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INTRODUCTION
The inflammatory bowel diseases such as Crohn’s disease or 

ulcerative colitis have been gradually increasing in recent years; 
however, the etiology and pathogenesis of inflammatory bowel 
disease remain unclear [1]. It is known that a person with genetic 
vulnerability, when exposed to environmental changes or trig-
gers, develops inflammation and an immune response to the in-
testinal mucosa, resulting in chronic tissue damage [2]. Many in-

flammatory mediators are involved in the inflammatory response 
to inflammatory bowel disease. In particular, mechanisms related 
to the production of leukotrienes as inflammatory mediators are 
expected to be therapeutic targets [3].

The use of nonsteroidal anti-inflammatory drugs (NSAIDs) 
and the onset of inflammatory bowel disease are known to be 
related to each other. The development of ulcerative enteritis and 
Crohn’s disease is stimulated by the onset and/or exacerbation of 
inflammatory bowel disease caused by using NSAIDs [4]. Clini-
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ABSTRACT DA-9601 is an extract obtained from Artemisia asiatica, which has been 
reported to have anti-inflammatory effects on gastrointestinal lesions; however, its 
possible anti-inflammatory effects on the small intestine have not been studied yet. 
Therefore, in this study, we investigated the protective effects of DA-9601 against 
the ACF-induced small intestinal inflammation. Inflammation of the small intestine 
was confirmed by histological studies and the changes in the CD4+ T cell fraction 
induced by the inflammation-related cytokines, and the inflammatory reactions 
were analyzed. Multifocal discrete small necrotic ulcers with intervening normal mu-
cosa were frequently observed after treatment with ACF. The expression of IL-6, IL-
17, and TNF-α  genes was increased in the ACF group; however, it was found to have 
been significantly decreased in the DA-9601 treated group. In addition, DA-9601 
significantly decreased the levels of proinflammatory mediators such as IL-1β, GM-
CSF, IFN-γ, and TNF-α; the anti-inflammatory cytokine IL-10, on the other hand, was 
observed to have increased. It is known that inflammatory mediators related to T cell 
imbalance and dysfunction continuously activate the inflammatory response, caus-
ing chronic tissue damage. The fractions of IFN-γ+ Th1 cells, IL-4+ Th2 cells, IL-9+ Th9 
cells, IL-17+ Th17 cells, and Foxp3+ Treg cells were significantly decreased upon DA-
9601 treatment. These data suggest that the inflammatory response induced by ACF 
is reduced by DA-9601 via lowering of the expression of genes encoding the inflam-
matory cytokines and the concentration of inflammatory mediators. Furthermore, 
DA-9601 inhibited the acute inflammatory response mediated by T cells, resulting in 
an improvement in ACF-induced enteritis.
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cally, the prevalence of inflammatory bowel disease in patients 
have been found to be related to the use of NSAIDs and hence are 
recommended to limit the use of NSAIDs [5].

Proton-pump inhibitors (PPIs) strongly inhibit gastric acid 
secretion in the stomach and have been widely used for the 
treatment of upper gastrointestinal ulcerative lesions. However, 
some reports have suggested that PPIs cause an imbalance in the 
small intestinal bacterial flora, further exacerbating the NSAID-
induced small intestinal injury [6-8]. The association between 
the PPI treatment and prognosis of enteritis has not been clearly 
revealed yet.

Aceclofenac (ACF), one of the commonly used NSAIDs, has 
been used to relieve the pain caused by rheumatoid arthritis, 
ankylosing spondylitis, osteoarthritis (degenerative arthritis), 
periarthritis of the scapular humerus, and toothache [9]. How-
ever, ACF may increase the risk of serious gastrointestinal adverse 
events including gastric or intestinal bleeding, ulcers, and per-
foration. These adverse reactions have emerged as a factor that 
limits the prescription for patients, such as those suffering from 
rheumatoid arthritis, who require long-term administration of 
ACF [9].

DA-9601 is an ethanol extract of Artemisia asiatica and is cur-
rently used as a clinical medicine for the treatment of gastritis [10]. 
Interestingly, it has been reported to have anti-oxidative and anti-
inflammatory effects on experimentally induced gastrointestinal, 
hepatic, and pancreatic lesions [11,12]. However, its possible anti-
inflammatory effects on the small intestine have not been studied 
yet. Therefore, in this study, we investigated the protective effects of 
DA-9601 against the ACF-induced small intestinal inflammation.

