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Background: Korean Red Ginseng is known to exhibit immune-enhancing and anti-inflammatory
properties. The immune-enhancing effects of the nonsaponin fraction (NSF) of Korean Red Ginseng
have been studied in many reports. However, the gastroprotective effect of this fraction is not fully
understood. In this study, we demonstrate the activities of NSF for gastrointestinal protection and its
related critical factor.
Methods: The in vitro and in vivo regulatory functions of NSF on cyclooxygenase-1 (COX-1) messenger
RNA and protein levels were examined by reverse transcription polymerase chain reaction and immu-
noblotting analyses. Gastroprotective effects of NSF were investigated by histological score, gastric juice
pH, and myeloperoxidase activity on indomethacin-induced, cold stresseinduced, and acetylsalicylic acid
einduced gastritis and dextran sulfate sodiumeinduced colitis in in vivo mouse models.
Results: NSF did not show cytotoxicity, and it increased COX-1 messenger RNA expression and protein
levels in RAW264.7 cells. This upregulation was also observed in colitis and gastritis in vivo models. In
addition, NSF treatment in mice ameliorated the symptoms of gastrointestinal inflammation, including
histological score, colon length, gastric juice pH, gastric wall thickness, and myeloperoxidase activity.
Conclusion: These results suggest that NSF has gastroprotective effects on gastritis and colitis in in vivo
mouse models through COX-1 upregulation.
� 2019 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

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

Innate immunity is an essential system for protecting hosts from
abnormal stimuli [1]. Danger stimuli are recognized by toll-like
receptors, which induce inflammatory responses when triggered
[2]. Acute inflammation proceeds in the short term and induces
body defensemechanisms [3]. However, chronic inflammation lasts
for a long time and often causes serious diseases such as arthritis
and inflammatory bowel disease [4e7]. Therefore, studies on in-
flammatory responses are essential, and many researchers aim to
develop anti-inflammatory drugs [8e10].
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are a popular
treatment used for analgesic, antipyretic, and anti-inflammatory
effects [11]. Representative NSAIDs include aspirin-based
ibuprofen, naproxen, and indomethacin. Most NSAIDs inhibit
cyclooxygenase (COX)-1 and -2, leading to a reduction in prosta-
glandin (PG) and thromboxane syntheses [12,13]. NSAIDs cause the
most common drug toxicity in the United States; 8% of patients
complain of dyspepsia, and continual use can lead todigestive ulcers
[14,15]. In addition, alcohol, smoking, high-dose ormultiple NSAIDs,
anticoagulants, and corticosteroids increase the risk of gastroin-
testinal bleeding [16,17], and long-term use of NSAIDs is known to
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increase the risk of death from cardiovascular diseases such as heart
attack, stroke, and myocardial infarction [18]. NSAIDs are absorbed
well in acidic environments because of their structural properties,
so they are highly absorbed in the gastrointestinal tract [19]. NSAIDs
then migrate through the mucosal layer into the epithelium and
become neutral, causing epithelial tissue damage. The most
important mechanism of gastrointestinal damage is to block pro-
duction of PG,which inhibits COX-1 andprotects the gastricmucosa.
Anti-inflammatory analgesics such as aspirin reduce the gastro-
protective effect by blocking COX-1 or COX-2 nonselectively. There
are two ways to disrupt gastrointestinal protection: accelerating
ulceration by inhibiting PG, which plays a critical role in maintain-
ing gastric mucosal defense system and trapping and accumulation
of NSAIDs in cells due to reionization by neutral pH [20].

Korean Red Ginseng (KRG) consists of a saponin fraction (SF),
ginsenoside, and a nonsaponin fraction (NSF) composed of poly-
acetylene, a phenolic compound, and an acidic polysaccharide
[21,22]. Through modern analytical technology, 32 kinds of sapo-
nins have been identified from red ginseng [23]. Some saponins
derived from red ginseng have been reported to have antith-
rombosis, antifatigue, and anticancer effects [24e26]. Nonsaponin
components, including polyacetylene-based compounds, phenol-
based compounds, and acid polysaccharides, have also been re-
ported to enhance the immune system, inhibit oxidation, provide
resistance to aging, and inhibit inflammation [27,28]. Recently, it
has been confirmed that acid polysaccharides induce macrophage
activation and thus exhibit an immunity-enhancing effect [29,30].
In addition, polyacetylenes in NSF inhibit Helicobacter pylori
infection [31]. To date, there are not many studies on the phar-
macological efficacies of nonsaponin components in view of gas-
troprotective effects, and the components protecting against gastric
damage are not yet known. In this study, we evaluated the gas-
troprotective effects of NSF and compared these effects to those of
other ginseng components such as KRG water extract and SF.

