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Abstract

Background and Objective: The gastric mucosa is crucial for preventing gastric diseases. Isoschaftoside (Is), isolated from Dendro-
bium huoshanense, has shown a gastroprotective effect in our previous in vitro study. Thus, this study aimed to evaluate the protective
role of Is in an in vivo model of aspirin-triggered gastric injury in mice and explore the underlying mechanisms. Methods: A total
of 72 male C57BL/6J mice were classified into control, model, omeprazole (OME, 20 mg/kg), and low- (Is-L, 7.8 mg/kg), medium-
(Is-M, 31.2 mg/kg), and high-dose isoschaftoside (Is-H, 93.6 mg/kg) groups. In the model group, aspirin (300 mg/kg) was administered
orally for 14 days to induce gastric injury. At the end of the trial, blood sample were taken. Gastric tissues were harvested and prepared
for histopathological examination and immunohistochemical identification of mucin 2 (MUC2) expression. ELISA was performed to
measure serum levels of interleukin (IL)-6/1β, tumor necrosis factor-α (TNF-α), cyclooxygenase-1 (COX-1), and prostaglandin E2
(PGE2) levels were measured by ELISA. Western blot was used o detect B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein (Bax),
cleaved caspase-9, phospho-phosphatidylinositol 3-kinase (p-PI3K), and phospho-protein kinase B (p-AKT) proteins. Results: Is pro-
moted dose-dependent improvement mucosal structure and reduced inflammation, with high-dose efficacy comparable to that of OME.
Furthermore, Is significantly decreased IL-6/1β, and TNF-α levels, increased COX-1 and PGE2, upregulated Bcl-2, downregulated Bax
and cleaved-caspase-9, and inhibited PI3K/AKT phosphorylation. Additionally, Is reduced the aspirin-induced upregulation of MUC2
expression, further supporting the role of Is in promoting mucosal repair. Conclusion: Is alleviates aspirin-induced gastric injury by
inhibiting inflammation, regulating apoptosis-related proteins, suppressing the PI3K/AKT pathway, and modulating mucin expression,
supporting the potential of using Is as a gastric mucosal protective agent.
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1. Introduction
Peptic ulcer disease, including gastric ulcers, remains

a significant global health concern. The gastric mucosa
serves as the primary barrier against damaging factors like
gastric acid and pepsin. Compromise of this barrier can lead
to mucosal injury, inflammation, and ulceration, whichmay
progress to more severe conditions [1,2].

Despite significant advancements in modern
medicine, the use of alternative medicine, such as
phytochemicals and Chinese herbal plants, has garnered
considerable attention. This is due to their high therapeutic
potential, positive health impacts, and fewer side effects
[3]. Furthermore, the high cost and limited accessibility of
conventional drugs in some regions, alongside interest in
natural therapies, motivate the exploration of plant-based
alternatives [4,5].

Dendrobium huoshanense is a perennial medicinal
herb of the genus Dendrobium in the Orchidaceae fam-
ily, renowned for its pronounced gastroprotective and ther-
apeutic effects [6–8]. Key pathological features of gas-
tric mucosal injury include the overexpression of pro-
inflammatory cytokines (e.g., interleukin (IL)-6/1β, tu-
mor necrosis factor-α (TNF-α)) and dysregulation of
protective mediators like cyclooxygenase-1 (COX-1) and
prostaglandin E2 (PGE2) [9]. The PI3K/AKT signaling
pathway is closely related to cell survival and apoptosis
[10–12], and mucins like mucin 2 (MUC2) play a critical
role in mucosal repair [13].

In recent years, isoschaftoside has attracted consider-
able attention due to its promising potential in the inter-
vention of multiple diseases, exhibiting anti-inflammatory
[14], anti-aging [15], and antioxidant activities [16], as well
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as effects against nonalcoholic fatty liver disease [17,18].
In our previous research, we isolated isoschaftoside from
D. huoshanense and found that it demonstrates a gastro-
protective effect comparable to that of D. huoshanense it-
self, effectively protecting gastric mucosal epithelial cells
from aspirin-induced injury in vitro [19]. However, the gas-
troprotective efficacy and underlying mechanisms of this
compound in vivo have yet to be comprehensively evalu-
ated and elucidated, necessitating further systematic inves-
tigation. Therefore, this investigation aimed to assess the
protective effects of isoschaftoside against aspirin-triggered
gastric mucosal injury in mice and to investigate its po-
tential mechanisms related to inflammation, apoptosis, the
PI3K/AKT pathway, and mucin expression.