METHODS

Reagents

All reagents were provided from Dong-A ST (Yongin, Korea). 
DA-9601, the standardized ethanol extract of Artemisia asiatica, 
was supplied by Dong-A Pharmaceutical Co. Ltd. (Yongin, Ko-
rea). The percentage of eupatilin, a pharmacologically active 
ingredient of Artemisia asiatica, was found to be 2.25% (w/w) 
as determined by HPLC. DA-9601 was dissolved in 5 ml 3% hy-
droxypropyl methylcellulose (HPMC) (Sigma-Aldrich, St. Louis, 
MO, USA) solution.

Animals

Six-week-old male Sprague Dawley (SD) rats were obtained 
from Daehan Bio Link (Eumseong, Korea); those with body 
weights of approximately 200–250 g were used for the experi-
ments. Animals were acclimated for a week and maintained at 
an ambient temperature of 23 ± 3°C with 12-h light/dark cycles 
(lights on 07:00–19:00). Food pellets (Daehan Bio Link) and wa-

ter were provided ad libitum. After a 1-week adaptation period, 
rats were randomly assigned to five groups of 8–10 rats each. All 
animal procedures adhered to the National Institutes of Health 
Guidelines for Animal Research and were approved by the 
Dankook University Institutional Animal Care and Use Com-
mittee (IACUC; DKU-15-001), which adheres to the guidelines 
issued by the Institution of Laboratory Animal Resources.

Experimental design

Male SD rats weighing around 200–250 g were divided into 
five groups of 8–10 rats each. The first group was a control group 
treated with 3% HPMC for 4 days. The second group was pre-
treated with 3% HPMC, and ACF was then orally administered 
(50 mg/kg body weight) once a day for 2 days. The third group 
was pretreated with DA-9601 (100 mg/kg body weight) for 2 days 
and then co-treated with ACF (50 mg/kg) + DA-9601 (100 mg/
kg) for 2 days. The fourth group was pretreated with esomepra-
zole (ESO) (10 mg/kg body weight) for 2 days and then co-treated 
with ACF (50 mg/kg) + ESO (10 mg/kg) for 2 days. The last group 
was pretreated with DA-9601 (100 mg/kg) + ESO (10 mg/kg) for 
2 days and then co-treated with ACF (50 mg/kg) + DA-9601 (100 
mg/kg) + ESO (10 mg/kg) for 2 days. Two-day consecutive dos-
ing of ACF was selected from a preliminary study that measured 
small intestinal inflammatory lesions; in this study, treatment 
with 50 mg/kg of ACF for two consecutive days was observed to 
cause detectable ulcers in the small intestine. One-day dosing did 
not cause apparent inflammatory lesions in the small intestine. 
ACF dose of 100–200 mg/kg was observed to cause severe small 
intestinal inflammatory lesions and hence was not deemed ap-
propriate for this study. Post 24 h of the last drug administration, 
the rats were euthanized by ether anesthesia. The small intestine, 
from the gastric duodenum to the large intestine, was quickly 
removed by incising the abdomen. The excised small intestine 
was washed with sterilized physiological saline to remove feces. 
Samples collected from each experimental group for the analysis 
of inflammatory mediators were stored at –80°C till further in-
vestigation.

Visual observation of inflammation and histological 
analysis

The freshly excised small intestine was thoroughly washed with 
sterilized physiological saline to remove feces, and 1% parafor-
maldehyde was immediately added for fixation, for 30 min. Fixed 
tissues were spread out and visually observed. Inflammation le-
sions of the small intestine were mainly found in the lower intes-
tine; hence, the lower part of the intestine was used for subsequent 
experiments. Data on the visual observation were collected using 
photography, and a quantitative analysis of the inflammation was 
performed using the following observation score criteria (Tables 1, 2). 
Small intestine tissue samples (1 cm × 1 cm) from experimental 
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animals were fixed in 4% neutral buffered formaldehyde and 
processed by routine techniques prior to embedding in the paraf-
fin blocks in the pathology lab at Dankook University Hospital. 
Briefly, a thick section (4 µm) was mounted on a glass slide and 
stained with hematoxylin and eosin. The sections were examined 
under a light microscope (CK-40; Olympus, Tokyo, Japan) by a 
pathologist who was blinded to the treatment.