2. Materials and methods

2.1. Materials

KRG, the NSF of KRG, and the SF of KRG were provided by the
Korea Ginseng Cooperation (Daejeon, Korea). Detailed phytochem-
ical profiles of these fractions are given in the Supplementary Infor-
mation as previously reported [32]. Murine bone marrowederived
macrophage RAW264.7 cells were obtained from the American Type
Culture Collection (Rockville, MD). Fetal bovine serum, Roswell Park
Memorial Institute (RPMI) 1640, and antibiotics (penicillin and
streptomycin) were purchased from Gibco (Grand Island, NY), and 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
was obtained fromSigmaChemical Co. (St. Louis,MO). TRIzol reagent
was purchased from Molecular Research Center (Montgomery, OH).
A complementary DNA synthesis kit was purchased from Thermo
Fisher Scientific (Waltham, MA). The forward and reverse primers
used for reverse transcription polymerase chain reaction (RT-PCR)
were synthesized by Macrogen (Seoul, Korea). PCR premix was pur-
chased from Bio-D Inc. (Seoul, Korea). COX-1 and b-actin antibodies
were purchased from Cell Signaling Technology (Beverly, MA). Male
ICR mice (age: 6e8 weeks; weight: 17e21 g) and male Sprague
Dawley (SD) rats (age: 6 weeks; weight: 150-160 g) were purchased
fromOrient Bio (Gyeonggi, Korea). All other chemicalswere obtained
from Sigma Chemical Co.

2.2. Cell culture

RAW264.7 cells were cultured in RPMI medium with 10% fetal
bovine serum and 1% antibiotics in a CO2 incubator at 37�C.
2.3. In vitro drug treatment

A stock solution of NSF was prepared in dimethyl sulfoxide at a
concentration of 100 mg/ml. Target concentrations (50, 100, and
200 mg/ml) were achieved by dilution with culture medium.

2.4. Cell viability assay

RAW264.7 cells were seeded in 96-well plates at a density of
1.0 � 105 cells/well with fresh complete RPMI medium. To test the
cytotoxicity of NSF alone, RAW264.7 cells were treated with NSF
(50, 100, and 200 mg/ml) for 24 h. Cell viability was determined by
MTT assay.

2.5. In vivo drug treatment

Stock solutions of KRG, NSF, and SF were prepared in 0.5%
carboxy-methyl-cellulose (CMC) at a concentration of 500 mg/kg.
Target concentrations (100 and 200 mg/kg) were achieved by
dilution with 0.5% CMC. Control compounds also were prepared in
0.5% CMC at the target concentration.

2.6. Dextran sulfate sodium colitis mouse model

Colitis was induced in seven 6-week-old male ICR mice via oral
administration of 3% dextran sulfate sodium (DSS) (w/v) in fresh
tap water for seven days. KRG (200 mg/kg), NSF (200 mg/kg), or SF
(200mg/kg) was orally administered everymorning for seven days.
Consumption of the DSS solution was controlled for all groups, and
no major differences were detected. The anti-inflammatory effects
of KRG, NSF, or SF in colitis were examined by measurement of
colon length on day 7.

2.7. Indomethacin-induced gastritis in rat model

Gastric mucosal injury was induced in 6-week-old male SD rats
by oral administration of indomethacin (40 mg/kg) suspended in
0.5% CMC. NSF (100 or 200 mg/kg) or omeprazole (10 mg/kg) were
orally administered every morning for five days along with indo-
methacin (40 mg/kg). The anti-inflammatory effects of NSF in
gastritis were examined by observing gastric mucosal lesions. The
areas (mm2) of mucosal erosive lesions were measured under a
dissecting microscope with a pixel counter on day 5.

