 and MUC1. AS-IV
showed the most beneficial effect compared with buzhong and xiaoke. These results suggest that AS-IV had a signifi-
cant effect on high glucose-induce gastric mucosal lesions compares with buzhong and xiaoke. We speculate that
this is in part through restoring the balance of iINOS, COX-2 and MUC1 expressions. Thus, AS-IV. may be a potential
antioxidant drug for treating diabetic gastropathy.
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Introduction diabetic autonomic neuropathy, endocrine dys-
function, gastrointestinal microvascular dis-
ease, susceptibility to Helicobacter pylori and
other factors related to metabolic disorders of
diabetes [2]. The gastrointestinal barrier is pri-
marily dependent on the gastrointestinal muco-
sa for its first line of defense. The core units of
the gastrointestinal mucosa is mucin (MUC)
which is secreted by the epithelial cells of the
gastrointestinal (including mucous neck cells,
goblet cells, etc.) tract [3]. These form a dynam-
ic and interactive mucosal defense system that
acts on the gastrointestinal mucosal surface
[4]. Studies have shown that the balance of
nitric oxide (NO) and prostaglandins (PGs) that
are produced by constitutive and inducible NOS
and COX [5, 6], comprise the gastrointestinal
Diabetes gastrointestinal disease is a common mucosal defense system. NOS and COX play
complication of diabetes and encompasses key roles in maintaining the basic gastric muco-

In 1958, the “diabetes gastrointestinal dis-
ease” concept was first proposed by Kassander.
The main manifestations of this disease include
dyspepsia, low gastrointestinal motility, watery
diarrhea and constipation. A clinical study
found that about 75% of diabetic patients
exhibited severe gastrointestinal symptoms [1].
One complication of diabetes mellitus (DM) is
gastric ulcers. Gastric mucosal lesions in
patients with DM can further affect gastroin-
testinal function and the absorption of hypogly-
cemic drugs, thus affecting the quality of life,
leading to unstable blood sugar levels, and
increasing the risk of DM complications and
severity.
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Figure 1. The structure of astragaloside IV.

sal blood flow, in developing a congestive
response to harmful stimuli and in repairing the
gastric mucosa [7, 8]. In recent years, a large
number of studies have found that DM can lead
to apoptosis of different cells including myocar-
dial cells, endothelial cells, ganglion cells, reti-
nal endothelial neurons, and gastric smooth
muscle cells [9-11]. Studies have found that
the expression of cytochrome C in DM rat gas-
tric mucosal cells is enhanced, suggesting that
apoptosis of gastric mucosal cells plays a key
role in gastric mucosal injury in diabetic rats
[12].

The primary cause of disability and premature
death among DM patients is caused by compli-
cations associated with poor blood glucose
control. However, traditional Chinese medicine
(TCM) has been shown to have beneficial
effects in the treatment of diabetes gastroin-
testinal disease [13, 14]. The Chinese Medicine
Research Institute used 591 modern diabetes
prescriptions for treatments and 53.19 percent
of these drugs contain astragalus as the pri-
mary ingredient. Astragalus has significant ph-
armacological effects on the cardiovascular,
renal and nervous systems and the gastrointes-
tinal tract [15-18]. A recent study showed that
Astragalosides promoted gastrointestinal ab-
sorption effects [19], but the specific mecha-
nism remains unknown. Two herbal drugs, the
Bu-zhong-yi-qi pill and the Xiao Ke pill contain
Astragalus as the principal ingredient. The
Bu-zhong-yi-qi pill is composed of eight herbs,
such as Radix Astragali (Astragalus membrana-
ceus (Fisch) Bunge), Radix Codonopsis (Cod-
onopsis pilosula (Franch.) Nannf.), Rhizoma
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Atractylodis Macrocephalae (Atractylodes ma-
crocephala Koidz.), Radix Angelicae Sinensis
(Angelicae Sinensis (Oliv.) Diels), Rhizoma Ci-
micifugae (Cimicifuga heracleifolia Kom.), Radix
Bupleuri (Bupleurum chinense DC.), Pericar-
pium Citri Reticulatae (Citrus reticulata Blanco)
and Radix Glycyrrhizae (Glycyrrhiza uralensis
Fisch.), and is traditionally used to treat defi-
ciency of spleen and stomach Qi or middle Qi
collapse syndrome [20]. A modern study found
that Bu-zhong-yi-qi pill can also be used to treat
diabetes [21]. The Xiaoke pill, which was
approved by the SFDA for commercial use sev-
eral years ago, is a Sino-western medicine
(including glibenclamide 0.1%) used for the
widespread clinical treatment of Yin and Qi
Deficiency in diabetes [22]. It consists of the
Chinese herbal drugs, Radix Astragali (Astra-
galus membranaceus (Fisch) Bunge), Radix
Rehmanniae (Rehmannia glutinosa (Gaerhn)
DC.), Radix Puerardiae (Pueraria lobata (Willd)
Ohwi), Rhizoma Dioscoreae (Dioscorea opposi-
ta Thunb.), Stylus et Stigma ZeaeMaydis (Zea
mays L.), Fructus Schisandrae Chinensis (Schi-
sandras phenanthera Reher & E.H.Wilson),
Radix Trichosanthis (Anguinakirilowii (Maxim.)
Kuntze) and glibenclamide (a chemical drug).
Astragaloside IV (AS-IV) is an active ingredient
of the herb Astragalus, which can inhibit other
diabetes complications, like apoptosis [23].
However, no research has been conducted on
apoptosis of diabetic gastric mucosal cells. The
aim of this study was to explore the preventive
effects of AS-IV on high glucose-induced gas-
tric mucosal lesions compared to the effects
with buzhong and xiaoke in vivo and in vitro,
and to provide a novel drug therapy for the pre-
vention of diabetic gastropathy.