Gene expression profile for inflammatory mediator

Total RNA was isolated from the collected samples by using 
TRIzol reagent (Thermo Fisher Scientific, Waltham, MA, USA). 
RNA was reverse transcribed into cDNA by using MMLV re-
verse transcriptase (Bioneer, Daejeon, Korea) and oligo-d(T)18 

primer. Quantitative real time PCR (qRT-PCR) was performed 
using a Rotor Gene SYBR Green Supermix Kit (Qiagen, Hilden, 
Germany), and the fluorescence was measured using a Rotor-
gene PCR Cycler (Qiagen). Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was used as a reference gene. The primers 
used for qRT-PCR were synthesized by Cosmo Genetech (Seoul, 
Korea). The sequences of the forward and reverse primers used 
in the qRT-PCR and Semi-quantitative RT-PCR (sqRT-PCR) 
are as follows: IL-6 (275 bp), forward 5'-GGAGTTCCGTTTC-
TACCTGG-3' and reverse 5'-GCCGAGTAGACCTCATAGTG-3'; 
TNF-α (316 bp), forward 5'-CCACGTCGTAGCAAACCAC-
CAAG-3' and reverse 5'-CAGGTACATGGGCTCATACC-3'; IL-
17 (178 bp), forward 5′-ACAGTGAAGGCAGCGGTACT-3′ and 
reverse 5′-GCTCAGAGTCCAGGGTGAAG-3′; GAPDH (134 
bp), forward 5′-AACGGCACAGTCAAGGCTGA-3′ and reverse 
5′-ACGCCAGTAGACTCCACGACAT-3′. The relative expres-
sion levels of IL-6, IL-17, and TNF-α were measured as an index 
of gene expression related to inflammation. Three biologically in-
dependent experiments were performed, and each PCR reaction 
was repeated in triplicates. The relative level of a specific mRNA 
was calculated by normalizing its expression to that of GAPDH 
by using the 2−ΔΔCt method. The sqRT-PCR reactions were per-
formed using PCR PreMix (Bioneer). The PCR product of each 
gene was analyzed using 1.5% agarose gel electrophoresis, the 
bands were stained using Syto 60 (Li-COR Biosciences, Lincoln, 
NB, USA), and the stained gel was visualized using the Odyssey 
infrared imaging system (Li-COR Biosciences).

Analysis of inflammatory mediators in small intestine

Samples were prepared according to the manufacturer’s in-
structions, and the chemokines or cytokines were quantified 
using an ELISA kit. Concentrations of IL-6, IL-1β, IL-10, GM-
CSF, IFN-γ, and TNF-α in the small intestines of the drug-treated 
rats (50 mg/kg of ACE) were determined using an ELISA kit (Ab 
frontier, South Korea) following the manufacturer’s protocol. 
The concentration of whole homogeneous lysates obtained from 
each sample was normalized and the lysates were diluted within 
the measurable range. Optical density was measured at 450 nm 
(A450) using a microplate reader (Thermo Scientific Multiskan 
GO, Microplate Spectrophotometer; Thermo Fisher Scientific). 
Briefly, small intestine tissue (100 mg) was washed with 1X PBS, 
and then 1 ml of 1X PBS was added to completely homogenize the 
isolated small intestine by using a tissue disperser homogenizer. 
Homogenates were centrifuged at 5,000 g for 5 min at 2–8°C. The 
supernatant was used to measure the enzyme activity. To nor-
malize the protein levels in all supernatant samples, the protein 
concentration was quantified in each sample by using the Lowry 
protein assay kit (Bio-Rad, Hercules, CA, USA).

Flow cytometric analysis

The small intestine samples were washed 3 times with 1X PBS 
at 4°C, and then the intestinal epithelium was separated with cell 
separation solution at 37°C. The cell separation solution was com-
posed of 10% fetal bovine serum, 20 mM Hank's balanced salt 
solution, 100 U/ml penicillin, 100 µg/ml streptomycin, 1 mM so-
dium pyruvate, 10 mM EDTA, and 10 µg/ml polymyxin B. After 
washing 5 times with 1X PBS, RPMI 1640 (Sigma-Aldrich) con-
taining 400 U/ml collagenase D (Roche, Mannheim, Germany) 
and 10 µg/ml DNase I (Roche) was added along with 10% FBS, 
and the samples were incubated at 37°C for 90 min. Subsequently, 
10 mM EDTA was added, and the samples were subjected to 
flow cytometry. The cells in the small intestine were analyzed by 
flow cytometry on the FACSCalibur system using the Cell Quest 
software (Becton Dickinson, Franklin Lakes, NJ, USA). The an-
tibodies used were phycoerythrin (PE)-binding anti-mouse CD4 
(GK1.5, Rat IgG2b, κ), peridinin-chlorophyll protein-binding an-
ti-mouse CD4 (GK1.5), fluorescein isothiocyanate-binding anti-