2.8. Cold-stress gastritis model

Gastric mucosal injury was induced in 6-week-old male ICR
mice by cold stress at 4�C for two hours. NSF (100 and 200 mg/kg)
or ranitidine (20 mg/kg) was orally administered three times at
intervals of 12 h. Cold stress was induced after the third oral
administration. The gastroprotective effects of NSF in cold stresse
induced gastritis were examined by observing gastric mucosal
lesions.

2.9. Acetylsalicylic acid gastritis model

Gastric mucosal injury was induced in 6-week-old male ICR
mice by acetylsalicylic acid (aspirin). NSF and ranitidine (20 mg/kg)
were orally administered three times at intervals of 12 h. Ace-
tylsalicylic acid (900 mg/kg) was given after the third oral admin-
istration of NSF or ranitidine. The protective effects of NSF in
acetylsalicylic acideinduced gastritis were examined in gastric
mucosal lesions.



Table 1
Primer Sequences for Reverse Transcription Polymerase Chain Reaction

Name Sequence (50 to 30)

Mouse COX-1 F ATGAGTCGAAGGAGTCTCTCGC
R CAGGGATGGTACAGTTGGGG

Mouse GAPDH F ACCACAGTCCATGCCATCAC
R CCACCACCCTGTTGCTGTAG

Rat COX-1 F GCCCTCCAACCTACAACACA
R TCCCTTCTCAGCAGCAATCG

Rat GAPDH F ACCACAGTCCATGCCATCAC
R TCCACCACCCTGTTGCTGT

COX-1, cyclooxygenase-1; GAPDH, glyceradehyde-3-phosphate dehydrogenase.
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2.10. Analysis of messenger RNA levels by RT-PCR

To quantify COX-1 messenger RNA (mRNA) expression levels,
total RNAs from in vivo colitis and gastritis and in vitro
RAW264.7 samples were isolated with TRIzol reagent according
to the manufacturer’s instructions. RT-PCR was performed as
described previously [9]. The primers used in this study are
listed in Table 1.

2.11. Immunoblotting

The total lysates prepared from in vivo colitis and gastritis and
in vitro RAW264.7 samples were subjected toWestern blot analysis
for COX-1 and b-actin. The immunoreactive bands were visualized
as described previously [33].

2.12. Histological analysis

Tissue samples from the stomachs of various gastritis mouse
models were fixed with 10% formalin in phosphate buffered saline
and then embedded in paraffin. Approximately 4-mm-thick tissue
sections were stained with hematoxylin and eosin for histopatho-
logical examination as reported previously [34].
Fig. 1. Effects of NSF on cell viability and COX-1 expression in RAW264.7 cells. (A) RAW264.7
MTT assay. (B) RAW264.7 cells were treated with NSF (0-200 mg/ml) for 24 h, and the mRNA l
in whole cell lysates of RAW264.7 cells treated with NSF were determined by immunoblot
eradehyde-3-phosphate dehydrogenase; NSF, nonsaponin fraction; RT-PCR, reverse transcri
2.13. Myeloperoxidase assay

Myeloperoxidase (MPO) activity was measured using an MPO
activity colorimetric assay kit from BioVision (Milpitas, CA) [35].
Stomachs were homogenized in four volumes of phosphate
buffered saline containing 0.1% NP-40. After lysis, samples were
centrifuged at 13000 � g for 10min to remove insoluble material.
Soluble materials were diluted in MPO assay buffer. MPO sub-
strate was added, samples were incubated at 25�C for 60min, and
then stop mix was added. Incubation was continued for an
additional 10min to stop the reaction. Trinitrobenzene sulfonic
acid reagent containing the 5,50-dithiobis-(2-nitrobenzoic acid)
probe and tris(2-carboxyethyl)phosphine hydrochloride was
added. The presence of MPO was measured at 412nm, and MPO
activity was expressed as U/g tissue. One unit of MPO activity was
defined as the amount of MPO that generates sufficient taurine
chloramines to consume 1mM of trinitrobenzene sulfonic acid/
min at 25�C.
2.14. Measurement of murine intragastric pH

For intragastric pH measurements, mice were sacrificed with
pentobarbital (50 mg/kg intraperitoneally), stomachs were excised,
and the pH of the gastric contents was immediately measured us-
ing a pH meter.
2.15. Statistical analysis

All data are presented as mean � standard deviation, and each
experiment consisted of three replications. The Mann-Whitney U
test was used to analyze the statistical difference between groups. A
p value less than 0.05 was regarded as statistically significant. All
statistical tests were performed using SPSS software (IBM Corp.,
Armonk, NY).
cells were treated with NSF (0-200 mg/ml) for 24 h, and cell viability was determined by
evels of COX-1 and GAPDH were determined by RT-PCR. (C) Levels of COX-1 and b-actin
ting. Band intensity was measured by ImageJ. COX-1, cyclooxygenase-1; GAPDH, glyc-
ption polymerase chain reaction.