Materials and methods
Drug preparation

Astragaloside IV (AS-IV) was purchased from
Chendu King-tiger Pharm-Chem. Tech. Co., Ltd
(Chengdu, China), with a purity of above 98%.
The chemical structure of AS-IV has been
depicted in Figure 1. (C, HO,,, molecular
weight = 784, CAS: 84687-43-4). The Bu-Zhong-
Yi-Qi pills, Xiao Ke pills were purchased from

JiuzhiTang Co., Ltd (Guangzhou, China).

Preparation of drug-containing serums: male
Sprague-Dawley (SD) rats weighing about 200
g were randomly assigned to Bu-Zhong-Yi-Qi-
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containing serum, Xiao Ke-containing serum
and blank serum (n = 15), and were given
Buzhongyiqi pill with 9.25 gkg®d?, Xiao Ke pill
with 3.85 g-kgldtand normal saline at 10 mL/
kg respectively according to quintuple optimal
dosing for adults. All rats were given intragas-
tric administration of the drugs twice daily for 5
d. One hour after the last gavage, abdominal
aortic blood of rats was taken and sterile sepa-
ration of serum was performed. The serum was
stored at -80°C for subsequent use.

In vivo studies: animal studies and drugs treat-
ment

All work with rats was approved by the Animal
Ethics Committee of Guangzhou University of
Chinese Medicine, Guangzhou, China. Healthy
male SD rats weighing between 220 to 260 g,
were purchased from the Experimental Animal
Center, Guangzhou University of Chinese
Medicine, Guangzhou, China. Animal Production
license number: SCXK (Guangdong, China)
2013-0020. Rats were housed in an air-condi-
tioned room maintained at 21+2°C with a
humidity of 58%+5%, and on a 12-h light/dark
cycle. Animals were acclimatized for 7 days in
the research facility before initiation of the
experiments. Intraperitoneal injections of STZ
(Sigma-Aldrich, St. Louis, MO, USA) were admin-
istered to fasted rats after 12 h, at 55 mg/kg,
while, age-matched control rats received an
equal volume of vehicle (0.1 M citrate buffer,
PH 4.2). Seventy-two hours after STZ injection,
the blood glucose levels were measured from
blood obtained from the tail vein. Rats with
three times the blood glucose levels, over 16.8
mmol/L, and that exhibited polydipsia, polyuria,
and polyphagia symptoms were selected as
diabetic rats. After four weeks, the rats were
randomly divided into normal control (control),
untreated diabetic rats (non-treat), xiaoke pills
(xiaoke), bu-zhong-yi-gi pills (buzhong) and
AS-1V treated groups (n = 8/each group). The
drug regimen lasted 12 weeks, the rats in the
control group and untreated groups were given
oral gavage consisting of equal volume of saline
(20 mL/kg per day), the rats in the xiaoke group
were given gavage with Xiao Ke pills (1.54 g/kg
per day), the rats in the buzhong group were
given Bu-Zhong-Yi-Qi pills fed (3.75 g/kg per
day), and the rats in the AS-IV group were given
Astragaloside IV gavage (40 mg/kg per day). All
rats had free access to food and drinking water.
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The body weights and blood glucose levels
were monitored, and the appetite, water intake
and urine output for 24 h were recorded month-
ly by metabolic cages.