Table 1. Observation score criteria of inflammation

Score Tissue condition

0 No lesions
1 Punctiform lesions (< 1 mm)
2 Five or more punctiform lesions
3 One to five small ulcers (1–2 mm)
4 More than five small ulcers or one large ulcer
5 More than one large ulcer (greater than 4 mm)

Table 2. Observation score of inflammation

Group Inflammation score

Normal 0.3 ± 0.48
ACF 4.6 ± 0.67
ACF + DA-9601 3.7 ± 1.10*
ACF + ESO 4.5 ± 0.93
ACF + DA-9601 + ESO 3.8 ± 0.94*

Data are represented as the mean ± SEM. ACF, aceclofenac; ESO, 
esomeprazole. *p < 0.05 vs. ACF.
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mouse IFN-γ (XMG1.2, Rat IgG1, κ), PE-binding anti-mouse IL-
4, PE-binding anti-mouse IL-9 (RM9A4, Rat IgG1, κ), PE-binding 
anti-mouse IL-17A (TC11-18H10.1, Rat IgG1, κ), and Alexa Fluor 

488 binding anti-mouse Foxp3 (150D, Mouse IgG1, κ) (Biolegend, 
San Diego, CA, USA). Fifty thousand single cells were analyzed 
per experiment.

Statistical analysis

All data are presented as the mean ± SEM. All statistical analy-
ses were performed using GraphPad Prism (GraphPad Software, 
La Jolla, CA, USA). Student’s t-test was used for comparing the 
data between two groups, whereas one-way analysis of variance 

Fig. 1. Representative images depicting histological appearance of small intestine tissues after ACF-induced enteropathy. (A) Small intestine 
section from the normal control group. Small intestine section from (B) ACF treated group (C) ACF + DA-9601 treated group, (D) ACF + ESO treated 
group, and (E) ACF + ESO + DA-9601 treated group. Multifocal discrete small necrotic ulcers with intervening normal mucosa were observed. Frequent 
necrotic ulcers through small intestine were also observed, and the degrees of necrotic damage were considered very severe with accompanying in-
testinal micro perforations with peritonitis (H&E, magnification: ×40 and ×100). ACF, aceclofenac; ESO, esomeprazole.

A

B

C

D

E
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(ANOVA) was used for comparisons of data from more than 
three groups. The significance for all comparisons of interest was 
assessed, and p < 0.05 was considered statistically significant.

RESULTS

Histological evaluation of the severity of inflammation 
of small intestine

The severity of inflammation was evaluated using the observa-
tion score of inflammation (Tables 1, 2), and the experimental 
observations were blinded for maintaining the objectivity of the 
data. In the control group, no significant ulcers, necrosis, abscess-
es etc. were observed in the small intestine (Fig. 1A). When ACF 
(50 mg/kg) was administered for 2 days, many extensive ulcer 
sites were observed, and the inflammation score was counted as 
5, which represents the most severe stage (Fig. 1B). Lesions were 
observed in the form of multifocal discrete small necrotic ulcers 
with intervening normal mucosa. The activities of the experi-
mental animals slowed after ACF administration; however, no 
death was reported during the study. When DA-9601(100 mg/
kg) was administered concurrently with ACF, significantly fewer 
ulcer sites than when ACF was administered alone were observed 
in the small intestine; the inflammation score tended towards 3–4 
(Fig. 1C, E). However, when ESO (10 mg/kg) was administered 
concurrently with ACF, no significant change in the inflamma-
tion score as compared to that with the administration of ACF 
alone was observed (Fig. 1D).