2. Materials and Methods
2.1 Study Location

We conducted this investigation at Anhui University
of Chinese Medicine from June 1, 2023, to March 1, 2025.

2.2 Materials
Isoschaftoside (purity ≥98% by HPLC) was pur-

chased from Taizhou Danding Biotechnology Co., Ltd.
(No. YJ0871, Taizhou Danding Biotechnology, Taizhou,
Jiangsu, China). Mouse IL-6/1β (No. JL20268, JL18442),
TNF-α (No. JL10484), COX-1 (No. JL13697), and
PGE2 (No. JL12640) ELISA kits were acquired from
Shanghai Jianglai Biotechnology Co., Ltd. (Shanghai,
China). Omeprazole magnesium enteric-coated tablets
(No. SAWX) were purchased from AstraZeneca (London,
UK).

2.3 Experimental Animals and Grouping
C57BL/6J mice (6–7 weeks old, male, 20–25 g)

were obtained from Hangzhou Ziyuan Experimental Ani-
mal Technology Co., Ltd. (Zhejiang, China). Mice were
kept under standard specific pathogen-free (SPF) circum-
stances (humidity 55 ± 10%, 22 ± 2 °C, 12-h light/dark
cycle) with unrestricted standard rodent chow and water.
All experimental procedures received approval from the
Experimental Animal Ethics Committee of Anhui Univer-
sity of Chinese Medicine No. AHUCM-mouse-2023169
and were conducted as per the National Institutes of Health
(NIH) Guide for the Care and Use of Laboratory Animals.
After a week of acclimatization, mice were classified into
six groups in a random manner (n = 12 per group): Con-
trol, Model, Omeprazole (OME, 20 mg/kg [20]), low-dose
isoschaftoside (Is-L, 7.8 mg/kg), medium-dose isoschafto-
side (Is-M, 31.2 mg/kg), and high-dose isoschaftoside (Is-
H, 93.6 mg/kg). The sample size was detected depending
on earlier investigations and power analysis to verify sta-
tistical reliability. The Control group administered 0.5%
sodium carboxymethyl cellulose (CMC-Na) (No. MB1717,
MeilunBio, Dalian, Liaoning, China) solution by oral gav-
age daily. The remaining groups received aspirin (No.

A2093-100G, Sigma, MO, USA) (300 mg/kg in 0.5%
CMC-Na [21], by oral gavage each morning) for 14 consec-
utive days to establish a gastric mucosal injury model. Ad-
ditionally, the OME group received omeprazole (20 mg/kg,
in 0.5% CMC-Na), while the Is-L, Is-M, and Is-H groups
were administered isoschaftoside at 7.8, 31.2, and 93.6
mg/kg in 0.5% CMC-Na, respectively, each afternoon. The
administration volume was 10 mL/kg body weight.

The mice were anesthetized via intraperitoneal injec-
tion of 3% pentobarbital sodium (No. P3761, Sigma, MO,
USA) at a dose of 30 mg/kg prior to blood and stomach
tissue collection. The procedure was as follows: pentobar-
bital sodium powder was dissolved in physiological saline
to achieve the appropriate concentration. The mice’s ab-
dominal regions were disinfected with alcohol swabs, and
the animals were restrained using forceps. A 1 mL syringe
was used to draw the prepared pentobarbital sodium solu-
tion, which was then injected intraperitoneally into either
side of the lower abdomen. Following the injection, mice
were monitored for their physiological responses. Anes-
thetic effects typically appeared within a few minutes, and
the mice entered a state of somnolence.

