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Abstract: Gastric ulcers are commonly seen in the upper gastrointestinal tract and may be related to
the Helicobacter pylori infection and the use of aspirin, a nonsteroidal anti-inflammatory drug (NSAID).
Typically, proton-pump inhibitors (PPIs) are used to treat gastric ulcers; however, adverse effects have
emerged following long-term treatment. Natural medicines are used as alternative therapeutic agents
in the treatment of gastric ulcers, with few side effects. Despite various reports on the anti-H. pylori
and anti-gastric cancer activities of Anisomeles indica, its gastroprotective effect on ulcers remains
undetermined. This study investigated the protective effect of A. indica on aspirin-induced gastric
ulcers in murine models. Our results show that three fractions of ethanol-extracted A. indica inhibited
aspirin-induced gastric injury. Among these, A. indica Fraction 1 was observed to enrich ovatodiolide,
which effectively diminished gastric acidity and alleviated aspirin-induced inflammation in the
stomach. Our results provide evidence that A. indica could be developed as an effective therapeutic
agent for gastroprotective purposes.
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1. Introduction
Gastric ulcers are sores in the mucosa of the stomach lining, which commonly causes
intense stomach pain. The common factors include inappropriate use of aspirin, a nonsteroidal anti-inflammatory drug (NSAID) [1], and Helicobacter pylori infection [2]. In
addition, gastric ulcers are caused by cigarette smoking, excessive drinking, or even stress
from daily life [3]. In recent times, gastric ulcer has become one of the most common
chronic diseases of the upper gastrointestinal tract worldwide [4].
The main treatments for gastric ulcers include histamine receptor blockers, antibiotics,
and proton-pump inhibitors (PPIs) [2]. Drugs, such as omeprazole, pantoprazole, and
lansoprazole, are wildly used to treat gastric ulcers by increasing the gastric pH, thus
allowing the mucosa to recover [5]. However, extensive treatment with antibiotics and
long-term use of PPIs lead to an increase in failure rates due to antimicrobial resistance
and potential adverse effects, including impaired absorption of nutrients, enteric infections,
dementia, and other diseases [6,7]. Therefore, there is an urgent need for the development
of alternative therapeutic agents with few adverse side effects for treating gastric ulcers.
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Anisomeles indica is a traditional herb medicine that reduces inflammation and has been
used in the treatment of gastrointestinal diseases, inflammatory skin disorders, immune
system deficiency, and hypertension [8–13]. Ovatodiolide, a chemical constituent isolated
from A. indica, possesses anti-inflammatory and antineoplastic properties [14–16], including
anti-gastric cancer activity [17]. Our recent study further showed that ovatodiolide inhibited
H. pylori-induced inflammation in gastric epithelial cells [13].
Although A. indica is effective against gastric cancer and H. pylori infection, its protective effect against gastric ulcers remains to be explored. In this study, three fractions of
ethanol-extracted A. indica were prepared and their biological activity for the inhibition
of aspirin-induced gastric ulcers was evaluated. Our results show that A. indica fractions
possess potent curative effects against gastric ulcers, indicating that A. indica could be
developed as a novel therapeutic agent for alleviating gastric ulcers.
2. Materials and Methods
2.1. Chemicals and Reagents
Antibodies specific to cyclooxygenase(COX)-1, COX-2, iNOS, and β-actin were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Reference substances of
acteoside (purity ≥98%) and apigenin-7-O-glucuronide (purity ≥86.8%) were purchased
from the ChemFaces Biochemical Co., Ltd. (Wuhan, China) and HWI pharma services
GmbH (Frankfurt, Germany), respectively. The standard sample of scutellarin was provided by the ChromaDex Inc. (Irvine, CA, USA), and HPD-100 resin was purchased from