The effects of DA-9601 or ESO on gene expression of 
inflammatory mediators

The gene expression of inflammatory mediators such as IL-
6, IL-17, and TNF-α in ACF-induced enteritis was analyzed. The 
expression of IL-6 was significantly increased by ACF adminis-
tration compared to that in the controls. However, the expression 
of IL-6 was significantly decreased in the ACF + DA-9601 treated 
group as compared to that in the ACF treated group. Interestingly, 
the expression of IL-6 was found to have significantly increased 
in the group treated with ACF + ESO (Fig. 2A). The expression 
of IL-17 in the ACF treated group was significantly increased as 
compared to that in the control group; however, the expression of 
IL-17 was found to have significantly decreased in the ACF + DA-
9601 treated group compared to that in the ACF treated group. 
The expression of IL-17 was the highest in the group treated 
with ACF + ESO (Fig. 2B). The expression of TNF-α in the ACF 
treated group was significantly increased compared to that in the 
control group. The expression of TNF-α was also significantly in-
creased in the group treated with ACF + ESO as compared to the 
ACF treated group. However, the expression of TNF-α was found 
to have significantly decreased in the ACF + DA-9601 treated 

B

C

A

Fig. 2. Expression levels of IL-6, IL-17, and TNF-αα mRNA in small in-
testine after ACF-induced enteropathy. Expression of IL-6 (A), IL-17 (B), 
and TNF-α (C) was quantified using qRT-PCR. The relative mRNA levels 
of IL-6, IL-17, and TNF-α  were calculated by normalizing them to the 
expression level of GAPDH by using the 2–∆∆Ct method. The expression 
values obtained from the drug-treated small intestine were normalized 
to those of the control. Data are represented as the mean ± SEM. A, 
aceclofenac (ACF); D, DA-9601; E esomeprazole. *p < 0.05, **p < 0.01, 
***p < 0.001, and ****p < 0.0001.
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groups as compared to that in the ACF treated group (Fig. 2C). 
When ACF + ESO + DA-9601 was administered concurrently, 
a significant decrease in the expression of genes encoding for 
inflammatory mediators was observed as compared to the gene 
expression levels observed in the ACF + ESO treated group; none-
theless, the expression of these genes did not decrease as much as 
in the ACF + DA-9601 treated group. In particular, the expression 
of the gene encoding for TNF-α was significantly decreased in 
the group treated with ACF + ESO + DA-9601 as compared to 
that in the group treated with ACF + ESO; the expression level 
was still significantly higher than that in the group treated with 
ACF alone.

The effects of DA-9601 or ESO on the production of 
inflammatory mediators

Unlike gene expression, the concentration of IL-6 in the small 
intestine was not significantly changed by ACF treatment. In ad-
dition, no change was induced by the ACF + DA-9601 treatment. 
However, the IL-6 concentration was significantly decreased in 
the ACF + ESO treated group; the level was restored to the control 

level by the ACF + ESO + DA-9601 combination treatment (Fig. 
3A). The concentration of IL-10, an anti-inflammatory cytokine 
known as human cytokine synthesis inhibitory factor, was sig-
nificantly decreased by ESO in ACF-induced enteritis but was 
significantly increased in the ACF + DA-9601 and ACF + ESO + 
DA-9601 treatment groups (Fig. 3B). In the ACF-induced enteri-
tis, the concentrations of IL-1β and GM-CSF were significantly 
increased compared to control; however, when DA-9601 or ESO 
was concurrently applied with ACF, the concentrations of IL-1β 
and GM-CSF were significantly decreased. On the other hand, 
the concentrations of IL-1β and GM-CSF were found to have 
been significantly increased in the ACF + ESO + DA-9601 treated 
group (Fig. 3C, D). The concentrations of IFNs and TNF-α, 
which are crucial inflammatory cytokines, were found to have 
significantly increased in ACF-induced enteritis. However, both 
cytokines were significantly decreased in the ACF + DA-9601 
and ACF + ESO treated groups. In addition, the concentrations 
of interferons (IFNs) and TNF-α were found to have significantly 
decreased by ACF + ESO + DA-9601 treatment (Fig. 3E, F). IFNs 
and TNF-α have been suggested as the crucial molecules in the 
inflammatory processes and are thought to influence cellular, tis-

A B

C D

E F

Fig. 3. Concentrations of IL-6, IL-1ββ, IL-
10, GM-CSF, IFN-γγ, and TNF-αα in small 
intestine after ACF-induced enteropa-
thy. Quantification of (A) IL-6, (B) IL-10, (C) 
IL-1β, (D) GM-CSF, (E) IFN-γ, and (F) TNF-α 
in the small intestine by using ELISA. The 
concentration of whole lysates homog-
enized from each sample was normal-
ized, and the lysates were diluted within 
the measurable range. Statistical sig-
nificance was evaluated using one-way 
ANOVA. Data are represented as mean ± 
SEM. A, aceclofenac (ACF); D, DA-9601; E, 
esomeprazole. *p < 0.05, **p < 0.01, ***p 
< 0.001, ****p < 0.0001.
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sue, and global physiological functions.