2.4 Hematoxylin and Eosin (HE) Staining

The HE staining experiment was performed accord-
ing to standard histological techniques [22]. Following eu-
thanasia by cervical dislocation, the stomach was excised,
incised along the greater curvature, and rinsed with physio-
logical saline to remove gastric contents. The mucosa was
then laid flat, and comparable regions of gastric tissue were
collected from each group. Samples underwent fixing in
4% paraformaldehyde (No. 60536ES60, Yeasen, Shang-
hai, China), dehydrating, embedding in paraffin, sectioning
at 5 µm thickness, and staining with HE. Histological eval-
uation was conducted using Olympus CX23 microscopy
(Tokyo, Japan), and images were acquired for analysis.

2.5 Immunohistochemical Analysis of Mucin MUC2
Expression

Immunohistochemistry was performed as previously
described [23]. Paraffin-embedded gastric tissue slices
were dewaxed and exposed to antigen retrieval by heat-
ing in antigen retrieval solution. A 10-min blockage of
endogenous peroxidase activity was conducted with 3%
H2O2 (No. 216763, Sigma, MO, USA) at room temper-
ature. An incubation of the slices was then conducted
with anti-MUC2 antibody (ab272692, 1:200, Abcam, Cam-
bridge, UK) overnight at 4 °C, then with horseradish per-
oxidase (HRP)-conjugated secondary antibody (ZB-2301,
1:20000 dilution, Zsbio, Beijing, China) at 37 °C for 30
min. HRP-conjugated streptavidin was subsequently ap-
plied for 30 min at 37 °C. Staining was visualized with
diaminobenzidine (DAB) (No. YT8204, ITTABIO, Bei-
jing, China), followed by counterstaining with hematoxylin
(No. ZY-6144, ZYBio, Shanghai, China), dehydrating
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through graded ethanol (No. 10009218, Sinopharm, Shang-
hai, China), clearing in xylene (No. 10023428, Sinopharm,
Shanghai, China), mounting, and examining microscopi-
cally. For negative controls, the primary antibody was
omitted. Given that MUC2 is well-known for its responsive
overexpression to repair the gastric mucosa under injury
[13], gastric tissue damaged by aspirin was employed as
a positive control. Morphometric analysis was performed
by capturing five random fields/section at 200×magnifica-
tion. The area of positive DAB staining (brown color) was
quantified using ImageJ software (v1.53, NIH, Bethesda,
MD, USA) with the “Positive Pixel Count” algorithm.

2.6 Detection of Inflammatory Factors in Mouse Serum by
ELISA

For serum collection, the peri-oral hair was trimmed,
and the eyeballs were gently enucleated following retro-
orbital pressure with ophthalmic forceps. The collection of
blood samples was conducted in 1.5 mL microcentrifuge
tubes, allowed to clot at room temperature for 30 min, and
centrifugation was conducted at 3000 rpm for 10 min at 4
°C for serum separation. ELISA kits were equilibrated to
room temperature prior to use, and all procedures (dilution,
sample addition, incubation, washing, chromogenic reac-
tion, termination) were conducted as per the manufacturer’s
guidelines. Standard curves were created to quantify serum
concentrations of IL-6/1β, COX-1, TNF-α, and PGE2.

2.7 Western Blot Assay

Protein expression analysis was performed using a
standard Western blotting protocol [24]. Processed gas-
tric tissue samples were lysed on ice in radioimmunopre-
cipitation assay (RIPA) buffer containing phenylmethyl-
sulfonyl fluoride (PMSF) (No. MA0001, Meilunbio,
Dalian, Liaoning, China) for 30 min, and protein levels
were detected via a bicinchoninic acid (BCA) assay kit
(No. B5001, Land Bridge Technology, Beijing, China).
Equal protein quantities were exposed to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
(No. P1200-25T, Solarbio Science & Technology, Beijing,
China) and transferred to polyvinylidene fluoride (PVDF)
membranes (No. IPVH00010, Millipore, Billerica, MA,
USA). A 2-h blockage of membranes was conducted with
5% (w/v) non-fat dry milk at 25 °C, then an incubation
was conducted with primary antibodies for 2 h, then with
HRP-conjugated secondary antibodies for 1 h. The Amer-
sham Imager 600 imaging system (GE Health, Chicago,
IL, USA) and enhanced chemiluminescence (ECL) reagent
(No. BL520A, Biosharp, Hefei, Anhui, China) were uti-
lized for detection. Densitometric analysis of PI3K, AKT,
caspase-9, BCL-2, and BAX protein bands was conducted
via ImageJ software (v1.53, NIH, USA). Primary antibod-
ies include Bax (50599-2-1g, 1:2000 dilution, Proteintech,
IL, USA), Bcl-2 (ab32124, 1:1000 dilution, abcam, Cam-
bridge, UK), cleaved-casepase-9 (9509, 1:1000 dilution,