In vitro studies: cell culture and CCK-8 assay

Gastric epithelial cells (GES-1) (Pericells) were
thawed and cultured in RPMI-1640 medium
(Hyclone) and supplemented with 5% fetal
bovine serum (FBS, Gibco) at 37°C under a
humidified atmosphere of 5% CO,. Cells were
washed 2 times with PBS followed by digestion
with 0.25% trypsin. The cells were then seeded
at a concentration of 10* cells/mL in 96-well
plates. GES-1 cells were stimulated with dia-
betic serum (DS) at different concentrations
(10%, 20% and 30%) and at different time-
points (24 h, 48 h and 72 h). The control cells
were treated with 10% normal same aged-rats
serum, and all cells were cultured in FBS-free
RPMI-1640 medium. Finally, 100 ul of cell
counting kit-8 (CCK-8) was added to each well
and the cells were further incubated at 37°C for
4 h. The absorbance of CCK-8 was detected at
450 nm by a microplate reader, and the viability
of cells was determined by the CCK-8 assay
(Dojindo). The cells were divided into the follow-
ing groups: (1) normal control group (control),
(2) untreated group (non-treat), (3) Buzhongyiqi
pill-containing serum (buzhong) group, (4) xia-
oke pill-containing serum group (xiaoke), (5)
astragaloside IV (AS-IV) group. Cells were pre-
treated with blank serum, Buzhongyiqi pill-con-
taining serum and xiaoke pill-containing serum
at different concentrations (10%, 20% and
30%), and with AS-IV (25, 50 and 100 pg/mL )
for 24, 48 and 72 h before 20% diabetic serum
was added for 24 h. The control group was
pretreated with 10% blank serum before 20%
normal same aged-rat serum was added for
24 h. Furthermore, the proliferation activity of
cells was detected by the CCK-8 assay and the
best concentration and timepoint for treat-
ments were selected for the subsequent study.
All experimental groups were cultured in
triplicate.

Pathological examination

At the end of the in vivo study, stomach tissue
of rats was removed and cut along the greater
curvature and flipped open with 4°C saline
rinse. The tissue was then dried with filter
paper, paraffin-embedded after 4% paraformal-
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Figure 2. Effect of AS-IV on body weight (A) and blood glucose (B) after treatment with drugs at different times. Re-
sults are expressed as the mean + SD. **indicates P<0.01 vs Control.

dehyde fixation and sections 4 um in thickness
were prepared for hematoxylin and eosin (H&E)
staining. Pathological changes were observed
via microscopic photographs. In addition, 1/3
of the stomach tissue was cut and cryopre-
served at -80°C for later use in Western blots.

Morphological observations and apoptosis
assay

The 20% drug-containing serums and AS-IV
with 25 pug/mL were selected and pretreated
for 24 h before being incubated with diabetic
serum-induced GES-1 cells. Cells were washed
twice by PBS suspended and cell morphology
was observed using inverted phase contrast
microscopy. Moreover, after 24 h of incubation
with the different drugs, cells were washed with
PBS, trypsinized, and centrifuged at 1,000 rpm
for 5 min. Cells were washed twice with PBS
and resuspended in binding buffer. Subsequ-
ently, cells were stained with annexin V-flu-
orescein isothiocyanate (FITC) and propidium
iodide (PI) (UNOCI biological). The stained cells
were then analyzed for apoptosis using flow
cytometry. Cells positive for annexin V-FITC and
negative for Pl were considered apoptotic.

Western blotting

Stomach tissue or cultured GES-1 cells under
the different experimental conditions were
lysed in lysis buffer with a sonicator. Crude
lysates were centrifuged at 14,000 rpm for 10
minat 4°C. Total protein concentration from the
supernatant was determined by the bicincho-
ninic acid (BCA) protein assay (Pierce, MT, USA).