Characteristics of CD4+ T cell of small intestine in ACF-
induced enteritis

In inflammatory bowel disease, inflammatory mediators re-
lated to T cell imbalance and dysfunction are known to continu-
ously activate the inflammatory response, thus causing chronic 
tissue damage [2]. The characteristics of CD4+ T cells in the small 
intestine were analyzed using flow cytometry (Fig. 4). Fig. 4A 

shows ‘dot plot’ analysis displaying target cell populations and 
Fig. 4B demonstrates relative percentage of target cell populations 
for easy understanding of the dot plots. IFN-γ+ CD4+ cells were 
significantly increased, compared to the control, in ACF-induced 
enteritis. There was no significant change in the ACF + DA-9601 
treated group, but the fraction was found to have increased by 
ESO treatment. However, IFN-γ+ CD4+ cell fraction was observed 
to have decreased by the concurrent treatment of ACF + ESO 
+ DA-9601 (Fig. 4B-a). IL-4+ CD4+ cells also increased in ACF-
induced enteritis. These cells were reduced in the ACF + DA-

A

Fig. 4. Flow cytometric characteristics of CD4+T cells in small intestine after ACF- induced enteropathy. (A) Numbers inside quadrant indicate 
the percentage of the cell population. Only 30% of the cell populations were presented in the flow cytometric characteristics graph. (B) The propor-
tion of CD4+  T cells from lamina propria was determined according to intracellular levels of cytokines for (a) interferon (IFN)-γ+ Th1 cell, (b) interleukin 
(IL)-4+ Th2 cells, (c) IL-9+ Th9 cells, (d) IL-17+ Th17 cells, and (e) Foxp3+ Treg cells. A, aceclofenac (ACF); D, DA-9601; E, esomeprazole.

AControl A + D A + E A + D + E
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9601 treated group, but significantly increased in the ACF + ESO 
treated group. Similar to IFN-γ+ CD4+ T cells, IL-4+ CD4+ cells 
decreased by the concurrent treatment with ACF + ESO + DA-
9601 (Fig. 4B-b). IL-9+ CD4+ cells showed no significant change 
compared to the control in ACF-induced enteritis. These cells 
were found to have decreased in the ACF + DA-9601 and ACF 
+ ESO + DA-9601 treated groups but increased upon treatment 
with ACF + ESO (Fig. 4B-c). IL-17+ CD4+ cells were increased in 
ACF-induced enteritis. No significant change was caused by ACF 
+ DA-9601 treatment, but these cells were increased upon ACF 
+ ESO treatment. Compared to the ACF + ESO treated group, 
IL-17+ CD4+ cells further decreased in the ACF + ESO + DA-
9601 treated group (Fig. 4B-d). Regulatory T cells suppress the 
immune response; therefore, in animal models, regulatory T cells 
are known to be effective in treating enteritis. Foxp3+ CD4+ cells 
were found to have increased in ACF-induced enteritis. It was de-
creased in the ACF + DA-9601 group but increased in the ACF + 
ESO group. Compared to the ACF + ESO group, it was decreased 
in the ACF + ESO + DA-9601 group, and the level of Foxp3+ CD4+ 
cells returned to normal control levels (Fig. 4B-e).