CST, MA, USA), procasepase-9 (ab32539, 1:5000 dilution,
abcam, Cambridge, UK), PI3K (ab86714, 1:1000 dilution,
abcam, Cambridge, UK), p-PI3K (ab182651, 1:1000 di-
lution, abcam, Cambridge, UK), AKT (4691s, 1:1000 di-
lution, CST, MA, USA), p-AKT (4060s, 1:2000 dilution,
CST,MA, USA), and GAPDH (TA-08, 1:2000 dilution, Zs-
bio, Beijing, China).

2.8 Statistical Analysis

SPSS 26.0 (IBM Corp., Armonk, NY, USA) was uti-
lized to conduct statistical analysis, and data are expressed
as mean ± standard deviation. The data distribution nor-
mality was verified via the Shapiro-Wilk test. One-way
analysis of variance (ANOVA) then Tukey’s post-hoc test
made comparisons among multiple groups. A p-value <

0.05 was regarded as significant.

3. Results
3.1 Isoschaftoside Attenuates the Histopathological
Gastric Mucosal Damage

HE staining of gastric tissues showed that mice in the
Control group exhibited intact gastric mucosa with well-
preserved architecture, closely arranged glands, and ab-
sence of mucosal bleeding or edema. In contrast, the Model
group displayed disorganized and sparse glandular arrange-
ment, partial loss of mucosal epithelial cells, and marked
infiltration of inflammatory cells. Compared to the Model
group, mice in the OME group demonstrated relatively pre-
served mucosal structure, more regular glandular organiza-
tion, and reduced inflammatory cell infiltration. Isoschafto-
side treatment produced a dose-dependent improvement,
evidenced by increasingly regular and distinct glandular ar-
rangement as the dose increased, along with decreased in-
flammatory cell infiltration (Fig. 1).

3.2 Effect of Isoschaftoside on Mucin MUC2 Expression in
Gastric Tissue

To elucidate the protective action of isoschaftoside on
the gastric mucosa, MUC2 expression was examined by im-
munohistochemistry. The outcomes illustrated that MUC2
expression in the gastric tissue of mice in the Model group
was significantly higher than the Control group (p< 0.001).
Following isoschaftoside treatment, MUC2 expression was
reduced dose-dependently manner compared to the Model
group (Is-M, p < 0.01; Is-H, p < 0.001). The level of
MUC2 in the Is-H group was not significantly different
from that in the OME group (p > 0.05) (Fig. 2).

3.3 Effect of Isoschaftoside on Cytokine Profiles in Mice
With Gastric Mucosal Injury

To assess systemic inflammatory responses, serum cy-
tokine levels were measured in mice. Compared with the
Control group, mice in the Model group exhibited signifi-
cantly elevated concentrations of the pro-inflammatory cy-
tokines IL-6, IL-1β, and TNF-α (p < 0.001), and sig-
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Fig. 1. Hematoxylin and eosin (HE) staining of mouse gastric mucosal tissue sections. (A) Control, the gastric mucosa is intact with
a well-preserved architecture, and the glands are tightly packed and well-aligned. (B) Model, the gastric mucosal structure is severely
damaged, accompanied by marked inflammatory cell infiltration. (C) Omeprazole (OME) (20 mg/kg), the gastric mucosal structure is
relatively intact with fairly orderly arranged glands and shows only minor inflammatory cell infiltration. (D) Low-dose isoschaftoside (Is-
L) (7.8 mg/kg). (E) Medium-dose isoschaftoside (Is-M) (31.2 mg/kg). (F) High-dose isoschaftoside (Is-H) (93.6 mg/kg), with increasing
Is concentration, the glands became progressively more organized and distinct, and the inflammatory cell infiltration was reduced. Scale
bar, 50 µm. The black arrows indicate areas of inflammatory cell infiltration or injury.