4905

Protein samples were separated by 10% SDS-
PAGE and transferred to a PVDF membrane
(Millipore) by electroblotting. The membranes
were blocked with 5% fat-free milk at room tem-
perature for 1 h and then incubated with pri-
mary antibodies (1:400 for anti-COX2 antibody
(Boster Company, Hunan, China), constant flow
membrane 69 min; 1:300 for anti-iNOS anti-
body (Boorson company, Beijing, China), con-
stant flow membrane for 130 min; 1:1000 for
anti-MUC1 antibody (Boorson company, Beijing,
China), constant flow membrane 230 min) at
room temperature for 1 h, followed by three
washes in TBST. The membranes were incubat-
ed with anti-rabbit IgG (Boster) at room temper-
ature for 40 min. After washing, the signals
were visualized with enhanced Chemilumine-
scence and X-ray film, and gel image process-
ing system (Image-Pro Plus 6.0) for analysis.
GAPDH served as an internal control, and pro-
tein expression was quantified as the ratio of
the specific band to GAPDH.

Statistical analysis

Statistical analysis was conducted by using
LSD of the ANOVA test. Data is expressed as
mean £ SD with P<0.05 considered statistically
significant. Application of the SPSS 17.0 statis-
tical software was used for data processing.

Results

Effect of AS-IV on body weight and blood glu-
cose in vivo

We established a rat model of diabetes by intra-
peritoneally injecting STZ. Blood glucose levels
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Figure 3. Effect of AS-IV on gastric histopathology (A) and cell morphological (B). (

were significantly increased in STZ-induced dia-
betic rats at different stages (P<0.01 vs. nor-
mal control rats). However, no differences in
blood glucose levels were observed between
drug- treated and untreated STZ-induced dia-
betic rats (Figure 2A). In diabetic rats, a
decrease in body weight was observed com-
pared with normal rats. In addition, no change
was observed compared with rats that were
pretreated with AS-IV, buzhong and xiaoke
(Figure 2B). Moreover, drugs did not reduce the
levels of water intake, appetite and urination
for 24 h in diabetic rats.
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a : control
b : non-treat
c : xiaoke
d : buzhong
e: AS-IV

a : control

c : xiaoke
d : buzhong
e: AS-IV

A) Using HE staining (200x) of
gastric tissue from normal or diabetic rats with drug treatment for 12 weeks. (B) Using inverted phase contrast
microscope to observe cell morphology and recording the photographs for each group of drug treatment for 24 h.

b : non-treat

AS-IV significantly ameliorated the gastric his-
topathology in STZ-induced diabetic rats and
the cell morphology in DS-induced GES-1 cells

At 16 weeks after STZ injection, gastric tissues
from diabetic rats were stained with H&E. We
found that the gastric epithelial cell mucus was
thinner, deletion, the cell gap was larger, mild
necrosis was present, cytoplasmic vacuoles
were deformed, capillaries were expanded and
inflammatory cell infiltration was present. In
contrast, the normal control rats exhibited con-
tinuity in gastric epithelial cell, neatly arrayed
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Table 1. Cell viability of DS-induced GES-1

prevented diabetic serum from inhib-

Model

iting the proliferative activity of

Time Control
10% 20%

GES-1 cells.

30%

24 h 0.67+£0.002 0.518+0.007 0.373+£0.029 0.271+0.005
48 h 1.067+0.041 0.648+0.019 0.418+0.035 0.335+0.005

Antiapoptotic effect of AS-IV on DS-
induced GES-1

72h 1.505+0.019 0.791+0.028 0.340+0.040 0.181+0.010

Results are expressed as the mean + SD.

glands, clear hierarchy of mucosa and muscu-
laris mucosa and submucosa with no telangiec-
tasia congestion. Treatment with AS-1V, buzhong
and xiaoke ameliorated the damage observed
in the pathological lesions compared with the
untreated STZ-induced diabetic rats with AS-IV
showing the most beneficial effect (Figure 3A).
Moreover, the cell morphology in DS-induced
GES-1 cells comprised of cells with adherent
growth that were flat polygon or nearly fusiform.
Some pseudopodia showing island-like growth,
and some round and broken off cells were also
observed. Pretreatment with AS-IV and drug-
containing serums significantly alleviated these
features of cell morphology (Figure 3B), and
AS-1V showed the most improved effect similar
to the observations in vivo.