Fig. 2. Effects of NSF in an indomethacin-induced gastritis rat model. (A, B) SD rats were orally treated with NSF (100 or 200 mg/kg) or omeprazole (10 mg/kg) once a day along with
indomethacin for five days. After sacrifice of the rats, gastric lesions were imaged using an optical digital camera. Formation of stomach lesions was evaluated using a pixel counter.
(C) The pH of collected gastric juice was measured by a pH meter. (D, E) Histological examination of sections of gastric tissue stained with hematoxylin and eosin. Images were
captured using an optical digital camera. Thicknesses of gastric walls were measured using ImageJ. (F) COX-1 mRNA level was determined by real-time PCR. (G) Protein levels of
COX-1 and b-actin were determined by immunoblotting. (H) MPO activity as an indicator of neutrophil infiltration in the stomach was analyzed in total lysates of stomach. #p < 0.05
and ##p < 0.01 compared with the normal group. *p < 0.05 and **p < 0.01 compared with the control group. Band intensity was measured using ImageJ.
COX-1, cyclooxygenase-1; MPO, myeloperoxidase; NSF, nonsaponin fraction; PCR, polymerase chain reaction; SD, Sprague Dawley.
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3. Results

3.1. Noncytotoxicity and COX-1 upregulation effects of NSF in
RAW264.7 cells

To test its effect on cell viability, NSF was administered at con-
centrations of 0 to 200 mg/ml in RAW264.7 cells. As shown in
Fig. 1A, treatment with NSF had no effect on RAW264.7 cells at
concentrations up to 200 mg/ml. This implies that 200 mg/ml of NSF
has little cytotoxic effect up to 10%, but NO production was
inhibited by the treatment of NSF. Then, we examined whether NSF
regulated COX-1 expression. NSF increased the mRNA and protein
levels of COX-1 in RAW264.7 cells (Fig. 1B and C). In line with
previous reports, these results suggest that NSF has gastro-
protective effects through regulation of COX-1 [36e38].

3.2. Gastroprotective effects of NSF in the indomethacin-induced
gastritis rat model

In previous reports, overdoses of NSAIDs caused gastritis [37,39].
To examine the gastroprotective effects of NSF in indomethacin-
induced gastritis in rats, SD rats were treated with NSF (100 and
200 mg/kg) or omeprazole (10 mg/kg) as a control drug along with
indomethacin (40 mg/kg) for five days. Orally administered NSF
(100 mg/kg) ameliorated the ulcerative lesions in stomachs of rats
(Fig. 2A and B). We then measured the pH of gastric juices in the
indomethacin-induced gastritis rat model. When gastritis occurs,
the pH of gastric juice decreases with a large amount of gastric acid
secretion, worsening the condition. Normally, gastric juice is
maintained at pH 6 but decreases to pH 4 under inflammatory
conditions. However, the pH of gastric juice reduced by indo-
methacin recovered to normal level upon treatment with NSF (200
mg/kg) (Fig. 2C). Histological evaluations of the gastric mucosal
tissue in the indomethacin-induced gastritis model are demon-
strated in Fig. 2D and E. Indomethacin induced severe damage to
the gastric epithelium with inflammatory infiltrates. In the histo-
logical observation of gastric lesions induced by indomethacin, rats
treated with NSF (100 and 200 mg/kg) exhibited ameliorated
mucosal damage compared with the indomethacin group.
Furthermore, the thickness of the gastric wall in rats treated with
NSF (200 mg/kg) or omeprazole (10 mg/kg) as a control drug
appeared comparable to that in normal rats (Fig. 2D and E). Then,