Solarbio Science & Technology Co., Ltd. (Beijing, China). Acetonitrile, methanol, n-butanol,
and ethyl acetate were purchased from Sigma–Aldrich (St. Louis, MO, USA).
2.2. Preparation of Plant Materials
The whole plant of A. indica was obtained from contractual farms of Syiherb Biotechnology (Taichung, Taiwan). The preparation of A. indica extract was as described previously
with slight modifications [11,17]. Briefly, powdered dry leaves of A. indica (1.5 kg) were
extracted with 100 L of ethanol-water (55:45, v/v) solution for 2 h. The supernatant of
the extract was concentrated by removing the ethanol solvent under reduced pressure
at 50◦ C and adding distilled water to obtainthe A. indica extract sample solution. The
sample solution was applied to a glass column (100 cm × 9 cm i.d.) containing 1.6 kg
of wet HPD-100 macroporous resin. The column was washed with 5-bed volume (BV)
of deionized water, followed by elution with 5 BV of 10% (v/v) ethanol at a flow rate of
2 BV/h to remove the high polar impurities. The column was then eluted with 4 BV of 20%
ethanol to obtain the scutellarin-rich fraction and later eluted with 4 BV of 35% ethanol to
obtain the acteoside-rich fraction. Ovatodiolide was then flowed from the column using
5 BV of 80% ethanol, and finally, the column was regenerated with ethanol. The flow rate of
each gradient elution was set at 130 mL/min (equal to 2 BV/h), and the eluates of Fractions
1, 2, and 3 were obtained from 80%, 20%, and 35% ethanol, respectively.
2.3. Characterization of A. indica Fractions by High-Performance Liquid Chromatography (HPLC)
Scutellarin, apigenin-7-O-glucuronide, acteoside, and ovatodiolide were quantified
using the HPLC system on Waters HPLC system (Waters, e2695 Separations modules)
equipped with a Waters 2998 photodiode array detector (PDA) and Empower software.
Each sample was microfiltered through a 0.45 µm membrane, and 10.0 µL of the resulting
filtrate was loaded into the HPLC system for a single run. The fractions were further
analyzed using a reverse phase C18 column (250 × 4.6 mm, 5 µm, Inertsil). For the
chromatographic analysis of ovatodiolide, the mobile phase consisting of 0.1% TFA (A)
and acetonitrile (B),at a flow rate of 0.8 mL/min, was programmed as follows: 0–50 min,
30–50% B and 50–51 min, 50–100% B.
The content of scutellrain was separated with three solvent systems, 0.1% TFA (A),
acetonitrile (B), and methanol (C). The gradient elution profile was as follows: 0–40 min,
A:B:C = 85:15:0 to A:B:C = 82:18:0; 40–42 min, A:B:C = 82:18:0 to A:B:C = 0:100:0; 42–47 min,
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A:B:C = 0:100:0 to A:B:C = 0:0:100. The flow rate was 0.4 mL/min at 0-40 min; 0.8 mL/min
at 42 to 47 min. For apigenin-7-O-glucuronideanalysis, mobile phase consisting of 0.1%
TFA (A) and acetonitrile(B) was programmed as follows: 0–25 min, 20–28% B; 25–30 min,
28–5% B; 30–35 min, 5–5% B. The flow rate was 0.4 mL/min at 0–25 min and 0.8 mL/min
at 30 to 35 min. For acteoside analysis, the mobile phase, consisting of 0.1% TFA (A) and
acetonitrile (B), at a flow rate of 1.0 mL/min, was programmed as follows: 18–10% (B)
in 0–20 min and 10–100% (B) in 20–21 min, respectively. Four isolated constituents were
verified by HPLC chromatogram and mass spectrum, as described previously [17].
2.4. Cell Culture
Human AGS cells (ATCC CRL 1739) were cultured in F12 medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS) (Hyclone, Logan, UT,
USA) and incubated in a 5% CO2 atmosphere.
2.5. Cell Survival Assay
The MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay was
used to measure the cell viability of AGS cells. The cells were seeded in 96-well culture
plates overnight and treated with different fractions of A. indica (0.5 µg/mL). After 24 h of
incubation, 10 µL of MTT (5 mg/mL) (Sigma-Aldrich, St. Louis, MO, USA) was added to
each well followed by incubation at 37 ◦ C for 2 h. The supernatant was then removed and
100 µL DMSO was added to wells and shaken for 10 min. The absorbance was measured at