Effect of AS-IV on the viability of DS-induced
GES-1 by CCK-8 assay

GES-1 cells were induced at different concen-
trations of diabetic serums (10%, 20% and
30%) and at different timepoints (24 h, 48 h
and 72 h). We found that the proliferative activ-
ity of cells was 30% in diabetic serum. The inhi-
bition rate of cells was both dose and time-
dependent (Table 1; Figure 4A). We selected
20% as the optimal concentration of diabetic
serum for treating GES-1 cells for 24 h.
Furthermore, GES-1 cells were pretreated with
AS-1V and drug-containing serums before being
exposed to diabetic serum. We found that the
effect of drugs on the viability of DS-induced
GES-1 cells was concentration and time-depen-
dent, in contrast to untreated DS-induced
GES-1 cells, which inhibited the proliferative
activity of cells, regardless of concentration
(Table 2; Figure 4B-E). However, AS-IV more
effectively enhanced the viability of DS-induced
GES-1 cells compared to buzhong and xiaoke,
which affect the viability of DS-induced GES-1
cells in a similar manner (Table 2; Figure 4F).
These findings indicated that AS-1V significantly
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We selected 20% of xiaoke and
buzhong containing serums and
AS-1V at 25 ug/mL to examine apop-
tosis of DS-induced GES-1. The results of
annexin V-FITC/PI staining are shown in Figure
6. GES-1 cells exposed to diabetic serum for 24
h resulted in significant apoptosis compared
with control cells (P<0.01, Figure 5). However,
AS-1V significantly inhibited DS-induced GES-1
apoptosis (early apoptosis, late apoptosis and
total apoptosis) compared with buzhong and
xiaoke. These findings indicate that AS-IV pro-
tects against DS-induced GES-1 apoptosis.

AS-1V regulated the expressions of iINOS, COX-2
and MUC1 by Western blot in vivo and in vitro

At 16 weeks after diabetic rats were induced
with STZ, we observed an increase in the
expression levels of iINOS and COX-2 and a dra-
matic reduction in the expression level of
MUC1. These changes were not observed in
the drug treated animals and AS-IV showed the
most significant efficacy (Figure 6A). Consistent
with these effects on protein expressions in
STZ-induced diabetic rats, DS-induced GES-1
cells also showed elevated expressions of iINOS
and COX-2 and decreased MUC-1 expression
compared with normal controls. In addition,
AS-1V pretreatment lowered the increased lev-
els of iINOS, COX-2 and elevated the decreased
level of MUC1 compared with buzhong and xia-
oke. Moreover, buzhong and xiaoke have simi-
lar efficacy and no significant differences were
observed in their regulation of the expressions
of iNOS, COX-2 and MUC1 (Figure 6B). These
findings suggest that AS-IV restores the bal-
ance of iINOS, COX-2 and MUC1 protein expres-
sions in gastric mucosa to repair gastric muco-
sal lesions in STZ-induced diabetic rats.

Statistical analysis
All data in this research were expressed as
means + SD. SPSS 19.0 version was used for

data analysis using Dunnett t test or Two-way
ANOVA methods. Images were done using

Am J Transl Res 2017;9(11):4902-4913
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Figure 4. Effect of AS-IV on the cell growth inhibition rate by the CCK-8 assay. (A) Shows the cell growth inhibition rate
of diabetic serum-induced GES-1 at different concentrations and timepoints, (B-E) Shows blank serum, buzhongyiqi
pill-containing serum, xiaoke pill-containing serum and AS-IV at different concentrations pretreated for 24, 48 and
72 h before DS-induced GES-1, respectively. (F) Shows 20% blank serum, buzhong and xiaoke-containing serums

and AS-IV at 25 ug/mL that were selected for the CCK-8 assay (F). Growth inhibition ratio = (OD__ -OD_, )/0D_
1o X 100%.
Table 2. AS-IV enhanced cell viability of DS-induced GES-1 by CCK-8 assay
Group Concentration 24 h 48 h 72 h
Non-treat 20% 0.492+0.007 0.432+0.013 0.304+0.003
10% 0.484+0.008 0.411+0.007 0.292+0.008
5% 0.49040.004 0.40040.015 0.294+0.009
Buzhong 20% 0.596+0.003** 0.659+0.003** 0.69+0.012**
10% 0.559+0.009** 0.59240.023**,& 0.651+0.006**
5% 0.526+0.009** 0.553+0.009** 0.620£0.008**
Xiaoke 20% 0.594+0.014** 0.66+0.005** 0.680£0.009**
10% 0.562+0.004** 0.624+0.006** 0.664+0.004**
5% 0.529+0.012** 0.565+0.009** 0.606+0.016**
AS-IV (ug/mL) 100 0.695+0.007* * ## 0.768+0.007 * * ## 1.044+0.032** ##
50 0.678+0.009** ## 0.735%0.009** ## 0.846+0.022** ##
25 0.66210.004** ## 0.692+0.011** ## 0.780£0.011** ##
Control - 0.916+0.005** 1.026+0.019** 1.497+0.033**