Fig. 3. Effects of NSF in an acetylsalicylic acideinduced gastritis mouse model. (A, B) Mice were orally treated with NSF (100 or 200 mg/kg) or ranitidine (20 mg/kg) once a day for
two days before induction of gastritis with acetylsalicylic acid. After sacrifice of the mice, gastric lesions were imaged using an optical digital camera. Formation of stomach lesions
was evaluated using a pixel counter. (C, D) Histological examination of sections of gastric tissue stained with hematoxylin and eosin. Images were captured using an optical digital
camera. Thicknesses of gastric walls were measured using ImageJ. (E) COX-1 mRNA level was determined by real-time PCR. (F) MPO activity as an indicator of neutrophil infiltration
in the stomach was analyzed in total lysates of stomach. #p < 0.05 and ##p < 0.01 compared with the normal group. *p < 0.05 and **p < 0.01 compared with the control group.
COX-1, cyclooxygenase-1; MPO, myeloperoxidase; NSF, nonsaponin fraction; PCR, polymerase chain reaction.

Fig. 4. Effects of NSF in a cold stresseinduced gastritis mouse model. (A) Mice were orally treated with NSF (100 or 200 mg/kg) or ranitidine (20 mg/kg) once a day for two days
before induction of cold stress. After sacrifice of the mice, gastric lesions were imaged using an optical digital camera. (B, C) Histological examination of sections of gastric tissue
stained with hematoxylin and eosin. Images were captured using an optical digital camera. Thicknesses of gastric walls were measured using ImageJ. (D) COX-1 mRNA level was
determined by real-time PCR. #p < 0.05 and ##p < 0.01 compared with the normal group. *p < 0.05 and **p < 0.01 compared with the control group.
COX-1, cyclooxygenase-1; NSF, nonsaponin fraction; PCR, polymerase chain reaction.
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we tested the mRNA and protein expression levels of COX-1 in the
indomethacin-induced gastritis in vivo model. Treatment with NSF
(100 and 200 mg/kg) increased the mRNA and protein levels of
COX-1 that had been reduced by indomethacin (Fig. 2F and G). We
investigated whether NSF regulates MPO activity as an indicator of
neutrophil infiltration into damaged gastric mucosal tissue.
Enhancement of MPO activity is related to severity of gastric
mucosal injury [38,40]. MPO activity was upregulated by indo-
methacin. However, NSF (100 and 200mg/kg) significantly reduced
indomethacin-mediatedMPO activity in a dose-dependent manner
(Fig. 2H) [35].
3.3. Gastroprotective effects of NSF in the acetylsalicylic acide
induced gastritis mouse model

To study the gastroprotective effects of NSF under conditions of
acetylsalicylic acid abuse, we orally administered NSF (100 and 200
mg/kg) or ranitidine (20 mg/kg) as a control drug to ICR mice. After
that, micewere orally administered acetylsalicylic acid (900mg/kg)
for two hours to induce gastritis. In this acetylsalicylic acide
induced gastritis in vivo model, treatment with NSF dose-
Fig. 5. Effects of NSF in a DSS-induced colitis mouse model. (A, B) Mice were orally treated w
in tap water for seven days. After sacrifice of the mice, colon lengths were measured using
analyzed in total lysates of colon. (D) Body weight increase was determined by changes in
calculated by measured colon weight and length scales. (F) Protein levels of COX-1, ZO-1, o
determined by immunoblotting. #p < 0.05 and ##p < 0.01 compared with the normal gr
measured using ImageJ.
COX-1, cyclooxygenase-1; DSS, dextran sulfate sodium; KRG, Korean Red Ginseng; MPO, m
dependently suppressed the gastric ulcerative lesions (Fig. 3A and
B). According to histological analysis, gastric mucosal tissues were
impaired by acetylsalicylic acid. However, this gastric mucosal tis-
sue damage was ameliorated by NSF (100 and 200 mg/kg) treat-
ment (Fig. 3C and D). Then, we analyzed mRNA expression level of
COX-1 in the acetylsalicylic acideinduced gastritis model. Treat-
ment with NSF (100 and 200 mg/kg) significantly increased the
COX-1 mRNA level that had been reduced by acetylsalicylic acid
(Fig. 3E). In addition, acetylsalicylic acid enhancedMPO activity, but
this upregulation was significantly inhibited by NSF (100 and 200
mg/kg) treatment (Fig. 3F).
3.4. Gastroprotective effects of NSF in the cold stresseinduced
gastritis mouse model