570 nm by a spectrophotometer (Bio-Rad, Hercules, CA, USA). The ability of viable cells
reduced MTT to formazan was analyzed as described previously [18].
2.6. Western Blot Assay
The protein expression levels of COX-1, COX-2, and β-actin were determined by
Western blot analysis. The gastric epithelial cells were incubated 10 mM acetylsalicylic acid
(aspirin, Sigma-Aldrich) for 4 h and then treated with each fraction of A. indica (0.5 µg/mL)
for 24 h. Cell lysates were lysed with 100 µL RIPA and resolved by 10% sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE), followed by transferring to
polyvinylidene difluoride membranes (Millipore, Billerica, MA, USA) for Western blot
analysis. After blocking by 5% of skim milk at room temperature, the membranes were
incubated with primary antibodies against COX-1, COX-2, and β-actin, respectively. The
membranes were then incubated with horseradish peroxidase (HRP)-conjugated secondary
antibodies (Millipore). The proteins of interest were identified using ECL Western blotting analysis reagent (BIOMAN, Taipei, Taiwan) and analyzed by Azure C400 (Azure
Biosystems, Dublin, CA, USA).
2.7. Animal Study
CD1 (ICR) mice (aged 8 weeks, n = 60, including 30 female and 30 male) with 25 mg
were purchased from the National Laboratory Animal Center (Taipei, Taiwan). Mice were
randomly divided into 6 groups (n = 10 of each group, 5 female and 5 male) for the administration with mock control (PBS), acetylsalicylic acid (aspirin, 500 mg/kg), and treatment
with omeprazole (10 mg/kg), A. indica Fraction 1 (20 mg/kg), Fraction 2 (20 mg/kg), and
Fraction 3 (20 mg/kg) (Figure 1). Mice were fasted for 24 h to empty the food in the stomach
that promote gastric acid secretion to exacerbate gastric damage [19]. Acetylsalicylic acid
(500 mg/kg) was applied to induce gastric ulcer of mice using intragastric gavage for
10 days, and continually administered to mice on days 14, 21, 28, and 35. Mice were treated
with omeprazole (10 mg/kg) or different A. indica fractions (20 mg/kg) by intragastric
gavage on day 11 once daily for a total of 4 weeks. After completing the administration,
the mice were euthanized, and the serum and stomach were prepared as described previously [20]. Briefly, serum sampling was performed on day 1 (before induction), 10, 24,
and 38 of the experimental protocols, and approximately 500 µL of blood was collected
from submandibular vein. Sera were isolated for the analysis of interleukin (IL)-1β, and
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Five fields were randomly selected per sample to calculate the mean intensity and compared
to the control group (100%).
2.11. Cytokine Assay
Sera were prepared and the cytokine levels of IL-1β and TNF-α were analyzed by
enzyme-linked immunosorbent assay (ELISA) according to the manufacturer’s instructions
(R&D Systems, Minneapolis, MN, USA).
2.12. Statistical Analysis
Statistical analyses of the data between two groups were determined by using post hoc
t-tests. Statistics analysis comparisons of more than two groups were evaluated using twoway analysis of variance (ANOVA). p < 0.05 was considered statistically significant. The
figures were performed by the Prism Program (v.9.0.0, GraphPad, San Diego, CA, USA).
3. Results
3.1. Purification and Characterization of A. indica Fractions
Laboratory preparative-scale separation was conducted using an HPD-100 resin column as described in the Material and Methods section. The level of ovatodiolide in
Fraction 1 was 35% (Table 1). In Fraction 2, scutellarin and apigenin-7-O-glucuronide
levels were 17% and 3%, respectively, and acteoside level was 30% in Fraction 3. The isolated compounds were then subjected to HPLC and showed that ovatodiolide, scutellarin,
apigenin-7-O-glucuronide, and acteoside were successfully enriched with high purity in
the A. indica fractions (Figure 2). In addition, mass spectra were performed to verify each
isolate (Figure S1).
Table 1. Characterization of isolated constituents in A. indica fractions.
Ovatodiolide (%)
Fraction 1
Fraction 2
Fraction 3