Results are expressed as the mean + SD. *P<0.05, **P<0.01 represent cell viability of DS-induced GES-1 in other groups
compared to the untreated group; #P<0.05; ##P<0.01 represents cell viability of DS-induced GES-1 in AS-IV compared to
buzhong and xiaoke; &P<0.05 represent the cell viability of DS-induced GES-1 in buzhong compared to xiaoke.

GraphPad Prism 6. P<0.05 was regards to be
statistically significant.

Discussion

In this study, we demonstrated for the first time
that astragaloside IV acts directly on gastric
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mucosal cells. Addition of AS-IV resulted in an
increase in the cell proliferation rate in a dose
and time-dependent manner, inhibition of cell
apoptosis and reduction in pathological lesions
in diabetic gastropathy. We speculate that
these effects occurred in part, through the
decrease in expression levels of iINOS and

Am J Transl Res 2017;9(11):4902-4913
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Figure 5. Effect of AS-IV on cell apoptosis DS-induced GES-1 cells and this was measured using annexin V-FITC/PI. A
and B: Cell apoptosis was measured using flow cytometry with annexin V-FITC/PI staining, and cell apoptosis was in-
hibited after treated with AS-IV for. *indicates P<0.05, **indicates P<0.01 vs untreated group; #indicates P<0.05,
##indicates P<0.01 xiaoke and buzhong vs. AS-IV. &P<0.05, &&P<0.01 represent the cell viability of DS-induced
GES-1 in buzhong compared to xiaoke.

COX-2 and an increase in the expression of that these results have potentially important
MUC1. Both in vivo and in vitro studies suggest implications in a clinical setting.
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Figure 6. AS-IV downregulated iNOS and COX-2 expressions and upregulated MUC1 expression in vitro (A) and in
vivo (B). Western blot detected the protein expression levels of iINOS, COX-2 and MUC1 in diabetic rats at 16 weeks
after STZ injection and in DS-induced GES-1 after treating with drugs for 24 h. Results are expressed as the mean
+ SD. *indicates P<0.05, **indicates P<0.01 vs. the Control group; #P<0.05, ##P<0.01 vs. the untreated group.

Diabetes is closely associated with a range of
gastrointestinal symptoms. A large number of
studies show that STZ-induced DM rats have
oxidative stress and injury, which is widespread
in the stomach and small intestinal mucosa
[24,25]. Whereas a weakened and an increased
intestinal mucosal permeability barrier increas-
es the risk of type 1 DM [26], bleeding ulcers or
gastrointestinal disorders have a negative
effect on diabetes stability [27]. Our previous
study found that diabetes metabolic disorders
result in an increase in NO production, a
decrease in PGE2, and an increase in 6-keto-
PGFlx levels. The interaction of NO and PGs,
result in increased STZ-induced gastric muco-
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sal lesions in diabetic rats. In addition, serum
o-mannosidase and serum amylase activity in
DM rats was significantly decreased compared
with normal rats. The resulting gastric lectin
binding disorders, lead to cell proliferation,
transitional defects and cell death that affect
tissue repair.

In this study, we found that STZ-induced dia-
betic rats had reduced body weight and
increased blood glucose levels (Figure 2).
However, AS-IV had no effect on blood glucose
levels, thus we concluded that the preventive
effects of AS-IV on gastric mucosal lesions
were independent of blood glucose levels.