We further evaluated the gastroprotective effects of NSF
through cold-restrained stress in mice. ICR mice were treated with
NSF (100 and 200 mg/kg) or ranitidine (20 mg/kg) as a control drug
for two days. After drug administration, mice were exposed to cold
stress at 4�C for two hours. NSF (200 mg/kg) reduced the gastric
ulcerative lesions in the cold stresseinduced gastritis in vivomodel
ith KRG (200 mg/kg), NSF (200 mg/kg), or SF (200 mg/kg) once a day along with 3% DSS
a ruler. (C) MPO activity as an indicator of neutrophil infiltration in the stomach was
body weight after oral administration of NSF. (E) Colon weight per length ratio was
ccludin, and b-actin in the colons of DSS-induced colitis mice treated with NSF were
oup. *p < 0.05 and **p < 0.01 compared with the control group. Band intensity was

yeloperoxidase; NSF, nonsaponin fraction; SF, saponin fraction.



Fig. 6. Effects of NSF on COX-1emediated gastrointestinal protection.
COX-1, cyclooxygenase-1; KRG, Korean Red Ginseng; MPO, myeloperoxidase; NSF,
nonsaponin fraction.
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(Fig. 4A). With respect to histological aspects, cold stress induced
gastric mucosal damage and infiltration of immune cells. These
histological changes were recovered to normal levels by NSF (200
mg/kg) treatment (Fig. 4B and C). In addition, we investigated COX-
1 mRNA expression level in the cold stresseinduced gastritis in vivo
model. Cold stress suppressed the mRNA expression of COX-1; this
downregulation was counteracted by NSF (100 and 200 mg/kg)
treatment in a dose-dependent manner (Fig. 4D).

3.5. Intestinal protective effects of NSF in the DSS-induced colitis
mouse model

Then, we determined whether NSF has intestinal protective ef-
fects in a DSS-induced colitis in vivomodel. To induce colitis, a dose
of 3% DSS dissolved inwater was orally administered to ICRmice. At
the same time, KRG, NSF, and SF were also orally administered to
themice at a dose of 200mg/kg. One of themarkers of DSS-induced
colitis is a reduction in colon length [41]. The average length of the
colonwas 9.8 cm in the normal group but decreased to 5.2 cm in the
colitis group. When KRG, NSF, and SF were orally administered to
the colitis-induced mice, average colon length recovered to 8.0, 7.8,
and 6.6 cm, respectively (Fig. 5A and B). To compare the groups,
changes in body and colon weights were examined. Colon weight
per length and body weight were reduced by 3% DSS-mediated
colitis symptoms, but KRG, NSF, and SF administration recovered
these measures (Fig. 5C and D). The effect of NSF on MPO activity
was determined by an MPO activity assay. DSS-induced colitis
strongly enhanced MPO activity, whereas administration of KRG,
NSF, and SF significantly reduced this activity (Fig. 5E). In addition,
we investigated protein levels of COX-1 and tight junctionerelated
proteins (ZO-1 and occludin) in the DSS-induced colitis in vivo
model. COX-1 protein expression level increased markedly in the
NSF and SF treatment groups, while ZO-1 and occludin were
recovered up to normal levels from the downregulation caused by
DSS treatment (Fig. 5F).

4. Discussion

The aim of this study was to demonstrate the gastroprotective
effect of KRG NSF. NSF was administered in experimental animal
models of gastrointestinal inflammation, and its role in the treat-
ment of gastrointestinal inflammation was confirmed. The anti-
inflammatory effects of red ginseng extract have been shown in
previous studies [32], and recent research has been performed to
clarify the anti-inflammatory effects of the SF [42]. However, the
role of NSF of KRG and its mechanisms are not yet fully understood.
Our study identified the specific mechanism of the NSF in red
ginseng, suggesting its possible use as a therapy alongside drugs
that induce inflammation in the gastrointestinal tract.