nificantly reduced levels of the anti-inflammatory medi-
ators COX-1 and PGE2 (p < 0.001). Administration of
isoschaftoside resulted in a dose-dependent attenuation of
the increases in IL-6, IL-1β, and TNF-α (p < 0.001), ac-
companied by significant elevation of COX-1 and PGE2
levels relative to the Model group (p< 0.001) (Fig. 3). The
effects of high-dose isoschaftoside on these cytokines were
not significantly different from those of omeprazole (p >

0.05).

3.4 Effect of Isoschaftoside on the Expression of Bcl-2,
Bax, and Cleaved-caspase-9

The levels of the anti-apoptotic protein Bcl-2 and
the pro-apoptotic proteins Bax and caspase-9 were inves-
tigated. Following treatment with isoschaftoside, it was
observed that this compound could counteract the aspirin-
induced decrease in Bcl-2 expression (Is-M, p < 0.01 and
Is-H, p < 0.001 vs Model) and the increase in cleaved-
caspase-9 (Is-M, Is-H, p< 0.001 vsModel) andBax expres-
sion (Is-M, Is-H, p < 0.001 vs Model) dose-dependently
manner, and Bax/Bcl-2 level in Is-H group were increased
than Model group (p < 0.001) (Fig. 4). The Is-H effect on
these proteins was comparable to that of OME (p > 0.05).
This indicates that isoschaftoside resistance to gastric mu-
cosal injury is related to apoptosis.

3.5 Isoschaftoside Suppresses PI3K/AKT Expression

The regulatory effects of isoschaftoside on PI3K/AKT
pathway-correlated proteins p-PI3K and p-AKT were ex-
amined. The outcomes indicated that the p-PI3K and
p-AKT levels increased following aspirin-induced injury
(p < 0.001 vs Control). However, after treatment with
isoschaftoside, the levels of p-PI3K and p-AKT were sig-
nificantly lower than those in the Model group (p-PI3K: Is-
M p < 0.01, Is-H p < 0.001; p-AKT: Ia-M and Is-H p <

0.001) (Fig. 4). The suppression of PI3K/AKT phospho-
rylation by Is-H was not significantly different from that
by OME (p > 0.05). This suggests that isoschaftoside may
exert anti-apoptotic effects by suppressing p-PI3K and p-
AKT, thereby protecting gastric mucosal cells from dam-
age.

4. Discussion
Herein, a mouse model of aspirin-triggered gastric

mucosal injury was created to systematically assess the pro-
tective actions and underlying mechanisms of isoschafto-
side on the gastric mucosa. HE staining demonstrated that
isoschaftoside significantly improved gastric mucosal ar-
chitecture and reduced inflammatory cell infiltration dose-
dependently manner. Notably, the protective effect ob-
served with high-dose isoschaftoside was comparable to
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Fig. 2. Detection of mucin 2 (MUC2) expression in mouse gastric mucosa by immunohistochemistry. (A) Control, shows weak
positive staining. (B) Model, exhibits strong positive staining for MUC2, indicating a significant upregulation. (C) OME (20 mg/kg),
displays moderate positive staining for MUC2. (D) Is-L (7.8 mg/kg), strong positive staining. (E) Is-M (31.2 mg/kg) and (F) Is-H (93.6
mg/kg), moderate positive staining, suggesting a partial reversal of MUC2 overexpression induced in the Model group. Con represent
Control group. ###p < 0.001 vs Con. *p < 0.05, and **p < 0.01 vs Model. Bars signify mean ± SD (n = 3). Scale bar, 100 µm.

that of the positive control, omeprazole. These findings
indicate that isoschaftoside confers substantial gastric mu-
cosal protection, consistent with the traditional medicinal
properties attributed toD. huoshanense, its source herb, and
providemorphological evidence to support further develop-
ment of isoschaftoside as a gastroprotective agent.