DISCUSSION
NSAIDs are widely used for the treatment of numerous inflam-

matory diseases, including osteoarthritis, despite their adverse 
effects on the gastrointestinal tract [13]. The damage caused by 
these drugs in the stomach and duodenum can be reduced by 
co-administration of inhibitors of gastric acid secretion, such as 
proton-pump inhibitors (PPIs) [14]. However, NSAID-induced 
small intestinal damage has recently emerged as a clinically im-
portant issue [15]. To reduce the risk of complications, such as 
ulcers, bleeding, and obstruction, in the chronic NSAID users, 
many researches have attempted to treat and prevent these disor-
ders [16]. Many drugs, such as metronidazole, sulfasalazine, COX-
2 inhibitors, misoprostol, and rebamipide, have been examined; 
however, these conditions remain incurable thus far [16]. DA-
9601, an ethanol extract of Artemisia asiatica, exhibit cytoprotec-
tive effect against various noxious agents through enhancement 
of prostaglandins and mucus secretion from gastric mucosa and 
is now used to treat acute and chronic gastritis in Korea [10,17]. It 
has also been reported that treatment with DA-9601 suppressed 
the expression of COX-2 and iNOS as well as binding of NF-κB to 
DNA in the colonic tissues. It also downregulated the phosphory-
lation of extracellular signal-regulated protein kinase and p38 
mitogen-activated protein kinase, upstream of NF-κB [18]. In this 
study, we attempted to induce enteritis following the administra-
tion of ACF. Inflammation of the small intestine was confirmed 
by histological studies, and the changes in the CD4+ T cell frac-
tion according to inflammation-related cytokines and inflamma-
tory reactions were then measured. In addition, by administering 
ESO or DA-9601 to experimental animal groups, we examined 
their possible therapeutic or preventive effects.

Through the preliminary evaluation, the optimal dose of ACF 
was chosen. In the group treated with ACF (50 mg/kg) for 2 days, 
apparent small intestine ulcers and inflammation were observed 
in most animals. Severe ulcers, necrosis, and extensive adhe-
sions were observed in the high-dose groups (100–200 mg/kg for 
2 days). No apparent ulcers were observed in the group treated 
with 50 mg/kg ACF for one day. In addition to necrosis and adhe-
sion of small intestinal lesions, exudative fluid was also observed 
in the abdominal cavity as an abscess in many gastrointestinal 
tracts; small intestinal lesions were observed in the lower part of 
the small intestine. These main lesions were observed as multifo-
cal discrete small necrotic ulcers with intervening normal muco-
sa, which differed from the diffuse inflammatory lesions [19]. The 
data suggested that many lesions occurred due to the dissolution 
of the intestine by the administered ACF, as the mucous mem-
brane between the small discrete ulcers was observed to be almost 
normal (i.e., inflammatory cell infiltration or villous blunting 
was rarely observed). In the histological analysis, the therapeutic 
effect of DA-9601 on ACF-induced enteritis was not observed. 
The lesions with multifocal discrete small necrotic ulcers were 
induced by ACF treatment; therefore, significant changes were 
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Fig. 4. Continued.
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not observed upon treatment with DA-9601. In addition, ESO 
treatment showed no protective effects on the lower small intes-
tine, and even exacerbated symptoms, such as ulcer enlargement 
and necrosis, in the small intestine; these results corroborate with 
those previously reported [20,21].

The transcription factor NF-κB serves as a pivotal mediator of 
inflammatory responses. NF-κB induces the expression of vari-
ous proinflammatory genes, including those encoding cytokines 
and chemokines, as well as participates in the inflammasome 
regulation. The development and progression of inflammation 
are mainly controlled by NF-κB activation. After activation, 
it can in turn activate the transcription of various genes and 
thereby regulate inflammation. Activation of NF-κB increases 
the production of inflammatory cytokines, chemokines, and ad-
hesion molecules at the site of inflammation [22]. The production 
of pro-inflammatory cytokines, such as IL-1, IL-6, IL-12, TNF-α, 
and chemokines, leads to various inflammatory processes. It also 
promotes the differentiation of inflammatory T cells, including 
Th1 and Th17 cells, which in turn mediate the inflammatory re-
sponses [22]. Proinflammatory cytokines, such as IL-6, IL-17, and 
TNF-α, have been reported to increase in Crohn's disease and 
ulcerative colitis [23]. TNF-α is known to act in T-helper 1 type 
(Th-1) disease, and IL-6, a proinflammatory cytokine, promotes 
IL-12 release and acts on T-helper 2 type (Th-2) cells in ulcerative 
colitis [23,24]. IL-17 is known to promote the inflammatory re-
sponse by activating the CD4+ T cells by liberating IL-23 [23,25].