Am J Transl Res 2017;9(11):4902-4913
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Moreover, the pathological changes in STZ
induced gastric mucosa as observed by H&E
staining included gastric mucosal thinning,
necrosis and inflammatory cell infiltration com-
pared with normal controls (Figure 3A). AS-IV
treated rats exhibited ameliorated pathological
damage of the gastric mucosa. Furthermore,
the proliferative activity of GES-1 cells that
were cultured in diabetic serum was inhibited in
a dose and time-dependent manner (Table 1;
Figure 4A). Pretreatment with AS-IV for 24 h in
the CCK-8 assay significantly enhanced the
viability of DS-induced GES-1 cells compared
with untreated DS-induced GES-1 cells (Table
2; Figure 4). The antiapoptotic effect of AS-IV is
shown in Figure 5, where AS-IV dramatically
inhibited diabetic serum (DS)-induced GES-1
apoptosis in vitro. Pretreatment with AS-1V also
significantly ameliorated DS-induced GES-1
changes in cell morphology and prevented
apoptosis compared with the untreated group
(Figure 3B). These findings were associated
with the downregulation of the expressions of
iNOS and COX-2 proteins and the upregulation
of the expression of MUC1. The balance
between these molecules was partially restored
by AS-IV in both in vivo and in vitro studies
(Figure 6).

Proteins rarely work alone and protein-protein
interactions play a very important role in cell
activity and life processes [28]. Any interfer-
ence in the bio-molecular interaction network,
often leads to disease [29, 30]. Studies found
that INOS defects are associated with MUC
defects [31], resulting in thinning of the muco-
sa and the cumulative reduction in mucin. MUC
and COX act together, therefore an increase in
COX-2 activity was accompanied by an increase
in MUC secretion. PGs in COX source also pro-
motes MUC glycosylation [32, 33]. On the other
hand, MUC can induce iNOS and COX-2 activity
[34, 35]. The interaction between COX and NOS
has been confirmed, iNOS is an upstream sig-
nal of COX-2, iNOS via S-nitro activates COX-2
and iNOS and COX-2 coexist [36]. It was found
that COX-2 enhances iNOS-induced phospholi-
pase A2 S-nitration, and the largest PGs are
synthesized by the interaction of iNOS, phos-
pholipase A2 and COX-2 [37]. In the diabetic
gastrointestinal mucosa, MUC, NOS, COX
expressions undergo significant changes. The
current study in STZ-induced diabetic rats and
DS-induced GES-1 cells has demonstrated an
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increase in expression of iNOS and COX-2 and
a decrease in expression of MUC1. The benefi-
cial effect of AS-IV on high glucose-induced
gastric mucosal cells is most likely because the
balance of iNOS, COX-2 and MUCL1 levels is
restored.

Even though a similar protective effect, like
AS-IV is exerted by Bu-Zhong-Yi-Qi pills and Xiao
Ke pills on gastric mucosal lesions, we did not
observe any significant differences in vivo and
in vitro studies, in terms of alleviating high glu-
cose-induced gastric mucosal lesions. Nume-
rous studies found that AS-IV strongly stimu-
lates the immune system, has anti-inflammato-
ry and anti-oxidative properties, and inhibits
apoptosis [23], aldose reductase inhibitors,
and free radical scavengers [38]. Moreover,
AS-1V inhibited oxidative stress in renal proxi-
mal tubular cells by reducing glycated albumin
induced epithelial cells into mesenchymal cell
transformation, and prevented in vivo and in
vitro glucose-induced generation of podocytes
and improved diabetic nephropathy [39, 40].
AS-1V also improved STZ-induced diabetic kid-
ney lesions by inhibiting the expression of the
inflammatory transcription factor NF-Kb [41],
and inhibiting diabetic peripheral neuropathy
[38]. These findings demonstrate that AS-IV
has a wide range of pharmacological effects on
various diabetic complications. In both in vivo
and in vitro studies, we show evidence of AS-IV
significantly preventing high glucose-stimulat-
ed gastric mucosal cell apoptosis by partly
restoring the balance of iINOS, COX-2 and MUC1
proteins.

In summary, our results demonstrate for the
first time that astragaloside IV acts directly on
gastric mucosal cells. AS-IV promotes cell pro-
liferation and inhibits cell apoptosis and ame-
liorates pathological lesions in diabetic gas-
tropathy in part by decreasing the levels of
iINOS and COX-2 expressions while increasing
the level of MUC1 expression. These findings
strengthen the rationale for using AS-IV in the
treatment of diabetic gastropathy and also pro-
vides new insights into the development of a
gastric-protective drug.
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