Regarding inflammatory mediators, serum levels of
IL-6/1β, COX-1, TNF-α, and PGE2 levels were quantified
by ELISA. In the model group, pro-inflammatory cytokines
were significantly elevated, whereas cytoprotective medi-
ators were markedly decreased, which is consistent with
findings in other models of nonsteroidal anti-inflammatory
drug (NSAID)-induced gastric injury [9,25]. Isoschafto-
side treatment significantly reversed these alterations, re-
sulting in decreased levels of pro-inflammatory cytokines
and increased levels of COX-1 and PGE2 levels. The COX-

1/PGE2 axis has a vital function in keeping the gastric mu-
cosal barrier integrity and promoting mucosal repair as re-
ported by Morsi et al. [25] and Takeuchi and Amagase
[26]; upregulation of this pathway may underlie the ability
of isoschaftoside to enhance mucosal healing and suppress
inflammation. The authors’ suggestion was corroborated
by the previous reports of Guan et al. [14] who reported
anti-inflammatory properties for isoschaftoside in a model
of microglia inflammation.

Previous studies have shown that traditional Chi-
nese medicines can ameliorate gastric ulcers by con-
trolling the PI3K/AKT pathway, thereby exerting anti-
inflammatory, antioxidant, and anti-apoptotic effects [27,
28]. Accordingly, the present study investigated alterations
in apoptosis-correlated proteins (BCL-2, BAX, cleaved
caspase-9) and the PI3K/AKT pathway. Western blot anal-
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Fig. 3. ELISA detection of IL-6, IL-1β, TNF-α, COX-1, and PGE2 levels in mouse serum. Con represent Control group. ###p <

0.001 vs Con. ***p < 0.001 vs Model. Bars represent mean ± SD (n = 3). PGE2, prostaglandin E2.

ysis revealed that isoschaftoside dose-dependently elevated
the anti-apoptotic protein BCL-2, reduced the pro-apoptotic
proteins BAX and cleaved caspase-9, and significantly in-
hibited stimulation of the PI3K/AKT pathway. These data
illustrate that isoschaftoside may exert its gastroprotective
effects through inhibition of the PI3K/AKT axis and at-
tenuation of downstream apoptotic signaling cascades. To
date, such a mechanism has not been widely reported for
isoschaftoside, and our findings provide a novel perspec-
tive on its mode of action.

The findings of this study highlight the potential of
isoschaftoside as a valuable natural product for the manage-
ment or prevention of gastric mucosal injury, particularly
in scenarios involving NSAID use like aspirin. It could be

developed as a complementary agent to reduce the gastroin-
testinal side effects linked to long-term NSAID therapy.

Despite the promising results obtained in this study,
several limitations should be noted. All in vivo experi-
ments were conducted exclusively in male mice, preclud-
ing assessment of sex-based differences in pharmacologi-
cal effects. Mechanistic investigations focused primarily on
the PI3K/AKT pathway and apoptosis-correlated proteins,
without exploring involvement of other pathways such as
NF-κB or MAPK. Furthermore, the study focused on pro-
tein expression; future work incorporating gene expression
analysis (e.g., PCR) would provide a more comprehensive
understanding. Furthermore, the bioavailability, metabolic
profile, and tissue distribution of isoschaftoside remain to
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Fig. 4. The isoschaftoside effect on the expression of correlated proteins. (A) Western blot analysis. (B–G) Protein expression levels.
Con represent Control group. **p < 0.01 and ***p < 0.001 vs Con. ##p < 0.01, and ###p < 0.001 vs Model. Bars signify mean ± SD
(n = 3). Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-associated X protein; p-AKT, phospho-protein kinase B.

be elucidated, which will be important topics for future re-
search.

5. Conclusion
In summary, isoschaftoside markedly attenuates

aspirin-induced gastric mucosal injury in mice, potentially
through inhibition of inflammatory responses, modulation
of apoptosis-related protein expression, and blockade of
PI3K/AKT pathway activation. Its efficacy is comparable
to the clinical drug omeprazole at a high dose. This study
provides experimental support for the innovation and devel-
opment of isoschaftoside as a prospective gastric mucosal
protective agent in high-risk individuals, such as chronic
NSAID users, and lays the groundwork for its further de-
velopment and application.
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