Changes in the expression of genes encoding for IL-6, IL-17, 
and TNF-α were studied for the biochemical observation of in-
flammatory ulcers in the small intestine [24]. In this study, IL-6, 
IL-17, and TNF-α were found to have significantly increased in 
the ACF group, but their expression was significantly decreased in 
the ACF + DA-9601 and ACF + DA-9601 + ESO treated groups. 
However, the expression of these proinflammatory cytokines was 
significantly increased in the group treated with ACF + ESO as 
compared to that in the ACF treated group. These results suggest 
that treatment with ACF significantly increases the expression of 
proinflammatory cytokines, thereby enhancing the acute inflam-
mation [26]. Administration of ESO increased the expression of 
proinflammatory cytokines, thereby increasing the acute inflam-
mation as compared to that observed in the ACF treated group. 
However, treatment with DA-9601 might reduce the acute in-
flammatory reactions by inhibiting the expression of proinflam-
matory cytokines such as IL-6, IL-17, and TNF-α as observed in 
the ACF + DA-9601 and ACF + DA-9601 + ESO treated groups. 
These data suggest that DA-9601 prevents NSAID-induced small 
intestinal inflammation, which correlates with the reduction in 
proinflammatory cytokines.

In addition, the role of cytokines and chemokines, associated 
with inflammation, as inflammatory mediators was investigated. 
In the ACF treated group, IL-1β, GM-CSF, IFN-γ, and TNF-α 
levels were significantly increased, whereas the IL-10 and IL-6 
levels did not change. These data indicate that ACF induces an 

inflammatory reaction in the small intestine via changes in the 
inflammatory mediators. Treatment with DA-9601 significantly 
decreased the levels of proinflammatory mediators such as IL-1β, 
GM-CSF, IFN-γ, and TNF-α, but the anti-inflammatory cyto-
kine IL-10 increased upon the treatment. These data suggest that 
the inflammatory response induced by ACF is reduced by DA-
9601 by controlling the production of cytokines and chemokines. 
In the ESO treated group, the changes in cytokines and chemo-
kines were similar to those observed upon treatment with DA-
9601; however, the level of the anti-inflammatory cytokine IL-10 
was found to have significantly decreased. These results showed 
that the administration of NSAIDs could increase inflammation-
related cytokines, in turn resulting in an inflammatory response 
in the small intestine. However, administration of DA-9601 
could significantly decrease the proinflammatory cytokines and 
increase the anti-inflammatory cytokines, such as IL-10, which 
could inhibit the inflammatory response in the small intestine.

In inflammatory bowel disease, inflammatory mediators re-
lated to T cell imbalance and dysfunction are known to continu-
ously activate the inflammatory response, causing chronic tissue 
damage [27,28]. In particular, it was reported that the levels of 
IL-17 and IL-23 were increased in the colonic mucosa of patients 
with Crohn's disease and ulcerative colitis and were related to 
the inflammatory response and disease severity [29,30]. Accord-
ingly, we analyzed the phenotype of CD4+ T cells in ACF-induced 
enteritis to investigate the inflammatory mediators related to T 
cell imbalance and dysfunction. In this study, fractions of IFN-γ+ 
Th1 cells, IL-4+ Th2 cells, IL-17+ Th17 cells, and Foxp3+ Treg cells 
were significantly increased in the ACF treated group. However, 
the fractions of IL-4+ Th2 cells, IL-9+ Th9 cells, and Foxp3+ Treg 
cells were significantly decreased upon DA-9601 treatment. On 
the other hand, the fractions of IFN-γ+ Th1 cells, IL-4+ Th2 cells, 
IL-9+ Th9 cells, IL-17+ Th17 cells, and Foxp3+ Treg cells were 
increased by ESO treatment, suggesting that the acute inflam-
matory response mediated by T cells would be worsened by ESO 
treatment. These results are consistent with those obtained from 
studies on proinflammatory cytokine gene expression. The frac-
tions of IFN-γ+ Th1 cells, IL-4+ Th2 cells, IL-9+ Th9 cells, IL-17+ 
Th17 cells, and Foxp3+ Treg cells were decreased in the ACF + 
ESO + DA-9601 treated group and even recovered to the normal 
levels. These results suggest that in the case of co-administration 
of ESO and DA-9601, the acute inflammatory reaction mediated 
by T cells could be reversed to achieve normal (i.e., absence of in-
flammation) conditions.

Taken together, although additional studies with extensive 
control groups are needed to define the therapeutic effects of DA-
9601 on ACF-induced enteritis, our results strongly indicate that 
the treatment with DA-9601 could decrease the expression of cy-
tokines and chemokines related to inflammation, as well as could 
inhibit the acute inflammatory response mediated by T cells in 
ACF-induced enteritis via suppression of NF-κB activation and 
decreased COX-2 expression.
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