In this study, the effects of NSF on mouse macrophages and the
function of NSF were investigated usingmouse and rat models with
various types of gastrointestinal inflammation. COX-1 expression
increased whenmousemacrophageswere treatedwith NSF (Fig.1).
Downregulation of COX-1 is a side effect of various anti-
inflammatory agents such as indomethacin or acetylsalicylic acid.
COX-1 protects the gastrointestinal tract by regulating the expres-
sion of PG. When COX-1 is inhibited, it induces damage to the
gastric mucosa, leading to gastritis [43,44].

To demonstrate the protective function of the gastrointestinal
tract by regulating COX-1 expression with NSF in animal models,
we conducted experiments related to ulcers induced by NSAIDs,
which are COX-regulating drugs. Indomethacin and acetylsalicylic
acid are NSAID drugs that exhibit anti-inflammatory efficacy
through a typical COX regulator [45,46]. Both drugs inhibit the
synthesis of PG through inhibition of COX, induce gastric lesions at
topical sites, and cause stomach ulcers. PG induced by COX is an
essential protein for synthesis of gastric mucus and bicarbonate
and induction of secretions to protect the gastric mucosa. PG also
increases blood flow in the gastric mucosa and promotes epithelial
cell division [47]. Our results show that pretreatmentwith NSF (200
mg/kg) reduced the severity of gastric lesions induced by indo-
methacin or acetylsalicylic acid. In addition, NSF treatment recov-
ered the damaged gastric mucosa and increased expression of COX-
1 (Figs. 2 and 3).

To demonstrate the effects of NSF under conditions that induce
gastrointestinal injury other than gastrointestinal inflammation by
NSAIDs, we used a gastric lesion model based on cold stresse
induced gastritis and a DSS-induced colitis model. Stress-based
gastric lesions present with serious damage due to extreme
stressors including burns, diverse organ failures, major surgery, or
sepsis [48]. To identify acute gastric ulcers, an experimental cold-
restraint stress model is widely used [49]. COX-1 is a major factor
associated with development of gastric stress ulcers during cold-
restraint stress [50]. Cold-restraint stress induced gastric mucosa
ulceration, while the gastric mucosa was partly recovered by NSF
(200 mg/kg). Furthermore, COX-1 was upregulated in the gastric
mucosa region (Fig. 4).

DSS is used in most studies to induce colitis in mouse models.
Research on the gastrointestinal tract using DSS has been applied to
various studies of gastrointestinal inflammation. The specific
pathway for the intestinal inflammation induced by DSS is not
clear, but DSS stimulates damage to the epithelial monolayer lining
in the large intestine, allowing proinflammatory molecules such as
bacterial products or cytokines to reach the underlying tissue. DSS
is a negatively charged, water-soluble, sulfated polysaccharide with
a highly variable molecular weight. DSS dissolved in water was
administered to induce intestinal inflammation in mice, producing
severe murine colitis after seven days [51]. NSF restored intestinal
length and enhanced the expression of COX-1, occludin, and ZO-1
through intestinal mucosal protection in the DSS-induced colitis
model (Fig. 5).
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The mechanism by which NSF increases COX-1 level in gastric
inflammation conditions is not clear from current data. As NSF was
found to modulate COX-1 mRNA expression (Fig. 1B and C), some
components in this fraction may be activators of transcription
factors that induce expression of the COX-1 gene. Thereafter,
increased level of COX-1 seems to be involved in various gastro-
protective activities as well as antigastritis effects by suppressing
MPO activity and neutralizing gastric juice pH. Previous reports
have revealed that MPO activity is regulated by COX-1 and that
inhibition of COX-1 increases MPO activity [52,53]. Another study
found that gastric acid secretion can be inhibited by COX-1 in rat
and mouse [54]. Therefore, we assume that increased transcrip-
tional level of COX-1 by NSF could be a key mechanism to explain
the protective role of NSF in gastric damage.

In conclusion, our results show that NSF possesses protective
effects against gastric ulcers induced by indomethacin, acetylsali-
cylic acid, and cold-restraint stress, as well as DSS-induced colitis in
mouse models. As summarized in Fig. 6, NSF ameliorates inflam-
mation through regulation of COX-1, which affects colon length, pH
of gastric juice, thickness of the gastric wall, MPO activity, and
histological factors. Accordingly, we suggest the possibility of NSF
as a gastroprotective drug.
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