Figure 2. Cont.

Scutellarin (%)

Apigenin-7-OGlucuronide (%)

17

3

35

Acteoside (%)

6 of 14
30
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3.3. A. indica Fractions Effectively Protect Aspirin-Induced Gastric Ulcers in Mice

We used aspirin-induced gastric ulcer murine models to test the anti-ulcer effect of
A. indica fractions. As shown in Figure 4B, oral administration of mice with aspirin (500
mg/kg) for 35 days resulted in extensive ulceration and severe mucosal lesions in the glandular stomach. Conversely, omeprazole treatment significantly reduced aspirin-induced
gastric ulcers and decreased the ulcer area by 90% compared to the mock-treatment group
(Figures 4C and 5). Likewise with omeprazole, following the administration of A. indica
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Figure 5. A. indica fractions alleviate aspirin-induced gastric ulcer in mice. Mice were randomly divided into 6 groups (10 mice each group) and administrated mock control (PBS), aspirin (500
mg/kg), followed by treatment with omeprazole (10 mg/kg) and each A. indica fraction (20 mg/kg).
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3.4. A. indica Fractions Elevate Gastric Acidity and Increase COX-2 Expression in Mouse Stomach
As increased acid secretion in the stomach is associated with gastric ulcer development,
we assessed gastric pH. As shown in Figure 6A, higher pH levels in A indica Fractions
1 and 2 were observed compared with that in the mock-treatment group. Histological
examination (H&E) showed that aspirin administration induced severe disruption
and
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heavy infiltration of inflammatory cells (i.e., polymorphonuclear cells and macrophages)
in the gastric epithelium (Figures 6B and 7). Oral treatment with omeprazole
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pirin administration on day 38 prominently elevated IL-1β and TNF-α production, as
compared to that on day 10. Compared to treatment with aspirin, treatment of mice with
A. indica fractions for 38 days dramatically decreased IL-1βsecretion and slightly attenuated TNF-α production. Our results show that A. indica fractions significantly reduced
gastric
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3.5. A. indica Fractions Attenuate Inflammation in Mouse Stomach
As the elevation of proinflammatory cytokines is associated with aspirin-induced
gastric ulcers, we assessed iNOS expression and proinflammatory cytokine production.
Our results show that aspirin increased iNOS expression in mouse stomachs. Conversely,
omeprazole and A. indica fractions effectively reduced iNOS expression (Figure S2). We
further examined the proinflammatory cytokines in the serum. As shown in Figure 9, aspirin administration on day 38 prominently elevated IL-1β and TNF-α production, as
compared to that on day 10. Compared to treatment with aspirin, treatment of mice with
A. indica fractions for 38 days dramatically decreased IL-1βsecretion and slightly attenuated TNF-α production. Our results show that A. indica fractions significantly reduced
gastric acidity and effectively mitigated aspirin-induced inflammation, like omeprazole,
and that Fraction 1 is the most potent in gastroprotection.
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As the elevation of proinflammatory cytokines is associated with aspirin-induced
gastric ulcers, we assessed iNOS expression and proinflammatory cytokine production.
Our results show that aspirin increased iNOS expression in mouse stomachs. Conversely,
omeprazole and A. indica fractions effectively reduced iNOS expression (Figure S2). We
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Figure 9. A. indica fractions suppress aspirin-induced proinflammatory cytokine production. Mice
were randomly divided into 6 groups (10 mice each group) and administrated mock control (PBS),
aspirin (500 mg/kg), followed by treatment with omeprazole (10 mg/kg) and each A. indica fraction
(20 mg/kg). Serum samples were collected on day 10 and 38, and proinflammatory cytokines (A) IL1β and (B) TNF-α were analyzed using ELISA.
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4. Discussion
Omeprazole is a PPI that is generally used to treat certain stomach and esophageal
problems, such as acid reflux and gastric ulcers, by reducing the amount of acid secreted by
the stomach [27]. However, headache, abdominal pain, or other adverse effects may commonly occur after long-term administration of omeprazole [28]. Omeprazole also has been
associated with the development of nephrotoxicity and hepatoxicity. Patients prescribed
omeprazole for many years were observed to have serious symptomatic hepatocellular liver
injury [29] and chronic kidney disease, which seriously affected renal function [30]. There is
a need for alternative agents for treating peptic ulcer diseases. Therefore, natural medicinal
plants and their derivatives with potent therapeutic efficiency and low side effects are
worth exploring. In this study, A. indica exerted potent activity against aspirin-induced
gastric ulcers and elevated acidity in the stomach. In addition, A. indica treatment effectively attenuated proinflammatory cytokine production and increased COX-2 expression,
which was associated with the alleviation of gastric ulcers. Given various beneficial effects,
A. indica could be a valuable candidate for development as a natural medicine against
gastrointestinal ulcer diseases.
A. indica has been found to possess various pharmacological activities, such as antioxidant, antimicrobial, anti-HIV, and anti-cancer activities [14,16,17,31–34]. It has also
been used in treating chronic diseases, such as rheumatism and hypertension [35]. Other
various phytochemical constituents present in A. indica included ovatodiolide, triterpenes,
β-sitosterol, stigmasterol, flavones, and apigenin, revealing that it is a source of medicinally
active compounds with multiple therapeutic uses [35].
Ovatodiolide, a key ingredient in A. indica, has been reported for use in treating cancer,
such as malignant bladder cancer, by regulating tumorigenic molecules [36] and influencing
immuno-stimulatory activities [37]. Furthermore, ovatodiolide was also found to target
chronic myeloid leukemia stem cells by modulating multiple pathways [38]. Ovatodiolide
has high binding affinities to the pockets of the hub genes associated with the development
of multiple cancer types [16]. Our recent study further developed a novel method for the
isolation of ovatodiolide from A. indica, which exerted potent anti-gastric cancer activity
by altering the cell cycle and upregulating apoptosis-associated molecules [17]. We also
demonstrated that A. indica and ovatodiolide could inhibit H. pylori [12] and alleviate H.
pylori-associated inflammation in gastric epithelial cells [11,12]. In this study, we further
found that A. indica Fraction 1 contained 35% ovatodiolide, accounting for the pronounced
effect on suppressing gastric acidity and relieving gastric ulcers in mouse models. These
lines of evidence indicate that A. indica and its constituents possessed gastroprotective
activity and had potential for drug development.
In this study, the measurements of proinflammatory cytokines showed that three
fractions of A. indica significantly decreased the levels of iNOS and IL-1β, while increasing
COX-2 expression. These results are in line with previous findings that anti-ulcer agents
elevated COX-2 and PGE2 expression and reduced the proinflammatory cytokines, such as
IL-1, IL-6, and TNF-α [39–42]. Although our current studies using cell-based experiments
and murine models showed effective functions for A. indica fractions in reducing ulcer
area and altering proinflammatory cytokine production, several limitations of the present
study should be considered. First, the expression levels of COX1 and COX2 were not
significantly changed in the aspirin-treated group. It is possible that the concentration of
aspirin treatment may be insufficient in the cell-based models. Second, A. indica fractions
decreased serum proinflammatory cytokine production. Other mediators (i.e., vascular
endothelial growth factor) in the serum, which reflect ulcer healing are warranted to be
analyzed. Third, our results indicated that ovatodiolide in A. indica Fraction 1 possessed an
effect on ulcer healing. It is reasonable to assume that constituents other than ovatodiolide
in Fraction 1 are responsible for the anti-ulcer activity. Thus, there is a need for further
investigation on the constituents of A. indica fractions and the mechanism of how it affects
the action of immune cells to regulate proinflammatory cytokines, thereby contributing to
gastroprotective activity.
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5. Conclusions
This study indicates that A. indica possesses the ability to mitigate gastric ulcers in
murine models. Therefore, it has the potential to replace currently marketed drugs, which
are known for multiple side effects and resistance problems, improving the treatment of
symptoms related to gastric ulcers. The detailed biological effects and other beneficial
constituents of A. indica fractions remain to be investigated. To understand the mechanism
of signal transduction molecules in the healing process of gastric ulcers, further research is
required to elucidate the molecular mechanism, thus validating the findings.
Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/antiox11122327/s1, Table S1. Assessment of curative ratio in mice
treated with omeprazole and A. indica fractions; Figure S1. Mass spectra of the constituents isolated
from A. indica. Figure S2. A. indica fractions inhibit iNOS expression in mouse gastric epithelium.
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